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LABSTRACT 

From April 11 to May 11, 1994 a visit to the Islamic Republic oflran was arranged as 

pan of an assistance and advice mission to the government. The aim was to assess the 

capabilities of the national research and development institutes and to evaluate possible 

contributions to the improvement of the industrial sector in the field of food processing and 

related issues_ The mission was organized by technical assistance of UNIDO under project 

UCJIRA/93/032111-02_ 

The main objectives of the visit were: 

- Evaluation of present capabilities and future options for the existing research and 

development institutions; 

- assistance to the industry in the improvement of technological processes for the 

production of food, both in the public and private sectors; 

- evaluation of potential of research in..'1itutions to contribute to the development of the 

food industry and indication of specific activities to be performed; 

- issuing recommendations to governmental institutions, research and development centers 

and to a selected number of food processing plants; 

- giving advice of possibilities of better utilization oflocally produced agricultural products 

and of research activities into the use of agro by-products for the industrial production 

of animaf food or other industri& products_ 

The consultant met the representatives of three ministries: 

Ministry of Industry (Dr_ AA Tofigh, Deputy Minister of Research and Training) 

Ministry of Jahad (Mr. M.T. Aman Pour, Deputy Minister of Education and Research) 

Ministry of Agriculture (Mr. J. Alizadeh Shaegh, Deputy Minister of Agricultural 

Research Training Extension Organization) 

In the course of visit information was gathered from various research institutions. The 

consultants had discussions with scientist in: 

the Pasteur Institute of Iran 

the Institute of Standards and Industrial Research of Iran 

the University ofTeheran - Food Engineering Department 

the Food and Drug Control Laboratory. and private research and development 

institutions (R & D Centers). 

Visit to some food processing factories were organized. namely to the Taban Flour Mills Co .• 

the Pars Vegetable Oil Co .• the Iran Diary Industries, a diary farm. a fruits and vegetables 

canning plant, and a starch processing plant. 

Suggestions were made and recommendations given during the visits to the Research 

Centers, R&D-lnstitutions, and food processing plants. These r'!COmmendations are induded 

in the report (General and Sectoral Recommendation). 
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However, a one month assignment is too short to prepare detailed studies for all items 

in the job description. but there is no doubt that the scientists in the Iranian institutions will be 

capable to proceed in such activities. 

IL INTRODUCI10N 

1. A one month consultancy visit was undertaken from 11 April to 11 May 1994 to provide 

advice and assistance to the government of Islamic Republic of Iran in assessing the 

present capabilities of the national research and development institutions working in the 

field of food development to contribute to the improvement of the related industrial 

sector. The mission was organized by technical assistance United Nations Industrial 

Development Organization's (UNIDO) under project UC (IRA/93/032/11-02). 

2. The consultancy was undertaken by EDWARD KAMINSKI. Professor Dr. of the Food 

Technology Institute of the University of Agriculture. Poznan. Poland. 

3. The specific objectives of the mission were to: 

- Evaluation of present capabilities and future possibilities of the existing rt"Search and 

development institutions to assist the industty on the improvement of technological 

process for the production of food, both in public and private sector utilizing the locally 

available indigenous row materia1s and to indicate those activities which require 

modernization. 

- Evaluation of possibilities of research institutions to contribute to the development of the 

food industry and indication of the specific activities to be performed. Advice on the 

procedures to be followed. Estimated cost and cootributions of the parties involved 

possibilities of better industrial utilization of locally produced agricultural products. 

Qualified personnel requirements. equipment and infrastructure for the implementation 

of the recommendations. 

-To ~fte on the application of FDA regulations. 

- Evaluation all aspects related to the treatment of effluent and environmental protection. 

Research activities on the industrud utilization of agro by-products for the industrial 

production of animal feed or industrial products. 

- Interrelations of the proposed activities with the industrial infrastructu!"e of the country. 

Possibilities of utilization of locally available indigenous raw materials. 

- Demand of the selected products both in local and International markets. 

- Availability of qualified personal and activities to be under taken for improvement of the 

level of qualification. 

- Estimated casts for performance of research works and the future industrial application. 

- prepare a terminal report. 

4. The first proposition for above project was 1.5 month. Later in January 1994 the duration of 

t.he expert mission was reduced to 1 month. 
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The expert was interviewed in Vienna on the 12 April 1994. and urive in Tehran on 

13 April Here was introduced by F. Kovats chief Technical adviser project to: Mr. Ali Tofigh 

- National Project Director. and national counterparts: Mr. Nade Nilctabe. Mr. Mir 

Mohammadi. Mr. Manouchehr Dlizadeh. Mr. M. V,d. Schulenburg, Resident Representative, 

Mr. lraj Banatshe. program officer UNDP-UNIDO. 

- The job description is given in Annex 1 

- A list of the senior counterpan staff is given in Annex 2 

- A list of people met is given in Annex 3 

- Timetable and a list of research centers and processing plant visited is given in Annex 4 

The expert was assigned to Ministry of Industry of the Islamic Republic of Iran. 

DI. BACKGROUND INFORMATION of Iranian agriculture, research centen and food 

industry 

A. Agricultutt 

The country has a surface of 164 m.ha. of which only aporoximatdy 16,8 m.ha are 

under cultivation. The area under irrigation is over 7 m.ha; 2,440,428 agricultural units are 

concerned with arable farming; 1,557, 195 with hortirulture; 2,280,283 with livestock raising; 

256,465 with poultry breeding; 63,100 with silkworm breeding; 1,967 units with flowers and 

plants. 29 percent of the working population are employed in agrirulture. The government has 

paid special attention to agriculture since the revolution. The basic data of Iran i~ given in 

Appendix 1. The principal crops production is given in Appendix 2. The main crops are 

wheat, barley, rice maize, potatoes, cotton. sugar leafs and tea. The average crops yield per 

hectare reached I, 082 kg. Through the expansion of irrigation the wheat yidd is rise from 1, 96 

to 3.2 tons/ha. The government subsidized prices for grains and other crops. The biggest 

subsides have gone to wheat. The country is not self-sufficient for food. A few millions ton of 

wheat is imported each year, and some other agrirultural products and food (cheese beverages, 

tobacco, oils and fats) (Appendix 2). Some of the agrirulture products such as fruits, 

vegetables, pistachios, almonds, tea; sea products and caviar are exported. The items of 

exported goods from Iran, and imported agriculture products are given in Appendix 3. 

Approximately one-third of value added in agriculture is tStimated to come from livestock. 

The data of livestock production and livestock products are given in Appendix 2. The number 

of livestock throughout Iran is estimated of around to 90 million; 70 million of which are 

sheep and goats; 10 million cows and calves; 6,7 million natives; 900,000 crosses and 350,000 

thorough-bred. Livestock rearing takes two main forms. Animals are kept in considerate 

numbers on traditional forms for traction milk and meat and second form - there is residual 

tribal population that is engaged in pastoral nomadism with large herds of sheep and goats, 

especially in Zagros region. 
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B. Innian Food Industry 

Industrial foods in Iran are supervised by the Ministry of Industry. All industrial plants 

are joined to the companies., the companies affiliated to the National Iranian Industries 

Organization (NIIO) are categorized under six Industrial groups. One of this group is 

foodstuff 

Foodstuff Industries Group 

This group of industries include 928 major workshops which constituted 15, 1 % of the 

country's overall industries. The total number of foodstuff beverage and tobacco producing 

units counted in the 1986 statistics were 61,695 of which 59,920 or 91°/o, employed between 1 

to 9 workers. The number of workshops which employed between 10 to 50 workers was 

2,5%. Only 0.5%, or 207 units employed between 50 to 100 workers. which was raised to 278 

units in 1990/91. The distributions of this group is as follows: 

Dairy Products: The production of milk in 1991 was 3,8 million tons. Milk is processed to 

liquid milk (pasteurized or sterilized) and condensed milk butter, cream, fermented milk 

fresh cheese. Monthly production of cheese averaged about 150 tones. Iran imports 

70,000 to 100,000 tones of cheese yearly. 

Meat and poultry products, around 400,000 - 500,000 tones of red meat is produced 

domestically, and up to 700,000 tones is imported. The broiler chickens are reared in 

14,000 farms with monthly chicken meat output of 1,200 tones. 

The production of eggs estimated to 2, 735 tones in the year. 

Canned Vegetables and Fruits. There are 34 units engaged in the production of canned 

vegetables and fruits, some 43 thousand tons of tomato paste and I 0 thousand tons of 

various canned fruits are annually produced. 

Vegetables Oils, There were 17 major oil processing factories in 1990 with a production value 

of some one billion dollars. The total production of these processing units in 1990 was 

558,000 tons, there are three units which are the lia.rgest refineries in the country 

producing edible oil in liquid and solid state (hydrogenated). 

Their production accounts for 97. I 0 percent of the total production in the country. 

Cereal grain products. There are 500 flour mills in which 220 mill are modem. In northern 

part of Iran there are large and small rice threshing units to process rice. 

Machine made Bread. There are 17 major industrial workshops. The production of bread, 

cookies, confectionery, macaroni, noodles and biscuits are among the most activities of 

this group. 

Granulated Sugan. Sugar industry annually processed of 5 million tons of sugar beet and l ,8 

million tons of sugar cane at 40 industrial units. 

Starch and glucose. The production of wheat starch glucose and gluten reached 16,399 ton in 

year 1989. 
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Root Beer and Malta. There are presendy two major units produced root beer (or barley 

beer) and Malta. Some 37 millions bottles of root bear and Malta with a bottle can 

volume of 330 cc were marked. 

Non-Alcoholic Beverages. The production of various kinds of sherbet and tonic lost popularly 

with the coming of carbonated drinks. There are prcsendy 22 non-alcoholic units in 

Iran, producing two millions totals of all kinds of beverage. 

Conf ec:tionery. There are 11 major chocolate and cookies producing factories and there are 

many small-scale workshops employing as low as nine people. 

There are seven units proces.~ng tea leaves, spices natural colors, com flakes, edible salt, 

baking powder etc. 1 

C. Industrial Research Institutions. 

In Islamic Republic of Iran was established a chain of research centers. 

1. Non-Governmental Industrial Research Centers. 

2. Engineering Services and Research Companies of Homogenous Industries. 

3. Research and Development Units in factories. 

There are 64 non-government engineering research centers which have the license 

from the Ministry of Industries to offer engineering and research services. There are 11 

engineering and research companies of the homogenous industries which have been 

established with the investment of the relevant factories. 

4. The Society of The Centers for Scientific and Industrial Researches of Iran. At the present 

( 1993) the Society follows up its activities with 150 members in the following area: 

chemicals, ;lharmaceuticals, pollution control of the environment. electric and 

electronic metal industries, foodstuffs, non-ferrc,~ minerals, medical, engineering and 

miscellaneous industry. The objections of the Society are given in Annex 9. 

IV. FINDINGS 

Visit to Research Institutes, Laboratories, Development Units and Factories. 

The Expert during his mission has visited with counterpan the governmental research 

institutes, non-governmental food engineering research centers, industries laboratory ~nd 

factories. The list of visited centers and processing plants is given in Annex 4. After visited 

each R&D unit or plant a brief summary was made which are given in Annexes 5. I - 5. 15. 

In each visited center or plant the expert met kindly and hospitality people. The discussion 

which was provided with the staff' of the unit was fruitfully. The remarks, ideas and same 

recommendation given are described in Annexes 5.1 - 5.15 and in Appendices from to are 

given data concerning food processing and food control required by Iranian food 

manufactures. 

1 Source: Export Directory of Iran Industries 1993/94. 
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l. Research and Development Centen. 

- The Iranian research centers such as Pasteur Institute and Institute of Standards and 

Industrial Research of Iran ·1s1Rr are very good establish and organized and they are 

update equipped in scientific and research apparatus books and periodicals in the 

library. The scientific and technical staff has a lot of experience in the field they are 

working. Those centers could provide education and training people from affiliated 

laboratories and carrying rrsearch on high level. However. they needs for research such 

instruments as combine gas chromatograph wtth mass spectrcmeter (GLCJMS). · 

capillary electrophoresis, high performance sca.-:ning UV-Visible spectrometers. The 

GLC/MS equipment alows separation. identificauon quantification of complex mixture 

of the organic compounds such as those occuring as: 

- trace organics in foods and water. 

- emissions from industrial stocks and large variety of processes including industrial 

waste, 

- aroma compounds from the aromatic plants and citrus fruits. 

The scientific staff needs to have more contacts with internationals homogeneous institutions 

and to participate in international congresses and symposiums. Some details concerning 

Pasteur Institute and ISIRI are given in Annexes 5.1 and 5.2. 

- The research and development units affiliated to the industrial branches are well organized 

and they are very functional for solving practical problems arising in the process of 

food manufacture, and with food quality. These units could develop a new technics, 

design, and training people from processing plants. 

The staff working in such units needs equainted with some of the modern scientific and 

research apparatus such as gas chromatography and mass spectrometry for 

determination of volatile substances in domestic fruits and spices or toxic components 

in food. NIR spectroscopy for rapid determination food constituents. 

The people working in such units needs to have more contacts with the some branches 

abroad and they needs to have scientific and technical information up-to-day. 

- The laboratory located in processing plant are sufficiently equipped and laboratory staff could 

provide necessary examination according Iranian standards. 

- The research projects which were elaborated by Iranian research staff are useful for 

development of industry and they should be introduced in the industrial process 

(Annex 6). 

2. Food industry 

The food processing industry make a link in the food chain that extends from the farm 

to the consumer. 

- Dairy Industry 

Milk production in the country amounts to 4 millions ton/year. Milk is processed to 

liquid pasteurized or sterilized milk, butter. cream, fermented milk and fresh salted cheese. The 
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quality of some products is not good enough. The main reason is of lack or no good operating 

cooling system for raw milk and final products. There is requirement for international 

mistance. for introduction appropriate cooling system for all chain in milk processing. The 

white cheese production have a tendency to increases, but the whey as a by-products from 

cheese making process, mainly is not utilized. 

Whey is reach in lactose., proteins, minerals and vitamins, special vitamin 8 2 (riboflavin) and IS 

a good nutritive product for food, and for animal feed. Whey should be utilized by use of 

membrane technique for food, and dryers for animal fe..~. Some practical suggestion was 

given during visits (Annex 5.3) and in Appendices 5, 5.1, 5.2. 

- Flour Mills Industry. 

Flour milling potential is sufficient in Iran. There are 500 operating mills in which :?:?O 

mills are modem. In Iran tree types of wheat flour are produced: 

15% extraction, 81 % extraction and 87°/o extraction. 

Domestic wheat production rounded 5 millions ton, and 2,5 millions ton is imponcd 

from Australia, Argentina, Canada and Europe. Flour mills industry needs particular types and 

varieties of grain for production different kind of flour for bread macaroni and cook1C$ 

manufacture. 

The quality control in grading and bulk handling system is very important within the 

country. For quality control of cereal grain the ICC (International Association for Cereal 

Chemistry) - Standards Methods to use were recommended. It is a very big difference bet,.-ccn 
the price of grain and for flour. The Government is paying a big subsistence to the bread 

There are lot of loses of bread by customers among others in cause of shon "Shelf hfe" of 

common bread (Lavosh). 

The by-products from the milling are germs, which should be separated from the bran 

and utilized for human consumption, as a reach source of vitamins, special vitamm E 

(tocopherol). Some practical advise and suggestions concerning Quality control of wheat and 

flour was given during visit Taban Flour Mills Co. in Tehran (Annex 5.4). 

The rice-processing plants should establish parboiling process for enrichment product 

in vitamins. The schema of operation parboiling rice is given in Appendix 6.2. 

Parboiling process comes between precleaning and husking. There are numerous advantages 

to this process; better quality and nutritional value, higher milling yield, better cooking quality 

and reduced stickness. 

Some disadvantages; some consumers don't accept particular yellow color, test and odor of 

parboiling nee. 

- Vegetable Oils Industry 

Vegetable oils is a big industry in the country. The total production estimates around 

600,000 tons per year. One of the biggest factory Pars Vegetable Oil Co. manufacture 100,000 

metric tons per year in which 95% hydrogenated oil for industry. Polyunsaturated fat~ have 

become popular in industrialized countries because of the belief that saturated fats contribute to 

heart disease. Vegetable oils might consider increased production of unsaturated oils. There is 
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requirement for international assistance for the initiate pr~ for margarine manufacture for 

human consumption. Some brief infonnations how to stan manufacturing are given in 

Appendices 7 and 7.1. 

Special is recommended to increase oil production from the germ of the maize kernel. 

This oils is highly unsaturated, reach in vitamin E /tocopheroV and are widely using as a salad 

dressing, or salad oils. It is also ;ecommended to increase producbon alive oil from domestic 

sources which is the most popular of vegetable oils. 

Some details and suggl.5tion were given during visiting Pars vegetable oil Co. (Annex 5.5). 

- Starch and Glucose Industry 

In Irani.m food industry the starch is produced from the wheat flour. Starch is used for 

textile manufacture, for glucose syrup production and for manufacture modified starch 

(Oxygenated) for mineral oil industry. 

Advanced processing methods are needoo to industrialize the processing of starchy products, 

such as different kind of glucose or fructose syrup, and modified starches. A brief informations 

are given in Appendices 8 and 8.1 concerning production of high fiuctose syrup and 

production of starch derivatives. 

The by-product from starch manufacture could be utilized as a source of 8Jllinoacids for 

vegetable hydrolyud protein {VHP) and for production of bullions and seasoning such as 

"Maggi" - source of sodium glutamate. The schema of VHP processing and aminoar.ids 

composition of different kind of protein are given in Appendix 9. 

Som'! practical advises were given during visiting "Vegetable Processing Co. (Annex 5.6) and 

"Pars-Esta Co." (Annex 5.8). 

- Preserved Foods 

The canned vegetable and fruit processing industry needs a high quality of agricultural 

products, special selected varieties of vegetables and fruits suitable for canning. The industry 

needs modern sterilizing system, such as Stork continous steriliser "Hydromatic". The Stork 

Amsterdam Co. produce sterilisers handling of 100.000 cans per hour. In a new types the 

consumptio11 of steam and water is reduced by regeneration. 

In Europe is popular also "Hunister" - hydromatic steriliser handling up to 27.000 cans per 

hour, produced in Hungary. 

The Behroos Food Industry which expert was visited is not big factory, but very well 

organized - processing hne, control laboratory and management. 

- Non-Alcoholic Beverages 

Iran hilS a lot of natural agricultural products, different kind citrus fruit, apples, cherries 

for manufacturing healthy natural drinks. The carbonated beverages cola type drinks should be 

replaced in some amounts by natural juice. 

The Sasan Company which produce Parsi Cola drink is a modem good managed factory 

producing good quality drink. 

Water used for soft drink manufacture is well treated (Annex 7). 
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3. Food quality control 

Quality control and sanitation in the food processing industry are of the utmost 

importance not only to protect consumers but also to retain product quality and avoid losses. 

F~ should be protected from contamination from whatever source (pesticide. heavy metals, 

unsafe chemical preservatives, mycotoxins and all other contaminants originated from 

microorganisms, packing materials pest and animals. 

The food quality control in the country is executed by plant processing laboratories, in 

Food and Drug Control Laboratories and Institute of Standards and Industrial Research of 

Iran (ISIRI)- laboratories acc. Iranian standards. 

It is recommended to introduce to food manufacture "Hazard Analysis Critical Control 

Points" (HACCP). 

Some details concerning how to apply this system is given in Appendix 14. In Appendix 13 are 

given data of microbiological standards for various food products. 

V. RECOMMENDATIONS 

Suggestions given below classified in "General Recommendations" and "Sectoral 

Recommendations" are the result of investigations and findings derived from visits organized 

and selected on the basis of national priorities by the Iranian counterpart. 

The "General Recommendations" are supposed to be valid for the whole food 

processing industry (maybe to other fields of the industry as well), while the Sectoral 

Recommendations are related to the resp. section, however- mutatis mutandis - may be useful 

for other sectors of the food industry not covered by this report. 

A. GENERAL RECOMMENDATIONS 

1. Subsidies 

Agricultural production is supported/subsidized in all countries in the world. Iran is not 

an exception, neither. 

However, a revision of the policy and the system of subsidies is recommended. Prices 

kept low and fixed may be an obstacle for future development in many respects: 

- extremely large portion of wasted food 

- no incentives for producers to improve the quality or to increase the yield 

- no basis for competition on market functions. 

2. Privatization 

The Iranian government has opened the way for private enterprises. The beneficial 

effects can be observed even during a short stay in the country. 
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However, some constraints - due to the transformations of the social/political system 

and still more to the recent period of war - are still in force. 
For example: severe restrictions exist for the owners of operators of milling enterprises 

to adopt to the market situation or to introduce new techniques and products, because: 

- fixed price of wheat 

- fixed price of flour 

- quantities and product mix stated by the Grain Board 

- payment performed on the basis of tonnage - without respect to quality. 

A careful but deliberate continuation of the privatization movement as strongly 

recommended. 

3. Flow of information 

The places visited (both R&D and production units) are suffering of limitec.I access to 

infonnation 

- between R&D institution and industrial enterprises (a suggestion for Iranian R&D 

Board for Food Processing follows) 

- printed publications (books and periodicals from abroad). 

A separated budget in foreign rurrency - especially for state-owned enterprises - is 

proposed to be assigned at the disposal of consumers in order to enhance information update, 

with priority to industry and R&D-institutions, which are oriented towards export activities. 

4. Iranian Research & Development Board for Food Processing 

For integration and strengthening of all governmental R&D institutions and private 

R&D units it is proposed to establish a Board for Food Processing R&D, in which scientific 

personnel, the professional and trade chambers or other special groups should be represented. 

This institutions could start issuing a status report of the present situation, collecting 

data about existing capabilities of R&D institutions already accessible, their current research 

activities, future potential and needs. The Board should be entrusted to support research work 

in the most important fields, and to assist in the application of R&D-results through the 

extension services (See paragraph "Related Suggestions C. 1 ). 

The Board should be equipped to sponsor required research at !l&D institutes and 

universities. It should support the national and regional training facilities, thus improving the 

access to these facilities. 

The Board for Food Processing could be one of the branches of the present Society of the 

Centers for Scientific and Industrial Researches of Iran. 

5. Central Service Agency for "Special Instruments" 

There is a need expressed by all entities visited dealing with large of expensive 

instrumentation (Gas Chromatograph/Mass Spectrometer, Atomic Absorption Spectrometers, 

Nuclear Magnetic Resonance Spectrometer, etc.) for: 
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- regular maintenance 

- reagents or standard kits 

- sp;ve parts. accessories 

- infonnation on recent new applications, methods. novel modifications. 

A central agency entrusted to take care of any such instrumentation and to cope with 

the demand of the users should be installed. 

B. SECTORAL RECOMMENDATIONS 

There are many R&D-centcrs in Iran active in food processing. which could 

provide know-how. perfonn research to further the technological progress. and thus contribute 

to food quality and food safety. 

These insti~tes - be it governmental or private ones - could play an important part in 

developing novel techniques far food pr<>CeSSng. 

After some field experience concerning the procedJ:resused in the country and possible 

improvements the following R&D activities are suggested to be pro~ided in the related 

branches of the Iranian food processing industry. 

In addition to this finciings some practical recommendations were given during visits at 

several research and development centers and food processing plants already. An outline of 

this recommendation is annexed. 

1. Dairy industry 

1.1. An immediate chilling process to 4oC as soon as possible after milking should be 

ascertained and an uninterrupted cooling chain be provided during transportation to the 

dairies. 

Milk is an ideal culture medium for numerous micro-organisms to grow - and thus it is 

susceptible to rapid decay. 

To keep this process from influencing milk quality cooling systems have to be 

elaborated for: 

- the fresh milk at the farms (preferably) and/or at the collecting stations~ 

- a sufficiently powerful cooling device active during transportation between the fanns 

(collect-points) and the dairies. 

In a similar way this recommendation applies also to pasteurized milk and to nearly all 

of the other dairy products. 

J .2. Many processes or methods used abroad could be applied to derive new products. The 

related procedures should be elaborated or adopted to the local market. This is suggested 

especially 

- for the production of fresh cheese "Philadelphia", "Petit Suisse". or "Kiri" - type 
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- for the introduction of tipcned cheese (Holland cheese. Cheddar). which could be 

stored with less risks of rotting. 

1.3. Whey as by-product from cheese production should be utilized as well for human 

consumption (from the first class milk) as for animal feed. The production methods for this arc 

well known. A brief information was given in Appendices 5 and 5.1. 

2. Flour Mills and Drud Manufacturing Industry 

2. L The flour mills in Iran produce a good quality flour for bread baking. However, an 

improvement of the quality of the bread seems feasible, mainly aiming to reduce bread 

losses on the way to the consumers. Primarily the shelf life of the bread should be 

extended by the elaboration of - an adequate product formulation and composition of 

flour; 

- an improved packing system; 
- better management of storage and distribution of products. 

When making low extraction rate wheat flour for bread a restoration of vitanum. 

especially for vitamin Bl (Thiamin) is suggested. 
By-products from the flour milling such as germs should be utilized for human 

consumption or in biotechnological processes as a source of vitamins - especially vitamm E 

(T ocopherol). 

2.2. In connection with the rice milling process the application of the parboiling proc~ 

(steaming under pressure) is suggested. 
By parboiling soluble vitamins (especially Bl) and minerals will be transferred from the 

bran surrounding the grain into the grain. Thus, valuable vitamins could be preserved in whttc 

rice (Details are given in Appendix 2.) 

3. Starch and Glucose Industry 

3.1. In starch and glucose processing plants Gluten is a by-product from wheat flour. Gluten is 

a very good source of all aminoacids. There is need to elaborate technical processes to produce 

hydrolyzed vegetable protein (H.V.P.) as a product to manufacture: 

- Flavor seasoning "Maggi" - type; 

- additives for bullion processing; 

- a source for sodium glutamate (intensifier of beef flavor)~ 

- products to manufacture roasted beef flavor. 

Some details ofH.V.P. manufacture are given in Appendix 9. 

3 .2. For better utilization of starch in the process of deriving glucose syrup the enzyme should 

be applied or combination type enzyme-acid hydrolysis could be used (details are given in 

Appendices 8 and 8. l . 
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4. Vegetable Oil Industry 

The vegetable oil industries produce hydrogenated oil. which is a main co1· i10nent of 

margarine. There is need to elaborate a technology for the production of margarine as a 

substitute for butter. 

For that purpose the technical staff of the Pars Vegetable Oil Co. should obtain good 

manufacturing practice in European Countries. The data how to start manufacturing margarine 

is given in Appendices 7 and 7 .1. 

S. Non-Alcoholic Beverages 

5 .1. The variety of existing carbonated beverages on the market should be increased by the 

introduction of new products based on flavoring ingredients obtained from natural resources -

especially citrus plants. 

S.2. Carbonated beverages based on citrus flavor are very popular in all countries. Containing 

more than 200 compounds citrus oils are very complex in chemical composition. But their 

extraction from natural raw material is a procedure. which can easily be applied. 

6. Food Control and Food Analysis 

Since food for human bein~ has to be I 00°/o safe. it must be prepared with utmost 

care. To achieve safe and good quality foods the food processing should be controlled and 

monitored by adequate means. All aspects of the catering process which are ~tial for food 

safety, quality and consumptive requirements should be recorded as part of a quality assurance 

procedure. 

To achieve this. objective laboratory staff at processing plants should apply Hc.urd 

Analysis Critical Point (HACCP) procedures. This procedures are widely used in relation to 

microbiological food safety. chemical and physical hazard in food. and in quality aspects of the 

processes. An example of application of this procedure is given in Appendix 11. 

C. RELATED SUGGESTIONS 
I. Food Advisory Extension Service 

To achieve the objectives related to the project it is recommended 

- to establish a Food Advisory Extension Service. providing cross links between R&D

centers and Iranian industries and vice versa (aspects of establishing such a service 

are cited in Appendix 14); 

- to encourage the cooperation of industrial and research entities with institutes and 

enterprises abroad; and 

- to introduce a procedure of assistance in the commercialization of research results, 

which could be ascertained by 

financial incentives 

: personal (scientific) suppon for unain times 
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{temporuy) subsidies for market introduction 

tax exccmption of similar aid. 

An extension Service is based on four closely interrelated functions: Research - Extension -

Education 

It should therefore focus on the following three aspects: 

- Organization of the task; 

- Selection and training of extension service personnel; 

- Budgetary support for extension 

Extension services could be affiliated to the Minis')' of Industry_ They should be under the 

surveillance of the Iranian R&D Board for Food Processing (See Gen. Recommendation A.4)_ 

l. Research and Development Institutioas 

The Iranian R&D homogenous inSbrutes such as Pasteur Institute. Institute of 

Standards and Industrial Research of Iran (ISIRI) have very good educated and experienced 

staf( are wdJ equipped with scientific and control apparatus. and have access to adequate 

documentation in books and periodicals. 

However. they need for their research contemporary equipment. e.g. gas 

Chromatograph combined with mass-spectrometer (GLCJMS); high performance scanning 

UV to visible spectrometer. capiDary electrophoresis. and other. The cost of GLCJMS is 

atimated to amount to roughly USS 70,000.-

3. SmaD R&D Centen 

Many sm.JI R&D centers or unit haYe a good educated staff of one to four persons_ 

But those centers are not sufticiendy equipped as far as scientific apparatus and research 

infrastructure are concerned. They have to rely on support from the homogeneous R&D 

institutes and from universities in technical aspects. scientific information. consultancy. and in 

analyzing capabilities of food products. 

To keep in line with the state-of-the-art they also need to have contacts with R&D 

institutes in Western countries by visits (short or long term) and by access to training 

opportunities. 

4. New Res~rch Tasks 

New research activities should be performed in order to introduce of new products 

derived from domestic raw material (for example: production of new type of cheeses. juices 

from all types of fruits, essence oils from citrus fruits. etc.). 

Priority should be given to childrens' food requirements in terms of proteins and 

vitamins contents. 

Additional suggestions have been made and concrete projects to be performed have 

been defined in the recommendation for some specific branches of the food mdustry. 
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Food processing programs should be outlined on a long-range basis to integrate the 

efforts of govanmental experts in food processing, education centers. engineering 

organiDtions. and any other related activities. 

D. FINAL REMARKS 

Some funher technical assistance of UNIDO and other organizations will be necessary. 

especially as far as contemporary experience is concerned with processes and functions of food 

processing - such as dehydration. refrigeration. conservation. sanitation. and water and waste 

management and in manufacture of new food products. 
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L~"
UNIDO 
~ 

' UNITED Z-.:ATIONS INDUSTRIAL DEVELOPME,.,"'T ORGANIZATION 

Post title 

Duration 

Date required 

Dut:y station 

Purpose of llission 

Duties 

JOB DESCRIPTION 

UC/IRA~J J()32 /ll-02 

Expert in research. development: of accivit:ies relat:ed t:o 
t:he agrochemical indust:ry and food processing indust:ry 

l_ months 

Karch 1993 

Teheran. Iran 

To provide advice and assistaice to t:he government: of 
t:he Islamic Republic of Iran in assessing the present 
capabilities of the national research and development: 
institutions vorking in the field of food development to 
contribute to the iaprovement of the related industrial 
sector. 

The expert is expected to perfor• tbE folloving activities in 
cooperation vi.th the national counterpart: 

1. Evaluation of present c;apabilities and future 
possibilities of the existing research and development 
institutions to assist the industry on the improvement: 
of teclmological process for the production of food. 
both in public and private sectors. utilizing the 
locally available indigenous raw 111aterials and to 
indicate those activities which require modernization. 

2. Possibilities of research institutions to contribute to 
the development of the food industry and indication of 
the specific activities to be ;>erformed. Advice on t:hc 
procedure~ to be followerl. Estimated costs anc 
cont.ribu:ions of the parties ir.·.·olved. Possibiliti.es of 
better industrial util izatio!l of locall~· produc~c 
agricultural prociucts. Quali!ied personnel 
requirements. equipment and infrastructure {or the 
i•plementation of the recOt1men:l.ations. 

. . i .. 
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Language 
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3. To assist on the application of FDA regulations. 

4. Aspects related to the treatment of effluent and 
environmental protection. Research activities on the 
industrial utilization of agro by-prd"ducts for · t.he 
industrial production of animal food or other ir.dustrial 
products. 

5. Interrelations of the proposed activities with the 
industrial infrastructm:e of the country. Possibilities 
of utilization of locally available indigenous ra'" 
materials_ 

6. Demand of the selected products both in local and 
international markets. 

7. Availability of qualified personnel Gild activities to be 
undertaken for improvement: of the level of 
qualification. 

8. Estillated costs for perfonaance of research works and 
the future industrial application. 

9. The expert should present the typed mission report 
including findings. conclusions and recommendations. 

English 

Background infonaa.tion: 

The KOI intends to implement: a national plan within the overall gamut of 
the first five-year Plan to establish a linkage between the programmes of the 
research institutions and the existing industries to upgrade ageing technology 
and ensure improved production and commercialization of the research findings. 
This. it: is envisaged, will also increase export and encourage the private sector 
entrepreneurs to invest in industries. 

Through the project, the Ministry of Industry of Iran vill receive concrete 
advise on t:he ut:ilization of existing res-earch and development inst.itucions in 
the field of cheaical research in order co orient t:hese institutions to the 
planning. organization and execution of their plan of activities addressing them 
to che development of the chemic£1 industrial sector and improvement of its 
efficiency. Fulfillment of the pr~ject objective vill entail an investigation 
of the means and vays for scronger direct working contacts as vell as active 
promocion of closer working association among different institutions and 
industry. 

"nle project vill allow to define the surplus capacities of the research 
ins ti cut ions. high level educational centres. engineering designs and development 
organization which could be made available for the development of the industrial 
potential in the country. 
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~ title affiliation 

Dr.Ali.A. Tofigh Deputy minister m.o. Industry 

Dr.Mohammad Ali Head of the Department of M.o.Higher Education 

Mirmohammadi Mining Eng. 

Dr.Manoochehr Oliazadeh Professor, of Mineral M. o. H. Education 

processing 

Nader . Niktabe Organizing manager M.0.1 

adress 

No,10,Kabkanian Lane, Keshavarz- Blvd 

valey- e- asre sq. 

TEHRAN- IRAN 

TEHRAN University 

TEHRAN UniversitY 

R&D Department 
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LISI' OF PEOPLE MET 
1. Mr. M.V.D. Schulenburg, Resident Representative UNDP In Tehran. 
2. Mr. M.T Amanpour, Deputy Minister of Education & Research Dept. of Ministry of Jahad 

Sazandegi. 
3. Mr. Gh. Chams. Prrofessor, Tehran University. 
4. Mr. M. Esteki. Pass Vegetable Oil Co., Utilization Assistant of Managing Director. 

5. Mr. F. Jahani, Noosh Pajouh Co., Managing Director. 

6. Mr. P. Jahangiri, Pars-Esta Co., President. 
7. Dr. K. Nikpour Tehrani, Wtilad Machine lud, Des. & Mfg. Co., Research Director. 

8. Mr. Mir Ahmad Sadat, ISIRI President. 
9. Mr. J. Alizadeh Shaegh, Agricultural Research, Training, Extension Organization, Deputy. 

10. Mr. Behrooz Forotan, Behroz Food Industry, Managing Director. 
11.Dr. H. Yazdjerdi, Taban Flour Mills Co., Member of the Board of Directors. 

12. Dr. Morteza Azamoush, Pasteur Institute of Iran, Director. 
13. Dr. S. Haghigh~ Food & Drug Control Labs. (FDCL), General Director. 

14. Mr. Ebrahim Azad, Iran Dairy Industries Co. Process Engineer. 
15. Mr. A. Taheri, M.SC. Chem. Eng., Alfa Neshasteh Co., Managing Director. 
16. Mr. Hamid Tamizkar, Ministry of Agriculture, Bureau of Industries of Agri. Products, 

Director - General. 



NO VISITING PLACE 

l PASTEUR 
INSTITUTE 

2 INSTITUTE OF 
STANDARD 

3 IRAN DAIRY 
INDUSTRIES CO. 

4 TABANFLOUR 
MILLSCO. 

s PARS VEGETABLE 
OILS CO. 

6 FARAYANDHAYE 
GUIAHY 

7 MILAD MASHINE 

8 PARS ESTA 
INDUSTRIAL RES. 

9 NOOSH PAJOUH 
FOOD INDUSTRIES 

10 BEHROOZFOOD 
INDUSTRIES 

11 MINISTRY OF 
JAHAD 

12 UNIVERSITY OF 
TEHERAN 

13 FOOD AND DRUG 
CONTROL LABS. 

14 MINISTRY OF 
AGRICULTURE 

15 MINISTRY OF 
AGRICULTURE 

MASTER PLAN FOR THE DEVELOPMENT OF NATIONAL RESEARCH INSTITUTIONS 
AND THEIR CONTRIBUTION TO THE DEVELOPMENT OF THE INDUSTRY 

(TIME TABLE FOR MR, E. KAMINSKI) 

PERSON FIELD OF ACTIVITIES RC,R&D,PI 
IN CHARGE 
DR. AZARNOOSH SERUM PRODUCTION & F ARMACEUTICAL, RESEARCH RC 

CENTER 
DR. SADAT RESEARCH & STANDARDIZATION RC 

ENG. AZAD DAIRY PRODUCTION R&D 

ENG.KHANLOO PRODUCTION OF FLOUR R&D 
ENG. SAMIE 
ENG. MAVEDATI VEGETABLES OIL PRODUCTION R&D 

ENG. TAHERI VEGETABLE PROCESSING( ST ARCH PRODUCTION FROM PRI 
WHEAT) 

DR. NIKPOOR RESEARCH, DESIGN AND PRODUCTION OF MACHINERY, PRI 
PRODUCTION LINES FOR FOOD, TEXTILE INDUSTRIES 

ENG. SEPAHI PROJECT DESIGN FOR PRODUCTION OF ST ARCH GLUCOSE, PRI 
CHEESE AND ADDITIVES 

ENG. JAHANI RESEARCH ON PROCESSES AND FORMULATION OF SOFT PRI 
DRINKS & FRUIT JUICES 

DR. MALEKI TINNED FOOD R&D 

ENG.AMANPOOR DEPUTY MINISTER AT RESEARCH AND TRAINING ---
PROF.DR. FOOD ENGINEERING DEPARTMENT R&D 
B.H.CHAMS 
DR. S.HAGHIGHI FOOD ANALYSIS & CONTROL F&D.C. 

MR. ALIZADEH RESEARCH, TRAINING, EXTENSION ORGANIZATION R&D 
SHAEGH 

MR. HAMID BUREAU OF INDUSTRIES R&D 
TAMJZKAR -

DATE/TIME 

WED. 13 APR. 
9- 14 
THU. 14 APR. 
9 - 14 
SAT. 16 APR. 
9 - 13 
SUN. J7 APR. 
JO - 15 
MON. JS APR. 
9 - 12 
TUE. 19 APR. 
9 - 12 
WED. 20APR. 
9 - 12 
SUN. 24 APR. 
9 - 12 
MON. 25 APR. 
9 - 12 
TUE. 26 APR. 
9 - 12 
SUN. I MAY 
9- 10 
1 MAY 
J l - J 3 
2MAY 
JO - J 2 
3MAY 
9 - 11 
4MAY 
JO - 11 

I 
11.J 
.Co 
I 

i 
~ 
.Co 
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ANNEX 4 

List of Research Centers and 
Processing Plants Visited 

1. PASTEUR INSTITUTE OF IRAN- Pasteur Av.TEHRAN. 
2. INSTITlITE OF Sf AND ARDS AND INDUSTRIAL RF.sEARCH OF IRAN/ISIRI/ 

-TEHRAN 
3. RESEARCH CENTER FOR FLOUR MIILING AND BAKING INDUSTRIES. TEHRAN. 
4. INDUSTRIAL RESEARCH AND FORMULATION CENTER FC R FOODS.- TEHRAN. 
5. PARS-ESTA INDUSTRIAL RESEARCH Co.- TEHRAN. 
6. Mn.AD MACHINE RESEARCH Co.- TEHRAN. 
7. FOOD ENGINEERING DEP.UNIVERSITY OF TEHRAN. 
8. T ABAN FLOUR MILLS Co.- TEHRAN. 
9. IRAN DAIRY INDUSTRIES Co.- TEHRAN. 
10. DAIRY FARM INDUSTRIES Co.- TEHRAN. 
11. PARS VEGEfABLE Oll.. Co.- TEHRAN. 
12. VEGETABLE PROCESSING Co. OF IRAN FARA Y ANDHA YE GUIAHY.- TEHRAN. 
13. BEHROUZ FOOD INDUSTRIES- KARAJ, Qazvin Rd. 
14. FOOD AND DRUG CONTROL LABS- TEHRAN. 
15. EDUCATION AND RESEARCH DEPARTMENT MINISTRY OF JAHAD 

SAZANDEGI- TEHRAN. 
16. AGRICUL11JRAL RESEARCH, TRAINING EXTENSION ORGANIZATION, 

MINISTRY OF AGRICULTURE- TEHRAN. 
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ANNEX5.l. 

VISIT TO PASTEUR INSTITUTE OF IRAN 

A shon visit was made on April 12, 1994 to Pasteur Institute in Tehran with Mr. 

Kovats and Mr Olizadeh (represen!!ng the Iranian counterpart). The Director of the Pasteur 

Institute introduced briefly to the research and related activities in different departments. There 

are: 

- Microbiology Department 

- Pulmonary Disease Research Department 

- Parasitology Department 

- Mycology Department 

- Virology Department 

- Rabies WHO reference collaboration centt~r 

- Hepatitis and AIDS Department 

- Immunology Department 

- Biochemistry Department 

- Molecular Biology Depanment 

All visited laboratories were found to be equipped with modem s~ientific apparatus. 

The discussion held concern parasitology of raw food origin, fungal diseases, viral diseases, 

immunology and salmonelloses was very fruitful and showed that the staff working at the 

institute have very good experience in their respective fields of activities. 

ANNEX 5.2. 

VISIT TO ISIRI - INSTITUTE OF STANDARDS AND INDUSTRIAL RESEARCH OF 

IRAN, KARADJ. 

A one day visit was made on April 14, 1994 together with Mr. Kovats and Iranian 

counterpart Mr. H. Mohammadi. 

The Director of the Institute Mr. Mir Ahmad Sadat introduced to the organization and 

activities of all branches of the Institute. The historical background of ISIRI and its 

organizational structure is given in Appendix 15. 

ISIRI has a large number of control laboratories: 

- 60 laboratories at Karadj 

- 60 export control laboratories distributed over different cities 

- Hallmarking laboratories 

During visits the Expert get acquainted with activities of 15 control laboratories related 

to food and agricultural products. All visited laboratories are very good equipped with all 
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necessary apparatus. The staff of the laboratories are underwent qualified. have very good 

experience in their respective fields of activities. The work in the laboratories is very good 

organized and managed. 

The standard which was elaborated by ISIRI for agriculture products, food and beverages are 

very close to the ISO standards. 1 he copies of Iranian standards for rice are given in 

Appendix 15 .1. 

The ISIRI is a member of ISO, and cooperates with agencies affiliated to WHO and FAO. 

The library which was visited have all necessary books and periodicals. However some 

current information concerning new equipments and publications of progress in analytical 

methods is recommended. For that purpose is given the list of analytical methods published by 

Hewlett Packard in Vienna which was sent. but not included in this report 

ANNEX 5.3. 

VISIT TO IRAN DAIRY INDUSTRY CO. (IDI) 

Visit to IDI was made on April 16, 1994 with Mr. Kovats. 

Mr. Ebrahim AZAD - Research Development Manager introduced to the situation in milk 

production and milk processing m Iran. There are small farms with 2-3 cows and big one with 

1400 cows. Total amounts of milk production evaluated around 4 million tons per year. Sheep 

milk around 446510 tons per year and goat milk - 400000 ton/year. The raw milk from the 

cows is collected at the farm or at the collect station and delivered to dairies for processing. 

At the dairy plants milk is processed into: pasteurized liquid milk or sterilized liquid milk by the 

use ofUlIT technique:;~ creame, butter, fermented milk (masst) and fresh salted cheese. 

The raw milk is controlled for acidity, fat content, density, sensoric test after milk boiling and 

bacteria count No test is performed for mastitis (See Appendix 16.2). The bacteria counts in 

raw milk evaluate from 200000 to 40.000.000. 

In Iran is popular molded fresh cheese. There is good equipped pilot plant for providing 

experiments with fresh cheese manufacture. The whey from the curd as a by-product is not 

utilized. Only small amounts is used for manufacturing soft drink. 

During the visit discussion was held concerning milk quality, utilization of by-products 

and new products on the market. 

Following recommendation was given: 

1. Milk after milking is not cooled properly, there is a good condition for microbial growth To 

prevent micro-organisms grow, milk after milking should be chilling to 4oc and should 

be ascertained and an uninterrupted cooling chain be provided during transportation to 

the dairies plant. For chilling milk to 40( 1s recommended installation with the plate 

heat exchanger (See Appendix 4). 
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2_ From the good quality milk 
/ ~ trecommended to start production new product in Iranian 

market - a wide variety of cheeses of which the best known are quarq, pate ftaiche. 
cream cheese, Philaddphia cheese, Kiri cheese. Their common denominator is that they 

are all made from fresh. cultured skim milk, whole milk or cream and that they are all 

consumed without any further ripening_ 

QyMJ! is produced with total solids (TS) a maximum ie/o fat in TS. There are many 

different varieties: in Germany quarq with a minimum 18% TS; in England - 200/o TS; in 

USA 22% TS; in Poland between 18% and 400/o TS and between I 00/o and 500/o fat 

in TS_ 

Cream Cheeses: 

Cream cheese is normally produced with 45% TS and 700/o fat in TS. This kind of cheeses 

is very popular in developed <.:Amtries. These fresh cheeses have been produced in 

nowadays by means of ultrafiltration. Some basic data of milk with using membrane 

filtration processing arc given in Appendix 5_ 

For providing experiments with membrane filtration for fresh cultured cheese, it is 

recommended to installed ultrafiltration (modules type 37 size 1,65 or bigger) APV Pasilac 

system in pilot plant at Iran Dairy Industry Co_ 

3_ The whey from the processing cheese with total solids of 6,0 to 6,5% should be utilized for 

manufacture whey proteins concentrate and lactose by use of ultrafiltration technique 

(Appendix 5_1) or could be processed to whey powder by use falling film evaporators 

and spray dryers. Whey powder could be utilized as a food additives or as a component 

for animal feed manufacture_ Liquid whey has been fed to farm animals, particularly 

cows, calves, chicken. Fluid whey could be replacement for water consumed by 

milking cows_ (See Literature, Kosikowski, pp.459-460). 

For any inquiry concerning all kind of equipments for milk processing could contact with: 

1. APV Pasilac AS, Pastcursvej. PO Box 320 

DK-8600 Silkcborg, Denmark 

Telefax +4 56815611 

2. Alfa-Laval. Box 802, 

DK-6000 Kolding, Denmark 

Telefax +4575535222 

LITERATURE RECOMMENDED: 

or 

1. Frank Kosikowski; Cheese and fermented milk foods. Second Ed. 1977. Edwards Brothers, 

Inc., Ann.Arbor, Michigan. 
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ANNEXS.4. 

VISIT TO TARAN FLOUR MILLS CO. AND RESEARCH CENTER FOR FLOUR 

MILLING AND BAKING INDUSTRIES IN TEHRAN. 

The visit was made on April i 7, 1994 together with M. Kovats and Mr. N. Niktabe. 

Iranian counterpart. 

Director of the Research Center is Mr. Ahmad Khantou. the owner of the Taban Aour Mills 

The Research Center has a Board consists of S elected members. The Director of the Board IS 

Mr. A. Sai. 

Mr. Samii one of the board member introduced us to the center activity and research. All 

informations. as a results of research and other activities. are published in Farsi language In 

the country there are SOO mills in which 220 mills are modem. Taban Aour Mills proceed 340 

tons/24 h wheat. 

Tnree types of flour are produced: 7S% extraction, 81% extraction and 87°/e extraction 

The T aban Aour Mills which was visited. is very modern. The mill is equipped with Buhler 

rolls and pneumatic conveying system. In the cleaning house wheat grain cleaned and ~-et 

cleaned by washing machine. The manager of the mill was educated in the Milling H1~h 

School in Germany. During the visit Mr. Khanlou organized meeting with managers and 

owners from IS flour mills from the country. A brief discussion was held concerning wheat 

quality, methods used for testing wheat and utilization of by-products. The method of 

improving quality of flour from the wheat damaged by bug-wheat in milling process, was also 

discussed. 

During discussion following recommendation was given: 

The wheat delivered to the mill should be tested in laboratory for: 

- amylolytic activity by use Falling Number Method (Appendix 6) 

- proteolytic activity by use Kozmina test for gluten 

Appendix 6.1) 

- the germ as by-product should be separated in process from the bran and utilized for human 

consumption as a source of vitamin E (tocopherol). 

The Taban Flour Mills could be as a center for training and education the people from other 

mills to obtam knowledge and good manufacture practice. 
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ANNEX S.S. 

VISIT TO PARS VEGETABLE OIL CO. 

VISit was made on April 18. 1994 with Mr. Morteza-Ghaffar Pur Iranian counterpart. 

Pars Vegetable Oil Co. is a Shahid Foundation managed by General Director Dr. Mavadati. 

Mr. N. Esteki. Utilization Assistant of manager director introduced us to the branch Pars 

manufacturing groups and its activities. Pars Vegetable Oil is one of the leading manufacturer 

of vegetable oil in Iran with 100.000 metric tons of production in a year. In those: 

95% hydrogenated oil 

4% liquid oil for industry 

0,5% liquid oil for consumers 

0,2% palm oil. 

The raw palm oil is imported from Indonesia. sunflower and soya oils are imported from Brazil 

and Argentina. Domestic oil is produced from soya and sunflower. 

A brief discussion was provided with manager and with Dr. Firouz Madad Nocc, Iranian 

expert of food science and industrial consultant. There is a big demand for margarine 

manufacture. Margarine is essentially produced by mixing the hydrogenated oils with raw oils 

and fats, water or fermentation milk. monogJyccridc. lecithin. aroma ingredients. coloring 

agents. carotene, antioxidants. The main ingredients for oils are: soya oil. cotton-seed oil. 

sunflower oil or peanut oil. For fats there arc cocoa fat. palm oil High value oils from fish can 

also be used for the production of margarine. 

Margarine contains polyunsarurated fats which contribute to the reduction of cholesterol level 

thus also reducing the risk of degeneration of arteries and coronary vessels, which is one of the 

main reasons of heart attacks and apoplexy of the brain. A two short informations how to start 

manufacturing of margarine arc given in Appendices 1 and 7. I). 

The manager staff from the Pars Vegetable Oil Co. needs training in some margarine plant of 

West European countries to get a good manufacture practice. 

The laboratory is equipped with gas chromatcgraph (Varian), but staff of the laboratory needs 

training how to use that equipment for multi purposes analysis~ selection of columns, selection 

of detectors, sample preparation and others. The method for sample preparation and fatty acids 

analysis by the use of gas chromatograph is given in Appendix 7.2. 
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ANNEXS.6. 

VISIT TO VEGETABLE PR~ING COMPANY OF IRAN (FORAY ANDRA YE

GUIANY) 

Visit was made on April 19, 1994 with Mr. Nader Niktabc Iranian counterpart 

Vcgerable ~ Company of Iran is a private entaprise directed by Mr. A. Taheri. 

chemical engineer. The main activity of this enterprise is producing modified starch for Iranian 

mineraJ oil industty and some amounts of glucose syrup for food additives. The by-product of 

wheat processing is wet glut? which was drying by another company. The Vegetable 
/. .. 

Processing Company llaYe o-WO mechanical workshop where are produced all necessary 

equipment for own starch plant. 

During visit disamion was held with other partners of Company concerning 

effectiveness of convasion starch to glucose syrup with acid and enzymes. A brief discussion 

was provided concerning gluten utilization . .Recommendation given are listed below. Mr. A. 

Taheri was invited by expert to visit starch plant processing in Poland. 

Recommendations: 

1. The glucose syrup production by use acid (HCI) for hydrolysis given product with low rate 

starch conversion (around 42 DE). 

The use of enzyme hydrolysis or combination of acid and enzyme permits reaching a 

high rate starch conversion to dextrose (around 63 DE). 

It is recommended also to manufacture a syrup (42% fructose) with high sweetening 

power (HFCS) from glucose syrup by means of isomerization by the use of enzyme. 

2. The gluten as a by-product of starch processing from wheat flour could be used (utilized) 

for manufacture of hydrolyzed vegrtable protein (HVP). That product contain all 

aminoacids which are necessary for production dietetic bullions and seasoning "maggi" 

(Appendices 9 and 9.1 ). 

A brief explanations of process description of starch derivatives production~ glucose syrup, 

dextrose syrup and sorbrtol are given in Appendices 8 and 8.1. 

ANNEX 5.7. 

VISIT TO MILAD MACHINE INDUSTRIAL RESEARCH AND MANUFACTURING 

CO. TEHRAN 

The visit was made on April 20, 1994 with Mr. Nader Niktabe- Iranian counterpart 

The General Director and owner of the Company is Mr. Amir Sharifi who was absent during 

our visit. Dr. K. Nikpour Tehrani - Research Director introduced us to the activity of that 

Company. Industrial R+M Co (Milad Machine) design and manufacturing industrial factories 
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as blrn key with the lK:cose &om Ministty of Heavy Industry. Milad Machine Im an extensi~ 

line of prodUCIS. i1s own design and engineering department. They have a team of top level 

consultants and advisors on nutrition. -veterinary. business, management and marketing. Milad 

Machine produced different lcind of dryers and lines for: 

1. Garlic. onion. potato processing 

2. Black cheny. plum. peach dryas 

3. Alfa-alfa and com dryers 

A brief disa•ssion was held concerning animal and poultry feed production and utilization of 

by-produd from industry and domestic waste. It was utilized around 500 tons of dry bread and 

about 1 tons of bones bouchcs daily. This waste are rendered to top quality animal and poultry 

feed. It was also utilized by sterilizatioo of slaughter trash and poultry offal and poultry 

manure. Till now Company not utilized whey from cheese production. Company seeking 

economical design for evaporation water from the whey. It was recommended for Compc.ny to 

use three or six - effect falling film evaporator with thermal vapour recompression (TVR). 

Information concerning falling film evaporators could be obtained ftom: 

APV Anhydro AJS. 1 Ostmarken, 
2860 Soborg-Copenhagen. Denmark 
Tel: 451692811 Telex: 27016 

ANNEX5.I. 

VISIT TO PARS ESTA INDUSTRIAL RESEARCH CO. 

The visit was made on April 24. 1994 with Mr. N. Niktabe. 

The main office of the Company is located at Tehran. The President of the Company is Mr. P. 

Jahangiri. The Company has three factories which are located outside of Tehran. Starch wheat 

factory daily capacity estimated ca 6 tonlday, where is produced modified starch for industry 

(textile industry) and glucose syrup. Gluten as a by-produd is utilized by drying as an additives 

for bread. 

Dairy plant produced liquid pasteuriud milk (300 tons/day), yogurt (S tons/day), 

cream (O,S tons/day) and fresh cheese. Milk is delivered from the farms and collecting centers 

The temperature of delivered milk is about 8-l 2oC. 

Whey from foe cheese production is utilized in laboratory scale by ultrafiltration for 

production of whey protein for baby food. Whey is also concentrated by evaporation and dned 

for confectionery. Utilization of whey estimated ca 200 tons/day. The Company is on the way 

for production of ripened European type of cheese The research project is carried out on 

enzyme processing for manufacture milk without lactose 
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The Noosh Co_ directed by Mr_ A_ Etemad produced fiuit concentrated juice from oranges, 

essential oils. from citrus fiuits, Alcohols, vinegar, natural red colorings from the red beets. in 

small amounts. 

During a visit a several prc!>lem was discussed. Lot attention was paid to the quality of 

the raw milk. There needs to be organize cooling chain from dairy farm to processing plant 

The disamion was concerned also gluten utilization for production of hydrolyzed vegetable 

protein (HVP). and production of spices •Maggi· type_ Some advise was done by the expert 

for manufactu:-c of natural red coloring product from the red beets, some explanation and 

advise was given to Mr. Sepahi and Mr Etemad concerning essential oils quality, stability and 

analysis by the use of gas chromatography and mass spectrometry. 

The Pars Industrial Research Company is on the good way to expire their production. 

The Company needs more inforrnation update concerning new technology for new products. 

Information concerning starch hydroly!is products are given in Appendix 8_ 

Schema of production HVP is given in Appendix 9. Aminoacid composition of HVP of 

various protein is given in Appendix 9. I. 

Information concerning production of natural coloring pigment •betanin• from the red beet 

and its stability are given in Appendix 12. 

ANNEX 5.9. 

VISIT TO NOOSH PAJOUB FOOD INDUSTRIAL RESEARCH CO. and SASAN CO. 

and PARSI COLA PRODUCTION PLANT 

The visit was made on April 23, 1994 with Mr_ Nil"tabe. Iranian counterpan. 

The Noosh Pajouh Food Industrial Research Co. is a private company managed by Mr. Firooz 

Jahani A vval who is the owner of laboratory and pilot experimental plant. The main field of 

activity is formulation of soft carbonated drinks and fruit juices; application of chemical and 

microbiological control systems in plants; advisory services and research concerning nev. 

products Pilot plant has facilities for producing beverages and fruit juice. Mr. Jahani is very 

well educated person in the branch of food technology and food analysis He has a good 

knowledge in the field of his activity. He could provtde education and train mg people from the 

branch of soft drinks and fruit juices analysis_ 

In Iran there are 23 factories producing soft and carbonated drinks and 3 factories producing 

cola and orange base drinks. 

The discussion which was held concen, .. d application of Hazard Analysis Critical Point 

(HACCP) in the branches of soft carbonated drmks and fruit Juices production Some 

recommendation was given concerning analysis of aroma substances by the use of gas 

chromatography and mass spectrometry The problem arisen concerning lactic acid 



34 

contamination in apple juice produced by Fruit Juice Co. at Urmia. Azerbaijan was also 

discu.w:d. 

PARSI COLA 

After visiting the Noosh Pajouh Food Co. visit was done to one of the biggest factory 

producing Parsi Cola in Tehran. Mr. A. Metghalchi - Vice President of SASAN COMPANY 

Soft Drink Manufacturer introduced us to all process of Parsi Cola production_ Company 

produced one type of carbonated soft drink - Parsi Cola. capacity 600.000.000 bottles per 

year. The water used for Parsi Cola production is very good treated by chemical and filtered 

through activated charcoal. The c~ used for carbonation of the soft drink is produced in the 

plant by burning of diesel oil and next by purifying treatment The purity ofCCli is 99,97 per 

cent. The cola flavor was imported. 

The Company needs technology for plastic one liter bottles manufacture for packaging 

carbonated drinks. 

Infonnadon concerning water quality is given in Annex 7. Information concerning 

concentrated fiuit juice making plant is given in Annex 7 _ 

ANNEX S.10. 

VISIT TO BEHROOZ FOOD INDUSTRY 

The visit was held on April 26, 1994 with Iranian counterpart Mr. M_ Olizadeh. 

The Behrooz food factory is located around 80 km from Tehran. The factory was build in 

1977 and belong to the Behrooz Forotan Family. In the factory there are separate lines for 

production and canning of mayonnaise, tomato paste and green peas, baked peas, cucumbers, 

onions and fruit jam. The main productc: 

- mayonmuse - 8.000 tons/year 

- tomato paste - 5. 000 tons/year 

- peas and beans - 2.000 tons/year 

- pickles - 3. 000 tons/year 

-Jam - 1. 000 tons/year 

Total production amounts 30.000 tons/year. The main equipment for manufacture of the 

above items are made in Iran. From 15 to 500/o of global production is exported mostly to 

Arabic countries. 

The food factory is very good establish and good managed. The laboratory for microbial and 

chemical examination of the raw and final products was managed by Dr. M Malak1. 

The discussion which was held concerning quality of the raw material and the methods of 

examination final products according international standards 
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ANNEX S.11. 

VISIT TO EDUCATION AND RESEARCH DEPARTMENT 

MINISTRY OF JAHAD-E-SAZANDEGI 

ISLAMIC REPUBLIC OF IRAN 

The visit was made on I May 1994 with Mr. M.F. Kovats and Mr. M. Olizadeh. 

representing the Iranian counterpart. 

Mr. M.T. Aman Pour- Deputy Minister of Education and Research Depanment introduced to 

the links of the Ministry with UNIDO and their requirements. The following projects were 

proposed in the field of agriculture and food branches with th~ technical assistance ofUNIDO: 

- Project for preparation of essence aromatic herbs and related raw materials 

- Project to explore the development of edible oil extraction from wild pistachios 

- Project on kilka fish processing 

- Project for animal feed production 

- Request for training courses in the country and fellowships for training abroad 

Some information concerning animal feed production are given in Appendix 17. l . 

ANNEX S.12. 

VISIT TO FOOD ENGINEERING DEPAKTMENT, UNIVERSITY OF TEHRAN 

Visit was made on May l, 1994 with Mr. M. Alizadeh to the Professor Gh. Chams 

who is the Head of Food Engineering Depanment. University of Tehran. 

Professor Chams introduced to education systrm of students in Food Engineering and the 

research which are provided with the students for M.Sc. and Ph.D. degrees. A lot of projects 

were done concerning food processing or related products Some of them: 

- Investigation of tea fermentation process 

- Production of instant tea 

- Extraction of eucalyptus oil 

- Accelerating of glucose fermentation 

- Detoxifying of almonds kernel. 

The results obtained are not applied up tn now in the practice, or s!lme of them without 

of profits to University. There are needs to establish a links between the University and 

industry with the aid of extension services. 
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ANNEX S.13. 

VISIT TO FOOD AND DRUG CONTROL LADORA TORY 

The visit was made on May 2. 1994 together with Mr. Kovats and Mr_ Niktabe Iranian 

counterpart. 
The General Director of Food and Drug Control Laboratory Dr. Haghighi introduced to the 

organiz.ation and activities carried in the food and drug laboratories. There are two main 

divisions: 

- Division for food and drug legislation and policy 

- Division for control foodstuff and drugs 

Food and Drug Control Laboratories emptoyed 160 people with M.Sc. and Ph.D. degrees, and 

are equipped wida all necessary apparatus for control food and drugs products. For control 

beverages and mineral water there is a separate laboratory. Food & Drug Control Laboratory 

organize courses 4-5 times in the year for employees from the industry. The laboratory 

provided control all kind of foods from 3000 food manufacturing plants. 

Some problems concerning food contaminations by microflora, mycotoxins and heavy metals 

was discussed in details. as well as introduction of HACCP in food chain (Hazard Analysis 

Critical Control Point). The data conr.eming microbiological standards for various products 

are given in Appendix 13. 

An example of HACCP application to catering cold chicken for salad is given in Appendix 14. 

ANNEX 5.14. 

VISIT TO AGRICULTURAL RESEARCH, TRAINING, EXTENSION 

ORGANIZATION - MINISTRY OF AGRICULTURE 

The visit was made on May 3 and 4, 1994 together with Mr. Kovats and Mr. Niktabe, 

Iranian counterpart. 

Mr. J. Alizadeh Shaegh - Deputy Minister introduced to the organization activity of the 

Agricultural Research, Training and Extension Services to fanners. There are a lot of fanners 

with small cultivated area and up to 1000 ha area. The average area of farmers producing rice 

is 1,5 ha. Discussion was held concerned the use of pesticide for plant protection, grain 

conservation and processing. There are 5-25% losses of agriculture products during handling 

and storage. 

Mr. Hamid Tamizkar - Director of Bureau of Industrial Products introduced to the activity of 

food manufactures supervised by Ministry of Agriculture There ue some large Companies as 

Kesht and San tech Moghan; Jiroft, Haft Tappeh - producers of fruit juices, grape concentrated 

juice, sugar and meat processing. 
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ANNEX 5.15. 

VISIT TO DAIRY FARM OF DAVOOD AFZALIAN NAINI. 

located near Tabeyik 

The visit was made on April 22, 1994 with Mr. f_ Kovats, Mr. A.A. Tofigh and Mr. A. 

Mirmohamadi. 

The visited farm is located around 70 km from Tehran. In the farm there are 800 cows 

Holstem-Fresian breed, in which 700 cows are milking. In the farm is installed "milking 

parlon II for mechanical milking. The milk after milking is cooled in the tank to 8 or 1 o0 c. 
The feed for cattle is produced on the farm: alfalfa, hay and silage from chopped green maize. 

The farm is managed and controlled by veterinary service. Mr. Naini is owner next two farms~ 

in one of them there are 1200 cows in which 800 cows are milking and in next farm there are 

1400 cows in which 800 cows are milking. 

It is recommended to make investment for installation plant for fresh milk making, different 

types of milk (Appendix 16 and 16.1), or small multi-product dairy plant for processing 

different kind of cheeses (molded fresh cheese, smoothed fresh cheese). The by-products as a 

result of the processing of certain products (whey from cheese, skim milk, butter milk) could 

be utilized in the farm or use for production whey proteins, lactose and other products 

(Appendix 5.1). 

Some information concerning how to start manufacturing and a guide to small multi-product 

dairy plant are given in Appendices 16 and 16. L 

According the requirement of Mr. Naini in Appendix 18 are given information how to start 

organize cattle slaughterhouse. 

or 

Any inquire concerning to technical - economic guide -;hould be sent to: 

- UNIDO, Industrial Investment Division, 

Vienna International Center, 

P.O. Box 300, A-1400 VIENNA, Austria 

- APV Pasilac AS, Pasteursvej, P.O. Box 320, 

DK-8600 Silkeborg. Denmark 

tel: +456824100 Fax: +456815611 

It is suggest also to make a visit to Avonmore Foods pie. Company. 

Avonmore Food pie. Ballyraget, Co Kilkeny, Ireland. 

tel. (056)33155, Fax (056)33268. 

Recommended literature 

1. John R. Campbell. Robert T. Marshall The Science of Providing Milk for Man. Mc Grow

Hill Book Company, 1975. 
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ANNEX6 

The list of completed research projects: 

1. Replacement of other imported edible oils with palm oil. 
2. Manufacturing a chains of conveyor belts of the sugar, cattle feed and poullry industries. 
3. Production of the oily acids. 
4. Production of lecithin. 
5. Make use of the tea wastes to produce cafein. 
6. Survey on the possibility of enhancing performance of the calcium converted furnaces tor 

sugar industries. 
7. Production of cattle feed from the wastes of dates and third grade dates. 
8. Alteration of alcoholic beverage lines to non-alcoholic beverage lines. 
9. Reduction of the wastes of vegetable oil processing industries. 
10. Replacement of imported chemical dyes by natural edible dyes. 
11. Survey on the physical and chemical properties of milk weed and finding out the v;sr111u, 

applications thereof. 
12. Effect of soya beans protein on the lengt?t of shortage of machine-made bread. 
13. Production and consumption of alfa amilas in flour processing industries. 
14. Survey on the possibiligy of replacement of non-alcoholic beverages by the gascuu .. 

traditional spirits. 
15. Carriage of bulk flour in a correct and hydienig way. 
16. Extraction of oily essences from the existing plants in the country. 
17.Survay on the enhancement of quality of grape fruit in Iran. 
18. Reparation of mono and diglissirides as emulsifiers in the vegetable oil industries. 
19. Survay on the varous methods for preservation of all types of oil seeds. 
20. Research project on the mode of recovery and use of the oil residue in the bleaching eanh 

and the used catalyte. 
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ANNEX 7 

J. Vet. Fae., UniD. Tehran, Iran 

(1970)26: No. 4 

A Survey on the Quality ofWater Used 

in Food Manufacturing Plants in Tehran 
M. Malald,o DVM aad A. Nikforjam,oo MSPB. 

Summary 

A survey on the quali!:y or water used in manufacturing plants in Tehran 

was carried out and the following results were obtained: 

I- Out of 50 Food Factories, eight use the purified water supply of the city, 

one uses spring water and rhc rest use well or underground Wii.ter. As 

the factories arc ma;nly using the water from deep or semi - deep 

wells, the hygienic standards of these wells should be controlled by the 

authorities concerned. 

2- Nearly all the wells contained very hard water and this is not suitable for 

food manufactaring due to the economical standpoint. Usually the 

water taken from the wells is not disinfected by the factory men. They 

believe snch water is already pure a11d sterile, but this is not so. The 

examination revealed that nearly all the specimens taken from such 

* Departmml of Food Hygiene. 

** Public Health Engineering DiDision, Ministry of Health, Tehran 

36 
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water were contaminated with diff crcnt types of bacteria. 

3- The factory authorities have all the facilities for the chlorination of water 

disr-osal and nearly all of them claiming that this operation isa routine 

and :t is daily done. However the results of the chemical analysis of water 

revealed no traces of chlorine in the water. 

Due to the great importance of the hygienic standarnd of water used in 

food factories, it is recommended that more attention should be paid to 

the control of the water used. 

References 

I- Parker, M. E. and Liter.field, J. H. ( 1962) Food plant sanitaticn, ed., 

Chapman and Hall, Ltd., Lonbon, pp. 401. 

:.i- W.H.O. (1963) International standard methods for water. pp, 79. 
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ANNEX I 

General aspects of establisbiag Advisory Extension Service 

Extension services are based on four closely interrelated functions; 

Research - &tension - Education - Marketing. 

The research requires a strong links with extension services to carry its findings to the industry 

or agriculture and bring back their actual problems. 

The main key objectives ofExtension Service: 

Extension service (extension officer) should organi7.e appropriate follow up action 

strengthening R&D institutions, food processing industries through the integrated 

dewlopment of all sectors of the food processing and marketing. 

Extension service should organi7.e and conduct specialized training course to the engineering 

and management personnel in the food industry and provide technical and scientific 

information with assistance of national and international experts from different 

branches. 

Extension service should liaise between the food producers and their customers in the retail 

and catering outlets to keep up to date with whole is happening in the market. 

Extension services have to offer a range of services and financial subsides to help producers 

start-up and develop a new products. 

Extension services in some countries are incorporated in one organization. or may be 

separately controlled by different organi7.ation. In USA, extension services are affiliated to the 

Univenities and close cooperates with education and research. In Poland extension services 
was financed and e!tablished by Ministry of Agriculture for integration of educational 

programs, research and advisory services to the farmers, food producers and householders. In 

the Universities there are extension services as a part of adminiscration unit to make a links 

between research. farmers and industry. The key food industry have been emblished own 

extension service units to have a link between industry, R&D institutions, farmers and 

marketing. 

In Iran, some R&D units could be included to the chain of extension services, for example 

Noosh Pajouh Co. directed by Mr. Johani, who was very good links between his R&D unit 

and food processing plants. 
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ANNEX 9 

mE SOCIE1Y OF TIIE CENTERS FOR SCIENTIFIC & INDUSTRIAL 
RESEARCHES OF IRAN 

TifE SOClf:n' OF lHE CENTERS FOR SClEN11AC AND INDUSTIUAL RF.SEARCHES OF IRAN 

COMMENCED ITS ACTIVITIES WITll APPROXIMATE MEMBERSHIP OF FORTY 

NON-GOVERNMENTAi. Cl:NTERS IN I.All! ll6S (19111Ml).AT nm PRe.l!NT r.--PRING OF 1372 (1993)) 

TllE SOCIETY FOLLOWS UP ITS ACTIVmES WITll ISO MEMBERS IN TIIE FOLi.OWiNG FIELDS: 

CllEMICAIS. PllARMACl!.'1.ITC.Al.S, POIJ.tmON mNlltOI. OF nm ENVIKONMENT,ELECTRIC AND 

El.ECTRONICS,METAI. INDUSTRIES .1:nonsTUFFS,NON-FERROUS MINERAi~. MEDICAL 

l~<ilNEl:RING AND MISCEIJ.ANEOllS INntr.n"Rms. 

mE OBJECI1VES OF mE SOCIETY 
1- LEADING AND PROMOTING DOMESTIC INDU~'TRIAL RESEARCH CENTERS TO UNDERTAKE 

SCIENTIFIC AND APPLIED RESEARCI WORK. 

2- MAKING EFFORTS TO EXPAND TIIE NUMBER OF Rl:Sl!ARCll Cf:NTERS IN TIIE COUNTRY AND 

PROVIDING NECESSARY FACIUlll:S l~lR lllEIR Rl:.~EARC:ll WORK 

l- CREATING REQUIRED COORDINATION AMONCi TllE RESEARC:ll C:l!NTERS OF TllE 

COUNTRY SPl!CIALL Y AMONG TIIE U!<iAI. MEMllERS OF 111E SOCJE'lY OF 111E SOCIETY. 

4- RENDERING NECT:SSARY FAf.llJTir:S l:OR l£N1>1tm ASSISTANCE 1ll NATIVE Rr:SEARCllERS. 

S- C:REA"llNCi l.IAISON WITll UNIVERslTms J\Nll INSTITllTES cu: 111cmmt El>lJC:AllON IN 11m 

EDUCATIONAi. It. RE .. ~EARCll AEIJ>S. 

b· l1 ROVll>ING Al.I. l:AC:ll.ITIES 1:0R UAISON Wl"lll INl>lJSTKIAI. UNITS <WTlll~ C:OlJNTR Y AND 

Al.SO CREATION OF CONSTANT I.INK WITll CONCERNED GOVERMENTAI. CENTERS FOR 

m.IMINATIN<i Tim SCIENTIFIC:, THCUNICAI. ANI> INl>lJSTRIAl. l'ROHl.EMS IN INl>lJSTRIAI. 

rt.ANNING. 

1- l1 ROVllJINU l.IAISON WITll Tiii'. l>OMl;~'iTIC ANI> FOltEl<iN ltESEAIU:ll CENTERS TlllUUJCill 

EXCllAN<iE OF INFOltMATION ANI> RESEAIU'.lll:ltS,l'AllTICll'ATION IN INTERNATIONAi. 

ANO OOMl~llC: CONl:"J~Rl:NCl!S • Sl!MINARS ANI> WOltKSll<ll'S wrm A vmw TO ENHANCING 

'lllE RESl'.Alte·11 CAl'AC:l'IY OF ·1111: Ml'.MUMtS ANI> CCK)ltl>INA"llON en: nm soc:1mY. 

"1111: SOC:IETY OF Tiii: CENTRE'i 1:01t SC'.11'.NTU:U" ANI> INl>llSTIUAI. IU~1:AIU:JIES CW lltAN 

llAS A NEWSl.lfflHt, WlllCll IS 1'11111 ISllM) MONTlll. Y:n llS ,., Jiii .i CATiON lt!'.1·1.ECl'S "11 IE vmws 
C >I' Tiii'. SOCIETY IN Al.I. Tiii'. IU;Sh\IU '.II Hl:U>S AIU JllNI> Tiii'. COllNTlt Y. Ml'.ANINllll.1'., IN 

OIU>Elt TO IN"!"IUlllllCE TllE EXl'.CllTIVE C:Al'ACITY OF TllE Ml:Mlltms;nm SOCIETY llAS 

ClltoANIZM> TWO Sl:MINAltS IN I ATI: l:ltiK (l'JH'I) ANI> FAIU.Y i:no (l'l'Jl)ON ·A<:OIJlltEMENTS <W 

NON-GOVEltNMFNTAI. IU:SEAIU'.11 <HfllU:s: 
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APPElfDIX 1 
Iran STATISTICAL SURVEY 

BASIC DATA 

163.6m hectares. induding 1141& forest and scrubland. 9.241& under rultivation, 
2741& pasture 

57.8 million (1991census);61.5 million (1993 estimate) 

Population in ·ooo (1986 census) 

Tehran 
6,043 

Meshhed 
1,464 

Isfahan 
989 

Tabriz 
971 

<:Gntinental, with extremes of temperature 

Shiraz 
848 

Ahwaz 
580 

Hottest month, July, 22-3rC (average daily maximum and minimum); coldest 
month, January, minus 3-rC; driest month, July, 3 mm average rainfall; wet

test month. January, 46 mm average rainfall 

Persian (Farsi) 

Metric system. Some local measures are used including: 

area: 
capacity: 
weight 

1 jerib = 
I artaba = 

Irey = 

0.108 hectare 
0.66 hectolitre 
11.88 kilograms 

The Iranian year begins on the spring equinox. March 21, and contains 31 days 
in each of the first six months, 30 days in the next five months and 29 in the 
12th month (30 in every fourth year). The system relates to the hijra, the 
Prophet Mohammed's flight from Makkah in AD 622. The Gregorian equiva
lent can be found by adding 621 to the Iranian date. The Iranian year AH 13 72 
began on March 21, 1993, and runs to March 20, 1994 

Rial (IR); IRIO=l toman. The government-managed floating rate was 
IR1,620.29:Sl in mid-June 1993. (On March 21, 1993, the government abol
ished the old official rate OR70:S 1) and the competitive rate (IR600:S 1)) 

3 hours ahead of GMT 

Most holidays are religiously based and subject to change at short notice 
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APPENDIX 2 

STATISTICAL SURVEY 

Agriculture 
PRINCIPAL CROPS rooo metric tons) 

1988 1989 1990 

Wheat. . 7,265 5,525 7,000 
Rice (paddy) . 1,419 1,852 1,400 
Barley. 3,394 2,750 2,700 
Mme .. 6 7* .,. 
Potatoes . 1,433 1,295 1,450" 
Pulses* . 379 386 397 
Soybeans . 90t 90t 00-
Cottonseed. 250 241 307f 
Cotton Oint) 121 117 144t 
Tomatoes . . . 983t 690* aJO-
Onions {dry) . . 612 635 'ltr 
Other v~tables• . 1.201 1,710 l,'120 
Watenne ons . . l.96lt 925* 95()lt 
Melons. l,307t 440• 450" 
Grapes. 1,743 1,320 1,500• 
Dates . 559 539 540• 
Apples. 1,351 1.246 l,25(r 
Pears . . . 125 11• 1r 
Oranges . . . l,169t l,262t 1,262• 
Other citrus fruits• 819 885 886 
Apricots• . . 118 57 57 
Other fruits* 1,020 734 ~ 
Sugar cane. 1,299 1,390• 1,750• 
Sugar beets 3,454 3,535 a.saa· 
Almonds . 64.2 60.o• 00.1•· 
Pistachios . 126.3 130.4 125.fl" 
Walnuts 37.8 30.o• 3;"' ,.. . :) . 
Tea (made). . 56 46* 46 .. 
Tobacco Oeaves) 21 19* 2r 

• FAO e:'timate(s). t Unofficial estimate. 
Source: FAO. Produ.cti(Jlt rem-bo<1k. 
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IRAN 

LIVESTOCK CFAO estimates, '000 head, year ending September} 

Horses
Mules . 
A~ . 
Cattle . 
Buffaloes • 
Qunels. 
Sheep . 
Goats . 

1988 

270 
127 

1,760 
8,350 

230 
27 

34,500 
13,620 

1989 

270 
126 

1,740 
8,000 

230 
27 

34,000 
13,500 

1990 

270 
126 

1,720 
8,000 

230 
27 

34,000 
13,500 

{ltickens (FAO estimates, million}: 110 in 1988; 115 in 1989; 120 
in 1990-
Source: FAO, Production Yearbook. 

UVESTOCK PRODUCTS (F AO estimates, '000 metric tons} 

1988 1989 1990 

Beef and veal . 169 180 180 
Buffalo meat . 10 IO 10 
Mutton and lamb . 234 241 241 
Goats' meat . 46 46 46 
Poultry meat . 255 260 265 
Other meat 17 18 .18 
O>ws' milk. . 1,754 1,680 1,750 
Buffaloes' milk. 38 38 38 
Sheep's milk . 725 725 735 
Goats' milk 270 267 267 
Cheese. 114.6 112.3 114.7 
Butter. 73.3 71.2 73.5 
Hen eggs . 250 260 270 
Honel. 6.2 6.2 6.3 
Wool : 

greasy . 32 32 32 
dean. . . . . 17.6 17.G 17.G 

Cattle and buffalo hides 35.3 37.5 37.6 
Sheep skins 39.0 40.2 40.2 
Goat skins. 9.1 9.3 9.3 

• Unofficial estimates. 
Source: FAO, Productio11 Ycnrbook. 
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ARABLE FARMING I 
GENERALS 

BARLEY 
Barley harvest w:as 2.719 million tonnes 
fiom a total cultiveted area of 2,140,000 
bcct:lrCS in the year ended 20 March 1988 
(3.300 million tonnes in the year enlled 20 
March 1992). Aver.ige yield per he~"tare is 
1,291 kilos, 2,200 kilos for irrigated plan
atins and 746 kilos for dry f.am1ing land. 

RICE 
Cultivated area is about eight per cent of 
whe:at-culti,•ated area. But ics gross produc
tion value is O\•er 20 per cent of the whc:at 
total. Rice harvest was 2,049 ,000 tonnes in 
the year ended 20 March 1987. The rising 
price of rice since 1983 has led to :m increase: 
in rice planting. Rice price doubled in 1983 
over the preceding year, and the increase in 
1985 \V3S 521 per cent as compared to 
1979. There were fi.mher price rises in 1 988 
and early 1989. Rice harvest falls short of 
meeting the national demand by 450,000 

Major Agricultural Items COOO tns) 

1988/87 1987/88 

Wheat 7556 7600 

~ 2505 2731 
Rice 171?4 1803 
luprbeets 4965 4456 
Cotton 359 341 
Meat 500 520 
Chicken 390 390 

SOURCE: IRAN YERBOOK 
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Agriculture 

tonnes a year, which has to be imported. 
Average yield per hectare was 2,834 kilos, 
3,361 kilos, 3,715 kilos and 3,925 kilos in 
the years ended 20 March 1984 1985 , , 
1986 and 1987 respectively. 
Iran's yearly imports of rice in 1991 has 
been 10 times as much as it was in 1971 , 
though domestic production of rice has 
meanwhile increased by 230 percent. Agri
culture experts ascribe the increase in con
sumption to the wider popularity of rice in 
Iran, government subsidies on rice, popula
tion increase, and an increase in the per 
capita consumption of rice due to higher 
w:iges and salaries in the lower income d:ass. 
To compensate for the increase in consump
tion, they maintain, more f.irmlands should 
be devoted to the cultivation of rice and 
cultivation methods should be improved for 
higher yields :md lower waste which happen 
at the various phases of cultivation and reap
ing. Rice paddies in Iran have a comp~ra
tively low yield because of the inadequate 
farming knowledge of growers, as well as 
limited water supplies. 
An agriculture survey conducted in the 
Caspian Province of Guilan in 1990 said 

1988/89 1989/90 1990/91 1991/92 

7765 6010 8547 8900 
3394 2847 3747 3300 
1419 1854 2273 2500 
3454 3535 3641 4900 
380 395 437 395 
515 530 540 575 
390 440 416 425 

Source: Central Bank ol IRI 



-48-
378 

that the province contained 220,000 hcc
w-cs of rice paddies. The per hccnre yield 
of the bener type of indigenous seeds is 
3,755 kilograms. In 1990 the total yidd of 
rice paddies in the Guilan Province was 
upwards of d60,000 tons_ The bcner class 
seeds produce between six :and seven thou
sand tons per hectare. Experts, meanwhile, 
arc trying to improve on traditional seeds. 
The 1992's yield for 220,000 hel."t:arcs of 
rice paddies in Guilan was 900,000 tons. 
The total area of paddies in the province 
now is 600,000 hectares. 

· WHEAT 
\Vhcat is cultivated in 50 per cent of all f.mn 
lands. Total cultiv:ned area is 6,304,043 
hcct:arcs according to latest statistics. 
Khorassan province had the: highest wheat 
harvest of the total, 17. 49 pc:r cent, and 
Yazd prO\;nce had the least, 0.23 per cenc. 
\Vhe:at harvest was 7 .55 million tonnes, 
7.571 million tonnes and 8 million tonnes 
in the vears ended 20 March 1987, 1988 
and 1989 respectively. The average yield per 

IRAll'93 

pl:antations. Domestic consumption of 
wheat :amounts to I 0 million tonnes a year, 
d~e shortage of which has to be imported. 
Wheat imports amounted to 3,169,000 
tonnes, 2.137,000 tonnes and 1,831,000 
tonnes in the years ended 20 March 1985, 
1986 and 1986 respectively. Consumption 
has particularly been rising since 1985, ow
ing to rises in prices of potato and rice. 

INDUSTRIAL CROPS 

CANE SUGAR 
Cane sugar plantations have shrank from 
27,000 hectares in 1983 to 20,000 hectares 
in the year ended 20 March 1988 and the 
harvest has fallen from 2,174 tonnes to 
1,420 tonnes in the period reported . The 
principal reason for the decrease is that cane 
sugar plantations arc located in the w:ar-hic 
Khuzistan province. The harvest in 1992 
was 4.900 tonnes. Yield per hcct3re w2s 
7 ,333 kilos in 1986, compared \\ith 58,554 
kilos of world a\'cr.age. 

hectare was 1,070 kilos and 1,174 kilos in COTTON 
1985 and 1986, 2,030 kilos in irrigated Cultivated area was about 192 ,000 hectares 
plant:nions and 77 4 kilos in dry fam1ing in the years ended 20 Man:h 1988 and 1989 

---·· -- -
! WHEAT, BARLEY, RICE PLANTATION 

I r.==================-===--::._-_ -.-. -. -_-__ ::.--·· 

~ 1988 
• 1982 
~ 1977 
~ 1973 

-;I 

II 
11 
I 

I 
ii 
ii 
I 

I 
I r .... 

1.000 &.ooo s.ooo •.ooo 3.000 2.000 t.ooo o t.ooo 2.000 3.ooo •.ooo s.ooo &.ooo i'f, 
O• 

AREA c·ooo hrktarr> HARVEST c·ooo tonnrs> 1:1 

0 

1!:====================================================~'!1' 
Source: Statistics C.nter of Iran 
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ASlllCUl.TURE & FISllERY 

and unginncd cotton harvest w:as 350,000 
tonnes. Cotton cultivation reached a peak 
in 197 4-75, 396,000 hectares of plantations 
and 716,000 tonnes ofharvest. Uncertainty 
about ownership ofland pushed down pro
duction to as low as 63,000 tonnes in 1981, 
going up again as the result of government 
intaVCntion. 
Cotton plantations arc located mainly in 
Gargan, Gonbad, Khorassan, Fars, Dasht 
Moghan and Kerman. Seventy-five per cent 
of the cotton planted is of the first and 
second grade high quality American rypc, 
with fibres measuring 27-30 millimetres on 
avaage. 
Siny-nine cotton ginning pbnts arc acti\•c 
throughout Iran, which were supplied 
291,000 tonnes of unginned cotton in the 
year ended 20 March 1988. Unauthorised 
and manually operating plants took delivery 
of the rest of the han•est. T oral output of 
ginned cotton in the year ended 20 March 
1992 was 395,000 tonnes .. 

SUGAR BEET 
Sugar beet was culti\•ated in 176,588 hec
rarcs of land and its han•est amounted to 
4,965,136 tonnes in the year ended 20 
March 1988. The area under cultivation in 
1989 is 175,679 hectares. The average yield 
per hectare was 28,051 kilos in 1986. In· 
creased cost of production and the relatively 
low price paid by sugar factories for sugar 
beet had raised concern rhat culri\•arcd 
area might be reduced. But go,·crnment 
measures of supplying the growers with 
seeds, pesticide and tcrtilisers, and rhe rise 
in factory purchase: price resol\'cd rhc 
problem. 

TEA 
Arca under cultivation was 32,026 hectares 
and green leaves harvest amounted to 
199,24-4 tonnes in the year ended 20 March 
1988. Tea drying plants, 100 in all, pro· 
duced 46,000-tonnes of dried tea, 70 per 
cent of the domestic demand, in that year. 
Over 36,700 tea growers work on tea plan-

379 

rations in the Guilan and Mazandaran prov
mccs. 

TOBACCO 
.'\rca under cultivation of hookah tobacco is 
about 19 ,000 hectares and the harvest 
amounts to 23,000 tonnes. Cigarette to· 
bacco is culti\'ated in 15,000 hectares of 
land with an annual harvest of 13,000 ton
nes. Plantations arc located in the Guilan, 
Mazandaran, Kurdistan and Isfahan pro,·· 
inces. A 1988 legislation has given the gO\'· 
ernmcnt to 20 years to cradicare tobacco 
growing and the production and distribu
tion of tobacco products. 

OTHER CORPS 

BEANS AND PEAS 
Beans arc grown in most areas of the coun· 
ny. Western and nonh-wcstem Iran how
ever arc notable for growing beans. Total 
cultivated area was 491,486 hectares and 
harvest amounted to 376,350 tonnes in the 
year ended 20 March 1988. 

MELONS AND CUCUMBERS 
Cultivarcd area was 473,516 hectares and 
harvest 6,570,723 tonnes in the year ended 
20 March 1988. Surplus produce is ex
ported ro the Persian Gulf littoral states. 

OILSEEDS 
Despite their importance, growing oil seeds 
has decreased owing to the reduced area of 
conon culcivacion and lack of sufficient gov
ernment support. Arca under cultivation 
was 103,305 hectares with toral harvest of 
137,l 74 tonnes in rhe year ended 20 March 
1989. 

PISTACHIO 
Pistachio production amounted to the fol
lowing figures for the Iranian years begin· 
ning 21 March (in tonnes): 1978, 60,000; 
1982, 32,790; 1983, 36,000; 1986, 
70,000; 1987, 60,000 tonnes; 1988, 
65,000. Output began rising in 1989 and 
last through mid- l 990s. Exports amounted 
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to the following (in tonnes): 1978, 15,724; 
1979, 4,354; 1982, 8,500; 1983, 12,820; 
1984, 7,373; 1985, 17,677; 1986, 37,976; 
1987, 54,653; 1988, 56,000. 
The estimated area under cultivation in 
1982 was 105,000 hectares, which rose to 
127 ,000 hectares in 1984. Planting grows 
at the rate of 5-10 per cent annually. Ker
man province comprises 90 per cent of the 
pistachio plantations. Qazvin and Damghan 
account for the remaining 10 per cent. But 
produce from the laner two is used for 
domestic consumption and in confection
ery, while the Kerman pistachio is exported. 
The Rafsanjan Pistachio Growers Co-op
erative (Tn'm•oni Pcrteh Raftn11jn11) was set 
up in 1968 with 200 members. h has 
30,000 members now and effccti,·c:ly has 
absolute reign over the business, dctcnnin
ing the domestic and export prices. 

POTATO 
Potato haf\·est amounted to l ,800,000 ton
nes on aver:ige in the years 1985 through 
1987, 25-30 per cent being wasted owing 
to pests, irrigation and storage problems. 
Potato price has tlm."tuatcd almost C\'Cf)' year 

in the past few years, \\ith lower price in a 
plentiful yar fullowcd immediately by higha 
price in the subsequent~ of scarcity. 

Cultiv:ited area \\'25 144,469 hectares and 
total harvest 2,348,992 tonnes in the year 
ended 20 March 1988, but scarcity reigned 
in earlr 1989. Average yield per hectare is 
16.440 kilos in irrigated lands and 7,018 
kilos in llry fanning plantations. 

SAFFRON 
lr.m is the biggest satlfon gro"ing country 
in the world. The home of saflTon is south
em Khorassan, where 6,750 hectares arc 
under culti\'ation. The harvest amounts to 
30,225 kilos, earning Rls 14,000 million in 
gross income. Average yield of dry saffron 
per hectare is between 5-10 kilos. But the 
gm·ernmcnt has plans to raise the yield and 
to promote its exports. 

LIVESTOCK 
li\·cstock products fom1 35-38 per cent of 
the gross agricultural production value. The 
number of li\'cstock throughout Iran is cs· 
tim:ued at around 90 million, 70 million of 
which arc sheep and goats. There: arc l 0 

_L_I_V_E_S-TO_C_K~~~~~~~~~ 
million cows and calves, 
6. 7 million natives, 
900,000 crosses and 
350,000 tl10rough·bred. 

9.3'1. 

31.6'1. 

• S111111&11111DI 

~'loll' •• , 
• Co•&Clll 

.... ... 

.J 

u 
N 

! 
l::====================================:::::=.10 
Soun:e: Slali1tlc:s Center of tr1n, 1188 c.ncu1 

The Agriculture Ministry 
issued permits for estab
lishment and expansion 
of units to breed 
150,000 thoroughbred 
cattle in the year ended 
20 March 1989. More 
than 5,000 thorough
bred cattle were also im· 
ported and distributed to 
various provinces . 

Several problems ham
per the growth of live
stock raising industry. 
These arc: 



AGRICULTURE & RSHERY 

I livestock raising is principally ~d on m
ditional methods, and the industri.il live
stock raising units hold only l million 
livestock; 

I ~t shonage of veterinary specialists; 

I fodder shomge amounts to 20 million ton
nes a year. In the year ended 20 M:irch 
l 988, the area under cultivation of fodder 
W2S 740,803 hecr:arcs, and the h:irvest 
amounted to 5,995,228 tonnes. The gov
emmenc impons the v:irious types of fod
der. nt:iinly in the fonn of conccmr.nes. 
Fodder imports in the ye:ir ended 2 0 Much 
1986 amounted to 4,357 mnncs of con
centrate, 20 tonnes of complcmenury 
nourishmenc and I 0 tonnes of fodder 
planes. 

Total area of pastures is :in estimated 90 
million hectares. Good pastures, 14 million 
hectares, have an annual harvest of 4,06 
million tonnes (41 per cent of tm:il) of dried 
fodder. Average: and weak p:iscurcs, 60 mil
lion hectares, :iccomu for 5.52 million ton
nes (55 per cenc) and the remaining salry 
pastures, 16 million hectares, produce 0.42 
million (four per cent). The annual ourpuc 
of dried fodder is abom I 0 million tonnes. 
Total omput of pastures is sutlicicnc for 
feeding 16 million livestock, while: 60 mil
lion livestock (26 million belonging to mi
gratory tribes :ind 34 million to ocher 
livestock breeders) rely on pastures for their 
feed. The big difference explains incre;tsing 
ruining of che p:iscures. 

MEAT AND DAIRIES 
The problems of li\·c:srock raising evident!)' 
leave their effect on production of meat and 
dairies. Around 400,000-500,000 tonnes 
of red mc::it is produced domestically, and 
up to 700,000 tcnnc:s is imported to meet 
the national demand. A total of 6,683,000 
sheep and goats, 824,000 cows and butfalos 
and 59 ,000 camels were slaughtered in the 
official slaughter houses in the year ended 
20 March 1987. Corresponding figures for 
the preceding year were 10,859 ,000, 
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l ,123,000 and 50,000. Four million tonnes 
of dairies arc produced a year. 
Meat consumption in the country will be 
760,000 tonnes in the year staned March 
1992, of which domestic supplies account 
for 560,000 tonnes, 
The government has earmarked $300 mil
lion for meat imports for the remaining 
200,000 tonnes. The five-year devclopmem 
plan aims co reduce meat imports through 
supporting local livesrock breeders, provid
ing them with banking facilities and guaran
rc:eing the meat price:. 
Between March and November 1992, rhe 
government-nm Iranian pasteurized milk 
plants purchased upwards of 400,000 ton
ness of raw milk from private dairy farms, up 
by 18 percent as compared to the same 
period lase year. 
The increase in supply of milk to the plants 
of the: dairy industries has also marked a 
proportional increase in production of 
cheese. During rhe lr:inian calendar year 
1369 (March 21, 1990-March 20, 1991) 
monchly production of cheese averaged 
about 150 tonnes, which was improved dur
ing March-May b)' developing cheese: proc
essing plants at the neighborhood of milk 
plants. Since the scan of the year 1991 as 
much as S 10 million has been saved in dollar 
expenditures. Iran imports between 70,000 
and l 00,000 tonnes of cheese yearly, but 
the Iran dairy industries has proposed that 
imports of cheese be reduced and the: sav
ings be: invested tor purchase of cheese proc · 
essing machinery from abroad. Three cheese 
processing plants arc being built in the prov
inces of Golpaygan, Mazandaran and 
Khorassan which will become operational in 
1993. The aggregate annual produce of che 
three plants will be 30,000 tonnes yearly 
which will help Iran cut down annual dollar 
cxpc:ndirurcs for imponing same by as much 
as about 40 million. 

POULTRY 
Modern poultry breeding in Iran daces back 
to 1954. There arc 66 progenitor hen farms 



-52-

382 

where the hens laid 84,835,000 eggs in the 
year ended 20 March 1986, but hatched 
only 49 ,916 chickens. Laying hens arc bred 
in 700 farms, the output of which was 2,731 
tonnes of eggs in the year reported. Broiler 
chickens arc reared in 14,000 farms with 
monthly chicken meat output of 1,200 ton
nes. One-day chickens arc produced in 70 
incubation farms, whose output was 
25,310,000 chickens in the year reported. 

Poultry feed and medicine shortage, im
ported at the rate of 90 per cent, is the main 
problem of breeding. A government restric
tion on imports of feed by official-rate for
eign exchange in early 1988, increased the 
problems and pushed up the chicken meat 
price. hl November however, import of feed 
using free market-rate exchange was author
ised and government conrrol on production 
and sales were lifted. 



APPENDIX 3 
STATISTICAL SURVEY 

EXPORTS OF AGRICULTURAL AND TRADITIONAL GOODS TO DIFFERENT COUNTRIES 

IR.AN 

Exdorts f.o.b. (excl. petroleum 
an gas) 1986/87 1987/88 1988/89 

Exports f.o.b. • 1986/87 

France. . . . . . . 14.4 Agricultural and traditional 
German Democratic Republic . 15.4 ~s . . . . . . 823.1 1,003.6 771.9 Germany, Fed. Republic . . 240.9 ets . . . . . . 390.1 484.8 307.8 Italy . . . . . . . 58.5 I Fruit (fresh and dried) . 292.8 258.0 242.4 Japan . . . . . . . 10.9 tn . 

w Animal skins and hides, and Netherlands . . . . . 17.2 I leather. . . . . . 66.6 110.5 77.6 Switzerland . . . . . 47.2 Caviar . . . . . . 17.2 33.6 42.8 USSR. . . . . . . 18.7 Casings . . . . . . 13.6 22.1 28.0 United Arab Emirates. . 138.9 Others . . . . . . 42.4 94.6 73.3 United Kingdom . . . 17.3 Metal ores. . . . . . 27.2 35.3 29.9 Total (incl. others) . . . . 778.7 Industrial manufactures 161.7 119.3 219.2 Shoes . . . . . . 1.5 4.3 0.2 • Excluding hetroleum products and hydrocarb Biscuits and Jastries . . 0.7 0.3 0.5 from petro eum . Textile man actures . . 41.7 33.7 20.2 Cements. . . . . . - - 1.7 Motor vehicles . . . . 2.6 2.1 1.9 Others . . . . . . 105.2 78.9 194.7 
Total . . . . 1,002.0 1,158.2 1,021.1 
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IMPORTS OF AGRICULTURAL AND INDUSTRIAL GOODS FROM 
DIFFERENT COUNTRIES 

Appendix 2 11Aade of Iran with major partners• (continued) 
mon1hly aNra,tJ 

Germany• Japan- Italy 
Jan-Dec Jan-Sep Jan·Dec Jan-Sep Jan-Dec 

Exports to Iran. fob 1990 1991 1990 1991 1990 
Dairy products 2,706 2.271 . . 7 
Cereals cl products 262 906 . . 47 
Pe110lcum products 423 416 584 7S 2,51 I 
Animal &. vegetable oils & rats 1.412 905 1 . 116 
Chemicals 34,896 27,572 10,801 9,344 12.666 
Rubber manufactures 1,615 2.487 8,722 12.419 632 
Textile yam, cloth & manufaclures 1,564 2,613 4,989 7,822 640 
Iron &. steel 21, 151 30,455 27,087 20,203 14,490 
Non-fcnous metals 2.896 4,368 314 668 l,155 
Metal llW\ufactures 5,830 9,178 4,486 7,524 5,519 
Macblnel)', incl elecuic 82,507 151,083 54,141 94,956 39,710 
Road vcbicl~ 24,'?20 33,637 11,075 25,300 2.498 
Olher ttansport equipment 3,055 6,619 44 312 60 
Scientific inslnl!ncnts, cu: 9,276 10,458 4,504 6,670 3,311 
Total. Incl others 218.161 313.097 134.769 195,058 91.015 

APPENDIX 3a 

$'000 

UK France 
Jan-Sep J1m·Jun .lan·l>ec Jan·Srp 

1991 I \.>'JI 11)92 l\.>'JO 1 \)')I 

13 IS 22 14 :?)7 
20 IJ27 , .. 2 w 

I l,K77 41<1 I .II I 0 2 1.s.n 
s '.'O 11:? 2~ 4'J 

9,449 C), 13 7 6,IJ I 2 7JC) I IUl2 
688 340 '~2 I M<J 1,777 
712 476 61 () 92 14., 

12,803 6,087 8,746 4,549 6,40R 
2,768 '.'O'J .~Kl) 6'.' 2)1 

10,968 1,602 2,IJIJ.t 625 54) 
69,348 3~.346 47,422 11.904 28,270 
11,154 4,445 4 ,OS4 l),245 IM,66S 

87 818 1,766 285 343 
4,803 6,190 6.840 1,809 1.725 

142,317 71,879 89,R89 49,753 74,203 

•Figures from partners' trade accounts.• Japanese imporu from Iran averaged $254.2 mn and $215.8 mn per month ror the pcriuc:.I Janu;uy·lunc tl)'JI f11lll ICJ92. farnncsc 
cxpons to Iran averagt.d $174.4 mn and S22S.2 mn per month for lbe period January-June 1991 anc:.I 1992. •Includes lhc fonncr Ens1 (icn11;u1y 1111111 July 1')1)0. 

I 
(J'I 
.c:i. 
I 
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Application 
Pasteurization, sterilization and general healing/cooling of 
dairy products, fruit juices and other food products. Operates 
with liquid/liquid and steamniquid. 

Working Principle 
The heating surface consists of a number of corrugated 
channel plates clamped together in a frame and sealed 
at the edges by means of gaskets. 

The plates have ports at the comers. and the gaskets 
are so arranged that the two media of the heat transfer 
process flow through attemate spaces between plates. 
The flow pattern is generally chosen so the two media 
are flowing in opposite directions, countercurrent flow. 
One unit housed in a single frame can be made to 
perform several functions by inserting connecting 
plates with interchangeable connections into the plate 
pack to divide it into sections. 
The frame consists of a frame head with two adjustable 
feet, an upper carrying bar, a lower guide bar. and a 
support column with two adjustable feet. rne channel 
plates are suspended from a rail underneath the 
carrying bar. The pressure plate and connecting plates 
are suspended by rollers on the same rail. The plate 
pack is clamped together between frame head and 
pressure plate by means of four bolts with ball bearing 
washers. 
Dismantling and reassembly or the u.1it can be done 
by means of a standard wrench. However, the use of 
a special pneumatic tigh1ening tool (available as 
optional equipment) makes lhis operation faster and 
simpler. 
The plate ports are, wherever applicable, sealed by 
gaskets separated from lhe plate edge gaskets. There 
is also a drain arrangement to eliminate accidental 
mixing of the two media in case of gasket failure. 

The plates are reversible, i.e. turning 180' (upside down) 
places their through ports on one side or the other. as 
required. This means only one type of plate is required. 
The plates are corrugated in parallel for rigidity and 
maximum heat transfer efficiency. 
The gasket tracks have a dove-tail section, in which the 
snap-in gaskets ar\? held firmly with no need for glue. and 
where they are well protected against attacks of aggressive 
cleaning solutions. Regasketing is fast and simple, done with 
the aid of a hand tool. (One tool supplied with each unit.) 

The unit complies with the German standard for pressure 
vessels (AD·Merkblatter) or Swedish pressure vessel code. 

~I 

CX ALFA-LAVAL 

Plate heat exchanger 
Type H7-RC 

Flow principle of a plate neat exchanger 
,OIJIOI f 



Plate Heat Exchanger Type H7-RC 

Basic Unit 
Pl8tes: Brighi-annealed finish stainless steel - AISt 304, 
or AISI 316. 
Gaskets: EPOM (standard) or nitrile (optional). 

Frame: Frame head, pressure plale. carrying bar, and sup
port column ol mild steel, clad with glassblasled finish stain
less steel. Qmying bar suspender rail, guide bar. bolls and 
washerS. connecting plates. and feet of stainleSS steel. 

Technical Data 
Plates 
Actual heating surface 
Overall dimensions 
Thickness (uncorrugated) 
Weight, incl. gasket 
Port size 
Connections 

Max working pressure 
1.0 MPa over pressure 

Capacity 
Heating/COOiing 
Pasteurization 

0.40m2 
120Sx394 mm 
O.Smm 
3.4kg 
appr. 76mm 
76 or 635 mm, SMSIDIN 
male part (olher union stan
dard on request) 

80.000 l/h 
30.000 l/h 

Optional Equipment 
Standard wrench 
Pneumatic damping tool. continuous totque type 
Gasketing tool 
Thermometers (through passes in connection plates) 
Protective shielding 
External holding cell, spiral type 
External holding cell, tubular type 
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Dimensions (mm) 

w 
Overall length varies depending on numbef of plates and 
connecting plateS. 
Required free space around the unit is one metre at SldeS 

and frame head end. 

CX ALFA-LAVAL 
FOOD ENGINEERING 
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APPENDIX 5 

MEMBRANE FILTRATION 
By Werner Kofod Nielsen, APV Pasi/ac AS 

INTRODUCTION 

For many rears, membrane filtration 
and membrane filtration processes 
separating molecules and ions of vari
ous sizes were regarded as a laboratory 
rarity. 
In fact, membranes for dialysis and 
osmosis ha\'C been known since 1877 
when Pfeffer demonstrated the scmi
pcrmcabilitr of a hog's bladder, thus 
illustrating the principle of osmosis. 
Later on, cellophane and collodium 
membranes came to be used in dialysis. 
As early as 1863, the dialysis process 
was used in the sugar industry for 
removal of sah from molasses. However, 
this proved not to be profitable and i' 
was not until the 1950s when pressure
drivcn membrane processes were 
considered to be viable that the develop
ment of membrane filtration processes 
began in earnest. 
In 1953, C.E. Reid [I], professor of the 

Relative 
lizeof 
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maten.ls 

, J 

... .. · ./, .. 
-~·· . 

THE FILTRATION SP£CTRUM 

University of Florida, suggested to the 
Dq>anment of the Interior that part of 
the US programme for desalination of 
sea water should be directed towards 
the study of reverse osmosis. However, 
the problem was that, even with pres
sure-driven reverse osmosis, the process 
was still not profitable because the 
fluxes were very low. 
But in the early 1960s, Loeb and 
Sourirajan [2], [3] at the University of 
California, Los Angeles, produced the 
first membrane based on cellulose 
acetate which had reasonable Ouxcs 
and which provided for a reasonable 
dcgrcc of salt rejection. 
Af,er this great step forward, the US 
government, through the Office of 
Saline Water, strongly supponed the 
development of processes for desalina
tion of sea and brackish water. 
Considerable progress was made 
during these first years, but it also 
became apparent that the difficulties 

were greater than first expc:ted. The 
main problems were to obtain a reason
able lifetime of the membranes and to 
avoid severe fouling. This problem was 
investigated by Mcnen [4) during the 
1960s. 
During the same period, the ground
work was laid for the various membrane 
system designs such as plate-and
frame, spiral-wound, tubular, and 
hollow fine fibres, and on the basis of 
Loeb and Sourirajan's work,.the con
cept of asymmetric membranes was 
funher d~·clopcd. 
All this d~·clopment work was carried 
out in the US, supported by go\'ernmen1 
grants to promote the development of 
processes tha~ would tum sea water 
into fresh water. 
In Europe. a number of commercial 
enterprises became interested in the 
reverse osmosis process, one of them 
being DDS (The Danish Sugar Cor
poration). In 1969, Madsen and Olsen 

<Jv_.. .. .....,.,. 

Fit. I. "'T/,, Filtrnt1on Sputrum ·· 1//11st1nt111.t:. lht si.t.t and <hara<ttt of n numbtt of pnrtidts u1hul1 <nn br upnrnttd ~v filtration proctsus 
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Mrntbranc: filcrarion processes arc rapidly becoming increasing!}· in1crn1ing 10 a 
wide variety of industries: from lhc food and oo·cragc industries lO tnlirrl~· new 
t.iorcchnologial industries. 
Today, membrane fihration is a far cry from the labocatory rarity rhar il was long 
ronsiden:d. The pasr 25 years ha"-c sccn ot \-Cry successful dcvdopmenr of membrane 
lihrarion cquipmmr and processes, nor le:u1 in rhe dairy indusrry, which w;u one of 
1hc lirs1indusrries10 realize 1hc porcntial ofrhis 1cchniquc. 
Today, the two most importanr fihrarion processes att •ltr11filtr1ll1tM (UF) and rnn1' 
•-sis (RO). In rhc dairy industry, the primary r;aw marerials arc mill. (whok milk 
or skimmilk) and whey, and both 1ypa ofli11ra1ion processes ma}" be applied 10 both 
kinds of raw materials. T ypially, ~r. rhe following combinations applv. 
e MEMBRANE FILTRATION OF MILK: 

Ultrajiltratioc for protein standudiution, for produc1ion of cheese and pro1ein 
powder, or for concentration ofbuucnnilk. 
Rnnu •-sis for conccnrra1ion of milk and buucrmilk. 

e MEMBRANE FILTRATION OF WHEY: 
Ultrafiltr11ti«I for producrion of whey protein conccn1rarc. 
Rnnu •-sis for conc.cntration of whey. 
N.-frll,.1;.. (NF) (reverse osmosis with a more open RO membrane) for concen
tration and demincralizatiQn of whey. 

For bolh types of raw matcriais, the qucsrion of the best possible u1iliza1ion of 1he 
permca1c is also imponan1. 
• The UF PERMEATE may be used for conccntra1ion by RO, for demineralization 

by NF, for producrion of all grades oflac1os.c or for h~-drolysis oflactosc 
( swcc1cncrs). Ir may also be used for fcrmcn1a1ion (ethanol/methane produc1ion), 
or for feed. 

e The RO PERMEATE may be used dirccdy forCIP. 
•The RO PERME.ATE may also be subjected 10 further rrcatmenr !::~- rC\·ersc 

osmosis for producrion of Cl P \varcr, crc. The EVAPORATOR CONDE:XSATE 
and RINSING WATER from rhc Cl P unir, 100, may undergo fort her rrcatmenr by 
means of reverse osmosis, ic, for production ofCIP wa1cr and reduction of the 
BOD load. These processes arc examples of rC\·crsc osmosis for cm·ironmcntal 
purposes. 

In all these areas, 1he expertise ofAPV Pasilac AS is among rhc besr in rhc world, and 
1hercforc we have decided to issue a series of .lfarl.dint 811/l~tin.s describing 1hc prcsenr 
stare of dcvclopmen1 of membrane fihration 
In the current issue, we rracc rhe development of membrane fihrarion processes and 
equipment. Wha1 exactly is understood by 1hc general concept of membrane filrra
tion, and by specific conccpu such as osmotic pressure, transport propenies and 
conccnrration polarization? \\Thar exactly characterizes the: diffcrenr fihra1ion 
processes> 
As far as cquipmcn1 is concerned, we look borh a1 1he membrane side, including 
aspects of membrane structure and materials, and at the many possibilities tha1 cxisr 
as regards modules - borh in the pla1c-and-framc system and with spiral-wound 
clements. 
Furthermore, WC discuss some or the basic aspcc1s of general plan! design, modern 
conrrol systems and, above all, of correct cleaning of membrane fihra1ion planrs. 
Finally, we look ar some of 1he areas of applica1ion 1ha1 cx1s1 for membrane fihra1ion 
processes in 1he dairy industry. 
The: discussion in rhc: following pages dcmonsrrarc:s rhar rhc: role: of AP\' Pasibc AS 
as a p1onc:cr of borh processing cquipmcnr and processing mc:rhods in rcla11on ro 
mrmbranc: fihration is as significan1 as ever. 

Aarhus, J unc 1990 

Pl"r ;\ 1clsrn 
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APPENDIX 5 

MEMBRANE FILTRATION FOR 
FRESH CULTURED CHEESE 

By P. ~Nielsen. APVPasilacAS 

INTRODUCTION 

In lradilional chccsrngking, the milk is 
fim ~gulaled by addilion of slaner 
cuhutt and ttnnct. The conccntralion 
takes place when lhc whey is drain~ off 
and the curd forms. This whey contains 
approximately 25% of the protein 
contenl and approitimudy IO% of the 
fal conlcnl oflhe milk. This means lha1. 
in tradilional chccscmaking, only about 
75% of lhc protein content ~nd about 
90% of the fa: content of the milk is 
utilized. 
For most chcescmaking by means of 
uhrafihration (UF), lhc milk is first 
concentrated by ulrrafiltration and onh-

then follows the staner culture and 
ttnnct-induced ~gulalion. In a total 
concentration process this means that 
lhc following utilization of lhc fccd
product is obtained: a 100% utilization 
of the fal content and a 95% utilization of 
the prolcin contenl of lhe milk. 
In addilion to large sa\·ings in milk 
consumption, UF-bascd chccscmaking 
also entails considerable slancr culrutt 
and rennet sa"ings. Furrhcrmott. with 
ulrrafilrration it is possible to produce a 
number of products that cannot be 
produced by means of traditional proces
ses. 
There arc a number of different wa,,-s of 
using the UF technique in cheesem~king. 

Fi& I. E~nmpfr, of jffJh <111111,,,( dlftJf n1111 q11nr.e dfJJrrl prod11<1d ~, ultrafil11nt1orr 

e Prot<Ui stoartlr~ation 10 3.6 - 4.0% 
protein. This tcchniquC' C'ntails lhat, 
all the ~-car round, a morc- homogene
ous and constant cheese quality is 
obtai~ and that the loss of casein 
fina is reduced. 

e fu-cncnJration prior to traditional 
chccscmaking. This technique can be 
used for a wide ,,-arict~· of chccscs, and 
the typical prc-concoentration is 
twofold concentration. Twofold 
ptt-concentration means tha1 the 
capacit~· of thC' tradi1ional cheesc
making equipment is doubled and 
that the consump1ion of s1ancr 
cuhure and renne1 is hah·ed. 



• ,_,.....,... ao bnwt:ea 20"llt and 
40"Jf. toQI .Gtids. This tcduUquc is 
mosdy used IOr open-structure chttSCS 
and requires unttaditional c:hccK-
matiag equipment such as dosing, 
mixing. coagulation, cutting, and 
continuous aftcr-trcauncnt e!luip
mcat. 

• T-1 ,....,,.,_ to a total solids l~l 
which is identical or almost identical 
with the total solids content in the 
final chccsc. This tcd1niquc is the 
most profitable as the whey proceins 
arc fully utilized. h is mostly ~ for 
closcd-suuaurc chccscs. In this asc, 
too, untraditional chccscmaking 
equipment is required: dosing, mix
ing, c:oagulation, and moulding 
cquipmcn1. 

This issue of the M&Thtilft &JJnm is 
d""Oled to:i discussion ofthe production 
of fresh cultured chccscs by means of 
ul trafilttation for which the wM CMICnlra

t1011 technique is the most immcdiatcl~
•ntercsting. 

PRODUCTS 

The concept of fraJt azltaml ~as 
discussed in this Mahtilft BJ/nill cm-crs 
.;i wide variety of cheeses of which the 
~st known arc f"'UI· 6aitr~ ~.pit~ 
fraidll, and tm111t cl&ttu. Their common 
denominator is WI thn· arc all made 
from fresh, cultured slti.:nmillt, whole 
milk or cream and that 1hcy arc all 
consumed without any funhcr ripening. 
ln~ucad, they arc used directly for 
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coaswnpcion, b domestic and indus
trial cooling aad baking, or as a raw 
mucrial b dessert production. 
Ahhoup the basic products arc men or 
kss the same, they arc produced with 
large variations in their contents of 
non-bt milk solids and Cat. These vam
tions arc usually determined by the 
gcognphical origin of the produc1 in 
question. 

This rypcof cheese (TS ""-ith a maximum 
of2% Cat in TS) is produced in man}

diffcrcnc varieties and under a vaMty of 
names: 

West Germany: (hivi with a minimum 
ofl8% TS 

Austria: T.pfo. with a minimum 
of20% TS 

England: ~soft dttM with 
a minimum of20% TS 

United States: Ban~ d«N with a 
minimum of22% TS 

France: Pik~witha 
minimum of 14-18% 
TS 

Soviet Union: T ""'I with a minimum 
of20% TS 

Dmmark: Qrrar1 with a minimum 
ofl6%TS 

lcdand: Sbr '"'-ith a minimum 
ofl8% TS 

F11. 2. UllrofiltrotiMI plant at Moho, Hist Gmna'!'-
PrNwts: quart ( 18% MSNF), qut1tt tlmms. t1t1d quart with/at. Capaci~1·.· 1.700 lctlh 

Fresh cullurecf ch Ill I with tat 

These chttSCS vary giutlt as regards 
their contents of t0tal solids aad Cat in 
tOlal solids: They arc produm:I with 

e ~ 18% and 40% TS and 
bet~ IO% and 50'%. Cat in TS. 

In 1raditional production, the staning 
point for all such chccscs is normally 1he 
skimmilk products listed ab<n"C 10 which 
1hc ~r)-quantity of cultured cream 
is added. UF produets can also be ""'dr 
by this process. bu1 normalll 1hcir 
production will be based on concentra
tion of cuhurcd. s1andardizcd ...-hole 
millt, which gi'-cs a more ~nrous 
product. 
Other '-arictics include produets to 
which fru;ts, "-cgc1ablcs, Ozvours. etc. 
arc added or produclS which arc whip
ped with !''!or co~ for produetion of 
dcsscns. 

Cream cheese 

Cream cheese is normally produced wi1h 
the foltcn.-ing composi1ion: 

• 45% TS and 70% fat in TS 

HOWC\.-cr, in spite of all 1h~ man~· ,-aria-
1ions, all 1hcsc cheeses - be th~- skimmilk 
chccscs, chccsn "'ith fat or cream ch~ 
- share a number of char.ae1eristics: their 
colour is whi1e to yellcn.-ish, their consis
tency smoo1h and pasty wi1hou1 being 
too dry and grainy. and th~- arc easy to 
spread. Finally. 1heir fl.a,'Our is fresh and 
acidic and their pH-,·alue normally lies 
bc1wccn 4.5 and 4.6. 



PROCESSING 

lkforc the uhrilfilmuion proc~s wil.s 
d"dopcd, th~e fresh ch~~ \•·ere 
produced either b\· means of the tradi
tional separator process or b~ means of 
the cradicionil.1 separator process "'·irh 
hear-treil.tment ofrhe feed. 
However. since the uhrillihration process 
was introduced into the dairy mdusrrv 
around 19il. th~e fresh cheeses have 
been an ob\·ious choice for production by 
means of ultrafihrarion. O\·er the vears. 
various methods hilve been med: 

e Total concenrrarion cf fresh or 
slightly pre-ripened milk or cream 
with subsequent culturing of the 
retentare. 

e Recovery of ,,·hey proteins bv means 
of ulrralihra1ion of acid whev with 
subsequent re-dosing of 1he proteins 
into the chel"se. 

• Total concenrra1ion of cuhured milk 
or cream at pH 4.5-4.6 10 the final 
101al solids C')nlen1 m 1hr chl'rsr 

Concentration of fresh 
milk or cream 

Concentra1ion ofjrrsh milk or cream wi1h 
subsequent cuhurang of 1hr r!'rl"ntatr 
results ma chl'esr w11h 1hr so·ralled 
'"l'F 1as1e"' a h111rr 1as1r •··Inch'' caused 
b• the concenirauon of calc11J111 salts 
This chees!' also ha~ d mort" gr!'\ 1sh 
colour 
If the milk or ere.am 1~ 1l1.i:h1lr prr-rrprntd 
(10 pH 5 8·5.9). a largt"r parr of 1hr 
calcium sahs bl"come ~oluhk and ran h«" 
removt"d w11h 1hr prrmrarr Ir 1~ also 
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F:K 4. Ultrajil:rat1orr platll irr Frallfl.·t for productiorr of patt fraiciu aruf protnrr 
stantiardi;:at1orr (c0111Drthnt anti liquid milJ .. J. 

possible co use dectrodiaJysis for ca.lei um 
removal, or to add citric acid and !\a OH 
to the milk for the formation of Cillcium
cirrace complex~ which can then be 
removed with the permeate. 
The cuirured rcrcntate has a \'Cry high 
\·iscositv. and therefore special fermenta
tion ranks and a!ti1a1ors arc required for 
the cultured cheese 10 ~ stirred and 
packed. 
With the introduc1ion of addi1ional 1vpes 
oi machine'")· such as special fermen1a
tion tanks and, po!sibly, elecrrod!ah·sis 
plants, produces of reasonabh- good 
quality )"Cfe obtained. Howt'\·er. 1h1s 
also meant increased in\·es1mencs and. 
"en then, the quality nt'\·er came up to 
the standard of the cheese manufaCI ured 
by means of the traditional separator 
process. The cheese still had a gre' 1sh 
colour ;and a biner rasre. 

Concentration of whey 

The second mer hod entails tha1 thl" lacuc 
acid whey produced by means ofrhr
tradi1ional £epara1or process is concen-
1ra1ed by ultrafihrauon 10 thr 101al solids 
con1en1 in the chl't'SI' and 1hr-n dmrd 
back 1n10 the chrest". poss1bh al\n wirh 
add11ion of s1ahihurs 
With this mr1hod. 1he qualm of lhl' 
finished chrese 1s almost idl'nllcal ···i1h 
1ha1of1rad111onalh product"d chl"rsr 
This me1hod, 1110. rrqu1rrs that rnn:>1dl"r
able 1nves1men1s are madr- In add111on 
10 the invr-srmrnr a!rf'"ad' marl!' in·' 
separa1or processin~ hnr. rhr ronc <"ntr.1· 

lion of lhl" "''hf'"~ also rrqmrr' Ill\ I"~! mrnr 
m an uhrafiltrauon plan1 !\ lort"m rr. thr 
necrss.ary pas1euriz.u1on. homogrn11.1 
llon and dosing equ1pmenr musr hr 
il.\'allabl!' for lrl"atml"nl and do~IOI! o( !hi" 

"'·h~ rctenrate in order to ob1ain the 
right consisrency in thr- finished cheese. 
fin;ally. it should be noted that. !O 

prevent the finished produce from becom
ing too soft. only j()% of the rrearr-d whl"\ 
re1en1a1e can be dosed back. and 1ha1 
this procrss has not been usrd for the 
producuon of cream chr~e. 

Concentration of cultured 
milk or cream 

This method O\·ercomes 1he problems of 
rhe lirsr two methods. Abo,.·e all, b;asm~ 
the production of fresh chr-~e on ultrafil. 
tra1ion of cultured milk or cre;am mr-am 
rhar 1he flavour and cons1s1encv prob
lems can be ;avoided. Indeed, through a 
ch;ange in the processing parameters 
during pre-rreacmen1 and/or aftr-r-rreat· 
ment, it is possible to obtain exacdv rhe 
required flavour and consistency in 1hr 
finished product. 
Furthermore, with 1his method, a con· 
siderable additional yidd is achirved 
and ir 1s possible 10 base 1hr produc11on 
of thesr cheese ryprs on sk1mmilk P''\'·drr 
and hu11r-r oil in lht" shape of rl"com11· 
1u1r-d sk1mmilk or rl'combinl'd wholr 
milk or crram. And hu11rrm1lk ran al\o 
he ust"d for produc11•m of. eg. hu11l"rn11ll 
quarg. 
Quarg made hv ultrafiltra1ion is morf'" 
smoorh and cream\ than 1r;1d11um.1I 
quarg It cr!'ates rhr 1mprr~s1on 1h.u 11 

cnnrams more far rhan 1rad111nnal fJllMC 

w11h lht" samr far contr-n1. In fact. mo\I 
(lf'oplr ron\1drr both 1hr 1as1r and rhr 
overall 1mprt"ssmn of CF quar~ ro hr 
hrrrl'r rhan th.ar of 1rad1110nalh produrrct 
quarg 
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Fit- .5 shows the processes that att 
in"Olved in lhc production of U.r..;a w 
/•I psrrs. t-rt Jasnu. and ~ dl«M 
by mcus of ultrafihntion. The 6gutt 
shows that the processes arc largely 
identical for the various products - only 
during after-treatment will thett be a 
diJfcmacc in the required processing. 
Frah cheese with fat can be produced -
as it is clone by the tndi1ion.al method -
by dosing cultured cream into 1hc 
skimmilk 1Tlcn1au:, or it can be produced 
by concxnrranon of cuhurcd whole milk. 
For cheeses wi1h fat that arc to be ma nu· 
facturcd by uhrafihration or cultured 
..-hole milk or cream, the far percentage 
should be standardized in relation to the 
pro1ein percentage in order 10 obtain the 
corRCt solids and fa.1 con1ent in 1hc final 
cheese. 
Sltimmilk, standardized milk or crum is 
pasteurized at 95•c with a holding ti~ 
of 5 minutes. This high-temperature 
treatment improves the stability of the 
finished product_ Mier pastcuriza1ion. 
the feed-product is cooled to 1hc incuba
tion 1cmperaturc of20-2rc. S1arter 
culture and rennet arc added, and afrcr 
abou1 16-18 hours, the pH value or 1he 
fccd-produc1 will be 4.5-4.6. The 
coagulum is then stirred 10 a smooth and 
homogeneous product. 
Ncxc, the cultured product is thcrmized 
at 55-C for 3 minutes. This 1hcrmiu1ion 
serves partly to improve the shelf life of 
the finished cheese, panly 10 increase the 
capacity and partly to obtain a constant 
Oux in the uhrafiltra1ion plant. 
F urthcr, the feed-product mus1 be cooled 
to 38-408C, at which rcmpcra1urc it is led 
to the ulcrafihra1ion p!~;.t where it is 
concentrated to the desired tO(al solids 
contem. 
As far as cream cheese is concerned, it 
should be noted thar one of the advan
tages of using the uhrafilcra1ion process 
1s that this process is much less sensitive 
to variations in the pH-value of the 
cream than the traditional separator 
process. No pH ad1ustmcnrs or dcacra-
11on arc needed. 
\\'hen the rctcntatc leaves the uhrafihra-
11on plant, the aftcr-trcarmcnt will, as 
shown in figure 5, vary according 10 
"he1her the end produe1 is gomg 10 be 
qua•! or s,,,11/ar prod11<1s, q11ar: dt1srrll or 
••ram rhusr 

After-treatment of quarg 
or similar products 

If rhe produc11on of qu;irg or )rnul.11 
;11oduc1s "'''h rar ·~ b:ls<"rl on concrn11;i 
11011 of sk1mm1lk. '"'" dcs11 rrl ;111100111 or 
crroun 111us1 he added 10 rhr sL1mrnrlL 
r1·1rn1a1c before 1hr fmal coolmr, 
8\ subJCCllng tht' rc1t'n1a1e w rlr0t"rcnt 
Lrnds of tcmpuaturc 1rea1111enr hcforr 

stongc, it is possible to control the 
catllft and stabilny of the fiw chccsc. 
Usually, the chccsc is cooled to 12-14-C 
and dam pacbd at this tcmpcnturc. 
The linal cooling rakes plaa in the 
pacbge in the aild s1orc. If. however, 1hc 
chccsc is packed at 20-2TC and sub
scqucndy cooled slowly in the cold ston:, 
the result is a firmer product which is 
used by, for instance. bakeries. Vanous 
Oavours, fruits oc spices can be added 
before the final cooling and packing 

Production of quarg desserts 

The presence of water-binding and 
srabilizing whey pro~cins in UF quarg 
makes this product very suitable for 
produaion of whipped quarg desserts 
with different additives such as fruits, 
spitts, ~reals, etc. 
After the first cooling to 20-22-c, the 
quarg is mixed •-ith srabilizcr and, if 
dcsirul, with cream, fruit juicx. etc, and 
then il is pasteurized a1 70-C. The quarg 
is cooled to 5-C and whipped with N2 or 
C02 co an overrun of30-50% in a special 
product/air mixer. Bcfon: packing, the 
whipped quarg can be mia:cd wirh fruit, 
nuts. cereals, etc. 

After-treatment of cream cheese 

Cream cheese can be subjcc1cd 10 
various kinds or aftcr-trcatmcnr depend
ing on the required texture and shelflifc 
of the finished product. 
The most simple after-treatment consists 
of packing the cream cheese directly 
from the uhrafilrration plant with 
subscquen1 cooling in 1hc package. This 
type of after-treatment gives a cream 
chccK with a very short body and a shelf 
life of about four weeks. 
The cream cheese can also be heated to 
80"C in a scraped surface heat exchanger 
and packed at this 1cmperature. This 
process will increase the shclflifc to three 
months. 
Ir a more firm and homogeneous cheese 
is wanted, i1 is nt'ccssary 10 homogenize 
the cht'csc 

PROCESSING PLANT 

\\"hen fresh cheeses such as quarg, 
bakcr·s cheese. p:lre fraiche :inrl cream 
clu:-:sr ;ire 10 ht" pr1lc111arl b' 1111'."311\ of 
11hrafrltra11011. rhe r1rs1 requrrrmem of .l 
successful proc1urrio11 1~ 1ha1 thr eorrccr 
ultrarrhr a111111 moc111lr\ ot11rl mc-mhr.tru·s 
arc usrc1 
In the \I'\. l'.1~rl.1t S~\rr-111. 1hr UI 
modulc.1v1KJi.1~11scd (hgurc6) Tlus 
modulr has hren ci<"vdop<"d specially for 
lugh -usrn\11\ 111nrl11c1s and h"\ hc-rn 

fully commercially tested. It is m•nuf•• 
lured in a variety of sizes from 1.6) tu~: 
m 1 membrane area. 
In module 37, the middle pan ol thr 
plate has been removed so that riv 
product Rows in only 10 channels on 
either side of the pla1c. The channch 
have different heights: the inner ch.nor" 
arc LI mm high and the outer ch•nnrh 
arc 1.8 mm high. These channel hr1ck 
ha•·c been chosen on lhe basis o!,. \lu•S. 
of 1hc rheological propenics of d1Rrrrn· 
high-'ll'iscosity dairy products. includir· r 
1he fresh cheeses [bar arc discus\rrl 
here. Thus, the channel hC1gh1s u! 

module 37 give almost the samr n ....... 
all channels at the same prcssurr dr"r 
and prevent blocking of the no-. 
channels. 
The lypc of membrane used for tht'\r 
products is 1hc GR 60 PP type. "·h1rh '' 
made of polysulphonc and c;,st onto 
polypropylene paper. This mcmbranr 
has high mechanical stttngth as well as .a 
high temperature (0-7S-C) and pH 
( 1-13) range. Two membranes, nch of 
O.OSS m7

, arc lined on c.ach support 
plate. This mr.ans thar visual mSpt'Cllon 
of a membrane area of0.11 m~ as possrblr 
during producuon and that. rn case of·' 
lc<&king membrane, 111s onh 11rc.-ss;u' '" 
replace an area of 0 22 m' 
The same modules and mrmbr.rnr, .rr•· 
used for proc1uc11on of all frr'h c ti~··"·' 
1ha1 .;arc based on uhrafihra111111111 
cuhurcd mrll.. or cream Borh nro<l11ln 

and mrmhr 311<"S havr IK"t"n :ippr "' rrl '" 
rhr hcJhh :i111hor111n rn" ~···.11 """" 
Ct>UlllllC\ 
'l.1odul.-) i (all I.Jr d1\"ldrc1 I" 11111·1 

mrdrotll" n.1n~es ,, 11h mlcts :irul 11111 i.-1, Ill 

'"l h .1 ""·" 1ha1 rhr "'holr 111ot1•1k ,, '""'' 
ror COO(("Jl(J .. IJOn oflo .. ·\ISfll\ll\ pr(lcl 
OCIS \'\"ht"n l11!ilh•\ ISCOSll~ pr11cl11. ,, ..... 

1·onc('1l1r;11ec1, only lh(' f&rSI p;u I 1•1 rl1r 
m11d11k r\ "'"d (Fr~urc- "I) 



This means that the ultrafiltration plant 
c:an be dimensioned and aaastructcd in 
suda a way daat it is possible eo make all 
fft:slt dacacs OD the Albe .&lrafihralioft 
plaDL 
8tcallle f!Lthe high viscosity f!Lchtse 
proct..u. the alcnfiltralion pluc is 
nonnally equipped with pCllilive pumps 
as booster pumps in the last put oL the 
plant. The high viscmity also entails that 
the continuous control of the total solids 
content takes place by measuring the 
electricity consumption of the pasitiYc 
pump at the last module. 
The equipment for prc-truancnt and 
after-uu1mcn1 normally comisu of 
plate or tubular heat cxchangus, tanks, 
dosing pumps, etc. except ia the case of 
cream dlCCSc and Olhcr products wida a 
high fa1 content ror which a saapcd 
surface heat exchanger is needed for 
heating and cooling. For the production 
of whipped dcsscru, a product/air mixer 
isnccdcd. 
finally, dae high Rcxibility ia module 
size and number and the possibility of 
reducing the operating area oL the 
module by means of an inlCmlcdiate 
flange mean thar it is possa"'blc to build 
1us1 one ulrrafihration plant fOr all 
desired capacities and product varieties. 

PROCESSING ECONOMY 

On the question or processing economy, 
comparisons ~ the traditional 
separator process and the ultrafiltration 
process arc usually based cidacr on the 
savings in sltimmillt and rat or on the 
extra yield thar may be obtained. 
The consumption of sltimmillt or the 
yield of quarg depends on the protein 
contenr of the sltimmillt. Fiprr 7 shows 
the relation between the,,,_. CMUlll in 
thl s!;..ulk and milk consumption. The 
lower the protein content, dae higher the 
milk consumption and •.1icc w:na. 
The required total solids percentage in 
the quarg is also important for the yield. 
F1111r1 8 shows the relarion between the 
coco/ solitls conunt in tlu qllori and milk 
consumprion The higher the total solids 
percentage in the quarg, rhe higher rhe 
milk consump11on a1 a specific protein 
conten1 in the skimmill. 
The consumpuon of milk also depends 
on the required fat percentage in the 
quarg F11urt 9 sho,,·s the relation 
bc1ween the prott1n ront1111 '" tht mill: and 
rmlk consurnp11on ;u three different 
lf',·els of ra1 con1en1 and a constant level 
of 1otal sohds The fi~ure also shows the 
fa1 conten1 in the sta~dardized milk 
bcfo~ uhrafihrauon. W11h increasing fa1 
contcn1 1n the quarg, the milk consump· 
uon decreases, bu1, a1 the same ume, the 
fa1 conten1 in 1he mrlk m11s1 be raised 
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Quarg process Traditional Thermo UF . 
Qwarg. TSY. ............................................... 18.0 18.0 18.0 

Sl:immilk pH 4.51 TSYa ................................. 8.7 8.7 8.7 

Skimmillr1 protein% ....................................... 3.22 3.22 1.22 

Whey/permeate. TSY. ...................................... 6.2 5.9 5.4 

Skimmilk/quarg. kg/kg .................................. 4.7 4.3 3.8 

Milk savings, % ........................ 0 8.5 19.1 

Extra yield, % .............................................. 0 9.3 23.7 

Product Quarg with fat Cream cheese 

Process Thermo UF Tradition UF 

Product: TS .................................. % 18.0 18.0 45.0 45.0 
fat in TS .......................... % 30.0 30.0 70.0 70.0 

Feed: TS ................................... % 9.2 11.5 18.l 18.3 
fat .................. % 0.06 2.55 9.85 10.10 

Cream: TS .................................. % !3.7 - - -
fat .................. % 38.0 - - -

Whey/permeate: TS .................. % 6.04 5.63 5.90 5.75 

Consumption: milk/product . . . . . . . . kg/kg 2.12 2.12 3.23 3.13 
cream/product ...... kg/kg 0.141 - - -

Savings: skimmilk ............. % 0 6.0 0 3.7 
fat .................. % 0 1.5 0 0.6 

Extra yield: .......................................... % 0 6.7 0 3.2 

Tabh 2. Comparison bttwml milk consranption and extra fabJ inf at 'l"""l and aearr.. cltuu production. 

Tabh I shows a comparison between 
tratlitional f'Ul"l without heat treatment, 
tlinmo f'Ul"l and U F 'l"""l based on the 
same sltimmillt composition and the 
same total solids percentage in the quarg 
(l.2% fat in TS). Compared with the 
traditional method, the UF method 
entails savings in skimmillt of 19.1% or 
an extra yield of 23. 7%. A direct com
parison between 1hc thermo and uhra
fihration processes shows skimmillt 
savings of ll.6o/o or an extra yield of 
13.2"/o in favour of the UF process. 
Pro\'idcd tha1 the rela1ion bc1wccn the 
difTcrcn1 solids componcn!s in 1he skim· 
milk is 1hc same, ci1hcr 1he milk savings 
or the additional v1cld expressed in 
percentages will ~ approxima1cly the 
same al difTereni 101al solids con1cn1s in 
the skimmilk or a1 difTcrcn1 101al solids 
conten1s in 1hc qu;ug. 
In the 1raditional process wi1h reco\'cry 
of the whey pro1c:ms by means or ultra Iii· 
1ra11on of lhc quarg whey and rc:·dosing 
of50o/o of the whc:~ pro1ems in10 1he 
cheese, 1hc milk savings or c:x1ra yield 
arc idcn1ieal wi1h 1hosr or 1hr 1hc:rmo 
process. 

Table 2 shows a comparison be1wcen 
fllll'l witli fat produced by the thnnrll 
process with subsequent addition offal, 
and f'Ul"l with fat produced by the 
•llrafiltration pt~!ls on the basis of conccn· 
1ra1ion of cultured, standardized milk. 
The rablc also shows a comparison 
between cream clwu produced ci1hcr in 
tlu traditional W9 or by means or llltrafiltra· 
lion. When either 'l""'l Withfat or ata"' 
clueu is produced there will be savings in 
both skimmilk and fa1. For quarg wi1h 
fa1 produced hy the uhrafihra1ion 
method, the savings in skimmilk arc 
6.0% and in fat 1.5%, or the exlra yield 
is 6. i%. For cream cheese, 1hc: savings in 
skimmilk arc 3.7% and in fa1 0.6%, or 
the extra yield is 3.2%. 

ThC" ,·alucs of the above figures and 
1ablcs may vary considerably depending 
on changes in milk composi1ion, milk 
quali1y, manufac1uring, produc1 com· 
posi1ion, c1c. 
Finally, it is important tha1 comparisons 
bc:rwecn traditional processing methods 
and uhrafihration arc nol rcs1ric1cd 10 
comparisons between savings in milk 

and fat on the one hand, and additional 
yields on the other. Uhrafiltration offers 
further advanragcs: 

e With 1hc separator procas, the 
maximum TS for thermo skimmilk 
quarg is approx. 18o/o. 

• With the separator process, the 
maximum TS for tradi1ional skimmillt 
quarg is approx. 22%. 

• Wi1h ultrafihra1ion, 1he maximum TS 
for skimmilk quarg is 22%. 

• Uf quarg is more sui1ablc for produc· 
tion of whi~ped quarg dcsserlS. 

e Tradi1ional produc1ion of skimmilk 
quarg and cream cheese requires two 
di1Tercn1 separators. 

• Wi1h uhrafihrallon, 1hr same UF 
plant can be used for prod111:1ion or 
skimmilk quarg, quarg with fat and 
cream cheese 



CONCLUSION 

C-omparcd with the traditional separator 
proass or other similar proa:sscs. the 
APV Pasilac UF process for production 
of fresh cultured cheeses like ftUl'l· HA:n~ 
cit.#, ,m~ and maa cit«# has 
several advantages. 
By way of conclusion, some of these 
advantages may be summarized as 
follows: 

• Ftd-rrlJJUi aiuazdatu. Above all, 
ultrafiltration means reduced con
sumption of milk, starter culture and 
rennet (3% to 19% depending on 
chccsc type), reduced butter fat 
oonsumption (0.5% to 1.5%) or an 
increased yield (3% to 24% depend
ing on cheese type). 

• Protbta-rJautl tul11tulla1u. First of all, 
ultrafaltration ensures a uniform and 
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cons~~u product quality. Secondly, 
ultrafiltration pnwidcs for production 
of both produces with up to 22% 
non-fat TS or 45% TS with 70% fat in 
TS and products which arc suitable 
for production of whipped desserts. 
Furthermore, the fact that all the 
whey proteins remain in the cheese 
ensures a higher nutritive value of the 
final product, and because of the high 
sanitary standards that can be ob
served, the products have a longer 
shc:lflife. 

• Procus-rrlautl ""1tuctatts. The uhrafil
tration process is much simpler and 
more Oexible than traditional proces
ses and it is far less sensitive to pH 
variations and no deaeration of the 
feed is necessary. Only one UF plant is 
needed for the production of sltimmilk 
quarg. quarg with fat and cream 
cheese, and it is constructed in such 

Fig. 10. Production of frtsh culturttf chmt ~'I mtans of ultrajiltrat1on. 

10 

a way that visual inspection of each 
two membranes is possible during 
production. This COMtruction princi
ple also entails that only 0.22 m2 

membranes need to be replaced in 
case ofleaking membranes. 

In other words, the APV Pasilac UF 
process occupies a unique position on 
the market, which is above all the rcsuh 
of extensive research and development 
acth"itic:s. 



-67-
APPENDIX 5.1 

~ 

Wiiey proRiDs line _, ........ pnipenics - laft ~ 6eir - iD - food iadmay. A-.sa die fimcliw.I JlftlPC"ics 
caa lie iDcWcd Witt billdia&. cmalsificaliall die lbiliry ID ~ proeciD al low llelllpClalW'C ud set fonmlioa. 'l1lele JlftlPC"ics 
llaYC enabled wky pnJiciD coacemdtS ID lie used IS low<ml &c•cdieals in pioclllcls. such as fisllbllls. fislllJuriers. CIOObd 11am 
mwbllls. palb. llambaqen ud acber meal pcadllcls ~ w. (1990)). 

DewcJopmaas in die leCJmoklo of maabnnc scpuaDaa pnia:1SC$ Im Uielded lbe nngc of menlalC camposiQom dial ba'fC become 
available as food~- Miaofiknlion ('0.1 ID IOpm) c:aa lie llSllld ., ianowe large .. nicks (casein fmes. mic:ro-orpllism or 
mic:nJbia1 spores. fat pibules. IOlll&lic cells. plmpboiipo pniceim d:) from whey or milt. Nanofdaatioa (0.0001 to 0.001 pm) caa lie 
llSllld for lht sclecrift n:jcclioa of iom baxd oa lhcir cbargc. A aajor applicalioa in lbe dairy indusay is die pania1 demiDcnlisarioa or 
whey and similar liquids (Iden. P. (1991)). 

Joa udlaage processes used for many of die c!JllllllCl'Cial available whey pnllein isolata (WPl"s) results in PnJducls wilb ftlJ low 
miaenl. laclDK and lipid CGlllallS. As a n:sull {WPb) an: oflCll ucdiaa wilh n:spcct ID heal Sl:lbilily ud foaming ill lqllCOUS media 
and peiform wdl ill bigh mineral salt caocenmlioa eoaditiDm (Huper. W J. (1991)). 

App'WU. 

(a) Natriliaul 

Cheese whey bas hem rndicimally ased IS a law cost pig feed UIS a PIJCC or pnlleiD iD calf milt n:placc:-s. The Volac compmy bas 
me.cs Di millioa ia a former skim milt ud buDu piOdllciag faclOiy al Lamperu iD Wales ID separue pnxeiD fiOID cllecse whey by 
allrafilll'alion. The c:aacGlllWd prVICiD comprises vinm11J IOOS asafllc amiDo acids. By compuisoa QlllVean-1 milt pc01CiD COlllaim 
abou1 ISS .......,n1CtiD ailrapa. wbicb cammc lie urilised by die calf lllllil il is wasd. Feeding lrials "Wilb dit COllmllnfCd pcOICiD calf 
milk iqJlacu n:sultal ill IOS lligber gruwdl na mmpanid wida mm milt-tiaed calf milt ieplacen. Olbcr adftlDIC$ c:laimal -
die n:teDliaa of llCIM 6 11....,.WUIW UIS a nduc:liaa in ..-..i leTcls. producias a bllaDcc similar ID lbal of boYiDe milt. dlcrdly 
s1cnriac dowa 1bc puaae of food iam die pr UIS nisiag m1C1i11 digeSlibililJ ud ,..,iarin& ("-.. 1992). 
A.alt Foods Lal of Calllda bar- cn:alCd a milt pn*ia cow:euaa frmD swt wbe)' wllicll can be ased ID ma...,..,...m: a IS far ic.e 
cream. IDilially. Dairy-Lo is deriwd fmm lligh qmlily Sftd wbe)' COlllliDiDg a mhsg.PI ~ of IUldcmlun:d whey prmills. 
FolJowiDg allnfillnlioa. die ~ is lleal crated ID gift a allllrOlled deaalllralioa of die pnlleill n:sullillg in: 

(a) Proleill llilfoldiag and swdliDg ID upose bydnipbobic ICICliom of die polypeptide cbains; 
(b) p~ illluacciom tbruugil suJpbydiyl UIS cmJpbidc boads; UIS 
(c:) self aggrepliog. 

The llllf'oldiqg of lbc whey proccin c:baim implns an •qibipbilic aacu.--c lO lbc produa implOviDg the emd5ifyiDg power at air cdJ 
imtrfaces in ice cram. The self aggrqalion results in lbc pnllCill bydnliaig and swdling widl 1 comequem cltausc in iciness and an 
improvcmem in !he c:rcamy moudlfccl of a fl'OZC11 clcssen (Mil:bdl. H.L. (1993)). 

Whey prorciD coaccmralES an: DOW bciag ased commercially IS die nw material for die manufacture of all-dairy fat iCplaccrs. The 
Nuaa Swccr Co bawc mubfed a piOClucl c:allcd "Siuipasc 100· wllitb is made from whey pnxeiD c:oacamrc dial is moted and 
blended ro c:rare riay round panicJes similar ro far 11obulcs ill stable oil-iD-warcr emulsions. 'J1lis smoodl. Yiscous fluid provides die 
c:rcamy wte and rulUR of fal.. but al a muc:ll reduced calorific Yaluc. The FDA bas 1ivm tbc produc:l GRAS (Gcar:rally Rcc:opiscd As 
Sale) approval. Simplesse bas becD med in produa:s IUcb IS mozzardla c:bccsc for pizza roppiDgs (Anon. 1991). 

Whey proreim baYC cudlcal mJtrilioaal propcnics UIS ba~ hem used u a prorein supplcmm iD a proeess for dit lllllUfacture of an 
cnrenl diet produa for plliclllS widl pdmoaary disease (Trimbo. S.L er al (1992)). The diet obaim some of ilS caersy w111a11 from 
hisb~ proreiD IOW'CCS IUcb IS whey proreill.. Appnllliimldy 20 ID SOS of !he CllCIJY eGllilCm COiia fmm I slowly ..sabolizablc 
carbobydra source derived fmm maltodeuria or Giber paniaDy bJdrolysed polysaccbaridcs. A mixllln: of lipids comprisiDc medium· 
and loag-cbUI triglyc:crides pnwidcs 40 ID SS" of tbc C111:11Y UIS milt~ an: ased u surfaCllllls iD tbc product. 
Whey proreim baYC Ibo becD used iD tbc formulalioa of dicfaic: roods for palicaa widJ renal imulf'icicacy. Such a German producl. 
c:omprisiDg pn>eeins. fais, c:arbobydnres and mineral 111bslances. resembles cow's milk scnsorially UIS in ilS proc:e55illg c:bancflrriscic:s. 
The fonnulaliou bas beco the subject of a European pa!CDI application (Bebr, H. and Manz. F. (1991)). The albumen c:oarcar of tbc 
product is derived from whey proreiD and !he CDCIJY value ruiccs from SO ro 500 calorics per 100 ml. 

The proteins and ocher coasri!UClllS in cheese whey bavc been used IS a iuaicm source for animal feeding for macy ycan. A Polish 
sllidy (Flis, M. and Lewiclci. C. (1991) compared !he etrca or various pn>Ceia feeds (supplemcntias field bean ia diclS fo~ f1aened piss> 
on ll!aicm digestibiliiy and nitrogen utilisation. The basal dicl conainr.d 26" field bean as die only proccin component or wilh field 
bean partially n:plaecd by fish meal. soya bean. oilmeal, npe sc.cd (00 Juuar variciy) oilmcal, skim milk or whey. The hi11Jcsi 
(P<0.01) protein digcslibiliiy and nill'OICD utilisation wen: obeained when die field bean was replaced by skim railk or whey. 

Enzymes derived from Pineapple pulp have been used to improve die digestiMiry of milk proteins (Gwigiacomo. R. c1 al (1991)). 
Parual hydrolysis of casein WU from 12 S for lhc: bela·frxuon ID SO" for die Kappa frac1ion. Hydrolysis of lhc whey proceins wa. 
1bou1 10" for bovine scNm albumin and lacioglobulin ml J" for 1K1albumin. 

(b) Gelatioa 

Kessler e1 al (1990) have emphasised lhc imporunc.c of P·lac1oglobuhn (!}·LG). and dM: effcc:u or hu1 clcnaiunoon on funcoonal 
properues by meclwusms such as c:omplca fonnillg rcac:oons widl iisclf. a-lacialbumm and c:ascm. 'They have provided clctailcd 
informa11on on lhc flow propcnics of 1 whey procein sohnion as a function of lhc: degree of P·LG clcnaiuraoon. Data on lhc cffcc:l of 
dcnaNnted whey proccin conre .. OD 1cl ri1idiiy has also teen provided. 
The 1elli111 propcnics or whey proreill conccntnre have been comparal widl chose or c:lut:kcn sall·SOluble procein. (Beusc:hcl. B.C. Cl al 
(199'2)). Five whey prorein COlll:ClllnllCS (WPC) will! procein solubilicics 1'11111111 from 27.S to 98. l S in 0.1 M Na Cl, pH 7 .0. c:hic:kcn 
brca11 sall·solublc proccin (SSP) or 1 combinalion of SSP ml V•PC 11 pH 6.0. 7.0 or 8.0 were c:ompared. WPC did llO( fonn 1c1s when 
heated 10 6S•c. SSP 1cls healed ro 6s•c were harder than those healed 10 90"C 11 all pH levels and hardness decreased as pH increased. 
H1rdntss or comb111alion gels heated ID 6S"C innuscd IS WPC solubility dccrused 11 all pH levels. However, !he opposirc trend w1&1 
obKrvcd it 90"C. Combinalion 1cls of !he: sa.me WPC solubiliry 11 6S"C were more deformable lban !hose healed IO 90"C. 
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ne ctrea of -m.c 'low. I illlf _.,.. ca"' ., OD Ille ....... prapcnics of c rcial WPCs' bas beca iawcsaiplld 
{lkaldallluls. A.H. a .. (l99T,~. '-........... ' --~ - ._..., flam I' I 

1 

mlWIUal WPC's and ..,. 
..... -- (WPI) by c:aaiipl .. filnlion.. er.:u - &dlrioa ~ - .............. r.clioa "' pH • ....., 
....... and mim:nl ioa ..... by leall coaccallalioa ....-. (I.CE) 11111 ---WGipics.siaa ltllili&- Pulill ~ of low· 
_.':&ollar....cipi llDlaes W liale dfect OD WPC al WP! acllliDL Lowaa LCE Yalm:s weft ollll!aDd II pH 6. 0.2 M iolll 8ddilillll. 
_. widl mud Ca C1i ......_ HWlial ac1fimn:as.,..__81pH6ud7.S,ud110.1 M iall llktiliolll.. WPl-.. riolDI llau 
dllll WPC by bodl ICSl pl\IClldlaa. 

(c) F I lr'IClti-

ne luacliDaal prapcnics of wbtJ ,..ms are wery imponam. In am: IQady (McNeil. v .L and Sdlmidl. LA. 0991), whey prc1tin 

isulltlt al llJdiilm casciaaa ma caaaercially prqlll'al rsoi.s were dissolwd in deionized, disliDcd water ml sulljecled IO nrious 
beat llUllllelllS. Jtesula iDdicalDl:I dlll lbe casrinillle lolurioas WCR DIOR Yiscoas ml had graller foam capmcily but lower emdsifying 
abilily dlan die wbey pr1*in isalale IOlulialls. 

A lll:dRque bas been clndapcd ror lbe aa•ifw:ture of pmccmd dlusc in which 20" of cheese solids was replaced by whey P"*in 
~ (Gupca. V.K. am ita.r. H. (1991)). Trisodiumcitnttat a lewdof2.S" "ftSasedasaacmalsilict. A moisaue coaratt of 
4S.l" in 1be pnia:ssed dl:csc raallrd in 1be best ~ chanCflcristics. ~ of wbey proleiD coaceacra (WPC) II!' 
ul1nfihnlioa ID 26.l" DM ;.I'll! • low calcium coarcm of 0.7" of DM imprcmd lbe norpontiall of WPC into processed cheese. 
Diafilaalioa of WPC bad • llqlliYC c!fCCI OD IUirabitily for lb: poduct. ne leClmique deYd.iped for pn:ccss cbecK mmafactuu 
a-twed 1bWng 2SS of 6.S 10 7.S lllOllllHld ud SSS ofl 111 3 moadHlld gnllld Cheddar diecse, WPC ccpnlcDI ID lOS of c:bccse 
DM. dry ah ud waa. 'Ille ...mire was lalCd diorougbly asq stirriag ml iad.rcct SltalD bcatiag. A1 a ~ of 
appnWmudy 49'"C, 2.SS dry lrilllldiam cine was adllcd am lbe beating coarinucd u11':i1 lbe eeqicraturc racbcd n-c 81 wbic:b it was 
bdd for 3 ID 4 lllilades. 

(d) Tabin 

'Ille 1mn and uJnsncmre of proc:as cbeac sprads bas r.ca modified by using heat precipiaad wky proreim. Hill. A.R. and 
Smida. A.It. (1991) med ..., ...... pncipilnts pnpared by lleariag rec N i1il"'"" wbey powder (WP-PP'Jl and remmriovd 35" 
wbey .... COllCCllllllCS (WPC.fP'I} 11 WC for IS......_. fallowed by acidific:alioD IO pH S.2 • S.4. Pracas cbecsc ipCads (S6" 
H2'J. 22" bl ud pH S.3 • S.5) wen Plqllied fnlm die pRCipius aad 3-moada old Clicddar dlcue using a Model UM 40E SICpbaD 
coabT aad IWO stqE .............. (14.0 KtJJc-2 ud 3.s Kaocm2>. Campan:d ID normal piacessed Qcddu cbecsc iplads, badl 
~ ~ sprads wilb *"' body llul die lplads asilg (WPC-PPT) WCR mucb firmer aad imputed a cbalky 'lllOUlbfed'. 
Howner, ii was mnc:hded dial (WP-PP'I) could be med as 111 Ulelller ia process cheese spmds. 

A European paat applicalioa (HUban. MJJ. a al (1992)) describes die isolatiall of 111 cmiched fnaioD of deaalUred alpha· 
lac:1albumin via bcal arcamiem at sutrlil pH wblch. due 111 specific pH selling and coolq cwcfirions afler bearing. pcs a fairy 
maudlfed. It bas a caasisrucy limillr IO spreads aad CID be used as a fUlllrisiag agem in cmulsioa aypc food IUCb as ice cream, salad 
dressillgs. c:bccsc, yoglmt. spreads. cream Uld cvea COSlllClil: lolioas, when applied as a wu fnaioa.. 

(e) Balda • Allim8I " B-

Various iDYcsliplDn ba.c poa.d Gal lbe polalliaJ mcfillDess of minor whey proceins such as llaofcrrin and cmymcs such IS 

laclaperoDdasc. Tbese ".....,. illds m lllCllllapnlfie wbidl ~ fouad ill all mammaty sccreaioas aad are believed ID provide DOG

immme prurtaioa for die - agaillll iafeclioo (Smilbm, G. (1991)). 

'Ille llaofcrrin coar:eall'ICioa ill wbey is about 100 qll aad llclnpcroxidasc lllaul 30 mg/I. Semi~ ilolalioa of lhese prorcim 
ma ckddar ud mozzarella dleae wbey bas been 1llldc"*8 at die 1*rmtioaal food lmlitufc of QucemlUld (Dioaysius, D.A. It 
Grieft, P.A. (1990)). Catiall udmge dnmalOgnplly WIS .... to isoble lbe pl'Ofeim ia a biply purified state. Lactoferrill and 
lactDpcroUfasc are bolb .,.._ ID possess lldllelerial pnlpCllies under ~ coadilioas. Various racarcb wortcn bavc 
imaligmd die poacy of lbe. lll:lapen»liduc (LP) iabibilDrx sySlm ill milk. wbic:b CID be ICciftled by die pnseace of hydtosco 
pcnWdc Uld dUocyamee (SCN ). wii2I ~ (OSCN ) u die IClivc ndiul. 1'bis syllClll bas beat caeasiYdy evaluafed IS I 

111C1A1 of nducq calf monalicy n1e1 (Mullan. W.M.A. a al (1911)). Tbe LP system aaacb snm aeplive lllclcria such u colifonns 
aad Almoaclla Out docs mll tiD lllCful lac:lic Kid blacria. Commerc:ial iarcrat bas llso been coac:amd witb die llCCivalioa of die 
illd;,c-s enzyme for die cold llailisacioa of milk or as a pnllllCGoa qaiml mast.ins in die llPllllllUY &Jaad (Fox, P .F. &: Mulvihill. 
D.M. (1991). 

l..aClofcrrin may have pofCllli&l as 111 iron delivery sy•m for die new bom ud as an anti-inflammarory a1en1. Anolher area in which 

die minor protein fnctions of cbecsc whey aay have a role ID play is in cell 1rowdl promocion. Milt. colustrum and c:husc whey 
cOllllin a lallllbcr of pro«ein ml pqllide factors dial marbdly influcacc cell growth by protnO'jng ~in syndlcsis 11111 inbibitin& prorcm 
dc,ndltion. Work has been carried out at die CSIRO Division of Humm NucmtJn •~' , ,;maJ Produccioo on die use of 
chromarognphic: leduliques ro isolare dlUe flCfOn from coloslnlm and cheddar cbe~" ..,.,, ''11>·::· r.:·ein fnc::iOSDlion iec:hnology is 
now bein& developed commercially by United Milk Tasma11ia Lid in Ausualia. Pile · - · <;'1MnC\" • .f pr.iducl are available from die 
company and convncrcial IUle production is anticipated in abouc one year (Pearce. R .. :i' ~.-.. 

Foa, P.F. and Mulvihill, D.M. (199'1) have reported dial human colosuwn and mill · · 1: • " • .a;1ml Miii 2-4 m&fml lacio·.ransfernn. 
respectively, repre1en1ing 1bou12S" of die IOCll proc.ein in die ia.- !l:• c.oncnsa, bo· : ,J'Jan and n.;:" Cl>ntain abw1 I mg/ml and 
0.02 • 0.3S mg/ml respec1ivcly. This difference underlines !hr :eresc in su"'lea. ... n •'I bovine milk•nved formulabons walh 
laciofcmn. Tiiey have also poanrcd ou1 that !he conce111nuon of •c:aot~nsferrin in human milk decreases sli~hdy during laciauon but 
appears IO increase shghdy an bov1111: milk, panicularty dunns die dry period. Increases an lhc concenuation of lac1ofemn an bcv1nc 
milk during masmis suggcsu dial 1s bas a prorccuve f.inclion an the manvnary gland. 

The SMR Laboniory in Malmo (Swa:lcn) has reponcd .omc 1111Cresli111 developmenu in lacioperoaidasc and latfoferrin uincuon from 
whey on a commercial scale (Borsscr6m. U. (1990)). Somcwhal i.,wcr ccncenu of laciofemn (30 mg/I) and lacropcroxidasc (20 mg/I) an 
die whey were rcponed. compared widl die fipres provided by Smilhen. G. (1991). Unsalced. pasieurised whey is supplied from die 
cheese planl 11 Sklncmejcner in Knlliansad and fed IO an ion ucha•e fdter followed by subsequent scpanlion, concencnuon and 
dryifts IO a powder. II was poilUd OUI 11111 lac:ioferrin is widely used for die cnrichmelll of inf am formulae aad pocenlial applic:abOl'.s in 
cosmetics and Coochpurc "'!!re also rec:opist.d. 11le nincuon of la.:topero11idase and laciofemn was quoccd as yieldin& an addaaonal 
income of SEK 0.10 per hue of wbcy givq a pocelllial profic of ~EK 100 M per year. 
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Boris wlumwww comi1s ..._ IOS . .. ..... (1&01) wl t11i1Ind4k.aaa111t............, 0.1 S ._ _ wect r- birlla. 
ne milts ad mlmaa,,, .._ ...... (c.a. llrmla. rallbir) ........ Jc .. ·-camia ... Jc A. ..... (c.a. cow. llanc. 
pie) M nmfcr-....., "8--.. ICICIS ... Jc GI• (Fa&. P .F . .t: M1lhiil. D.M. (1992)). 

• n arc llora .--MDod .-...sics 1111 arc • ..._ ftlJ •• P'il* ID illfeaioa. 1c·1 cm lie a111a1W ....._. -.C iDlaliac ol 
,... r . - foe ... ] ..,. du llirdl.. WllcR ii is .. ,..awe ID (111111 wlumwww ID awfcr .....,...., -...iily ,._ cow ID 

call. Ille - o( call-91iit lqllwls -am willl 11·1 is - ..... - .... 

C11ec1c w11cy *8 C.....- Pl . dt:liual pcplidcs (CDP) wllicll aa - ID 20S of Ille 111111 pnllleia ia Ille wllcy. P'caRe. RJ. II Ill 
(1991 b) ~ suaCSIDd 6af CDP miclll lq)l'CIClll a 'ftluablc .-u ol pnaia far paciam sufrcria& "- pbuqaea.atia or fanm ol 
lllep9lic discuc. 

ro M...rKtllre 

Recady m ucclleal 1WOi1111 RYiew fll Whey lJciliSlliaa llilS bcca rcponed (Mama. EJ. (199J a and b)). 'Ibis l'CYiew mmioas Ille 
dcvdopmcm by a [)lllisb CGlllplllJ fll a DllCC o( wbcy pnllCia ~amt modified wllcy pnllleia CiOllCClllr'IKS .....,.,. 6()-IS" 
pro1tiD. Tiie ~ propcnirs o( tksc pradacu wac compaal ID lllcJSC o( casein. (WilmKa. A. (1992)). k bas also llcca rcporl£d 
dm ~ bas llcca llloura ill Allllrllia ill Ille Rpal'lliall ol Ille principa.I wllcy pniecim ilm nrioas ...,.,....,.. sucla as a..JacuQ111•nin 
ll..Jac..pibaiin amt Ille lllila I Mc'" mdl IS lactofarill. laclDpmWdasc. powda fKlars amt imaw rqulalDCJ cmailuella 
(Smilbcrs. G. (1991). 

Micrafillnliaa ~ 1111.S Ilea applied !II achicft low .......... dilC aerilimioa fll wllcy (Pan::e. RJ. Cl al (1991 a}). ~ a 
pnducl o( aood miad .... ial ...,. for lbc food illdllllly. '11lc lqlOrlld praca.s also nduca rcsidml fal lcwds in wbcy prOleiD 
CClllCICmldtS wilb a ca•flC• iiaaax ill pnllCia ud ........ '-*-I l*opcnics. All Alfa Lawal MFS-7 mit &.id willl Caa'i'U 
ccn&ic: iDUilbrws ol 1.4 ,._ pal'lllily Im bcca med ID ,_ .. ID lO" o( lbc rcsidml milt fal 6- Clieddar Cllccsc wbcy (Part.c. 
RJ. CC al (1992)). '11lc lcftl fll laidal milt fal rc-m clCllld be raised ID IO" bJ asiag a mmbraac ol 0.1 pm ponisil:y. Wiim Ille 

wbcy proeiD c:aaccmnRS - .- ID -~ dairy pnidac&s. sipificalll improtcmaa in founina ml men..- fonaiac 
l*opcuics - adlicual. nae propcnirs ~ willl * illl:laMs...,... of milt m rc-m. 

Wiiey pnllCia Wik 1111.S bcca med ill EaYPl ill Ille •••# 'Sift ol Labaell (Mabfom. M.8. Cl al. (1991)). WPC trida 20" TS 
{pRpand fJmD dc-salmd Domilli cMac wllcy ud ltu dlccsc nuecl wky) WU mddcd at 0. S. 10 or IS" ID ullrafillnlioa (UF) ~ 
(22" TS) o( cow's ... milt. 1k mialrc WIS bcued ll WC - I. s or 20 lllilllfa. ud ailllrat wilb 2S yogban m.n:r ID form 
labacb. 1bc 1C1111 rolids ~ ol Ille llllacb dccrcual sliPdJ tri11a iDcn:asi1W Incl of WPC ud iacrcucd sliPdJ wilb dmuioa of 
bcalias. 11Jc licnblc acidily illclaml trida iacrasiAc lcftl of 'ft'l'C (P < 0.01) IJul im:asily of llcacillg bad DO sipificUI cffcct.. Heal 
ll'CallDelll WU sufflties ID ~ am& of Ille wllcy prolCia. 'ft'l'C addiliaa and bcalias bad lildc effect OD flaYOUr scores of labadl, 
bul addilioa of WPC impnlted die rcoca for wbeyills-4lllllm1 i!dllllUS (P< 0.01). It WU COll"lgdrd dw WPC can be added ll ap ID 

ISS (oa a ICllll aiao1m lmis) D UFWllDIC for prodacaioafllb'-11 of acrqablc qualily and c:cimposiliocL 

~ arc fCllDCUmcs lcpl limils ID die addiliOD of wbcy ,.__ iD food. Wiiey ml wbcy producls mwe been used ill ice cream 
(Lcdmcr. E. (1991)). ~ dclcnailDlioa at qlCiDe - med ID iavaciplle die wbcy coarcm of a qriay of ice crams. SiDcc 
w11cy (llOlleim (WP) camia a ldalitcly lliPer propa1a. o1 CJ11iae 111m cascm. cyaiae Ya1ues Caq cysliDelmc pr.m N> illaascd 
wilb iDcrcasinc proponioo at WP ill die prodacL As SO" ol ICllll pnllCiD is die -:rinnn llllllUlll for WP ill Gemma ice cram. cySliDI: 
limiria& nluc5 at 121 and 120 acslmc proleiD N - ...-.S foe ice cram and c:boc:ola ice cream rcspcaiYdJ, as a aiaas at 
mooilDc .. Ille letd of adclecl wllcy prolCia. 

A ra:cm pdClll (Hap. G. (1991)) dcsaibcs a pruccss for Ille prcparaiaa o( a fal cadsiola.. 1bc ..,_s pbasc COIDiacd 0.1 ID lS of 
pnidamipHrly uatcDalured wllcy prolCia. 1bc oil-Gt-waler amlsioa is iafaided for 1ISC ill die mamd'ICllll'C of Edam. Gouda ml 
C 1 "'"Dllcn - type c:bcacs, yoparu llld CQSQlds. WbcJ pnllCiD Wak bas bcca med ia Ille -•ifaceJrc o( _,_- (Dudim. 
Z.A. cc al (1919)). A rec:em aniclc (Dubmy. D.D. (1992)) rcfm ID Ille asc of wllcy pnMlriD com:amra ill bUed pods. beYerqcs, 
cumed foods, caals. dleese prodllclS. CClllfeclioas. milt pnldllcls. dty miles. frozca dcslcns. fntzca foods. proccued meal produces • 
.... produces .... salad cbasiap. 

(I) Olbcr 

AldlouP DOC specifically die subjra of Ibis l'CYiew. ii sbauld be mcmiallDll dlll lbcrc arc uses for Pf1*ins in die --'ood sccror. Milk 
proerills. panicularly. casein. used D be used IS a raw mafl:rial for iDdusuiaJ produas such as clolbcs bucrons prior IO lhc adVClll of 
alrcmalivc raw marcrials bccoaiiDc available from die cbclllical processing and petrodlemic:al illduslrics. 

Some of lhrsc pn.1ucts wcR of clCdlenl qualily. A few yan 110 lhc 1udlor was shown an early ball·poinl pen lhr body of which bad 
been ma...fae1Urcd from casein rcsulq in 1 beautiful. cnaslucciw palc-arccn pen nnlung in quahcy w11h many of loday"s similar 
products. 

Within die European Commwucy. surpluses in dairy products havin& been 1 problem in die lasi deadc which has been tackled by die 
imposicion of quocu and set-aside schemes. 11 is noc su!Jlrisin&. then, to find some aacnaon bcin& 11vcn 11ain to the use of milk proceins 
for non-food industnal 1pphc:auons. A projccc (Kohler. A. (1992)) 11 Ille Technical Univcrsil)' of MulllCb 11 Wcihcnsccphan in Germany 
was c:onccmed wilh lhc non-food 1pphcauons of milk f11, casein. wllcy p.-ocein, laciosc and whey muierals char bad been n:poncd in die 
hlCr.tlU~. Whey proccins WCR considered IO have I porcncial for UIC in lhc phannac:cuocal and die tOSmelK S«IOU. 

Tiie uses for whey proccw conanuc ro multiply and ii will be incl:R~ IO see how consumer demands and reehnoloaical dcvelopmenr 
will inllucnc:c lhe chanses UI die uahsalion of dlesc vcrsalilc milt c:omponcNS 1n lhc fuNrc. 

VNWadc 
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DAIRY WASTE DISPOSAL 
-1.1..-

APPENDIX 5.2 

Wet m:idatiOG of dairy waste is one of the most di!fi'"lt tasks that 
. d Tbe mia'obiolo-=-• syatem must miaoCJl:pniMM are requind to o. ~ =..&..-di 

• dsto~ ox-oxidirie tbecabon and hydrogen of orpmecmpoun • its 
ide and~ respectively. and must at the ame ~ ~ 

In other words. the cellular mass must neithC'r maease .nor :::s-over long periods. Th.at this ultimate objective is closely ~ 
proached in pnc:tice t.esti.fies to the remarkable power of the metabolic 

capaci~ofmiaoorganisms. • d -~ 
Dairy wastes fall int.o two categories. one of which may be escn . 

as an intrinsic waste. and the other as a conditional waste. All dauy 
factories experience losses that are intrinsically a part of fact.o?' o~a
tion. For example. a dairy factory that receives 10,000 lb of ~ '!:?tr 
may produce each working day about 1250 gal of waste with a 
solids concentration of 0.1 ~-Cheese plants, on the other hand, '?rod~;;; 
whey as a by-product of cheesemaking; alth~ w_hey contains 
the nutrients of the milk from which it was denved. it must_ be treated 
as a conditional waste--o>nditional upon the ab~ce of a sw:a'>le mar· 
ket for its use. A more detailed discussion on disposal of dauy wastes 
can be found in a review by Arbuckle (1970). 

Treatment of Dairy Waste by Aeration 

The magnitude of the chemical or biological oxygen deman~ of solu· 
ti~ns of organic matter determines whether or not these solutions m~y 
be safely added t.o bodies of water. Chemical oxygen demand (COD) IS 

the amount of oxygen. determined chemically, necessary for complete 
oxidation of an organic substance. and is usually reported in parts per 
million (ppm) (Porges et aL 1950). For milk wastes. biochemical oxida· 
tion demand (BOD) and COD are practically equal. 

As oxidants, either permanganate or dichromate may be employed 
under standard conditions of concentration. temperature, and time. 
These reagents have been studied critically; only the results with di
chromate were found t.o reflect accurately the BOD of dairy wastes 
(Fritz 1960A,B). 

Aeration ~ques are successful only if oxygen can be supplied at 
a sufficiently high rate t.o lower the COD to an acceptable value. Exten
sive investigations on the biochemical and chemical oxidation of dairy 
wastes have shown that each potL,d of dry organic matter in dairy 
waste requires about 1.2 lb of oxygen for complete oxidation (Hoover 
and Porges 1952; Hoover et al l 952A; Porges 1956). Owing the period 
of rapid assimilation. bacteria need about 37.5% of their complete oxy
gen requirement, or 0.45 lb; and in the process, 0.52 lb of new cell mate
rial is formed per pound of waste solids. To oxidize this newly formed 
sludge, 0. 75 lb of oxygen is required, the difference between the oxygen 
required for complete oxidation of 1 lb of waste solids and that re
quired for assimilation. During endogenous respiration at 32.2°C, 
sludge is consumed at an hourly rate of approximately 1 %. Thus, if an 
amount of sludge equal to 0.52 lb of newly formed cells is to be oxidized 
in time c,, no less an amowit of sludge than that given below would be 
required to maintain this condition: equilibrium weight of sludge per 
pound of organic matter = 52/c,. If the parts of oxygen required to 
oxidize the organic matter in 1 million parts of waste volume-the ppm 
COD-is known, the total oxygen requirement in pounc..!s for any given 
waste volume, V. in gallons is easily calculated. The weit;ht of organic 
solids is equal to 83.3% of the total oxygen requirement ~COD), and 
hence the equilibrium sludge weight is given by the follov.inz equation: 
sludge = (52 x V x ppm COD x 8.34 x 0.833 x 10-'!1,,. 
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If. for example. a waste volume. V. of 10.000 gal with • ppm t;UU 

1
: 1 

1500 is processed in t = 20 hr. the equ.ihl>rium sludge weight is 27~ · 
'Ihe calailation is oversimplified and is about 101'. too low. ~· 
as it does. that endogmcus respiration and assimilation occur S1D1ulta· 
neously during the entire operation.. Actually. there is al~ays a ret.en· 
tion time during which cellular substance is consumed without replen· 
ishment. . 

The hourly oxygen requirement for sludge respiration is equal to the 
sludge dissipation rate multi;_ilied by the pounds of oxygen (1.44) re
quired for oxidation of each pound of ash-free sludge. The hourly oxy· 

gen requirement for assimilation is given by the quotient of total oxy
gen required. for assimilation and the time required to introduce the 
waste. The hourly oxygen requirement during assimilation is equal to 
the sum of the two aforementioned requirements. and may be ex
pressed in terms of the volume. V, of influent. the ppm COD. the feed 
time. t2, and the endogenous respiration time. ta. thus: 02 Ob/hr) = 
(5.2V x ppm COD x 10~)t1 + (3.l3V x ppm COD x 10-'J/tz. 

This equation summarizes some of the arguments and data con
tained in the literature (Porges et al 1960). The aeration device must 
be designed to furnish the solution with oxygen at the required rate. 
The tank must be designP.d to 'lccommodate milk waste and sludge. 
Allowances must be made for a certain proportion of free space (free
board), and settling space.. The design. construction. and operation of 
dairy waste disposal units have been described (Porges 1958; Porges 
l!t al 1960). 

Processing of Whey Wastes 

Whey solids compared with milk solids contain a greater proportion of 
lactose and a much smaller proportion of nitrogen. ConsequenUy, in 
the processing of whey wastes even under conditions of adequate aer· 
ation. the rate of assimilation may be limited by the COD-nitrogen 
imbalance. Jasewicz and Porges (1958) observed that when sludge 
(2000 ppm COD) was used to treat dilute whey waste (1000 ppm COD) 
under highly aerobic conditions, no additional nitrogen was necessary 
for complete whey removal, since the essential nitrogen was supplied 
during endogenous respiration. Addition of ammonium sulfate to aer
ators was recommended to compensate for the additional load imposed 
on them when whey is wasted along with the normal load. In studies 
using whey, it was found that under the laboratory schedule of daily 
feedings, both supplemented and unsupplemented sludges gradually 
deteriorated and presented serious bulking problems after three 
months. This suggested that supplementation with nitrogen alone was 
not enough. In a 61-day study of the COD balance in a system to which 
whey·was added 48 times to aerated sludge, it was observed that whey 
wastes mlly be readily treated under certain conditions without nitr~ 
gen addition. An average of 75% of the influent whey COD was re
lieved when no provisions were made for removal of sludge from the 
effluent. The sludge accounted for all but 2 to 3% of the effluent COD. 
Calculations based on a sludge oxidation rate of 6.3% per day showed 
that dynamic equilibrium would be possible if 100 units of sludge were 
used to traat 10 unit.3 of whey. 
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APPENDIX 6 

International Association for Cereal Chemistry {ICC) 

ICC-STANDARD No. 107 

d 
Approved: 1968 

1. Title 
Determination of the .. Falling ffomber .. according to Hagberg -
Pcn:en as a Measure of the Degree of Alpha-Amylase Activity in Grain 
and Flour 

2.Scope 
Applicable to grain, flour and other starch-containing products. By converting the 
falling number into the liquefaction number it is possible to calculate the composi· 
tion of flour mixtures of desired falling number. 

3. Definition 
The falling number is defined as the time in seconds required to stir and to allow 
a viscometer stirrer to fall a measured distance through a hot aqueous flour gel 
undergoing liquefaction. 

4. Principle 
The falling number method determines alpha-amylase activity using the starch in 
the sample as substrate. The method is based upon the rapid gelatinization of an 
aqueous suspension of flour or meal in a boiling water bath and the subsequent 
measurement of the iiquefaction of the starch paste by the alpha-amylase in the 
sample. 

5.Reagents 
Distilled water. 

6. Apparatus 
Falling Number Test Equipment; obtainable from Falling Number AB. Norrlands
gaten 16, Stockholm C, Sweden. The equipment consists of: 

6.1. 
Standardized water bath with a diameter of 15 cm. equipped with a lid with visco· 
meter tube holder. a clip to secure the viscometer tube after insertion and a coni:ien
ser to reduce the escape of steam. 

ICC-Standard No. 107 
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6.2. 
Standardized 600 W electric heater. 

6.3. 
Standardized viscometer stirrer with a bottom wheel and 2 stops. The distance 
from the bottom of the wheel to the top of the lower stop ist 115 mm. and from 
the top of the lower stop to the bottom of the upper stop 103 mm. Th.? stirrer shall 
run smoothly in an ebonite stopper. and its weight without stopper is 25.00 :!: 0.05 g. 

6.4. ... 
->nr:pc 

±0.3 mm. 

6.5. 
Standardized rubber stoppers for the viscometer tubes. 

6.6. 
Pipette delivering 25 :!: 02 ml. 

6.7. 
Automatic timer with signals to obtain the correct stirring rhythm (or stop-watch). 

6.8. 
A balance with an accuracy of~ 0.05 g. 

6.9. 
An approved mill (the standard mill is Kamas 200-A). 

7. Sampling 
A representative sample should be taken according to the ICC Standard Method 
for sampling no. 101. 

8. Procedure 

8.1. 
Preparation of grain sample 
Oust and coarse impurities should be eliminated from the whole grain. Approxima· 
tely 300 g. of the grain should be prepared for grinding. If less t~an 200 g. of grain 
is prepared, results may be misleading. 

8.1.1. Grinding of grain 
The falling number values are affected by the particle size of the ground grain. 

ICC-Standard No. 107 
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Therefore a meal of particle size corresponding to that of meal ground on the stand
ard mill is required. 
The ground grain should comply with the following specification: 
Aperture of sieve % of sample passing through sieve 

710 microns 100 
500 microns 94 - 98 
210 microns 55- 70 

The sieving test can be made as follows: 
Sift 100 g of the mixed ground grain through a round sieve of approx. 22 cm 
diameter. Shake the sieve by hand in a horizontal plane for three minuntes, tapping 
the sieve against the table every fifteen seconds. 
Meal of the required particle size may be obtained by using a hammer type labora
tory mill, equipped with a sieve with 0.8 mm openings_ (In the standa:-d mill it is 
possible to grind grain of moisture content up to 30%)_ The mill must be fed care
fully with grain in order to avoid heating and over-loading. Grinding should be con
tinued for 30-40 seconds after the last of the sample has entered the mill. Small 
quantities (up to 1% of the grain taken for grinding) of bran particles remaining on 
the sieve may be discarded. The ground grain should be carefully mixed. For ac
curate results, the falling number should be determined on ground grain at 15% 
moisture content. The quantity of sample to be taken when its moisture content 
differs from 15% is given in the table in 10. 1. Rapid electrical moisture determina
tion apparatus may be used for determining the moisture content of the meal. 

8.2. 
Preparation of flour sample 
Flour should be sihed through an 0.8 mm mesh sieve in order to separate lumps, 
and the sample weight is to be based on 15% moisture basis. 

8.3. 
Oetennination of falling number by the standard method: 7 g flour/25 ml water 
The water bath should contain distilled water, the level of which is adjusted to ap
prox. 2-3 cm below the top edge of the container. The water is heated to boiling 
point and must boil vigorously during the test. Place 25 ml distilled water at 20°C. 
in a viscometer tube. 
Weight out 7 .0 ± 0.05 g of the ground grain or flour (at 15% moisture content) 
and transfer it into the viscometer tube. 
Fit the rubber stopper into the top of the viscometer tube and shake vigorously 
20-30 times, or more if necessary. for obtaining a uniform suspension. 
Remove the stopper and. with the viscometer stirrer. scrape down into the sus
pension any flour adhering to the sides of the viscometer tube. 
Place the •1iscometer tube together with the viscometer stirrer in the boiling water 
bath through the hole in the lid. 
Start the timer or the stop-watch immediately the viscometer tube touches the 

ICC-Standard No. 107 
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bottom of the rack. Secufe'the viscometer tube with the clip. 
Exactly five seconds after the immersion c:f the viscometer tube. commence stirring 
the suspension by hand at the rate of two stirs per second. ( 1 stir = 1 up mowement 
and 1 down movement). i.e. 4 movements per second. The automatic timer gifts 
two signals per second in order to faciliate the stirring rhythm. The lenght of the 
stirring movement is regulated by the lower stop of the stirrer and the bottom of 
the viscometer tube. and the stirrer should lightly touch them at the end of both 
the up and down movements. It is important to keep to this exact speed of stirring. 
After a total of 59 seconds. the stirrer is lifted to the uppermost position. i.e. 
with the lower stop touching the stopper which is kept firmly on the v:scometer 
tube by the clip. The stirrer is held for a moment in its uppermost position and. 
exactly sixty seconds from the start of the timer. the stirrer is released. When using 
an automatic timer the microswitch for time-measurement is turned into position 
beside the viscometer stirrer. 
When the stirrer has dropped by its own weight so that the lower edge of the upper 
stop is at the same level as the top of the stopper. tt.~ timer 1s ~;v._,.. ..... _ - . -- ... 
ly and the alarm buzzer sounds. If a stop-watch is used. this is stopped manually_ 

9. Presen13ti"'n of results 

9.1. 
Method of calculation 
The total time in seconds counted from the immersion of the viscometer tube into 
the water bath until the viscoma;:- · - · ·· has d~o;...1-1~ <,;..i.·.: 1:.1.; : ·· :1c!ico.•.1·.:ed 
suspension. is the falling number. Tr•t. ,·.: = 1n9 time is thus included. 

92. 
Accuncy of dnmnination 
Repeated tests on the same sample should give results within ± 5% of the average· 
falling number value. The importance of correct sampling is emphasized. since dif · 
ferences between the alpha-amylase activity of subsamples may occur if the sample 
is not well mixed. 

10. Remarks 

10.1. 
Cornet sample weight at cflfferent moidure contlnt 
The following table shows the required sample weight, at different moisture con· 
tents, corresponding to 7 g at 15% moisture - no ~ is made in the quantity 
of water used. • 
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----· - ·- - - -
Moisture Weight of Moisture Weight of Moistrue Weight of 

content sample content sample content sample 

(15~ m.b) (15% m.b) (15'1.m.b) 

% g % g % g 

9.0 6.42 12.0 6.70 15.0 7.00 

.2 6.44 .2 6.72 .2 7.02 

.4 6.46 .4 6.74 .4 7.04 

.6 6.47 .6 6.76 .6 7.06 

.8 6.49 .8 6.78 .8 7.09 

10.0 651 13.0 6.80 16.0 7.11 

.2 653 .2 6.82 .2 7.13 

.4 655 .4 6B4 .4 7.15 

.6 656 .6 6B6 .6 7.17 

.8 6.58 .8 6.88 .8 7.19 

11.0 6.60 14.0 6.90 17.0 7.22 

.2 6.62 .2 6.92 .2 7.24 

.4 6.64 .4 6.94 .4 7.26 . 
6.96 .6 7.29 .6 6.6'5 .6 

.8 6.68 .8 6.98 .8 7.31 

10.2. 
Importance of stirring 
The stirring is the most important phase of the determination of the falling number. 
Great care must be taken to stir with the correct rhythm as experience has shown 
that different rhythms may lead to considerable variations in results. Errors from 
this source are reduced by using an automatic timer, which, by means of sound and 
light signals, indicates the correct rhythm. The method is greatly simplified by 
mechanical stirring. Bot semi-automatic and fully automatic equipment being avail-

able. 

10.3. 
Typical retul1S (wheat flour) 
Falling number value: 
Less than 150 

200- 250 
300 - and more 

10.4. 

sprouted wheat, high amylc1se activity. danger that 
the bread crumb is likely to be sticky. 
unsprouted wheat, normal amylase activity. 

- unsprouted wheat, amylase activity too low. risk 
of diminished bread volume and bread crumb that 
is too dry. 

Preparation of flour mix1Ures with a desired falling number 
The falling number values are not suitable for the calculation of the compos1t1on 
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of flour mixtures since the relationship between falling number and alpha-amylase 
activity is curvilinear. This relationship can be expressed as a straight-line function 
by converting falling numbers into liquebction numbers (LN) according to the 
empirical formula: 

Liquefaction Number = 6000 
Falling Number - 50 

In this equation 6000 is a constant. The number 50 approximately corresponds to 
the time in seconds required for the flour starch to gelatinize sufficiently so that it 
will be available for attack by enzymes. The LN is prQPOrtional to the alpha-amy
lase activity over the range encountered in commercial flo•Jrs. This linear relation· 
ship makes it possible to calculate arithmetically or graphically the composition of 
flour mixtures with a desired falling number. To obtain correct results. however. 
the components of each mixture must i>e ground equally fine. The linear relation 
between the liquefaction number (LN) and malt additic>n also makes possible a 
graphical determination of the amount of malt supplement required for balancing 
the alpha...amylase activity in flour. (See article by H. Perten .. Application of 
the Falling Number Method for Evaluating Alpha-Amylase Activity". Cereal Che
mistry 41: 127-140. (1964)_ 

10.5. 
Falling Number - 9/25 
Falling Number 9/25 is determined on 9 g sample instead of 7. It gives a more 
pronounced differentiation of samples with very high amylase activity. Otherwise 
the procedure is the same as for falling number 7 /25. 

Study Group: Determination of Amylase Activity 
Chairman: Oipl.-lng. H. Perten. Khartoum. Sudan 

ICC-Standard No. 107 
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APPENDIX 6.1 

DETERMINATION OF GLUTEN QUALITY BY KOZKINA TEST 

Gluten is washed from a dough containing 20 g of flour and about 

15 ml of water. 

The doughs, made with tap water, were rested under water for 20 

min after mixing and then kneaded under a stream of water in a 

Simon gluten washer. Wt3shing was completed by hand kneading under 

water until no further starch could be removed. 

The wet gluten was rolled ~etween the hands to remove eYcess water 

and weighed. A ~.5 g portion was cut off, moulded into a bail with 

the fingers and then rested for 20-25 min under distilled water at 

30°C. It was then threated on to a wire hook attached to a cork. A 

second wire hook, which ~ith its attached load weighed 5 g, was 

then threaded through the gluten and the whole, except for the 

supporting cork, put into a 1-litre cylinder which was filled with 

distilled water at 30°C. The level of the bottom of the weighted 

hook, relative to ~ scale attached to the outside of the cylinder, 

was noted at the start of the test and after intervals of time 

( see· f i g • I > • 

'I 'I '! t y '. . . I . . . . : ,.. : 

Fie. 1.-S1,,1'1iin1 of 1111/111 111 011· s/r11I of 
/ht /ISi (lelt\ llN4 00 flllll. 111/U (right) 

Quality of gluten is measured by the 

streching rate cm/min. Low streching 

rate indicate stable, hard or strong 

gluten, high streching rate indicate 

weak gluten. 

Rapidly increcse of streching may 

indicatE ~h~t wheat grain was damag~~ 

by whea':. b<.1gs. 

character1stics of gluten 

air-cl2ssif1ed ~ract1ons 

and 

"St r e::t-.1 r.~ 

washed .; r otr: 

-:if Errg 1 i sh 

.fl OLtrs"" 
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RICEMILL PARaOILING RICE PROCESSING 

AL'l'ERNA11VES AND CONSTRAIHl'S 

Allemali'ICI : 
-The objectives of die pindifla are IO separate the pain from its bust and IO remowe the bran and 
the iezm wbidl comain vitamins. protides. and lipids. Apart from while rice. semi-blanched rice and 

parboiled rice {see infra) are prodaced. 
• Very small unilS do not separate the bran from the bust and denlorize the by-products. 

Constraints : 
• The unit's success depends on nnsponation and storina u well as rmancinJ of stock. 
• The llllit should be localed near aro•ina sites {Paddy is voluminous and •ei&hs SO 1' more than the rice). 
- By-pradaclS shoaJd be valorized : bust. (fttel. liUc:r ••• ). bran (animal feed). 

OPERATIONS FUNCTIONS POSSIBLE CHOICES OF TECHNOLOGY 
Remove dast and foreip 

I Strainin1 I bodies. 
AH iration Puboilinl of paddy allows 

"" 
for: • in open air or under pressure 
• beucr preservation of • fixed or rotalin& container 
vitamins in while rice 

IParboiliH I • diminisbmcnt of losses 
in cooltin& and cleanin& 
water 
• hardenina of &rains and 

I Drvers I diminishement of 
brealcu:e 

("' I Optimize water conient in . Anifu:ial or natural 
the paddy • Use of vacuum durin& first phase. 

I Hus Icing Remove hast Steel or rubber rollers, or abrasive discs. 

I Homoaenize arain size to 

I Grading I reduce breabae. Rotary cylinders or vibratin1 sieves 

• Bianchin& more or less advanced 

I Blanchin1 I Remove pericarp and aerm. • There exists a process for humid srindin& 
(11olishin1t) which reduces heatin1 and breataae 

I • Extraction of oil from resultinR bran. 

I Packaging I 
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APPENDIX 7 01.E: All 
ISICJllS 

How To Start Manufacturing Industries 

Margarine Making Plant 
Margarine was first made by a 

Frenchman; Mcnsieur Mc:gc: Mauries in 
1869 for use as a substitute: of natunl 
or genuine: butter. 

In the: rudimentary stage: of the: 
manufacture: of margarine:, it was impos
sible: to UK all kinds of oils and fau as 
raw materials of margarine: due: to 
primifrtt oil refining techniques. 

Later, it became: possible: to produce: 
high quality oils and fau having suitable 
melting points and Yiscositics from 
nrious kinds of liqucf1c:d oils owing to 
the: clnelopmcnt of the: ncuum deo
dorization technique in the: U.S.A. as 
well as the: dc:Ydopmc:nt of manufactur
ing the luniencd oil in Germany. 

Consequently, so many kinds of oils 
and fats from animals, fuhes and vege
tables which could not be UKd as raw 
materials of margarine in the past, have: 
become available for the manufacture 
of margarine:. 

Furthermore:, according to the: im· 
provc:mcnt in the ~cchniquc of oil 
refining, the: quality of margarine has 
become so high as that of natural or 
genuine butter. 

On the: other hand, when we appre
ciate the cf6acy of the margarine for 
physical health as a foodstuff, oils and 
fau have twice caloric as the amount of 
sugar and have high unsaturated fatty 
acids called the indispensable fatty 
acid or Yitamin F and oil-soluble: vita
mins such as vitamin A, D, E, etc. 

Margarine is essentially produced by 
mixing the oils and fau described above 
(at a ratio of roughly 8&r,) with other 
materials such as water and lactic prod· 
ucu (at a ratio of roughly 2°")· The 
larger proportion of oils and fats, the 
principal ingredient, consists of harden· 
cd oil. 

While the kinds of hardened oils. (raw 
oils and fats) used for the manufacture 
of margarine differs by countries very 
much. In America the principal nw oils 
and fats arc soybean oil, couonsccd 
oil and their hardened oils. In Europe 
oils and fats produced in each country 
and imported ones arc available. In 
Japan principal raw oils and fau arc 
vegetable oils such as cottonseed oil, 
soybean oil, com oil, coconut oil, palm 
oil and rapeseed oil, and fish oil, beef 
tallow and lard. 

A typical example of blending of raw 

oils and fau for the manufacture of 
industrial margarine: in Japan is the: 
following; 

Materials 
1) Raw oils and fats 
2) Water or fermen-

Blending nrio 
80'J, 

16 -18'1> 

2-3S Raw oils and fats 

1) Fish oils 
2) Beef tallow 
3) Soybean oil 
4) Cottonseed oil 
S) Coconut oil 
6) Palm oil 
7) Lard 
8) Others 

Blending ratio 

45'1> 
1°" 
15'1> 

l'J, 
2'1> 

15'1> 

"' 4'J, 

tation milk 
3) Salt 
4) Monoglyccride 
S) Lecithin 
6) Antioxidant 
7) Antiseptic 
8) Aroma ingredients 
9) Colouring agents 

10) Vitamin A 

0.2 -o.ss 
0.1 -0.3'J, 
1 - 2 x 10-'s 
1 - s J[ 10""'1> 
1 - 2 x 10-s'J, 
2 - 3 :s: 10-s'J, 
15,000-
30,000 uniu/lb 

The auxiliary and sub-materials, 
which arc blended with the: ingrc:dic:nu 
mentioned above:, may consist of the: 
following; 

& raw oils and fau to be: used for 
the manufacture: of margarine arc re
fined to colourless and odourless Incl, 
margarine may be: manufactured to 

Proccu Flow Sheet for Marprinc Making Plant 

Raw Oils and Fats 

Raw material tanks 

Dcacidification process 

Vacuum----1 Dccolouration process 

Hydrogenation process 

Vacuum----1 Deodorization process 

MiKing process 

Emulsifying process 

----\..a,uscic soda 

----Actintcd day 

----Hydrogen 

----Sr cam 

V1um1n A 
----Sale. warer, others 

Milk 

Cooling and lrnnding proceu ~---Cooling medium 

I Forming and packing process 

Margarine 



fcahlft a nwnbcr of qualities such as 
enticiiig colour. good luster. lacoc ap
pearance and good n.- by blending 
auxiliary. or sub-materials abo-.c men
tioned. 

Today. margarine is used widely on 
the table, also for coclcing and for 
malting bread ancl pastries. 'Ibat is. 
margarine is uacl not only as a substi
tute t0r genuine butter but also 3S a 
vital SOUKC of edible oils ancl fau. 

Process Description 

A mv.garinc plant comprises two 

principal procasa. OM is the process 
foe refining the nw oils and fau by 
1eaciclifac:ation, decolouration, hydro
genation and deodoriutio!I. The other 
Is for producing margarine by blending 
auxiliary materials to dae refiaecl raw 
materials. which can be broken into 
milting prr>CCSS. emulsifying prociess, 
cooling ancl kneading process and form
ing and packing pro«Ss. 

l ) Deacidification process 
Free acids, proteins and other impu· 
ritics or organic substances conuir.ed 
in raw oils and fats arc remoYed in 
this process by means of allcali and 
other treatments. 

2) Dccolouracion process 
Undesirable colouring maaers con
tained in nw material oils and fats 
arc rcmowed by the adsorpcion to 
actinted clay in this process. 

3) Hydrogenation process 
Unsaturated fatty acids in material 
oils and fats arc convcrtccl to satu
rated fatty acids by reaction with 
hydrogen under the existence of 
catalyst such as reducing nickel, etc. 
This treatment serves to raise the 
melting temperatures of these oils 
and fau to desirable levels, and to 
Improve the subility of quality. 

4) Deodoriution process 
The oils :and fats subjected to dc
acidific:ation, decolor:ation :and hydro
g'.n:ation still have their inherent 
odours :and the ones created by 01tid:a· 
uon or decomposition, and these 
odours :arc generally disagreeable. The 
subJC:anccs giving off these odors :arc 
removed by blowing steam through 
oils and f:au heated up to the tem
perature of 2oo•c - 2S0°C under 
several mmHg aosolute pressure. 
The refined oil1 .ind fats treated in 
the :above mentioned proccssu arc 
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stored ia eada rank and dam -t to 
dae margarine producing poccss. 

5) Margarine producing procas 
Raw oils and fats arc melted ancl 
blended with salt. water, lactic sub
stances, Yiumin1, colouring agents, 
aroma and other ingredients, and 
then milted, emulsiliecl, stcnmecl, 
cooled rapidly and kneaded. 11ic 
mixtun: is, after being aged for :a 
while, formed into the prescrmed 
shape to be obtained as 6nidaed 
product. 

Example of 
Mwgarine Making Plant 

1) Production Scheme 
Production upacity: 

1,000 tons/month as 
table or industrial 
margarine 

Working hours: 24 houn/d:ay 
25 days/month 

Note: Tables 1 - 5 arc based on the 
aboYC scheme. 

Table 1: RcqUcd Madaincry and Equipment 

(11ae main machinery an:! eqllipment wid;in the battery limit of dac plant which com 
pose dae abowe mentioned procascs are as follows:) 

1) Dcacidi6cation tanks wilh accessories 
2) Dccolouniion "'13Cls with fdten 
3) Hydrogenation c11uipmcnt 
4) Dcoclorizacion equipment with boiler 
5) Mixing tanks 
6) Emulsifying tanks 
7) Continuous stcriliution equipment 
8) Continuous cooling and milting equipment with a resting tube 
9) Fonning and packing machines 

FOB price of machinery and equipment ..••......... (approx.) SUS 2,.381,000 

Jn addition to the :above machinery 
and equipment, dac followings arc re· 
ctuirecl to construct the plant: 

- Machinery and c11uipmcnt: 

1) elccuic. ~r rcccmng :and supply 
sy•em 

2) proc.;ss water receiving, treating and 
supply system 

3) steam gcnenting equipment 
4) cooling water supply system 
5) waste water treatment system 

6) field storage and loadinglunloadin& 
facilities of raw materials and prod· 
uct 

7) labontory and maintenance appan· 
ruses 

- '8uildings, foundations, structures, 
p:aYing and other civil works. 

- All che works such as erection, pip· 
ing, wiring, paincin~, insulation and 
othen at the plant site and matr.ri:als 
for the aboves. 

Table 2: Re11uired Raw and Subsidiary Materials 

hem 

Raw material oils and fats 
Water and fermentation milk ................. . 
Sale .................................. . 

Hydrogen .............................. . 
Monog1ycerides, :aroma ingredients, anti-oxidant 
vitamin, etc. . ........................... . 

Table 3: Required Utilities 

Item 

Electricity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Steam ................................ . 
Process water . . . . . . . . . . . . . . . . . ......... . 
Fuel ................................. . 

Quantity 

900 kg/ton of margarine 
170 kg/ton of rr.:argarinc 
25 kg/con of margarine 

N·m' 70 /ton of margarine 

small amount 

Quantity 

210 kWh/ton of margarine 
2,000 kg/ton of margarine 

20 m' /ton of margarine 
10 2/ton o( margarine 



ReqmmAra 
Production building 
COid storage building 
Facililies 

Req.irecl Maapower 

Management and administration 
Technical manager engineer 
Foremen 
Skilled workers 
Quality control 
Mechanic technician for maintenance 
Elcuician for maintenance 
Helpers 
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lSOsq.m 
lOOsq.m 
lOOsq.m 

3SOsq.m 

4 
l 
2 
3 
I 
I 
I 
s 
18 

File: A47 

It~ Power ... Utilities 

I. Electrical Power SS kW 
2. Steam 2SO kg/h at l 0 bar 
3. Water l cu.m/h 

Rec:uired Rar. Material 
Base recipe margarine 

Oils and fats (separated or 
composition) 
Emulsifier 
Lecithin 
Beta carotene 
Salt 
Sorbic acid 
H20 

78-80% 
0.3% 
0.2% 
0.1% 
O.S% 

0.15-0.3% 
lf>-20% 

This information has been prepared by UNIDO as a result of the financial contribution to UNIDO 
from the Government of the Federal Republic of Germany and the close co-operation extended to 
UNI DO by the relevant industri~ in rhe Federal Republic of Germany. 
Any inquiry should be sent to Registry file no. 312107 (003), UNIDO, P. 0. Box 300, A-1400 Vienna, 
Austria. 
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APPENDIX 7.1 File: A47 
ISIC CODE 3115 

How To Start Manufacturing Industries 

Margarine 

Introduction 

In the course of the past 50 years margarine 
has been developing steadily into a nutri~nt fat 
of high dietetic value that in many cases is even 
preferable to butter. It is spreadable, an emul
sion of certain oils and fats. For oil, soya oil, cot
ton-seed oil, sunflower oil or peanut oil are the 
main ing1edients; cocoa fat. palmoil or palm
kernel fat the main f aa. Apart from these veg
etable raw materials, high-value oils from mam
mals or fish can also be used for the production. 

Marg2rine contains polyunsaturated fats 
which contribute to the reduction of the choles
terine level thus also reducing the risk of degen
eration of arteries and coronary vessels, which is 
one of the main reasons for heart-auacks and 
apoplexy of the brain. 

Hence margarine also has become an import
ant component of a healthy diet increasing its 
appeal to all those who want 'to lead a healthy 
life'. 

The described plant has been designed for the 
production of table margarine with a capaci1y of 
500 kg/hour. 
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Layout of the Production Plant 
.• 

PRODUCTION AREA 

IL 

i?EFRIGERATIONS Pl.ANT 
STORAGE 
ROOM 

. / 

Description of the Production Process 

Oils and fats in the required quantities arc 
conveyed from the storage tanks I + 2 via the 
volumetric meter 5 into the stirring vessels by 
means of centrifugal pumps 3. Whilst in the stir
ring vessel 7 the margarine consisting of oil, hy
drogenated fats, emulsifier, lecithin, water, salt 
and other ingredients, is formed. The stirring 
vessel 9 is used as buffer vessel. The emulsifier/ 
lecithin phase is formed in the stirring vessel 12 
and manually led to the stirring vessel 7. The wa
ter/salt phase is formed in the stirring vessel 10. 
The necessary water quantity for the batch is 
added via the volumetric meter 6. By mt-ans of 
the centrifugal pump 11 and again via the volu
metric mc:er 6 the water/salt phase is led into 
the stirring vessel 7. Until the margarine emul
sion is pumped into the buffer vessel 9 by means 
of the centrifugal pump 8, the emulsion is kept 
circulating in the stirring .vessel 7 by the same 
pump to guarantee a steady and continuocs mix
ing procedure. 

A gear pump 13 pumps the margarine emul· 
sion to the Kombinator. This Kombinator is a 
permanently operating heat-exchanger in which 
internally rotating knives keep on scraring the 
produc1 from a cylindrical heat transmis. on sur
face. From the Kombina1or the product is con
veyed via the resting implemeni 15 10 the pack
in~ station 17. 

In case of any fault~ in the production the 
margarine can be conveyed to the remelting ves
s.:I 18 to be liquefied again and conveyed back 

to the buffer vessel 9 by the centrifugal pump 19. 
In the packing station the final product is au

tomatically filled into the containers. 

Example of the Plant 

Required Machinery and Equipmenl 

Item Description 

I Storage tank, heatable 
2 Storage tank, non heatable 
3 Centrifugal pumps 
4 Balance for ingredients 
5 Volumetric meter (heatable> 
6 Volumetric meter (non heatable) 
7 Fat blend tank (mixing) 
8 Centrifugal pump 
9 Fat blend tank (bufferingl 

10 Stirring vessel 
II Centrifugal pump 
I:? Surring \"essel 
13 Gear pump 
14 Komb1nator 
15 Resting 1mplemcn1 
16 Electrical control panel 
17 Packing machine for cup~ 
18 Remelting vessel 
19 Centrifugal pump 
20 Refr1gerat1on plant for Kombm· 

a tor 
21 R~frigerauon pl.mt for 1hc cool 

ing chamber 
22 Piping system 

FOB-price for machinery and -----
equipmen1 approit. USS 450.000.00 



-86-

APPENDIX 7.1. 

Analysis of fatty acids as fatty acids methyl esters 

Performed at Agricultural University of Poznan, Institute of Food Technology of Plant Origin, 

Food Concentrates Laboratory 

SAMPLE PREPARATION: 

Approximately 100 mg of fat (plant oil or fat extracted from food material) is to be 

dissolved in I ml of hexane. Subsequently I ml of 0,5M CH30Na is added and the mixture is 

left for ~20 min. After that time :::: IO ml of distilled water is added and from the upper (hexane) 

layer 0, I µI is taken with a syringe and injected into GC 

GC ANALYSIS of fatty acids from milk and food concentrates wifo milk added: 

EQUIPMENT: 

Hewlett Packard HP 589011 with FID detector 

Column Supelco Wax-IO (30 m x 0,25 mm x 0,25 mm) 

Carrier gas: He 1,5 mVmin, split I :40 

Injector temperature 2500C 

Detector temperature 2600C 

Oven program: init. temp. 900C 

900C to I 700C, 6oC/min 

I 700C to 2400C, 20C/min 

Correction factors (Die Nahrung 25(6), 591-603) 

Fatty acids determined with this method: 

C4:0, C6:0, C8:0, CIO:O, Cl2:0, CI4:0, CI4:lco5, CI5:0i, Cl5:0ai, Cl5:0, CI5:1, 

CI6:0, CI6:Ico9, CI6:1w7, Cl7:0, CI7:0ai, Cl7:1, CIF:O, Cl8.lco9, Cl8:lco7, 

CI8:loo6, CI8:2m6, Cl8:2w9, C20:0, C20:Ico9, C20:Ico6, C22:0, C22:1, C24:0. 

For analysis of plant oils sufficient is the program beginning at I 700C to 240°C in 2°C/min. 

RECOMMENDED LITERATURE: 

W.W CHRISTIE. Gas Chromatography and lipids (1989). The Oily Press Ltd. Ayr, Scotland. 



-87-

APPENDIX 8 
FILE: G87 
ISICJSIO 

Starch Hydrolysis Products Plant 

The products which can be produced 1luough 

saccharif1eat1on of starch are glucose syrup. dextrose 
syrup or crystJI de,.trose. 42<'7, fructose srrup anc! SSo/. 
fructose syrup 

These pr1;Juds ldll ah11 he select1vc:I~ p:•>duceJ 

ac..:ordmg to needs EspenaUy. fructosc syrups are 
very ~ood producls and can_ partia!I; replace the 
sucrose bein~ unported b;· mJny countrirs 553 
r ructosc syrup which was '.levrloped in the 19 70s all 

over the world can be supplied at ~ower prices ~nd with 
b-:tter :;wecrness than surcose .1s nl'w product In 
~cncral. these products are uscJ m foods confec 
t1oncr}. bcverar.cs, etc 

Thr plant rnlroduad here 1~ the Sdrllr a~ rhosc 1n 
AmerKd and fapan 1:1 thr aspr.:r of y1elJ. (onsump 
t11>n ol ~cc1111dJr) raw 111clcr1;1I~ and cncr~y wl11k 
Its equ1prnc11r lnr proJu.:!1<111 ca11 hr supplird at i:Jwrr 

prices lhl' f111! 1rcl11111lo~:y. co1h11llal11111 srrv1ccs 

V1ev1 of lsomer1zat1on Coluf'ln 

and mfor111Jt1on dnd advice relating to 1:1c opcrJl1t111 
and management ·1i theu i:ilanr (an also be sup;1hed 

Tiii.' SCf\lcCS anJ llllllrmat1t>n wt11-:l1 ,an be: S11p;'!iCd 
1' lor lh.: purp11se 11f helping to rt~1'•.1cc .11s1~ 11f pro 
Ju.11011. 111q11m·r 1he elf1c1cncy ar;.1 npt'rat1011 111 11 .. · 
plan! JS "ell a~ 1h,· quahry llf the pr11JuLIS 

Products and $pecif1cat1ons 

lht• prt>dlld\ cllf!l'n!h prudu·~~J h~ 1111~ plJI\( 
1n.;luJc µ1111.: 1 ,f.. ' ' i11r de, tr\,,,_. '~ rup or 1..rv\l.il 1k). 
ifOSl' ..l~' h1~·h lt111 fll'n' \~f'IP .u1d ~.,,., h1~·h lr1L lt)',t' 

'"Ill' h.1\t'd .111 lilt• ~.h<hJrif1<.;t11°111 "· \l;ir,·li 

lk1.11lrd ~pl'c 11°1, .1!11111\ 11f lyp1< ,ii 11111d11t!'. ;t!l' J', 

~"''"'" Ill r.1hlr I 
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Table l. Specifacations of Glucose Syrup. Dextrose. High Fructose Syrup 

0 Datrose 

a-n-cion It- Pacblf 
Specif"-ciaa 

Special reatlltt u. 
c- ,,_ 

Spcc1al A l'ar1ide size - ;anirary products or spray conrcctionary. bakery. 

Rcrincc1 
+60mah' dried. dairy products. 

powder IA • rauaiat or microorpnis· beftrl&C. caMill&. 

dextrose 20q DE96f l'U1idc lizc 111'1 srowell is mp.!rior ice Clalll, lealkt 

lB hpcr +JO mesh' d\IC to llidl -tic etc. 
bas Mo.9S' pr-.c. 

l'utidcsia • dlallcc of pulidc rizit 
+10•~' is pollible by order. 

l'ar1idc size • pwc crystal of 111.obydralc coafCCliotwy. bcftrar;c:. 

20q DE99.5 t 
+lOIDCSh' • moulh feeline is &OOd due cosmetic. ice cram 

Dextrose Rqular lo quiet IDlut-ility. •trical qcnt for mcdicinc. 
m-h:•drale hpcr 

"" No.ft' Pariidc size •price i.. dial'" than llrcwiac indlllU)' 
+IO mesh i cryslal pnlducu. etc. 

Dcxrrosc Rqular 10q Df:ff.5" t l'utidc size • crys&allinc without aalibiocics. iftjl.clion. 

anhydrous Paper +14-"'' hydra lion. COllllC1ic. lea binder 
Powdu bq No.0.5"' Pucidcsii'.c •Stable to llcat than dextrose bi&b padc liq- CIC. 

+IOmcsh' -hydrate. 

• Price is d:ap conrcctionary, bakery • 
liquid ~ Tank Mo.4°"' DE96.0 t • easy haacllia& bec:autr: of canninc. lcatbcr. 
-Jcxtrosc !any liquid phuc. dyCSIUfr, beftrl&C. 

• adjus1rablc D E aad Momllft fcnMatatioo • 
CODlclll by order 

o Glucose syrup 

Classification hckase Specification Speaal facare I Us 
-Medium D.L. 

Mo. ll·lS" • stable CO loq period Slt:I .. candy. conrcclionary. 
,Jucosc 14 t,an, .ond hardly colored •i1h hiah dairy prt ducts, bakery. 
syrup tank lorry DE 90-95 ccmpcracurc. meat proccA&, caMtllf.. 

ice cram, cookiRJ for 
Hip DL. No.18"' ·adjustable DE and moisture home etc. 
pucotc syrup DESOf content by order. 

Mallo 11 kJ can. Mo.19.51'' •can reduce reuosradalion of coffee cream. caMing. 
dcx1rin syrup tak lorry Dl 10-'lS starch in food. candy. conf cclronary. 

• Hlflh n1cosi1y and coagublinc dairy products. 
power ice cream. 

Mallosc s k, 24kJ ~o. il'l l • pouncss is good and hud 10 candy. confecuonary. 
syrup can. colonRJ and moisturin1 of caramel. meal procclline. 

lank IDfry Mallnsc 40-SO"I processed food. canninc. beer. pietcrvalM: 
• hawc mild sweetness and gncHI improwcr fOf fHt lypc food. 
applinlion in surface 
Coalinjt Of food. 

o High Fructose Corn S1rup 

Cl1111f1ca 11on Packise Spccificalion Special fca1urc Use 

42'1- : 
Mu. 2S'l l • h~•t iuod Ouid11y bcverasc incluC:1nr coke, 

H11tll fructose synip I ruc1osc 4 2"- f • sun1br s~c1ncss with confcc11onary. bakery, 
sucros.c by dry basis. ice "cam, cann1ns. 

2S ktt can. Glucose SO"- f ·Food resistance of microor· fish proccs11nc. 

IOOOk1 cunuure1 r1am1sm's crowlh. medicine. subs111u11on 

SSS U:>k lorry Mo lJ'I-' • han s:amc or more for suµi and treacle 

H1Jh fruc1usc 1-ruCh>IC SS'5. f swcclncH wnh sucrov. by (or mulasscs) 

s~rup Glucose 19~ t dry base 
• c~n llorc Ion,: pcriC1d 

1n rclauvcly low lcmp. 
lno ciysul 1 .. rmcd) 



2) Equipment and Machinery 

Liquefaction and saccharificalion sec.ion 
Starch sluny tank 
Control tank 
Service tank 
Reactor 
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3) Raw Materials and Utilities 

Raw malcrials alld Rcqlrimnenr 

ulililies (per Ion of prodacll 

Duuotc mon?hyd1a1c SS'J. 111 S 

PH control tank 
Enzyme tank 
Saccharifying lank 

Corn s!nc:h I.I m/1.f)_S 6.965 m/1-0.S 

Dccolorization and filtration section 
Dccolorization tank 
I st Activated carbon tank 
2nd AcliV3ted carbon tank 
Carbon injection pump 
Fttd pump 

Refining section 
Receive unk 
Feed pump 
Plate heat exchanger 
Ion exchange resin tower 
Refined hydrolysate storage unk 
Refined hydrolysate pump 

lsomerization section 
Dextrose storage unk 
Dextrose feed pump 
Vacuum pump 

T:apioca starch 

Calcium chloride 0.3 kl (70'.I. C:aOi) 

Sodium hydro1<idc: 12 "~ (40'1> NaOH) 

Hydrochloric acid 
12 ltg 05'1-Hd) 

Aclinlc:d arbon LS It, 

Stc:am 2.3 m/1 
l'.'.lcch ic power 120 ltwh 

Waler 8 ~3 

Example of Plant Capacity and 
Construction Cost 

I ) Plant capacity 
• Basis 

70 m/t/day 
10 hrs/day 

0.3 It~ 

18 1t., 

20 1t., 

2 It~ 

I.) m/1 

90 h.-h 

12 ml 

Plate heal exchanger 
Syrup receive lank 
Syrup pump 

Evaporation Section 
Feed tank 

2) Example of construction cost 

o Equipment and machinery : 
o Material cost 
o Installation cost 

(as of 1983) 

USS4,500.000 
USS 1,500,000 
USS 1,200.000 

Feed pump 
Evaporator 

Fructose, Glucose Separation Section 
HFS storage tank 
HFS pump 
HFS control tan!< 
F/G separation column 
Fructose rich receive tank 
Fructose rich pump 
Glucose rich pump 

Toul 

3) Required space 

o Site area 
o Buildir.i: area 

4) Personnel requirement 

..:i Manager 
c Engineer 
o Operator 
o Others 

Tota! 

USS 7,200,000 

I 5,000m2 

3,000m2 

10 persons 
10 persons 
40 p~rsons 

20 persons 

80 persons 

This information bu been prepared by rbc Technology Transfer Center (TIC) of 
the Kcrca lns111u1e of Machinery and Metals (KIMM) and reproducr :I by UNIOO with 
spccitd permission !rom TIC. Further reproduc;.u >n of ibis document w11hou1 perm1ss1on 
of rrc is prohibited. 

Any inquiry abour rhc information contained should be sent 10: 

IO/COOP. Registry file No. ID/S6Vl2, UNIOO. :>.O. Box 300, A-1400 Vienna, 
Ausrria 



Contents of Technology 

l) Process Description 

Liqut/octinn J«tion 
PH and concentration of the refined starch slurry 

an adjusted 1t room tem~ature, and 1her. enzyme co
factor is added. The starch slurry is passed through 
a high temperature holding cell. The slurry is fed into 
reactors for proper retention. In the reactors th!! 
product is fully liquefied and transferred to the sac
chMification section. 

SacclUJrification section 
The hydrolysate coming from th.: liq11efaction 

reactors is cooled by means of heat exchanger. The 
hydrolysare pH is adjusted and enzyme is automaiical
ly and continuously dosed into the hydrolysate. The 
saccharification takes place in the saccharifying tank 
and af1 er proper retention time tne finil DE is obtain
ed. 

Dccolorization ar.d filtration S«tion 
After saccharification the .:olor bodies are removed 

and rhen non-soluble part of the protein and fats arc 
SCjilrated from the hydrolysate in this stCtion. 

I st Rcrming section 
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The cl~ar and decolored hydrolysate is led to the 
I st refining section consisting of cation. anion and 
mixed bed exchangers. In the cation ex.changers, 
sodium, caiciun:, icon, copper, etc. ar~ removed. Some 
a ... mo ac:ids are also removed. The anion exchangers 
r~move chlorides, sulphates, phosphate and most of 
the remaining soluble amino :lcids. The mixed bed 

FlLE:G~n 

tower also reduces dissolved solids to maximum extent. 

Isommz11tion section 
By continuous enzymatic conversion, part of th~ 

liquid dextrose is made into fructose syrup and then 
isomerU:ed fructose syrup is obtained. 

2nd Rcrming section 
After the isomeriution the syrup is led to the 2nd 

refining section where the syrup is subjected to a 
second demineralization. 

£,,11puration section 
The enporation takes place in a double-stage 

evaporator according to the falling-film principle whe~e 
the J>roduct nows from the top to the bottom of the 
inside w1H of vertical heating lubes as a thin boiling 
fdm. After rhe evaporation, ?art of the product is 
pumped in10 F /G separation system. 

F/G Separation stctio11 
The purpose of this system is to obtain higher 

fructose syrup by the chromatoguphic separation 
technique. After rhe F/G separation the high fructose 
syrup is demineralized again in a mixed bed ion ex
changer. 

Sanitation section 
Produced high fructose syrup is filtered to remove 

micro-Organisms and fine inscluble impurities and 
then sterilized and cooled by plate type heat-exchan· 

~r. 

Final product 
Final product is thus produced by these processes 

Dextrose and High Fructose Syrup Manufacturing Process Block Diagram 

Starch slurry Saccharification ---- Purification 

Concentration 

-

1 1 
Evaporation 

Spray drying & 
crystalization 

'~ - - -

o;;J Rifined Anhydrous 
Corn ;yrup powder 

cose glucos~ glucose 
.__ ._, 

Purification Concentration 

' 

~ lsometization Fructose, glucose 
separauon 
--~-~ 

¥ 

Crystalliza-
Sanita 

ti on 
lion Samtauon 

Glucose Hi gh fructose Fructose 
mono· 
hydr:?le syr 

...___ 
ups (55%) syrups (42%) 

'-·----' 
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File: A'4 
APPENDIX 8.1 ISIC CODE 3121 

How To Start Manufacturing Industries 

Starch Derivatives 
Production 

Introduction 

For many years starch and starch containing 
materials have been converted by means of high 
temperatures in the prcs~nce of catalysts into 
soluble sweet products. 

Early in the last century it was discovered 
that, if potato starch slurry is treated with acid, a 
sweet tasting syrup was produced, from which 
dextrose crystallized. 

Since that time starch production from amyla
ceous raw materials and starch processing into 
high-quality starch derivatives has made enor
mous technological progress, especially over the 
past thirty years. 

In general large amounts of starch arc pro
cessed into starch sweeteners. Any purified 
starch extracted, for example, from maize (com), 
millet, wheat, rice, potatoes, or from tropical 

roots such as manioc, tapioca, cassava and 
yt•cca, can be used for !his purpose. It is hardly 
often that these raw materials are processed di
rectly into starch sweeteners without starch as an 
intermediate. 

Starch sweeteners/derivatives arc primarily 
subdivided into glucose syrup (including the 
"family" of special glucose syrups) and dextrose 
syrup (as base for subsequent forms of dextrose). 

Process Description 

The process descriptions hereafter refer to the 
production of: 

I. Glucose syrup 
2. Special glucose syrups 
3. Dextrose syrups 
3. Sorbitol (one of the subsequent products 

out of dextrose syrup) 

Synoptic Chart of Starch Derivatives 

j 

AcidlficaUO'\ 

I 
Conversion 

I 
Refining 

I 
Evaporation 

GLUCOSE SYRUP 

II REF"IN~O s URCH 11 

I 
Ll~fKUO'\ 

I 
Sicxtlar i flea lion 

Oe•trose Oe•trose total So.9r Kl~ rructose 
Sync> ""'°"1'2" le 

Cnrlc:fWd 
fructose Syrt.C> 

rructose 
Syri.c> 

I 
U~factlO'\ 

I 
Sacctwrlflcat10'\ 

I 
Refln1ng 

I 
EvlC)Or1t1on 

DEXTROSE SYRUP 

Hyesrogen1 t ion 

I 
Refining 

I 
Ev11P011t1on 

SORBJTO~ J 
Cl1qu1o ano M>lldl 
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Proass Flow Diagram for Glucose Syrup 

ciil&ctliQ1 .-.,;ng ewapotOlioi I 

c c 

I starch milk Wlk 
2 continuous acidification 
3 batch acidification 

8 hot waler aggregate 
9 neutralisation tank 

10 filter 

a HCI 
b Na.co, 
c filter aid 

II unts d activated carbon • acidified starch milk tank 
S heat ucbangcr 
6 continuous converter 
7 flash cooling 

12 candle fdter 
13 evaporator 
I• produel tank 

e used activated carbon 
f NaHSO, 
g steam 

1. Glucose Syrup 

Glucose syrup is used in the food industry not 
only because of its sweetness and its nutritive va
lue. but in panicular for its functional properties 
(stabilization of moisture, softening ability, 
build-up of texture, prevention of crystallization 
of other sugars. formation of film and body). In 
the first place it is used for sweets and con
f ection~ry. ice cream. pastries. preserves and 
liqueurs. 

Glucose syrup is a sweet. cclourless, highly 
concentrated solution of a mixture of easily di
gestible sugars. Glucose syrup produced by ~he 
standard method, i.e. single-stage hydrolysis of 
starch with acid, has a DE between 32% and 
55%. A DE of approx. 42'/o (which is the most 
common syrup) goes with a constant sugar spec
trum of about 19% glucose, about 14% maltose 
and about 67% oligosaccharides. This syrup is 
concentrated to 43-45% Baume equalling 

• DE: Dextrose Equivalent. upressing the degree of hydro
lysis (<".;nver"on) and, consequently, the breakdown 
or •.'. . .:: alucose chains in the starch. 
Since alucose and mallosc-type suaan, unlike the 
starch molecule, have reducina aldehyde croups, this 
reduclna propeny can be utilized to define the DE. 
The DE is the percentage of reducing suaan (in 1tnns 
of alucose) in lhe dry subs11nc:e or the product con· 
cerned. The DE of s11rcll is 0% and thll of pure glu· 
cose is I00'/1. The DE is just a measure of the number 
of reducing aroups present. but does not disclose any 
details about the sugar spectrum, i.e. the perccncages 
o( alucose, maltose and higher saccharides. 
The acid hydrolysis, acid·enzymc breakdown and 
double-enzyme process makes it possible to produce 
substances havin1 different DEs and a di((ercnc sugar 
spectrum. 

h cooling water 
i vapour condensate 

81-85% dry substance, and at 45% Be it is a very 
viscous product. 

To produce glucose by acid hydrolysis~ puri
fied starch milk is acidified (commonly m the 
presence of hydrochloric ac'd as a catalyst) to ~n 
acidity of 0.03 n HCI. In a convener the acid
ified starch is converted at high temperature into 
a mixture of glucose, maltose and higher sac
charidics. With the aid of such process parame
ters as temperature, pH value. concentration and 
residence time (which have to be c'.iecked very 
carefully) it is possible to choose a degree of 
saccharification (DE) being equivalent to a 
defined sugar spectrum. 

After hydrolysis, the hydrolysate is cooled 
down, and soda is added for neutralization in 
order that the impurities in the starch (protein, 
fat) flocculate can be removed by mechanical 
means, either by separators or by rotary prccoat 
filters. 

In general. decolourization of the hydrolysate 
proceeds in two stages in the presence of acti· 
vated carbon. The filters (rotary filters, candle 
filters, filter presses) required to filter the juice 
and to separate the activated carbon arc of the 
precoat type. If need be. ion exchangers can be 
employed to demincralize the glucose. Finally, 
the purified glucose is evaporated in a vacuum 
to the final concentration of 81% to 850/o dry sub· 
stance. 

The starch generally used for acid hydrolysis 
is corn starch or root starch which has to be puri· 
fied very thoroughly. Since starch to be hydro· 
lyzcd has to be suspended in water, a glucose 
factory quite often is combined with a starch fac· 
tory so as to avoid the necessity of drying the 
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starch firSt and then re-dissolving it in water. 
For another thing. the factory should be located 
in thf' centre of "ts market area in order to mini
mize syrup transport costs. For root starch which 
in most cases is produced in places far away 
from the centres of glucose consumption. it 
might therefore be expedient to use dry starch. 

2. Special Glucose Syrups 

Maltose syrup and high-DE glucose syrups 
can be produced by two-stage acid/enzyme or 
enzyme/enzyme saccharification. Though their 
DE is the same as that of standard glucose sy
rup, these syrups have a different sugar spectrum 
and, as a result, specific properties such as more 
sweetness, a better crystallization-inhibiting 
effect upon sucrose, and less hygroscopicity. 

The applications of these syrups arc rhc same 
as those of standard glucose syrup, and owing to 
their favourable properties they arc being used 
to an increasing extent - in spite of the fact that 
their price is higher. 

Generally speaking, low-DE syrup is highly 
viscous and imparts texture and body to the pro
duct: high-DE syrup is used for its sweetness. 

The principal fields of application of these 
glucose syrups arc as follows: 

•Low-DE syrup, 20-38 DE: 
Frozen dairy products, beer; 

•Normal-DE syrup, 38-58 DE: 
Confectionery such as drops, gelatine and 
jelly sweets, chewing gum, marzipan, etc., 
beverages, frozen dairy products; 

•High-DE syrup, 58-70 DE: 
Soft drinks, jams, pastries, ice cream. 

Special glucose syrups can be produced at a 
Mrmal glucose factory practicing the acid by-
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drolysis technology, provided the plant is sup
plemented by the equipment required for enzy
matic sacch.arification. 

Table or Tnical Sapr Spectra or Glucose Syrups 

Su1ar sp..-arom f") 
Glu::o~ DE Proass 1/ucose male~ oli10-
variety 

sacch. 

32 Acid II 10 19 low-DE 
42 Acid 19 14 67 ronnal-DE 
55 Acid 31 18 51 11ormal-DE 

47 Acid/ 
12 50 38 n.altose 

c:nzyme syrup 

63 Acid/ 37 31 32 high-DE enzyme 

97 Enzyme/ 
96 3 dextrose 

enzyme syrup 

Some maltose syrup varieties arc made by the 
enzyme-enzyme process, but this process re
quires the same equipment as dextrose syrup 
production. 

3. Dextrose Syrup 

Dextrose syrup is a sweet, colourless, concen
trated solution having a DE of 97-89%, a typical 
sugar spectrum of 96% glucose and 4% maltose 
and oligosaccharides, and a concentration of 
71% dry substance. It is made from starch milk 
by two-stage enzyme-enzyme liquefaction and 
saccharification. 

Very high DE dextrose syrup is used for pas
tries, soft drinks, etc. In general, however, dex
trose syrup is an intermediate which quite often 
the producer himself tranforms into high fruc
tose syrup, dextrose monohydrate and sorbitol. 

Process Flow Diagram for Dextrose Syrup 

loquefocloon 

I starch milk lank 
2 heal ellchanger 
3 preliquefae1ion 
4 liquefaction tank 
5 r.accharification tank 
6 filter 

socchoftlicolion 

7 tanks 
8 cation-exchanger 
9 aniun-nchanger 

IO candle filler 
11 evaporator 
12 product lank 

refining 

a tt·amylase 
b amyloglucosidasc 
c NaOH 
d HCI 
e filter aid 

evoporolton 

r ac11va1cd carbon 
g steam 
h cooling water 
i vapour condensate 
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Euaplcs for ll1e Differeat Prodadioll Plaats 

FiDal Products 

Desipa- Dimeo- ! 
siomor Glucme Syrwp Special Glucose I 

lion Qtuatities Syrup 
~Syrup Sot6itol 

Capacity ~1011d batch wise ~ro t1d batch wise s t/d 
min. ap- t/d I 0 II d c:oacinuously 10 t/d con1inuously S t/d continuously 
prox. 

working h/d 24 24 24 24 
lime 

Production 
equipmeol sec proa:ss now diagrams 
for process 
plants 

Production kg per refmedswch refined starch refined starch dextrose syrup 
material l,OOOltg 1,000 kg OS l,OOOkg OS 967 leg OS I.OS kg OS 

OS final 
product 

Batdl C..c. Batdl Coat. 
Chemical leg per HCI (30%) 7 7 7 7 -amylase 0.6 caialyil 8.S 
and other l,OOOleg Na.CO, amyloglucosi- NH, 3-C 
additives final pro- (100%) 2.S 2.S 2.S 2.S dase 0.8 HCI (30%) 38 

duct based filter aid 6 6 6 6 NaOH 4 NaOH 17 
on OS activated HCI (30%) 6 hydrogen 

carbon 6 6 6 6 filter aid 3 H,m' 134 
NaHSO, - 0.18 - 0.18 aaiva1ed 

carbon 3 

Approx. 
FOB price 

Slid batch 0.7 Mill. S tld 74~1 OS IS t/d CORI. 7~ for the USS 10 t/d cont. 0.9 Mill. 1.0 Mill. OS LB Mill 
process 
plants I 
U1ililies based on I 

for main l,OOOleg 
production OS 
plants: Batdl Coar. Barch Coal. 

Electrical 
power kWh 120 70 120 70 110 !SS 
Sream bar ltg/h B bars 1,000 1,200 1,000 1,200 IObars 600 12 bars 3.200 
Process 
water m1/h 0.2S 0.25 0.2S 0.2S 1.2 2.8 
Cooling 
water via 
cooling 
rower m'h 0.6 1.4 0.6 1.4 2.S 4 

Manpower 
require- per 
men rs shifr Barch Cone. Batch Coal. 

Chemist I I I I 2 I 
Foreman . I 1 I I 2 I 
Workers 

. 
skilled 2 3 2 3 4 2 
Workers 
skilled 4 4 6 2 
Laboran! 2 2 3 I 

Space re· 
quiremenr 
(main m' 480 600 480 600 2,400 11 10-30 l/d 
prod. + +800 +800 produc1ion 1,200 
aux. 
plants) 

Open area m' depending on srorage possibilities 
·-
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Process flow Diagram for Sorbitol 

I Ceed 1ank 
2 HP-comprasor 
) HP-heat excban1er 
"'HP-ractor 
S HP-cooler 
6 HP-gas/so:bitol separator 
7 LP-gaslsorbitol separator 

I separator catalyst/sorbitol 
9 tank 

lO candle filter 
11 cation-exchanger 
12 anion-ex~ 
ll evaporator 
14 product tank 

a catalyst 
b NH, 
c recycled catalyst 
d non-aCliwc catalyst 
e HCI 
r NaOH 
g steam 
h cooling water 
i vapour condensate 
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This intermediate should contain a very high 
percentage of glucose and the least possible 
amount of other saccharides: this can be 
achieved by using enzymes specifically breaking 
the starch molecule in both liquefaction and sac
charification. 

available in liquid form containing 70% dry sub
stance and in solid form (granular or powdered). 

In the food industry sorbitol is used as a sub
stitute of sugar for diabetics' food. Today sorbi
tol is the only raw material that permits econom-

Usually, starch liquefaction proceeds in two 
stages in the presence of thermostable 
alpha-amylase. In this case, pan of the enzymes 
is added to the starch milk, and the starch is pre
liquefied in a steam-heated com·ener. Liquefac
tion to the required DE of approx. 12 then pro
ceeds in a retention zone at a temperature of 
95°C for a period of 90 to 120 minutes. 

Starch liquefaction is followed by saccharifi
cation in the presence of amyloglucosidase. Sac
charification is a slow process which takes about 
48 to 72 h.Jurs. A larger amount of enzymes re
duces the reaction period. Saccharification takes 
place in tandem-arranged tanks ensuring a con
tinous flow. Prior to saccharification, the hydro
lysate has to be cooled to approx. 60°C and set 
to a pH of 4.S. 

This is followed by multi-stage purification of 
the thin dextrose juice to give che required pro
duct quality. The purification process com
prises: separation of insolubles such as protein, 
fat, etc., decolourization with the aid of acti
vated carbon, and elimination of all :..:Its in ion 
exchangers. Finally, the deminerali:,. ~ product 
is evaporated in a multi-effect C\·aporator plant 
to the degree of concentration required for fur
ther processing. 

4. Sorbitol 
Sorbitol is a hcxahydric alcohol (sugar alco

hol) and is a resultant product of dextrose. It is Continuous Dextrose Crystallizer 
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ical production of ascorbic acid (vitamin C). In 
the cosmetics industry it is an essential c.onsis
tency-stabilizing constituent of toothpastes and 
creams. Moreover. sorbitol is used for tobaccos 
and in the chemical industry for plastics. resins. 
adhesives and plasticizers (paper. leather. tex
tiles). 

Sorbitol is produced by catalytic hydrogena
tion of dextrose (glucose) at an increased tem
perature by the following empirical formula: 

C.HuO, +Hz 
I 

catalyst 

l 
C.Ha(OH)a 

For sorbitol production a continuous high
prcssure hydrogenation process is applied. pro
ceeding at 150 bar and 180"C. its special Raney 
nickel catalyst being continuously separated 
from the sorbitol solution after hydrogenation 
and being recycled. 

After hydrogen removal. the sorbitol/catalyst 
mixture is reduced to normal pressure and the 
catalyst is separated from the sorbitol in such a 

way that the active particles only arc recycled 
for re-use. The inactive particles arc filtered off 
and can be regenerated. 

The sorbitol is dccolourized and demineral
hed in ion exchangers anc! then evaporated to a 
dry substance content of 70%. · 

Dry sorbitol can be produced from liquid 
sorbitol either by Crfstallization or by drying. 

Either dextrose monohydrate dissolved in 
water or dextrose syrup may be used as a start
ing material. The syrup is mixed with the recy
cled catalyst and pumped into the high-pressure 
hydrogenation reactor with hydrogen gas being 
added at the same time. The heati;ig and reac
tion processes proceed in several steps in order 
to prevent side reactions. When hydrogenation 
is finished. the mixture is c11oled and the 
hydrogen gas is separated from the sorbitol/ 
catalyst mixture. 

Since the hydrogenation process requires 
hydrogen. this hydrogen has to be produced by 
electrolysis of water or has to be made available 
from anothtr process scurce. A compressor 
keeps this gas and the recycled hydrogen at an 
operating pressure of 150 bar. 

This information has been prepared by UNIDO as a result of the financial contribution to UNIDO . 
from the Government of the Federal Republic of Germany and the close co-operation extended to 
UNI DO by the relevant industries in the Federal Republic of Germany. 
Any inquiry should be sent to Registry file no. 312107 (003), UNIDO, P. 0. Box 300, A-1400 Vienna, 
Austria. 
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APPENDIX 9 

SCHEME OF PRODUCl10N OF VEGETABLE HYDROI.JZED PROTEIN{VBP) 

LIST OF EQUIPMENT 

WATER 
HYDROCHLORIC 

ACID 

HYDROLYSIS 

NATRIUM 
BICARBONATE 

NEUTRALIZATION TO PH 5.4 

PANB. HEA11!R wnH FI.OW 
comtOl. 
MEASURMEN1" DESIGN FOR 
HYDROCHLORIC ACID 
CONTAINat FOR PltOIEIN SUBS'JRAT 

FILTRATON FU.11!R PRESS 

POST FILTRATION ACTIVATED 
SLUDGE CHARCOAL 

DECOLOURING CONTAINEt FOR DECa.OURJNG 
(HEAlED) 

FILTRATION FU.11!R PRESS 

CHARCOAL SEDIMENT 

MATURATION 

FILTRATION FU.TER PRESS 

MATURATIOJ..I SEDIMENT 

PRODUCT(VH P) 
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OPnMUM HYDROCID..ORillE ACID AMOUNT 

ADi>ED FOR ACID H"lDROLYSIS OF GLUTEN 

z = 
c 

HCl 

c 
N 

36,465 
14,008 * Q • f N 

Z opti1MJ• of hydrochloride anaount for protein substrate 

proccessed, 

CHcl - hydrochloride 1ROlecular weight, 

C nitrogen atom weight, 
N 

Q amount of total nitrogen introduced as a protein 
N 

substrate, 

f - coefficient. characteristic for the protein substrate 

processed. 

CHEMICAL REACTION FOR THE NEUTRALIZATION OF HYDROCHLORIC ACID BY 

SODIUM BICARBONATE IN VHP MEDIUM AND FORMATION SODIUM GLUTAMATE. 

NH 
I z 

DI --cH-cCJOH 
I z 

DI -cooH z 

+ HCl +Na CO 
2 • 

-> 

NH 
I z 

CH -0.-cooH 
I 2 

CH -cooNa 
2 

+NaCl+ HO+ CO 
2 2 



-99-

AMINO-ACID COMPOSITION OF HUMAN BREAST MILK 

CASEIN.WHEY PROTEIN.EGG.BEEFrWHEAT GLUTEN 

(mg amino-acid per g total nitrogen) 

-----------------------------------------------------------------
Amino- Human Casein Whey Egg Beef Wheat 
acid breast protein (whole 

milk grain) 

-----------------------------------------------------------------
Isoleucine 254 345 476 393 301 204 
Leucine 471 607 736 551 507 417 
Lysine 337 518 704 436 556 179 
Methionine 78 178 151 210 169 94 
Cystine 114 23 174 152 80 159 
Phenylalanine 171 334 224 358 275 282 
Tyrosine 223 371 214 260 225 187 
Threonine 228 297 527 320 287 183 
Tryptophan 103 147 93 70 68 
Valine 29G 430 449 428 313 276 
Arginine 171 239 175 381 395 288 
Histidine 114 186 144 151 213 163 
Alanine 166 196 341 370 365 226 
Aspartic acid 451 455 766 601 562 308 
Glutamic acid 1000 1406 1231 796 955 1866 
Glycine 98 126 126 207 304 245 
Proline 513 738 450 260 236 621 
Serine 228 385 374 478 252 287 

------------------------------------------------------------------
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APPENDIX 10 

How To Start Manufacturing Industries 

FILE: AlS 
ISIC 3113 

Tomato Ketchup Making Plant 
Tomato kc:rchup, tomato juiu and 

tomato puree:, the: Kcond.uy pcoc:essed 
pcoducts of fresh tomato, h.aww: come ro 
be consumed in vast amounts roday in 
our homes as well as in resraur:anrs and 
other places as an indispcns:abk food in 
our daily liring_ 

Tonuto has long been proaucd into 
tomato ketchup in Italy, Grcca, rbe 
West Coast of the U..S_ and odau parts 
of the Western World, whue tomato is 
suited for culti•ation on a large scalc-

h was some: 80 years ago dur tomato 

was 6nt cultinted and placed on local 
markets in Japan. la those days, with 
the: Japanese oc:ople still quire: aaf:amil
w witJt tomato, it f:aikd fO g:a.ia coa
sumu acceptance and a:acuq)Jy tomato 
growen were: distressed with d" prob
lem of how to move the product on 
•egc:tablc: store shc:IYc:s. 

It was only a few decades ago, when 
imporred tomato ketchup pawed the 
way, that the manufacture of tomato 
ketchup came to be undenaken in 
Japan as a home indusrry_ And today. 
the most modernly equipped tomaro 
ketchup malting plants are in operation 
to mc:er the: large national demand for 
t.'ie producr-

The manufacture of rom:ato l::etchup 
can be undc:naken only when two basic 
conditions are met - the anil:abiliry of 
a large and srable supply of fresh 
qualiry romaro. and the anil:ability of 
a nst supply of 111.•arer. 

While comaco is an annual plant, irs 
method of cultivation will differ accord
ing ro rhe soil. An ideal environment for 
comaro cultivation would be a place 
having shup temperarurc difference -
warm in chc daytime and cool in rhc 
nighttime, and the soil should prefer· 
ably be dry rather c!ian mour. 

In rr-OlSt regions. lemng the C<>rnaro 
plants to trail on the ground would 
cause npcned roma10 10 be covered 
with dirt or ocher foreign maner, so to 
prc•cnc chis rhc piano arc normally sup· 
ponrd wnh thin bamboo sulks or ocher 
kinds of rods. In arid regions, the plants 
may be lcfr to trail on the ground sinu 
there would be no such anJ11c1y. 

Si •Ct. chc quahry of rht krichup 1ha1 
is produced will be determined !argr.ly 
by rhe 1ualicy of chr tomato used as 
raw rn;.tcrial, a great irnporcance is 
anachcd particularly to tomatn cuhiva· 

tion iuc:lf_ For example:. while J apancsc: 
romaro processors purc:h:ase their coma
ro by quantiry oc by cultinted area, 
they maltc it a point to offer technical 
guidance to tomaro gro~n. This is 
done primarily to improve the processa
bility of the tomato they purch:asl!. 

Now, as pointed our eulicr, a large 
amount- of warer will be necessary !:or a 
tomato processing plane. Namely, since 
che peak tom:aro harvesting time is 
generally concentrated. O'ltt a period of 
only abour a month co 45 days, it will 
be necessary to process a huge: amount 
of tomat'> quicltly in a very shon period 
to &ime. And as the same amount of 
water as the amount of tomaro col
kcced will be necessary for washing, a 
nst •olumc: of water will be required by 
the planr_ 

Accordingly, when constructing a 
new romato processing planr, rhc pro
cessing capaci:y of the plant will be 
dccermined nor by the quantity of 
tomaro a•ailable. but rarhc:r by the 
amounr of warer a•ail:ablc: with case. 

The tomato ketchup malting plane, 
chcreforc, may be rcgudcd as a typical 
seasonal industry, and one that is 
inalienably rclarcd to agriculture. 

Process Description 

The processes inYolved in the manu
hcturc of romato ketchup arc indicarcd 
in the accompanying process flow sheet, 
a deKription of which follows: 

Fresh tomaro shipped to rhe plane 
is fim of all washed dean with water. 
For chis, a special washing technique 
has been developed that allows for 
preservation of the fresh, natural quali. 
tics of ripened tomaro. 

Washed tomato is crushed into toma-
10 pulp, which is strained and fihercd_ 
11111 is followed with preheating and 
conccnuarion to about one-third of iu 
onginal volume by means of a continu. 
ous r.onccnuator, f« which boiler heat 
IS used. Since ch e conccnuarion sho .Id 
necessarily be achincd in very short 
nme, each tomato kerchup manufac
rurtr uses a special technical know-how. 

lnscancancous concentration is neces
sary sin ct', otherwise, healing the to ma. 
10 ,_. .. Ip would cause n to be uiducd 
and discoloured into a dark-reddish. 
disagrenblt colour, losing the savory, 
dt"!1gh1ful colour of natural tomato. 

Conccarntcd tomato pulp is ho
mogenized, rhcn pen an addirion of 
salr, sugar. spices and other ingredients 
in the Seasoning room, to ~vc the 
tonuro pulp the fla..o.:r associated with 
tomato ketchup- The product is next 
filled into bonlcs, then packed into 
dozen or gross canons for shipment_ 

The deKription given abo•e generally 
summarizes the processes in•olvcd in 
the m:anufacrure of romato ketchup. 
But while some manufacrurers may 
process their entire srod.: of romato inro 
ketchup at a stroltc, some may process a 
part or all of their tomato into primarr 
pastc, ronuro pulp or ronuto puree, and 
funlter process these stocks into tomaro 
kerchup in accordance with marltec 
demands_ 

The entire process. from the charging 
of to:r.ato into the Washing and Sorting 
Machine to rhe bottlini. nf kcrchup, is 
consummated in a proccssirg cycle 
requiring only about 30 minutes. And 
to process fresh romaro inco kcrchup by 
the process dcscn'hcd above, rhc plant 
will operate for about 40 days/year, of 
which roughly 10 · days will require 
planr opcnrion for a full 24 hoursfday. 

1) CoUecrion 
Ripened tom.no is harvested and 
collccred ac the plant dunng the day_ 

2} O.arging 
Collected comato is charged into the 
washing line_ 

3) Washing 
Din and oeher foreign matter ,.-, 
remo•ed from tomato by W•~hir.~ 

and bubbling. 

4} Sorting 
Good tomato is selected hy rcmoVlnF 
rorrcn. crushed or unripened tomato 

S) Ouhing 
Tomalo is c;ushed whole 

6) Concentranon 
Ton.ato pulp is conccn11•1ed inu•nt 
ly by one tlurd 10 vo!u me. to the 
prescribed denmy 

7) Fihration 
Tomaro peel and seerl •re removed 
here. 



8) Homogmizacioa 
Tomato pulp is homogenized. 

9) Flawouriac 
Salt, sugar, distillation W.cpr, spic· 
a, etc., are added. 

10) Bocdmg 
ICetchup is 6llecl into bottles. 

11) c.ooliac 
Quick<ooliag is done to ialaibit 
'faality dctnioracion due to tempera
ture changes. 

Exaenple of Tomato 
Ketchup Making Plant 

Produccion S<Mme 
Here, an inuoduction shall be pen 

of a tomato ketdaup making plant 
ha.U.g a production capacity of 400 
tons/day. 

11ais plant is designed to operate 
about 40 days a year, with 10 days of 
work done continuously round the 
clock and the remaining 30 days of 
work done. under a 12 hoanlday 
schedule. 

Tables I, 2, 3 an 4 show respecO.ely 
reqLired machinery and equipment, raw 
materials and utilities, manro-r. and 
area for plant site. 

Table 1: Re1uired Machinery 
and £.tuipmcnt 

Item No. 

Tomato chargins machine I set 
Tomato washing and 
soning machine . . . . . . . . . . . . I set 
Continuous concentracor . . . . . . I KC 
Filter .•................. I set 
Homogenizer . . . . . . . . . . . • . . 1 set 
Scasonins miur . . . . . . . . . . . . 1 sec 
Bouling machine . . . . . . . . . . . 1 sec 
Cooler • . . . . . • . . . . . . . . . . . J Kt 
Labeler . . . . . . . . . . . . . . . . . . J Kt 
Packins machine . . . . . . . . . . . . J Kt 
Water crcatmcnc facility . . . . . . . J set 
Boiler . • • . . . • . . . . . . . . . . . . 1 set 

FOB price .. (approx.) SUS 1,905,000 
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Table 2: Rc.iuiml Raw Materials 
and Utilities 

,_. _.......... sao _,..,, 
s.pr ................... _ 
Sole················ .... _ • ..................... _.... 
Spica ...••..••••••.. ---· 
......(4001c..._J .. IJ.250.llOO,._,,_ 
Elecllic,... . . . . . • . . . 2.1100 lWW4ay 
·- ............... 500....u.r Fwl,._..., ......... S-.Ma, 

Table 3: Rcqair-cd Maapowu 

Item No. 

Engincu................. 1 
SkiDcd worker . . . . . . . . • • . • • S 
Unskilled worker . . . . • . . . • • • 20 

Total .....•.......••..•.• 26 

Table 4: Re41uir-cd Arca for Plane Site -leiAop ............... ' ..•.... l.720 -· 
.._._. ........ 4S •a 50• • l.250 •' 
...._. __ .._ ... l0•al0••400•1 

..... - ........ 10••7••70•1 

............................. 6.600•' 

Locational Condition 

For che reasons descn'\ed earlier, chc 
plaut should be constructed as close as 
pouiblc to a comaco aalcintion centre, 
and ac a place affording an ample supply 
of &ood water. And since the plant, by 
iu nry nature, is operated a: full blast 
for a shori span of time at a specific 
season. chc location should permit 
easy procurcr.1cnt of cheap lab.our. In 
addition, it 1hould be situaced as close 
11 pouibk co consumer markets, 
although this. may be unnecessary in 
countries where transportarion facilities 
arc adnnccd, for the product with· 
scands long preservation. 

~ .. 
L ... 
" 

Bottling 

• This infonnaiion hu been prepared • 
: by the: Japan Consultins ln~titutc : 
: (JCI) and rc:produc:ed by UNIDO : 
• with special permission from JO • 
: Further reproduction of chis doai· : 
: ment without permission of JO is : 
: prohibited. : 
: Any inquiry abouT rhc: information : 
• contaillC'd should be scnc 10 • 

: IOICOOP, Rc~istry file No. IDf: 
: 562112, UNIDO, P.O. Box JOO.: 
• A·l400Vic:nna, Aumia. • 



-102-

APPENDIX 10.1 

How To Start Manufacturing Industries 

FILE: 03 
ISIC 3819 

Canning Plant 
Preservation of foodstuffs has 

been conceiwed as an art of liring e-·er 
since the dawn of human history. At 
present. wuious methods of preserving 
food can be cited, such as canning. refri
geration, drying. salt-pickling. sugar
presern.tion and smoking. Howenr, 
from the riewpoint of preserYation, 
transponation, sanitation and economy. 
canned food can be said to be the most 
ideal as compared with food prepared 
by other methods. 

11ae canner is defined as a person 
who manufacures canned food for sale. 
In actuality, hOWCYer, canners do not 
manufacture the food contents of cans 
ROI' do they sell the conuiners. What 
they produce is quite different from 
food which is merely put into cans. 
In other words, they incorporate the 
contents with the can by a special 
process to produce merchandise known 
as canned food, which is ciifferent from 
the mere food contcnu or the con
tainers. 

Manufactured goods represent a 
special function created by a new com
bination. What is sold as canned goods 
is nothing but the result of the func
tion. 

11ae main features of canned mer
chandise arc: ( 1) ability t"> withstand 
long term prcSCrYation a11d transpona
tion; (2) simplification and sanitation 
of cookery and (3) processing feasi
bility (canning adds to the taste of food. 
i.e., fruiu, syrup-preserves). 

In laying down the conditions for 
determining the scale of the plant, the 
following points should be taken into 
consideration. 
(1) Whether the product is suitable 

for mass production from the 
technical viewpoint. 

(2) Whether the purchase of the 
same or similar product can be 
carried out continuously and.. ;n a 
large quant:ty. 

(3) Whether the sale of the same or 
similar product can be realized 
contim:ously and in a large quan· 
tity. 

General Process 

The canning process begins with the 
filling of food into a cin-can followed 
by the seaming of these containers, and 
the final process of sterilization under 
heat. In other words, seaming is done 
to/revent ai.r-now bcrween the t\Utsidc 
an the inside of the can, thus prevent· 

ing bacteria from getting into the can. 
Whereas. sterilization under heat is 
designed to decimate any bacteria 
inside the can, thus repressing the action 
of bacteria in and out of the can, which 
causes decomposition of canned food. 
In the cur: of canning. air exhaust is a 
noa.nal process interposing between the 
seaming and steriliution proceucs. In 
the case of bottling by machines, 
exhaust, heating and sterilization opera
tions arc done separately, while 
simplified bottling adopts. in normal 
cases, a single heating method in which 
air exhaust and sterilization are done at 
the same time. It is to say that the 
main process in canning ..nd botding 
can be summamcd in the three 
processes of exhaust, seaming and 
sterilization. 

The manufaauring process of can
ning is uniform except for some dif
ference in the cooking process resulting 
from the kind of raw marerials used. 

R<JW Materials 

In manufacturing canned food, a 
wrong selection of raw materials may 
affect the final product, no matter how 
carefully the subsequent process is ex· 
ecuted. In using marine food. it is 
necessary to judge the degree of fresh
ness when processing because of che 
easy deteriocation of the material. 

To cope with this, various physico
chemical studies have been conducted, 
such as refractin index mcasur£ment 
of the fixed quantity of decomposed 
product of meat albumen or eye-bal 
liquid. 

With regard to agricultural raw 
materials such as fruics and vegetables 
materials of proper maturity musi be 
used as they are indispensable for pro· 
cessing. 

Example of Canning Plant 

There are numerous kinds of canned 
foods, such as sea-food, fruits, vege· 
tables, live stock products, soups and 
others. However, an eumple plant wirh 
• daily output capacity of 4 50 cans of 
boiled sardine (No. 4 can w 4 dozen) 
is taken up in Yiew of the raw marcrial 
collection situation. 

The first faccor which mus1 be uken 
inco consideration in the installation of 
a plane, is the collection of raw mate· 
rials, and in particular, whether a sup· 
ply of identical or similar types of fish 
can be obtained. It goes without saying 

Vacuum seamer 

that the supply and purchase ol nnrn 
cans at a distant location is uneu>110lft• 
cal in regard to freightagc. In th~ uv 
of a cannery, a plant having a ptndu• 
tion capacity of 450 cases per da? 1.tll• 
in the medium and small-scale u1r11or• 

Process Description 

1. Adjustment of Materials 
1) Cooking 
Cut off the fuh-head and pcc:eoral 
fin along the diniventral line diagonally 
with a small carver, and take out die 
bowels gendy so as nor to rear off thr 
bowel tip. Cut the fish from into 9-10 
cm length for the No. 4 can, 8 cm for 
th£ small No. 1 can, 11-14 cm for thr 
oval can starting from the n£ck. 

2) Washing 
Af:er cooking, the fis~. is washed to 
removt blood and scales. Washing is 

done by water chute or a tank. 

3) Salting 
The fish is then drained, and soaked 
into salt water of B 18 . Fatty fish of 
90 g in weight are soaked for abou1 
25 min., while thin fish must be taken 
out of the water in good time. Salting 
has che effect of ~ving fish a salty taste, 
strengthening the skin, removing blood, 
and rrevcntmg the growth of curd in 
the product. After having been salted, 
chc fish undergoes rough washing with 
plain water or weak sah water. 



2. Filling 

Prior to filling. the fish is -ighed. 
When fdlia& half-cut fash as in the case 
of the analT No. l can. it is desirable ro 
pur in an equal quantity or head and 
WI. CK to fill more head than tail. 

VAen there is direct filling without 
undetgoing the salting procas. refaned 
salt is added to the amount of 2-2.5 g 
for the small No. l can, on condition 
that the degree of freshness of the raw 
materials is exceedingly high. If fresh
ness is low. salt water will tend to cause 
contamination. 

J. Steaming 

Materials seamed by a nnaum 
sumtr do not usually go through this 
process, though many planu are ac
cust-d to employing this process. 
Failed can are arranged in a steamang 
basket wida an open worlt bonOID. 
Baskets are piled one on top of the 
orher in -ral layers. placed on a 
small rack, and then sent into a cur· 
ncl-lilte exhaust box. Mosr of the 
steaming baskets in use arc made of 
wood, the size measuring 47 11: 47 cm, 
and capable of accomodating 36 No. 4 
cans or 725 small No. 1 cans. It is 
prefcned rhat the edge of the steaming 
basket h:u a height about 1 cm higher 
than that of an oval No. 1 can. 

4. Seaming 

Before seaming. each can musr be 
-ighcd in order ro prcYenr shortage of 
-iglit. 

After seaming, the cans arc fed into 
a jct-spraying can washer for cleans
ing with a neutral cleanser. Then they 
are rinsed wirh plain water to be tran.s· 
fcrred to a bultct type retort. 

5. Sterilization 

Seamed cans undergo sterilization 
immediately. Unsreamcd cans musr nor 
be: left untouched for long, because 
the: quality of rhc: producr will dc:rc:rior· 
arc:. 

Srcrilizcd fish is cooled in the wa1cr, 
and is filled in a clean-wiped can. 

Table: 1: Standard of Canning Boiled 
Sardine: 

Can type Sardine: weight Gross-ighr 
(g) (g) 

No. 4 350 425 
Small I 125 155 
Oval I 320 425 
O..al 3 150 215 
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Required Amount of Raw Marterial 

The required amount or r:aw material 
Yaries according to the size of the fish 
and the dehydration amoun~. The 
standard amount is as sho- in Table 
2. 

Locational Condition 

'11ae cannery planr is usually built 
where r:aw material is produced. Jn 
any case. the sire must han the condi
rioca of aYailabilicy, in necessary a
mounts, of a cheap supply of high 

Table 2: Required Amount 
of Raw Material 

C..on- --"" T.U. .... (lisJ .... .,, ..... •-JJ u .• _.,, __ , ,._. e.n .... .,,-.... •-JJ u 
.... .,,_ .... J 15-16 e.n 

Table J: Required Mact.incry 
and Equipment 

.................. __ .. __ 
--...... _ 
T .... ._...._, ,._ ._ __ 
c..-...--· -._ __ 
_.. .. ___ __ 
.... ..,_ .... ...... , .. __ .... _ .. __ 
T~•-.... .,...,_,... ..... _ ..... 
0-...... .....,~ 
a... ..... ~~---........ __ ..... --, ....... -·----•--..-r-. 
.. __ 
.._. ... _~ --·-------_ .. 
, .. ~.....__ ---

... 

' ' -

. 
• .. 
• 
' 
' ,, 
' .. 
' • I 

' .. 
I 

... _ ... ......, ... ._.., ·-··--
Process Flow Sheer for Canning Planr 

Coolung (head curring. disposal of guu) 

' Washing 

l 
Salting 

' Filling - · • • · · - - Em pry can 

' Liquid filling 

' Seaming -- .•.. Marking- -Can ends 

S iii. . cer 11:111on 

quality raw ~tcrials in terms or borh 
freshness and maturity. Howcnr. as 
C(llftpared with perishable foods, can
ned-food producu can be easily pre· 
serYed and transponcd. 

Factors constituting locational con
diriocas can be roughly diYidc:d into 
natural, economic and other factors. 

The total requirement of the plant 
site area is 4,180 m 2 including 1.913 
m 2 of Rooc area. 

Raw Materials and Utilities 

Raw material fuh should be dcliYCr· 
cd to the plant whrnCYcr they arc: used. 
When they must 0c stored, 1hcy arc 
put into a freezer. It is desirable tha 1 
the empty cans to be used should be 
supplied at the dcsind time. If they 
arc not, howncr. it is desirable: to 
maintain a dose contact with die can 
making factory so that cans may be 
drl.iYered on the preYious day fCK 
storage in the cannery plant. Required 
amount of raw materials and utilities 
is shown in Table 4 . 

Table 4: Daily Rc:quiremcnr of Raw 
Materials and Urilitici 

Item Quantity 

Materials 

Sardine . . . . . . . . . . . . . 15 tons 
Table salt. . . . • . . . . . . . 500 kg 

Empty can (No. 4 j. . . . . . 4 50 c/s 

Utilities 

Electric po-r . . . . . . . 75 lcWh 
Fuel (C standard) . . . . . . 200 £/hr. 
Water . . . . . . . . . . . . . . 150 tons 

Table 5. Required ~npowcr 

Item No. 

Technician .. 3 
Male worker. . . . . . . . . . . . 25 
Female worker . . . . . . . . . . . 80 
Senior clerical worker. . . . . . . I 

Assisrant clerical worker . 2 

Total . . . . . . . . . . . . . 111 

• This information has been prepared • 
: by the Japan Consulring lnsrnurc : 
: <J_CI) and reproduced by UNIOO : 
: w1rh special permission from JCI • 
• Further reproduction or rh1s docu· : 
: rnent wirhour permission or JCI IS : 

: prohibircd. : 

: Any inquiry about the information : 
: conraincd should be sent ro: • 
e IOICOOP, Regiscry file No. ID/ : 
: 562112, UNIDO, f'.O. 8011 JOO.: 
• i\·1400 Vienna, Austria. • 
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PllOCESSINC BT HEAT srER.n.ttATION 
PAST~IZATION PROCESS 

TABLE 158 

415 

CAllNF.0 1'UOO:C wtTK A pK OF USS T1CAfC -4.5 (ACID FOODS) AND TKElll pH VAWES 

_._-:..p_H Value 
Canned Producl Ave. Min. Max. 

Apples 
Apple sauce Ar::u 
B ~es 
Blueberries 
Cherries, black 
Cherries, red sour 
Cherries, Royal Ann 
Cranberry sauce 
Grape juice 
Grapefruit juice 
Lemon juice 
Lo can berries 
Orange juice 
Peaches 
Pears, Bartlett 
Picldes. fresh cucumber 
Pickles, sour dill 
Pickles. sweet 
Pineapple juice 
Pluma, Green Gace 
Plums, Victoria 
Prunes, fresh prune plums 
Raspberries, black 
Raspberries, red 
Sauerkraut 
Strawberries 
Tomatoes 
Tomato juice 
Tomato pur~ 

3.4 
3.b 
3.9 
3.5 
3.4 
4.0 
3.5 
3.8 
%.6 
3.2 

. 3.2 
2.4 
2.9 
3.7 
3.8 
4.1 
3.9 
3.1 
2.7 
3.5 
3.8 
3.0 
3.7 
3.7 
3.1 
3.5 
3.4 
".3 
4.3 
4.4 

STERILIZATION PROCESS 

TABLE 159 

3.2 
3.2 
3.4 
3.1 
3.3 
3.8 
3.3 
3.S 
2.4 
2.9 
2.8 
2.3 
2.7 
3.S 
3.6 
3.6 
3.5 
2.6 
2.5 
3.4 
3.6 
2.8 
2.5 
3.2 
2.8 
3.4 
3.0 
".1 
4.0 
4.2 

3.7 
".2 
4. 4 
4 .0 
3.5 
4 .2 
3.8 
4.0 
2.8 
3.7 
3.4 
2.8 
3.3 
4.0 
4.0 
4." 
4.3 
3.5 
3.0 
3.5 
4.0 
3.1 
4.2 
4.1 
3.5 
3.7 
3.9 
". 6 
4.4 
4.6 

CAICHED POODS Wtnc A pH Gll£ATEll THAN 4.5 (LOW 'CID FOODS) Atolb n.Elll pH 

VALUES 

Canned Prod11ct 

Asparacus. creen 
Asparacus. white 
Beans, baked 
Beans, green 
Be.ans, lima 
Be.am and pork 
Beans, wa1C 
Beets 
Carrots 
Corn, w.c .• brine packed 
Corn. cream-style 
Fies 
Mushrooms 
Olives. ripe 
Peas, Alaska 
Pe.u, sweel wrinkled 
Potaloes, sweet 
Potatoes. while 
Pumpkin 
Spinach 

____ pH Value 
-Ave. - Min: ···--Max-: 

5.5 
5.S 
5.9 
5.4 
6.2 
5.6 
5.3 
5.4 
5.2 
6.3 
6. 1 
5.0 
5.S 
6.9 
6.2 
G.2 
5.2 
:;.~ 
5. 1 
5.4 

5.4 
5.4 
5.6 
S.2 
6.0 
5.0 
5 ., 
5.0 
5.0 
6 1 
5.9 
5.0 
5.S 
5.9 
G. {\ 
!j. 9 
S. l 
r. .4 
.C.8 
S.\ 

5.6 
5.7 
5.9 
5.7 
6.3 
6 0 
5.5 
5.8 
5 4 
6 8 
6 3 
5.0 
5.9 
8 0 
6.l 
G.!i 
5 4 
5.6 
5.2 
5.9 
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How 7b Start Manufacturing Industries 

Concentrated Fruit Juice Making Plant 
Modem commercial produ~ of 

fruit juice first began in Switzcdaad in 
1100. Grat dnelopment began in 1918 
after World War I. T1ae imporuace of 
fruit juice as military food supply was 
recopized from dae war upemace, 
ud interest in fruit juice heightened in 
the U.S.A. and Europe. 

From 1925, mus production offruio 
juice began in the U.S.A., and since 
dam, both technology and YOlume of 
pll>'Juaioa greatly exceeded that of 
Europe. ALn.ut all production technol
ogy being med today hawc bttn dcwcl
oped ia the U.S.A. 

In 1921 the hoc packing method, 
whereby juice is scaled in cans and then 
puuarizcd by heating. was dncloped 
ia the U.S.A. Grapefruit juice and grape 
juicE appeared in the market; then, 
tomato juice and orange juice also ~p
pcared in die market. T1ais method of 
pasccurizing continued up to 1937 when 
World War II was broken out. Up to 
this time all juice producu were treated 
at chc sute of nat11ral concentration, 
bt:t ia 1940 canned concentrated orange 
juice and gnpe juice appeared in the 
U.S.A. market. Concentrated fruit juice 
wu packed in containers and pastcur· 
iud by hearing. In 1945 frozen con
cenmted «ange juice (FCOJ). which 
was dneloped and popularized rapidly, 
appeared sucessivcly. 

In 1974 there were 24 plants in Ja· 
pan operating on intcrnationaUy indus
trial scale; At present, Japan is second 
only to the U.S.A. in production of 
FCOJ. However the consumption of 
FCOJ in the U.S.A. is 21.8 kg per 
capita, whcrcu the con1umption in 
Japan is 3.6 kg (onc-siuh of 1hc 
U.S.A.). 

Table l: Production o( ~angc-a11d 
FCOJ in Japa11 

Year Orange FCOJ 
(ton/year) (ton/year) 

1965 1.330.000 3.213 
1970 7.507 
1975 3,670.:JOO 46,644 
1978 -'.S00,000 65,000 

The consumption of na1ural frui1 
juice and fruit drinks 1n Jap!'n in 1970 
compared with that of 197:, show11ha1 
the former increased by 23 times while 

the lancr increased by 14 rimes. T1ac 
remarkable adnnce of manufacturing 
tcch-logr, the use of composite cans, 
and the appearance of chilled juice fdlcd 
in pure pack paper containcn also 
hdpcd pcomotc the growth of fruic 
juic-_ On the other band, the methods 
of cut-back and add-back were employ
ed to impn>ff the ttuality of fruit juice. 
T1ac tcdlaology of storing FCOJ in huge 
tanks and the t!!~ of containcn for 
transporting at n~I temperature also 
helped pcoeocc the dnclopment 0£ the 
fruit juice iaduscry. 

Example of Concentrated 
Fruit Juice Making Plant 

Generally thecc are two kinds of fruir 
juice treating plants: fro:tcn concen
trated fruit juice manufacturing plant 
anci fruu drinks manufacturing plant. 
In the fo:mcr, juice is squeezed out 
frc.m fruit; this juice is concentrated to 
one-fifth by a •acuum concentrator; chc 
juice is cooled down to -8 degrees C; 
the sherbet-like fruit juice is packed in 
composite cans or larrc cans and further 
cooled down to -20 to -30 degrees C to 
produce frozen concentrated fruit juice. 
Frozm concentrated fruit juice in com
posite cans is sold, and frozen concen· 
tratcd fruit juice in large cans is used as 
raw material for fruit drinks. In the 
latter. frozen concentrarcd fruit j-.;ice 
1s used as raw material, and syiUp, ciuic 
acid, colouring matter, pulp, and car· 
bonic acid gas :uc added, as required, 
to produce various kinds of fruit drinh 
These drinks prepared arc packed in 
bottles. plastic and paper containers and 
sold as products. 

A description will l.e given for FCOJ. 
However, ii mus1 be understood tha1 
there arc all son1 of fruit: orange, apple. 
grape, to~a10. pineapple, passion frui1, 
banana. c1c. The ingredients of juice .re 
different accordin~ to the ltinc:l of fruit, 
and so, u a matter of course, 1hi: ~•Cal· 
1ng proc.:nes arc different. Ir is ciifr.i:uh 
10 describe each proccu, so description 
will be limited to the mcsi rcprcsenta· 
ri•c orange £rui1 and j11ice trcatmcnr. 

The plan1 gi•cr. .n chis descriptio:t is 
capabl<! of trr .. 1ing 6.000 kg/Jiour o( 

orange frui:. The prnluction of juice 
55° Bri·. FCOJ is S52 kg. Al,o 1,500 
kifhr..ur of ped and 1,462 It~ of pulp 
nn be produced. : .c:proccuing of rhc 

latter by-producu can be utilized for 
production of cattle feed and for others. 

Manufacturing Technology 

The - important technological 
point in fruit juice AYnufacturing is 
how to treat rhe fruit withouc losing the 
natural flawour, colour, and taste of the 
.xiginal fruit. From this 'l'icwpoiat an 

explanation will be made concer.1ing the 
superior poiats of FCOJ product, the 
cut-back method, the add-back method. 
and the ncuum concentrator. 

1) PMteuriaed coaceauaced fruit juice 
and &ozca coaceauaccd fruic juice 
T1ac ma..ufacturing of pasteurized 

concentrarcd fruit juice and frozen con· 
ccatratcd fruit juice arc cMTicd out by 
almost same process. T1acrc arc some 

differci:accs, hoWCYU, in the storage 
temperature, the concentration temper· 
aturc, and the number of times of I.rat 
treatment. 

In the former, cnzym which c!ccom· 
poses pectin is thoroughly inac1i•atcd 
and sufficient pasteurization by hellr 
treatment is done to sterilize harmful 
microorganisms. Since pasteurized con
centrated fruit juice is sco,cd at around 
4 degrees C, higher than its own frC'c<:ing 
temperature giffn, treatments should be 
d"nc for the preservation of the quali;.y 
of fruit juice. Therefore dcair.ng and 
pasteurizing before concentration arc of 
coi:rse necessary, and alw pasicurizing 
ai;ain after concentration is necessary. 

The latter, on the other hand, docs 
not require repastcurizing af1er con· 
ccntration because the st-:>ring tempera· 
turc (-24 degrees C) is lower 1han its 
own freezing ccmreraturc. Accordingly, 
there is no deterioration in quali, y due 
10 1he abon heat trcaimcn1. A1 frozen 
s1oragc al 1hc lower tcmpcr<llurc 1han 
-18 degrees C, there arc no fading ar:d 
.:hangc in cobur tone, no change in 

flavour, no lou in viumin C. CIC. Ac 
cording to a report from rhc U.S.A., 
inc subili1y of flavour lasccd for 7 SO 
days, and the subili1y of colour lasied 
fo 275 day1. 

2) Cur·back and add-lnck 
During chc ncuum conccn1ra11on .ir 

low 1cmpera1ur.e, the fresh flno\lr o( 

raw fruu j\licc tench 10 be los! bccaus~ 
of 1he bss of Yolatilc aror11a. 11 has bt'cn 



~ daat dais call be tatami 
m&icitadf by addiaa a tuiah~ amouat 
of &ala raw fnail jaicc. 11ais is dae cut
back medaod wbich is cOftftd by 1948 
Amaican patent (U.S.P.) No. 2.453109. 

Accordiag to this medlod. fruit jQiu 
is coaceacrated to SS - 6S

8 
Brix;diiea. 

7 - 10 ~ fresh raw fruit juice is 
added to make 42• Brix. At diiis Bri&, 
the wlaok fruit juice will aot be frozm 
accasarily at -18 clcgrea C:. By acLliag 
as much approximately three time qua
lity of wucr, sucrote will bccoaK 15 
Ice ayscal will dissoM ia the -ur. 
and the fcclmg of coolnca at diiis tcm

pcratuR will be just riglat few clrinkiag. 
la the U.S.A. 170 cc caas aad 35S cc 
cam arc producecl few la- asc. ffouse. 
wiwa pmchue laugc qaaatihcs from 
supa markets aacl always keep a stock 
in the home frcaa-rcfrigaat«. T1ic 
fruit juice is di111wl to daru times by 
-ur aacl scncd whca acedcd. 

In tlae add~aclt method. late ircasoa 

fruit is lccpt in cold storage aacl milted 
with acw crop the following year to 
restore the Oawour aad to adjust the 
ratio 0: sup to acid and the toac of 
colour. Ccncrally, FCOJ is de&oaed by 
.a defroaer and milted ia the concm
tntor. Another method is to ftCOftl' 

essence 'ncl n:tum it to tht: concentra
tor. 

J) Vac1A1111 concentrator 
Almost all concenuaton used arc uf 

the ncuum type. There might he some 
deterioration in colour, o._,., taste, 
etc. of fnait juice ncn in a lacat treat· 
meat at the rcducccl praaure by the 
vacuum concentrator. Theftforc, chc 
rcquisitn of a concencracor arc that the 
cva~cing temperature lnUSl be low 
and that the cime required cc. pus 
through the conccnuacor must be short. 

There arc warious types of conccntra· 
con, buc the most widely ut<:cl types at 
present arc the .,lace type a11d che faUing 
film type. Both arc high temperature 
shon time cliscillacion types. The napo-_ 
racing temperature ar the inlet is 70 -
80 degrees C, and the temperature at 
the oudct is 4 5 - 50 degrees C. The 
time rcquirccl for full concentration is 
within three minutes. The time is shon, 
and so there arc no 1011 of Oavour, loss 
of Y1tamin C, and change in colour 
.:aused oy microorganism. 

111 chc place type there is some 
scorching when chc fruic juice contains 
abu"d""' pulp, and ic is disadnncagcous 
for long running. The falling film type 
can be run for long houn and the 
thermal efficiency is somewhat superior. 
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Process Description 

A geacral oadi.e of the manufactur
ing proc:as iaducling FCOJ is giwcn in 
Fig. I. 

l) Raw material ia11alcing 
11ac nw material is transported to 

plant :ad ..aghed - a scale. 

2) Storqe 
11ae raw material is kept ia storage 

and, whm llCCICSAlj, it is acnt to the 
succcecliac pruc:as by -1 of a stream 
of waur. Earth, ...l, and otlaer foreign 
matters arc washed off at this time. 

3) Wuhiligaadliculaing 
11ae RW material fruit wlaicla has 

tnwdled daiougla the stttam of water 
and which laas Dea lif~ up by the 
bucket c:oawc7• is ant to the 6m 
-.laing caaL 'l1lc coawf WU and 
chanic.J oato d.c ..nacc of the peel 
arc wulaed off wida detcrgcat, and the 
fruit is sent to the accoacl -.laing tank. 
ne nw material &uit is -.heel with 
dcccrgenc again ia the second washing 
canlc; then, it is cransfcrred by the 
buclccc comeyor aacl sent co clae brush
ing COllftJOI'. Ancl then brushing is 
carried out by a rnolwing brush of roll 
cype. there. 

4) Scrccains 
The fnaic wlaich is carried on the 

.aecning conftJ'or is spnycd with fresh 
aacl dean water at the inlet of the con
•cyor, ancl dUcucd fruit, grun fruit, 
old fruit and damaged fruic arc talccn 
away by worlccn lined along the con
ftj'or on both Iida. 

S) Scalder 
nc raw material fruit from precccl

ing process is transferred to the scalder 
by the buclcct conwyor. The scalder is 
a horizontal 1ype cylindrical rc.ol•ing 
drum, and 1he raw material fruit is 
heated in chis drum by steam £or ap
pro11:imaicly one minute. Thus, the peel 
is sof1cncd co make peeling easy. 

6) Peeling 
The raw material fruic which has lefc 

lhc scalder is sent co 1he peeler mounted 
on a stant by the bucket con•cyor. Herc 
the raw material fNit is clauificd inco 
large, medium, and small .Ucci frui1; 
1hen, chcy arc scpan·•cd inco peel and 
peeled frui1. The pul is sent 10 chc 
hopper by the conftyor, and the peeled 
fnii1 is dropped into chc hopper of 1hc 
juice euracror by a scpar11c conwcyor. 

7) Jaicr extraction 
11ae peeled tiuil is charged into die 

claoppcr-pulper. The &uit is choppccl 
into small pieces by the chopper. T1tc 
pulper consists of a cylindric.al screee 
with 1.5 mm pcdocations and duce 
pacldlccl rotating inside. Herc the peeled 
&uic is crushed ancl, with centrifugal 
force, it is 61ccrccl through the saeca 
ud separated into fruit juiec and pulp. 
The fruit juice is acnt to the fuaishcr, 
and coarse pulp, 6brc, and seed art 

rcmOftcl by a 0.5 - <'.8 mm scrcn to 
produce dear fruit juice. 

8) Dcairing 
The air and ps milted in the rn ... 

arc climinatcci by sp:aying the fna• 
juice in • qcuum chamber of dw 
clcacntcx. nc objcctiwe is to prn-1 
biwling of microorpnism, to ptt9WI 
oxidation of the oil ia juice, and to 
~t the loss of Yitamin C. n.-. 
and colour. 

9) Pasteurization 
Instantaneous pasteurization ii •

by heating in a place heat c:1:ch.ai:acr a1 
93 - 9S degrees C for about 15 - ?O 
seconds. Miaoorg:anism is pasccurvcd 
and It the same time, pectin cleco1n 
posing cnzym and Yicarnin C OJ1:id111111 
cnzym arc dcactiwaccd '" prcwcnt dcH 
riontion of the quality. 

10) Separation 
fine p.alp is scpatatccl by a cenuJu 

pl separator to produce clear fruit 
juice. 

11) Conccntracioir 
Vacuum conccncracion is done up co 

55• Brill by chc •acuum cnporator co 
get fruit juice concentrated to one-fifch. 
T1te cwaporation temperature is 66 - 4J 
degrees C. 

12) Blending 
The 55• Bti11: concenlratcd fruit juice 

is puc into the blending cank and. 1n 
order lo restore the Oa•our and colour 
lll mcncioncd earlier, 7 - 1~ of raw 
fruic juic11 is added as cue-back 10 ge1 
42• Bri11: fruic juice. 

1J) Coolinc 
The blended frui1 juice is scnl 10 the 

slush freezer immediaccly and is cooled 
down lo -8 degrees C bv lhe cooling 
medium of a freezer ar:d is made into 
sherbet-like juice froun. The freezer has 
a freezing jackC! on chc outside or the 
horizontal cylinder and a rc•olving rocor 
.and scraper on chc inside of che horizon-
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w cyhdcr. 11ae fruit juice 6- by 
die mediam in the freezing jacket is 
soaped off from the inside -n of the 
cylinder by the scnper. 

15) Frcaing 
After 6lling in containas, th< con· 

centratcd juice is sent to the freezing 
unit. TH concentnted juice is frozen to 
-20 degrees C .x less in approximately 
10 minutes. If necessary, &cczing tem· 
peratun: may be decreued to appro:ici
mately -JO degrees C. 

kept at -24 degrees C and sawed when 
needed. 

14) Filling 
Generally, the piston typt' filler is 

used most widely for filling of juice into 
cans. Composite cans, 18 liter metallic 
cam or drums which are lined with 
double polyethylene inner bags are used 
as containers. The~ containers should 
be decontaminated by thcxough dean· 
ing or ultrniolet ray radiation. 

Item 

16) Storage 
The product which hu been froun 

to sufficiendy low temperatun is sent 
to the storage where the temperatun: is 

Table 2: Reciui.-ed Machinery and Equipment 

Specification No. 

Truck scale . • . . • • . • . • . . • • . • • • • • . • • • • • • • • . • • • • • • • • • • • • . • • . . • • . . . . . . . . . . . . . • . • . . . . . . . . . . 1 
Stonge .••••••..••••••.••••••••••••••••••••••••••• •.• • • . . • • • • • . • • . . • . . . . . • . . • . . . . . . . . . 1 
Bucket coanyor . • • • • . . . • • . • • • • • • • • • • • • 0.4 kW each • • • • • . • • • • • • • • . • . . • • . • • • • • • • • • • • • . • • • 5 
Primary .--iag tank • . • • • . • • • • • • • • • • • • • • fresh water consumption 4,000 2/hr • • • . • • . . • • • • . . . • . . • . . 1 
Pump . . . • . • . . . • • • . . • • • • • • • . . • . . • • • • • toul of 6.6 kW • . • • • • • . • • . . . . • • . . . • • • . • • . • . . . . . • • . 3 
Ultra screen . • . . • . . . . . . • • • . . • • • . • . • . • • • • • • • • • • • • • • • • • • • • • • • . . • • . . . . • • . . . . • . • • . . . . . . . . . . 3 
Water tank • • • • . . • • . • . . • . . • • . . . • • • • . • • • . • . • • • • • • • • • • • . . • . . • . . . • . • • • • • . • . • • • • . . . . . . . . . • 3 
Circulation pump • • • • • • . • • . . . • . • . • • • • . • • total of 4.S kW • • • . • • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 3 
Secondary washing tank . . . . . . • . . • . • • . • . . . . . . . • • • • . • • • • • • • • • . • . . • . . . . . . . . . . . . . . . . . . . . . . . . .. 
Roots blower • • . • . . . . . . . . • • . • . • • . . . • . . • 1.S kW ••••••••.••.••.•...••.•..•...•.••. , •..... 
Brushing con.eycx . . . . . . . . . . . . . . . • . • . • • • 0.75 kW, fresh water consumption 16,000 2/hr • . . • . . . . . . . . . . I 
Screening conweyor..................... • 1.9 kW, fresh water consumption 8,000 2/hr. . . . . . . . . . . . . . . . 1 
Motor-switchboard • • • • . • . . . . . • • • • • • • • • • • total of 2 kW • • . • • • . . . • • • . • • . . . . . . • • . . • . • . . . . . . . . J 
Scalder . . . . • . . • . • • . . • . . • . • . . . • • • • • • • • 1.5 kW, steam consumption 200 kg/hr .•....•...........•. 
Screener . . • • . . . • • • . • . . . • • . • . • . • . • • . • • 1.2 kW • • • • • • • • • • • . • • • . • . . • • . . . . . . . . . . . . . . . . . . . . 
Peeler . . . • • • • • • . • . . • . • . • . • • . • • • . • • • • • total of 10.6 kW . • . • . • . • • . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Peeled peel conwyOI' . • . . . . • . . . . . • . • • • • . • • 1.15 kW • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Peeled peel coa•eyor . • . . • . . • • . . . . • • • • • . • • 1.2 kW •••..••••....••..•..•.......•............ 
Segment con.eycx . • • • . • . . . • . • . • . • . • • • • • 2.2 kW •••..••.•..•...............•..••......... 
Stand .....•.•.•........•......•••.••••••.••.•••.•.••...........•.•..•.••.•.••..•.... 
Screw con•eyc.'I' . . . . • • . . . . . . • . . . . . . • . . • • 14.4 kW ••••••••.•..•.....•........••.....•..... 
Peeled peel ho~~r • . . . . . . . . . . . . . . . . . • . • • • • • • • • • • . • . • • . • • • • . • . . . . . . . . . . . . . . . . • • . . . • . . . . . . I 
Pulper . . . . • . . . . . • • . . . . • • • . . . • • • • • • . 11.0 kW • • • • • • • • . • . . . . . . . . . • . . . . . . • • . • . . . . • . . . . . I 
Pump with ho1- per . . . . . . . . . • . . • . . • • • • • • • total of 1.5 kW . . • . • . • . . . . . . . . . • • . . • • • • • • . • • • • . . . . 2 
Balance tank . . . . . . . . . . . . . . . . . . . . . • • . • . total of 0.75 kW . • . . . • • . . . . . . . . • . . • . • • • • . . . • • • . . . . 4 
Juice circulation pump . . . . . . . . . . . • . . . • . . . 6.75 kW . • • . • . . • . . . . . . . . . . . • . • . . . . . . . . • . . . • . . . . . 7 
Finisher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 .5 kW . . • . . . • . . . . . . . • . . . . . . . • . . • . . . • . . . ..•.•... 
Deaerator ...........................• 

Plate type heat exchanger ..... - ............ . 

Automati-. . oncroUing panel for 

).9 ltW, fresh water consumption 15.000 I/hr, air 
consumption 100 I/hr ........•..•....••••.•........ 
0.75 kW, sceam consumption 480 kg/hr, fresh water consumption 
10,000 I/hr, I degree C chilled water consumption 5,000 I/hr .... 

plate heat exchanger . . . . . . . . . . . . . . . . . . . . . 1.0 kW, air consumption 100 I/hr ......•....••...•.•.... 
Surge unk. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.75 kW ......•....•...........••••••••.•.•..... 
Cenrrifugal separator . . . . . . . . . . . . . . . . . . . . . 30.0 kW, fresh water consum:nion 2,000 I/hr •..••••.•. , .•.. 
Square hopper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . ..... , • • . ....... . 
Pulp circulauon pump . . . . . . . . . . . . . . . . . . . . 0.75 kW ..........•.............•.... , •. , . • . . . . . I 
Storage tank . . . . . . . . . . . . . . . . . . . . . . . . . . coul of 2.25 kW, chilled water consumption 9,000 I/hr ... , . . . . 3 
Blending unit . . . . . . . . . . . . . . . . . . . . . . . . . tuu! of 2.25 kW, chilled water consumption 3,000 2/hr , • , • . . . . 3 
Quick frccur . . . . . . . . . . . . . . . . . . . . . . . . . . 0.75 kW ........•••............. , .............. . 

FOB price of machinery and equipment . . . . . . . . . . . . . . . . • . . . . . . • . . . • . SUS 1,082,000 



(I) (2) 

""'l.25 
(1) ......__.(I) 

£---.. Doainmc 
UJ7....,._. 

(14) (IS) 11• lria 

(t) (10) 

U-tSC 
(1') 15-211 Sec. 

Sa-. Senia 

-JO c -2.f c 

loilu 
Freezer ud e!f11ipmeat r. freezing 

facilities 
Facilities for recciYiag ud clclinring 

deariciry 
Facilibes f• rcceiwiag ud cldiftring 

wuer 
Testing equipa1eac 

Table 4: R.equiml Raw Materials and 
Sal.sidiary Materials 

Dcaeracor 
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Falling fdm rype, double effecriYc naporacor 

• This infonnacion has been prcpucd • 
: by rhc Japan C.Onsultins lnnitucc I 
: (JCI) and reproduced by UNIDO I 
• with special pmniSlion from JC_ • 
I Funhcr rcproclucrion of this docu· : 
I nan wichouc permission of JO is : 
: prohibiccd. : 
: Any inquiry about chc information I 
• contained should be senr to: I 
: 10/CX>OP, Rcpcry file No. ID/ 
: S62/J2, UNIDO, P.O. lox JOO, 
• A·J400 Vienna, Ausaia. 
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APPENDIX 12 

FOOD COLORANT PRODUCTION FROM BEETROOTS 

El 'GESJA SOBJ\O\\'Sh'.A, f:\.\'LTL CZAPSKI. R l'SL-!RD K4CZ.\HREJ\ 

1ECHNOLDGICALJNS11TUTEzrrNOSCll'OCHODZENIA 
ROSUNNEGO {POlAN1JJ 

In the last decades the interest in natural pigments for 
food coloring increases ~ much, as the artificial dyes 

are banned. Several beneficial attributes predestine 
beet root (Beta vulgaris L, ssp. vulgaris var. conditiva 

Alcf) as a good source of industrial produced red 

2' lfl NR. 3 - 1991 

pigment for food. 

The pigment is composed of lWO groups or rcJared 
subsaacu: violet - ml bcacyaains and ydlow 

bc:rmnrhins, which fonn rogahcz- lhc group or bc
Dlms. The .wn bcucyaala or beet root juice is be:· 
aaio. unoumiag about 95% or al ral components. 
Amoag bc:r:machias mis posiUoa is occupied by vul
gmntbin 1be hue or md bca juice depends on rhc 
pmpoaioa of dlCSC lWO compoclCllCS. In COllDISI to 

widdf spcad. pbm kilpai amhocyaaias. bc
alaias occurmcc is imitecf ID thc species bdoaging to 

Camospcrmw 
Sobions of bcrmin ma maximum iglac absor
~ in die Yisiblc Rgioa II 5)7 • 538 nm. whereas 
wlpnarhia ai 476 nm widt a shoialda 11460 nm. 
This is rhc bais of ana1yQal mahods or cscimation or 
bcalaias coatcAL The muimum peak or absorbancc 

is idauical in the range pH l.5-7 .0 for bcanin, and 
4.5-8.S £or wlguandUn. It makes th2t me: hue: of be. 
abins (m contnst lO anlbocyanins) is unaffc:acd :n 
pH nlac or most food. 

1bc: IUl-Yiolct colour of juice: occurs, whc:n rh.: pr• 
porboa or bconir. is high. The hue: Nms lO bloody· 
red af rhc amount of wlguandiin rises. Usually, me: 
pcoparlion of bcania ID wlgaunthin is in the nngc 
1.2-2.0. Howcftr, wlgmnlhin is a mocc labile: pan· 
ncr. ~ lhc docninalion or bcanin is highly de 
siled. In 1 good beet root nricty the: ratio ofbcurun 
101'Ulguanrhin. or more gmcnlly, of red to ~w 
pigmma should be at lcut at the lcvd I .S-1.8. 

As wich many narunl pigmc:ncs, sabiliry of be:· 
alaias is affected by beat. During processing and sto: 
age thc dcgndaUon of pigment occurs, giving shifts 
conrd I shorKr wavdengdi. 

VISUllly, browning or the red colour IS observed 
Amlylially, thc absorbancc in die region of yellow 
pigments rises, mu.Iring in the rcducoon of the: c:alci.; 
bred bcDllin ro wlguanchin ncio to the lcvc:i bclo,,. 
1. 

1bc: range or rhc dcgncbtion depends also upon 
rhc amomu of pigment and on rhc iniUal ratio of bc:1~ 
cpains IO bemandUns (ref. 6). At chc: high lcvd of 
pigmcat and disOna domimrion of bc:ranin the hue: : 
aoc so saoag afl'ccted. and rhc dc:grcc: of dcgndaoor. 
is aouo high. 
Kccpiag in mind lhc features or bculains, rwo main 



pn:blcnas ..... be coasidcrcd in order ., obain • 
~calncanc 

• aa ..,...._ soam of pipaK. i.e. a good warieq 
ofbcamal. 

• ID drcaft-c lb hidogial pcocas. lmal OD the 
k~ olbmbins mbiity. 

In badi mac ddmions our worb were ilrtohed. 

BEET ROOT AS MATERIAL FOR 
DYE PRODUCTION 
Llimacic coridicion or Pobnd.. and pnlr. o! the 
nunhcm pan or die moclcrab: dimab: UQ,. aft 

t~ :ounblc tOr bca root cuhivacion. Howcwct. the be· 
1ibn content in beet rom is inRucnccd lw sewaal &c
••or.<. !IUCh :as , .. ~. wcigh1 and shape or"i:hc IOQ(. m 
.1~ tome irum sawing ro harvesting). the ~dur
ing ~oon :tnd at die amc when tOOCS lllllUn:. as 
,.-df u ~- the hocaculrunl pcxciccs. Much WOik or 
nun~- authors WU clone in these problems (rd'. 7, 12.. 
~ "· UC\. < Inc IS C'Unt: thc qu:alRy uf the bca nxx 
pn:pinoun and die cconom,- ui pcuduaion dcpcad 
~~-on the bmnin conccntmion in juice md on 
thc~~I~ 

These pcub1cms 'fttt also the aim oC am~ 
\"Qll cspaimencs. arricd out in colebonrion wida 
rhru Vcgmblc lkuding Sa0oas (Nochowo. BlkOw 
:ind Dzicbnowicc), situaml in diffamt rcgioas of 
P<Jbad. The su1Jiccu or il"-cscigalion ~ die b«cd
•~ nbt«ts uf bcCI IUOt 6om the cu8caions or these 
Snouns. axkd wilh sfl1'bob N, B aad D, sapcc· 
IJ\~- As die saalr of apcrimeat. lhc o1Jiccts wac 
,...-lcacd .. .;th &wurablc pigment chaaaaisDcs. f'VUf 
,,; man. irum the coUcction or NodlOWO beading 
Imes, ate rq;isccm! as new 'ftrictics, Nochwosli Chro
IJJY, Putnamt.i and Batory well adapccd roe colonnu 
pcuduaion. Thq- mm the demand or high and sabilc 
~I conccntl2Don in juice. enough dflciml yield 
:snd ~ n-bcioa or~ IO bcauachins. 

PIGMENT CONCENTRATION 
INJUlCE 
:\1 the omc of hanm chc bcanin commr in ;lice nr
tCS "' .... tange: 6om 23 lO 180 ~ per 100 l of 
imhteiglw(rci.12, 11).~oannccr.Ac:· 
cunling w F.lbc (m. 7), che awcngc coacatr ofbcu
.:unm 111 rv.·u \"2riccics, W279X W.lOOC and am, 
Qumus un the leYCI l ;a md 117 mg per 100 g of 
ircsh ... , mpcc1ively, whereas die Ei:Jpmn (rd. 
I?) concasns uni! chc half of chc latter amounL 

The pt!."»Cnt conccnc 1s usually much "P in bcCI 
'"'"" trum .::10pcnmcnul culuv:muns lhan (rom nor
:ml honscul1uraJ producDOn. This is due to r:hc face, 
11\ac f2rrnc:rs arc inrcmrcd in high yield of beets of 
!;UOd quahcy for fresh market and anniag indusuy, 
1hcrcforc rhc breeding selection is aiso dircacd on 
!u,..-ti crup ncld and morphology uf rou«. However rhc 
rr:lauon bcn&·ccn roo1 weight and bctaNn content is 
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Tatta. 1 Red pag....- (•.,....cl as mg or belanln) and extrad 
conteftl In relallon '° ... welgllt of the beetrNI (brffcllng obfect from 
... lkollectlon. 1llO crop) 

1 
2 
3 
4 
5 
6 
7 
I 
9 

10 
11 
12 
13 
14 
15 

14 
161 -11D 
190 
197 
217 
219 
241 
m 
212 
ZS7 
317 
320 .., 

16,4 
14.0 
16.0 
16.0 
12.6 
14.0 
13.0 
14.6 
14.2 
13.0 
12.0 
13.0 
12.0 
12.8 
12.0 

-206 
209 
172 
176 
135 
219 
213 
13' 
171 
156 
118 
176 
139 
II 

Table 2 Average content of red pigments (expressed as mg of betanln) 
In bieeding obledS or the c:ollectlon llnes of three Vegetable Breeding 
Slatlons during lhree years of Inter-station uperlment 

Sample Red piglftelC conlel(. mgtlOO ml of juice 

Dziebnowice Batow 

1987 19118 1989 1987 19118 

Slandatd nriefia 
Otqgly cielll-

noczecwony 105 91 111 105 104 
CletWOnY kula 117 114 • 154 115 

Breeding objects 
8-1 - 71 104 129 91 
8-2 96 19 I& 131 • 
8-3 • 91 95 122 98 

N-1 167 140 150 162 162 
N-2 147 120 127 147 154 
ff.! 151 137 102 116 155 
..... 117 157 15.1 191 130 

D-1 105 79 M 121 97 
0-2 109 13 • 116 • 
D-3 114 11 • 11& 106 

cqiavc, as it can be seen in table 1. In conscqucncc 
usmDy processed beer IUOCS conwning no more, than 
4U - 60 mg uf bcacyansns per 100 g. After processing. 
the concencnrcd juice conains noc much more pig· 
mcnr. owing ru processing lusscs. 

In our intci-stalions upcrimcnr ic was possible to 

select chc breeding objccrs (from the N-collcc0on) in 
which the bctanin conccnc was Slc:ady higher than in 
scandard varieties (table 2). 

Nochowo 

1989 1987 1918 1919 

m 111 125 135 
117 140 147 95 

I 
I 

95 106 108 100 
134 104 119 17 
126 113 9' 96 

154 202 178 164 
132 169 131 111 
138 134 214 131 
204 215 167 172 

117 106 105 12 

• 109 125 99 
91 111 106 98 

IFI Nit 3. 1991 lS 
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Table 3 Average crop. pigmenl and eugar yield per hectare obtained In 
the lnter-ataUon experlmenl ( ... l8ble 2) 

Sample Y"llld per hec:are 

Beelroat ol lrade Red pigmenl1 Sugarss 
cllSS 

/qi rltg/ /qi 

Standard nriefies 
Okragly ciemnoczerwony 531 :t 29 59 5J 
Czerwona Kula 505 :t 90 61 52 

Breeding objecls 
8-1 551 :t 35 56 53 
8-2 574 :t 70 60 S2 
8-3 525 :t aa 54 53 

N-1 463 :t 50 76 SS 
N-2 498 :t 74 69 58 
N-3 437 :t 18 66 51 
N-4 465 :t 21 84 57 

0-1 556 :t 35 SS 59 
0-2 533 :t 42 SS 54 
()..3 451 :t:• 46 46 

1 The yield of pigment and sugan were c:alculated on the content in juice basis 

Table 4 Six months storage -... of red pigments (expressed as mg 
of betanln) and changes of the raUo of red to yellow pigments 
(expressed as mg of vulguanlhln) - average value of the Inter-station 
experiment (see table 2) 

Sample Red~ Ratio of red to yellow 
pigments 

after after losses after after 
halvesl aknge harvest storage 

mg/100ml ft9100ml % 

Standard ~ari•ties 
Okragly ciemnoc:zer- 112 14 25 2.2 2,0 
wony 
Czerwona Kula 121 79 34 2.2 1,7 

Breeding objects 
B-1 102 80 21 2.1 u 
B-2 104 74 29 1.a 1.7 
8-3 104 78 25 1,9 1,7 

N-1 164 111 32 2.2 1,7 
N-2 138 93 33 1,9 1,5 
N-3 151 106 30 2.3 1,8 
N-4 174 121 30 2.1 1,7 

()..1 100 70 29 2.3 u 
()..2 103 78 24 2.3 1,8 
0-3 103 75 26 2,1 1.8 

PIGMENT YlELD PER 
HECTARE 
Pigment content in juice is onlr ~ ui 1hc prubkms. 
Anolhcr nnc is rhc ~ nf ~ I'"' httrsrc ni 
6dd. The ~ obicca or the N-ciilkcunn in: 
ch2nctemcd by rcbtimy small. rounded ruun. 
ihctcfott the cnip yield w:as lower 1h2n m swid2nl 
nrictics. Ncvcnhckss. bcausc or~ btt.arun con
rcm. rhe ~r ~ wu h~ (r:shk '\) 

BETA.NIN TO VULGAXANTHIN 
RATIO 
The d212 lisrcd in able 4 show, dw •"'= ~nr c•wn
posirion in all ttStcd rJbiccts is DT1111r:ablc iur culnnm 
production. The hit;h nlio of bc:tamn 111 '-uif.o:innrhrn 
mmins on the dcsinblc ltYd even ailer six months 
keeping in field smngc. The pigmcnr C•1C1rcnr dmppcd 
:ti this time in :abriu1 JO%, but the level 1n •ihtccr' ni 
the N-collcction is still higher rhan in ~r:anibnl '"'>n· 
cries :ar rhc rime of h2nnr. 

BETANIN STABILilY 
T cchnologial pniccss of bc:ct R•M cul11r.an1 prntluc; 

tion involves sncnl 51cp5 ofhc:a1 m::irmcnr. such"' 
purcuriuUon. concer.mtion and dm~. Therefore 
the rhcnnosabiliry of bcanin infltA.·nn~ h•Mh rln 
yield and the qualif! or obainal colonnr. 

The rhcnnosahiliry nfhctabins"' hmm:d :anti ,i.:. 
pends on such f.ic1ors as pH, pn:scncc nl 111\'J.."\.-n ;inti 

ligh1., and Others. 
Bcwwithins arc the: more labile cornponc:m. rhcn: 

fore, :as it was S1id before, their low cunmbuuun 1n 
piRmcnt compmitinn is desired. Bur. nor much tb1:1 

un their sabilttY is :1nibblc. 
Bcunin, un rhc: uthc:r hand, w:n rhc obl'--cr ui inten

sive invcstigalions, rcfc:md in SCYCr:ll pubhnuon• (ref 
4, 13). Ten~ ago an intcrCS~ forun: of rh1• pii:
mcn1 was sr:arcd by Fh Cf al. (rd. R) :\ircr rhc.-mul 
dccumposilion, panGI n:ams111uoun .. 1· IM:1;11t1n ,,. 
cun from the camponcnrs :appc:an~ Junn~ ht.-:i1111~ 
process i.e. bmbmic acid and C?dodcipa K'ycosidc 
The rcgcncnrion is visully noOc:c:d :I'.\ rn1c:nsific;auon 
of ml colour in few hours, or even few da~ :airer 
I~ rn::armcnr. Th..- Jq;ra: :of rc,nnhc"' " mllu 
cnccd by many fX1ors (ref. 3). 

Bcanin undergoes :iho cmymic tk:).•r.1cbu11n Ir u 2-

nbscivcd rhar the cnlour of crude 1u1Cc fade:~ qu1cl.h 
after lowering the pH w 3.4. Kaczm:1rc:k (rd ')) .u1.-d 
rl'.11 narivc pcmxicbsc ofbccl rnnr" n:spon~1hlc tor 
this process. 11ic rcaaion ts also ca1:a1,·,.c:J b,- hor"4.'.· 
radish enzyme. 

The nxid:onvc w:iy nf dcsm1c11on .. r hc1:1n111 p.1111 
our :mention on 1hc role o~ Oll!!-'CO 1n rhc rh.r· 
most:abiliiy of hcranin (n:f. 4). Ir w:1' •1:1rnl 1h:11 "'' ul 
umplc;xin~ :1i;cnrs. such :as EDTA. 111h1h11ul 1h, '·"• 
f rhcrm:al dCSU\ICUon, whc:re:tS some mcril KIO• 

unngly prnmprc:cl 11. 11ic :1ccc:lcra11ni: dfrcr .. r I , 
II) ions is fYIClc:n1 mosdy :ar pH 4 "· anJ I u f1111 .. n

ar pH 6.0. Chelating :agcn1s procc:cr hc:1anin a~':l1n,1 
rhcrm:al dccomposiaon a1 pH 4, :and n~c thr pu•nhc:r 
mal mynrhcsis ar pH 6.0. 

THE PROCESSING 
TECHNOLOGY OF PIGMENT 
PREPARATIONS 
Beabins arc warcr soluble and the simpk:sc ,.,,, 111 

rhcir isolation is pRSsing or disin1ci."21:d br.m The: 
conccntnrcd or dried juice is widcl,· used a• c11lm1n1 
for sof1 drinks, dcsscn powders and man,· 1b1n. <• 1n 
fccrioncry and mnr piroduccs. Such i c11k1nn1 'h"" '· 
however, many 1mpc:rfc:c1i11n~ ind 11·~· not "'•' 1 1h1 



,l.:nunJ tilf :1 ~ qu:iliry ptcpanaun. 1nc:y would be 
.~~: 

• rhc Jbscnn ui own WtC :and smdl 
·~tftaila~~· 
• .i..."SWCJ bu.: .. i cui.JUn:d fuuJ. 
• :'lcccpabk fncc. 

The sub5r:1n« rcsponsiblt for ch:anctcrisUc: Wte 
11 .. I ""d ui l•n.-c "'°' is ~usm;n (rd. I, 11). The 
.;<,-.k !UK•""· Jll•"'f cun«~rnaun :ind/or drvi~ rct::1in 
rnuch ui 1h1c< uduur. 

·rn.: lnmr.-.1 ixrol' nf cnlnun~ srrcni..'fh of bctabin 
rrq•:tr:HlllO> ..._ rhc unp:ricc1 rcchnnk,._oial pnKCSS. 
li1t-n'1ur .... :111,-c pucc:<~ft!:. unly ,lnippi~ oi rhc pm· 
I"""'"" 1•1 p;:<th.'1\1 in 1hc: d~ subs1anca ui juice. c::in 
b<: cxpa:ral In cunscqueocc. chc coR oi 2fJPliation 
"' ml hc\.'1 culnDIH in fond is ~ohcr dun for anificw 
,h .:. :ilrhuu!-oh 1hc cnluun"!: stn:n~hr ui bcumn is 

.1h.ou1 "·ui1.i.I ~-her (rci. 13). 
( lur ciluri- .1'1: 1hl.-n dm:ctcd m: 

1mpn1nn;.: 1hc: 1cehn~· at cnnccnmrcd juKe 
rru.luc11un. 
r.as~ dll: b.."Ur1UI conrcnt m the dry nuucr of 

1U1Ce. 

THE IMPROVEMENT OF 
TECHNOLOGY 
1\..uni.i ·~ n""'r sable ar chc pH 4 • ). chc rutur::il pH 
.. r l...-.. 1ruu11111Cc ban.: much highcr, 1.c.. pH 6.0 · 6.4. 
I "" ,..,.~ 1h1> nluc in Jism1 .. :,or:sral hc:cr mur nush. 
b.:inn: jutcc prcssang. provokes. however. me harmful 
.:nmnts :ICllllll (ref. 9). Bur me addicion of acid 10 
('•.:>'.<l1.l 1111C~ 1 ... -iurc p:isrcurillriun is beneficial. C2US· 

in-.:: 

. rr•ll«Ut"' .. 1· bl:t::inm Jun11t: h..":IDllJ; UC::llmC:llU, 

. puaal Jcsrrucoon or \-Ulgu::inrhin. which makes rhe 
,i.·c 1111 m: ,ublc :and of dcsarcd hue, 

• J~sc:arding the coloidal subsanccs: chis prcvcnrs 
ioamtft!t Of chc IUJCC, :IS wdJ U precipitate fomu· 
,.,., in :1n '"·:1pnnrur :ind in rhc scurcJ concenrnrc 

0..-wls 01 such rcc::icmcnr were discussed in :an artier 
l'UhbcltKHI ll''°j ;). 

RAISING OF BET ANIN 
CONTENT IN THE DRY 
MATTER OF JUICE 
~ Jn· nuncr of beer roor 1u1ce consiscs 1n SO-le of 
•ui.:ir~. rhc rcs1 bcmg mainly prorcin and :ash. The pi,::· 
n1.-RI (lWflUfCHll11~ luw :and f::ll1,1.'CS unly 2boul J•le. 
I"" P"'~1htlt1i.:• can be con~illcrcJ 1n cffon 10 •m· 
I'''"~ 1h1> h ... I rd.1111111; bt11lc,:1ul :1nJ 1cchno~1c:al 
Uu1h 1ogctl\\:1 an lc:ad m 1hc desired effcet. 

TM biolc.,_•101 w:iy nrferJ chc possibiliry 10 increase 
rh.: bc1m"1nins proporuon in dry mancr of juice from 
11-' ru 2.0 •,,. b1· brctd1n~ merhuds :and good hor· 
u..:uhur:al pr;K\ICc. T cchnufut.'1C::1lly, chc aim can be 
lChlC\·ed Cllhtf ~ cbmiMUon O( b:aJasung substances, 
"' 1 .. 1•ob11n1.: 111" f"J.'l'TICRI irnrr, iuicc. 

:-Cl14:.- J~ t11U(h n tlll"/• ol Jn· mancr cuns1su ~( icr · 
n~nJJbk su,._':lrs.1ht'1' on be r~movcd by fermcnr:a· 
'""' :\cbms ,., :ii. (ref. 2, 10) developed a mcdte>d nf 
h:rrntnuliofl m xrubic condicion (wich acnting) ll 
rt I ;.11 and ''""'f""DRI(( JCY'C:. wirh (.andida uulis.Thc 
""""'"' ,.,.,..,,, on be r.mccl 111 .l.K"/. n( dn- marrcr 
111.- main bt·pnxluer is 1ht btom:m ui ,-c::asr.ceUs, 
• '*h on h1 19'Cll for (ccdi11t: of an1~IJ. Ots:adv:an
l.IJCC ui d11s n1':rhud is, cl\ar "' chc final concenrnrc ul 
1,·rmcnrcd """' rhc ratio n( hcranin rn 1·ul~"an1hin i~ 
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Figure 1. Manufacturing process ol concenltate of fermented t>ee1roo1 juice 
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Figure 2. The enect ol horticullural and technological improvements 
on the level ol red pigment ~lent in Ille dry matter of beetroot juice 
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Figure 3. Colorant preparations ol lhe coiicet*9e ol ~~juice. 
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mcnwion. This is much cssicr fur the imcc: pn.duon:: 
pbnt and docs nae nccd lhc acw. apcnsiYc insala· 
aon. ~ ,..raa:ss an be anial OU( un a line tiw CCJll 

cm1n.rc juice pcoduaion wich a short amc ~"2pUll"" 
(e.g. ~nipcbin mtion), addiaomlly cqurppcd .,th 
anb for famcnaliolL The 1111111 ~-pmduct. crhanul 
conaibutr ahn in lhc rcducoun nf Ct1'\b uf O•lunnt 
producoon. 

lbc bcanin contmr in the ~- matter nf fcnncnra · 
juia: wary from 2 lO 8 percent. dcpc~ un the: 
quality of bttt mcx used Cfiiutt 2) The rann ni rcrl •· , 
yciow pegmc:nt ll nucJ In ft final CUllCl.'flfl':i(l. 1•1 ri:. 

nlue about 3, which makes lhc hue: ot coluurcd pro..! 
UCtS mott sable. The cf~ rcducnun ni b..-c:r 
odour akcs alsu pba 

lbc t~ is patmrcd under Pull\h Parcni '· 
136435 

DRY COLORANT PREPAllA. TIONS 
f-urthc::: pruccumg uf CU11Cl.-OU2t1: !!'' "" rh.. f>U""l11!. · 
to pruducc sable culunnrs. wtuch P'!-!mc:rmo Ju 11111 

u00ctgo changics for a long blllC r 1f U•ITTJ_'l: The C• ,j. • 

uml food mlllnS also me hue ill ft acccpabk omc 
of shelf-life, LC. during me guanmmt DrM oi ~ 
qrnlity. 
~ kind of dn- culunna ~ cibamal. d1ffrnno.: 1: 

~ ~h. pncc and appbanrin Dll!-'\: 'l 1?..'U•· 

J). 

1. Dry C.onc .. .onmrc of Fcnncntcd Iker R·"" J u1c" 
Prcpar:atMin~ :an: nhwnc.-d ~ "'('DHln1"'...: .,f the. 
fcnncnttd pace concmmrc. using nultodc:-.mn .. 
The colorana conwn 0.5-lU"'I. oi mt pigmcm in.· 

arc easily soluble in 1''2tcr. Their h\gruscopicm . 
mher hiRb. depends 1111 rhc lund ,,; amc:r ~• 
Culorants'" well adapcal fclf fc .. id .. ; ...... oa-a1cr 
ICUYity, llOC higher than 0.35. \l'hcn ~-the: 
pran0 prcpanaon 15 advncd. 
Since two yan lhcsc culonnrs a~ pruduccd. un 
cler our bcmu, m a food proccssi~ pbnr 1n rh1: 
disma of Pmnan. This prq>anu .. n '' arpltL-il h•. 

._ the pruducm ul soft dnnks, ICc:·crc::un :inJ dn 
dcssms. 

2. Pigmcm <.:onccncnrc .\dsorbcd on Pomu '.)r:ircr. 

In lhis prcpanoon ft prublcm' , ,; h' !-"' °"' 'f"Clf' 
and cluud furmaoun •"CK sulutc:d b' Jf>Ptupna1 .. 
rcch~ oi m111"R rhc concc:nnrc:d 1uicc ""lo 
puaro uuch. OwiRJ( ro onum"J( rhc: Mklm• 1n~l 
hat rrc:armc:nt (~ngl. lm'.14:" "' bc:tamn Ul '," 

small. The prqnraoon 1s suitable for non-man• 
pucnr food Ir rcnwns dn and puh·c:01ed tor a 
long umc, even 1n open packages. The red p1~r.: 
content 1s rather low, 0.1 ;.u.)•1 •. but tu¢\ cnctU~ 
fur dyang wch pn.Juet,, 3) )tarch dnM:n) 

J Enriched Colfwanr Prcp.anoon 
The cnnchmcnt 1n pigmc:n1 cuntcnr '' :ich1c ·• cd l>· 
prcopnanon of rhc bnamn irom rhc icrn11:n1e1l 
1uicc c11nccnrr:111: wi1h 'uch ,.,1,,·nh, ~- lihan .. 1 ... 

I acctunc The appro1uma1.: price. nkul~1tJ ••n I><. 
ran1n conrcnr basis, 1s on accc:prabk k:\ d. 11 p••· 

1 

apiauon 1s efficient, and 11nl~ abu .. 1 I;·" .. h1i:hl r 
rhan for rlM: colorant 1111 m11totk """' 11, l \Up 
oonal wunh 1s conncetcd wirh cnlourrn~ ~m:n,,."k 
and absence of beer fla,·uur h is uf \IN\ cr)al U)l 

' adapccd also for special pulJ>OKS 
The rcchnolrJRV rs 1ubmmed 111 f»ttnt The.- 1nclu• 
1nal producnon 1s under m11n1n~ rune. 



TABLE 15.1. Mkrobiologlcal standards f'or various food produces (compiled Crom reC. J, l6, Jl, 48). 

Food Producu APC/1 Coll/orm.r/1 E. colllg S. aur1u.r Salmontllat Stat1/A11ncy 
Raw, fresh, !ro.zen meats 5,000,000 - Not> 50 - - Oreaon law I sn3 
Raw. fresh; frozen meats 5,000,000 so - - - Proposed, Nor.th Dakota 
Raw.fresh, around meats 1,000,000 2$0 - - - Admhustrative auidelines, Rhode Island Raw meats 

. ioo,ooo 100 absent absent Guidelines, Musachusetts -
Heat·processed, smoked meats J,000,000 - Not:> 10 - - Oregon law, 5173 
Heat·processcd. smoked meats J ,000,000 10 - - - Proposed North Dakota 
Heat·processed, smoked meats <50,000 10 - absent absent Massachusetts law, 1959 
Heat·processed, smoked meats 100,000 100 -· - - Admin. 1uldellnes, Rhode lslllaJ . . 
Precooked frozen meat, poultry, and 

seafood products 100,000 100 absentia - absent/251 Military & federal speclftcations 
Ice cream and related products 50,000 20 - - Military & federal speciftcatlons I - .... 
lee cream and frozen dessert products 500,000 - Boston, 1906 .... - - - ,. 
Ice cream and frozen dessert products 100,000 - - - - California I 

Ice cream IJ}d frozen dessert products - 10 - - - 20 States 
Dry gelatin . 3,0001 lO(MPN) - - - Proposed FDA 
Frozen cream·type pies 50,000' 50(MPN) - - - Proposed FDA 
Whole dry milk' 30,000-50,000 90 - - - Military & federal 1peclftcatlon1 
Nonfat dry milk $0,000 - -- -- absent/1001 Military & (ederaJ speclftcatfons 
Malted milk 30,000 10 - - - Military & federal speclftcations 
Cottage cheese~ <1004 JO - - - Military & federal apecfftcatJons ~ Precooked frozen meab 50,000 JO - absent absent Musachusetts .,, 
Precooked frozen meals J00,000 100 - - - Rhode Island ~ Precooked frozen meals · 100.000 10 - - - Armed Forces 1-4 

>C Dehydrated cooked beef 150,000 40 - - - Military & federal specifications ..... Dehydrated _cooked _beef stew, chicken. w 

chili con came 15,000 - absent - - Military & federal specif\cations 
Dehydrated cooked tuna and turkey 200,000 40 - - - Military & fcderaJ specifications 
Crabmeat1 100,000 100 - 100 - New York City 
Ctistanf.filled items 100,000 100 - - - New York City -
'Geometric ·mean 
'DMC < 40,'000,000 or 7S ,000,000 depending upon aradc . . APC-Aerobic plate counts 
'Not ~ 10 yeast and mold/g 
•Psychrotrophs 
1Not > l ,000 entcrococci. 
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APPENDIX 14 

Cold 
Chicken Raw Chicken~~~~~~ 

~~~d !l.'@it:;~~i~~i*MI 
....--------. 

::r~; l's&~·~,.,t,,"~"ll:'~' ~!~~~! I 
~l liii%f.H&f~~l&H£1 

• I 
t~= .. 1·_:~_:1f ~~~ ....--~ :;:~ 

===~ ........ · 

Thaw 

111111 

Cooking 

.. ~:.t=~ 

Portioning rJ"'°/F. 

~df#J.%'1W"f1.·~kt~+,,,J,_ ... 

8 ::::::: mj\i 



-- · · -.:..16a-· APPENDIX 14 

COLD CHICKEN FOR SALAD 
l(icrabNl~ safety oltbis pndlld depends on efrectift moltiac oC a nw malerial which is likely to be calltaminatecl with foocibane 
illness causiac bacteria <especially SU-Ua and ~1- Subsequeat banilliac oltbe aioltecl caiase when it is~ 
aust net allow reoaatamiu.liaa. and etrective cbillecl t.empenblft CDOtrol anast be aaiatained after cookinc llfttil display for sale. 

Absolute secrecatioe o{ nw and -u.1 processes pn:seats practical diOimlties.. lhait.rinc syst.ems used in factories may not be 
med in a restaurant titcben where aae.i.atic mntrols may aot be aT&ilable-. Display oC open foods ror cuse-r self-service is rarely 
Cound outside oC caterinc operations and mar present risks oC amtamillation.. 

STEP IMPORTANCE HAZARDS PREVENTA11VE MEASURE MONrfORINC 
<CONTROL• 

L Product raw CCP Fooclbome illness - Purchasing specifications ror raw Compliance with 
materials causing bacteria in materials_ specifications_ 

inrrecfients. Design of storqe £.acilitia and Time land t.em~ratunl of 
specification oC storqe c:onditions_ storap or raw materials_ 
Stock control. Hyciene of storace areas_ 

2_ Raw material Failure to control Hycienic design of preparation Hyciene of equipmenL 
preparation pnparation pnic:cdures equipment and preparation area_ Hniene practices of 

may lead to sipiticaDt Cleaninc and disinfection operati•es. 
miaobial crowth. schedules for equipment and area.. Times. temperatures and 

Time and t.emperalure c:onr.rol or c:onditions for boldinc 
perishable materials. products durinc preparation. 
Controlled thawinc oC raw. frozen Stonce of pnpand materiaas_ 
inrrecfients. 

3. Cooltinc CCP Sumnl oC infectious Design or makinc equipment Check cooking procedure 
foodbome illness - indudinc ability co Cllfttrol cooltinc (time and temperalu.re1. 
causinc bacteria if temperature; cleanability. Hniene of cooltinc TeSSels 
caoltinc is aot pniperiy Use of a caokinc procedure that and other containers.. 
mntrolled.. ensuftS that all ill(ftdimts St.aft" and equipment 
PreTention oC receive a minimum beat treatment movements. 
c:ontamination post· 2 minutn at 70-C or an 
CDOkinc. equi•alent thermal process_ 

Separation of molted and raw 
proasHs. 

I 

Protecuon of product frvm 
c:onumination post-CDOltill(. : 

Clnninc and disinfection of 
surfaces aftel' their use for 
preparation of raw rood and before 
their use for molted foods.. 

4. Coolinc CCP Contamination and HJCienic design of chiller. 
crowth or Adequacy of molinc capacity. 

Check product coolinc rates 

inicroorranisms. and performance of chiller. 
Specification of coolinc rate Ito Hrciene of chil!er. 
P~~t crowth of microorcanisJns 
surnnnc moltinc1 and nil 
temperature of product Crom 
chiller. 
Procection of product from 
am~ination durinc molinc. 
Clan1nc and maintenance or 
chiller. 

5. Ponioninc CCP Contamination with Hycienic dfticn o( portioninc area the carcass• Coodbome illness- Visual monitorinc of 
and equipment. cleanliness. causinc bactena. Effective cleaninc. Check product temperature. Microbial proliferation. Good personal hJCiene. Check practices. especially 
Effective separation from "dirty' effectiveness of separation processes•. Crom raw procesaes. 
Minimismc lime product kept Visual check of personal 
above chilled temperature. hyciene standards. 
Chilled ambient conditions iC 
po-..&ible. 
Stair lraininc. 

6. Starace CCP Microbial pwth. Adequate chilled storace capacity. Check temperature of pniduct 
Capable oC achievinc 5"C or colder. and storace unit. 
Stock control. Visual check on cleanlinns. 

7. Display and CCP Microbial pwth and Hy~enic desicn oC display Check servinc utensils service contamination with equ1pmenL aVlilable. Replace with clean Cooclbome illnna- Ell'e;ctive cltaninc or display 
causinc bacteriL ones periodically. equ1prunL Check temperature. 

Temperature mntrv!. 
Control or display period. 
P~cinc or.claicn of display 
unit, appropnate Lo minimise 
c:ontaminetion lnpecially in Mir· 
service 1iluation1. 
~vision oC 1u1table and sufficil'nt 
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CONTROL POINTS 

for Figure 2 

Frozen Storage 
- Keep frozen. below - 1a•c 
- Use within 4 weeks of delivery 

Thaw 
- Thaw in fridge, maximum s·c 
- Keep •way from prepared foam 
- Contain any liquid produced 
- Check completely thawed 

Cooking 
- Roast at specified oven 

temperature, e.g. 120-C 
- Check thigh core temperature 

has reached acre and that juices 
run clear 

Portioning 
- Wash hands before starting 
- Clean and disinfect equipment. 

and work surfaces 
- Keep out of fridge for as short a 

time as possible 
- Cover and keep refrigerated at 

below s·c 
- Use within 24 hours of cooking 

Raw Chicken 
- Check the supplier 
- Check delivery temperature 

against specification 
- Check quality 

Chilled Storage 
- Keep chilled, below 5-C 
- Use within 3 days of delivery 
- Keep away from prepared foods 
- Keep storage equipment dean 

and disinfected 

Preparation 
- Wash chicken 
- Use separate equipment and 

work surfaces 
- Thoroughly clean and disinfect 

them before and after use 
- Wash hands after handling and 

before touching any other food 
or equipment 

Cooling 
- ~ rapid!J as possible, ideally to 

below s·c within 2 hourl' of 
removing from the hot c ven 

- Keep away from other foods to 
avoid cross contamination 

- When cool, keep refrigerated at 
below s·c 

Servjr.e 
- Cov-=r and display at below s·c 
- Serve within 2 hours 
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INSTITUTE OF STANMROS MD INWSTRIAL 
RESEARCH OF IRAN 

The Institute of Standards and Industrial Research of Iran 
which has been established in accordance with the law dated 17th 
IChordad 1339 (June 1960) is a profiting institute and has a legal 
personality which, in accordance .0th cmmnercial principles it is 
administered with due observance of the stipulations of its Articles 
of Msociatiort. 

The main duties and objectives of the Institute are as 
follows: 

Coordinating the efforts of producers and consumers towards 
completion, unifonaalization and simplification of raw materials and 
agricultural and industrial goods; research regarding the methods of 
production and distribution for their pl"Olll>tion and simplification; 
creating econCJllY in time and 111terials by the way of reducing varie
ties of unnecessary schemes and sizes of similar comnodities; deter
mining the standards for connodities ind various procedures from the 
quantity and quality point of view on the national and international 
bas1s; making efforts in promoting and generalizing the Standards of 
Ira~; confor11ing the samples of connodities to the determined standards 
and issuance of coq>liance certificates; supervision in determintng 
the criterion of precious metal manufactures and marking them; super
vision over weights and measures for their uniforma11zation and issuing 
permits for obtaining and producing measuring means. 

The use of the Institute of Standards' symbol will be autho
ri2ed for collllOdf ties whi~h confora to the Standards of Iran and that 
the producers carry out a supervision by a reliab1e method regarding 
their quality end 111ke, and to provide the necessary facilities for 
inspection by the Institute of Standards. In this connection the 
general policy of the Institute of Standards is based on non-profiting. 

In implementing its duties the Institute of Standards endeavours 
to attract the full attention of the people of Iran with respect to their 
general conditions and special requirements, also to see that the views 
of all the interested technical personalities, experts, persons and 
institutes are adequately secured. 

The observance of the Standards of Iran and the supporting of the 
Institute of Standards is in the interest of all classes of the people 
and the econQll\Y of the state; it causes an increase in exports and inter
nal sales. It gives rise to econon& in time and expenses and conseq~cntly 
an increase in national income and social welfare and a reduction in 
prices. 



BENEFITS OF STANDARDIZATION 

Sa.lllloldizotion ha numerous benefi11 f0' prodlccer11U well 01 c:on.sumer.s. 
The mo.st impotftlltl benefiU gained by observation of 1tondards by the 

"'°""""' -.: - NC6H:tion of unnecc.ssory W1rietiu. 
- illQN.Se in produdion. 
- .1011Citf in motetiols. ener1y ond mon poMr. 
- rtdudon of watu. 
- u pf'Odin1 the quolit y of produc:ts. 
- fadlilelJ"on storage ond tion.rpott of pd.s. 
- promotion of internal ond eJtlemal trtlM. 
Tlw mo.d impottonl IHne/its gained by the c:on.sumer.s on: 
- h.W111 tK:UU to beaer quolily fOOtb. 
- 4S.SIUllllU in rup«I of quality. durability. so/dy ond eflldenc:y of produc:U. 
- HI y °'*1inl of goods ond ttlillbk o / them. 
- d«rean ill purchosin& ez,,.,ues. 
- lltwin1 etlliu oc:ces.1 to the oc:cessoriu ond interchonlf"bk port.1 when nquittd 
de:. 

HISTORICAL BACKGROUND OR ISIRI 

&tly in 19$4 • pltln ""'' opptOWd by the Ministry of Commem to .111 up o 
slMdlud in#ilulion in 1,.,.. ond •few month.I loter rite c:Ollslnldion o/ bull4ln1 · 
/or .suc:ll Uutiadion bepn ond o bunau of .11andllrtb we.1 nt up. 
Jn 7 ltut1 1961J fltt low ptrtaininl lo the estob/Uhment o/ lnslitull of Stondtll'tb 
of Iron a ant of the olfilioted inslitution.1 lo the Ministry of commerce !WI.I 

ellOCfed by Ille porlioment. 
In 1961J lSlRI became o member of the lntemationol Organization for 
Slondtlldiztllion (ISO) ond in 196.S oblonied membenhlp In tl1t lntemotionol 
Elec:trotcchnk"1 Con1mission (/EC} whic:h is o/filloled with ISO ond Is 
rupon.libk of st.i11lardization in the fields of electrlc:ity ond elec:ll'Olllc:.r on 
inkmolioMI lnel. 
In ~ JVIO the law of AppenMd Amc:les to lht low l!ltobU.shin1 ISIRI 
MU enec:ktl by fltt podioment. Ac:c:ordin& to this law /O' the con.sumer prot«li"n 
ISIRI ii pennilted to on11ounc:e the implen1t11tation o/ ony product .stondard.r a.1 
c:ompulsO'y if it ii 1i1ni/ic:on1 with regard 10 the public: 1ofcty or health. 
Until IV! l ISIRI MU leiallly o profil-molci11g inslit11tio11 bul in thol ytar it1 .status 
MU c:hon,ed ond Hc:ame a go~rnn11~1t institution 1111der the jun·sdic:tion of tiff 
public accountoncy replations. 
In IV14 ISIRI btcante afliliated to tht Mi11i1try of lndu1lrit1 anti Mints which 
MU .Id up oc:c:ordin1 to the law enacted in 2J /11/y that year. 
Af:tr the Islamic: rellOlution of Iran whtn the Minis1ry of l11d1u1ri11 •ntl M11111 
MU diwded i1110 thrH diflerenl 111iniJtrit1 i.t. Hi11i11ry c/ lndlllfrifl, M111iur, ttf 

f 

,\ 

Hea11y /11dus1rl11 a11d Ministry of Ml1111 '"'" Mttals ISIRI nmaln1J undlf tit• 
Ministry of lnd11strlt1wlt/111utonomy In admlnl~trot/ve or1onliodon and flnanc1. 

ISIRI ORGANIZATION STR'1CTURI£ 

The hi1hes1 /unc:tionul body u/ IS/ RI is ll1e IS/ .lo/ Suprem1 CoHnc:ll which is the 
polic:y moldn1 body and d1tennl1111 the main tec:h11lc:al, /lnanc:lal and 
admlnillradvt pld1dln1s, It consbll of tl1t following memb,,1: 
a) Mlnl111r of lndu.11rl.'1 who pre1ld11 ""''the supreme -:ouncll 
b} Mlnl1ttr of H1a11y lndustr/11 or hl.r ff pre11n1e1tlve. 
c:) Ml1cl1ttr of Mlne1 cl Metals or hl1 npn11ntoti111. 
d) Minister o / A1rlc:utturr or hi1 re pr11e11tatlvt. 
e) Ml"isterof Health, Treatment and Medlct1I ~duc:ation or lll1 rtprflenlotl11t. 
/} .Dresid1nt of t'te c:hambtr of Commerce, lnd111trle.t !\ /tf)nes. 
1J Thttt upert.1 appolnttd by th., Mlnlsttr of 1"d11strlts. 
Minbttr of lndu1trlt1 also appoint• tht prtsldent of IS/RI .:·ho ls re1pon1lble 
f ttr 111 1d'"i11lllN1li•• ond tttlini:al o If air• o / IS IR I a:id carrit1 011 his fm1c:tlon 
"''" '"' lirl r o I '""' tn 1t11it1I dr putit~ and on omdinlstroti"' and /intmcial 
''""'·" "'f'f"'' "''" 11 dilf•""' dirtttor1 ;,. Mrious /it/ch In lttirodJ ond 20 
J""''"' '" "'' ,,,,,,, r''"'""' 



2. IMPLEMENTATION 'lF STANDARDS 

•} 11-*ory Sl1111dardiz.ation: 
Accion1111 fO II' s laws j SI RI can annO&tnct t/11 implementation o / standards and 

- -coda of J.-1'letla tU compulsory provided that the High Council of /SIR/ 
•PJ"OtlOMllllull lhe slondotd.t have s&mt beari"I on the public l11alth or safety 
or Oft .,.,.,, .,/ flat generally wtd goods or on the prottction ·"'/ tl11 consumert 
fllllN#. 
POI' thU Jlflrpott :SIR/ shO&tld talct regular suptmsional ac:io11 for d11e 
lntplcmllllttdon of st2ndard.r. This action ;nclude snmpling and k'sting of 

- -~. llllrilory and ~'Ollsultancy semcts to industriu, confiscation of 
,.....,...., proG.;u and persecution of the offenders c-f the laws and 
,_,.,,...., llwup juridical authorities. 
b) Y.,_.,SlatMtdizodon 
In emu...._ tlN prodllcen rrolizln1 lh• lmprottance of standardlzatinn rtftr 
fO ISlRl for 'llOluntay implllft.nt.ition !>f standard.r /SIR/ after having 
UC#Wn«l llull thdr production cc utuiltly conforms to th• nloted standards will 
luw. 
TMn • ltwca pmnitin1 them lo apply /SJ RI mark on thtir products. 
IS/RI wlll conltol llat com pli1111ct o (the prod11ction and whtn insurts tht rtgulor 
flldly of tM fOOds taku all the actions to sup pott them. 

3. INDUSTRIAL RESEARCH 

ISIRI /ortlw f>rifilmtnt of its first and for most du{y i.e. standardization has to 
"'*,.,... IUftll'Ch work and study both in order to base the 1pecl/lcations, test 
mdltotb Mil otltu standards on t.'et / octur1 and a p pl.-Cable pnncl pits O•ld to ht/ p 
tM bdultla OWICOmt th~ t«hnical problems and improl'I the quality of their 
fOOtb °' ltlb.rtllule mare t..'conomical domestic materials / 3r the Im ported ~nts. 

4. omER FUNCTIONS 

ISIRI k otltu .,,,, and /unctions the most impottont of which ore: 
·DocuntlnlMion ond dot:umtntvy 11wc11 to domestic industrits witll regard to 
IM s'uloloa on4 technical as pccu of industrial or agricultural producu. 
• TuA,I of podllcts /"' dtttnnining .ht choracttristic1 and their compliance - Willa*...,.,. 
• Edtln.riofl MHt on Q.C. ttchniquts by promotional and publicity och'ons, 
lnlinln1""" lducodon. 
• A~ to lht lndu.stri11 br settin11· p Q. C. s ysttn11 in plants. 
• To MCC!UNSC tM produc111 to 1u1 I SI RI mark. 
• Hallmf81dn1of prcciow meta!s. 
• ColibNlion of mHSUring instruments. 

1 
l 

l 
I 

• /111pectio11 1111d sompli"g of uport products a11d ctrtl/lcotlon of thtlr 
com plio11ct. 
• Ttsting of imported goods to prtvtnt Im port of no11-stondards pYJJduct In t:tUe 
of compulsory ~ta11dards goodJ;, 
• Traini"g and advising t/1e producers and co11s11mers In standaPd/UJtion ant! 111 
related f ltlds. 
• liaison witll inttr11otio11al standard orgo11izatio11s r.nd national &tondards bod/11 
of other co·•ntrie.r and imernal scle11ti/ic, cultural and tec/1110/oglcal mstltutlon1. 

llOW IRANIAN NATIONAL STANDARDS ARE PREPARED 

For t/11 forn111/ot.on of standards /SJ RI 11t up committtts or sub-comml11ior11 
os tlley art called i11 persia11 which co11sUs of the representotlvts of all /nt1111ted 
orgo11iz11tio111 suclt as producers, con111mers, import1rs, uporttrs and 
distributor:, u11iversltie1, rtsearch organi:alions c:tc. tl11st rtprtstntatlvts who ore 
i11vittd by IS/IU may stltcl a working grour from n111011g thtm1tlv11 to work 
out a draft standard /orco11sidtrotion. 
Tiit draft wllicli Is so prepared will be considtrtd by t/11 mother commission 
talc1'11g i11to accoum tltt available foreign ste:.11dard.f and ttelrnology as wt/I as 
native requirements. 1 

Wlle11 t/1e draft is finalised by tire co1rctr11ed commission It lrt1t to bt approved by :::: 
Notio11al Sta11dards Committees wlricla art compostd of Ngl1tr outl1oritlts in lht 'f 
fitld. 
Tiit members of tire National Sta11dards Committtts art stltettd from among 
tire f ollowi11g represelllotives of tllt following organizations a11d outhorldts: 
• Prod11ccr1011d 111trtpre11e11rs 
• Consumers 011d purcllnsers 
• Researcll and ttcll11ica/ orgc11izatio11s u11d labs 
• Consumers and product1rs pro:ection organizot/011 
• Cl1ombers of C!lmmtrct, /11d11strit1 & Mines 
• Mi::i,ftrlts and govtr11me11c institutions 
·Experts, university proftssors, researchers and scientists 
· Vocatio11ol i11stit11tions etc. 
Till now t/1irttt11 di/f trtlll National Standards Committtts (N.S.C) have btt111tt 
11 p wlliclr are as / ollow: 

I· N.S. C. f ortlectrottel111icali11d11strits. 
2- N.S.C. for b11ildl11g mottrlals a11d co11struction. 
J. N.S.C. /or 111i11tral.r. 
4- N.S.C. for ogrlcultural and food products. 
S· N.S. C. /or a11imol products a11d footwear. 
6- N.S. C. for clremical i11d11strits. 
7- N.S.C. /or celluloslc and Packaging i11d11strit.r. 
8· N.S.C. for mecl1011ical 011d mttoll11:gical ltidustrits. 



D· AGRICULTURE & FOOD 11no1>UTCS 

l· Hydlo,,,.ated Ve,entuble Oil (Sltortenitig) 
2- Cold sio. ... , 
3- NOIHlkoholic Beverages 
.,.. Conn• Fruits 
S-Bllcuil 
6- Wa/.r BUadlJ 
7-s-r.,,., ontl solonei 
8- Otnncwl hlwl pinto btans in tomato sauct 
!). Conn«I pn pea 
10. Tomato Juice concentrated 
l l· Natt-Alcoltolic beer 
12· Etlible Olive Oil 
lJ. Ptut1UriZ«l Milk 
14- Edible Oli.,. 
JS- Orange Juice 
16- NOIClll'Olll 
17- Tomoto Colll 
18- Bakftl BtOOd Beans Cons 
19- Betllll Ow 
2Q. s pinada C'alu 
21· Cabbage Canl 
22- m,.,,,,.u Can.r 
2.J. Pidrled Otaun~rs 
U Tomato Sauce (lcetchup) 

E- MEDICAL ENGINEERING PRODUCTS 

I· Elllow Outchu 
2· W~n Axillo Crutches 
J.. W olkinl Sticlcs 

F- TEXTILE PRODUCTS 

1- Coaon Wool 
2- Cocton Stwfn1 Threotb 
J.. Pap# 11.r.suu 
4- PtMb on4 bri1/1 
S- Sanitary podJ 
6- Blinded Wonted Fabrics (45% wool, 55% polyester) 

· 1- Tolld Poper 
8- Towtl Popei' 

G- PACKAGING t>UODUCTS 

1- Plastic trasl1 bags 
2- Mttal can:t for prtstrvtd foodsru/f 
J. S1Jftty Glassts for land transport vtl1iclts 

1- II A I.I.I\ 1 .. \IH\I ~ C: 

1- Specifications for Gradts and Method for Assaying Gold. 

!SIR/ also has taken mtasurtS for tht lmpltmen,·ation of tht satndards for tht 
goods inttndtd for t:tporf. In this con11tction tht following items art controlltd 
before tlitir shipment: 

,\. ,.\(; IUC'l 1.1 l I< \I. Pl{UUUCTS 

/.Dotts (Sayer) 
2· Dotts (Industrial Use) 
3· Dotts (Maza/ati) 
4- Dates (Rot ab) 
5· Dotts ( Kabkab) 
6- Dotts (sl1al1a11i) 
7- Biscuit 
8- Macaroni 
9· Pomtgranatt 
JO· Dritd Fig 
11- S11nflo~r Sttd 
12- Garlic 
13· Haztl11ut 
14· Walt1ut 
15- Slit/ltd Ktrntl Apricot 
16- Sl1tlltd Kernel P~ac/J 
17· S/Jtlled Kernel Amygdalus Eltagni/olia Spach 
JlJ. Liquorice 
19· Liquorice extract 
20- Htnfla 
21· Barljtli 
22· Rosewater 
23· Saffron 
24- Grapt 
25- Dried Plum 
26- Asaf ottida 
27· Unstlltd Swett Almond 
28· Broad Bcn11.r 

I 
..... ,.., 
0 
I 
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APPENDIX 15.1 

THE COMMITTEE FOR THE STANDARD OF RICE 

C:'iainnan Representation - Designation 

Ali Akbar - Agah Institute for the Investigation of 
(Doctor in Anti-botanical pests) Botanical pests and Diseases 

Members 

Baghaee - Hosain 
(Agricultural Engineer) 

Tootoonchi - Mehdi 

Tahmasbi - Ghasem 

Ameli - Parviz 
(Agricultural Engineer) 

Enayat - Amir Mansoor 
(Agricultural Doctor) 

Ghaza vi - Kaz em 
(Chemical Engineer) 

Ghahhari - Mohd. 
(Nutrition Lincentiate) 

Ganjeiee - Nosratollah 

Lailabadi - Mohd. Ali 
(Anny Colonel) 

Hedayatpoor - Mahmood 

Secretary 

Jamshid Soofi 
(~gricultural Engineer) 

In charge of the Cereals Laboratory of 
the lnstitut2 

f.inistry of Agricultural Products and 
Consumer Goods 

Anny Supplies Department 

Export Promotion Center of Iran 

Standards Office of the Central Province 

The Department for the Compilation of 
Comm:>dities Standards 

The Department General for Supervision 
Over Foodstuffs, Drinks, Cosmetics and 
Sanitary Materials 

Managing Director of the Rice Company 
of Iran 

Sepah Cooperative Super-market 

Forooshgah Ferdowsi 

Expert of the Institute of Standards 
and Industrial Research of Iran 
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FOREWORD 

This Standard was first prepared in the year 1345 (1966) by the 
Comm?ttee for the Standard of rice under the supervision of the 
National Coamittee for tne Standard of Foodstuffs and Agricultural 
Pror.~cts of the Institute of Standards and Industrial Research of Iran. 
Based on the proposals received from interested persons as well as the 
investigations and surveys carried out by the experts of the Institute, 
it ~as revised in the year 1348 (1969) by the relevant coamittee. It 
is now published on the strength of Article (1) of the law granting 
permission for the establishment of the Institute of Standarcs of Iran 
approved on 17/3/1339 (1960). and Article (3) of the Articles of 
Association of the Institute of Standards and Industrial Research of lrar. 
approved by the Joint Finance Comnittee of the two Houses of Parliar.Ent, 
dated 9/4/1344 (1965). 

In order to keep pace and harmony with the national and universal 
developments in industries and sciences this Standard will be revised 
again when deemed necessary. Any proposal received for amending this 
pamphlet, will be considered in the course of the next revision. 

After every revision, the previous pamphlet shall be annulled ano 
shall be superseded, officially, by the revised pamphlet. 

Therefore it is the revised pamphlet which should constitute 
the basis for concluding agreements and ordering comnodities. 
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1. Sap 

This st.an:lard cover.; specifications, grading and metOOds of testing 
and paclcaging of rice. . 

2. Field of Application 

This stamaro covers the rice produced in Iran of the foll~ 
varieties: 

i) ~Siah 
ii) Sadri 

iii) Oa:;.a 
iv) Genieh 

1. Definitions 

gems. 
3.2. Dan-Siah is thirt variety of rice which: 

a) the length of its grains is mt less than &ml and 
b) the re.tio of the length of its gre.ins to their diameter is 

llDre than 3. 
3. 3. Sadri is t:hat variety of rice Web: 

a) the length of its grains· is mt less t:han 6nm and 
b) the re.tic of the length of its grains to their diameter is 

ben.een 2.:. and 3. 
3. 4. Olallpl is that variety of rice W.ch: 

a) the length of its grains is mt less than S.S mn a."ld 
b) the mtio of the ltqth of its &nlins to ~ diameter is 

bet\leen 2 and 2.lf. 

3. S. Gerdeh is that variety of rice W.ch: 
a) the length of its gre.ins is mt less than Smn and, 
b) the ratio of the length of its pin to 'their diameter is 

be'tWeen 1. 6 and 2. 

NC'!i:: the diameter of the rioe is meaSUl:'ed on the thickest part ~the grain 

If. Tennino~ 

4.1. Foreign mat:~: arw thinat other than 1:he rice grains themselves 
such as in.sec-ts, rice hllls, rice pc:MJer, S't\lbble, etc. 

14.2. Pest presence: presence of any ~iety of live insects and para
sites which infest stm:~ grains. 

4. 3. Pest damage: effects of inseC't or parasite infestation 

"·"'. Hoitt.ire: the CllDUn1: of separable W!ter in rice grain that if 
raparated there will be no change in the na:ture and quality of 
the rice. 

4. S. Broken grain: grains the length of Well is between 1/2 and 2/3 
of the origiJ .al rice grains. 
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IJ.6. adu six>tte:I pins: grains which haw mite spot(s) especially 
en the aiddl.e part. 

1171E: In va..-iet::ies of rice Mlere mite spot is a gallel\ll characteri~
tics these .;pots are not regarded as a defect. 

II. 7. Yelloril gnuns: gmins ~ ha".1e undergone discolouration an1 
have turned to yellow col.our. 

t«7IE: Yel.1£M1ess will mt be regarded as a defect in those 
varieties Wch an! generally yell.ow • 

... a. Out of variecy- grains: greins which are nat of the same variety 
as that of a tested rice • 

... 9. Pesticide res:idoe~ t:f1e amount of pesticide mi.ch is remained 
in rice due to pest o:uttol activities in the field or in the 
stores. 

M7l'E: Pesticides residue sh:Jald nat exceed the anmnt specified by 
the Institute or plant pest and Desease Contorl. 

5. Specifi.caticns. 

Different varieties of rice shall meet 'tfV! ~ specified in 
the following 'table in accordance with tile effective factors in the quality of 
rice. 

. 
Varieties D 

Effective Factozis Dan-Siah Sadri aaapa Gerdeh 

tt:>istun! Max. 12\ Mu. 12\ 

White-Spotted grains 
(per Weight) Maz. 2\ 11D. 12\ " 20\ Hax. 

Out-of-Varie't'] grains Max. 2\ 

Pest: damaged grains 
CPer weight) Nil Max. S\ Max. 2\ t'.ax. 

Yellow grains 
Nil Max. 1\ Ma..~. 2\ ~.ax. 

<.Per weight) 

Foreign matter 
CFet- weight) Nil Max. 6\ l".aY.. 6\ t'.ax. 

20\ 

3, 

.:\ 

5\ 

Grain length Min.6 mn Hin.6.mn Hin.S.S. arr H.in.5 nm 

Ratio of length to 
diar.:::~er Min. 3 2 ... to 3 2 1:0 2.a. 1.6 to 2 

Pf!st f':-esence Nil Nil Nil Nil . 

I 
I 

I 
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6. Greding 

6.1. Prin~ple of gr\id~: grading is on the haw of positive points 
gained afte:- test. The p>Sitive points a:re calculated in the 
foll.owing nenner. For each effective factor a negative point: will 
be deducted fu:m 100. the resulting rnmiber inlicat:es positive 
points which are the basis of grading. 

6. 2 • Grading of ikm-Siah: 
A. Calculating the negative points: 
i) For each 'J.l\ of i:oisture over 10\ one negative p:;int will 

be given. For 12\ of noisture 20 negative p:>ints will be 
counted. 

ii) For eai::h 0. \ "'1ite-~ed grains o:-ie negative poi..':lt will 
be give.-i. F~ 2\ of white Sp:>tted grair.s 20 negative 
;x>ints will be coanted. 

iii) For each 0.2\ of broken grains one negative point will be 
given. For 2i of ~ grains 10 negative points will be 
counted. 

iv) For each o.\ of oat-of variety grains one negative point 
will be given. For 2\ of out-of-variety grains 10 p:>ints 
will be calculate. 

v) For each 10\ of grains between 7 an:l 7 .5 nm one negative 
points, for each S\ of grains ben.een 6.5 an:l 7nrn one 
negative point and for '?a.Ch 2. 5\ of grains beu..een 6 ani 
6.5 nm one negative point. 

B. Grades: 
i) Grade one: over 70 positive points. 

ii) grade ~: ever 30 positive points 

6.3 Grading of Sadri 
A. :al.cul.a ting the nega'tive points: 

il For each 0.1\ of DDisture over 10\ one negative point will be 
given. For 12\ of m:>i.sture 20 ~gative points will be co.mt:ed. 

ii) For each 1\ of i.,....ite-spotted grains one negative p:>int 
will be given. For 12\ of white sp:>tted grains 12\ 
negative points will be counted. 

iii) For each 1. S\ of broken grains .one negative point will 
be given. For 12\ of bt'Qken grains 8 negative point's 
will be counted. 

iv) For each 0. 2\ of pest-damaged IJlrains one negative p:>int 
will be given. For 5\ of pest-damagee grains 25 negative 
points will be c.al.culated. 

v) For each 0. 2\ of yellow grains one negative point will 
be given. Fm- 1\ of yellow grains 5 negative points i...vill 
be counted. 

iv) For each 0. 2\ of foreign matter one negative poin~ ';ill 
be given. For 6\ o! goreign Jl'atter 30 i':~gative y::int:s 
will be calculated. 
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B. ~s~ 

il ::~one: over- 85 positiVW! points 
ii) Gn1de tw:>: between iO a"1 BS po4litve point:s 

iii) Grede thr!-e· be'bleen IJS am 70 ~ti~ point:s 
iv> Gr9:ie four: ~ lS posit:ve pointS 

6.lf. Gr-a1ing of <::haqa: 

A. Cal.culating the negative points: 
i) For each 0.1\ of mist:ure over 10\ one negative point 

will be COlmted. 

ii) Fer each 1\ of mdc:en groains one negative p:;int will be 
given. For 20\ of !:ruken grains 20 negative poi."lt:S will 
be CCllll'ted. 

ill) For each 0.1\ of p-..st~ed vains one neg;;1th-e poi."ll: 
will be given. For 2\ of pest damaged grair-.s 20 rte!at:ive 
points Y:...11 be CCU."'lted. 

iv) For each 0.2\ of yellow gnrlns one negative point will 
be given. For 2\ of yell.al grains 10 negative point:s 
will be calculated. 

v) For each 0.2\ of f«eign matter one negative point w-11 
be given. For S\ of foreign matter 30 negative points 
will be calculated. 

B. Grades: 
i) Grade one: over 75 positve points 

ii) Grarle t.~: be'tWeen SO arrl 75 posi'tve points 
iii) Grade three: aver 15 posit:ve points. 

6.5. Grading of Geroeh: 

A. ~ting tl1e negative points: 
1 > F:>r each ~ .1 \ of mL~ over 10\ cne r..ega'tive ooirtt 

""~ be given. For 12\ of roLctun! 20 neetive mints 
wi-11. be counted. - • 

ii> For each 1\ of broken grains one negative point will be 
given. Fer 20\ of broken grain 20 nega:tive ;x>ints will 
he counted. 

iii) For ~h 0.1\ of pc?St-dar.'ag~ g:-ains one negative point 
will be gben. for. 3\ -;,f ~st-!:!r.aged grai."ls 30 r.egat:ive 
~i.'1tS will ~ c~..:nted. 

iv) :-.;r ~a.c:i O. 2\ cf ra!.lor .. ; :r-a.i::s c:-.c: r.::ga'tive ~-:>in~ wi!.l 
be given. For 2\ cf yel~~..: g-:-abs 10 negathe pcints 
will te calcui~t'?d. 

vj For each 0.25 of foreign !!'a.:~er o;.e negative point ...... .;_!.l 
be given. For S\ of forei~ matte!' 20 nega'tive poi.-:: 
will 'be cal~-lted. 

B. Grad'!:>: 
i) ~:-ade one: eve!' 75 ?JSit:.·1a poi.its 

ii) l:;r-ade t",~: te~·:e'!!n 50 ar~ 75 pc3iti"e P"-:.n~:;; 
Hi) ~ra.1e t~e: c·1er 15 p-:lSi'th•e poir.t:s 
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7. Sampling aeth>d 

7 .1. 1bis metto:l applies to samPling of rice mi.ch is pack~ in sades 

7. 2. The ftqUired runber of sacks as de'tailed in the table below 
stolld be selected in raroan frQll alilOOg the consigrments or 
sta:'EXI SCY"-ks of rice. 

B. Test ireth:xi 

$aq)les ~each selected sack a?D'JU1lt~ fn:m 100 tc 500 g.
dere.rding on the runber of sacks - shJuld be 'taken through tt.e 
special staOOard sampler. The samples shJuld be 'taker. fran 
different sides of the sacks and then all 'the samples srould be 
mixed to make a 111i."Xed sample. nus mixed sample shall be sent: 
to laboratory fcr tests. 

tb. of S1cks: 
3 to 10 

11 to 25 
26 to so 
51 to 100 

101 to 200 
201 to 350 
3Sl to SOO 
501 to 700 
701 to 1000 

No. to be selected: 
2 
3 
4 
s 
6 
7 
8 
9 
10 

tl1l'I:: If rucber of sacks exceed 1000 then it sln.lld be divi~ 
intc 1000 ani for each dimion the above "table should ~ 
followed. 

8.1. First of all the samples should be searched for any live insect 
in any stage of life. If there are oot any live insects in the 
samples then they sh:w.l1d be tested for other factors. 

8.2. Detenr.ination of variety: Fran the well-mixed sample a spec:iner. 
having at least 200 unbroken grains sroul.d be talam. The leng9'J\ ••• 
ani the diameter of each grain of this specinel sl"o.lld be treasured 
by a ~ter or any other precise device. Then the values 
in:licating the l~ of 1:he grains sh>u1d be divided by tl-.e 
values indicating the diameter cf the grains to obtain the ratio 
of length to diameter for each grain, tller.: 

a) If the length of 95\ of grains is not less than 6 nm and 
the ratio of length to diametc:r·of each gr-a.ins is not: less 
1:har. 3 the rice will be identified as Dan-~iah. 

b) If the length cf 9 5 \ of grains is rot less than 6 mr and 
the ratio of length to diameter of each grain is rot less 
than 2 • 4 the ~ice will be identified as Sadri. 

c) If the length of 95\ of grains is rot less than 5. 5 mn and 
the ratio of length to diameter of each grain is n::t: less 
than 2 the rice will be iderrtified as Champa. 

d) If the length of 95\ of the grains is not less t~ 5 mn and 
the ratio of ler'gth to diameter of ea.ch gr-ain is not less 
than 1.6 then the rice will be identified as Gan:!eh. 
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8. 3. Deteminatian of misture content of rice: Gt-ird a snail. speci.':"e?\ 
ftaa tr.c miJa!d scaple to obtain rice fl.our. Weigh S g. of this 
flour into a crucihle of a ~tennined weight. Put the ~.i!;le 
in autoclave of io· 5 + 5 far a period of 3 1:0 3. 30 hours mtil 
i1: canes to a constant Y!ight. 'l'hen ta.lee out the crucible fran 
autoclat.-e an:i prt it in a des:icator until i1: reaches to the l.aX
ratoty 'tE£pe[S1m'e am then weigh it. Calculate the differer.c-'! 
of or~..nal a."lli the reStJl.ting ~ights accura1:ely arrl mltiply i-: 
by 20. The resulting value will be the percentage of m:>i.sture 
oc:nto..nt. 

8.ll. Determination of foreign matter, pest-damaged grains, broken 
grains, white-spotted grains, ard ~grains: Weigh a speci
men of at least 200 g. of the ri.xed sample. Pass this specime.-: 
'through a lb. 1 sieve of one milimetre mesh. Weigh t~ part t.~t: 
has passed thrcugh the si.e-.re and oote down the weight. s~ 
t:he rice Web has remained on the sieve over a black plat:e. 
Separa1:e an:i weigh all foreign matters observed in t.~ irice on 
the tlack pla1:e. Add this weight of separated foreign matter t:o 
t:he weight of the part passed t:hroogh the sieve. This will be 
the annmt of foreign netter in the specimen of rice. Separate 
in the same way all the broken, whi1:e-spotted, yell.ow ard pest
daneged rgrains frail tt.e specilren am weigh tt.em separately. The 
resulting values sOOuld be eqresse:i in percentage. 

g. Pacl<aging am .. ~ 

9.1. Packaging: For expert, rice shall be packed in new jute bags or 
ca.irse linen sacks having be layers. The net weight of the rice 
packs inteOOed for exp:;rt shall be 15, 30, 60, or 100 kg. 

9. 2. Harking: '!he fol.low:Wg infama.tion shall be marked in F.nglish 
or the language of the iqxxting country: 

i) Variety of the rice 
ii) Grade of the rice 

iii) '!be phrase: "PrOO.ice cf !rm;" 
.)"' ..• kg 1V 1·:et we:a.~t 1n • 
v) Naire or the trade mark of prceucer or exporter. 
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APPENDIX 16 
FIU:All 
ISIC3112 

How To Start Manufacturing Industries 

Fresh Milk Making Plant 
Milk• as a Lighly autriciwc drink, 

lus today become indispeasahlr for our 
daily lmng. and ilS demand coariaues 
to incrasc uudily fiom year to year 
foe consumption by geaenl •-holds. 
llospiuls and schools. 

Mill anilabk on the market may be 
oltuiacd in the focm of plain milk that 
a simply pasteurized, processed milk 
that is added wich wiumins, miattals 
or otltu nutrients, or ia a mU:turc wirh 
fruit juice. coffee, chocolate or «her 
iagredicats. Whatnu the f- .. which 
milk is naibblr, the basic processes 
inwohcd in ih pttpuarion att geaeraDy 
the same, the essential diffcreacc lying 
in the processes preceding pasteuriza
tion. 

Mill anilabk to end consumers, par· 
ticululy ordinary milk, usu.Uy coma 
in 200 cc, 500 cc oc I liter conuiners. 
11aac: containers may be nude of glass, 
but the more general trend today is to 
market milk in paper CK polycthykae 
coauincn whida dispense with the aced 
to tt<Oftr the bottles. NaturaUy, the 
miDt filling process will differ accCKding 
to whether a bottle or other form of 
conuiner is used. 

Since milk distributed to general 
C011SUmen constitutes .a typial product 
th.at is produced d.aily .and consumed 
more or less the same day. tile milk 
malting business may be rcpnlcd .as a 
siabilized one dosely linked to our 
d.aily lmng. 

11ae milk making pl.ant to be iatro
ducccl here is designed with a 1ainimum 
economic production scale, CK a produc
tion capacity of 6,000 liters/day. For 
conuiner is used paper container of 
200 cc. 

Process Description 

R..aw milk, srored cool :and inspecred 
!0t quality, &s treated by clarifier •M 
iu microscopic impurities completely 
eliminated. The milk is then prehrated 
by ultr.a high temperature suriliution 
and iu fany ingredient homogenized by 
means or a homogenizing system. This 
is followed with ultra high temperature 
sccriliurion at J 3Sr C for :about 2 sec
onds, after which the milk is cooled, 
then filled into paper containers. 

In further derails, milk m:akin1 is 
achieved lly the foUowing proce1sc1. 

Raw milk conwcyccl by millc c.a:u or 
unlr. lorries changed into the ~ighing 
unit by a conwcyor belt for wcighr..g. 
after whida a p~ YOL.mc of milk 
is daargcd into the rcccmng tank. 

From ~ere. the milk is pumped to 
the cbrif- by means of the millr. pump. 
where ii is remOYCd of microscopic 
impurities. Clarified miJlc is next sent to 

the plate cooler where r. is coolrd to 
.about 2 - s·c. ther. pumped to the 
storage tan~ 

Scored milk is prcli.e.ared to about 
ao•c by hat exchange with pasteurized 
millc in the ultra high temperature 
sterilizer aacl its fatty ingredient homog
enized in the homogenizer. then further 
recycled to the ultra high temperature 
sterilizer where it is pasteurized instant
ly in about 2 seconds at a high tempera
ture of 1 Js•c. 

Herc, t._..: pasteurized milk is sub
jured to heat exchange with incoming 
raw milk, •hereupon its temperature is 
gradually lowered. Final cooling is 
achie•ed by me.ans of chilled water to 

lower the temperature to 3•c. ·:after 
which the milk is stored in the suqc 
unit for subsequent 611ing into paper 
c-taincn by muns of the filling ma
chine. 

For pasteurization of milk may be 
adopted cidaer the high temp -:nature 
sterilization system CK the ultra high 
temperature sterilization system. The 
high temperature sterilization system in· 
wolns ~eriutioa at a temperature of 
about as·c. wlailc the ulua high tem· 
pcratuR sccriliution system achicwcs 
pastcriz.arioa at a Ligh temperature of 
about us•c. 

Today, the ulua high temperature 
1tcn1iution system is lllOft popularly 
adopted since it lends itself to killing 
cschcrichi.a coli and other hear resisting 
bacteria. in addition to permitting 
longer prcscrYation or millr.. 

E:xampleof 
Fresh Milk Making Plant 

1) Production Shane 

Talllc 1: R.equircd Machinery and f.tuipmcnt 

Item 

Weighing unit . . . . . . . . . . . . . . . . .. 
RccciYing unk . . . . . . . . . . . . ..... . 
Milk clarifier . . . . . . . . . . . . ...... . 
Milk pump ................... . 
Plate coolrr . . . . . . . . . . . . . . . .... . 
Stonge unlr. .....•............. 
Milk pump •.••.............•.. 
Pasteurizer • . . • . . . . . . . . . . . .... . 
Surge tank .................... . 
Fillu.g & paclt:aging machine . . . . . . .. . 
Boiler ....................... . 
Chiller ...................... . 
Pow.er r.ecciring facilities .......... . 

Capacity No. 

200kg .•........... 
SOOlr.g ............ . 

3.000 liters/hour ...... . 
3.000 liters/hour ...... . 
3,000 liters/hour . . . . . . . I 
6.000 liters ..........• 2 
1,000 liters/hour . . . . . . . 
J .000 liccrs/h-r . . . . . ,. . J 

1,800 - 2.000 liters . . . . . . . . . . . 2 
3,400 pcs./hour ....... . 

JOO kg (enp.) ....... . 
40,000 Kcal/hour ....... . 

30 kVA ............ . 

FOB pri<c of machinery and equipment . . . . . . . . . . . . . . (approz.) SUS 286,000 

Table 2: Dady Requirement of R..aw Materi.ah and Utilities 

Item Q\antiry 

Raw materials 
Raw milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,000 lire" 
Paper container (200 cc) ........................... 30,000 pieces 

Urilitiu 
Electric power ................................. . 

Warer ................ · · · ·. · · · · · · · · · · · · · · · · · · · 
Fuel (light oil) ................................. . 

162 kWh 
28 kiloliters 

200 liters 



,,. .... ii •bipld r. opaalioa 
_.. • 1-1ioat cla71J1bm. ..U 2 
.,._upmdedfcw~
a&er da ... 11w is. d.c ••o._ 
arc ICtUllly openred for 6 liiours 
...,.. 11ic ISaftdanl pbat opaacioa 
scWulc ii .. follows: . .._. .. , 
2SclaJSl-th _ .. .,.,r-

2) llepSed w.oinerf ..t f..taiplacat 
(W:TUlcl) 
nc prillcipll mac\iacry ...... 
_, -.-.. for • 6,000 licas/Qy 
........ plaat wiJI lie II liltal 
below. Tiie CIDll of -chieery ... 
cpip n m: f. a lOJ)OO irasf .. J 
,..., will Mt differ ....... few • 
6.000 lirmlclay plaac. ........ . 
wil M MCDSlrf CID opcmc dac 
........ .aioa -- • 2.w& ..-.,.... 
11ic COit Wica&ed a&o.c is ..... Oii 

mneat ..Jua and inclada iatuDa
lioa u -a • pbat opencills pid
uce a:pauc. 

3) bpS'cd Ara c. Plue Site 
11ic .... -- required coutraaiac 
dac plant aM its l>oildiap will IM as 
follows: 

LIM 40 .. It 50 ID. 2.000 aa2 

Bailllias llm a 35 m • 6JOm2 

11ic haildiap dWl be of £ClllUll steel 
ltnlCtaft wida dared _..._ aad 
will co..UC of the plant kildiac 
proper. oflice. dUUer laoutimg. power 
room, boiler room. paper container 
warehoue aM otlacn. 

Taltla I. 2 aad 3 slaow rapcaiffly 
tfae maoiaery aad ecruiplllCllC0 OW IU· 
1ci.als ..d militia, ud R11Apower 
ratm• for dac altoYe pluaL 

Tole :i: lle4fuircd Manpower 

Item No. 

Plane manager . . . . . . • . . • . . . . 1 
Eapccr •................. l 
Worker • • • • • • • • • • • • • • • • • • • 7 

Total ••..•..•....•.•.••.. 11 
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Locnon1I Condition 

For a ..iJk -me plaat carieriag CD 

geaaal C111••-n. cite primary loca
tioul coaditioil for sdKcioa of plaat 
site will M iu proJlimity CD aUlt pro
duciac ceaiten aad to a ~ of easy 
Waln l'llilahilily. '11ac location .-Ill 
IM illeal if, ill aclditioa. cite site is situ
ated - comumer muli:ccs, but this 
caMilioa will lie of acoadary impot· 
IUCZ Dee good prodact CDMpOrtaboll 
r.cilicia uc gaienDy a'llibltlc coclay. 

Weighing 

Ha••"Rmc 

Shipping 

• This infomwion has been prcpaRd e 
I by the Japan Consukins lnsticute I 
: (JCI) and reproduced by UNIDO : 
I with special pennislion &om JO. • 
• Funher n:produccion of rhis docu· : 
I man without permission of J a is : 
: ptohibiccd. : 
I Any inquiry abou1 che informarion : 
: contained should be scnr co: • 
e 10/COOP, Repay file No. ID/ I 
•: 561112, UNIDO, P.O. Box JOO, I 

A·1400 Vienna, Austria. e 
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DIFFERENT TYPES OF MILK 
Keeping 

TypeolMllk Descrtptlon Cha,.cteristics Foi~Caps Qualities 

Unlrealed Raw nit which has not been Very apparent cream line. Vitamin C Green 1 day in a COOi 

c subjected to any form or heal content slighlly tugher l!"'.an milk place or 3-4 days 
lreatment It may be produced and whieh has undergone heal 1n a relrigerator 
boltled by a farmer who holdS a treatment 
special licence from lhe Ministry of 
Agncutture. Fisheries and FOOd. This 
ml8( must be clearly labelled 'Raw 
UnoasteuriZed Milk·. 

Pasteurized Milt which haS been subjected lo the 90 per cenl of lhiamin and vilamm Silver 2·3 days in a COOi 

.~ 
pasteuriZalion process of heat B,1 and up to eo per cent ol lhe place or 4-5 days 
treatment (see page 6). other v1lamins. minerals and prOlem in a relrigeralor. 

are vinually unchanged. 

-
Ultra Heal Mill which haS been SUbjected 10 the The treatment ChangeS the flavour (Sold only in Unopei led it will 
Treated ultra heat treatment (UHT) process ol lhe milt stighlly. cartons) keep up to several 

i (seepage7} months will'IOul 
relrigeralion. I Once opened ii 
wiR keep as long 
as pasteurized 
milk. 

Sterilized Milk which haS been subjected to the The high lemperature causes slight Btue(lor Unopened II Wlli 

~ 
sterilization melhOd or heal carametiza!ion ol lhe lactose (milk plaslic bo!lles keep lor at teast 
1rea1men1 (see page 7). sugar) prcx11Cing a "COOked' flavour only: otherwise 2·3months 

and more creamy appearance. SOid in long· wilhoUI 
There is losS of aboUt 50 per cent of necked glaSS relrigeralion. 
the vitamin C and vitamin 8 12 and 30 bollles with a Once opened 11 
per cent of the lhiamm. There is also crowncao) will keep as IOng - - a slight recluetion in the biological -- as pasteunzed 
vatue of the protein. milk. 

Homogenized Milt which has been subjected 10 the Homogenized milk has no cream Red 2·3 days 1n a COOi I 

-
hOmogemzalion process line. bul lastes smooth and creamy. place or 4-5 days 
(see page 7). 11 is more readily digeSted panty in a relngeralor 

I : 
beca1J9e ol lhe sma111a1 globules 
and partly because the process 
lowers lhe curd tension which I 

results in the formatiOn or a softer I 
curd during digeStion. I 

' 

Channel Milk lrom the Jersey or Guernsey II must contain a minimum of 4 per Untrea1~. 2·3 days in a COOi 
I stands breedS ol cow. Available as cent lat but ollen the average is Green wilt\ a place or 4·5 days 

- un1<ea1ed0< pasteu••ed nearer 10 4 .8 per cent as OPPOSed 10 gold stripe; in a relngerator 
other whale milks vwhleh have a Pasteurized· 

- minimum or 3 per cent with an Gold I G 
average of 3.8 per cent. Because of 
its high tat content it has a rich i creamy taste and a defir111e cream ... 
line. I 

Semi-Slummed Milk from which some 01 lhe lat Semi-Skimmed milk contains Not prescribed 2·3 days in a COOi 

• 
has been removed. 1.5·1.8 per cent lat . by tegisla1ion. place or 4·5 days 
Available pasteurized. sterilized and II has been in a relrr9era1or 
UHT. recommended (pasteurized) 

lhal 
pasteurized 
semi-Skimmed 
milk stiould 
have a red and 

Stdmmed Milk from which virtually all lhe rat Skimmed milk contains leSS than 0.3 Silver slriped 

0 
has been removed."' per cent la1. cap and 
Available pasteurized. sterilized and pasteurized 
UHT. Skimmed milk. 

a blue and 
silver cheeked 
cao 
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Mastitis and its Control 

Mastitis is a disease which was and is a major problem on dally farms. This dise?se is 
usually caused by bacteria but it can be caused by trauma. partirularfy by a malfunctioning milking 
machine. Staphylococcus mueus is the main bacterium associated with increases in SCC' . It causes 
increased levels of subclinical {hidden) mastitis and is spread in the herd with faulty milking 
equipment and a lack of hygiene at milking time. Since often as many as 500/o (sometimes even 
more) of the cows in some herds are affected by this "silent" condition and it causes a reduction in 
milk yield of some I 0%. 
Because subclinicaJ mastitis is so common and it causes such losses of milk and money it is very 

important that the people who are looking after and milking the cows should do everything posgble 
to lower its incidence. A guide to the level of subclinicaJ mastitis can be gained by the study of the 
bulk milk cell count. There are few methods of estimation of somatic cells in milk. One of them, 
known as a Whiteside test. is given below. European Community Standards now require that SCC 
should remain below 400.000/ml in bulk herd milk. 

In many countries, on farms has been started programmes of practical control mastitis The 
rules set out below are a base of all those programmes. 

I. Proper management and hygiene (and the first of all it means clean cows, equipment 
sterilisation, udder wash. teat dip and udder spray after milking, washing of hands by milkers 
between cows and well serviced and looked after machine). 
2. Good milking techniques and efficient milking equipment. 
3. Treatment of clinical mastitis. 
4. Therapy of dry period. 
5. Spraying of dry cows and in-calf heifers with a fly repellent. 
6. A selection and culling policy. 

Whiteside test 

The test is based on the chemical reaction between sodium hydroxide (NaOH)and DNA 
which is present in cell nucleus (I million somatic cells contain ca. 7 ug of DNA). In the case of 
milk obtained from cow or cows with mastitis, jollification takes place after mixing sample of milk 
withNaOH. 

Method of testing 
Transfer 5 drops of milk into watchglass (sometimes Schalma's plate is used). Add I drop of IN 
NaOH. Mix the milk and sodium hydroxide, than observe appearance of the sample in reflected 
light on dark green background. 
There are 6 levels of detected mastitis. The levels are as follows: 
+-· +-+· +· ++ +++· ++++ ' , ' , , 
+-level is the lowest level (almost invisible) 
++++level is the highest level (strong jollification) 

1 Somatic Cell Count 
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How To Start Manufacturing Industries 

APPENDIX 17 
ALE: Al6 
ISIC 3122 

Assorted Animal Feed Making Plant 
Assorted animal feed industry is 

gaining npid woddwidc attcnLon in 
recent years as dac aced grows Cftr 

more aitical .:o supply animal protein 
ro dac chicken, hog and cattle nising 
industries. 

11ac uan.dormacion of these indus
tries &om mWHcalc opcncions ro 
large-scale opcraliou which promise 
profiubility wilh greaur stability, has 
brought about a ~ Cftll in the 
syaem of supplying feed to gn11~atiag, 
habiworous animals, ud the demand 
for assorted animal feed has continued 
to grow ar a sharp pace from year to 
ycac. 

Jn Japan, for eumplc, the ourpur of 
assorted animal feed during fucal 1977 
wu about 20 million tons, of which 
5~ was consumed for poultry raising, 
2K for hog rwing, 21S for canlc 
raising, and I~ for other purposes. 

The use of 5~. or one-half of roral 
assorted animal feed output for poultry 
raising, is charactcrisr:ic of the Japanese 
assorted animal feed indusrry. Perhaps 
rhis situation well underscores the great 
suitability of assorted animal foeed to the 
poultry raising industry. 

The demand for usoned animal feed 
is beliewed to be increasing at the •••.: ¥! 
somr I million tons annually. In fact, 
today the Yolume of assorted animal 
feed utiliud by nrious industries rc
ported1y runs up co about 8~ of total 
feed consumed in the country, indicaf· 
ing the Yitai importance which assorted 
animal feed plays in animal raising 
industries. 

Bullish demands ha•c-trigercd a rush 
coward scale upping of assorrcd animal 
feed plant capacities. For insuncc, chc 
minimum monchly production capacily 
of a plan1 newly conscructcd in fiscal 
1978 was 5.000 tons, and the plan! in 
Japan haYing the muimum monthly 
production capacity is 30.000 rons. 

A wide variety of materials is cm· 
ployed in the manufacture of assorted 
animal feed, the more general ra1io 
being maisc 36.8.,, milo 2S.2S, wheat 
bran (mash) 2.6S, moluscs l.l)'J,, soy· 
be.1n grounds I I .IS, fish meal 3.3 .. and 
orh.rrs. 

As for 1he breakdown of produc1ion 
costs in Japan the cosc of raw ma1crials 
••um.rs a very high ra1io of 86 - 9~ 
since mote raw m11erials arc impor1cd, 

whdc ocher principal cost i~cms arc 

labour ~. produ~ron co:r 2.5 - 2.6,0 
and sales cost 1,;. 

11ac pr-.cesscs inYOIYCG in the manu
facture of assorted animal feed aroe 
indicated in the .. nachcd proccu Oow 
sl.c~t. &ricfly described, rhe following 
processes arc inYO!Ycd. 

Process Description 

1) Raw nwcrials facilities 
11ac supply of principal raw materials 
and sub-matui:als arc charged into 
silos and tanks, where these materials 
:aR mixed with addiriYa. 

2) Primary auslaing 
11ac nw materials scored in silos, 
tanks and warehouses arc processed 
by primary crushing. C.rushcd mate
rials arc further separated by mean' 
of a sifter, daen stored in usoning 
tanks (hoppers) according ro the 
kind of raw material. 

l) Assorting and measuring 
Small amounu of :additins arc 
daatged into 1hc bins containing dif· 
Ccreat assortmenu of raw materials. 
The raw materials stored in che 
:assorting tanks arc measured in ac· 
cordancc with cheir use :as poultry 
feed, hog feed, cattle feed and 
ochers. 
Raw materials of large particle size 
arc generally used as feed for poultry, 
while r:aw maccrials of fine particle 
size arc moscly used as feed for hogs. 

4) Mi.11ing 
The raw materials thus weighed ac
cording to the kind of feed to be 
produced, .. re then mixed by means 
of a mi.11er. In chis proceu, fauy 
ingrcdicncs arc added 10 che materials 
in order 10. raise the nucrienl Yalue of 
the feed. 

S) Mola1SC1 mi1ting 
The feed obtained from che mixer is 
added with molasses whereupon as
sorrcd animal feed is obuined in 
bulk. 

6) Fine crUJhing 
Af1cr the feed is mi.a:cd wich molas
ses, ii is furrhcr crushed by means of 

rhc 2nd c.m~hcr in the ennt the fecJ 
:S 11.;cd for h~ raising. The feed is 
crushed to pucidc sizes of about 
I mm diameter in this process. and 
mry be used ;s assorted :animal feed 
al chi!- stage. ,, 

7) Pd:ct making 
I.stoned animal feed tha~ is crushed 
into 6ne particles is fun:1er formed 
into pelleu. These pellets, which arc 
cylindric:al type and ccmc in sizes 
measuring 6 mm in diameter and 
2 cm in length, arc then dried. 

8) Pacbging 
The assorted :animal feed haYing been 
produced by the processes dcsc:ribc:d 
aboYC, rhc product is nCJtt accomm~ 
dated in die produce tanks, thctt 
weighed and packaged. 
The mechanical f~cilities required for 
chc assorted animal feed plant consist 
of the following: 
( 1) Raw materials storage tank and 

ocher facilities 
(2) Crushing facilities 
(3) Assorting faa1icics 
(4) Processed feed facilicics 
(5) Transponacion facilities 
(6) Duse collection facilities 
(7) Packaging and bulk shipmen! 

facilities 

Example of Assorted Animal 
Feed Making Plant 

Herc, a description shall be giYcn of 
:an usorccd animal feed plant haYing a 
monthly production scale of 5,000 cons, 
which is a mosc economical scale. 
Operation hours: 

8 hours/day 
2S days/mon1h 

300 days/yrar 
Tables I, 2, 3, 4 and S arc based on 

che above plan! 

Required Raw Materials 
and Subsidiary Materials 

The quantities of .aw materials and 
sub-m11uial! required to produce as· 
sorted animal feed arc indicated in the 
following ubk 

Accordingly, 1hc kinds of raw· and 
sub-materials as well as 1hcir mi111urc 
utio can be determined as long as 1ht 



speci&c applicalioa ol IM .__. 
uimal feed ia n-a. 

AJ 'lft aft concicmcd laerc widt a 
plaat capable of prodaa.g 5,000 tom 
of usonccl animal feed -r1a1y, tile 
principal raw materials ~uirccl per 
m-tla will be dcscribccl in Table 2. 

Item 

Raw material silo 
SulHnarerial taa1: 
Pre4UKer 
l•aalaer 
Siner 
Aaoned taa1: aad lloppcr 
Hopper scale 
Mmer 
Fat wait 
Molaaes tank 
Molaacs miser 
2adaalacr 
Pcllct manufacturing ecraif-cac 
Product tank 
Product ... , uuring scale 
Packing - Jaine 
Boiler 
Dust collector 

FOB price of aaadaiaery and equipment 
. • • • • • . • (approx.) SUS s.131,000 

Table 2: Moaddy ReqUcmcat of 
Raw Materials a.I 
Subsidiary Macerials 

Item Quantity 

Maise • • • • • • • • • • • • • . 1)175 lOIU 

Milo • • • • • • • • • • • • • • • 1,G95 tolU 
Ocher pains 
(wbeac, barley, etc.) •••• 
Maah .............. . 
Rice bran oil lea ••.... 
cr-1 pcllcc . • • . . • , .. 
Ochers •.•.....••••. 
Soybean oil lea . . . . ... 
Ocher wegcublc oil 
lccs .••.•....•..•.. 
fish grounds, meal . . . . . 
Oil and far •.......... 
Molasses .......... . 
Addiciwcs •...•••..•. 

120tON 
200tou 
175 lOIU 

lJScons 
140coiu 
460 COIU 

475 cons 
US cons-
25 cons 

lOOcons 
IS COM 

Table J: Required Ucilicics 

Electriciry . . . . . . • . 1,600 kWh 
Waccr . . . • . . . . . . . 2 cons/hour 
fuel . . . . . . . . . . . . 156 kg/hour 
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lwn No. 

Mauger .ucl chief eagiaccr . . . • . 1 
Total machine operator . . . • . • . 2 
Packing operator . • • . . . . . . . • 2 
Cnuhing operator . • . • . • . • . • . 1 
Adcliag agent. . . . . . . . . . . . . . 1 
MaiPtcaaaa .ucl supenision • . . . 2 
Pdlcl operator • • • • • . . . • . . . • 1 
Shipment • • • • • • • • . . • • • . • • l 
lloicr • . . . • • • • . . . . . • . . . . . 1 
Pre-aaixer • • • • • • • • . • • • • • • • 2 

Raw· ud ••"-terial 
wuelaouse................ 2 
Electrical cagineer • • . • . • . : • . 1 
Mech111ical eaginecr • • • • • • • • • l 
Odcljobman • • • • . . • . • • • • • . 7 
Total • . . . • • • • • • • • • • • • . • . 25 

Table 5: ~ Area for Plant Site 

Plant buildiag • • . • • • • . • 1.200 m 2 

Raw material warehouse . . . 1.000 m 2 

Product wuchOUle .•.•.•. 1.000 m2 

Land •••••••••.••••• 15.000 m 2 

Locational Concfrtion 

nc plaat localion wiD depend ~
ly Oft h- tile raw materials arc obcain
ed. In a coantty where mOSt of the raw 
materials arc a.ulaldc locally. a loation 
near the raw materials producing ccntcn 
-uld be the ""* ideal. On the other 
laud. if the larger pcvponion of dae 
raiuiml raw materials arc imported, 
then a localion acar a seaport will bc 
more adwisablc. 

Howcftr, sincie 1Dmc kinds of raw 
materials sada u fish powder may gen
erate foal oclor. it may - nccasary to 
couaua the plaat at so- place away 
from geaeral raiclcacial anu .ucl away 
from city or town areu.. 

Table 5: Raw Materials for 1,000 T- of Ass.reel Aaimal Feed 

Raw- le Sub· For Dairy For Beef For for Other 
Material Cattle Cattle Poultry Purpose' 

Aweragc 

• Maise 7.,.. 12.9~ 47.?S 34.7~ JS~ 
• Milo 19.6 28.5 18.0 12.4 21.9 

Wlieac 0.2 - 0.2 0.3 0.3 
ladey. naked 1.4 7.5 0.8 0.8 barley -
Ocher grains 2.9 4.8 0.3 4.2 1.J 

• Mash 11.7 7.8 1.3 2.5 4.0 
• Rice bran 1.8 3.8 0.6 0.8 1.0 . Rice brsn oil lees S.J 2.5 1.6 2.J 2.5 
• a-meal pcllci 2.1 4.5 2.6 1.7 2.7 

Ocher· 12.0 3.2 1.1 J.7 2.8 
• Soybean oil lees 10.S 80 9.7 5.6 9.2 
• Ocher •cceubk 13.4 7.2 J.O 4.S 9.S oil Ices 
• fish grounds, 

powder O.J 0.2 4.8 4.5 J.7 

Adsorbenr feed 0.1 - 1.1 0.6 0.7 
Skim milk powder 0.7 - 0 3.7 0.3 . far lc adsorbenr 

feed O.J 0.2 0.7 0.3 0.5 . Molasses 5.8 3.8 0.4 7.6 2.0 
• Addici•c 0.1 0.2 0.) 0.3 0.3 

I . 
Nocc: ;cems affll&cd wirh • arc essential raw materials. 
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FACTORY FOR CATTLE FEED 

AL'l'ERNA11VES AND CONSTRAJNTS 

Alternatives : 
1'be operation of the purchlsing of raw materials is essential in lhe production of cattle feed. 
Of primary imponance is the satisfaction of the nutritioaal needs of the animal. 
by means of a composed product which is the result of the combination of raw malerials 
of different origins (over 400 eventually listed in France). (Possible origin of raw materials: 

agriculnare. agro-food iadusuies. chemical industry.) 

Constraints : 
- Energy needs are sigaificant (foresee electrical service or possible generating set) 
- Possible pollution problems due to fine particles (notably of flour) which can be resolved 

by insulting filters. 
- Risks of disintegration or sepuation of the feed mixture. especially during bulk tnmport 

possa"ble use of bindinc qenu. 
- Necessity of constaDt link with uading companies (telecommunications. tel")· in order 

to be consllDdy awme of the pice of raw materials freight included IDd to deime the most 
efficient IDd economical formulas for raising of liYeSUd iD a given region. 

OPERATIONS 

Reception, Weighing 
of Raw Materials 

I 
I Mixin2 ) 

~ 
I 

I Granulatin« I 

I 
I Drying . and/or I 

coohn2 

(Cr.!bHof 
Dosage 

bagging 
Jn bulk I 
Comnosed Feed 

FUNCTIONS POSSIBLE CHOICES OF TECHNOLOGY 

Swinging bridges 

Preparation of the mix Mixers : double screw; 
- horizontal : rapid, equipped with •Nauia• 
bi.des with endless screwii for mixing. 
- vertical : with ·simon Hersen• screws. 
Hammers grinders. 

Obtaining of a flour Each raw malerial may be ground 
before mixiH. 

Improvement of the 
use bv animals 

Breaking down 
of Jumps 

Press with channels 

Vertical refrigerator unit 
Dryer - refrigerator unit 
- turning or rotary 
- with boppers 
- with bands 



Agricullaral raw 
malerials 

~ 
Extraction Industry 

I .. 
By-products lnlended 

for animal feed 

Dehydrlltd fodder 
Alfalfa + hay 

Cereals 

INDUSTRY BRIEnNG PAPER: ANIMAL FEED 

Cereals Corn 
I I 

• • 
Millin& St1rch Mill 

I I 

+ .. 
Co-products Com gluten 
from milling feed 

Cereals on seeds Beets CIUUI Mille Meal Industry for culture 

I I + 1u1ar cane Pruit I + filh by fermentaUon 

.. .. .. • + + • 
Brewery Oil Factory Sugar Factory Fruit Juice Dairy Industry ror Blotechnolo1y 

tr1ndormatlon of animal I 
Malthouae I I .. • .. 

Drarf Blpeller Mol111e1 
Barley rootlell Cake Beet pulp 

Factory for cattle feed 

"' Concentrated 
or comptement1ry animal reed 

I SYNOPSJS] 

Induury I 

• + producu • Citrus Powdered .. Vlt1mln1 

pulp milk Flour + ./Amino acids 

Chemical 

/vice firms lnd~ury 

O.fY minerals 

(Complemenll of 
Minerals and Vllamlns) 
or premll 

I .... 
w 
(7\ 
I 

~ 
"O 

~ 
1-4 
>C 

.... ..., . .... 
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SERVICE FIRMS 

Manufacture of CMV (Complements of Minerals and Vitamins) or premix. 
This activity is not easily performed by small and medium-sized firms due to the veterinary 
research required for the adaptation of the premix to each feed. 
The CMV supplied to manufacturers of cattle feed is a product which often covers the whole 
range of the animal's needs for minerals, trace elements, vitamins, and growth factors. 

Manufacturin& constraints 

I) Stability of the vitamins 

Cenain substances in the CMV can reabsorb water when they come into contact with the free 
water contained in salts. A reaction occurs. causing an amalgam of the mixture and a 
release of heat. which alters the vitamins. 
A premix should contain a suffi:icnt quantity of absorbant nutritive supply to avoid this 
problem. 

2) AowofCMV 

1bc CMV often docs not flow easily. Certain agents such as silicic acid can be added to 
increase its ·nowability•. However, if cenain limits arc not respected, the premix may separate. 

Composition of CMV: 
Minerals g/lcg dry matter P, Ca 
Trace elements mg/kg dry matter and micro g/lcg d1y matter 
Vitamins A. D, E, K. thiamine, riboflavin, vitamin B9 (ppm). 

micro g/K.g dry matter 
Growth factors: antibiotics + AA methionine, choline, lysine 
Recently: probiotic, still not utilized and little known 

Origin of the raw materials making up CMV: 
Vitamins and growth factors: biotechnology 
Ca ~- calcium carbonate (- chalk 
P and Ca f- bone meal 
Dicalcium phosphate 
Minerals 
Trace elements 

chemistry 
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HOV TO START MANUFACTURING INDUS'l!UES 

CATTLE SiliUGHTmBOUSE 

APPENDIX 18 
FILE: A-36 
ISIC:31 I l 

Sma11 slaughterhouses equipped !or complete processing 
are well suited for saall towns and daily supply or the popula
tion with fresh meat in countries with extensive cattle breed~. 

Generally such slaughterhouses can only be built on 
well drained terrain which is not susceptible to floods and 
pollution from other sources. Care mwit be given to the pens and 
sheds in the slaughterhouse which must be easy to clean and 
disinfect. Main and other buildings must be fenced to prevent the 
uncontrolled entrance or anima1s and must be located in such a 
wiq that the paths in the clean and nonclean areas do not 
intersect. Lastly, slughterhouse refuse must be eliminated and 
passed into adequate vessels and containers. 

The slaughterhouse for the slaughter and processing of 
cattle described here is of medium capacity. 

The technological process and operation guarantee 
maximum sanitary conditions. 

The process a1llows for the organized input of cattle, 
slaughtering, storage and output of finished p~oducts. Besides 
buildings the slaughterhouse also requires electrical energy and 
clean water. A small quantity of the clean water is heated for 
cleanjng and washing purposes. 

PROCESS DF.SCRIPrION 

The slaughtering line is designed to provide for complete 
processing of cattle in a suspended position. The small capacity 
of the line does not require the incorporation of conveyers and 
transportation at the lines is done manually. For the same 
reason blood processing is not included. 

Cattle supplied to the slaughterhouse are weighed on a 
cattle balance and then unloaded along the reception ramp into 
pens for rest. 

They are stunned by a gun in a box and arterwards 
slaughtered and removed to the bleeding line where blood is 
collected in a basin. The carcasses are loaded by electric 

This itlform11ion ~·•been prepared for UNIDO by Che lnscicucc for Dcvelopina Countries, Yu1ostavi1. Inquiries should be addrnKd co: 
IPCT/11/PitOM, Rc111uy file No. IOIS62/11, UNIOO, P.O. 801 JOO, A·l•OO Vienna, Austria. 
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hoist from the slaughter line to the processing line. Loading, 
spreading of rear legs end debiding are carried. out on a three 
level plat.form, 81ld .final debiding done on a two level platform 
by means o.f a pneumatic kni.fe. 

The horns are removed by electric saw, and the heads 
inspected and wesbed. The brisket is opened by electric sav, the 
entrails inspected and extracted. Inspection takes pldce on an 
inspection table. Stomach and casings are transported. for 
cleaning. Carcasses are split into halves which are washed and 
inspected by a vet. After inspection the halves cu.·e quartered 
and transferred to a low rail. Before transfer to the storage 
room the meat is weighed on a suspended rail balance. 

Hides are transported to the hide storage from where 
they are despatched to the processing hall or casing room, 
depending oa the kind of hide. 

The meat is cut o~ tables in the cutting room by means 
of electric or hand operated saws and knives. Cold storage then 
provides .for the complete cooli£g of the meat at o0c, while hal.f 
the capacity may be frozen at -35°C. Meat from 500 cattle can be 
frozen. 

Staughter and processing of cattle is a continuous 
process. 

PRODUCTION CAPACITY 

On the basis of an eight hour day the capacity of the 
slaughterhouse is 60 cattle a day. 

REQUIRED MACHINERY AND ~UIPMENT 

I t e m 

Electric hoists 
Stunning box 
Stunning gun 
Platforms for cattle processing 
Electric saws for cutting and splitting 
Pneumatic knive 
Hooks for various purposes 
Pneumatic spreader 
Carts for various puposes 
Stand by spreader 
Sterilizers for slaughtering tools 
Processing and inspection tables 
Pipe rail with supporting construction 
Rail balances up to 500 kg 
Cattle balance up to 2 000 kg 
Floor balances up to 200 kg 
Machine for washing and cleaning of stomach 
Device for casing processing 

No. 

4 
1 
1 
7 
4 
1 

260 
l 

26 
l 
5 

13 
650 m 

2 
1 
') 
l 
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Wash basins for washing hands 
Band sprayers 
High effect pumps for washing 
Pumps for discharging manure 
Laboratory equipment 
Other slaghtering equipment 

FJLE: A-36 

5 
12 

2 
2 
1 set 
1 set 

FOB price of equipment and project is 18:> 000 US dollars (in 
1985). 

REQUIRED RAW MATERD.LS 

Cattle ••••••••••••••••••••••••••••••• 60 per day 
Salt ••••••••••••••••••••..•••.••••••• 10 kg per day 

REQUIRED MANPOWER (for two shifts) 

Q u a 1 i f i c a t i o n No. 

Veterinarians 2 
Butchers 37 
Workers 10 
Clerks 1 

TOTAL: 50 

REQUIRED UTILITIES 

Electric power ••••••••••••••••••• 5 k'«h per animal 
Water •••••••••••••••••••••••••••• 2 tons per animal 

REQUIRED AREA OF PLANT SITE 

2,450 2 The area of the building and cold storage area is 
m • 
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FLOW SHEET FOR CATTLE SlAUGHTERtDUSE 

----~ ...._ ___ ......., 

SfOlage of 
hams 

.--~~~-f-~~~.+-lorr~ 
--------~~ -~~~~-

Washing 

Vete~ 
inspecta1 

Exit 




