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ABSTRACT 

A chemical and instrumental food analysis consultancy visit to 

Vietnam was undertaken from 1 February to 31 Karch 1993 as a part 

of UNIDO's technical assistance project DP/Vie/87/009 13103 at 

the Department for Quality Control of Goods and Ketrology (DTQC), 

Ministry of Trade, Hanoi. 

The objectives of the visit were: 

- To assist in the installation and testing of equipment donated 

by UNIOO to the DTQC as part of the project. 

- To conduct training courses in the area: 

- Analysis of pesticides residues in Vietnamese food by 

using Gas Chromatography techniques 

- Analysis of heavy metal (trace elements) in Vietnamese 

food by using Atomic Absorption Spectrometer techniques 

- Analysis of mycotoxins in Vietnamese food by using Thin­

layer Chromatography 

- Analysis of food additives 

- Conduction of one day seminar on rapid methods for food 

quality control 

The equipment provided by the project was installed: 

- Gas chromatograph (GLC) TRACOR Model 9000 by Vietnamese experts 

from Hanoi University 

- Atomic Absorption spectrometer (AAS) by UNIDO expert 

Mr. D. Kordik and Vietnamese experts. 

Both items were tested and found to be in working order. 

A training course on the objective reviewed above was con­

ducted from 8 February to 25 March 1993. 

Prepared lecture notes, methods and review of the literature 

related to the project were provided to 12 participants who at­

tended the c~urse. 

For the Seminar, a manuscript entitled "Fermented soy 

products manufacture, quality and health aspect" was prepared. 

The major outputs of the visit are: 

i/ 12 persons trained in chemical and instrumental food analysis 

11 I I I I 
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methods 

ii/ 12 persons trained in Gas Chromatography techniques 

iii/ 12 persons trained in mycotoxin analysis by Thin Layer 

Chromatography 

iv/ 12 persons trained in methods of trace elements (heavy 

metals) analysis by AAS techniques 

v/ 12 persons trained in food additives analysis (colour addi­

tives) 

vi/ The laboratory staff has now the capability to evaluate Viet­

namese food for contamination of pesticide residues, trace 

elements, mycotoxins and food additives 

vii/ At the end of the course, all participants obtained "Certif­

icate of Attendance" for having satisfactorily completed a 

training course on "Rapid and Instrumental Food Analysis 

Methods and Spectrophotometric Techniques". 

These certificates were signed by Prof .Or. Phan Due Thang - NPD 

of the Project and by the Expert of UNIOO - Prof .Or. Edward Ka­

minski. Copy of the Certificate was given in Annex s. 

I I I II 11 111 I I I I I I 
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XKTRODUCTION 

1. A two month consultancy visit in chemical and instrumental 

food analysis was undertaken at the Depart•ent of Quality 

control of Goods and Metrology (DTQC), Ministry of Trade, 

Manoi, Vietnam. This ~isit was part of the United Nations 

Industrial Development Organization's (UNIOO) technical as­

sistance project DP/VIE/87/009. 

The purpose of this technical assistance project is to ena­

ble it to implement more effective quality control programme by 

strengthening the analytical expertise in assessing the quality 

and safety of foods as well as upgrading the extension and advi­

sory services. 

2. The consultancy was undertaken by EDWARD KAMINSKI, professor 

Dr. of the Food Technology Institute of the University of 

Agriculture, Poznan, Poland. 

The specific objectives of the mission were to: 

- Assist in the installation of new equip•ent and test its 

performance. 

- Conduct training of DTQC staff in the use and operation of 

equipment for chemical and instrumental food analysis. 

- Prepare a training manual on met~ods for the analysis of 

food contaminants: pesticide by Gas Liquid Chromatography 

(GLC), trace elements {heavy metals by Atomic Absorption 

Spectrometer (AAS) and mycotoxins by Thin Layer Chromatog­

raphy (TLC). 

- Conduct a training workshop using the above man~al. 

- Present papers for a seminar on "Food Quality Control". 

- Prepare a terminal report. 

3. The consultancy and training workshop took place at the Cheai­

cal and Instcumental Laboratories and Training Room of the 

DTQC, Hanoi, Vietnam. 

- The job description is given in Annex 1. 

- A plan of the activities at the D'I'QC is qiven in Annex 2. 

- A list of the senior counterpart staff is given in Annex 3 

- A list of the participants and observers of th& course of 

instrumental and chemical analysis is given \n Annex 4. 

II I 1111 I 
I I II 11 
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- A list of the people met is qiven in Annex 4A. 

- A list of the equipment used in the chemical and instru-

mental analysis is qiven in Appendix 1 • 

• 
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I. TRAXHDIG COURSE OH TBB AllALYSIS 

OF PESTICIDE RBSIDUBS IN FOOD 

The first week after arriving at DTQC, the consultant took 

time to get acquainted •ith the staff members, laboratories, and 
checked the list of equipments and chemicals provided by UNIDO. 

The training course on the analysis of pesticide by Gas 

Liquid Chromatography (GLC) and Thin Layer Chromatoqraphy (TLC) 
was held from 9 to 20 February 1993. It was attended by 12 par­
ticipants. A list of participants and observers is given in Annex 
4. The course consisted of lecturers which were held in the morn­
ing from 9.00 to 10.00 or from 9.00 to 11.00 and laboratory work 

from 10.00 or 11.00 to 12.00 and 13.30 to 16.30 hours. The lec­

ture notes and laboratory schedules which were prepared in Poland 
were provided for the participants of the course, and are not in­
cluded in this report. The methods applied during the course are 
given in Annexes 6 and 7. 

A. safety in the laboratory procedures 

In order to avoid severe risks associated with handling of 

pesticides, mycotoxins and chemical reagents the participants and 
the staff were informed on the correct use of apparatuses and 

basic laboratory skills. The FAO/WHO Codex Guidelines on Good 

Practice in Pesticide Residue Analysis were distributed to mem­
bers of the DTQC staff and participants; they are not included in 
this report. 

B. Analysis of pesticide residue by gas cbrcmatograDhy (GLC) 

At present there are several hundred pesticides in common 

use for the control of insects, weeds and diseases of plants. The 

list of pesticide used in Vietnam is given in Appendix 2. During 
the training course the organo-chloride pesticide and its resi­

dues were studied together with the problems associated with its 

long-term persistence and hiqh poisonousness. An essential knowl­

edge of the organo-chlorine pesticide was given during the lec­
t\..res. 

The low concentration of the pesticides in plants, water, food 

I I Ill I I 111 II I I 
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products and living organisms requires special methods of analy­
sis. During the course two techniques have been used: Gas Liquid 

Chronatoqraphy (GLC) and Thin Layer Chromatogi:aphy (TLC). Since 

the participants had very little knowledge about GLC techniques, 

basic information concerning Gas Chromatography techniques was 

given during the lectures and training sessions. 

Gas Chromatography is today the most widely used ir.strument 

technique for analysis of pesticides with very high sensitivity 

and high separation efficiency of chemical substances. 
Emphasis was put on the practical aspects related to the 

selection and operation of the various types of detectors (Elec­

tron Capture Detector ECO, Flame Ionization Detector Flt, Thermal 

Conductivity Detector TCD). 

For organo-chlorine pesticide analysis ECO is commonly used. 

The Electron Capture Detector cell contains a radioacti~e isotope 

(63 Ni} emitting high-energy electrons. Those electrons are part­

ly reduced with collisions of carrier gas and molecules of sample 

pesticides. 

Uncaptured electrons are collected periodically by applying 

short-term voltage pulses to cell electrodes. During the training 

course attention was paid to potential hazard associated with ECO 

handling. The influent gas stream from the ECO must always be 

vented by a fume hood to prevent possible contamination of th~ 

laboratory with radioactive material. A description of ECO, FID 

and TCO detectors is given in Appendix 3. 

The next very important part of the GLC is the column. "The 

column is the heart of the Gas Chromatograph•. Participants were 

acquainted with packed columns and capillary colUlllls. 'rne most 

important characteristics of the column for multi-residue pesti­

cide analysis were given during the course: efficiency of the 

column, sensitivity, retention, compound elution, support materi­

al and stationary phase materials for packed column. 

For pesticide residues the column with stationary phase such 

as SE-30; SE-52; OV-17; ov-210; SP-1500; SP-2250; were recommend­

ed. Attention was paid to the stability of the column used. A 

liquid phase loading of J-10' on support material (Chramosorb W) 

is commonly employed in pesticide analysis. The liquid phase is 

I I I 11 I 11 
11 II I I 
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coated onto small particles of support material. The bonding in 

the coating is not strong and can be disturbed by injection of 

the polar solvent or by prolonged heating. 

The efficiency of some packed columns and retention ratios 

of 54 pesticides is presented in Appendix 4. The tables presented 

proved very useful, particularly for tentative peak identifica­

tions in the chromatograms of the pesticide multi-residue sam­

ples. Each stationary phase or combination thereof has its Ollill 

elution pattern or "fingerprint" for the compounds of a given 

mixture. Appendix 5 shows a chromatogram of 8 organo-chlorine 

pesticide mixtures obtained on 10% SP-1000 on supelcoport during 

the training course on GLC TRACOR Model 9000. 

In gas chromatography laboratories well equipped for envi­

ronmental studies capillary column are ~1ow being used. Appendix 6 

shows chromatograms of pesticide separation on a capillary column 

with a diameter 0.2 - 0.32 mm and 25 - 50 m long and a megabore 

column as replacement for the packed column. The megabore column 

has a diameter of 0.53 mm, is 15 - 30 m lcng and made from fused 

silica tubing. A technical reason for considering the megabore 

column is that the stationary phase is surface-bonded and cross­

linked to the silica surface and can neither be rinsed out by the 

solvent nor leaked by high temperature. Megabore columns compared 

with packed columns are "long life" columns. 

c. Analysis of pesticides on Thin Layer Chromatography CTI.Cl 

The participant were made acquainted with the theoretical 

and practical use of Thin Layer Chromatography for pesticide 

analysis. 

A growing use of TLC for pesticide analysis can be seen from 

reports published in previous years. The article on "The updated 

techniques for quantitative Thin Layer Chromatography of organo­

chlorine pesticides• issued by J.Sherma (see point E.4.) was dis­

tributed to the participants of the course and could be used as a 

guide for pesticides analysis using TLC techniques. This article 

is not included in this report. 

At the training course silica gel, aluminum and glass plates 

were used for the separation of Lindane, DOT, ODE, and Eldrin. As 

I I II 11 I 
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a mobile phase n-heptan was used. For the detection of spots 1% 
diphenylamine in ethanol followed by irradiation with UV light 

(366 run) was used. 

Other mobile phase and chromogenic reagents could also be 

used. Thin Layer Chromatography methods and techniques are rapid 

and give results which can be reported semiquantitatively. 

According to Practical Analytical Manual, use of these tech­
niques should detect at least 25 µg standards of aldrin, dielrin, 
eldrin, TDE, DOE and DDT. 

According to ~.Sherma, commercially precoated silica gel 

Thin Layer plates are almost exclusively used. According to the 

Pesticide Analytical Manual the silica gel has been discontinued 

for ~outine Thin Layer Chromatography of chlorinated pesticide by 
aluminum oxide producing more compact spots. 

The advantages of Thin Layer Chromatography are speed, low 
cost, a more simple sample preparation than for GLC technique. 
Disadvantage of TLC is that in some countries there may bE: prob­

lems caused by high humidity. This fact was observed during the 

analysis of chloro-organopesticide at the DTQC laboratory in Ha­

noi during the training course when humidity was very high. To 
prevent this effect the Thin-layer plate should be activated be­

fore spotting and spots application should be in room with re­

duced humidity. 
A diagram of water absorption of the silica gel plates is 

shown in Appendix 7. 

D. Saigple preparation 

sample preparation for any analytical determination must be 

performed in such a way as to avoid any changes that will be re­

flected in the analytical results. A sample must be representa­
tive of the whole population, otherwise the analytical result 

~ill be inaccurate. During the course the participants were made 

acquainted with sample preparation, sample extraction using dif­

ferent solvents; clean up technique used liquid-liquid partition­

in~ and sorption of extracts to f lorisil column and selective 
elution of pesticide used organic solvents. For sample concentra-
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tion a rotary Kuderna Danish evaporator supplied by UNIOO was 

used. 

Pesticide Analytical Manual, Vol. 1, edited by the US Dept. 

of Health and Human Services Food and Drug Ad.Jain. in 1990 was 

distributed to the participant~. This manual is not included in 

this report. 

During the training course the participants prepared follow­

ing samples: rice, green beans, and tap water. Using Gas Chromat­

oqraph techniques no pesticide residues were detected in the ex­

amined samples. Using internal standards (Lindan) to the sa-:npV?s 

a good reproducibility of the methods was achieved. 

Simplified methods of sample preparation, used in Poland for 

organo-chlorine detenuination of pesticide residues by GLC tech­

niques were used during the training course (the Annexes 6,7). 

The residue limits of pesticide in agricultural produc~s and 

foods as well as the acceptable daily intake was presented during 

the lectures. 

The Reprints frow the report "Pesticide Residues in Food" 

issued in 1989 by WHO/FAO were distributed to the participants of 

the course and are not included in this report. 

E. Recommended literature 

1. Gunter Zweig - Pesticide and Plant Growth Requlators Vol.l, 

II. III, IV, V, VI, VII, VIII, IX, X, XI. 

Academic Press 1980 

2. Moye A. M. - Analysis of Pesticide Residues 

A. Willey Interscience Publication 

New York 1981 

3. Gas Chromatography - Short training course 

National Sci, Inst. 

Training Center Varian 

4. Zweig a .. Sherma J. - Handbook of Chromatoqraphy. Vol. I, II 

CRC Press 1992 

II II I I I I 
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XX. TRAXNXNG COURSr. ON THE ANALYSXS OF TRACE 

BLEKENTS - llBAVY METALS BY ATOIUC ABSORPTXON SPECTROSCOPY (AAS) 

XN POOD ARD POOD PRODUCTS 

The training course on the analysis of trace elements -
heavy metals - was held from 22-26 February and continued simul­
taneously with other topics until the end of the mission. 

The course consisted of lectures and laboratory training 

from 9.00 to 12.00 and 13.30 to 16.30 hours. 
Lecture notes and prepared methods were distributed to the 

12 participants. 

A. Explanation 

The term "contaminants" refer to undesirable materials which 
have been incorporated inadvertently to food before, during or 
after processing. 

From the food analyst•s viewpoint the term "trace element" 

refers to inorganic elements, mostly metals, which may be present 

in foods, usually in amounts belo~ 50 mg/kg and have some toxico­
logical or nutritional significance. 

The nutritive elements: Co, cu, Fe, I, Mn, Mg, Zn 

The non-nutritive elements: As, Sb, Cd, F, Pb, Hg - toxic 
elements 

B. Toxic elements 

Mercury - Is a very toxic substances as a trace element in food 

and could accumulate in human and animal bodies mostly in 

the liver and in the hair. 

The most contaminated products are fish and fish products. 

The source of contamination are fungicides used for plant 
protection during cultivation and fungicide formulation to 
prepare the seeds before sowing. In fungicide formulation 

mercury is used in N, N-Bis/methyl-Hq/-p-toluolsulphonamid 

form. 

In fish mercury is present in the most toxic form as methyl 

mercury (CH3) 2Hg. 
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Lead - As a toxic substance it has a limit in foods 1-2.0 mg/kg 
for fish and 10 mg/kg for shellfish. 

The limit for foods especially prepared for infants or young 

children is 0.2 mg/kg. Small amount of lead occurs in many 

foods naturally. 

Lead is a main source of contamination in indus~rial coun­

tries, where lead is used in petrol as an additive and old 

water pipes made from lead are still in use. Contamination 

may also occur from the use of lead alloys or compounds for 

processing materials! including solders, glazes, enamels, 
wrapping materials and piping or from pesticides. 

cadllliwa - Is a relatively toxic metal, which is liable to cause 

soon after ingestion acute gastritis with vomiting and diar­

rhoea. Cadmium contamination in food arises mainly from the 

soil (70%) and from the air (30%). In water cadmium contami­

nation may occur from superphosphate fertilizers. The major­

ity of products contain less than 1.2 mg/kg. Higher levels 

were found in fish pastes, mushrooms and kidneys of pigs. 

Cadmium can occur in rice and soybeans. 

Arsenic - The geneial limit for arsenic in food is 1 mg/kg. For­

merly much of the arsenic contamination found in food re­

sulted from the use of impure sulfuric acid in the manufac­

ture of food ingredients, such as sugars (glucose), citric, 

tartaric and phosphoric acids and their salts. 

C. Methods of trace element analysis in food 

There are six different instrumental techniques for the de­

termination of trace elements in food. The use of atomic spec­

troscopy in the analysis of foods and beverages are now commo~ in 

various laboratories. Most of the methods are based on atomic ab­

sorption spectrometry. In some research laboratories, flame atom­

ic emission spectrometry, emission spectrography and inductively 

coupled plasma optical emission spectrometry are also used. 

11 I I I I I I 11 I 111 
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D. Sa•ple preparation 

In most laboratories sample preparation is the most labor­

intensi ve part of the analytical procedure. 
There are two classical methods of sample preparation - destruc­
tion of organic matter: 

1. Dry ashing 

2. Wet oxidation (wet ashing) 
Dry ashing is provided at 150-45o0 c according to the particular 

elements in muff le furnace by adding an ash acid (magnesium 

oxide nitrate or sulfuric acid). 

Silica or platinum basins are preferred. 
A detailed prescription is given in the methods. 

Wet oxidation, wet decomposition of organic matter is provided 
with the various acids: sulfuric, nitric, perchloric and 

with aqua regia. Aqua regia is a mixture of nitric and hy­
drochloric acids. Aqua regia oxidizes many materials more 
efficiently than hydrochloric or nitric acid alone. 

A prescription for the destruction of organic matter with differ­

ent acids, their advantages and disadvantages (according to FAO 

Manuals of Food Quality Control) was distributed to the partici­

pants of the course and is not included in this report. 

A number of reports have been issued on sample preparation 

procedures. Woo and Ryoo (ACC 1.) compared HN03/H2so4 and aqua 
regia, and dry ashing methods for the determination of Ca, cu, 

Fe, K, Mg, Mn, Na, and Zn in high-fat fish tissue. The authors 

show that for the determination of Ca, Zn and Mg the aqua regia 

and dry ashing methods gave superior results compared to the 

HN03/H2so4 . The three methods gave similar results for the other 

elements. 
The aqua regia digestion aethod was recommended by the au­

thors for safety, rapidity, simplicity, and many other considera­

tions. 
Wet digestion with HN03/HC104 is preferred by many laborato­

ry workers and has been used in the analysis of coffee, soybean, 

fish, for Cd and Pb. 
Some authors suggested that aqua t~gia cannot be used for 

fats of foods which are predominantly fa~. 

I I I I I I I I I I 
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A mixture of u2so4/HN03 was often used for the digestion of 

foods either with v2o5 as catalyst for samples of low lipid of 

carbohydrate content, or with 50' H2o2 for those of high carbohy­

drates content. 
In conclusion, many authors agreed that the wet ashing 

procedure appears to be more popular in many laboratories. 

For the determination of mercury in food wet digestion under 

reflux, cooled with water is required. Mercury is easily lost by 

volatilization during dry ashing. It is recommended therefore, to 

use a special digestion glass set apparatus according to AOAC Of­

ficial Methods of Analysis (the Annex 8). Mercury is determined 

by the AAS (cold vapor technique). 

During the course all the participants were made acquainted 

with all theoretical and practical aspects of trace elements -

heavy metals determination. The practical work in the laboratory 

was consisting of the preparation of reagents, plotting of stand­

ard curves, dry ashing and wet ashing processing. During the 

course mercury, cadmium and lead in rice, fish sauce, and fish 

were determined. Small amount of cadmium was detected in canned 

sardines and a small amount of mercury in fish sauce. 

The methods applied during the course for determination of 

Hg, Pb and Cd are given in Annexes 8 and 9. 

The plotted standard curves for Hg, Pb and Cd obtained dur­

ing the course are given in the same Annexes, together with the 

methods. 

E. Recommended literature 

1. Annual Reports on Analytical Atomic Spectroscopy Vol. 14 

The Royal Society of Chemistry 

Editor: M.S. Cresser - University of Aberdeen 1984. 

2. Manuals of Food Quality Control 

Additives, contaminants, techniques 

FAO, Rome 1979. 

3. AOAC - Official Methods of Analysis 1990. 

4. David Glick - Methods of Biochemical Analysis Vol. V. 

I I I I I 

Contamination Trace Element Analysis and its Control. 

Interscience Publisher Inc. New York 1957. 
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III. TRAINING COUllSE ON KYCOTOXIN ARALYSIS BY THIN LAYBR 

CBROHATOGRAPBY (TLC) IN FOOD AllD PBBDSTUPl'S 

The training course on mycotoxin analysis was held from l to 
13 March and continued simultaneously with other topicG until the 

end of the mission. The course consisted of lectures and labora­

tory training from 9.00 to 12.00 and 13.30 to 16.30 hours. 

Lecture notes and methods for mycotoxin analysis were pre­

pared in Poland. At the DTQC office documents wer£ photocopied 

and distributed to the 12 participants of the course. 

Mycotoxin contamination in human foods and animal feeds is 

now a global problem in view of health aspects and economical 

consideration. Mycotoxin are a large group of toxic chemical com­

pounds produced by certain strains of a number of fungi species 

when they grow under favourable conditions on a wide variety of 

different substrates. 

The list of mycotoxins formed by different fungi and associ­

ation with foodstuffs and their typical effects on humans and 

animals is given in Appendix 8. 

The first symptoms to manifest in humans are poor appetite, 

weakness, vomiting, headache and fever. According to epidemiolo­

gic studies there is evidence that consumption of af latoxin­

containing foods is associated with cancer of the human liver. In 

addition to aflatoxin more remotely related carcinogenic com­

pounds are sterigmatocystins and aspertoxin which have been asso­

ciated with Aspergillus verticolor, A. nidulans, A. parasiticus, 

A. amstelodami, A. regulosus and other. 

Another toxigenic group within the genus Aspergillus, A. 

ochraceus is also widely distributed in food products; 

Ochratoxin A, produced by A. ochraceus is the major toxic com­

pound. When TLC plates are viewed under UV light, ochratoxin A 

shows a potent greenish fluorescence. Ochratoxin induces acute 

nephrasis and liver damage. 

A wide variety of mycotoxins was detected in the present of 

suitable strains. Golinski reviewed 155 toxic fungal secondary 

metabolites with their structure, physicocheaical data, colour 

and fluoresces in UV, toxicity and their origin. This article was 

I I II 11 II II I 11 I 

I I I II 111 I I 111 
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provided to the DTQC staff and other participants and is given in 
Appendix 9. 

The most potent of the group of mycotoxins are: 
Aflatoxins (Bl, B2, Gl, G2, Ml, M2}, ochratox:ns, zearalenone, 
sterigmatocytein, citrinin, penicillic acid, :-2 toxin and rubra­
toxin. 

Af latoxin are probably the most widely known nycotoxins and may 

occur at any stage of crop production and be iistributed in foods 

and feeds during processing. 

Penicillium aycotoxins. Species of the genus ?enicillium produce 
more than 25 toxic metabolites. The penicilli::m mycotoxins in­
clude penicillic acid, citrinin, citreo~iridi~, and cyclopiazonic 

acid - yellowed rice toxins. "l'Wo toxic metabc:ites are produced 
by Penicillium rubrum - rubratoxins A and B. ~ccording to some 

authors, the rubratoxins may potentiate the a=tivity of more dan­

gerous compounds than the Aflatoxins. 

Species of genus Fusarium produce very toxic ~o metabolites; 

F-2 toxin - Zearalenone produced by Fusariu.m qraminerum or 

F.roseum, F. moniliforme. 
T-2 toxin - diacetoxyscirpenol isolated from :usariu.m tricinctu.m. 

A wide variety of commodities have been shown to yield afla­

toxir.s in presence of suitable strains of A. :lavus, A. parasiti­

cus and others. The list includes: maize, rice, cotton seeds, 
tapioca, wheat, barley, beans, cassava, cocoa beans, hazel nuts, 
copra, millet, peas, groundnuts (peanuts), peanut butter, peanut 

milk, raisins, sezame, soybean and soybean milk, soy sauce. 

In tropical countries climatic conditior..s and primitive cul­

tural practices provide favourable conditions for contamination 
of foodstuffs by fungi. Groundnuts present a special problem 

since the fruit, after fertilization, >L~etrates into the soil, 

where it is contaminated by various fungi, ar.d the damage occurs 

before the crop is dry. 
In Appendix 8 a picture from the scannir.g electron micro­

scope of Aspergillus and Penicillium species is presented. 
A bAsic knowledge concerning mycotoxins •as given to the 

participants of the course during the lectur&s. 

11 I 11 I 
II I I I I 

II II I I I I I 
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During the trainin9 course a rapid method for detection of 

multiple forms of mycotoxins using GLC techniques was introduced 
to all participants. The details of the method are given in An­
nex 10. 

A. The principle of the method 

Mycotoxins are extracted from the sample by chloroform acid­

ified with phosphoric acid. After filtration through a filter 
with anhydrous natriwa sulphate the chloroform extract was evapo­
rated using rotary evaporator to dryness. Residues were dissolved 

with 2 ml chloroform and spotted on the silica gel plate G-60. 
Impurities (fat) from the spots on TLC plate were removed by 

"clean up" with ethyl ether or chloroform. Separation of mycotox­
ins could be performed using deve!.oping solvents. 

The Rf value of 11 separated mycotoxins is presented in Annex 11. 

During the course the participants were instructed in sample 

preparation, methods of purification extract, spotting techniques 

on TLC plate, and evaluation of TLC chromatogram in UV light. The 

samples of standards for 11 mycotoxins were brought f roa the Food 
Technology Institute in Poland. 

During the laboratory training course the participants ana­

lyzed samples of rice, maize, groundnuts and soy-sauce. In all 

analyzed samples mycotoxins were detected. 

In some samples, especially in soy-sauce a lot of fluores­
cent spots were detected which were compared with aflatoxins, 

ochratoxin and sterigmatocystin. 

Annex 10 provides the rapid method for multiple form of my­
cotoxin determination by TLC techniques. The method was distrib­

uted to all participants. 

In Annex 12 procedures for sample preparation and techniques 

clean up on the silica gel column according to AOAC Official 

Methods of Analysis for af latoxins determination in peanuts are 

given. 

ReCOllllendations were given to the participants for practical pur­

poses: 
1. For determination of mycotoxins the silica gel type 60 glass 

I II I I I 1111 I 11 11 
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plates or aluminum sheets should be used. 
Before spotting the TLC plate must be activated at i10°c for 

a •inimum of 1 hour. 
The relative humidity in the room where has to be spotting proce-

dure provided should not be higher than 60\. 

2. For the "clean up" procedure by ethyl ether or chloroform TLC 

plates after spotting were recommended. 

3. The developed TLC plate avoid to UV light for the minimum time 

needed for visualization. 

Reco .. ended literature 

1. Ciegler A., Kadis s. a.1d Ajl S.J. 1971. Microbial toxins. 
Vol.VI. Fungal toxins. Academic Press, Inc., New York. 

2. Enomoto M. and Saito M. 1972. Carcinogens produced by fungi. 

Annu.Rev.Microbiol.,26:279-306. 
3. Goldblatt L.A. (ed.) 1969. Aflatoxin: scientific background, 

control and implications. Academic Press, Inc., New York. 

4. Graham H.O. (ed.) 1968. The safety of foods. AVI Publishing 

co., Inc.Westport, Conn. 
5. Betina v. 1989. Mycotoxins - chemical, biological and environ­

mental aspects. Elsevier, Amsterdam. 
6. Chelkowski J. (ed.) 1991. Cereal grain. Mycotoxins, fungi and 

quality in drying and storage. Elsevier, Amsterdam. 
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IV. TRAillXllG COURSE O• TJIB AllALYSJ:S OP FOOD ADDITZVBS 

The training course on the analysis of food additives was 
held from 15 to 25 March 1993. 

The course consisted of lectures and laboratory training, a 
12 participants attended the course. 

The details of the course's content and schedule are provided in 

Annex 13. 

Lecture notes and laboratory schedule were prepared in Poland and 
were multiplied at DTQC and distributed to the participants. 

A. Colouring matter in f ooc:l 

From a modern technology point of view colour additives are 

essential because colour bas always been associated with the 

quality of foods. Colour is added to food either because the food 
has no natural colour, or los~ or altered its natural colour as a 
result of processing or storage. 

The list of natural and synthetic colours recommended tc use 

as additives to foods are given in Annex 13. 

During the training course more attention was paid to syn­

thetic colourants and lakes, their solubility in different sol­

vents, stability health aspects and relation to the regulatory 

international legislative status. 
Among of large nWllber of synthetic colours produced, only a few 

are permitted to be used as food colourants. In table (Annex 14) 

the chronological history of synthetic colours deleted and cur­
rently permitted in USA are given • 

In Annex 15 synthetic colouring substances permitted for use 
in foods in Vietnam are given • 

According to the consultant's knowledge tb.e dye Nr. 16185 

Amaranth should be deleted from ~he Vietnamese list of food addi­
tives. 

Indeed, laboratory tests on rats showed that Amaranth caused 

a change in the parents genes which subsequently led to defects 

in the next generations. As a result.Amaranth was deleted in the 

USA in 1976 and in Poland in 1985. 

The large quantities of colouring matters which are permit-

111 II I I I I 
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ted are used in the manufacture of carbonated non-alcoholic bev­

erages, candy, dessert, powders, ice cream, bakery goods, and ce­

reals. In some countries a lot of colouring matters are used in 

the manufacture of "pet food" for domestic animals. 

During the course the participants were instructed and ac­

quainted with TLC techniques, separation and identification of 

colouring matter according to Rf values and spectrometric peaks. 

Amaranth and Erythrosine were analysed • 

The plotted curves obtained on the spectrophotometer using 

N/10 HCl solvent and water were compared with catalogue spectras. 

The extraction method of the colouring matter from the food 

separation by TI~ techniques and identification of colour accord­

ing to Rf values and spectrometric peaks was distributed to the 

participants of the course and is given in Appendix 10. 

B. Chemical preservatives 

The participants of the course were made acquainted with 

fcod preservation by use of chemical preservatives. 

The national legislations relating to the utilization of 

chemical preservatives vary from one country to the other. Howev­

er, common preservatives are used in all countries. The list of 

preservatives permitted for use in food within the European Eco­

nomic Community (EC) is presented in Appendix 11, table 1. Admis­

sibility of the foremost preservatives in some countries are giv­

en in table 2 of Appendix 11. 

The acceptable daily intake of preservatives is given in Ap­

pendix 12, table 1. 

The action of some preservatives on microorganisms is pre­

sented in table 2, Appendix 12. 

Recommended levels of preservatives to be added to food 

products are presented in Annex 16. 

The dat~ given in the Annexes are in general in conformity 

with the regulatory status of FAO/WHO's Codex Alimentarius Com­

mission. 

During the course the participants were made acquainted with 

preservation of food by acetic and lactic acids - products of 
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natural fermented food. The inhibitory effect of acetic and lac­

tic acid on microorganisms was presented in detail during the 

lectures. 
Copies of literature and lecture notes were distributed to the 

participants. 
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GENERAL REMAR1tS AND RECOIOIEHDATIONS 

i. The laboratory facilities at the DTQC provided by UNIDO (chem­

icals and equipments) admitted to carry out food control in 

the fields of pesticide residues, control of trace elements, 

mycotoxins and food additives. 

ii. The laboratory staff possesses a basic knowledge for cherical 

and instrumental analysis of food control, and should in­

crease their qualifications through laboratory practice in 

in well established laboratories locally and abroad. 

iii. The staff members of the DTQC should participate in interna­

tional symposiums and conferences related to food analysis 

and food control. 

iv. A periodical professional international journal and books re­

lated to food analysis and food control should be acquired 

and a related library should be established. 

v. National food control infrastructure needs to be strengthened 

by international organizations such as UNIDO, FAO, WHO on 

preventive action programmes of food decontamination and 

detoxification. Priority should be given to establish net­

work for the control of mycotoxins, organochlorine pesti-

cides and trace elements. 

vi. Practical recommendations concerning chemical and instrumen­

tal methods of pesticides, trace elements, mycotoxins and 

food additives were given in each training course. 

AcJtnovledqements 

I am very grateful to all those who assisted during this 

visit and who showed much hospitality, both at the DTQC and the 

UNIDO Field Off ice. 
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Project in the Socialist Republic of Viet Na• 

JOB DESCRIPTION 

DPIVIEl87I009l11-Sl!J. 1.1.05 

April 1990 

Chemical and Instrumental Food Analysis Cousult•nt. 

4 mlm 

As soou as possible 

Hanoi, Viet Ram (vich travel vichin ch~ country) 

To up~ade che capabilities of che Department of Quality Concrol 
and Hecrology (DlQC) of the lfiaiscry of Domestic Trade, to enable 
it co develop and implemeac more effective qualit.y control programmes 
chrough appropriate cheaical, physical, microaD.i'lycical and micro­
biological testing of foods for quaiity and safety, as well as 
t.o strenghten its extension and ·advi_sory services t.o DTQC branch 
laboracories and ·che QC necvork of the Ministry of Domestic Trade. 

the cosu;ultant, J10rking candet'· tile general guidan<;e of the Nae for.al· 
Proj•cc Di~•ctor &ftd die CtA aild in ~1oc• co-op«r&tion vith th• 
projecc adaialctratlOll aA4 ~ Cov•ramenc authority coaeerned, 
vill specifically be expected co carry out tbe folloving duties: 

Assist io che installacioa of ~c?" equipment and test ics 
perfonaance i 

COnducc training of DtQC sca~f in ch~ use and op~ration of 
equipment for·cbemical analysis of foodi 

Prepare a training aanual on methods for the analysis of food 
C0111positioa (M, f~t. sugar, etc.) aad cheai~l concaminant'5 
in food; 

Conduct .tvo in-c:ouocry traicing workshops using above manual-

. :rhe' c~nsulca.ni: "vil"t also be
0

expecud t~ t~ke pare in the preparation 
·oJ" .ttie·"(en;il-i~"f ~eport. which set.'.; out ih~ findings" of the mission 
and rec0tmtendacions to the Cover...ent on further action vhich 
mighc be ca1<en. . · · . J 

Aoc>lfc:.lcions and communiacions 1eguding aws Job Oetctiocion s.hovld ~ scnl co: 

_ p,oiect P~ R«naicmenc Scaion.._ lndllntiat Ooc"cions o;..t11on 
UNIOO. VIENNA C'llTERNA."ilONAL CENTRE. P.O. 8oa 300. Vit""•· Aulvi.i 



·~lifiaitions 

ngu~ 

ckground information 

High-level senior chemist, with large experience in the 
analysis of food cOCDposition as well as chemical contaminants 
as heavy metals and aflatoxins, and food additives and 
preservatives. Helshe should ~lso be exp£:ienced in the 
use of AAS, UV-vis spectrophotometer, gas chromatograph, 
HPLC and TLC equipment, as well as in the analysis of 
fish sauce, soy sauce, soybeans, peanuts, casheu nuts, 
fruits andvegetables, spices, canned meat and fish. 

English, Vietnalllf'!se 
The Department of Quality Control and Ketrology (DTQC) was 
created in 1960 as a Department under the Ministry of Dome~tic 
Trade. Government Resolution No.28IHDBT dated 6 April 1983 
made DTQC a legal body and gave it the responsibility to test 
and inspect, and to control the quality ol foods in the domestic 
market, from selling, buyirig, storage.an~ transport. Among 
the major food ~tems under its responsibility there are fish 
sauce, soybean sa~ce and other fermented sauces. The others 
are milk, tea, bread,- biscuits. confecr:ionery, aquatic products, 
vegetable oils, solar salt, sugar, canned foods, peas, frui~s 
(dry and fresh), vegetables and spices, cooked meats and 
alcoholic beverages. 

DTQC performs the following functions ~u relation to its 
responsibility of ensuring the quality of foods in the market: _,, 

1. It takes ·amples, inspects and tests foods from various 
markets vitbin the country and has the legal mandate ~o 
withdraw any product which it finds defective. 

2. It exercises p~ofessional supervision over the quality 
control laboratories of trading companies 7 collective firms 
and trade services up to the district level, and provides 
advice, education and training to its personnel. 

3. It acts as the official Government arbiter for quality 
problems that arise between buyers and sE. llers. 

4. It provides the official Government certificate for the 
quality of food p•oduct samples. 

5. More recently, with the Government's new open ~olicy in 
trade, DTQC has been used by domestic trading companies 
to also inspect the quality of foods for export markets. 

DTQC is headed by a Director and Vice Director. The foo~ tescing 
and quality control functions are implemented by the Agriculture 
and Food Products Section, which is headed by a food Engineer 
and a Chi~f of Laboratories. The Section has 13 analysts to tesc 
and ··inspect ·the· food quality in 18 provinces in ch: northern· 
part of the country. Two branch laboratories in Da Hang and 
Ho Chi Hinh City test and inspect food in the central and souch~rn 
regions of the country, respectively. These branche~ are also 
under the Director of DTQC. 
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DTQC monitors the quality of food in the market through 
regular inspection and sampling, conducted weekly, mont~ly 
or annually, depending on the volume of the food sold 
and its !ik~lihood of contamination. Sampling is also 
increased following reports of adulteration and complaints 
by consumers. 

Fish sauce and soy sauce are among the most important 
of the coaaodities inspected. Other products analyzed 
frequently are soybeans, peanuts, groundnuts, fresh fruits 
and vegetables, confecti~nery, fruit juice, spices, vegetable 
oil, margarines and canned meat and fish. 

DTQC analyses about 2,000 food samples in the laboratory 
yearly, which repre~ents 30~ of the total number of samples 
which it must evaluate according to its estimate. The 
low level of analysis is reportedly due to the slow time 
consuming methods it uses, and to the lack of chemicals. 

The procedures use~ by DTQC for food testing are taken 
from the Vietnamese standards, formulated by the General 
Department for Standardization, Metrology and Quality 
Control (GDSKQC). Results of analyses are also evaluated 
against these standards. In the absence of official standards 
DTQC makes its own standards, which eventually become 
official standards of the Ministry of Domestic Trade, 
.or it adopts internationl s~ecifications as those from 
Hungary and Bulgaria. 

The test methods used at DTQC are not up-to-date andlor 
do not cover quality indices presently considered important 
in the evaluation of food quality. Considerable upgrading 
in this area is necessary in order for DTQC to fulfill 
its mandate and responsibilities in the quality control 
of food products in Viet Nam. 

DTQC was created by the Government in 1960 and was given 
a legal mandate to control the quality of foods in the 
domestic trade in 1983. Due to the Government's new open 
policy in trade, it was considered essential to strengthen 
DTQC, to enable it to ensure the distribution of only 
good quality products in the domestic market and to make 
collective firms and cooperatives morr. competitive. The 
establishment of DTQC is thus part of the Government's 
SLrategy to stimulate the development of the consumer 
market by ensuring quality, preventing unfair r.rade practices 
and protecting consumer healft .. 

It is feasible to upgrade the quality of food products 
by instituting R&D and quality controi procedures in food 
manufact~ring plants. However, even after the institution 
of such procedures, it would still be necessary to verify 
product quality in the market, through attual testing 
and inspection. In as much as the latter activity is DTQC's 
responsibility the upgrading of its facilities would still 
be imperative. 
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The entire process of upgrading of laboratories' faciliti~s 
vill be implemented through the training of other laboratories' 
~taff in Hanoi, according to established standards/testing 
procedures. DTQC trained staff vill prepare training materials 
and provide on-the-job training for the staff of other 
institutions. The Governnient will upgrade the facilities 
of other laboratories in the network by its own resources. 

Thus, no alternative project strategy is envisioned other 
than that of upgrading DTQC's capabilities, to accomplish 
the development objective of this project. 

The equipment requested is that relevant to the test methods 
and quality control objectives for the types of food under 
the responsibility of DTQC. This is important to achieve 
the pLoject objectives. 

With the facilities vbich will be provided by the project, 
DTQC should also be ~ble to continuously conduct the R&D 
necessary to understand and prevent the most important 
quality problems that cause product rejection, or the 
R&D needed to produce the quality specifications required 
by the market. 
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Additional duties of the international e:xpert: 

1. A training ~I CCM!rtrn tte following topics: 

1.1 Principles of. Pesticide ~ysis t7f Gas Orcnatcgraphy <Lecture> 

1.2 A'lalysis of pesticides in .foods (Hands-al> 

a. Saq:Jle preparatiat 
b. Gas dralliltcgraphic separation and cnalysis 

1.3 Principles of Heavy l'letal ~ysi5 t:JY Ata11ic Ab5crptial 
Spectl up"'ut.uaetry <La:ti.n!> . 

1.4 A"lalysis of l'lercury. Lead.,, Ar'&enic ard/or Tin <Hands-al> 

a. Sample f:iepratial fer~ saJCe, fish Scu:e9 and/or fruit ju!ces 
b. AAS analysis 

1.5 Food Alalysis ~licaticns of Thin Layer Orcmatcgraph <L..ecta,re> 

a. Preparati.cn of lLC plates for aflat.oxin .:nalysis 
b. Prepar-atic:n of samples 
c. A'lalysis of iood ~les for- aflatoxin -

1.6 Alalysis of Soybeans or Corn for- Aflata><in <Hands-al> 

.The mn.aal Mill mused for 7 ...el< Nnd• en training CQ#'1ie ai t:te 
~1:1.a&l analysia of ~tic:ida, twavy ..tal5 and aflAtA:»Cin ~ Vietnaniese 
.foa:ls ~ fCc:xS a"Cp&. 

2. T..o 45-minute papen; ff:r a seninar en ""FCJCd Q.Jal ity cdrtro1 • - en tt-e 
fol lowinc tgoics: 

2.1 Tte Food Cmtn:>l Sys tan and l"llrth:lds For Detecting Cont:erfei t FCXJd 
in Poland. <co..iter4ei t means i.aU. ta ti.en and/or adul terat.ed .food> 

2.2 Sources ¥ld Caitrol of LIMd, Cadmiua and crttiers types of Heavy 
Metal Calta.in&tian of FCJQC5. 

Please see the followil(;trUning ca.rse desiql f'Ot" Qbjecti"YeS, participant5. 
and schedules. 
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l>si~ and 5chED&le of the In-Oultry Train1ng Pr co am 
PrQMct r:PNJEAJTl«R 

The 4ollodnq a:Na"'5 the antlnt and ...,, scl&Ule of the Jn-aU'ltrv ts ~ 
pr ugr ..._ The cxntsrts of this pn:igr.- has been nwt;usted tD fit: tl'W! sl~ 
duratim of the •iss•m of Exp::t< ts. This adssicn has been redUa!d fraa 4 ra/• w 
2 ta/• tD save en cast.. 

The caatslts do not deviate fraa the criginal project: deSi.~. ~ ttE 
Experts will partJ.c.ipate cnly in the Tra.inillg of Trainers ~ and in a 
3 t.o 4 days seminar in Hanoi m "'Fa:id Q.aality Central•. Tte Tra.i.ffi.."lg _of the a: 
netwcrs.: wil 1 take place wi thJut th! Expet ts. · 

I. Cbiectives 

1. To t. Gin six <6> trainers m the new wU iJds of food testing 
ir l'b Ot.t !CEO by "the PnUect. 

3. To train fifteen <15> food inspectors of the OC nebc::rk m ttDSe 
aspect:S- of the nae 'tl!5tinQ te::l 11DlCQies that Nill be carried a.at. ....n 
the field. 

II. ~tivit:ies 

Ft. Training of Trainar's ttrkstq> 
B. Seminar en "Food Q.aali ty Caltrol'" 
C. Training of the a: Nebc:rk 

III. Partici[)Clf'ltS 

A. Training of. Trai.nars ~ 

7 ..eeks 
3 ta 4 days 
4 ueeJ:s 

- Internatic:nal expert in ci"Endstry <1> 
- Intematimal ecpet l in atcnmiology ( 1 > 
- Nat.icna.l expert ( 1 > 
- CTA U> 

- Trainees 

6 - fub..re train:Jr"s. -fr"Cllll DT&C1 <2> in chemistry, <2> in 
aW:rtJbiolcgy and <2> in microlnalytic.Al and physical and 
sensory evaluatim. 

20 - invitm participants fer ttw lecti.re port1cns of th! ttree 
areas of tr~inQ: <4> ·in cheal1stry, <8> in aicrClbiolagy Mld 
<S> in micro.analytical and pllysical and sensc.--y evaluati.cn. 
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PL&JI OP AC'fXVXTY 
AT TllB DBPARTllBllT OP QUAL:rrY COllTllOL HD KBTROLOGY (DTQC) 

OP THE llDIXSTllY OP DOllBSTI:C ftADB OP VXBTDll 
Proa 1 PBBRUARY to 29 KaRCH 1993 

TRADUHG COURSE OH THE ANALYSIS OF PESTICIDE RESIDUES 

From. 1 February to 18 February 1993 

( L = Lecture; P = Laboratory Practical ) 

1 February, Monday 
Arriving to Hanoi and first visit at the DTOC 

2 February, Tuesday 

Meeting with: 
- Prof .Or. Phan Due Thang - Director of DTQC 

- Dr. Le Xuan Dich - Dep~ty Director of DTQC 

- Pharm.Sp. Phan Quoc Dong - Chief of Quality Control 

Laboratory 
- Ing. Ngo Dinh Co - Secretary of Project and Head of 

Quality Control and Food staff section 

Briefing of the UNDP office Hanoi: 

- Dr. M.J. Meixner - UNDO Country Director 

- Ms Anja Latacz - Program officer 

3 February, Thursday 
Acquainted with laboratory staff and equipments. 

Assisting to Gas Chromatography installation. 

4 February, Thursday 
Checking the list of chemicals and accessory products 

delivered by UNIDO 

5 February, Friday 
Preparation the list of reagents and accessories 

needed to pesticide analysis. 
Analysis pesticide standards by Gas Chromatograph {P) 
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6 February, Saturday 
Preparation aaterials for the lectures 

8 February, Monday 
9.00 Openill<J cereaony of the training course at DTQC 

Prof .Dr Phan Due Tang - Director of DTQC - Welcome 

Technical Session 
9.30 Dr Alicia o. Lustre - Director Food Development 

Center Manila - Philippines 
- The importance of food control on pesticides, 

trace element and mycotoxins 

10.00 Dr Edward Kaminski, Prof. of Food Chemistry and 

Analysis - Food Technology Institute - The 

University of Agriculture, Poznan, Poland 

- Pesticide foraulation, classes of pesticides 

- Hazardous organochlorine insecticides 

- Hazardous herbicides 

- Hazardous fungicide~ 
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ARHEX 2 

'ftlADIDIG COURSE OH THB USB OP GAS CBROHATOGRAPHY FOR 

TllB AJIALYSI:S OP ORGAHOCBLOIURB PBSTI:CI:DBS I:H VXBTDMBSB POOD 

Focus of traini119 
a/ Analytical aethods - GC and TLC 

b/ Instrument 
c/ Extraction of pesticide residues in food samples 

rice, water, vegetables 

Pesticides to be analysed - Lindane, DDT, ODE, TDE, Aldrin, 

Meptachlor, Endrin 

9 February, Tuesday 
- Gas Chromat'.>Cjraphy columns (1) 

- Testing Gas Chromatography (P) 

10 February, Wednesday 
- Gas Chromatography Detectors ECO, FID, TCD (L) 

- Analysis of Lindane (P) 

11 February, Thursday 
- Pesticide determination by Thin Layer Chromatography 

(L) 

- Preparation of reagents for analysis of pesticide (P) 

12 February, Friday 
Assisting in an installation and testing AAS with 

Dr Kordik (P) 

- Preparation for lecture next week 

13 February, Saturday 

- Pe~ticide determination by Thin Layer 

Chromatography (L) 
- Preparation of developaent reagents for Chromatogra-

phy (P) 

15 Februa~y, Monday 
- Analysis of residues pesticide in Rice, Water and 

Soyb9an by GI..C and TLC - Chromat.ography (P) 

- Assi~ting in AAS testing (P) 
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16 February, Tuesday 
- Pesticide determination sample preparation (P) 

- Florisil column preparation clean up the sample (P) 

17 February, Wednesday 
- Pesticide analysis, training laboratory staff (P) 

- Using Rotary evaporator for sample conce.:tration (P) 

18 February, Thursday 

Pesticide determination in rice grain, extract 

analysis by GLC and TLC (P) 

19 February, Friday 

Pesticide determination in veqetable, sample prepara-

tion, extraction, clean up on the florisil column (P) 

20 February, Saturday 
- Pesticide analysis in vegetable, by GLC and TLC (P) 
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TRADlllfG COURSB Olf '1'BB AJDLYSIS OP DAVY KBTAL COlllTAIUDllTS 

Ilf VIETDllBSB FOOD BY ATOllIC ABSORPTION SPBCTROllBTBR (AAS) 

19 February to 28 February 1993 

Focus of training: 

a/ Analytical methods - ~ 
b/ Instrument - AAS, Continuous vapor syst£m 

c/ Foods - Fish sauce, soy sau~e, vinegar, mineral water, 

beer, wine, Fish canned foods 

d/ heavy aetals - Pb, Cd. As, Hg 

22 February, Monday 
- Nutritional and toxicological significance of trace 

elements in food chain (L) 

- Introduction to the analysis trace elements 

by AAS (L) 
- Acquainting laboratory staff with Atomic Absorption 

Spectrometer (P) 

23 February, TUesday 

- Determination of Mercury (L) 

- Destruction of organic matter (P) 

24 February, Wednesday 

- Determination of Lead (L) 

- Destruction of organic matter (r} 

25 February, Thursday 

- Determination of Cadmium (L) 

- Sample preparation (P) 

26 February, Friday 
- Microwave sample preparation system for AAS (L) 

27 February, Saturday 
- Preparation materials for lectures and practical work 

with mycotoxins. 
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TRAXNDIG COURSE OB 'ftlB ADLYSXS OP HYCOTOllllS 

BY TJIDI LAYBR ~JIY 

Focus of training: 

a/ Analytical method 

b/ Instrument 

- TLC 
- UV spectrophotometer 

c/ Items to be analysed - mycotoxin 
- non-permitted food colours as 

amaranth 
- permitted food additives as sorbic 

and benzoic acids 

d/ Foods to be tested 
- Rice, corn, peanuts and soy sauce for aflatoxin 

- Beverages and candies for a.aranth 
- Beverages for sorbic acid and benzoic acid. Results 

to be compared with permitted levels. 

1 March, Monday 
- Global significance of aycotoxins and their biologi-

cal effects (L) 
- Sample collection for mycotoxin analysis (P) 

- Market visit to collect samples 

2 March, Tuesday 
- Mycotoxin producing fungi (L) 

- Reagent preparation for extraction (P) 

3 March, Wednesday 
- Chemis~ry and physicochemical properties of secondary 

metabolites (aycotoxins) produced by fungi (L) 

- Standards preparation of mycotoxins (P) 

4 March, Thursday 
Mycotoxins analysis using Thin Layer 

Chromatography (L) 

- Preparation of TLC plates (P) 

5 March, Friday 
- Sample preparation for mycotoxins determination 

in whole rice grain (P) 
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6 March, Saturday 
- Documentation and data calculation from TLC 

analysis (P) 

8 March, Monday 
- Sample preparation for aflatoxin determination 

in corn qrain (Maize) (P) 

9 March, Tuesday 
- Sample preparation for aflatoxin analysis 

in fermented products - soy sauce (P) 

10 March, Wednesday 

- Saaple preparation for aflatoxin analysis by TLC 

in peanuts (P) 

11 llarch, Thursday 
- Possibilities of reduction of mycotoxins present in 

cereal qrains and other foods (L) 

- Documentation from data analysis {P) 

12 March, Friday 

Toxins from fish and other marir.e organisms (L) 

- Brine Shrimp (Artemia salina L.) Larvae as 

screening system for fungal toxins (L + P) 

13 March, Saturday 

- Detoxification of cassava products - Enzymatic 

hydrolysis of Linamarin {L) 

15 March, Monday 

- Colour additives, natural and synthetic (L) 

- Saaple collection (P) 

16 March, TUesday 

- Analysis of water-soluble and fat-soluble colours 

by Thin Layer Chromatography (L) 

- Preparation of TLC plates (P) 

17 March, Wednesday 

- Identification of the separated colours from food (P) 

Rf and Px values 



)d 

18 March, Thursday 

- EXtraction of the colours from food (P) 

- Separation by TLC (P) 

19 March, Friday 
- Separation of red colours - Amaranth (FDA Red No 2) 

determination (P) 

20 March, S~turday 
conformation of the identity o: dyes using 

spectrophotometer (P) 

22 March, Monday 
Principle of food preservation (L) 

- Preservation by use of high teaperature 

- Preservation by use of low temperature 

- Preservation by drying 
- Preservation by Food Additives 

23 March, TUesday 
Permitted chemical praservatives in food chain 

manufacture (L) 
- Determination of benzoic and sorbic acids by TLC 

techniques (L) 
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ANNEX 2 

SBKDmll Olf FOOD QUALITY CONTROL Alm F:IDL ACTIV:IT:IBS 

24 March, Wednesday 
Seminar on Food Quality control. Lecture presentation 

on the following topics: 
- The food control system in Poland 

- Rapid methods for food analysis 

- Fermented soy products, manufacture, quality 

and health aspects 

25 March, Thursday 
- Participation at the seminar 

26 March, Friday 
- Preparation of final report and recommendations 

27 March, Saturday 
- Preparation of final report and recommendations 

29 March, Monday 
- Departure to Vienna 

31 March, Wednesday 
- Debriefing in UNIDO, Vienna 
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ANNEX 3 

LIST OF SENIOR CONTERPAlft'STAFF 

1. Prof. Dr. PHAN DUC THANG, Director of DTQC - Ministry of Trade, 
National Project Director of Project 
VIE 97/009 - liquid foods in Vietnam 

2. Dr. LE XUAN DICH. Vice director of DTOC - Ministry of Trade 

~- Eng. NGO DINH CO. Head of Divisio~ of Food Control of DTQC 
Mi~istry of Trade 

4. Pharm. PHAN QUOC DONG, Head cf Microbiological Analysis Lab. 
of ~TQC - Ministry of Trade 

5. Dr. PHAM HUNG VIET, Head of Technical Chemistry Dept. Assistant 
to Dean of Chemical Faculty for Scientific 
Research and International Relation of 
University of Hanoi. 
Contrator of UNIDO contract No. 92/217 /Ut<:. of 
coupling mi=rocomputer with Gas Chromatograph 
Tremetics Model 9000. 
~ead of group i~stalling AAS equipment at DTQ[ 

6. Ms. Sc. TRAN QUANG VINH, Head of Electronic Section Central 
Workshop. University cf Hanoi 

7 Chemist LE DANG OOANH. Gas Chromat~g~apher for pesticide resid~es 
a.nal ysi s 

8. Chemist TRAN QUANG TOAN, G~s Chromatographer for env1romental ~nd 
occupa~1onal analysis 



1. 
2. 
'T ... 
4. 
s. 
6 .. 
7. 
a. 
9. 

10. 
11. 
12. 
13. 
14. 
1s. 
16. 
17. 
1a. 
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ANNEX 4 

THE LIST OF PARTICIPANTS AND OBSERVERS IN THE 

INSTRUMENTAL AND CHEMICAL ANALYSIS COURSE 

NGO 11INH HUE 
NGUYEN QUANG TUAN 
TRINH HONG THUY 
HOANG HOA VINH 
LY THI DUNG 
NGUYEN THI DUNG 
NGUYEN THI TINH 
NGUYEN THI_ NGHIA 
DANG THAI BINH 
PHAN NGOC THU 
NGUYEN HONG LOAN 
N60 PHUONG HOA 
NGUYEN VAN A:.&H 
lliAI THI TUAT 
W LAN PHUoN6 
PHAM THI VAN 
DANG LUC 
NGUYEN LIEN HUONG 

OFFICE 

Analyst of DTQ~ 
as above 
as above 
as ab ave 
as above 
as above 
.as above 
as ab ave 
as above 
as abO\iE 

as above 
as above 
as ab eve 
as above 
as above 
as above 

Center Branch of DTQC 
South &ranch of DlCC 

Hanoi, Feb. '1993 

Prof. Dr. PHAN DUC THANG 
NPD of 'DP/VIE/87/009 project 
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ANNEX 4A 

List of People Met 

1. Department of Quality Control of Goods and Metrology, 
Ministry of Trade. 

Prof. Dr. PHAN DUC THANG, Director, DTQC 

Dr. LE XUAN DICH, Deputy Dircter, DTQC 

Mr. NGO DINH CO, Secrectary of Project and Head of Quality Con~rol of 
Agriculture and Foodstuff Section. 

Mr. PHAN QUOC DONG, Chief.of Quality Control Laboratory. 

Mrs. HUYNH LE TAt1, Food Microbiolgist 

Mr. NGUYEN QUANG TUAN, Chemist 

Mr. BUI SI DOANH, Chemist - Pesticide Residue Laboratory. 

"Mr. TRAN QUANG VINH, Lecturer of Radio Physisc, Head of Electronic 
Section of The Vietnam - Holl.and Project VH - lb 

Dr. Sc. PHAM HUNG VIET, Head of .Technical Chemistry Department, 
Assistant to Dean of Chemical Faculty for Scientific Research 
and International Relations. . 

Mr. DO PHUC QUAN, Chemist - Faculty of Chemistry 
Dept. Technical Chemistry 
tianoi Un1versty 

2. UNlOO Field Office. H.anoi. 

Dr. M. J. Meixner, Country Dir~ctor. 

Dr. Alicia O. Lustre, CTA of DP/VIE/87/009 Project 
Director Food Development Center - Manila - Philip_pines 

Miss. A. C. La·tacz, Progra.e Officer. 



~ 
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ANNEX S 

For having satisf~tarily completed • tr•ining course on - . 

RAPID AND lNSTRUMENTAL .METHODS 
OF FOOD ANALYSIS 

A.~ 
SPECTROPHOTOMETRIC TECHNIQUES 

FebrUM"y 6 to tlarch 26. 1993 

6iven ~t DTQC - Hanoi ~ Vietnam 

Thi.ta 

Prof. Dr. EDWARD KAMINSKI 
FoocJ ~1Yly11s • UNllXJ £rped. 

f(~wl 

l'larch 1993 

P~of. Dr. PHAN DUC T~ 
NP:l. 

DP/VIE/o7/00Y ~roJoc~ 

~ 

~~eeDF>~r>DDSf>' 
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ANALYSIS CF 0 PESTICIDE RESIDUE 

Source 

Rapid method used in Plant protection Institute in Po;:nan 

Reagents 

1. Acetone 

Dicnlorocnetan 

.J• Acetor.itril 

4. He~ane 

5. Sodiuaa sulfat~ 

6. Sodiwn chloride satUrated aqueous soluticr. 

7. Florosil PR grade 

Apparatus 

1. Florosil col"wnn 

Rotary evaporator Kuder~a Danish concentrator 

.J• Separator funnels 

4. High speed ble~der 

s. Ga~_chro~tograph with Electron C«pture Detector CECO> 

b. Colwin 
HP - 17 <10 m x O.S:S mm x ·2.0 um> 
Paraaaeters of coluain operation 160 - 240 C 
5 C/min 
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DETERMINATION CF ORGANOCHLORINE PESTICIDE IN RICE 

1. 10 g sample oi rice grlnd in high-speed blender and extract with 
acetone-water solvent <2:1> 1 h 
Filter ~hrough ~ilter pa;>er. wash resideu.with 2 x 25 ~! solvent. 

2. Transfer aceton e~tract to 1 L separator containing 400 ml H~O a.no 
SO ml saturated NaCl soluti~ and 100 ml dichloromethan. Shake 
vigorously 2 min. Reextract aqueos solution using !00 ml solvent. 
Combined e~tract pass through anhydrous Na~SO~ and evaporate 
completly using rotary evaporator. 

3. Disolve residue with 50 ml acetonitril and transTer ~o 500 ml 
separator. a~d 50 mi he~an and extract <solver.t by solvent not 
very vigorously to preven't. formation oi emulsion>. Aiter layer 
separated drain acetonitrile into second separator. 
Hexane layer ree~trac~ with SO' al acetonitril. 

4. Caaabined acetonitril solvents.and add 250 ml HiO ~ 50 ml saturated 
NaCl and e~tract twice with <2 x 75 ml> hexane. Hexane layer pass 
through a.,hydrous ~5t'.lt and evaporat using rotary eva~orator. 

S. Disolve dry residue in 10 ml hexane 

6.- Florisil clean-up 
Add· 10 g activated Florisil to 300 ~ 20 :i:un chromatogic tube and 
add 1 g anhydrous Na~SO~to the top and mark tube l cm ab9ve 
Nai,SO't • Add 20 - 25 ml solvent <hexane> and wash column. Solve1"lC 
level must not go below mark. 
Transfer by Paster pipet 2 to 5 ml sample to column. 
Add 150 ml sol~~nts hexane dichlomethan <8 + 2>·and elute C60 - 90 
drops/min> 

7. Transfer cluant to rotary evapOf"'ator and evaporate to dryness 
Disolve residue with 2 el hexane. 

a. Concetr~te u~e for GLC and TLC 



ANNEX 7 

DEIEJ<nINATION OF ORGANOOLORINE PESTICIDES IN GREEN BEANS 

1. 50 g saq>le of green beans + 100 ml aceton mixed into hign speed 
blender for 3 min, supernatant filtrate. Vegetable pulp extra~t 
again with 100 ml aceton in blender. Decant aceton supernat~nts 
through fi!ter and combine witn first e~tract. Rinse blender jar 
and filter with tne pulp with 3 x 20 ml aceton. 

2. Transfer a~eton e::tract to 1 Ii ter separator containing 400 ml 
H~O anct S saturated NaC! solution and 100 ml dichloromethan. 
Shake vigorously 2 min. Re-e:-:tract aqueous residue twice using 
SO ml dichloromethan. 

Combined e~tracts pass through anhydrous Na2SO~ • Dicnloroeethar. 
extracts COCM>letly evaporate u~ing rotary evaporation. 

Disolve dry residue in 10 ml hexane. 

3. 10 g activated Florosil put to the column, on the top put 1 g 
anhydrous NazSO~ . 

Prewet cclumn with 40-50 ml hexane. 
Transfer 5-10 mi hexane extract to the column and eluate colu~n 

using sol vent 150 ml he:~an + di chlcro:nethan ~e + 2! at about 
60-90 drops/min 

4. Transfer eluant to rotary evaporator and evaporate to dryness. 
Disolve residue in 2 ml hexane 

5. Hexane e~tract use fo~ GLCH and for TLC 



f)E.TERtUNAT lON CF TOTP.L MEHCUf\Y IN FOO!> 

Source 

Trace ele.ents deter.:aination in foods • K. -Ludwicki-----1'1atody 
oznac%an1ca substancji o:>~ych .aywno5::i· Wyd • ..etodyc~n~ ~~H. 
1Y90 warsa...a • 

Principle· -

The s.u.ple is aigested with ~ixture nitric acid ands~~P.~uric ac~a 
under reflex to prevent loss of mercury. 
The .ercury is reduced to the ele.ent with hydrohylam1ne and the 
vapor swept into the cell of an atomic spectrophotomete~. The 
reading is compered with standards treated siGilar1ty. 

Apparatus 

Atocaic .t>sorption Spectrophot09eter 

Reagents 

Nitric acid, Sp. gr 1.42 
Sulphuric acid ?P· gr 1.84 

- Nitric acid 11. solo. 
Reducing soln. Mix 25 ml H SO with 150 ml H~O dissolve 25 g -

SnCl.z,, 7.5 ~ hydraxylaaa~ne_sulfate a~d 2.5 g NaCl. 
Dissolves all ingredients and d;l. to 250 ml 
<solvent is la5ting 2 month> 

'vadium pen~o~ide VJ. O.!" 
Mercury std soln. 
Solv. A- Dissolve 67 mg HgC~ in 100 gl S'l. H~SO;· Stock solution 

cone. 500 ug I ml_ 
Solv. 8- Dilute 1•1 5olv. A in ~O •l H2 0 <cone. 0.5....ug/ml> 
Solv. c~ Oilut• 10.•l aolv. 8 in 100 ml ttLO • ~repare frG~h daily 

6tendVd COt\C•nt. 0.~...UQ/•l 

Diluting soln. - To 1 lit vol. flask contg 300-500 ml H,O add 58 
' •l HN0

3 
and 6 7 •l HL SO+. Di 1 • to vol ~ with H,.t_O 

Determination 

------------Weioh ~~10 g &••Pl• into dioestion fl~sk. Add .4-5 gl~s5 beads, 
20 ml H~O in c~se of ary products ana.10 ml H 0 to wet products,, 
1 ml H~SO~ cone. and 20 •1 HN01 conc • .and swirl until ahomogenous 
t.rry_fluid is obtained. Add 20-40 mg vLo;and let stand for 2h or 

ov~rn1ght. 
Conect condenser <with HzO circulating thru 1c> and apply gentle 

heat ca 20 min. Remove-heat and let stand 15 min. Add 9 ml cone. 
HiSO,thru condenser. Turn of H10 cir~ulating thru ~onpenser and 
boil vigorously 30 min until 5tM"t boiling. Cool care-fully add 1(; 
ml 1 'l. sol. HNO.\ thru condenser. Wash condenser w1 t'1 ti1 G. i:'l l t.r 
digested samole thru the fi lter.t10Sh .filter ... 1th 1•1. HN03 cr1t"'-\:.e 
sample to 100 m! w1 th H.,a_o. 

~rep#ration reagent blank 

-------------------------Carry out blank determin•tion using a s1~1lar reagents through •ll 



st~es of the procedure. 

Preparation stMldard curve 

Standard sol • • c• •l 

0 
0.:?5 
o.so 
1.00 
2.00 
5.00 

10.00 

48 

0 
0.012~ 
0.0250 
0.050 
0.100 
0.250 
0.500 

Add 2.5 ml reducing soln. and dillute "ith ~O ~o 50 ml. 

Sample preparation 

Use 25 al digested sample add 2.5 •l reducing saln. dillute with 

H.iO to :50 .. 1, Prepare AAS to aptiaua cand1tiona.-Plot standard curve and 
aesure the samples and blAnk solution. 

Notice 

Acc. observation done during the course - The use of di!uting 
solution to samples and standards instead water be~~er resolt~ 
could be obtained on AAS mesurtements. 

--

• 
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.ANNEX 8 

l'IERDJRY DETERl11NATION IN FISH 
<acc. AOAC-Official method of Analysis 1990> 

Reagents 

a- Reducing solution 
Hi~ 50 al -HiSO with ca 300 ml HiO· Cool to rOOGo temperature and 
dissolve 15 g t&acl, 15 g hydroxyl~in sulfate, and ~ g SnCl.! 1r. 
solution. ·oil. to 500 ml.· 

b- Diluting soln. 
To 1 L vol. flask contg 300-500 cnl H,_O, add 58 ml t:tNO.J and o7 a,:;. 
H_i SO+. Di 1. to vol wi tt"• H~O. 

c- Mercury std solns 
<1> Stock soln. - 1000..)1g/aal. Dissolve 0.1354 HgC1.z. 1n 100.0 ml ti.zC 
C2> Working solns. - 1.J1ghDl. Dil. 1 cnl stock soln to 1 L w1tn lN 

~SO+. _Pr~. fresh dai 1 y 

Sample preparation and digestion 
-----·---

Weigh ·s.Q6wet wt> thoroly mixed f-ish sample into digestion fl as'-:. 
Rinse neck'bf flask with<~ ml H..r.0 1 if necessary. ~dd ca 20 boiling 
stones, 10-20 mg V.i O_r, and 20 ml _H.,,50+ - ~ {1..-1). Qui kl y 
connect flask to condenser, .uid swirl to mi~. Circula~e cold H~O 
thru condenser during digetion. Apply suf,ic1ent heat to prudu~e 
low initial boil <ca 6 min> ~nd finish diget1on w1~h strong coil 
<ca 10 min>. Swirl flask intermittently during cigetion. No sol10 
material should be apparent exce~t fpr globules of fat after Cd 4 min. 

Remove flask from heat.and wash condenser.with 15 ml H~O. Add~ 
drops 301. HJOithru condenser and wash into flask with 15 ml H~C. Cool 
digested fish scln to raQal temp: by pl.c1ng fl•sk, still connected 
to cond~nGer, ln bea.kar o<f M"O. Disc:annect fl~~k.-n.nsw Qrou:id joint 
witn Hi0 1 an~ quant. transfer GiQ••t to 100 ml vol. il~~K. Ignore 
eoli~ified fat1 it aoeG not in~erfere. t.are•ully rin•e aigQ~t100 
flask with &aver~l portiana·H~O .,,d dil. ta vol. with rin&e H~O. 

Pipet 25 ml soln into arjgin•l digetion flask and add ca 75 ml 
dilg scln. : · .. · '·, · 

Curry out blank determination using a similar reagents through all 
stages of the procedure.··. '. 
· Prepare reagent blank and standard curve by adding O, 0.2, 0.4, 0.6, 

o.e and !.O Mg Hg to serieG of digestion fl~sks. To e•ch fla~k aod 
100 ml dilutinQ aoln. Fin~ly add reducing soln to ~tano•rds ~~d 
~•mples and aer&ta in AAS 
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:111111.ltillii1•liillllii!li.lli!!! .. !•·· 
I I I I I 

blibralic:n grd.: HgtC
1
Std. solution ~ti!: U l\Mcta 1"3 

~r•ti.'l9 aindit ions: ~: 0.5 Ill\ 
1iaue .. th: m.1 .. 
LiPo currmt: 5.0 atA 
StAbilise del~: JO secards 
~· ine c1e1-...: 40 seccinds 

Hd. 1 

~ 
4 
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' 7 
s 

Ws flaw: 250 RlJnin 
PU 93'0 cont Uuu5 flow W51CU" SIJSlD 
~AAS PU 9UID 

C&lns. (ug/l> Asb • 

10 21 
20 42 
30 m 
40 23 
50 103 m 130 
IO 153 

100 212 
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I • 

E>cpert of 111100: Prat. K.Miaski 
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Source: Manuals of Food Quality Control, FAO, Rome, 1979 

PIIICIPLE 
LN4 ad. cadai• ·an uiracted hCli a Hlutim at th• &sll ot the aaapl• 0.5 K wi~h 
~ to SI ._; ~1..-cmim 4i~lcarll041i1110&U in ..t)Q'l iaolm7l k~cne. SUiDd&rd-e 
are treated in the .... vq- and both N11Pl• Gl4 •tandard extract• are •prq94 in ihe name 
of an atoaio amarpUGD Qec'trophotmner. 

ware ... &11 u .. ~ glaaevare -4 •ilica dish .. •houl4 bl imaene4 in 5 ~ ee:ui 
Y/Y ~aric acid (reagmt &rW) tar ......i boan,. azid the rillae4 vith ~ble-diatillee 
tater. - -

1. Lipped ailie& di.8!1e• wlme.apprs. 30 al. 

2. Gradaa"'1 5-al and 1 ... 1 pipeu ... 

). 2~ Y01_.tr1C fiaaD vith.pJ.anic Gopptra• 

4. ucaic" a.Norpticm ·~etrophotom\el'. 

The operatiJ>c c:cmcl.ihaa. Cor lead aD4 cadlaim. liain& an AtaupU B11l0; (Hilger & 

VaU•) an shown 'belav: 

w.p. oarrct (ti) . 
lfaYel~b (Dia~ 
nu c4"A ~ .-

. J1lll'UI' laa~ •) 1 
.a.Mt71_. (l1V.1!111J- •'t S P•ie) 
ur (litn• .us- at 30 peic) . 
Sc:al• ~1Gll - - -- . 

5. Recordel' (e.g. Servoecribe P'l&t-W). 

wcrns· 

Lead -6 
217.0 
100 

' 0.75 
2 

1.0 -

. 
1. WatC~ Dov.bl..-dUt~ll~ ~iJIC-~i~~tbed ~l~'ts~ 

2 •. litrio acid (s.c. · 1..u): 1Av-~la4 qaalit7.; 

3. Jtrdrochlaric acid (s.a. 1.17): Low-in-lead qu&lit7. 

Cadllliln 

5 
228.9 
45 

0 

9 
0.75 
2 

4. Diet~l.amGDiaa dietl.:Jlcarbodithiode (mx:D): A 1~ v/v •OluUan in meth.rl uo'blli1l 

ketm•· The _•olut~ -.Y ~kept tor •neral web without deteriorabcm. 
, 

5. X•t~l i•->~Y'l k•tan• (KIBJC) ;~lnnt: A 11&twaied •oluticm or water in M!Er:. 
. ~ .. .:.. .. . , 

6. ucorbic acid: ·.1 tre•~:y prep&Nd, 1~ v/11 aqueav.a •olirti."1~ 
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Dett!flliNtiGR of Cd in fish 

~libration tfilllh: Cd Std. 

Qpent ing conditions / 

PrincU.-1 line: 221.8 "' ; ~ : 0.5m ich- t _ / Flane tgpe Air/i11:2t1Jlene1 sto 1Clltl!_r1c 
t Fuel now: 1.u to 1.l lllun 

Latp current : 6.4 ,.. / Using 50 ... slot UMr Di PU 9100 - AAS 

Cons. (ug/1tl> As:I. 

o.ua 0.020 · / 
0.16 0.039 
0.24 o.oss 
0.32 0.074 
0.4 O.Ol7 lk1k.raln 1 

2 

Asb. 

o.ou 
O.OiS 

Expert of llUDO 

Prof. Or. E. Kaninski 
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1£:2QD 

-~-""'~~.-,a)( ... •oi. 1) 10 c Gt h~ .lallf-!~ c~~ed 'to M&Z'Ut o.ot•! et·450:-
-:;;N0;; !G .. •il1C. 411ih miil 'th• uh 18 6flT .s.· 16.1"•· koi.9len v .. u Gi.!'"1..! l<.1'ir1o M:.'J.~ 
\lli.·;..r (1 .. 9) .:a4 lr1dl.T n uh u ll~Wl'7· Tr.&t u. .. ...ah ~·n. 5 L ~ u1ur 1'o1lCMtd 
q 5 al ot ~anc &014 .n4 evapor•t• ~o dJ.'71la• oc a ateaab&U. J.A4 t .o cl Or ~ 
~wrio ~ ~ 3-5 al ot -.~e.r, ai~ ~~ a. glaa. rod, nuc ~ a ....U so. 4 
~ ~ • 25-al ~--i~c t'l.uk Ul4gqvp"o1lle MZ"k wi~ 4iah aZl4 rod. r:i.Up. 
~·~ ~ -•~ :m 2511 cal1trate4 rlub uJ.Dg o, 0.10, 0.20, 0.50 .o:d 1.co ... 1 
rJ -:la• .:aa~ lead/ ca=iua. eoloit1oc. !'o eii.c!l '1'1.uk &d.4 1.0 ml or ~one &Cid a:id 
;;.;.;6 ..._, -;.;, tte =-rk v'i'th ~tu- (s .. Iote 2). -

~ the blai:1; atQic:arg and tW:p!os .&dd 0.5 al ot uc:orbio &.:>id aobtion a:id. :...i.·crt 
-~" aix lJ.a . .:.aat'111~. ft.m, vi'Chov;t delq, add 1.50 a! ot l8X:l> aoluti::i, &topper acl ~· 
,a.:~- 'r« J> MOQ!Mfs. l.':let tJae- pl:ae• !a&ft a~ied, ~ Ui8 ~ CID tM :;c:ic!J. 1.o 
~- •olwrai a:loklea CUllSl"t <Zl _1Jaa aw. or 'Ula flub od ~ie ~ o:-g:allic ~'WW• 
~~ U. ~me°'v t'1ni :or- cad'dl:OI am, 'then. ~or leGd. ~ XIS ao!ftlllt Ware 
.K ~.c- ~ auiil• ar at.adard iD. ordc" -to ...iuua 'iM bueliJMI. ~ cali'tr.1.-tiar. 
~-... p or n. J."UPCl28 .. w 'the ~ d&Dda:'da Gil lleace dil'i..m. tJa. ~.._ Q:d lu4 
.JCh~..au 1D each &lillPl•• 

loiA 1 .:i.z. ailk poMdera, CC'e&l• &D4 ~1.ed :roods over a. llaDHn bamer bet'GZ'o .uh:.ng • 
.& .::..a U:-ger 'tla&n -the 30-cl abe 1• ~~· rar ~· aa~eri&!a. 

Jlole ~."T]w ..;:aplH ~ lit&Jldoi..-dli 11.q be let'i &'t i.his Gqe ror aweraJ dq&, b;li a:lCG 1.he 
~~.~ llaa.b&a ..tan"-. tM az:aa.17aia ahoulcl be compl•t-4 a.a aocm ~ pou.i~l•. 

Jrote '.s.. th• det~'tian nr lead by d!thiZ<Ze tor pree&utiana to be 'taken in :ui~o-

MSCOSSICJf . 

El:ira.ct1ca or lead and c:.adll111a tz.o. 0.5 X B:S .111 mx:D in iaEr i.a & OC11VC1161li 
Al.~U"DaUve to th• Pl'0094m"~ Cina ~ iii. 41ihi~ .. ihod. U u atmic &baorpiian 
epeoU'opboiGMtel' 1- not •Y»la)le, U. 1Mi4 QI 064mi111 11iV be ~..S. tAUl_ D:JCl>~ 
..- .. Mlliftb.t ~ -1-. CD4 ~- u,.. ~m Wic n.c m io -~ 
~ ezir&cttcm. !Jae orcmic ._. ...c Uc be ~u wi.~ 141• Iv ap;.tWZ-.USg 
..r:.4 ~ 1n t!ae sdn1am uomn ~ aoi4 c4 tlie ~1Gll ·~de4 14ih eiiU&ene. 
C4.la1'""- __..1\l:a m4 ~-i.·azo.e mlikeb' to oa.u• ditticul.U.u ot prwc:.pb&UOD !A 
0.,5 X JitS. 

ot ~ •l..at• like~ 'to be prumi 1J1 tood di'9•ta, an~ iron, ~ ~ :!n• 
cov.14 izrtc1't:N Ul tM 4-t~1GD U1Dc US. fte .. •leMDta &N lJR&ll,J a:&ake4 -v .: 
ton1.D~ iu1r o.YIDi~ OC11J1lu. ..s pa a.5 • .ID th• JJS .~ ci'nll 1i Ji&. bM1 1',=t 
11ec.1N17 io .iw.i-e ocapt.t•q ·tu urtmaGO. tl'm--1.nn · cali _, nQo1zlc =nth "GOZ''b:..: 
.&e1~ U!:/,. (m) to,. (II) »=1m' w iM UV&Gi1GD ~- °tbl"M !.-i"1H of 0&11b"&i1~ ro:.· 
0.1 f4 ot ~m u4 o~s Hot 1-4 wr. O&Z'rie<l om br snodin {·;~73}. 

fa) .. i~ck.rd calilr&hCIDIS 

'b) cal!.br~i~cma iZl 'th• Pl"9••c. ot 50 ~ u.cb ot iND (IIr}, copper 4r..1 :i:...,= 

o) calilraU~ _ s.n Ue PZ"CNnce or 100 p& cacb ot U"on (Ill), copp.r u.d ~. 

1.e&d- l.a •v.~jeo\ to dipi].r MN ~G'f'e.na~ tb&D cadlaim tboucb tb e:u11ei e&ua .. 
eo llOl'e t!aaD a 15 ,,_. ~ 4ecreue ill ft9PGDS• .vca 1.D calibr-.i.J.an (c). kor•ov.r, •UM:.e 
•11CJl ocea.iv• .-ou1ti• oC .Lrari. coppao eDd 1.Mie aa UMd .u> ( c) ar. uallkely to be pl''Hm~ 
1n foo4t, &111 atvta-ace - ii...e ee'-l• a!ao"14 b9 witMA expenaeui&J. GTQI". 

Erpar1aeni• ban ind1cawd that 'ih• l~DDC'D COllPlU l.• •~ble t~ HVaJ'&l l>oura, 
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vhilat th&i ot cadalm 1a ·~eci W alt&". doc;ompOlli.UCID (jl&d.pd l17 & dec:rou• ot 10 to 
20 per ccni ill U. iuU..t rupoaae}. ~oi- t!IU nucm cadluca 1a but 4.a~ tun 
Gel 1M4 dtteraua&'Ci.cm clc.p1eie4 1A'Uain Une Jiovs or c:z:tr.acuaa u recallllilDde4 ~ ~­
Pnalq all4 ~lm (1967). •u u4 OlxMSlf1D (1.970) Aowld ihl.' iu aocU.111 4i•~lca.rboc:1in­
io&t• eomplau or GOPPC'e U'Oll, odll&lt. lliat•l• C!zrcm11mt lead, ~. lm no\ or -.ngui~· 
wn at&bl• !or &'L i ... i 400 aunttea.· 

~ - In ~· paper reta-nd to earlier 'IV ioadmikt the use or ~lea• wiNli ar X!l'.t i• 
recG1111cidad and it 1a ai&tecl tat acme proclucia RC!l a.a juicu and bwel'qoca llH4 Dot be 
dipnecl. !Ii• pnaat &athar apericoe4 ... 41.tt1cul1;7 vith 'the n ... cc:Gdihcma l!Qi the 
mUboc1 wru4 •ll ~ing dinUropn an_~/~t7lenc. 

U.thl papva mdad• no toll~ 

- 11.e ll.,on ~" n 17)4 3'7--402 d & 1959 1zr-1l4. 
. . '· - . 

- Collabor&U.- n• cm lu4 m· naJCll'&tecl a1lk lo- atomic a.baorpt1aD, a,,.ctro.oow azid 
anodic nrtppine YOltaMCU7, l':l.Gl"lno JJ. et al J'.lQIC ,52 (5).1973 -1246-1251. 

I 

- Lwi m t~ ~ us. Bosc=ik, K.x •• ~-' ~ 1973 ~. 

- Propo8ed OIV Mthod tor 1-4 ill viu• - .us U&t1, IUzlcv.ui. A. A JraauUi, a. (1976). 
: -

- ltlcaa• ot lad .nd cadnim fl"Oll titcb..U-., :Bectam, l. ct Sark. X. (1974). 
. . .··. 

- JDodic n.·~ppi.;-ot •oltamett;J' Zia 1.v • .a: .ukev, L.I. ( 1975) - Poocl Product Dn•l~ 
December 1975 49-59. 

- !:z:tl"&cUm ot iodide• or lead. c&dlliua and copper. Urto XIEr • Taut:wai5 c. Iobarn, H. 
?oslzihn, s. Ja.pcs JD.al.nt ~ (3) 15()-154, 1976. 
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RAPID METHOD FOR THE DETECTION OF HULTIPLE HYCGTOXiNS 

Source 
Die Nanr~ng 29 (19851 ~,=29-240. 

This method could be ~or ~ne simultaneous of a~iato~1ns <B!, 
82, 61, 62>, ochratoxin A, z~aralenone, sterigmatocystin, citrinin, 
penicillic acid, T-2 toxin and rubratoxin ~' determination. 

Reagents 

Reagents for e~traction: 
l. Chl_oroform 
2. Phosphoric acid 0.2 M 

Development system: 
1. Toluene + ethyl acetate + 901. formic acid <6 + 3 + 1> 
2. Chloroform + propanol-2 + ethyl acetate <95 + 5 + 5> 
3. Aceton + n-hexane <2 +3) 
4. Benzene + methanol + acetic acid <90 + 16 + S> 

Chromatogenic reagents 
1. Ammonium concentrate 
2. Aluminum· chloride <AlClJ >-:?07. solution <"Iv) in ethanol 
3. H.t_SO~ - 207. solution Cv/v) in ethanol 
, Sprayed plates -could be heated 15 min at 1.10°C 
4. Alcoholic sodium bicarbonate soln. - Disolve'6 g NaHCO~ in 

100 ml H~? and add 20 ml ethanol 

Equipments 
1. Food blender o~ shaker 
2. Funnels 
~- Elenmeyer flasks 
4. Filter paper Whatman Nr 1 and Nr 4 
5. Separatory funnels 
6. Rotary evaporator <Kuderna-Danis~ concent~ator> 

7. Chromatographic tank 
8. Pipets spotting for 1_,ul and 5...ul 
9. Ultraviolet light source 365 nm 

10. TLC plates Silica gel 60 

Preparation of the plate 

Both home-made and co-..ercially-made (precoated> TLC plates should b~ 
activated before use. Put the plate in an oven at 11o•c for a minimum 
of one hour. Plates can be activated and stored i~ air-tight cabinet 
until ready to use,Sharper separations are usually obtained when using 
activated plates. 

Preparation and Extracti·on of sample 

Weigh 25 g p~epd sample into 500 ml erl~nmeyer flask. Add 125 ml 
chloroform an9 12,5 ml 0.2t1phosphoric acid. Shake 30 min or leave 
sample in ~olvent over night. Filter lhrough What"~" Nr 4 filter 
covered with ca 2g anhydrous"'sodium sulphate. Filt~ate evaporate using 
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ANNEX 10 

rotary concentrator to arynees. Disolve res!due in ~ ml Lnloroform. 
Concentrate extract to 1 ml and spot 5, 10 and 15,ul on TLC plate. 

On other plate spot 5.,.,ul and 10...ul of mycotoxins standards 

Clean-up 

When e~tracts contain a fat develop the plate <clean-up) in 
chlo~oform or in anhydrous ethyl ether in an unequ1librated tank ano 
then drt the plate. Redevelop the plate in the same direct•on in 
toluen-ethyl acetate-formic acid <solvent 1> or other solvants. 

View the plate under-UV light C3b5 ~m> and the prsence or absence of 

spot originated from the sample extracts. 
E:-:amine pattern from sample for iluores:::ent spo~s having Rf valut:.·s 

close to those of standards and with similar appearance. Compare 
fluorescence intensities of spots from sample with those oi standard5 

spots. For better visualization the spots develr~ped chromatoplates show.le! be 
exposed with chromogenic reagents increases 't.he fl ur·escence ::..nt.ensi ty. 
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;: Table l ,,.. 

i' The Rf ~alues of 11 mycotox.ins for the different developing solvents (aluminium sheets MERCK were used as TLC plates) " > p 

7. ·- > 
• ,. 
f Toi.in The Rf values or 11 mycotox.ins la dilTerent solvents J', .. .. -- ~ 
~ l' 2 3 4 s 6 71 a 9 102 II 121 13 

;:::; 
;..; 

~ Vi 
~ 

.... 
.... Steri1m:i :(oe:ystin 0.6.S 0.84 o.as 0.64 0.79 0.66 0.48 0.41 0.74 0.68 1.00 1.00 0.66 "'· 

""' Zearalcr11>1le {(.'l) 0.20 0.56 0.77 0.63 0.4S 0.36 0.36 OJ8 O.S2 0.57 0.89 0.90 0.60 ·~ 

Ochrato,:n A {OA) 0.00 0.01 0.02 0.02 0.06 0.08 0.3) 0.04 0.00 0.56 0.47 0.79 0.46 
z 
> 

Penicilli\: aciJ 0.06 0.19 0.39 0.lS 0.21 0.14 0.24 0.2S 0.20 0.48 0.7S c :-il 0.33 (:) 

T-2 tox.i11 0.16 0.32 0.53 0.12 0.33 0.22 0.33 0.26 0.21 o.ss 1.00 1.00 0.30 ~ 

Citrin in 0.00 o.u> 0.07 0.02 0.12l 0.00 0.13> 0.03 0.0? o.2s> 0.11> 0.21~ 0.41) 7, 
~ 

Citrin in' o.ss . 0.83 ' 0.80 ,0.$4 0.83 0.64 O.S6 0.59 0.83 0.68 1.00 I 00 0.59 -
~ 

Aflatoxi ;\ B, 0.16 0.39 0.53 0.05 0.39 0.20 0.2S 0.17 0.28 o.so 1.00 1.00 0.19 ~ 
VI 
00 

Aflatoxi1\ 8> . 0.13 0.31 0.48 o.os 0.31 0.16 0.22 0.16 0.23 0.-46 1.00 l.00 0.16 
.\Oato~i 1 0 1 0.10 0.27 0.43 0.04 0.28 O.lS 0.19 0.13 0.20 0.41 1.00 1.00 o. 14 :: 
Aflatox •l Oi 0.07 0.23 0.39 0.03 0.2.S 0.13 0.16 0.12 0.17 0.39 1.00 1.00 0.09 ~ 

0 

Rubr1t"X;~ B O.Jl. 0.3S 0.30 0.38 0.38 0.33 0.00 0.00 0.34 
.. 
0 

~ 
,.. 
:;· 

' Number or 1olvcnt aee methods C 1-13 
v 
5 

i Two rronts of devetopina solvents were observed oo TLC plates, thin bands of F·2 in solvent No 7, OA, F·2 and T·2 in No 10 and OA ill No 12 were observed R 
close to the second one front 

... ... 
, Tailing ?.:. 

(r1 

. ~ Aluminium 1heelS with 111SO, (see Methods B·S). 
... 
" ; 

-,,,~ 
;:: 
x 
~· 
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'iAblc 2 Co\our of Ouorcsccncc of 1 J mycotoxins before and artcr treatment with different $;praying reagents 

·--- --·---- ·-· - ---·-----· 
T OJ.ill Colo\Jr in Colour or fluorescence in tJV-360 nm light 

UV-360 nm -- ... --·-----
(without spraying) AICl1 H2SO• Cc(SO,)i p-anbatdchyde DNP 

(0·1)4 (0·2) (D·l) '"(0-4) (D·S). 

-
---··-··-·----------- --·--·---- -
S\Crigmatocystin red orange . brick-red bd1e red red 

red·brown.., brown' brown' darlc·brown1 

Zcaralcnono gray· blue darlc·bluc gray· blue lighl·bdgc1 brown' light gray 

brown'·1 . ~ige1 · 

Ochratolin A uccnish·b!ue dark-blue greenish· blue greenish-blue greenish· bhle green.ish· bl !JC 

duk·bluc-1 darlc-hlue' dl.wppeared 

. Peoicillic acid • dark·blue1 darlc·blue1 pink·violct1 ,.,iu"lc·YioJet' b'•lC1 pink·vioh:\ 1 

T·2 to:dn 
light·grccnish· bcisJ·• . &1 cenisb· b1uc1 .S belgc1•1 

VI 

blue•·> 
''I I '° 

yellow·bcigo 

Citrinin )'eUow yellow yellow ye~low·belge1 yellow 

disappe&rec.12 Jlseppe11r1"J' areenish-yellow 1 

parlially dis· 
appeared' 

An3tol.in D1 
dark-blue iJark·bluo ycllow·beigc bci,4 llght·bclge yellow-bdge 

dnrlc·bluc2 dis.'ls,>peared1 

A0Jtoxln OJ \.l&J lc·bluc d:uk ·bluo yellow·bei&c belge light·bCl&e yc\low. bui ae 

i.1ark-blue2 W~lppe&rr.d I 

Afl:.ilOlin 0 1 crccnisl:\·blue g.recnish·blue beige li&ht~iae light-beige gray 0 
i;' 

greenish. bh1c2 Jl~weared' z 

grcenish-btut 

u 

AO:\lo~n <h &rcenish·blue beige Hght-bdae Ugh\·belgo gray :r a 
arcenish·b\uc2 disappeared' di 

l\\\brato11.in 1\ t;.lue or blue plnk·violel1 '> tisbl-'belge' browu1 light· beige' ~ 

yellow pink· beige 
. ,,... -~ 

' :\Oc' 10.-20 min hu1ins at 11 O •c: 2 ftf\er amtnoniation; 3 spots visible In day light: • s<e McthoJs D 

~ ..., 
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ANNEX 12 

tlETHOO FOR ANALYSIS OF AFLATOXINS IN PEANUTS AND PEANUT PRODUCTS 

Source 

AOAC Off1c!al Methods cf Analy~ica <1990> 

Preparation of sample 

Grind raw ana rcasced peanuts to reduce parc~c!es by m!ll1ng. 

£:..traction 

Weigh 50 g pred.sample into 500 ml glass erlenmeyer. Aad 25 rei H20, 
25 g dia~omaceous earth <celite 5u5> and 250 ml CHCl3 , and secu~e 
stoper with mask1r.g tape. Shake 30 min on wrist a:::clon shaker anC: 
filter through fluted paper. Collect first SC ml portion CHCl3 , 
i1ltrate and clean U? through the column. 

COLUMN PREPARATION FOR CLEAN-LIP 

Extract fro~ peanu~·meal and peanut products neea clea~-up using 

silicagel cclumn. 

Source AOAC method 1990 

ColWIWl chroeatography 

Place ball of glass wood in bottom of 22 x 300 mm chromatogic tube 
and add 5 g anhydrous Na4SO~ to give base for silica gel. Add CHCl3 
until tibe is ca 1/2 full; then add 10 g silica gel. Wash sides of 
tube.with ca 20 ml CHC1

3 
an~ stir to disperse silica gel, when rate 

is of setting slow, drain some CHCl~ to aid setting , leaving 5-7 er.; 

above silica gel. Slowly add 15 g anhydrous NalSO~- Drain CHCl3 to 

top of NazSO'f • 

Add 50 ml sample eztract ~o column elute at max. flow r~te W!tfl !50 
ml hexane followed by 150 ml anhydrous ether,and a1scard. Elute 
aflatoxins with 150 ml methyl-alcohol-chloroform (3 • 9 • 7>. 

Collect this fraction and concentrate using rotary ev~porator ne~rly 
to dryness. Use this fract1n for TLC analysis 
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ANNEX 13 

RfrOmENC£D COL-0~ ADJ>TTIVES FOR 'POOD ~E 

l. B~ta-Carot~ne 

NA Tt1RAI. COLORS 
Ol'l!ER'l'IF till UOLOJ\J&t~S 

Color-orange-1ellow 
Commercial fo:rms; !iguid suspensio~ - 30% ic vegetable 
oil. Semi-solic! suspension - 24% in cy~ger:n;~ ve­
getable oil. Bea<!let-water dispersib1e - 10%'and 2.4% 
E::lulsion, beverage type - 3.6,. 1'he colorent is ~sed 
at levels rCUJgiJ:g ~rom 2-50 ppm as pure cclor to shade 
margarine, shortening, butter, cheese, ·baked g-oods, con­
r ections, juices and beverages.-
Nu~tional value: lg or beta-carotene = l,666,666 USP 
units o! Vitamin A. 

2. Beta-At><>-8' ca..-otenal . 
Colo.:- - :ore orange than beta-carotene..Coz:me::-cial !ori:s: 
as e cL-y powder;- as 1-1,5% vegetable oil solutions, as 
dO!!I sU.spen:sj.oD.::» in vegetable oir or as 10',(, ery bead.lets, 
colloidal dispersions o! colorant in a catrix o! getaJ.ti~. 
vegetable oi!, sugar, starch. Use J.evel.s _=ange within 1-20 
pp: as pure color. Nutritional value: lg o! the colorant = 
1,200,000 J'E 

3. C11tlthaxa:athin 

Color - oraxige - red. 
Cocmerci&l'-7 avaj.lable as a water d!spersib:e, dry beadlet 
cocposed o! 10% colorant, gelatin, vegetable oil, sugar, s~a=c.ll 
Used levels raq;e within 5-60 pp: as pure color. The color~n· 
~~ u~c!ul in colori:ig to2eto products sucL as-tocato soup, 
sp~etti sauce, and:pizz~ sauce, French dres~ings. f::"l:l~t 
drinks, sausage products,· and leaked goods; · · · 

CanthaxantiD has no vitamin A activity. 

4. Anna:~o Extract /Bixin/ 

Colo= - butter - ye!low. 
Commercial !or.ls; 2s a dry ~owder. oil solutions ?.DC scs?en•~ 
al~aline aqueous solutions. All con~ai::ing !-1~~ a~ti\c colcr 
calculated as Bixin. 
It is used in foods sach as bu~te~, :a11tarine, cooki=e oils. 
salad ~=essi~s. cereals. ice c~ea.:z: and s;>ices a: levels c~ c.s· 
l~ ?~~ cs p~~e color. 
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5c Cochineal ext.rac~ \Carmin~) 

Color: red 
Cochineal ertrac't is the concentratel. ..i.Olution !ro::i an 
aqueous - alcoholic extract o! cochinea!/in~~~- coccus 
cacti/. The Y.._tive coloring matter is ca--C.:.::::i~ o~:.d, a 
total solids content or about 6~. 
Con:mercial.17 available ca.-m:ine mostl)' as an a!uci~u:o or 
calcium-alm:ilti.w: l;J.ke on· an aluminium ~droxide S;A~­
strate; car.:ii.ne obtained ~ er more carminic acid. C:1:::-­
mine is useful !or producing pi:ik shades in ~o~e p~otei~ 
products. cAttd~. conrections. 

Use levels are within the range 25-1000 ppc. 

6. Ribo~lavin (Vitamin B2) 

Color - )'ellov-orangish 
Commercial form: as a dry ~wder, water soluble. Is useful 
for coloring some beverages, dessert povders, ice c~eam. 
candy. No restriction to use. 

? • Caral:le 1 

Color dark bro~"D. to black 
Colimlercial form - li~uid or solid form. 
A me.jar use for caramel is in so!t drinks. pa:tic:;!a:l)' 
colas ~ink. It is .also Dia)' be used to sta~da-~ize the 
:iue of blended whisk)'s and beer. Other uses: colo=ing 
o! -baked goods. syrops. candies and p~armace~tica!s. Is 
good stabi·lity in most products. Use levels are 1000-5000 ;> 

8. Sa!frop/Cl Natural Yellow 6/ . 
ls also known as crocus. It is a reddish b=ov:i or &olden 
yellow powder. Active rorm or sa.!!:-0~ is c~oc~o a~d crocetin 
It is very stable colorant soluble i~ water. Is use~~l for 
coloring bakery goods. snack foods. 
Use levels are wit!lin the range 1-260 ppm. 

<). · Paprilca _a.lld .P4Prlka. ol~ie..: 
. ::Pa.p~ika as a dry po~~e-r ~s.· the .deep :ed. . 
.--Paprika oleoresin is obta.l.Ded ~b' extracting ;>2r.:-i~ w~th 

solvent sue= as eth)'l alc~bol,-et~lene dic!llor.ite~ ·hexane. 
Paprika oleosesin is ~rob'n-red. : ·. -~ · 
Paprika and itfi o!toresum is us~!ul Io= co1ori::z so:e ~inc~ o~p~od~i:\.s. 
~se levels P.re within t~e range 0.2-l!>G p~~. 

10. Dehydrated red ~eets 

It i~ P. dark red po~der. The ~ctivP. iag:-e9ie~t is Betz:ri.o. 
B~et po~der is uoed io ice cream, d~ssert~. ca:J/!'3 gel~tio. 
yogurt in concentrntion~ or 0.1 t9 1% o! the tin~! p~o~uct. 

:1. ·ve~etable aod rroit juices. The concentrated or ~oconcP~­
trat~ci. i..qUJ.d cx;>resse-a f.r.om IJ!!tur~ va.rietieso of !'re sh. ed i blc. 

vegetablc5 ~nd !:-ui.ts. 
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~X13 

"!'hP cer~i!ied 

Common Bame 
Er1throsine 
Indigoti:ie 
Tart:-azi:ie · 

color ad~tivPs ar~ ~!l ~j~~het~cal!.y pro~~ced. 
FDA 3aee Color Ind~ 

I 

· FD+C i?ed No. 3 · 45430 

4. 

7-

..e·. 
9: 

Fast Green lCF 

_· Su:iset ·yellow FCF 
Brillia~t _Blee FCF 
Citrus Red Xo. 2 

(Onl1 can used to color 
t~e eld.zut ot orCJ:1gca} 
O:-~e B 
Al!ura Red .1C 

· n.c- Blue :!o. 2 

FD·+C Ye:~ov No. 5 
FJ).+.C Gre1:: :i No. ~ 

7D+C Yellow ~;o. 6 

FD+C Blue ~o. l. 

Citrus Red No. 2 

Oraes~ B 
JPD•C R~d No. 40 

·The certi!ied colo:- additives are avai!a~le i~ !o=ms: 

Pov.der •••••••••••• ·•••••• 88-93~, pure c~e 
Gra:iu!ar •••••••••••••••• 88-93'£, pure dye 

Aqueoue Liquid ••••• ~... l~ pure-dye 
~ T"_,,~d .,on-aoueous ~"- •••••• 

PA•t• ••••••••••••••••••• 

7~15...-

19140. . 
q2Q~3 :. 

i5ga5 
42090 

12!5€ 

Use ot Color Additives 
':"Ce ra.cge_ and :axi.C~ of _color Used in the- Ve..!"i'lU:; · Catee;o::-ies "of 

proces~ed r.oo4' 



Year 
Listed 

- for Food 
Use 

190? 
-190? 
190? 
-1907 

190? 

190? 

190? -
1916 

1918 
1918 
1918 

1918 
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ANNEX 14 

CHRONOLOGICAL HISTORY OF SYlrrliETIC CCLCRS !~: UNIT~ ST.ATE.=: 

ColCJllon Name 

Ponceau 3R 
Altar a.nth 

Erythrosine 

Orange l 

. 
li'aphthol Yel­

low S 
. · 

FDA. Name 

FD&C Red No.l 
FD&.C Red No.2 
?~C Xed Np.3 
F!l&C Orange 

No.l 

FD&C Yellow 
llo.l . 

Co!.or 
Index 
Number 

16155 
16185. 

45430 
14600 

10316 

Year 
.De-
1 is t ed 

!961 

1976 

1956 

1959 

Light Gree~ SF F.D&C Green ~ 42095 1966 
Yellowish 

Illdigotine FD&.C.Blue No.2 73015 
Tartrazi:ie _ 

Sudan 1 
Butter Yellow 
Yellow AB 

Ye~low OB 

FD&C Yellow 
::.io.5 

?D&.C Yellow 
llo.3 

:F!;&C Yellow 
-~o.4 

19140 

12055 

11380 

1918 
1918 

!959 

Cur=e:i~ly 
Fer.ni !;te~ 
in Food 

No 

Yes 

!fa 

No 

Yes 
Yes 

1922 GUinea Green B ~ Green Sol 42085 1966 Uo 
192? Fast Green FCF FD&.C Green lb3 4-2053 Yes 

1929 PonceauSC - FD&C Red No.4 :."T?OO 1976 · ?io 

1929 Sunset Yellow FD&.C Yellow 15985 · Yes __ 

::~29 

1939 

1939 

1939 

1950. 

1959 

1966 
19?1 

FCF No.6 
Brilliant Blue 

lf'C .... 
.Naphthol fellow 

S potassium 
salt 
Orange .SS 

Oil Red Y.O 

Be~zyl Vio::~ 

-.-~-c Bl · - 1 ,._-:oC/'\ ~·:.,,,.3- ae •• o. ..,. - 7". 

FD&.C Yello~ 10316 
lio.2 

?D&.C Orange 
:10.2 

FD&C Bed llo. 
32 

Fn&C Vic::.et 
Jo.l 

12100 

12140 

Citrus Red ~o.2 Citrus ?.ed 
No.2 

12::. . 

Cran~e B OraDge B :s2;; 
~l!i.. ... "' Red AC FD&C Eed ~;o .40 lf035 

1959 

1956 

19;6 

Yes 

~o 

.. ..., 

Yes 

Yes 
Yes 
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ANNEX 15 

SVN1l£TIC Cll..1Rilll3 :"RTTERS l..6!1\13 IN FCU; F~~r.S 

prarulgated in Resolut.ic:n tb SOS - April 4, 1992 

MINISTRY CF rEA..lH IN VIETNAM 

WTiJI ~ Colour index llb Ole~c.al flam? 

Trisodium S3.lt =r-r '5 - H'/Oro;-;~ - 1 -
p - sulfoph:nyl - 4 - ~;::; - ~!"fc~ 

T c.vtazi. rie 1914(1 nylazo) pyra.::ro - -~· - carbc>:-:·., ~ i.c 

.?.Cid 

Diso:hum salt of 1 - (4 - sul~~pt"e 

5-nset yellCM nylazc) - 2- Naphtlnl - 6 -
Fa= 15985 sulfcnic acid 

·-
Discdium salt of indigcx:armin.: - ':'· -

!r.digo::armine 7!.015 s· disulfcnic .:.c:id and !r.Gigo ~:7 

Di sodium SCt.! t of 4 - (4 - N - Etr-.-.;l 

Brilliant 42090 - sulphobena - a.-:-t.ino) - p. ... :21:·1::. --
blue RF (2 - sulph - niump1';1eny l ) - ir.-::-t.'1yleie 

benzyl) - delta ..., • C' 
..:... ' ...... eye: -t"e::.=-:!:.Eni -

mine 

Eryt."1."'"DSine 4~ D.isod ium salt or ~tassium UT ::4:5 

:7 tetraicdo - flu::;r-ii!Seein . 

Anaranth 16185 Trisodium salt of I -(4 - sulph:na -
pht.hylazo) hydrc;..-ylnaphthalen - 3;6 

- disulphaiic acid 

Pcn::eau 16255 Tri-=cxhum 01' I sulpt"o - I - n.apntt-.y 

- lazo - .., - r.aphttol - 6:8 - disul-...... 

nic: - <.!Cid 

Di~ium of 2 - sulph:> ! - r,.;-.'.Jtithy -
. Garmoisine 14720 laze - I - lldphtt-ol - 4 - sul,Jr-"or 

acid \ 

. 
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ANNEX 16 

Recommended Levels of Preservatives 
to be added to Food Products 

.Preservatives aost freguentl;y ~sed 

Name o~ 
Preservatives 

Benzoic acid or 
Sodium Benzoate 

Ethyl and propyl 
Parabens 

Sorbates 

Fropionates 

Types of food 
products 

Fruit products, Vege­
table products 

Drinks: Carbonated and 
non-carbonated 
beverages 

Fruit and vegetable 
products, margarine 
Processed meat and 
fish, confectionery 

Vegetable products 
Fruit products: 
Jellies, jams, pre­
serves 
Fruit juices 
Soft drinks 

Dairy ptoducts: 
Processed cheese 
For surf ace treatment 
Flsh products 
Hargarine, and other 
fats 
\lines 
Bakery goods 

Conf ectionecy 
(fillings for choco­
late and pralines) 
Dairy products: 
Processed cheese 
Surf ace treatment 
of hard cheese 

Bakery products 

riiscellaneous uses 

Maximum levels 
to be used 

0.1 g/100 g products 

from 0.05 to 0.1~ 

O.lg/100 g products 

(from 0.05 to 0.1%) 

0.15 g/100 g 

(0.05 to 0.15%) 
0 .1 g/100 g. 
(0.05 to 0.1%) 
O.lg/100 g 
(0.0~5 to 0.1%) 

0.05 to 0.07% 
0.1 - 0.4 g/d.m2 

OJ. g/100 g 

0.1 g/100 g 
0.2 g/liter 
0.1 - 0.2% 
relative to the flour 
0.05 to o.~ 

O.~ - O.?% 
5 - 10% solution of 
sociWil or calcium 
propio:iate 
0.15 - 0.3% relative 
to flour. 
0.2 - 0.4% 

• 
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ANNEX 16 

Sui.!ites 

Nitrates 
/NaNO I 
Nitri~es 
NaN0

2 

Acetic .Acid and 
Acetates 

Recommended Literature 

Fruit products: 
fruit pulps and 
fruit purees 
Drinks: fruit juices, 

wines 
Starch syrup 
Starch 
Gelatin 

Meat ao4 meat products 

Meat and meat products 

Fish products 

Heat products 

Vegetable products 

Bakery goods 

1. Lueck E., Antimicrobial Food Additives 
Springer-Verl11g Berlin, Heidelberg 
New York (1980) 

0.2 g/100 g pro­
ducts 
0.01-0.2% 
0.03 - 0.06,, 
0.15-0.~ g/liter 

0.04g/100 g. 
O.Olg/100 g. 
0.075 g/100 g 

0.05 g/100 g 
products 
0.02 g/100 produc-
0.008-0.016,; 

1 to ~% sclutions 
o! acetic acid 

3 to 3.6% acetic 
acid solution 

0.5 to 3% acetic 
acid solution 

0.2 to Ql4% of 
sodium diacetat! 

2. Frazier V.C., Vesthof! D.C., Food 111icrobiology. 
McGraw Hill Book Company (1958) 



APPENDIX 1 

LIST OF EQUIP11ENTS PROVIDED BY UNIDO, 
USED DURIN6 TIE TRAINING PARTICIPANTS 
AT THE COURSE ORGANIZED BY DTQC IN rtANOI 

1. Gas Chromatograph •TRACOR" Model 9000 

2. Singl~ beam Atomic Absorbti on Spectrom~ter <AAS> Pi.J 91 •..:, . .::1:0..; 

3. Single beam Spe~trophotometer 200 - 1000 Pm 

4. Rota~y evaporator, Heidolph Model VV 2000 

5. Balance 

6. Ultraviolet Cabinet 
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APPENDIX 2 

PESTICIDES USE IN VIETNAM 

1. Aluminium phosphide <gastoxin) 

2. Bacillus thuringiensis 

3. Buprofezin <Applaud> 10 WP 

4. Cartap <Padan> 95 SP 

J. Alpha cypermetarin <Fastac> 5 EC 

6. Carbary!. <Sevin> 85 WP 

7. Carbonfuran CFuradan, Curaterr> 3 G 
. -

8. Cypernathrin <Sherpa, Cynbush, Polytrin> 10 EC, 25EC 

9. Cypernathrin + Profenofos <Polytrin> 440-SWC 

10. Diazinon <Basudin, Neocidil) SO EC 

11. Dicofol <Kelthane> 20 EC 

12. Dicrotophos < Bidrin> 50 EC 

13. Dichlorvos <DDVP, Nuvan> 50 EC 

14. Decanethrin <Deltanethrin, Oecis> 2,5 EC 

15. Dimethoate <Bi Ro;or, Pohion, Fostion> 50 EC 

16. Endosufan <Thidron> 30 EC 

17. Esfenvalerate <Sumi-alpha) 5 EC 

18. Ethofenpr~x <Trebon> 10 EC 

19. Ethoprophos <Mocap> 6 EC, 10 G, 20 EC 

20. Fenithro thion CSunithion> 50 EC 

~1. Fenobucarb CBassa, BPMC, Hopcrin> 10 EC 

22. Fenpropathrin <Danitol, Rody, Moethrin> 10 EC 

23. Fervalerate <Salfodin> 10 EC, 20 Ee· 



70 

APPENDIX .:? 

24. Fenthion (Lcbeycid, Bc3cid) 50 D; 

2 (1 .,. 

IeoJlroccrb (!!ipcin) 20 Be, 25 EC, ~ fill 

Linden!:' (Gel\e...BIIC, Gc11e-1:!Cli) 99,5 \"i? 

Metbe~iuophos (Filitox, Uoi;dtor) 60 SC 
~ctbidrtbion (Suprecide) -40 ~ 
?.ietbyl ·Broude 98 -~ 

·. 
'/. JO. Monocr:>tophos (Azodrin, ltivec1'fln) 50 SC1~7 

,,,tJ Jl. ··Iethyl pe rethion (Pere tbion, Vlo!e. tcx, L!.etepho~) • 50 EC 

J~. Neled '.C~..!>~!Il~::pubcil, Bro"llcblorpbos) 50 EC, S6 EC 

. 

JJ. Pbosel!lne_ (Zolone) 35 ~ 
./ 34. ~bospbe":Jidon fJDi'llecron, _.\p!!'Xidon} 50 sew 

35. Te!lubenzuron (No~olt) 5 ZX:: 

36. Trichlorfon 50 EX:, 00 W~ 
J7. Roten.one 
:38. D~o:D.Yl (FWtdezol, Be:il2 te) 50 ~ 
39. Celciu~ polysulpbide 
40. Copper oxycbloride 
41. Copper _sulphe te 
42. Cept~fol (Difoletcn, Folcid) 8J \ill> 

43. Capte!l (Ceptcne) 75 YIP 

44. D1n-'.conezol (Su"Di~) 12,5 ~"l' 

· 45. Edif enpbos (Hinoaen)40 IX:, 50 .EC 
4 6. Fosetyl - .Al (.Aliette) 00 WP 
4 7. Hexeco~zol (Anvil) 5 F£ 

48. _ lprotenpbos · CKit.ezinf 50·-~ 
49. lp:mdione (Rovr21) 'iJ1 WP 

" 50. lprotbiole.rie (Fuji-one) 40 ·_EC 
51. KesuP.e~ycin + Rebcide (Kasei) 21,2 1n 

. 52. Kasuran WP (2 ~ Kesu.ge"»ycin · + 45 % Copper oxycblor:i.de) 

53.· Kesuran WP ·cs % Knsu,o_e".Dycin + 45 % Copper oxycbloride) 

54. Msncozeb .. ao-iP 
55. Mo~ceren (Pencycuron) 25 WP 
56. Rido'llil - Mi (11eteµxyl + ldanco~eb) 72 .'ilf 

57. Sulphur 95 D 
5'3. Tbire:> 85 ~;p 
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59. Tilt {"t-:..-::~~co_!P.zole) 2;o ::.'C 

60. .Top:::'. ::~. •• 1i :iO WI'~ 70 \Y? . . 

61. VeJ:.d~,: ... in {Velidecin) 3 SC 

62~ Tricr.i~~fol {B2ylet~n) 25 ~ 
63. z:=:..cop;.·c: WP (20 ~ Zineb + }O ~ Copr-er o;cychl.onde) 

64. z:4:.::, E~! ~:r 

- .. 6 ·.r hu C.-c Tr:.: co : --·· .. -------·. Vil~ grass - weeds berbicydes 

65. A~e~:ryn ~~esepex) :)l1 VP, e:> ilP 

66. Ber. t;i.! o~.: ·:-b ~Sz: turn) 10 G , .. 20 Vi?, ~ f.C 

67, ButEc~1:c!' \~:?Jbest) 5 G, .10 ~ 

./ 68. 2 6 4 .D 6•.) •. EC, •t2-F£, BG-JP, 96~ 

69. Dejep~~ ,P2d~p0n) fD WP 
70. D:.i.;"':":·~ 00 'i/P 

71. aICP!~ (.A_RroXone) El> WP 

72. Preti~~ctl~r (Sofit) JO EC 
7). Py::."";? z~suj furon etbYl_ (NC 311) 25 EC, 10 ~ 

74. S~~~zin (Geaetop) a> WP 
75. Atn?zin (GesepE'in) SO YIP 

76. Brodi!ecoulJ (Xle~t) 0,05 $. 
77. Pbospb11e kel) (P.okeb.e) a> ,. 

, . - " "~ ·" Chu th~cb nhun" . ..!!! Y!et 13t tropP dqib ~. : 
.r , - • ... 

EC : den'i tbu oc boe aue bey nbu dau 

YIP : .• " 1>9t tb ~- :uzac bey b~t 140c mzc.Jc 
. ; 

b
~ , 

SP : " · ~ t ten t l'Oll!' . .mro.c 
G bey .GR : d~n1t tbu6c b~t · 

S~'"iJ _( no;e SCW • SL, SC) : dun.~ dicb ten tron~ m:ci: 
Do : den-t tbu6c ~t .i. 



APPENDIX 3 

Bectron capture Detector (ECO) 

WARNING 

THE EFFLUENT GAS STltEAM FRCM mE DEn...;TOR MUST BE 
VENTED TO A FUME HOOD TO PR.EVENT POSSIBLE 
CONTAMINATION OF 11IE LABORATORY WITH RADIOACTIVE 
MATERIAL. 

SPEC:FIC CLEANING PROCEDURES ARE PROVIDZD IN 
CHAPTER. 8. PREVENTIVE MAINTENANCE. 

Requirements for USA Owners 

• 
WARNING 

DETECTOR. VENTING MUST BE IN CONFORMANCE WITH TIIE 
LATEST REVISION OF nn.E 10, CODE OF FEDERAL 
REGULATIONS. PART 20 (INCLUDING APPENDIX B). 

THIS DE'I'ECI'OR. IS SOLD UNDER. GENER.AL LICENSE: OWNERS 
MAY NOT OPEN THE DETECTOR. CELL OR USE SOLVENTS TO 
CLEAN IT. ADDmONAL INFORMATION IS AVAILABLE IN 1HE 
PUBLICATION INFORMATION FOR. GENERAL LICENSEES. PUB. 
NO. 43-5,S3-1798(D). 

OWNERS OF THIS DETECTOR MUST PERFORM A 
RADIOACTIVE LEAK TEST (WIPE TEsn AT LEAST EVERY SIX 
MON'111S. THE PROCEDURE IS DESCRIBED IN CHAPTER 8. 
PREVENTIV£ MAINTENANCE. 

WARNING 

IN THE EXTB,EMELY UNLIKELY EVENT THAT JlilD1 THE OVEN 
AtD2 THE EC!> HEATED ZONE SHOULD GO INl'O THERMAL 
RUNAWAY (M.UIMUM. UNCONTROLLED HEA11NG IN EXCESS 
OF 4'00•C) AT THE MME TIME, Alm THAT THE ECD REMAINS 
EXPOSED TO TRIS CONDmON FOR MORE THAN ll HOURS. 
THE FOLLOWING MUST BE DONE: 

• AFl'ER nJRNING OFF MAIN POWER AND ALLOWING THE 
1NSTR.UMENT TO COOL. CAP ECD INiE'f. ·~ ~UST 
VENT OPENINGS. WEAR DISPOSABLE PLAsnC GLOVES AND 
OBSERVE NORMAL SAFEl"Y PRECAUTIONS. 

• llETUllN THE CELL FOR. EXCHANGE. FOLLOWING 
DIRECTIONS INCLUDED WITH THE FORM GENERAL 
LICENSE CERTlnCATION (HP PUB. NO. 43-5954-7621). 

IT IS UNLIKELY, EVEN IN THIS VERY UNUSUAL Sm.JATION. 
THAT lt.ADIOACTIVE MATERIAL WILL ESCAPE TIIE CELL. 
PERMANENT DAMAGE TO THE GNi PLATING wmllN THE 
CELL IS POSSIBLE. HOWEVER, SO THE CELL MUST BE 
RETURNED FOR EXCHANGE. 
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Figure '7-S. Electron Capture Deteetor <ECD> . . . . . 
. 

The elecuon capture deteaor (ECD) cell cootaini. •Ni. a radioactive isotope emitting 

mgb~ -~•-·~~>· Theie Unclerio :~ ·~cm:s ~carrier eas 
molecule!; ~cin&. ~.1~ ~c~ry ~o~ lo!.~~~ IJ..particle • 

. Further collisions reduce enera of mae. e!Ccuons intO die thermal iaftie. These low 
-·' · .• : . . . . .. i ,. - .• # • .. ..... ) .. . .. • .ic : ,;. • • 

energy eleCttons are" &hen capcured by suicablc sample molecules; duis rtducin& t0tal 
f .. • • . • •• , ~ . . • 

electron pOpulation .within thf ccll. · . - . .. .. ; . 

Uncapcured electrons are eollecled periodically. by applyin& shon-wm volta&e pubes to 

cell el~ctrniies. ~ cell current is measured and compared to a reference cunent, and 
the pulse U-.Le~;d is then adjusted to maintain cOnstant cell current:. · . . . .. ... ,. ... 

Detector Systems 7-14 · 
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APPE:NDIX --3 

Aame Ionization Detector {FID) 

The llame tonlnlioa dececr.ar (PID) rupand.> U) compowW mat produu iGr.5 wt.cc 
bumed in a Hrair flame. 1hae include aD orpniC compounds. aldloulh a few (e.J .• 

formic acid. acct.aldehyde) exhibit poor semiOYily. 

. Det•ctor Systems 7-3 
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~IX--3 

Compounds producin& liulc or no response include· 

~pses Nz 

Niaucen Oxides co 
Siliccn &tides ~ 

Hz(> CSz 
NH.a Oz 

"Ibis seleCIMty rm be advamascom: far enmple, ~ or CSz. used as solvent. do nOl 
produre ·large solvem peaks. 

'The SJl(Cm is liDc&r far most orpnic «JililpollMs,, from cbe mjnimum delernble limit 
rbrou&h caocemnDom parer 'than 1()7 limes cbe minjmnm daec:Uble limit. Linear ranic 
depends OD each ipecific cCllllpt'QDd; it is direcdJ popoRioml to sensRivity of the FID 
toward lbe Jivai c:oqio.md. 

In aeueial. where sample ccnp:w-og d illr.erat me ill bi&b c:onc:cmraDoo. incrased air 
fJow may be necessary (up to 6SO ml/min). Wbcrc wnq~'WtO'U of imcrest a.re in low 
conCCDll'alion. reduced air flow rates are ac:cepcable (375 IO 4lS mYmin). 

FOi" maximum scnsilivity. il is recomftwnded lbat a aandard sample be made containing 
componems of interest in cooccmrations c:xpected. By c.xperimcmin& wilh different 
Cllrier. air. and H2 flow n1e$. me standard is used to determine flow mes giving 
maximum response. 
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APPENDIX 3 

Thermal Conductivity Detector (TCD) 

HP 5890 SERIES 0 TCD CeU 
VEMT 

(6011Wmin) 

The Thermal Conduc:tiYity Decector (TCD) detecu the difference in lbetmal conduc:Ovity 
between c:ohnnn ~ &nr (carrier ps + sample componems) and a refCRnce flow of 

carrier ps aloae; t produces voltase proportional ID this difference. Tbe volla1e then 
becomes the OUlpUl sipal ID chc connected clwt rec:ordin& or integrating device. 

Detec:tor Systems 7-19 
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The TCD uses a single filament to ex.amine alternately relative thermal conductivities of 
reference versus column effluent ps streams eftrJ 200 msec. At this frequency, the 
detector is inseasitm to thermal drift 

Factors which influence TCD response inc:hlde the following: 

• Temperature difference between the filament versus the surrounding detector 
block. 

• Flow rate ratio between carrier effluem v--~ reference gas sueams. 

• Type of canier/reference gas used. 

[CAUTION I 
The TCO filament can be permanently damaged If gas flow through the 
detector Is intenupted while the filament is operating. Make sure the 
detector Is off whenewr changes/adjustments are made affecting gas 

flows through the det~ •.. 

UUwise. exposure to Oz can _permanently damage the filament. Make 
sure the entire flow system anoclated with the TCO Is ae.k-free and that 
carrierlr9ference gu sources are uncontaminated before turning on the 
detector. Do not use Teflon tubing, 4lither as column mat«ial or as gas 
supply lines. because It Is permeable to ~-

Since the TCD responds io any compound whose thermal conductivity is different from 
that of the carrier ps. H2 and He are most commonly used as carrier gases, with H2 

giving somewhat greater sensitivity. However. H2 forms aplosive mixmres with air (Oz). 
and some components. particularly unsaturated compounds. may react with H2• He 
produces aJviost as much sensrri\'!ty as H2 and is free frOlll problems of reactivity with 
sample components or the filament. N2 or Ar may be used but pve Iowa- response for 
most materials; however. ~icy are useful if H2 or He is being analyzed. 

Because of its e:.<ceptionaDy high thermal conductivity and chemical inertness, He is the 
recommended c:anier ps: it gives large rhamal conductivity differences with all 
compounds except H2 (c:onsideratioos necasary in H2 amlyses are discussed laier). With 
He as carrier, the TCD exbibiU univerul response. For propane, the semitivity limit is 
about 400 picogDms/ml of He carrier ps. 

The TCD mm : two configuBtions: either its exhaust vent tube cxia at the top of the 
detector or the exhaust vent tube retwN io the inside of lhe oven for coMedion to an 
F1D or other device. · 

Detector Systems 7-20 
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APPENDIX 4 
TABLE L 

SXCl-220 
I . Cea- T ··--·· -c.· ~· 

•.• t _._ 1R ..••. ':' - - _-,~: - ; . '!' - HI • -.. I 

-~ .v .... 416 .6 A .4' .4ii .o A M M .e .SO .Q .SI -SI .5l •ur'l1"11r -
.~ .511 .A .SI .ii .R · :.a .SZ .IZ .U .U .Iii .U .Y · .U .U .S6 .W 8-uwl Na.'6ca 

~~~.U~~~~~~6~~~~MMM~ 

.U .a .5' .II .fO A .61 Al .Q .Iii AZ .61 M .6' • .... A .U M ~ 

.6l .a ·" .ca .a "" · .11 · ·" .a M ·" .- · M a .a .a ·" .a ..­
~~MM A A~MAMMMA~MMM-~ 
M~M~~AAMAAMMMMMMMM~~ 

~~MMMMMMM~~~~~~A~~a 
.1• .1, .n .11 .n .n .1J .1J .n .n · .n .n .n .n .n .n .n .11 ..,._,., --.1.w 
Ji Ji . .,.. ' J'I. .1• .n .JS .M .14 _,. .,. .M .14 .JJ .1J .JJ .JJ .JJ ""'-
.IO .................... ~ A .... .R .&J .a .a .a.ML..._ 
MAMMAMMMMMMMMAMA~~~ 

.11 .,ll .II .JII ..., .., .Ill .tl1 .., .tl1 .. .. .. .. ... .. .. .. ......... 

.U~.11.llMMM• .. M .. ~~M~~~R~~ 
.11 ·" ••. ·" .. .. •• .. .. .. .. .. .. ... ... ·" .. ·" ... 
... ... .... , ..... ~ ...... , ................. 1A·1~ 1.- _ ............. ~, 
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0.11 0.11 d.20 u:a Di I.ii Ui I.ti 0:22 i:Zi d.ZJ e:a Qi i:ft i:S i:S Uli fUi ..... 
I.IC 6:61 o:aa u:oa o.s ... iliS O.ti •.• •• •.• I.ii a:a ... ,.., • .., 
0:22 L22 O::Zl d:D o:u O:D LR a:za d.25 CB UC ... o.a . Lb o:u DI 

... ... ...... .............. ........ 
"O'":s•-.. c ... sr-·u..-:s .. -•o .. :s•-.,e:a"r-...,er:a .. !"""-iu ... ,....,,".•v..---o•:s""'r--..car-.r-11el"'.a•.,.ul".D•""'llca""'r~u:a ... •-..CJ1r"lll"".,,r..M .. r-.,cw.-.r.,u~1r1 •-w• 
o.a U:& u.a 6:& &:& a:a ... I.JD Lil .... CJD Di Ui DI Di DI 
o.a -o:& I:& ... ... ... Di 6 .. il Ui Di i:» UJ LD 6.D Ui Di 
O:D O:U O:D i:D O:Ji i:A &:Ji I.Ji O:JC :pi US iUS U::S LB i:S O:A 
O.Ji O:A 6.Ji O:B LB .d:Z iUi UC DI U1 Di DI IOI 63 LB I:& 
o.ao o.u 0.11 0.11 1.11 a.er tit e:a o.a ta 1.u o.u 1.0 1.u a.a 1.a 
i.U 6.4 .6.Q .... ... a.a IA i:U IA i.4 6.4 6.4 ... 6:0 6.U 6.U 
'·" o.u 1:a1 .o.o a.u 1.u .... •·• a.a t• ,_ ..., I.Ci &.a e.a •·• 
BA 6.4 6.4 6.4 6.U i:W ill' IA o:U l:U 6.U 1.A i.U i.U I.II I.ii 
a.o a.a o.a o.u La 1.u •·• 1.11 o.w a:m 1.11 1.11 0.11 1.sz o.a 1:a 
6.51 I.ii C.il O.SZ i:U 632 ED I.SS . 6.b O:U I.ii 6.!A 6.il i:A 6.SS I.A 
o:SJ 6.Si o.a 6.U I.Si us us 6.S& 631 O.S& 6.S> 6.S1 631 6.SI 831 I.SI 
O.H 6.Si d.W d.H Old 0.16 Lili I.id 0:&6 6.ID I.id a.co I.Cl O.ii 6.&I 0.11 
o.u o:u a.A o.u ua: o:a Ut a.u a.cs e:u cu 1.u a.a o.a o:a a.a 
0.75 0.1$ d.1$ 6.A ·6.U d.n en 0.#J 0.12 1.12 I.Ji 1.,1 6.Ji 6.JO 6.10 d.10 

Lil Ui ....... 
UI iUi ...... 
O.U LU 
i.U 116 ..• ... 
I.ii DI 
o:u a:a 
us 13& 
ill u 
O:Ci O:Ci 
o:a e:a 
•••••• 

............ .... ,_... ,._ .... , 
Dlltr•tf .. .... ...... ......... 
e.&M• ...... 
c,_ 
•&& II e0J1 
7 .. .,. ......... 

oll'l"'.cT•r-""lla~.,','-""'lldr . .,'~',.....,011 •• tb,,. .. ~a~.1Ta,__,or.,,.,.,.._;ar.,11.r-...;••·~'mb!"""~••·~16_._1•.~,._..• •. ~'•aP-o_..1.1;...~•r·~'•'....;o•.~'R' ... o.,..t.• .. ~•r·~'~'--;'r·~'.'...;'•·~' ... ' _,...,, " d.11 d.11 d.11 6.11 6.11 Lb • LA U.11 O./i I.Ji O.H 6.15 O.>S O.IS LIS I.IS i.B 6.H ll'f 
0.1$ d.1$ U.>S 0.15 I.Ii O.A I.A O.ii O.J4 I.A I.A I.JS O.>S O.>S d.1S 0.#S i.K i.K .._11111 .. 
o.n 1.11 0.11 0.11 .. ,, 0.11 '·" 1.11 e:n ,_,, 
D.il 

6.11 b.J'S 0.71 6.B I.Ji Di I.Ii Ui 
6:11 &.fl 0:11 , BM O>J e:m 1.e i:U 

d.P e:aa u:sc o:a a:a ua •• u:as 1:a 
l.W i.61 llh .... .... -,,,,. ••• ,.,, ... 
4.• i-H r,.,-,.r 
r.a tr 
1!61 1.6 
l.W i.W 

i:d' .,,. ur't.W ... • .... ·~· '* µr :1;11 • ,. '* iii•' t.W. 
f ,W 1.W 1$ i!il i!i t.r-tll 
1.61 ••• 9!6 ,.. ... ... • .. 
t.Ui ••• ... ... ... ••• • .. 

DJ O.>> I.ff o.n d.11 .d.11 d.11 I.II d.11 
bi O.h '.6.b d.11 d.I; d.11 6.11 i.N i.H 
... 6:8 l:m 6!11 O:tl U .. i I.ii I.Ii 1:11 
a:w 1:w o:u o.a u.a e:a o:a •·• Di 
,. 8,.JI i.jf ••• '·" o.w •.• •.•• i:W u . •.• •.• .... o.w .-. ..- lf.W i:W .... 
,.., cw •·• +.w '·" 1.r1.J# 1,w·r.w 
f.li' '!ti'"Qi ••• '* 151 i:W"i!lM:if 
i!il .... 01 1!61 ... I.iii ,.. • ..... 

i.U I.Ii 1.b i.D 1.d l.U 1.U i.b . i.U i.b l.U i.U i.b I.Ii I.ii 1.d I.ii l.d 
i:ti 
f:tl 

i:U i:ii 1:20 l:m I.ii I.Ii I.ii 1.8 i.U 1.11 i.d I.ii I.Ji 
i:U i:S 1:a· . l:S J:S i:R i:R .i:R lb i:U IJZ l:tl i:ZI 

I.ii I.A l.b i.d 
1:21 , .. ... 1.8 

,. ... 
..... 1 .... 0t• 

~ ,...__... ...... .-... .. .... ..,..... .......... ...... ...... ..... ... 
Mc ........ 

Tclladtlav ...... 

Celt ( Ill .. 

••• I.ii 
1.U 
I.A 

10)) I.Ji _i:A i:A __ I.Ji Ui ·_i:st S:Si 131 i:ii i:S a:a t:» 
1.41 l.iO- -I.. i:A .1:» I:» I.A i:S 131 i.D *:Ji i'.31 i:Ji 
i:U i.U I.ii IA 1.9 i:W 131 ill : i:S i:B 131 i.D i:D 
a.a a.a 1.a 1:11 1.u a:u a.a i.u tli 1.11 1.sa a.a 1.u 

. .. ... 
131 
1.a 

t:a i:S ... ,. ........ 
1:s -a:a u1: ,.,.,.._ 
Ui 1"* a:a;·,_.._. 
I.ii a.a J.W '-"••4 .. 1•••114•., 

Ui i.W 2.A I.di i:at LIS l:a I.A I.A 1.m i.W, iM IM IA i:U ... i.H '·" us I.ii 4.11 i.li 4:W Ui Lil J.ii S:O i:U J.11 J.h J.U J.U J.D
1 

J.D J.W i.U 
I.ii I.ii i.D i.ti i.d &.b CW i.D J.W I.ti i.D i:U J.JI J.>i i:&r i.U J.W J.D 
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&.• &:U '·" c.a I.I&, &.U i:D U2 I.ii ... , .. '·" '·" I.A s:u i::SC i:Zi ':11 
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~11r."'tr-.,1•1·.1""'-"'l"l'".•i,......,i)r • .,1r-.,1•1"'.•r--..1•1~.•1---1nc~."1'""'•1•1P.")..--..lSP."ir--.11•.~•r-•11 .... 1..-•t~i"'.i.-"'ln&~.•J'""'•jj•_.,,.-~1•1'".••...,l~)r.~1-...,12r ... 7r--·!;! 
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AF'PENDIXS 

. 8 a.tel: dtttctar 1 
SHplt: Ill ........... : D:\llAl\DATM\PAIWEIS 

AcqUind: ~ IDT SET -~ 

0 

0 
0 0 . 
0 

0 l-=-1.6l 
f-

.... . 
0 
0 

+ 
Lindan 

0 
0 

vollS 

n Hexane 

4,46 HeptacblQr 

Aldrin Izomer 

. ..., 
0 
0 

!:::::::::=============---- 13.98 DD£ 

w . 
0 
0 

iia I I • _J 
0 
0 

'" . 0 
( 

- 17.28 Endrin 

- ~.:7 
TDE . 

DDT .. 

w 
0 
0 
l.-0.36 

5.6l Aldrin 

Chromatogram of 8 organochlorine pesticide mixtures separated 

on the 10\ SP-1000 on Supelcoport column. 
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APPENDit 5 

PEAK INTERGRATION REPORT 

5allPU: auS 
&! ia Ile~: .. .X. ll£THJt l 

"quire.1: ~ca li::T SE! 
~tf: 2.0 po1nts.1sec 

luuu.1:1: w.000 11:;;.;tes 

Oper•tu: ZUN(i 

Inject: 2 uf . 
OETECTCll: <!<!tettG:" 1 I --

m IDI Peu Surt Pnl~ RetUUD:I T,pe 

(li=tnl (1it11tHJ (11AUlll) 

0.203 1.oc2 O.!:S BP 
2 1.042 4.350 1.m "ff 

l 4.~ ~.m 4.4~ pp 

4 4.792 7.0~ 5.m pp 

5 7.C50 16.075 1:.~ ff 

t. 16.075 18.et.7 n.215 P& 

7 :!1.400 2l.m 22.307 Bil 
a 2:..000 27.lll! 2t..m -~ 

9 27.183 27.602 27.!08 pp 

1(1 27.t.CB 30.5:'.5 27.6~2 .P& 

TOTt.L 

Put An• Ptii lle~:,ibt 

( l!Cnlnl l t-llC I (lltnlYCl tJ 

lOlO!!!.~ am01 • .co 
1094274.7 !~534.'ll 

705976.)9 . 7Sl90 .844 
~9!!i ll2Sll2.6 
504984)() mn92.2 

9959446.0 '!rim.19 
4-075153.8 1~530 • .lt. 
268.1079.5 156526.58 
57!!642U m&5!.97 
27ol070.9 1~471.7' 

1.27102ES 7189918.l 

Type: me 
:GstrliM!nt: lr.!>tr11mer.~ l 

filetW~: ~ 

!11du: l:i:al: 

Aru Percent llgbt rerceat tur;inut lliw 

----
2.l7 ll.'1~ n-Hexane 
0.£6 2.1S Lindan 

- o.~ l.Cl't Bept.achlc;r 
U..68 .u.u Aldrin 
l'i.73 :7.17 DDE 
7.U. •.l5 Endrin+TDE 
1.21 · 2.1& TDE 
2.11 2.18 
4.55 !.26 DDT 
2.!7 2.18 

Izomer 



Chromatograms of organochlorin~ pest:i cides separated on capillary coJ umr. 

APPENDIX 6 . 

ENVIRONMENT AL 

Pesticides 
ZllO•c po....., 

1. Q-HCH 
160 9<: /5~ :z. HC8 /3~ 3. ~ '· eo--c 

L ~ 
•• '--•i::lllDI 
7. ~ 
I. ~ 
~ 

2 

4 

'' .,. _______ 50 "*' ____ ._,_1_11 __ ., 
CoUnn: 

catrier: 
av.rt; 
lniection: 

HP-101 (Methyt Sllccx'9 Fluid) 
50 mx0.2 mmx0.2 pm9rn 
(HP P.it No. 18091Y-10S) 
Ha. 57 cmln*1. "° psi 
T ~ature program lsted cove 
2 µ,L. spit 50:1 

Detector: ECO 

Chlorinated Hydrocarbons . 
• 

1. 1, 1,2,Z-T.Uadlloo090WW 
:Z. 1,3,S-T~ 
3. 1,2,4-T11cfilolobel-
4. 1,2.~T,..,..,Clbelw• 
S. 2-0tlclo••ll••IOI 
s. 3-0••1111 .. MIOI 
1. 1-a•••11._a a. 2,4,f-Tllc••QllflMld 
•• Heul:Nol ..... _ 

I 
41561 • • ---------32----------

eounn: 

c.,ner; 
~: 
Injection: 
Detector: 

Ultra 2 (Crou-l.Jnked 511. Phenyl) 
25 m x 0.2 mm x 0.33 µ.m tlm 
(1-fP Pan No. 190918-102) H..,,,, 25 cml"*t 
Temperature progr-am lated above 
On-<:ok.tmn. 1 J1.L of 25 to 150 pg/~ r Toiu-!~ 
ECO 

II I I I I I I 11 I 

1. 
2. 
3. 

'· L 
6. 
7. 

·-•• 10. 
11. 
12. 
u. 
"-15. , .. 
17. 
11. 

Pesticides 

2 

.-~---~-- 50nM~----~,.... 
CaUm: HP-101 (Methyl Sllcone A*SJ 

50 m JC 0.2 mm JC 0.2 pm ~ 
(HP Part No. 19091Y-10S) 

cam.r: Ha. 57 cm/min, 40 psi 
ov.n: T ~&ture program lsted above 
lnjec;tiOU; 2 µL. apit 50; 1 
Det8c&Or: ECO 

Halogenated Hydrocarbons in Water 

1 

' 
z 4 

1.W-
2. Dil:HOlllJ ,.._ 
3. Qllanllat.n 
4. l, 1, 1-li'lllndlll!llolillln~Olllllll'9• 
6. TlilcMlr..,_. 

1 '· .. ClllllllCl'ilOI .. -• 7. Ollnln..::Noln,.._ 
I. Tew_,,.....,.._ ..... __.. ... 

• 

\_ 
----- 1SMilt -----

w-s (Cros•-Unked 5~ Phenyl) 
50 m x 0.32 nvn . ;.m flm 

Canter: 
CHP Part No. 1gos.,-21~) 
Hllum 17 cm/sac: 

Oven: 
•niectlon: 
0.tec1«: 

T~•v• progrMn lsted &bOv9 
1 t£L.. 20 ug/liter 
ECO 



Af-PENDIX 6 

ENVIRONMENT AL 

( Pesticides Pesticides in Rape Seed 0;1 

78"•c [11. S -.1 

___ --J/1o•c-
35•c (2,...J 

3 

1, OiaDnan 
2,oe.= ' 
3,~ 

.--------~min---------

so•c 

I 

I • 

r 

1.Tev---
1 2. AIQl"Oft 

3 . ....::a 

2 
;; 

. ... --
. ------- 20 "*' --------

Calwnn: 

Carrier: 
Injection: 
Detector: 

UttTa 2 (Cross-lri.ed s"' Phenyl Siicone) 
25 m x 0.32 mn x 0.17 JUI' film 
(HP Part No. 190918-012) 
JL(HeJ=21 cm/sec 
On-column 
flO 

ecunn: 

CN:ler: 
Injection: 
Detector: 

350•c 

1so•c fe•ClllWI 

Priority Pollutants 

, /.o•oM'llll i 

..o•c ,, _1 4 

2 
5 

' . 

•' 

IC 

11 

" u 

12 " 

r· . 
! 

HP-101 (Meow,4 Siicor1e FUd) 
25 m x 0.2 rrwn x 0.2 pm film 
(HP PNt No. 1S091Y-l021 
Nz 10 psi 
1 JLL 1-3 p:im each compenent 
ECO 

1.~ 

i02~ 
'-·~~·IN( 
4,~---,, ..,..,...,.... __ 
&..~ 
7,~ 

I, 2~Cl'OClf*'Cll 
9.2.4-0wne~ 

JO, Dts-(2~1""--
11, 2.4-0tcl4oi""'8IOI 
12,1.2.4-Tt~ 
13,~:· 
14,~~ 
U,p-Cftlot~ 
16. 2.4.6-Ttie:l*li_..IOI 
17.2~ 
1a,2.~-
10.1~ 
20~ 1-tltomo • Pl-1~ 

---------10-----------
Column: HP-5 (Crou-U-uct 5" Phenyl SilconeJ 

10 m x 0.2 nvn ~ 0.3' J&."' film 
"---'-·. (HP PNt No, 19091$-GOl) 
.._...,_ Helium. 30 Q$i 
lnfeCtlOt' ; ~ r _ 0 • • ; SS 
OetectOI': Mus Seit<.uwe · 

'11 I 
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APPENDIX 6 

EPA METHOD &08 ~. ORGANOCHLORINE PESTIClOES · -. . . . - .. . -- . .. . . ... 

Cdumn: 08-210 
15aa X 0..53mm LO. 

Ria Thidcnes$: 1.0 Micnirr 
Carrier: ........ al 11 mllalin. 
<>wen: 1ocrc"" 22D'C • 3"'1min. 
fntedion: 0Ac:. 1..,a ol ~ 6°'W GI 

uc:h pWicide in i5o-odane 
Oot.ecmr: VMiM 3400 E.C.O. 

1.11-BHC 
2. Undane (.,.aHC) 
3. HepCacNor 

"-Aldrin 
S.t'-8HC 
6.0-BHC 
7. Hepcachlor ~ 
8.p.p"-OOE 
9.0ieldrin 
10.~ 
11. p,p· -000 1 

12.~ ·1. 13. p.p"-OOT 
14. Endrin aldehyde 
15. Endosulfan Nlate 

Column: DB-210 
30m x 0.53nvn 1.0. 

"AL-n Thane$$: 1.0 miclon 
C&rriec: Helium al 10 ml/min. 
<Mu\: lsolhermal al t 70"C 
~: Cit.a_ 1,,J ohppfGIC.. ~ PQ/.J of 

a.ell ,,.Sdcide •• leO-oClane 
Detec:1or: VMial\ 3400 E.C.D. 

1 " 

2 

3 

2 

6 

3 
s 

I 

5 6 

l h 

9 

7 
8 

'.
2 

13 

10 I/ 
I 

1.c-&HC 
2. LindlM (.,.SHC; 
3.~ 
4.Aktm 
5.MSHC 

I 

6. ttepCac:ftlOI' epQIQde 
7.p.p'-DOE 
a. Diek*in 
9.Endria 

10. p.p"-000 
11. ~-endolulfan 
12.p,p"~T 

8 

~ 

11 

.9 

11 

'" I 
l 

I 

11 

~ , , 
I 

LJUIUUL· JUl J l 
:' 

iwL 
I I I 22 min. 

I I I I 111 

II I I I I I 11 11 

15 

• ..... , .J 



HPP£ND!X o 

EPA METHOD fi08 - ORGANOCHLORINE PESTICIDES HER Bl CIC 

Column OB-210 
30m X O.sJnvn 1.0 

FM! Thickness. 1.01111CtOrt 
c.m.: Helium al 10 m&fmln. 
°"'9n: l$OUMlrmal al 1 IO'C 
lnfeCIOI: Oiied. 1 ... of~- 600pg OI 

2 

4 

3 

eKtl peSIClde in t--oaw 
~~ 3400 E.C.O 

6 

1. a-BHC 
2. L.JnCane (-,-8HC) 
3 ll-BHC 
4.0-SHC 
5.~epoxlde 
6. pJl-OOE 
7 p_p"-000 
8 p.p··OOT 
9 Endtin AIOeny<le 

2 

9 

DB-tJOt 
30m x 0.53mm 1.0. 
1.0 maun Wm uucan...» 
HeJ,um e 11 ml./mll' 
t 60"Cl'I lllin 
:re 111111 ro 22:5-C 
1 p.L dRCI infeca.on 
F.1.0 

1 . inllut .ilkn 

2~ 
3 Soma.lane 
4.~Ulfle 

,; Promellyn 
6~ 
7 PropanJ 

5 6 

7 

_JLJL _,,.1.&.11u.l.....,,._. ... ,u l __ _.J 

3 

.......,.,__ _ _, .__ L--J'--J 

27min I ------ 22 mm------

ACEPHATE 

Column· 

Carner. 
Ov6n: 
ln1ecl10t1: 

DB-1 
lSm x 0.53mm 1.0. 
Hebum ar 15 mUm.n 
1eo:nerm&1 200·c 
Q. 1...i. Of 1....0:"'"4- HQt on-coiumn 
(150"C 111t.cuon p0t1 le~.J 
F.1.0. 

-2.5man-I 

~-

,, 

~-

. . -
-1 :;.' 
f 

'· 

EPA METHOD 608 -.PESTICIDES 
200 pg;componen1 

Column 

CJullC?I 

<>v.ra: 
~: 

~: 

08-5 
30m X O.SJmm 1.0. 
Helium !•I 6 ml,/l1ll/l 
tSO-C ID 22S•C Cu s·.miin. 226"C ia ~ w 2"im1n 
1,.L Oit'Kt fie.eh~ 
Vatt.an :MOO e.c.o. 
NittoQen ~P QM~ 30 ml/min 

1. a•BHC 
2. ~-BHC 
3. -y-SHC 
4. 6-BHC 
5.HepcachlOr 
6.~ 

7. HeP'ICf*I ~ 
8. Endosul&an I 
9. "· 4'-00E 

10. Oleldrll'I 
11.Endm 
12. EncJo5ul&an u 

3 ' 
s 

' 1 

13 ...... ·.ooo 
14. Endnn aJOehyoe 
15. Endo$ulfan sulfate 
16. •.•·-oor 
17.~on\Obenzene 
18. -4, 4._MetnoxycNor 
19. 01buty1 ChlOlencJate 

• 9 10 ;;; 

11 ' 1~ 

,,J //'" 

2 fl' I ,, 'i 
I r: ! , ~ l'e i ~ '1 ,: :' I : I ! ~ 

I ' I I ~ ' 

~~JL..J~~-_;~:L~ ~ LI :1 
_Ji..._ 

1--- lO--------------

----------~-------------.-r. .. ....:. ...... ____________ .,.. ____ ~-----------------------" 

'· 
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APPENDIX 6 4 

CONSIDERATIONS FOR PACKED COLUMN OPERATION 

Eicbcc N2 or Ar mnrainin& Sor lOS CH... m&J be used as c.uricr ps. N2 yields 
mmcwtw hiaJw" SCD$ilivily. but it i5 acc:omp.an6cd by hi&ba' noise; minimum deternble 
limit is ~ the same. N2 wmetimcs produca a ueptivc solvent pW.:. Ar!CH. give.i 
~tee dyzwnic range. . 

, The Qrticr ps mU5t be dry and Oz-free. Moislurc and and Oz uaps ue suon&)y 
rcmmmendcd for bi&flc$t ~vity. Because plastic tubing u pcrmc.blc LO many gases, 
use coppec tubin& for all coMections. 

Total flow iJuo the dcleelOl' must be at least 20 ml/min LO prevent put tailing. 

CONSIDERATIONS FOR CAPIU.ARY COLUMN OPERATION 

H2 arrier p$ (with N2 makeup gas) pva best column performance. Ar/CH. as makeup 
ps may al5o be U$Cd. FOl' m05t purpo5C$. 60 ml/min of makeup pi is Atisfaaory. For 
very Wt nms this can be iQcreascd to 100 mllmiD U> 5lwpcn pu: ;. .)Ut some sensitivity 

will be lost siDce the ECD is a conc-c~n<knt <ktca.or. 

H2 or He carrier ps afford; the best column pcdaamn~ with reau.:ed retention times. 
Ari~ or N2 makeup ps is used in me nDF of 30-60 ml/min. Since the ECO is a 
conccnt.ration dcpcndcnt detea.or. reduced scasmvity u obcained at higher Oow rates. 

Moisture and Oz uaps for carrier gas are euenrial wilh capillary/ECO operation. 

Temperature 

Some compounds exhibit strong dependence t>f response to dcteetor temperature. The 
effect may be either po5itive or nepiivc. Different deteaor temperatures ~Y be tried. 
alwaJi rema.inin& above the oven temperawre. LO ddennine the cffea on unsicivity. 
Generally a detcaor temperaiure between 2S0-300•C _is samuaory for m0&t applications. 

Background Level 

U ~ ECD ayum ~omcs MQram•a1ted. ~ from UupuriUc5 iP the q.rtier (or 
makeup) pa, ot from ~mn or Mpcum bleed. ·a •1fic1m fraction of deuaor ·dyiiamic 
nn1e may be lost. In add;i;on. the OUEpUt sioW becoinu noisy. · • 

. , \,..~ 

To check backgrowld ICvd. allow ample time tor componems from prmcus ana.tyies. to 

be t1ushcd from the ayaeui, and &hen make a b1aDk nm (ooe with no sample iiljccted). 

Detec:tor Systems 7·17 

11 I II II I I I 111 I I I 

I I I I I I I 11 
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SOLVENT Ei-~ECT lsee Ref.Man VolVSecl 10.~ 

This efiect requttes vaporised S4mple components :o De re~ed by a region of 

stationary phase a:id ab$orbed solvent at the heaa of the coUnn. 

In ;tus rc:g1on.the front of the sample ·p1ug· undergoes stronger retenttOn !han 

.:ces :he rear.Solvent sat~ratec:I stationary phase acts as z barrier to sample 

components thi'reb'f ;ccuc1ng tnear bandwldt!'ls. 

!Refs. GrOb.i< and G•ob.Jr .. K .• Journal of Ctvomatograpny.,p53(1974) and 

Grob.K. o:-~ ";rob.g .• Cl'.romatogrzpt:aa.5.P3l1972>> 

Tc l!se this effect oven teTPeratures must be low enough tor the solver.t to 

remain a! the r-.eao of the colunn for a sufficenty long period. 

A ~oocl guide is to have tre: COlllM 10 to30 aegrees cen~ade below t."le sotvent 
t>Jrnr-g point. 

SOLVEN"T BOILING POINT IOeg Cl INIT. OVEN TEMP (Deg 0 

DIETHYL ETHER .... 35 10 to 25 
n-PENTt..NE 36 10 to 25 
Mcli-iYLENE CHLORIDE 40 10 to 30 
c: :;aoN OIS;.JLPH!OE 46 10 to 35 

•Cn:..OROl=ORM 61 25 to 50 
•Mat-tANOL 65 35 to 55 
n-HEXANE 69 40 to 60 

•ETHYL ACETATE n. 45 to 65 
ACETONll:_RIL.E 82 50 to 70 
n-nEPTANE '. 98 70 to 90 
1-0CTANE 99 70 to 90 
TC~.U€NE 111 80 to 100 

*SHOULD ON~Y SE uSEO 'MTH CROSS-LINKED STATIONARY PHAS~S 

I 111 111 I 

II I I I I I I 
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Physical Constants* 

SOLVENT BOa.JNG PT 
(°C) 

DioXJde 111 
Pentane 37 
Hexane 71 
Heptane 98 
Benzene 80 
Toluene 111 
Xytene 1371140 
Methylene chloride 40 
ChlofOform 61 
carbon tetrachloride 77 
Acethylene chloride 85 
Oichlon>eCnylene 55 
TrichloroeChylene 87 
Acetylene telrachloride 147 
Tetrachloroelhylene 121 
Pentachloroethane 159 
Methyl alcohol 65 
~alcohol 78 
Propyl alcohol 97 
lsopropyl alcohol 82 
Butyl alCOO.~ 118 
Isa-butyl euwnol 108 
lso-amyl alcohoC 132 
Oiethytether 35 
Acetone 56 
Cycichexane 81 
Nitro benzene 211 
Ethyl acetate n 
Methylethyt Ketone 80 
N-Amyl Alcohol 137 
Tert. Butanol 83 
Chlorot>enzene 132 
1.2 DichloroeChane 83 
Diproplyether 68 
1, 1, 1, Trichlon>elhane 74 
1, 1.2.2. Tetrac:Noroelhan 131 

SPECIAC HEAT OF 
GRAVITY VAPOR-

IZATlON 
(kcal) 

1.034 98 
0.626 85 
0.659 85 
Cl.680 74 
0.879 93 
0.867 86 
0.860 82 
1.325 41 
1.480 59 
1.594 45 
1.256 78 
1250 41 
1.462 57 
1.602 53 
1.624 50 
1-700 45 
0.792 267 
0.791 205 
0.804 165 
0.785 160 
0.810 120 
0.803 120 
0.800 120 
0.714 90 
0.791 125 
0.779 
1.204 
0.900 102 
0.810 113 
0.814 142 
0.787 141 
1.110 90 
1.235 126 
0.726 76 
1.346 76 
1.603 60 

•Ae1e,.,_ Heftdbooll of a-i8lly & Pllymic:a. 65a1 Edillon. 1814-15, CF.:; Pr•M. 

CONSTANT B 

0.195 
0.200 
0.200 
0.200 
o.1a5 
0.195 
0.195 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
a.zoo 
0.200 
0.160 
0.160 
0.160 
0.158 
0.160 
0.160 
0.160 
0.195 
0.195 
0.200 
0.190 
0.190 
0.206 
0.158 
0.154 
0.202 
0.201 
0.207 
0.205 
0.198 
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In the following d1agr.am the wata .i.borption or lhc S1hc.i gc:I ~-~ 40, 6U :incl 
100 after drying ac 200"C (3 h) :ire rcprescmcd m ~rccnts by weight :it m.:rc:i:.­

mg rdauvc hum1dny. 

The respccrive higher activity of the silica gd with the respective smaller pore 
diameter but larger surface applies cxacdy only for relative humidiucs of 
0 % and of 20 % . At very high rdarive humidity of 80 % a complete reversal of 
che levels of aaiviries is deteaablc, oca.sioned by the pcrcencu;illr higher w.ucr 
loading of the silica gd with the respectively smaller pore diameter. In chc 
region of 40% and 60%.rdative hUO&l.idicy, overlappings of the acti•ity con­
ditions occur, induced by the imeraaion of partially or completely hydrac1zed 

silanol groups. 

Bccween the relative humidities of 0 ~o co 80 % the acnvicy span u 

in the c.a.sc of Silica gd 40, large 
in the ca.>c of Silica gel 60, medium 
in the case of Silica gel 100, small. 

All three silica gel types, Silica gel 40, 60 and 100, are muk.cdly dist.met from 
one another in their pore struaures; they hence also differ in respect of their 
binding tendencies to polar and non-polar substance groups. Each of these 

The diagram of water absorption of the silica gel plates. 



APPENDIX a 
M.Iootoxine to1·med bz different tund and their l.LHooiaUon with foodetufte 

Toxin 

l. Atlatoxine• · 

2. Sterigmato­
oy1U n• 

). Oob.ra.toxin•• 

4. Aapergillio 
aoid ... 

5• Kn3lo acid• 

6. bata.-nUro-
, proranoio ao1d 

7. Tre11.orgenio toxin 
. . ~· ~ ... 

8. 1.uteoeqrin 

9. Rl.lsuloain 

10. Chlorine-. 
contain~ng 
pepUd'e 

: 

11. Ielar.ditoxin 

... 

~rgan1am 

Aeperdllue flaws 
A:,:·.paraai tioua 

!• · xereioolor 
.. 

. A• 'oobraoaua 

!.'_JlJW• 

A• tlawa and . . 
•P'P: .at A•ptrgUlu'a · 

A.~·::·i1.:wa 

· A~:i.tl'awa 
. i': : .. 
PenioUUum 
ial!n~iOUID 

p.l.H~ 

p •'~~~~.·~.ID. 
·. · >,ell~ c~·n ·· ;., . 

!! r f.j.)"1iD41oum 

P. ·!alandioum -·- ---
· ;,Rtt1· · . 

• ~~ootoxina dehcted ae natural oontaa:inanto 

Foodatufte atteoted 

Oroundnuta and produote, rioe, 
maize, other rt\lta and •ee4e, 
oottonaeed,, aooo?Mt, wheat, 
tree nuta; milk, obeeee · . 
Cereal a 

Cereal Ii 

Cereal a 

Oereala 

Cereal a 

Mai&a and other toodetutta 

Rioe 

Rioe 

Rioe 

Rioe 

Some toxio etteot1 

Liver and kldne7 oarolnoma, 
bileduot proliteration, 
ta•ty infiltration ot 
.liver ot animate 
~ 

Hepatoma in.rate 

Liver and kidney patbologr 
of rate 

Antimiorobial and toxio 
to m1oe 

AnUmiorobial and; 
mammalian toxioit1" 

Toxio to ~an and animala 

Suetained tram'b.Ung ~n ,1dce 

Live1· toxioity Bepatoma 

Nephroeie and liver damage 

Hepatotoxin~bepato=a of 
animale 

>D 
N 
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Toxin . Organie11 

-
12. OUrinin• P. oUrir.u• 

l). Citreovirldin r. oitreo.;.virid•. and. 
other Penloillium BPP• 

' .. 
14. Jblbr&to.11n• l, • l'\l bJ"lU~. 

15. Patulln• f• ei:pagwm 
A• olavatua 

16. PenloilUo l• puberulum 
au~cl• f.• oyol~l~-'! 

17. C1oloptasonio l.• oyolopiu11! 
aoicl · ·· 

18. P•oral•n• Solerot inia 
§.olero\lorum 

. 
19. Stao~botr1• Staohlbotrz• !!£!.. 

toxin. §.• aUernan• 

20. AT1·toxin l\.lrar.!!u! 
aporotr1ob1o1d!.! 

21. Dlaoetox1- l• aoirpi 
aolrpenol• !· !.£!.oinotum . 

22. T-2 toxin• f • trioinotul\ 
£• nivale 

2), Kivalenol• £• nivale 
Deox,ynivalenol • 

Foodatutte afleoted 

Rice 

Riie 

Mahe 

!p~le Rioe F•e~1 

Mahe 

Food. and toode~u.!'t 

Celery plant 

Straw 

Oata, 'Wheats, 
Barle1 

Wheat, Oats, Ft,,ye, 
Maize 

. Cereal a, Mah.a, 
Feaoue gratse 

Rice 

Somo toxlo ette~ta 

.Auto~ioroblal nephropattv' ot 
~animla 
1.·.-i:.~ .. 
lia11malian paral)'ei a · 

'• 

Patt1 infiltration ot liver 
ot rate 

AnUmlorobial p~-toto:do, 
oaroinogenlo ln rate 

Antlmloroblal oarolnogenio 
in rata 

Con'VUlalona in rata. Severo 
le~ione in aplee~ and k1dne7 

... To:do to man and anlmale 
dermaUUa 

rarm and otber anlmale and 
man. Staob7botl')'otoxiooei• 

"' (Der:.al To:rioU7) . . 
Alimentar7 toxlo Aleuk'~ ot 

.animal• and 11\an,(blood d1••raeia) 

· Skin neoroaie and eye damage 
in rate 

Neoroeie ot the epidermal tissue 
ot rata "P'eeoue Food ot Cattle" 

Inhibition or DNA eynthe~ie 

·~ 

I 



- -····-------- ~.~ . 
Toxin oraani•m ... 

• -i ••• 

-
24. F\iurenon• l• nlnlt·..: 

25. Bu\tnolidt l• ntxl"lit .. 

26. Ztaralenont• · l~ e;ra1tn•sum 
. :;;.~··"' .·;:.....~." .. 

27. Spor~dtamin•' 
·;'• 

28. Rb11ootonia 

71tbo~•p'obaf1•J'U• 
'·.·~·:··~............ . . 

Rhi•ootoftl! l•na•tntoola· 
toxin . : 

29. Er~\. Cla•toepa ·!.ll• 
• • 

APPENOtX e 
.. 

Food1tutt• atteoted :· 

Rioe an( oere&la · 

Maize, Feeo\le• ~ereale, 
. JI~. . ' .. 
MAhe, .Bq, '.8&rle1, · Feed 

Paature 

Hay, Re4 Olovu 

·~ome toxlo ett•ota . . . 

Inhibition ot prottin eyn-
. the de'. in cnioe : · 

. . 
Feeoue tooi in cattle knd 
tdl ntoro•ie 

H,yper-eatrogenio in ani11alA 
I 

Faoiai •01ema ot ani~al1 

Slobbering in oattle and 
hor••• .'· 

. . Oangrene 

~ 
I:-



Scanning electron microphotos of two specias A-Aspergillus and 

B - Pen i c .i l 1 i um . 
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SECONDARY MEI'ABOI.nU (MYC010XINS> PRODUCFJ> BY 
FUNGI COLONIZING CEREAL GRAIN IN STORAGE -
S"IRUC'Il.JBE AND PllOPEKllES 

PiG1r ColiP"'i 
Secondary aetabollte&. wllich are formed by funri and aatuallY 

occur in food and feed product& are weil known in the literature. 

However information about toxic •econdary metabolite& called 

aycot.oxin& wa& relatively obscure until the di&covery of 
aflatoxin&. Since early &ixties. ~win~ intere&t in aycotoxin& and 

aycoto:xico&e& caused by Uaea. increased tbe nuaber of publication& 

in thi& field. rai&ed i&aue& of food hJJriene and today repre&eat:s a 

public ~alth probl... ; 
Toxic· fuacal secondary .euboUtes · are relatively &11&11 

aoJeculea (Kif lower tban 700). foraed by different fUDJi- Tbey are 

often cenotypically specific for croup of specie&. specie& or 

sub6pecies of f ..... i bel~iDI' to th• s... reaus. but tile s.-e 
compound'can al&o be fol'lled by funci beloncinC to different cenera. 

Takinf into consideration the fact that the aajority of 

secondary aetabolit:e& are synthetized on the base of &aall 

aolecule& (acetate. pyruvate. aalonate etc) and only a few type& of 
react.ions (condensation. methylation. reduction-oxidation and 
halocenation) are involved in their biosyntbesis. we can conclude 

tb4t diver~ity of aycoioxins 110lecular structures are spectacular. 

On the other hand. croups of funcol aetabolites (e.1-

roquefortines) with identical · 110lecular foraula and cheaical 

structure - beiDI atereohomers oaly - are known:· 
FUDli of (eDera .16pertil hU and reaic U liu&e the llO&t potent 

ayooto~lQ pi-oducera. er• well ~ ••Propb,yt•• &nd art reco111l&ed 

•• sraina deterioratiDC a1oroor1ani••• wblch oa~•• •tot•C• pro~I••• 
iD p-alu. feeds. foodstufta aD4 fee~tuffs. Up to DOW several 

tulr .. tabollte• only <•·C• aflato:IClns. ocbratoxlo. peDlcllllc 
aclde cltrlDlD) were recoplsed aa nat\&r&l contamiDaDt.a of cereals 

aad two of thell - aflatozln •i la aa1z• and ochratoxi.D A la ..-11 
cereal crain• - ••r• reported aa frequently occarrlac toxic 
coat .. lnanta. Other co.-pouads were foraed by funci of ••nu• 
~,,.r,tllu; and/or '•nlcilliu& UAder laboratory condition• and can 

b9 conaid•r•4 rather •• poteDtial cnnt .. inanta, 



"•tabollt .. of .1•perc11tu• and Penlcllllum ellclt verlo111 
phyaloloflc•I ind toatcoloslc•l re1pon1e1 ln enl••la, bacterl1, 
•ovld• and planta. However takln1 Into oon1ld1ratlon tact thet they 
en •oatly 1rlln cont1•lnant1, their to1lolt1 to anl .. •11 II 11101t 
l•portent In co•p•rlaon to 1ntlbact1rlal or phytotoxlc actlvlty. 

. Thl• chapter •lll ll•t toxlo ••tabollte• with their atr11ot11re, 
phy1lcoch1•lc1l deta ("W, atructur• ol cr11tal1, •·P•, . UV, 
th:orHcence), to1lclt1 and run11l 1ourc1. Jn addltlon, 11v1r1l 
other compound• wtth unknown or not reported toalclty were tnoluded 
on th• ba11 of their ch1111tc1I atruotur• r••••blano1 to toalc 

••hbol lt••. 
The chapter •H prapered 1l111llerly to the ••1 It ·•II don• In 

th• for••r publlcetlon R.r. Veaonder and P. Go!ll\1kl "ru•arlu• 
••hbol 1t11- In: J, Chelkowakt (Ed.), 1919, ru•arlu•: Hycoto11tn1, 
Ta1ono•y and P1thof1nlclty, ll11vl1r, A1111t1rd1111 - Oxford - H•• York 
- Tokyo. It ••• rath•~ l•posalble to dlvld• chept•r Into two p1rt1 
devoted to •etabollt11 of ,,.percltlu• and lenlcllllu• 11par1tely 
bec1u11 9' co•pound• ere roraed by f11n1t of 11n111 ·'•1>1rr1 I lu•, and 
'0 by fvn1t of 1•n11a lenlcllllu. while 2& by f11n1l b1l'bn1ln1 to 
both 1el'\1ra .l•perflllu• and l1nlcllllu•. 

Ketebolltu are 1t1ted tn llphab1tlc1l order with nc1ptlona 
only •h•n 1ro11pr of co•po11nda 11)11\)lt 1l•tlar - pr111nt1d on th• 
11•• drawln1 - ch••lcal atr11cture. ' 

Ctted In thh chept•r llt1r1tur1 r1pr111nt1 key r1t1r1nc11 
only and pr1p1ratlon of thll chapter wu ll'Htly aided by "" of 
General R1ter1nc11 - a1v1ral r1vl1w1 end book11 

1. v. letlna. 1919, .._,,cotoxlna - Che•lcal, a10101lo1I and 
Env&ron•1nt1l Aepecta. lla1vler, t.111t1rda• - Oxford - New York 

l. A. Clarl1r, I. Kadi• and l.J. Ajl (ld1), 19?1, "lcrobl•l To1ln1, 
vol.6, Acad1•lc Pr1a1. New York 

l. A. Cl•rhr end R.P. v11ond1r, Ina A.I. Laakln and H.A. 
L1ch1vall1r (ld1), 191?, CRt Handbook of Hlcroblolof)'• vol. 8, 
CRC Pr111, Boca Raton, Pl, pp 19·126 

'· R.J. Col• and R.H. Coa (Ida), 1911, Hendbook of To1lo Pun1el 
"•tabollt••· Acadealc Pr•••· N•• York . 

s. l.F.H. P11rcha11 (Id.), 1914, ttycotoxln1, llaevler lclentlllc 
Publl1htn1 COlapeny, A••terde• - Oxfor~ - New York • 

6. J.Y. Rodrlcke (Id.), 1916, .._,,coto1lna end Other P11n1at Related 
Food Probl•••· Advanoea tn Ch••latry, lerl11 149, A .. erloen 
Ch••lcal Society, Wo1hln1ton D.C. 

1. w.a. Turner. l9TI, P11n1el "etabolltea, Acade•lc Pr111, N•• York 
a. w.a. Turner and D.C. Aldrldf•• 1913, F11n1el ••t•b~llte1 11, 

Acade•lc Pr111. New York 
9. T.D. Wyllie ind L.G. "or1ho11ae, 19??, "ycotoxlc Pun1t, "yoo­

toxlna, tt)'cotoxlco•••• vole. l,2,3, "•reel Dekker, New York. 

In thl• chepter th• f~llowlnc ebbravl•\lona were u11d1 
"w - moleculer welrht 
•·P· • m1ltln1 point 
d - d1compoaltlon 
aq 
l ••• 
•h 

l::. 

.. equ1011e · 
nm (Ir c) - ~ext•u• <n•) of UV/VII •b1orptlon 

moleoul~~ eb1orptlon ooefflelo•i 
- 1houtder 
• maxl11111• Cn•> or fl11oreao1noe e&eL'-atlon 

•Ith If Of 

I• 
l••• 
l.D50 

- •••l•u• (n•) of 
1ub,l1thel dOH 
hthel dou 

fl11or••c1nc1 ...... , .. 

l.DIOO -

I • ACITYl.ARANOTIN ( 1.1.-11oa) . 
c20H20o1N2a2, "w 504, yellow 
t1tre1onal blpyre .. ldel ory1-
t111, •·P· 21s~2so0c (d)(rrom 
ethanol), l:::"n• (II C)I end 
1b1orptlon with 1hould1ra 2TO 
(3,255) ind 225 (4,009), To11-
clty1 antlvlrel ecttvlty. 
P11n1el eouroe1 .11per11 I lu• 
1erreu1 (NRIL 3319). .. , 

Rehrenc11 (ll41 

1s-~c1~oxYYIRRUCULOGr.N aee 55 . 3. 

2. APLATOXIN 11• c 1,H 1206 , MW 
312, ... p. 261•26t0c (d) (fro• 

chloroform), 4!!:" n• (II c): 
223 (4,401), 265 (4.121) Ind 
362(4,331)1 brt1ht blue fluor-

••~• under UV 360 n• .. .. 
~ ... 352 n•I '••I 425 
Towtolt71 hlfhly toxlc, 
•n• o11Ton1o toalolty, 
.,..._l•. h•petotoxlo 

1t1ht 
n111. 

•out' 
oercl• 
and 

t..rale1enlo to •o•t' anlm1l1. 
,.,..,., ao11rc11 ,t,perc II I"' 

/I..,.• Llnk, '· para1flfcu1 ......... 

aor ...... eel (l,2?,IS,94) 

Al'IAl'DSI• 13• C11H1406' MW 
'''· •·•· 216·219°c (d) (fro• 
c~1 .... 1or11-pentan1), l::~H n .. 
n1 oi no (4.ul), · 240 
(4.1., •h), 265 (4.104) and 
34iJ c•.,10)1 brl1ht blue 
ra ........ noo under UV 360 n• 

"° .., 



tl1ht \Ix 36S ne \Im 42S 
' ••X 

1 
M9X 

n•. Toxlclty: 1111 toxic then 
aflatoxln 1 1 ho••~•r th• 
toxlc propertl•• or both efle-

toxtna ••r• al•llar. Punc•t 
aource: .1.rperffllu.r /la,•u.r 
Link, .I. para.rltfcu.r Sp1er1. 

~~ 
Rarer1ncu1 (3'.110) 

4. AFLATOXIM Gl. cl,H12n7. MW 
328, m.p. 244-246°C (d)(from 

chlorotorm), \!!~"nm (11 c)1 
2'3 (4.061). JS? (3.996~. 264 
(4.000) and 362(4.207)1 blu•­
-rrean fluoraac1nce under UV 

360 nm ttrht: \!:x 36S nm: 
\!:x 4SO n•. Toxicity: ln 
bet•••n afletoxina 1 1 end 1 2 • 

LDso ln duckltnr• wea 0,18 

mf/kl· Fun1al aource: A.rp•r· 
fillu.r /la1.1u.r Link • . 1. para· 

.r i I icu.r 9pura. 

Rehr1nc1a: 19,28,34,110] 

S. AFLATOXlN G2• c17H14o7 , MW 
328, m.p. 230°C (from ethyl 

acetate), 'max nm (If c): 217 
(4,447), 24S (4.111), 26S 
(4.049) end 36S (lt.286); blue 
-1reen fluoreacenca under UV 

360 nm lifht: A!:x 36S nm, 
\!:. 4:10 nm. Toxlcl ty: I eu 
toxic then etletoxln G1 , LD 50 
in ducklinr wee 3.ltS mr/k~. 
F"nret 1ourc1: A.rp•rtfl/u.r 
/ la\•ul' Link, .4. poro.r 11 lcu.r 

Sp1111re. 

0 

o-o 

Rehrencu: [9,28,31t,ll0) 

6. AFLATREM (a,o-Dimethylellyl 

pe1p•llnlne). c32H39o,.H. 

CH2 
I 
CH 
I 

H,C-C-CH3 

0 

0 

CH3 
CH3 

MW :101, colorle11 neadlea, 
o Et OH 

m.p. 222-224 C, ~max nm (I' 
C)I 231 (lt.443), 282 (~,957) 

end 292 (3.895 1h). Toxlclty: 
tremorcenlc to mice. ruin•• 
plfl end ret1 when do1ed 
l.p. or orally et level I mir 
of compound per 11nlm11 I. 

Funfel t1ourc11: A.rp1trflllu.r 

I /01.1u.r. 
Referencu: (69,177) 

AGROCLAVINE 1ee 45 

7. ASCl.AOJOI.. c,Heo,,. MW 156. 
m.p.65·66°c (from chloroform· 

-acetone), \:::H 271 nm (Ill' 
c not reported). Toxicity: 

I••• toxic then petulln. 
Funre I aource: .11p1r11 I I u1 

c/avaru.r. 

£-:!o 
fXu. 

CH
2
0H CH20H 

Reference: !159] 

e. ASPF.RCOLORtH. C25H2e05H41 MW 
lt61t, A!:~H nm (II c): 210 
(lt,ltlt8), 226 (~.277), 260 

(lt.134) end 31~ (3.620). 
Toxiclty1 not reported. 
Funrel 1ource1 A.rperfillu.r 

1.11r.r I color. 
Reference: 110) 

HN\-c HrCHrc-Q 
C=O 
I 

· Q NH 

~C-CH-NH-e~ 6 y 
OCH

1 

9. A!PP.JlGll.l.1C ACID ( {l•ll!C• 

-Butyl·6·l1obutyl·2-hydrowy· 
·2(1H)-pyreilnone) ), 

Cl2Hl002N2' MW 224, ye I lo• 

roda, m. p. 97-99°r. ( f ro111 

methanol), \Et OH 
mex nm ( 11 () 

3a (l.929) end 235 ( 4. 021 l 

Toxicity: LDIOO In ml~• waa 

l.~O mr/kl (I. p' l - l\Cutal)' 

toxic to mice, entllllotlc 

ectlvlty. f'unrel 1ource: 

.11per1lllu1 /lavu.r !.Ink. 
Ci 

r.;1il~CH2-CH/CH3 
CH5CH2CH.J!.,N~O °'CH1 

I ! H 
CH3 0 

Reference1: (60,65] 

ASPERTOXIN 111 11' 

10. AU!TOIOL (((7R,8S)·8-Hydro· 
•7,8-dlhydroxy-3,7-dlmethyl· 

-6-oxo·6H·2·b•n~opyren-'· 

-cerbelldehyde)) c 12 H12o, 
MW 236, yellow needle1, m.p 



2,,cc (d) (from chloroform), 

\!~eH nrn (If(): 2'6 (4.179) 
and 376 (lt.380). Toxicity: 

r••trolnteatln&l toxico•e• 
in duc~llnf•· Funs•l aource: 
. Uf>•'"t' I Pus Ul'IUl' (Balnier) 
~hom a~d Church C.S.l.R .. 
lll8: NRRL ,8,6. 

CHO 

H~~CI-\ 
~o 
HJC OH 

Relerenc ... : (1' ... 170) 

II. AUSTIN. cl,H3209' MW 'oo. 
rn.p. 298-300°C. ~!!~H nm (II 
c>: 2'3 (4.016l. Toxicity: 

LD, 0 l'0-37' ms/kl (ora11~) 

to day-old cockerel•· Funra\ 
~ouree: Aspercillul' uslur. 

0 

0 

Re flrenc•: ( 38) 

ll. AVrR~IN. c 20tt 16o7 (atructur11 

I). MW 368. 1lend•r 10\den 

needl••· m.p. 211°c. \max nm 
<Ir c): 22' <"-'6'>· 2'1 

(4.127), 28, (4,,26), 313 
(3.949), 363 (3.69') and 440 
(3.894). Toxicity: not re­
ported. Funsal aource:A.rp•r· 
til/us v•rsleolor (Vulll.) 

Tiraboachl . 

~
ORO OCH3 

I 
OCH3 

0 

' - RI H 

2 RI CHJ 

Rl'l•r11nc11: 12'• I 

13. 0-METHYLAVBRSlN ~Trl-O­
-methylver1lcolorln D). 
c 21 H 18o7 ~1tructure 2 above), 

MW 382, tine folden-ye\low 
needlea, m.p. 216-217°C, 

\!!eHnm (II' c): 22:1 (4,,29), 
28, (lo,,93), 348 (3.672) and 
i.01 c;,.1\23). Toxicity: nnt 

repnrt.ed. Funral 11ourcH1: 

Aspertillus v•rslcoror 
(Yuill.) Tlr11bo11r.hl. 

R11fllranc1111: (211,87} 

llo. AVERUFtN. c20H16o7 , MW 368, 
brtsht oranre-red latha,rn.p. 
280-282°C (d)(from acetone), 
\!!eHnm Cll c): 223 (lt,,11)), 
2,6 (4,217 1h)1 26, (4,267), 

286 (".394 •h), 294 (4,489), 
319 (lt.097) 11nd ,.,,. (1t,Oll). 

Toxicity: not reported. 

Fun1a I aourc•: .uperr I I I u.r 
v•,.slcolor, A- /lavus, A. pa-

ro.rlllcu.r, .t. u.r1u.r. 

~ 
~M»OH H C II 

3 0 

Reference: (61) 

1,, BISSECODEHYOROCYCLOPlAZONJC 
ACID. c20H22o3N2 , MW 338, 

0 
m.~. 168-169 C, \mex nm (If 
c): 225 (4.550), 276 (4,280 
1h) and 296(4,070 'h). Toxl­
clty1 w1111l1, mur.h lnwnr th11n 
cyclopla1onlc acid. Funrel 

1ourc11ftnlclll lum c~cloplu~ 

W11tlln1. Jlptrtlllu.r v•r.rl· 

co/or (Vulll.) Tlrabo1chl. 

HJC CH3 y 
H~ H~jO 

M
/ c~c-cH3 

0 II 
0 

I NH 

nefereneea: 106,1:6) 

16. BUTENOL10F. (4-Acetamldo-4-
hydroxy-2-butenolc11cld r-lac­
tone). C6H70 3N, MW 141, m.p. 
11,0 r. (frnm nthyl nr.nt11t11), 
1.MeOllnm (II C)' 202 (4 0'3) max · ' • 
Toxicity: toxic to cattle -
"te1cue toot" •rent. Funr~1 

1ource: J.rp1rr111u1 r1rrtu1, 

prnduced al•o by ru1arlu111 

sporolriehlolde1. 

0 
r-='\ II 

o=...o?"NH-C- CH3 

Reterence: (IHI 

11. CHAETOGLOBOSJN C (6,7-Epoxy· 
-1 o-( l ndo 1-3-y I>-~, 6, 16, 1 e­
tetramethy 1- ( 13leytocha101-
l3,l7-dlen1-19,l0,l3-trlone). 
C

32
H360

5
N

2
, MW 528, color-

leftft lneflotft, m.p. l~0-

-2630C (from m1thanol), 

l.!!~Hnm (II c): 222 (4.560), 

27 3 < 3. 8 26) , 2 81 c 3. e 2 6 > • nd 
29l (3,756). Toxlclty:•crudt 

extract hlrhly toxic, 
toxlc to He•La c1ll1. 

cyto-

i 
Fun1al 'nurce: l'tnlclll1u111 
auronrro 0 1dr1r11 (ld1ntlfl•d 
••I'. 1cnlnuraru111), prod11e11ct 
al•o by Chae101111u111. 

H3C 

CHl 

0 

R1f1r1nc11: (125,150) 

CHAETOMfDlH ftll 93 



11. 

1-CHLOIOIUGULOYAllHI A 111 101 

1-CHLOIOIUOULOYASIMI I 111 109 

CITllOYlllDIN, c23H
30

o
6

, HW 
•02, yeltow ory1t111, •·P· 
10,•ll1°C (fro• ••th1not), 
at OH 

\aai n• (If C)I 311 (•.611), 
,,, ,,,,,3), 216 c•.3tl •h), 

23• (l,OOt) end 20• (•.230), 
brltht ,., ••• r:11or1101no1 
under VY 5to - ltpt·. T01rl• 
ol \71 rot ond •loo n111roto1lo 
a11nt1 ••••11111, •••tlrato• 
ry fell~••• • do11 20 •f/\f 

C•·•· > •11 lotll1I to •he. 
Pua11I 1011rooa loafofrrtua 
111fcorlu• Hl71\o, P. oc~ro· 

••l•on1ua Ud•t•••· 

0 3 HBOfJ CH, OH 
o O CH•CHft f., ~ H 

bi, CHJ CH3 

l1t1r1no111 (1•0,161) 

lt. CITllMIM ((Jl•tr1n1)••,6•Dl· 
t\)'dr1•l•1\Jdr111-J,4 1S-trl­
•ott.)'l•6•oa .. Slf-l•bon1ot1r1n 
-7-01rbo17llo ••ldJ. 
c13a1,o9 , "" 1so. ••••n·1•l-
11w or11t111, •·•· 17S1c (d) 
(fr011 ethanol), i!!~ - (If 
C)I 111 (4,J•I), 293 (S,tlt) 
and 319 (S.171)1 yellow 
r111or1101n11 under UY 360 n• 

b 
lt1llt, '••• SO• -.To11elt71 
antlblotlo and n1phroto1tc 

prop1rtt11. LD50 Sn r1t1 

••• 67 •r/kf C•·•·> •nd 1n 
•lee 35 •1/kf. P11n11I 
1ourc11 ronfcllltua cftrtnua 
Tho•, I. c11r10-11lrld1, I. 
1xpan1u•, I. J•n11nl, I. VI• 

rldlcalu•, J1per1tllu1 l•r· 

rtu• Tho•, A.nl111u1, A.con­
dldu1 (both ld1ntltl1d 1a 
.t. carn1u1). 

HOOC w d' CH 3 
3 J 

Rotor1no111 (•12l12211~9J 

CIYPTOICHINULJN A a11 33 

CRYPTOICHINULIN 0 111 S• 

20, CYCLOCHLOIOTJNI. 

C24H3107H5CJ 2, HW 571, 
•hlt• n••dlea, •·P· 255°c 
(d) (fro• ••thanol), 

Q C~OH 

r
o-NH-cH<H1-C 0-NH~H 

~o 
I 

CH-NH-CO·CH-NH-COH 
I I 
CH2 OH ~H, Cl t 

'••• nm (II C)I 251 (2.362), 
Towlclty1 torlo to· 111101, 
LD 50 In •I/kl wa11 0,3, 0,5 
and ~.6 l.p., 1,c, ind p.o. 
r11p1ctlv1ly. 
Pun111 1ourc11 ''"fcllllu• 
11/ondlcu• Sapp. 

~1r1ranna11 [67,95,1621 

21. CYCLOPININ (tr1n1-s,10-1po1y­
cyclo(1nthr1no11-N-1111thyl• 
phanyt1t11nyl I>. e11H11103N2 
(1truntur1 I), HW 2t41 ••P• 
201nc (trn• •thyl 101t1t1), 
'HtOH nM (ff{C)I 211 (• 571) 
••• ' I • I 

and 290 (3.31•), To1lclty1 
antlblntlc prop1rtl11 
1111ln1t HIO~OCOCCUI ~~01•n•• 
vnr. aureus and l•cherlchlo 
col I, P11n1al 1n11ro11 l•nl· 
ctlllu• c~oloplu• W1atllnf1 
f. 11 Ir ldlcalu• Wutl lnr. 

O ,,cH, 

~-:t:\-QR 
1 : A • M 

2: A • OH 

lahrene11 ·1201 

22. CYCLOPINOL (tr1n1-31IO-lpo11-
cyclolanthr1noyl-N-••thyl-15-
-hydro1ylph1n1lalan7l)), 

~ 17H 1 ,o,N 2 (1tructura 3 
1bov1)1 HW 3JO, prl•••· 
111.p, 21,oC (d) Crro111 1thyl 

1c1tat1•b1nr.1n1), \~:~H n111 
(II C)I 251 (3.573), Towl­
oltyl not r1port1d. '"n111 
1ourc~: fenlcllllu• c~clo· 
plu• W1at\ln1 (NRRL 3557), 
r. vlrldlcalu• W11tlln1. 
R1f1r1nn111 (11,107,115) 

23. r.YCLOPIAZONIC ACID. 

C20"200aN21 HW ~36, •·P• 
245•2411 C, \•II nM (II C)I 

225 (•.~OO), 253 (4,220), 
,,, (-.280 1h)1 284 (4.310) 
an~ ltl (4,240 eh), To•l•I• 
ty1 l1thal to d11oklln1• en~ 

r6t1. R•t• 11r1 v-ry 11n•l­
tlv1 to th• cn111~ound - LD 50 
[In •al11) 2.3 1111/kl (l.p,) 
and 36 1111/kll 63 •i/kl In 
••I•• 11nd f1M1l11 r11p1ctl• 
vtly (ora11,). '"n111 
1oure11 ''"lcll/lu• c~clo· 
plua W1atlln1 CNRRL 3523), 
r. pubtrufua, Jlp•r1tllu1 
01r1fcofor (Vulll.) Tlr1bo• 
1chl, A. /louu1. 

hhrancu: [l\6, 1261 

.... 
E 



2l, CYCLO•IAZONIC ACID IMINI, 

C20"210JN3' "" 3SS, •·P• 
277-271 Co ' ... 11\11 (If C)I 

22• (•.Slt), 2•• (•.O), •h), 
2?S (e.160 eh), 286 (e,)JO 
eh) end Jtl (•.SSO), To1lcl­
ty: •••k. •uch lo••r th•r. 
cyolopleaonlo eold.· Punr•l 
eourco1 ronfcfllfu• c)ICIO· 
pfua Wootlln1. i•'9rflll~• 

~•r•fcolor (Yuill.) Tlr•l>o­
tchl. 

CH, 0 

H,~,,CH, 
~o NHz 

aerorenceea 116,126) 

U. CYTOCMALAlll I 017•1p•11• 
-10-phoft1l-S,6,16,ll-totr•­
••th1l-2&,Js-4l•••-(l>J-01-
tochol•••lS,lt-dloao-a7,Jl­
-dlono). c21H,,o,1, "" •tS, 
•·P• 206•201°c (d), '•al n•I 
2•0-360 ... , oboorptlon. 
To1talt71 noore1to er 'idnoy, 
•Pl••• lhd llvor, LD50 rot 
J.6 .,,,. (l.p.), '·'· .,,,. 
(oroll7)1 aloo •·•O •f/kf 

(l.p.)1 l\llnoo Pll l.S •I/kl 
(l,p,), harol IO'llrOOI 
.•• ,..r,u .... CIOMtu•. 

Joforonco11 (Jt,,l) 

DICHLOROGJJ!IOPULVIN aoo 61 

26. DICU111UN. C: 16H:i•O•' 11W 250, 
•·P• 203°c (troa acotona), 
'::~Hn• (II C)I 21S (•.o••>· 
To1tolty1 t~•lo to reta, 
l.D,o ... HS •1/kf, Sn day­
•Old cookorol1 LD50 ••• 62 
•1/k1. Antlblotlc to Candi· 
cfa olbfoan•. Punral 1ouroo1 
1onlcllllu• b,../oldfanua, 
'·d•cuab•n• Thoa, r.c,anoua. 

HO~ 
"• hr•nOH I 1 U' n I 

DIHYDROOLIOTOXIH eoo 66 

J,, DIOXYIRIVIANAl11DI I IL-Pro• 
l71·2-(l',l'•dl•oth7lall7l)­
-L-tryptoph7ldlketoplpore­
atno), C2lH25o:INS' MW 351, 
a,lt()H n• (11 C)I 22S . ••• (•.S09), 2U (l,IO ah), 
213 (3.901) end 291 ,(3.le5), 

Tn1lolty1 tr~•nr•~nlo ~rnpor­

tto• not roport~d. Pun1•I 
eource1 A•p•rc I I lu• 
(l•lnl•r) Tho• ond 
(C.!.l.R. 11111 NlllL 

u•lu• 
Church 
5156). 

ronlcllllu• 11011cu• Woh•or. 

ll•hrencHI (llt,15e) 

DIOXVNORTRYPTOQUIVALlNI 100 
121 

DIOXYNORTRYPTOQUJYALONI 111 
129 

DIOXYTAYPTOQUIVALINI eel 130 

DfHYDRODBHRTHYLSTIRIGHATO• 
C:YITfN 1100 119 

D 1 HY DA0-0-HITHYl.l'ITRR I Gtl.\TO• 
CV!TIH ooo 120 

D1HYnAO!TP.AtaMATOCYRTIN ••• 
121 

D1MITHOXYS611110HATOCYST1N 
... 116 

Dll11THYLNIDURUPIH e110 12 

ECHJIU..INS: <28-32> AMO <33-40) 

~ t 'I 

20, ICHIHULIN ucu-ci.1-DtH· 
thylallyl)•5,7·ble()-111eth)'I• 

· ,•2•buton)'I) lndol ·3-yl I 111•­
'' I thyl)-6-111othyl-2,,·plpora1I-., n1dlono). c29H39o2N3 C1truc• 

turo I), 11W •61, neodl••• 
o It OH 

a.p. 242-:11t3 C, '•u n111 
(II C)I UO (•,600), 279 
(3.tftO) 11nd 216 (3.960), 
To1lolty1 troaorr•nlo pro­
~•rtl•• not roportod. 
runral 1ouro11 ,,,,.,,111u1 
•••11/odoal, '· elto11al l•rl 
(11onrln) Tho• 11nd Church. 
.4. oelltnu/alu•. 

, : 1111•H,, 111111111 1 ~~>C•CM•CH1 • ,1111•H.'\•CH1 

It 111•H, flt• ~~)C•CH•C14t• .• ll1•11111M,ll,oCM, 

JI"''"• flttH,ll1•H,ll,1H,ll1•CH1 

, •• "''"• 1111111,111 1 :)c•CM•C"r.ll••H,lll1•CW, 

I: Iii •H, flt •H, itt•H, 111 •M .lit •CH, 

llohronoH I (:H, 5', 157 l 

~9. llO!~HINULIN A, c24H29o2H, 
(1truotur• 2 ebovo), 11W 391, 
\::~HnM (If C)I 221 (4,498) 1 

.... 
C> .... 



do• f. A. ch1"0Ifer1. 
lleterencul (19, U'rJ 

119 ().t49) and )4l ().t,)), 
Tos\cltyi \nhl~lt• 1rowth of 
al 1 kwora l arv••, Pun11 I 
1011rce: .••,.rcfllu• ru«>•r· 
••t•~•nce: (1131 

)), caYPTOICHIMULIM A. 
c

14
H

2
.,o

1
M) (1tr11ctur1 I), "W 

)&9, yellowl•h cryetale, 
•·P• \90-lt1°C, \!!~H na (II 
c)113l (4,S68), ,,, (4.311) 1 

213 (4.330 1h) and )10 
(4.146). To1lolty1 unknown, 

l~- NIOICM1NVLIM A. c,,w,,o,N, 
(1tr11ct11re ) 1bov1)1 "" 3231 
tvory cry1tal•o •·•• 264-
-J6S0C. i!!~ n• (II &)I 119 
(4.)6,)

1 
216 (4,0ll)o 291 

(4.0I') 1nd 331 (),9,1), 
Toslolt11 tre•or1enlo ,ro• 
pertle• not reported. 

'""'"' 1:11rce 1 ,.,.ref I I u• 
.-uoer. '· oa•lllodall•· 
hhHl\Cel 1106) 

)I. ~IOICMINUL1N D. r. 14H19o1M3 
(1tr11cture 4 1bov•>• !1V 391. 
lvory cry1t1l11 •·P· 113• 
·21SOC, \!!:" 11\11 (II &)I 131 
(4.U't), JU (4,0")• 1'6 
(4.011) ~nd 34S (4.0),), 
To1tclty1 unknown, treaor-
1enlo ,ro,ertl•• not re,or­
t ed. fun11 l 1our111 .•• ,.,.. 
clll"• o•t11todoaL '· rub1r. 
leference1 (106) 

)2. PallCHINULIM l(•)•l•Allenyl 
11.l-dl .. t'ft)olal\11) tr1~to­
ph1n 1nhydrld•l• c19H13o1M3 
(1tr11otur• S 1bov•>• "" 315. 
flne whtte n••dl••• •·P• 
194·1•,•c. \:::" n• (II C)I 

11S (4.Sll)o 11) ().llt) and 
ltl ().IU)~ Tod.el\JI \lft• 

known, tr1•ort1nl• 
tt•• not reported. 

proper• 
P11n1al 

1ourc11 ,.,.,.,11lu• o••f•lo· 

treaor1enlo 
reported. 
.foe re 11I11• 

properUe• not 
Punre l aource 1 

o•• I• lodo• • • 

NH ~ J..R, 

H,c~ 
CH, 

, : I\ oM, 111 •M, 111• ~)C•CM•CM1• ,ll0 •CM1 

C"t 11 1111111• C"a)C•CM•CH1•, 1111•H, 11,oCH1 

): ll,•M,1111• ~~)CoCll•CH,• ,111oll,ll,oCM1 

· '1 tli•M, Ille• ~')~•CM1•, l\•M,110•CH1 

- C"t 
I' II, oM. llt•M, 111• CH,>C.•CM•CM1• ,110 oO 

I:., •K. llt•M, 111 tH,111 0 •Cllt 

''Ill, ............. cc"->e •CM•CH,., ... cM, 
He 

1•11,•M,llt•M, ll1•M, ll,•O 

aererenoll ()21 

3'· ClYPTOICHINVLJN°0; 
1

' 

c
29

H
3
,o2M3 (1truot11re 2 

above), "w '''· To1lol\11 
unknown. tre•or1enlo pro-

pertl•• not reported. Punr•I 
1ource 1 .l•p•r111 lu• ru~•"· · 
Reference: ('rOJ 

,,, 190f.CH1NULIN 8. c2,H27o2N) 
(etructur• 3 above), "W 319, 
'!!~Hnlll (II C)l 221 (4,,46), 
2'r2 (•.272), 21S (4,220 1h) 
and 3'r0 (4.0l'r). To1\alt11 
unknown, tre111orr1nte proper• 
ti•• not report•d· Punr•I 
eourc111 :'•P•r1lllu• rt1b•r. 
a.t1renc•1 (l UI 

36. tSOICHtNULtN C, c2.H17o,N 3 
(•truct"r• 4 a~ove), "w •OS, 
\::~Hna (II C)I 229 (4,,1,), 
21l (4,2SS). H6 (4.lH 1h) 
an~ 371 (3.~~'r). To1lolt11 
"nknown, t reaor1•nlo proper .. 
ti•• no\ reporttd. Punr•I 
1ource1 .l•P•r1ll lul rub•r. 
Rehr1nce 1 ( 12•1 

3,, Mf.OECHJNULtM. c33H2,o3M3 
(1tructur1 5 obov1), MW 591, 
\!!~Hn111 ( 11 .c) I 

0

231 (4, 50t) • 
2ft' <•.ll'r) and '20 (J,917). 
To1lclt11 unknown, t~eanr-

1nnlo propertl11 not r•por­
t•d. •un1•I 11ourc•' ,,,.,.. 
Clllu• oMll•lodaal (Hanrtn) 
Tho111 end Chura"· 
1'1hr1nc11 (ln6J 

, •• Nf.Of.CHINULIN •• c1.K19n3H3 
(1truoture 6 above), ~W 321, 

·:·1ellow or11tol1,• ••P• 234• 
•236°C, \::~H n111 (If C)I 121 
(4.•••>· ,,, , •. ,,.,, ., •• 

(4.2,1) and ''' (~.Ol'r), 

To1lolty1 unknown, tr1111or-
1enle propertl11 not r1-
port1d. Pun11I 1ource1 

·.11p•r1111u1 oHl•lodOlll. 
Rtference1 ( 1061 

3t. NIOICHINULIN C. c2,H27o2N3 
(1truoture 7 1bnv11), HW 389, 
1ellow or11t111, 111.p. 2os­
·20'r0c, '!!~H n• (II C)I 
131 (4.539), 17S (4.3•1), 
290 <•.270) and 310 (•.O'rt), 
To1lolt11 unknown, tr1111or-
1•nlo propertl•• not repor• 
tell. Pun11I 1011re11 .llp•r· 
1111u1 oa111/odo•I. 
llt ferenell ( 106 I 

40, NIOICHINULIM t. c18H17o3N3 
(1truot11re I Abnv•l.1 HW 313, 
or1n11-red c1y1tal1, 111,p. 
2'5oC, ).!!~H n111 (II C)I 221 
(•.S69), 211 (3,tS9) and 
410 (5.908), Torlclty1 un• 
known, tr••~r11nlo prop1r­
tl11 not reported. run1•I 
1ourc11 ,,,.,.,11lu• o••I•• 
lodHI. 
lllflrenoe• ( 106) 

•t. '"nDrN (1,J,l-Trlhydro1y-6• 
-••thyl-antr1qulnon11), 
c15HAno,. "w 2.,0, •·P· ,,,. 
-2'7 c (fro• ohlorofor•l• 
'::~Mn~ (II C)I 123 (4,5•9), 
2SO (•.260), 26? (•,2'r0), 
3t0 (•.~31) end 4•2 (4,097), 
To1lolty1 to1lc to oock1• 
1111, 1l1n1 of 1nor1xl1, 
41arrh•• end epld•r111~1 lr­
rltatlon 1round th• olo1c1. 

... 
2 



run1al aourcel Ponfcflllu• 
l•londfcv• lopp, P.clouorfoe 
•/ONll•, P.~rvnn••• Uda1•••• 
P.o~ollon••• ton. .. et Tur••­
loon), .f•,orrl fl•• oci.rocev•, 
.f. ventfl Wet.er. 

HO@CH, 
0 

II• rerencee 1 I U, 1'') 

INDOTMIANIN aeo l12 

''· lllDIOPO•TIN A. c1,H12os. 
"" 301. cryatala ••• ,. u•­
-1110c, ' ... ftll (\f &)I 2'6 
(,,Ul). NontHlc. t'unra\ 
aource1 Ponfoffll•• roq••· 

/ortl (NllL '''>· 

0 0 

~~ 
CH, Kf. CH, CH, 

lotorencHI I lllo l U) 

_,3, llDIOPOITIN I. c1,M10o3, 
"v 2,1, cr1at111, •·P· l2l­
·1230c. lonto•tc. Pun1al 
aourco1 Ponfcflll•• roquo• 
I•~·· (N .. L .,.,, 
a1toronc11 1116) 

HO~CH2 
H,C H, CH3 

''· IRIHOPOITIM C. c11H22o6 , 
"" s22, cry1ta1a, •·P· 122-
-121"c (rro• ethyl other), 
'••• n• (II C)I 21i8 (li,229), 
To1lclty1 not reported. 
Pun1al 1ource1 Penfcflllu• 
roqut/orfl (NllL 81i9). 

Mg'> 
CH,COO~ 

H,C CH, CH, 

0 t l 
CH,COO~CH,OH 

H,C CH, CH3 

br.rence 1 (ll?I 

wnnoco~NINW ••• 1ia 

llGOCltlTINI ae1 '' 

llGOCIYPTINI aeo li8 

llGO"ITltNI aee SO 

llOOTA"tNI aoe '' 

ERGOT AUCALOlOS: (4!-!50) 
Group of co11pounda to1tc to 

1111n, •h••P and cettle - v••­
cocon1trlctlon, uterus con~ 

traction. Pun1•l anurc•• 
.11p•r1tllu1 /u•ffalu' (well 

''· IRGOCRllTINI. C35H3905H5 
(1tructur• 2 above), l'fW 6~9. 

· '" • · o Ix •·P· 159-151 e. '•a• 32n nm, 
••!Ill• li:t5 n• (water) and >. 1 x 

; 1 " •ax Ill llllX 
'325 n11, l 11111 415 n111 (ltOH), 

known a1 111etebolltoa of Clo• '8', F.llGOCRYPTINI, C32H':l05 N5 
ulcep1 purpuroo proaent In '' (1tructure 3 above), HW 515, 
•riot aclerota), ·~· .. • • '•·P· 212°e (d). l x n111 (II 

R3 .·'~""&)I :»UU.930)1 ':?: 320 ""'' 

~ 
Q~ '•·I' . \I• li35 ftM (water) and llx 

~ I UI NI c;;:Lt NH-C I ~ N~' 325 n11, \!:~ li2.) n• (ltOH). 

H 0 ~ "'· IRGOTAHINI. C33H3505H5 

Rz- ~H CH3 ( 1tructure " above), HW 581, 
R, •·P• 212-211i0c Id), \ 111 ft 1 n111 

CH1 (II C)I :SU (3,160), l!:. 

R • R •CH , R • ~ :S20 n11, t.!•11 42S n111 (water), 
I I I I ' IX 8111 CH, '•al 325 n111, \ 111 • 1 415 n111 

· CHt (ltOH), 
ii: R1 • H, R1•C1Ht, A1•~ 

04, 
_;,CH1 

R, o H, R1 o R1 • • c;_H 
"'cH, . 

3 

" A, • H, A1 o C1H, , R1 o H 

Rererencu 1 (l:S, U8J 

•5. AOROCLAVINI. e 16H2o"a' 
HW 2110, 111.p. 191·203°C (d), 
llllll n111 (If C)1 22S (4,,10), 
261i (),ftft6) and 299 (3,11)1 
Ix •• ... 0 l 11a1 210 n11, '••• ~~ n111 

(water) and >-!:. 285 n111, 
1111 l 111a1 :S45 n• (ltOH), 

,6, llOOCORNINI. c,.M,,05H5 
(1tructure 1 above), ..W 561, 

0 •• •·P· 182-18/i e, '••• 320 n•, •• • •• l•a• 455 n• (••ter) and l 11111 
3:tn n111, >-!:x '20"" CltOH). 

SO.·IRGOHRTRJNR. c,9w2,02"3· 
l'fW :SU, 111.p. 162-163°C Cd), ,.. .. .. 
•a• ~20 n111, '111a1 -~' ""' 

(water) and '!:. 325 n111, 
\::. lil5 n11 (ltOH). 

HsC) -® H-NH-C "'11 NH 
HOH2C N 

I 
CH3 

51. IRYTHROIKYRIN. e26H33o6N, 
l'fW li5S, oran11•r•d cryat•l1, 
•·P· 1so-1s3°e <rrc• eth•­
nol), >-!!~H n• (II C)I 409 
(4,449) and 260 (3,91i9)1 
,o.1N NaOH n111 ,,, C)I 392 

111ax 

... e 



(4.tttl end JtO (•,l•O), 
To•lclt1• 1050 60 •I/kl 
(t.p.) In 20 r alee. ~n11I 

1ourc11 Penfcfllfua l•l•ndf• 
cu• Sopp (N•aL l03t). 

HO ~ 
- CH M~CH·CH~o 

3'C N -CH{ I H) 
CH, 

RehreftCHI uu.uo 

'1. ,Uf'llGATIN (J-Nydrox1-•-••-
UI011)'••2, S-to l uqulftOH), 
c1N1o,, "" 161, .. roon 
need\••• ••P• ltt0c, VY pro­
pertl•• •tron1l1 d•p•nd ••l­
v1nt polartty \:::" n•• 223, 
261 and S20 (II c not re­
ported), 1~:~ 1 1 n•• 11S end 
•SO (11 c not reported). 
Toxlclt11 atron1 anttblotlo 
ectlvl\)' •1•tn1t 1r••-po1t­
ttve and 1ra•-n•1atlve bac­
tar\a. Pun1al 1ouroe1 ,.,..,.. 
1111u1 /u•ffatu• Pr11c1nlu1. 

c~ 
btarence11 ,,,u1,1tt) 

SJ. FU"tTal"~RGIN A. C32H,,o,H3 
(atructure I), "w S19, 
colorl111 prl•••• •·P• 206-
-2G90C, l!!~M na (II C)I 226 
(•.SOI), 2tt (J,t2•) end 296 
(J.690). Toirlcl ty: treiaor• 
r•nlc to •lee. do•• ' •• 
~l.p.) cau11d 10\ 111ort1llty 
11nd t r1•or1. Fun1a I 1ourc111 
.••P•rclllu• /u•lcalu• Fru., 

.I. co••P llo•u•. 

H2C 

1: R1 • ~~)cHoCH•041·· fta•H 

1 • R1 •H • Ra •H 
11 R1 •H , Ra •04,COO• 

' 

••hr•n~••• 1111•,1116) 

S4, YURUCUl.OG~N, C 21 H1307H 3 
(1tructur1 2 above), "w s11, 
colorl••• plat••· •·P• 2ll­
··2Js0c (d), \::~II n• ( 11 C) I 

226 (•.611), 211 (•.O•l) and 
29S (J.919), Toxlclt11 tr•­
•orr•nlc to •le• et do•• 
0,39 •t/kt (l.p.)I ind to 
day-old ~ook1r1l1. o,33 
•1/kl (t.p.), LD50 ~o ale•. 
2,4 •r/kr c1.p.)1 126.1 .•r/ 
/kr (orelly), to d11-old oo­
ok1r1la, 15,2 •I/kl (t.p.)I 
(t.p.}I 26S.S(or1lly}.Pun1al 

1ourc111 Penlclll lu• ~•rru~u· 
lo•u• Peyron•I (ATCC 246401 
NHL SHI). '· parallerqll•I· 
P. pl•carlu• Wutlln11 r. 
Janlllln1/lu11, .4•p•rt111u• 
C.JUpllOIUI (NARI. 1929), .I. 

/u•fca1u1. 
Reference: (tiS) 

55. 15-AC!T?XYVRRRUCULOOEH. 

C 29H3509H3 
11bov1), HW 
-2111°c (d}', 

(1truotur1 l 

569, 111.p. 211-
'"eOH n11 221 and 11a1 

295 (Ir c not reported), 
To1tclty1 tre111orr1nlo but 
leaa ectlv• than verruculn• 
r•n. Pu"ral aource1 ''"I· 
clfllu• v•rruculo•u•. 
flef11r11nce 1 (Sli) 

51., PU"ITRIHOJIG IN II. c,,H 330 5H3 • 
HW •19, colorle11 n••dlea, 
••P• 211-212°c (tro11 ••tha­
ne I ) , \!!~H nm ( I I c) I 2 211 
c•.s6t), 210 (,,ns) end 291 
(3,921i). Toxlolty1 tre111or­
renlo activity at do11 t 111/ 
/Moua• (t.p.), 1u1telned 
tr111or1 at S 1111/•ou1e (t.p.). 
Fun re I enurce 1 .upert 1 I I u• 
/11•lca111 .. 
IUI (NRRL 

CH
3
0 

a •. rerenc111 1s11.11i2,11H,llU] 

ST, PU"ITRl"ORGIN C (S"-Q), 
; C

22
H25o

3
N

3
, "W 319, 11.p. 125-

-1 '0oC \H•OH n1111 224 212 
,, ' 111•• ' 

end 294 (If c not r11ported). 
Toxicity: tre111or1•nlc to 
day-old cockerel• 25 mt/kl 
(orally). Fun1•I 11ourc11 
.llp•r1lll111 fu•l1aru1 Fru. 

R1hrence1 (53) 

51, PUMAO I LI. IN, C 26H3"0T, MW It 58, 

llrht-yellow cry1t111, 111.p. 
14!1-lti? 0c (from •ethanol 
1q), Toxloltyl LD 50 In mlee 
wa1 ~no mf/kr (1.r..), cnm• 
pound with weak 
end entlb1cterl1I 
P11n11I •our::e: 
/ulllco1u1. 

ant I t11n111 I 

ectlYlty. 
.llp•rl I 11 UI 

~ 
HOOC·ICH•CH~ ·C•O 

llehrenc111 1661 

... 
i 



F\MlGAa.A VINES: <59-63> 

, •. PUM1GACLAVIMI A (t-Aceto•y­
-1.1-dl••thyler1olln•> • 
c11H22o2N2 (otructure 1), ,.,, 
2tl, oolorl••• neodl••• •·P• 
a'-es0 c (frOll ••thonol eq), 
l••x n•: 22s, 215, 212 ond 
293 (ll c not reported). 
Toalclty: not reported. 
Fun1a I oource: .,.,.,., f I I u• 
I u• I ca 111,- '"• • • 

R; 

R~~-CH3 
I I 

~ N R, 
H 

;, R., •-·· CH1 .R1• -oAc, R1•14 
2· R.,. -cM1 ,R1•-··oAc, R1•H 

l:"•·--CM,.Ra•-OH, R1•H 
4: it.• -cw1 ,R1•---0H. R1•H ~ 

S: "'·---cw, .... - oAc. Ra• CH,•CH-&, 

Reterence 1 (149) 

60. ROQUSPOlTlMI A (loolu•l10-
clovlne A: ta-Aceto•y-e,1-t-

/•dl .. thyl•r1olln•>· 

c,,"2202•2 (otructur• . 2 
o'bove), "" 291, ••P• 190-
-lt30c (lroa bon1•n•>• l::~H 
na (II C)I 226 (4,666), 2TT 
(3,T71 oh), 213 (3,113) ond 
2t3 (3.741), ToaSoltya phor­
••cole1tool ootlona ••I• 
•u•cl• rolo•ont, ontldeproo~ 

oont ln •tco, LDso ••• 340 

•I/kl (l.p.). Pun1al aource1 
ronfofllfua roquo/orll Th••· 
aotoronoea1 (121,14S) 

61, PU"JGACLAVINI I (6,l·Dl••­
thytor1olln·9-ot). c16H20oN 2 
(1tructur• 3 above), HW 256, 

neodl••· •·P· 21111-211s
0

c 
(frn• aothonol eq), at 260°c 
the ••It aolldltl•d and r•­
••ltod 26S-267°C, l••• n• 
(II C)I 225 (11,1190), 27' 
(3.792), 212 (3.920) end 293 
(3.716). To1lclty1 not re-
ported. Pun1al 1ource1 
.t•porff I lu• fu•fcalu• PrH. 
loforoncel [1'9) 

62. ROQUIPORTINI I (Jootu•lca­
clovln• B: 6,ftt-Dl••thylor-

1ol ln-9a-ol). c16"200"2 
(otructur• II obove), l1W 256, 

colorl••• naodlaa, •·P• 222-
-22s0c (f~o• ••thonol), 
It OH l•OI n• (IC C)I 22S (4,1100), 

277 (3.633 •h), 213 (3.663) 
ond 293 (3.510). To•lclty1 
LD50 to ale• waa 1~00 •1/kl 
(l.p.). Puncol ao~rcot ronf­
cflllu• roquo/ortl. 
leforonceo: (121,143) 

63. PUt;llGACLAVINI C (2-Dl•othyl­
allyl-9-•cttoay-6,1-di••­
thylorcolln•>· c23H30o2" 2 
(otruot\aro 5 above), l1W ·366, 

prl•••• •·P· 19l-193°C (fro• 
othonol), noodle• •·P• ite0 c 
(fro• ••th•nol l::~H n• 
(11 C)I US (4,540), 22' 
(11.009), 213 (4.041) and J~2 

(3.911). ~01lclt11 hlotopft• 
tholo1lcal ch1n1•• ot h•P•• 
tlo perenohy•AI cello, LOso 
to day-old cockerola ••• ISO 
111/kl (orol1y), Pun11l 
1ouroe1 A•p•rrlllu• fu•lra-

1u.r Pr••· 
RoterencH: (2,ss,1121 

64. GLIOTOXIN. c 13H14o4N29 2 
(1tructuro I), MW 326, •·P· 
221°c (d), l:~:H n• (II C)I 

216 (3,462) and 272 (3,199). 
To1lclty: otronc ontlblotlc 
activity, toxic to laborato­
ry anlMel1. LD 50 ••• 45 •I/ 
/kl rebbltl 50 111/kl •lo• 
end S0-65 m1/k1 rot1. Pun111 
1ourco1 f1nlcllllu• 11rlllow· . .. 
,-lll, f. ob,-curu•, A•p•r1ll· 
lu.r 11rr1u.r, A. cll•.,al l•rl, 

.4. /ualfOIU.r. 

~ 0 
N-C~3 

1:A •H 
2:R •Ac 

CH20R 

Rohronceal (79,t7) 

65. GL10TOX1N ACITATI. 
c

15
K16o5N21 2 (atructur• 2 

above), HW 368, ••P• 162-
o 0 . 

-163 Cl 170-172 C, l•ax na 
(II C)I 261 (3.799), Toxl­
cltyl not reported. Pun11l 
oou1"ca1 fenfcllllu• l•rll· 
low.rl I I. 
ll•hr•nCHI 191,163) 

66, DIHYDlOOl. IOTOXI N, 
·r . CuH120a"2'2' HW )H, 11.p. 

111-119 Co \!~~Mn• (II C)I 

214 (4,331), 272 (S.724) and 
300 (3,663), To1tolty1 antl• 

blotto actlYlty a1aln1t 
loolllu• .rubllll.r 1l11ll1r to 
tho•• of 11loto1ln. Pu111al 
aouroo1 f•nlclll 1u11 l•rll· 

low.rll I I , 

~o 
OHO~N-CH3 

CH20H 

RohroncHI (SOS, 131) 

67. GRISIOPULVJN ((7-chloro-4,6• 
-d l11otho1ycou•• ran- l-o.n•- 2-

-1p I ro-l ' -( 2-111 t ho1y-6' -
-••thylcyclohox-2'-•n-3'-
-:onuJ). c 17H1706c1 C•truc-
turo l)t HW ,,2, •·P· 220· 
-221°c lH•OH n• (II C)I 32• ' .... 
(3.716), 291 (4.331), 252 
(.lt.09?) end 236 (4, 321). 
Toxlclty: LD50 In rat• wa1 
soo •I/kl (l.v.); antlfunr•I 
activity. Pun11I 1ourco1 
renlcllllu• 1r11ao/ul~u•, f. 
paf u lu•, r. a lb fdu•, r. ur· 

I lea•. 
ll•f•r•nco11 (73,76) 

.... 
0 
VI 



.-

CH]Q 0 9CH;, 

~o CHJl-Y'¥ 
R CH3 

1:R•Ct 
2: R • H 

61. DICHLOROGRlllOFULVIN ((4,6-
-Dl•etho•1oou••r•n-3-011e-2-
·•plro·l'•C2'•••tho11·•­
-•tthyleyctoh111-2 '-•n-4 •.-

69. 

-one) J). c17H11o6 (•tructure 
2 •bove), ltV )!I, •·P· ,,,_ 

-111°c, \:::H n• (II C)I 322 
(3.6l3), 290 (4,)99), 2$3 

(4.119) •nd 235 (4.330). 
To1lclt11 entlrunfAl •ctlvl­
ty. Funr•l 1ou~c11 tenfcf l-
1-lu• JallCHW.rlf f Z.l, t. frf-

110/ul~U• Diercks, r.urffcae. 
lehreneeu (42, U3) 

HILYOLIC ACJD. c,,H~o,. "" 
,... ..,. 201-212 c (d) 

(fro• •ethanol •Q), \!!:" na 
(11 C)I Ul (4,UI) end )22 
(2.000). Toslclt11 entlblo• 
tic •otlvlty with 1rea-po1t­
tlve .b1cterl1. Pun11t 1ouro11 
.f11f1lr'ffllU1 /UaffGhl.t. 
letet~nce11 [3,SSJ 

0 

4-HYDROXYHILLllN 11e 19 

4-HYDROXYOCHRATOXIN A 1ee 92 

TO. ISl.ANDIOTOXIN. C24H31o.,NsC•2. 
HW 572, colorl••• needle1, 
•·P· 2S0-2St 0 c (d) ( tro111 
HthanoJ), 11.p. 254°C (tro11 

•c~ton1), \:1: 250 n111, 11 c 
2.462. To1lclty1 LD

50 
in 

ale•••• 3,6 1111/kr (1.c.) -
de11nerotlon ot liver. 
Fun11t 1ourc~: tenlclllfua 
f1landfcua Sopp. 

-~~~OH 
a:;c"~-CH "c~ 

c~-c>\-~ · ~N~ 
~ ~'!if1,0H · 

~ f?-c H;C, H OC-~/~ I .1 

bhrenc11: (108.109] 

l!OP.CHINULIN A ••• 29 

IS~ECHJNULIN B 111 3S 

190P.CHINULIN C 111 36 

TSOFUM!GACLAVINE A 111 60 

190PUMJGACLAV1NB B 111 62 

JSOOSPORJN 111 93 

110PATUL1N 1111 95 

71. KOJt~ A~ln (2·1~droxy111ethyl• 

-5-hydroxy-2-r-pyrone), 
C

6
H

6
04 , MW 142, w~lte prl1• 

1utlc n1111dl1111, 111,p. l:U• 
-154 °c, 'mu n111 ( 11 C) 1 210 
(3,893) (ln m1thono1lc HCl)I 
268 (3.901) (In H20) 11nd 315 
(3,917) (ln O,l H NoOH), 
Toxlcttyl LD 50 In 17 r mlc1 
••• 30 mr/~ou11 (l.p.)I con­
vul1ent metebollt1. Pun1ol 
1ource 1 .11p1r111 I u1 or)l•a•, 
A. J la11u.r, A. ctaucu.r, A. 

1a11orll, 1•nlcl/llu .. cltrl· 
nu• end 11v1rol other '•P•r· 
clllu.r and 1•nlcllllu• 

1tr1ln11. 

0 
HO~H 

HAQ~CH20H 

R1ter1.,1c111 (119,llll) 

Ll.-Hllll HI 

l.IJ~1lOllKYRJN "'" 123 

" . n.' H.ALPORHIN A1, c21 H39o5N592' 
HW 529, !two n-cy1t1lne 
(1,2), on• L-v11llne (3), one 
D•ltucln• (4) and one L-110• 
leuoln• 1111lnoacld1 r11ldu11) 
(••• 1tructur1 below). 
To1lolty1 1.05() tor 111lc1 wu 

,.3.l 1111/kl t l.p.) 1 ptlytotoxtc 
and ontlbtotlc propertl••· 
Punr•I 1nJrc11 111p1r1lllu1 
11t1•r van Tt11t11m, ,,/lcuu•. 
A. aua•orl, A. pho1111c11. 

___..-O-Leu---
L·Leu '"I L·Vol 

1 
!'!I r31 

O·Cys D·Cys 

. I ''' I 121 s s 
. 

R1terenc~11 (56 .161 I 

T3, HALPORHJN A2 . c22H37o5N59 2 . 

HW !IS. Toxicity: net r1-
p'ort1d. Punr• I 1ourc1: 
tt.rp•rclllu.r nlc1r. 
1leflrenc111 (~6, 161) 

74, HAL,ORHJN a1, c 23H39o5N592' 
. HW su. Punral 1ourc1 and 
toxicity 1l111tl1r to tho•• or 
1HUor111ln A1• 
l1hrenc111 (56.1611 

15. MALPOMHIH 92 . c22H3705N51 2 , 

HW 515, !two D-cy1t1ln1 
(1,2), two L-v1llne (3,~) 
and D-leucln• (~) amlnoaclda 
rr.n~d111el (111• atr.ie:ture 

... 
& 



above). Toslclty and t11n1al 
ao11rcA •l•ll&r to tho•• ot 
•eUor•ln A1• 
.. rerancHI tH.161) 

76. HALPOPHIM c. C23H390sMsS2• 
HW S2t, (two D-cyateln• 
(l,2}, on• L-valln• (3) and 
two L•l111oln1 (4,S) ••lno• 
acid• reeld11••) (••• 1tr11c• 
tur• ahove). Toslol\11 antl­
bacterlal end phytotoslc 
acttvlty, toalc to ret1. 
Fun1•l ao11rce1 A•,,.rctllu• 
"teer. 
••hrencHI (S, lOl) 

n. KALTOlYUMI l•-l•-P•n\hyl)­
-1.•.S-trlhydrosyb•n&•n•)· 
cu"uo,. "" 201, ,aia 
bro~nleh-yallo• naadl••• 

0 •·1>· '' c (d), '•a• n• Cll 
c>• no c•.100), 210 u.u• 
ah) and 32U (2.09?), To•lcl­
tyl to•lc to •le• and dairy 
cat\11, LDso tn •le• ••• 3 
•f/kl (l.p.) wlth al1n• of 
•111c11lar narcotl••· r11n1•l 
aouroa1 .u,,.rcttlu• or)laoe 
var. •lcro1por111. 

¥~ 
lehrence 1 tUJ 

71. HILLllN, (Ochracln, ((-)3,\­

-Dlhydro-8-hydrosy-3-111athyl­
laocou•arln)). c10H10o3 
(1truct11r• l), HW 178, 111.p. 
,,_,,0 c. l:::H ""' (ll C)I 

212 (\,301), ~•6 (3,813) and 
314 (3.613); blue tluor••­
cenc• under UY 360 n111 ll1ht. 
To1tctty1 not reported. 
P11n1al 1011rcel .l1percfl/u.r 
••ll•u• Yuk•••• A. ochroceu• 
Wl\h, 

OH 0 

~~H3 
R H 

1: A• H 
2 :Ill •OH 

l1ferance1 (19) 

79. 4-HYDROXY"BLLIIN (3•1'1ethyl­
-•, 8-dlhydro•y-3,\·dlhydro­
laocou•arln). c10H10o4 
(atructur• 2 above), l'IW 194, 
• p l)l•l32°C lHeOH nM (II 

• • • • •• 
c): H'? (3,'?H) and SU 
(S,623), blue fluore1cenc1 
under UV 360 n11 lirht. 
Toxlclty1 not reported. 
Pun1•l eourc•• J1perc111u~ 

ochrocou• Wllh (NRIL 3174). 
Rahr•nCHI (44, 141) 

S-HITHOXYSTllJGl'IATOCYITJN 
••• 111 · 

0-MRTHYLAY!RllN aae 13 

o-H2THYLSTllJGl'IATOCYSTIN 
... 118 

ao. l'IYCOPHENOLIC ACID (6-(4-
-Hydroxy-6-•ethoxy-'7-1111thyl• 
-3-n10-s-11hlh1l11nyl)·4· 
-m1thyl·4-h11enolc acid), 

0 l) c
17

H20o6 , 11W 320, 11.p. 141 C 
(fro11 ath11nol aq), ~::~H n1111 
l17, H• 11nc\ 304 C\1 ,·not 
r1port1d). To1l~lty1 er.ti• 
b1ct.arhl 
actl vlt)'I 

ind 1ntlvlr•I 
toatc to lebor•· 

t.ory 11nl•ah, t.n50 tn 111\r.1 
w11• 2000 •1/kl (orally) and 
~oo "'I/kl (l.¥.)1 1.n!\0 In 
rat• ••• 700 •I/kl (orally) 
and 430 •I/kl (l.v,), 

81. NIDUIUPIN. C20H1608 (1tr~c­
t11r• l)o l'IW H4, 111.p. 111°c, 
\:!~"n• (Ir C)I 223 (4.S2S), 
253 (4.US), 26.\ (4.2'79), 

' 291 (4:Us), :u• (4.029) end 
450 (4.0llO), To1lclt)'I not 
resiorted. 'un1•I 1ourca1 

'•P•r1lllHI llldulon1. 

OH 

1: A• H 
21 A I CH, 

Jlehrence 1 ( 11 I 

OR 

Pun11l 1ource1 1enfcllllu• 
breul•C08pOCIU8 OltrckX1 1. 
.rlolonl/eru• no111, '· urll· 
cae. , . 82. Dll'llTHYLNJl>URUPJN, C22H20o8 

(atr11otur1 2 above), MW 412. 

CM-0~· . ·~ 0 
H:lOC-CH-C'"'-&:3tH-CH 0 2 "2 . 2 ' 

11.p. 211-213°e, ~::~H nm 
(If C)I 224 (4.68)), 231 
(4.219), 281 (4,490), 314 
(),931) •~d 444 (),944). 
Toalolty1 nwt reported. 
Pun11I 1ource1 J.rperclflu• 

Referance11 (68, 72) 

NROC~HJNUL1N •~• 31 

NEOBCHINULIN A aee 30 

NROBCHINULJN I ••• 38 

NBOICHINULJN C eee 39 

NIOICHlNULIM D 1ee )1 

NEOICHINU~IN I ate 40 

/•ti' 

11er1fcolor. 

Rthrence: 11001 

83, N10RAG1LLIN (~-"1thyl-tran1• 

-2,5-dl••thyl-N'-1orbylplp•• 
raaln•>· c13H22oH 2 , 11w 222, 
MoP• l21)•1S2°C, \=:~H n11 
(lf C)I 262 (4,418). Toxt­
oltyr LD 50 250 111/kl (or•I· 
ly) to day•old cockeral1. 
Tosto to 1llkwor1111 at th• 
0011pound oono1ntr1tlon ln 

... 
0 ...., 



diet over 10 •I/kl• 
l"un1e I aourc• 1 .<11,,.rc II I u.r 
nlt•r. J. pllo•nfcf~. 

0 
H3Cy"N~ 
~~..._A CH3 

CH3 

Rehraneea1 [31,96) 

I~. a-NJTROPROPIONIC ACID. 

C3HaO~N. "w 119, •·P· 6~­
-6, ~. '••I n• (II C)I 2,3 · 
{l.3,S), Toxlolty1 a dnea 
over ISO •r/kl (l.Y,) ••• 
to1to to •lo• And e1u11d 
death •lthln 24 h. Pun11l 
1ource 1 .t .. p•rc fl fu1 or)l•a•, 
A. /lauu,, A. w•nlll, 1•nl• 
ellllu• otro~•••lu• o.~•ILh. 

H ~ 0 
H-4-~-~-0H 

NOz H 

R•farenca1: (26,139,179) 

·~· NORSOLORJNIC ACID (2-n-He11-
noy1-l.3,6,l-t•~r•h1dro11-
antr•qulnone), c20H11

o,, HW 

370, rad prl•••• •·P• 2S6-
-25,0C (d) (fro• 1cotono), 
\!!~Hna (lf C)I 134 (4,374), 
265 (4.221), 293 (4.239), 
297 (4,291 ah), 31) ,4.3,6) 
and 465 (3.165), Toxlolty1 
not reported. Pun1el 1ourc11 

A.rp•rtlllu6 u•r,fcolor 
(Yuill.) Tlraboacht. 

~-(Q\l4-CH3 $ Q 

HO OH 

0 

Reterance1: (77,102) 

NORTRYPTOQUIVALJNE ••• 131 

NORTRYPTOQ1UYAL0Nl: He 132 

OCHRAClN ••• 78 

~A TOXINS: CBS-92.> 

86, OCHRATOXIN A (7-Carboxy-s­
-chloro-l•hydroiy-3,4-dl­
hydro-lR-m1thyllaocoumarln­
-7-L-4•ph1nylalAnlna), 
c2011uo6 NCI (•Lruoture 1), 

HW 403, ••P• 94·96°c (from 
xylan1),' \!!~H nm (II&): 
213 (4,S66) and 332 (3.806), 
Ix Ba 

\•ax 340 n•, A•ax SOO nm, 
1r••n tluoreecance undar UY 
360 n• llrht. Toxicity: 
co~pound cau1'd tubular 
nacroaia of kidney and mlld 
llvar da1eneratlon, naphro­
toxlc •r•nt to pt11, dor• 
and hu••n baln1, LD

50 
In 

rat• ••• 22 •1/k1 (orally) 
nnd In trout ••• 3.0 •1/kf 
(t.p.), The co•pound le hy­
droJyead by prot•olltlc 
en1yaft1 to nontoxlo 11ocou­
••ria 1cld called ochrato-
1ln a. Funral 1ourc11 A•p•r· 
tlllu.t ncllraeau.t Wllh. (Nnn1. 

317'1), .f. sulphur•ul (NRRL 
4077), .f. 1ulleu6 (NRRL 
3519, 3520), '•nlcfllfu• 
vlrldlcalUM (ATCC 18411). 

0 
RO-~ 0 OH 0 

OJ~~OCH, 
H •'¥¥ 

R, R2 

1 R •H. R1 •Cl', A1 1H 
2: A• H, R, • H , A,• H 
3: R•C,f\.R1•C1, R1 •H 

'' R•H,R,•C1,R1•0H 

~ : R •CH,, R1•Cl .A,• H 
6': R •C,t\. R,• H ,R1• H 
7: R•CH,.R1•H.R1•H 

hf•renc111 [6?,7'!.tll,112) 

87. OCHRATOXJN B (7-Carboxy-e­
-hydro1y-l.~-dlhy~ro-3R·m•­

thy! hor.umarln·,-1,-11-ph•n)'I • 
alanine). c 20H19o6N (1truc­
ture 2 above), 11W 369, m.p. 
221°c (from methanol), \!!~H 
nm (II C)t 218 (-.571) and 
318 (3,839). blue ri-.or-
11cenc• under UY 360 nm 
ll1ht. Toxicity: I••• to1lc 
thnn nchrato1ln A, 1.1> 50 In 
dfty-old chick• waa ,_ Nf/kr 
(orally). Funral 1ourc11 
A1p•r1tllu1 ochroc•u' Wllh, 
(llRRl. 3174), 
Raterenou 1 (39 ,1ll,112) 

88. OCH'RATOXlN C (Ochratorln A 
ethyl e~ter). c 22H22o6NCI 
(atructura 3 1boY•)• MW 431, 
~max nm (II &)I 21~ (4,477) 1 

~~~ (~.n~~> ~"~ ~'" (~.:112), 

ll1ht 1rean tluoraacence 
··under UV 360 nm ll1ht. Toxl­
clty: almllar to ochratoxln 
A: LD50 In day-old ducklln1 

••• 135-170 Pl par blrd. 
Pun1al 1ourcAI .llpertlllus 

''ochraceu1 WI th. 
·nararftnce11 1111,1511 

99; OCHRATOXIN A METHYL ESTER. 
c

21
H

20
o6NCI (1tructur• ~ 

fthOYl) 1 HW ~17, 'max nm (II 
')I 213 (4,,H), 3:11 ('\.~13) 

and 379 (:1.290), 111ht blttft 
fluoraecance under UY 360 nm 
ll1ht. To1lclty: •lm\lar to 

tho•• nf ochrato1ln c. 
1'un1a I 1ourc11 .tlpe re I I I us 

ochrac•u• WI lh. 
Rararenc•: [lSI) 

1)0. OCltllATOXIN ll l!'l'llYI. l!~'f'IW. 

c
22

H2,o6N (1tructure 6 
above), MW 39', 111. p. 102• 

-103"c (from ather), ~mex 
nm"' C): ,I. (It.SO!!), 319 

(3.716) and 364 (3.097), 
llfht blue fluore1cence 
under UY 360 nm ll1ht. 
Toxlclty1 low toxicity. 
Pun111 I aourc•: -'"P• ref I f u.r 

ochraceu6 WI lh. 
Rahranca1 (151) 

91. OCHRATOXJN I METHYL !STEA. 
c

21
H

21
o6N (1tructur1 

1bov•)1 MW 383.5, m.p. 
·135°C (from ben&ene), 

' 
13•-

UY 

date almllar to tho11 ot 
ochretnxln B methyl eater. 
Tnxlnlt)'I n,,ntnwlr., Pun.~I 

... 
i 



1ourc•t .#•perffl lu• oe"r•· 
ceu• Wl lh. 
aererenc•• (lSl) 

92. '-HYDIOIYOCtmATOllM A. 
c 20wlln1MCI · (alruoture ' 
ebove), ..W ,,., colorl••• 

cr11tah, •·•• 116-UloC 
(fro• b•nt•n•>• l!!~H n• (ll 
c): 113 ('.511) and ''' 
(S.106), 1r••n fluora•o•nc• 
under UY SIO n• ll1ht. To•l• 
clt11 not ra,orted. Pun1al 
aourc•• t•nfcfllt•• vfrfdf• 
eatua Weatlln1 (ATCC 11,11). 
ll•ference a (tl J 

ts. OOSPOll•I• (laoeaportal cha•­
tomldlnl J,J•,6,6'•Totr•"1-
dre•1-J11'-dl .. th)ol•S,S0-bl­
-•·ben14M1'1lnone). c14H10o8, 
~w 306, brona• plat••• •·P· 
210-11s0c (fl'Oa .. ,~•••• ••>• 
\:::- NI Cll c)·I 20.1 (4,US) 
and 1tl (4.362). To•lclt11 
LDso 1,12 •1/kl Corelly) to 
day-old cockerola. Pun1al 
1ouree1 t•nfcfllfua '"o•nf· 
eau•, P. ru~l"tla, 

CH1 

OH 

1.rerence1 (41) 

94. PATULJM (4-Hydro•)'-4-H-ruro­
-(S.2-c)pyran-1(6H)-on•> · 

c1H6o4, "" '''· •·P· a10-
-1110c (fro• b•n••n•>• 

"•OH l•a• n• (II C)I 269 (4.101), 
To•lclty1 antlblotlo end 
to•lc a1ent1 carclno1•nlo to 
laboratory anl"'"''' LD50 In 
•le• and rat• wa1 15-3S •I/ 
/kl (t.v.) and 5 •f/kl 
(l.p.). Pun1al aourc•• 
A1per1 II lu• c /aua lul, A. CI· 
ianl•u•. A. l•rrau•, Pant• 
olllfua ••11an1ua, P. urlf· 
eaa and aavaral otb•r Pent• 

cfl I tu• •PP• 

&:o 
l•f•r•nr.01: (80,180) 

95. JIO?ATULIM (S•H)'dro•1-4H• 
-furo-(S,2•cJpyr•n-2(6H)-
-on•> • c1H6o4, "~ IS4, •·P· 
88-90°C lHeOH 269 n• 

I ••• 

(lf c not r•p9rted), To1l-
olt11 not reported. Pun1al 
•011ru11 ranlolllflllll 11rllon• 
(NaRL 2l,9A), 

·90 
HO 0 · 

l•ftronce: ll-4) 

96, PAXJLLJNE. c21H33o4H, "" 435, .. 
clear cuba1, •·P• 2s2°c' 
(fro111 acetone), l==~H n• (11 
c): 230 (4.618) and 281 
(3.903). To•lctt11 tr1aor­
'""'o to ~fty•nl~ aookerela 
et do••1• 100 1111/kl (orally) 
and 111lc• at do1110 35 •I/kl 
(\,p,), •~nfftl 1ourne1 ranl• 
cllllu• poxllll Balnler. 

hhrence1 · (41) 

c,..OH 
H,C"" 'CH, 

91, PENICILLJC ACJD (3•Hetho11• 
-5-111ethyl-4-010-2,s-h111dl•­
nolo eold or 2·koto•l·••tho-
11-8-••thyleno-6a-he11nolo 
1cld), C8H10o4 , HW 170, a.p. 
86-8?0 c (fro• petrolau• ath­
•r> 1 •·P· S8-64°c (fro• 
water), l::~H n• (II c)1 221 
(C.,021). Towlolty1 1ntlblo­
llu, 11nl lvlr11I, 1nlll1111111r 
and cytotoxic aatlvlty, LD50 
ln 111lc1 ••• 110 •r/kl (1,a.) 
and 2SO •l/kr (l.v,). Pun11I 
aource1 J1par1lllu• oohra• 
e•u•, A. 1ulphur1u1, A. ••I· 
l•u• and ••v•ral other or 
11nu1 A•p1r1lllu1, tenlell• 
I lu• I lu ldu•, f, puberulu•, 
r. c)lcfoplu• end ••ny other 
of 1•nu1 renlcfllfua. 

, . 

. ' 

o QCH3 CH.,~c-~-c =r.CH-COOH 

"' 
CH:1 ~~ OCH3 

c~c-bo 
CH( OH 

ll1fer1na111 I 16, 168, 175 I 

91. PINJTRI" A. c,,H440,NCI, "w 
633, Un• n1edla1, •·P· U7-
·2390C (d)(fro• 1th1nol aq), 
l::~H n• Cir c)1 233 (4,568) 
end 295 (4,064), To1lclty1 
doH 250 •I/kl (t.p.) tn 
•lea a1u11d parcaptlbl• tr•­
•or11 LD50 in alee ••• l •1/ 
/kl ( l. p.). Punr• l 1ourct r 
1•nlellllu• e)lelopfu11, r. 
cru1101u•, 1. polflan• 

(NRllL 3468), '· pubtrulu•, 
1. •Pfnulo•u•. 

HaC 

Rtf•r•no111 (40,81,174) 

.-"CH, 
CH1 

99. PRNJTlllH a. c,,H~,05N1 HW 
5ft3, fin• n11dle1, •·P· 115· 
•l9s0c (fro111 ethanol 1q), 
"•OH l
1111 

na (II C)I 227 (~.515), 

... s 



286 l'-117) ard 2•1 ('.0'1). 

To•iclty: do•• 1.l •1/kl 
(l.p.) In •le• cauaed per· 
ce~tlble treMors; Ln,0 In 

mice••• ~.81o •1/kl (l.p.). 
Fun1el 1ource: '•nfcllllu• 

pol1lan1 (NRRL 3'68). 

R•P•r•nc•: (1671 

PRF.ECHINULlN 111 32 

=100. rR TOXIN. c,,H20o6. ~w 320. 
•.p. 1,,_ 1, 7oc. ,1tOH n• .... 
1'' (I•. lft'). dark-blue flu· 
oreactnce under UV 360 n• 

I I ti\\, "!:. 300 na, '-!:x 
360 n•. To•lclty: con1l'1• 
lion and ede•• or lun1. 

kidney and bre1n. d111n1ra­
llv• ch1n111 In I h•r end 
kldney •lth hemorrh•r• In 

latter 1te1•· LD,0 In 11tco 
••• ).8 111/kf (l.p.) end 

LD!IO In rate ••• ll!I •~/kl 
(orally) and II •1/kl 
(l.p.). Fun111 1our~1: 

len le 111 lu• 
\NUL &1ro•>. 

,.oqve/0,.11 

c111coo~CHO 
CH H, CH 

l l 

Reterencea: I 172, 1'3) 

ROQUEFORTINI A 111 60 

ROQUEFORTINE B 111 62 

101. R:JORA'fOXIN A. C26HJ20I i, 

MW )20, needlea. •·P· lOlo• 

-206°C (d)(fro• ethyl ace­

tate), l!!~H nm (If c): 
201o (lt,,Olo), Inflection at 

22!1 •nd 2~2 (3.6~6 1h). 
Toxlelty: hep•tntoxlc to 

••lne. Cftttle ftnrl lehore­

tu1·y ftnl"'"'"· l.ll~n 111 mien 
••• 6.3 µ1111.1 11.p.). 

Fun111 I 11ourr.e: ren fc 11 f lu111 

purpuroc•11u• Stol I, ,_ 

rub,.u• (HRRL A•ll 78~). 

rnJ 
I 

ICH2l~ 1 
CHOH OH 

~ 
Re hrenee11: (I 1', I 20, 111 I 

I !IL 11\lllRA'l'Ol IN n. r lf>ll'.lflo I I. 

MW !118, m.p. 168·170
11C (II) 

(from benione-ethyl •c•­
teto), l::~CN nm (If c): 
2!11 (3.987). Toxicity: ho­

petotoxlc to 1wlne. cattle 
and lftboratory anlm•le, 

LD!IO In ~Ice wfta 3.0 mt/kl 
(l.p.). Funr•I 1ource: 
'•nfcilliu• rubr~lll Stoll 

(NHRL 329~). r pu1puro· 

ronu• Stol I, 

CH
3 I 

ICH
2
1
5 I 

CHOH OH 

CHLll~ 00 
Rererenr.11: (119,120,121) 

10·1. IHlllRO!IUl.l'lllN. r.2ci"ino11 

HJC 

(~lructurft l), MW ~28, red 

plnlftH, m.p. >310°~ (~) 

(f1·om ehlnrolorm·p~troloum 

r.lhor), ~CHcJ, nm 280, H7 
mftx 

ftncl 41~ (111 c not reported). 
1'nrlr.lly: not r1t11nJ'lnd, 

1'111111<\ I ~ourr.ll: .t.rperf If I u.r 

.ru r phu reu.r. .t. 1u II r.u.r, 

l'llnlcil I 111111 v1rldir.n111111 

0 

I; A • H 
2 : n • 011 

Rr.terllnee: ffl'•I 

l 

R 

I 0 It • V t 0 PU R l'l n 1 N . l' 29 11 201.) 11 
(~truetur1 2 eb~vt),MW ~~~. 

purpl e·bl eek bud1, '"· ;i. 

>310°c (d)(lrom chlnJ"olorm· 

-petroleum ether), ,rt4CI, 
1na r 

nm (II c): 274 (4.571 ), 262 

·(4.5811), 377 (l.949) ft11'1 

'on (3.477). lu11.11y: ,,.,\ 

rr.1,orr1•tl,· 1·11n£"I ,,,,,r11•: 

IJ·11d I (I I/ 11 \' l ''I l•li ''I t•u • .I 

•I:' 111:'11.f. l'••n • c' II '"'" "" 1 • 

diCOlu'1 

Re r11r11nce: I~,, I 

RUGU.OSIHS: C105· 109l 

IO~, RUGULOS IN (1, 2' , '•, '•' , 5, 5' -

·llnrnhy•hnry·l. l', 1. 1' ·It•· 

t rehydro-7, 7 • -d lmet Ii.vi-I, 1 · 

·hlnntrft~utnnnnl. 

CH3 

r. 10 11 22 0 10 , MW ~'•/, I 1c1n 

yell11w cry&tal1, "'·fl· ;i4o''c: 

(cl) Ctrnm mrlhM1ol), ,Mr.Oil 
n11' I 

nm ( I r c ) : 2 4 0 ( ,, . i. 3 'l ) , 17 1 

c-.2901. 302 <1o.019i, J24 

(4, 140), i·~ 14. 1•6), )~I 

(,,,,,> ftnd ~n1 ('.lll). 

Torlclly: anttblotl~ nnoJ 

he11fttotorle Hllvlly: 1.ri.,
0 

111 mlr.• •fth n~ "'V~ll <I .p J 

J~-~ 
~CH I I II J 
I : I 0 
I 1 I 

1 ' H
3
C I 

-... 
0 



and LD, 0 In r•t• ••• '' •r/ 
/kl (l.p.). Fun1al aource: 
'•nleilliu• ruculo1u• Tllo•, 

'· uorioblle. '· brunneu•. 
'· rordu• Tho•, ,.worlaonnl 
Kl Ocker. 
RePerencea: (132,160,16'] 

106. RUGULOVASlNl A. C16H1602N2 
(atructure 3), HW 268, •·P· 
138°C (d) ,ttOH n• (II c': ' ••I I 

22' (\.369), 277 (3.699), 
288(3.118) and 295 (3.1,8). 
To•lclty: hypotenelve ac­
t lon on chloraloae-ureth•­
nl••d cots. the •lnl•u• ef­

facttve do•• ••• 0.2-0., 
•1/kl· Fun1al 1ource: '•nf­
cll I lu• 111ondfeu• Sopp, '· 
concouo-ruculo•u•. '· uer­
ruco1u• Dlerc~•· 

, 
l 

~
H3C O 

R, 

R z 
N 

A,• •••• NHCH1 • R11CI 

A,• - NHCH1 , A1•C! 

) . R, • ·- -·NHCH 1 , R11 H 

4: R1 • - NHCH1 • R11H 

hhre11cH: (2,'1) 

107. RUGULOVASIMI a. c16H1602N2 
(1tructure •Above). "w 268, 
colorl••• r••lnoua oil, 
,1tOH n• (II c): 22• ••• (•.161). 277 (J.611). 281 

(3,732) and 29' (3.176), 
Toxlclty: almllar •• ruru­
lovaa'n• A, minimum ef fec­

tlve do1e ••• 0,025-0.05 
m1/kl· Pun1al aource: 

'•n I e f I I I u• f.slondfcu• 

Sopp. '· eoncauo-ru1ulo1ua. 
Reference11 (2,52,102) 

IOI. 1-CHLORORUGULOVASINE A. 
c16H1,o2N2CI (atructure 

. Me OH 
bbove), HW J02, lmex 
(II c): 225 (•.J30), 

nm 
2110 

(3.663 1h), 292 (3.716) end 

298 (3.732). T~xlclty: LD 50 
,,_,2, •I/kl to day-old ro­
ckerela (orally). Fun1el 
1ource: '•nlcllllu• l1lon­
dicu• Snpp. 
Reterence1: (51,52) 

109. 8-CHLORORU~ULOVASlNI 9. 
c16H15o2M2CI (atructure 2 

above), HW 302, l==~H nm 
(II c): 22• (•.350), 278 
(l.672), 289 (3,108) and 

29' (3.732). Toxicity: 
Ln5075-125 •I/Kl to day-old 
cockerel• (orally). Pun1el 
aource: '•nlcll/lu11 f.slan­
dlcu• Sopp. 
Referencea: (51,52] 

SlCALONIC ACIDS: CU0-112> 
Family of 1lx laomera of 
1anthone dimer• (lln~ftd 111 
tke 2,2' po1ltlon1) with 

molecular formula C32"30014 
11nd •olecular wftllht 63ft. 
The compound• differ 1te­

reocheMlcal ly and the fol-

lowln1 functlonel 1roup1: 
011 (poaltlon• 5,5'), CH 3 
(po1ltlon1 6,6') and CH 3COO, 

(po1ltlon11 IOe, IOe') uhl• 
bit different a or It at•­
reoc~~mlcel conflruretlon 
(1ee table below): 

' ,. 6 6' IOe lOa' 
A Cl It 

8 (I!) It Cl 

C a II 

D If a 

It a a 
II a a 

a o. It 

a It It 

It 

n 
It 

a 

F.(8) aee aecalonlc acid B 

F n n a n n a 

G a a It a a n 

Slncft th" nnly thrfte com-
pound~ or thl. 
I ~ohtftd from 

or '•nlcl/llu• 

11roup were 
Up•r1tllu1 

fun1al cul• 
t"rft, only 1ecalonlc er.Id• 
A, D end F are de1crlbed 
be!ow. 

COOCH
3 

CH 
3 

110. SECALONIC ACID A, c 32H300l4' 
MW 638, yellow cry1tal1, 
"'·I'• 2H1-21,n°r. (trn111 r.hln­
roform), m.p. 243°C (from 

ftcetone), \!!~" nm ( 11 c): 
2,2 (~.226) 11nd 346 (lt ... 91). 
Toxicity: raw ademe of 
rah, t.1'> 100 In mlr.11 wu 100 

m1/kl (I. p.). Fune• I 1ource: 
.1ap•r1 I I lu1 oc:hroc•"'· 
Rehr•nc11: (183] 

111. SF.CALONIC ACID D. 
C

32
H

30
o

1
.,, MW 638, pale 

yellow c·11tel1. m.p. HJ• 

-255°C (from chloroform), 
\!!~':'nm (II C): ; .. & (lt.260) 
and 337 (4. 500). To1 lcl ty: 

LD, 0 In mice ••• .. , m1/kl 
(l,p,). Pun11I 1ource: f•· 
nlcllllu• oxallcuM, A1per· 

flllu1 oeuleolul fliuke. 

Reference•: (152.1'3,183) 

112. SECALONJC ACID p, 

C
32

H30o14 • MW 638, yel lo• 
neftdlP~. m.p. 211-221°c 
(from b11n&•n•~cyclohex1n1), 
l ltC".IH n111 ( 11 c) : 236 

max 
(lt.281t), :163 ( ... 2'1) an!I 
388 (lt.568) Toxicity: 
antibiotic activity lfftln1t 
lac1l/u1 ••caterluMi toxi­
city to vertebrate not re-
ported. Fun1a I 1ource: 
A1per1,llu1 acul1a1u1 

llluka. 
Reference: (6] 

Ill. SPINULOSIN (Sub1tanc1 ·z·: 
3,6-Dlhydroxy-3-methoxy­
-1,•-t~\uqulnone). c8H8o5 • 
MW 184, purple-black mlcro­
r.ry•t11111, "'·I'· 201°c (frn111 
1ubllmetlon), ~~=~ 1 1 nm: 
~9 .. ftnl1 .. 60 (II c: not re­
pnrtll!I), Toxlr.lty: antibio­
tic actlvlty.Fun1el 1ource: 

A1p•rtlllu1 /u11lfalu1 Fr•-

.... .... .... 



al'nlua. '•nfc~llfua •-fnu• 
lo.tu• Tho•, '· efnero.rcen.r. 

0 Hf.l):OH I I 
HO OCH, 

0 

Aehrel\cn: (1,U,130,131) 

STERJGMATOCYSTINS: CU'-tt8' 

:11~. 9Tl•IG"ATOCY~TJN. c,,wl206 
(1tr11ct11r• l), "w 324, pale 
yellow cryatala, a.p. 24&0c 
(d), \!!~H na (Ir C)I 201 
(4.279), 233 (4.31t), 24• 
(4,439) and 32l (4,lll)I 
~ranee-rod r111oroacanc• un­
der UY 360 na llrht. Toxi­
city: h•p•tlo d•••r• ln 
prl•~t••l In r1ta kidney, 
liver d•••I• and ron1l no­
croala. LD30 tn rat1 ••• 

R 

1' R • H! 1111 •CH1, R1• H, R1a H,A,oH 
2 · R •Ot. A1 •CH,.1ta•CH1,R1•H.~•H 
3 A• H.A1•CM,.Aa•0\.1ta• H, R,•H 
4 lh H,Ri•C>41 ,1111 •H,Aa•OCH,.~•H 
~ Ro !ol,lll1 •H,R10H,lll1•H,"'•H 

5 RoH,111, •CH,.f\-H,R,•CH,O • ._..cH,O 

lftft •1/k1 (orelly) and 60 
•1/kf(l.p,), '"n1al aource: 
A.rperclllu.r vor.rleolor 
(Vutll.) Tlr11bo1cl\\, .I. nl· 
dulon.r, .I. ouronf lo·brun• 
neu.r (Atklna, Hlndaon end 
R\11110 I). 

Rl'hroncu1 (23.84.133) 

113. ASPERTOXIN (3-Hydroxy-6,7-
dlaothoxydlfuroxanthono). 
c19w14o7 (1tructur1 2 
•bovo), MW 354, a.p. 240-
-:ieo0c (dl (tro• dtoxane/ 

/water), ~::e" n• <•• ~): 
241 (4.~30) and l10(4.0ftl); 
blue fl"oro11conco under UV 
360 na llcht, Toxtolty1 
Ln50 In chicken embryo wa1 
0,7 ~f/eabryo, with beak 
••lr~r•atl~n end I~•• ot 
a111cle tono.Punral •ource: 
A.rporrlllu.r /lavu.r Link. 
Roforonco1: 1136,171) 

116. Dl"ITHOXYSTERIG"ATOCYSTIN 
(6,t,10-Trl•athnxy-7-hydro­
xydlturoxanthono). c20H

16
o

6 
(atructuro 6 ebovo),MW 384, 
p•I• yellow noodloo, m.p, 
233-2S4°C (troa ecotono), 
lltOH na (If C)I 233 

11111 
(4.43S), 284 (4,S31), 27S 

(l.ftftt ah) end 330 (4,283). 
To1lclty1 not reported, 
Funr•I aouro•1 .1.rp•r1lllu.r 
uo,..r lco lor. 

Roteroncu: 170) 

117. S-HBTHOXYST!RlGHATOCYSTJN 
(7-Hydrnwy-1'1,10-dlmftthoxy­
dlfurnxnnthnno), c19H1407 
(•truct"rft 4 ebnve), ~al• 

yellow neadl••• •·P· 223°C 
(d). Toxtr.lty:not reported. 
Fun1al 1ource: .uptrfl/lus 
1•tr1lco•or (Vu\11.) Tlra­
boachl, 
Reference: (231 

118. O-HE~HYL9TERJGHATOCYSTJN 

(6,7-Dlmothoxydlfuroxen­
thon•>· c 19H14o6 (1tructurft 
3 abnvft), HW 33ft, faintly 
yftl lnw a lender roda, •·P· 
2~S-267°C (from methanol), 
\~:~Hna (II C)I 236 (4.610) 
and 310 (4~217)1 hl11• tluo­
ro1c1nco und1r UV 360 n• 
ll1ht. Toxicity: not re~or­
tad. Funcal •ourcet J.rptr• 

tlllu1 /lavu1 Link. 
Roforenco11 125,43,13SI 

OIHYOROSTERtOMATOCVSTtNS: 
(119-121) 

119. DJHYDRODEMETHYL9TP.RIGMATO­
CY8TlN (l,2-Dlhydro-6,7-d\­
hydrnwydlfuroxanthono), 
c17H12o6 (atructuro 1) 1 "W 
312, pal• yollo• netdl••· 
111.p. 202°c (d) (from ace­

tone), \!!~" n111 (II c)1 233 
(4,428), 250 (4.S20), 259 
(4,481) and 335 (4,288). 

Toxicity: not re~ortad. 
Funrel 1nurco1 J1ptrflllu.r 
1•tr.rfcolor· (Yu••l.l Tlr11· 

boar.hi. 

o~o 

1: R I H • R, I H 

2R•~H 1 ,R1 •C~ 1 
') . R •C Hi ' R, I H 

Re terence: I ft 1 l 

110. OJHVDRO-O-MF.THVl.9TERIG.,AT0ft 
r.v~TJN (l,2-Dlhydro-6-me­
lhoxy-7-h)ldro•)ldl l11ro111n• 

l hnn11) , C 19H I fl O 6 ( 1 t r u c tu r • 
2 ehova), MW 340, colorl••~ 

rode, :'ft.p. 282•2ft3°C (from 
m1th1nnl)I colorl•~s nee~-

1••• "'·P· 2111-282nt: (trom 

chlorotorm•m11th11nnl), \max 

nm (II e): 20:> (4,qO), 117 
(4,590) end :>II (4.283): 
blu• tluore1cence under UY 
360 nm ll1ht. Toxicity: 
toxic In cal I culture. 

P11n111I 1nurr.•• uper1111u1· 

/I o'•u.r, 
Rthrencu: l4~.~?l 

121. DJHYDROSTIRIGMATOCYSTIN 
(1,2-Dihy~ro-6-mtthoxy·7-

-hydroxydlfuroxanthon•>· 
c

16
H

14
o6 (1tructure 3 

ebovt), MW 326. ~ale yell~• 

nHdlu, m.p. no0 c (d), 
\ltOH nm (II t)' 233 ..... . 
(lo,loltl), H7 (4.~08) 11nd 
!\2' (4.220): 
fluortaeenco 

r1d-oren1e 
under UV 360 

.... .... ,..., 



112. 

1'a llcht. To•lclt11 lnhlbl• 
ted •ltoal• of kldn•1 ephl• 
thellel Hlh. l11n1e' 
•ourcea A•~rffllu• ~•r•f• 

co•or (Yulll.) Tlrebo1chl. 
llef•r•nCH I , ,, • 11) 

llYlllN (lndothlenln1 l,l­

•llHMdln). c30Mll0lO'•·\ "" 
JJI, yell•• •l•t••• •·•· 
>lto0 c err- acetone>. 
Fun1el eourcaa re11fcUlfu• 
l•feftdfCH lopp (Nltltl. 105' 
and 1115), t. ruculo•u•. r. 
wor1ao11nl, r. tardu•, r. 
Oru11111aua. 

CH1 

H.;. 

HO 0 OH 

llerenncHI (90.160) 

Ill. LUTI09KYllJN (l,2','•''•S,­

-S',l,l'-Oct•hydroxy-2,2',• 
3,l'•t1trehydro-1,1'-dl••­
thyl-!, 1'•blentrequlnon1). 

C30"22012• "" S1,, yellow 
cry1tel1. ~.p. 211°c (d) 
(ftOlll 1c1ton1-h••en1), l ... 
n• (11 &)I 2,J (',lll)~ 21S 
('.311) end 'lO (,,,60) (ln 
1thenol> end lSO (l.903), 

•29 (•.•Sl) end ''' <'·'SI) 
I I n 1\t' " t 1\IUI ). 'T1>1\r\ty: 

LDso ln ale• ••• 40,1 •IJkl 
(l.p.), 141,0 •• , ... , (1.0.), 
221 •1/kl (or1lt1i end 6:6S 

0

•1/kl (l .·~·.). Acute to.t­
ty (•Ith h1j1tto te11lon1> 
or th• oo•po11nd to •lee, 
ret1, r1bblt1 and •Onk•J•· 
P11n1el 1~11ro11· renfoflllu• 
••••ndtcu. • 1opp "' <NHL 
1036). 

H
3
C 

~O\ 
I I I 0 OH 
I I I 

I I 
I I I 
I ..1 I 

I 
I 

R1f1r1no111 (132,146,147, 
164) 

'"-Q ... 51 

SUBSTAHCI Z 111 Ill 

12•. TINUAZONJC AO!D (l•Acetyl• 
-s-11c-b11tylt1tranlo aold). 

It OH 
c10H15o3N, "" 191, \••• n• 
<ll C)I ·211 (31120) _.nd 217 

<'·llO), 1pectro1copto pro­
p1rtl•• of th• oo•pound d•­
pand 1olv1nt polerlty and 
pH. To•loltya t1nue1onlc 
acld act• •• • phyt~toaln, . " ... 
lnhlblt• ll'O•th of call• by 
lnhlblU·on of proteln and 
nucla\c 1cld bto1ynth~1t1. 

Antlv1ra1, 1ntlt11•or actl• 
vlty lnhlbl~~·~ or pr.ot•~n 

1ynthHh, .• by''-' ·t1nu11onlc 
acid H11 reportfct ;rh1· ~ola 
of th• , co11pound "t" · th• 

126. TIRRIJM (5,6•Dthydroxy•4• 
-(l-prop1n1lJ01clop1nt·4-•n 
-?-on•>· c8ti10o3 .- ; . .:.W'-t";-,· 

1thtol.011. ~.f,_ 1 , ~Hato.lo1tc 
dl1ord•r na~•d ,onyalat· l• 
not eluo~d•tad.. ,, , 

' 

Pun1• l 1011r~1.1 A•p~rl fl ru•1
' ' 

•PP• • 1 lao produced·~ b)' · · i 
.411.,·narfa •PP• 

. ~~-~H· 
CHlCHi~HAH~ . 3 

CH H 
3 
. ''. 

R1t1r1nc111 1155,169) 
'• . f ... :: ,, . ' 

125. TIRRllC ACID (5,6-lpo•y-2• 
-hydn11tol11qulnon•). · 
c

7
H

6
o

4
, HW 1S4, ~~l lH. 

plat11, •·P· u1°c (fro• 
b1n11ne), '!!~H n11 (11 c)t 

214(4,029) and 316 (3,811), 
To•tclty1 antlblotlc and 
anttrunr•l prop1rtl1a, LD50 
In 11101 wa1 ?0·120 111/kl 
(t.v.). P~n11l 1011rc11 
.4•p•rclllu• l•rreu• Tho•· 

CH
1*H . 0 

HO H 

Refannc•I (1451 

cotorl111 n11dle1, •·P• 
121°c (fro•.ao1i~n~). ':::H~ .. 
ftll (I I a) I 2'5 ( 4; U 5) and '." 
3ft2 (:1.114)°, · Toiih~tyl"not 1 • 

reported, runr•I aourcer 
.f•P•rffllu• ·ltrr•u• (IMI 
'433t), J. /flh•rl W1h•1r, 
.1. .,.,., feolo,., '•" fo f II tu• 
l"Gl•lrlt:lll I. 

~r.H, 

R.rer1no111 (12,63,76) 

127. Tlt-2. c22H27o6M3, "W 429, 
•·P• 150•152°C, '!!~H n• 
(II C)I • 224 (4,513).,; 261 
(3.834) and 29' (3.8?7). 
To1lclt11 tr111or11nlo to 
dey•old cockerel• do1ad 
orall~ 1t level 12.s 111/kr. 
Punral 1ourc11 r1nlcllllua 
v1rruculo•u• Peyrone1, 
.11p1rrf I IUI fu•t101111 PrH. 

CH,0 

R•f1renc111 (46,50,53) 

..... ... 
"'" 



TRVPTOQVIVAUNa U28-1'2> 

118. DEOXYHORTRYPTOQUIYALIHI. 
c21H21o8N, C•tructure l), 
HW S16. colorl••• prla••• 

~ 

N 

R,')•NY') 

O'~N~ 
0 

c~~f.11, 
l 

OAc 
CH I 

': R, • 1)CH-CM-
CM1 

CH ~ 
?-A,• '>CH•C• 

CM, 

l •At• c~CM-t
0

• 
CH1 

cw.. «?AC 
l. ·I\• .,>CH·CH­

CH1 

c~ 9 
5 .R, • )CH· C-

A1 oH A1 •· H 

Rt •H R1 •H 

Rt 1M 1 R1 •CH, 

A1 •OH ; A1 1 H 

R1 •OH ; fta • H 

•• ,. u1-uo0 c (tro111 dl­
•thyl ether), ~!!~"nm Ctr 
C)I 221 (4,642), 233 

(4.603 1h), 2,4 (4.193 lh), 
268 (4.061), 278(4.021 lh), 

30' (3.613) and 317(3,,19). 
To1tctty1 unknown, trcmor-
1•nlc rropertl•• not repor­
ted. Funral eource: lsper­
tl 1 lus clava1u1. 
Rererence: (30) 

129, DIOXVNORTRVPTOQUlVALONI, 
c 26H 2~o,N4 (1tructur• 2 
above), MW 472, flne •hlt• 
n••dle1, 111.p. 192-193"~ 
(fro• diethyl ether), ~!~~H 
n• (II C)I 232 (4,311), 218 
(3.966) end 320 (3.796 ah), 
To1lclty1 unknown, tre111or-
1•nlc propertl•• not repor­
ted. Funral aource: l•p•r· 
tlllu• c/avalu•. 
Rehrll~Cel (30) 

CH, Y"c 
a "'. cw,)CH·CM­

CH, 

._,.ow• ._,.cw, uo. DEOXYTRYPTOQUtVAl.JNR. 
c 29H30o6N4 (atructur• 3 
above), M~ ~30, white need­
IHI, 111.p. uo-is2°c (fro• 
dlchloromathane-h•xane), 
\::;Hn• (lr C)I 227(4.648), 
232 C•· 622 ah), 2S2 (4. 267 
1h), 267 (4,079 eh), 271 

(•.Ol3 1h), 304 (3.S19) en~ 
311 (3,431 eh). Toxlctty1 
trt•orr•nlc actlvlty not 
reported. Funr•l 1ourc11 
'•P•rtlllu• clava1u1. 

7 A, o ----H 

a. I\' -H 
9:R,• ----H 

1():A,• -H 
CH, Q ,,,!\• ;>ot-c­c.., 

'l · A,. ,, : ". 
U.: A,• 

'~: ". 

··-·H 
-H 

~>cH-t-; 
CH, 9 
CH,)CH• ~-

"•I OH I 

R1• H i 

Ra• OH; 
R1 10H 1 

R,• H 
Ra• 14 

R,• CH1 

Ra• H 

"•' H I R1•CH1 

A,• H • R,• 0 -H 

A1 • OH ; "J• -·CH1 

R1 •0M ""'•••H 

"• 'H I Ra·-··CH~ le fer•noe 1 ( 30 l 

131. TRYPTOQUJVALJNI D (Nortryp­
taqulvellne). c 28H21o7N4 
(etructur• 4 abov1), MW 

'32, colorl111 prl11111, 111.p. 
2S6-2S9°C (fro111 dlchloro• 
111tthant•htxan1), l::eH nm 
c 1 r c > 1 2 2 8 < 4. 6~• i , 2 3 3 

(4.623 •h), 2S4 (4.l72 1h), 
267 (4,076 1h), 279(4,090), 

306 (3.A53) and 3l9(3,54•), 

Toxiolty1 tre111orr1nln pro• 
p1r~l11 not d1111nn1tr1t1d, 
Punral aourae1 1.rp•rtlllu• 
clavalu.r (NAiii. S990), .1. 

/u111fca1u.r. 
n1 hrenc1111 ( lO, 411 

132, TllVPTOQUIVALINR 8 (Nortryp• 
toquhalont,: Tr)'1>to«1ulYt• 
lone), c26H24o6N4 (1truc­
ture 5 aboY1), MW 488, 
color!••• prl1m1, 111.p. 2oa­
-2090c (from dlchloro1111-
thon•·h••an1), ~::eH nm (II 
C)I 229 (4,496 lh), 232 

(4,S02), 2S3 (4.228 eh), 

279 (~.981), 289 (3.813), 
304 (3.732) and 316 (3.653 

1h), Toxlclty1 tr•111nr11nlc 
proptrtl••• Induced par1J1• 
tint tremor• in rat1. 
Funral 1ourc11 A•p•rtlllu• 
clavalu.r (NllllL 5090). 
RehrtnCHI (30,"I) 

133, TllYPTOQUIVALINI A and C. 
c

29
H30o7N4 (1tructur1 6 

abov1), MW 546, colorl••• 
prt•••· 111.p. ,,,_,,,0c, 
~ltOH n111 (I~ C)I 229 

max 
(4,A2~), 232 (4,604 Ah), 

2S2 (4,290 lh), 268(4,037), 
279 (3.979), 307 (3,569) 
ind ll9 (3 ... 77), Toxicity: 
tr1111or11nlc to hu1111n1 and 
ret1. Pun1al 1ourc11 A.rptr• 
111/UI clavolUI (HRRL 58,0) 

R1f1rence1: (30,4ll 

I , . T!•Yl'TOQUIVALlNI B. 

c
1

lH 19o5M4 (1tructur1 1 

above), MW i,19, color\111 
hatlur1, 111,p, 2'7"C (d), 
~::~Hn111 (II C)I 226(4,509), 
232 (4,4H ah~.,, .. (1t.201t 
lh), 266 (lt,068 .,,,, 216 

(3,924 th), 291 (3.Slt~ th), 
303 (3,U7) and' 315 
(3,4lS), To1loltyt tr1111or­
rtnlo propertl••. not dt 
111on1 tr1t1d. P,un11 I tourct: 
A1ptrtlllu1 /u1111101u1. 
Rtflr11nc .. 1 [1117,1118) 

135. TRYPTOQUTVAl.JNE P, 
c

22
H

18
o 4N4 (ttructure e 

abov1), 11W 4()2, colorlto 

fin• n11d\11, 111.p. 211°r 

(d), ~::eH nm Cl I C): 226 
(lt,S21t), 232 (It.It'" ah), 
25, (4.093 ,,,,, 26, (lt,04~ 

lh) t 276 ( 3 o 908 lh) I 2fl0 
(:S.491 th), 303 (3,1t1t7) tntJ 
31' (3.342), Toxicity: tre· 
111or11nlc propartl•• not dr· 

111on1tr1t1d. Funr•I 1ourc11: 
A.rptrtlllu• /u1111101u1. 
Aeteunce: [1911) 

1~6. TRYPTOQUIVALtN~ O, 
c 23H 20o 5 N~ (ttructur• 9 
ftb~v11), MW 432, colorle•• 

... ... 
p. 



prl1a1, a.p. 240-242°C (d), 

.. :::" n• (If C) I 226 
(4.S3S), 232 (4.SOl ah), 
2S3 (4.)41 ah), 26S (4.0'2 
ah), 2'S (3. 9H ah), 2U 
(l.S6~ ah), 302 (l.4'7Y) and 
llS (3.)91). To1tctt11 tra-
110r1anlc rroparttaa not d•­
aonatr1tad. Pun1al 1ourca1 
A•1Nrc111u1 /v•fca1u1. 
llahHllCHI (llT,Jll) 

131. TllYPTOQUIVALINI M. 

c22H11o5N4 (atruotur• 10 

above), "" 411, celerl••• 
flna neadl••· a.p. 274°C 
(d), \:::" na (II C)I 226 
C•.S20), 2S2 (4.490 1h)1 
2SS (4.220 ah), 2~1 (4.0S3 
ah), JU ().929 eh), Hl 
(3.SS6 11\), 303 (3.491) and 
llS (3.391). To1lclt11 tr•­
•or1enlo propertl•• not d1-
•on1tratad. Pun11I 1euroe1 
.flfMrff I h11 /•:•ffalu•. 
aeferanca1 (111) 

131. TlYPTOQUIYALINI t. 
c,,w16o6N4 htructure 11 
above), "w SOI, colorle11 
•••flat•. •·P· 232-2s1°c 
(d), l:::N a. (II C)I US 

.f4.S01), 250 (4.330 ah), 
292 (S.912) and 321 
(3.YIS). Toalolt11 treaor-
1•nlo propertlea not de .. n­
•trated. Pu•1•l ••uroe1 

·"""'""•• , .... , ...... 
•er1r1aoe1 (1111 

139. TlYPTOQVIYALINI J. 

c22H11o4N4 (atructure 12 
above), HW 402, colorla11 
flne n1adla1, a.p.254-251°C 
(d), \::~Hna (II C)I 226 
(4.613), 231 (4.SIO 11\), 
2'3 (4.210 11\), 264 (4.108 
ah), 2'5 (3.98'7 1h), 290 
(3.623 1h), 302 (3.591) and 
310 (3.491). To1lolt11 tre­
•or1anlo propartle1 not d•­
aonetratad. Pun11I 1ourca1 
'•P•rcfllu• /uaf1otu1. 
bhnnoo1 I 111) 

140, TllYPTOQUIVALINI L, 
c 23H20o5N4 (atructur• 13 
ebove), "w 432, oolorleaa 
laaf lat1, •·P• 265·268°c, 
l::~" na (11 C)I 216 (4.S30 
ah), 226 (4,Sl9),23l (4.489 
lh), 252 (1.241 lh), 264 
(4.090 lh), 2'4 (3.924 11\), 
290 (3.561 •h), )02 (3.4''7) 
and 315 (31310). ro1tclty1 
traaor1•nlc propertlea not 
reported. Pun1al aourcet 
,,,,,.,.,n lu• /u• r1a 1u.. 

leferanc11 1119) 

141. TlYPTOQUIVALINI "· 
c 21H21o7N4 (1tructura 14 
above), "w 532, ooJorl••• 
pl•te1, ••P• 157•164°C, l::e"n• (II C)I 221(4.515), 
232 (4.417), 255 (4.111), 
2YI (3,t61) 1 305 (3,462) 
end 311 (3,431), To1lolty1 
tre•or1•nlc propertle1 not 
reported. Pun1el 1ourc11 
A•percfllu• /u•fcaru1. 
R•fer1nce1 1119) 

142, TRYPTOQUIYALINI N • 

C2
6
H24o5N4 (1tructure l5 

above), "W 472, colorla11 
n••dlee. •·P· lt3-lt7°c, 
\:::" n• (II C)I 232 
(4.50t), 251 (,,2S3 11\), 
291(),95•) •nd 320 (3,TIS), 

To1lclty1 treaor1enlo pro• 
pertl11 not reported, 
Pun1ftl aource1 '•pertlllu• 
/u•lfalu•. 

143. 

lie rerenc11 I 119) 

TnVPTOQUJYAl.ONll na 151 

YIRRUCULOGUN 1e1 54 

VlllllUCULOTOXIN (3•Toluyl• 
octahydro-2H•pyrtdo-(1,2·•1 

-pyr11lne). C15"200"2· "w 
244, •·P• 1~2°c (fro• b•n-
1ane), \:::" na1 1tron1 and 
•b•orptlon nnd •••k 240-260 
band (II c not r1port1d), 
To1lclty1 to1lo to cocke• 
r1l1, 1011 of •ueoul1r oo­
ordlnatlon, LDso tn dey-old 
oock1rel1 ••• 20 •I/kl 
(or1lly). Pun11I 1ourne1 
l'anlcllllu• 
Peyronel. 

11•rrucu/o•u• 

to 
Alftronce1 14'1 

. 141,·VIRSICOLORlN A. (2,3-111-
. ·lurano-1,6,l-trlhydro11•n­

tr1qulnon1). c11H10o7 , MW 
·331,or1n1e-yello• needlt11, 
11.p. 2n-211e0 c (d) (fro• 
acetone), tin• yello• na1d­
le111 11.p. 117-281°C (d) 

• · (fro• h11ane), \!!~H n• (II 
1)1222 (t1110I), 254(4.113), 

265 (4,24t), 290 (4,424), 
~11 (4.0A3) and 49~(),912), 
Towlolty1 not reported. 
Pun1•I 1ourc11 A•p•r1lllu1 
11•r•lcolor. 

OH 
0 

lld•r•ncu 1 (77, I 02 J 

145, VlllSICOLOllJN I (2,l•n1ata• 
' tr1hydrorur1no-1,a,e-trl· 

h1dro111ntraqulnona). 
c, 1H11o7 , PfW 340, fin• y•l­
lo• n1edle1, •·P• 2te0 c (d) 

(fro• aceton•>• '!!~" nM 
fir C)I 22' (4,3'1'1), 255 
(4.130), 266 (4,290), 291 

(4, 310), 324 (4, 107) and 
450 (),940;. To1lclty1 not 
reported. Punr•I 1ourae1 
,.,.,.,,,,.,. lltrllCO/Or 
(Yuill.) Ttrabo1chl. 

OH o~ ,o 
0 

Alhronce1 1711 

... ... 
"" 



Frl•• •nd by tpactta of tu· 

l'Of'IU•), 

1'ehrenctt: 119'·1'6) 

llO, \!:. n• '50 •nd 550. 
To1lctt71 •ntlblotlo actlvl­
ty •t•ln•t laefllu• b,..vf1, 
I. c•r•u•, Cor')lft•bOCl•rlu• 
fo1cfon1 and· Str.pfococcu1 
/oecoll•. 

155. 11-DEIACITOXYW01'ntANNIN. 

[ 

0 ()H()4 ., 

~-----1--Hj:J) ~, 
2 

lhhrtnc••• (10).10') 

15'· WOlT~ANNlN (M•l toxin). 
c

13
M2,o1 (atructur• _1), KV 

'11, •hlt• cr71tal1. •·P• 
111•12)oC, \~~ll (nll)I 2101 
,,, •nd 212 (II c not rapor­
ttd). Toalclt71 fa•d refuaal 

he tor ln rate. caua•• 

ht•orrh•I• ln th• 1to•ach1 

lntaatln••• h••rt an~ thy•u• 
and d••th, Lo50 tn whlt• r1-

••l• rat• ••• 4 •1/~I (oral­
ly). Pun11l 1ourc•• '•nfcll• 
llu• wort•onnl Klock•r (th• 
c~pound la tlto •rod~c•d by 
#~rot~tclu• rorfdu• Todt •• 

1 : R • CHlC00-

2: R •H 

c
21

w
22

o6 (1tructur• 2 

•bove), ~W 370, whltt cry1-
tel1. TOllC\t)'I LDso ln 
rat• w•• 21 1111/kl (orally) 
and Sl.S 1111/kl (l.p.ll ln 
Rhaaua •onk•Y• a 1tn1l• 
do•• t-3 1111/kl (1.c.) cau­
ttd •••kn••• dtcraaatd 1110-
bl I liy, tncoordtnatlon and 
anoreslal th• co111pound ••­
hlblted antl lnf la•atory 
acttvlty on acute td••• 
end antl arthrltlo actlvl• 
ty. runr•l 1ourc11 '•nf· 
cltltu• /untculoru• Tho•. 
atterenctl (lt7J 

156. XANTHO~IGNIN {(·)•3,3 1·Bl1-
·l2-1111thoxy·S-hydro1y•7•(l• 
-hydroxypropyl)-8-carboxyl• 
1,4-noph\)qulnon• J1cton1)), 

C30"22012• MW 51,, oren1• 
platelet•, 111.p. >26'°C (d) 
(fro• chlorotor•·btn11na), 

· >.dloxen• n• .. 111 C)l :12 8 .... 
(41. )It), 289 ().198) and 

)89 (3.198). \=:~" ""' ( 11 
C)l222 (41,415), 264 (4.286) 
and ~80 (3.898). Toxlolty• 
1ro•• altar•tlona. Jlvar 
dlacoloratlon• and hlatolo• 
1lo •lt1r1tlon1 ln llvar of 
111lc• fed dl•t oontalnlnf 
41418 •I of xentho11111nln ptr 
kllorre••• of teed. Pun1al 
1ourc11 .uparc 111 ur ocllra• 

ceu1, A. ••lleu1, A. 1ulpllu~. 

r•u•, renlc II llu• 11lrldtcci~ • 

111111, '· cyclopluiii. . '' "" 
'R1f1rtncu1 133,64,0) 

H,c~ .... o Pt OCH, 

___ .[_ 
~ I 

OH 0 
2 

nnnr.NCl!S 
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APPENDIX 10 

AJ>DITIVES AND CONTAMINAHTI 

ldentiflcatlon or Water.Soluble Coal· Tar DJ'ft 
Present In Foodatufl'1 

The general 1cheme for identifying coal-tar dyes present lu foods 
normally involves: 

1. Preliminary treatment of the food. 
2. 'Extrat'tion of the colour from the p;epared aolution uf doie food. 
3. Separation or mixed coloura if more than one is preecat. 
4. Identification of the aeparated coloura. 

Schemes for the extraction and Identification of colour. &-om varioua 
foods have been described by the AJJA (S1parat1'on anti ldati}iealt'cm of 
Food Colo&., 1 Pnw11'111d 6y IM Colouri"I Ma1ttr1 in Ff/llJJ. Rttulot1'om, 
1957, APA, 1960, London), BFMlRA (Ano(>i11, Lond., 1963. CS, 854) and 
Stanley anJ Kirk (]. "l"'t. Fd Clwlfl., 1963, 11, 492) &l\'9 reviewed by 
Minor (Lob Pratt .• 1962, U, 331 1307). 

.. , .. 
I. Prellnalouy TreatnteDt of tbe FMCI 

Amunln1 th.It an addle coJour le P"""'• the preliminary ""*•wnt a¥Olvn 
rtmovln1 lnh:rFerlna 1ubttanc .. and obtalnln1 the d1• In acid ~ pnp1rsto1'7 
tO boillna ._ : I h 1"0J, ) " 

(•) NH-olc oAoll'e ,.,U.. •·I· aofl drlnb: A• moat· of the f~ m dda l'OUP are 
1cldic th~ an u1111lly be ttated directly whh 1111001. ~. •cldlfJ 
1li1htly with acetic acid or pot111lum hrdf'Ola'I 1ulphate. 

(6) Alcoliol1c 11'"""· •·I· wlnee: Boll to remo" the alcoho\ .nd tddlfy (if 
ntCHH•'f) U ror (•). • 

(c) So!M6Z. /oo4J, •-I· J1m1, 1weet11 lcln1•: Dlaaolve In 30 ml '111-.ta end treat 
.. ln (•j 

(4) .Scor,1t."8,,.1 /..G, •ol· cektt, w•t•rd powder, 1uldea Nl•ln1 po...,der: 
OrinJ '0 I of 1ampl• wry thorou1hl11111lth SO ml of 2% unmonla In 70% 
elco!\el, allow to atand for 10m1 houn and ·centrlfut•• P-.al' the Mpar1ted 
liquid \,\to • dilh and enponte on the water bath. Tiu up the re1idu1 In 
30 "'"" watu contalnlna acid end tree\ ••Jn (•). : 

(•) C•ruif44 /rt"ll: Tr .. t aa In (4), ·.I ,,... 

(/) 1'ro'111c(J M'rla • "'611/•t '"'''"'••·I· 11uaa1u,.meat and i\M1\ puta: ~-fit 
with f.s.ht pettoJeum end obtain the colour In aqucou1 ~ion by treatment 
with htt w1ter (eddify, etc., H u1u1l). Note that 011-aolu\>11 co\our1 tend to 
1ivc loured 1olution1 In or11nlc aolvcn\I, 

In diffic,.lt casei"tnatrnent whh warm, 'sOJ90% acetone Of alcol-.o\ (which 
rreclpliattt tterch) wnt1lnln1 2% 1mmonl1 la 1oft1n hetrful. '11M OP«•nlc 1olvent 
•hould be 1 ··f\oved befo11 1cldlfyln1 (Ht (4) 1bov.). 

For 11u1"•"'· the'BFMIRA P.epo• recommend• mbln120a1ancpt. with t4 ml 
water, 2S ,..\.ethanol end 1 ml 0·11 ammonia. After 11ttln1 ulde for JO min the 
liquid b fl; "red end coneentrated. With fteh pHte, 20 I ump\e h \hofo\l.lhlY 
1tirred with 6 n1I w1ter, 20 ml 1ceton1 •nd I drop 0·18 anvnO.U. and 1her centrl· 
k1in1 anJ ltihn1 off the acetone the aamrle I• H9'lltracted and the procm 
rtpeattd J. 11 removed by 1h1klnR with li•h• .vt•n1 .... - " 

t 

1 

ADDITIVIS ANn CONTAMINANT~ 

Note that bulc coloura d1• tt11 wool In alk1lln1 1ohl\lun and therrfore require 
trntment with acid where the u11 of ammonia 11 c.elled for 1bove. 

2. E•tractlon or tbe Colour from the Food 
N.B. The wool 1houtd b1 prap1r1d by bolllnf pwe white knlnin1 wool In 

dilute 1odlwn or ammonium h)'drolllde end then In water (cf. Thaler, It and 
Sommer, o .• Clint. A611r., 1954, 41, 47141). 

Add 1 20<m 1ulp of wool to 11:.out 35 ml of the pre(lmd, 1ll1ht\y ecldi~td 
aolutlon ind boll. Continue bolUn11 wuh the wool under the cold tap, 1r1n1Ccr 1t 
to 1 emall beaJcer and boll 1entl1 with dilute ammonl1. If tht colour h •tripped by 
the 1lk1ll, the pre11nce or an 1cldlc co•l·tH d)'e I• lndic•l .. d. Remon the wool, 
make the liquid 1U1htl1 •-:Id end boll, Add a little wool and contlnu1 bollln1 w11:1 
111 the colour la removed, Ea:trect the d)'e from the wool 1111in whh a 1m1tl volume 
of dilute ammonia, fiJter throu1h a 1m1U plu1 of conon wnol end ev1ponte to 
low bulk. Thi• double 1trfppln1 technique u1u1ll)' 1lve1 • purer product, but It la 
not 1lw1y1 n1c:e111ry. · 

Heat proce111n1 durln1 m1nufacture and the wool dyel11.i m1y both 1fl'ect the 
valuea obtained In the 1ubeequ1nt chrom1to1raph)' 111d 1pecuophotom11ry 
(Howerd, F. J ., 1· A11oc. Puhl. Art0l~111, 1969, 3, 1371 BFM I RA, /01, cil.). Natur1I 
coloun rn11 abo d)'I th• wool durln1 the ftnt treatment, t-ut the colour It not 
u1u1Uy removed by ammonia. 

B11lc df'I can be 11p1nt1d b)' mak1na the food 1lblin1 with ammonia, boilin1 
with wool end then 1trfppln1 whh acetic add. A• all the permitted wateMolu~le 
coloure lrt 1cldlc, an lndlcatlon or tht prtllnCI or I bulc dye It &hie t1rly llllt 
1u1111t1 th•t 1 non-perm1tt1d colour la praaent. IJulo rhod1mln1 dy11 were quhe 
lraqu1nt!7 u11d prior to th• 1957 Reaulatlom. 

'11\1 UH of 1ynth1t1e pol)'linld• powder (8llon or n1lon) lr11tud of wool 1vold1 
the neceult)' ol d1-fatdn1 the 1ampl1 (Davidek. J, and Davldkov1, E. (Ano1yr. 
A6irr., 1967, 14, 5741). D1u mt)' tllO be recnov1d from tmtcd food whh or11nic 
IQlventf 1uch 11 qulnoUne ~Knuae, S. 1t al., .AMl,)il. Ah,,,., 1962, 9, H4S) or 
hl1her aloohol1 (BFMIRA, lot, rit.), 

3. Separation and !Jtiatlftcatloa of the Estracted Col~1"(1) 
Gmnol ,,,,,; Althou1h It la 1lw111 1dvl11bl1 to run cl1rr.1nato1ram1 for 1he 

final detection of tht coloure, much work can often be ""'',I hy 1prl)'in1 -: . 
qu1Ut1tlv1 t11ta to rreamentt or the d1td wool end cumr''""ll the ruultA 1111*'. 
tho11 obtalned from known dyH. h 11 UHful for ln1tanc1 to ~1·11'y common re11i,;. 

(e.r. cone HCI) which may ,Produce cheracterletlc colour ch111s:u. Some unthene 
dyca ire utr1ct1d by ether from aqueow 1olutlon. le I• euntetimu po11iule to 
detect the preaenCI or mixed COJOUrt by lpottlnl On l\lter parer 1nd 1Jdin1 I few 
drop• of water ao that 1tp1rat11on11 appear. 

Chromororro,lil1 ,.,ororioru. Coloun can be 11p111t1d u1in1 any of 1h1 uauol 
paper chrom1to1nphlc technlquu. The APA booklet recommend• the uu of 
Whitman Cl\L 1 piper In l1r1e b11ken (HW\t, E. C., Nonh, A. A. end Wtll1, 
n. A., Anal.)'11, 1.An4., 1955, 80, 172) for 1eneral work and the clrculu 1one pl11~ 
method of Rutter (i614., 1950, 75, 37) ror the ftnal ldentlftcatlon. 

Solv,,.11 (APA, BS!, BFMIRA) 
No. I 1 ml O·H unmonl1~ 99 ml water. 

"":~. 
,.,_ " " ,,,., 

... ... ..., 
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No. • i10-butanol (I vol), ethanol (2 vole), water (I vol), 
No. S 11°butanol (20 'fOla), water (12 vole), 1laclal acetic acid (S vole). 
No. 6 u~butanol (3 vole), ethanol (2 vole), water (2 vole); then to 99 ml 1dd 

1 ml of O·H ammonia. 
No. 7 80Iphenol+201 water. 
No. a ethyl methrl keton1 (350 vole), 1cctone (150 vole), water (150 vnle), 

o·aa ammonia (1 vol). 
No. 9 ethyl meth7l ketone (7 vole), acetone (3 vole), water (J vole), 
No. 10 ethyl 1cetat1 (ll vola), pyridine (S vole), water (4 vol1), 
No. 11 Dilute 5 ml of 0·81 ammonia with water to 100 ml and dl11olve 2 1 

trieodlwn cltr1t1 ln th• tolutlon. 
No. 12 water (30 vole), hydrochloric acid, 1p.1r. Ml (6·5 vole), 

Sqarotio11 o/ tolft'°llffttt o/ wu'rtd rolow,,, Paint a horl1ont1l lint of the prepared 
d)'• tolu1lon •bout 2 cm from 1h1 bonom ada• ol 1 piece of Wh1tm1n No, I 
chrom1to1raphlc paper and dry. 1'hen elute upward• ln a covered beaker u1ln1 
the moet efl'ective •'olvcnt to efl'ect a eep1ration (1olvent No. 5 11 often ueelul for 
1eneral purpoeea, but It 11 ai:M11ble to 1tudy the Rr valuee In the table lint In 
relation '°·th• probable oolourt pre1ent). If more than one colour appear• to be 
prnent, wt out the tepareta llnea of colour, extract with water or aqueou1°acetone1 

evapontl to dryneu and re-cllllol.,. bu few drupe of water. JI the 11paratlon 11 
lndel\nlt11 repeat the proc:ea1 \Hlnl different 1olvent1. 

4. ldeatlftcatloa of &be 8epuated Colour• 
p_,,. cMOIMrc;,,~. Cut • piece of Whitman No. 1 chrom1to1raphlo piper 

10 that It can be rolled Into a c:ylinder which ftte lneldt a litre beaker without 
touchln1 the aldee. Dnw a line panllel to the bottom of th• paper and about 2 cm 
awa)' from at. Piece a 1po• of the cono aolutlon of the unknown dye on the line 
to1ether wlth a aerlee of epota of aqueou1 1olutlon1 of known dy11 of 1lmll1r 
colour and dry. RoU the paper Into a cylinder and f11ten It near the top and below 

, the middle with an oft\ce 1taplln1 m1chln1 10 th•t the vertical edae• do not iouch. 
Place th• piper centnlly ln a Utn beaker contalnlna a 1 cm l1yer of aelected 'k>lvent 
(Table 3. t) and Immediately cover "llVlth 1 cloclc 11111. When the 1olvent h11 rleen 
1bout 10 cm 1bove the buellne, remove the paper, mark the 1olvcnt front and 
comp1r1 the R• \'ehm of th- unknown 1pot with thoH from known dy11 on th• 
ume paper. Run 1lmllar chromato1nm1 u1ln1 dl!ferent 1olvenu1 cho1tn for their 
ability to dlff'erentiate between eny which have 1lmil1r R1 valuee on the f\nt run. 
The Rr valuea, of the permitted and non-permitted coloun ln Table 3.1 (Peanon 
D. and Welkar, R., J. Auoc. PMW. AMl)l1t1, 1965, 3, 45) moatly repre1tnt the 
po1itlon of th• blecctor (mean of leadln5 and trallln1 edaea). With lon1 1treak1 
both th• leedlns and trallln1 edrea are quoted. U1ln1 the 11m1 method, P11raon 
and Ch1udhtl t.:J, .4r1.c. PM•I. AMoly1t1, 1964, 2. 22) and Pemon (16ld. 1 1966, 4, 61) 
have tabulated the Rr v1luea for 11veral other w1ter0 1oluble coloun (moatly onea 
not permitted to be u11d In f'ood1 In the UK). Many of the 1pot1 from non· 
permitted coloun (•·I· rhod1mln::1) 1how lntenae fluoreacence under ultraviolet 
ll1ht. . 

Work on colou" permitted ln the USA u1ln1 paper chromato1raphy h11 been 
described by Tilden fJ, A11. off. q,,-c, Ch""·• 19$2, 35, 423; 19S3, 36, 802; 1954, 
37, 811) and Stanley and Klrlc (lff. cit.), • 

T'91'11 layn c.a.rOlll410f'•.Plt.)'. In 1eneral TLC aivu morc_rapid and precl11 reauh1 
than ecparatlon1 on paper. DIC'.l«ee (], A.1111r, ,ru61. Anaty1r1, 1965, 3, 49) hn1 
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(cf, Chapman, W, D. end 011kl11nd, D., '· Auot. Puhl. A11al)'lll. 1%9, 6, I H; 
Perry, A. R. ind Woollay, O. 0., '"'"·• 1969, 71 94): 

Soh11nlr 
A. i1o·prop1nol (10 vole), O·H 1mmonl1 (I vol), water (I vol). 
D. Saturated pota11lum nltrata tolutlon. 

MITHOD 
Prepare thin layera (250 14) of 1UeM111I 0 on 20 >< 10 cm aim pletu and hut 

at 160"C f?r 11 hr. Cool ln' dulcc1to1, Pipette S ,.1 of uch of the 1queou11ol•Jtion1 
or the coloun It leHt ~ 'Tl from the edit of the plate. Place in • 1ui1~1 ... unk 
contalnln1 ·• · ;nt. De', .it 2o•c for 1 dl1tance of 10 cm and c:alcull11 

1
1e l'\r 

valuea. For 1pectrophot1.11 .... rlc: eorJlrm1tlon remove the eilica and colo•11 with a 
1uctlon membly (Sahambudhe, M. R., J. Au. off, atric. Chtrn., 1964, 471 889). 
Dlck11' raper t1bul1te1 tho nr valun (or permlllr.cl nncl nnn·r• • miutd coln11,. 
u1ln1 the two0 1olvent 1y1tem. !n 1U eatea the unknown apot 1ho1old be comrartJ 
with thoH obtained (rom k.nown co1oun, 

Conjlrmalion o/ tltl ltlmliljl o/ 1>)111 """' t/11 SJmlrophoiom41n 
Diiute the pure neutral dye aolutlon to I 1ult1ble lntenaity or cul1111r ftnd dC'lef• 

mine the 1b1orptlon curve on the tpeel:rophotometer In neutral, 1..:id ind alkaline 
eolullon ind compare th11 maxim• ft'lth tho1t obtained with 1ltc known dye 
(Table 3.1), The APA booklet lllu.tntct the 1b1orptlon curvu of 1111 the permiucJ 
water0 1oluble coloun, ucept Blick 7984 whlch hu been examined by Pursor1 
c:J, Auoc. PM•l. Anoi,,111, 1961, 5, 37). Each dye w11 examined In 11eutnl (0·02'Yo 
1mmonlum acetate), acid (O· I N HCl) and alkallne (0· I. N N .• OH) 1olution. 
Oyeln1 ind 1trlppln1 1ometlmn c1uae1 1ome decompo1i1ion o( ~"loun and thi1 
1rrect1 the chrom1to1r1m1 and 1~tropho1ome1rlc curvu obt1i11cd. Ir the d~~ 
appean to be a non°ptnnltted one, It 11 particularly lmport•nl tu •flply chtrnic~I 
te1t1 1110. 

· Oil.Solubl• ColoW't 

011 Yellow 00 and 011 Yellow XP are the only ol1°1oluble cnnl w colour• on 
the permitted l11t. 011 Yellow OG can be extracted by 1odlum hydroxide from iu 
ethereal aolutlon, but XP and mony of the non-permitted coloun c1nnot. For the 
laolatlon of the purlfted colour, tN nll ehould ftnt be 1xlrac1ed (rorn the fonJ with 
llaht petroleum. Then the colour can be removed with Cnirly c11ncen1r:itcd aciJ 1 

(AOAC, 1965, p. 673), or by eofvent partition ualn1 N,N-din111rh)·lforman1iJc 
(OMF) and ll1ht petr:ileu1n. 1'he latter method due tn MArk and McKeown 
c:J, A11. off, 01rit, Chtm., 1958, 41 1 817) la deacribed below: 

M1m1nn 
Dl11olve 10 1 ol oil In 50 ml li1ht petroleum, filter and tnn~!er to a acpor:itur. 

Extract with three 20 ml portion• of DMF, dl1c:ardln1 the p1trol la)·er, E~tra•·t 
the comb\ned DMF 1olution w\th rour 25 ml portion• of li1ht petroleum, bnck· 
extuctln1 uch time with 5 ml IJMF. Dlacard tho peuul ex1ru..:u. Dilute 1hc 
combined DMF 1olutlon with· tll equal volume of water and extract with one 

·30 ml and one 10 ml portion of chlnrolorm. Centrifu1e 1nd di1cord th• 1queou1 
DMF loyer. W11h the comblntd chloroform 1olutlon with °"ater 10 rc:move 
dl11olved DMF. Evaporate the chloroform 1olution to drrneu 11 room tcmpen· 

.. .. 
OD 
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or apectrophotometrlc examination ma7 commence at thl1 point), Dluolve the 
reaidue In 2S ml DMF1 tnnder to a aeparator, add 25 ml water and extract whh 
four 25 ml portiona of llaht petroleum. Diec:ard the aqueou1 Dl'AF layer, waah 
the combined li1ht petroleum aolution with water to remove the diuolved DMF 
and naponte the liaht petroleum aolution under reduced preuure at room 
temperature. 

Oil-1oluble colc>un can be aeparated by revene-phue paper chromotography, 
The papen uaed are prev.iou1ly aoaked in a 10% aolutJon of liquid panffin in 
mixed ethere, drained and then dried under vacuum. The paper 11 1potted with 
the colour after diuoMn1 In a auitable eolvent (e.1. ether, mixed ethere or alcohol). 
Sultable chromatosnphic eolventa are (l) 70 vols acetone+30 volt water and 
(2) 60 YOle dionn+-40 YOlt water (cf. Silk, R. S.,J. A11. ~ • .,te. CA,,,.,, 1959, 
42. 427; Saokola71 A.1 A11e1~1. A6.r1r •• 1964, 11

1 
1099). 

DHldek1 Pokom7 and JanlceJc (A110()lt, A611r., 1962, 9, #81) havf' deecrlbed 
methodt for the" detection and determlnatlon of oil-aoluble dye1 ualn1 TLC on 
alwnlna. . 

Oll-eoluble coloun can abo be ldentifted by diuoMna the ·extracted dye In 
cblororonn or acetone and obtalnln1 the abeorptlon curYe by means of the 1pectro· 
photometer. The abeorpdon peab for the permitted oll-aoluble coloun aro OU 
Yellow 00 et 310 m11 and Oil Yellow XP at 405 m,.. 

Natural Coloura 

Teata for varioua natural and other coloura are given in the AOAC 
(1965. 10th Edn, p. 673). Pfgment1 o( annatto can be separated by TLC 
(Ramamurthy, M. K. and Bhalerau1 V. R. 1 A11aly1t1 Lond •• 1964, 89, 740; 
Fnnc:l11 B. J., 1~4., 1965, 90, 3M). 

EMlll.SJFJERS AND STADIUSEJtS 

In 19$6 the Food Standards Committee adopted 1 Report on Emulsify. 
ing and Stabili~i!'I Agents which they had received from the~r Preservatives 
Sub-COmmittee.'~ost of the 1ub1tance1 covered in the Rep:>rt do act as 
emulsifier• and 1tabil.iaen, but tome of them are ueed for other properties 
they poueu, e.g. 11 crumb.softeners or anti-ataling agents, or to produce 
or break foama. The Report added that when emul1lf ying agent• were 
first uaed they were few in number and those u1ed were either n1tural 
1ubltance11 particularly guma or 1y~thetic 1ub1tance1 of 1lmple constitu­
tion. Progress in chemical aynthesis1 however, h11 now made available a 
large number of new products with ch'iracteri:.tics 1uit1ble for vlrtu1lly 
every requirement. The poaaible emutaifiers and atabilisen were classified 
as to available biological data a!'.<' whether their uae In food aooearecl tn . . . . .. . . 
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THE FIRST SCHEDULH 

l'aMITnD EMULllPIUI AND PlllMITTID STADILllllll 

Ste.,,.I t111rat•, 
~l•t• 1lrcerol •ten. 
Putl1I 1l)'Nrol nt1ri. 
Partl1I pol11lycerol 11trn. 
PtopJIJne 1IJCOI 11ten. 
Monoat11rtn IOdlum 1ulpho1cet1te. 
Sorbitan 11ten of fatty ecld1 ind their polyoxyethylene deriv1ti1·tt. 
CeUu.Jo11 ethen, 
Sod.I um earbo~methyl celluloae. 
Bramin1ted edible v11et1bl1 .oi11. • 

• Due to lie wlthdr~wn. from pem1hted U1t on I 1t September 1970. 

Important provl1lon1 are given in Regulations J and •(cf, p. +H): 

s.i.. lk. "'/ootl eont•'"'"' mtfAllijf,,, or •t•bi'lim1 
3.--(1) Subject to the provi1lon1 of thl1 resulatlon, no rood 1hall cont1in any 

emulai&er or any 1tablll1er which 11 not a permitted emul1ifier or a permittl'J 
atablUaer. 

(.2) No lour, Intended for 11le •• 1uch, 1h11l contain any cmu11ifter or a11)' 
at.ablliaer. · 

(3) No bread •hall contain any emul1ificr or any 1t1hiliaer other than atear)·I 
tartnt.e or putl1l 1lycerol eatere. 

(4) No penon 1hall a•ll, c.:on1lsn or deliver, or Import Into F.n11land and W11lc1, 
IUl)' lood which doe1 not comply with thlt re1ulatlon. 

(5) 'l'hll f'll\llatlon 1hall not apply in relation to any f·1od cnnt1lnin1 any 
emul1•"9r or any 1t1bl111er 1 . · 

(•) inumuch 11 that 'lmulalfter or· that 1tablll1cr 11 l\11tur11lly rrucnt In 1h1t 
food: 

(6) by nuon not of the uae of that emulalfler or th11t ,U11iliur 111 1n ln1rmlicn1 
Jn that food but only of the uae durln1 the prepuawn of that food of a tin 
1reaaln1 emulalon contalnin1 that emul1ifier or th:it 1tabili1er. 

.<:111,., tit, oJ er.am anti r1eon1tllul1tl er1am (cl. p. 444) 

4.-(!) No cream or 'reconatltuted cream 1h11l contain any thickcnina 1ub1tance. 
1 (2) No penon 1hall 1ell, con1l"n or deliver, or import Into England and Walu, 

an7 ~Ham or recon1tJtuted cream which doe1 not comply with thi1 re1ul1tion. 

Under 'Interpretation'• Regulation 2 include. the following definitions: .p . , . 
1

emul1ifler
1 

and '1tabllleer' m11n re1pectlvel1 any 1ub1t1nce, 01her chin • 
natunil food 1ub1t1nce1 which la capable: 

(a) In the eue of 1n emul1lfter, of 1ldln1 the form1ti11n or, and 
(6) ln the c:aae of a 1t1blll1er, of maintaining 

tl1c uniform dl1pe~lon of ty.i~.or .more lmmlaclble 1ub1t1ncea, but do not in tither 
cue Jnclude 1pr1 al1inlc: acid~· calcium 1l1lnate, •odium al1in1te, curareen, 
edible sum.. d .. trln, pectin, calcium pectate, •odium pectote, calcium chloride, 
calcl.um lact1~e, leclth ... quill1da, protein• (whetht.r hv1lrnlv•"'' •f "'~ ··' ·' .... 

... .... 
oD 
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TABLE I 3.1 
·------- -- ... 

---·-···--··~ 

Rp valun' and apectrophotometric pealca'· • r or varioua lll'lter·•otuble coloun Main 
~ apectrophotomctric 

Soh·ent number peaks 
2 3 •• 5 6 I 7 A 9 10 t1 12 m" ------- - ---- -- j ------· ·-· - .. ··---... ··- .... 

l\r.os-
. 

Poncea11 MX l 0'°6~67 0-12 0·40 ~so O·ll 0·55 I 0·35 0·41 0·41 0·23 0·19 0·06 500 In acid 
Poncea114R G-17 0·39 0·51 °'"' 011 0·26 O·U 0·26 0-25 0·0'1 0·57 0·33 SOS In acid 
Cumolslae CHI O·OI 0-59 0-H 0·44 0·17. O·J7 0-21 O·SS 0·30 O·ts O·OS 515 In acid 
Amanath 0·62 0-U 0·27 0-29 0·14 0·19 O·U. 0-17 0-16 0·04 O·:JJ 0·07 520 In 1cid 
Red IOB 0·51 CH4 0·36 0-37 0·26 0-30 0·2J 0·37 0·37 0·21 0·20 0·00 0·14 525 In 1cld 
~IDelS 0-21 °'°' 0·52 0·61 l·OO O·SI 0·47 C>-57 . 0-52 O-S66 . 0·06 o:oo 525 In alkali 

0-36-t·bo 0-2~· a 
Med20 0·70 o-ta 0·42 C>-43 0·34 0·35 0·31 f>-39 0·41 0·11 0-46 0·16 530 In 1cid Red61a 0·41 "°' 0-20 0-26 . 0-11 0·11 0·37 0-22 0-22 0•10 0-21 0·05 SU In 1cld 
Red Fa 0-11 G-01 0·10 0-12 0-25 0·11 0·49 o.n 0·()()..0-SI 0•24 O•OJ 0·00 3115 ind 495 in aciJ 

OJO 'j O·IJO-Ooh 
Ponce111 SX t 0·67 C>10 CHS CHI 0·~9 0·41 0·39 O·Sl 0·26 O·U 0·07 SOO in 1cld 
Poncc111 31\f 0-27 D·OI 0-U 0-4:1 0-39 0·47 0-36 CHS G SI 0-U O·tt 0·04 SOS in acid Fullleda C>-44 C>10 0-60 0-SO 0·31 0·47 0·45 C>-t9 0·51 0·24 0·19 0·06 SOS in acid ..... 

OIWIOD- N 

Onn1•0 o-91 0-61 0·71 CHI 0·35 0·47 0·41 D·S2 0·52 0·2J Q.66 054 475 in acid 0 
OraaceRH · us Ct-111 G-14 C>IO 0-59 0·75 0·74 C>7S 0•71 O·S7 0·21 0·09 415 In 1cld 
S-UtTellowFCP 0-71 0-'19 C>-72 0-46 0-21 0·45 

I 
0·40 tH3 0·46 0·22 0·43. 0·24 4110 In acid 

YILLOWI-
Tattnai.e ·G-91 0·32 0·41 0·28 0·12 0·17 0·09 0-20 0·25 0·04 0•70 0·3J 00 In ecid 
N!Ghthol Yellow If o-n °'" 0·76 0-SO 0·44 0·54 0·17 IHI 0·7J 0·44 0·40 057 J70 in acid 
Y ow20 ·· 0-96 Ht 1·00 0·'3 0·44 0·41. 

1 
0·41 0·37 0·6S 0·31 0·76 0·75 400 in acid 

YeUowRFSt HS 0-56 0•79 CM6 0·33 0·47 0·30 CHJ 0·47 0·22 0·54 0·69 510 in 1cid 
. Yellow RYt G-14 °'" 0·23 0•22 0·07 0·04 0·18 0·07 0·16 O·OJ 0·27 0·2J 435 in 1cid 

~ O auM. D&.ua AND VaoU'TI-
0·30 0·13 Oreeal · O·ff C>70 l•OO 0·63 0 ~ .. 0·44 0·70 4>41 0·67 0·90 635 in 1cid 

Blue VRSt D-14 0-71 1·00 0.76 ;; 54 0·70 0·76 0·64 0•70 0•32 0·79 1·00 415 in 1cid 
ID1Uto Carmine 0-52 0-12 0·27 0-25 0·14 0·20 O·JO 0-21 0•34' O·U O·IS O·IJ 285 ind 6 IS in ~ciJ 
Viol•~ BNI' O·IJ o-oo-c>-aa 1·00 0•72 O·S4 0·6J 0·110 0·68 0·7S O·J2 0·00·4M 4 019 590 in nc111r1I 

B1'0WNI, Bu.cu-
lkowaFK 0-08, (). 26 0-03 0·~·71 0'39 0·11 0·39 , .......... M'J,0·57 0·77, 0·6l 0-49, 0·27 0·11,0·0J 0·00, 0·12 455 in acid 
Cbocola•• Browa n 0·00-1·00 0·00-1 ·00 0·00-l·OO 

o-84 
0·22 0·~·49 O·IJ 0·00-0·50 0-U O·ts 0·00 0·00-1·00 0·00-l·OO• 470 in acid a.oc:oaa .. 11'owa HT 0-0()-1-00 0·00-1-00 0·0()-1·00 0·22 0·~·47 O·U O·OO-O·SO 0-SS 0-IS 0·00 0·00-1·00 0·0()-l·OO• 465 In acid BlackPN · 0-00,..0.10 0-06 CHO 0-17 O•OS 0·06 0·10 0-U 0·14 0·02 0·10 0·02 S70 In 1cld llacll 7914. 0·00-HI 0-0S 0·06 0-12 0·07 0·10 0·03 CHI 0-00 O·OJ 0·06 0·00 S6S in 1cld - ·----·---···--· .. ·~ .. ·------ I -· . -.--

• Position of leadin1 ed .. of atreak varln with concentration. 1 Theae co[oun were withdnwn from the permlned Ii.a on 26th June 1967. 

Refercnctt: 1. PtHton, D. and Walke~ R. W., ,. Anoe. PuW. AllGQ•ab, 1965, \ 45 
Due to be .. ~ttldrawn from the permitted Uat,ln 1971. 

2. APA, ~pi!!tion and I tatillcation of Food Coloun Pennltted '1 Th• Colourina 
• M"'"' 1n Food Reaul1tion11 19S7 (published 1960). 
· 3: Pt1non, D.,,, .411ot, NI . .4""17111, 1967, 5, 37. 
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. Preservat~ves (in the proper sense· of the term) 

t .E 200 Sorbic acid 

!.E 201 Sodium sorbate (sodium salt o.f sorbic· acid) 
E 202 Potassium sorbate (potassium salt o.f sorbic acid) 

:..E 203 - Calcium sorbate (calcium salt o.f sorbi c acid) 
~E 210 Benzoic acid · · 
-E 211 Sodium benzoate (sodium salt of benzoic acid) 
~E-212 ·Potassiua benzoate (pota&i.um salt of _benzoic acid) 
~ E ·213· -calcilllll bei:uaoate (ca1cium salt o:f benzoic acid) 
E 214 Ethy-1 p-h:rdro~benzoate (ethyl ester ·or·p-hydroxybe~zoic ac 

; E 215 - SodiUJll ethyl p-hydxo~benzoate 
!E 216 PropT1 p-h:rdro%3'benzoate (propyl ester of p-hydro~benzoic 
: acid) _ 
'. E 217 Sodium propyi p--hydn>x;rbenzoate 
E 218 Hethy1 p-hydi'o%;Ybenzoate (methyl ester of p-hydro:xybenzoic 

acid) 
E 219 

.E 220 
~E 221 
:E 222 
E 223 

·E 224 

Sodium methyl p-b7dro%;Ybenzoate 
Sullur dionde 
Sodium snl.fite 

Sodium bisul.!ite (acid sodium sulfite) 
Sodi!lm netal'tsul:ti te (sodium pyro sulfite or sodium diSulfi tc 
Potassium metabisulfite (potasium pyrosul.fite or potassium 
di.suli'i te) 

E 226 Calcium sulfite 
E .2Zl Calcium bisulfi te (calcium hydrogen sul.fi te) :E 230 Biphenyl (diphenyl) . 
. E 231 Orthophenyl phenol 
.E 232 Sodium orthophe:cyl phenolate 
!E 23; ~abolld&zoic 

1236 Joftlic acid 
E 23? Sodium !ormate (sodium salt o! 1'ormic acid) 

238 Calcium formate (calcium salt of f orm.ic acid) 
i . ~39 _ Heumethylene tetrami ne 
:hese~ agents exclusively !or surface treatment 
E 240 SodilIDl silicate 
E 241 Potassium silicate­
::: 242 Cal . . 
E 243 Par~fu ~:oxide ''-~:..kc.:~ .~..: :.\: ./ 

Subst~!s intended nai.nl.y for other purposes but which may have 
_a subsidiar.r preservative property 
E 249 Potassium nitrite 
E 250 Sodium nitrite 
E 251 Sodium nitrate 
E 252 Potassium nitrate 
E 260 Acetic acid 
E 261 Potassii.Jlll acetatP. 
E 262 Sodi'll:Al di.acetate 
E 263 CalciUI:l acetate 
E 2?0 Lactic acid 
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Tab1e 1 (Contd.) 

E 280 Propionic acid 
E 281 Sodilllrl propionate (sodium salt of propio::li.c acid) 
E 282 C~_cium propionate (calcium: salt of propio::.ic ·acid) _ . 
E 283 Potassiw:i propionate (potassium salt of propionic acid) 
E 290 Carbon dicri de· 

TID>le 2. Admissibili:!:Z of the 
countries 

foremost preservatives in some 

sul.fur. propionic sorbic benzoic J!-hYdro%;Ybenzo:. 
:dioiide ~ ac.:~! ·acid acid acid ester 

J.ustralia ++ + ++· ++ + 
Austria. - ++ + +'.+ ++·· ++ 
Be].cium ++ + ++ ++ +. 

Brazil ++ + ++ ++ 

Canada ++ + ++ ++. 

Dem.ark • ++ + ++ ++ + 
EEO guidelines ++ + ++ ++ ++ 
~and ++ + ++ ++· ++ 
France + (+) + (+) (+) 
GermallY, Dem. ++ + ++ ++ ++ 
Republic· 
GeDia.ny, Fed. ++ + ++ ++ ++ 
Italy ++ + ++ + + 
Ja:pan ++ + ++ ++ + 
Netherlands ++ .. + ++ ++ + 
New Zealand ++ + ++ ·.++ + 
Norway ++ +· ++ ++ + 
South Africa ++ + ++ ++ + 
Soviet Union ++ ++ ++ 
Spain ++ + ++ ++ + 
Sweden ++ + ++ . ++ + 
Switzerland ++ + '·++ ++ ++ 
llX ++ + + .... ++ 
USA ++ , ,. ~ , 
Yugoslavia ++ +· -t:+ ++ 

Ke:v to s;nibol s: ++ -oer:nitted for 11an.v .f'oods 

(+) perutitted only in exceptiona1 cases 
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~b~e .. 4ceep~able Dailz Intake ~f Preserv~~ives 

-
Acetic acid, inclnding its potassium 
and sodium salts 
Benzoic acid, including its potassium 
and sodium. salts 
.Die~l pyrocarbonate 

Formic acid 
.. 

·nexamethylene tetramine . 
~dr021benzo!c acid but71' eater 
p-B;rdroxtbe:izoic acid ethyl eater 
p-lqdro~enzoic acid met~l ester 
p-~dr~bem.oic acid propyl ester· 
Hydrogen peronde 

Lactic acid, including ita ammonium., 
calcium, potassium and sodium salts 
llatamycin (pim.aricin) 

Propionic ·acid, including its calciWl'.1, 
potassium and sodium salts 
Sodium diaaetate 
Sodium nitrate m:sd potassium nitrate 
Sodium nitrite and pctassium n.itrit~ 
Sorbic aci~, i~cludi~G itz calciUe1, 
f·ot~E£iUCb a..Tld zodi uti: scl ts 

~u.lfur cioxice, scCl.il::l a~d rotassi~= 
~etabisulfitc, soiiuo sulfite a=.i 
scdiuaa hf drcsan sul!i t& · 

11 I I I 
I I I I I 1111 ' 

' ' ' I II I 

acceptable daily i:::talte 
(mg/kg body w~ig~t per day 

no licit 

0 - 5 
should not be used; 
value !ormerly determine 
has been deleted 

0 - 3 
0 - 0.15 

not yet determiled 

0 - 10 
0 - 10 

0 - 10 
not determined 

no limit 
0 - 0.3 

no limit 
0 - 15 
0 - 5 

C - 0.2 (~L11l?Ora:'y) 

0 "."' 25 

0 - 0.7 

II II I I 11 
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APPENDIX 12 

· -~l~ l2 ~-; Hode of· action of so11le preservatives o:i microorganisms 

Bacteria Yeasts 

· xitrite_ ++ 

Sulfite ++ + 

Formic acid + ++ 

Prcpicmi.C acid + ++ 

Sorbic acid + +++ 

Benzoie aeid ++ +++ 

p-llydro~benzoie acid 

esters 
Diphe!J1'l 

Xey: 
+ 

++ . +++ 

ine!!ective 
slightly effective 

++ 

++ m9der~tely e~!ective 

+++ highl.y e!f eetive 

. Holds 

+ 

++ 
++ 

+++ 
+++ 

+++ 

++ 
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APPENDIX 13 

Paper prepared for semin:tr ·"Food ~lity Control" at the Department of 
Quality Control and Ketrology in Hanoi, March 1993. 

FERl'IENTED SOY PRODUCTS 
l'IANUFAaJRE~ QUAL!TY AND HEAL.Th ASPECT 

ttany kinds of soy _products are used as a nutri~t f·oods. In ~:"'!"'! Far 
East very popular are feraented soybean products such as •1so .and 
soy sauce. 

1'1150 

l"liso is a semisolid fer11ented 'food made from soybeans,rice or barley 
. and salt. Miso is popular in various countries produced at different 

types under different names. 

TRG 
lloTky llfiso (wilb barley-Japan) 
~ (olam wilb wbcal lour-Cluaa) 
Dajolw (wilb rice or barley-Kotca) 
Donljani (same as ....,-KorcaJ 
Lio miso (liabt n:d-browa colour. low sail. sbon 

fcrmcnWioa-Totyo. Japan) 
HWUo (Japan) 
Kin:anji,,., (Japaa) 
KocJu.n. (wida rice and mustard-Korea) 
X.DIM llliso (walh miBcci rice-Japan) 
MllllW miso (aD soybcaa. DO CCRaJ. lc.11 fcrmeo-

Wion-dccp recl-brOWD colour-Japu) 
MicHniso (wida barley-Japan) 
Ria mislJ (Ytilh nee. tbc major lJPC ill Japan) 
Sadili miso (Rd-brown colour. biP sail COIUall-

Japaa) 
SbinlM miso (wilb rice. liJbt )dlow-brOwn colour. 

bip 1111-Japaa) . 
Soybtipa pae Cpnaal 1tn11 for ..UOJ 
Sl>y jlllll (Mah wbca&. dlick ~ black paaac. may 

be w4imca& '*icb fonm durin& produCllOD o( SO)" 

MlllU-Cbiaa) 
Tao-dlia (Thailand) 
T.oco O""onai1) 
T~fi""I (Oaiaa) 
T~(samcudt'llarw-~> 
T1111111ia dtt"'I (from wbca&,, usia& svaawl lwad­

Oaiu) 
WAiu milo (Ytida rice. low uJc. Jiabl colour. oaJy I 

week Cctmeawioa-Japu) 

"iso c•n be 1n gener•l cl•5s1f1ed in~o thr:Ht • JDr typL-s. on th~ b4~is 
of the r•w ma~er1als: rice •1so made +ra. r1~•. soyDe•n m1so •~O• fro~· 
soybean and salt, barley •iso made from barley.These types are further 
classified b..- taste int'? sweet medjuir. £al~~ ~nd c;.oel+:v Qroup<S.Each q,.our 
1 s further cl i\S"ii f ied by col our 1 nto wni te, 1 i ght yell ow .;.nd r·eo. 
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l.Off!OOs1t1on UT ~ever.;.l kinds of miso is pre::!:n'(.ed or. t.::·'l-'-·:: !. 

Table 1 
eo.aom..·cw~~°'Mllo 

. MDiltlme ..... Fat Wium 
VariclJ' (S) CS) (S) c:Waride (S) 

WIUl.mbo " a 33 : 5 
&Jo-.ctmilo 40 10 20 ' cs 
Sab ~,...., aaiso " u 13 s 12 

~---
$0 D 14 0 1$ 

Darloy -- lllilo 40 11 - 1S $ u 
Blrle,aabMo " n 11 s 1S 

~miso C7 u 2 10 10 

The menufacturing process of •iso is presented on fig 1. 

r•UsH• rice (S.O K1.J 
t -

.Waslted ,-
Soabtl (17 •r. at 25• C.) 

t 
Drai1 e1<ess wider 

t 
Stea•ed (70 •i•.) 

t 
(Hit• to 35• (. 

t 
1 .. e1lat1• wit~ ~fMrgillua Oty~o• 

t 
l1<Uote (SO lar. at 27-U0 C.) -

t 

s ....... as 't . 
er.Med I• nPer •ill 

to 1r1ts (S lg.) 
t 

Wasked 

t 
Soaked i• water 
(7.S l., 2.S kr .) 

t 
Drail ncess water ,- -

Stea••• 
(1 kr.; S •.) 

t -
Cooled 

(Wt. t0.40 lg.; 
~·mmeS7~) 
~ ••a (2 11.) 

ltii (••W rice) 4 19. 

1ua1a.. ~ 
0.75 11. ••tar 
0.25 '•· miso 

aw. ,. 
f1m11tatioa 

(7 U,s- 21• (.) 
(2 •Htlls - 35• C.) 

-t 
life••• . 

(2 weeks at r••• t1•ptrat1r1) 
t 

lleu• au M1slaed 
t 

Miso 
(lpprtl. 17 .0 lg.) 

flO. I flow sbeel oa produaioa o( miso. 
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,;1 Chough the aanufacturing method di.ffers frot1, variety to variety, 
the principle 1s alta0st al..ays the same. The out!1ne of the process 
~or manufaturing salty rice •iso,one of the most principal varieties~ 
~ons1sts of cooking soybeans, preparation of ~oji, •ixing with 
t~rmentat1on is in a vat or tank. After fermentation ::.s !:>lending and 
oackagir.9 including s~eril1zatiQn. 

tor r...oj1 ~ereenta'tion, m!lled rice is at -first cleaneCI and wast1ed 
and tner. soav.ed in water at a te91Perature o~ t~•c ie,,r 15 n or r.~re. 
The soaKed rice is drai~eo off to be steamed in a open cooker for 
-iv-7\J ll'ir.. After cool I ing the spores of A=:apergi l lus oryza!! spec1a.1 ! y 
:.•reparea ior this pur:pose are sprayed 0.-1 th:: r1!:e and m1:-:ea 1-1!?1 l. 
•n~ most suitaole conoitions are 3o•c and 961. relative humio1~y Tor 
15 h mold develops. The completed Koji 1~ ta~en out ~0-4& h ~ft::r 

1noculat1on to be mixed with salt to ~alt turt~er moid developme.,t. 
Tr.en tr.e coo~ea soybeans are •ixed w1 ~h sal te.a. !."'"lCe 1<.nj1 ~ anti w! t:~ 
tne inocuh.~m of culture yeast and lact.ic acid bacteria un~1l ar. eve:-i 
r.-:1 :-:ture is obt3.ined. 
This llH'.'•:t:ire green· miso is packed into a fe,.-ment:.ng "'at or t.ank 
•.1suailv oi .. tons or 111<re c:.pac1ty and covered witn a piatO?. 
r-·i:;rn;enta~1 on is at around 3u•c for the 1-3 _n1ontno; o:::-~ending on t~·e 

.·ar1ety bi:ing made. [iur1ng tnis period this mi:-:ture is moveo ~ron. 

cne -'at ~c· another at least twice to improve the fermencac1on. 
Ferment.:ed •1so is transfered to a ripening va~ or .tank held a~ room 
i:E-mpe~·ature. The ripen~ •iso is then bi.endea and r.aasned. From l("j0 
a<g of ~avoeans, 600 Ki; rice and 430 Kg of ·se:lt coulo obtained 2700 
... i;; r:Ji m? so wi tn 487. water content. Tt"1e shelf 11 +e cf m1 so depends or. 
1;,~ v_•rH•t.:y only 1 wee!< for whi'Ce 1niso~ 2··w.i:~·'E+s ior Edo 111:1.so. 2 - :. 
•r•ontns for salty lign yel1ow •1so and 5 mor.t~.s for salty red m1so 
!:;;?pc unpackagea •~ te..perat&.:re oelow 2~C. Sometimes soro1c ~c1c! ~s 

"le!oed b5 ~ pre..,-vat1v• At• level le55 th•n 1 g/r-·g of' rice \ 1. 

!n Japan 1n1so is very popular as; a n4n:1onal +ooo. Usua.lly :a.s eate•1 
as an inQred1ent of miso aoup, or as ·a sweet pasce with sugar and a 
variety oi faods aucn as .aat, fish, vege~ables and f'ruJt. 

Recently -i:ne techt;t i que of mi so production has progressed spectacular l ,,. . 
Automated fer.ent•tions and continou5 cookers are used for t~e 
industrial production. ln 1985 the total production amounted more 
tnan 600,000 tons in Japan. Recently misc has often been sold \n 
.iapan in pias~ic film b4gs, each containing 500-1000 g. Miso 1s 
pasteur1seo to prevent swelling caused l:iy activity of remainir.g 
living yeast cells. 
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SOY SAUCE 

Soysauce or shoyu - name for soysauce in Japan, is a brown liquid made 
fra.l soybeans often with wheat or other ceral crops.It is a very popul~r 
liquid pungent seasoning· used in Oriental cuisine with al.ast every dist •.• 
The varietyies and uses of soysauce in Japan are given in table 2. 

Table 2- Charac~eristics and uses of various types of soysauces 

~&l&ace ~ uao 
Reg&Atq sauce sarana-- Cooklng~fOt 

&tlWl&WOIW fMIY fooastldL TaDll 
Deep redclsbbrown conaimeatfor Mq 

foodstuff 
Ught<Okmdsat ~r8dclsbbroWsa Cooking for keeping 
sauce coku' 1he origilal aavcu ana 

emu ollhe foodstuff -
itself 

Tamari SO'/ sauce Dark brown c:okJW. Japanese rice cracker. 
RGI mnsiS111C.1CJ. . Table cacdmentfor 
Deepertlawu raw fish 

SausbikOmi Sl1f Dart trowncoku. Cooking for hot 
sauce ·Stnxlg taste dishes. 91Cabayaki of 

_. Glaze of "Sushi"" 
Shiro SO'/ sauce light yellOwlD tan Cooking for keeping . cokJur, sweet 1he original colQ&r of 

fooc1s1Uff itself. 
: Japanese noodle - seq>. .. 

In Oriental countries the dining table brings out the best flavors. 
People without a taste for soysauce would not enjoy oriental cooking. 
Many varieties of soy 5auce are pro~uced in all Asian countries types 
with n~es used popular in those contries. In So.e Asian countries soysauce is c0'1ducted by people.in ·s.A.il1· 
faaily-Qperated plants. 
In KOrea, the hoae.ade soysauce is prepared by a traditional 
method in which cooked soybeans are smashed and made into small 
balls, then subjected to natural inoculation of Aspergillus and 
Rhizopus naoulds. This process taking several months in Win~er. 
Whenjipring comes~ this mold-cultured materials are e~tr.\C..ted with 
salt water. The liquid part is ~oiled end fermented under the sun 
to m.ake •oysauce. The re5ideu of extraction 1~ mixed with ~alt and 
stored to make miso. 
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Below are leal::ited types of soysauce produc~ in Asian countries. 

Tna 
a... ,_ (maialy SOJbcam. dart colour. F<M!!C'•nrs 

widl added sapr-Oim; .ICGRa) aua...r-,., (wida wbcal or buiq-Maadaria. Oaiaa) 
~ (wida C&JaUIC pcppc:r-Kosa) 
Hoo :yu (type of Opla ~) 

H""" '°" (Oaiaa) 
ayu (fnam black soybcam-Taiwan) 
J1111 (wiab wbcat-~ 
J"'W {KoRa) 
X.P., (Xora) 
K«ap (from lllact SOJbcam. wida rOUICd camva 

ftow-ln&M!nia) . 
kap Gill (sally-ln&M'Clia) 
Klap ...U (,..,.,,._.-lndognja) 
Xltjtlp (Was Rm, lpdorv:sja) 
Xiap (Malaysia) -
Koikw:lli sltoyu(wida S0% wbc:al. .... type iD Japan) 
Lak;.,_ (lbic:k varicly-<:aacoa. CUaa) 
Mokjaiw {Korea) 
M~}M {Kore;.) 
Oysur Siii/a (01SlmaJObd iD soy sauce ao ai~ mild 

65b 8avour-.Qiaa) 
Piile Y4ll (Chiu) 
Soishito.i .,,, (dart bsOWD colour-Japan) 
Sai-yov (dlick-C..acoa. Qiaa) 
SolwJia (&bia-Oarm. Qina) 
Su-illl Cw as..,_ Tli•il•acl) 
Sllih-yu (Wh wJacal-MtndaliD. Qiu) 
$1,;,,ujj/d slloyu (Japu) 
SlijTo llloyu (yellow brOMI colour-Japan) 
SAio (Japua) 
Sboyu (maiD Da111C fOt "11 sauce iD Japan) 
Si-iM (CeauaJ Thai'aad) 
s;.,_ (wi&h wbal-OilllOa. Cbiu) r...., (wida 10-" wbcas. dart browa co1our-

0Uaa> 
T111>-yu (Jadonaia; Oaiaa) 
T•JIO (Pbilippiaa) 
UMlbldll _,,, (widl wlla&.. liala& mlour-Japu) 
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According Japanise Agricultural Standards the production of fermented 
shoyu is as follow. 
Raw •aterial soybeans and wheat are inoculated with t~oJi mold 
<Aspergillus oryzae or A. sojae> to make a Koji. The:1 this Koji is 
mi~ecl with salt water m~ke •ash or •aromi. Maromi is fer!Rented with 
lactobacilli and yeast and then well aged.The flow sheet on product;on 
oi shoyu is presented in Fig. 2 

I 111 I 

Sabeaas 
Wbeat def atted meal 

Ra!ted 0.1 % - 0.2% sa!ed 
+ hu~ + 

Crasbed li&btly (A. oryzae & A soyae) Aataclavt~ 

~1!ed~ .. 
Koji looms 25 . 3:i° C. 

Moisture 25 - 37% .. 
17-19% salt briae --. Koji 

+ 
lorami (masb) 

+ . 
Lactic acid f ermeatat!Ga 

+ 
Yeast f ermeatatioa .. 

Aci11 
+. 

~Pressed~ 
Cake liq_aar 
+ . ~ . 

Cattle feed Pastarizatiaa 
+ 

SbOJU 
FIG- 2. flow sbccl OD puduc:lioa of lboyu. 

' 
I I I I 

• 
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MANUFACTURE 

A. KOIK:UOU SHOYU 

Japanac-fcnncntcd ~yu of lhe koituchi rype involves five main processes·: 
the ualmCnl of raw materials. the making of koji. the making and aging ot 
mash. pressing. and refining. One example of lhc prcparalion of koikuchi shoyu 
is schcmarically indicalcd in Fig. I . 

I. TrealtMnl of Raw MtJUrials 

Whole soybeans. or more conunonly. dcfaucd soybean grits. arc moistened 
and cooked with steam u:ldc:r ~- This process greatly influences the di­
gestibility of soybean procein. Ddails will be provided in a lalCr section. Wheal 
tcmds. the ocher half of lbc raw malerials. llC roasted al 170-ISO"C for a few 
minutes. lhcn coarsely crushed inlo four or five pieces. 

2. Tiu Making of Koji 

~ tw'1 malCrials arc inoculaled wilh a small amount of seed mold or pure 
cultluc o( A. oryzae or A. sojae. This mixnR is spread to a depth of 30-40 cm 
on a large pcrf Oraled stainless-steel platc having a rectangular shape that is 5 m in 
width and 12 m in length. for cumplc. or a doughnut shape with a di~ of 
15-30 m. The hcat-ucate.d raw materials arc aer3ICd for 2-3 days with controlled 
temperatures and moisturc<0nuollcd air. which comes up from the boltom holes 
through the ingredients to create ihc proper conditions for mold cultivation and 
enzyme fornulion. The tempcra1urc of lhc inarcria1s is kept al -30°C. and the 
moiSlurc conlCllt of lhc materials. which-is 40-43fo al the beginning of cul1iva-
1ion. &creases to 25-JO'I> after ::? or 3 days. This allows lhe mold to grow 
throughout rhe mass and provides the cnrymc neceswy to hydrolyze the protein, 
swch. and odlcr constitucnlS c,f ch.: r.a• nwerials. This mold<ulturcd material is 
called koji. 

3. Th~ Mnit.11tJ( .i11J Aging of Mash 

In nl4il1n1 ma:.h. the toji u; mi~ •·ith saline waccr which ~s a =¥JJ~ ~:, 
conClnl and a volume 120-IJOQt •hll of tilW materials. The mash. or ""mon>mi. 
iii Mln•fcm:J 14') deep fcrmoMa&k>n &oa,. Apptoximasely ,. w 10-~I wooden 
.kcp or 10. kJ 20.kl concrece lanb for~ (ennentalion arc~ bcin1 re· 
pixed by r~in<oated iron aanks ,,f ~-JOO kl. The moromi is held for 4-8 
mor.lh~. "4:r<nding upon its 1cmp.-r4'un:. with occuionaJ asicaaion with com· 

' ' 
I I 1111 I 11 I 11 I 11 I I I I I 111111 I 
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SOY SAU<."'E bKX. "H041Sl"RY 

pr~J air to miA lhe dissolving conlcnts uniform!y and to rw •IOlc rhc nuaohial 
growth. 0'1ring the fcrmcn~tion period. the enzymes from I. 11 mold hyJmJyzc 
~of the prolCiD co amino.acids and low-molcculac-wcit?hl ~puJo. Approx­
imaldy 2<>'11 of the statch is consumed by the mold during L.11_11 cultivation. bul 
almost all of lhc remaining swdl is convened into simple sugars. More than half 
of this is fermented co lactic acid and alcoilol by bctobacilli and }~. ~pcc­
rivcly. The initial pH value.drops from 6.5-7.0 co 4.7-4.9. The -lactic acid 
fcrmentarioo producal in:.~ beginning stage is gradually replaced by yeast 
fermentations. Pure-cultured Pediococc-us halophylus and St :c:chaTomyceJ rou:Di 
are somcrimcs added co lhc mash. The sail concentration of uush remain.' ~1 17-
18% (weight per volume) after 1or2 mondls. The high concenttauon of mash 
dfectivcly limirs the growth to only a few desirable types of microorganisms. 

4. Pressing of Mash 

An aged mash is ftlrcrcd through clolh under high hydrauhc prc~~rc. U~ually 
12-13 liters of sboyu mash is put on a square sheet of clO(h. JOO x 100 c-m. 
which is lhcn folded into a square. 70 x 70 cm. A second. smaller squ~ sheet 
of cloth. 65 x 65 cm. is placed on top to wrap me mash. Successive Jaye~ arc 
added and place.d in a wooden box until there arc 300-400 sbccrs of folck.d clolh 
containing the mash. These arc dacn pRSSCd for 2-3 days under hydraulic pres­
sure. The pressure is increased in two or due.c stcpS. sometimes reaching l 00 
kg/cm2 in the fanal stage. making rhc moisture contcnl of -the presscalcc 1c.~, chan 
25'il. A diaphragm-type of pJeSSing m3chinc has reccndy been used f0t ~hoyu 
mash filrration instead or lhc batch-type hydraulic press. resulting in a prts!>Cakc 
wilh a moi~urc contenr of more than ~. 1be residue from rhc pressing c:~f the 
shoyu mash. or shoyu calce, is used for animal feeds for ~ows and ducb. 

5. R~ji11ing 

The liquid pan of the mash obcained by pressing is srorcd in a lank and divided 
inco lhrcc layers: lhe sediment on the bouom, the clear silpcrnatam of rhc middle 
layer. and the oil layer floated on rop. The middle layer i~ somccime~ funhcr 
cbrilied by filttation with Kiesd&d ·as a filler aid in order to get chc: raw shoyu. 
Af tcr adjuscin& the sale and nirrogcn concentrarions 10 1hc standard. tilt clarified 
ra" shoyu is pasteurized at 70-SO°C and 51orcd in a semicloscd rank. The clear 
miJdJc layer is bouled or canned. or M>mC&imes spray dried. l~ c.>il layer 
sc~tcd from che hcared shoyu consi5lS of free f auy acids. and rhcir elh)"I c,.rc-..S 
dctivc:J from li1c ycat melabolism of soybean and wheal oils, and iii~ ~onk·1inlC~ 
rni>.~J wi1h painr as a anrifreczing a~cnl. 

II I I I 11 I I II I I II 

• 

11 I I I I 
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tiood quality Kojkuchi soysauce contains 1.5-1.8 g/l total nitrogen, 
3-57. reducing sugar, 2-'2.5X ethanol, 1-·1.57. polyalcohol <glicerol>, 
1-27. organic acid. <predominantly lactic acid) and 17-18 sodiu• 
chloride.The detailed composition of fer•ented soysauce is presented 
in table 3. 
The middle columns gives the component percentages based on the 
liquid condiment as it is used by the consumer. 

Among the components gi-ven .in table 3, the free amino-acid have been 
of most important because o-f their nutrient value and as precursors 
for characteristic aroma and taste. The free amino-acid usually 
account for- 40-507. of the total soluble nitrogen. 

COLOR OF SOYSAUCE 

Tne color of soysauce mostly develops from the nonenzymatic reation 
during thermal process and aging throu ma1llard reaction between 
amino-acids and sugars. 
The color of shoyu is a type of melanoidin pigments consisted 
mainly of two compounds: c~ Hn- N.104S and col., H1;-NJO.,.z,.. The color of 
shoyu have a dominant wovelengn o~ 590-620 nm. About 507. of the 
color oi shoyu is for•ed during ferinentation and aging of mash,and 
the remaining during pasteurisation. 

FLAVOR OF SOYSAUCE 

The flavor of soysauce is the most important criterium of soysauce 
quality. The relationship between the organoleptic evaluation of a 
shoyu and its chemical constituents was very well investigated in 
japan. More than 20 Japanese investigators··had isolated about 130 
flavor- compou11ds from fermented shoyu using Gas Chromatography -
ma~s Spectrometry technique. The flavor components found in shoyu 
are presented in AnneK 1 
Up to day were isolated from soysauce following numbers of different 
volatile compounds. 
37 hydrocarbons 
30 alcohols 
41 
15 

4 
19 
24 
17 
10 

4 
6 
C" 
..J 

27 
16 

4 
~ 
<J 

& 

esters 
Aldehydes 
Acetals 
Ket ones 
Acids 
Phenols 
f"urans 
Lac tones 
Furanones 
Pyron es 

~~f :~;n~gntaining compouna• 
Thi.Jzoles 
Ter-pens 
11i see 11 anous nit ,.-or; en containing compounds 
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1J5 

lAIU.E 3_ (C-0...d} 

Fatal (w/w) ~(w/w) 

~- of.,._ ••as•·· . ol ibay9 ••• clll •• bi1Si$ 

Ammonaa 0.30 o.u 
Organic acids 

Fonnac 0.02 0.06 
Attti: 0.16 0 •"7 .. 
Ciuic 0.04 0.12 
Succinic o.os O.IS 
Laaic 0.61 2.00 

Tocal 0.9S 2.80 
SugaB 
~ 

Mauose 0.06 0.18 
AnbiDolc o.oa 0..24 
GallCIOIC 0.17 0.50 
Xylosc- 0.06 O.JS 
Glucose 2.0S 6.03 
UllidcabflCd 0.23 0.68 

Tocal 2.6S 7.81 
Dis.accharidcs 0.65 1.91 
Olig05aCCbaridc5 
Polysxcbaridcs I.IS 3.38 

Tocal SUpB (as glucose) 4.4S 13.10 
Tocal orpnic ca111po111cacs 16.1 47.3 
Solids aa:ounred for 31.7 93.2 
Wida ammooia cak:ul1&cd 32.69 96.1 

as amioO lcids 

• 
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i-ur an~l ys1:::. t.110:.e c:ompounos ~ol ven-c extrd•::T 1 on, -:;t:.e.;.m or· v.:..c;..a1..1.:. 
•J1~t1l::atJ.011 01 ~hoy•_• l .. a:. ..!µp!.ed to ti-.e cc•r1rL·•:lr"1t1on •:l-r \!Olil1lc.-~ 
: 1 aver cons"C>. tuent.s. The Ga::> :hromatogramm c-t snoy•.,i f Livor 

concentrate is presented on Fig. J 
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Newly pasteurized fermented shoyu has a characteristi~ pleasent 
odor, most of which disappears in a short time by natural 
evaporation. Sasaki and Nunomura C > directly analyzed the 
topnote flavor concentrate of pasteurised snoyu by GLC-l"IS method. 
The sample to be analysed was prepared by passing helium gas through 
~he shoyu .at: 20 C and then trapping the vapor by dry i ce-e•:~rar.ol, 
liquid nitrogen~ and activat:ed cor.ton, in succession. A total 24 
compound . -=- · ~- i sol a-c.eo, T:he main 14 compounds are presented in 
-c.aole 4 

Tab l e 4 - Vl "-~ fll AJIVI~ AHAL YSJS OF HEADSPACE GAS 

fKOMSHOn.. 

Mahanol 
Ac:eraJdeb)lle 
Edaaool . 

~yck 
Acaooe 
Elhylf~ 

•Propyl akohol 
isobutynlddlydc 
Edayl acaMe 

lsobutyl aJcobol 
•.Bulyi alcohol 
lsovalcnldcbydc 
~Pcn•_aacdionc 
lsoamyl alalhol 

Coac:aattaooas 
{ppm) (z. II = 10) 

9-4S 
3.76 

S60S.ll 
1.70 
2.09 
1.66 
0.12 
6.38 

33.41 
3.79 
0.69 
1.17 
0.76 
2.36 

"from Suaki and Nuaomura Cl978J. 

. Coeffacical 
of Yarialiaa (~) 

4.4) 
9.58 
3.50 
l.S2 
3.7S 
3.02 
S.64 
3.16 
1.13 
l.7S 

10.7S 
2.11 
l..2S 
9.31 

There were investigation between odor components and sensory 
eval uat 1 r,~. The highest: corr elation coef i c: ent was ·.' ound for ethyl 
acetate <r= 0.551>. Ethyl acetate was found to give a kina of 
Treshoess to shoyu. The sum contents of acetoin and isobutiric 
acid w~' found to be nighly ~s~oci•ted with &enscry eval~•tion of 
shoyu.The odor units oi b of 1• co~~t)tuent• ar~ pre~anted in. 
table :; 

Ta~ le '5- ~JIA)I( UNmt Of',, Of 14, ·os~1 ITUl-Nl'S Of-H~An (iAoS fkOM SHOYU• I '3 r. 
Rdaaivc 

Conccn1ra1kia ~ ocb'lllUu Cunapwoo (ppm) (ppm in WaiCI) Odor unau (~) 

l:i.lh<Aool S605.JK I.I) IC 10- I J0.629.-'0 33.05 Uh!I ifi.C&i.&c ).• ol I 6.0 X t0. I 5.S.6& 0.06 bo";iic1t1ldc.:hy&ic.: t1 I:' i . .S ,,_IO • ~.466.67 sai.n 
Uul•u1 yr.,iJc:byJc l•.-"' YO"IO·• 7.~lt89 7.6S 
-'.:c:wi<JCll)•.k .t76 I ,S )( ft)-J 2.S0.67 u.27 
t1c.1t11u11.rlcJCtmk i. 71J 9.S < IO··' 11~.~s U.1~ 

.. l·r11111 s ....... 1.1 .rnJ Nu110111u1.r t 1•>7K) 
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Tanaka < >in his investigations on flavor evaiuation indicated 
that c~emical composition, as a whole conntributed, has preference 
~o.37.. Antong the individual chemical coaiponents,preferred rating are 
alcohols, reducing sugar,color,amino-nitroqen, total nitro~~n, · . 
glutaaaic acid and amanium nitrogen. There were no predominant iactors. 
but f.ragrance and the aroma of alcoho• were the •aJor desirable 
factors. The major negative factors were the smell of chemically 
hydrolyzed proteins, an oily smell, a war• brewing smell, a steamed 
soybean smell, and a moldy smell. The factor~ related to taste: a gooo 
after taste, a pure, a palatable, and a .odera~e salty taste were the 
major desirable factors. To sweet, to sour, and abnormal aste were 
the major negative factors. 

HEALTH ASPECT AND SAFETY P~OBLEMS 

Certain strains of the com~on mold Aspergillus flavus able to 
synthesize highly to:-:ic af l ato~ins. Industrial iiDOlci mostly belongs 
to the Aspergillus oryzae, Aspergillus sojae and Aspergillus 
tamari were tested by Japanese and Aalerican scientists for 
aflato:dns. 

Aibara and t1iyaKi ca.ec,.3 > examined 180 strains used in the 
preparation of misc. Fluorescence spectra revea~ed no producer of 
aflatoxin. Murakami < > examined 214 kinds of Aspergillus mold by 
Thin-layer chromatography for their aflato~in producing-ability. 
Thirteen strains gave fluorescent spots on TLC corresponding to 
aflato~in. Aflato~in B4 is the most acutely to~ic with on LO so'in 
duckling of 0.36 mg/Kg. M4 is alm~st ~s active, followed by 6 1 , B.r_, 
111. and G.t. Aflatoxin is a potent hepatic -ea~cinogen for ducks, rats, 
rainbow trout, quina pigs. 

According to epidemiologic studies conducted in Africa and 
Sountheast Asia, there is evidence that consumption of aflatoxin 
containing food is associated with cancer of the liver in humans. 

· Manab < 3 l observed tt·.at 49 strains among 212 Koji .molds exhibited 
aflatoxin like fluorescence spot on TLC, but that all of their UV 
~pectro were different from those of aflatoxins. 

Hesseltine < 5 > studiet 53 cultures in USA. He obtain negative 
effect. The aflatoxin producing molds belong to Aspergillus group 
so~etimes difficult to classify these molds using only their 
morphological features. This is especially true in differentiating 
between Aspergillus sojae and Aspergillus parasiti~us. 
Some investigators have found that a fairly large number of 
strains of Aspergillus mold do produce aflatoxin like fluorescent 
compounds having Rf ·values on TLC, similar to the aflatoxins, but 
with different UV max. absorptions. These incluoe seven kind of 
pyrazine compounds, isocoumar1n, lum1chrome and unknown compounds. 

• 
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MYCOTOXINS OTHER THAN AFFLATOXINS 

Except aflatox1ns in .aldy foods could be contaminated Nitn 
another aycotoxins. 
Golinski <1i> described 156-secondary metabolites produced by fungi. 
In his review was given the structure of molecules, molecular weight, 

• colar of fluorescens in UY light, toxicity and fungal source. Sa.e 
of the listed substances are .are toxic than aflatoxins. The list of 
29 mycotoxins originated of molds and ~heir toxic effects is given_ 
in Appendix 1 

Sasaki \ :S checked the ability of 33 kinds of industrial 
Aspergillus moid to produce_aflatoxin, sterigmatccys~1n, 
ochratoxin, patulin cyclop1azonic and pen1cillic acid. None of 
the strains tested produced these compounds with the eAception oi 
a very few strains which produced cyclopiazonic acid. Manat>le 
<at<.·3> ooserved that s~ Koji mold belonging to Aspergillus 
oryzae and A.- sojae produced cyclopiazonic acid. This 
cyclopiazonic acid is very toxic, lethal to ducklings and rats. 
-LO.for rats males 36 mg/Kg and females 63 mg/ Kg 

.50 . 
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D. MUTAGEl'dC SUBSTANCES IN SllOYt= 

Ahhough the noncarcinogenicity of fcnncnrcd sboyu has long been kno"-n 
from long-term animal studies. the muaagcniciry cJ heated pmdu1..1s of amino 
acids or proteins such as T~P-1. Trip-P-2. Glu-P-1. and Glu-P-2 has been 
CSlablishcd more rttcndy. Scdiff and Mower ( 1977) reported mar soy sauce 
produces mutagens upon the healing cf glucose. gabctose. and arabinosc in 
:JK>yu. 

Using rhc salmonella/mammalian microsomc mutagcnicity rest. Lin ~' al. 
( 1978) found lhal when treated wilh niuilc at 2000 ppm. soybean sauce produced a 
mutagcnic substance. As fcnncntcd sboyu sometimes conlains a small amounl of 
amines (r- '· histamine and ,tyramine), the formation of mutagcnic substances as a 
rcsull ' reaction bclwccn amines and an abundance of nilrire i~ possible. 
Shibamv..o (1983) mixed soy sauce •-ilh 100, 500. 1000. and 2000 ppm of sodium 
nitrite. adjusting pH al 3.0. and bcatcd thc mixlUIC for 2 hr al 25°C and then for an 
additional 30 min at B<re. Only at the highest conccntrc.lion. 2000 ppm. ,..as 
mutagenicity exhibited in lhe Ames test. Shibamoto concluded that the formarion 
of nitrosamincs may nol be significant because the quantity of nitrite used in the 
study was excessive compared with actual food systcsm. It is generally rcponed 
that the nitrite concentration remaining in the human stomach after a meal is 
estimated to be about S ppm. or about IS ppm at most. It was also rcponed thal just 
after ingestion of cured ham, the concentration in the stomach is about 70 ppm. 
According to Nagahara ~t al. (1984). shoyu itself did DOl rcprcsenl mulagenicity. 
l-methyl-l,2.3.4-1etrahyd~-carboline-3-carboxylic acid (MTCA) decreased 
in a buffer solu1ion when lrealCd with more than I 0 ppm of nitrite for I hr at 3TC 
and pH 3.0. but in sboyu, it decreased with more lhan 250 ppm of nitrite. 
Tyramine decreased in a buffer solution when treated with more than 50 ppm of 
nitrite for I hr at 37°C and pH 1.0. but in shoyu. it did not decrca.~ even when 
treated with 2300 ppm of nitrite. Nagahori ~r al. (1980) reported chal lhe addition 
of 5-7% fermented shoyu to a mixture of dimcchylaminc and nitrilc al pH }.6 
suppressed the formation of N-nitrosodimcthylaminc by 60-80%. Moreover. the 
quantily of nitrosaminc formation hindering substance1 in fermcn1ed shoyu in­
creased wilh the advance off ermcntation and aging of the mash. These substances 
were idcn1ified as the amino acids present in shoyu, which react more ca$il} with 
nitrite than wilh dimcthylaminc. Ochiai ~r al. (i982) and Wakabayashi ~r al. 
( 1983) isolated a nitrosablc precursor of mutagens from shoyu. hs chemical 
structure was confirmed to be 1.2.3.4-tctrahydroharman-3-carboxylic acid (I· 
mcthyl-1,2.3,4-tclrahydr~(karboli~-3-carboxylic acid, .MTCA). When this 
compound was treated with 3450 ppm or nitrite for I hr at 37°C and pH 3.0. the 
nirration producr was str~ngly mutagenic to Salmonella typhimuri111n TA 100. 
Wakabayashi"' al. ( 1983) derennincd the tyraminc content of shoyu 10 be 17-
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fH ). )J"C. I lit 

... <JOO ppm 

(-) - (IR .JS)-MTCA and 1U isomer' 
Coatcnt ia shoyu is 0.03-0.7 ppm. 

dXlO pm 

T yraminc 3-DiazDcyramiac 
Comenl ia sboyu is 0-1000 ppm. 

OCCCHJ 
H 

2-~ylpynolc 

~ in shoyu is l ppm. 

~~~IC (Su/_,,lu 1.lr•-- 1 A 100) 

Ea~ pcrccnr of~· - " prudlla IS nu1 muu­
~- From Odaiai ... ' •'42) 

Re .... ,... .s onc-dtird ill pH :' tk· n:...:uun id pli 
S-6 From Nagao~•,;. ~:913) 

llSO pPm, ;.nd when C)tamino was treated "·irh 2300 pprn or nitrite for I hr :.1 .S7°C 
and pH 1.0, 1trol\1 tnutagcniciey to TA &00 •-a• obscrvcd •• Ycn ;.r.~ L.:e < lvl4) 
isolated 2-acctylpyrrolc as a niuosablc premuta~tn (ton\ shoyu. ~are given in 
Table XLVI. 

E. BACTERICIDAL ACTION OF SHOYl 

Ujiic ~'al. (I 956) idcnlificd the bactericidal nalure of a .;omr.lCrcial fcrmen1cd 
shoyu wilh rcspccr lo nine kinds of in1esrinal p;alhogenic bacteria, such as Esdr~­
richia coummu11is. Shigella fluneria, Vibrio ,-ho/erale lna~a. Sulnumcllu ty­
phimurium Shikata. Bacillus sub1ilis (8-31 )_ ~ L:inds of b;at·reria prc,.-:nt were 
anriburcd 10 rhc: acidiry. high OSmolic rr~~~urc. and SOO'k.' or 1~ chemical~ 
contained in lhc ~yu. To the sample, 0.005'.C of butyl-p-h)'lroxy~nLoatc woe. 
added as a preservative. Sakaguchi et al. ( 1975) tcs1ed rhc fah· or s1aphylococci 
during incubation in a normal shoyu and an 3 milder shop• conlaining I 79c 
( ""/v) and 9% (w/v) of sodium chloride, rcspc .. ·1t\'dy. No chc11 1Kal prc:~rv&111vcs 
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~r~ ztkkd a.1 cuber sample Tb: normal shoyu which initially conloaincd HJ'> 
staphylococci pc1 millili1er was narly free of viable supb~-ci wi1hin 3 hr. In 
die mi~lcr shoyu. O'\'Cr 9()11, of lhc cells WC1C destroyed widlio 22-30 min. while 
in tlh: nonnaJ shoyu. only 13-14 min were required. 'Thal sodium chlondc 
con1rihu1CS 10 lhc dcsUuction of staphylococci in SAJY sauce is evident because the 
rare ••f killing in normal sboyu is greater than in milder shoyu. The fate of 
Sl.aph\ lococci in p."lospbare buffer saline solUlioas widl a pH leYCI of 4. 7 contain­
'"l! It .;,and I 7'l sodium chlorick. rcspe.clivdy, was lesrcd under dk! lWll~ conch­
tions lbc time lakcn to dcSlroy o"-cr 9()11, of the cells in the 1()11, solution and in 
rhc I)~ solution was 980-1440 min and 4li0-S3C min. respectively. These 
r"·sull• suggest lhc panicipa1ion of some factor orhcr than sodium chlorid~ in the 
destruction of staphylococci in shoyu. The activity of CloSlridiunr bo111/inum in 
~ye was also lestcd during months of storage at J<rC. Neither C. bo1u/inum 
62A i rypc A) nor C. botulinunr Okrc (Type B) grew during this time. The 
numba of Type A spores rcrr.aincd the same. but those cf T ypc B decreased 
sligh1l)r in number after the 3 months. 

Accordmg to YamanOlo el al. ( 1978). the time nccdcd for the tOlal dcslruclion 
of u,herichio coli 2IS or Scap_hylococcus aureus 209P (ATCC 11522) inocu­
lated m fermented shoyu was dcpcndcnl upon the initial nu 011bcr of cells in these 
bactcna; 4-6 hr for 103/ml. 24-48 hr for JOS/ml. and 5-7 hr for 107/ml. A high 
salt cOOICn: was the dominant faaor in accelerating the speed of sterilization~ the 
pH nluc and amount of alcohol. tOlal nim>gcn. and ether-soluble compounds 
were judged to be supplementary factors. 

F. BIOLOGICAL TESTS OF SHOYU 

lllc: long-tcnn effects of J3panese shoyu (Kikkoman) on the gastric mucosa of 
in~t rats and those.with a fundasectomy were audied by MacDonald and Dueck 
(197b; in Canada. At the end of lhc tesl period. the animals that had been fed 
~)u were smaller than the controls; the IS intact rats thal received the shoyu 
were: tk:althicr. more active. and )i\;cd 33 months longer than did lhc 7 controls. 
Brca."t tumors developed in 10 control rars. but in none of lhc experimental 
anun:.:, giv~n shoyu. These findings suggest that shoyu ...!ocs noc appear to be 
carci1"N~cnic in rats; its rrolon1cd use impaire.d ~ither heallh nor longevity. 
O&hiu '' al. '1977> studied the acuie and tong-1enn effc.cu of lar&c amounts of 
Kikkn1nan ,h.1yu on mice and rats. ihc acute coxicity of shoyu was auributcd lo 
the rr •. lllcity ,,, its sodium chloridc component. The oral LD!>O values for shoyu 
were !0.6 m: kg for rals and 27 .3 mg/kg for mice. In long-term feeding tesls 
( J .5 yt·ars fo1 lllicc and 6 months for rats). die food intake of anim3ls given a dicl 
c.:on1ai~:n~ ~I· •yu was orhcr-.1~ comparable (O thar of chc conlrol group. This 
"'a' 1. ••• cv'-·' for animals i:1\CO a d1i:t containing IO'if po..-.dcrcd ~hoyu (corrc· 

• 
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sponding to -2SCJJ liquid shoyu). Although lbc anm~ls ll-wt \,\oCf~ ICd shoyu were 
sinaller 11gn thc conuols. no significant differences an nlOl'talil} were observed 
bclWCCD lhc lwo groups .. In addition. male r2IS given a dicl cttntaining 5~ or 2% 
powdc:Rd sboyu grew fasier lhan ms fed an cquivaknt amount of sodium chlo­
ride alone (i.e., dicls c:ooraining 2.25'1» or 0.9'J; sodium chloride). At thc highcsl 
close level. IK powdered shoyu, ~ were significant diffettnees in lhc uri­
UIY sysaans of expcrimcntal and coouol animal~. While -bolh rats and mice 
devdopcd enlarged kidneys and bladders. rats dcvclopcJ higher conccntralions 
of in scrum. and mice gave evidence of hydroocphrosis after 1.5 years. The same 
etrcas were observed in animals who received sodium chloride in the same 
conccnlr2tioas as lhosc fed lhc bigbcsl level of shoyu. There w.s no ~cation of 
carcinogcr.1c effects at any level of shoyu feeding. 

RESEARCH NEEDS 

RAW MATERlALS 

The precise mixture of soybeans and wheal used as lhe raw materials in shoyu 
poductioo is the result of l«hnological know-how ckvclof'Cd over hundreds of 
years. But lhe sboyu-likc seasonings can be ~ from a mixture of plant 
poccins and starches other than soybeans and wheat~ and these arc available 
woddwidc. The by-prodUClS of oil pccssing aAd extraction, such as peanut cake. 

· copra meal. cottonsccd meal. rapcsccd pro<ein. and sesame prOlein. have been 
cxpcrimaually substituted. wilb good rcsulis. Many ~inds C?f mung beans also 
seem kl have good potcn,ial. On die Olba' band, wheal kernel is considered to be 
lbc best Sl2rCh raw material for sboyu, but barley, rye. oats. rice, and com are 
sometimes used. The superiority of tbc wheat kcmcl lies in its ~ , gh source of 
proccin (glutaminc) and iis high conccouation of glucosidcs whic! · ~i\#C toikuchi 
its dcslluclivc bran flavor. The use of a mixture of wheal bn.n an. it.arches other 
Ihm wheat. such as rice. com. and potato, would be \t . nh cxplorinJ for lhosc 
aations thal do nol have wheat. Steaming and puffing com ~ls. mung beans. 
and other raw materials ·which have hard plant tissues or exuuding these moisl­
Cncd powders may also give good results in shoyu preparation. 
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H..A VOit CUMl'ONEHTS FOUND IN SHOYU 

MolccuW Mulccubr Reference " 
Couipuuod we1gbl fo.-mufa number-

I_ H~(371 .. 
1_ Bcnu:nc 78 C.H. 
2. Tuklcac 92 C1H• 
J_ S1yrcoc 104 C1 Ha 
4. 9-Xylcnc 106 C1H10 
5. m-Xylcllc 106 C1 H1u 

6_ p-Xylene 106 C1 H1u 

7_ EthyHw:nvnc 106 C1 H10 
8_ Mcsitjlcnc 120 C.H12 
9 _ 1.2.l-T rimcdaylbclll.CllC 120 C.Hu 

10_ 1.2.4-Trimcdaylbcazenc 120 C.Hu 
11- l-Elbyl-2-mcdaylbeazcae 120 C.Hu 
12_ Cumeac 120 C.Hu 
IJ_Napbdaalcne 128 C,oH1 

14 _ 4 -Melhylindaa 132 C10H12 
l.S . .S-Mahylindan 132 C10H12 
16. 1.2.J.4-Tcuabydronaphdlalcnc 132 c,oHu 2 
J 7 _ l -Eabyl-2.J...dimclhylbauak! 13-$ C10H1 .. 
18. I -Edtyl-2.4-dimelhylbcnttnc 134 C,oH .. 
19. 1-Eabyl-l~ylbcnzcnc 134 C10H" 
20. 2-Elhyl-l~ylbcazcnc 134 C10H1, 
21. 2-Elbyl-l .4~ylbcnz.cnc 134 C,0 H1, 
22. 2-Elbyl-l .2-dimechylbcnzcn.: 134 C10H" - I 

2J_ l-Mcdlyl-2Ccw 4)-propytb--nzcnc 134 C,oH .. 
24. 1.2.3..S-T ctnmclhylbcnz.clk: I :,\4 C,uH .. 
25. 1.2.4..S-Tcuamcdlylb:azcnc 134 C,oH,, 
26. 1.2-Dic&hylbcmenc 134 c,o1;1,. 
2 '. 1,.3-Die&hylbcazcnc 134 C1oH .. 
28. I • 4-Dicdlylbcaz.c:nc: l:W C1oH .. 
29. Butylbcazenc 134 C10H1• 
30. Cyclobc..,.ylcyclohcunc 134 C10H" 
31. 1-Medaylnapbdaakoc 142 C11H10 
32. 2-MclbywphdWcnc 142 C11H10 
33. 2.3.s<or 6)-Trimclhyl~phdulcnc 170 CuH .. 
34. Tcuadecafte 198 C14HJO 
3.S. Pcorlckc1ae 212 CuHl2 
36. Hcudccanc: 226 C16HJc 
)7. 5-Pheny~ 246 C111 H.10 

II. Alcohol$ (30) 

I. Methanol l2 040 2.) 
2. f;ihoinol "6 C2~0 

\'un1in14'dJ 
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Mui.:..: .. 1.r !\1 •• 1.:.·u: .. 1 .......... ,_~.: 
Cumpour.J ... -.~tu ~<Ar.lul .. r.1.t'•bcr~ 

II Alo:Oll<)h {~) (COlfllA&a~d) 

.' 1-Prr-pcn ;.o1 :)~ C,H .. O 

, 4 :!-Pruucn-1-ol (illyl ilcuhul) )~ C,H .. O ., 
5 I Prcap .. lll.1 t:• (',H.O 
(\ ~ rr.~1.ol ov C>Ha0 \. (; 

7 2-M.:1hyl- l-~r~no: ie: C,H,;>O ~- 3 

~ : -Bu1.r.ol 7.; C,H,0 0 

~ :? ~tt.inyl 2-tk.lcn· 1-ol b6 CsH 1.,0 

jj 1-Pcm.:n· 3-ol St> C)H 1o0 ~ 

II .!-Pcnicn-:C-ol ll6 CsH 1.,0 

12 2-Mc1h~l- l -bu1mol t>S C)HuO ' -. 
13 3-M.:1h~l- I -b\i1.uol 88 CsH110 2. 3 

14 1-Pcnc~ sa CsH120 1 

15 ). Pcnt•llOI i18 C~H 120 

16 J-i.:t111cn- I .2-diol 88 C,H,01 

17 2-Eihvaycthinot 90 C,H,t102 0 

Iii L-2.3-Ba.1mcd1ol 90 C,H:,::92 2. Ill. :1 

19 narso-2-3-Bu1mcd1->l 90 C.h,0G2 
... !0. II 

20. IE.J-2-Hu.cn-l-ol 100 C .. HuO !S 

21 1-Hcunol 102 C6 H1,0 3 

22 Bcnz)·I ilcohol 108 c,H.o 5 

2J 2.l-Damclhyl-2-pentiOOI 116 ( ~H 100 

2.S :!.4-Damclhyl-3-penlinol il6 ~7H 160 

25 3 . :.:1hyl-J-hcxanol II<'> C 7 H16G 

26. 2-Phcnylcchinol 122 CaH 1a0 ~-
. .. ·-

27 ~ -<X1en· j~: i:i C.i-i,.O :-
,. •• ;.s,.,..,,..; '"' C.,h:a.;C 

N l-t>htn:ol- l-b111anol 150 C10H,.O 

.'.\() :?-t:ndccanol 17:! C 11 H2,0 ~ 

Ill EM.:r~ (~I 1 

I ._kth~ I ..c.:lilh: 7.S C_,H._02 .s 
2 f.lh~ I f, IOllOllC 7.S C3 H0 02 1.;.-' 

~ Elh) I i•ClJ.lC 88 C,H10 2 5. •~- i5 

4. :!-Oxoptopyl iCCIJ.IC \.Cl'.l<'I a.:c1.11.:) 100 CsH102 :! 

5. Erh) I propionate 102 CsH1o02 
.. -

(> Bu1yl fonmrc 102 C!\H1002 lS 

7. 1-Mclh) lpropyl JCClilC 116 C0 H1202 
.. 

8. 2 -Meth) lpropyl iCClilC llb C6 H1202 

9 B .. 1)·1 ~cc;icc lib C6 H,?02 0 

10 t:1h~ I ~-h:--Jrox yprop;,mO•IC I Ill .:,H,uO~ ~. Ill 

tcih~l 1~1 .. 1.:) 

II .\. ~l.:1h~ lbulyl iCCl<llC ll<J C1H .. 01 17. ~ 

I:! rcn1~I 4\.'.Ct411C I :>0 C7 H140 1 I:> 
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-·-
M-.lcc-.lar '-h>k• ubr R...-fcr.:.:.: 

Ulnlpaunil wcap lurm .. ~ ....a.,-

UI. e.rs (41) (C"O'llh°H~ 
11. 2-Mcdaylpnipyl ~ 130 < -H ... ~ I 

14. Edlyl l •~lbJIRllMOW llO ( H •• Oi 19. 20 

IS. Edlyl 2-mcdt~ IJO ( tl,"<>i y 

16. f.lhyl pa!l'DO* 130 <. H,,,°' . i7 

17. 2-Edayoxyabyl acewc 132 C .H:::O> 2 

I&. Edlyl ~oporanoat'! (ethyl k:vuhrwc) 144 < .H:iO:a 6 

19. Elhyl bcunolle (cth): ~· 144 < .H;:.01 ICJ 

20. Diabyl oublc 146 < .H,.,O" 48 

21. 2-Pbeaylc:dayl fonmrc: ISO C,.H,.,Oi I 

22. f.lh}i bcazow ISO C-.Hm0i 5. IQ. 7.0 

23. Diclhyl maJoew 160 C"Ha::O.a 6 

24. 2-PlleaJledlJI aauac 164 C:.0H1!C>i s 
?S. Elhyl pbeaylacclale IM C ..,Hi20i 5 

26. J-Mcdlylburyl 3-mcthylburanoa~ 172 C,.,H:zo<>i l7 

27. Elhyl OCblOalC (cdlyl aprybtc) 172 C.0H~ 49 

21. Diclbyl malcale 172 C~H 1 :0.a b 

29. Dicdlyl succillalc 174 C,H140.a S. f\ 

30. Elhyl 3-pheaylpropcnoalC 176 C,,li1:~ 

(abyl ciMwafc) 

31. Pcaryl baa.- (amyl caproa&c) 186 C..H:::Oz 17 

32. Edlyl WW>W (crhyl pcbrpialc) 186 C,:H;::O:: 17 

n. 2-Pheaylclhyl bulanoa1c 192 . C.;:H 1~0:: I 

34. 4-fonnyl-2-aldboxyphen)I ICCl..SC I~ C,9 H,00, 2 

(vanillill accwe> 
JS. Echyl 4-ltydlQIJ·l-melho")"ticnWl&fe 196 < ,,,H,?O,. ., -

-· I 

(dbyl YaAillMI) 
l6. E.dayl docleci1DMlc (ethyl Liauralt) ?2' c· .. H:i.~ 17 

37. Elbyl tdDdoc3noia1e (clhyl mynSL11et 256 ··c ··"~=~ 17. s 
38. Elhyl beudccanoaie (clhyl palmi~I :!U ( ,.H_-.,.0:: 21. 22 

)9. Elhyl 9,12-ocudccadicllO;llC 303 < .,,H.ac-0! .., .. 
(Clbyl liQOlcalc) 

40. Elhyl 9~adccc:Doale (C!hyl olcalC) 310 C·uffuOz 22 

4 I. Echyl oaadecaaoak: (ethyl sicara1.-: 1 ~12 < ~1H..aO, 21 

IV. Aldchydcl (IS) 
I. A.ca.aldehyde "" ( H.aO s. 14. 23. 24 

2. Propana1 ~s ( 1_11'0 s. 24 

). 2-Mahylpropual 72 ( H110 S. 2S. 24 

4. Buunal 72 < .H110 24. 26 

S. 2-Methylbuuml lit. ( H11,0 I 

6. J-Memylbucanal ¥6 ( H1110 5. 14. 2S. 2-' 

7. J>Cftlanal S6 ( H.,,O 27 

I. HcuiW 100 ( H,.o 17. 2 

.. 
I ninti,,wJ l 
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Molccul:.r Mok.'\:ubt Rd.:r.-1 .. -.. 

Cunlfl'"'nJ wc:1i;t11 fornaul~ nu•1it>..r 

IV. AJJchydcs (15) lc"'1t1..,,~J) 
9. Bcnza"1cb:ydc 106 C,"60 ~. :!() 

10. 2.3-0ibydn>-4/l-pyrvi-2<~ydc 112 C..,Ha02 I 

11.~yck 120 C1Ha0 5 
12 3-1'1-=nyl-2-pn>r=n..I (cinnalnilldchydc) 132 C.H,O 17 

13. 2.S-Oimcdlyl-2.3-0ihydro-.SH-pynn-2- 140 C1H12~ 2 

atbalddaydc 
14. 2-Mcthyl-J-~n} 1-2-prop:nal 146 C10H 1u0 

(o-mcdaylcinn..lllilklchydc) 

15. 4-Hydroxy-'..\-mcthoxybcnz.aldchydc 152 C~H10 3. 26 
(Qllillia) 

V. Acum(4) 
I. I, l-Diccbcnyrdwlc 118 C.H,.~ 2. 28 
2. 1.1-0iahoxy-3-mclhylbulane 160 C.H2e1~ 29 
J. 1.1-0icthoxy-2 ·m..1hylbutanc 160 C.H21>02 9 
4. I. l-Oiell10xy-4·mclhyl-2-pcftunol 190 C1uHuOJ 29 

VI. Kctoncs (19) 
I. ACdOnc 58 C>"60 5 
2. 2-Btnanoae 72 C,H10 I 
3. Hydroxyacaonc (accrol) 74 C>"6~ 2 
4. 2.3-8111aoedionc (di:.cctyl) SC> C,H.01 2. JO 
5. 3-Hydroxy-2-buwionc (acctoin) 88 C>Ha01 5. 14. II 
6. 2-Cyclobcxin-1-Gll( 96 C6 H10 33 
1. 4-Mdhyl-3-pcnta1·~-one 98 C.H100 
8 . ._Mabyl-2-penunonc 100 C.HnO I 
9. 2-Hcunonc 100 C.HnO 5 

I 0. 2,3-Pcnunediont 100 CsHa~ 2. JO 
11. l-Hydroxy:2-penulk>1k: 102 Csff100 31 
12. 2-Hydroxy-3-Rk.'1hyl· 2 <yclopcnrcn-1- 112 C.Ha01 2 

one Ccyck1Cc:nc1 
13. S-Me&hyl-2-hc.-,;in.on..- 114 C7 H1.a0 I 
14. 2,l-Hcxancd1<"1<: 114 C.H1001 5. JO 
IS. Acerophenon.: 120 C1 H10 2 
16. 3-0ctanone 128 C1H160 2 
17. 2.6-0imcthyl-:-ti.:pi;inon.: 142 C.H110 I 
18. 2-Medayl·l-<ll:[ill!IW 142 C.H110 I 
19. J.Mcthyl-3-dc:cc:n-2-t>nC 168 C11H200 Jl 

VII. Acids (1~) 
I . Fumic acid 46 CH201 19 
2. Acetic acid · 60 C2H.01 s. 32. :;~ 

3. Propionic aciJ 74 C>H.01 2. 19 
4. (£)-2-Butcnoic ~iJ h:,Olunic acid) 86 c • .i.ol 2 
S. 2-Mcchylpmp.ano"' ;i.:1J 88 c.H,02 17. 5 

(iso-bury'K A'.IJI 
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~;oi«ubf t.lol • .ill Rc:f crence 

Compouad •.:!~!ll f1ir.• • I number' 

VII. Acid5 (24) (cOlllUuwd) 

6. Bucanoic: acid (S«-Wc)"ric acid) u C4H,.O s. 19 
' 7 - 2-0xopropanoic acid (pyruvic acid) ~ C1H.u, 24 

a. 2-Hydrmypropuoic: acid (lactic acidJ CJQ c).._,,, 17 
9. 2-Mctbyl-2-butenoic acid iCi1 CsH.•,! 2 

10. 2-Mcdaylbutanoic acid 102 CsH1 .. t>2 2 
11. 3-Medaylbutanoic acid 102 C~H • .,'>z 5. 19 
12. PcnlaDOic acid (•valeric acid) 102 CsHw02 17. ~ 
13. 2-0xobufanoic acid (2-tesoburyric acicft 10:? ~H..<» 34 
14. 4-Mdhylpcacanoic acid 116 C.Hu<lz 17. 2 
IS. HcuDoic acid (caproic acid) 116 C.HuOz 2. 19 
16. 4-0xopealanoic acid (levulinic acid) 116 CsH.01 Ii 
17. Butancdioic acid (saccinic acid) 118 ~H.o .. 17 
1 a. lkazoic acid 122 C:H.02 5. '~ 
19. Pheoybc:elic acid 136 C,H10z 17 :. 19 
20. Octanoic acid (caprytiC acid) 144 C,h,602 l'i 

21. Dodccanoic acid (lauric acid) ::?00 C1!H2c02 17 

22. Hcudecanoic acid (palmitic acid> :?54 C,.HnOz 35. 36. 22 
23. 9.12-0ctadecadiennic acid ~so C11HnC>i 2:? 

(linoleic acid) 

24. 9-0ctadeccaoic acid (olcic acid) ~82 C"H,_.Qz :?2 
VIII. Phenols ( 17) 

I. Phenol 94 C.H.0 "' ... 
2. 1.2-Bcnzenediol (pyrocar«bol) 110 C•H.Oi. 2 
3. 4-Vmylphenol 120 c .. H,O 3:l 
4. 4-Erhylphenol 122 C.H100 5. 12 
s. 2-Maboxyphenol (guaiacol) 1:?4 C7H10 2 s 
6. 4-(2-Hydroxyechyl)pbeool (lyrosol) ·~s C,H,02 3/ 
7 - 4-Edtyl-1.3-beazcnediol 138 c.H,0 2 I 

(4-ahylraomaol) 
c;H .. O_, 8. 4-Hydroxybenzoic acid ntt ·~ 9. 2-Methoxy-S-vinylpbenol I~ C.,Hm? 2 

I 0. 4-Elhyl-2-medluxyphenol 15.? C.,H,!2 5. 3S 
(4-cdlylguaiacol) 

11. 2.6-Dimechoxyplaol 154 C11H1.,3 5 
12. 3.4-Dihydroxybeamic acid 154 C7H,.04 19 

(prococarcchuic acid) 

13. 3-(4-Hydroxyphenyl)popenoic acid 16-t C.,H.01 12 
(p-cou~ acid). (p-hydroxy-
cinnamic acid) 

14. 4-Hydroxy·3-methosyacecophcnonc lbb c.u.ul 2. 1q 

(acaovanillon) 
IS. 4 -Hydrox y-3-mc&hos ybcnzoic actd 1611 (\11 .. 0, .'l5 .. 'II 

(vanillic acid) 
--· 

( c·1•min11td) 
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M..olcculM M.JlccuLir Rckr-:ncc: 
• C°"'f>'J"nd .. eight fon•b numbc:,. 

vru. Pbcauhc17><~> 
16. J.(4-H,..y-.:Hnclhox~phcnyU ·~ C1oH..0. 39 

propcnoic aod (f'cnalM: ..c:IC!J 
17. 4-Hydrmy-l,.5-dinr.lhoxybcazoic acid 19& C.H100s 39 

csyringic acid) 

IX furaAS (16) 

I. Fama 61 C.H.O .. 
2. 2-Mclhylfuran 82 Cs"60 4 
}_ 2-Furfanl 96 C,H.~ 5. 14. 40 

4. Furfaryl alcuhol 98 Cs"6~ 5. 41 

S. Tcanhydro(urfuryl 4llcohol 102 CsHaoOi 2 
6. 1-(2-Furyl)-l-cdaanonc 110 C."6~ 8. s 

(2-furyl medlyl kaoncJ 
7 . .S-Mahyl-2-furfwal 110 C.H.Oi 2 
8. l-(2-Tcuahydro."'uryl)-l-c1h;,nunc 114 C.H10~ 2 

(2-ldnltydroCaryl mclh_rl ketone) 
9. 1-(2-furyl)-l-propanonc 124 C,H,Oi 

(cdlyl 2-furyl kclOOc) 

10. 2-furf111)1 xewe 126 C.ffc.OJ s 
II. l-(l-H}droxy-2..furyl)-I <lhanonc 126 C.t40J 2 

[esomallOI) 

12. S-Hydroxymedt:f..-2-furfur..J . 126 C.H.CJ 42 
I J. · (2.S-Dimcdayl-3-fwyl)- l-ctlwlon( 138 CaHao~ 
1.i. Elh)1 2-furoare 140 C7 Ha0> I 

iS. 3-Phcaylfuraa 1'4 Caotf.O I 
16. 2-Prupcoyl 2-furoase IS2 C1 H10, 2 

x. Laaoacs (4) 

I. 4-8a11A01ide 86 C,f402 2 
2- 2-Pcaraa~idc (.S-mcdlyl-2-SH)- 98 Csf40z 2 

funnooe) <tl-a.agclicalactonc:) 
;_ 2-Mc:d1yl-4-: .. 11.....xtdc: 100 CsH102 :? 
-'- 4-Pcacanolick 100 CsH10 2 5 

XI. nnnoacs (6) 
I. J-Mccbyl-2(SH)-fwanonc 9tt CsH60i JJ 
:?. 2-Mclh,-l-3-lelnhydrorur.llkinc 100 CsHa02 s 
J. 4-H)"dlo.ty-S-mdbyl-3(2H )-f ur;ioonc 114 Cs"60> 43 
'· 4-Hydroa.y·2.s-dimcdlyl-l<:?H>- 121 c.H10J 2 

funnonc 
S. 4..S·O.h,-Jr~S-( l-bydro1yc&hyh·:?cJH) DO C.HaoO., JJ 

fuDl'Ufte 

~- +H,-dftl.t)'·:?(or S)-cchyl-S·l« ~)· l42 C,H,0 0,, .$ 

mcda)'l-J(2H)-funnonc 
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-------
Molecular Mob :l..r kdcn·n.:c • 

Compound weight forntt,la nurn~r· 

XII. Pyroncs l.S) 
I. l-Hydroxy-2-mcthyl-4H-pyran-4~ 126 c.11~0. .. ,, 

(nWlol) 

2 . .S-H~~y-2-melhyl-4H-pyran~ 126 C'6 H0 <- 1 2 
3. 3-Mc1holy-2-mcthyl-4H-pyran-t-onc 140 C7H~<>, 2 
4. 3,.S-Dihydroxy-2-mcdlyl-4H-pynn-4- 142 C.ff.O, 2 

one 
.S. 3.S-Dihydroxy-6.mc.thyl-2 .3-chllydro- 144 C6 H1 0 4 2 

4H-pyran--t .~ 
XIII. Pyrazmcs (27) 

I. PynziDc 80 C.H .. N2 21 
'1.. 2-Mcdlylpyrazinc 94 Cs"6N2 5. 28 
3. 2.3-Dimelhylpyrazioc 108 C.HaN2 .S. :?R 
4. 2.5-Dimcchytpyrazmc 108 C.HaN2 ::'.8 
S. 2.6-Dimcdiylpyrazioc 108 C6 HaN2 .s. ~b 
6_. 2-Erhylpyraziac 108 C.H1N2 :!8 
1 . .SH-Cyclopeaaa(b)pyruinc 118 C7H6 N2 28 
8. 2-Mcdlyl-6-viaylpynzine 120 C7H,N2 2 
9. 6, 1-Dihydro-SH <ydopeDla[ b )pyruine 120 C7H1N2 28 

iO. 2.3.S-Trimclbylpyruioc 122 C7HaoN2 28 
11. 2-Erhyl-S-mcdl,lpyruine 122 C7H10N2 :?8 
12. 2-Erhyl-6-mc:dlylpyrazine 122 C7H10N2 .s. :~ 
13. :?(or 3)-Mcthyl-5H<yclopcntalbl- 132 C1H1N2 28 

P>Tazine 
14. 6-Mdbyl-5H-cyclopcnca(b)pynzint 132 C1HaN2 28 
IS. 7-Mabyl-SH.qclopcNal b )pyhUllC 131 C,H.N1 28 
16. Pynolo( 1,1--o l-J..mahylpJruiac 132 C,H.!lif 2 33 
17. 2-Mahyl-6,7-dih~.SH-cyclo- 134 C1H111N2 :?8 

peata(b )-pynzine 
18. T etramcdlylpyrazinc 136 C11H . .?N2 5. ::!ll 
19. 3-Eihyl-2..S-dimethylpyrazinc 136 CaHllNz .s. :l' 
20. 2.3-Diclhylpyrazinc 136 C1 H,.!N2 2¥ 
21. 2,6°-0iethylpyrazine 136 CaH • .iNz 28 
22. 2(or 3).6(or 7)-Dimc.thyl-SH-cydo- 146 ~H,,,N2 28 

p.:aca(b )pynzinc 
23. Pyrr~ 1,2-o }-3 ,4-dimcdaylpyrazioc 146 C.,H111N2 33 
24. 2-Edlyl-6,7-dihydro-SH~iopam(b)· 148 C.,H 1:N2 2¥ 

p)'tuine 
25. 2-Eahyl-3,S.6-&runcehylpyrizinc ISO CyH 1,.Nz 28 
26. 2.6-0iclhyl-3-mcthylpyrazine ISO CyH1.a~2 28 
27. 2.3.S-Trimcdayl-6,7-dihydro-.SJ/<yclo- 162 C10H1o1N2 28 

rcn&a( b )pynzinc 

t ,.11111i11,.rJ·1 



151 

l\1cok.~ul;ar MulcL-ular Reference 
Compuund "-C:ifhl formula number• 

XIV. Pyridincs nt 
I. Pyridine 79 C,.H,.N 28 
2. 3-Mcthylpyridinc (J] 4H1N 28 
3. 2.6-Dimclhylpyridinc 1(17 C,H.,N 28 
4. ·2 -Edlylpyridinc 107 C1H.,N 28 
s. 2-Pyridylmcdwiol 109 C6 H,NO 
6. 3-Mcthoxypyridinc 109 C6 H1NO 28 
7. Edayl 3.,,ncSinccarboxylaac I.SI C1 H11NC>i 28 

(ethyl llicolinatc) 
XV. Miscellaneous niuogen<un1aining compounds CSJ 

I. l-Mcthyl·2·pyrrolidinonc 99 C""9NO 
2. f.(2-Pynolyl)-1-clhanoac 109 C6 H1NO 8. 5. :?8 
3. 8cnzouzolc 119 C1HsNO 28 
4. l-(S-Mcdlyl·2-pynolyl)-l-echaoonc 123 C1"9NO I 
s. I .S-Dimcdayl·2-pyriclonc 123 C7H,NO I 
6. 2-Melbylbenzouzole 133 CaH1NO 2. 28 
1. Edayl 2-pyriolidone-S<arboxylare IS7 C1H11N01 33 
8. Elbyl 2-(ai:ayWnino)-4-medlyl-pcnta- 201 C10H19NO) 33 

noarc (N·~lcucioe Clbyl CSICr) 
XVI. Sulfur-conaaiaiag compounds (16) 

I. Hydrogca sulfide 34 H2S 46 
2. Methanclhiol 48 Cff.S 29 
3. Dimclhyl sulfide 62 C2H6 S 4 
4. Elhanclhiol 62 C2H6 S !4 
S. 2-Propenc-1-lhiol 74 C1"6S 17 
6. Thiophcne 84 C4 H.S 33 
7. Dimcahyl disulfide 94 C:?H6 S: 2 
8. 4-Mcthyl· I ,J..owhiolanc 104 C,H,OS 33 
9. 3-McdlyldaiopnJpaaal Cmcthioaal) 104 C,H,OS 46 

10. 3-{Mcthykbio)-1-propanal (mcthionol) 106 C,H 100S s. 16. 47 
11. Phcnylmcthanclhiul 124 C1H11S 
12. Dimethyl INulfidc 1:?6 C2H6 S., 
13. 3,4-0imcdlyl-2.S-dihydrochiophcn-2- 128 C6H10S 33 

OCIC 

14. 2-Elhyl-6-methyl· I .3-ouchianc l.&6 C,H,,OS 
IS. 3-(Mclhykbio)propyl ac:c&alC 148 C.H120:S 
16. I, 1-Bis(mcchyllhio)-2-methylpropanc ISO C.H1,S2 24 

XVII. Thiazolcs (4) 
I. 2-Elhoxylhiazole 129 C,H,NOS I 
2. 2-Bucoxylhiuole IS7 C7H11 NOS I 
3. N·Acctyl·IH·bclWIChiazol 179 C.,H.,NOS 33 .. 
4. 2-(Mcahyldlio)benzodaiazolc Ill C1 H7NS: 

XVIII. Terpcncs OJ 
I. 8omcul IS4 C1uH110 s 
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Molecular Mo&. .ular Rd\:r"·n.·i: 

c l>mpound weight foru-ltla r.a1•·"'-r"' 

XVIII. TCIJICDCS l}) (continwd) 

2 ~-!14cdl)i-2-(2-rnrdl)i-l-JXOPC11yl)- IS4 C10H 1,.0 
1Clnhydrop)nn (cis-IOSC oxide) 

:; . Bornyl act'tatc 196 c;1H~1102 5 
XIX. Misccllmc:ous compouads (3) 

I. 1.4-Dioxane 88 C,H.o2 33 
2. jl-Mdhmystyrene 134 ~""'° l. I .S-Dimcdaoxynaphdaalcac 188 C12H,,02 

• Rcfcrcnccs: I·: Nunomura n al. ( 1979); 2: Nunomwaet al. (1980); 3: Shl11i (I 93b); 4: Sa~J..1 ilnd 

Nunomun (1979); S: Nunomura n al. (1976a); 6: Morimoco and Murakami (1966); 7: \'anlOada ..00 

Goan (1969); 8: Goto (1973); 9: Sasaki and Nunomura (1981); 10: Taira (1926a); 11: TomiybU 
(1927); 12: Asaonal. (1967); 13: Kihara (1940); 14: Abbori(l936); IS:Taua(l926b); 16: Ahbori 
and Kaneko U936t. 17: Ishizu (1969); 18: Yoltocsuka (19Sla); 19: Yoltouuu (19Slb>; ~- YoL:ut­
sub (19Slc); 21: Fubi (1929); 22: Yokouub (19Slb); 23: Yamada (1928); 24: Yokotsul;,. t 195:\:): 
2S;. Nakajima and Takci (1949); 26: YokOISUb (19S4); r: Ikeda and Kawaguchi U9~2l; 28: 
Nunomun ~'al. (1978); 29: Yokocsub (1950); 30: Asao and Yotowaka (1961b); 31: .~sao and 
Yokotsuu 0963); 32: Matsumoto (1921); 33: Nunomura and Sasaki (1981); 34: YokOL<iUU and 
Asao (1961); JS: Yotorsub (19S3a); 36: Yotouub (19S3d); 37: Yubwa (1917); 38: YoL:otsula 

(19S6); 39: Asao and Yokouub (19S8a); 40: Shoji andOnuki (1932); 41: Morimoco and Murakami 
(1967); 42: Y otocsuka (1949); 43: Nunomura n al. ( 1979); 44: Nunomurh-1 al. (I 976b); 4S: Kosugc 
n al. (1971); 46: Nunomura aM Sasaki (1982); 47: Morimoto and Mur•lami (1966); 4R: lshi1u 
(1963). 

' 

• 

• 
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M.tootoxine fo1·111ed bz different fungi aQd their 6ll!OOi&tion With toodatyffB 

Toxin 

1. Aflatoxin•• 

2. Steripato­
oyeUn• 

3. Oobratoxin•• 

4. Aapergillio 
aoid ... 

Orpn1811 

· ..... 
A!pergillua flaw• 
.l:.~.:.nra1Uiou• 

!• · vereioolor 

I:.• ·oobraoeua 

A;:n•w• 

5. Kojio aol4• A• 'lavu.1 aud other 
·epP:· ot A•Hrstnu·• 

6. beta•nUro- 1:,;·Ytl&Wi 
_prope.noto aold 

7. Trem.orgenic toxin · A~:'i:flawe 
, ... • . } '.I. • 

8. l.uteoak.1r1n r•nioilltu11 
ielandioum 

... l • .4 ... ~ 

9. R\lguloe1n P • . J'\lg\AlOl\lll 
. . 

10. Cblorin•-· , t••·U"lin410\i11 
oontain~ng 
peptide 

: 

11. Ielanditoxin P •. telandioum ..... _ 

• •:,Yootoxine detected 1:1.e natitral oontaminante 

Foodatufte atteoted 

Oroundnute and produota, rioe, 
maise, otb'r nu.ta and •eeda, 
oottoneeed•, oooonut, wheat, 
tree nuts; milk, obeeae 

' 

Cereal a 

Cereals 

Cereal a 

Oereale 

Oereale 

Maise and other toodatutte 

Rioe 

Rioe 

Rioe 

Rice 

Some toxio etteot• 

Liver and kidae7 oaroiaoma, 
bileduot proliferation, 
tatty infiltration of 
.liver of animal• 
~ 

Hepatoma in.rat• . 
Liver and kidne1 patbolo&V 
ot rat• 

Antimiorobial and tozio 
to mioe 

AnUmior9blal an4 i< 
maramalian tox10U1 · 

Toxio to man and antmal1 

Buatain•d trembling .in mloe 
,• ' I ,• ,•, . ' . 

Liver toxioi~~ Bepato1D& 

Nephroeia and liver damas• 

Hepatotoz1n'~tpatoma of 
anicnale 

... 
VI 

""" 



'l'o::dn Organ ii• 

12. CUrlnin• P. oUrlnu• 

1). Citreoviridin P. o1treo~virlde and 
other Penloill~m •PP• 

.. 
14. lb.abratox1n• l• Nbru• 

15. PatuUn• J!• •~l!ID!Dll 
!· clavatue 

16. PtnloUUo f.• J?!!b!£!r!lUm 
aolcl•. ?..• o.Yol~1>ium 

17. O,oloplasonio 
ao14 .. 

l.• OYOlO'DiUm 

18. Peoralene Solero!igia 
8ol1rot!O£YI 

19• 8t&ob.JbOtJ'18 staob.tbota• atra 
toxin. ~· al ternan• 
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APPENDIX 14 

July 1993 

QllllDTS BY 'DIE JIAQCS1'0PPING OWICER 

The expert contributed effectively to the installation and putting into 
operation of the equipment. mainly the GLC and the AAS. In his in-country 
training courses he concentrated on pesticide residues. heav~• metals. 
mycotoxines and food additives as well as on rapid methods for food quality 
control. In each of these fields he trained 12 people. Since Mr. IC4sinski's 
aissi~n the DTQC laboratory bas been operational. 

The training mamial and the other documents he Elaborated will 
contribute to the sustainability of the laboratory activities. Mr. Kaainski's 
mission has, therefore. contributed positi~ely to the fulfilment of the 
project activities. His report is acceptable to the Agro-based Industries 
Branch anti is considered an important tool to strengthen food quality control 
in Vietnam. 


