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ABSTRACT

A chemical and instrumental food analysis consultancy visit to
Vietnam was undertaken from i February to 31 March 1993 as a part
of UNIDO's technical assistance project DP/Vie/87/009 13103 at
the Department for Quality Control of Goods and Metrology (DTQC),
Ministry of Trade, Hanoi.

The objectives of the visit were:
- To assist in the installation and testing of equipment donated
by UNIDC 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 course.

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




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 obtaired "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.Dr. Phan Duc Thang - NPD

of the Project and by the Expert of UNIDO - Prof.Dr. Edward Ka-

minski. Copy of the Certificate was given in Annex 5.
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INTRODUCTION

1. A two month consultancy visit in chemical and instrumental
food analysis was undertaken at the Department of Quality
Control of Goods and Metrology (DTQC), Ministry of Trade,
Hanoi, Vietnam. This visit was part of the United Nations
Industrial Development Organization's (UNIDO) 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 equipment 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 methods 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 manual.

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

- Prepare a terminal report.

3. The consultancy and training workshop took place at the Chemi-
cal and Instrumental Laboratories and Training Rocm of the
DTQC, Hanoi, Vietnam.

The job description is given in Annex 1.

A plan of the activities at the DTQC is given in Annex 2.

- A list of the senior counterpart staff is given in Annex 3
A list of the participants and observers of the course of

instrumental and chemical analysis is given in Annex 4.
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- A list of the people met is given in Annex 4A.
- A list of the equipment used in the chemical and instru-

mental analysis is given in Appendix 1.
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I. TRAINING COURSE ON THE ANALYSBIS
OF PESTICIDE RESIDUES IN FOOD

The first week after arriving at DTQC, the consultant took
time to get acquainted with 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 Chromatography (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. alvsis o icide residue as_chromat a GIC

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 high poisonousness. An essential knowl-
edge of the organo-chlorine pesticide was given during the lec-
tires.

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




preducts and living organisms requires special methods of analy-
sis. During the course two techniques have been used: Gas Liquid
Chrouatography (GLC) and Thin Layer Chromatography (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 thc most widely used irnstrument
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 ECD, Flame Ionization Detector FIL, Thermal
Conductivity Detector TCD).

For organo-chlorine pesticide analysis ECD is commecnly used.
The Electron Capture Detector cell contains a radioactive 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 ECD
handling. The influent gas stream from the ECD must always be
vented by a fume hood to prevent possible contamination of the
laboratory with radioactive material. A description of ECD, FID
and TCD 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 columns. Tne 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; 0OV-17; 0OV-210; SP-1500; SP-2250; were recommend-
ed. Attention was paid to the stability of the column used. A
liquid phase loading of 3-10% on support material (Chromosorb W)
is commonly employed in pesticide analysis. The liquid phase is
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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 own
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 .aow 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 lLayer Chromatography (TLC)

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, DDT, DDE, and Eldrin. As
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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 nm) 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 pug standards of aldrin, dielrin,
eldrin, TDE, DDE and DDT.

According to J.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 routine 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. Sample 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
will 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-
inc and sorption of extracts to florisil column and selective
elution of pesticide used organic solvents. For sample concentra-
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tion a rotary Kuderna Danish evaporator supplied by UNIDO was
used.

Pesticide Analytical Manual, Vol. 1, edited by the US Dept.
of Health and Human Services Food and Drug Admin. in 1990 was
distributed to the participants. 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-
ograph techniques no pesticide residues were detected in the ex-
amined samples. Using internal standards (Lindan) to the saxmples
a good reproducibility of the methods was achieved.

Simplified methods of sample preparation, used in Poland for
organo-chlorine deteramination of pesticide residues by GLC tech-
niques were used during the training course (the Annexes 6,7).

The residue limits of pesticide in agricultural products and
foods as well as the acceptable daily intake was presented during
the lectures.

The Reprints frou 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 Regulators Vel.1l,
11. 111, 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 B., Sherma J. - Handbook of Chromatography. Vol. I, II
CRC Press 1992
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II. TRAINING COURSF. ON THE ANALYSIS OF TRACE
ELEMENTS -~ HEAVY METALS BY ATOMIC ABSORPTION SPECTROSCOPY (AAS)
IN FOOD AND FOOD 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 analystis viewpoint the term "trace element"
refers to inorganic elements, mostly metals, which may be present
in foods, usually in amounts below 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-Hg/-p-toluolsulphonamid
form.

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

mercury (CH,;),Hg.
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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 industrial 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.

Cadmium - 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 general 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 common 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.
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D. Sample preparatijion

In most laboratories sample preparation is the most labor-
intensive 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 150-450°C according to the particular
elements in muffle 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 HNO5/H,SO, and aqua
regia, and dry ashing methods for the determination of Ca, Cu,
Fe, K, Mg, Mn, Na, and 2n in high-fat fish tissue. The authors
show that for the determination of Ca, 2n and Mg the aqua regia
and dry ashing methods gave superior results compared to the
HNO4/H,S0,. The three methods gave similar results for the other
elements.

The aqua regia digestion method was recommended by the au-
thors for safety, rapidity, simplicity, and many other considera-
tions.

Wet digestion with HNO4/HC10, 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 1~gia cannot be used for
fats of foods which are predominantly fat.
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A mixture of H,SO,/HNO; was often used for the digestion of
foods either with V,0g5 as catalyst for samples of low lipid of
carbohydrate content, or with 50% H,0, 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 stanc-
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 1999.

4. David Glick - Methods of Biochemical Analysis Vol. V.
Contamination Trace Element Analysis and its Control.
Interscience Publisher Inc. New York 1957.
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III. TRAINING COURBE ON MYCOTOXIN ANALYSIS BY THIN LAYER
CHROMATOGRAPHY (TLC) IN FOOD AND FEEDSTUFFS8

The training course on mycotoxin analysis was held from 1 to
13 March and continued simultaneously with other topics 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 were 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 aflatoxin-
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, physicochemical data, colour
and fluoresces in UV, toxicity and their origin. This article was
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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 (B1, B2, Gl, G2, M1, M2), ochratoxins, zearalenone,
sterigmatocytein, citrinin, penicillic acid, T-2 toxin and rubra-

toxin.

Aflatoxin are probably the most widely known nycotoxins and may
occur at any stage of crop production and be 2istributed in foods

and feeds during processing.

Penicillium mycotoxins. Species of the genus fenicillium produce
more than 25 toxic metabolites. The penicillizm mycotoxins in-
clude penicillic acid, citrinin, citreoviridiz, and cyclopiazonic
acid - yellowed rice toxins. Two toxic metabc’lites are produced
by Penicillium rubrum - rubratoxins A and B. iccording to some
authors, the rubratoxins may potentiate the zctivity of more dan-
gerous compounds than the Aflatoxins.

Species of genus Fusarium produce very toxic two metabolites;

F-2 toxin - Zearalenone produced by Fusarium graminerum or
F.roseum, F. moniliforme.

T-2 toxin - diacetoxyscirpenol isolated from Tusarium tricinctum.

A wide variety of commodities have been shown to yield afla-
toxirs in presence of suitable strains of A. Zflavus, A. parasiti-
cus and others. The list includes: maize, rice, cotton seeds,
tapioca, wheat, barley, beans, cassava, cocoz beans, hazel nuts,
copra, millet, peas, groundnuts (peanuts), peanut butter, peanut
milk, raisins, sezame, soybean and soybean milk, soy sauce.

In tropical countries climatic conditiors and primitive cul-
tural practices provide favourable conditions for contamination
of foodstuffs by fungi. Groundnuts present a special problem
since the fruit, after fertilization, :..netrztes into the soil,
where it is contaminated by various fungi, ard the damage occurs
before the crop is dry.

In Appendix 8 a picture from the scannirg electron micro-
scope of Aspergillus and Penicillium species is presented.

A basic knowledge concerning mycotoxins was given to the
participants of the course during the lectures.
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During the training 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 natrium 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 developing 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 from 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 aflatoxins determination in peanuts are

given.

Recommendations were given to the participants for practical pur-

poses:
1. For determination of mycotoxins the silica gel type 60 glass
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plates or aluminum sheets should be used.
Before spotting the TLC plate must be activated at 110°C for
a minimum 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.

Recommended literature

1. Ciegler A., Kadis S. aad 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.,b26:279-306.

3. Goldblatt L.A. (ed.) 1969. Aflatoxin: scientific background,
control and implications. Academic Press, Inc., New York.

4. Graham H.D. (ed.) 1968. The safety of foods. AVI Publishing
Co., Inc.Westport, Conn.

5. Betina V. 1989. Mycotoxins - chemical, biological and environ-
mental aspects. E£lsevier, Amsterdam.

6. Chelkowski J. (ed.) 1991. Cereal grain. Mycotoxins, fungi and
quality in drying and storage. Elsevier, Amsterdam.
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IV. TRAINING COURSE ON THE ANALYSIS OF FOOD ADDITIVES

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. louri matt in food

From a modern technology point of view colour additives are
essential because colour has 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 number 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 the 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 resultAmaranth was deleted in the
USA in 1976 and in Poland in 1985.

The large quantities of colouring matters which are permit-
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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 TIC 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-
sentcd in table 2, Appendix 12.

Recommended levels of preservatives to be added to food
products are presented in Annex 16.

The data 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




23

natural fermented food. The inhibitery 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 REMARKS AND RECOMMENDATIONS

i. The laboratory facilities at the DTQC provided by UNIDO (chem-
icals and equipuments) admitted to carry out food controcl in
the fields of pesticide residues, control of trace elements,

mycotoxins and food additives.

iji. 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.
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Project in che Socialist Republic of Viet Nam

JOB DESCRIPTION
DP|VIE|87]009]11-51{J. 1.1.05

Chemical and lastrumental Food Analysis Consultant

4 m|m

Date required As soon as possible

Outy station Hanoi, Viet Nam (with travel within the country)

To upgrade the capabilities of the Department of Quality Concrol

and Metrology (DIQC) of the Miniscry of Domestic Trade, to enable

it to develop and implement more effective qualicy control programmes

through appropriate cheaical, physical, microanslytical and micro-

biological testing of foods for quaiity and safety, as well as

Outies to strenghten its extension and -advisory services to DIQC branch
laboratories and the QC network of the Ministry of Domestic Trade.

Purpose of project:

The conmsultanct, working under the general guidance of che Racional:
Projacc Ditector and the CTA and in closs co-operacion vith the
project adainistration aad che Covernment authority concerned,
will specifically be expected to carry ouc the followiag ducies:

- Assist in the installacion of wew equipment and cest its
performance;

- Coaduct tra-ining of DTQC sia_ff ia the use and operation of
equipment for chemical analysis of food;

- Prepare a training manual on methods for the analysis of food
composition (N, fat, sugar, etc.) and chemical contaminants
in food;

- Conduct .two in—country trairing workshops using above manual.
. " Tne comsiltant will also be expecced to ctake parc in the preparation
" -of the terminal report, which set> out the findings of che mission
and recommendacions to the Covernmenc oa further action which
might be caken. -

Aopplications and communications regarding this Job Description should be sent (0!
_  Project Personnel Rearuitment Section, (ndusteial Operstions Oivition
UNINO, VIENNA (NTERNATIONAL CENTRE, P.O. Box 300, Vienns, Austria




High-level senior chemist, with large experience in the

analysis of food composition as well as chemical contaminants

as heavy metals and aflatoxins, and food additives and

preservatives. He|she should zlso be expecienced in che

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, cashew nuts,

fruits andvegetables, spices, canned meat and fish.

1alfications

nguage

English, Vietnamese

ckground information The Department of Quality Control and Metrology (DTQC) was
created in 1960 as a Department under the Ministry of Domestic
Trade. Government Resolution No.28|HDBT dated 6 April 1983
made DTQC a legal body and gave it the responsibility to ctest
and inspect, and to control the quality of foods in the domestic
market, from selling, buying, storage and transport. Among
the major food items under its responsibility there are fish
sauce, soybean sauce and other fermented sauces. The others
are milk, tea, bread, biscuits, confectionery, aquatic products,
vegetable oils, solar salt, sugar, canned foods, peas, fruics
(dry and fresh), vegetables and spices, cooked meats and
alcoholic beverages.

DTQC performs the following functions im relation to its
responsibility of ensuring the quality of foods in the market:
r'd

1. It takes -amples, inspects and tests foods from various
markets within the country and has the legal mandate to
withdraw any product which it finds defective.

2. It exercises professional supervision over che quality
control laboratories of trading companies, collective fimms
and trade services up to the district level, and provides
advice, education and training to its personnel.

3. 1t acts as the official Government arbiter for quality
problems that arise between buyers and sellers.

4. It provides the official Government certificate for the
quality of food product samples.

S. More recently, with the Government's new open policy 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 food testing

and quality control functions are implemented by the Agriculture

and Food Products Section, which is neaded by a Food Engineer

and a Chief of Laboratories. The Section has 13 analysts to test g
and inspect ‘the food quality in 18 provinces in thz northern’

part of the country. Two branch laboratories in Da Nang and

Ho Chi Minh City test and inspect food in the central and southern
regions of the country, respectively. These branches are also

under the Director of DTQC. :




DTQC monitors the quality of food in the market through
regular inspection and sampling, conducted weekly, monthly
or anaually, depending on the volume of cthe food sold

and its likelihood of contamination. Sampling is also
increased folloving reports of adulteration and complaints
by consumers.

Fish sauce and soy sauce are among the most imporcaat

of the commodities inspected. Other products analyzed
frequently are soybeans, peanuts, groundnuts, fresh fruits
and vegetables, confectionery, fruit juice, spices, vegetable
oil, margarines and canned meat and fish.

DTQC analyses about 2,000 food sawples in the laboratory
yearly, which represents 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 used by DTQC for food testing are taken

from the Vietnamese standards, formulaced by the General
Department for Standardization, Metrology amd Quality

Control (GDSMQC). 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 specifications as those from

Hungary and Bulgaria.

The test methods used a2t DTQC are not up-to-date and|or

do not cover quality indices presently considered important
in the evaluation of food quality. Considerable upgrading
in this area is necessary in order for DIQC 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 qualicy products in the domestic market and to make
collective firms and cooperatives more competitive. The
establishment of DTQC is thus part of the Government's
scrategy to stimulate the development of the consumer
market by ensuring quality, preventing unfair rrade practices
and protecting consumer healgh.

It is feasible to upgrade the quality of food products

by instituting R&D and quality control procedures in food
manufacturing plants. However, even after the institution
of such procedures, it would still be necessary to verify
product quality in the market, through actual testing

and inspection. In as much as the latter activity is DTQC's
responsibility the upgrading of its facilities would still
be imperative.



28

The entire process of upgrading of laboratories’ facilities

will be implemented through the training of other laboratories®
<taff in Hanoi, according to established standards/testing
procedures. DTQC trained staff will prepare training materials
and provide on-the-job training for the staff of other
institutions. The Government will upgrade the facilities

of other laboratories in the network by its own resources.

Thus, no altermative 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 project objectives.

With the facilities which will be provided by the project,
DTQC should also be able to continuously conduct the R&D
necessary to understand and prevent the most important
quality problems that cause product rejection, or the

RAD needed to produce the quality specifications required
by the market.
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Additional duties of the international expert :

1. A traini manual i {0l lowi 1CS 2
1.1 Principles of Pesticide Aalysis by Gas Owamatography (Lecture)
1.2 é6nalysis of pesticides in foods (Hands-on)

a. Sample preparation
b. Gas ctvomatographic separation and analysis

1.3 Principles of Heavy Metal Analysis by Atomic Absorption
Spectrophotometry (Lecture) .

1.4 Analysis of Meraury, Lead, Arsenic and/or Tin (Hands—on)
a. Sample preparation for soy sauce, fish sauce, and/or fruit juices
b. AAS analysis

1.5 Food Analysis Applications of Thin Layer Chromatograph (Lecture)

a. Preparation of TLC plates for aflatoxin analysis
b. Preparation of samples ’
€. Analysis of food samples for aflatoxin -

1.6 Analysis of Soybeans ar Con for Aflatoxin (Hands—an)

The manual will be used for 7 week hands~on training course on the
actual analyeis of pesticides, mw matals and aflatoxin in Vietnamese
foods and food crope.

2. Two 45-minute papers 4or a seminar on “Food Guality GC!¥£’D!"~ on  the
following topics: -

2.1 The Food Control System and Methods For Detecting Counterfeit Food
in Poland. (counterfeit means imitation and/or adulterated food)

2.2 Sources and Control of Lead, Cadmium and others types of Heavy
tetal Contamination of Foods. .

Please see the folloﬂilctra’m‘ng caurse design tor abjectives, participants
’ and schedules.
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Design and Schexiule of the In-Country Training Program
- Praject DP/NVIE/G7/007

The followming covers the content and new schedule of the incontry tsining
program. The contents of this program has been readjusted to fit the siorter
duration of the mission of Experts. This mission has been reduced from 4 /s 0
2 a/m to save on cost.

The contents do not deviate from the original project design. However the
Experts will participate only in treTraj.nj.ngo-fTra.irxrshh'kslnpazd in &
3tn4daysseumrinﬂanoim“&:d01alityca1trql'. The Training of the oC
nebwork will take place without the Experts. ;
1. Objectives

1. Yo tain six (&) trainors on the new methods of food testing

introducea by the Praject.
2. To strengthen manpower capability at DTEC to use the new test methods.

3. To train fifteen (15) food inspectors of the GC network on those
aspects-oernentesﬁnjtedmlcglesthatuiumcarried ast ain
the field.

11. _Octivities
A. Training of Trainors Workshop - 7 weeks

B. Seminar on "Food Quality Control® - 3 to 4 days
C. Training of the GC Network - {4 weeks

111. Participants
A. Training of Trainors Workshop
- (ecturers and Trainors
- International expert in chemistry (1)
- International expert in aicrobiology (1)

- Mational expert (1)
- CTA (1)

- Trainees
6 — future tras’.hors from DT@Cs (2) in chemistry, (2) in
microbiology and (2) in microanalytical and physical and
sensory evaluation.
20 - irvited participants for the lecture portions of the Uvee

areas of training: (4) in chemistry, (8) in microbiolagy and
(8) in microanalytical and physical and sensc-y evaluation.
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PLAN OF ACTIVITY

AT THE DEPARTMENT OF QUALITY CONTROL AND METROLOGY (DTQC)
OF THE MINISTRY OF DOMESTIC TRADE OF VIETNAM

From 1 PEBRUARY to 29 MARCH 1993

TRAINING COURSE ON THE ANALYSIS OF PESTICIDE RESIDUES

1 February,

From 1 February to 18 February 1993
( L = Lecture; P = Laboratory Practical )

Monday

Arriving to Hanoi and first visit at the DTQC

2 February,

Tuesday

Meeting with:

Prof.Dr. Phan Duc Thang - Director of DTQC

Dr. Le Xuan Dich - Deputy 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:

3 February,

Dr. M.J. Meixner - UNDO Country Director
Ms Anja Latacz - Program officer

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 materials for the lectures

8 February, Monday

9.00 Opening ceremony of the training course at DTQC
Prof.Dr Phan Duc 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 - Pood Technology Institute - The
University of Agriculture, Poznan, Poland
- Pesticide formulation, classes of pesticides
- Hazardous organochlorine insecticides
- Hazardous herbicides
- Hazardous fungicides




33

ANNEX 2

TRAINING COURSE ON THR USE CF GAS CHROMATOGRAPHY FOR
THE ANALYSIS8 OF ORGANOCHELORINE PESTICIDES IN VIETNAMESE FOOD

Focus of training
a/ Analytical methods - GC and TLC
b/ Instrument
c/ Extraction of pesticide residues in food samples -
rice, water, vegetables
Pesticides to be analysed - Lindane, DDT, DDE, TDE, Aldrin,
Meptachlor, Endrin

9 February, Tuesday
- Gas Chromatography columns (1)
- Testing Gas Chromatography (P)

10 February, Wednesday
-~ Gas Chromatography Detectors ECD, 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 Febiuary, Saturday
- Pesticide determination by Thin Layer
Chromatography (L)
- Preparation of development reagents for Chromatogra-
phy (P)

15 Februacy, Monday
- Analysis of residues pesticide in Rice, Water and
Soybean by GIC and TLC - Chromatography (P)
- Assisting in AAS testing (P)




16 February, Tuesday
- Pesticide determination sample preparation (P)
- Florisil column preparation clean up the sample (P)

17 February, Wednesday
- Pesticide aralysis, 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 vegetable, 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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TRAINING COURSE ON THE AMALYSIS OF HEAVY METAL CONTAMINANTS
IN VIETNAMESE FOOD BY ATOMIC ABSORPTION SPECTROMETER (AAS)
19 Pebruary to 28 February 1993

Focus of training:

a/ Analytical methods — AAS

b; Instrument - AAS, Continuous vapor system

c/ Foods - Fish sauce, soy sauce, viregar, mineral water,
beer, wine, Fish canned foods

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

22 February, Monday

23

24

25

26

27

- 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)

February, Tuesday
- Determination of Mercury (L)
- Destruction of organic matter (P)

February, Wednesday
- Determination of Lead (L)
- Destruction of organic matter (F)

February; Thursday
- Determination of Cadmium (L)
~ Sample preparation (P)

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

February, Saturday
- Preparation materials for lectures and practical work
with mycotoxins.
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TRAINING COURSE ON THE AMNALYSIS OF MYCOTOXINS
BY THIN LAYER CHROMATOGRAPHY

Focus of training:
a/ Analytical method - TLC
b/ Instrument - 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, corr, peanuts and soy sauce for aflatoxin
- Beverages and candies for amaranth
- Beverages for sorbic acid and benzoic acid. Results
to be compared with permitted levels.

1 March, Monday
- Global significance of mycotoxins 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
- Chemistry and physicochemical properties of secondary
metabolites (mycotoxins) 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 grain (Maize) (P)

9 March, Tuesday

10

11

12

13

15

16

17

March,

March,

March,

March,

March,

March,

March,

- Sample preparation for aflatoxin analysis

in fermented products - soy sauce (P)

Wednesday
- Sample preparation for aflatoxin analysis by TLC
in peanuts (P)

Thursday

- Possibilities of reduction of mycotoxins present in
cereal grains and other foods (L)

- Documentation from data analysis (P)

Friday

- Toxins from fish and other marire organisms (L)

- Brine Shrimp (Artemia salina L.) Larvae as
screening system for fungal toxins (L + P)

Saturday
- Detoxification of cassava products - Enzymatic
hydrolysis of Linamarin (L)

Monday
~ Colour additives, natural and synthetic (L)
- Sample collection (P)

Tuesday

- Analysis of water-soluble and fat-soluble colours
by Thin Layer Chromatography (L)

- Preparation of TLC plates (P)

Wednesday
- Identification of the separated colours from food (P)
Rf and Px values




18 March,

19 March,

20 March,

22 March,

23 March,

Thursday
- Extraction of the colours from food (P)
- Separation by TLC (P)

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

determination (P)

Saturday
- Conformation of the identity oI dyes using

spectrophotoneter (P)

Monday

Principle of food preservation (L)

- Preservation by use of high temperature
- Preservation by use of low temperature
- Preservation by drying

- Preservation by Food Additives

Tuesday

- Permitted chemical preservatives in food chain
manufacture (L)

- Determination of benzoic and sorbic acids by TLC

techniques (L)
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ANNEX 2

SEMINAR ON FOOD QUALITY CONTROL AND FINAL ACTIVITIES

24 March,

25 March,

26 March,

27 March,

29 March,

31 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

Thursday
- Participation at the seminar

Friday
- Preparation of final report and recommendations

Saturday
- Preparation of final report and recommendations

Monday
- Departure to Vienna

Wednesday
- Debriefing in UNIDO, Vienna




ANNEX 3

LIST OF SENIOR CONTERPAW STAFF

1. Prof. Dr. FHAN DUC THANG, Director of DTQC — Ministry of Trade,
Natioral Froiect LCirector of Froject
VIE §7/00% - liquid foods in Vietnam

D)

- Dr. LE XUAN DICH, Vice director of DTQC - Ministry of Trade

5. Eng. NGC DINH CO. Head of Pivision of Food Control of DTRC
Mialstry of Trade

4. Pharm. PHAN QUOC DONG, Head cf Microbiological Amnalysis Lab.
of DTERC - Ministry of Trade

5. Dr. FHAM 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 UNIPO contract No. 92/217/Uk of
coupling microcomputer with Gas Chromatograph
Tremetics Model 9900.
read of group installing AAS equipment at DVGC

&. Ms. Sc. TRAN QUANG VINH,; Head of Eisctronic Section Central
bicrt:chop. tniversity cf Hanoi

7. Chemist LE DANG DOANH, Sas Chromatographer for pecsticide residues
analysis

8. Chemist TRAN QUANG TOAN, Gas Chromatoarapher for enviromental 2nd
occuparioral analysics
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ANNEX 4

THE LIST OF PARTICIPANTS AND OBSERVERS IN THE
INSTRUMENTAL AND CHEMICAL ANALYSIS COURSE

NAME OFFICE
— e

1. NGO MINH HUE Analyst of DTQC

2. NGUYEN QUANG TUAN as above

. TRINH HONG THUY as above

&. HOANG HOA VINH as above

5. LY THI DUNG as above

&. NGUYEN THI DUNG as above

7. NGUYEN THI TINH .as above

8. NGUYEN THI NGHIA as abave

9. DANG THAI BINH as above

10. PHAN NG60OC THU as above

11. NGUYEN HONG LOAN as above

12. N60 PHUONG HOA as above

13. NGUYEN VAN ANH as above

14. THAI THI TUAT as above

1S5. VU LAN PHUONG as above

16. PHAM THI VAN as above

17. DANG LUC Center Branch of DTQC

18. NGUYEN LIEN HUONG South Branch of DTQC
Hanoil , Feb. 14993

Prof. Dr. PHAN DUC THANG
NPD of DP/VIE/87/009 project
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List of People Met

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

frof. Dr. PHAN DUC THANG, Director, DT@C

Dr, LE XUAN DICH, Deputy Dircter, DTQC

Mr. NGO DINH CO, Secrectary of Project and Head of Ruality Control of
Agriculture and Foodstuff Section.

Mr. PHAN QUOC DONG, Chiéf'of Quality Control Laboratory.
Mrs. HUYNH LE TAM, Food Hicrobiolgist

" Mr. NGUYEN QUANG TUAN, Chemiét

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

“Mr. TRAN QUANG VINH, Lecturer of Radio Physisc, Head of Electronic
Section of The Vietnam - Holland Project VH — 16

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

M-. DO FHUC Q@UAN, Chemist - Faculty of Chemistry

Dept. Technical Chemistry
Hanoi Universty
2. UNIDOQ Field Office, Hanoi.

Dr. M. J. Meixner, Country Director.

Dr. Alicia 0. Lustre, CTA of DP/VIE/87/009 Project
Director Food Development Center - Manila - Philippines

Miss. A. C. Latacz, Programe Officer.
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APEX 4

ANALYSIS OF '‘PESTICIDE RESIDUE

Rapid amethod used in flant protection Institute in foznan

Reagents

Apparatus

1.

D)

¢

Iy

&

Acetone

Dicnloroaetan

Acetonitril

Hexane

Saodium sulfatg

Sodium chloride - saturated aqueous soluticn

Florosil PR grade

Florosil column

Rotary evapor#tor Kuderna Danish concentrator
Separato} funnels

High speed biendg?

Gas_chéomatoqraph with Electron Capture Detector

Coluan . .
HF — 17 (10 @ x 0.53 am x ‘2.0 um)
Parameters of column operation 160 - 240 C

S C/ain

(ECD)
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RANNEX 6

DETERMINATION OF ORGANOCHLORINE PESTICIDE IN KRICE

10 g sample of rice grind in high—speed bleader and extract with

acetone—-water solvent (2:1) 1 h
Filter through filter paper. Wash resideu with 2 x 25 &l solvent.

Transfer aceton extract to 1 L separator cantaining 400 al H;0 ana
50 ml saturated NaCl solutiaon and 100 al dichloramethan. Shake
vigorously 2 min. Reextract aqueos solution using 100 al solvent.
Combined extract pass through anhydrous Na,SOy and evaporate
completly using rotary evaporator.

Disolve residue with SO0 ml acetonitril and transter to S00 al

add SO ai hexan and extract (solvent by solvent not

separator.
Atter layer

very vigorously to prevent formation of emulsion).
separated drain acetonitrile into second.separator.
Hexane layer reextract with S0 al aceton:i:tril.

Combined acetonitril solvents. and add 250 m! Hy0 + SO al saturated
NaCl and extract twice with (2 x 75 al) hexane. Hexane layer pass
through anhydrous NazSQ' and evaporat using rotary evaparator.

Disolve dry residue in 10 al hexane-

- Florisil clean—up
Add- 10 g activated Florisil to 300 x 20 am chromatcgic tube and

add 1 g anhydrous Na,S0,to the top and mark tube 1 cm above
NazSO . Add 20 - 25 ml solvent (hexane) and wash column. Salvent

level must not go below mark.
Transfer by Paster pipet 2 to S ml sample to column.
Add 150 ml solvents hexane dxchlomethan (8 + 2)" and elute (60 - 9C

drops/min)

Transfer cluant to rotary evaporator and evaporate to dryness
Disolve residue with 2 aml hexane.

Concetrate use for GLC and TLC




DETERMINATION OF ORGANOCHL ORINE PESTICIDES IN GREEN BEANS

1. 350 g sample of green beans + 100 m! aceton mixed i1nto hiah speed
blendor for 3 min, supernastant filtrate. Vegetable pulp extract
again with 100 ml aceton in blendor. Decant aceton supernatants
through filter and combine witn first extract. Rinse blendor jar
ang filter with tne pulp with 3 x 20 ml aceton.

2 Transfer aceton e:xtract to 1 liter separator contaiaing 4C0 ml
Hy0 anc 5 saturated Natl! solution and 100 ml dichloaromethan.
Shake vigorousiy Z min. Re-extract agqueaus res:due twice using
SO0 ml dichloromethan.

Combined extracts pass through anhydrous Nay€0, . Dicnlorosmethar
extracts completly evaporate using rotary evaporation.
Disolve dry residue in 1C ml hexane.

S. 19 g activated Florosil put to the column, on the top th 1 g
anhydrous N2,S0y .
Frewet cclumn with 40-50 ml hexane.
Transfer 510 ml hexane extract tc the column and eluate column:
ueing sclvent 1506 ml hexan + dichlecromethan (8 + 2} at about
6G-90 drops/min

4. Transfer eluant to rotary evaporator and evaporate toc dryness.
Dicoive residue in Z ml hexane

S. Hexane extract use for GLCH and for TLC
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DETERMINATION CF TOTAL MERCURY IN FOOD

Source

Trace elesments determination in foods * K.  Ludwicki ..—.Motody
o-naczanica substanc ji odcych wWZywnosci. Wyd. metaodyczne FPZIH.
1990 Warsawa ° )

frinciple’ ’

e -

The sample is cigested with mixture nitric acid andsulphuric ac:a
under reflex to prevent loss of mercury.

The mercury is reduced to the element with hydrohylamine and the
vapor swept into the cell of an atomic spectrophotoseter. The
reading is coapered with standards treated sigilarity.

Apparatus

Atomic absorption Spectrophoctoseter

Reagents

- Nitric acid, Sg. gr 1.42
- Sulphuric acid 8p. gr 1.84
Nitric acid 1% soln. .
Reducing soln. — Mix 25 ml H SO with 150 ml ﬂJO dissolve 25 g
. SnCl,, 7.5 g hydroxylamine sulfate and 2.5 g NaCl.
Dissolves all ingredients and dil. tc 250 ml
(solvent is lasting 2 month)
‘Vadium pentoxide qus :
— Mercury std soln. .
Solv. A- Dissolve &7 mg HgCl, in 100 sl S% H,S0;. Stock solution
conc. 500 ug/ml
Solv. B- Dilute 1ml molv. A in S00 al H,0 (conc. 0.5 _ug/ml)
Solv. C~- Dilute 10 aml solv. B in 100 ml +H,0 . Prepare fresh daily
gtandard concent. 0.05.ug/al

|

Dilut}n@ soln. ~ To 1 lit vol. flask contg 300-500 ml H,0 add 58
w1 HNO; and 67 al H,SO, . Dil. to vol. with H,0

Deteraination

Weigh 5-10 g sample into digestion flask. Add 4-5 glass beads,
20 m1 H,0 in case of ary products and.10 ml H O to wet products,
1 ml H,S0, conc. and 20 ml HNGQ;conc. and swirl until ahomogenous
tarry fluid is obtained. Add 20-40 mg v, 0gana let stand for 2h or
overnight. ’

Conect condenser (with H,0 circulating thru 1t) and apply gentle
heat ca 20 min. Remove- heat and let stand 1S min. Adg 9 ml conc.
H,S0, thru condenser. Turn of Hy0 circulating thru condenser and
boil vigorously J0 min until start boiling. Cool carefully agd 1C
ol 1% sol.HNOA thru condenser.Wash condenser with ﬂzo. Fiitr
digested samole thru the filter.wash filter ~ith 1% HNO; dilute
sample to 100 mi with H,0. :

Freparation reagent blank

e o e S P S A e o D P S S > P D S S S St S S S

Carry out blank determination using a similar reagents through ali




ANNEX 8
stages of the procedure.

Preparation standard curve

Standard sol. °C*® ml g Hg

0 (o)
0.25 0.0125
0.50 ¢.0250
1.00 0.050
2.00 0.100
5.00 « 250
10.00 0.500

Add 2.5 @l recucing soln. and dillute with H,0 to SO al.

Sample preparation

Use 25 al digested sample add 2.5 al reducing soln. dillute with

H,0 to S50 ml, )
Prepare ARS to optimum conditions. Plot standard curve and

aesure the samples and blank solution.

Notice

Acc. observation done during the cburse - The use of diluting
solution to samples and standards instead water better resolts
could be obtained on AAS mesurtements.
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ANNEX B

MERCURY DETERMINATION IN FISH
tacc. ADAC-0Official methad of Analysis 1990)

Reagents

———— v — -
- .

a—- Reducing solution
Mix 50 al H;SQ with ca 300 al H,0. Cocl to room temperature ancd
dissolve 1..- g tlaCl, 15 g hydroxyla:un sulfate, and 25 g mC; in
solution. Dili. to 500 al..

b— Diluting soln.
Te 1 L vol. flask contg 300-500 al H,0, add S8 ml HNO,; and 67 ai

sto’ Dil. to vol with H 0.

c—- Mercury std solns
(1) Stock soln. - IOUO_ﬂg/ml. Dissolve 0.1333 HgC&'xn 100.0 ml 1,0
(2) Working solns. — 1 Mg/ml. Dil. 1 ml stock soln to 1 L witn 1IN
HzSO ._Prep. tresh daily

Sample preparation and digestion

Weigh S.04wet wt) thoroly mixed fish sample 1nto digestion flask.
Rinse neck ‘Of flask with <U aml H,0, if necessary. Add ca 20 boiling
stones, 10-20 mg V,0¢, and 20 ml H,S0, ~ HNO; (1+1). Quikly
connect flask to condenser, and swirl to mix. Circulate cola ﬁtD
thru condenser during digetion. Apply sufiicient heat to praduce
low initial boil (ca 6 min) and finish digetion with strong po:l
(ca 10 min). Swirl flask intermittently during cigetion. No solid
material should be apparent except for globules ot fat after ca 4 min.

Remove flask from heat. and wash condenser.witin 15 ml He0. Adc 2
drops 307 H,0, thru condenser and wash into flask with 1S5 ml H,C. Cool
digested fisn soln to room temp. by placing flask, still connected
to condenser, 1n heaker of H,0. Disconnect flask, rinse ground joint
witn He0, and quant. transfer dgigest to 100 m)! vol. tlask. Ignore
solx..zfxea faty it goes not interfere. Carefully rinse digestion
flask with several portions H,0 and dil. to vol. with rinse H&O.

Pipet 25 al soln into or;gxnal digetion flask and add ca 75 al
dilg soln.

Curry out blank determxnatxon usxng a similar reagents through all
stages of the procedure. .

- Prepare reagent blank and standard curve by adding 0, 0.2, C.4, 0.6,
0.8 and :.0 Mg Hg to series of digestion flasks. To each flask aad

100 ml diluting soln. Finaly add reducing soln to ctandards ra
samples and aerate in AAS




o™
| >
_n

Special Megestion Apparatus for mercury
- residues
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ANNEX 12}
m_I!(lll!l.lxtxlxl..;|lllr||x'||.lrll-'..:I--::x.:

t 3 ] 1 H 1
) asb- | o pineati : 1
- aticn grash: HgNC,Std. sclution Date: 11 March 1333 =
H - V- *

~ Ogerating conditions: W: 0.5 m
. Ravelength: 2753.7 on 4]
‘ o L e sy B saconds A

11158 )j: 7

Baseline delay: 40 i
v Gas flou: 250 al/nin Pl -
PU 9330 continuous flou VapOWX systen ’ t
F and 08 / -
f;_ Cons. (ug/) = Asb. y -
Foostd 10 271 - -
2 20 42 :
r 5 0 103 ~ E
r s 0 120 =
F 2 &0 i63 4
1 $ 100 212 '
r S
{I Expert of UNIOG: Prof. Kaniaski —_1.
. Operator nan: Mrs. Vinh :;
. Mrs. Hue _f
54_" frs. Thuy -1
- /" :
. yd g
i e :
v e By Teny =
& 'L ’ ey b,y 0 [N Vg 1y i [ [ I R I A I B L
0 10 20 k)] 40 0 60 - 80 ] 150

v =@ ¢B:X; & =0.0000E:00 - B =2. 4177400 step = 10 Cons. (ug/1)
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ANNEX 9

Source: Manuals of Food Quality Control, FAO, Rome, 1979
LEAD & CAINIIN
ATOOC ABSRPTIG
SPECIROSC(PY XETHOD
PRIECIPLE

, w and quhiﬁ ‘are extracted from a solution of the ash of the sample 0.5 M with
respect to KCI ¥y diethylamoniwm diethylcarbodithiocate in methyl isotutyl ketane. Standards
mtx-utodinthacucwandbothmhodomdndmrmtsm-wodmthonm

of an atomic sbsoarptian spsctrophotameter,
APPIRATUS ‘

Before use, all items of glassware and silica dishes should be immersed in 5>p__u_' cent
v/v hydrochlaric acid (reagent grads) for ssversl hours,. and then rinsed with double-distillec
water. ’ - ) :

1. Lipped silica dishes volume -approx. 30 al.

2. Graduated 5-al and 1-al pipettes.

3. 25-al volumetric flasks with plastic stoppers.
4. Atomic absarptim spectrophotosster.

. The operating conditions for lead and cadaium, udsing an Atomspex H1170; (Hilger &
Natts) are shown below: -

Lead Cadmium
Lesp owTent (mA) . 6 5
Vavelength (nm 211.0 228.9
$1it vidta (pm - 100 45
- Barner lutr% -) _, _ 9 9
acetylms (litre mis” at 5 psig) 0.75 0.7
Air (litres min”~ at 30 peig) 2 2 -
Scale expansion . i . ) -0 -

5. Recarder (e.g. Servoscribe Flat-bed).
1. Vater: Double-distilled, Gsing silica-sheathed elements
2..¥itrio acid (S.C. 1.42): Low-in-lesd quality.

3. Hydrochlaric acid (S.G. 1.17): x.ou-m-h.é quality.

4. Diethylamsonium diethylearbodithicate (DICD): A 14 w/v solution in methyl isobutyl
ketone. The solution may bs kept for seversl weeks without deterioratico.

5. Kethyl isobutyl ketaone (xmt) ;élimt: 4 saturated solution of water in NIEK.
6. Ascorbic acid: A freshly prepared, 10% w/v squeous solution.

7. Standard solution of lead snd cedsims: 4 2 w/v solution of hydrochloric scid
containing 10 ng/kg of lead and 2 mg/kg of cadaius.




52

ANNEX 8
- 0.0 "lllllll.lllllllll'lillll!ll!lllllll!_1];
b Detesmination of Od in Fish 23 March 1333 —:‘
. a.0 Calibration sragh: Cd Std. : 5
QOperating conditions / 7
mo,E_ Principal lme 7”8, gm P _]
Fla\e type : Anrlacetgl stou:hxonetnc 4
Fms floa b to 1.3 Wnin -
Lao current -
0. IlsmsSUmslotumrmdl‘llum-ms -
Cons. (ug/aD) fish. :
°"{‘ fsh. -
+ .
+ Unknoun 1 0.014 .
0. 0.015 -
J
0. -
TRAINING COURSE AT 0i(C h
{1 0{- Hano1-Uietnan 4
* 13844 —
Expert of UNIDD .
.0 Prof. Or. E. Kaninski -
o.wltJloiosllll’mlltxlltl|[|1|xi|11-'1:"'[-1:1j
. . 0 - 0.1 0.2 0.2 0.3 .35 0.40
¥ = A +BtX; @A = 0.0000E+00 B =2.287E-04 step = 10 Cons. (ug/nl)
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ANNEX 9

w2
; l'l;h 2ak (see Note 1) 10 g of Bamogenised saapie (weizhed to nearset 0,015) ot 450-
SOC in & silics ik Titil the ssk is grey o »hite. Koisten wath diluted mitrio acdd/

wour ( + 9) «2& Wiefly To—ash 1f DEceIL&TY. Treat ik, wah Witk S &l o water followed
o 5 Al of Rydrechloric aoid and evaporate t0 dryness oo a steaabath. 144 1.0 =l of hydro-
<515016 &uid &2d 3-5 &l of water, stirring with a glass rod, filter through & small ¥o. 4
pagss LGt o 29-al volumstric flask and =ake up to the sark with dish and rod rinsings.
Pre,sTe 4quecus standards in 25-al calilrated flasks using O, 0.10, 0.20, 0.50 &4 1.CO =1
of ke standard lead/cadnima wolution. To each Tlask add 1.0 ml of hydrochloric acid a3d

sasé LD 0 the mark with water (see Note 2).

T the blark, standarcs and saxzplos add 0.5 ml of ascorbic adid solution aad iavert
30 mix the cantomis. Then, without delay, add 1.50 =i of IICD solutiza, stopper zad skaxe
t!tn.nhta-wm Kaen the phises have separated, tap the flosks on thas Laach to
Naove salvant glolcles caught cn the sides of the {lsacks and aspircte ike arganic lavers
Za%0 the spectrophotometar first Sar cadzita and then for lecd. Spray KX acivent befare
gwaw@ocmmmmto.mmmm Cangtruc calilraticn
matmmuummmmmatmmm-.umlm
seats in each ssmple.

lm 1.0har ailk powders, careals and dshydrated foods over a Bunsen bumner before ashing.
4 dash lazger than the 30—zl cizc is prefersble for thase malarials.

Note 2.Thé saaples s34 standasds xay be left at this stage for several days, Wt oacc the
wItrection process has bean startcd, the analysis should be completed as soan i3 possille.

Hote 3.See the detérmination of lead by dithizee for prcautims_ to be taken inm ashizg.

DISCUSSIQY -

Extraction of lead and cadasius from 0.5 X ECS Yy INXCD manu&oaxvmt
alternstive to the procedare given wuder the dithizone method. If an atomic absorption
speotrophotouster is nat available, the lead and cedmium iy be extrascted with DICD/AIRK,
uaing ¢ somevdist larger volume and repesting the axtracticd with fresk IDCD to sneure
cazplete extraction. The organic phase mast then be evaporsted without loss by spattering
axd digeated in the mininmn aacwrt of 33id sad the determinatian -completed with cithizcas.
g...;c:ug' ‘upaitn and phosphate are wilikely to csuse difficultiss of precipitaticn in

Of the eleaents likely to be present in food digests, anly iran, copper and zine
could interfare in the determincticn using AAS. These elements are ustally zasked Yy..
foruing their cyanide ocomplexss at pH 8.5, In the A43 method given it has been fomd
Becessary to eliaingte cawpletely the interferencs froa iren cmly &y reducing with s&scorbic

acti any Pe (IXI¥ to Fe (II) poice to the extractic step. Three :..Ties of calilraticms foir

0.1 £g of caloium €nd 0.5 pg of lecd ware carried out by Snodin {:973).

&)  otendird calibrations
b) calilritions in the presence of 50 pg each of iren (I1I), copper axd z:ac
o) calilrations in the presance of 100 pg each of iron (1I1), coppsr and zirc.

Lead 28 subject to slightly more interference than cadmium though the erzect causes
B0 more than a 15 per oent decresse in respause evett 1o calilwation {c). Koreover, since
SUCh €XCessive smoudts of iron, copper and zinc s used in (c) are unlikely to be presen:
in foods, any interference Ly these mstals should be mthin experimental error.

Ezperisents have indicated that the lead-IDICD complex 1s stable fo several dowrs,

*
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ubilst that of cadmius is subject to slight decoaposition (judged Yy a decreass of 10 to
20 per cent in the instrument response). For this reasan cadaicm 1s best determined farst
and lead determination dompleted within three hours of extraction as recomaended bty Broch..
Presley and Kaplan (1967). ¥ix and Goodwin {1970) showsd that the sodium diethylcardolitn-
icate complexes of copper, iron, odltalt, nickel, chromium, lead, zinc, MWt not of manganes
were stable for at least 400 minutes.

Kote — In the paper referred to earlier Yy Roschnik, the use of xylene instead of KIIX is

recosmapdsd and it is stated that some products such as juices and beveragus need not be
digested. The present author experienced soas difficulty with the flame conditions but the

method worked well using dinitrogen an.dc/mtylonu
Useful papers include the following:
- AXC Repert analyst T9 1954 397=402 .\u 84 1959 127-134.

- Collaborative study od lead in’ mpcx;atod uilk Yy at.a-ic abscrptian, spectroscopy and
snodic stripping voltamaetry, Fiarino J.4. et al JAQUC 56 (5). 1973 -1246-1251.

~ Lead in foods bv ALS, Roschnik, R.K., Analyst 98 1973 596-604.
- Proposed OIV method for lead in wine by ALS Amati, Minguszi, 4. & Rastelli, R. (19176).
- Belease of lead and cadnims from kitchemare, Beckmamm, I. & Sark, . (1974).

- 4nodic stroippisg voltametry ka EN. & iskew, L.R. (1975) = Pood Product Development
Daceaber 1375 49~59. )

- Extraction of icdides of lead, cadzium and copper inmto XIEBK , Tsutzumi, C. Koizumi, H.
Yoskikaxa, S. Japan inalyst 25 (3) 150-154, 1976.
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RAPID METHOD FOR THE DETECTION OF MULTiPLE MYCOTOXINS

Source
Die Nanrung 29 (1985} I,229-240.
This method could be ror tine simultaneous of atiatoxins (Bl,
B2, G1, 62), ochratoxin A, zearalenone, sterigmatocystin, citrinin,
penicillic acid, T-2 toxin and rubratoxin R, determination.

' Reagents

Reagents for extraction:
1. Chloroform
2. Phosphoric acid 0.2 M

Devel opment system:
i. Toluene + ethyl acetate + 90% formic acid (6 + 3 + 1)

2. Chloroform + propanol—-2 + ethyl acetate (95 + 5 + 3)
3. Aceton + n-hexane (2 +3)

4. Benzene + methanol + acetic acid (90 + 16 + 8)

Chromatogenic reagents
1. Ammonium concentrate .
2. Aluminum chloride (AlCl, Y-20%Z solution(w/v) in ethanol
S. HySO04 - 204 solution (v/v) in ethancl
. Sprayed plates -could be heated 15 min at 110°C )
4. Alcoholic sodium bicarbonate soln. — Disolve & g NaHCO, in
100 ml H40 and add 20 ml ethanol -

Equipments .
i. Food blender or shaker

2. Funnels

S. Elenmeyer flasks

4. Filter paper Whatman Nr 1 and Nr 4

S. Separatory funnels

6. Rotary evaporator (Kuderna-Danish concentrator)
7. Chromatographic tank

8. Fipets 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 commercially-made (precoated) TLC plates should be
activated before use. Put the platé in an oven at 110°C for a minieum
of one hour. Flates can be activated and stored in air—tight cabinet
until ready to use,Sharper separations are usualliy obtained when using
activated plates.

Preparation and Extraction of sample

Weigh 25 g prepd sample into S00 ml erlecnmeyer flask. Add 125 ml
chloroform and 12,5 ml 0.2M phosphoric acid. Shake 30 min or leave
sample :in solvent over night. Filter through Whatman Nr 4 filter
covered with ca 2g anhydrous ‘sodium sulphate. Filt{rate evaporate using
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ANNEX 10

rotary concentrator to arynees. Disclve res:cdue 1n Z @l chloroform.
Concentrate extract to 1 ml and spot 5, 10 and 15 ui on TLE plate.
On other plate spot S_ul and 10 ul of mycotoxins standards

Clean—up

When extracts contain a tat develop the plate (clean—up? 1n
chloroform or in anhydrous ethyl ether in an unequiiibrated tank ana
then dry the plate. Redevelop the plate 1n the same direction 1n
toluen—ethyl acetate-formic acid (solvent 1) or other solvents.

View the plate under UV light (365 nm) and the prsence or apsence of
spot originated from the sample extracts.

Examine pattern from =ampie for fluorescent spots having Rf values
clase to those of standards and with similar appearance. Compare
fluorescence intensities of spots from sample with those ot standards
spots. . . . )

for better visualization the spots devel oped chromatoplates should be

exposed with chromogenic reagents increases the flurescence intensity.




! Numterof solventsee methodsC 113 ’
2 Two fronts of developing solvents were observed on TLC phtes. thin bands of F 2in solvent No 7, OA, F-2 and T-2 ia No 10 and OA in No 12 were observed
close to the second one front .
3 Tailing
. % Aluminium sheets with H,SO, (see Methods B-5).

ANNEX 11
¥ Tablel <
¢ The Rf values of 11 mycotoxins for the different developing solvents (aluminium sheets MERCK were used as TLC plates) 2
z ‘ ‘ x
§ Toxin The Rl values of 11 mycotoxins tn difTerent solvents Y z
3 1 2 3 ‘ s 6 7 8 9 TRL 1223 Z
* : . > v
S Sterigmatocystin 0.63 0.84 0.85 0.64 0.79 0.66 0.48 0.41 0.74 0.68 1.00 1.00 0.66 _5'
Zearalenone (2) 0.20 0.56 0N 0.63 0435 0.36 0.36 0.38 0.52 0.57 0.89 0.90 0.60 l';'
Ochrato:n A (OA) 0.00 0.01 0.02 002 . 006 0.08 0.33 0.04 0.00 0.56 0.47 0.79 0.46 >
Penicillic acid 0.06 0.19 0.39 0.25 0.21 0.14 0.24 0.25 0.20 0.48 0.78 C sl 0.3 o
T-2 toxin . 0.16 0.32 0.53 12 033 0.22 033 0.26 0.2} 0.58 1.00 1.00 0.30 &
Citrinin 0.00 0.11? 0.07 002 0.12} 0.00 0.13 0.03 007 - 028 017 0.27* 0.41° i
Citrinin® - 055 083 . 080 054 0.83 0.64 0.56 0.59 0.83 068 = 1.00 1.00 0.59 n
Aflatoxia B, 016 . 039 0.53 0.05 0.39 0.20 0.25 0.17 0.28 0.50 1.00 1.00 0.19 §_ b
Afatoxin B, . 0.13 0.31 048  00S 031 016 0.22 0.16 0.23 0.46 1.00 1.00 0.16 2
Afatoxiy O, 0.10 0.27 0.43 0.04 0.28 0.15 0.19 0.13 0.20 0.4 1.00 1.00 0.14 z
Aflatox a (3, 0.07 0.23 0.39 0.03 025 0.3 0.16 0.12 0.17 0.39 1.00 1.00 0.09 3
Rubrat~xin B_ 0.31. 0.35 _0.30 038 0.38 033 0.00 0.00 0.34 §
z
5
3
%
L]
¢
3
5
%




' afier 10--20 min heating at 110

«C. 1 after ammoniation; ® spots visible in day light;
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ANNEX 11
Tablc 2
Colour of fluorescence of 11 mycotoxins before and after treatment with different spraying reagents
Toxin Colour in " Colour of fluorescence in UV-360 nm light
UV-360 nm ,
(without spraying) AlICl, H,S0, Ce(SON p-anisaldehyde DNP
(o-1)* (D-2) (D-3) “(D-4) (D).
Sterigmatocystin red orange . brick-red beige red red
red-brown'- brown! brown! dark-brown!
Zearalenone gray-blue dark-blue gray-blue light-beige! brown' light gray
. brown'* beige'
Ochratoxin A greenish-blue dark-blue greenish-blue greenish-blue greenish-blue greenish-blue
. dark-blue’ dark-blue? dissappeared ’ '
. Penicillic acid * dark-blue? dark-blue* pink-violet? pinX-violet! b'aet pink-violet'
T-2 toxin light-greenish- beiged? gicenish-biue!? beige!?
blue'? B
yellow-beige
Citrinia yellow yellow yellow ye_llow-belge‘ yellow
disappeared? Jisappenrrid greenish-yellow'
pattially dis-
X appeared? .
Afatoxia B, dark-blue dark-blue yellow-beige beige light-beige yellow-beige
dark-blue? disappeared' ‘
ANatoxzin B, Jdatk-blue dark blue yellow-beige belge light-beige yellow-buige
dark-blue? aisappeared!
Alatorin O, greenish-blue greenisheblue beige light-beige light-beige gray
greenish-blue? Jisappeared! '
Afatoain G, greenish-blue gcenish-bld! beige light-beige light-beige gray
greenish-blue? disappeared’
Rubratoxin B blue or blue pink-violet'* ligin-beige' brown' light-beige'
yellow pink-beige .

€ (s361) 67 SunayeN 2id
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ANNEX 12

METHOD FOR ANALYSIS OF AFLATOXINS IN PEANUTS AND PEANUT PRODUCTS

Source

AOAC Offic:al Methods cf Analytica (1950)

Preparation of sample

Grind raw ana rcasted peanuts to recuce particles bty mrlling.

Extraction

Wweigh SO g pred. sample into 500 ml glass erlenmeyer. fad 25 mi HLO,
25 g diatomaceous earth (celite SuS) and 250 al CHCiz and secure
s;oper with masking tope. Shake I0 min on wrist action shaker anc
filter through fluted paper. Collect first SC m! portion CHClgy ,
fi1ltrate and clean up through the column.

CoLUMN PREFPARATION FOR CLEAN-LIF

Exztract fronm peanut- meal and peanut nroducts neec clean—up using
siiicagel cclumn.

Source AOAC mathod 19290

Column chromatography

Flace ball of glass wood in bottom of 22 x I00 mm chromatogic tube
and add S5 g anhydrous Na,S0y to give base for silica gel. Add CHCl3z
until tibe is ca 1/2 fullj then add 10 g silica gel. Wash sides of
tube with ca 20 ml CHCly and stir to disperse silica gel, when rate
is of setting slow, drain some CHClz to aid setting , leaving S5-7 ce:
above silica gel. Slowly add 1S g anhydrous NaS0y. Drain CHCl3 to

top of NazSDq .

add S0 ml sample extract -o column elute at max. flow rate witn 159
ml hexane followed by 1350 ml anhydrous ether,and giscard. Elute
aflatoxins with 150 ml methyl—alcohol—chloroform (2 +9 + 7). .

Collect this fraction and concentrate using rotary evaporator nearly
to dryness. Use this fractin for TLC analysis
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RECOMMENTED COLOR ALDITIVES FOR ¥OOD USE

RATURAL CCLORS

JRARTS

Beta-Carotene

Color-orange-yellow
Cormercial forms; liguid suspemnsioa - 30% ir vegetable
0:l. Semi-solid suspension - 28% in Eydrogemat{el  ve-
getable 0il. Beadlet-water dispersible - 10% and 2.4%
Emulsion, beverage type - 3.6%. The colorent is used

at levels ranging from 2-50 ppm as pure cclor to shade
margarine, shortening, butter, cheese, "baked goods, con-

fections, juices and beverages.
Nutritiopal value: 1g of beta-caroteme = 1,666,666 USP
urpits o2 Vitemin A.

Beta-ADo-8' carotenal

Color - more orange tham beta-carotene.Commercial forms:

as & dry powder; as 1-1,5% vegetable o0il solutions, as

a0% suspensiogas 1n vegetable oil or as 10% dry beadlets,
colloidal dispersions of colorant in a matrix of getaltlc,
vegetable oil, sugar, starch. Use levels raange withic 1-2C
PPz as pure color. XNutritional value: 1lg of the colorant =
1,200,000 JE . .

Canthaxanthin

Color -~ orange - red.
Commercislly aveilable as a water dispersible, ¢ry beadlet
couposed of 10% colerant, gelatin, vegetable o0il, sugar, sIa’
Used levels rarge within S-G0 ppe as pure color. The colorcn*
Iz useful imp coloriag tometo products suck as tomato soup,
cspaghetti sauce, and -pizza sauce, Fremch dressings, fruit
drinks, sausage products, and leaked goods. - I

Canthaxantin has no vitamin A activity.

Annatto cxtract /Bixin/

Color - butter - yellow.
Commercial foras; as a dry powder, o0il solutions 2nd suspensis
alxaline aqueous solutioms. All coa%taizing 1-15% active colcer
calculzted as Bixin. :

t ic used in foods such as butter, mawmparipe, cookicg oils,

salad dressings, cereals, ice crezx and spices at levels c¢Z C.5
10 ppr g§s pure color.
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5. Cochineal extract icarminpe)

Color: red ‘ ) )
Cochineal extract is the concentratec solutiom froa an

aqueous - alcoholic extract of cochineal/inssat coccus
cacti/. The ..tive coloring matter is carpitic acid, a
total solids content of about €%.

Commercially available carmipe mostly as an 2lumiziux or
calcium-aluriniuc Jake on an aluminium hydroxide sud-
strate; carmine obtained S0% cr more carminic acid. Car-
mine is useful for producing pink shades in some protein
products, candy, confections.

Use levels are within the ramge 25-1000 ppcmi.

6. Riboflavin (Vitamin B,)

Color - yellov-orangfsh
Commercial form: as a dry powder, water soluble. Is useful
for coloring same beverages, dessert powders, ice cTream,

candy. Ho restriction to use.

7. Caranmel

Color dark brown to black

Commercial form - linuid or solid form.

A mejor use for csramel is in soft drinks, pasticularly
colas dripk. It is .also may be used to standardize the

1ue of blended whiskys and beer. Other uses: colo-ing

of “baked goods, syrops, candies and pkarmacezticals. Is
good stability in most products. Use levels zre 1300-50C0 p

8. Saffron/Cl Natural Yellow 6/ . -

Is also known as crocus, It is a reddish browan or golden
yellow powder. Active form of saffronm is crocin azd crocetin
It is very stable colorznt soluble ia water. Is useful for
coloring bakery goods, cnack foods. '

Use levels are within the range 1-260 ppu.

9. Papriks and paprika olepresin_
- Yaprika 2s a dry powder is the deep red. .
--Paprika oleoresin is obtained by extracting pzﬂ*l&a with
- solvert suck as ethyl alcobol, . ethylene dichleride, bexane.
Faprika oleosesinp is brown—red :
Faprika and its oleoresm is useful for colcrizg soze kince of producls.
Jse levels 2re within the range 0.2-10C 7za.

10. Dehydrated red beets

It is o dark red powder. The active ingrediect is Betazin.
Beet powder is used ip ice cream, desserts, candy gelatin,
yogurt in concentrations of 0.1 to 1% of the final p*oduc

1. Vegetahle and fruit juices. The corcentrated Or tanconcen-
tratea Exqula cxpressed I“om nsture varletxes of fresh, edible

vegetabics and Iruits.
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The Certified Colov-Additives

~he certified color additives are all syathetically produced.
] Coxmon Hame 7DA Jame ’ Color Index
| 1. Erythrosine . FD+C Bed No. 3 - 45430
21  Indigotiae . - FD+C-Blue XNo. 2 75015~
_5%° Tertrazine ' FD '+C Yellov No. 5 19150.
5. PFast Green ¥CF FD+C Greca No0. 3 42053 -
.5.. SuhSet ‘yellow FCF ~ FD+C Yellow Jo. G 15985
6. ‘Prilliact Blue FCF - FDeC Slue No. 1 42090
7- Citrus Red Fo. 2 )
(Only cam used to color Citrus Red Fo. 2 12156
the exins of orapges) :
8. Oraxge B Oracge B 19235
o] Allura Red AC PD+C Red Wo. 40 16025

“mhe certified color additives zre availatle iz forms:
POVACE ceveecccseecssssss 88-93%, pure Cye
GranUlarl <eceeeeccececssces B88-93%, pure dye
Aqueous Liouid ee.eos... 1-6%  pure dye
Jon-aaqueors Liquid ...... 1-8% pure dye
Poste secevocscoseresses. S=10% purve dys

Use of Color Aclitives .
Tce range anc xmaxigu=m of color used in the- verious-categories ‘of

© processed foods
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CHRONOLOGICAL HISTORY OF SYNTHETIC CCLCRS IXN UNITED STATES

Year
Listed Color Yeer Curreatly
- Tor Food Index De-~ Fermittecd
Use Cozmon Name FDA Name Number 1listed in rFood
1907 Ponceau 3R .FD&C Red No.l 1€155 2961 Yo
-1907 Aparanth FDXC Red No.2 1€185. 1976 No
1907 Erythrosine rD&C Red Rp.3 45420 - Ves
1907 Crange 1 - FD&C Orange 14600 1356 No
' No.l -
1907 Naphthol Yel- |
" low S FD&C Yellow 10316 1959 No
-~ No.l. .
1907 Light Greer SF FD&C Green M2 42095 1966 No
Yellowish , . :
1907 - Indigotine FDEC .Blue Xo.2 7301S - Yes
1916 Tartrazine . FD&C Yellow 19140 - Yes
Jo.5
1918 Sudar 1 , - 12055 1518 do
1918 Butter Yellow - ~ 1918 No
1918 Yellow AB FD&C Yellow 11380 1959 Ho
No.3 "
1918 Yellow OB " PL&C Yellow 21390 19¢%¢c RS
’ '::00‘5 )
1922 Guinea Green B FDZC Green Nol 42085 1966 ifo
1927 Fast Green FCF FD&C Green o3 42053 . - ° Yes
1929 PonceausX - . - FD&C Red No.& 5~700 1976 ) Xo _
1929 Sunset Yellow FD&C Yellow 1tc85 - " Yes.
FCF ' No.6
1629 Brilliant Blue F3%C Blue io.l 42050 - Yes
v -
1939 Naphthol“Y¥ellow FD&C Yellow 10316 1959 w0
S potassium Ho.2
salt
1939 Orange =S FD&C Orange 12100 1956 NO
Hdo.2
1939 Cil Red X0 FD&C Red ilo. 12140 1556 <o
. ‘ 32
1950 Bernzyl Violet  FD&C Viclet Lo, 1373 o
4B _ Jo.l
1959 . Citrus Red No.2 Citrus Red iz - - Yes
No.2
1966 Oran-e B Orange B 292 - Ves

27
1971 ~llu.a Red AC  FD&C Eed lio.4C 120325 - Yes




ANNEX 15

SYNTHETIC COLORING MATTERS USING IN FOOU FROCESSUHS
promulgated in Resolution No SO5 - April &, 1992
MINISTRY OF HEALTH IN VIETNAM

Caron name

Colour index No

Chanicai nams

Trisodim sialt 57 3 - Hyoroy - 1 —
p — sulfophenyl — 4 - {5 — suliteoshe

Tartazine 19140 nylezo) pyrazco — = - carbosylic
acid
Disodium salt of 1 — (3 - sulfophe

Snset yellow nylaze) — 2 - Nsghthol - & —

FOF 15785 sulfonic acid

Disccdium szlt of indigocarmine — & —

Indigocarmine 73015 §° disulfonic &c:d and Ingigo S:7
Discdium salt of 3 — {4 - N - £thyl

Brilliant 42090 — eulphobena — aninc) - pranyl -

blue FOr (2 - sulph -~ niumphenyl) — methylene

benzyl) — delta 2:5 cyc —tenalzeni —
mine

Erythrosine 454630 Disodium salt or potascium of Z2:3:9
t7 tetraiodo - flucrescein

Amaranth 16185 Trisodium salt of I —(4 — sulptona —
phthylazo) hydroxylnapghthalen - %56
- disulphonic acid

Fonceau 16255 Trisodium of I sulpto - I - napnthy
- lazo - 2 - naphttol - 6:8 - disul-
nic - «cid
Disodium of 2 - sulpho I - rzahthy -

. Carmoisine 14720 laze = I — nashtrol - 4 - sulpror

acid N

-
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ANNEX 16

Recommended Levels of Preservatives

to be added to Food Products

Preservatives most frquently vsed

Name of

Types of food
products

Maximum levels
to be used

Preservatives

Benzoic acid or
Sodium Benzoate

Fruit products, Vege-
table products

Drinks: Carbonated and
non-carbonated
beverages

0.1 g/100 g products

from 0.05 to 0.1%

Ethyl and propyl
Parabens -

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

0.1g/100 g products
(from 0.05 to 0.1%)

Sorbates Vegetable products 0.15 g/100 g
Fruit products: (0.05 to 0.15%)
Jellies, jams, pre- 0.1 g/100 g.
serves (0.05 to 0.1%)
Pruit Jjuices 0.1g/100 g
Soft drinks (0.025 to 0.1%)
Dairy ptoducts:
Processed cheese 0.05 to 0.07%
For surface treatment 0.1 - 0.4 g/dm2
Fish products Ql g/100 g
Margarine, and other
fats 0.1 g/100 g
Wines 0.2 g/liter
Bakery goods 0.1 - 0.2%

relative to the flour

Confectionery 0.05 to 0.2%
(fillings for choco-
late and pralines)

Propionates Dairy products:
Processed cheese 0.2 - 0.5%

Surface treatment
of hard cheese

Bakery products

Miscellaneous uses

5 - 10% solution of
sodium or calcium
propionate

0.15 ~ 0.3% relative
to flour.

0.2 - 0.4%
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Sulfites Fruit products: 0.2 g/100 g pro-
fruit pulps and ducts
fruit purees 0.01-0.2%
Dripks: fruit Jjuices, 0.03 - 0.06%
. wines 0.15~0.20 g/liter
Starch syrup 0.04g/100 g.
Starch 0.01g/100 g.
Gelatin 0.075 g/100 &
Nitrates Meat and meat products 0.05 g/100 g
/NaNO,/ products
g§§giées Meat and meat products 0.02 g/100 produc-
e 0.008-0.016%
Acetic Acid and Fish products 1 to 5% sclutioms
Acetates of acetic acid
Meat products 3 to 3.6% acetic
acid solution
Vegetable products 0.5 to 3% acetic
acid solution
Bakery goods 0.2 to Ql4% of

sodium diacetatc«

Recommended Literature

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

2. Frazier W.C., Westhoff D.C., Food Microbiology.
McGraw Hill Book Company (1958)
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LIST OF EQUIPMENTS PROVIDED BY UNIDO,
USED DURINE THE TRAINING PARTICIPANTS
AT THE COURSE ORGANIZED BY DTQC IN HANOI

1. Gas Chromatograph ° TRACOR® Moael QOO0

2. Single beam Atomic Absorbtion Spectrometer (AAS) U QLIOLELS
3. Single beam Spectrophotometer 200 - 1000 rn

4. Rotary evaporator, Heidolph Model VWV 2000

S. Balance

&. Ultraviclet Cabinet




16.

17.

18.

i9.

20.

Z1.
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APPENDIX 2

PESTICIDES USE IN VIETNAM

Aluminium bhosphide (gastoxin)

Bacillus thufingiensis

Euprofeﬁin (Applaud) 10 WF

Cartap (Fadan) S Sﬁ

Alpha cypermetarin (Fastac) S EC

Carbaryl. (Sevin) 85 WP

Carbonfuran (Furadan, Cuéaterr) A ]
Cypernathrin (Sherpa, Cynbush, Folytrin) 10 EC, 25eC
Cypernathrin + Profenofos (Folytrin) 440-SWC
Diazinon (Basudin, Neocidil) S0 EC

Dicofol (Kelthane) 20 EC

Dicrotophos ( Bidrin) 50 EC

Dichlorvos (DDVP, Nuvan) 30 EC

Decaﬁethrin (Deltanethrin, Decis) 2,5 EC
Dimethoate (Bi Rogor, Roxion, Fostion) 350 EC
Endosufan (Thidron) 30 EC

Esfenvalerate (Sumi -alpha) S EC

Ethofenprox iTrebon) 10 EC '

Ethoprophos (Mocap) & EC, 10 G, 20 EC
Fenithro thion (Sunithion) S0 EC

Fenobucarb (Bas?a, BFPMC, Hopcrin; 10 EC

Fenpropathrin (Danitol, Rody, Moethrin) 10 EC

Fervalerate (Salfodin) 10 EC, 20 EC~



24,

¥ 25.
X 26.
A 2T.
28,
2%,

X 30.
» 31l.
3c.
33.
X 34,
35.
36.
37.
38.
39.
40,
41,
42,
43.
44,
45,
46.
47.

48..

&9.

X 50.
51.
.52,

53¢

54.
55.

56. .

5.
59.
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Fenihion (Lebeycid, H¥eycid) 50 IC
Isouvrocerb (¥ipcin) 20 EC, 25 ZC, 0 €P
Lindene (Genre-BUC, Gepe-HCE) 99,5 WP
Metbezidophos (Filitox, Monitor) 60 SC
Motbide thion (Suprecide) 40 IX

Liethyl Brovide 98 % -
Monocrotophos (Aébdn‘n, Naveciwn) 0 SCU
lethyl pérethian (Perethion, Wofetcx, tietephoz) ¢ 50 EC
Neled Dabogm;Flibdl, Brovpchlorphos) 50 EC, S6 EC
Phoselone (Zolone) 35 EC :
P_hosphemidon $ODivecron, 4pezidon) SCVW
Teflubenzuron (Novolt) 5 EC

Trichlorfon 50 EC, 80 W2

Rotcaone '

Begoryl (Fundazol, Bemlate) 50 X

Celcium polysulphide

Copper oxychloride

Copper sulphete

Geptefol (Difoleten, Polcid) &0 WP

Caepten (Ceptend) 75 WP

Din‘conezol (Supi-8) 12,5 WP

Edifcenphos (Hinosen)40 BC, 30 =0

Fosetyl = Al (Lliette) 80 WP

Hexeconazol (Anvil) 5 EC

Iprofenphos (Kitezin) 50 EC

Iprodaione (Rovrel) 5 WP

Iprothiolene (Fuji~one) 40 EC

Kesurezycin + Rebcide (Kasei) 21,2 WP ,

Kasuren WP (2 % Kesugevycin + 45 % Copper oxychloxide)
Kesuran WP (5 % Kasugesycin + 45 % Copper oxychloride)
Msencozeb - 80-WP

Monceren (Pencycu:mn) ZS'WP

Ridopil - MZ (Betelexyl + Mancogeb) 72 WP

Sulphur 95 D

Thire> 85 WP




71

APPENDIX 2

59, Tiii {ratgicerezole) 230 XC

60. Topain -~ M 50 WP, 70 WP

61. Velid2dv.in (Velidecin) 3 sC

62, Triedivafol {Bzyleton) 25 EC _

63. Zircoppe: WP (20 % Zineb + 2C % Copper oxychloxide)
64. 2:incL EZ WE

T .gf.‘:c TS ‘qé, : Wild grass - weeds herbicydes

65. Ameiryn .Ceszepex) X WP, € WP

66, Beriniocatd (Seturn) 10 Gy 20 ®2, 50 XC
67. Buiechicr (Lovbest) 5 G, 10 EC

68. 2,4 D 62.FC, 72-EC, 8C-WP, 96-F

69. Deispon Fadepin) 8 WF

70. Diy—xu 80 WP -

71. &CF: {Agroxone) 80 WP

72. Pretiiacklor (Sofit) 30 EC

73. Py=»zosulfuron ethyl (NC 311) 25 EC, 10 X
74, Siwazia (Gesetop) €0 WP :
75. Atrezin (Geseprin) 80 WP

LS A
woe tru chupt

-3

76. Brodifecou» (Kleret) 0,05 %.
77. Phospbue kes (Fokebe) 20 %

Cha thich nhimz tir viét tft trone deph 3pc :

EC : deng thudc hoe s hey nbi ddu

VP oz o bjt th&w aucc hey bt lioc mrdc
sp: " bt ten trone nuoc '
G hcy GR : dgng tbudc hot - .

SWY ( no#c SCW, SL, SC) : dunq djch ten troné nuroc
D : dgng thudc bit ./,
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Electron Capture Detector (ECD)

WARNING

THE EFFLUENT GAS STREAM FRCM THE DETE_TOR MUST BE
VENTED TO A FUME HOOD TO PREVENT POSSIBLE
CONTAMINATION OF THE LABORATORY WITH RADIOACTIVE
MATERIAL.

SPECIFIC CLEANING PROCEDURES ARE PROVIDZD IN
CHAPTER 8, PREVENTIVE MAINTENANCE.

Requirements for USA Owners

g
WARNING

DETECTGR VENTING MUST BE IN CONFORMANCE WITH THE
LATEST REVISION OF TITLE 10, CODE OF FEDERAL
REGULATIONS, PART 20 (INCLUDING APPENDIX B).

THIS DETECTOR IS SOLD UNDER GENERAL LICENSE: OWNERS
MAY NOT OPEN THE DETECTOR CELL OR USE SOLVENTS TO
CLEAN IT. ADDITIONAL INFORMATION IS AVAILABLE IN THE
PUBLICATION INFORMATION FOR GENERAL LICENSEES, PUB.
NO. 43-5953-1798(D).

OWNERS OF THIS DETECTOR MUST PERFORM A
RADIOACTIVE LEAK TEST (WIPE TEST) AT LEAST EVERY SIX
MONTHS. THE PROCEDURE IS DESCRIBED IN CHAPTER 8,
PREVENTIVE MAINTENANCE.

WARNING

IN THE EXTREMELY UNLIKELY EVENT THAT BOTH THE OVEN
AND THE ECD HEATED ZONE SHOULD GO INTO THERMAL
RUNAWAY (MAXIMUM, UNCONTROLLED HEATING IN EXCESS
OF 400°C) AT THE SAME TIME, AND THAT THE ECD REMAINS
EXPOSED TO THIS CONDITION FOR MORE THAN ]2 HOURS,
THE FOLLOWING MUST BE DONE:

8 AFTER TURNING OFF MAIN POWER AND ALLOWING THE
INSTRUMENT TO COOL, CAP ECD INLET AND EXHAUST
VENT OPENINGS. WEAR DISPOSABLE PLASTIC GLOVES AND
OBSERVE NORMAL SAFETY PRECAUTIONS.

s RETURN THE CELL FOR EXCHANGE, FOLLOWING
DIRECTIONS INCLUDED WITH THE FORM GENERAL
LICENSE CERTIFICATION (HP PUB. NO. 43-5954-7621).

IT IS UNLIKELY, EVEN IN THIS VERY UNUSUAL SITUATION,
THAT RADIOACTIVE MATERIAL WILL ESCAPE THE CELL.
PERMANENT DAMAGE TO THE ®Ni PLATING WITHIN THE
CELL IS POSSIBLE, HOWEVER, SO THE CELL MUST BE
RETURNED FOR EXCHANGE.
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Electron Capturs Dstector

Vot ——o

Glass Columa

Figure 7-5. Electron Capture Detector (ECD)

mehwmamewmm)unmmﬂmammvempeemmg
hxgh-energyelearons (B-pamclcs) ’l‘huemudergorepeatedcoumonswhcamer;as
molecules, prodtmnzabom lwucmdawdecconsforeachmmalpapamde

"Further collxsxons reduce energy of t.hese elearons into the thermal nnge These low
energy electrons are then captured by suuable sample moleculcs thus reducing total
electron popuhuon wnhm thp cell.

Uncaptured electrons are collected periodically by applying shon-term voltage pulses 10
cell electrndes. This cell current is measured and compared to a reference current, and
the pulse witerval is then adjusted to maintain constant cell current..

Detector Systems 7-14 -
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Flame lonization Detector (FID)

?:{(//, 7 ’ .................. F0 )
Z LIA / - FID Callecks

S '-

¥

.—u— - -

—g

Figure 7-1. Flame lovization Detector (FID)

mmmmm)wmmmmmmmm
bmnedinaﬂz-airﬂame.’nmeimhdcanotpmccompo\mds although a few (c.g-.
formic; acid, acetaldehyde) exhibit poor sensitivity.

_Detector Systems 7-3
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Compoundspmmhnleornowm

Rare gases N, N,
Nitrogen Oxides CO *CC,
Slicon Halides  CO;

HO0 . G5

NH, 0O;

¢ Measured at the jet tp.

This selectivity can be advantageous: for example, HyO or CS;, used as solvent, do not
produre large solvent peaks.

The system is linear for most organic compounds, from the minimum detectable limit
through concentratons greater than 107 timaes the minimum detectable limit. Linear range
depends on each specdific compound; it is directly proportional 10 sensitivity of the FID
hMMWmdM&hmmmm
flow may be necessary (up to 650 ml/min). Where componemnts of interest are in low
concentration, reduced air flow rates are acceptable (375 10 425 m!/min).

For maximum sensitivity, it is recommended that a standard sample be made containing
components of interest in concentrations expected. By experimenting with different
carrier, air, and H; flow rates, the standard is used to determine flow rates giving
maximum response.

Detector Systems 7-4
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Thermal Conductivity Detector (TCD)

HP 5890 SERIES Il TCD Cell

VENT VEXT
(60 ml/min) (60 mi/min)

F F
i i
I, - |
34 35 3
m g n
¢4 .
" a
t t
] -
A

The Thermal Conductivity Detector (TCD) detects the difference in thermal conductivity
between column effhuent flow (carrier gas + sample components) and a reference flow of
carrier gas alone; it produces voltage proportional to this difference. The voltage then
becomes the outpn signal to the connected chart recording or integrating device.

Detector Systems 7-19
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The TCD uses a single filament to examine altemnately relative thermal conductivities of
reference versus column effluent gas streams every 200 msec. At this frequency, the
detector is insensitive to thermal drift

FaaorswhichinﬁuenceTCDn;spomeimhdetbeiollowing:

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

8 Flow rate ratio between carrier effluent vercus reference gas streams.

& Type of camrier/reference gas used.

[caution

The TCD filament can be permanently damaged if gas flow through the
detector is interrupted while the filament is operating. Make sure the
detector is off whenever changes/adjustments are made sffecting gas
flows through the detector. .

Likewise, exposure to O, can permsnently damage the filament. Make
sure the entire flow system associated with the TCD is lesk-free and that
carrier/reference gas sources are uncontaminated before tuming on the
detector. Do not use Teflon tubing, either as column material or as gas
supply lines, becsuse it is permeable to O,.

Since the TCD responds to any compound whose thermal conductivity is different from
that of the carrier gas, H; and He are most commonly used as carrier gases, with H,
giving somewhat greater sensitivity. However, H, forms explosive mixnures with air (O;),
and some components, particularly unsaturated compounds, may react with H,. He
produces ah,nost as much sensidvity as H; and is free from problems of reactivity with
sample components or the filament. N; or Ar may be used but give lower response for
most materials; however. %iey are useful if H; or He is being analyzed.

Because of its excepdonally high thermal conductivity and chemical inertness, He is the
recommended carrier gas: it gives large thermal conductivity differences with all
compounds except Ho (considerations necessary in H; analyses are discussed later). With
He as carrier, the TCD exhibits universal respanse. For propane, the seasitivity limit is
about 400 picograms/ml of He carrier gas.

The TCD existe - two configurations: either its exhaust vent tube exits at the top of the

detectorortheexhaustvcmwberetun‘nswthcimidegftheovenfacomwcﬁonto an
FID or other device.

Detector Systems 7-20
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APPENDIX &

Column Temperature, o
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APPENDIX 4
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APPENDIX 4
TABLE 4

10 7 OV-210
Column Temperature , “C.

{

DS _0.05 0,65 0.06 0,06
i X 3 O 3 U R
R

r . ¢+ . r,. T.*r /P, T, T, 6 TT

Retention retios, relative ¢80 ethyl parathimn, of §4 eryanephosphorses

of 103 0V-210 ot tamperetwres fram 1N to 204°C; spport of Gos Owen Q. 100/120 mesh; Mo
photametric detactor, 260 A T11ter; 811 absolute retmtions measevesd frum Injection peint.
Arvew tadicates eptimm Orlam epeveting tampevetare with carvier flaw 4t 70 o) por alavte.
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AFPENDIX S

' Filesase: boa
Sasple: #ix8 Chasnel: detector 1 np:r veowed
Aoaired: 'TOCK KT SET Nethod: D:\IAT\ATRAVPERAREIS ZUNG
vo}tS
’ w
N -
° = :
3 g g 2
© ol 1 )1 0.3
: = n Hexane
N Lindan . -
-8 4,46 Heptachlor _ Aldrin

Aldrin Izomer

e R—— n‘qa DDE

- :===- - 31.28 Endrin

- 2.3 TDE

i 26,99
{ Fs5-24 DDT . -

27,69

Chromatogram of 8 organochlorine pesticide mixtures separated
on the 10% SP-1000 on Supelcoport column.
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FEAK INTERGRATION REFPORT

SHPLE: a1x8
4 1a Mathad: L MG METAYD |
Acquired: CLGTK ST SET
Rate: 2.0 pointsisec
furatiaa: 00.000 sicites
Operator: ZUNG

Inject: Z/{j .
DETECICR: dztectar |

FEE DN Peak Start Peak End Retentioa T,pe
(ainates) (sinutes) {atnutes)

1 0.203 1.042 .38 B
2 1.042 4.330 3.625 pP
3 £.350 4.152 £.458 PP
4 4.792 7.050 5.6 PP
3 1.63%0 18,075 12.963  #P
6 16.075 18.867 1,215 FB
7 21.400 23.573 2.3%1 B8
8 2:.000 27488 26.992 WP
9 27.183 22,4608 27,58 P
10 27.¢08 36.525 27.652 .FB

T

Frinted: 20-MAR-1993 11:48:37

Peat Area

Peak Height Area Perceat Hght Perceat Ccsjanent Maae
{sicrovolt-sec) (sicrovelt)

Type:

westrusens:
Filenase:
index: Disk

SIS

lastruzens :

hoa

301032, 859507.40
- 1094274.7 $56534.93
705576.59 . 73390.844
46624585 3125132.8
30498450 1953392.2
93394045.0 N2071.18
4075133.8 156330.16
2682079.3 156526.98
5726424.5 23463397
2763070.9 156471.74
1.2710%8 7189918.3

)
0.86

- 0.5
.68
3%.73
1.2¢

3.20°

2.i1
4.33

a .
Lea

1:.93
2.18
.07

3.4

<1.17
3.3
2.18
2.18
3.2
2.18

n-Hexane
Lindan

Heptachlcr

Aldrin
DDE

Endrin+TDE Izomer

TDE

DDT
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Chromatograms of organochlorine pesticides separated on capillary columr

APPENDIX &6
ENVIRONMENTAL
( ' Pesticides X f Pesticides \
1. QMO =c Py 1. OWromhagtane 220 °C (20 v
2. WCB ;::;‘ i Wc“"'u 60 T 5 Cawin
3.
- 4 HCB 3 “Timin
< &‘z« 0°C S, B-HOH/YHCH
s. 5-Hon .. Emu
6. Feptachior 7.  Meptachior
7. Ao o 8. Teurachioronaphtnaline
8. Heptachioreposice ‘o‘z s ‘: "‘""ﬂ ot achiorospomide
9. O-Chiorcans 1w
"
10. O~Encosuitan
e 7 AN B Lo
12. Deaidrin 2 W, Endrin v
1. cox 5 momomoo
. G il voen
- 18. Mirax
16. p,p’'000 1
17.0 ~~00T 4
18 o0’ 00T
’ [
LI
] LAY '—'VL
- 50 min 911 vy - .
Column:  HP-101 (Methyl SEicons Fiud) Coksmn:  HP-101 (Mathyl Slicone Fhuid)
_ 50 m x 0.2 mm x 0.2 um Gim SO mx 0.2 mm x 0.2 pm fim
- (HP sf;an No";‘lsggw-wsl _ (HP Part No. 19091Y-10S)
o".ﬂCarrmr_ : ;(. cmJmin, 40 psi Carrier: H,. 57 cm/min, 40 psi
ven: emperature program isted adove Oven: Tempecature program flisted above
Injection: 2 pL, spiit 50:1 injection: 2 ul. spht 50:1
ECD * Detsctor: ECD /

AN

( Halogenated Hydrocarbons in Water \

( Chlorinated Hydrocarbons.
»
z :;&ﬁrn‘:&w o 1 s 200°C 3 men)
3. 1,2,4-Trichlarobenzens 5 ¢ 10 *Crmun
4. 1,2,%Tricorobergens § “Cimin
S. 2-Chioromtraphenct p ":“ L 95 °C (8 min)
. J=Chioronitroaphenol
:. Lo 4. 1,1,1 Trichiorethens
8. 2,4,6-Trickiarophencl [
9. 1. Water
2 . 2. Dichiaromethans
.a 3. Chiorodor.n
4. 1,1, 1=Trichiorsthens
1 §. Trichiorethans
7 6. Bromdichionmathane
s 7. DRramchionmethane
8. Tetrachiorethune
9. Bromatorm
3
: ®
‘) 1 2 3 4567 s o l_ .
-t 32 min > e 16 ORI s erem—f
Column: Uitra 2 (Cross-Linked 5% Phanyl) | | Cowmn:  #P-5 (Cross-Lnxed S Phenyt)
25mx 0.2 mm x 0.33 um fim - SOmx0.32mm. _mtam
(HP Part No. 19091B-102) - (P Part No. 1909.,-215) .
Casrier: FHefum 25 cmv/min Carrier: Helum 17 cm/sac
Oven: Temperature program ksted above Oven: Tamperatwre program lsted above
Injection: On—column, 1 ub of 25 to 150 po/ul i Toluen ijection: 1 ul, 20 ug/iiter
Qﬂoctor: ECD Detector: ECD ] }
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AFPENDIX &
ENVIRONMENTAL
[ Pesticides \ F Pesticides in Rape Seed Oil \
’ 260°C 40 et
289°C {11.5 rwn) frrmeech
—/_‘__- 1. Oiaznon 10°Caren
10°Crerwn 2. Oteutioton .
P, 3 estation 50°C . ; :::;auwn
3 ~8
1 !
3 2
- <z r—'"" ’
- 30 min >
cos - L 'P - 20 min
) z“;",f.if,azm,o {(;’:,mm ! Cotrmn:  HP-101 (Methyl Siicone Fiuid)
f 3 2Smx 0.2 mmx 0.2 pum film
(HP Part No. 190918-012)
i {HP Part No. 15091Y-102)
Carrier: s(He)=21 cm/sec i N, 10 psi
Injection: On-column . Cas. ner. 2 ach nt
Detector: FID injection: tut 1-3ppme compene
& J \ Detector: ECD

/

40°C (1 mun)

Priority Pollutants
8

J
N

10 mmin

Column:  HP-5 (Cross-Liked 5% Phenyt Slicone)

1I0Omx0.2mm 0.

(HP Part No. 190915-003)

' Hewm 30 psi
Injecuor 2 3 .. - riss
Detector: Mass Sesecive

fim
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6
| ' EPA METHOD 608 - ORGANOCHLORINE PESTICIDES .
4 T
Column: D8-210 -
15m X 0.53mm LO.
Fim Thicknass: 1.0 sucron”
Camer: tHelum at 11 wi/min.
Owen: 100°C 16 220°C at 3"/min.
) iyoction: Dicecs, 1 of appro. 600pg of
. each pasticide in iso-octane
| Daotector: Vasian 3400 E.C.O.
£ ‘
t. 1. a-BHC 9
- 2. Lindane (y-BHC)
3. Heptachior 7
4. Aldrin 8 12
5. 8-8HC 13
6. 5-8HC 2 10
7. Heptachior
8. pp™-DOE 6
: 9. Dieldrin
i 10. Endrin
c 11. p,p™-D0D 1 f 14
: 12. p-Endosuitan - f
: 13. p.p-00T . |y | 15
i. 14. Endrin aidehyde it . t
v, 15. Endosulian suttate 3 s
pE ' 5 n
¥ k ‘
;kr:@g_..-»zm R R S e ok e w1,
- , )
Column: DB-210
30m X 0.53mm {.D.
Fin Thickness: 1.0 micron
Carner: Helium at 10 mimin.
OYOﬂZ lsgtharmat at 170°C 1. a-BHC
tnjection: Diract, 1jul of apprax. 600 py/ul of 2 Lindans {y-BHC)
8ach pesticide 1 is0-octane 3. Hepiacnior
Oetector: Varian 3400 E.CO 4. Aidrin
1 4 5. 5-8HC
6. Heptachior epaxade
. 7. p.p'-DOE
* 8. Disldrin
: 9. Endrin
10. p.p-000
11. f-endosulian
: 2 12 pp0OT
1=
~ 5 s .9
f—‘:. 13 8 1"
. : «.
4 A i ‘
¥
“ .. HE R ' ' . ‘0 b3
x e Ji U\
+ , 22 min, l
"L‘.v v TN R PO PR T v—mnw-\—"Jl
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4 N[
EPA METHOD /08 - ORGANOCHLORINE PESTICIDES HERBICIC
Cowmn: DB-210 Column 08-1301
30m X 0.53mm 1.0 :IllanO.SSuﬂ:'nnLD .-.s
Fim Thickness. 1.0 mecron fracron c
Carne: Helbum at 10 mi/men. Carner: Hebum @ 11 mUmun
Owen: isothermal at 180°C - Oven: ;%O‘uc'nn ::;5 .
injection: Dwect. 15 of 3pprox. 600pg 0! v L
each pes':ado 0 ~oClane of|  insecuon: 1l dwect ingacton
Detecior: Vanan 3400 E.C.D o Detecor. FLD.
£
14 |2 s
1. a-BHC -
2. ncane (v-8HC) had
3. B-8HC "
4. o-BHC
S. Heplachlor epoxice
4 6. p.p-DOE
i 5 7 pp-DDD =
8. p.p-DOT >3
9 Enann Aloehyde B
6 P
I 3 =
i 9 3
LA A /\ . A
| y; s
N A
.- PR PN M "'""= s AT IOOEpeeT . D RE —nee gt o -
7 N
ACEPHATE EPA METHOD 608 —.PESTICIDES
Column- DB-1 200 pgicomponent
15m X 0.53mm L.D. | cowmn 08-5
Carner. Helum 3t 15 m!./mm o 30m X 0.53mm 1.D.
Oven: lsohermal 200°C = Carner Melium ¢ 6 mUImin
Injechion: Gl Of 1ugnt HOt On-column Oven: 150°C 0 225°C (u S:men, 225'C 10 280°C w 2% min
{150°C 1nyacuon poct temp.) Injocuion: 15k Direct flash vapoHzaLOn
Detecior:  F.1.O. Detector: Varian 3400 E.C.D.
Nitrogen make-up gas @ 30 mL/min
1. a-BHC 7. Heptachior epoxde  13. 4, 4-0D0
| 2. p-BHC 8. Endosuttan | 14. Endnin aldehyae
3. yvBHC 9.4, 4-DDE 15. Endosulfan sulfate
0 4.58BHC 10. Dreldnn 16. 4, 4-DDT
r 5. Heptachior  11. Endan 17. Hexabromobenzene
CH,-S. 6. Aldnn 12. Endosuitan Ul 18. 4, 4-Methoxychior
-P- NH-C-CH, 19. Dibutyl chiorendate
CH,-0
3 (4
s
i i
1
& . 8910 ..
| " 11
., [} 16
: Pl
B 4
i 2 "
? ! 17
(] Ad N |

T<
N
w
3
o)

5K

w )
1R Aﬁ :'.
. Jl_—s_.,d Uee — caflan
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APPENDIX 6 4
CONSIDERATIONS FOR PACKED COLUMN OPERATION

Either N, or Ar containing 5 or 10% CH,, may be used as carier gas. N, yields
somewhat higher sensitivity, but it is accompanied by higher noise; minimum detectable
hmxsabounhcsame stomcumcspmdlmanepnvcsolvempcaLAﬂCH.nge.
xruwrdymcmge .

. The carrier gas must be dry and Ox-free. Moisture and and O, uaps are songly
recommended for highest sensitivity. Because plastic wbing is permeable to many gases,
use copper tubing for all connections.

Total flow into the detector must be at least 20 mifmin to prevent peak tailing.

CONSIDERATIONS FOR CAPILLARY COLUMN OPERATION

H, carrier gas (with N, makeup gas) gives best column performance. Ar/CH, as makeup
gas may also be used. For most purposes, 60 ml/min of makeup gas is satisfactory. For

very fast runs this can be increased to 100 ml/min to sharpen pea: i, >ut some sensitivity
muhammemuammmwm

HgOtHecarmrguaffordsthebeacnhnnnpcxfm: with reauced retention times.
Ar/CH, or N; makeup gas is used in the range of 30-60 mlUmin. Since the ECD is a
concentration dependent detector, reduced sensitivity is obtained at higher flow rates.

Moisture and O, traps for carrier gas are essential with capillary/ECD operation.

Temperature

Some compounds exhibit strong dependence f response to detector temperature. The
effect may be either positive or negative. Different detector temperatures mzy be tried,
always remaining above the oven temperature, to determine the effect on sensidvity.
Generally a detector temperature between 250-300°C is satisfactory for most applications.

Background Level

Hmmumbmmwmﬁwwmmw(or
makeup) m,o:komcohxmnorupwmblud.aqniﬁammmonofdaewdymm
mgemzybelost Inaddmon.themnpms;ualbecomnosy

Tocheckbackgroundkvehauowamplcumtormponemsbompmmamlymw
beﬂushedtromthesysum andmcnmkcablanknm(oncwhnosamplcmjecud)

Detector Systams 7-17
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APPENDIX oA

SOLVENT EFFECT [see Ref.Man VoluSect 10.16)

Trus efiect requres vaporised sample components 20 be retzined by a region of
statwonary phase and absorbed solvent at the heaa of the column.

In ttus region.the front of the samgle “plug” undergoes stronger retenlion than
Sces ine rear.Solvent salurated stationary phase acts as 2 barrer to sample
components theredy recucing ther bandwidths,

{Refs. Grob.K zna Grob,Jr..K.. Journal of Clvomatography.$53(1974) and
Grob K. as¢ rob.g..Chromatogrzphia,S.p3(1072))

Tc use this effect oven temperatures must be low encugh for the solvent to
ramain 3! the head of the column for a sufficenty long perod.

4 godd guide is to have tre column 10 to30 gegrees cenlizrade below the solvent
somng point.

SOLVENT BOILING POINT (Deg C!  INIT. OVEN TEMP (Deg C©
DIETHYLETHER =~~~ 35 Vw25
n-PENTANE 36 1010 25
METHYLENE CAHLCRIDE 40 10 o 30
C: 330N DISULPHIOE 46 10 t0 35

«Cri . OROFORM 61 25 10 50

*+METHANOL 65 3510 55
n-HEXANE ' 69 40 to 60

+ETHYL ACETATE n. ' 45 10 65
ACETONITRILE 82, 501070
n-nZPTANE .98 - 70 to 0
i~OCTANE 99 70 to 90
TCLUENE ’ 1 - : 80 to 100

#SHOULD ONLY 8E USED WITH CROSS-LINKED STATIONARY PHASES.

LR P T - TR S SV
e s 2T S ™

| ()

HEWLEZT™
DLCK &=
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APPENDIX & A

Physical Constants*

SOLVENT BOWING PT  SPECIAIC HEAT OF CONSTANT B
cC) GRAVITY  VAPOR-
IZATION
(kcal)
Dioxide 111 1.034 98 0.195
Pentane 37 0.626 8s 0.200
Hexane 7 0.659 8s 0.200
Heptane 98 0.680 74 0.200
Benzene 80 0.879 93 0.135
Toluene 11 0.867 86 0.195
Xylene 1377140 0.860 82 0.195
Methylene chioride 40 1.325 41 0.200
Chioroform 61 1.480 59 0.200
Carbon tetrachloride 77 1.594 45 0.200
Acethylene chioride 85 1.256 78 0.200
Dichioroethylene S5 1.250 41 0.200
Trichloroethylene 87 1.462 57 0.200
Acetylene tetrachioride 147 1.602 53 0.200
Tetrachloroethylene 121 1.624 50 0.200
Pentachioroethane 159 1.700 45 0.200
Methyl alcohol 65 0.792 267 0.160
Ethyl aicohol 78 0.791 205 0.160
Propyt alcohol 97 0.804 165 0.160
Isopropyl alcoho! 82 0.785 160 0.158
Buty! alcoh: 118 0.810 120 0.160
Iso-butyl ar«conol 108 0.803 120 0.160
Iso-amyl alcohot ° 132 0.800 120 0.160
Ciethylether 35 0.714 80 0.195
Acetone 56 0.791 125 0.195
Cycichexane 81 0.779 - 0.200
Nitrobenzene 211 1.204 - 0.190
Ethyl acetate 77 0.900 . 102 0.190
Methylethyl Ketone 80 0.810 13 0.206
N-Amyl Alcohol 137 0.814 142 0.158
Tert. Butanol 83 0.787 141 0.154
Chiorobenzene 132 1.110 90 0.202
1.2 Dichloroethane 83 1.235 126 0.201
Dipropiyether 68 0.726 76 0.207
1,1,1, Trichlocoethane 74 1.346 76 0.205
1,1,2,2, Tetrachioroethane 131 1.603 60 0.198

“Reterence Handbook of Chemistry & Physics, 65th Eciion, 1984-85, CFC Press.
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APPENDIX 7

In the following diagram the water adsorption ot the Sihea gel types <0, 6V and
100 afrer drying at 200° C {3 h) are tepresented 1n percents by weight atncrcas-
ing relauve hurnidity.

"0y N Water .
}
- Il :
Silica gels Merck / H
Weser-atsaryass setharin 4
!
.
20 i
Type 40
Type 60 :
Type %0, ;
o 2 -o © «© w00
% Reaave rwrtedty

The respecuve higher activity of the silica gel with the respecuve smaller pore
diameter but larger surface applies exacdy only for relacve humidities of
0% and of 20%. At very high relative bumidity of 80 % a complete reversal of
the levels of activities is detectable, occasioned by the percentually higher waier
loading of the silica gel with the respectively smaller pore diameter. la the
region of 40% and 60 % relative humidity, overlappings of the activity con-
ditions occur, induced by the interacnon of parually or completely hydrauzed
silanol groups.

Berween the relative humidities of 0% to 80 % the acavity span 1s
in the case of Silica gel 40, large
in the case of Silica gel 60, medium
in the case of Silica gel 100, small.

All chrec silica gel types, Silica gel 40, 60 and 100, are markedly disunct trom
one another in their pore structures; 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.




APPENDIXB

Mycotoxine formed by different fungi and their ussociation witli foodatuffas

Toxén

Organien

Foodstuffs affeoted

Some toxio effects

2.
3.
4.

.5.
6.

1.

10.

n.

9.

Aflatoxina®

Sterignmato-
oystin®

Ochratoxine®

Aspergillio
eoid ..

Kojio adid®e

besta=-nitro-

_propancio aold

Tremorgenioc toxin
PREIFY

iuteoakyrin

Rugulosin

Chlorine-.
containing
peptide

Ialnndltoxln

_— '}

Aspergillus flavus

A.: parasitious

A pguloolo

A oyraooua

c As fjavus

s and

%p»- -of &nﬁ_rxi_l_l_u;
AV Tlevus

"Asiglavus
. } N

zegtéglgiun
ielapdiounm

BT
P. gp loaun

$OLTCY

-F'lii_'énd_iau_ﬂ

_Pj_..;-galandioum

© e Reeh

* VMyootoxine detected ue natural ocontacinantes

Oroundnuts and products, rioe,

najze, other rmuts and seeds,
oottonaeodh, cooonut, wheat,
tree nute, milk, cheese

Cereals

Cereals
Cereals
Cereals

Cereals

Maize and other foodastuffs
hioo

Rice
Rice

Rice

Liver and kidney ocaroincma,
bileduot proliferation,
fatty infiltration of

}ivor of animale

Hopatoma 1n,rata

Liver and kidnoy patbology

of rats

Antimiorobial and toxtc
t0o mioce

Antimiorobial and:
mamoalian toxicity"

‘Toxio to man and animale

Sustained tremdling in mice

Liver toxioity Hepatonma

Nephrosis and liver damage

Repatotoxin ‘hepatoma of
animale

T!ll||llllllIllllllIlIlllllllllllIlllllllll.lll---..-.--...-.----.--.-.-.---.'--.--------------'-.

Z6



APPENDIX 8
Toxin Organien Foodsiuffe affeoted ' Some toxio effedts
12, Gitrinin® | P. oitrirue Rice Automiorobial nephropathy of
C :anioals
: ‘ : AR .
1). Citreoviridin [. oitreo=viride and Rise _Manmalian paralyels
other Penioillium spp. '
. R " . ,
14. Rudratozxins P. pudbrua Maise Fatty infiltration of liver
' ' of rats '
15. Patulin¢ ~ P. expansunm Apyle Rioce Peads " Antimiorobial phytotoxio,

A._olavatue carocinogenio in rate

16, Penioillio P. puberuluam Maize . Antimiorodbial caroinogenio
ac.d# P. oyolopium in rats
17. CyolOpiuonio ’ P. oyolopium Food and foodsituf?l Convulsions in rats. Severe
aoid .., . lesions in spleen and kidney
18. Psoralens Sclerotinia Celery plant “ Poxio to man and animals
. Solerotiorum . dercatitis '
19. Stloﬁybotrya Stachybotrys atra Straw - Farm and other animale and
toxin. 8. alternans . man, Stachybotryotoxiocosis
. (Derzal Toxioity)
20, A‘l‘ktoﬂn - Furarium Oats, Wheats, '.Alinentuy toxio Aleukja of
: aporotriohioides " Barley .aninals and mn.(blpod dyserasia)
21, Diaoeioxy; P, soirpi Wheat, Oats, Rye, " 8kin neorosis and eye damage
soirpenol® F. trioinotum Maize in rats '
22, T-2 tc;ian' F. tﬂoinogug Cereals, Maize, 'Neorosis of the epidermal tiseue
' F. nivale . Feacue grase of rats "Fesoue Food of Cattle”
23, Nivalenol*® F. nivale Rice

- Inbibition of DNA eyntheails
Deoxynivalenol®
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N

Foodstuffs 'af'too_t od.

‘Some ',tox.lo‘ effects

24.

25.

26.
27.
28.

29.

Toxin 053‘91!'4‘
Fuearsnone B gj.xg_l_g_..

Butenolide  F. pivale -

Zearalenons® E. e_,ginme

,7 ‘~ Py Y

Sporidnninn' Mgg_g ohagagn

" i e R
Rhuootonh huoogogig Lomnnioola
toxin . .
Ereot Claviceps -spp.

Rice and, oorea.;‘s -

Haltzo, Fescue, Cereals,

~ . Hay - L
) MMu‘., BRay, Barley, Feed '

Pasture :

Hay, Red Olover

Inbibition of pronin eyn-

. thesis '4in mioo

Fesoue foot :ln cattle und
tall neorosie

' Hyper-estrogenio in animala

. ' \
Faoial eoczema of anicmals

S8lobbering in oattlo and .
horses

. Gangrene °

76
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g

Scanning electron microphotos of two specias A-Aspergillus

B-Penicillium.

and




APPENDIX 9

SECONDARY METABOLITES (MYCOTOXINS) PRODUCED BY
FUNGI COLONIZING CEREAL GRAIN IN STORAGE —
STRUCTURE AND PROPERTIES

Piotr Golidski

Secondarv metabolites. which are formed by fungi and naturally
occur in food and feed products are well known in the literature.
However information about toxic secondary metabolites called
mycotoxins was relatively obscure uatil the discovery of
.thtoxins-. Since carly sixties, groving jnterest in mycotoxins and
mycotoxicoses caused by them. increased the number of publications
in this field, raised issues of food hygiene and today represeats a
pubiic health probles. ,

Toxic - fungal secondary metabolites are relatively small
sojecules (MW lower thac 700). formed by differeat fungi. They are
often geno‘typicclly specific for group of species. species or
subspecies of fungi belonging to the same genus, but the same
co-pound‘can also be formed by fungi belonging to different genera-

Taking into consideretion. the fact that the majority of
secondary metabolites are synthetized on the base of small
molecules (acetate, pyruvate, salonate etc) and only & few types of
reactions (condensation. sethylation. reduction-oxidation and
halogenation) are involved in their biosynthesis, we can conclude
that diversity of -ycot'oxins msolecular structures are spectacular.
On the other hand, groups of fungal wetabolites (e.g-
roquefortines) with identical ~ molecular formula and chemical
structure - being stereoisomers oaly - are known. ’

Fungi of genera dspergillus eand Penicillium, the most poteat
mycotoxin producers. ere vell khown saprophytes and are recognized
as grains deteriorsting aioroorganiems which cause stordge problems
in grains, feeds, foodstuffs and feedstuffs. Up to now seversl
their metabolites only (e.g. aflatoxins. ochratoxin. penicillic
acid, cit.rlnul) were recognized as natural contaminants of cereals
end two of them - aflatoxin ‘1 in maeize and ochratoxis A in saall
cereal grains -~ were reported as frequently occurring toxic
contaminants. Other coapounds were formed by fungi of genus
Aspergillus and/or Penicilliun under laboratory conditions and can
be considered rather as potential contaminants




Metabolites of .Jspergilluge and Penicilitum elicit various
physiological and toxicological reeponses in animale, bacteria,
moulds and plants. Hovever taking into consideration fact that they
aze mostly grain contaminante, their toxicity to animals is most
important in comparison to antibacterial or phytotoxic activity.

This chapter will 1ist toxio metedbolites with thelr struoture,
physicochemical data (MW, structure of crystals, m.p., .UV,
tivorescence). toxiclty and fungal source. In addition, aeveral
other compounds with unknown or not reported toxicity were inoluded
on the base of thelr chemicel structurs resvmblance to toxic
metabolites. .

The chapter vas prepared similarly to the way it .was done in
the former publication R.P. Vesonder end P. Golidskl "Fusarfum
metabolltes” In: J. Chelkowski (Ed.). 1989, Fusarium: Mycotoxins,
Teaxonomy and Pathogenlcity, Rlsevier. Amsterdam - Oxtord = New York
< Tokyo. It was rather impossidle to divide chapter into two parts
devoted to metabolites of .tgpergillius and Penicilifuma separately
because 93 compounds are formed by tungi of genus Jgpergillus, and
A0 by fungi of genus Penicillium while 2i by fungl beldnging te
both genara .‘spergiliug and Penic(ilifum.

Metabollites are listed in alphadetical order with exceptions
only when groups of compounds exhibit eimilar - presented on the
same draving - chemical structure. A

Cited in this chapter litersture represents key references
only and preparstion of thies chapter was greatly aided by use of
Genera) Retlerences -~ several reviews and books!

1. V. Betina., 1909, Mycotoxins =~ Chemical, Biological and
Environmentel Aspects, Risevier, Amsterdem - Oxford - New York

2. A. Clegler. 9. Kadis and 8.J. AJ]l (Bde), 1971, Microdial! Toxins,
vol.8, Acedemic Press. New York

3. A. Clegler and R.P. Vesonder, Ini A.l. Laskin and H.A.
Lechevalier (Rds). 1987, CRC Handbook cf Micraobiology. vol. 8,
CRC Press, Boca Raton., Fl., pp 19-128

4. R.J. Cole and R.H. Cox (Bds). 1981, Handbook of Toxle Pungal
Metadbolites, Academic Press. New York .

3. 1.F.H. Purchase (Bd.). 1974, MNycotoxins, BRElsevier Scientific
Publishing Company. Amsterdam - Oxford - New York .

4. J.V. Rodricks (Bd.)}., 1976, Mycotoxins and Other Pungal! Related
Food Prodblems. Advances in Chemiastry, Serise 149, American
Chemical Socisty, Washington D.C.

7. W.B. Turner, 1971, Fungal Metabolites, Academic Press. New York

8. ¥W.B. Turner and D.C. Aldridge, 1983, Fungal metabclites 11,
Acedemic Press. New York

9. T.D. Wyllie and 1L.G. Morehouse, 1977, Mycotoxic Pungi, Myco-
toxins, Mycotoxicoses, vols. 1,2,3, Marcel Dekker, New York.

In this chapter the following abbrevietions were used:

MW
™p.
(-]

@9
A

sh

l"
[ 1} ]
te
aen

LDy
L0y00

1. ACETYLARANOTIN (L).-880a),

molecular weight

melting point

decomposition

oqunoul" :

(lg ¢) d'ncllnun (nm) of VUV/VID adsorption with g of
moleculs? absorption ecefficient

shoulder

maximum (nm) of fluoresgence exoitation

maximum kna) of fluorescence smmision
sublethal dose
letha! dose

escenss vnder UV )60 nm light

czouzoo.n,s,. MW 304, yellow h::' 332 nm} \::' 429 nm,
tetragonal! bipyramidel crys- Towleity: highly toxie. acute
tals, m.p. :13;330°C (d)(from an® cwronic toxleity, ocarci-
sthenot), A 9.'nm (1g €)1 end negemie, hepatotoxic and
absorption with shoulders 270 teratogenio to most snimals,
(3.3%5) and 223 (4.,009). Toxi- Pumgel sourcei depergtllug
city: entiviral activity, Jlavur Link, 4. parosiifcus
Fungel source: Jspergiliue Spearse.
terreus (NRRL 3319). '
0

0 "

Reference: [114) Refevences: {8,37,05,04)

13=-ACETOXYVRRRUCULOGYN see 33 - 3. AFLATORIN I’. c‘,u

WO
3N, m.p. 206-209°C (d) (from

3. APLATOXIN B,. C,,H,.0,, MW chlerstora-pentane), A1eH ny
313, m.p. 268-269°C (d) (from (lg €): 3220 (8.311), 240
chloroform), k::gu nm (lg ¢): (4. 187 sh), 263 (4,104) and
223 (4.408), 263 (4.137) and 363 (4.380):  dright blue

362(4.338); bright blue fluor- f deavwscence under UV 360 nm

L6




11gne, \BX 363 nm, \Sm e
nm. Toxicity: lese toxie than
aflatoxin 'l however the
toxic properties of both afla-
toxins were similar. Fungal
source: Aspergilivs flavus

Link, .. paras{t!icus 3Speare.

R
(oFodAon

Referencest {37,110)

. AFLATOXIN G C H MW

328, m.p. :~~ z~e°c (d)(from
chtorotorm), \:::" am (1g €)1
263 (4.061). 237 (3.998), 284
(4.000) and 362(4.207): blue-
-grean fluoreacence under UV
360 nm  light: \3X 363 nm:
\i:‘ A0 nm. Toxielty: In
betwaen aflatoxins ’l and Bz.
Lbso {n ducklings was 0,78
mg/kg. Fungal source: Adsper-
gillus [flavus Link, . para-

silicus Speare.

8. AFLATOXIN 02 C17 “07. MW

328, m.p. 230 ¢ (trom ethyl
acetate). ‘mex nm (1g ¢): 217
(A, 647), 248 (6.111), 263
(4.049) and 363 (4.286); blue
-green fluorescence under UV
360 nm 1ight: AEX 363 nm,
\ir‘ 430 nm. Toxlcity: less
toxic than atlatoxin Gl. LD50
in duckliing was 3.43 mg/kg.
Fungal source: J(spergillus
flavus Link, . parasiiicus

Speare.

Referencen: (9,20,34.110)

. AFLATREM (a,a-Dimethylallyl

paspalinine}. 32H”O,‘N.

CH
P2
CH

HaC'C‘CH:

R

References: [9,28,34,110)

colorinaas needles,

MW 3501,

m.p. 222-::a°c. li:SH nm (ig
£): 231 (4.443), 282 ().937)
and 292 (3.895 ah). Toxiclity:
tremorgenic to mice, guinea
pigs and rats when dosed
i.p. or orally at level 1 mg
of compound per animal.
Fungal source: Aspergilius
/lavus.

Referances: [69,177)

AGROCLAVINE see 43

ASCLADIOL. c,uao“ MW 186,
m.p.63-66 Oc (from chioroform-
EtOH
-acatone), \m" 271 nm (g
¢ not reported). Toxicity:

less toxic than patulin.
Fungal aource: Jdspergiliug

¢clavatus.

0

?

CH,OH

4
CHOH

Reference: {139)

ASPERCO:?Q;N. CstzaosN“. MW
k64, amax nm (lg ¢): 210
(4.448), 226 (4.277), 1260
(&.134) and 315 (3.820).
Toxiclty! not reported.
Fungal source: J(spergillus

versicolor

Reference: [10)

10.

HN-CH;CH;C—N ]

=0

ASPERGILLIC ACID ([~sec-
-Butyl=6=-isobutyl-2=hydroxy-
~2(1H)-pyratinonae])
C12H20°2N2' MW 224, yellow
rods, m.p. 97-99°C  (from
methanot), \522” am o (ig £)
128 (3.929) and 235 (4.021) |
Toxiclity: LDIOO in mice was

150 mg/kg (4.p.) = acutely
toxic to mice, antihiotic
activity. Funge! soyrce:
Aspergillus [lavus Link.

0
®

CHy
Na CHp=CHE
CH3CH; CH’E'I e

CH; O

References: (60.63)
ASPERTOXIN see 113

AUSTDIOL (((7R.88)-8-Hydro-
-7,08-dihydroxy=3,7-dimethyl-
~4~0x0=6H=-2~-bansopyran~3-

-carballdehyde)) C12 12 5
MW 236, vellow needlos, m.p




11,

"
~

235°C (d) (trom chloroform).

EYOR an (1 ) 236 (40179
and 378 (4.380). Toxiclity:
gastrointestine! toxicoses

in ducklings. Fungal source:
«spergillus ustus (Bainler)
Thom and Chureh C.S8.1.R..
1128: NRRL 3836.

CHO
0 N CH3
H 0
Hf: OH

Relsrences: {134.170]

AUSTIN. C..Has0q. MW 300,
2132%
n.p. 298-300°C, AEtOH

max (g
€): 243 (4.076)., Toxicity:
LD30 250-373 mg/kg (orally)
to day-old cockerels. Fungal
source: Jspergillus ustus.

Reference: [38])

AVERSIN, C20N1607 (structura
1). MW 388, slender golden

needles. m.p. 217%C. 3 «om
(1 ¢): 22¢ (&.363), 231

13.

14,

(4.137), 1288 (4.326), 313
(3.949). 363 (3.693) and 440
(3.894). Toxicity: not re-
ported. Fungal source:i.sper-
(vuill,)

gtilus versicolor

Tiraboschi.

OR O OCH,

Tl I P,

0]
1:ReH
2:RsCH,

Retarance: {[24]

0-METHYLAVBRSIN (Tri-o0-
-methylversicolorin B).
C2‘H1601(ltructuro 2 above),
MW 382, tine golden-yellow
needles, m.p. 216-217°C,
\FOHAn (1 €): 222 (4.320),
209 (4.393), d48 (3.672) and
407 (31.623). Toxieclty: not
Fungal aource!

versicolor

reported.

dspergilius
(Vuill.) Tiraboachti.
Rafarancan: (24,87}

AVERUFIN, C20H1607. Mw 368,
bright orange-red laths.m.p.
280-282°C (d)(trom acetone),
(EOHAn (1g ) 223 (40319,
236 (4.217 sh), 263 (4.267),
286 (~.394 sh), 294 (4.489),
319 (4.097) and 484 (4.0321),
Toxicity: not reported.

Funge! source: Jspergillus
versicolor, (. [lavus, {4 pa-

13,

16.

usius.

ras{fticus, .(

Raference: [61)

BISSECODEHYDROCYCLOPIAZONIC

ACID. C20H2:23N2. MW 328,
m.p. 168~169°C, ‘mex nm (g
€): 228 (4.5%0), 276 (4,280

sh) and 296(4,070 ah). Toxi-
city! waalk, much |Iownr than
eycloplatonic acid. Fungal
source!Peniciiilum cycloplum
Westling, Jsperglllus versi-
color (Vulll.) Tiraboschi.

C CH
Hs \?f/ 3
i HN—p©
e XX e
0
S
N NH

Reterences: [086,126)

BUTENOLIDE (4-Acetamido=-b-~

hydroxy=-2-butenoicacid r-lac~

tone). C6H703N. MW 141, m.p.
IIS°C (from nthyl acatata),
x::g"nm (1g ¢): 202 (4.053),
Toxicity: toxic to cattle -
Funga!

“fescue fnot" agent.

17,

source: Jspergillus (erreus,
produced also by [fusarium

sporoirichioides.

0
i
o=(:;»NH-C-CH,

Reference: (129)

CHAETOGLOBOSIN C (6.,7-Epoxy-
~10=(indol=3=~yl)=~5,8,16,16-
tetrameithyl-{13)cytochaias~
13,17=diene=19,20,2)-trione}

CszHaéosNz. MW 328, color-
laan ineflota, m.p. 240~
-263°C (from methanol)

ABSHnm (19 ¢): 222 (u.300),
273 (3.026), 281 (3.026) and
291 (3.758). Toxicity: 'crude
extract highly toxfc, cyto-
toxic to He-La cells, 2
Funga! source: Pentciliiunm
aqurant(o-virens (identified
as P. echinulatum), producad

also by Chaelomium,

Reterences: (123,150)

CHAETOMIDIN nee 93




18. CITRROVIRIDIN, ¢

19,

8-CHLORORUGULOVASINE A see 108

8-CHLORORUGULOVASINE B see 109

23300+ v
403, yellow oarystals, w. P
:ov-ux°c tro
\Rion [4 ®  methanol),

max ™ (1g €)1 308 (4.8081),
294 {4.433), 30¢ (4.391 an),
134 (4.009) and 204 (4.2%0),
dright yellow fluorescence
under UY 340 na Iight. Toxi-
elityirat and mtoe faeurotoxio
agent: paralyeis, reapirato-
ry fatlure, & dose 20 ng/kg
(3.4.) was letha) teo miee,
Pungal seurocet Penfei!tiua
texiceriua Niyake, P. ochro-
#aimoneua Udagava,

2 ]
' c...m,,&vi:ﬂ"

CH, CH,

Relorences: [140,186)

CITRININ ((IM=trana)=4, 4D}
hydre-8-hydrexy-3,4,3-trl~
lothyl-0-0:0-3"-2-hontopyrcn
~7-cardexylie aeid].
c,,nl‘o,. MY 330. lemon-yel-
low orystals, a.p. 173% (4)
(from ethanel), l" n (lg
€)1 233 (4.340), 299 (3.919)
and 319 (3.673))  yellow
Cluorescense under UV 340 nm
1ent. 32 304 na.Tortety:
antidbiotio and nephrotoxice

properties. Lnso in rats
was 67 mg/kg (e.0.) and ‘In
aice 33 mg/xg. Pungal

source! Penict!itum clirinum
Thom, ». clireo-viride, ».
expansum, P. fensen(, P, v{.
ridicatun, Jsperg(lius ter-
reus Thom, 4. afveus, J4.can-

diduy (both {dentiflied as
4. carneus),

HOOC
o° CH
HC CH

References: (4,31,22,139)

CRYPTORCHINULIN A ses 3;

ClYPTOléﬂINUL!N 0 see 3
30. CYCLOCHLOROTINE.

C,‘ ,lo N,CI, Mw 373,

white needles, m.p. 233%
(d) (from methanol),

CH,0H
O-NH-CH-CH’-C 0-NH-<!H
co

?H—NH-CO-CHPhGFCO
CHz OH C}l-g ¢l \

‘mnx nm (lg c)1 237 (2.362).
Toxlclty! toxio to mice,
LD50 in mg/kg wast 0,3, 0.5
and 6.6 {.p., 8.¢, and p.o.
respectively,

Punga! source!

islandicum Sopp.
[67,99,183)

Pentcitl (um

fisferennes!

CYCLOPENIN (trans=3,10-Rpoxy=-
cyclo[anthranoy)=N-methyl~
phenylatlany!l]). C‘,N‘~O$N’
{atruature 1), MW 204, m.p.
207% (trom ethy) saetate),
WO am (Fgie)n 211 (4,971)
and 190 (3.314), Toxlelty:
antibiotte propertiee
againat Niorococcus pyogenes
var, aureus and BRscherichia
coli{, Punga) seource: Peni-
cilltum cyclopium Weetling,
P. viridicatum Westling.

o/ H

1'ReH
2:R « OH
Refarence: (30)
22, CYCLOPENOL (trana-3,10~Rpoxy-
cyclo(anthranoyl=N-methyl=15~
=hydroxylphenylalanyl}).

33

CyqH 404Ny (structure ]
above), MW 310, vprismse,
m.p. 313%C (d) (trom ethyl
scetate=bensene), \M:ZH nm
(1g ¢)t 238 (3.37)). Toxi-
alty! not reportad, TFungel
source: Penicillium eyclo-
plun Westiing (NRRL 3337),
P. virid(caium Westliing.
References: (18,107,113)
CYCLOPIAZONIC ACID.
c,on,oo N,. MW 136,
248-2447C, \..' am ()g ¢)!t
225 (4.,400), 333 (4.220),
273 (4,300 oh), 2304 (4,3)0)
and 3902 (4,340 sh), Toxiel-
tyt lethal to duoklings and
reta. Rats are very sensil-
tive to the compound -~ LD,,
(in males) 2.3 mg/kg (i.p.)
and 36 mg/kg) 63 mg/kg in
malas and femalen reapoecti~
vely (orally), Pungal
source: Penicillium eyclo-
plum Westling (NRRL 332)),
P. puberulum, Aspergiitusg

m.p.

ony

vergicalor (Vuill.) Tirabo-~
] lavue,

schi, «.

Referances: [N6,128)




24, CYCLOPIAZONIC ACID IMINB.

°20“:1°3"3' w339, n.p.
377-2787C, \“x am (1g ¢):
224 (4.319), 244 {4,039 sh),
273 (4,160 ah), 338 (4.320
ah) and 293 (4.330). Toxici-
ty: weak. much lower thar
cycloplasonic acid. - Pungsl
source: Penicililium eyclo-
plum Westling., 4epergiiive
vergicolor (Vuill.) Tiredo-
schi.

H,CCH’N 0

/CPS
NH,

Referencea! (86,136)

CYTOCHALASIN B (§,7«Bpoxy-
=10-phenyl=3,6,16,19-tetra~
methyl-21,23-diexs~{13] =0y~
tochales=13,19-dlene=17,23-
-dione). e,.u,,o,u. MY 498,
w.p. 208-200°C (d), A_._ nm:
nax
340-300 weak absorption.
Toxleity: neereais of hidney,
spleen and iiver, Lbso rat
2.6 mg/hg (1.p.), 0.1, ng/hg
(orelly)1 aice 4.60 ng/hg
(1.9.): guines pig 1.9 mg/kg
ti.p.). Pungsl sovurce:
depergillive clavatus.
Relerances: {29.71)

26

ar.

HyC
AL

OH
CHy

DERCHLOROGRISEOPULVIN see 48

DICUHBIN; Cl‘H,‘O‘. MW 2%0,
m.p. 200°C (from acetons),
\::g“n- (1g €)1 213 (4.049),
Toxieltyt toxlo to rets,

Lb,o was 279 mg/kg, in day-
«0]d cockerels Lbso was 62

mg/kg. Antidbiotic to Cand(-

da aldicans. Pungal source)

Ponlel{llul brefeidianum,

P. decundens Thom, P.cyaneua.

HO

Reterences) (13,012)
DRHYDROOLIOTOXIN see 66
DROXYBREVIANAMIDE ® (L-Pro-

Iy1=3-(1*,1'~dimethylallyl)-
«L-tryptophyldiketopipera~

tine). €, H.,0.N,,
goan  CnlagONy. Hw 331,
Apax ™ (lg e)rv 223

(4.509), 273 (3.043 ah),
203 (3.908) and 291 ,(3.049),

Toxlelity! tramorgenic proper-
tiea not reportad, fungal
source: dsporgiliuse valus
(Balnier) Thom and Churoh
(C.9.1.R, 11301 NRRL 3838),
Pentcitll{um (tal({cum Wehmer,

N
T HNN
N XCHo
HC “en,

References: {14,134)
DROXYNORTRYPTOQUIVALINE see
128

DZOXYNORTRYPTOQUIVALONR see
129

DROXYTRYPTOQUIVALINR see 130

DIHYDRODZMRTHYLATRRIGHATO-
CYSTIN noe 119

DIHYDRO-0-METHYLITRRIGNATO-
CYATIN see 120

DIHYNROSTERIGMATOCYSATIN aee
i

DIMETHOXYSTERIGMATOCYSTIN
see 116

" DIMETHYLNIDURUPIN see 82

[
t

ECHINULINS: (28-32 AND (33-40)

. RBCHINULIN {(3(l2=(1,2=Dime~
thyllllyl)-5.7-blols-nothyl-
v =1=buteny!) indol=3=yl] me~
! thyl)=6-methyi-2,5-piperati-
nedione). C"H"O,N3 (struec-

ture 1), MY 461, needles,
mp. 242-203%, \BtOM o
(1g €)t 330 (4,600), 1279

(3.960) and 288 ().9060),
Toxicity: tremorgenic pro-
perties not reported.
Pungal source: Jspergilius
angzielodami, 4. chevalier|

(Mangin) Thom and Church,
4. echinultalusg.
B
R NH
R N R
3 \ H 0 )

LY g::>c-cu-cu,- Ao H, R EH,

2 MM, Rye ::>c-cn-cu,-,.n,-n.m,u,.cn,
31 RyoM, PMyeh, Myel, RysH, Ry eCHy

CAL RaH, RysH Ry e
s:

~9, ISOBCHINULIN A.
t-tfucturo 2 above), MW 39i,
\BOH L (1g €)1 237 (4,498),

CHy
AoM, Ry o, RyeH, Roo Ry sCH,

" References! (36,39,457)
€24M3903%y

c“’)c #O4=CHp R, o KA CH,

101%



200 ()3.949) and 341 {3.973).
Toxlcity: inhibite growth of
sithwors larvae. Pungal
source: dspergtiive rubder.
Reterence: (123)

35. NEOECHIRULIN A. c‘,n,‘o,n,
(structure 3 abave), M¥ 323,
fvory erystels, ®.p. 364~
~203%. A% e (1g €)1 229
(4.367), 286 (+.008), 392
{4.017) and 330 (3.978).
Toxiolity! tremorgenio pro-
parties not reported.
rungal s-urcel Asperglllve
cudber, 4. omstelodoni.
Refcrencet (106)

31. NRORCHINULIN . C,~R,’0,N,
(structure & sbove). MW 391,
fvory crystals, ®.p. 223-
-233%, \::2“ am (g €)1 231
(4.939), 1283 (8.097), 298
(4.017) wnd 343 {8.037).
Toxiclity: unknown, tremor~-
gonic properties not repor-
ted. Pungsl souree! dopere.
gltive artielodani, 4. ruder.
Retferancet [106)

33. PRRECHINULIN l(o)-l-Allanyl
(l.l»dl-o!hylollyl) trypto-
phan snhydride). c\0"13°2":
(structure 3 above), MW 323,
tineg white newdles, ®W.P.
294-297%¢, \:::" na (g €}
223 (4.912), 283 (3.089) and
391 (3.0438)% Tonjelty:s um=
xnown, trewmorgenie proper=
ties not reported. Pungal
source: Aspergilius anglelo-

chevalfert.
Reterences: {89,137)

doat, 4.

33. CRYPTOECHINULIN A,

c,~u,,o,n, (strueture 1), MW
389, yellowish crystals,
u.p. 190-192°C, \BUOH e (1g
Xk k1 (4.968), 273 (A.383),
383  (4.330 W) and 380
(6.148), Toxicity! unknown,
tremorgonic properties not
reported. Pungal eourcel
Jspergilive anglelodant,

)

U
M
CHy

NH
Ar,

1: Aol , Ay, L) ::')C-CN-CN.-,I.-CN'
L]

T YL gtxacu-cu,- AN, R oCH,

MOAY ?;:x-cu-cu.- oW, ACH,

SRR, By ?.‘.'R(‘«\m-cu,-. Ry oM, R e CH,

EU U ROLY ::"x_-w-cu,-.a.-o

AL NLAN oCHy

PR oW, Mo, Ry :::)c o CHCHe A CH,
0: Ry e W, RysH, RyoN, R0

Retferencer (33)

sa. CRAYPTORCHINULIN 0. t

c,,ﬂa,o,n, (structure 2
above).
unknown, tremorgenioc pro-

MW 437, Toxloliy:

33,

36,

7.

perties not reported. Pungel
source: .Jzpergiilius ruber.
Reference! [70)

TA0FRCHINULIN B, C,~H2702N:
(structure 3 above), MW 389,
O, (10 €)1 220 (4.048),
273 (4.272), 283 (4.220 sh)
and 3170 (4.017). Towilgity!
unknown, tremorgenic proper-
ties not reperted. Pungal
sourcal y:porclllu: ruber.
Referenca: (124)
1SORCHINULIN C. c,iu,,o,n,
(atructure & ahova), MV 409,
\HeHm (1g €)1 229 (4,03,
372 (4.233), 206 (4,199 ah)
and 371 (3.987), Texlelty:
wnknown, tremorgenis proper:
ties not reported. Pungal
source: Jrpergillius ruder.
Reference: (124)

NROECHINULIN, CI’H,SOSNS

(structure 3 above), MW 391,
\::gunn (17 €)1 231 (6.909),
287 (4.117) and 420 (3,.907).

Toxielity: unknown, tiemor-
gonlo properties not repore
tad. Yungal aourcety J{aper-
glilus amstelodand (Mangin)
Thom and Chureh.

' Reference! (106}
NRORCHINULIN B, ci,ul’o,n,

“‘yollow erystals,: m.p.

(structure 6 above), MW 321,
234
-238%, \::2“ nm (1g €)t 2208
(0. 449), 373 (4.379), 204

(4.296) and 37¢ (4.017).

3

‘o.

(3 0

‘dgpergilius ansielodani.

" 410 (3.908),

Toxicity: unknown, tremor-
genic properties not ra-
ported. PFungsl source!
Reference: [108)
NREORCHINULIN C. c“H"O,N3
(structure 7 abava), MV dee,
yellow crystals, m.p. 203-
-207%, MM aa (1g e
231 (4.339), 275 (4,248),
290 (4,370) and 380 (4.079),
Toxloity: unknown, tremor~
genic properties not repor-
ted. TPungel source: ./sper-
gilius amaielodami,
Reference: (106)
NRZORCHINULIN T, C'GN'1OJN,
(struoture 8 Abave), MW 123,
orange~red ciystals, m.p,
273%, ABtH am (19 c)1 220
(4.369), 381 (3.939) oand
Toxieityl une~
known, tremurgenic proper-
tias not reported, Fungal

201

source! dJdespergliluz amsle-
lodaal.
References (106)

EMODIN (1,3,8=-Trihydroxy=-6=

~methyl-sntraquinones),

Cl5ﬁsoos. MW 270, m.p. 236~

=237°c (trom chlioroform), |
\MUOnp (1g €)1 223 (4.349),
250 (4.260), 267 (4,270),
200 (4.338) and 442 (4,007).
Toxioltyt texic to cocke-
tels, eolgns of anorexia,
Alarrhea and epidermal {r-
ritation sround the closcs.




»
-~
N

A3,

Pungal sourcel Pentctilium
tatondicun Bopp, P.clavariae
<forats, P.Oruaneum Udagaws,
P.ovellaneun (Thom et Tures-
won), (aperglilue ochracevse,
4. ventitl Mehmer.

H

Reterences: {(17,174)
ENDOTHIANIN see 122

RREMOPORTIN A. cl,a,,o,.

MW 306, crystals, m.p. 139-
°

-161°C, \... nm (lg €)1 246

(8.121). Nomtoxic. Fungal

source: Penifctlliium roque-

forts (NRRL 049).

0 0
0 CHy

C

References: [1168,117)

EREMOPORTIN B. clsuaoo,.

MY 240, crystals, m.p. 1321~
-123%. Nontoxie. Pungsl
sourcet Peniciilifum roque-
forit (NRRL 849).

Reference: (116)

0
HO v CHz
HyC CH,
44, TREMOPORTIN C. cl7"33°6'

MW 322, crystesls, w.p. 122-
«126°C (from ethyl sther),

‘n.x am (1g ¢)t 248 (4,229),

Toxlcity! not reported.
Pungal aource: Pentcillium
roquefort( (NRRL 849).

0 HO o
0

CHC00
& Hye i on,

My

HyC CHy
Iotoroneol_[ll?l
RNAOCORNINR aee 48
BRGOCRISTINR see 47
ERGOCRYPTINE see 48
ERGOMRTRINE see 30

BRGOTAMINE see 49

Rz‘

" as,

‘60

ERGOT ALKALOIODS: (48-50)

Group of compounds toxic to
man, sheep and cattle ~ vas~
coconatriction, uterus oon~

traction, Pungal source!
dsporgtilue fumnigatuy (well
known as metabolites of Cla-

viceps purpurea present in

ra e,

ergot sclerots),

oy
?H C
Ry

R, » Rya CH,, R,né

o
m-u,m.q&,nﬂdim

CH

7
RyeH, Ryo R,t-%
M, -

Rys M, RysCey, Rys M

CH,

References: ([33,138)

AGROCLAVINE. €, (HooNo,

MW 240, m.p. 198-203% (4),
Lo ™M (15 €)1 223 (4.470),
2684 (D). NNAG) and 293 (3,01);

Bx [ 1]
l..' 280 nm, ':.., 350 nm
(;ntor) and \... 289 nm,
m
l..’ 343 nm (BtOH).
ERGOCORNINE, calﬂs’osﬂs

{structure 1 above), MW 561,
m.p. 182-184%¢, \3% 330 nm,
AP oss ne ('ato:;.a a \BX
nax " ‘ma

Em
330 nm, xm.‘ 420 e (BLOH),

47,

e p. 138-187%, 18X

‘e

.

49,

,""l::' 433 nm (vater) and A**
325 nm, 25°

‘m.p. 213°% (9),
CTEN O gy 313(3,930) ) A

b

Ry
oH ' |

49,

RRGOCRISTINE, c,,ns,ogns
(atructure 2 above), MW 699,

max 320 am,

mex 413 nm (ZtOH).

FAGOCRYPTINE, C,,NQX()’N5

{structure 3 above), MW 573,

:,az nm (lg

max 320 nm,

\Bn 433 nm (water) and 2B
| 1)

323 nm, ‘ns 420 nm (EtOH).

X
BRGOTAMINE, cs:":s°s”s
{structure & above), MW 381,

mp. 412-314°C (d), \ . nm

(1g €)1 318 (3.860), ARX
3:0 nm, l::‘ 423 nm (water),
] Em
l..' 323 am, \MOI 419 nm
(EtOH). :
30,  KRGOMRTRINE, clgu,,g,ua.
H: 325, m.p. lb’;lb’ Cc (4),
x n
\’.’ 320 nm, .:M.' 435 nm
(watar) and \ 315 nm,
In max
ln.: 415 nm (RtOH).
HsC
)H-NH-C = NH
HOH,C T
' CH,3
$1. ERYTHROSKYRIN, °:6":3°s“'

MW 433, orange~red crystals,
».p. 130-133°C  (trom etha-

not), AR am (19 ¢)1 w09
(0.849) and 260 (3.949);
WO INNaoH T T

€01



(4.778) end 260 (8. 1400).
Toxlelty? !D,o 0 ag/ng
(1.p.) In 20 g mice. Punga)
source: Pentcilliva (slandi-
cum Sopp (NRRL 1034).

- References: (148,167)

32. FUMIGATIN (3=-Hydroxy-d=-me~
thoxy--2.3-taluquinene).
N ‘ ‘0‘. % 16:. asroon
needles, a.p. 116°C, UV pro=-
h pertiss atrongly depend eol-
vent polarity \2.. netl 223,
268 and 320 {ig & not re-
) ported), As.s‘s aml 363 and
430 (1g ¢ not reported).
Toxiclty! etrong entiblotio
- activity against grem-posi-
tive and gram-negative bac-
- teria. Pungal aource:l Jsper-
glllur fumigaiug Prescenlius.

Reforencest ([?7,131,179)

1
.
»

TR,
ot HO
CHy

93. FUMITREMORGIN A, CS,H“O.'N3

(atructure 1), MW 379,
colorless prisms, m.p. 206-
-269°¢, x"°“ nm (lg ¢)1 226
(4.801), 111 (3.724) and 296
(3.690). Toxlelty:
genic to mice, dose S mg
{1.p.) caused 70% mortallty
and tremors. PFungal sourca!
Jspergllius fumigalus Freas.,
4. caespliosus.

tremor-

HyC

1R :::xn-cu-o‘,-. R, o H

t|.|‘N . R,IN
31 R, oM, Ry9CH,C00-
Al

References! [164,186)

84, VFRRUCULOGRN. °:1"33°1“3
(structure 2 above), MW 311,
colorless platea, m.p. 233~
~233% (8), \P1MM am (1g en

226 (4.677), 277 (4.041) and

203 (3.909). Toxlelty: tre-

morgenlc to mice at dose

0,39 mg/ky (L.p.)1 oend to

day=old  coockerels, 0,33

mg/xg (1.p.)¢ LDy, to mice,

2.4 mg/Rg (1.9.)1 126.7 mg/

/ng (orally), to day-old co-

chorela, 13,2 mg/kg (1.9.)}

(1.p.)1 263.5(orally).Fungal

3.

34,

sourca! Peniciliium verrucu-
tosum Peyronel (ATCC 24440!
NRRL 36881). /7. paraherquel.
P. ptscarium Westling, ’.
Janithine!llum, dsporgililue
caegpliiosus (NRRL 1929), (.
fumigatuse.

Reference: (43)

135~ACETOXYVERRUCULOGEN,

:9 3’0 Ny (atructure 3
above), Mn 369, m.p. N7~
<218°¢ (dy, \"%H nm 227 and
293 (1g ¢ not reported).
Toxieity: tremorgenic but
less sctive than verruculo=-
gen., Tungal sourcet Jenl(-
clt!tum verruculosum,
Referencel ISb)I
PUMITREMORGIN B, c,,u,,o,n,.
MW 479, coloriesa needles,
mp. 211-212°C (from metha-
not), ARt am (1g e)r 220
(4.9361), 270 (5.873) and 297
(3.924)., Toxiclty) tremor-
genic activity at dose | mg/
/mouse (L.p) suatained
tremors at 3 mg/mousa (§.p.).
Fungal nsource: Jsperglliue
Jumigatus Prea, (¢, caesplio-
sus (NRRL 19129).

Rulerences! [58,142,164,103)

87. PUMITREMORGIN C (8M=-Q).

;c’,ﬂas 3Ny ..gw 379, m.p,123~
-130°C, \ max nm: 234, 272
and 294 (1g ¢ not reported).
Toxicity: tremorgenic to
day-old cocherels 15 mg/kg
(orally). Fungal aource:
dspergillius fumigaius Frea,

Reterence: (33)

S8, PUMAGILLIN, c,°u3~o1.nw 458,
jight=yellow crystals, m.p.
148-147% (from methano!
aq), Toxieity! L05° in mice
was ANO mg/kg (s.c.), com-
peund with weak antifungal
and antibacteriasl activity.
Pungal aourze: .Jsperglllus
Jubigatus.

OCH,
HOOC-(CH=CH), -0

Referenca! (048]

201
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60. ROQURFORTINE A

. PUMIOGACLAVINE A

FUMIGACLAVINES: (59-69)

(9=-Acetoxy~-
-6,8=-dimsthylergoline).
C1°N:2ozﬂz (structure 1), MW
298, colorlesa needles, m.p.
84-83°C (from methanol aq).
Loax MR 223, 273, 282 and
293 (1g ¢ not reported).
Toxicity: not reported.

Fungal source: .spergillus
fuaigailus Pres.
Ry
R “‘CH;
Nl R
H 3

IRy 2=+ CHy . Rye = 0AC, RysH
“Rys ==mCHy Rye---dAc, RysH
(R s===CH, ,Rje=a OH, RyeH
Ry = CHy Rye-~-OH, RyoH
: Rye=aaCHy  Ryo«m oAc, Rys O4sCR-

L

Reference: (149}

(leotumiga~-
clavine A: 9a=-Acetoxy-8,8-8-
s-dimethylergoline).
cl‘n,,o,u, {structure "2
sbove), MM 298, m.p. 190~
-193°C (trom benzene), \2:2"
nm (lg €)1 228 (4.668), 277
(3.778 sh), 283 (3.813) and
293 (3.748). Toxiocity: phar-
sacoleglaal sgtions e. g,
suncle relaxant, antidepres-
asnt in mice. Lbso was 340

61,

62

63.

mg/kg (1.p.). Pungal source!
Ponictlitum roqueforii Thom,
Reterences:! [128,14))

PUMIGACLAVINR B (6,0-Dime-

thylergolin=9-0l). C, H,q0N,
(atructure 3 above)., MW 236,
needles., n.p. 244-243°%

(from methanol aq), at 260°C
the melt solidified and re-

melted 263-267°C, A, . nm

(1g €)1 233 (8.490), 273

(3.792), 282 (3.020) end 293
(3.718). Toxiclity: not re-
ported. Pungal source!

dspergillus fumigatus Pres.
Reference: [149)

ROQUEFORTINE B (Isofumige-
clavine B; 6,A8-Dimethyler-
golin=-9a-0l). cuwzoon2
(structure & above), MW 236,
colorless needles, m.p. 222-
-223%C  (trom methanol).
ABt0Hnn (1g €)1 223 (4.400),
277 (3.633 eh), 283 (3.66))
and 293 (3.380). Toxiecity:
Lbso to mice was 1000 mg/kyg
(1.p.). Fungal source: Pent-
cflltum roquejortt,

References: [128,14))

PUMIGACLAVINE C (2-Dimethyl-
dliyl-’-tcotoxy-b.l-dins-
thylergoline). c,aﬂaooawz
(structure 3 above), MW 66,
érlonl. n.p. 191-193°C (from
sthanol), needles m.p. 198°¢
(trom methanel ‘::2" nm
{1g €)! 2323 (4.340), 227
(4.009), 283 (4.041) and 292

64,

83,

(3.978). Toxicity: histopa-
thological changea of hepa-~
tio perenchymal cells,
to day-old cockerels was 130

L0y

mg/kg (orally). rungal
source! Jsperglliue fumiga-
fug Pres.

References: [(2,3),103)
GLIOTOXIN, clJ"lﬁ°b”2’2
(structure 1), ™MW 326, m.p.
221% (d), A5*OM e (1g €2

max
216 (3.462) and 272 (3.799).

Toxicity: strong antibiotic

activity, toxic to laborato-

ry animals. LD5° wae 43 mg/

/kg rabbit: 30 mg/kg mice

and 30-83 mg/kg rets. Fungal

source: Penfciilium ter! thov-
shil, P ob:curua: dspergil-
lug terreus, Ad. chevalleri,
4. fumigatus.

179,97)

References!

GLIOTOXIN ACBTATB.
0.N.8 (styucture 2

CisH16%3M9%2

above), MW 368, m.p. 1632=-
0 (. ‘

-163%¢; 170-172%, A,,, "»

(1g ¢): 268 (3.799). Toxi-
city: not veported. Pungal
source: Penictlliium lerif-
howehid.

References! [98,18))

66. DEHYDNOOLIOTOXIN,

l'r + *
cl’"*’°3””"|.g: 334, m.p
1806-189°C, \'“x nm (1g €)!

67

216 (4.338), 272 (3.734) and

300 (3.663), Toxjelty! anti-
biotie activity againet

sacillius sublilis similar to
those of gllotoxin., Fuugal
source: Peniclllium lerli-
howshi (.,

f 0
N"CH:
CH20H

OH0

References: [103,138)

GRISEOFULVIN ([7-chloro=&, 6~
-dimethoxycoumaran-l-one-2-
-oplro-l'-(l-motho:y-b'-
-methyleyclohex=2'-en=)'=

=ene))). C’1Hl10601 (struc-
ture 1), MW 332, m.p. 220-
-221%, AN ny (15 )1 320

£3.716), 391 (4.338), 20
(4.097) and 236 (4,028).
Toxicity: l.Dso in rats was
300 mg/kg (L.v.)} antifunge!l
sctivity. Pungal source!
peniciiitum grizeojulvum, P.
patulum, P, aibidum, P. ur-
ticae.

References: (7),76)

sot



s8. DECRLOROGRISROFULVIN (([4.6-

-Dimethoxycoumaren=3~one-3~
=apire=1‘«(2'enathony-b=-
~mgthyleyclohex=2"=en=4"'~
-one))). CI,N‘.O‘ (atru;guro
1 above), MW 3'8, m.p. 179~
-101%, 10 na (1g €)1 322
(3.613), 290 (4.389), 233
{4.179) and 233 (4.330).
Toxicityt antifungal activi-
ty. Fungal escurce: ‘lenictl-
tium Janczevsekii Zal, ?.gri-
seofulvun Dierckx, P.urtf(cae.
References: {42,113)

6%. HELVOL .
1C ACID. CyyH 04, MW

368, n.p. 200-2127C (d4)
(trom methanol aq), \::2" ne
(1g €¢)t 331 (A4.238) and 322
!2.000). Toxlcity: antiblo-
tic activity with gram-posi-
tive bacteria. Pungeal source!
J:potgllln: Jumigatus.
Reforencen: [3,33)

A-HYDROXYMELLEIN see 79

A~HYDROXYOCHRATOXIN A see 92

70. !!LAND!OTOXIN.C,‘H3107N5Cl,.
MW 372: colorless needles,
m.p.  230-231% (d) (from
methano!), m.p. 234% (from
acetons), \212 290 nm, 1g ¢
2.482. Toxiclity: LDSO in
mice was 3,6 mg/kg (s.c.) -
degeneration of liver.

Fungal lourc;= Poeniciiltum
{slandicum Sopp.

References: {108,109)

ISORCHINULIN A see 29

.

ISOECHINULIN B ses 33
I1SOECHINULIN C see 36
1SOFUMIGACLAVINE A see 60
T1SOFUMIGACLAVINE B see 62
1SOOSPORIN see 93
18OPATULIN sea 93

KOJIC ACID (2-liydroxymethyl =
«S=hydroxy~2-y=pyrene).
CaHgOy: MW 142, white pris-
matic naadliean, m,p. 1392=-
-134%, \ . nm (1g €)1 270
(3.893) (in methanolic HCI)}
268 (3.907) (in H,0) and 319
(3.817) (in 0,1 M NaOH).
Toxicity: LDSO in 17 g wmice
was 30 mg/mouse (i.p.)} con-
vulsant metabolite. Pungal
source: Jsperglllus’ oryzae,
4. flavus, 4. glaucus, 4.
tamarif, Ponlcllllui cltri-
num and several other Jsper-
gtitue and Penici{liium
strainsa.

0
HO mu
|
H CH20H

References: (118,181)
LL-888a see |

LUTZOSKYRIN nem 123

72. MALFORMIN A,. c,,uaqosn5s,.

"MW 329, (two D-cysteine
(1,2), one L=valine (3), one
pD-loucine (&) and one L-iso~
leucine aminoacids residuss)
(see structure bejow).
Toxleity: 1Dy, for mice vas

301 mg/Rg ti.p.)1 phytotoxic
and antibiotic properties.
Pungs! source! Arpeorgiilius
niger van Tieghem, 4. [lcuum,
4. avameri(, (. phoemicls.

D-Lev
L-CEZT'——‘ e CVal
‘!5’ (k1]
0-Cys —D-Cys
Il?i | 2
.'S S

References: {36,161)

73, MALPORMIN A:. 022H3705N582.
MW 315, Toxiclty: not re-
ported. Fungs! source:!
Adspergillus niger,
References: {86,161)

T4, MALPORMIN ‘l‘ c,anaqosngs,,
. MW 518, Pungal source and
toxiclty aimilar to those of
malformin A,.
References! (56,161)

78. MALPORMIN B,. c,’H3705N532.
MY 518, [twe De-cysteine
(1,2), twoe L-valine (3.,5)
and D=leucine (4) aminoacids
reniduse) (see structure

901




17T.

above). Toxlcity and fungal
sourea similer to those of
melformin A‘. )
Raterencest (36,161)

. MALPORHIN C. c,au3,o,u,s,.

MW 339, {two D-cysteine

(1.2), one L-valine (3) and
two L-levcine (4,3) amino-
acids restdues) (see sstruc-

ture ahove). Toxlolty: anti-
bacterisl and phytotoxic
activity, toxlc to rats.
Fungal deporgilliue
niger.

References:!

sourcel
(s.101)

MALTORYZINE (6-(9-Penthyl)-
-1.4,3-trihydroxybenzens).
Ly 200, pale

neadles.,
[ T} (1g
€)1 220 (A.100), 280 (3.1}¢
ah) and 320 (3.097). Toxici-~
Lyl toxic to mice and dairy
catile, Lbso in mice was )
wg/hg (1.p.) with signs ot
narcotisa. Pungal
acurcet .gpergillus oryzae
var. microsporus.

€11%12%:
broenish-yellow
w.p. 69%°C (d4), 2 nm

muscular

Ll
OH

Retarence: (93)

78.

9.

MELLEIN, (Ochracin, ((=)3.4-
-Dlhydro-!-hydroxy-&-nothyl-
{socoumarin)). CmH‘oo3

{structure 1), MW 1708, m.p.
BtOH (lg )

34-33%C, A .7 nm

212 (4.301), 246 (3.613) and
314 (3.613); blue (fluores-
cence under UV 360 nm light.
Toxicity: not reported.
Pungal sourcei Japergillue
melleus Yukawa, 4. ochraceus
Wilh,

OH O

CH
i
R H

1:RsH
2: R s OH

Reference: (19}

A-HYDROXYMBLLRIN (3=Methyl-
-4 ,8«dihydroxy=3,4~dihydro~
fsocoumarin). C‘OH1°O~

(structure 3 sbove), MW 194,

w.p. 131-132%, AN nm (1g
€): 2T (3.738) and 313
(3.623), Ddlue (fluorescence

under UV 360 nm light.
Toxicity! not reported.
Pungal sourcel dJapergillug
ochracous Wilh (NRRL 3174).
References: [44,141)

$~-MRTHOXYSTERIGMATOCYSTIN
see 117

O-MRTHYLAVERSIN aes 13

80,

moc—cn;cuz—?;’cn-cuz

0-METHYLSTBRIGMATOCYSTIN
see 118

MYCOPHENOLIC ACID [6=(0~
-Hydroxy-b-no!hoxy-?-mothyl-
-3-0xa=%=-phthalanyl)~4=
-methyl-4-haxsnolc acid).
c‘,u,nob. MW 330, n.p; ;QI
(from ethano! aq), ‘n.x .nml
217, 249 and 304 (ig ¢ not
reported). Toxielty! anti-
bacterial and antiviral
sctivityl toxic to labora-
tory animala, Lnso in wmice
was 2000 mg/kg (orally) and
500 mg/kg (1.v.)! Lnﬂo in
rats was 700 mg/kg (oralily)
and 430 mg/kg (1.v.).

Pungal source! Peniciilium
brevi-compactum Dierckx, P.
siotoniferum Thom, P. urtle
cae.

% O

CHO 0

Reterencest: [68, 72)

NROL"HINULIN ane 37

NRORCHINULIN A see 30
NRORCHINULIN B aee 38
NBORCHINULIN C see 39
NRORCHINULIN D see 31

NEOBCHINULIN R see 40

61,

L3

{struc~
ture 1), MW 384, m.p. 188°C,
VUM L (1 €)1 223 (4.829),

NIDURUPIN, c,ouxéo°

283 (4.183), 264 (4.279),
251 (4. 483), 310 (4,029) and
430 (4.000), Tonfcity! not
reported. Punge!l source!
Jepergillus nidulans,

OR
CH,

1:Re H

2: Re CH,
put
=]
~

Reference: (11)

DIMETHYLNIDURUPIN, c,,u,oo,
(structure 2 above), MV 412,
mp. 311-213%¢, ABEOH oy

max
(lg €)s 324 (4.68)), 23
(4.270), 288 (4.490), 314

(3.931) and &4d (3,944),
Toxleity: nut reported.
Pungel eource! Jeporgtllug
versicolor.

Refarence: [100)

NIGRAGILLIN (N-Methyl-trans-
=32.9=-dimethyi-N'=gorbylpipe~
ratine). °1:2::°":'".g: 2213,
m.p, 129-1327C, \'“l nm
(1g ¢): 262 (4.410)., Toxi-
eity: LDgq 250 mg/kg (oral-
1y) to day-eld cockerels.
Toxic to siikworms et the

compound eoncentration in




8,

8.

diet over 10 mg/kg.
Fungal asource! Jdspergilius
niger, 4. phoentc(s.

References: [31,96)

A-NITROPROPIONIC ACID.

c,n 0~N. MW 119, m.p. @8-
-4770, A
(1.373). Toxleity: & daase
over 130 mg/kg (i.v.) was
toxla to mice and ceveed
death within 24 b, Pungal
source: (spergilius oryrae,
4. flavue, 4. vent{l, Peni-
clitlivm atrovenetua 0. AmiLN.

Raferences: {26,139,179)

NORSOLORINIC ACID (2-n-Hexa=
noyl-l.s.e.e-tntrnhydroxy-

antraguinone). c,oulao,. MW
370, red prisms, w.p. 236-
-::;:C (d) (ftrom acetone).
\..‘ nm (g ¢)t 23§ (4,374),
263 (4.221), 138 (4.239),
97 (4,298 ah), 313 ({A.378)
and 463 (3.863). Toxiecity:
not reported. Pungal source!

max ™™ (lg €)r 27y

dsporg(llus versicolor
(Vuill,) Tiraboschi.

References: [77,102)

NORTRYPTOQUIVALINE gee 131
NORTRYPTOQUIVALONL see 132

OCHRACIN aee 78

OCHRATOXINS: (86-92)

86. OCHRATOXIN A (7-Carboxy-8-

=chloro-8~hydroxy-3,4=-dl=
hydro-3R-methylisocoumarin-
=7-L-f-phenylalanine).
C’OH’GOGNCI (atruoture 1),
MW 403, m.p. 94-96°C (trom
xylene)," \::SH nm (1g &)
2;: (4.366) and 332 (3.806),
Ymax 340 nm, aE® 500 om,
grean fluorescence under UV
360 nm  light. Toxicity:
compound caused tubular
necronia of kidney and mild
Ilver degenaration, nephro~
toxiec agent to piga, dogs
and human being, LDSO in
rata was 22 mg/kg (orally)
and in trout was 3.0 mg/kg
(1.p.). The compound ia hy-
drolysed by proteolitic
entymaa to nontoxio lsocou-
maric aceid celled ochrato-
xin a. Fungal aocurce: Jsper-
glllue ochracous With., (NRARI

Y RaH R sCl, Ay H S :RxCHy, ReCl Ry H
choH,R‘-H,R,tH G:Rlﬁ‘H,,F‘lH,R,IH
3: RaCHy RECl, RyeH 7 ReCH,.R\#H . Rye H

3174), 4. sulphureus (NRRL
4077), . melleus (NRRL
3319, 33%20), Penictiltum

virtdicatum (ATCC 18411),

4&:Rs K, Ry eCl, R OH

87.

Referenceal [62.74,111,112)

OCHRATOXIN B (7-Carboxy-8~
~hydroxy-3,4=dihydro=3IR-me~

thyllsocumarin-7~-l.=A-phenyl~
alanine). c,0n1906N {struce
ture 2 above), MW 369, m,.p.
221°C (trom methanol), \BeoH
nm (tg ¢): 218 (4,371) and
318 (3.839), blue tiuor=
escence undar UV 340 nm
11ght. Toxicity: less toxic
than ochratoxin A, 1Dgq in
day-old chicks was 34 nmg/kg
(orally). Fungal source!
dsperg(llus ochraceus Wilh,

{NRRL 3174).

References: {39,111,1132)

OCHRATOXIN € (Ochratoxin A
sthyl ester). C’,N,’OQNCI
(structure 3 sbove), MW AJ,
A nm (1g ¢): 214 (4,477),

max
A% (2.048) and 3TH (V. N)2),

89. OCHRATOXIN

1ight green tiuorescence
“under UV 360 nm light. Toxl-
city: aimilar to ochratoxin

'K/ LDy, In day-old duckling
was 135-170 pg per bird.
Pungal sourca! dsporgilius

'‘ochraceus Wilh,

' References: (111,151)

A MBETHYL ESTER.
214200 (structure 5
ahove), MW 417, \mol nm (g
eyt 213 (4.%1%), 3N (. M1D)
and 378 ()1.290), 1ight dlue
tivorescence under UY 360 nm
l1ight, Toxicity: nimilar to

those of ochratoxin C.
Pungal source! depergililus
ochraceus Wilh,

Reference: (13!)

C, H,nO NCI

50, OCHRATOXIN B ETHYL EYTER,
c:z":goo" (structure 6
sbove), MW 1397, m.p. 102~
~103°C  (from ether), 1

max
nm (1g ¢): 218 (4.303), D18

(3.716) and 2364 (3.097),
tight blue fluorescence
under UV 360 nm light,
Toxicityt low toxlcity.
Fungal source: dAspergllius
"ochraceus Wilh,

Reference! [1381)

91. OCHRATOXIN B METHYL BSTER.

"€y, Hp 04N  (structure 7
above), MW 383.%, m.p. 134~
-138%C (trom beangena). UV
data similer to those of
ochratoxin B methy! ester,

Taxialty! nontoxie, TFungnl

801




9a. PATULIN (A-Hydroxy-4-R-furo-

source: Jgpergillug ochra- C1H‘0~. MW 134, m.p. 110~
cous With. «111°C (trom benzene),

H
Reterence: (131) AHOOR,, (1g €)1 269 (4.10T).

Toxlcity: antidlotic and
. A-HYDROXYOCHRATOXIN A. toxla agent; carcinogenia to
c,oui.n,ncl * (atrugture L} tahoratory animala, Lbao in
above), MW 4A1%, colorless mice and rats was 13-33 mg/
crystals, m.p.  216-218% /g (1.v.) end 3 mg/xg
(from bansens), x::g“ na (13 (1.9:). Pungal sourcel

Agpergillug clavatus, 4. el-

€): 333 (4.312) end 3%
(3.808), green (fluorescence ganleus, 4. lerreus, Pent-
under UV 380 nm light. Torxie otil{um expansum, P. urti-

cae and several other Peni-

ctliitun spp.

city! not reported. Pungal
sourcal Peniciilifum wvirld(-
catun Westling (ATCC 18411).

Reterence! ([91) 0
o

OOSPOREIN (Iscesporini chae-

tomldin; 3,3',6,6'-Tetrahy- 07 ~0H

droxy=-2;2'-dimethyl-3,3'-bi-

-p-benzoguinone). c‘.uloo'.

M¥ 304, bronsze plates, m.p.
190-293%C (from methanol aq).

Retferances: (80,180)

WNOON i (1g €)1 208 (4.323) 93, TSOPATULIN (S-Hydroxy-4H-
and 391 (4.362). Toxicity: -furo-{3.,2-¢c)pyran~-2{6H)-
Lbso 6,12 mg/kg (orally) to -ono); c,u‘o.. .HW 134, ®.P.
day-old cockerels. Pungel 88-90°C, x.‘: 269 nm
source! Pentfelllium phooni- (1g ¢ not reportad). Toxi-
coua, P. rudrum, olty! not reported. Pungal
aourvetl Penfoltltum urtloae
(NRRL 2139A).
HC OH CH,

Ho- 0

Relerence: [A8)

Reference: {144)
-(3.2=-c)pyran-2(6R)-one).

94. PAXILLINE, C,,HJJO‘N' MW 435,

97.

392°%
m (g

clear
(trom acetone),
e): 230 (4.618) and 28}
(3.903). Toxicity: tremor~-
gantio to day-ald cooherels
at dosage 100 mg/kg (orally)
and mice at dosage 33 mg/kg
(1.p.). Pungal source: Peni-
cetlifum paxiti{ Bainier.

cubes, m.p.
AMeOH
me

OH

3 OH
WC” CH,

Refarence: [47)

PENICILLIC ACID (3-Methoxy-
=5-methyl-4-oxo~2,5~hexadie~
nolo acid or 2-keto=A-metho~
xy-8=-methylene-da-hexenoio

acid). C.Hlooi. MW 170, m.p.
86-87°C (from petroleum eth-

er)i m.p. 356-64°C (from
water), l::?" nm (1g ¢} 22

(6.021). Toxloity! aentibjo-
tha, antiviral, antitumor
and cytotoxic activity, LDSO
in mice was 110 mg/kg (8.0.)
and 230 mg/kg (1.v.). Pungel
source! Japergillue ochra-
ceus, 4. sulphureus, 4. mel-
leus and sevaral other of
gonue dsperglliug, Penicil-
lfum l{vidum, P, puborulun.'
P. cyclopium and many qther
of genus Penicil!{um,

I

CH, CH

< 3
Y€ ~¢ acH-coon
CH3

il OCH;
CHa,

C-to
ey oH ©

Referencen: (16,168,173)

90, PENITREM A. C,,H~~06NC1. MW

633, fine needlen, m.p. 237~
-239°C (d)(from ethano! aq),
AHeOH (15 )1 233 (4.380)
and 293 (4,064), Toxicity:
dose 230 mg/kg (1.p.) |in
mice cauaed perceptibdle tre-
mors; Lbso in mice wae 1 mg/
/xg (1.p.). Pungal sourcer
Ponfcillfum cyclopfum, P.
cruziosum, P. palitans

(NRRL 3448), P. puberulum,
P. epinulosunm,

99,

References: (40,80,178)

PENITREM B, Cy.H, 0N, MW
383, fine needles, m.p, 1083~
=195°C (from ethenol aq),

MeOH
‘nax nm (lg ¢): 227 (4,583),

- 601




286 (4.117) ard 297 (4.041).

Toxicity: dose 1.3 mg/kg
(1.p.) in mice caused per-
ceptible tiemors; LD30 In

mice was 9%.84 mg/kg (L.p.).
Fungal source: Pentcitlitum
palitans (NRRL 34688).
Relerance: [167)

PREECHINULIN se¢ 32

PR TOXIN., C H,.0,, MW 320,
.p. 153-1;;°é? 6\::?"
249 (8.184), dark-blue flu-
orescence under UV J60 nm
tigne, 15X 300 na, Lo
380 nm. Toxlelty: congea-

edema of lung.

nm

tion and
kidney and brain, degenera-
Ltive changas in liver and
kidney with hemorrhage in
Jatter stage. Lbso in mice
was 5.8 mg/kg (1.p.) and

LDso in rats was 113 my/kg
(orally) and 11 ng/kg
tt.p. ). Fungal sourye!

Pentcilltum roqueforti

{NRRL 849).

€1 ,CO0 CHO

CH & CH
3 )

References: [172,173)
ROQUEFORTINE A aee 60

ROQUEFORTINE B see 62

101.

103,

RUBRATOXIN A, C26"32°|i‘
MW 320, needles, m.p. 204~
-206°C (d)(from ethyl ace-
tate). l::g" nm (lg ¢):
204 (4.%04), inflection at
223 and 252 {3.648 sh).
Toxlcity: hepatatoxic to
awine, cattle and lahora-
tory animala. Lnsn in mica
was 6.3 pg/kg (L.p.).
Fungal aource: Penicillium
purpurogenum Stoll, P
rubrum (NRRL A-\1 783).

HOH

Referencea: [119,120,121]

WMINNATORIN D, c!b"lﬂgll'
MW 518, m.p. 188-170°C (u)
(from bentene-ethyl ace-
tate), x£2§CN am (lg &)
251 (3.967). Toxlcity: he-
patotoxic to swine, cattle
and lahoratory animals,
LDSO in mice wan 3.0 mg/kg
(1.p.). Fungal 1source:

penicitlium rubrum 8Stoll

[Xo eI

(NRRL 329n), ¢
genum Stoll,

putpuro-

ﬁlg

References: [119,120,12))

NUBROSULIMNIIN,

! ©29"20%
(atructure 1), MW 328, red
platea, m.p. 3>310°% ()

(from chloroform-petroleoum

CHC]
el .
her) \th > nm 280, 347

and 413 (1g ¢ not reportad).

Toxlelity! not reporiad,
Fungal souren! sspergilius
fulphureus, {.

melleus,
rentcillium viridicatum

Reference: |[64)

104,

103,

VIOPURIURIN. CZQ“!OOII
(structure 2 abouve) MW Sun,
purple~-black Dbeads, n.p.
»310°C (d)Y(from chinrotorm-
ether), \325'
nm (Vg ¢): 274 {(&.371), 162

(6. 38R), 37T (3.949) and

-petroleum

100 (3.677). Toxlcity: nut
reparted,. Fungal  source:
tspurgrlttay svutphuteay 4
melicus, Penacilitirum varg.
dicatun

Raference: |L4}

RUGULOSINS: (105-109)

RUGULOSIN (2,2 ,4,4',9%,8"'-
Haxahydroyy=2,2',%, % -t¢p-
trahydro=7,7 ' -dimethyi=-1, "’
-blantraquinena),
010”22010‘ MW 847, (ine

vellow crystals, m.p. 290“C
MeON
mAY

nm (g ¢): 240 (4.439), 273

(4.290), 2302 (4.079), 32
(6.060), 363 (4. 106), )0
(h.302) and 407 (6.322),

Toxleclity:

(A) (trom meihanal),

antiblotie and

hepatotoxic activity: Ln,n
i)
b micea wan A) mgsvy (1.9 )

o




- w N -

and LDso in rats was &6 ag/
/wg (1.p.). Fungel source:
Penicillium rugulosum Thom,
varigbile, P. brunneuam,
?. tardum Thom, P.vorimann(
K10cker.

References: [132,160,163)

RUGULOVASINE A. clenlso,u,

(structure 3), MW 268, m.p. 103.
138% (4.
224 (8.369), 277 (3.699).,
288(3.778) and 293 (3.778).
Toxlcity: hypotensive ac-
tion on chloralose-uretha~

‘IQOH

m (1g ¢3¢
mex ™ (18 €D

nited cots, the minimum ef-
fective dose was 0.2-0.3

mg/hg. Fungal source: Pent-
cillium i{glandicum Sopp. 2.
concavo-rugulosum, P. ver-
rucosum Dierchx.

109.

HyC 0
v
§eS
: HN |

R, s ---~ NHCH;  RpzCl
R, e wa NHCH, , RyeCt
_ Ry -=->NHCH,y Rye¥
: Rys == NHCH, R oM

Reterences: (2,31}

. RUGULOVASINE B. CquQOQN2
{atructure & above), MW 268,

colorlens reainous oll,
EtON

nm (g e): 224

(4.161). 277 (3.6881), 283

(3.732) and 293 (3.178).
Toxlcity: similer as rugu-
lovas'‘ne A, minimum effec-
tive dose was 0,023-0,03
mg/kg. Pungal source:
Ponictilium tglandfcum

Sopp. P. concavo-rugulosum.
References: [2,%2,102)

8-CHLORORUGULOVASINE A.

cl6M1502N2C| (eru;:a;- 1
above), MW .01, xmax nm

(lg ¢): 223 (4.330), 1260
(3.663 sh), 292 ().716) and
298 (3.732). Toxicity: L05°
79-12% mg/kg to day-old co-
ckarels {(orally). Fungal
source: Peniciili(um (2lon-
dicum Sopp.

References: (351,31)

8-CHLORORUGULOVASINE B,
C16H1502N2Cl (ttru;:g;c 2
above), MW 303, lmax nm
(lg ¢): 224 (4.330), 278
(3.672), 288 (3,708) and
295 (3.732). Toxielty:
Ln3°15-1zs mg/kg to day-old
cockerels (orally). Pungal
source: Penicillium (slan-
dicum Sopp.

References: [31,312)

SECALONIC ACIDS: (110-112)
Family of alx {lsomers of
xanthone dimers (llinked at
the 2,2' poaitiona) with
molecular tormula °32“30°1~
and molecular walght 4368,
The compounds differ ste-

reochamically and the fol-

lowing functional groups:
OH (positions 3,3'), CH3

(positions 6,6') and CHSCOO.

(positiona 10a, 10a') exhi-
bit different a or # ete-
reoch~mical configuration
(see table below):

5 %' 6 6' 108 10a’
A a A A a a A
B(R) A a A a a N
c a A a a [} A
D f a a A [ a
E(R) see sacalonic acid B
F NN a N ] a
G a a A a a n

dinca the only threa com-

pounds ol this group were
inolatad from Jdspergillus
or Penicillium fungal cul=-
tura, only secalonic arids
A, D and F are dascribed
below.

110, SECALONIC ACID A, CazR3001~.

MW 638, yellow crystals,
m.p. 246-240°C (fram chin-

roform), m.p. 243%C  (from

acetone), \stﬁu

max ™ (lg ¢):

2%3 (4.226) and 46 (4.49)).

Toxicity: peaw adema of

rats, Lnloo in micea waa 100

mg/kg (1.p.).Fungal source:
Jepergilius ochraceus.
Referanca: (103)

SECALONIC ACID D,
c!!")oolh' MW 438, pale
yeollow c-ystals., m.p. 23]~
-233%% (from chloroform),
\::2"-'1'"! (1g €): 348 (4.260)
and 337 (&.500). Toxlcity:
LD50 tn mice wan &2 mg/kg
(L.p.). UTFungal source: Pe-
niciii(um oxalfcum, Asper-
gillus aculealus Tlzuke.

References: [152,153,183)

SECALONIC ACID F.
CJZHJOOIE' MW 618, yollo-
needies, m.p, 218-221C
(from benzene-cyclohexeane),
15:2’" am (lg ¢): 236
(&.206), 283 (4.338) and
388 {4.568)
antiblotic activity against
Bacillus megalerium; toxi-
city to vertebrate not re-
ported. Pungal eource:
Jdspergilius aculeailus
Iizuka,

Reference: [6)

Toxicity:

SPINULOSIN (Substance "Z";
3, 6-Dihydroxy=d~-methoxy~-
-1,4=toluquinone). CGROOS.
MW 184, purple-black micro-
crystaja, m.p. 201°C (trom
sublimation), xgrs':
294 and 480 (g ¢: not re-
partad), Toxlcity: antibjo-
tic activity.Fungal source:

dspergiliug  fumigaiug Fre-

nm:



[ RN

sentue. Penicilliua 2pinu-
lotua Thom. P. cineragcens.

0
HC OH

HC OCH,y
0

Relorences: (7,13,130,131)
STER]G“ATOCYSTINS_: (114-118)

STERIGMATOCYATIN. C, K. .0

(structure 1), Mw :;:'l:.?.
vellow crystals, m.p. °
tar, AEOR L e r)n2~:o:
(6.279), 233 (4.389), 29
(6.439) and 337 (4.117)
crange-red fluoreacence un-
der UV 340 nm 1ight. Toxi-
clty: hepetic damage in
primatas: in rats kidney,
liver damsge and renal ne-
crosis. Lbso in rats wae

1"R -H', R, *CH,, R M, Rye M, RH
2:R 0N, R 0CHy Rys CHy, Ry s HR 1M
IR 'N,.,ICN,.R,'CH,..’. H, R M

& Rs H.&nD‘,.l,lH.R,‘OCN,_R"H

S R» N,R,lN.R,lH.R,lH.&-N

§ ReH.R, ¢ CHy. AN, Ay e CH0, Re CH,0

146 mg/kg (orally) and 60
mg/hg{i.p.). Pungal source:
dsporgillug versicolor
(Vuill.) Tiradoacht, 4. ni-
dulansg, 4. auran{fo-drun-
neus (Atkina, Hindson and
Rusael).

Referencest (23,8s4,13))

113, ASPERTOXIN (3-Hydroxy-6,7-

dimethoxydifuroxanthone).
C“Nlho, (structure 2
adbove), MW 354, m.p. 240-
-200°C (d) (from dioxanes
/water), x::S“ nm (lg 2):
241 (4.330) and 310(4.08)3);
blue fluoreacence under UV
360 Aam 1 {ght, Toxiolty:
Lbso in chicken ambryo was
0,7 ug/embryo, with baak
malformetion and losa of
muscle tone.Pungal source:
depergiliue flavus Link.
References: [136,171)

116. DIMETHOXYSTERIGMATOCYSTIN

(6.9,10-Trimethoxy=-7=-hydro-
xydituroxanthone). c,oulboa
(etructure 6 above),Mw 384,
pale yellow needles, m.p,
z::;:s~°c (from acetone),
‘ntl am (lg ¢)t 3
(6.433), 284 (&.331), 273
(3.800 ah) and 330 (4.20)).
Toxicity! not reported.
Fungal source: /sperglilue
versicolor.

Refarenco: (70)

3 -MRTHOXYSTERIGMATOCYSTIN
(7-Hydrowy-6,10=-dimathoxy-
dituroxanthone). leHl‘O,
(structure & abova), pale
yellow neadies, m.p. 223°%
(d). Toxicity:inot reported.
Fungal source: dspergtlius
versicolor (Vuill.) Tira=-
boschi.

Reference: [23)

O-NBTHYLST!R!GHATOCYST!N
(6,7-Dimethoxydlfuroxan=
thone). cmHl,‘o6 (structurna
3 abave), Mw 338, faintly
yallnw alender roda, m.p.
263-2677C (from methanol),
\NeOHAm (17 €)1 238 (4.810)
and 310 (4.217); hHlue fluo=
resconce under UV 380 nm
light, Toxiclity: not repor-
ved, Fungal aourcet .fsper-
gltius [lavus Link,
References! [23,43,133)

OIHYDROSTERIGMATOCYSTINS:
(119-121) ’

. DIHYDRODEMETHYLSTRRIGMATO-

CYSTIN (1,2-Dihydro=6,7-di~
hydroxydlturoxanthono).
°x1"12°e (atructure 1), MV
312, pale yellow needles,
m.p. 202°C (d) (from ace-
tone), \::g" nm (1g ¢)t 233
(4,428), 250 (4.320), 239
(4.401) and 338 (4,20898).
Toxicity: not reportad.
Fungel sourcei .{spergllluy
versicolor (Vuitl.,) Tira:

hoach!l.

121,

00 O

1: R *H .RI'H
2. R 1 CH, , Ry sCH,
3:R iCHy, Rye ¥

Refersnce: (81)

NIHYDRO-0-METHYLSTERIGHATO-
CYSTIN (1,2-~Dihydro-6-me-
thoxy-7-hydroxydifuroxan=
thona), cl9”lh°6 (structure
2 ahove), MW 340, colorliess
rods, m.p. 282-283°C (from
methannl)i colorless need-
lea, m.p. 281-283%¢ (from
chlorotorm-mathanal), \M“
nm (g e): 203 (4.420), MM
(4,3590) and 311 (4.383):
blue fluorescence under UV
360 nm  light. Toxjcity:
toxic in cell culture.
Fungal aource: {spergliiuy
/lovus,
Refareances: {4),37)

DIHYDROSTERIGMATOCYSTIN
(1.2-01hy1ro-6-mothoxy-1-
~hydroxydituroxanthone).
CHHMO6 (structure 3
above), MW 326. pale yellow
needles, m.p. 230°C (d).
IO e (g ) 20
(h,6%1), 247 (4.5008) and
323 (4,220): red-orange
tiuvorencence under UV 360

r49




. SRYRIN

na light. Toxicity: inhibi-
ted mitosls of Widney ephi-
theliasl calls.

co’or {(Vuill.) Tiraboschi.
References: [(37,81) .
(Endothianin} 1,1-
-Blaemcdin). Cyoi, o0, 0., NV
938, Yyellow plates:, n.p.
»380°C  (from  acetone).
Fungal source: Penfciil{um
tstandicum QGopp (WNRARL 1036
and 117%), P. rugulosum, P.
tardua, P.

vorimanni, P
[ Y LLITT 1

Referencea: (90,160)

. LWUTEOSKYRIN (2,3°'.4,4°,8,~

-8',8,8'=Octahydroxy=2.2°,~
3,3'=tetrahydro=7,7'-dime~

thyl-:,1'=blantraquinone).

c,ou,,ol,. MW 374, yellow
crystals. n.p.
(ffom acetone-hexane). x_“
nm (lg €)1 243 (4.318), 273
(4.320) and 430 (4.460) (in
ethanol) snd 330 (3.903),
429 (4.4393) and 446 (4.438)

tin arstanal, Toxielty:

Yunga)l .
source! Jspergiliiua versi-

207% (4)

LDyq in aice was 40,8 mg/kg

. (1.'.). 147,0 ../k' (.c°o)t

126,

o au/klA(ornllyl and 6.63
ag/xg (1.v.). Acute toxl-
ty (with hepatic 1leseions)

of the oompound to ‘mice,

rats, rabbits and monkeys.
Pungs! sourael Penic(il(um
telandfcum 'Sopp ' (NRRL
1036). o

CH,

o
2

Referendest (132,146,147,
164)

8M-Q see 37

.

SUBSTANCE Z see 11)

TENUAZONIC AC!D . (3=Acetyl~
-S-sec-butyltetranic acld).
CyoHygOgNe MW 197, \mag M
(1g &)1 217 (3.220) and 277
(4.130), spectroscopio pro-
perties of the oompound de-
pend solvent polarity and
oM. Toxlaity: tenuasonic
acld acts ae a phytotoz}q:
inhibits growth of cells by
tnhibition of protein and
nucleic acld blosynthesis.

Antiviral, sntitumor ecti-

vity {inhibition of protein
synthesis, .by'‘tenuasonic
acid was, reported. The role
of the compound .in ' the

ethiology of, .hematologie

disorder named  onyalai |is
not oluc;daiod., “

Pungal source. Jcp’rgllluc’
app.. aleo produeod'flby'
dliernaria spp. o

cHCHEH TN
CH

Y '
References! (155.169)
" '

-
e

123, TERRBIC ACID (3,6-Bpoxy-2-

-hydroxytoluqulnoho).'
C,H,0,, MW 194, yellow
7764 o. ', .
plates, m.p. 127°C (from
benizens), x:::“ nm (1g €)1
214(4.029) cnd}Slé (3.0081).
Toxiclty: entibiotic and

antitungal pyoportlou, Lbso

in mice was 70-120 mg/hg '

(L.ov), Pynlnl aource!
dspergilius terreus Thonm,

" CHy

H
, 0
HO H

Reference! [143)

126. TEBRABIN (9,6=-Dihydroxy=-i-~
-(x-proponylloyolopoqt-h-on
-~7-one). C.ﬁtoésf “uw 188,
colorlens ngodlg,. mp.
127°C (from acetons), l:::""'
: 362 (3.114), Toxieltyi"not ¢
reported. Pungal source!
e Aspergillue -lerreus (IM1
o 44339), 4. fieheri Wehmer,
4. vérateolor, Pentafllium
ralsirichit,

HO r,H,”

References: (12,63,76) '

137. TR-2. c,,n,,g‘n,. ;20;39.

. m.p. 130-1527¢C, ‘agx ™
' (1g €)t - 238 (4,873), . 288
(3.834) and 294 (3.077).
Toxlglty:! tremorgenic to
day-o0ld cockerels dosed
orslly st level 12.5 mg/kg.
Pungal source:! Penicillium
verruculosum Peyronel,
dsperglliue fumigalus Pree,

References! (46.50.55)

nm (1g €)1 279 (4.408) and "




TRYPTOQUIVALINES: (128-142)

128. DEOXYNORTRYPTOQUIVALINE.
CyaM3a0Ny (structure 1),
MW 316, colorless priams,
$s
0
129,
3
gy i
1:Ry s c“¥>CH-CN- : RysH 4 RyvH
2R c"’)CH'C' s RysM  RyeN
c“’ ]
3:&' c%cu‘r° 1 R, "™, .;’CH,
CHy
<
LR e c"‘)CH-CH— 1 Ry aOM ; Rys M
CH,
s SO5H-C= : ROH: R M
?AC
130.
[} RI. 2:,>CN'CN- H .|.°ul a’.cu,
H
?7 Ry =-===H s RysOM,; Rys H
8 R - ¥ , RyeW ; RpeH
9:Rys ====H ; Rys OH; RysCH,y
W0:Re - ; Rye OM; RysH
cHy 2
N:R CR,>CR- - 3 Rye H,; RyaCHy
12:Re ~e=me=H 1 Rpe M, Ryvecel
13:Res o—H i RyeOH; R,---CN,
%: R,e ztx“-n‘-; R I0H ; Rpe=oi
c
19: Ry c&)cu-ﬁ- . RyeW | g’....cu‘

m.p. 138-180°C  (from di-
athyl ether). x:::" nm (tg
€)t 220 (4.642), 233

(4.603 sh), 234 (4.19) sh),
268 (4.068), 278(4.021 ah),
308 (3.613) and 317(3.519).
Toxicity: unknown, tremovr-
genic properties not repor-
ted. Fungal source:! J{sper-
gllius clavatus,

Reference: [30)
DROXYNORTRYPTOQUIVALONR.,
CI‘N2~OSN~ (structure 2
above), MW 472, (ine white
needleos, m.p. 192-1903"¢
{trom diethy! ether), \:;2"
nm (lg £)! 232 (&4.311), 208
(3.988) and 320 (3.798 eh).
Toxicelity: unknown, tremor-
goenic properties not repor-
ted. Fungal asocurce! J(sper-
gltlus clavalus.

Rofornacox (30)

DEOXYTRYPTOQUIVALINR,
c,,u,ooaui {structure J
above), MW 330, white need-
lees, m.p. 130-1332°C (from
dichloromathane-hexane),
ABtMHam (19 €)1 227(4.648),
232 (4.622 sh). 232 (4.267
sh), 267 (4.079 sh)., 278
(4.013 ah), 304 (J3.319) and
318 (3.431 sh). Toxieity:
tremorgenic activity not
reported. Fungsl asourcet
dsperglllue ¢lavalus.
Refereance! (30)

133,

133,

131. TRYPTOQUIVALINE D (Nortryp-

toquivaline). °za"ao°1"~
(structure 4 above), MW
332, colorless prisms, m.p.
236-258°C (from dichloro-
methane-hexane), l::en nm
(1g €)1 238 (4.6239), I3
(4.823 eh), 234 (4.2372 sh),
267 (4.076 sh), 279(4.090),
306 (3.653) and 319(3.544),
Toxialty: tremorgenin pro-~
poryloa not. demonstrated.
Pungel sourae: Jfspergillus
clavalus (NRRL 3890), /.
fumigaluse,
Reterancast (30,41
TRYPTOQUIVALINR B (Nortryp-
toquivalons, - Tryptoquiva~
lone). c“H'“o.N~ (strue~
ture 3 above), MW A88,
colorleas prisms, m.p. 208~

«309°¢ (from dichicrome-
thane<haxane), \::SH nm (g
¢)t 228 (4,496 ssh), 231
(4,502), 233 (A,228 b)),
278 (2.081), 2090 (J.81)),
304 (3.732) and 316 (3.653
sh). Toxlelty: tremorgenic

properties, induced parelas~
tent tremors in rats.
Funga! sourcet Jgpargiliusg
clavalus (NRRL 83690).
References: {30,41)

TRYPTOQUIVALINE A and C.

cz9H3°07N~ (atructure [}
above), MW 348, colorlase
priama, m.D. 138-1597%,
‘::ou nm (l¢ €)Y 220
(4.623), 202 (4.604 ah),

138,

136,

292 (4.390 ah), 268(4,037),
279 (3.978), 307 (3.5688)

end 319 (3.477)., Toxlelty:
tremorgenic to humans and
rats. Funga) source: AJdszper-
¢f/1lus clavaius (NRAL 5890)

Referencen: (30,41)

. TrYPTOQUIVALINE B.

C’2H1605N~ (structure 7
above), MW 418, colorless
feathers, m.p. 337% (d),

\Me0Hn (1g €)1 226(4.309),
232 (A 474 sh), 234 (4,204
sh), 1286 (4,088 sh), 1276
(3,924 ah),
303 (3.477) and’ 1)
(3.418), Toxiecity! tremor-
genie properties not de
monstrated. PFungal source:
Aspergilius jJumigailus
References: [107,188)

TRYPTOQUIVALINE P,
c,znxoohn‘ (structure 8
above), MW AQ2,

tine nesadles,
(d), ‘HOO" nm

max
(4.324), 232

colorleas
mp. 1217%

(lg ¢): 226
(4.494 sh),
253 (4.093 sh), 265 (4,040
sh), 276 ().908 sh), 1290
(3.491 sh), 303 (3.,447) and
315 (3.342), Toxiclty: tre-
morgenic properties not dr-~
monstrated. Ffungal sourcs:
Adspergllius fumigailus
Reference: (188)

TAYPTOQUIVALINE 4.
C::”:o°3"a (structure 9
above), MW 432, coloriess

291 (3.344 ah),

911




137,

138.

.fa.301), 230

prisma, m.p. 240-242°C (d),
AWM e g O 226
{4.333), 232 (4.301 sh),
233 (4.241 oh), 243 (6.072
sh), 273 (3.914 gah), 29
(3.36A sh), 302 (3.477) and
318 (3.398). Toxicity! tre-
morgenic properties not de-
monstrated. Pungal source:
A2p00rgiliug fualgatus.

Reforences: (187,180}

TRYPTOQUIVALINE M.
C,,Nl.osl. {atruoture 10
adove), MY 418, colorless
fine needles. a.p. 274%¢
(4). ANM na (1g €21 220
(8.320), 333 (4.490 oh),
233 (4.220 sh), 388 (4.09%)
Sh), 376 (3.929% h), 201
(3.336 sh), 303 (3.491) and
313 (3.398). Toxicity: tre-
morgenie properties not de-
aonstrated. Pungal source!
Adspergl(livue fuvatfgatlusg,
Reference: (188)

TRYPTOQUIVALINE 1.
ca,u,‘o‘n~ (atructure 11
adove)., MW 302, colorless
leatlets, m.p.  233-236°
(4, AN pe C1g €)1 238
(4.330 oh),
392 (3.902) ond b}
(3.783). Toxicity: tramor-
ganic properties not demon-
strated. Pungal souroe!
dapergilive fuatgaive.
Referance: (180)

139. TRYPTOQUIVALINE J.

140,

141,

c,,u,ao‘n‘ (structure 11
adove), MW 402, colorless
fine needles, n.p.236-230°c
(@, M (g €)1 226
(4.613), 231 (4,380 sh),
233 (4.210 sh), 1264 (4,100
sh), 278 (3.987 sh), 1290
(3.62) sh), 302 (3.391) and
310 (3.491). Toxicity: tre-
morgenio properties not de-
monstrated. Pungal source!
dspergtliue fumigalue.
Referoncetl (188)

TRYPTOQUIVALINE L,
C,,N,oosn‘ (struoture 1)
above), MW 433, colorless
leaflets, wm.p. 263-268°C,
AN nm (16 €)1 218 (4330
ah), 226 (4.319),231 (4,480
sh), 332 (4.241 sh), 1284
(64.090 sh), 2374 (3.924 sh),
290 (3.368 ah), 302 (3.a77)
and 313 (3.380). Toxicity:
tremorgenic properties not
reported. Pungel ssource!
Aspergiltive fuaigatue.
Reference:! [189)

TRYPTOQUIVALINE M.
C,'N,°01N~ (structure 14
ebove), MW 332, colorless
plates, ®.p. 137-184°C,

MeONH
‘-ax nm (ly €)1 220(4.919),

233 (4.487), 233 (4.100),
278 (3.968), 303 (3.462)
end 317 (3.431)., Toxielity:

tremorgenic properties not
reported. Pungal source!
dsporgillue fumigatus,
Reference: [1089)

143,

143,

TRYPTOQUIVALINR N,

c,sua‘o,u. (structure 19
above), MW 472, colorless
needles, 193-197%,
MeOH

\'.' nm (1g e Y]
(6.309), 331 (4,293 e0),
291(3.934) and 320 (3.783).

mp.

Toxicity: tremorgeniec pro-
perties not reported,
Pungal aource: depergiliue
Jumigatue

Referance! (1089)
TAYPTOQUIVALONR sae 132

VENRUCULOGEN see 34

VERRUCULOTOXIN (3=-Toluyl~

octahydro-2H-pyrido~{1,2-a)
-pyratine). c.,u;oon,. MW
244, m.p. 132% (from Dben=
tene), l::gu nm: strong end
abaorption and week 240-260
band (lg ¢ not reported),
Toxicity: toxle to cocke~
rels, loss of muscular oco-
ordination, Lbso in day-old
cockerels was 20 wg/kg
(orally). Pungal sourcet
Penitciiltum verruculosum

Peyronel.

HN

Reference! {49}

" 144, VERSICOLORIN A.
-furano=-1,6,8=trihydroxyan~

143,

(3.,3-Ble-

trequinone). cl.uloo,. MW

"338,orange-yeilow needless,
. m.p. 287-288°C (d)

(trom
scetone), fine yellow need-
less; m.p. 207-280°C (d)
(from hexans), \::g" nm (lg
€)1223 (4:498), 234(s.10D),
263 (N.249), 290 (4,434),
A31 (4.0A3) and 433(3.91D),
Toxloityl not reported.
Punge! source: Jspergilius
versicelor

0 OH

OH
0”0 o

Raterences: (77,1013)

VERSICOLORIN B (2,3-Pinte-~
trahydrofurano-},68,8-tr|-
hydroxyantraquinone),
c"ul,a,. MW 340, !In: yél=
fow needles, m.p. 298°C (d)
(from acetone), l::su nm
tig e)t 223 (4,378), 1293
(4.130), 266 (4.290), 291
(4.380), 3324 (4,107) and
430 (3.940;, Toxiecity! not
rveported., Pungal wsource!
dspergillus  versicolor
(Vuill,) Tiraboschl,

0 OH

OH
00 .

Reference: (77)

Stt




138,

HyC0

Em
380, \-.. am 430 and 330,
Toxicity: antiblotio activi-
ty sgeinat dac(llus brevie,

3. cereus, Corynedoclerium
Jasciang and- Streplococcus
Jaecal ls.

4

Refersncea:l (103,104)

WORTHANNIN (H-1 toxin).

c,,u,~o. (etructure .l). "
420, white crystals. m.p.
222-223%, \S¥CYs (nadr 210,
254 and 292 (lg ¢ not repor-
ted). Toxlelity: feed refussl
tactor in rats. causes
hemorrhage in the stomach,
intestines, heart onq thymus
and death, LDy, tn white leo-
nsle rats was & mg/kg (oral-
\y). Pungal source! Ponicit~
1 tun vorimann( Klocker (the
compound ls aleso produced by
Nyroltheciua rorfdua Tode ex

R
HCO

0 0
\ 0

1 : R o CH,C00-
2:ReH

198,

136.

Fries and by apecles of Fu-
sarfum).
References! [194-196)

11-DESACETOXYWORTMANNLIN,
cuﬂno° (structure 2
above), MW 370, white crya-
tala., Toxleityt Lpso in
rats was 28 mg/kg (orelly)
end 31.3 mg/kg (1.9 )1 in
Rhesus monkeys a single
dose 1-3 mg/hg {(s.c.) cau-
red weaknes, d.croaaid no-
billty, incoordination and
anorexial the compound ex-
nibited anti intlamatory
activity on acute edema
snd anti arthritic activie
ty. Pungel eource! pont-
c(ll(un funiculosum Thom,
Referencet: [197)

XANTHOMBGNIN [(-)~3,3'-Bls-
-[2—nothoxy-3-hydroxy-1-(2-
-hydroxypropyl)-0-carbo:y|-
1.4-naphtaoquinone Jactone)).
c:o":a°1z' MW 97N, :rnngo
plateliets, m.p. »264°C (4)
_(trom chioroformebentene),
adloxane ny “(1g ey 228
(4.3089), 189 (3.098) and
380 (3.008), 10 an (14
€)1222 (4.419), 264 (4.288)
and 360 (3.898), Toxlolty!
groas alterations, liver
discolorations and histolo-
glo alterations in liver ot
mice fed dist ocontaining
448 mg of xanthomegnin per
kilogramme of feed. Pungal

source:! .Jsperglllug ochra-

ceus, 4. mellous, 4, sulphu-, ch 0~0 ?
reus, Penicillfum viridicds " OCH
tum, P. cycloplum, ";"“'_ 3,
References: {33,64,99) ' T
OH O .
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Identification of Water-Soluble Loal-Tar Dyes
Present in Foodstuffs

The general scheme for identifying coal-tar dyes present in foods
normally involves:

1. Preliminary treatment of the food.

2. "Extraction of the colcur from the p.epared solution of the food.
3. Separation of mixed colours if more than one is present.

4. Identification of the separated colours.

Schemes for the extraction and identification of colours from various
foods have been described by the APA (Separation and 2dentification of
Food Colours Permitted by the Colouring Matters in Foad Regulations,
1957, APA, 1960, London), BFMIRA (Analyst, Lond., 1963, €8, 854) and

Stanley and Kirk (). agric. Fd Chem., 1963, 11, 492) and reviewed by
Minor (Lad Pract., 1962, 11, 33, 1307). .

1. Preliminary Treatment of the Food
Assuming that an scidic colour ls present, the preliminary westment involves

removing Interfering substances and obtaining the dye in acid solutdon prepacstory

to boiling with wool,

(@) Non-alioholic liguids, ¢.g. soft deinks: As moat of the foods in thia group ate
scldic they can usually be trested directly with wool. Otheswise, acidily
slightly with acetic acid or potassium hydrogen sulphate.

() Alcohohie liguids, e.g. wines: Boil to remove the alcohol and acidify (if
necessniy) as for (a). *

() s’tb? Joods, ¢.g. jarns, sweets, leings; Dissolve in 30 ml water and treat
e in (q

(d) Starih-based foods, o.g. cakes, custard powder, golden rataing powder:
Grind 10 g of sample very thoroughly with 50 ml of 2% amwmonia in 70%
sicohel, allow to stand for some hours and .centrifuge. Peur the separated
liquid lato a dish and evaporate on the water bath. Take up the residue in
30 mb water containing scid end treat sadn (a),: .

(¢) Ceandref fruits: Treat as in (d). e .

() Products with a Aigh fat content, ¢.g. sausages, mest and 7wk pastes: De-fat
with biht petroleum and obtain the colour in aqueous solution by treatment
with het water (acidify, ete., as ususl). Note that olil-soluble eolours tend to
give - loured solutions in organic solvents,

In difficult casen treatment with warm, 50390% acetone oe alcohol (which
precipitates srarch) containing 2% ammonia is'6ften helpful, “The oaganic solvent
should be 1 “noved before acidifying (see (d) above),

For sausng~s, the BFMIRA Repoxt recommends mixing 20 g sarmple with 14 ml
water, 25 ml.ethanol and 1 m] 0:88 ammonla. After setting saslde for SO min the
liquid s i -red and concentrated. With fish paste, 20 g sampde i thoroughly
stirred with 6 ml water, 20 ml acetone and 1 drop 0-88 amumonin wnd after centri-
fuging and Beiling off the scetone the sample is re-extracted and the process
repeated F 1y removed Ly sheking with lishet natenlaiiem o

— et
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Note that basic colours dye tive wool In alkaline solution and therefore require
treatment with acid where the use of ammonia s called for above.

2. Extraction of the Colour from the Food

N.B. The wool should be prepared by bolling pure white knitting wool in
dilute sodium or ammeonium hydroxide and then in water (cf. Thaler, H. and
Sommer, G., Chem, Abutr,, 1954, 48, 4714)), .

Add s 20cm strlp of wool to stout 35 mi of the prepared, slightly scidified
solution snd boll, Continue boiling, wash the wool under the cold tap, transfer it
to a small beaker and boil gently with dilute ammonla, If the colour Is stripped by
the alkali, the presence of an acidic cosl-tar dye [» indicat-d, Remove the wool,
make the liquid slightly »2id and boil, Add s little wool and continue boiling until
all the colour is removed. Extract the dye from the wool sgein with a small volume
of dilute ammonis, filter through & small plug of cottan wnol snd evaporete to
fow bulk., This double stripping technique ususlly gives a purer product, but it is
not slways necessary. ' :

Heat processing during manufacture and the wool dyeing may both affect the
velues obtalned In the subsequent chromatography snd epectrophotometry
(Howsrd, F. ]., Y. Auce, Publ. Analyits, 1968, 3, 137; BFMIRA, lo¢, ¢it.). Nstura)
colours may slso dye the wool during the first treatment, hut the colour Is not
ususlly removed by ammonia.

Basic dyes can be separated by making the food alkaline with ammonls, boiling
with wool and then stripping with acetic acld. As all the permitted water-soluble
colours are acldic, an indication of the presence of a baslc dye st this esrly stage
suggests that u non-permitted colour is present, Basie rhodamine dyes were quite
frequently used prioe to the 1957 Regulations,

The use of synthstic polyamide powder (8ilon or nylon) instead of wool aveids
the necensity of de-{atting the eample (Davidek, J. and Davidkovs, E, (Analyt,
Abstr., 1967, 14, 5741). Dyes may also be removed from treated food with ozganic
solvents such as quinoline (Krause, 8. ot al,, Analyt. Abstr,, 1962, 9, 3445) or
higher alochols (BFMIRA, loe, cit.).

3. Separation and 1dentification of the Extracted Colonels)

General tasts, Although It la always advisable to run clirrnatograms for the
final detection of the colours, much work can often be save.! by spplying &. |
qualitatlve tests to fragmenta of the dyed woo! and compi g the resulta With
those obtalined from known dyes. It s useful for Instance to njoi'y common reny:
(e.g. cone HCI) which may produce characteristic colour changes. Some xanthene
dyes are extracted by sther from aqueous solution, It is sumetimes possible to
detect the presence of mixed colours by spotting on fAlter paper and adding a few
drops of water 80 that stparsts zones sppear,

Chromatographic 1eparations, Colours can be separated uring any of the vsua)
paper chromatographic techniques., The APA booklet secommends the use of
Whatman CRL 1 paper in large beskers (Hunt, E, C,, North, A, A, and Wells,
R. A., Analyst, Lond,, 19385, 80, 172) for general work and the circular 2one plate
method of Rutter (ibid,, 1950, 78, 37) for the final identification,

Soluents (APA, BSI, BFMIRA) N
No. 1 1ml 088 ammoniad 99 ml water, i

Ne & Aenr .
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No. ¢ ise-butanotl (1 vol), ethanel (2 vols), water (1 vol).

No. S n-butanol (20 vols), water (12 vols), glaclal acetic acid (S vola).

No. 6 iso-butanol (3 vols), ethanol (2 vols), water (2 vols); then to 99 ml add
1 ml of 0:88 ammonis.

No. 7 80 g phenol+20 g water.

No. 8 cthyl methyl ketone (350 vols), acetone (150 vols), water (150 vols),

0+38 ammonis (1 vol). .

No. 9 ethyl methyl ketone (7 vols), acetone (3 vols), water (3 vols).

No. 10 ethyl scetate (11 vols), pyridine (S vols), water (4 vol).

No. 11 Dilute $ ml of 0-88 ammonia with water to 100 ml and dissolve 2 g
trisodium citrate in the solution.

No. 12 water (30 vols), hydrochlorlc acid, sp.gr. 1:18 (6:S vols),

Separation of components of mixed colours. Paint & horlzontal line of the prepared
dye solution about 2 em from the bottom edge of a plecs of Whatman No. !
chromatographic paper and dry. Then elute upwards In a covered beaker using
the most effective folvent to effect a separation (solvent No, § is often useful for
general purposes, but it ls advisable to study the Ry values In the table first In
telation to the probable colours present). If more than one colour appears 6 be
preaent, cut out the separate lines of colour, extract with water or aqueous-acetone,
evaporate to dryness and re-cdissolve In e few drops of water, If the separation Is
indefinite, repest the process using different solvents,

4. ldentification of the Separated Colours

Paper chromatography. Cut & plece of Whatman No. 1 chromatographic paper
00 that it ean be tolled Into & cylinder which fita {nside a litre beaker without
touching the sides. Draw a line parallel to the bottom of the paper and about 2 cm
away from it. Place 8 spot of the cone solution of the unknown dye on the line
together with s serles of spots of aqueous solutlons of known dyss of similar
colour and dry. Roll the paper into & cylinder and fasten it near the top and below

- the middle with an office stapling machine 30 that the vertical edges do not fouch,

Placa the paper centrally in a litre beaker containing a 1 em fayer of selected dolvent
(Table 3.1) and immediately cover with a clock glass. When the solvent has risen
sbout 10 ecm sbove the basellne, remove the paper, mark the solvent front snd
compare the Ry values of thy unknown spot with those from known dyes on the
ssme paper. Run simlilar chromatograms using different solvents, chosen for their
ability to differentiate between any which have similar Ry values on the first run,
‘The Ry values, of the psrmitted and non-permitted colours in Table 3.1 (Pearson
D. and Waiker, R., J. Antoe. Publ. Analysts, 1968, 3, 45) mostly represent the
position of the bisector (mean of leading and trailing edges). With long streaks
both the leading and tralling edges are quoted, Uslng the same method, Pearson
and Chaudhel (7. Assec. Pudl, Analysts, 1964, 2, 22) and Peataon ({bid., 1966, 4, 61)
have tebulated the Ry values for several other water-soluble colours (mostly ones
not permitted to be used in foods in the UK). Many of the spots from non-
perhmlmd colours (e.g. thodaminzs) show Intense fluorescence under ultraviolet
lighe. .

Work on colours permitted In the USA using psper chromatography has been
described by Tilden (Y. Ass. off. agric. Chem,, 1952, 38, 423; 1983, 36, 802; 1954,
37, 812) and Btanley and Kirk (loc. ¢it.). : y

Thin layer chromatography. In general TLC gives more, rapid and precise results
than scparstions on paper. Dickes (J. Auae. Publ. Analysis, 1965, 3, 49) has

-
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(cf. Chapman, W, B, snd Oakland, D., 9. Assoc, Pubdl. Analysts, 1968, 6, 124,
Perry, A. R. and Woolley, D. G., ibd., 1969, 7, 94):

Solvents

A. {s0-propanol (10 vols), 0:88 smmonis (1 vol), water (1 vol).
B. Saturated potasiium nitrate solutlon,

Mzeriop ‘

Prepare thin layers (250 ) of Kieselgel G on 20 x10 em glees plates and hent
8¢ 160°C {2 1§ hr, Cool in s desiceator. Pipette § pl of each of the aqueous solutions
of the colours st least * m from the edge of the plate. Place in a suital " tank
containing - :nt. Dev: a1 20°C for a distance of 10 cm snd colculur  he Ry
values. For spectrophotos... .ric corirmation removae the silica snd colous with a
suction ssembly (Sshasrabudhe, M, R., J. A1, off. agric. Chem., 1964, 47, 889).
Dickes' paper tabulates the Ry velucs for permitted and nane.peomitted colours

* using the two-solvent system, In al) eases the unknown spot should be compared

with those obtained from known colours.

Confirmation of the ldentity of Dyes using th S)mrephoiohuln

Dilute the pure neutral dye solution to 8 suitable intensity of culuur and deter-
mine the sbeorption curve on the spectrophotometer in neutral, wuid and alksline
solution and compare tha maxima with those obtsined with the known'dye
(Table 3.1). The APA booklet illustrates the absorption curves of ull the permitted
water-soluble colours, except Black 7984 which has been examined by Pearson
Y. Assoe, Pubdl, Analysts, 1967, 8, 37). Each dye war examined in neutrs! (0'0'2"/.
sramonlum acetate), acid (0'1 N HC!) snd alksline (01 N N.OH) solution.
Dyeing and stripping sometimes causcs some decomposition of culours and this
affects the chromatograms and spectrophotometric curves obtained, I the gyc
appears to be & non-permitted one, It lo particularly important tu upply chemicul
tests also, .

" Oll-Soluble Colours

Oil Yellow GG and Oil Yellow XP are the only oil-soluble con! tar colours on
the permitted list. Oll Yellow GG can be extracted by sodium hydroxide from its
ctheres! solution, but XP and many of the non-permitted colours cannot, For the
{so)ation of the purified colour, the o)} should first be extracted fromn the fond wh'h
light petroleum, Then the colour can be removed with fairly concentrated acid,
(AOAC, 1968, p. 673), or by solvent partition using N,N-dinicthylformamide
(DMF) snd light petraleun, The latter method due to Mark and McKeown
(3. Ass. off. agric. Chem,, 1958, 41, 817) s described below:

Mnurnon

Dissolve 10 g of oil In SO ml light peteoleum, filter and transfer to # separator.
Extract with three 20 m) portions of DMF, discarding the petrol layer, Extract

the combined DMF solution with four 28 ml portions of light petroleum, back-

extracting esch time with § ml DMF, Discard the petrol extructs, Dilute the
combined DMF solution with an equal volume of water and extract with one
‘30 ml and one 10 ml portion of chioroform. Centrifuge and discord the aquecous
DMF layer. Wash the ¢ombined chloroform solution with water to remove
dissolved DMF, Evaporate the chloroform solution to dryness at room tempera-

. ’
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or spectrophotometric examination may commence at this point). Dissolve the
residue in 28 ml DMP, transfer to separstor, add 23 m) water and extract with
four 25 mt portions of Kight petroleum. Discard the aqueous DMF layer, wash
the combined light petroleum solution with water to remove the dissolved DMF

and evaporate the light petroleum solution under teduced pretsure at room
temperature.

Oil-soluble colours can be separated by reverse-phase paper chromotography,
The papers used sre previously soaked in a 10% solution of liquid paraffin in
mixed ethers, drained and then dried under vacuum. ‘The paper is spotted with
the colour after dissolving in a suitable solvent (e.g. ether, mixed ethers or alcohol).
Suitable chromatographic solvents are (1) 70 vols acetone+30 vols water and
(2) 60 vols dioxan+40 vols water (cf. Silk, R. 8., Y. As. off. agric. Chem., 1959,
42, 427; Szokolay, A., Analyt. Abstr., 1964, 11, 1099),

Davidek, Pokorny and Janicek (Analyt. Abstr., 1962, 9, 4481) have described
maethods for the’detection and determination of oil-soluble dyes using TLC on
alumine :

Oil-sohuble colours can also be identified by dissolving the ‘extracted dye in
rm or acetone and obtaining the absorption curve by means of the spectro-

photometer. The absorption peaks for the permitted oil-soluble colours are Oil

Yellow GO at 380 mu and Oil Yellow XP at 408 mp.

Naturat boloun

Tests for various natural and other colours are given in the AOAC
(1965, 10th Edn, p. 673). Pigments of annatto can be separated by TLC
(Ramamurthy, M. K. and Bhalerao, V. R., Analyst, Lond., 1964, 89, 740;
Francis, B. J., 3d., 1965, 96, 374).

EMULSIFIERS AND S'I'ABILISERS

In 1956 the Food Standards Committee adopted a Report on Emulsify-
ing and Stabilising Agents which they had received from their Preservatives
Sub-Committee."Most of the substances covered in the Report do act as
emulsifiers and stabilisers, but some of them are used for other propertics
they possess, e.g. as crumb-softeners or anti-staling agents, or to produce
or break foams. The Report added that when emulsifying agents were
fiest used they were few in riumber and those used were either natural
substances, particulatly gums or synthetic substances of simple constitu-

tion. Progress in chemical synthesis, however, has now made available a _

large number of new products with chiracteristics suitable for virtually
every requirement. The possible emulsifiers and stabilisers were classified
as to available biologif_:n_l data sn.a whether their use in food appeared tn

" ADDITIVES AND CONTAMINANTS
THE FIRST SCHEDULY

PeaMITTRD EMULSI?IRRS AND PERMITTED StapiLiszng

Steary! tartrate,

Complete glycerol esters,

Partis] glycero] esters.

Partial poly'lyurol esters,
Prapyl:ne glycol esters.
Monostearin sodium sulphoacetate,

Sorbitan esters of fatty scids and their polyoxyethylene derivatives,
Cellulose ethers,

dium carboxymathy! cellulose.
Brominated od'itle vegetable oils.*

* Due to be withdrawn from permitted list on 1st Scptember 1970,

Important provisions are given in Regulations 3 an 4 (cf. p. #44):

Sals, ete, of food coniaim’u emulsifiers or stabilisers

3.—(1) Bubject to the provisions of this regulation, no food shall contain any
emubsifier or any stabiliser which is not a permitted emulsifier or & permitted
stabiliser,

(?) No flour, intended for sale s such, shall contain any emulsifier or any
stabiliser, '

(3) No bread shall contain any emulsifier or sny stabiliser other than steary!
tartrate or partial glycerol eatere.

(4) No pareon shall seli, consign or deliver, or import into Fngland and Wales,
any food which does not comply with this regulation,

{3} This regulstion shall not spply in relation to any fyod containing any
emulsifier or any stabltiser: :

() inasmuch as that emulsifier or that stabiliser is nutueally present in that
food; .

(3) by reason not of the use of that emulsifier or that stahiliser ne in ingredicnt
in that food but only of the use during the preparadin of that food of a tin
gresaing emulsion containing that emulsifier or th-it stabiliser,

Sale, ete, of creom amf‘nconulcuud cream (cf. p, 444)

4.—(1) No cream or reconstituted cresm shall contain any thickening substance.
(2) No person shall sell, consign or deliver, or import into England and \Wales,
&Ny <ream or reconstituted eream which does not comply with this regulation.

Under ‘Interpretntio.r(\:. Regulation 2 includes the following definitions:

‘emulsifies’ and ‘sfabiliser’ mean respectivel; any substance, other than a
natural food substance, which is capable:

(a) in the case of an emulsifier, of slding the formation of, and

() in the case of a stablliser, of malntalning

the uniform dispersion of two or more immiacible substances, but do not in either
case include egar, alginic’ scid,  ealeium alginate, sodium slginate, corrageen,
edible gums, dextrin, pectin, calelum pectate, sodium pectate, calciun chloride,
calelum Inc.uge. lecithin, quiliis, proteins (whether hvilrnlvenrt o mgh --tor.
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TABLE ' 31
1 e | i ‘aters : Main
Rp values! and spectrophotometric peaka? ' of various water-soluble colours upecuoph‘o ometric
Solvent number . peaks
1 2 3 4 3 6 7 8 9 10 1 12 mp
Reps—’ .
Ponceau MX}§ 0-06-0-67 012 0-40 0-50 0-3) 0-3S 0-3$ 041 041 023 019 0:06 500 in acid
Ponceau 4R 087 0)9 051 03z 018 026 013 026 023 007 047 0 508 in acid
Carmoisine 048 0-08 0-39 0-5¢ 0-44 017. 037 028 0-83 0-30 018 0-08 518 In scid
Amaranth 062 0318 027 029 014 019 o1t o017 016 04 033 0:07 520 in scid
Red 108 05t 014 036 037 026 030 023 037 037 021 020 0:00,0-14  $25in scid
Erythrosine 83 021 003 052 0-61 1-00 058 o7 0-57. 0'32_'312& 0'23-36‘8 006 0-00 525 in alkali
Red 20 070 018 0-42 043 0-34 033 038 )9 041 013 046 016 §30 In acid
Red 68 048 008 020 026 - 018 017 037 0-22 0-22 010 028 0-058 $1Sinseld
Red FB o111 001 010 022 033 o1l 0-49 o1l 0-00-0-58 o 0*24ss 001 0:00 388 and 495 in acid
Ponceau SX{ 06?7 010 043 048 039 0:30 1 041 039 0t 026 032 007 $00 in scid
Poncesu IR 027 0-08 038 0 0-36 043 Gss 021 01 0-04 508 in acid
Fast R.\old .t 0-44 010 060 g’% ggg 0:‘7! 043 049 081 0-24 019 006 505 in acid
OnanoR— . . . :
Orange O 091 061 078 031 038 047 048 032 052 02) 066 084  47%in acid
Orange RN . 028 003 084 030 059 078 074 078 078 057 0-28 009  488in ecid
Sunset Yellow FCP o1 *N 01 048 028 04 040 o4 046 022 043 024 480 in acid
YaLLowe= ,
Tartrazlne 09N 032 041 028 012 01?7 0-09 0-20 028 004 070 0133 430 In scid
Naphthol Yellow 8¢ 03 038 076 0350 044 054 017 068 073 044 040 087 330 in acid
Y.ﬁew 20 e 096 oot 1:00 0-43 044 0-41. 0-41 037 068 031 076 078 400 in acid
Yellow RFS? 013 056 0 046 03] 047 1 030 043 047 022 054 0-69 510 in acid
. Yallow RY} 034 o 023 0-22 007 004 018 007 016 0:03 027 0-2)/ 418 in acid
G By v
g:::'n 8 Ut AND Tolare= 0-96 ¢ 1:00 063 04 044 070 041 067 030 083 0:90 618 in acid
Blue VRSt 084 07 1-00 076 oS4 070 076 064 0:70 032 079 1:00 418inscid
Indigo Carmine 02 012 0-27 028 014 020 030 0-28 034 014 018 013 285 wnd 615 in ncid
Viols? BNP 083 0-00-0-88 1-00 072 034 06) 080 068 078 032 0:00-0-94 089 $90 in neutral
Browns, Buacks— Lo
Browa FK 0-08, 026 003 000-078 039 018 039 | 036049, 075,057 077,061 049,02 018,003 000,012 455 in scid
Chocolate Brown FB 0-00-1-00 0-00-1-00 0-00-1-00 022 0:00-0:49 013 0-00-0. -$0 013 01s8 000 000-1-00 0:00-1:00* 470 in acid
Chocolate Brown HT 0:00-1:00 0-00-1-00  0:00-1:00 022 0:00-0:47 013 0-00-0-50 (' 2}] 018 0:00 0:00-1:00 0:00-1:00° 463 in lczd
Black PN 0-00-0-30 0-06 010 o017 0-0§ 0-06 010 013 014 0-02 010 002 §70 in acid
Black 7984 . 0-00-0:68 008 0-0§ 012 007 0-10 003 o1t 000 003 006 000 563 in acid
- T me v @ WA ewm e W . .—‘ - — S GA— S— ————— ——— -
* Position of leadi i ion. These colours wers withdrawn from the permitted list on 26th June 1967,
osition of leading edge of streak varies with concentration I Due fo be - Athdrawn from the permitte d‘;i.u,ln 1971 ]

Refetences: 1. Pesrson, D. and Walker, R. W, J. Assoc. Publ, Analystr, 1968, 3, 4S.

2. APA, Se

. . Matters in Food Regulations, 1937 (published 1960),
" 3. Pesnson, D, J. Assoc. Publ. Analysts, 1967, 8, 37,

tion and

Identift

cation of Food Colours Permitted Ly The Colouring

(4741
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APPENDIX 11

poble - 1 .List of preservatives gemitted for use in food -~ithin
the turorean Ecomomic Community )

. Preservatives (in the proper semse of the term)

'E 200 Sorbic acid .

; Sodium sorbate (sodium salt of sorbic acid)

E 202 Potassium sorbate (potassium salt of sorbic acid)
*E 203- Calcium sorbate (calcium salt of sorbic acid)

.E 210 Benzoic acid -

E 211 Sodium benzoate (sodium salt of benzoic acid)
Potassium benzoate (potasium salt of benzoic acid)

(E 212 :
"E 213 Calcium bengoate (calcium salt of benzoic acid) .

E 214 Ethyl p-hydroxybenzoate (ethyl ester of p-hydroxybenzoic ac
:E 215 - Sodium ethyl p-hydroxybenzoate ) o
+E 216 Prop{l p-hydroxybenzoate (propyl ester of p-hydroxybenzoic
' acid .

‘E 217 Sodium propyl p-hydroxybenzoate

E 218 Hethgl P-hydroxybenzoate (methyl ester of p-hydroxybenzoic
: acid
E 219 Sodium methyl p-hydroxybenzoate
E 220 Sulfur dioxide
iE 221 Sodium sulfite
‘E 222 Sodium bisulfite (acid sodium sulfite) )

E 223 Sodium metatisulfite (sodium pyrosulfite or sodium disulfitc
'E 224 Potassium metabisulfite (potasium pyrosulfite or potassium

disulfite)

E 226 Calcium sulfite
E 227 Calcium bisulfite (calcium hydrogen sulfite)
£ 230 Biphenyl (diphenyl) '
£ 231  Orthophenyl phenol
E 232 Sodiwm orthophenyl phenolate

(& 233 Thiabendazoic

E 236 Pormic acid .

E 237 Sodium formate (sodium salt of formic acid)
238 Calcium formate (calcium salt of formic acid)
239 Hexamethyleme tetramine

Freserving agents exclusively for surface treatment

E 240 Sodium silicate

‘_:? 241 Potassium silicate - ’

= 242  Calcium hydroxide ... icc _idc)

E 243  Paraffin wax '

Snbstapcgs intended mainly for other purposes but which wmay have
2 subsidiary preservative property

E 249 Potassium nitrite
E 250 Sodium nitrite

E 251 Sodium nitrate

E 252 Potassium nitrate
E 260 Acetic acid

E 261 Potassium acetate
g 262 Sodiug diacetate
L 263 Calcium acetate
% 270 Lactic acid
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able 1 (Contd.)

E 280 Propionic acid

E 281 Sodium propionate (sodium salt of propioaic acid)

E 282 Cu cium propionate (calcium®salt of propiozic ‘acid) | .

T 283 Potassium propionate (potassium salt of propionic acid) v
E 290 Carbon diaxide: T

P5ble 2. Admissibility of the foremost preservatives in some

countries ,
sulfur propionic sorbic benzoic p-hydroxybenzo:
‘dioxide : acii +acid . acid - acid ester

Australia ++ + ++ ++ +
Austria - - ++ + -+ ++ ++
Belgium ++ S+ ++ ++ +.
Brazil ++4 + ++ +4
Canada : 4+ L+ e T+ -
Denmmark o ++ + ++ ++ +
EEC guidelipes ++ + ++ ++ ++
Finland ++ + ++ ++ ++
France + (+) + (+) (+)
Gérmany,Den. ++ .+ ++ ++ ++
Republic - :
Germany, Fed. ++ + ++ ++ ++
Italy ++ + ++ + +
Japan ++ + ++ 4+ +
Netherlands ++ - C+ ++ ++ +
New Zealand ++ + ++ e+ +
Norway ++ + ++ ++ +
South Africa ++ + 4 ++ +
Soviet Union ++ ++ Ry
Spain ++ + ++ ++ +
Sweden ++ + e+ 4 +
Switzerland +4 + RRr e e ++

. UK ++ + + ++ ++
USA ++ ¢ 3 "' ’ Tae ?
Iugoslavia +4 + ++ ++

Eey to symbols: ++ vermitted for many foods

(+) permitted only in exceptional cases
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APPENDIX 12
Pable . Acceptable Daily Intake of Preservatives
acceptable daily intake
m body weight per duy
Acet:.c acid, mcluch.ng its potass:.um o
and sodium salts no limit
Benzoic acid, z.nclud:«.ng its potassium o 5

and sodium salts
Diethyl pyrocarbonate

Form.c acid

'Hemeth.ylene tetramne ‘
p-Hrdroxybenzoic acid butyl ester
p-Hydroxybeazoic acid ethyl ester
p-Hydroxybenzoic acid methyl ester
p~-Hydroxybenzoic acid propyl ester
Hydrogen peroxide '

Lactic acid, including ita amnonlum,
calcium, potasszun and sodium salts

Natamycin (pimaricin)

Propionic ‘acid, including its calcium,

potassium and aOdl‘lm salts

Sodium diseetate

Sodium nitrate and potassium nitrate
Sodilm nitrite and potassium pitritas

Sorbic acid, ircluding its czlcium,
fotasuum and codiut salis
Sulfur dioxide, scdium & otzssiuz
metabisulfite, sodiun svirite a-d
scdium hydrcgen sulfite

should not Be used; .
value formerly determine
has been dgleted

0-3
0 - 0.15
pot yet determired
0-10
0 - 10
0 - 10
not determined

no limit
0 - 0.3
no limit
0 - 15
0-5
C - 3.2 g&cmpor ary)
0-25
0~ 0.7
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) p : - - - - -
»-mablelz- Mode of action of some Ereservatlves on microorganisms
, "

Bacteria Yeasts - lMolds

"Nitrite. ++ - -
Sulfite - + o+
Formic acid + ++ ++
Propionic acid + ++ .
Sorb:_i.c acid + 4+ RS as
Benzoic acid ++ +++ +++
p-Hydroxybenzoic acid ‘

esters ++ - P
Diphenyl - ++ ++

Key: - ineffective
+ slightly effective
++ moderately effective '
+++ highly.etfective
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Paper prepared for seminar "Food Quality Control™ at the Department of
Quality Control and Metrology in Hanoi, March 1993.

FERMENTED SOY PRODUCTS
MANUFACURE. QUALITY AND HEALTH ASFECT

Many kinds of soy products are used as a nutrient foods. In t-:e Far
° East very popular are fermented soybean products such as miso and
S0y Ssauce. .

- MISO

Miso is a semisolid fermented food made from soybeans,rice or barley
. and salt. Miso is popular in various countries produced at different
types under different names.

Types

Barley miso (with barley— Japan)

Chiang (oficn with wheat flour— China)

Denjang (with rice or baricy—Korca)

Doenjang (same as denjang—K orca)

Edo miszo (light red-brown colour. low salt. short
ﬁunununon—ﬂhtyouhmuu

Hishio (Japan)

Kinzanji miso (Japan)

Kochumnan (with rice and mustard— Korea)

Kome miso (with willed sice —Japan)

Mame miso (all soybean. no cercal, loag fermen-
sauon-«k:plthxowncoknn—Japmn

”_lchni:o (with bariey—Japan)

Rice miso (with rice, the major type in Japan)
-&Tddgfw(NAJxowncﬂmn;ﬁd:ahcmuau-
apan i _
Shinsu miso (with rice, light yellow-brown colour.

high sali—Japan) .
Soybean pasie (general werm for miso)
Shyjmn(wﬁhvﬂnakthkkvkausbhd;puu;uny
be sediment which forms during producton of soy

sauce~ )
Tao-chieo (Thailand)
Taoco (1ndonesia)
Tao-gjung (China) .
Jenjon (same as denjang—Korea
Tm@ic;mwoummmm—

White miso (with rice, low salt, light colour, only |
week fermentation—Japan)

Miso can be 1n general classified inio thrae = Jor typcs on the basis
of the raw materials: rice miso made +rom rie, soybean miso made from
soybean and salt, barley miso made from barley.These types are further
classif:ed by taste into sweet medium €altv anc salty oroups.Each grour
1s further classified by colour into white, light yellow and red.
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1
.-

Coeposition or severel kinds of miso is precentes on trnte

Table 1
Coarostrion or Ssvinal Kows or Miso

Mobsture PMotzia Reducing Fat ~ Sodium
(2) sugar(8) (%) chloride (3)

Vasiety (%)
White miso 44 8 3 2 S
Edo swect miso 40 10 20 4 6
Saky light yellow mico €9 1 ) & S 12
Salty red miso 30 12 14 6 13
DBarioy swoot miso 40 b} 13 S 1
Barley salty miso 48 12 11 -4 12
Soybean mise € 19 2 10 10
The manufacturing process of miso 1S presented on fig 1.
MYCOLOGIA
Polished !l;e (3.0 Kg.) Seyhesass
Washed Crushed In roller mill
‘ to grits (5 Kg.)
Sosked (17 br. ot 25° C.)
* Washed
Drain excess water
Soaked in water

Steamed (70 mis.) 73 L,v 2.5 hr.)

Coeled to 35° C. Drais excess water

laoculated with Aspergillus oryzae {1 i:... :.;: ]
Incubate (50 Iu*. at 27-22° C) - (o!lotl |

B . ’ Ws. 10.40 Kg.;

Koji (meld rice) 4 Kg. (-muu 57.2'%)

0.75 Kg. water v
0.25 Kg. miso Fermentation
(7 doys- 28° C.)
(2 months - 35° C.)

Ripening
(2 weeks ot coom temperatore)

Sleaded c;‘ Mashed

Miso
(Appres. 17.0 Kg.)

Fic. 1 Flow sheet oa production of miso.
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~l thouah the manufacturing sethod dit+ters fron vériety to variety,
the princ:ple 1s alaost always the same. The outl!:ne of the process
tor manufaturing salty rice siso,one of the most principal varieties,
-onsi1sts of cooking soybeans, preparation of Koji, mixing with

- termentation 1s 1n a vat or tank. After fermentation :s nlending and
oackaging 1nciuding sterilizatign.

for roll termentat:on, mrlled rice 1s at first cleanad and washed
and thern soared in water at a temperature of 15°C for 1S n or core.
The soaxed rice is drainea off to be steamed 1n a open caooker for
40—79 min. After coolling the spores of Asperaillus oryzae speciratly
srepared ior this purpose are sprayed o tho rice and mixzo well.
ine most suitavle conaitions are 30°C and 964 relative humrcity tor
15 h mold develops. The completed Koi:i 135 taken ocut 40-48 h ztter
1noculation to be mixed with salt to nalt further moid development.
Tnen the cookea sovbeans are mixed wi*h salted rice rpi1, and wrii
tne 1noculvm of culture yeast and lactic acid bacteria until an even
1xture is obtained.
inis m~ture green miso is packed i1nto a fermenting vat or tani
vsuallv of 4 tons or more capacaity and covered with a pirate.
rermentatlion is at around 30°C for the 1-3 montns asoending cn thz
-arrety bsing made. During tnis geriod this mixture is moved +rom
cne vat vo another at least twice to imorove the fermentation.
Fermented mis0 1s transfered to a ripening vat or tanik held at room
remper-ature. The ripenzo miso 1s then blendea and msasned. From 1400
rg of sovoeans, 6U0 Ko rice and 430 Kg of szlt coulda obtained 2700
v ar mso witn 487 water content. The shelf l1¥2 cf miso depends an
1he voriety only 1 week for white miso, 2 weeks ior €40 mso. T -
montns for salty l:igh yel:ow mi1s0 and S months +or salty red m1so0
t2pt unpackaged at temperature below 20°C. Sometimes sorpic 2ci1dd :s
ACued &% A pressrvative at a level less than 1 g/¥g or rice ( ’-

in Japan miso is very popular as a natvional +000. Usually i1s eaten
as an ingredient of miso soup, or as a sweet paste with sugar and a
variety of foods such as meat, fish, vegetables and truit.

Recently tnhe technique of miso production has progressed spectacularlyv.
Automated fermentations and continous cookers are used for the
industrial production. In 1985 the total production amounted more

than 600,700 tons in Japan. Recently misc has often been sold 1n

‘‘apan in piastic film bags, each containing S00-1000 g. Miso is
pasteurisea to prevent swelling caused by ac*lvxty of remaxn;ng

living yeast cells.




SOYSAUCE

Soysauce or shoyu — name faor soysauce in Japan, is a brown liquid made
from soybeans often with wheat or other ceral crops.It is a very popular
iiquid pungent seasoning used in Oriental cuisine with almost every dish. .

The varietyies and uses of soysauce in Japan are given in table 2.

Table 2- Characteristics and uses of various types of soysauces

Soy sauce Characteristic Uss

Regularsoy sauce | Strong sroms Cooking condiment forf

Exslient fiavowr avery 100astutt. Tadle

Deep reddishbrown | condiment for every
foodstutf

Light-colouredsoy | Lightreddishbrown | Cooking for keeping
sauce colour the original flavour and
_colour of the foodstuff
Tamari S0y Sauce Dark brown colour, | Japanese rice cracker.
Rich consisteqcy. . Table condiment for
Deeper flavour raw fish

Saushikomi soy Dark brown colour, | Cooking for hot
$auce | -Strong taste dishes, “Kabayaki of

_ eal” Glaze of “Sushi”
Shirosoysauwe | Lightyellowtotan - | Cooking for keeping
) colour, sweet. the original colour of
- foodstutf itsef,
, : noodie
Soup. ~ -

In Oriental countries the dining table brings out the best flavors.
Feople without a taste for soysauce would not enjoy oriental cooking.
Many varieties of soy sauce are produced in all Asian countries types
with names used popular in those contries. ) . —-

In Some Asian countries soysauce is conducted by people in small
family-aperated plants.

In Korea, the homemade 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 moulds. This process taking several months in Winter.

When Spring comes, this mold-cultured materi1als are extracted with
salt water. The liquid part is hoiled and fermented under the sun

to make soysauce. The resideu of extraction 1% mixed with salt and
stored to make miso.




129

Below are leasted types of soysauce producec_l in Asian countries.

Types A

Chau yau (mainly soybeans, dark colour, sometuncs
with added sugar—China; Korca) ) )

Chiang-yu (with wheat oc barley—Mandarin, China)

Ganjang (with caycanc pepper—Korea)

Hao yu (type of oyster sauce—China)

Huan tou (China)

Iayu (from black soybeans— Taiwan)

Jan (with wheat—Korea)

Jang (Korca)

Kanjang (Korea) )

Kecap (from black soybeans, with roasted cassava
flour— i :

Indoaesia)
Kecap asin (salty—Indoncsia) )
Kecap manis (w-hdon.ﬂa)
Kegjap (same as )km-lndonm)
Koikuchi shoyu (with 50% wheat, main type in Japan)
Lak-yau (thick vasicty—Cantoa, China)
AMakjang (Korea)
Meju (Korez) : o
Oy:wm(oymmbdinsoymmywmld
Gsh flavour—China) _
Pak yau (China)
Saishikomi shoyu (dark browa colour—Japan)
Sai-yau (thick—Canton, China)
San-chau (thin—Canton, China)
See-ieu (same as dah--'fhihnd) )
Shilryu (with wheat—Mandarin, China)
Shipshiki shoyu (Japan)
Shiro shoyu (yellow-brown colour—Japan)
Sho (Japun) A .
Shoyu (main name for 50y sauce in Japan)
Si-iu (Central Thailand) )
Si-yau (with wheat—Canton, China
Tamari (with 10% wheat, dark brown colour—
Chinz)
Tao-yu (Indoaesia; China)

T i )
Uz:amm (with wheat, light colour~Japan)




According Japanise Agricultural Standards the producticn of fermented

shoyu is as follow.

fkaw material soybeans and wheat are inoculated with toj1 mold

(Aspergillus oryzae or A. sojae) to make a Koji. Then this Koj 1is .
mixed waith salt water make mash or maromi. Maromi is fermented with
lactobacilli and yeast and then well aged.The flow sheet on product:on

-

of shoyu is presented in Fig. 2

HESSELTINE: ANNUAL LECTURE
Sobeaans
Wheat defatted meal
¥ . ¥
Roasted 0.1% - 0.2% Soaked
Tane kojt

Crushed lightly (A. oryzae & A soyae) Autoclavel
¥ .

Mixed

¥
Koji Rooms 25 - 33° C.

Moisture 25 - 37%
4

17-19% salt brine =————=—=p Koji
¥

Moromi [mash)
Lactic acid fermentaticn

Yeast fermentation

Aging
¥.

- Pressed \

Cake - " Liquor
Cattle feed Pastesrization
Shoyu

Fic. 2. Flow sheet on production of shoyu.
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MANUFACTURE
A. KOIKUCHI SHOYU

Japancsc-fermented shoyu of the koikuchi type involves five main processes:
the treatment of raw materials, the making of koji, the making and aging ot
mash, pressing, and refining. One example of the preparation of koikuchi shoyu
is schematically indicated in Fig. 1.

1. Treaiment of Raw Materials

Whole soybeans, or more commoaly, defatted soybean grits, are moistencd
andoookedwid\stcamundapmssun-ﬁismgrudyinﬂumcesdwdi-
gestibility of soybean protein. Details will be provided in 2 later section. Wheat
kernels, the other half of the raw materials, are roasted at 170-180°C for a few
minutes, then coarsely crushed into four or five picces.

2. The Making of Koji

These two materials are inoculated with a small amount of seed mold or pure
culuwe of A. oryzae ot A. sojac-'l‘hismixuueisspradtoadcp(hochm
onalargcpaforuedstainkss—swdphwhavingammguhrslnpcthatiss min
width and 12 m in length, for example, or a doughnut shape with a diameter of
15-30 m. The heat-treated raw materials are acrated for 2-3 days with controlled
temperatures and moisture-controlled air. which comes up from the bottom holes
through the ingredients to create the proper conditions for mold cultivation and
enzyme formation. The temperature of the materials is kept at ~30°C, and the
moisture content of the materials, which.is 40—43% at the beginning of cultiva-
tion, docreases to 25-30% after 2 or 3 days. This allows the mold (o grow
throughout the mass and provides the cnzyme necessary to hydrolyze the protein,
starch, and other coastituents of the raw materials. This mold-cultured maicrial is
called koji.

3. The Maiarg and Aging of Mash

In making mash, the koji is miacd with saline water which has 3 “Yu% sai
content and 8 volume 120-130% that of raw materials. The mash, or **moromi,
is tansforred 0 decp fermentation unbs. Approximately 3- W 10-kl wooden
kegs or 10- 10 20-k! concrete tanks fur shoyu fermentation arc now being re-
placed by resin-coated iron tanks of 50-300 ki. The moromi is held for 4-8
months. Jdepending upon its temperaturc. with occasional agitation with com-
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presscd air to mix the dissolving contents uniformly and to pic-note the nucrobial
growth. During the fermentation period, the enzymes from L i mold hydrolyze
most of the protein to amino acids and low-molecular-weight peptides. Approx-
imately 20% of the starch is consumed by the mold during ki cultivation. but
almost all of the remaining starch is coaverted into simple sugars. More than hailf
of this is fermented to lactic acid and alconol by lactobacilli and yeasts, respec-
tively. The mitial pH value drops from 6.5-7.0 to 4.7-4.9. The factic acid
fermentation produced in:the beginning stage is gradually replaced by yeast
fermentations. Pure-cultured Pediococcus halophylus and Sc:ccharomyces rouxii
are sometimes added (o the mash. The salt concentration of nash remains 2t 17~
18% (weight per volume) after 1 or 2 months. The high coacentrauon of mash
cffecuvely limits the growth to only a few desirable types of microorganisms.

4. Pressing of Mash

An aged mash is filtered through cloth under high hydraulic pressure. Usually
12-13 liters of shoyu mash is put on a square sheet of cloth, 100 X 100 cm.
which is then folded into a square, 70 X 70 cm. A second. smaller square sheet
of cloth, 65 X 65 cm, is placed on top to wrap the mash. Successive layers arc
added and placed in a wooden box until there are 300—400 sheets of folded cloth
containing the mash. These are then pressed for 2-3 days under hydraulic pres-
sure. The pressure is increased in two or three steps, sometimes reaching 100
kg/cm? in the final stage, making the moisture content of the presscake less than
25%. A diaphragm-type of pressing machine has recently been used foi shoyu
mash filtration instead of the batch-type hydraulic press, resulting in 2 presscake
with 2 moisture content of more than 30%. The residue from the pressing of the
shoyu mash, or shoyu cake, is used for animal feeds for cows and ducks.

S. Refiming

The liquid part of the mash obtained by pressing is stored in a tank and divided
inlo three layers: the sediment on the bottom, the clear sipernatant of the middle
layer, and the oil layer floated on top. The middle laycr is sometimes further
clanfied by filtration with Kieselgel-as a filter aid in order to get the raw shoyu.
After adjusting the salt and nitrogen concentrations 10 the standard. the clarified
raw shoyu is pastcunzed at 70-80°C and stored in a semiclosed tank. The clear
muldle layer is bottled or canned, or somctimes spray dried. The oil layer
separatcd from the heated shoyu consists of free fatty acids. and their ethyl esters
denved from the yeat metabolism of soybean and wheat oils, and it is sonwtimes
mixed with paint as a antifreezing agent.
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vood quality Kojkuchi soysauce contains 1.5-1.8 g/1 total nitrogen,
3-S5% reducing sugar, 2-2.5% ethanol, 1-1.5%Z polyalcohol (glicerol),
1-2% organic acid. (predoaminantly lactic acid) and 17-18 sodium
chloride.The detailed composition of fermented soysauce is presented
1n table 3.

The middle columns gives the component percentages based on the
liquid condiment as it is used by the consumer.

Among the components given in table 2, the free amino—acid have been
of most important because of their nutrient value and as precurscrs
for characteristic aroma and taste. The free amino—acid ucually
account for 40-507Z of the total soluble nitrogen.

COLOR OF SOYSAUCE

The color of soysauce mostly develops from the nonenzymatic reation
during thermal process and aging throu maillard reaction between
amino-acids and sugars.

The color of shoyu is a type of melanoidin pigments consisted
mainly of two compounds: C,, Ny N,O,, and C,; H,- NBD“., . The color of
shoyu have a dominant wovelengh of 5%70-620 nm. About 507%Z of the
color of shoyu is formed during termentation and aging of mash,and

the remaining during pasteurisation.
FLAVOR OF SOYSAUCE

The flavor of soysauce is the most important criterium of snysauce
quality. The relationship between the organoleptic evaluation of a
cshoyu and its chemical constituents was very well investigated in
Japan. More than 20 Japanese investigators had isolated about 130
flavor compounds from fermented shoyu using Gas Chromatography -
mass Spectrometry technique. The +lavor components found in shoyu
are presented in éAnnex 1
Up to day were isolated from soysauce following numbers of different
volatile compounds.
27 bhydrocarbons
20 alcohols
41 esters

195 Aldehydes

4 Acetals

19 Ketones

24 Acids

17 Fhenols

16 Furans
Lactones
Furanones
FPyrones

Fyrazines o
Sul fur containing compounas

Thiazoles_

Terpens )
Miscellanous nitrogen containing compounds

=
HPDOEVLOC &
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TABLE 3
DETAILED COMPOSITION OF FERMENTED SHOYU- |3 [ «
Percent (wiw) Percent (wiw) )
Compoacni ol shoyu, “as is™  of shoyu, “'dry™ basis
Soluble solids (dry maner) 34.00 *
Alcohol 1.47
Wazer (by difference) 64.53
Inorganic compoacnis
Sodwm 6.10 17.94
Chiorinc 8.82 PAR
Cikum 0.02 0.06
Poussium_ 0.40 - 117
Phosphorus 0.15 0.44
Magncsium 0.07 0.21
Sulfur 0.06 0.17
Iron 0.002 0.006
Manganese 0.003 0.003
Toaal 15.60 45.94
Organx components
Polyols
Glycerol 1.50 4.41
Maanitol 0.17 0.50
Total 1.67 4.91
Ether-soluble compounds 0.14 .0.41
Ether-soluble volatile matter ' 0.005 0.01
Amino acids
Lysine 0.56 1.65
Hisudine 0.21 0.62
Cysiine 0.07 0.2}
Argunine 0.22 0.65
Aspariic acid 0.90 2.68
Thseoaine 0.36 I.0o
Senx (a5 £.32
Giotuman: acig bz 5.65
Poiae 6.5y .74
Glycioe 0.3 I.00
Alagine 0.33 .12
Valise 0.47 1.38
Medhionioe 0.12 0.35
Isoleucioe 0.41 1.20 .
Lewcine 0.62 1.82
Tytomnc 0.08 024
Pheaylalanine 0.36 1.06 )
Omuthine 0.49 1.44
Towl 8.58 25.17

(continued)




Xylose -
Glucose
Unidentified
Total
Disacchandes
Oligosaccharides
Polysaccharides
Total sugars (as glucose)
Total organic components
Solids accounted for
With ammonia calculated
as amino acids
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For analvsls thno—e compounads 30ivent exirarion, steam or \_/;v.Cuu.;.
1) '..f.llat.u)u o1 choyu weo 2ppl.cd to the cc:r-rg-:t.ratlo:: or volalale
fi1avor constituents. Tha2 Gas Chromatogramm ct sShoyu f1avor
concentrate 1s presented on Fig. 3

A ct—— o s &
Y
10C »0

M
¢ (GCMS). Instrument: RMU-6MG, Colﬁmn: FFAP, glass, 0.25 mmi.d. x

. lonizing voltage: 20 eV. lon source temperature: 200°C. From Nunomura er al. (1980).

.

”
¥

%

MG 3 Gin chromatograph (capitlary cotunin) of shoyu flavor cuoacentrat

30w Oven temperature: 60-220°C. 2*Cronin. He: 0.2 kg/em?
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Newly pasteurized fermented shoyu has a characteristic pleasent
odor, most of which disappears in a short time by natural
evaporation. Sasaki and Nunomura ( )} directly analy:zed the
topnote flavor concentrate of pasteurised snovyu by GLC—mMS method.
The sample to be analysad was Prepared by passing helium gas through
the shoyu.at 20 C and then trapping the vapor by dry ice-=*:ianol,
liquid nitrogen. and activated carton, in succession. A total =4

compound .=-- isolatea, the main 14 compounds are presented in

taonle 4

Table 4 — QUANFIATIVI: ANALYSIS OF HEADSPACE GAS

FROM SHOYU*
Conceatrauoas - Coefficient
Compounds (Ppm) (x. 2 = 10)  of varistion (%)

Methanol 9.45 443
Acetaldehyde 3.76 ' 9.5§
Ethanol 5605.18 3.50
Propionaldehyde 1.70 8.52
Acetone 209 37
Ethyl formate 1.66 302
a-Propyl akohol 0.82 5.64
ksobutyraldchyde 6.38 3.16
Ethyl acetate 33.43 1.83
Isobuty! alcohol 3.9 1.75
a-Butyl alcohol 0.69 10.75
hmnknumyk 8.17 2.88
2.3-Peaunedione 0.76 82
tsoamyl alcohol 2.36 933

* From Sasaki and Nusomura (1978).

There were investigation between odor components and sensory
evaluatinn. The highest correlation coeficient was ‘ound for ethyl
acetate (r= ©.551). Ethyl]l acetate was found to give a kina of
treshoess to shoyu. The sum contents of acetoin and isobutiric
acid was found to be highly asgociated with seneory evaluation of
shoyu.The odor units of & of 16 constituents are pregsented in .

-

table &

Table 5= LUK UNITS OF o OF 14CONSTITUENTS OF NEADSPACE GAS FROM SHOYU= | 3 [-

Relative
Conceairation Threshold odor units
Compound (ppm») (ppin in water) Odor unus (%)

Ethanol 5605.18 1.83 x 10~} 30,629.40 33.05
Ethy! wctate EEET 6.0 x 0 ! 55.6% 0.06
Lair aicealidchyce 61?7 iI57210 ¢ M.406.67 8.7
Iotutyraidchyde .38 Y0 %10 ¢ 7.088.89 7.65
Acewsiuchyde ilte 15 x30-2 250.67 027
Poviuneiuchde il 9.5 <103 178.95 0.1y

* Lrom Sasabs and Nussoniugs (197%)
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Tanaka ( )in h1s investigations on flavor evaiuation i1ndicated
that chemical composition, as a whole conntributed, has preference
«6.3%. Among the 1ndividual chemical components,preferred rating are
alcohols, reducing sugar,color,amino—-nitrogen, total nitrog=n, - )
glutamic acid and amonium nitrogen. There were no prodominant ractors,

but fsagrance and the aroma of alcoho. were the maj)or desirable

factors. The major negative factors were the smell of chemically )
nydrolyzed proteins, an oily samell, a wara brewing saell, a steamed
soybean smell, and a moldy smell. The factors related to taste: a gooc
after taste, a pure, a polatable, and a moderate salty taste were the
ma jor desirable factors. To sweet, to sour, and abnormal aste were

the major negative tactors.

HEALTH ASFECT AND SAFETY PROBLEMS

Certain strains of the common mold Aspergillus flavus able to

synthesize hignly toxic aflatoxins. Industrial aold mostly belongs |
to the Aspergillus ory=zae, Aspergillus sojae and Aspergillus
tamari were tested by Japanese and American scientists for

aflatoxins.

Aibara and Miyari (QC.3) examined 180 strains used in the
preparation of miso. Fluorescence spectra revea.ed no producer of
aflatoxin. Muraicami ( ) examined 214 kinds of Aspergillus mold by
Thin-layer chromatography for their aflatoxin producing—ability. -
Thirteen strains gave fluorescent spots on TLC corresponding to
aflatoxin. Aflatoxin By is the most acutely toxic with on LD S0Tin
ducizling of G.3& mg/Kg. M, is almost as active, tollowed by 6,, B,,
Hy and G, . Aflatoxin is a potent hepatic carcinogen for ducks, rats,
rainbow trout, quina pigs.

According to epidemiologic studies conducted in Africa and
Sountheast Asia, there is evidence that consumption o+ aflatoxin
containing food is associated with cancer of the liver in humans.

‘Manab (3 ) observed that 49 strains among 212 Koji .molds exhibited
aflatoxin like fluorescence spot on TLC, but that all of their W
spectro were difterent from those of aflatoxins.

Hesseltine ( § ) studiet S3 cultures in USA. He obtain negative
effect. The aflatoxin producing molds belong to Aspergillus group
sometimes difficult to classify these molds using only their
morphological features. This is especially true in differentiating
between Aspergillus sojae and Aspergillus parasiticus.

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 includge seven kind o+
pyrazine compounds, isocoumarin, lumichrome and unknown compounds.
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MYCOTOXINS UTHER THAN AFFLATOXINS

Except aflatoxins in moldy foods could be contaminated with

another aycotoxins. . )

Bolinski (14) described 156 secondary metabalites produced by fungi.
in his review was given the structure of molecules, molecular weight,
colar of fluorescens in UV light, toxicity and fungal source. Sose
of the listed substances are more toxic than aflatoxins. The list of
29 mycotoxins originated of molds and their toxic effects is given
in Appendix 1

Sasaki { % ) cnecked the ability of 33 kinds of 1i1ndustrial
fispergillus moid to produce_ aflatoxin, sterigmatocys:tin,
ochratoxin, patulin cyclopirazonic and penicillic acid. None ot
the strains tested produced these compounds with the exception or
a very few strains which produced cyclopiazonic acid. Manavle

0 .3) observed that some Koji mold belonging to Aspergillus
oryzae and A. sojae produced cyclopiazonic acid. This
cyclopiazonic acid is very toxic, lethal to ducklings and rats.
~Lq&for rats males 26 mg/Kg and females 63 mg/ Kg
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D. MUTAGENIC SUBSTANCES IN SHOYU

Although the noncarcinogenicity of fermented shoyu has long been known
from long-tcrm animal studies, the mutagemcity of heated products of amino
acids or proteins such as Tnp-P-1, Trip-P-2, Glu-P-1, and Glu-P-2 has been
established more recently. Secliff and Mower (1977) reported that soy sauce
produces mutagens upon the heating of glucose, galactose, and arabinose in
shoyu.

Using the salmonella’mammalian microsome mutagenicity test, Lin er al.
(1978) found that when treated with nitnte at 2000 ppm, soybean sauce produced a
mutagenic substance. As fermented shoyu sometimes contains a small amount of
amines (¢ £. histamine and tyraminc), the formation of mutagenic substances as a
result « reaction between amines and an abundance of nitnite is possible.
Shibamu.o (1983) mixed soy sauce with 100, 500, 1000, and 2000 ppm of sodium
nitrite, adjusting pH at 3.0, and heated the mixture for 2 hr at 25°C and then for an
additional 30 min at 80°C. Only at the highest concentration, 2000 ppm. was
mutagenicity exhibited in the Ames test. Shibamoto concluded that the formation
of nitrosamines may not be significant because the quantity of nitrite used in the
study was excessive compared with actual food systesm. It is generally reporned
that the mitrite concentration remaining in the human stomach after a meal is
estimated to be about S ppm, or about 15 ppm at most. It was also reported that just
after ingestion of cured ham, the concentration in the stomach is about 70 ppm.
According to Nagahara er al. (1984), shoyu itself did not represent mutagenicity.
I-methyl-1,2,3 4-tetrahydro-B-carboline-3-carboxylic acid (MTCA) decreased
in a buffer solution when treated with more than 10 ppm of nitrite for 1 hrat 37°C
and pH 3.0, but in shoyu, it decreased with more than 250 ppm of nitrite.
Tyramine decreased in a buffer solution when treated with more than 50 ppm of
nitrite for 1 hr at 37°C and pH 1.0, but in shoyu, it did not decrease even when
treated with 2300 ppm of nitrite. Nagahori ef al. (1980) reported that the addition
of 5-7% fermented shoyu to a mixture of dimethylamine and nitrite at pH 2.6
suppressed the formation of N-nitrosodimethylamine by 60-80%. Moreover, the
quantity of nitrosamine formation hindering substances in fermented shoyu in-
creased with the advance of fermentation and aging of the mash. These substances
were identified as the amino acids present in shoyu, which react more easily with
nitrite than with dimethylamine. Ochiai er al. (1982) and Wakabayashi er al.
(1983) isolated a nitrosable precursor of mutagens from shoyu. Its chemical
structure was confirmed to be 1.2.3.4-tetrahydroharman-3-carboxylic acid (1-
methyl-1,2.3 4-tctrahydro-B-carboline-3-carboxylic acid, MTCA). When this
compound was treated with 3450 ppm of nitrite for 1 hr at 37°C and pH 3.0, the
nitration product was strongly mutagenic to Salmonella typhimurium TA 100.
Wakabayashi er al. (1983) determined the tyramine content of shoyu to be 17-
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HILC I Mutapenc (Sulmonelle  (himurwm 1A 100)

Exziny pereent of astross - r prisduct ts aot muta-
<200 ppm geasc. From Ochiai . ¢ 1982)

() - (IR 3S)>-MTCA and 1ts isomer
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H CHZIHZ CH CH
Rewctoun is onc-third at pid 3 Ne- reasction at pH
* M, > 5-6 From Nagao e1 2i- {1983)
'u 1.31C
Tyramine }Dlazotynmmc

Content in shoyu i1s 0— 1000 ppm.

I
x" " CocH,

H

2-Acetylpyrrole
Cozient in shoyu is 3 ppm.

Yan and Lee (1984)

2250 ppm, and when tyramine was treated with 2300 ppm of nitrite for | he 51 37°C
and pH 1.0, strong futagenicity to TA 100 was observed..Yen and Loe (1984)
isolated 2-acetylpyrrole as a nitrosable premutagen from shoyu. These are given in
Table XLVI.

E. BACTERICIDAL ACTION OF SHOY1

Ujiie et al. (1956) 1dentified the bactericidal nature of a commiercial fermented
shoyu with respect to nine kinds of intestinal pathogenic bactceria, such as Esche-
richia coummunis, Shigella flexneria, Vibrio cholerate Inaba, Sulmonclla 1y-
phimurium Shikata, Bacillus subtilis (B-31). The kinds of bacteria presznt were
auributed to the acidity, high osmotic pressurc. and somw of the chemicals
contained in the shoyu. To the sample, 0.0053% of butyl-p-hydroxybenzoate was
added as a preservative. Sakaguchi e al. (1975) tested the fate of staphylococci
dunng incubation in a normal shoyu and in 2 milder shoyu containing 17%
(w/v) and 9% (w/v) of sodium chionde, respectively. No chenncal prescrvatives
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were zdded o cuher sample The normal shoyu which iniually contained 10®
staphylococci per millititer was nearly free of viable staphylococc: within 3 hr. In
the miidcr shovu, over 90% of the cells were destroyed within 22-30 min, while
in the nommal shoyu, only 13-14 min were required. That sodium chlonde
coninhbutes to the destruction of staphylococci in soy sauce 1s evident because the
rate of killing in normal shoyu is greater than in milder shoyu. The fate of
staph lococci in phosphate buffer saline solutions with a pH level of 4.7 contain-
ing it and 17% sodium chlonde. respectively, was tested undes the same condi-
tons. Fhe ume taken to destroy over 90% of the cells in the 10% solution and in
the 17% solution was 980-1440 min and 460-53C min, respectively. These
resulte suggest the participation of some factor other than sodium chlonde in the
destruction of staphylococct in shoyu. The activity of Clostridium botulinum in
shoyu was also tested during months of storage at 30°C. Neither C. botulinum
62A ilype A) nor C. botulinum Okre (Type B) grew duning this time. The
number of Type A spores remained the same, but those of Type B decreased
shghily in number after the 3 months.

According to Yamanoto ef al. (1978), the time needed for the total destruction
of Escherichia coli 215 or Staphylococcus aureus 209P (ATCC 11522) inocu-
lated 1n fermented shoyu was dependent upon the initial number of cells in these
baciena; 4-6 hr for 103/ml, 24-48 hr for 10%ml, and 5-7 hr for 107/ml. A high
salt conten: was the dominant factor in accelerating the speed of stenilization; the
pH valuc and amount of alcohol, total nitrogen, and ether-soluble compounds
were judged to be supplementary factors.

F. BIOLOGICAL TESTS OF SHOYU

The long-term effects of Japanese shoyu (Kikkoman) on the gastric mucosa of
inact rats and those with a fundasectomy were studied by MacDonald and Dueck
(1976: in Canada. At the end of the test penod, the animals that had been fed
shoyu were smaller than the controls; the 15 intact rats that reccived the shoyu
were healthier, more active, and lived 33 months longer than did the 7 controls.
Breast umors developed in 10 control rats, but in none of the experimental
aminals given shoyu. These flindings suggest that shoyu Zoes not appcar 10 be
carcinogenic 1n rats; its prolonged use impaired neither health nor longevity.
Oshita e1 al. (1977) studied the acute and long-teem effects of large amounts of
Kikkeman shoyu on mice and rats. The acute toxicity of shoyu was attributed to
the wexicity o' its sodium chlonide component. The oral LD, values for shoyu
were 20.6 mé kg for rats and 27.3 mg/kg for mice. In long-term fecding tests
(1.5 ycars for mice and 6 months for rats), the food intake of animals given adiet
containing b ryu was otherw ise comparable to that of the control group. This
was oo ever for animals given a dict containing 10% powdered shoyu {corre-




143

sponding to ~25% liquid shoyu). Although the anunals that were fed shoyu were
smaller than the controls, no significant differences in mortality were observed
beaween the two groups. In addition, male rats given a dict containing S% or 2%
powdered shoyu grew faster than rats fed an equivaleat amount of sodium chlo-
nde alone (i.c., diets containing 2.25% or 0.9% sodium chlondc). At the highest
dosc level, 10% powdered shoyu, there were significant differences in the un-
pary sysiems of experimental and control animals. While -both rats and mice
developed enlarged kidneys and bladders, rats developed higher concentrations
of in serum, and mice gave evidence of hydronephrosis after 1.5 years. The same
effects were observed in animals who received sodium chloride in the samc
concentrations as those fed the highest level of shoyu. There was no indication of
carcinogeric cffects at any level of shoyu feeding.

RESEARCH NEEDS
RAW MATERIALS

The precise mixture of soybeans and wheat used as the raw matcerials in shoyu
productios is the result of technological know-how develoged over hundreds of
years. But the shoyu-like seasonings can be prepared from a mixture of plant
proteins and starches other than soybeans and wheat, and these are available
worldwide. The by-products of oil pressing and extraction, such as peanut cake,

- copra meal, cottonseed meal, rapeseed protein, and sesame protein, have been
experimentally substituted, with good results. Many kinds of mung beans also
seem to have good potential. On the other hand, wheat keme] is considered to be
the best starch raw material for shoyu, but barley, rye, oats, nce, and com are
sometimes used. The superiority of the wheat kernel lies in its ! .gh source of
protein (glutamine) and its high concentration of glucosides whic! “3ive koikuchi
its destructive bran flavor. The use of a2 mixture of wheat bran an. starches other
than wheat. such as rice, com, and potato, would be v _rth exploring for those
nations that do not have wheat. Steaming and puffing com kemels, mung beans,
and other aw materials which have hard plant tissues or extruding these moist-
encd powders may also give good results in shoyu preparation.
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HAVOR COMPONENTS FOUND N SHOYU

Molecular Molecular Reference

Compuund weight fonnula numbcr”
I. Hydrocarbons (37) )
1. Benzene 78 CeHe 1
2. Tolucne 92 C,H, |
3. Styrene 104 CyH, 1
4. o-Xylenc 106 CsgHyo 1
S. m-Xylene 106 CeHyo I
6. p-Xylene 106 CeHyo !
7. Eihylbenzene 106 CyHyo |
8. Mesitylene 120 CoH,, 1
9. 1,2,3-Trimcthylbeazenc 120 CyH,; 1
10. 1.2, 4-Tnmcthylbenzenc 120 CoH,, 1
11. 1-Ethyl-2-methylbenzenc 120 CoH,, 1
12. Cumenc 120 CoH,a 1
13. Naphthalene 128 CoHy i
14. 4-Methylindag 132 CioHi2 |
15. 5-Methylindan 132 CioHya I
16. 1.2.3,4-Tetrahydronaphthalenc 132 CioHy; 2
17. 1-Exhyl-2, 3-dimethylbenzene 134 CioHe 1
18. 1-Ethyl-2,4-dimethylbcnzene 134 CioHye 1
19. 1-Ethyl-3,5-dimethylbenzene 134 CioHie |
20. 2-Exhyl-1.3-dimethylbenzenc 134 CioHe 1
21. 2-Ethyi-1.4-dimcthylbenzenc 134 CioH,a |
22. 2-Ethyi-1,2-dimethyibenzenc 134 CioHia 1
23. 1-Methyl-2(or 4)-propylbenzenc 134 CioH,s 1
24. 1,2.35-Tceiramethylbenzene 13 CioHia 1
25. 1,2,4,5-Teuamethylbenzenc 134 CioHie 1
26. 1.2-Dicthylbeazenc 14 CioHis 1
2/. 1,3-Dicthylbenzenc 134 CioHis 1
28. 1.4-Dicthylbenzenc 134 CioHie 1
29. Butylbeazene 134 CioHia i
30. Cyclobexylcyclohexanc 134 CyoH,, i
31. 1-Methyinaphthalcac 142 CiHyo 1
32. 2-Mcthylnaphthalenc 142 CuHyo I
33. 2,3.5(or 6)-Trimcthylnaphthalene 170 CuisHja |
34. Tetradecane 198 CieHio H
35. Peatadecane 212 CisH3; 1
36. Hcxadecanc 226 CieHae J
37. 5-Phenyldodecans 246 CuHuw )
1. Alcohols (30) .
f. Mcthanol 32 CH,O 2.3
2. Ethanol 46 CHO

vcontinued)
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Muiciulef Aol uiat Racfonee
Compound woen hi ‘uimula rumders
i Akonols (30} (connnued)
3 1-Propen 3-of 58 C.\K,0 <
’ 4 2-Prouca-1-ol (allyl aicohol) 33 C\H,0 v
5 1 Propancl & C\HO N
6 2 Progunol ) C3H,0 S e
7 2-Mcthyl-1-aropano: 72 CH,\ 0 503
¢ !-Buterol 3 C.H,oC 2
9 2-Munvt 2-buten-1-0l 26 C,H, .G i
id. 1-Pemicn-3-ol N C5H,00 2
1} 3-Pemien-Z-ol 26 CsH,,0 H
12 2-Mcihyl-! -butanol »8 C,3H,,0 2.7
13 3-Mcthyl-1-butanol 88 CyH,;0 2.3
14 |-Penandl 8% CsH,20 2
1S 3-Pentanoi 38 CsH,;20 2
16 3-Butea-1.2-diol $8 C.H,0, I
17 2-Exhoxyethanoi 90 C.H,,0, 5
I3 -2.3-Butanediol 9% C.H..0, 2.10. 41
19 meso-2.3-Butanediol 90 C.h o0, 2100
20. (£)-2-Hexen-1-0l 100 C.H;20 4
21 1-Heaanol 102 CoH;.0 3
22. Benzyl akcohol 108 C,H,0 S
23 2.3.Dimethyl-2-pentanol 116 C,H,.0 1
23 2.4-Dimethyl-3-pentanol il6 29H10 |
25 3 .cthyl-3-hexanol 16 CyH,16G }
26. 2-Phcaylethanol 122 CyH,50 s, 02
7 1-Ooen-3-oi i23 oty o0 8
35 3-Nomenvi 14é Sohinl i
2y. 2-Phensi- | -butanol 150 C,oH,).0 i
10 2.Undccanol - 17 C, H1..0 R
I Esters (56
1 Methad acetate 73 CiH, 0, 3
2 Eabsl fonnaie 74 C3H,0, 1:. 4
Y Eyl acctate 8y C.H;0; S, 4=l iS
4. 2-Cxopropyl acetate {acctol acetute) 100 C,H 0, 2
S. Eihy! propionate 102 CsH 100, 2
6. Bunvi formate 102 CsH,00, 8
7. 1-Methylpropy! acctate 116 CoH 20, 2
8. 2-Methylpropy! acctate 16 CoH 1202 }
9 Buty! acetaie 116 CeH 20, o
10 Eihyl 2-hvdrox ypropanoaic 118 Z<H 404 516
byl lactate)
- b1 3-Mcths ibutyl acetate 130 CyH,;40, 17. >
12 Penisl wetate 130 C,H,.0, 1S
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Molecular Modes ular Refercace

Compound weight tormala auaher® .
1i1. Essers (4}) (continwed)
13. 2-Methylpropyl propeoadi.: 130 € -H..On 1
14. Ethyl 3-methylbutanoaic 130 ( H,O; 19. 20 .
15. Ethyl 2-mcthylbutancate 130 ¢ H,.0p 9
16. Ethyl pentancase 130 ¢ H,,0, i7
17. 2-Eihyoxyethyl acetatc 132 C H;-0, 2
i8. Eshyl 4-oxopestancaic (cthyl levuhaaie) 144 C . H-y0, 6
19. Esthyl hexanoate (cthyi caproatc) j44 C H;;0 19
20. Dicthyl oxalaie 146 ¢ K0, a¥
21. 2-Phenyicthyl formate 150 CHWO, -}
22. Ethyl beazoae 150 CeH 10y 5.19.20
23. Dicthyl malonme 160 C+H,;.0,4 6
24. 2-Phcaylethyi acotate 164 Ciotd 120z b
25. Ethyl pheaylacctate 164 C i H; 202 5
26. 3-Methylbutyl 3-methylbutanoate 12 CoH2002 17
27. Ethyl octnoase (cthyl capryiate) mn CwHx0; 9
28. Dicthy! malcase 1n CsH;204 6
29. Dicthy! succisaic : 174 CsH,0. 5.6
30. Ethyl 3-phenyipropenoate 176 C.Hi:O !
(ethyl cinnamate)
31. Pentyl hexanoate (amyl caproate) 186 C..H:0; 17
32. Ethyl nonanoase (ethyl pelarponate) i36 C.:H::0. 17
33. 2-Phenylethy! butanoate 192 . Ci3HW0s 1
34. 4-Formyl-2-methoxyphenyl acetate 194 C:9H,00. 2
(vanillin acetate)
35. Edhyl C%Myvl'mﬂhxy‘benm 196 C oH120, 2.7
(ethyl vanillue)
36. Eihyl dodecanoate (ethyl lauraie) 228 ¢ H50, 17
37. Exhyl tetradecanoate (cthyl mynstaic) 256 € oHazOn 17,5
38. Ethyl hexadecanoate (cthy! palmitic) 284 ¢ (HyO: 21,22
39. Ethyl 9.)2-ocudecadienoute g . HG0: 2
(ethyl linoleaic)
40. Eshyl 9-octadecencate (ethyl olcalc) 310 C-oHO2 2
41. Ethyl octadecanoate (cthyl sicaraic) i ( wHW0; 21
IV. Aldchydes (15) ’
1. Aceuldchyde 4 ¢ HO 5.14.23.28
2. Propanal 58 « H,0 5.24
3. 2-Methylpropanal n ¢ HO 5.25.24
4. Butanal n ¢ HO 24, 26
S. 2-Methylbuanal - 86 « H,0 1
6. 3-Mcthylbutanal 86 < H,,O0 5.14,25. 24
7. Pentanal 86 C H,,0 » :
8. C HO 17,2

Hexanal 100

(rontinued)




Molccular Molcculas Referer. .
. Compound wenpht formula numbr

IV. Aldchydes (35) (connaued)

. 9. Beazaldchyde 106 C,H,0 5.2
10. 2,3-Drbydro-4/{-pvran-2-casbaldchyde 112 C,H,0, 1
11. Pheaylacetaldchyde 120 CsHxO s
12 3-Phenyl-2-propenal (cinnamaldchyde) 132 . GH,0 17
13. 2.5-Dimcthyl-2.3-dihydro-SH-pyran-2- 140 CeH 20, 2
carbaldchyde
12, 2-Mecthyl-3-phenyl-2-propenal 146 CioH100 l
(a-methylcinnamaldchyde)
15. 4-Hydroxy-3-methoxybenzaldchyde 152 CgH,O 3.2
(vanitlin)
V. Acctals (4)
1. 1,1-Diethoxyethanc 118 CeHi1sOy 2,28
2. 1,1-Dicthoxy-3-methylbutane 160 CoHye0, 29
3. 1.1-Dicthoxy-2-mcthylbutane 160 CoH0, 9
4. 1.1-Dictioxy-4-methyl-2-pentanol 190 CioH2203y 29
VI. Kcwones (19) :
1. Acctone 58 C3H,0 s
2. 2-Butanone 72 CHgO l
3. Hydroxyaceione (acctol) 74 C3H 0, 2
4. 2.3-Butanedione (diacctyl) 86 C.H,O, 2,30
5. 3-Hydroxy-2-butanone (acetoin) 88 C3HgO, 5, 14,11
6. 2-Cyclohexin-I-one 96 -~ C,HgO 3
7. 4-Mcthyl-3-penien-2-one 98 CeH 00 1
8. 4-Methyl-2-pentanone 100 CeH,20 1
9. 2-Hexanone - 100 C,H,;,0 5
10. 2.3'Wioﬂt 100 CsH.O] P 30
11. 3-Hydroxy-2-peatanonc 102 CsH,00 3
12. 2-Hydroxy-3-mxthyl-2-cyclopenten-1- 112 CeH3 O, 2
one (cychkuenc)
13, 5-Methyl-2-hevanene 114 CyH,;O I
14. 2,3-Hexancdione 114 CeH 00, 5, 30
15. ACC(OphCﬂOM 120 C;H;O 2
16. 3-Octanone 128 C‘Hwo 2
17. 2,6-Dimethyl-=-heplanonc 142 CoH,O |
18. 2-Methyl-3-octanone 142 CoH, O 1
19. 3-Methyl-3-decen-2-one 168 C,1Hx,0 33
Vil Acids 2¥)
1. Formic acd 46 CHzoz 19
2. Acetic acd - 60 C>H,0, 5, 32, 3%
. 3. Propionic acid 74 C3H O, 2, 19
4. (E)-2-Butenoic aci) (crowonic acid) 86 C.H,0, 2
5. 2-Methylpropanw id 88 C.H O, 17. 8

(iso-butync wu)




M:aecular Mok ar Reference

Compound worcht B (U TP number® .
VIL. Acids (24) (contirued)
6. Butanoic acid (sec-butyric acid) 58 CHO. 5. 19 .
7. 2-Oxopropanoic acid (pyruvic acid) &8 Cs;H L, 24
8. 2-Hydroxypropanoic acid (lactic acid) 9 CyHg\ ), 17
9. 2-Methyl-2-butenoic acid i CsHy' s 2
10. 2-Methylbutanoic acxd 102 CsHyut )y 2
11. 3-Methylbutanoic acid 102 CsHuf'h 5. 19
12. Pentanoic acid (n-valeric acid) 102 CsHioO2 17,2
13. 2-Oxobutanoic acid (2-ketobutyric acidi in2 C.H.O, 34
14. 4-Methylpentanoic acid 116 CeH,,0, 17.2
15. Hexanoic acid (caproic acid) 1é CeH, 20 2,19
16. 4-Oxopentanoic acid (levulinic acud) 116 CsHO5 17
17. Butanedioic acid (succinic acid) s C.H, O, 17
18. Benzoic acid 122 C-H4,0, S. 19
19. MM acid 136 QH,O; 17 2. 19
20. Octanoic acid (ca;lylic acid) 144 CgH..Oz 17
21. Dodecanoic acid (lauric acid) 200 C-Hp0; 17
22. Hexadecanoic acid (palmitic acid) 254 CioH3:0, 35. 36. 22
23. 9.12-Octadecadiencic acid 280 CisH30: 22
(linoleic acid)
24. 9-Octadecenoic acid (oleic acid) 282 C,yHuO, n
VHI. Phenols (17)
1. Phenol pI] CeHo,0 2
2. 1.2-Benzencdiol (pyrocatechol) 110 CeHoO: 2
3. 4-Vinyiphenol 120 GH0 33
4. &-Ethylphenol ' 122 CgH o0 5. 12
5. 2-Methoxyphenol (guaiacol) 124 C,H;0, 5
6. 442-Hydroxyethyl)phenol (tyrosol) 138 CyHio2 37
7. 4-Ethyl-1,3-benzenediol 138 CyH,2 !
(4-ethylresorcinol) ,
8. 4-Hydroxybenzoic acid 138 C-H.0, 12
9. 2-Methoxy-S-vinylphenol 150 Cotty 2
10. 4-Ethyl-2-methoxyphenol  ° 152 CyH,»2 5.35
(4-cthylguaiacol)
11. 2.6-Dimethoxyphenol 154 CyHy3 5
12. 3.4-Dihydroxybenzoic acid 154 C;HAO, 19
(protocatechuic acid) ’
13. 344-Hydroxyphenyl)propenoic acid 164 CyH:0, 12
(p-coumaric acid). (p-hydroxy-
cinnamic acid) .
14. 4-Hydroxy-3-methoxyacetophenone 166 Cotlyod 2.9 .
(acetovanilion)
15. 4-Hydroxy-3-mcthoxybenzoic acwd 168 C .04 35,38

(vanillic acid)

(continued)




Mulecular Moulecuiar Reference

¢ Compuound weight formula numbcr®
VIL. Phenols (17) (connmued) .
’ 16. 3 {4-Hydroxy-3-mcthox phenyl) 1592 CiuHye04 39
propeno acad {ferulic ocid)
17. 4-Hydroxy-3.5-dimcthoxyvbenzok acd 193 CoH,004 39
(syningic acad)
IX Furans (16)
1. Foraa - 68 CH, O 4§
2. 2-Methylfuran 82 CsH,0 4
3. 2-Fusfural 9% CsH, 0 5. 14,30
4_ Furforyl akcohol 98 CsHO; 5. 41
5. Teuahydrofurfuzyl alcohol 102 CsH;00, 2
6. 142-Furyl)-1-ethanone 110 CeH O 8.5
(2-furyl methyl ketone)
7. 5-Methyl-2-furfural 1{H CeHOr 2
8. 1-2-TetrahydroSuryl)- 1 cthanonc 114 CeHi0Gr 2
(24ctrahydrofuryl methy! ketone)
9. 14(2-Furyl)-1-propanone 124 CoH Oy !
(cthyl 2-fusyl ketoae)
10. 2-furfuryl acetate 126 CoHo Oy 5
11. 13-Hydsoxy-2-furyl)-1-cthanone 126 CoteDs 2
(1somaltol)
12. S-Hydroxymethy:-2-furfural - 126 CeHGy 42
13. - (2,5-Dimcthyl-3-furyl)- 1 -cthanone 138 CgH;00; 1
14. Elh)" 2-furoate 140 C7H|0) ]
i5. 3-Phenylfuran 144 CioH: O i
16. 2-Propeayl 2-furcate 152 CgHgeOy 2
X. Lacwaes (4)
1. 4-Botanolide 86 CeHO, - 2
2. 2-Penten-4-olide [S-methyl-ASH)- 98 CsHsO, 2
furanonc] (B-aagclicalactonc)
3. 2-Mcthyl4 Satanalide 100 C’H'Ol 2
4. 4-Pentanolide 100 CsH O, S
X1. Faranoacs (6)
1. 3-Methyl-2(SH)-furanone 98 CsH 0, 3
pA 2—5@)"-3-%’6‘0‘0&&“ 100 CngO} 5
3. 4-Hydroxy-5-methyl-3(2H )-fusanone 114 CsH, Oy 43
£. $-Hydroay-2.5-dimethyl-3(2H 128 CeHsOy 2
furanone
3. 4.5-Drhydro-541-hydsosyethyl-2(3H) 130 CeHi00s n
furanune
. 5. 4-Hydroxy-2(or 5)-ethyl-S-(or 2)- i42 CoH,00, 4

methyl-3(2H)-fusanone

s
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Molecular Molen :lar Reference *
Compound weight fornu:ta number
XIl. Pyrones (5) s
1. }-Hydroxy-2-methyl-4H-pyran—4-onc 126 Cola ). N R
(maltof)
2. 5-Hydroxy-2-methyl-4H-pyran-4-one 126 CoHo( s 2
3. 3-Methoxy-2-methyt-4H-pyran4-one . 140 C7H O, 2
4. 3.5-Dihydroxy-2-methyl4H-pynn-d- 142 CoH, O 2
one
5. 3.5-Dihydroxy-6-mezhyl-2,3-divydro- 144 CoHyO4 2
4H-pyran—4 one
XIIl. Pyranines (27)
1. Pyrazine 80 C4H.N, 8
2. 2-Methylpyrazine 94 CsH¢N, 5.28
3. 2.3-Dumcthylpyrazine 108 CoH3N3 5. R
4. 2.5-Dimcthylpyrazine 108 CoHgN, 28
5. 2.6-Dimethytpyrazine 108 CeHgN, 5.2
6. 2-Eihylpyrazine - 108 CeHsN; 28
7. SH-Cyclopenta{b)pyrazine 118 C3HN, 28
8. 2-Methyl-6-vanylpyrazine 120 CyHgN, 2
9. 6,7-Dihydro-SH-cyciopenta| blpyrazine 120 CyHgN, 28
iC. 2.3.5-Tnmethylpyrazine 122 C,H,oN; 28
11. 2-Edhyl-S-methylpyrazine 122 CyH 0N, 28
12. 2-Ethyl-6-methylpyrazine 122 CyH 0N, 5,28
13. 2(or 3)»-Methyl-SHcyclopental b} 132 CsHyN, 28
pyvazine :
14. 6-Methyl-SH-cyclopental &]pyrazine 132 CasHyN; 28
15. 7-Methyl-SH-cyclopenta] blpyrazune 132 CoHuN; 28
16. Pyrrolo{1,2-a}-3-methyipyrazine 132 CyHaN, 33
12. 2-Methyl-6,7-dihydro-SH-cyclo- 134 CgHiwNy - 28
penta[b)-pyrazine
18. Tetramethylpyrazine 136 CyH . 2N, 5.2
19. 3-Ethy1-2,5-dimethylpyrazine 136 CyH N, 5. %
20. 2.3-Dicthylpyrazine ' 136 CyH,:Ny ha 4
21. 2,6-Dicthylpyrazine 136 CeH.,N; 28
22. 2(or 3).6(or 7)-Dimethyl-SH <yclo- 146 CoHyN; 28
pentalbjpyrazine
23. Pymolo(1,2-a}-3,4-dimethylpyrazioe T 146 CyH N2 33
24. 2-Exhyl-6,7-dihydro-SH-cyclopentajb) 148 CyH, Ny e 4
pyrazine .
25, I-Eah)l-J.S.Wsmﬂnylpynnne 150 C9H|4N2 28
26. 2.6-Dicthyl-3-methylpyrazine 150 CyHiuN2 28 ‘

27. 2.3.5 Toimethyl-6,7-dihydso-5}H <yclo- 162 CioHiaNy 28
pema{djpyrazine

(vominued)
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Mokvular Molccular Reference
Compound weipht formula numbcr®
XIV. Pyridiacs (7)
1. Pyndine » CiHsN 28
2. 3-Methylpyndine 93 CsH,N 28
3. 2.6-Dimcthylpyridine 107 C;H,N 28
4. "2-Ethylpyridine 1w? C,HN 28
S. 2-Pyridylmethanol 109 CHNO 1
6. 3-Methoxypynidine 109 CgH,NO 28
1. Ethyl 3-pyndinecarbozylate 159 CgHyNO, 28
(cthyl sicotinate)
XV. Miscellancous murogen-containing compounds (8)
1. 1-Methyi-2-pyrrolidinone 9 C<HoNO !
2. 1(2-Pymrolyl)-1-cthanoae 109 C,H,NO 8.5.28
4. 14(5-Methyl-2-pyrrolyl)-1-ethanone 123 C,HyNO i
5. 1.5-Dimethyl-2-pyridone 123 C,H3NO 1
6. 2-Methylbenzoxazole 133 CsH;NO 2. 28
7. Ethyl 2-pyrrolidone-5-carboxylate 157 CyH 4 NO, 3
8. Eihyl 2-(acetylamino)-4-methyl-penta- 201 CioHi9yNOy 33
noate (N-acetylleucine ethyl ester)
XVI. Sulfur-contairing compounds (16)
1. Hydrogen sulfide : 34 H,S 46
2. Methanethiol 48 CH,S 29
3. Dimethyl sulfide 62 CyH,S 4
4. Ethancthiol 62 CyH,S R}
S. 2-Propene-|-thiol 74 C3H S 17
6. Thiophene 84 C.H,S 33
7. Dimethyl disulfide 94 CaH,S» 2
8. 4-Mcthyl-1,.3-oxathiolanc 104 CHOS 3
9. 3-Mecthylthiopropanal (mcthional) 104 C.H,0S 46
11. Phenylmethancthiol 124 CyH(S !
12. Dimcthyl uisuifide 126 C2H,S» 1
13. 3,4-Dimethy’-2.5-dihydrothiophen-2- 128 CeHyOS 33
one
14. 2-Ethyl-6-methyl-1.3-oxathiane 146 GCyH,,08 !
15. 3-(Methy|lhso)ptopyl acetate 148 C‘HQOgS 1
16. 1,1-Bis(methylthio)-2-methylpropane 150 CeHidS2 24
XVII. Thiazoles (4)
1. 2-Ethoxythiazole 129 C4H,NOS !
2. 2-Butoxythiazole 157 CoH,NOS 1
3. N-Acetyl-1H-benzothiazol 179 CyHNOS 3
4. 2-(Mcthylthwo)benzothiazole 181 CyH,NS, 1
XVIIL. Terpenes (3)
1. Bomceol iss CWH,,O b
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Molecular Mok .ular Releremee

Compound weight foreula (TIE L W o
XVIL. Tempencs (3) (continued)
2 3-Methyl-2-(2-methyl-1-propenyl)- 154 CioH,.0 1
tetrahydropyran {cis-rosc oxide)
3. Bomyl acctate 196 CitHxn0, S
XIX. Miscellancous compounds (3)
1. 1.4-Dwoxane 88 CHg), 33
2. -Mcthoxystyrene 134 CoH,,0 |
3. 1.5-Dimethoxynaphthalene 188 Ci;H, 0, l

# References: §: Nunomura ef al_ (1979); 2: Nunomura ef al. (1980); 3: Shuyi (1936). 4: Sasukt and
Nunomura (1979); 5: Nunomura ez al. (1976a); 6: Morimoto and Murakami (1966); 7: Yamuda and
Goan (1969); 8: Goto (1973). 9: Sasaki and Numomura (1981); 10: Taira (1926a); 11: Tomiyasu
(1927); 12: Asao eral. (1967); 13: Kihara (1940); 14: Akabori (1936); 15: Taira (1926b); 16: Akaboni
and Kancko (1936); 17: Ishizu (1969); 18: Yokotsuka (1951a); 19: Yokotsuka (1953b), 20- Yokw-
suka (1951¢): 21: Fukai (1929); 22: Yokotsuka (1951b); 23: Yamada (1928); 24: Yokotsuka (195X):
25, Nakajima and Takei (1949); 26: Yokotsuka (1954); 27: Ikeda and Kawaguchi (1922); 28:
Nunomura ez al. (1978); 29: Yokotsuka (1950): 30: Asao and Yokotsuka (1961b); 31: Asao and
Yokotsuka (1963); 32: Matsumoto (1921); 33: Nunomura and Sasaki (1981); 34: Yokotsuka and
Asa0 (1961); 35: Yokotsuka (1953a); 36: Yokotsuka (1953d); 37: Yukawa (1917); 38: Yokotsuka
(1956); 39: Asao and Yokotsuka (1958a); 40: Shoji and Onuki (1932); 41: Morimoto and Murakami
(1967). 42: Yokotsuka (1949); 43: Nunomura e1 al. (1979); 44: Nunomura ¢z al. (1976b). 45: Kosuge
et al. (1971); 46: Nunomura and Sasaki (1982); 47: Morimoto and Murakami (1966). 48: Ishizu
(1963).




Myootoxins formed by different fungi and their ussociation with foodstuffs
Toxin Organisa Foodstuffs affeocted Some toxio effects
IQ;Aflnt;xin-' Agég;égllg! flavus Oroundnuts and produots, rioe, Liver and kidney oarcinoms,
‘ A« para ous maige, other muts and seedes,

2. Sterigmato-
oyetin®

3+ Ochratoxine*®

4. Aspergillio
_aoid -

5. Kojio aoia"

6. beta~nitro-
_propanoioc acid

7. Tremorgenic toxin

8. iutooalqrin
Lo ta e 0

9. Ruguloain

10. Chlorine-.
containing
peptide

11, Islanditoxin

* ¥yootoxins detected us natural oontaminants

R
. o n

A. versioolor

A. ‘Oobraceus

N -A_o. !r‘!!.

A« flavus and other
8ppe OF As llus

AT flawis

"AJiflavus
'A T

Penioilliue
felendicus

P..rugulosun

Pt IBYeriasbin

P. islandioun

cottonseeds, ocooonut, wheat,
tree nute, milk, oheese

Cereals

Cereals
Cereale
Og;eals
O?ronle

Maize and other foodstuffe
hioo

Rice

Rioe

Rice

bileduot proliferation,
fatty infiltration of

giver of animalse

Hepatoma in rate

Liver and kidney patbology

- of rats

Antimicrobisl and toxio
10 mioce

Antimiorobisl and
manmalian toxioity

Toxio t0 man and anibale

Sustained trembling in mice
Liver toxioity ﬁopaton&

Nephrosis and liver damage

Hepatotoxin ‘Lepatoma of
animale

S

€61



Toxin

Organiom

Foodstuffe affeoted

Some toxio ortoqto

l2.

13.

4.

15.

16.

17.

18,

19.

* 20,

el

2.

23,

Citrinin®
Citreoviridin
nnbgaioxiﬁo
.Pqtulln'

Penioillio
co@d'-

Cyolopiazonio
aoid

Peoralens

Staohybotrys
toxin.

ATA toxin
Diacetoxy-
soirpenol®

T—2.t6xin' .

Nivalenol®

Deoxynivalenol®

P. oitrinue

other Pogloil;;g 8PP

P rubrua

P. sxpaneynm
A._clavatus

P. puberulum
P. oyolopium

P. oyolopium

Solerotinia
Bolerotiorum

Stiogxbot;x 8 atra
8. alternane .

LY I

. ll .":
Furariums

sporotriochicides

F. soirpi
F. ‘wricinows

P. trioinotus
F. nivale

F. nivale

* Jyootoxine detected ae natural oontasinante

[ L 4

Rioce

Rioe

Maize

Apyle Rioce foodl
Maise

Food and foodstuf?
Celery plant

Strav

Oate, Wheats,
Burloy

wh'.t' o.t.’ Rye,
Maize

Cereals, Maire,

Fescue grass

Rice

Convulsions in rate,
leosions in -ploon end kidney

Automiorobial nephropathy of
anizals

Vammalian paralysis
Fatty infiltrutton of liver
of rats

Antioiocrobial phytotoxio,
oaroinogonio in ratse

Antisiorodbial caroinogenio
in rate

Toxio to gan and aniocale
deroatitie

Faro and other animale and -
oan. Staohybotryotoxiocosis
(Dermal Toxioity)

Alimentary toxio Aloukis of
anicals and man

Skin neorosis and oye damage
in rats

Neorosis of the epidermal tissue
of rats "Fesoue Food of Cattle"

Inbibition of DNA synthesis

vil8

Severs

(blood dyserasias)



Toxin

Crganisn

Foodatufls affected

Some toxic effects

24. Fusarenone
25. Butenolide

26. Zearalenone*
217. Spor{doanins!

28. Rhisootonia
toxin

29. Ergot

F. nivale

F. nivale

F. graninearun
Pithomyoces chartaruam

Rhisootonia leguminiocola

Claviceps epp.

* Mycotoxins deteoted as natural contaminants

Rice and cereals

Maize, Fescue, Cereals,
Hay

Maize, Hay, Barley, Feed
Pasture

Hay, Red Clover

Inhidition of protein syn-
thesis in mice -

Fescue foot in cattle and
tail neorosie

Hyper-estrogenio in animala

139 ¢

Faoial eczema o?'animalo

Slobdberirg in cattle and
horses :

Gangrene
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APPENDIX 14

July 1993

COMMENTS BY THE BACKSTOPPING OFFICER

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, heavy 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. Kaminski’'s
mission the DTQC laboratory has been operational.

The training manual and the other documents he elaborsted will
contribute to the sustainability of the laborztory activities. Mr. Kaminski‘s
mission has, therefore, contributed positively to the fulfilment of the
project activities. His report is acceptable to the Agro-based Industries
Branch and is considered an important tool to strengthen food quality control
in Vietnam.




