J. Agric. Sci. Mansoura Univ., 28(12): 8257 - 8268, 2003

REMOVAL OF AFLATOXIN B; AND FUMONISIN B; FROM
MALT EXTRACT USING ADSORPTION AGENTS

TECHNOLOGY
Aly,Soher, E.; M. A. Abdel-Wahhab and Mona M, Abdel-Galil
Food Toxicology and Contaminants Dept.National Research Center

Dokki, Cairo, Egypt
ABSTRACT

Mait extract is widely used in beverages, food and pharmaceutical industries.
The use of mycotoxin-contaminated barely in the production of malt resulted in the
contamination with mycotoxins and frequently the presence of mycotoxins in the final
product. The aim of the present work was twofold: (1) testing of two adsorbent agents
including commercially hydrated sodium calcium aluminosilicate (HSCAS) and an
Egyptian montmorillonite (EM) to adsorb aflatoxin B4 (AFB.1) and fumonisin B (FB4) in
aqueous solution, and (2) the application of these adsorbent agents in the removal of
AFB: and FB, from malt extract. In one experiment, four level of each sorbent e.g. 0.5,
1, 2 and 4% (w/v) and three level of each mycotoxins e.g 5, 10 and 50 ppm were
tested. Results revealed that the adsorbent agents had an excellent capability of
adsorbing AFB; and FB, at different tested levels. The adsorption ratio of HSCAS
ranged from 953 to 99,1 and 84.7 to 92.4% of the available AFB; and FB;
respectively in aqueous solutions. EM showed an adsorption ratio ranged from 95.4 to
99.2 and 78.2 to 92.2% for AFB+ and FB respectively. Both adsorbent agents were
effective at 0.5% level in the adsorption of AFB+ and FB,. A second experiment was
conducted to evaluate the ability of these adsorbent agents at level of 0.5% (w/) to
adsorb AFB; and FBs in malt extract spiked with 50, 100 and 200 ppb. Our results
indicated that the capability of adsorbing of HSCAS ranged from 98.5 to 98.9 and 88.2
to 91.9% for AFB; and FB, respectively. Whereas, the capability of adsorbing of EM
ranged from 98.1 to 98.7 and 88.2 to 92.5% for AFB; and FB, respectively. These
data concluded that sorbent technology is effective in the removal of AFB4 or FB, in
malt extract used in beverages and other industries, and importantly, EM is as
effective as HSCAS at a dose as low as 0.5% (wh).
Keywords: Malt, aflatoxin Bi, fumonisin B:, sorbent materials, HSCAS and

montmonillonite

INTRODUCTION

Malt is the dried product of barley germinated under controlled
conditions. It is widely used in beverages and food industry as well as
pharmaceuticals. Hickenbottom (1996) estimated that over 100 million
bushels are malted in USA, most of which is used in beer production. In
Egypt, malt is used in the production of bread, beverages, food flavoring,
optional ingredients in bakery products and color additives in the preparation
of caramel.

The use of mold —contaminated barley in the production of malt
resulted in the contamination with mycotoxins and consequently the presence
of mycotoxions in the consumer product (Scott et a/., 1993; Shin et al., 1997,
Scott and Kanhere 1995; Scott and Lawrence, 1995). The incidence of
toxigenic Aspergillus and Fusarium spp. on barley crop was studied by
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Abornson et al (2002). Aspergillus flavus and A. parasiticus are known to
“iﬁ ‘h? ability to rroduce aflatoxins under favorite conditions (Gourama and

Bullerman, 1995), whereas, Fusarium molinoforme procluce {umomsms
(Marasas et al., 1984). ,

Aflatoxins are carcinogenic, mutagenic, and teratogenic compounds
(Abdel-Wahhab et al, 1998 and 1999 and Abdel-Wahhab and Aly, 2003).
Seventeen aflatoxins have been isolated, but only four, called B, B;, G; and
G,, are significant contaminants of foods and is the most acutely toxic of the
aflatoxins (Park et al,2002). Afiatoxin B, is usually bound in the greatest
concentration in foods.

Fumonisins suspected to cause oesophageal cancer in Transkei
region of South Africa (Rheeder et al,1992) and fumonisin B, has recently
been declared to be a class 2B carcinogen, i.e., possibly carcinogenic to
humans, by the International Agency for Research on Cancer (IARC). Among
the fumonisins, FB, is the most abundant in food and is known to be the most
potent (Martins et al., 2001, Omarttag, 2001 and Petersen and Thorup,
2001). The risk of these toxins appeared when we know that fumonisin B, is
water soluble compound (Seo et al, 1996) while 48% of aflatoxin B, was
recovered from corn steep liquour during starch process (Aly, 2002).

Park et al; (2002) noted 16% of the roasted barley and corn samples
were contaminated with aflatoxin and fumonisin. These products are
commonly used beverage and sold in tea bags in Korea. Scott and Lawrence
'(1995) and Scoft et al.,(1997) detecting fumonisins in commercial beers in
Canada. Moreover, Hiywka and Bullerman (1999) found detectable quantities
of FBy in 21of 25 samples of beer. From this point of view, the removal of
these mycotoxins from malt used in beer and other beverages industry is of
great demand. Several reports indicated that phyllosilicates clay have the
ability to chemisorbs aflatoxin from aqueous solutions (Phillips et al., 1988).
Some aluminosilicates bind AFB, /in vitro to varying degrees and form
complexes of varying strength with AFB,. The hydrated sodium calcium
aluminosilicate (HSCAS) formed a more stable complex with AFB; than many
of the other compounds tested in vitro (Phillips et al.,1988). The HSCAS,
bentonite and montmorillonite were found to protect the laboratory animals
from the toxic and teratogenic effects of aflatoxins (Abdel-Wahhab et
al.,1998,1999 and 2002).

The aim of the present study was to evaluate the ability of HSCAS
and the Egyptian monmorillanite to adsorb AFB, and FB; from aqueous
solution during the extraction of malt in food and beverages industry.

MATERIALS AND METHODS

Materials:

Maits were purchased from El-Ahram company for beverages, Cairo,
Egypt. Malt samples had no detectable levels of AFB, or FB,.
Chemicals: : ,
Aflatoxin B, and fumonisin B, standards were purchased from Sigma
Chemical Co. (St. Luis Mo.) All other chemicals were HPLC grade. A stock
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solution of AFB, was dissolved in acetonitrile: methanol (1:1), while the stock
solution of FB, was dissolved in acetonitrile: water (1:1)

Sorbents:
HSCAS was purchased from Engelhard Corporation (Cleveland, OH),

whereas monmorillanite was provided by Ceramic Dept, NR.C, Cairo, Egypt.
Four concentration of each sorbent (ie. 0.5 1, 2, and 4 % w/v) were
individually weighed into glass tubes (three replicates per sample) and the
amount of each mycotoxin (5, 10 and 50 ppm) |n aqueous solution were
separately added. After a reaction time of 1 hr at 25°C, with mixing at 15-min
intervals, all the tubes were centrifuged for 10 min at 1500 rpm. Three
adsorption tests for each mycotoxin were carried out, varying the amount of

the mycotoxin.

Preparation of mycotoxins — contaminated mait:

Mait samples were mixed with either AFB, dissolved in chloroform or
FB; dissolved in methanol at three concentration levels (i.e., 50, 100 and 200
ppb) in an amber glass jar . Three replicates of each contammatlon level for
each mycotoxin were used.

The solvents were allowed to evaporate by placing the open gar in
the flow of a fame hood overnight.

Preparation of malt extract:

Spiked malt samples (25 gm) were steeped in 100 ml distilled water for
6 hr, the steep water were collected and adjusted to 100 ml. Sorbent
materials (HSCAS or montmorillonite) were added to the malt extract at a
level of 0.5% (w/v) and shaking for 30 min at room temperature . All
extracts were centrifuged for 10 min at 1500 rpm, then filtrated through
whatman # 4 filter paper and the filtrate extracts were used for the
determination of AFB, or FB,.

Mycotoxins analysis:
Aflatoxin analysis

Aflatoxin B, was extracted according to AOAC (1995), samples (10
ml) of malt extract were mixed twice with 15 ml chloroform in separating
funnel and shaking for 3 min The lower face was dried over sodium sulfate
anhydrous. Chloroform was over evaporated under nitrogen, the dry film was
dissoived in acetonitriie HPLC grade. The concentration of AFB; was
determined using HPLC on waters apparatus with delivery system model
600, and scanning fluorescence detector (Ex. 365. Em 450 nm). The
millennium software program was used for calculations. A Nova pak Cis
column (3.4 X150 mm, 4u) was used. Mobile phase A; acetonitrile: H,O 15:
~ 85 viv; mobile phase B. 100 % methanol.

Fumonisin analysis -

Fumonisin immunoaffinity HPLC clean up columns. (Viacom,
Watertown, MA) were used for extract fumonisin B, from the samples.
Column were fitted with 10 ml reservoirs and 5ml volume of an aqueous wash
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solution (2.5% NaCl, wiv; 0.5 % NaHCO; wiv; 0.01 % tween 20 viv) was
added. A 5 ml volume of filtered was added and the total volume aliowed to
drained through the column via gravity. The column was washed with 1 ml of
the aqueous solution followed by 1 mlof HPLC grade water. Both washes
were passed through the column via gravity and the elute was discarded. FB;
was eluted from the column via gravity with 1.5 ml 80 % methanol (v/vg and
collected in glass vials. Samples were dried under nitrogen at 55 C" and
stored at —-20 C until analysis (Canela et al., 1996). The concentration of FB,
was determined using HPLC on waters apparatus with delivery system model
600, and scanning fluorescence detector (Ex. 335. Em 440 nm). The
millennium software program was used for calculations. A Nova pak Cis
column (3.4 X150 mm, 4u) was used. Mobile phase was acetonitrile: H,O 80:
20 v/v, and the flow rate was 1 mi/min.

Statistical analysis:
All data were statistically analyzed using the General Linear Model

Procedure of the Statistical Analysis System (SAS, 1982). The significance of
the differences among treatment groups was determined by Waller-Duncan
k-ratio (Waller and Duncan, 1969). All statements of significance were based
on probability of P < 0.05.

RESULTS

The removal ability of aflatoxin and fumonisin using adsorbents

agent were studied on aqueous solution as model system of any liquid
contaminated with these toxins. HSCAS and EM in four concentrations and
three levels of each mycotoxin (i.e., 50, 100 and 200 ppb) were used. The
adsorption capacity (Figs 1, 2, 3 and 4) did not significantly affected by the
adsorbent agents or with the levels tested (0.5 to 4% wh) at all contaminated
levels of mycotoxins used. Whereas, the binding capacity was dependent on
the mycotoxin type. The present results clearly indicated that the adsorption
capacity of HSCAS at different concentrations was very high. It ranged from
95.3 - 99.1% for AFB;, whereas it ranged from 85.1 — 92.4% for FB, in
aqueous solution (Figs. 1 and 2). On the other hand, the adsorption capacity
of EM was very high for AFB, and ranged from 95.4- 99.2%, meanwhiie it
was high for FB, and ranged from 78.2 — 92.2%. The adsorbtion ability is not
signif  icantly differed by increasing the concentration of adsorbents agents.
So addition of sorbents at level as low as 0.5% (w/v) resulted in a higher
adsorption of both mycotoxins (Figs. 3 and 4).
Application on malt extracts: Each adsorption agents at level of 0.5% wiv
individually used to remove aflatoxin or fumonisin from contaminated malt
extract. Table (1) showed that mait extract was contaminated with 23, 49.53
and 101.3 ppb of aflatoxin B, as a result of steeping in water. These amounts
formed 46%, 49.53 and 50.65% of the initial contaminated levels in malt. Malt
extract was contaminated with fumonisin-at levels higher than-aflatoxin B,.
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Fig.( 1): Adsorption ability of HSCAS for AFB;
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Fig.( 2): Adsorption ability of HSCAS for FB,
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Fig. (3): Adsorption ability of EM for AFB |
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Fig. (5) % Reduction of AFB, in spiked malt extracts treated with 0.5% (wiv)
of HSCAS or EM
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These levels ranged between 92 and 94.7% of the initial levels of fumonisin.
Addition of either HSCAS or EM to the malt extracts contaminated with 50,
100 and 200 ppb resulted in a significant reduction of AFB,. HPLC analysis
revealed that only 0.57, 1.47 and 2.13 ppb could be detected in the samples
spiked with the three levels respectively and treated with 0.5% w/v HSCAS.
Whereas, analysis of the samples spiked with the same levels and treated
with EM showed residual levels of 0.8, 1.87 and 2.53 ppb respectively for the
three contamination levels (Table 1). Results in Fig. (5) showed that the
adsorption ability of HSCAS or EM at level of 0.5% w/v ranged from 98.5-
98.9% for HSCAS and 98.2-98.7% for EM of the available AFB; in mait
extract at different contamination levels. :

It is of interest to mention that both sorbents had a high affinity to
sorb FB, at different contamination levels. Addition of HSCAS to the spiked
malt extracts resulted in the adsorption of FB, ranged from 85.25-91.97% for
HSCAS and 88.4-92.47% for EM (Fig 6). The residual FB; that could be
detected by HPLC analysis was 5.3, 8.03 and 23.5 ppb in the three
contamination levels respectively for HSCAS, whereas the residual FB; in the
samples spiked with the same levels and treated with EM were 0.43, 1.22
and 1.48 ppb respectively (Table 2).

Table (1): AFB, residual in mait extract spiked with 50, 100 and 200 ppb
and treated with 0.5% (w/v) HSCAS or EM
Treatments Control HSCAS EM |

AFB:  (ppb) in
Epiked malt 50 | 100 [ 200 | 50 | 100 | 200 | 50 | 100 | 200

2‘;?; - '("Me a’:aL 23.1+|49.53(101.3]057 (147213 +| 08+ [1.87£(253 +
037 |+1.68|+1.61| 012 | 012 | 021 | 0.08 | 0.05 | 017

SE)

[Percentage 46.2 149.53/50.65) 1.14 | 1.47 | 1.07 | 16 | 1.87 | 1.27

Table (2): FB, residual in malt extract spiked with 50, 100 and 200 ppb
and treated with 0.5% (w/v) HSCAS or EM

Treatments Control HSCAS - EM

FB: (ppb) in

piked malt 50 100 | 200 50 100 | 200 50 100 | 200

FBr in  malh 4o 5 191.03t{189.4| 53 | 803|235 | 55 | 7.5 | 236

g’g;a“ (mean &, 1 06| 1.45 |+1.52|+0.86(+0.54|+0.79|+043(+122|+ 1.48

Percentage 93.0 [91.03| 947 | 106 | 803 [11.75| 110 | 75 | 11.8
DISCUSSION

The newest concept for mycotoxin detoxification is in the area of
sorbent technology. In the present study HSCAS was found to have a high
affinity for AFB,. It causes a reduction percentage of AFB; in malt extract
ranged from 98.5- 98.9 %.

Montmorillonite is commonly the main constituent of the clay know as
Bentonite. It has the properties of adsorbing organic substances either on its
external surfaces or within its inter laminar spaces by the interaction with or
substitution for the exchange cations present in their spaces (Latif and
Quisenberry, 1968 and Abdel-Wahhab et al., 2002). EM used in the present
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study showed a high capability to bind both AFB, and FB, from mait extract.
The binding capacity ranged from 98.2-98.7 % and 88.4- 92.4 % for AFB,
and FB, respectively. This may be due to the large molecutar structure of EM
which increase the adsorption of organic compounds in each of the layers
(Fushiwaki and Urano, 2001). Moreover, Sharom et al. (1980) pointed out
that the adsorption of the organic compounds (i.e., pesticides) is dependent
on their solubility in water. In this regards EM was expected to have a high
adsorption ratio for FB,. Similar results were found by Phillips et al. (1988),
Abdel-Wahhab et al. (1998, 1999 and 2002). On the other hand, Galvano et
al. (1998) reported that HSCAS has a very low adsorption abilities with
mycotoxin other than AFB,. Carroll (1969) reported that phyllosilicates are
composed of layers-lattice silicates and chain silicates. These silicates are
essentially comprised of repeating layers of (1) divalent or trivalent cations
(e.g., aluminas) held in octahedral coordination with oxygens and hydroxyls,
and (2) silicas that are tetrahedrally coordinated with oxygens and hydroxyls.

Malt extracts are used to produce the various specially bears and
other beverages such as Birell and Fayrouz. The aflatoxin and fumonisin
contaminated malt resulted in the presence of these mycotoxins in the final
products. The differences in contaminated levels of the two mycotoxins
reported in the present study may be due to the differences in its solubility
according to polarity and other characteristics affected on the toxin migrate in
steep aquous solution (Canela et al, 1996 and Pujol et al., 1999)
According to Aly (2002) reported that although aflatoxin is water insoluble,
steeping of contaminated corn with high concentration of AFs caused a
significant loss of AFs in steeping water, this may probably due to the binding
of AFg with water-soluble component. Regarding to FB, is known as water-
soluble (Park et al., 2002). Hence, the occurrence of both mycotoxins in mait
extracts is possible if the mycotoxins contaminated barley is used. In the light
of these facts, it is clear that viable strategies to detoxify and remediate
mycotoxins in malt extract are critically needed. These results also were
supported by the findings reported by Canela et al. (1996) and Abdalla et al.
(2003). These authors reported that FB1 is migrate from contaminated
macaroni or corn to water during boiling in water and this effect is due to the
solubility of FB, not to thermal process.

Generally phyllosilicates possess three types of active binding sites:
(1) those located at basal planes within interlayer channels, (2) those located
on the surface, and (3) those located at the edges of clay particles. Itis
possoble that AFB, and FB; could be binding within interlayers, at the
surface, at edges, or at a combination of sites (Phillips et al. 2002). In the
context of our results, two points are worth discussing. The first one concerns
the ability of HSCAS to bind FB,. The other aspect refers to evaluate the
ability of EM for AFB, and FB, in malt extract used in certain beverages and
food industry and in pharmaceuticals as well. In this regard, our results
indicated that both tested sorbent materials have a high affinity for AFB, and
FB, and lmportantly. EM succeeded to sorb more than 98% of AFB; and
92.2% of FB; in'malt extract.

In conclusion, Both 'HSCAS and EM have the high affinity to adsorb
AFB, and FB1 from malt extracts used in beverages and beer industry. Also it

8265




Aly Soher, E. et al.

can conclude that EM is a promise as effective and economically application
in the carry over of AFB, and FB, in certain aqueous solutions used in food or
pharmaceutical industry.

REFERENCES

Abdalla, AM.; S. E. Aly and A. Sahab (2003) Occurrence of certain
mycotoxin in corn and corn based products and thermostabelity study
on fumonisin By. Nahrung/ Food ,47, 222-225.

Abdel-Wahhab M. A.; S. A. Nada; |. M. Farag; N. F. Abbas and H. A. Amra
(1998). Potential of protective effect of HSCAS and bentonite against
dietary aflatoxicosis in rat; With special reference to chromosomal
aberrations. Nat. Toxins, 6, 211-218.

Abdel-Wahhab M. A.; Nada S. A; H. A. Amra (1999). Effect of aluminosilicate
and bentonite on aflatoxin-induced developmental toxicity in rats. J.
Appl. Toxicol., 19, 199-204.

Abdel-Wahhab M. A.; Nada S .A. and F. A. Khalil (2002). Physiological and
toxicological responses in rats fed aflatoxins-contaminated diet with or
without sorbent materiles. Animal Feed Science and Technology, 97,
209-219.

Abdel-Wahhab M. A. and S .E. Aly (2003). Antioxidants and radical
scavenging properties of vegetable extracts in rats feed aflatoxin—
contaminated diet. J. Agric . Food Chem. 51(8), 2409-2414.

Abornson D.; B. McCallum; D. M. Smith and A. Tekauz (2002). Moniliformin
in barley inoculated with Fusarium avenaceum. Food Add. Cont.,
19(8), 765-769.

Aly S. E. (2002). Distribution of aflatoxins in product and by—products during
glucose production from contaminated corn. Nahrung, 46(s), 341-344,

AOAC, (1995). Association of offecial analytical chemists 14 " Ed
washengton DC.

Canela R.; R. Pujol; N. Sala; V. Sanchis (1996). Fate of fumonisins B, and B,
in steeped cornkernels. Food Addit. Contam. 13, 511-517.

Carroll D. (1969). Clay minerals: A Guide to their x-ray identification.
Geological Society of America, N. Y.

FushiwakiY.; and K. Urano (2001). Adsorption of pesticides and their
Biodegraded products on clay minerals and soils J. Health SCI., 47(4),
429-432.

Galvano F.; A. Pietri; T. Bertuzzi; A. De Angelis; A. Piva; L. Chies (1998).
Activated carbons: In vitro affinity for ochratoxin A and Deoxynivalenol
and relation of adsorption ability to physicochemical parameters. J.
Food Port., 61, 469-475. ‘

Gourama H. and L. B. Bullerman (1995). Aspergillus flavus and Aspergillus
parasiticas, aflatoxigenic fungi of concern in foods and feeds a review
.J. Food prot., 58, 1395-1404.

Hickenbottom J. w. (1996). Processing, types, and uses of Barley Mait
Extracts and syrups. Future Cereal Food World., 41(10), 788-790.

8 266



J. Agric. Sci. Mansoura Univ., 28(12), December, 2003

Hlywka J.J. and L. B. Bullerman (1999). Occurrence of fumonisin B, and B; in
beer. Food Add. Cont., 16(8), 319-324.

Latif M. A. and J. H. Quisenberry (1968). Effect of dietary clays and Sodium
bicarbonate on the performance of commercial laying hens. Poultry
Sci. 47, 1688-1692.

Marasas W. F. O.; P. E. Nelson and T. A. Toussoun (1984). Toxigenic
Fusarium species. Identity and mycotoxicology. Univ. park.
Pennsylvania State Univ. Press.

Martins M. L.; H. M. Martins and F. Bernardo (2001) Fumonisins By and B; in
black tea and medicinal plants. J. Food Prot., 64, 1268—-1270.

Omarttag (2001). Determination of fumonisin By and B, in corn and corn-
based products in Turkey by high—performance liquid chromatography.
J. Food Prot., 64, 1072-1075.

Park J. W.; E. K. Kim; D. H. Shon and Y. B. Kim (2002). Natural co-
occurrence of aflatoxin B4, fumanisin B, and ochratoxin A in barley and
corn foods from Korea. Food Add. Cont., 19(11), 1073-1080.

Petersen A. and . Thorup (2001). Preliminary evaluation of fumonisins by
Nordic countries and occurrence of fumonisin (FB; and FB;) in con-
based foods on the Danish market. Food Add. Cont., 18, 221-226.

Phillips T. D.; S.L.Lemke and P. G. Grant (2002). Characterization of clay-
based enterosorbents for the prevention of aflatoxicosis. Adv. Exp.
Med. Biol., 504, 157-171.

Phillips T.D.; L. F. Kubena; R. B. Harvey; D.S. Taylor and N. D. Heidelbaugh
(1988). H yderated Sodium Calcium aluminosilicate: a high affinity
sorbent for aflatoxin. poultry sci. 67,243-247.

Pujol R.; M. Torres; V. Sanchis; R. Vanela (1999). Fate of Fumonisin B, in
corn kernel steeping water containing SO,. J. Agric. Food Chem., 47,
276-278.

Rheeder J. P.; W. F. O. Marasas; P. G. Thiel; E. W. Sydenhan; G. S.
Shephard and D. J. Van Schalkwyk (1992). Fusarnium moniliforme and
fumonisins in corn in relation to human esophagal cancer in Transkei
Phytopatholoy, 82, 353 — 357.

SAS Institute (1982). SAS User's Guide: Statistics. 1982 Edition, SAS
Institute Inc., Cary, NC.

Scott P. M. and S. R. Kanhere (1995). Determination of ochratoxin A in beer.
Food Add. Cont., 12, 591-598.

Scott P. M. and G. A. Lawrence (1995) . Analysis of beer for fumonisin. J.
Food Protection, 58, 1379-1382.

Scott P. M.; S.R. kanhere; and D. Weber (1993). Analysis of Canadian and
imported beers for Fusarium mycotoxins by gas chromatography-mass
spectrometry. Food Add Cont., 10,381-389.

Scott P. M. J. M. Yeung; G. A Lawrence and D. B. Prelusky (1997).
Evaluation of enzyme-linked immunosorbent assay for analysis of beer
for fumonisins. Food Add. Cont., 14. 445-450.

Seo J. A;; J.C. Kim and Y .W. Lee (19986). Isolation and characterization of
two new type C fumanisins produced by Fusarium oxysporum .J.
Natural products, 59, 1003-1005

-§267



Aly Soher, E. et al. -

Sharom M. S.; J. RW. Miles; C. R. Harris and F. L. Mc Ewen (1980)
Pesticide of 12 insecticides in water . Water Res. 14,1089-1093.

Shin W. B.; J. C. Kim; J. A. Seo and Y.W. lee (1997). Natural occurrence of
trichothecenes and zearalenone in Korean and imported beers. Food

Add. Cont., 14, 1-5.
Waller R. A. and D. B. Duncan (1969). A Bayes rule for the symmetric
multiple comparison problems. J. Am. Stat. Assoc. 64, 1484-1503.

Ay G pall paldiin (e G 3 g gl g CpaaS ST o g A1)
wabaadil L ol 9i

dilad) 2 e~ el ae Abe e — (Ao ) g

Cigadll pagil S pall —pI3hl Cliglay ppac andd

poa—ll 8 g 458V Sy phall psiad (A pd y Gl (o il gall padiiy
ca—dladie g Cilgall dact (b Sogladl el Jasiul die Cladiall GE 3l 4T 08 4y kil
Ja A ilasSh LS jall Gal saed A pald L] duapds o ge dladiid (B Saall Giagy
& 3 Whay pabiaaV) LS Lele s (3 g plally Jilgudl (8 0 5 ga saill y CuaS gDUY1
Ay Galaa¥l 3 pa o adanioall & 38 Sy S pladl (oS Gl g g1y pabasVl 3ol
Oaliiua (e L gl S 03 kS Al G (B 6 5ad) gy a3 slal S 3 5
33 sina 33la oa g HSCAS jsale 4l jall 534 6 Caaniiad .4y phaill o passally 1 ylall i gl
e 03 gianall 3L ol aa 4d il agladll il (e dgagada Bale Ay Sl ) 4aT5 gall B3l
3 e 00) 000 ) Sy ghll e Sy gaa SOy daerall M gall e S S 5 Ay ladiid
Vo GpaS Y1 e IS k) e o il WHSCAS il o aitadl cadl (o) sl
.LJJ. U'"Jﬂ‘ UJG % 4YE —ALY J% 99y —-4r.v wc_"ﬁ@\ uug_);_,,a}m.!l_,
1008 o Jua g il o gand) gabiaa I (o Ani a3 558 L) Cully 5 pali gl 3la f 22
o3 of day LaS . Iyl eV 0 35 e il ) 0 S SDUYT e % AYOY_YAY 4 44.Y—
Sl co 1 gl paldtiue Jo x50 028 @uliy . %,0 S 5 die aglile agilad i3 S 0
o S DYy Gy Figagaill y 0 NS Gl (e Yoo gV o0 400 ) adliae i3S
% Y4 _AAY 3% AAG _4A0 5 HSCAS sald alaaas¥l opl i€ a5
Gl ) g pall Bola Bl ol o aly ety (I o 0 30 g guill y (a5
338 (e paliig L Il e o 3 ge aill g 3uS gUD Y% AY0_AALY 4 AAY_ AN
Jia sy dadd 4y phaill 4 ge ) (e palddl 8 Galiasd¥l La ol iS5 alasiiul o 4wl
Slaand e Gl i e aglhad I3 555 Gy 3 g gl g Vi cap DY)
S Ll adlise 8 padiiedll 3500 Al Jglae o (3N aiadl o8 Letgalla y Sl g sl
Al Al Cual o gandl A 6 aplaall alal aladiul Al e A ol Gl Sl LI
oo Sl Al S o a gy Ay ine pe CulS 53 ) sl Balal Gy Wi Gaodl O Sus
nioal J il gl aliise Sy gl ppedd (b T kil o el Ge 23S0 55
u“ﬂ@jé@nﬁJﬂ}A\& wabaa 3 sala Gglall Haldtuadl daltea
oty A il pge b 4Bl 0y S5 Ly (B el S (g8 L sl S0 030 Gk
c A il (Ll adiad JEY < i ge il g Vo Gaa DAY

8 268





