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ABSTRACT

Malt extract is widely used in beverages, food and pharmacautical industnes.
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 presenl 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,) and fumonisin By (FB1}in
aquecus 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% {(wA) and three level of each mycotoxins e.g 5, 10 and 50 ppm were
lested. Results revealed that the adsorbent agenis had an excellent capability of
adsorbing AFB, and FB, at differerit 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 76.2 lo 92.2% for AFB, and FB, respeclively. Both adsorbenl agents were
effective at 0.5% level in the adsorplion of AFB, and FB, 4A second experiment was
conducted to evaluate the ability of these adsorbent agents at level of 0.5% (w/iv) to
adsorb AFB; and FB; in malt extract spiked with 50, 100 and 200 ppb. Our resulis
indicated thal the capability of adsorbing of HSCAS ranged from 98.5 to 98.9 and £8.2
to 91.9% for AFB, and FB. respectively. Whereas, the capability of adsorbing of EM
ranged from 98.1 to 96.7 and B8.2 lo 92.5% for AFB, and FB, respectively. These
data concluded that sorbent technology is effective in the removal of AFB or FBy in
malt extract used in beverages and other industries, and imporantly, EM is as
effective as HSCAS al a dose as low as 0.5% (wh).
Keywords: Malt, aflatoxin B,, fumonisin B, sorbenl materials, HSCAS and

montmorillonite

INTRODUCTION

Mall is the dried product of barley germinated under confrolled
condilions. 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 s used in the production of bread, beverages, food flavoring.
optional ingredients in bakery products and color additives in the preparation
of cararne!.

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 a/., 1997,
Scoft 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). Aspergifius flavus and A. parasiticus are known to
have the ability to produce aflatoxins under favorite conditions (Gourama and
Bullerman, 1995), whereas, Fusarium molinoforme produce fumonisins
(Marasas el al,1984).

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

Fumonisins suspected to cause oesophageal cancer in Transke
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 te be the most
potent (Martins et a/, 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 steap liquour during starch process (Aly, 2002).

Park et af;, (2002) noted 16% of the roasted barley and comn 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. Morgover, Hiywka and Bullerman (1999) feund detectable guantities
of FB, in 21of 25 samples of beer. From this point of view, the removal of
these mycotoxing from malt used in beer and other beverages industry is of
great demand. Several reports indicated that phyllosilicales clay have the
ability to chemisorbs affatoxin from aquaous solutions (Phillips at al, 1988).
Some aluminosilicates bind AFB. in vilro to varying degrees and ferm
complexes of varying strength with AFB,. The hydrated sodium calcium
aluminosilicate (HSCAS) formed a more siable complex with AFB; than many
of the other compounds tested in vitro (Phillips et af,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 adserb AFB, and FB,; from agueous
solution during the extraction of malt in food and beverages industry.

MATERIALS AND METHODS

Materials:

Malts were purchased from Ei-Ahram company for beverages, Cairo,
Egypt. Malt samples had no detectable levels of AFB, or F8,.
Chemicals:

Afatoxin 8, and fumenisin B, standards were purchased from Sigma
Chemical Co. (St Luis Mo.} All ther chemicals were HPLC grade. A stock
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solution of AFB, was dissoived in acetonitrile: methanol (1:1}, while the stock
solution of FB, was dissolved in acetonitrile: water (1:1)

Sorbants:

HSCAS was purchased from Engelhard Corporation {Cleveland, OH),
whereas monmorillanite was provided by Ceramic Dept, NR.C, Cairo, Egypt.
Four concentration of each sorbent (i.e. 0.5 1, 2, and 4 % wi) were
individually weighed intc glass tubes ({three replicates per sampile) and the
amount of each mycotoxin (5, 10 and 50 ppm) in aguecus solution were
separately added. After a reaction time of 1 hr at 25°C, with mixing at 15-min
inlervals, all the tubes were centfrifuged 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 malt:

Malt samples were mixed wilh either AFB, dissclved in chioroform 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 contamination level for
each mycotoxin were used.

The solvents were allowed fo 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 tc 100 mi. Sorbent
materials (HSCAS or montmuorillonite) 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;
Aflatexin analysis

Aflatoxin B, was extracted according to AQAC (1995), samples {10
ml) of malt extract were mixed twice with 15 mlchloroform 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
dissolved in acetonitrile MPLC 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 C,s
column (3.4 X150 mm, 4u) was used. Mobile phase A; acetonitrile: H,O 15:
85 viv; mobile phase B. 100 % methanot.

Fumaonisin analysis

Fumenisin  immunoaffinity HPLC clean up columns. (Viacom,
Walertown, MA) were used for extract fumonisin B, from the samples.
Column were fitted with 10 ml reservoirs and Sml volume of an aquecus 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 allowed 10
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. £B,
was eluted from the column via gravity with 1.5 ml 80 % methanel (v:‘vg and
collected in glass vials. Samples were dried under nitrogen at 55 C” and
stored at -20 C until analysis (Canela et ai., 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 Cie
column (3.4 X150 mm, 4u) was used. Mobile phase was acetonitrile: H,Q 8C:
20 viv, and the flow rate was 1 ml/min.

Statistical analysis:

All data were statistically analyzed using the General Linear Mode|
Procedure of the Statistical Analysis System {SAS, 1982). The significance of
the differences among treatment groups was determined by Wailer-DOuncan
k-ratio {Waller and Duncan, 1869). All statements of significance were based
on probability of P < 0.05.

RESULTS

The removal ability of aflatoxin and fumenisin 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% wiv) 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 851 — 92.4% for FB, in
agueous 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%, meanwhile 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% (wiv) resulted in a higher
adsorption of both mycotoxins (Figs. 3 and 4).
Application on malt extracts: Each adsarption 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. (3): Adsorption ability of EM for AFB1
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Fig. {5) % Reducticn of AFB, in spiked malt extracts treated with 0.5% (w/v)
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% wiv 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 malt
extract at different contamination levels.

It is of interest fo 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
contaminatton 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 malt 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
kpiked malt 50 100 | 200 50 100 | 200 50 100 | 200

FBy in mall,q ) 4053(1013 057147 £(213 | 0.8 [1.87+|253+

S’g"‘ct (Mean 037 |+ 1.68|+1.61| 012 | 0.12 | 021 | 0.08 | 0.05 | 017

Percentage 1462 [4953(5065] 114 | 147 [ 107 | 16 [ 187 | 127 |

Table (2): FB, residual In malt extract spiked wlith 50, 100 and 200 ppb
and treated with 0.5% (wiv) HSCAS or EM
Treatments | Control HSCAS [ EM

8, ({(ppb) irT
spiked malt 50 100 | 200 50 100 | 200 50 100 | 200

FBi in  mall oo o1 034 189.4| 53 | 8.03 | 235 | 55 | 7.5 | 236

S’I‘E‘;a“‘ (mean 4,1 06| 1.45 |+1.52|+0.86 +0.54| % 0.70 |+ 0.43|2 12212 1.48

Percentage 93.0 [91.03[ 947 | 106 | 843 [11.75] 11.0 | 75 | 118
DISCUSSION

The newest concept for mycotoxin detexification 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 %.

Montmaerilionite is commeonly the main constituent of the clay know as
Bentonite. it has the properties of adsorbing organic substances either on its
extemal 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 malt exirac!.
The binding capacity ranged from 98.2- 98.7 % and 88.4- 92.4 % for AFB,
and FB, respectively. This may be due to Lhe large molecutar structure of EM
which increase the adsorption of organic compounds in each of the layers
(Fushiwaki and Uranc, 2001). Morecver, Sharom et al (1980) pointed out
thal the adsorption of the organic compounds (i.e., pesticides) is dependent
on their solubility in water. In this regards EM was expected 1o have a high
adsorption ratio for FBy. Similar results were found by Phillips et a/ (1988),
Abdel-Wahhab et al. {1998, 1999 and 2002). On the other hand, Galvano e!
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 Bireil and Fayrouz The aflatoxin and fumonisin
contaminated malt resulted in ihe 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 10 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 AFg; caused a
significant loss of AFg in steeping water, this may probably due to the binding
of AFs with water-soluble component. Regarding to FB, is known as water-
soluble (Park ef al., 2002). Hence, the occurrence of both mycotoxins in malt
extracts is possible if the mycotoxins contaminated barley is used. In the light
of these facts, it is clear that viable slrategies to detoxify and remediate
mycotoxing in malt extract are critically needed. These results also were
supported by the findings reported by Canela et al. {1995) and Abdalla e! 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 phyllesilicates possess three types of aclive binding sites:
(1) those located at basal planes within interlayer channels, (2) those located
on the surface, and (3) those located al the edges of clay particles. It is
possoble that AFB, and FB, could be binding within interdayers, at the
surface, at edges, or at a combination of sites (Phillips ef 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
FBy and importantly, 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 FB8,; from malt extracts used in beverages and beer industry. Also it
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can conclude that EM is a promise as effective and economically application
in the carry over of AFB, and FB, in ¢ertaln aqueous solutions used in food or

pharmaceutical industry.
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