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Abstract:

Yoghurt, yoglnurt-cheese and acidifed milk were prepared from pasteurized mik
Balf creAm, naturلa ly contaminated witu aflatoxin M, and then were stored at 49 for two
weeks. Reduction in levels of aflaLorin M, during manufactre and stonege has been
invetigated. These dairy prducts were analyzed for aflauoxin M, content at two day
intervels, for two weeks. Level of aflatoxin M, in ese dairy products were high, and
then began to decrease during storage perod at 4%. Ia yoglNurt, Aflatoxir M, recoveries
40.9% (pH vAlues ranged from 5.10 t٥ 4.70 a dم titetable acidity ranged from 0.25%
t٥ 0.3I%) during storage period. WEilst the resuls from yoghur-cheese gAve aflatoxin
M, recoveries 70.6%, where pH values during strage period ranged from 5.15  ا4.65
a dم titatable acidity Tanged fromn 0.39% t 0.35%. When acidified milk was used the
percetage recoveries of txin 34.2% after to weeks, where pH values ranged from
2.95 B 2.85 and ttratable acidity manged from 0. 23% t 0.22% durig stoIage period.

Introductioo:
Aflatorin M, was idenUified as a monohydrorylated metabolite of AFB (Asao

st a1963م ,لa d Holzapfel Er Al, 1966), ndه was called aflatoxin M, (AFM).
Sevemal stdies (Alcroft and Roberts, 1968, and Masri et Al,, 1969) A veه been

done to determine the relationship beTeen ingestion of flatoxinع And excretion of
aflatoxii M, in milk, when signifcant quantiuies of AFB, are consumed, AFM, appears
in milk at [east I2 h postfeeding. Gound peanuts and etractcd ground nut meal from
oil rcfineries are mainly used for mixing with milk catle feed. Approximately 1% or
even more of the ariginal aflatoxir B, content in the diet is excreted as afatorin M, in
the milk (Kiemmeier, 1977 2 and 1978). Conversion of the major cntaminating
aflatoxins into those of the M series is by the animal's hepaLic microsomal nnixed
function oxidase system (Lynch, 1979). Afatoxin M, has been found in oommercial
sAmples of cheeses (Kiermeier et aL, 1977 b, and Polzhofer, 1979). Ln 1979 a survey

-265-

،
,



 ة
$
 ز٩ ؟
 و- و

 ا ،

woqen's Coll. Ann. Rer.
Vol 17 (1992)- -2-

١
١
١٠

 /ا

 لا٩

١

١ ا

of manufactred. dairy prducts prduced in the USA (992 samples of nonfat dry milk,
vanilla ice cream, yoghurt, cheddar cheese and cottage cheese) for AFM, eontamination,
one sample. a cottage cheese, had detectable aflatoxin equivalent to 0.,08 ng/ml (ppb)
in the milk from which the product was made (StolofT, Et aL, 1979).

The umpose م of uhis work is t invetigate the fate of afatoxin M, in yoghurt,
yoghurt-cheese and in acidified milk during manufacrre and storage.

Materials and MethoUs:
Juhayna [milk half cream; Ulta Heat treated (UHT) cow milk; 1,5% fat-8.5%

slids-not-fat (SNF)] was purchased from an Egyptian local market.
The aflatoxin M, was obtained from Sigma Chemical Co., St. Louis. M0, U.S.A

I was used as reference standard

Yoshبrt;
using pasteutized milk belf cream (40%), an ethanol solution of aflaroxin M, was

added to obuain concentraton of I0 ppm (001 mg/ml), mixed well and inoclated wit
3% f yoghurt cltre, followe by inobation at 42° for 4.5 b uatil coagulation (pH
value was 5.10). One sample was then analyzed for aflatoxin M, (zero tme). Yoghur
sample were placed in the refiigerator at 4%. At t day iotervaاs, for Two weeks, the
AFM, conten was ertracted and deterined in triplicate samples (50 g/sarple). Toxin­
free sample was used also as contol.

Ypchur.cheese;
The same preparalioT as mentioned iq yoghur was Applied t yoghur mixed

wit 7.5 g/L NaCl, followed by incubation at 42° for 5 h and 20 min. wntil coagulation
o cheese cloth bags to allowا H value wa 5.15). Then yoghurt- cheese was put in)م 

whey dmainage. Yoghur-cheese was flled ina 1.050 kg plastic containers and kept in
the refrigematr at 4٩ for analysis. The analysis was done as described before in
triplicate samples (50 g/samnple). Toxin free sample wes used also sة control.

Acidifiedmik;
Pasteurized milk half cream was acidified to 2.95 by the addition of a 20% water

solution of acetic acid, an ethanol solution of AFM, was added to obtain concentration
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٥f i0.pp. Onc sample was analyzed for AJ-M, (zeo time): Samples -were Held in the -­
refiigeator at 49 and then analyzed for AFM, content a mentioncdك bcfore. Toxin-free
sAmple were used also sة controls.

DctemminationofAfTA:oxinM:
Alatoxin M, was eRtrected from products and then anaiyzed using the melod

of SAbblefield and ShannoR (1974) The chlorofomm extact was fltered through
anhydmous sodim sulphate , evaporated to dryness under nitrogeM and stored at 3.59
before being redissolved in 100 chloroform اير before use. Thin layer chromatography
pre-coated plates (sigma aluminum-backed silica geا layer 250 on جر polyester, without
fluorescent indicetor, acUivated ٥t 110° for 30 mia) vith yoghur, yogbur-cheese and

}.cidified milk samples were developed in ether-mnethanol-water (95:4:1, v/v/vج 
FHuorescence of AFM, spots were measured wiu a flUorodensitometer CD60 tع an
cxcitauion wavelength of 365 nm and emission wavelength of 443 nm.

The amount of aflat:in M, extacLion given is the mean of three sample
repiicates on one TLC plate, and each spot was scanned twice.

Total titratab!e acidity i yoghrt, yoghurt-cheese and ecidified milk were
.deteruined according to the method of Kent-Jones end Aos, (1967) ndع RearEon,
(1981}. Tota! acidity {%) was calculated sة lactic acid. Fydrogea-ion concetation (pH)
was measurement using a pH neter (Orion Research, modef 201 1 digitلa p5 aeter) as
i dicaLedم by the official AAC.C. (1970) mehod.

Sutistica] a alysisم was done by the compketely randomized desig in factorلa 
arangenent {F-test). Least significant difference (L.SD.) was used for comparing
treatmet means (Snedecor and Cochran 1980).

Reults and Discussion:
Table ( ( ا an Fig. (1) give te eflatoxin M, recavery (%) of yogbur, yoghur­

cheese and acidified-mi during storage pcriod (two weeks}, Most of he AFM, was
rEcovered from yoghurt-cheese 70.6% (p <0.0١-Table 3), pH values during refiigerator
stomage ranged fron 5.15 to 4.65 and titratable acidity ranged from 0.39% to 0.35%,
(Table 2) whereas yoghur conاzined only 40.9% ٥f AFM, (p< 0.01-Tzble 3), values
of" pH raned fTom 5.10 to 4.70 and titratable acidity ranged from 0.23% t0 0.31%, On
the other hand the greatest decrease in AFM, added at a coNcentration of I0 ppm could
be detected i milk acidifie with acetic acid 34.2% (٥ <0.01-T٥ble 3), where the pH

-267-



 في
 بي
:٦
<

±١

 ل

 و
٩

Bomen's Coll. Ann- Rev.
vo1 17 (1992).

-4-

٧alues raned from 2 95 and ما2.85 titratable acidity ranged from U.2ث to 0.22% during
refrigeratar storage, Table (2) These results agree with those of others (Allcroft and
Camaghan, 1963; Mckinney tع al,, 1973; Kiemeier and Buchner, 1977 ) whcre tey
demonstrated an increased concentration oF AFM, in the curd over that in milk
WEereas Jeremija et aL, 199l; studied the decrease of AFB, in yoghur and acidified
mik, and found that, a decrease of 97% in yoghur samples with 6000 g gال٦ AFB,, And
90% in tose w i٧ب 1400 ,g لور and a greatest decrease ٥f 90 % iم milk acidifed
samples wit 1000 .E الg م

The results (Teble I) show an imcrease in recovery of AFM, after manufacture
of dairy products. However, the maximumn amount 'of AFM, for yoghur yoghurt­
cheese, whey and acidified milk were 83.4%, 87.9%, 88.5% and 85.6% respectivehy (p
< 0.01-Table 3). These results are in agreement wit thbse ٥f Polzhofer (1977), who
found a 9% decrease in toxin afer manfactre of process cheese. A studics have been
concered with the behaviour of AFM, during the manufactre of buttEr ,from
contaminated creAm (Grant and Carison, 971; Kiermeter and Mashaley, 1977 d and
Stubblefield and Shannor, 1974). Two of these stdiEs that monitred partitioning of
AFM, between butter and buttemilk used artificially contarinated crean (Grant and
Carison, 1971; Stbblefield and Shannon 1974). OnE stdy moniفt red tie paritioniag
of AFM, when bot fresh and cuhtred creamn were chumed into butter.@Kiepeter- and
Mashaley, 1977 d). 1n thcse اله studies, most of the AFM, iNitally in te cream was
recovered from buttemmilk or niase waters.

0n storage the AFM, contents of dairy products were varied, However, the
aging process could result in changes, which allow recovery of more or.less .nنoxا، 2he
primary changes which occr during the aging of dairy producs may beproteolysis and
lipolysis besides uhe changes in values of pHL. Also, the acidity increases due to the
action of micro-organisms, and a sour taste is perteptible wihen this reacbes abaut 0.3%-
0.4%, Tables 1 and 2. These resul conflict with those of Robert and Elmer, 1982 who
found that the AFM, content of cheese spread appeared to increase, and then retim to
near original levels during storage At 7%. Whilst Dana and Elmer, 1983, repotted that
the AFM, remained in bakers chcese through l month of refrigerated storage and 2
months of' frozen stomye.

Also in 1983. Dana and Elmer studied the stability of AFM, during manufacture
and storage of a butter-like spread, non-fatdried milk and dried buttemmilk. They found
that, during rfrigerated storage for 1 month and frozen storAge for up to 2 monts, the
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AFM, content w&s variable but toxin remained in the butter-like spread.

Mohran Et Al, 1984, sNdied the efTeet of AFB, on Uhe proteo!ytic activity of
some Iactic acid bacteria, their daua revealed that aflatoxin in milk can affecr the lactic
acid bacteria which are used in the manufEchre of dairy products. Such effect depends
on toxin concentration and the species of lactic acid bacteria.

In a stdy on aflatoxin M, in huDan breast milk, some investigators have
eAmined humen exposures to aflatorins fiom the diet (Groopmen et al, ( ر99  تد ت ي

Methodologicهl constrainGs have inhibited eRtensive investigations to assess matemal
to child exposure- from breast milk to a major carcinogenic metabolite of aflatoxin B,
(AFB,), aflatoxin M, (AFM,). AFM, is a hydroxylated dervative fome in humans by
cytochrome P 450 1A2 (Falett et gl,, 1988) and is carcinogenic for both the liver andو 

colon in raLs (Cullen, Et Al, 1987). Thus ue fomation of this compound is not a
detorification pathway. This metAbolite has been found to be a major excreuon product
in te milk of lactating animلa s and women exposed to dietary AFB, (Wild tع a]  ل1987

and Scott 1989). tn a sndy on AFN, in human breast milk from the Gambia, West
Africa, Audrey £t AL, 'l992, reported that, the estimates of the percentage of aflatoxia
in the diet excreted ws AFM, in milk ranged from 0.09% Uo 0.43%.

THe results also show te coagulation tine for erperimental and coatrol samples
ratable acidityا s approxlmately the same (4.5 h), pH vElues and tة wا f yaghurt miه 

wee 5.10 (0.23%) and 5.15 (0.25%} for cpetimenلقt end control respectively. Whilst
the coaguletion time for yoghurt-cheese and conto! samples was 5 h and 20 min.,

ues 0f pH and ttetAble acidity were 5.15 (0.39%) and 5.10 (6.40%) for experientalل 
and control respectively Table (2).Yoghurt bacrteria in yoghur and yoghur-cheese witb
AFM, bad longer chains in eRpErimental samples than in the conuols. Other research
workers observed morphological chتnges of bot streptococci and lactobacilli in
yoghrt samples containlng much higher concentetions ٥f AFM, (Sutic and BAnina,
1979). Banina and 'Topisirovic 1990, reported that AFB, has shown toxic ة effec1 on
streptococcus Iactic And inhibited its gmowh. But inhibition was partial at lower and
complete at higher concentration of AFB,, Cells grown in the presence of AFB, were
filamentous and fomed much loner chais than when they grew without AFB,,
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Conclusion:

-6-

When miik contaminated wit AFM, is used to produce dairy products. The
AFM, in the milk is tmansritted to manufactIred dairy products. Results of this research
sfow that the AFM, tended to concentrate in frecuions containing casein. It is therefore
possible fbr AFM, to reach consumers ١f milk contaminated wit .ht toxiع is uscd to

.nanufactre such productsة 
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Table (1): Aflatoxin M, teoveries in dairy prducاs produced tiom anificizlly coruami­
nated milk.

Mairy product ARlatotin M, rec٥vey %

3 ص ر٩ 11 "و و0 6ي 13

d y ذ ayك ayل day day dny  وذلا
(tme)

Yoghur 83.4 67.8 65 لا. 59.5 s82 5ت.1 4t.9
Yoghur-eheee 87.9 8.5 $3.4 82.3 79.2 n8.7 7٥.6

WEey 88.5 ،
Aciuifed-mik 65.6 78.2 67.6 6ث.3 61.8 563 34.2

١

Percentage Were calclated on M, added to original milk

Table (2}: The efet of suorage (14 days) oR pH values and turauAble acidity for
yoghunt, yogbur-cheese and acidifie milk at refiigerator teuperatre 4%.

Mys[ Yoghar Yogbar-cbes٥ AEdined ailk

nم [ Tnotole° pH Titatable pN TitratAble

·eldiry addiry aridity

5aE- Co٥- -R- Conهلا -Amم ةC n٠ -pده Coa٠ -amnلا Con- CoA م٥٥-

ple ml e trolإم leم trol ple tol ple trol ple trol

4١٥ 5.15 0 ت 6 كد. 515 5.10 439 040 295 285 0.12 ته
3 5.1٥ ٤15 0.2 015 500 4.95 018 0.39 295 245 0 a22
5 4.٥5 4.85 a.39 0.1 و 475 80 0.36 2.85 ه37 185 aa  .ه22
7 ،.85 4.85 0.39 ه39 1.75 4.80 036 21.٤85 ته7 2.65 0.22 ٥.22
485 و 4.85 ٥.39 4.٦ ه39 4.6٥ 035 0.37 1.45 285 6.A2 0.

11 75 4.85 a39 قت2 4.7٥ .٤٥ 0ت5 n37 2a5 265 022  22ه
13 4. ٦٥ 175 ٥.3١ 0 د٥ 4,66 .75 035 a37 185 145 n22 022

• Calelated lactic قة acid @%).
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Table (3): Analysis of variance rOF the coincehtration of afiatoxin M, 1emained aلier
Storage.

Coemiient of variation

3595%179.177٠٨

131.617°3

14.9503

٥FSources

2A

١ 6B

AB interaction[ 12

21Error

41Total

 ى
A =TreAtments (yoghurt, yghun-cheee and acidified milk).
B =Storage days.
L.S.D.= Least Significant Dierence.
٣٠ =p<00l.
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Fig (1) AIlatoxin M, content of yoghurt, yoghurt­
cheese and acidiIied milk during storage at 4%C
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