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ABSTRACT 
 

Commercial skim milk, naturally and artificially contaminated with aflatoxin 
M1 (AFM1), was incubated with 4 lactic acid bacteria; L. casei sub sp. casei 
(ATCC15008), L. acidophilus (ATCC 11975), L. sp. GG (ATCC 53103) and 
L.rhamnosus (ATCC 10863). In samples "spiked" with AFM1 (0.8ng/ml) the 
coagulation time of all 4 isolates increased while the pH of the treatments reduced 
compared to control (contaminated skim milk before starter addition  and incubation). 
All 4 bacteria also caused a reduction in AFM1 level ranging from 26.2- 34.0% 
depending upon the bacterial isolate, during the coagulation period, whereas AFM1 
levels were reduced to only trace levels after storage at room temperature for about 
48 hours. Thus, the bacteria used in the conversion of milk to milk products such as 
yogurt appeared to be very effective in reducing and even elimination of AFM1in milk  
Key words: Aflatoxin M1 - Milk – L actobacillus  casei - Lactobacillus acidophilus - 

Lactobacillus rhamnosus. 
 

INTRODUCTION 
 

       Aflatoxins, a group of secondary metabolites produced by the fungus  
Aspergillus flavus Link and Aaspergillu parasiticus Spear. Food and 
Agriculture Organization (FAO) estimates that 25%of the world food crops are 
affected by mycotoxins each year (FAO 1996). There are four major naturally 
occurring aflatoxins, the most hepatotoxic being B1 (AFB1), and three 
structurally similar compounds namely B2, G1 and G2. , One of the principal 
aflatoxin B1 biotransformation products is aflatoxin M1 (Van Egmond, 1989). 
Human exposure to high levels of aflatoxin from the diet is an important risk 
factor for the development of liver cancer (Yeh, et al, 1989 and Wogan 1991). 
   Aflatoxin M1 (AFM1) which is a major metabolite of aflatoxin B1,is produced 
in the liver of animals that have ingested feed contaminated with aflatoxin B1 
(Campbell and Hayes, 1976). Food and Drug Administration (FDA), 

established an action level of 0.5 g/kg for AF M1 in fluid milk and milk 
products  (FDA, 1977). This level was selected as based upon the level of 
analytical capabilities, the need to minimize human exposure, and the finding, 

in transmission studies, that feed containing 20g/kg of B1 would result in 0.5 

g/kg of aflatoxin M1 in the milk. (Wood and Trucksess, 1998). In Arizona, 

(1978), 909,442lb of milk was destroyed with AFM1 levels as high as 10 l/kg. 
(Park, 1993).  Oliveira et al. (1996) found that AFM1 was detected in 11%of 
milk powder samples to be consumed by infants in Sao Paulo at levels of 0.1- 

1.0 g/L. The mean daily intake of AFM1 for 4 months old children was 
3.7ng/kg body weight/day. Galvano, et al. (1996)  reported  that  majority   of 
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 countries in the world experience high contamination with AFM1 in fluid milk, 
human milk or milk products. Studies have been done to reduce the level of 
aflatoxin in foods; Ciegler et al (1966) screened several microorganisms 
(including molds, yeast, bacteria, acetinomcetes, algae and fungal spores) for 
their activity to degrade and / or modify aflatoxin. They noted that AFB1 may 
be detoxified in acidic media. El-Gendy and Marth (1981) mixed Lactobacillus 
casie with Aspergillus parasiticus in the same culture and found that L.casei 
can grow, decrease pH, and degrade aflatoxin B1 and G1, with maximum 
degradation during the first 3days (93.6%). Line and Brackett (1994) 
determined the factors that affected AFB1 removal by Flavobacterium 
auranntiacum, which included; culture age, concentration, and viability of the 
bacteria.   Some studies attempted to detoxify AFBI in contaminated acidified 
milk and yogurt. 

Megalla and Hafez, (1982) found complete transformation of AFB1 to 
its hydroxy derivative AFB2 by the acids present in yogurt. Rasic, et al. (1991) 
found that, yogurt reduces AFB1 concentration better than acidified milk, and 
reported that this could be a result of metabolic activity of yogurt bacteria 
which produce lactic acid, plus small amounts of volatile fatty acids, amino 
acids, peptides and other acidic compounds. However,  several authors 
(Stoloff 1980, Wiseman and Marth 1983, Ismail et al. 1989and Blanco et al. 
1993) reported no influence of yogurt manufacture on AFM1content. 
Meanwhile, El Deeb et al. (1992) observed that enzymic, microbial and 
particularly acid coagulation caused degradation of AFM1 in buffalo milk. El-
Deeb (1989) observed some negative effects of AFM1 on Lactobacillus 
bulgaricus (cell wall thickening and shortening of cell chain length) and 
Staphylococcus thermopiles (cell wall thickening and shape changing from 
coccid to oval). Karunaratne et al. (1990) noticed that Lactobacillus 
acidophilus, Lactobacillus bulgaricus, and Lactobacillus planetarium can 
reduce aflatoxin level because the bacteria were effective in preventing 
growth of the mold, and bacterial metabolites were effective in reducing the 
amount of aflatoxin produced. El- Nezami et al. (1997) studied the ability of 
some dairy strains of lactic acid bacteria, Lactobacillus rhamnosus (GG-
ATCC53103), and Lactobacillus rhamnosus (LC-705); to remove AFB1 from 
contaminated media and they suggested the use of acid -treated 
Lactobacillus rhamnosus (GG or LC705) to remove aflatoxins in 
contaminated foods and feeds.  

The present study is an investigation of the use of Lactobacillus 
rhamnosus (ATCC10863) and Lactobacillus sp. (GG-ATCC 53103) plus other 
two strains of dairy lactic acid bacteria (Lactobacillus casei sub sp casei 
(ATCC15008) and Lactobacillus acidophilus (ATCC11975) when added to 
yogurt or some dairy products, to improve the quality of these products, and 
detoxify or removal AFM1 present in milk. 
 

 

MATERIALS AND METHODS 

Materials 
Standard aflatoxins M1: Pure aflatoxin M1 from Aspergillus flavus (SIGMA 
Co., production of Israel MSDS). Aflatoxin concentration was prepared 
according to AOAC, procedures 49.2.03(1995). 
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Bacterial strains. The lactic acid bacteria (LAB), obtained from the American 
Type Culture Collection (ATCC) USA, were: Lactobacillus casei sub sp.casei 
(ATCC 15008) Lactobacillus acidophilus  (ATCC 11975), Lactobacillus sp. 
And (ATCC 53103) Lactobacillus rhamnosus  (ATCC 10863). 
Skim milk powder: Commercial skim milk powder (Rich Food Co, 
Richmond, VA23261, USA) was used. 
Preparation of samples 

The skim milk was added to warm distilled water (1: 9).  The mixture 
was stirred for 5 min. and sterilized in the autoclave for 20 min at 121oC.The 
strains of lactic acid bacteria were activated in suitable media  (Lactobacilli 

MRS Broth "Difeco 0881") at 37C and 5% CO2. Lactic acid bacteria (LAB), 
were transferred to sterilized rehydration skim milk, incubated at 40oC until 
the milk coagulated and then stored at refrigeration temperature. Milk was 
contaminated with AFM1  (o.8 ng/ml) and the contaminated milk was 
fermented with 5% of coagulated milk containing: L. casie sub casie sp. L 
acidophilus, L. sp. GG and L. rhamnosus. The treatments were incubated at 

40oC until milk coagulated and then stored at room temperature (25-30C) for 
48 hours. One contaminated, sample (control) was acidified with solution of 
lactic acid (pH 4.0). Coagulation time (CT) were record and the samples 
analyzed for pH change and the aflatoxin concentration after coagulation and 
48 hrs storage. Two control samples were prepared using skim milk only and 
milk contaminated with 0.8ngAFM1/mL.                
 

Extraction of aflatoxin M1                                                                                                   
   Samples were extracted for aflatoxin analysis by the method adoped by 
Chang and De Vries (1983) and modified by Stubblefield and Kwolek (1986). A 
milk sample (25-mL) was added to separatory funnel with 5ml saturated 
aqueous NaCl and 60 mL chloroform. The mixture was gently rolled for 3 min. 
the chloroform layer was drained into flasks containing 5g anhydrous Na2SO4, 
stirred for 3mins. and filtered through  fluted filter paper into a measuring 
cylinder . The chloroform extract was evaporated to dryness at 60oC under 
vacuum. The residue was transferred to another separator funnel containing 
25ml acetonitrile and the solution was extracted with two 25ml portions of 
petroleum ether. The acetonitrile layer was evaporated to dryness. The 
residue was taken up with a minimum amount of methylene chloride and equal 
portions was transferred to two vials and re-evaporated to dryness under 
nitrogen steam. 
 

HPLC analysis:                                                                                      

   The content of one vial was dissolved in 450 l injection solvent mobile 
phase (H2O+acetonitrile +MeO   700:150:150). The content of the second 
vial were derivatized according to Trucksess, et al. (1994). Vial contents were 

mixed well with 100 ml acetonitril; 350l derivatization solution (10mL 
trifluroacetic acid + 5mLglacial acetic acid +35mL H2O), was added and the 

vial heated for 9 minutes at 65 C then cooled to room temperature before 
opening.                               
 

GLC:                                                                                                                                        
     The GLC system (Waters Co. Model 440 USA) was run 10-20 minutes to 
stabilize and adjust sensitivity control of fluorescence detector to give a 
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reasonable integrator response for lowest concentration of standard working 

solution. Samples (50 l) were injected onto Waters Bonda Pak 086684 - 
4.6mm 25cm, 5mm C18 ultras phere cat#23533 Beckman; at flow a rate 1.0 
mL/min., Fluorescence detector-operating conditions (nm); were: excitation 
360, emission440. Shimadzu Model RF-535 and the run time was 25 
minutes. To limit the retention time (RT) of AFM1 before injection samples; 

two standard samples of aflatoxin M1 (1g/1mL) were injected; one derivative 

(50L) and other sample was non-derivative (50L). The retention time (RT) 
of AFM1 was at 4.7 minutes for derivative samples while it was at 16.7 
minutes for non-derivative samples as shown in Figs. (1- a,b, c and  d).  
 
 
 
 
 
 
 
                                         

Fig. (1-a) Standard Derivative 
 

 
 
 
 
 
 
 
Fig. (1-b) Controlled Derivative 

 
 
 
 
 
 
 
Fig. (1-c) Standard Non-Derivative 
 
 
 
 
 
 
 
 
Fig. (1-d) Controlled Non-Derivative 

Fig.(1) The Retention Time (RT) for Derivative and Non-Derivative 
Standard and Control Samples. 
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RESULTS AND DISCUSSION 
 

Coagulation times were recorded and compared with control samples 
(skim milk + 5%starter only) to determine the effect of aflatoxin M1 on 
coagulation time. The obtained results as shown in Fig. (2) indicated that 
coagulation times for all treatments increased compared to the control 
samples. Aflatoxin M1 retarded milk coagulation by 75 - 120 minutes, 
depending on the bacteria species. Lactobacillus casie sub sp. Casie and l. 
rhamnosus had the shortest coagulation time in both AFM1 treated and non-
treated samples. Lactobacillus acidophilus and L. sp. GG had the longest 
times for coagulation (4: 00 & 4: 15 h.) respectively. They were also 
susceptible to M1 toxin in the milk having a delay in coagulation of 120 and 
105mins, respectively. These results were similar to those obtained by Sutic 
and Banina, 1979 &1990 and EL-Deeb, 1989.  Increasing coagulation time 
during manufacturing of yogurt or other dairy products was the reason that 
some authors suggested of examining milk for the presence of aflatoxin M1 
before manufacturing (Sutic and Banina 1990). 
 Fig. (2) Effect of Aflatoxin M1 (AFM1) on Coagulation Time for 
Fermented Milk by Some Lactic Acid Bacteria 
 

 
 
   In this study pH values were determined to evaluate bacterial growth in milk 
during coagulation and storage times and to detect the effect of aflatoxin M1 

on growth of bacteria. Fig. (3) shows pH values of samples after coagulation 

time and storage at room temperature (25-30 C). The pH of control samples 
(contaminated skim milk before starter added and incubation) was 6.32, and 

afteradding starter and incubating samples at 40C until complete 
coagulation, pH value were; 4.28, 4.55, 5.25 and 4.80 in L.csei, L. 
acidophilus, L. sp. GG and L. rhamnosus respectively. The ability of the 4 

bacteria to decrease pH during storage at room temperature (25-30C) for 48 
hours slightly different, L acidophilus had the lowest pH (3.41), L. csei was 
3.45, L.rhamnosus was 3.50 where L. sp. GG had the highest pH (3.92). 
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These results were similar to those obtained by EL-Gendy and Marth (1981) 
and EL- Nezamy et al. (1996). 
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Fig. (3) Effect of Aflatoxin M1 (AFM1) on pH of Fermented Milk by Some 
Lactic Acid Bacteria after Coagulation Time (CT) and Storage 
for 48 hrs at Room Temperature (25~30oc) 

 

The ability of lactic acid bacteria to detoxify or remove AFM1 from 
contaminated milk was the major aim of this study. When the level of AFM1in 
control samples (0.8 ng/ml AFM1) was compared to spiked standard before 
and after extraction, the efficiency of extraction was about 96%. The control 
samples (rehydrated skim milk) was contained 4.84 ng/L AFM1, which is 

slightly lower than the FDA action level for AFM1 which is 0.5l/kg (FDA, 
1977). When levels of AFM1in bacteria treated samples were determined 
(Fig. 4). L. casie sp. casie after AFM1 28.2% after 4.25 hours (CT), it had 

eliminated all of the AFM1 after during 48hours storage at 25: 30C. L. 
acidophilus after 6.0 hr reduced AFM1, 26.2% but after 48 hours storage at 

25:30C only trace levels of AFM1 remained. L. sp. GG  after 6.o hr reduce 

AFM1  29.5% likewise after storage at 25:30C for 48 hr only trace 
concentrates of AFM1, were detected . The highest reduction of AFM1 
(34.0%) resulted from L. rhamnosus after only 4.33 hr (CT), also when 

storage at 25-30C, AFM1 was reduced to trace levels. On other hand 
samples acidified with water solution of lactic acid (pH 4.0) reduced AFM1 

12.4% only, both during incubation and storage at 25-30C. 
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Fig. (4) Effect of  Some Lactic Acid Bacteria on Aflatoxin M1 (AFM1) 

Concentrations 
 

We conclude that, the lactic acid bacteria used in the production of 
yogurt and other coagulated milk products are effective means of reducing 
the levels of aflatoxin M1 when present in milk prior to milk fermentation. 
Break down of AFM1 occurs soon after the bacteria are added to milk and 
after 4.5 hrs we could detect only trace levels of AFM1.  
     Thus it appear that the normal processing including through of milk in 
products such as yogurt essentially eliminate the health threat of aflatoxin M1 
contaminated in lactic acid bacteria treated milk products. Lactobacillus casie, 
lactobacillus acidophilus, Lactobacillus sp. GG and Lactobacillus rhamnosus 
can be used for these purposes. 
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داك ( ااث ال اال  ال  اا خ ل فاا  AFM 1القضاا ع ى ااث االاام الفاا ك لن )   فاا     
 ف)لات    ل  م   ح ض ال)   ك 

 ح  د  ح د ى  مة * ج مج ل   **   مى  م ش س ***

    ج  يااام     ب*    قفاااك الاق  ااا د ال لتلاااث ال م  ااام  ى ااا ك اابي ااام     ااام ال مل ااام الل ى ااام لاااد
 ج ه م م   م اليمل م -ال ل  مة 

  م   م ل  حدةاااال لا  ت  -  لدج ل مك  -**   قفك ال مالم الل   م    م الي  ك  ج  يم   ملالد 
لا ا ت ال  حادة ال  - اشالب   FDA*** قفك ال     ع الح   م  ه ئم المق لم ى ث ااغ  م  ااد  ام 

 0اا م   م 
 

 ث  تلويررررررررررررث  بررررررررررررف تيكرررررررررررر     لرررررررررررر     تجرررررررررررر        تو  رررررررررررري أجرررررررررررر    رررررررررررر       رررررررررررر
  (AFM1  ت  يرررررررررررررررر  )وقررررررررررررررررل ترررررررررررررررر  تل رررررررررررررررري   رررررررررررررررر     بيكرررررررررررررررر    -كرررررررررررررررر كوج      رررررررررررررررر   80 

      ع   لا       ت ي    ف     تيك  ى
L. casei sub sp. casei (ATCC15008), L. acidophilus (ATCC 11975), L. sp. GG         
(ATCC 53103) and L.rhamnosus (ATCC 1086)  

 - قد  ك الح  ل ى ث الل  ئج ال  ل م : 
  رررررررررى ج يرررررررررع   بيكررررررررر      ل  ررررررررر     ت يررررررررر    رررررررررف     تيرررررررررك   ل   ررررررررر    تجررررررررر    رررررررررى   بيكررررررررر    -

 (AFM1   لوث  تكه  ى   بيك     غي   لوث    لأ  تو  ي   ) 
  0 ل جـــ    تف وتــه   بيــك     لــــ      لـــــوث   pH  تط ت    ت ي    ف     تيك خفف ل ج     -
 (  ك رررررررر   ت  و رررررررر   رررررررر   رررررررري  AFM1أ  رررررررر   ت  ررررررررع  رررررررر لا  تخفرررررررريف ت  يرررررررر  أ  تو  رررررررري   )   -

 0%  بت ررررررررررررل  تلررررررررررررى كررررررررررررو   رررررررررررر   رررررررررررر    و  ررررررررررررك خرررررررررررر     رررررررررررر    تجرررررررررررر   34 - 26,  2  
 ( إ ررررررررررى  جرررررررررر ل  ثرررررررررر     بررررررررررل تخرررررررررر ي  ج يررررررررررع 1AFM يك رررررررررر  وفرررررررررر  ت  يرررررررررر  أ  تو  رررررررررري   )  

 0  ت   48ل ج          غ      ل    ت  تلى  48      بيك     ل  
 وقررررررررل  تهرررررررر  أ   رررررررر      رررررررر لا  و  تررررررررى ي  رررررررر    ررررررررتخل      ررررررررى فررررررررك ت      رررررررر ل      ترررررررر ثي    -

 0(  ى   ل   AFM 1و ه   ى   تخلص     لأ  تو  ي   ) 
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