
913 
Journal of Applied Sciences Research, 9(1): 913-921, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 
 

Corresponding Author: Eman Hegazy, Food Toxicology and Contaminants Department National Research  
                                           Center, Dokki, Giza, Egypt 

                                           E-mail:-emanhegazy@ hotmail.com  

Detoxification of Aflatoxin M1 in Milk Supplemented with Broccoli florets Juice 

 
1Hala, M.F.El-Din; 2Eman, M. Hegazy and 1Marwa, M.El-Said 
 
1Dairy Science Department - 2Food Toxicology and Contaminants Department National Research Center, 
Dokki, Giza, Egypt 
 
ABSTRACT 
 

 The purpose of this study was aimed to investigate the fresh broccoli florets and its juice as well as dried 
(cooked by steam, florets, blending and juice) using solar drying system for 2 hours at temperature about 50 0c. 
Moisture content, water activity, isolation and identification of fungi, ability of isolated Aspergillus flavus to 
produce aflatoxins (B1, B2, G1 and G2) were determined. Moreover, total phenolic content (TPC) and antioxidant 
activity (AOA) were estimated. Results revealed that fresh florets juice had the highest amount content of both 
TPC and AOA, lowest value of water activity, low count of fungi and free from A. flavus as comparable to all 
other samples. Reconstituted skim milk (12% total solid) was fortified with fresh broccoli juice at ratio 1% and 
5% then artificially contaminated with 60 ng/l pure aflatoxin M1. It was found that the concentration AFM1 was 
reduced to 15, 30, 40 ng/l in fresh juice, skim milk supplemented with 5% and 1% juice respectively. On the 
other hand, artificially contamination of milk supplemented with broccoli juice and AFM1 slightly reduced its 
content of TPC and AOA.It could be recommended to supplement milk with broccoli juice to get highest 
potential healthy milk and reduce its AFM1 residues. 
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 Introduction 

 
Aflatoxins are highly toxic, carcinogenic, and mutagenic compounds that have been implicated as causative 

agent in human hepatic and extra hepatic carcinogenesis (Oveisi et al., 2007). Aflatoxins are classified as group 
2B substances that are possibly carcinogenic to humans by the International Agency for Research on Cancer 
(IARC, 2002). These toxins are produced as secondary metabolites by Aspergillus flavus and A. parasiticus 
during their growth on foods and feeds (Creppy 2002). 

Milk and milk products are fundamental compound in the human diet, and may by the principle way for 
entrance of aflatoxins (AFS) into the human body. 

Aflatoxin M1 is the hydroxlated metabolites of aflatoxin B1 found in milk and milk products obtained from 
livestock that have ingested contaminated feed (Van Egmond et al., 2007 and Nilchian, & Rahimi 2012).  

Although AFM1 is less carcinogenic than AFB1 (2-10% of potency), it is also health danger. It has 
comparable liver toxicity can reduce the immunity of infants (Chen et al., 2005).  

The presence of AFM1 in milk and milk products is hazard to human health and considered one of the most 
serious problems of food hygiene because AFS are carcinogenic, teratogenicity and mutagenic (Hampikyan et 
al., 2010). Therefore many diverse and appropriate strategies for disease preventing are needed to decrease the 
incidence of AF in developing countries. 

At present the World Health Organization (WHO) recommends the reduction of AFM1 consumption to a 
minimum so as to minimize AFM1 potential risks. 

Broccoli (Brassica oleracea) is excellent example of a vegetable with well characterized properties in the 
maintenance of health and prevention of disease chemically, it has been rich in minerals such as sodium, 
potassium and sulphur, and trace elements such as iron, zinc, copper, manganese, vitamins C, E, K, B1 and B2 
and phenolic compounds, with two main flavonol glycosides as quercetin 3-0-sophoroside an kaemferol 3-0-
sophoroside, finally, broccoli is marketed as healthy food (Ferguson and Schlothauer 2012)  

Since, boiling had no impact on the quantity of AFM1 present in the milk (Awosthi, et al., 2012). 
Since, there are few data concerning the occurrence of masked mycotoxins (metabolites of mycotoxins) in 

food and/or feed, and also lack of information about their stability transformation and release along the 
manufacturing chain (Berthiller et al., 2013).  

For that, this study was designed to evaluate the effects of supplementing milk with broccoli juice on the 
efficacy for reducing AFM1 residues and the contents of total phenolic content and antioxidant activity. 
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Materials and Methods 
 
Broccoli preparation: 

 
Broccoli florets obtained from Agricultural Research Center Ministry of Agriculture, Egypt free from any 

contents of mycotoxins. The fresh broccoli florets were washed in tap water and divided into four groups as 
shown in Fig. and Photo (1). 

 
                                                  Broccoli florets Groups 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 1: Broccoli florets preparation 

      

 
Photo 1: Broccoli florets group before drying 

 
Broccoli florets drying using solar energy (Photo 2). The absorbent has the shape of a trapezoid, its length is 

5 m., width 6 m., and height is 2 m. The solar absorber plates are fabricated from black iron sheets, and painted 
with an ordinary black paint in order to increase its absorption. The sides and the black are fabricated from 
galvanized steel and insulated by glass wool of 50 mm thickness. A chimney of height 5 m exists to let the dust 
out, and the fan is operated by the solar cells. The broccoli was placed on shelves made of aluminum mesh. The 
temperature inside the dryer was about 50°C for 2 hours to get dried broccoli florets (Photo 3). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 2: General layout of the solar drying 
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Photo 3: Broccoli group after drying 

 
Determination of moisture content: 

 
Moisture content was determined by oven drying for both fresh and dried broccoli at 105°C for 24hr until a 

constant weight was obtained (AOAC, 2007). 
 
Determination of water activity: 

 
The water activity was determined for both fresh and dried broccoli according the method described by Vas 

and Labuza (1974) & AOAC (2007). 
 

Total phenolic content (TPC):  
 
Total phenolic content were determined According to Zheng and Wang (2001) by using Folin-Ciocalteu 

reagent. The total phenolic content was calculated by a standard curve prepared with Gallic acid and expressed 
as milligrams of Gallic Acid Equivalents (GAE) per 100 gm. 

 
Radical scavenging activity (RSA %) assay: 

 
DPPH radical scavenging activity (RSA) of the samples was measured using the method of Brand-Williams 

et al. (1995).  
 
Fungi isolation and identification: 

 
The dilution plate method with PDA (Potato Dextrose Agar medium, Oxoid) as described by Johnson and 

Curl (1972). PDA (Potato Dextrose Agar medium, Oxoid) was used as described by the plates incubated at 28°C 
for 7 days and the developing fungi was identified, counted and calculated of each tested sample. Taxonomic 
identification of fungi (based on purely morphologically macro-and microscopic characteristics) was carried out 
according to Samson et al., (2002) and Summerell et al., (2003). 
 
Aflatoxins production: 

 
Determination of aflatoxins production ability of Aspergillus flavus isolated from fresh and dried broccoli 

florets in liquid media Yeast Extracted Sucrose both (YES) for 14 days. 
 
Extraction and determination of aflatoxin M1: 

 
The high performance liquid chromatography system was used consisted of waters 1500 Binzry pump 

Model 1525, a Model waters Rheodyne manual injector, a waters 2475 Multi-Wavelength Fluorescence 
Detector, and a data work station with software Breeze A phenomena x C18 (250 x 4.6 mm i.d), 5m from 
waters corporation (USA). The mobile phase consists of water. Isopropanol: Acetonitrile (80:12:8) the 
separation was performed at ambient temperature at a flow rate of 1.0 ml/min the fluorescence detector was 
operated at an excitation wavelength of 365nm and an emission wavelength of 435nm (Chen et al., 2005, and 
A.O.A.C, 2007). 
 
Artificial contamination with AFM1: 

 
Skim milk powder was reconstituted to 12% total solids. Broccoli juice was added to the milk at ratio 1, 

5%. Samples were artificially contamination with 60 ng/l pure reference aflatoxin M1 which purchased from 
sigma, chemical company, ST. Louis USA samples were divided into four portions:  
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1- Fresh broccoli juice with AFM1. 
2-  5% fresh broccoli juice-skim milk with AFM1. 
3-  1% fresh broccoli juice-skim milk with AFM1. 
4-  Skim milk with AFM1. 
 All treatments were incubated for 120 min at refrigerator (8°C) and analyzed for the presence of AFM1 by 

HPLC. Total phenolic content and antioxidant activity of samples were evaluated before and after 
contamination.   
 
Results and Discussion 
 
Moisture content and water activity: 

 
Moisture content and water activity of fresh and dried broccoli florets were given in Table (1) Results 

revealed that, all the moisture content of the samples decrease after solar energy drying. 
 
Table 1: Moisture content and water activity of fresh and dried broccoli florets 

Broccoli   Moisture content (%) Water activity 
Fresh   
Juice 
Florets  

 
90.98 
86.67 

 
0.60 
0.54 

Dried  
Cooked by Steam  

 
11.19  

 
0.60 

Florets  9.95 0.64 
After blending 8.11 0.60 

  Juice 10.13 0.70 

 
Table (1) showed that, drying blended broccoli had the lowest moisture content (8.11%). The water activity 

measures the amount of water in a food that is available for the growth of microorganisms, including pathogens. 
The fresh broccoli had the lowest value of water activity (0.54), while dried broccoli juice had the highest value 
of water activity (0.70). Moisture content and water activity are a very important factor for fungal growth, the 
water activity for molds and yeasts growth is about 0.61 with the lower limit for growth of mycotoxigenic molds 
at 0.78 (Beuchat, 1981). On the other hand fresh broccoli juice had the highest content of total phenolic and 
antioxidant activity (Table 2). For that, fresh broccoli juice was selected to supplement milk with it.  
 
Table 2: Total phenolic (TPC) and antioxidant activity (RSA %) of fresh and dried broccoli. 

Broccoli   
TPC 
Equiv.Gallic acid(mg/100ml) 

RSA% 

Fresh 
Juice 
Florets  

 
854 
998 

 
10.120 
24.89 

Dried 
Cooked by Steam  

 
807 

 
14.21 

Florets 875 24.81 
Blending 803 15.64 
Juice 869 13.253 

 
Fungal isolation and identification: 

 
Fungal were isolated from dried and fresh broccoli. Then were purified and identified. Data presented in 

Table (3) indicated that Aspergillus flavus was associated with all samples of broccoli expect fresh juice which 
had lower fungus content than other samples. Table (3) clearly established the occurrence of Aspergillus, 
penicillium and Fusarium genus in broccoli. These results are agreement with those found with Kordusience et 
al., (2010), who found cladosporium, Mucor and Penicillium genera were prevalent in broccoli. 

Laugauskas et al., (2005) noticed that Aspergillus, Penicillium, Mucor, Rhizomucor and Rhizopus genera 
can spread quicker than other fungi and are able to contaminate and damage a wide range of products of plant 
origin. 
 
Evaluation of aflatoxins producing ability of Aspergillus flavus: 

 
When environmental conditions become favorable, infection and toxin production can occur Aspergillus 

which produced aflatoxins, is among the most common mold fungi (Cotty and Mellon, 2006).  
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Table 3: Fungal isolation and identification of fresh and dried broccoli florets 

Broccoli  
Fungi 
Aspergillus Penicillium 

Sp. 
Fusarium 
Sp. 

Alternaria 
alternata 

Anone 
Favus Niger 

Fresh 
 

Juice* 

 
Florets**  

 
 
- 
 
2.0x102 

 
 
1.0x102 
 
1.7x102 

 
 
1.5 x102 
 
4.8x102 

 
 
- 
 
- 

 
 
- 
 
- 

 
 
- 
 
 
- 

Dried** 
Cooked by  Steam 
Florets  
Blending 
Juice 

 
 
1.0x102 

2.0x102 

1.1x102 

1.5x102 

 

 
 
1.0x102 

- 

- 

- 

 

 
0.5x102 

3.3x102 

2.0x102 

2.0x102 

 
- 
- 
0.1x102 
- 

 
- 
2.2x102 
- 
- 

 
1.2x102 

2.1x102 

- 
 
- 

*Total fungi count (cfu/ml)      ** Total fungi count (cfu/g)  

 
The results of the ability to produce aflatoxins (B1, B2, G1 and G2) by isolated A. flavus in YES medium are 

presented in Table (4). It was obvious that A. flavus isolated from both dried broccoli which cooked with steam 
and dried juice had not ability to produce AFS. A. flavus from dried broccoli (florets and blending) produced 
aflatoxins (B1 and B2) at concentration 1.74, 1.09 and 2.00, 1.57 ng/l respectively.  

On the other hand A. flavus isolated from fresh broccoli produce only aflatoxin B1 at level 2.09 ng/l. 
Kordusiene et al. (2010) reported that aflatoxins were not found in broccoli, but, isolated fungi producing them 
at very low quantities. 
 
Table 4: Aflatoxin production by A. flavues isolated from broccoli florets in (YES) medium. 

Broccoli  
Aflatoxins (ng/l) 
B1 B2 G1 G2 

Fresh 
Florets  

 
2.90 

 
- 

 
- 

 
- 

Dried 
Cooked  by Steam 

 
- 

 
- 

 
- 

 
- 

Florets 1.74 1.09 - - 
Blending 2.00 1.57 - - 
Juice - - - - 

 
Artificial contamination of skim milk supplemented with broccoli juice: 

 
As shown in Table (5) and Figures 1-4, the concentration of AFM1 as confirmed by HPLC method in fresh 

broccoli juice was reduced 15ng/l flowed by the skim milk supplemented with fresh broccoli juice (5%), skim 
milk with 1% juice and skim milk only in the same order. Skim milk only had 50 ng/l. The recovery of AFM1 at 
ratio 83.33%. 
 
Table 5: Concentration of AFM1 in the artificial contamination samples. 

Treatments AFM1 ng/l 
B + M1 15 
B (5%) + SM + M1 30 
B (1%) + SM + M1 40 
SM + M1 50 

B: fresh broccoli juice   
SM: skim milk 
M1: Aflatoxin M1 

 
The effects of broccoli on AFM1 may be attributed to its content of glucosinolates as well as flavonoids, 

vitamins (Vitamins E and C) mineral nutrients a phenolic compounds (Podsedek, 2007 and Moreno et al., 
2006). 
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Fig. 1: Concentration of AFM1 (15ng/l) in broccoli florets juice  
 

 
Fig. 2: Concentration of AFM1 (30ng/l) in skim milk and broccoli florets juice (5%) 

 

 
Fig. 3: Concentration of AFM1(40ng/l) in skim milk and broccoli florets juice(1%) 
  

 
Fig. 4: Concentration of AFM1 (50ng/l) in skim milk  
 
Total phenolic content (TPC): 

 
The nutritional benefits of phenolic compounds are often attributed to their substantial antioxidant activity. 

Some researchers have suggested that phenolics are responsible for stalling or stopping the "initial trigger" of 
chronic diseases by serving as sacrificial antioxidants to damage oxidants in the body (Titchenal and Dobbs 
2004).  

Table (6) and Fig. (5) showed that broccoli juice had high total phenolic content which ascribed to the 
flavonoids and glucosinolate compounds (the world's Healthiest Foods). Moreno et al., 2006 determined 
antioxidant activity and total phenolics of broccoli extracts and found that broccoli had high antioxidant activity 
correlated significantly and positively with total phenolics. Artificial contaminating broccoli juice with AFM1 
slightly reduced its TPC. Furthermore, glucosinolate compounds in broccoli make it a unique food in terms of 
detoxification and consequently cancer prevention. Glucosinolates, hydrolyzed enzymaticly to isothiocyanates 
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(ITCs) upon the endogenous myrosinase enzyme that is released by disruption of the plant through blending. 
ITCs affect many steps of cancer developed since they can help prevent insufficient detoxification of dangerous 
substances (Moreno et al., 2006). Artificial contaminating skim milk-broccoli juice mixtures (1% and 5%) 
slightly reduced their content of phenolic compounds, this presumably attributed to some of interaction in the 
media between milk proteins, phenolic content in juice and AFM1. 

 
Table 6: Total phenolic content of skim milk supplemented with broccoli florets juice and artificially contamination with AFM1. 

Treatments Uncontaminated Contamination with AFM1 
B + M1 903 895 
B (5%) + SM + M1 743 705 
B (1%) + SM + M1 506 484 
SM + M1 251 241 

B: fresh broccoli juice   
SM: skim milk 
M1: aflatoxin M1 

 

 
 

Fig. 5: Total phenolic content of skim milk supplemented with broccoli florets juice and artificially  
             contamination with AFM1. 

 
DPPH- Radical Scavenging Activity (RSA): 

 
Broccoli juice is an attractive new phytogenic additive improving antioxidant status by indirect antioxidant 

effects (Mueller et al., 2012). 
Table (7) and Fig. (6) declared that broccoli juice had high radical scavenging activity against stable radical 

DPPH. The world's Healthiest Food reported that among all commonly consumed cruciferous vegetables; 
broccoli stands out as the most concentrated source of antioxidant nutrients such as polyphenols, flavonoids, 
carotenoides, chlorophyll, vitamins (C, E) and minerals. Artificial contaminating skim milk, broccoli juice and 
mixture of them (1% and 5%) with AFM1 slightly reduced its RSA .This reduction is presumably caused by the 
effect of broccoli antioxidant of AFM1. Joseph et al., (2005) revealed that the anti-aflatoxigenic activity of some 
plant compounds is due to their antioxidant activity. Moreover, Strosnider et al.,2006 elucidated that broccoli 
altered the susceptibility of human to carcinogens and reducing the risk of HCC in population with high 
exposures to aflatoxins. LLNL (2010) the community news researchers found that giving someone a small dose 
of chlorophyll (found in green vegetables such as broccoli) could reverse the effects of AF poisoning as a result 
of reducing AF absorption and bioavailability. 

 
Table 7: DPPH radical scavenging of skim milk supplemented with Broccoli florets juice and artificially contamination with AFM1. 

Treatments Uncontaminated Contamination  with AFM1 
B + M1 89.1 85 
B (5%) + SM + M1 46.25 45.25 
B (1%) + SM + M1 33.401 31.31 
SM + M1 21.845 19.29 

B: fresh broccoli juice   
SM: skim milk 
M1: aflatoxin M1 
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Fig. 6: DPPH radical scavenging of skim milk supplemented with broccoli florets juice and artificially  
            contamination with AFM1. 

 
In conclusion: 

 
The present study showed that fresh broccoli juice had the highest TPC and antioxidant activity, had not 

Aspergilus flavus and had the ability to reduce the level of AFM1 residues in milk supplemented with broccoli 
juice. These findings are important, because milk is ultimately consumed by children, human and animals and 
the detoxification of AFS contamination in milk could have an important impact on their health. This method 
can be further developed by research on the effects of this plant juice on functional properties of milk.  
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