
Research Journal of Agriculture and Biological Sciences, 11(3) December 2015, Pages: 9-16 

 

AENSI Journals 

 

Research Journal of Agriculture and 

Biological Sciences 
 

ISSN: 1816-1561 

  

Journal home page: http://www.aensiweb.com/RJABS/ 

  

    

Corresponding Author: Muhammad Asif Asghar, Food and Feed Safety Laboratory, Food and Marine Resources Research 

Centre, PCSIR Laboratories Complex, Shahrah-e-Salimuzzaman Siddiqui, off University Road,  

Karachi-75280, Sindh-74200, Pakistan. 

   Tel #: +92-21-34690350; +92-345-2941505 Fax #: +92-213-4641847 

   E-mail: masif345@yahoo.com 

In vitro Adsorption of Aflatoxins by Silicon Dioxide in Naturally 
Contaminated Maize (Zea mays L.) and Compared with Activated 
Charcoal 
 
Muhammad Asif Asghar, Javed Iqbal, Aftab Ahmed, Muhammad Inam, Mobeen Ahmed Khan and 
Khalid Jameel 

 
Food and Feed Safety Laboratory, Food and Marine Resources Research Centre, PCSIR Laboratories Complex, Shahrah-e-Salimuzzaman 
Siddiqui, Off University Road, Karachi-75280, Sindh-74200, Pakistan. 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received 23 July 2015  

Accepted 25 September 2015  

Available online 23 October 2015 
 

Keywords: 

Aflatoxins, silicon dioxide, activated 
charcoal, adsorption, maize, HPLC 

 

 The present study was designed to investigate the potential of silicon dioxide (SiO2) to 
adsorb aflatoxin B1, B2, G1 and G2 in standard solution and naturally contaminated 

maize samples in vitro. Furthermore, the adsorption capability of SiO2 was compared 

with respect to activated charcoal (AC) at different pH levels, various amount of 
adsorbent and different incubation time. Aflatoxins (AFs) were quantified by high 

performance liquid chromatography with post-column derivatization and fluorescence 

detector. SiO2 showed adsorption ratio about 63.6 and 84.0% in AFB1 standard solution 
at pH 3 and 7, respectively. However, adsorption of AFG1 and AFG2 was significantly 

lower (maximum 65.0%) as compared to AFB1. Furthermore, about 60.9 and 88.5% 

reduction in AFB1 was achieved in maize at pH 3 and 7, respectively. Whereas, about 
96–100% adsorption was attained in case of AC in AFs standard solution and maize at 

pH 3 and 7. In conclusion, SiO2 is able to effectively bind AFs in vitro and directly 

proportional with incubation time and pH. Among 3 and 7 pH, higher binding ability 
was found at 1.5% (w/w), pH 7 and adsorption time was 60 min in vitro. 
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INTRODUCTION 

 

 Maize (Zea mays L.) is a major dietary energy source for poultry feed and livestock. Maize is cultivated in 

the subtropical and tropical areas and can be contaminated (i) during the cultivation of crop and/or (pre–harvest) 

(ii) during the storage of matured crops (post–harvest). Generally, pre–harvest fungal contamination occurs in 

the field and associated with drought and high temperature during the grain–fall. Post–harvest contamination 

usually developed when grain is improperly managed during the drying and storage process (Chulze, 2012). 

Furthermore, the tropical conditions such as, moisture, high temperature, unseasonal rains, monsoons and flash 

floods lead to fungal propagation and ultimately the growth of aflatoxins (AFs) (Turner et al., 2009; Asghar et 

al., 2013).  

 AFs are fairly group of mycotoxins which are produced by fungi of the genus Aspergillus flavus and A. 

paraciticus. AFs are carcinogenic, mutagenic, teratogenic and immune-suppressive fungal metabolites 

(Shephard, 2008). To date, atleast 18 different types of AFs have been recognized. The most important 

aflatoxins are AFB1, AFB2, AFG1 and AFG2. However, AFB1 is the most frequently occurring among all of AFs 

(Asghar et al., 2014).  

 AFs can reduce the efficiency of the animal feed, which ultimately effect on the animal growth and 

production. They also cause liver disorder, abortion and are lethal to animal at high levels (Bommakanti and 

Waliyar, 2014). Moreover, aflatoxin M1 can be found in milk due to the ingested of highly contaminated feed of 

livestock (Creppy, 2002). AFs toxicity concerned to the human and animal health, therefore different physical 

and chemical methods have been applied for the inhibition or reduction of AFs in food and feed commodities 

(Bozoglu, 2009).  
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 Degradation of AFs by adsorbents is one of the best and well known method and commonly used to reduce 

the risk for mycotoxicoses in animals (Galvano et al., 2001). AFs adsorbents such as aluminosilicates, activated 

charcoal, zeolites, bentonites, synthetic polymers such as cholestryamine and polyvinylpyrrolidone and 

derivatives, synthetic resins or yeast cell-wall-derived products etc. have been applied in vitro and vivo studied 

(Ledoux et al., 1999; Oatley et al., 2000; Galvano et al., 2001; Huwig et al., 2001). 

 Silicon dioxide (SiO2) is commonly used as a binding agent in food industries. It is also used in 

pharmaceutical industry for the tablet-making, adsorbent, disintegrant, or glidant to allow powder to flow freely 

when tablets are processed (Food additive. 2012). Silica is not digested or absorbed in the intestinal tract, which 

means it poses no risk of toxicity. SiO2 is generally recognized as safe by the FDA (FDA., 1979). However, it 

has not been evaluated previously as a AFs adsorbent in food and feed commodities. The present study was 

aimed to investigate the potential of SiO2 to adsorb AFs in standard solution and naturally contaminated maize 

samples by in vitro.  Furthermore, the adsorption capability of SiO2 was compared with respect to activated 

charcoal at different amount of adsorbents, pH and incubation time. 

 

MATERIALS AND METHODS 

 

Chemicals and reagents: 

 HPLC standards of AFBl (2 µg/ml; cat. # 002017), AFB2 (0.5 µg/ml
 
cat. # 002018), AFGl (2 µg/ml; cat. # 

002019) and AFG2 (0.51 µg/ml; cat. # 002020) in acetonitrile were purchased from Biopure (Vienna, Austria). 

Acetonitrile and methanol were purchased from Merck (Darmstadt, Germany). Activated charcoal, hydrochloric 

acid, nitric acid, potassium bromide, silicon dioxide, sodium acetate and sodium hydroxide were obtained from 

Sigma-Aldrich (St. Louis, MO, USA). All other chemicals and solvents used were of analytical grade from 

BDH (Poole, England) and Merck. Highly purified water (18 MΩ•cm) was prepared by processing de-ionized 

(DI) water through a Purelab Ultra system (ELGA, UK). 

 

Apparatus: 

 The HPLC system was composed of a pump L-2130 from VWR-Hitachi (Darmstadt, Germany), an 

autosampler L-2200 from Merck-Hitachi (Darmstadt, Germany), a column thermostat from Jones-

Chromatography (Wales, UK), a LiChroCART
®
 100 Å RP-18, (5 μm, 250 x 4.0 mm) column from Merck 

(Darmstadt, Germany), a fluorescence detector  L-2480 from VWR-Hitachi (Darmstadt, Germany) and a Kobra 

Cell
TM

 from R-Biopharm (Glasgow, Scotland). Easi-Extract
® 

aflatoxin immunoaffinity columns (IACs) (cat. # 

RP70N) were purchased from R-Biopharm (Glasgow, Scotland).  

 

Preparation of buffer solution at pH 3 and 7 levels: 

 Acetate buffer (pH = 3) was prepared by mixing of 17.7 ml of sodium acetate (0.1 M) and 982.3 ml of 

acetic acid (0.1 M). Phosphate-buffered saline (PBS) (pH = 7) was prepared by dissolving 0.20 g potassium 

chloride, 0.20 g potassium dihydrogen phosphate, 1.16 g 130 anhydrous disodium hydrogen phosphate and 8.0 g 

sodium chloride in 1 litre of DI water. The pH was adjusted to 7.0 with sodium hydroxide (0.1 M).  

 

Assessment of aflatoxins adsorption: 

 Two different protocols were applied for the assessment of aflatoxins (AFs) adsorption by silicon dioxide 

(SiO2) and activated charcoal (AC) (i) In standard solution of AFs at pH 3 and 7 and (ii) In naturally 

contaminated maize samples (25.68/2.75 µg kg
-1

 of AFB1/AFB2) at different amount of adsorbent (0.1–1.5% 

(w/w)), pH (3 and 7) and incubation time (15–60 min.). 

 

Adsorbent capability of SIO2 and AC in AFs standard solution: 

 The binding capacity of SiO2 and AC to AFs standard solution was investigated at pH 3 and 7 at fixed 

adsorbents amount. The initial concentration of each AFs (B1, B2, G1 and G2) was 30 µg/ml. After mixing each 

adsorbents into AFs solutions at 1.0% (w/v) for binder to solution ratio, the mixtures were shaken at 120 rpm for 

60 min. at 37
o
C (Innova 4060 Shaker, New Brunswick Scientific, USA). After shaking, the samples were 

centrifuged (Beckman Coulter, USA) at 10,000 rpm for 10 min and the supernatants were decanted carefully 

into a clean tube and then analyzed to determined the concentrations of AFs using a HPLC. A control treatment 

without adsorbent was prepared for each experiment in case of any possible nonspecific binding of AFB1 and 

each sample carried out in triplicate. The adsorptive amount of AFB1 was calculated from the concentration of 

unbound AFs remaining in the supernatant after incubation. 

 

Adsorbent capability of SIO2 and AC in naturally contaminated maize samples:  

 The binding of AFs by SiO2 and AC was evaluated when mixed with naturally contaminated maize samples 

to simulate practical conditions. The adsorption capability was determined by adding of 0.10, 0.25, 0.50, 0.75, 

1.0 and 1.5% (w/w) of each adsorbent at pH 3 and 7 in contaminated maize samples. Furthermore, different 
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incubation time (15, 30, 45 and 60 min) at 1.0% amount of adsorbents was also assessed. In briefly, fifty grams 

of grinded samples were weighed accurately and dispersed in 100 ml of methanol:water (80:20; v/v). Samples 

suspension was blended for 2 min at 5000 rpm using explosion-proof blender (Model No. 8018; Ebarch Corp., 

USA). The blended extracts were finally filtered through Whatman No. 4 filter paper and collected in air tight 

amber vial. For 3 pH, 3 ml of filtrates was transferred to a 50 ml test tube, add 25 ml of acetate buffer. 

Adsorbents material (SiO2 and AC) were added to the filtrates at a level of 0.10, 0.25, 0.50, 0.75, 1.0 and 1.5% 

(w/w). The mixtures were incubated at 37
o
C for 60 min. under constant agitation (120 rpm) to simulate the pH 

conditions during gastric passage in monogastric animal. All mixtures were centrifuged for 10 min at 10,000 

rpm, then filtrated through Whitman # 4 filter paper and the filtrate extracts were used for the determination of 

AFs using HPLC. 

 For 7 pH, 3 ml of extract of sample was diluted with 25 ml of PBS buffer and adjust to pH 7 during 

intestinal passage of a monogastric animal. The other protocol was applied as mentioned above. Furthermore, 

1.0% (w/w) of SiO2 and AC were added to the filtrate extract of samples at pH 7 and incubated at 15, 30, 45 and 

60 min. The other procedure was applied as described above. Moreover, negative control without adsorbents 

were also prepared and analyzed as above described protocol.  The percentage difference in the AFs content 

between the beginning and at the end of trials in binder treated and control flasks were calculated. The binding 

of each toxin in different treatments was determined by subtracting the percentage difference in AFs content of 

the control flasks from that of the treated flasks in the respective treatments. All measurements were run in 

triplicate. 

 

Aflatoxins analysis by HPLC: 

 One milli litre (1 ml) of each filtrated aliquot was cleaned-up using immunoaffinity columns (IACs). 

Briefly, an aliquot of 1 ml filtered extracts were diluted with 14 ml of PBS (pH 7.4). The diluted extracts (16 

ml) were applied to IACs at a flow rate of 1 drop/s. IACs were washed with 20 ml of PBS (pH 7.4) at a flow rate 

of approximately 5 ml/min and rapidly dried by passing air. AFs were eluted in an amber vial with 1.5 ml of 

methanol followed by 1.5 ml of DI H2O.  

 AFs were quantified using HPLC system equipped with fluorescence detector and Kobra Cell
TM

 (Asghar et 

al., 2014). The operating conditions of HPLC are mentioned in Table 1. Briefly, 99 µl of each standard and/ or 

sample were injected to HPLC system through an auto-sampler. Liquid chromatography was done in an 

isocratic mode. All four AFs were properly resolved within total run time about 20 min. 

 
Table 1: HPLC operating conditions for the quantification of aflatoxin B1, B2, G1 and G2. 

HPLC operating conditions 

Mobile phase composition 65/17.5/17.5 H2O/ACN/MeOH with 119 mg/l of KBr and 154 µl/l of 65% (w/v) 

HNO3 

Flow rate 1 ml/min 

Inject volume 99 µl 

Column temperature 40 oC 

Fluorescence detector λex = 365 nm 

λem = 435 nm 

Kobra CellTM current source = 100 µA 

ACN = acetonitrile, MeOH = methanol, λex = excitation wavelength, λem = emission wavelength  

 

Results: 

 In the present work the adsorption capability of silicon dioxide (SiO2) for aflatoxin B1, B2, G1 and G2 in 

standard solution and naturally contaminated maize sample was evaluated in vitro. Furthermore, the adsorption 

potential of SiO2 was compared in comparison to activated charcoal (AC) at different pH levels, various amount 

of adsorbent and different incubation time. 

 

Effect of pH: 

 The adsorbent potential of SiO2 and AC in AFs standard solution (30 µg7ml) at 3 and 7 pH levels is 

presented in Table 2.  

 
Table 2: In vitro adsorption (%) of aflatoxins (B1, B2, G1 and G2) in standard solution by silicon dioxide and activated charcoal at pH 3 and 

7. The amount of each adsorbent was 1% (w/v)a. 

Toxins b Percent adsorption of aflatoxins at different pH a 

pH = 3  pH = 7 

SiO2 Charcoal  SiO2 Charcoal 

AFB1 63.6 ± 2.1 100 ± 1.8  84.0 ± 1.2 100 ± 1.1 

AFB2 55.2 ± 1.2 100 ± 1.5  80.4 ± 2.1 100 ± 0.8 

AFG1 47.6 ± 2.2 100 ± 0.4  70.4 ± 0.7 100 ± 1.8 

AFG2 38.4 ± 1.7 100 ± 1.1  65.2 ± 1.1 100 ± 0.9 
a All measurements were done in triplicate and reported as mean + SD. 
 b Initial concentration of each toxins was 30 ng g-1. 
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 All measurements were done in triplicate with the adsorbents and without added adsorbents. The present 

results showed that the adsorption of AFB1 on SiO2 was a continuous increase right from pH 3 to 7. For 

instance, about 63.6 and 55.2% of reduction in AFB1 and AFB2 was achieved by SiO2 at pH = 3, respectively. 

The reduction in AFG1 and AFG2 was found lower in comparison to AFB1 and AFB2. However, the adsorption 

capability of SiO2 was found significantly higher at pH 7 (AFB1/AFB1= 84.0/80.4%). 

 The adsorption of AFB1 and AFB2 in naturally contaminated maize samples on SiO2 and AC at 3 and 7 pH 

levels are presented in Table 3 and 4, respectively.  

 
Table 3: In vitro adsorption (%) of aflatoxin B1 and B2 in naturally contaminated maize sample by silicon dioxide at pH 3 and 7 a. The initial 

concentration of AFB1 and AFB2 was 25.68 and 2.75 µg/kg, respectively. 

SiO2 amount 

(%, w/w) 

Percent adsorption of aflatoxins by SiO2 at different pH a 

pH 3  pH 7  
AFB1 AFB2  AFB1 AFB2 

0.10 19.1 ± 1.2 13.7 ± 1.1  28.5 ± 1.1 23.5 ± 0.7 

0.25 20.6 ± 2.2 18.9 ± 2.1  42.3 ± 2.1 44.7 ± 0.4 

0.50 30.1 ± 1.9 24.3 ± 0.4  58.7 ± 2.4 51.6 ± 1.8 

0.75 45.3 ± 0.8 43.3 ± 1.2  71.2 ± 2.6 77.6 ± 0.7 

1.0 55.3 ± 2.7 55.7 ± 3.1  80.5 ± 2.7 100 ± 1.9 

1.5 60.9 ± 3.1 59.6 ± 1.5  88.5 ± 1.6 100 ± 1.1 
 a All measurements were done in triplicate and reported as mean + SD. 

 

Table 4: In vitro Adsorption of aflatoxin B1 and B2 in naturally contaminated maize sample by activated charcoal at pH 3 and 7 a. The initial 
concentration of AFB1 and AFB2 was 25.68 and 2.75 µg/kg, respectively. 

Charcoal amount (%, 

w/w) 

Adsorption (%) of AFB1 and AFB2 by activated charcoal at two pH levels  a 

pH 3  pH 7 

AFB1 AFB2  AFB1 AFB2 

0.10 40.1 ± 2.1 38.3 ± 1.8  48.5 ± 1.8 30.7 ± 1.7 

0.25 48.9 ± 1.7 42.9 ± 0.8  53.6 ± 1.6 51.3 ± 2.5 

0.50 75.7 ± 2.2 72.6 ± 1.4  77.6 ± 1.8 75.1 ± 3.1 

0.75 92.4 ± 2.8 86.2 ± 3.2  93.1 ± 0.9 84.6 ± 1.4 

1.0 98.1 ± 3.1 96.9 ± 2.8  98.5 ± 2.1 94.9 ± 1.8 

1.5 99.2 ± 1.8 97.2 ± 1.4  99.4 ± 1.1 97.9 ± 0.4 
          a All measurements were done in triplicate and reported as mean ± SD. 

 

 The initial concentration of AFB1 and AFB2 in maize sample was 25.68 and 2.75 µg/kg, respectively. 

However, AFG1 and AFG2 were not found within the detectable limits. The results data showed that adsorption 

of AFB1 on SiO2 was a continuous increase right from pH 3 to 7 as found in the standard solution of AFB1. 

Whereas, adsorption of AFB1 on AC was remains constant at any pH levels. 

 

Effect of adsorbent amount: 

 The adsorption of AFB1 and AFB2 by different amount SiO2 and AC in naturally contaminated maize 

samples at pH 3 and 7 are presented in Table 3 and 4, respectively. The results showed that the reduction is 

directly proportional to the amount of SiO2 at any pH level (Figure 1 a). For instance, at 0.1% (w/w) of SiO2 and 

pH = 3, only 9.1 and 13.7% reduction was achieved in AFB1 and AFB2, respectively. However, at 1.5% (w/w) 

of SiO2 and pH = 3, about 60.9 and 59.6% reduction in AFB1 and AFB2 was attained, respectively. These 

relations were also found at the pH 7. 

 In case of AC, the reduction is also directly proportional to the amount of AC (Figure 1 b). For instance, 

about 40.1 and 28.3% reduction was attained in AFB1 and AFB2 at 0.1% (w/w) of AC and pH = 3, respectively. 

However, about 99.4 and 97.9% reduction in AFB1 and AFB2 was achieved at 1.5% (w/w) of AC and pH = 3, 

respectively. Furthermore, a same manner was also attained at pH 7.  

 

Effect of interaction time: 

 Adsorption of AFB1 and AFB2 in naturally contaminated maize samples by SiO2 and AC at different 

incubation time is illustrated in Table 5.  

 The amount of each adsorbent was 1% (w/w) and pH was maintained at 7. The results showed that the 

reduction is directly proportional to the incubation time (Figure 2).  

 For instance, about 20.5/23.5% adsorption of AFB1/AFB2 by SiO2 was attained at 15 min incubation time. 

However, 88.6/100% adsorption of AFB1/AFB2 by SiO2 was accomplished at 60 min incubation time. 

Furthermore, the same trend was observed in case of AC. The adsorption of AFs by SiO2 was found lower in 

comparison to AC at pH 3. However, the reduction was found comparable at pH 7.  
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Fig. 1: Effect of the adsorbents amount on the aflatoxins adsorption in naturally contaminated maize samples at 

pH 3 and 7, (A) silicon dioxide, (B) activated charcoal. 

 
Table 5: Adsorption (%) of aflatoxin B1 and B2 in naturally contaminated maize samples by silicon dioxide and activated charcoal at 

different incubation time. The amount of each adsorbent was 1% (w/w) b. 

Incubation Time (min) Adsorption (%) of AFB1 and AFB2 by SiO2 and Charcoal b 

SiO2  Charcoal 

AFB1 AFB2  AFB1 AFB2 

15 20.5 ± 0.7 23.5 ± 1.8  83.8 ± 1.8 81.3 ± 1.8 

30 46.1 ± 2.1 44.1 ± 3.2  90.8 ± 0.8 88.0 ± 0.9 

45 71.6 ± 1.8 80.0 ± 1.4  95.3 ± 1.9 97.1 ± 2.8 

60 88.6 ± 1.1 100 ± 1.6  98.7 ± 3.5 100 ± 0.5 
           a All measurements were done in triplicates and reported as mean ± SD.  

           b The pH was adjusted at 7. 

 

 
Fig. 2: Adsorption of AFB1 by silicon dioxide and activated charcoal at different incubation time in naturally 

contaminated maize samples. 

 

Discussion: 

Effect of pH: 

 In the variation in adsorption of AFB1 between different levels of pH (3 and 7) might be due to two factors: 

the H+ concentration in the solution was high at pH 3, the electrostatic attraction between H+ of solution and 

SiO2 is increased. As a result, in the competition is increase for adsorption sites between H+ and AFB1. 

Furthermore, at higher pH due to the dissociation of active groups it’s providing more adsorption sites.  

Moreover, the physical and chemical properties of AFB1 may play a more important role than the large specific 

surface area. 
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Effect of adsorbent amount: 

 The adsorption of AFB1 and AFB2 was found directly proportional to the amount of SiO2 and AC at any pH 

level. According to the Grant et al, (1998) the adsorbent and adsorbate existed the dose-response relationship. 

The result of the present study was found in good agreement with this statement. The reason is that on the higher 

concentration of adsorbent amount it provides more unsaturated adsorption sites for adsorbate. 

 

Effect of interaction time: 

 The adsorption of AFB1 and AFB2 was found directly proportional with time and then maintained at 60 

min. It shows that this was fast adsorption process and the adsorption move towards equilibrium in about 60 min 

under the given experimental conditions.  

 Furthermore, AC is formed by pyrolysis of organic material is used as an antidote to poisoning (Panthee, 

2008). Therefore, it has been investigated for its ability to adsorb mycotoxins. It has been shown to adsorb 

various mycotoxin such as, aflatoxin, ochratoxin, fumonisins and trichothecenes rather efficiently, but its effect 

in feeding studies has mainly been very low (Doll et al., 2004; Bueno et al., 2005; Var et al., 2008). The 

practical application of AC in feedstuffs, however, is restricted due to technical (dust formation and dark colour) 

and nutritional (adsorption of minerals, vitamins and other nutrients) limitations (Sabater-Vilar et al., 2007). 

However, Silica is not digested or absorbed in the intestinal tract, which means it poses no risk of toxicity. It is 

considered safe or harmless for the human and animal’s health by the FDA (FDA. 1979). Furthermore, it can be 

used with the combination of other AFs adsorbents. Moreover, when it is used in combination with other 

mycotoxin management practices, it might prove to be beneficial in the management of AFs contaminated 

maize.  

 However, SiO2 has several advantages on AFs adsorption in comparison to AC for instance, higher affinity 

to AFs at pH 7, not adsorbs other nutrients and the complex was very stable in different pH buffer. The most 

important aspect of usage of SiO2 on maize is their safety and biocompatibility, since they become attached to 

food, and can be released or adsorbed in the intestines. However, like other in vitro assays, the current study 

can’t completely suggest the adsorptive conditions of the animal gastrointestinal tract, so in vivo studies are 

required to evaluate the potential of AFs adsorption by SiO2 under practical conditions. 

 Different methods are used to control the AFs in maize these includes, dry heating (Hawkins et al., 2005), 

roasting (Kabak, 2009), microwave treatment (Pérez-Flores et al., 2011), gamma radiation (Aziz and Moussa, 

2004), citric acid treatment (Méndez-Albores et al. 2005) and biological detoxification (Abbas et al., 2006). The 

control of AFs by adsorbents is more efficient over other methods as mentioned above. AFs are quite stable up 

to their melting point of around 268
o
C (O’Neil et al., 2001). Dry heating has not been particularly effective, 

while prolonged heating may adversely affect the quality of the protein or availability of lysine (Mao et al., 

1993). Roasting has been reported in some cases to reduce AFs levels, but in no case the total destruction has 

been achieved (Scott, 1984). The use of microwave can be hazardous for health a creating cancer-causing 

agents, releasing radioactivity into the environment and causing a degeneration of the immune system (Stevens, 

2013). In adsorption method no heating required and therefore may not adversely affect the quality of the 

protein or availability of lysine. Furthermore, Silica is not digested or absorbed in the intestinal tract, which 

means it poses no risk of toxicity. SiO2 is generally recognized as safe for human and animal’s health by the 

FDA. Present study shows that adsorption of AFs by SiO2 has resulted as a whole about 88% reduction in 

maize. The finding of this research study indicates that adsorption method could reduce the toxins 

concentrations to safe levels. Nevertheless, the method of adsorption method not only reduces the AFs content 

but also save the nutritional values along with the edible properties of the maize. To strengthen the exportable 

segment of maize in Pakistan, essential measures regarding the procurement, drying, handling and packaging 

practices along with appropriate storage and transport conditions etc., have been suggested for the prevention 

and control of mycotoxins, particularly the AFs.  

 

Conclusion: 

 On the basis of achieved results it was concluded that SiO2 is able to effectively bind AFs in vitro. The 

adsorption of AFs with SiO2 was enhancing as the pH increased and directly proportional with incubation time. 

Among 3 and 7 pH, higher binding ability was found at pH 7 and absorption time is 60 min. whereas, about 96–

100% adsorption in AFs by AC was attained at pH 3 and 7. The SiO2 has more advantages as compare to AC 

such as, high affinity to AFs, nutrients are not adsorb and formed stable complex in different pH buffer.  

Moreover, it can be used with the combination of other AFs adsorbents and when it is used in combination with 

other mycotoxin management practices, it might prove to be beneficial in the management of AFs contaminated 

maize. However, like other in vitro assays, the current study can’t completely suggest the adsorptive conditions 

of the animal gastrointestinal tract, so in vivo studies are required to evaluate the potential of AFs adsorption by 

SiO2 under practical conditions. 
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