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  INTRODUCTION 
 

Today, feed security is among the most important issues in 
human life. Along with this, feed health has become impor-
tant to the consumers. Providing feed for human beings and 
protecting agricultural crops from damages due to drought, 
pests and diseases have forced farmers to use different pes-
ticides to fight with pest in agriculture (Cengiz et al. 2006). 
Pesticides are materials with the chemical or biological 
origin that used extensively by human society and can be 
extremely toxic and harmful to both people and animals 
(Kazemi et al. 2017). Animal feeds may be contaminated 

with pesticide residues, and these toxin residues may be 
passed into the animal’s body and its products (Nag and 
Raikwar, 2011). Today, 320 active pesticide compositions 
as thousands of commercial formulations are used all over 
the world (Deshpande, 2002; Shibamoto and Bjeldanes, 
2009). In order to control pests in Iran, about 5261.80 tons 
pesticides are used in 2013 (FAO, 2013). Organophosphate 
pesticides are among the leading chemicals used exten-
sively for agricultural pests control throughout the world 
(Gaikwad et al. 2015). Diazinon is an organophosphate 
pesticide that has been widely used by Iranian farmers. Di-
azinon’s biological half-life in mammals equals about 12 
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hours and after 2 weeks only traces of this pesticide may be 
found in the bodies (Debski et al. 2007). Diazinon residues 
in food and feed with different concentration have been 
reported by researchers in Iran and other countries 
(Golghasem Gharehbagh, 2017; Kazemi, 2012). In places 
with high diazinon residues, more species are endangered 
by extinction (United State Environmental Protection 
Agency, 2004). 

The presence of phosphoric and chloric pesticides has 
been proven in milk and related products, meat and feed 
prepared from contaminated ingredients as well as feed 
products prepared from raw materials sprayed before the 
expiration of the occurrence period of the insect all of 
which create chronic toxic effects of accumulation of pesti-
cides in human and livestock (Bakore et al. 2002). Residues 
pesticides in feed after consumption (Raikwar and Nag, 
2003) in addition to absorption from the digestive system 
appear in the blood and most of the animal organs such as 
fat tissue milk (Darko and Acquaah, 2008). Clinical and 
sub-clinical effects in the animals consuming contaminated 
feed (Kutches et al. 1970), the possibility of accumulation 
of pesticide toxins in animal tissues and milk can create 
serious problems such as liver tissue damage and neural, 
reproductive, skin and digestive diseases and even some 
cancers in human (Ceron et al. 1995; Abd-El Ghaney, 
2002). 

Due to the importance of public health and sanitation, 
and possible economic losses in animal husbandry, detec-
tion, and control of toxin transfer through the feed to ani-
mals is especially important. There are three general types 
of antidotes for poisons and toxins. First, a mechanical an-
tidote is one that binds a poison in the gut and prevents ab-
sorption of the poison. Second, a chemical antidote stimu-
lates the body so that the poison is metabolized and detoxi-
fied at a faster rate. Third, a physiologic antidote counter-
acts the toxic effects of the poison (Aazami et al. 2017). An 
example of a mechanical antidote is bentonite and sac-
charomyces. Recent research has shown that the best and 
most cost-effective way to decrease the side effects of pes-
ticides and prevent their transfer into milk and other animal 
products is the application of adsorbents or bonding materi-
als (Kiyothong et al. 2012; Aazami et al. 2017; Kazemi et 
al. 2017). Generally, these compounds bond with the effec-
tive material in the toxin present in animal feed and ulti-
mately are removed through urination or defecation of the 
animal preventing or minimizing the digestion of toxins 
(Kazemi et al. 2017). Therefore, due to extensive applica-
tion of different pesticides and considerations of the effects 
of residual toxins on the health of consumers; one can con-
clude that controlling the amount of pesticides applied to 
agricultural crops is very essential (Park et al. 2015). 

Scientific information about the effect of different toxin 
adsorbents on residue pesticides in grape pomace and their 
effects on ruminal environment, production and composi-
tion of milk and also transfer of toxins into milk is incom-
plete; it is furthermore, unknown whether Mycofix-Plus, 
Bio-Tox, and Bio-Acid would have required efficiency for 
neutralizing their adverse effects when exposed to these 
pesticides.  

Therefore, the aim of this study was to investigate the ef-
fects of varied adsorbents as commercial toxin binders on 
the amount of diazinon toxins in grape pomace, and Maha-
badi dairy goats under in vivo conditions.  
 

  MATERIALS AND METHODS 
Animals, samples and chemical analysis 
All the experimental protocols were approved by the Ani-
mal Use Committee in Urmia University, Urmia, Iran (pro-
posal No. 1334569; 25.02.2017). The animals were cared 
according to the Guide for the Care and Use of Agricultural 
Animals in Research and Teaching (NRC, 2001). In this 
study, 20 mature Mahabadi dairy goats with the average 
live weight of 55 ± 5 kg have been studied in a completely 
randomized design with 4 treatments and 5 replicates for 30 
days.  

The animals were fed with total mixed ration (TMR) 
feeding system (the concentrate-to-forage ratio in the TMR 
was 60:40 on DM basis, Table 1) containing 27.71% grape 
pomace, 18.95% chopped alfalfa hay, 14.98% corn silage, 
25.87% barley grain, 6.58% soybean meal and 4.79% 
wheat bran plus mineral/vitamin supplement according to 
their requirements for two times daily at 8:00 and 18:00 hr. 

Grape pomace used in this research after obtaining from 
Urmia Pakdi’s factory was stored in silos under anaerobic 
conditions before addition to the diets, and it was used 
without processing or additives for the control group. In 
treatments 2, 3 and 4 were used 5 g per animal in the day 
from adsorbents Mycofix-Plus, Bio-Tox and Bio-Acid. The 
amount of dry matter and chemical composition for all feed 
samples were measured with three replications. Feed sam-
ples were analyzed for dry matter (DM), at 55 °C for 48 hr 
(AOAC, 2002), neutral detergent fiber (NDF), acid deter-
gent fiber (ADF) and lignin (Van Soest et al. 1991). The 
neutral detergent solution contained sodium sulfate and heat 
stable alpha-amylase.  

Ash content was determined by ignition of the dried 
samples at 500 ˚C for 4 hr (Mertens et al. 2002). Ash was 
determined in the bag residues and NDF was expressed free 
of residual ash. The lignin content was determined by solu-
bilizing of the ADF fraction in 12 M sulfuric acid (Gomes 
et al. 2011). 
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Milk production and collection 
To compensate for the effect of stresses due to milking, the 
amount of milk production of goats was measured by 
weighing the kids. To do so, one week after being born, the 
kids were separated from their mothers and were trans-
ferred to another place, and they were breastfed twice daily 
in the morning and afternoon each time for 20 minutes. To 
measure and record the amount of milk, each kid was 
weighed before and after breastfeeding using a digital scale 
and their difference was recorded as the received milk. 
Hand milking was also performed in order to ensure total 
discharge of milk from the breast of the mother, and the 
amount of daily milk was calculated by summing the two 
portions. About 50 mL samples of a thoroughly mixed 
composite of milk (morning and afternoon; 60:40 v/v) of 
individual goats were taken weekly for determination of 
milk composition.  

The milk samples were analyzed in Urmia Pegah Factory 
for fat, protein, lactose, solids-not-fat, total solids, using the 
Milko-Scan (MilkoscanTM Minor FOSS, Denmark); so-
matic cell counts (SCC) using the (FossomaticTM Minor 
Integrator, Denmark). 
 
Sample preparation for measuring diazinon toxin 
Diazinon toxin residues were identified and measured in the 
comprehensive laboratory of West Azarbaijan Jahade 
Daneshgahi using HPLC device with 3 replications. For 
sample preparation, the first 5 g sample was weighted, and 
10 mL acetonitrile was added as extracting solvent. Then 
200 µL of acetic acid was added to acidify the medium. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1 Ingredients and chemical composition of the basal diet (% of DM) 

 Ingredients Amount (%) 

White grape pomace  27.71 

Alfalfa hay  18.95 

Corn silage  14.98 

Barley grain  25.87 

Soybean meal  6.58 

Wheat bran  4.79 

Mineral and vitamin premix   0.51 

Calcium carbonate  0.61 

Mycofix-Plus1  - 

Bio-Tox2  - 

Bio-Acid3  - 

  Chemical composition  

Crude protein (% )  14.7 

Metabolizable energy (Mcal/kg DM)  2.49 

Neutral detergent fiber (%)  39.2 

Acid detergent fiber (%)  21.22 

Ether extract (% of DM)  3.21 

Nonfiber carbohydrate  37.1 

Ash  8.08 
1 Mycofix-Plus including: 1-synergistic blend of minerals; 2-biological constituent and 3-BBSH 797 4-phytogenic substances 5-phycophytic. 
2 Bio-Tox including: silicates and yeast cell wall extract (Saccharomyces cerevisiae). 
3 Bio-Acid containing: formic acid, propionic acid, lactic acid and ammonium formate vs. ammonium propionate. 

 
The medium was thoroughly mixed with ultrasonication 

for 3 minutes; then the mixture was centrifuged at 5000 
rpm for 10 minutes and filtered and injected into HPLC 
device. 
 
Conditions of HPLC device 
Solid phase: C18 (25 cm), Mobile phase: acetoni-
trile/phosphate buffer solution pH=3 (20:L80), Absorption 
wavelength: 230 nm, Detector: DAD (direct array detector), 
Mobile phase flow: 1 mL/min 
 

Statistical analysis 
The complete data set was analyzed as a completely ran-
domized design using generalized linear model (GLM) of 
SAS (2004). Least square means were adjusted by Tukey 
and separated using PDIFF option. Additionally, PROC 
REG was used to investigate the relationship between dif-
ferent measurements. Data were presented as the least 
square means and corresponding standard errors. 
 

  RESULTS AND DISCUSSION 
Milk production and composition 
The experimental data by using toxin adsorbent materials 
on milk production and composition are shown in Table  2. 
The results showed that milk production was affected by 
experimental treatments such that the highest daily milk 
production was obtained for treatment Bio-Tox and was 
18.30% higher than control, which was a significant differ-
ence (P<0.05).  
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In treatment with Mycofix-Plus, there was no significant 

difference compared with other toxin’s adsorbent com-
pounds, but there was a significant difference compared to 
the control group, and a 14.08% increase was observed in 
milk production. Bio-Acid gave lower milk production 
compared to Bio-Tox treatment and reached 1.53% com-
pared to 1.68% for Bio-Tox, which was a significant differ-
ence (P<0.05) but no significant difference was observed in 
treatment with Bio-Acid compared to Mycofix-Plus and 
control treatments. Although 7.75% increase in milk pro-
duction was obtained by treatment with Bio-Acid compared 
to the control group, this was not a significant difference. 
The results obtained from the milk amount corrected ac-
cording to 4% fat showed that the highest amount of this 
parameter was in treatments 2 and 3 which were 1.33 and 
1.37 kg compared to 1.19 kg for a control group, respec-
tively, which showed a significant difference (P<0.05). 
Treatment 4 also showed no significant difference com-
pared to treatments with different toxin adsorbent and con-
trol. The fat percentage of milk in different experimental 
treatments did not show significant differences, but milk fat 
was numerically higher for control and Bio-Acid, which 
produced lower amounts of milk compared with other 
treatments. Parameters such as protein, lactose, total solid, 
solids not fat and somatic cells percentages were not sig-
nificantly different. The values for milk composition which 
were calculated in terms of g per day are presented in Table 
2. There were no significant differences between experi-
mental treatments in terms of production of fat, protein, 
lactose, solids not fat, total solid, and somatic cells. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 2 Lactation yield and milk composition of goats fed grape pomace-base diets supplemented with different toxin adsorbents 
Treatment  

Item SEM P-value 
 T1 T2 T3 T4 

Yield  
1.42c 1.62ab 1.68a 1.53bc Milk (kg/day)  0.04 0.015 

1.19b 1.33a 1.37a 1.27ab 0.02 0.026 Milk (4% FCM)  

Milk components (%)  
Fat  2.93 2.79 2.76 2.87 0.07 0.247 

Protein  4.99 4.69 4.61 4.69 0.12 0.22 

Lactose  4.89 5 4.99 4.87 0.12 0.83 

Total solids  13.29 12.85 12.74 12.80 0.19 0.247 

Solids not fat  10.96 10.65 10.55 10.52 0.11 0.089 

Somatic cells   4.70 4.96 4.77 5.05 0.23 0.68 

Milk components (g/day)  
Fat  41.66 44.93 46.34 43.92 1.33 0.665 

Protein  70.89 76.33 77.41 71.76 1.08 0.076 

Lactose  69.47 80.30 83.60 74.50 2.24 0.065 

Total solids  188.22 207.76 213.25 195.53 3.87 0.107 

Solids not fat  155.58 172.25 176.95 160.56 3.51 0.061 
T1: control: diet containing unprocessed grape pomace; T2: diet containing grape pomace processed with toxin binder Mycofix-Plus; T3: diet containing grape pomace 
processed with toxin binder Bio-Tox and T4: diet containing grape pomace processed with toxin binder Bio-Acid. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

However, in all investigated parameters regarding milk 
composition, the amount of components was higher in 
treatments with different toxins adsorbent compared to the 
control group. 
 
Diazinon residues 
Diazinon residues in different experimental treatments are 
presented in Table 3. As can be seen, the lowest amount of 
diazinon toxins was obtained in treatment 3 (0.67 mg/kg), 
and a significant difference was observed between this 
amount and those obtained for control (4.08 mg/kg) and 
other treatments (P<0.05). Grape pomace processed with 
Bio-Acid and Mycofix-Plus decreased the amount of diazi-
non toxins in treatments 4 and 2 to 1.01 and 1.36 mg/kg, 
respectively, which were significant and meaningful com-
pared to the control group (P<0.05). Compared to treatment 
3, treatments 2 and 4 showed a significant difference 
(P<0.05), but the amount of diazinon toxin in treatment 3 
was the lowest. The results obtained from the percentage of 
decrease in toxin residues in different treatments due to 
processed grape pomace compared to the control group are 
summarized in Table 3. Based on the obtained results, 
treatment 3 showed the highest percentage of diazinon 
toxin reduction (83.58%) compared to the control group 
and had a significant difference compared with other treat-
ments (P<0.05). Treatment 4 also decreased the amount of 
diazinon toxins (75.25%) compared to the control group 
and showed significant differences with treatments 3 and 2 
with the highest and lowest toxin decreases compared with 
the control group, respectively (P<0.05).  
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Treatment 2 also showed the lowest diazinon toxin de-
crease compared to the control group among other treat-
ments (66.67%) which had a significant difference with 
treatments 3 and 4 (P<0.05). 
 
Transfer of diazinon toxins to milk 
The amounts of diazinon toxins transferred to milk are 
summarized in Table 4. The obtained results showed that 
the amount of diazinon toxin transferred through the con-
taminated feed to milk was decreased by different toxin 
adsorbents.  

The results obtained by investigations of standards of 
food commission (Codex), FAO and WHO, European 
Commission (EC), and European Medication Agency 
(EMA) showed that maximum residue limit (MRL) of diaz-
inon toxins in milk was 0.02 mg/kg. Therefore, based on 
these global standards, treatments 3 and 4 showed the low-
est amount of toxin transferred to milk (0.014 and 0.018 
mg/kg, respectively) compared to the control group (0.136 
mg/kg) and a significant difference was observed between 
them (P<0.05).  

Treatment 2 with Mycofix-Plus also decreased the 
amount of diazinon toxins transferred to milk and showed a 
significant difference compared to the control group 
(P<0.05), but according to the standards, MRL did not 
reach an acceptable level and the amount of diazinon toxin 
in milk was higher than the allowed level. However, as can 
be seen in the obtained results, in all treatments with toxin 
adsorbents, the amounts of diazinon toxin transfer to milk 
were decreased compared to the control group with signifi-
cant difference (P<0.05). The statistical information pre-
sented in Table 4 shows the percentages of diazinon toxins 
transferred to milk through processed grape pomace with 
different toxin adsorbents. 

 
 
 
 
 
 
 
 
 

Table 3 Diazinon residues in different experimental treatments and the percentage reduction of toxin residues in treatments compared to control 
treatment 

Treatment 
Item SEM P-value 

T1 T2 T3 T4 

 Pesticide residues in Feed   

4.08a 1.36b 0.67d 1.01c Diazinon (mg/kg) 0.51 < 0.0001 

66.67c 83.58a 75.25b Decrease diazinon residues (%) - 3.09 < 0.0001 
T1: control: diet containing unprocessed grape pomace; T2: diet containing grape pomace processed with toxin binder Mycofix-Plus; T3: diet containing grape pomace 
processed with toxin binder Bio-Tox and T4: diet containing grape pomace processed with toxin binder Bio-Acid. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

 
 
 
 
 
 
 
 
  

Table 4 The amount of diazinon residue and the percentage of transfer to milk in experimental treatments

Treatment 

Item SEM P-value 
T1 T2 T3 T4 

 Toxin residue in the milk   

0.136a 0.042b 0.014c 0.018c Diazinon (mg/kg) 0.01 < 0.0001 

3.33a 3.08a 2.09b 1.78b Transfer diazinon to milk (%) 0.25 0.001 
T1: control: diet containing unprocessed grape pomace; T2: diet containing grape pomace processed with toxin binder Mycofix-Plus; T3: diet containing grape pomace 
processed with toxin binder Bio-Tox and T4: diet containing grape pomace processed with toxin binder Bio-Acid. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Treatments 3 and 4 which contained Bio-Tox and Bio-
Acid adsorbents showed the lowest percentages of toxin 
transfer (2.09 and 1.78%, respectively) compared to treat-
ment 2 with Mycofix-Plus (3.08%) and the control group 
(3.33%) and the significant statistical difference was ob-
served (P<0.05). 
 
Milk production and composition 
In the present study, milk production was increased due to 
the application of different toxin adsorbents. Recent re-
search has reported (Kazemi, 2012; Golghasem Ghare-
hbagh, 2017) that by decreasing the amount of toxins in 
diets, milk production was increased, which complied with 
our findings. Kiyothong et al. (2012), in a research con-
ducted using mycotoxin inhibitors, showed that mycotoxins 
entering the rumen decreased milk production. Different 
researchers also reported that mycotoxins decreased milk 
production (Diaz et al. 2005; Politis et al. 2005; Cheng et 
al. 2006). In line with our findings, Golghasem Gharehbagh 
(2017) reported that different toxin adsorbents could de-
crease negative effects of toxins and pesticides residue on 
different metabolic processes by inactivating them and 
therefore increased milk production such that the obtained 
data showed that milk production was significantly in-
creased compared to control treatment, but no effect was 
observed on milk composition. Kazemi et al. (2017) re-
ported that pesticides and toxin residues could have harmful 
long-term effects on ruminal environment and performance 
of animals. Kiyothong et al. (2012) have shown that toxin 
adsorbents in contaminated diets can increase DM intake in 
animals and have negative effects on the health and ruminal 
balance and therefore, increase milk production. Also, de-
creased DM intake and insufficient supply of microbial 
protein may be among the reasons for decreased milk pro-
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duction (Cardozo et al. 2005; Chichlowski et al. 2005). In 
this study, different toxin adsorbents showed positive ef-
fects on the ruminal environment and metabolic processes 
by decreasing the amounts of diazinon toxin and other my-
cotoxins, and therefore, increased milk production. How-
ever, decreasing diazinon toxin due to the application of 
different adsorbents in diets based on white grape pomace 
had significant effects on different compounds in the pro-
duced milk. Also, our results showed that adding different 
toxin adsorbents at dosages advised by Biomin Company 
had no negative effects on the production and composition 
of the produced milk.  
 
Diazinon residues 
Since diazinon is one of the important and most commonly 
used toxins in the fight against grape cluster warm, its 
overuse in Iranian vineyards, including vineyard gardens of 
West Azarbaijan province, has resulted in the detection of 
residues of this toxin in grapes and related products such as 
grape pomace produced in fruit juicer factories. Statistical 
results obtained from the toxicology of diazinon in grape 
pomace, which are presented in Table 3, proves this claim. 
Maximum residue limit for diazinon toxin in fruits such as 
grapes based on Food and Agriculture Organization of the 
United Nations (FAO, 2013) is 0.5 mg/kg. Since diazinon 
toxins have been overused and currency period has not been 
obeyed, the amount of this toxin in grape pomace was in-
creased to above the allowed level in all treatments. How-
ever, as mentioned above, different toxin adsorbents sig-
nificantly decreased the amount of diazinon toxins com-
pared to control treatment but because of a high level of this 
toxin in grape pomace, only Bio-Tox treatment could de-
crease diazinon toxin to near its allowed threshold. 

The decrease of diazinon toxins with treatment 3 could 
be due to the structure it, such that Bio-Tox supplement as 
an organic toxin adsorbent, combined with silicates and cell 
wall extracts of yeast (Saccharomyces cerevisiae), can ab-
sorb a wide range of toxins. Organic toxin binders based on 
β-glucan (inner wall of yeast) with 1, 3 and 1, 6 β-glucan 
structures are unnatural and charge-free molecules 
(Moschini et al. 2008). Due to helical, spring-like structure, 
and hydrogen and van der Waals bonding; these com-
pounds have high absorption capacity for bonding to toxins 
(Nemati et al. 2015). On the other hand, positive effects of 
compounds containing yeast extract can be attributed to the 
capabilities of these compounds in increasing the growth of 
acetic acid consuming bacteria, pH fixation in the rumen, 
and increased food consumption (Nemati et al. 2015). 

Savari et al. (2013) reported that organic toxin adsorbents 
have higher efficiencies compared to inorganic sorbents 
such that in this study Bio- Tox adsorbent was introduced as 
the best mycotoxin adsorbent. In treatment 2, a decrease of 

diazinon toxins may be due to the presence of sodium ben-
tonite in the ingredients of Mycofix-Plus which has very 
high cation exchange capacity. Bentonite is a term used for 
describing clay rock materials which are mainly composed 
of montmorillonite clay with impurities such as quartz, 
feldspar, and other minerals (Eisenhour and Brown, 2009). 

Montmorillonite is a phyllosilicate mineral belonging to 
the smectite group (Dixon and Schulze, 2002). Bentonite 
belongs to planar silicate family and has a three-layered 
structure with an aluminum layer with loose bonding be-
tween two silicate layers. Due to this three-layered struc-
ture, bentonite has colloidal properties. The important prop-
erties of minerals in the smectite family are an ionic substi-
tution, formability, and ionic expansion and contraction and 
these properties can be considered to be responsible for 
decreasing toxins by the addition of bentonite. 

The decrease of diazinon toxins in treatment 4 compared 
to the control group was due to the application of Bio-Acid. 
Using a combination of formic acid, propionic acid, and 
lactic acid along with ammonium formate and ammonium 
propionate salts can be effective in decreasing the amount 
of toxins. Golghasem Gharehbagh (2017) reported that ap-
ple pomace processed with Bio-Acid toxin significantly 
decreased diazinon toxin compared to the control group. 
Acidic adsorbents decrease ruminal pH and therefore, de-
stroy ruminal toxins (Kim et al. 2005). Also, by being dis-
persed all over the body, acids can prevent the harmful ef-
fects of toxins and block them (Lukstadt, 2014). Similarly, 
Golghasem Gharehbagh (2017) reported a significant de-
crease in diazinon toxins by applying Mycofix-Plus and 
Bio-Tox adsorbents compared to the control group. Kazemi 
et al. (2013) also reported that sodium bentonite is an ex-
panded lattice clay of the montmorillonite group (belong to 
minerals) with high ion exchange capacity that binds a wide 
range of cations specially organophosphorus and other tox-
ins. Aazami et al. (2017) in a study on diazinon toxin re-
ported that bentonite acted as a linker of diazinon and other 
organophosphorus toxins, and prevented their spread.  
 
Transfer of diazinon toxins to milk 
Research has shown that organophosphorus toxins enter the 
systematic cycle within the body after being consumed by 
the animal and are finally stored in tissues such as adipose, 
brain, liver, spleen, and milk (Sharma et al. 2007). In line 
with our findings, it has been reported that pesticide resi-
dues in contaminated feed supplies can be transferred to 
milk and other animal products (Nag et al. 2007). Organo-
phosphorus toxins are covalently bonded to proteins and 
cause the survival of toxins in milk and also milk casein can 
bond to toxin residues through seryl and phosphoseryl 
moieties (Deiana and Fatichenti, 1992). Lipophilic nature of 
most organophosphorus toxins supports the accumulation 
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of this toxin in a fat matrix of milk (Juhler, 1997). In dairy 
animals, which consume organophosphorus toxins, espe-
cially diazinon; the removal of toxins from the body takes 
place rapidly in a few days; however, a fraction of diazinon 
is observed in dairy products. Szerletics et al. (2000) re-
ported that in the milk of cows and sheep treated with diaz-
inon, this toxin was obviously detected on day 1 (0.1-0.2 
mg/kg). Hamann et al. (1984) also found similar results 
showing that in the milk of animals, which had received 
organophosphorus toxins through their skin or air, toxin 
residue was observed. In line with our findings, Kazemi 
(2012) showed that diazinon and organophosphorus toxins 
could be significantly transferred to the milk after being 
consumed by the animal, and the application of toxin ad-
sorbents (sodium bentonite) could significantly decrease 
this transfer process, and therefore, a large amount of toxins 
could be discharged through urination. Also, Golghasem 
Gharehbagh (2017) showed that in goats fed with different 
adsorbents, diazinon toxin could significantly be transferred 
into milk, and different toxin adsorbents could significantly 
decrease the amounts of transferred toxins, which complied 
with our findings. 
 

  CONCLUSION 

In conclusion, our findings showed that addition of My-
cofix-Plus, Bio-Tox, and Bio-Acid toxin adsorbent materi-
als to grape pomace had no negative effect on the measured 
parameters and Bio-Tox and Mycofix-Plus toxin adsorbent 
increased milk production by 18.30 and 14.08%, respec-
tively. Also, due to destroying toxin residues and enhancing 
metabolic performances and DM intake, adsorbents can 
somehow improve animal performance, especially in terms 
of milk production. Compared with diazinon residues in the 
control group (4.08 mg/kg), adsorbents played a positive 
and significant role in decreasing diazinon toxin in animal 
feed. However, Bio-Tox in diets containing high grape po-
mace showed the highest toxin decrease (0.67 mg/kg) in the 
diet and decrease in diazinon compared to the control group 
was 83.58%. Furthermore, adsorbents play a very important 
role in decreasing toxin transfer to milk and treatments with 
Bio-Tox and Bio-Acid adsorbents showed the least amount 
of toxin transfer to milk. Mycofix-Plus adsorbent also 
played a critical role in decreasing diazinon toxin, but it 
could not decrease the amount of this toxin in the milk to 
below the allowed standard level. According to the research 
conducted so far, this study was the first to investigate the 
effects of different toxin adsorbents on pesticide’s residue 
amounts, including diazinon in white grape pomace. Gener-
ally, the amount of diazinon applied in vineyards are in-
creasing due to lack of suitable alternative pesticides, ne-
glecting durability and currency period of a toxin, and lack 
of sufficient control on toxin application in vineyards; 

therefore, due to the presence of a diazinon toxin in levels 
higher than the standard allowed level in stored grape po-
mace, it can be concluded that the application of toxin ad-
sorbent supplement with fed diets high in grape pomace is 
essential for avoiding negative effects of the toxin on me-
tabolism as well as on transfer of a toxin into milk. 
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