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Abstract 
 

Background: Aflatoxins are fungal secondary metabolites negatively affecting ruminant performance; however, little information 

is available on their impact on rumen fermentation. Aims: This study aimed at determining the effects of different concentrations of 

aflatoxin B1 (AFB1) from Aspergillus flavus on in vitro gas production and ruminal fermentation parameters using two experiments 

(Exp.). Methods: In Exp. 1, two concentration ranges (0, 0.5, 1, and 1.5 µg/ml of rumen inoculum as low and 0, 5, and 10 µg/ml as 

high concentration ranges) were used to evaluate AFB1 effect on gas production kinetics using 96-h incubations. In Exp. 2, only the 

high concentration range was used to investigate AFB1 effects on ruminal fermentation parameters using 24-h incubations. Results: 

In the low concentration range, the half-time of asymptotic gas production (T1/2) increased and the fractional rate of gas production 

(µ) decreased linearly with AFB1 dosage (P<0.05). However, in the high concentration range, the asymptotic gas production (A) and 

T1/2 decreased; and the lag time (L) and “µ” increased linearly (P<0.001) by increasing the concentrations of AFB1. In Exp. 2, dry 

matter (DM) and organic matter (OM) disappearance, microbial biomass (MB) and total volatile fatty acids (TVFA) concentrations 

were depressed, but pH and ammonia-N concentration increased (P<0.01) by increasing the concentrations of AFB1. The pattern of 

rumen volatile fatty acids (VFAs) was also modified by AFB1, as the propionate proportion increased at the expense of acetate. 

Conclusion: Aflatoxin B1 had an adverse effect on in vitro ruminal fermentation parameters in high concentration ranges (5 and 10 

µg/ml). 

 
Key words: Aflatoxin B1, In vitro gas production, Rumen fermentation parameters, VFA 

 

Introduction 
 

Aflatoxins are mainly produced by Aspergillus flavus 

and A. parasiticus and to a lesser extent by A. bombycis, 

A. ochraceoroseus, A. nomius, and A. pseudotamari 

(Peterson et al., 2001). They have the potential to infect 

many post-harvested crops such as cereals, forages and 

silages commonly used in animal feeding (Alonso et al., 

2013; Gallo et al., 2015). 

With the increasingly warming climate, the challenge 

of aflatoxins, especially that of aflatoxin B1 (AFB1) as 

the most potent toxin in this group, would be of higher 

importance since a higher crop contamination rate is 

observed in warmer climates (Chauhan et al., 2008; 

Jouany et al., 2009). Infected feeds may cause, 

depending on the ingested dose or the exposure time to 

the toxin, acute or chronic aflatoxicosis in farm animals, 

impairing their health and thereby reducing their 

performance (Jouany et al., 2009). Ruminants are 

generally more resistant to AFB1 than other farm 

animals such as monogastrics because of the partial 

degradation of AFB1 by rumen microorganisms 

(Hussein and Brasel, 2001; Upadhaya et al., 2009; 

Gonçalves et al., 2015). However, non-ruminant farm 

animals also possess the bacteria in their gut, and are 

capapble of degrading AFB1 though to a lesser extent 

(Bagherzadeh Kasmani et al., 2012). Despite being 

relatively resistant at low doses, ruminants are also 

vulnerable to AFB1 at relatively high doses; 

nevertheless, data on AFB1 toxicity in ruminants are 

inconsistent. In this context, while some researchers 

reported no toxicity from AFB1 at concentrations of up 

to 300 µg/kg diet (Queiroz et al., 2012; Xiong et al., 

2015), others have found AFB1 to be toxic for ruminants 

at doses even lower than 108.5 µg/kg diet (Choudhary et 

al., 1998; Charoenpornsook and Kavisarasai, 2006). 

Depressed performance and feed efficiency of ruminants 

in these studies have been attributed to the negative 

impact of AFB1 on rumen microbial ecosystems. 

However, there is limited information about the direct 

impact of AFB1 on rumen microbial activities. 

Moreover, the data in the literature is controversial. 

While, Mojtahedi et al. (2013) reported a negative 

impact of AFB1 on rumen functions at rumen fluid 

concentrations of 300-900 ng/ml, no adverse effect of 

AFB1 on ruminal digestibility and gas production was 

observed by Jiang et al. (2012) at similar concentrations. 

At doses that typically induce chronic aflatoxicosis, 
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AFB1 reduces feed intake and affects the performance of 

ruminants without affecting rumen volatile fatty acid 

(VFA) concentrations (Helferich et al., 1986a; Edrington 

et al., 1994), suggesting that AFB1 toxic doses are 

probably higher for rumen microbial ecosystems than 

those for animal health or performance. Thus, 

determining AFB1 toxic concentrations for rumen 

microbial ecosystems and elucidating its effect on rumen 

fermentation can give a clear picture of its overall impact 

on ruminant health and productivity. 

The objective of the present study was to determine 

the effect of different dosages of AFB1, from A. flavus, 

on in vitro gas production and ruminal fermentation 

parameters. 

 

Materials and Methods 
 
Experiments (Exp.) 

This research consisted of two Exp.; in Exp. 1 the 

objective was to assess the impact of AFB1 at different 

concentrations on in vitro gas production kinetics as an 

indicator of rumen microbial activity using two sets of 

96-h incubations. For this, a wide range of AFB1 

concentrations was tested: 0 as control (CTRL), 0.5, 1 

and 1.5 µg/ml (as low concentration) in the first set of 

incubations, and 0, 5, and 10 µg/ml (as high 

concentration) in the second set of 96-h incubations. In 

Exp. 2, due to its significant effect on gas production 

kinetics, only the high concentration range of AFB1 was 

selected to investigate its effects on ruminal dry matter 

(DM) and organic matter (OM) disappearance and 

fermentation using 24-h incubations. 

 
Aflatoxin solutions 

The AFB1 pure extract from A. flavus (10 mg 

powder, purity >99%) was procured from Sigma-Aldrich 

(St. Louis, MO, USA), dissolved in 5 ml absolute ethanol 

(Merck, Darmstadt, Germany) (Upadhaya et al., 2010) 

and subsequently diluted at the ratios of 1:25.67, 1:12.33, 

1:7.89, 1:1.67, and 1:0.33 (for final doses of 0.5, 1, 1.5, 

5, and 10 µg/ml) with sterilized deionized water and 

ethanol (the proportion of ethanol remained the same in 

all the solutions) to provide the working solutions with 

appropriate concentrations of AFB1 used in the Exp. 

(Upadhaya et al., 2010). 

 
Animals and rumen fluid 

Rumen contents were collected before the morning 

feeding from three ruminally fistulated mature Mehraban 

rams (50 ± 4 kg body weigh (BW)). The rams were fed 

ad libitum with a total mixed ration of (DM basis) 50% 

alfalfa hay; 7% wheat straw; 37% barley; 4% cotton seed 

meal; 1% NaCl, and 1% mineral and vitamin 

supplements. Estimated metabolizable energy and crude 

protein (CP) content of the diet were 9.5 mega joule (MJ) 

and 12.2%, per kg DM respectively (NRC, 1985). 

Rumen contents were then pooled, strained through four 

layers of cheesecloths into a pre-warmed insulated flask 

and immediately transported to the laboratory. 

In vitro gas production 
The in vitro gas production procedure was conducted 

as described by Menke and Steingass (1988). Incubated 

substrates were the same as those fed to the rams. In 96-h 

incubations, a representative air-dried sample was 

ground to pass a 1 mm sieve and sub-samples of 200 mg 

(DM basis) were weighed into 100 ml glass syringes. 

Incubation of the samples was conducted in triplicate 

with 30 ml of buffered rumen inoculum (prepared by 

mixing rumen fluid with the buffer at a ratio of 1:2 (v/v) 

under the continuous flow of CO2). Three syringes 

containing 30 ml of the buffered rumen fluid without 

substrate were considered as blanks. After adding AFB1 

(200 µL of each AFB1 working solution to obtain final 

concentrations of 0, 0.5, 1, and 1.5 µg/ml in the first and 

0, 5, and 10 µg/ml of the cultures in the second set of 

incubations), the syringes were placed in a water-bath at 

39°C and the gas volume was recorded at 2, 4, 6, 8, 12, 

24, 48, 72, and 96-h of incubation. In Exp. 2, a larger 

amount (500 mg) of the substrate was incubated in 100 

ml glass syringes with AFB1 (final concentrations of 0, 

5, and 10 µg/ml) containing 40 ml of buffered rumen 

fluid, as described by Makkar et al. (1995). Incubation 

with a larger amount of the substrate was done in order 

to avoid inherent gravimetric errors commonly 

associated with a small sample size (Blümmel and 

Becker, 1997). After 24-h of incubation, the content of 

the syringes was transferred into centrifuge tubes and 

immediately placed in cold water at 4°C to stop the 

fermentation. The tube content was then centrifuged at 

15000 × g for 20 min at 4°C, aliquots of 4 ml from the 

supernatant were mixed with 1 ml of 25% 

metaphosphoric acid and frozen at -20°C until 

subsequent analysis for VFA and ammonia content 

(Nocek et al., 1987; Kahvand and Malecky, 2018). 

Remaining residues in the tubes were oven-dried at 60°C 

for 48-h to estimate in vitro apparent dry matter 

degradability (IVADMD). In vitro true organic matter 

degradability (IVTOMD) was determined by refluxing 

the oven-dried residue with neutral detergent solution at 

100°C for 1-h, with subsequent incinerating of the 

recovered substrate in sintered glass crucibles at 600°C 

(Makkar et al., 1995). 

 
Chemical analyses 

Standard methods, as described in AOAC (2000), 

were used to determine DM, total ash, ether extract (EE) 

and CP. Neutral detergent fibre (NDF) was determined 

according to Van Soest et al. (1991). Ammonia 

concentration in the supernatants was determined as 

illustrated by Broderick and Kang (1980). Volatile fatty 

acids (VFAs) concentrations of the samples were 

quantified according to Ottenstein and Bartley’s (1971) 

method, using a gas chromatograph (GC-FID, PU4410-

PHILIPS, England) equipped with a flame ionization 

detector and a 10PEG column (1.8 m × 4.6 mm i.d., glass 

column packed with 10% SP 1,200, 1% H3PO4 on 

80/100 chromosorb WAW). Nitrogen was used as the 

carrier gas at a constant flow rate of 35 ml/min. The oven 

temperature was programmed as follows: initial 
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temperature of 100°C, held for 4 min; increased at 5°C 

min-1 to 135°C, and then at 10°C/min to 200°C and held 

at 200°C for 20 min. The injector and detector 

temperature was set at 210°C. 

 
Calculations and statistical analysis 

Data on the cumulative gas production during 96-h of 

incubation were fitted to the model proposed by France 

et al. (1993) as shown below, by none linear (NLIN) 

procedure of SAS (2002). 
 

 
 

Where, 
GP (ml): The gas produced at the time t 

A (ml): The asymptotic gas production 

b and c: Constant coefficients 

L (h): The lag time 

The half-times of asymptotic gas production (T1/2, h) 

and fractional gas production rate at T1/2 (µ, h-1) were 

calculated using the equations proposed by France et al. 

(1993). The ratio of the organic matter truly degraded 

(mg) to the gas produced (ml) after 24-h of incubation 

was used as the partitioning factor (PF) (Blümmel and 

Lebzien, 2001). The mass difference between the oven-

dried residue and that recovered after neutral detergent 

extraction was calculated and considered as MB. 

All the Exp. were repeated twice during two different 

days (run). Data in each Exp. were subjected to the 

analysis of variance by the general linear model (GLM) 

procedure of SAS (2002) using a combined analysis. The 

model included treatment (fixed effect), run (day), 

treatment × run, and replications nested in day as random 

effects (in total 6 replications per treatment level). A 

specific orthogonal contrast used to evaluate the 

averaged effect of AFB1 against the CTRL and the trend 

of AFB1 concentration effect on the variables were 

tested by linear and quadratic contrasts. 

Results 

 
Effect of AFB1 on gas production kinetics 

In the low concentration range (0, 0.5, 1, and 1.5 

µg/ml), additing AFB1to the cultures had no effect on 

asymptotic gas production and “L” (P>0.05) (Table 1). 

However, T1/2 increased and “µ” decreased linearly by 

increasing the concentration of AFB1 (P<0.05). 

 In the high concentration range (0, 5, and 10 µg/ml), 

all kinetic parameters were affected by AFB1 (Table 2). 

The asymptotic gas production decreased in both linear 

and quadratic manners by increasing the concentration of 

AFB1 (P<0.05). However, the “L” and “µ” increased 
nonlinearly when the AFB1 concentration increased in 

the cultures (P<0.05). The T1/2 increased linearly by 

increasing the concentration of AFB1 (P<0.001). 

 
Effect of AFB1 on in vitro ruminal substrate 

disappearance and fermentation 
 The gas produced after 24-h of incubation decreased 

in both linear and quadratic manners (P<0.001), and the 

lowest value was observed with the highest concentration 

of AFB1 (Table 3). The IVADMD and IVTOMD were 

negatively affected (P<0.001) by the inclusion of AFB1 

in the cultures, as both were depressed in linear and 

quadratic manners (P<0.05) with the AFB1 dosage. 

However, PF increased linearly and quadratically 

(P<0.01) by increasing the concentration of AFB1. 

Despite enhancing PF, AFB1 dosage had negative linear 

and quadratic effects on MB (P<0.001). 

 
Effect of AFB1 on pH, ammonia-N and the VFA 

pattern 
 The in vitro ruminal pH increased linearly (P<0.01) 

by increasing the concentration of AFB1 (Table 4). The 

same effect was observed on the in vitro ruminal

 
Table 1: Effects of AFB1 in the low concentration range on gas production kinetics 

Parameters1 
AFB1 concentration (µg/ml) 

SEM 
P-values (contrasts2) 

0 0.5 1 1.5 CTRL vs. AFB1 L Q 

A (ml) 69.9 68.8 76.5 78.4 3.87 0.358 0.124 0.718 

L (h) 0.51 0.63 0.37 0.31 0.078 0.494 0.070 0.302 

T1/2 (h) 5.7 5.1 7.1 7.5 0.52 0.221 0.027 0.358 

µ (/h) 0.09 0.11 0.07 0.06 0.010 0.420 0.035 0.205 
1 Parameters of gas production kinetic were estimated using the model proposed by France et al. (1993), A: Asymptotic gas 

production (ml per 200 mg DM), L: Lag time, T1/2: Half-time of asymptotic gas production, µ: Fractional rate of gas production, 

AFB1: Aflatoxin B1, SEM: Standard error of the means, 2 CTRL: Control, 0 µg/ml of AFB1, L: Linear, and Q: Quadratic 

 
Table 2: Effects of AFB1 in the high concentration range on gas production kinetics 

Parameters1 AFB1 concentration (µg/ml) 
SEM 

P-values (contrasts2) 

0 5 10 CTRL vs. AFB1 L Q 

A (ml) 70.3 52.5 42.1 0.88 <0.001 <0.001 0.02 

L (h) 0.53 0.97 1.05 0.031 <0.001 <0.001 0.006 

T1/2 (h) 5.5 4.7 3.4 0.10 <0.001 <0.001 0.08 

µ (h-1) 0.09 0.13 0.22 0.007 <0.001 <0.001 0.038 
1 Parameters of gas production kinetic were estimated using the model proposed by France et al. (1993), A: Asymptotic gas 

production (ml per 200 mg DM), L: Lag time, T1/2: Half-time of asymptotic gas production, µ: Fractional rate of gas production, 

AFB1: Aflatoxin B1, SEM: Standard error of the means, 2 CTRL: Control, 0 µg/ml of AFB1, L: Linear, and Q: Quadratic 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2019, Vol. 20, No. 4, Ser. No. 69, Pages 263-269 

266 

Table 3: Effects of AFB1 on ruminal 24-h gas production and degradability 

Variables1 
AFB1 concentration (µg/ml) 

SEM 
P-values (contrast2) 

0 5 10 CTRL vs. AFB1 L Q 

GP24 (ml) 125.1 79.7 67.9 1.18 <0.001 <0.001 <0.001 

IVADMD (%) 48.2 43.5 41.9 0.36 <0.001 <0.001 0.014 

IVTOMD (%) 62.9 55.5 54.4 0.45 <0.001 <0.001 0.002 

PF 2.3 3.2 3.7 0.03 <0.001 <0.001 0.004 

MB (mg) 73.4 60.0 62.3 0.54 <0.001 <0.001 <0.001 
1 GP24: Gas produced after 24-h of incubation (ml per 500 mg DM), IVADMD: In vitro apparent dry matter degradability, IVTOMD: 

In vitro true organic matter degradability, PF: Partitioning factor, MB: Microbial biomass, AFB1: Aflatoxin B1, SEM: Standard error 

of the means, 2 CTRL: Control, 0 µg/ml of AFB1, L: Linear, and Q: Quadratic 

 
Table 4: Effects of AFB1 on pH, ammonia-N concentration and VFAs molar proportions after 24-h of incubation 

Variables1 
AFB1 concentration (µg/ml) 

SEM 
P-values (contrasts2) 

0 5 10 CTRL vs. AFB1 L Q 

pH 6.32 6.41 6.44 0.015 0.002 0.003 0.169 

NH3-N (mmol/ml) 15.7 16.6 17.5 0.22 0.003 0.003 0.876 

TVFA (mmol/ml) 

 

66.8 52.8 45.4 2.10 <0.001 0.001 0.242 

VFA molar proportion (mmol/100 mmol) 
Acetate (A) 66.3 54.3 53.5 0.90 <0.001 <0.001 0.003 

Propionate (P) 19.7 27.7 25.8 0.40 <0.001 <0.001 <0.001 

Butyrate 9.7 10.8 13.6 0.76 0.388 0.017 0.368 

Isovalerate 1.93 4.29 3.30 0.403 0.011 0.069 0.017 

Valerate 1.70 2.95 2.94 0.278 0.013 0.029 0.112 

P/A 0.30 0.51 0.49 0.007 0.007 <0.001 <0.001 
1 TVFA: Total volatile fatty acids, P/A: Propionate to acetate ratio, VFAs: Volatile fatty acids, AFB1: Aflatoxin B1, SEM: Standard 

error of the means, 2 CTRL: Control, 0 µg/ml of AFB1, L: Linear, and Q: Quadratic 

 
ammonia-N concentration. However, the total volatile 

fatty acids (TVFA) concentration decreased linearly 

(P<0.01) with AFB1 dosage. 

 Molar proportions of VFA were also altered by 

AFB1; acetate molar proportion decreased linearly and 

quadratically (P<0.01), as the lowest value was detected 

with the highest concentration of AFB1. Conversely, 

propionate molar proportion increased with linear and 

quadratic trends (P<0.001) with AFB1 dosage, with the 

highest value observed at the lowest concentration of 

AFB1. The molar proportion of butyrate did not differ 

among the treatments, but those of valerate and 

isovalerate increased by increasing the concentration of 

AFB1. The propionate to acetate ratio increased by 

increasing the concentration of AFB1 (P<0.001) in linear 

(P<0.001) and quadratic (P<0.001) manners, with the 

highest value recorded at low concentrations of AFB1. 

 
Discussion 

 
Effect of AFB1 on gas production kinetics 
 Results of Exp. 1 revealed that AFB1 had no 

significant impact on asymptotic gas production, 

indicating that the in vitro ruminal fermentation extent 

remained unaffected by AFB1 at concentrations of up to 

1.5 µg/ml. These results are in line with those obtained 

by Jiang et al. (2012), who observed no change in 

asymptotic gas production when AFB1 was added at 

concentrations of 320 to 960 ng/ml. In contrast, 

Mojtahedi et al. (2013) reported a decreased asymptotic 

gas production with AFB1 at concentrations of 300 to 

900 ng/ml. Previous studies have also shown an 

inconsistency in the impact of AFB1 on farm animal 

health and productivity. In this context, while in some 

Exp. AFB1 had no adverse effect on steers and lambs at 

doses up to 600 and 2500 µg/kg diet, respectively 

(Helferich et al., 1986a; Edrington et al., 1994), in others 

Exp., AFB1 showed to be toxic at doses around 100 

µg/kg diet. These contradictions may be due to the 

difference in the rumen fluid incubated, the diet fed to 

the animals, the aflatoxin source, and different conditions 

of the Exp. (Mojtahedi et al., 2013; Gallo et al., 2015). 

 In the current study, the decreased “µ”, as well as the 

longer T1/2 resulting from the increased concentration of 

AFB1 from 0 to 1.5 µg/ml, could be indicative of a lower 

fermentation rate caused by a decreased rumen microbial 

activity in the presence of AFB1. Similarly, Jiang et al. 

(2012) and Mojtahedi et al. (2013) reported a decreased 

“µ” at concentrations of 0-900 ng/ml of AFB1. 

 In the high concentration range of AFB1 in Exp. 2, 

the decreased asymptotic gas production caused by the 

AFB1 dosage demonstrated that AFB1 had a lowered 

fermentation extent. However, the higher “µ” 

accompanied with the shorter T1/2, could be a result of 

the selective inhibitory effect of AFB1 on some rumen 

microorganisms, mainly cellulolytic bacteria 

characterized with a low growth rate and fermentation 

activity (Dehority, 2003). Indeed, “µ” is an index of the 

fermentation rate proportional to the substrate 

degradation rate, which is determined by fermentation 

substrate type and rumen dominant microorganisms 
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(France et al., 2000). Hence, a higher “µ” was expected 

in a culture dominated eventually by rapid fermenting 

bacteria caused by the selective effects of AFB1 on 

rumen microbial ecosystems. 

 The results of Exp.1 revealed that AFB1 has no 

considerable impact on rumen fermentation at 

concentrations up to 1.5 µg/ml as the gas production 

kinetic parameters did not change compared with the 

CTRL. However, at 5 and 10 µg/ml of AFB1 dosage, a 

lower asymptotic gas production accompanied by a high 

gas production rate implies a selective negative impact of 

AFB1 on rumen fermentation. 

 

Effect of AFB1 on in vitro substrate 

disappearance and fermentation parameters 
 The significant decrease in IVADMD and IVTOMD 

with AFB1 dosage is most probably the principal cause 

of the great drop in GP24. The result is consistent with 

those obtained by Westlake et al. (1989) who reported a 

decrease in in vitro substrate degradability with AFB1 at 

1 and 10 µ/ml. Similarly, Jiang et al. (2012) and 

Mojtahedi et al. (2013) reported a decreased in vitro 

ruminal digestibility with AFB1 at concentrations of 

300-960 ng/ml. A similar negative effect of other 

mycotoxins on ruminal digestibility has been reported 

previously (Morgavi et al., 2003). In the current study, 

the decrease in GP24 was more pronounced than that of 

IVTOMD, resulting in a high PF with 5 and 10 µ/ml of 

AFB1. This might partially be due to a part of OM 

dissolved in the culture that was not fermented by the 

rumen microorganisms (Getachew et al., 2000; Makkar, 

2003). Moreover, it has been shown that a higher PF 

value is related to a higher propionate to acetate ratio, 

because direct gas produced from OM fermentation 

comes only from an acetate producing pathway 

(Getachew et al., 1998). The VFA pattern in our study 

was also in line with these findings. Therefore, a higher 

PF could be anticipated as a result of a higher propionate 

to acetate ratio (Blümmel et al., 1999). A lower MB with 

AFB1 dosage reveals that the growth of some rumen 

microbial populations was inhibited (Fink-Gremmels, 

2008; Jiang et al., 2012). This might be a result of the 

direct impact of AFB1 on some rumen microorganisms 

through which it impairs their protein synthesis 

(Edrington et al., 1994). 

 

Effect of AFB1 on in vitro ruminal pH, 

ammonia-N and VFA concentrations 
 The linear increase in the in vitro ruminal pH with 

AFB1 concentration increases is probably related to the 

increased ammonia and decreased TVFA concentration 

(Clark and Lombard, 1951; Coombe and Tribe, 1962). 

The decreased TVFA caused by including AFB1 in the 

cultures was consistent with the drop in IVTOMD and 

GP24 indicating a partial inhibition of rumen 

microorganisms (Blümmel et al., 1997; Jiang et al., 

2012). Higher molar proportions of propionate, as well 

as the higher propionate to acetate ratio and the inclusion 

of AFB1 in the culture (especially at a low concentration 

(5 µg/m)), could be indicative of a shift in rumen 

bacterial compositions in favor of propionate producing 

bacteria. In an earlier study, Morand Fehr and Delag 

(1970) reported a similar rumen VFA pattern (lower 

acetate and higher propionate proportion), but with lower 

concentrations of AFB1 (0.36 and 0.6 µg/ml). 

 Valerate, isovalerate and ammonia are end-products 

of protein fermentation (Zhang et al., 2013). 

Additionally, they are considered as important growth 

factors required mainly for cellulolytic bacteria 

(Atasoglu et al., 2001; Zhang et al., 2013). Therefore, 

ruminal concentrations of these end-products at any 

given time is a balance between their production by 

rumen proteolytic microorganisms and their uptake by 

cellulolytic bacteria (Nolan and Dobos, 2005). Hence, 

the higher concentration of valerate, isovalerate and 

ammonia observed in AFB1-contained cultures might be 

a consequence of the decreased growth or inhibition of 

cellulolytic bacteria (caused by AFB1) rather than higher 

rumen proteolytic activity, especially considering 

depressed OM and DM degradabilities in these cultures. 

On the other hand, regarding the fact that microbial 

recycling in the rumen contributes to ruminal ammonia 

concentrations, high ammonia concentrations might also 

be a result of a higher microbial lysis caused by AFB1 

(Wells and Russell, 1996; Hackmann and Firkins, 2015). 

 The results of the present study showed that AFB1 

had no marked adverse effect on in vitro rumen 

fermentation parameters at concentrations up to 1.5 

µg/ml. However, in high concentration ranges (5 and 10 

µg/ml), in vitro gas production, and rumen fermentation 

were adversely affected by AFB1. 

 
Acknowledgements 

 
 This research was supported by a thesis grant for M. 

Khodabandehloo from Bu-Ali Sina University; the 

authors would like also to thank Dr. Zamani for his 

statistical advice. 

 
References 

 
Alonso, VA; Pereyra, CM; Keller, LA; Dalcero, AM; Rosa, 

CA; Chiacchiera, SM and Cavaglieri, LR (2013). Fungi 

and mycotoxins in silage: an overview. J. Appl. Microbiol., 

115: 637-643. 

AOAC (2000). Official methods of analysis. 17th Edn., 

Arlington, USA, AOAC International. 

Atasoglu, C; Newbold, CJ and Wallace, RJ (2001). 

Incorporation of [(15)N] ammonia by the cellulolytic 

ruminal bacteria Fibrobacter succinogenes BL2, 

Ruminococcus albus SY3, and Ruminococcus flavefaciens 

17. Appl. Environ. Microbiol., 67: 2819-2822. 

Bagherzadeh Kasmani, F; Karimi Torshizi, MA; Allameh, 
AA and Shariatmadari, F (2012). Aflatoxin detoxification 

potential of lactic acid bacteria isolated from Iranian 

poultry. Iran. J. Vet. Res., 13: 152-155. 

Blümmel, M; Aiple, KP; Steingass, H and Becker, K (1999). 

A note on the stoichiometrical relationship of short chain 

fatty acid production and gas formation in vitro in 

feedstuffs of widely differing quality. J. Anim. Physiol. 

Anim. Nutr. (Berl.), 81: 157-167. 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2019, Vol. 20, No. 4, Ser. No. 69, Pages 263-269 

268 

Blümmel, M and Becker, K (1997). The degradability 

characteristics of fifty-four roughages and roughage 

neutral-detergent fibres as described by in vitro gas 

production and their relationship to voluntary feed intake. 

Br. J. Nutr., 77: 757-768. 

Blümmel, M and Lebzien, P (2001). Predicting ruminal 

microbial efficiencies of dairy rations by in vitro 

techniques. Livest. Prod. Sci., 68: 107-117. 

Blümmel, M; Makkar, HPS and Becker, K (1997). In vitro 

gas production: a technique revisited. J. Anim. Physiol. 

Anim. Nutr. (Berl.), 77: 24-34. 

Broderick, GA and Kang, JH (1980). Automated 

simultaneous determination of ammonia and total amino 

acids in ruminal fluid and in vitro media. J. Dairy Sci., 63: 

64-75. 

Charoenpornsook, K and Kavisarasai, P (2006). Mycotoxins 

in animal feedstuffs of Thailand. KMITL Sci. Tech. J., 6: 

25-28. 

Chauhan, YS; Wright, GC and Rachaputi, NC (2008). 

Modelling climatic risks of aflatoxin contamination in 

maize. Aust. J. Exp. Agric., 48: 358-366. 

Choudhary, PL; Sharma, RS; Borkhataria, VN and Desai, 
MC (1998). Effect of feeding aflatoxin B1 on feed 

consumption through naturally contaminated feeds. Indian 

J. Anim. Sci., 68: 400-401. 

Clark, R and Lombard, WA (1951). Studies on the 

alimentary tract of the Merino sheep in South Africa. XXII. 

The effect of the pH of the ruminal contents on ruminal 

motility. Onderstepoort J. Vet. Res., 25: 79-92. 

Coombe, JB and Tribe, DE (1962). The feeding of urea 

supplements to sheep and cattle: the results of penned 

feeding and grazing experiments. J. Agric. Sci., 59: 125-

141. 

Dehority, BA (2003). Rumen microbiology. 1th Edn., 

Nottingham, UK, Nottingham University Press. PP: 177-

208. 

Edrington, TS; Harvey, RB and Kubena, LF (1994). Effect 

of aflatoxin in growing lambs fed ruminally degradable or 

escape protein sources. J. Anim. Sci., 72: 1274-1281. 

Fink-Gremmels, J (2008). The role of mycotoxins in the 

health and performance of dairy cows. Vet. J., 176: 84-92. 

France, J; Dhanoa, MS; Theodorou, MK; Lister, SJ; 
Davies, DR and Isac, D (1993). A model to interpret gas 

accumulation profiles associated with in vitro degradation 

of ruminant feeds. J. Theor. Biol., 163: 99-111. 

France, J; Dijkstra, J; Dhanoa, MS; Lopez, S and Bannink, 
A (2000). Estimating the extent of degradation of ruminant 

feeds from a description of their gas production profiles 

observed in vitro: derivation of models and other 

mathematical considerations. Br. J. Nutr., 83: 143-150. 

Gallo, A; Giuberti, G; Frisvad, JC; Bertuzzi, T and Nielsen, 
KF (2015). Review on mycotoxin issues in ruminants: 

occurrence in forages, effects of mycotoxin ingestion on 

health status and animal performance and practical 

strategies to counteract their negative effects. Toxins. 7: 

3057-3111. 

Getachew, G; Blümmel, M; Makkar, HPS and Becker, K 
(1998). In vitro gas measuring techniques for assessment of 

nutritional quality of feeds. Anim. Feed Sci. Technol., 72: 

261-281. 

Getachew, G; Makkar, HP and Becker, K (2000). Effect of 

polyethylene glycol on in vitro degradability of nitrogen 

and microbial protein synthesis from tannin-rich browse 

and herbaceous legumes. Br. J. Nutr., 84: 73-83. 

Gonçalves, BL; Corassin, CH and Oliveira, CAF (2015). 

Mycotoxicoses in dairy cattle: a review. Asian J. Anim. 

Vet. Adv., 10: 752-760. 

Hackmann, TJ and Firkins, JL (2015). Maximizing 

efficiency of rumen microbial protein production. Front. 

Microbiol., 6: 465. 

Helferich, WG; Baldwin, RL and Hsieh, DPH (1986a). 

[14C]-aflatoxin B1 metabolism in lactating goats and rats. 

J. Anim. Sci., 62: 697-705. 

Helferich, WG; Garrett, WN; Hsieh, DP and Baldwin, RL 
(1986b). Feedlot performance and tissue residues of cattle 

consuming diets containing aflatoxins. J. Anim. Sci., 62: 

691-696. 

Hussein, HS and Brasel, JM (2001). Toxicity, metabolism, 

and impact of mycotoxins on humans and animals. 

Toxicology. 167: 101-134. 

Jiang, YH; Yang, HJ and Lund, P (2012). Effect of aflatoxin 

B1 on in vitro ruminal fermentation of rations high in 

alfalfa hay or ryegrass hay. Anim. Feed Sci. Technol., 175: 

85-89. 

Jouany, JP; Yiannikouris, A and Bertin, G (2009). Risk 

assessment of mycotoxins in ruminants and ruminant 

products. Options Méditerr. 85: 205-224. 

Kahvand, M and Malecky, M (2018). Dose-response effects 

of sage (Salvia officinalis) and yarrow (Achillea 

millefolium) essential oils on rumen fermentation in vitro. 

Ann. Anim. Sci., 18: 125-142. 

Makkar, HPS (2003). Effects and fate of tannins in ruminant 

animals, adaptation to tannins, and strategies to overcome 

detrimental effects of feeding tannin-rich feeds. Small 

Rumin. Res., 49: 241-256. 

Makkar, HPS; Blümmel, M and Becker, K (1995). 

Formation of complexes between polyvinyl pyrrolidones or 

polyethylene glycols and tannins, and their implication in 

gas production and true digestibility in in vitro techniques. 

Br. J. Nutr., 73: 897-913. 

Menke, KH and Steingass, H (1988). Estimation of the 

energetic feed value obtained from chemical analysis and in 

vitro gas production using rumen fluid. Anim. Res. Dev., 

28: 7-55. 

Mojtahedi, M; Danesh Mesgaran, M; Vakili, SA and 
Hayati-Ashtiani, M (2013). Effect of aflatoxin B1 on in 

vitro rumen microbial fermentation responses using batch 

culture. Annu. Rev. Res. Biol., 3: 686-693. 

Morand Fehr, P and Delag, J (1970). Effect of aflatoxin on 

rumen fermentations. C. R. Acad. Sci., Serie D: 550-553 

(in French). 

Morgavi, D; Boudra, H; Jouany, J and Graviou, D (2003). 

Prevention of patulin toxicity on rumen microbial 

fermentation by SH-containing reducing agents. J. Agric. 

Food Chem., 51: 6906-6910. 

Nocek, JE; Hart, SP and Polan, CE (1987). Rumen ammonia 

concentration as influenced by storage time, freezing and 

thawing, acid preservative, and method of ammonia 

determination. J. Dairy Sci., 70: 601-607. 

Nolan, JV and Dobos, RC (2005). Nitrogen transactions in 

ruminants. In: Dijkstra, J; Forbes, JM and France, J (Eds.), 

Quantitative aspects of ruminant digestion and metabolism. 

(2nd Edn.), Walingford, UK, CABI Publishing. PP: 177-

206. 

NRC (1985). Nutrient requirements of sheep. (6th Edn.), 

Washington, D.C., USA, National Academy Press. PP: 45-

53. 

Ottenstein, DM and Bartley, DA (1971). Separation of free 

acids C2-C5 in diluted aqueous solution column 

technology. J. Chromatogr. Sci., 9: 673-681. 

Peterson, SW; Ito, Y; Horn, BW and Goto, T (2001). 

Aspergillus bombycis, a new aflatoxigenic species and 

genetic variation in its sibling species, A. nomius. 

Mycologia. 93: 689-703. 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2019, Vol. 20, No. 4, Ser. No. 69, Pages 263-269 

269 

Queiroz, OC; Han, JH; Staples, CR and Adesogan, AT 
(2012). Effect of adding a mycotoxin-sequestering agent on 

milk aflatoxin M(1) concentration and the performance and 

immune response of dairy cattle fed an aflatoxin B(1)-

contaminated diet. J. Dairy Sci., 95: 5901-5908. 

SAS (2002). Statistical Analytical System Users Guide. Version 

8, SAS Institute, Cary, NC, USA. 

Upadhaya, SD; Park, MA and Ha, JK (2010). Mycotoxins 

and their biotransformation in the rumen: a review. Asian-

Australas. J. Anim. Sci., 23: 1250-1260. 

Upadhaya, SD; Sung, HG; Lee, CH; Lee, SY; Kim, SW; 
Cho, KJ and Ha, JK (2009). Comparative study on the 

aflatoxin B1 degradation ability of rumen fluid from 

Holstein steers and Korean native goats. J. Vet. Sci., 10: 

29-34. 

Van Soest, PJ; Robertson, JB and Lewis, BA (1991). 

Methods for dietary fiber, neutral detergent fiber, and

nonstarch polysaccharides in relation to animal nutrition. J. 

Dairy Sci., 74: 3583-3597. 

Wells, JE and Russell, JB (1996). Why do many ruminal 

bacteria die and lyse so quickly? J. Dairy Sci., 79: 1487- 

1495. 

Westlake, K; Mackie, RI and Dutton, MF (1989). In vitro 

metabolism of mycotoxins by bacterial, protozoal and 

ovine ruminal fluid preparations. Anim. Feed Sci. Technol., 

25: 169-178. 

Xiong, JL; Wang, YM; Nennich, TD; Li, Y and Liu, JX 
(2015). Transfer of dietary aflatoxin B1 to milk aflatoxin 

M1 and effect of inclusion of adsorbent in the diet of dairy 

cows. J. Dairy Sci., 98: 2545-2554. 

Zhang, HL; Chen, Y; Xu, XL and Yang, YX (2013). Effects 

of branched-chain amino acids on in vitro ruminal 

fermentation of wheat straw. Asian-Australas J. Anim. Sci., 

26: 523-528. 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

