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ABSTRACT 

This study investigated the effects of dietary inclusion of grape seed meal 
(GSM) on antioxidant markers in kidney of aflatoxin B1 fed pigs. Twenty-four 
cross-bred pigs (TOPIG-40) were randomly assigned to one of the four 
experimental diets: control (Control), aflatoxin B1 (diet contaminated with 
320 μg AFB1/kg feed), grape seed meal (diet with 8% GSM) and AFB1+GSM 
(320 μg AFB1/kg feed + 8% GSM) for 30 days. Aflatoxin B1 induced oxidative 
damage and showed lower antioxidant status in kidney after 30 days. CAT and 
SOD activity measured in kidneys revealed significant differences when 
comparing the GSM+AFB1 group with the AFB1 group. Additionally, GSM diet 
alone did not affect CAT and SOD levels in kidneys of piglets compared with 
the control group, suggesting that they are maintained at physiological levels. 
We did not detect any effects of GSM on GPx and TAS. Including GSM into 
piglets’ diet significantly lowered lipid peroxidation induced by AFB1, while it 
did not affect it compared with the control group. The present study 
demonstrated the ability of GSM to alleviate the effects induced by the toxin 
evidenced by the improvement in the antioxidant status, and suggests the 
potential applicability of GSM as mycotoxin adsorbent in animal feed. 
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INTRODUCTION 

Widely studied, mycotoxins are fungal toxic secondary metabolites that 
occur naturally (Colović et al., 2019; Kosicki et al., 2016). Although not entirely 
elucidated, it is believed that their physiological role in the fungal metabolism 
is a proliferative aid (Fox and Howlett, 2008).  

Aflatoxins (AFs), among the most toxic and health threatening, are 
mycotoxins mainly produced by Aspergilus flavus, Aspergilus parasiticus and 
Aspergillus nomius (Kos et al., 2013). They represent a major threat and a 
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health concern in animals and humans (Kosicki et al., 2016; Prapapanpong et 
al., 2019), as contamination with these toxins has increasingly impacted food 
and feed quality, as well as safety during the past years due to climate change 
(Battilani et al., 2016). 

Aflatoxin B1 is the most toxic among aflatoxins, and it’s ingestion through 
food and feed is regarded as the main way of exposure (Kos et al., 2020). It has 
been reported that the mycotoxin presence in diets affects the relative weight 
of liver, kidneys and heart in pigs (Andretta et al., 2012). Moreover, the 
exposure to high concentrations of AFB1 induces damage to vital organs, 
subsequently developing into chronic disease (Marin et al., 2019). Besides the 
liver, spleen, and intestine, the kidney is another key organ afflicted by AFB1 
contamination (Andretta et al., 2012; Peles et al., 2019). Literature data 
pertaining AFB1 toxic effects on kidney are limited. However, it was reported 
that exposure to AFB1 activated oxidative stress and resulted in renal damage 
in a 35-day subacute toxicity mice model (Li et al., 2018). As the excretion of 
AFB1 occurs through the urinary pathway after being primarily eliminated by 
biliary pathway, AFB1 was detected in different levels in kidney and urine 
(Polychronaki et al., 2008). Gupta and Sharma (2011) observed increased free 
radical generation during aflatoxicosis in kidney of mice fed 2 μg AFB1/30 g 
body weight/day, which resulted in significant rise in thiobarbituric acid 
reactive substances (TBARS) along with a decrease in the activity of 
antioxidant enzymes (Gupta and Sharma, 2011). Similar adverse effects have 
been reported in kidney of mice fed 500 μg AFB1/kg body weight/day, which 
resulted in the alteration of the oxidant/antioxidant balance leading to 
oxidative stress and significant histopathologic changes in the kidney tissue of 
the aflatoxin-treated group including hydropic and vacuolar degeneration, 
coagulation necrosis associated with degeneration of tubular architecture, as 
well as moderate parenchymal tubular degeneration (Eraslan et al., 2017). 
Similarly, another study also showed the pathological degeneration and 
necrosis in kidney of chickens fed aflatoxin at a concentration of 3 mg/kg diet 
(Gholami-Ahangaran et al., 2016). 

Recently, many studies have focused on the scientific relevance of 
exploiting various agricultural by-products for alternative utilization as 
animal feed, including potential effects on health and animal performance 
(Ajila et al., 2012). Food and agricultural processing industry generate high 
levels of wastes that accumulate increasingly and exert negative effects on the 
environment (Azubuike et al., 2016; Girotto et al., 2015; Palade et al., 2019a). 
As a means of addressing this matter, food and agricultural waste 
management represents a solution for a better control and reduction of 
worldwide waste (Georganas et al., 2020; Ravindran and Jaiswal, 2016). 

In this context, many plant by-products have been receiving 
supplementary attention towards the exploit of their bioactive compounds in 
view of nutritional utility for humans as well as for animals (Amagase, 2006; 
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Galasso et al., 2016; Lee et al., 2017). Different studies reported that natural 
phytochemicals from various plant extracts and oils, as well as food 
components such as antioxidant compounds (phenolic compounds) may act 
effectively in alleviating the toxic effect of aflatoxins (Boudergue et al., 2017; 
Tulayakul et al., 2007).   

Taking into account the proven beneficial applicability of food and 
agricultural by-products as feed additives in animal diets, recent scientific 
endeavours focus on their utility as mycotoxin binders in order to facilitate 
the decontamination of animal feed (Kolosova and Stroka, 2011). Grape seeds 
represent a potential source of valuable bioactive compounds, namely 
polyphenolics, which might be used as feed supplements rendering beneficial 
nutritional and health effects (Tagliazucchi et al., 2010). For instance, grape 
pomace has been reported as a new potentially efficient bio-sorbent for the 
removal of mycotoxins from liquid media (Avantaggiato et al., 2014). 
Similarly, grape seed cakes and grape seed meal (GSM) that are obtained from 
the oil extraction from grape seeds is a by-products rich in bioactive 
compounds, such as polyphenols as well as polyunsaturated fatty acids 
(PUFAs), which possess anti-inflammatory, anti-cancer, anti-microbial, anti-
oxidative and immune-modulatory activities (Taranu et al., 2020a, 2020b). 
More recently, the successful evaluation of adsorption efficacy was 
investigated on AFB1, among other tested mycotoxins, using chitosan which 
mediated its removal from palm kernel cake (Abbasi Pirouz et al., 2020). Also, 
grape pomace was reported as an effective by-product in improving piglet 
physiology and gut health (Chedea et al., 2018; Taranu et al., 2018).  

The aim of the present study was to assess the effects of dietary inclusion 
of grape seed meal on oxidative stress response in weaned piglets. Several 
markers of antioxidant status (antioxidant enzymes activity, total antioxidant 
status, and TBARS concentration) were measured in kidneys of weaned pigs in 
order to investigate the ability of GSM supplementation to mitigate the 
unwanted effects of aflatoxin B1 feed contamination, and to improve the 
antioxidant status.  

 
MATERIALS AND METHODS 

Animals and experimental treatments 

Twenty-four cross-bred pigs (TOPIG-40) with an average body weight of 
9.13 ± 0.03 kg were randomly assigned to one of the four experimental diets: 
control diet (Control), aflatoxin B1 diet (diet contaminated with 320 μg 
AFB1/kg feed), grape seed meal diet (diet with 8% GSM) and AFB1+GSM 
group (320 μg AFB1/kg feed + 8% GSM) for a period of 30 days. Animals were 
cared for in accordance with the Romanian Law 206/ 2004 and the EU Council 
Directive 98/58/EC for handling and protection of animals used for 
experimental purposes. 
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The grape seed meal used for the GSM and GSM+AFB1 diets was obtained 

from S.C. OLEOMET-S.R.L., Bucuresti, Romania. The polyphenolic and 
polyunsaturated fatty acid (PUFA) profile of GSM and experimental feed was 
determined by LC-MS and GC, as previously reported by Taranu et al. (2019) 
(Taranu et al., 2019).  

Diets containing AFB1 (AFB1 and GS+ AFB1 diets) were obtained by 
mixing 50 mg of high purity AFB1 (FERMENTEC, Jerusalem, Israel), previously 
dissolved in DMSO (dimethyl sulfoxide), into conventional feed in order to 
achieve a concentration of 320 ppb AFB1. The formulation of experimental 
diets followed the requirements for weaning feed as indicated by NRC (NRC, 
2012), and was previously described by Taranu et al. (2019) (Taranu et al., 
2019). 

Animals were housed in pens, received experimental feed for 30 days, and 
were identified by ear tagging. At the end of the experimental period, the 
animals were euthanized and kidney samples were collected and washed with 
saline solution for blood removal. The samples were stored at 80°C until 
analyzed. The frozen organ samples were milled in liquid nitrogen. 
 

Mycotoxin analysis of diets 

Experimental feed ingredients were investigated for AFB1 initial 
contamination as previously reported by Taranu et al. (2019) (Taranu et al., 
2019) and showed mycotoxin levels below the EU limits for pigs. The 
screening was performed by ELISA method using Veratox ELISA kits (Neogen, 
Lansing, MI, USA) according to the manufacturer's instructions, with the limit 
of detection (LOD) of 0.5 ppb, and the limit of quantification (LOQ) of 1-8 ppb. 
Aflatoxin B1 was also measured by UPLC (LOD- 0.008 ng/ml and LOQ-0.02 
ng/ml, recovery rate, 96.7%) after clean-up on immunoaffinity column, 
rendering a concentration of 320 ± 10.9 ppb in AFB1 diet and 2.4 ± 0.15 ppb in 
the Control diet, respectively. 

 
Evaluation of antioxidant status and lipid peroxidation 

The activities of antioxidant enzymes catalase (CAT), superoxide 
dismutase (SOD) and glutathione peroxidase (GPx) activities were measured 
using standardized kits (Cayman Chemical) according to the manufacturer’s 
instructions as previously described by (Palade et al., 2019b). CAT activity was 
measured at 540 nm. One unit was defined as the amount of enzyme that will 
cause the formation of 1.0 nmol of formaldehyde per minute at 25°C and the 
results were expressed as µmol/min/g tissue. SOD activity is standardized 
using the cytochrome c and xanthine oxidase coupled assay. SOD activity was 
measured at 440–460 nm and the results were expressed as U/g tissue. One 
unit was defined as the amount of enzyme needed to exhibit 50% dismutation 
of the superoxide radical. GPx activity was indirectly measured by a coupled 
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reaction with glutathione reductase (GR) every minute at 340 nm (for 10 min) 
and results were expressed as µmol/min/g tissue. One unit was defined as the 
amount of enzyme that will cause the oxidation of 1.0 nmol of NADPH to 
NADP+ per minute at 25 °C. 

The antioxidant capacity of the kidney samples was measured with the 
TEAC (Trolox equivalent antioxidant capacity) assay using ABTS as radical 
cation (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid), a method 
previously described by (Chedea et al., 2019). Lipid peroxidation levels in 
kidney tissue was evaluated by measuring thiobarbituric acid-reactive 
substances (TBARS) as previously described by (Palade et al., 2019b).  

 
Statistical analysis 

All data are expressed as mean ± standard error of the mean (SEM). All 
the results were submitted to SAS JMP software (SAS Analytics, USA) and. 
One-way analysis of variance (ANOVA) was performed to investigate the 
statistical differences between groups for all analyzed parameters employing 
Tukey’s HSD (honestly significant difference) test. Additionally, data were 
analyzed as a 2×2 factorial design. The main effects included the diet type 
(with or without AFB1), grape seed meal supplementation (with or without 
GSM) and their interaction. Table 1 summarizes the information about the 
factors and their settings. Values of P < 0.05 were considered significant.  

Table 1. Treatment groups and coded levels of factors 

Treatment group Coded factor levels 

 Diet type  

(with or without AFB1) 

GSM supplementation 

(with or without GSM) 

Control - - 

AFB1 + - 

GSM - + 

AFB1 + GSM + + 

 
RESULTS AND DISCUSSION 

Chemical composition of grape seed meal  

Grape seed meal, as a resulting by-product of grape seed oil extraction, 
are rich in polyphenolic compounds, among which tannins are contained in 
the highest amount (Marin et al., 2019). The inclusion of grape seed meal into 
the piglets’ feed, as previously reported by Taranu et al. (2019) (Taranu et al., 
2019), improved the overall chemical composition of the GSM experimental 
diet (increased crude fat and fiber contents). The polyunsaturated fatty acid 
(PUFA) profile revealed that PUFAs represented 65.16% of total FAMEs (fatty 
acid methyl esters) in grape seed meal, with 63.63% total ω-6 and 1.54% total 
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ω-3. Linoleic acid was the most abundant ω-6 FA (62.94%), whereas alpha-
linolenic acid was the predominant ω-3 fatty acid (0.85%). Among the 
monounsaturated fatty acids (MUFA), oleic acid (ω-9) was also present with a 
concentration of 15.30% (Taranu et al., 2020b, 2019). 

In addition, the total polyphenol concentration and the antioxidant 
activity of GSM diet registered higher levels compared with those of the 
control. The polyphenol profile of GSM, expressed as catechin equivalents 
(CE), obtained through LC-MS analysis revealed a high content of phenolic 
acids such as caffeoilquinic acid (57.4 μg ml−1 CE), ferulic acid (34.43 μg ml−1 
CE), dicaffeoilquinic acid (28.85 μg ml−1 CE), along with procyanidin dimers 
(30.25 μg ml−1 CE) and trimers (13.02 μg ml−1 CE). In the flavan-3-ol class, 
catechin content was 13.61 μg ml−1 CE, while epigallocatechin was 22.28 μg 
ml−1 CE (Taranu et al., 2020b, 2019).  

 
Antioxidant defence status 

The used statistical model allows us to predict the response of analysed 
markers on the basis of model effects we prescribed, which is the full factorial 
effect between GSM and AFB1. The purpose herein was to assess the effect of 
GSM dietary inclusion on antioxidant status in kidney of piglets and also to see 
whether diets with or without AFB1 differ in that effect. Also, does AFB1 
contamination alone predict differences in CAT/GPx/SOD/TAS/TBARS levels, 
regardless of GSM allocation? Accordingly, the interaction effect determines 
whether there is a different effect of GSM depending of AFB1; alternatively, 
whether there is a different effect of AFB1 depending on GSM.  

Our results show that the lower levels of CAT activity, visible in the AFB1 
fed group, are significantly improved by the dietary addition of GSM into the 
diet (Figure 1).  

Catalase activity in kidney of weaned piglets was influenced by diet type 
(with or without AFB1, P < 0.0001*), whereas no significant effect was 
registered for GSM supplementation alone. However, the significant GSM x 
AFB1 interaction depicts that there is a different effect of GSM dietary 
inclusion depending on diet type (with or without AFB1). In other words, GSM 
alleviates the toxic effects of the toxin by increasing the CAT levels in AFB1 
group, and maintains kidney CAT activity at physiological levels within the 
AFB1 unafflicted piglets.  

Similar to CAT activity, pigs fed GSM + AFB1 exerted a higher SOD activity 
in kidneys compared with the AFB1 group (Figure 2).  In addition, the 
interaction plot depicts the overall effect of GSM supplementation, which 
depends on diet type, that is with or without AFB1 (AFB1 x GSM, P < 0.0001*). 
It is worth noting the extent to which GSM dietary inclusion influences kidney 
SOD, resulting in no differences in healthy piglets, but higher levels in AFB1 
fed group. 
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Figure 1. Effect of AFB1 exposure and GSM dietary supplementation on catalase activity 

(CAT) measured in kidney of weaned piglets. Data are means ± SEM (n = 6). The “*” 
symbol indicates significant differences (P < 0.05). 

 
In this regard, the rate of dietary GSM inclusion is important, but for the 

rate used in this experiment there were no differences between the diet with 
GSM alone and the control diet.  This effect could also be perceived in 
conjunction with CAT activity, indicating that the response to diet varies 
between the two groups (with or without AFB1), being more pronounced for 
CAT activity, and is further modulated by the addition of GSM.  

 

 
Figure 2. Effect of AFB1 exposure and GSM dietary supplementation on superoxide 

dismutase activity (SOD) measured in kidney of weaned piglets. Data are means ± SEM 
(n = 6). The “*” symbol indicates significant differences (P < 0.05). 
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Our study indicated that GSM supplied a higher content of PUFAs to the 

experimental diet. In this regard, PUFAs possess the capacity to improve upon 
the gene expression and activity of several antioxidant enzymes (Palade et al., 
2019b). Accordingly, it can be inferred that GSM bioactive compounds (PUFAs 
and polyphenols) contributed to the improvement in antioxidant markers in a 
certain degree.  

On the contrary, GPx activity was unaffected by AFB1 diet and by GSM 
supplementation (Figure 3). No significant interactions were observed for GPx 
activity. It could be perceived as the ability of the antioxidant defence system 
to maintain homeostasis by sustaining kidney GPx activity within the 
physiological levels and the attempt of the body to sustain redox balance at 
cellular level (Lubos et al., 2011; Sarıkaya and Doğan, 2020). This might 
suggest important implications of GSM constituents on the antioxidant 
defence system, which act by balancing out the negative effects of AFB1 
contamination.  

 

 
Figure 3. Effect of AFB1 exposure and GSM dietary supplementation on glutathione 
activity (GPx) measured in kidney of weaned piglets. Data are means ± SEM (n = 6). 

 
In our study, GSM dietary inclusion had no effect on TAS measured in 

kidney of weaned piglets (Figure 4), however, we observed a tendency for a 
significant interaction effect (P = 0.0772). Similar to GPx, it suggests a 
balanced interaction between the innate antioxidant system and GSM 
constituents.  

In addition to the improvement in antioxidant enzymes, the total 
antioxidant status (TAS) in conjunction with the measurement of lipid 
peroxidation (TBARS) provide further information with regard to the overall 
oxidative status in kidney of AFB1 afflicted piglets.  
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Figure 4. Effect of AFB1 exposure and GSM dietary supplementation on total antioxidant 

status (TAS) measured in kidney of weaned piglets. Data are means ± SEM (n = 6).  

 
The measurement of lipid peroxidation reveals increased TBARS levels in 

AFB1 fed group (Figure 5), which suggest that AFB1 lead to oxidative 
degradation of the lipids at membrane level and cell damage.  

 

 
Figure 5. Effect of AFB1 exposure and GSM dietary supplementation on lipid 

peroxidation (TBARS) measured in kidney of weaned piglets. Data are means ± SEM (n = 
6). The “*” symbol indicates significant differences (P < 0.05). 

 
Comparably, the addition of GSM in piglets’ diet improved the oxidative 

status, evidenced by the significant interaction effect (P = 0.0117*). 
Accordingly, GSM supplementation alone registered differences in TBARS 
levels compared to AFB1, resulting in similar lipid peroxidation levels to those 
of the control group. Taking into account that TBARS test measures the lipid 
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peroxidation products in its terminal phase, we believe that reactive oxygen 
species (ROS) have been generated in similar concentrations in the two 
aflatoxin groups (with and without AFB1), but the process of lipid 
peroxidation would have been inhibited in AFB1+GSM group due to the 
beneficial effect of GSM constituents, which in turn modulate the activity of the 
antioxidant enzymes. 

In this study, we showed that the inclusion of GSM in the diet of weaned 
piglets influences the antioxidant status of AFB1 fed group by increasing the 
activity of antioxidant enzymes, CAT and SOD, as well as by decreasing the 
lipid peroxidation in kidney towards the values of the control group. On the 
other hand, we observed that GPx activity and TAS were not influenced by 
GSM diet. Nevertheless, the GSM dietary supplementation in weaned piglets 
had an overall positive influence on the antioxidant status markers in kidney 
of piglets.  

Other studies reported similar in vitro and in vivo findings with regard to 
the influence of aflatoxicosis on kidney damage through oxidative stress 
(Eraslan et al., 2017; Karamkhani et al., 2020; Lei et al., 2013), as well as 
morphological tissue damage, and the efficacy of different bioactive 
compounds to alleviate these negative effects (Gholami-Ahangaran et al., 
2016; Gupta and Sharma, 2011). For example, Li et a. (2018) provided insight 
on the involvement of L-proline, key metabolite of AFB1, in improving 
oxidative stress tolerance by being utilized in detoxifying kidney damage in a 
mice model (Li et al., 2018). In another study, histopathological and 
biochemical changes induced by AFB1 in mice kidney also pointed out the 
induction of oxidative stress, which was subsequently alleviated by treatment 
with Tinospora cordifolia ethanolic extract (Gupta and Sharma, 2011).  

Taken together, we observed that by administering dietary GSM to piglets 
exposed to AFB1, the significant increase of CAT and SOD activities and 
decrease of TBARS led to the inhibition of oxidative stress in kidney tissue, 
which suggests that GSM exerts a protective effect towards the toxic action of 
AFB1. 
 

CONCLUSION 

The findings of the present study revealed the positive effect of dietary 
addition of GSM on antioxidant enzyme activities (CAD and SOD) together 
with improved TBARS levels in kidney of weaned piglets. This is mainly 
evidenced by the elevated state of antioxidant defense system of AFB1+GSM 
group compared to the AFB1 group. Collectively, the results obtained in this 
study provide new insight into the beneficial effects of the dietary addition of 
GSM within the frame of sustainable animal production. In addition, taking 
into account the stability displayed by the other indicators of oxidative stress 
measured herein (GPx and TAS), the overall cause-effect relationship between 
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the toxin and the added phytochemicals points to a better response of piglets 
receiving GSM to the kidney damage during aflatoxicosis. 
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