Egyptian J. Nutrition and Feeds (2023), 26(2):179-192

AMELIORATIVE IMPACTS OF GRAPE SEED EXTRACT ON GROWTH
PERFORMANCE, IMMUNE RESPONSE, ANTIOXIDANT CAPACITY AND
BIOCHEMICAL CONSTITUENTS IN BROILERS EXPOSED TO FUMONISIN
Bl

R.A. Hassan'*, Y. Z. Eid? E.A. Abu El-Hassan?, Zeinab, M. Farouk?, M.A. Gorgy*, M. El-
Gbaly!, and Hanaa A. Basuney*

TAnimal Production Research Institute, Agricultural Research Center, Dokki, Giza, Egypt.
2Department of Poultry Production, Faculty of Agriculture, Kafr EI-Sheikh University, Egypt.
*Corresponding author e-mail address (redaalihasan@yahoo.com)

(Received 29/ 712023, accepted 20/18/2023)

SUMMARY

worldwide. It is toxic to both liver and kidney. This research aimed to assess the influence of grape

seed extract (GSE) on reducing toxic influences of Fumonisin B1 (FB1) in broilers by examining the
growth performance, immune response, antioxidant capacity and biochemical constituents. A total of 240 one-
day-old Ross-308 chicks were randomly allocated into four treatments of six replicates each (10 birds per
replicate), fed ad libitum for five weeks with the following dietary treatments: 1. Basal diet (control); 2. Basal
diet + 400 mg/kg FB1 contaminated diet (FB1); 3. Basal diet + FB1 (400 mg/kg) + GSE (250 mg/kg); and 4.
Basal diet + FB1 (400 mg/kg) + GSE (500 mg/kg). Results revealed that inclusion of FB1 in the diet of birds
resulted in deleterious effects on all parameters traits included in this study. The addition of GSE at levels of
250 or 500 mg/kg of diet to the FB1-containing diet significantly improved the adverse effects of FB1 on
growth performance, serum immunoglobulin contents, serum biochemical contents, and enzyme activities in the
liver, malondialdehyde content and total antioxidant capacity and glutathione peroxidase concentration within
the liver and serum. Moreover, 500 mg GSE / kg of diet surpasses the other level 250 mg GSE /kg diet
concerning all above—mentioned the parameters. In conclusion, broilers performance, some blood constituents,
oxidative stress and liver function were significantly affected by FB1 (400 mg) treatment; the addition of GSE
(250 or 500 mg/kg of diet ) to the FB1—contaminated diet significantly recovered the adverse effects of FB1 on
these traits; the protective effect of 500 mg GSE /kg of diet against the toxic effects of FB1 was greater than
that of 250 mg GSE/kg of diet; and these improvements may contribute to a solution of FB1 problems in broiler
chickens.

F umonisin B1 (FBL1) is a mold metabolite produced by Fusarium species that is frequently found in corn
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INTRODUCTION

Fumonisins, which are secondary metabolites of Fusarium verticilloides, were discovered and
chemically characterised for the first time in 1988 (Gelderblom et al., 1988). Since then, around 28
homologues have been found. However, Fumonisin B1 (FB) is the most typical and extensively
researched homologue from a toxicological perspective. Others, like FB2, FB3, and FB4, are less
common (Voss et al.,, 2007). The principal mode of action suggested for FB is that it inhibits the
ceramide synthase enzyme, preventing the turnover of sphingoid molecules. The chemical structure of
FB is similar to that of the sphingoid bases (sphinganine and sphingosine). Because ceramide synthase is
inhibited, sphingoid bases—primarily sphinganine—accumulate and have proapoptotic, citotoxic, and
growth-inhibitory effects. Therefore, in many animal species, the sphinganine-to-sphingosine ratio
(Sa:So) is the most sensitive biomarker to FB intoxication (Voss et al., 2007). Fumonisin B1 (FB)
contamination in feed is now linked to two significant animal diseases/syndromes: equine
leukoencephalomalacia and swine pulmonary edoema (Marasas et al., 1988). According to several
studies, FB may play a role in various human cancer instances, including esophageal (Dragan et al.,
2001) and liver (Ueno et al., 1997) malignancies. There is general agreement that FB causes losses when
contaminated feed is given to broilers (Del Bianchi et al., 2005), although there is disagreement about
specific factors FB1 affects.
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Growing interest in plant-derived natural compounds as low harmful and prospective therapeutic
approaches has recently been noted by researchers. Due to its strong antioxidant capacity, which is
roughly 20 times stronger than that of vitamin E and 50 times greater than that of vitamin C, grape seed,
a naturally occurring agricultural by-product of grapes, is a better source of antioxidative constituents
than grape juice by-products (Abdou et al., 2021). Hepatic lipid peroxidation is prevented by grape seed
extract (GSE) because it protects the cellular membrane from oxidative damage (Deng et al., 2020). In
addition to its anti-microbial properties, GSE has been shown to have anti-cancer, anti-inflammatory,
cardio-, neuro-, and hepatoprotective effects, as well as antidiabetic, anti-obesity, and lipid-lowering
properties (Othman et al., 2020). Notably, GSE was demonstrated to reduce oxidative stress and liver
damage in the liver of zearalenone-intoxicated patients (Taranu et al., 2020). This study's goal was to
assess the toxic effects of FB1 and the protective effectiveness of GSE on the growth performance,
serum biochemistry, serum immunoglobulins, serum, and liver antioxidant enzyme activities of broilers
exposed to FB1-contaminated feed.

MATERIALS AND METHODS

Experimental design and Management:

For the trial, 240 one-day old Ross-308 broilers were acquired from a local hatchery. Chicks with
comparable body weight were randomly divided into four groups with six replicates per group (n = 60
per treatment) and grouped based on the next four dietary treatments; 1. A basal diet containing neither
GSE nor FB1 (Control), 2. A basal diet containing 400 mg/kg FB1 (FB1), 3. Basal diet containing 400
mg/kg FB1 + 250 mg/kg GSE, and 4. Basal diet containing 400 mg/kg FB1 + 500 mg/kg GSE. Diets and
water were provided ad libitum through the whole experimental time (5 weeks). The trial conducted
under environmental controlled conditions.

Experimental diets:

A corn and soybean meal-based basal diet was formulated to meet the standard nutritional
requirements of broilers in initial phase (NRC, 1994). The composition of the basal diet has been
presented in Table 1.

Table (1): Composition and calculated analysis of starter-grower and finisher diets.

Ingredients Starter-grower (1-21d) Finisher (22-35d)
Yellow corn 54.40 62.00
Soybean meal, 44% 27.00 24.05
Corn Gluten meal, 60% 10.00 6.19
Soy bean oil 4.55 4.00
Limestone 1.10 1.00
Di-calcium phosphate 2.20 2.05
Vit& min. premix* 0.30 0.30
DL-Methionine 0.05 0.01
L-lysine (HCI) 0.15 0.15
Na CI 0.25 0.25
Total 100 100
Calculated analysis: **

CP, % 23.03 20.02
ME (Kcal/kg) 3004 3201
Calcium, % 1.05 0.97
Available phosphorus, % 0.45 0.42
Lysine, % 1.14 1.03
Methionine, % 0.52 0.41
TSAA, % 0.90 0.73

*Vitamin and mineral premix (Hero mix) produced by Hero pharm and composed (per 3 kg) of vitamin A 12,000,000
1U, vitamin D3 2,500,000 IU, vitamin E 10,000 mg, vitamin K3 2,000 mg, vitamin B1 1,000 mg, vitamin B2 5,000
mg, vitamin B6 1,500 mg, vitamin B12 10 mg, niacin 30,000 mg, biotin 50 mg, folic acid 1,000 mg, pantothenic acid
10,000 mg, manganese 60,000 mg, zinc 50,000 mg, iron 30,000 mg, copper 4,000 mg, iodine 300 mg, selenium 100
mg, and cobalt 100 mg. **According to Tables of NRC (1994).
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FB1 production:

The National Institute of Animal Health, Dokki, Cairo, Egypt, was the site of fumonisin B1
production. 100 g of ground maize was placed to 0.946-I jars along with 100 ml of distilled water, and
the jars were autoclaved for 30 minutes at 121C (Weibking et al., 1993). Fusarium verticilloides MRC-
826 was added to sterile distilled water, and 2 ml of the resulting suspension was added to the autoclaved
jars. After 24 h of incubation at 27C in the dark, the jars were then shaken in a horizontal shaker at 350
rpm for 15 minutes. The jars were shaken again (350 rpm for 15 min) to achieve thorough dispersion of
the fungal mycelium. The jars were incubated in the dark at 27C for a total of 5 weeks. A 400 ml mixture
of acetone: chloroform (75:25) was added immediately to each 5-week-old culture and allowed to stand
over-night. The contents of each jar were placed in a blender for 30 s and then filtered. The solid culture
residue was reextracted and allowed to air-dry overnight in the hood. The culture material was dried in a
forced-air oven at 40C for 48 h and ground to a soft powder in a grindery. The culture material was
analyzed for FB1 by high performance liquid chromatography (Wilson et al., 1990), which found
concentrations of 6000 mg FB1 /Kkg.

Preparation of GSE Pre-extraction sample:

Grape seeds were carefully separated from grape skin and stem, washed in tap water, and then allowed
to dry outdoors out of the sun. Seeds were ground in a coffee grinder for two minutes at intervals of 15
seconds. To prevent the sample from heating up; the crushed seeds were covered and kept at -18°C until
the extractions were carried out (Palma et al., 1999).

Extraction process:

To a thickness of 2 mm, the grape seed was ground. 25% dichloromethane and 75% methanol were
used to extract the seeds from grapes. Grape seed extract's phenolic components were examined using
chromatographic separation which was performed at 30°C using lacopini et al. (2008) method. The
amounts of the phenolic compounds in GSE are listed in Table 2.

Collection of samples and measurements:

Up to the completion of the trial (five weeks), feed consumption for each replicate was tracked weekly.
Chickens were weighed on a weekly basis. Feed conversion ratio (FCR), total feed intake, average body
weight gain, and final body weight were computed. Following a 12-hour fast, blood samples were
obtained from the chickens during slaughtered and placed in tubes. The serum was isolated from the
blood samples and stored at —20°C for biochemical, immunoglobulin, and serum antioxidant analyses.
The blood samples were centrifuged at 1000x g for 10 min at 4°C. After slaughtered, the liver was taken
out, and it was promptly weighed. To analyzing the antioxidants, a portion of liver was quickly frozen in
liquid nitrogen and kept at —80 °C.

Serum sample analysis:

Using commercial kits (Biodiagnostic Company, Egypt) in a spectrophotometer, serum samples were
examined for total proteins, albumin, total cholesterol, LDL, HDL, calcium (Ca), phosphorus (P), uric
acid, alkaline phosphatase (AP), aspartate aminotransferase (AST), and alanine aminotransferase (ALT)
activity. According to Rauber et al. (2013), free sphinganine and sphingosine levels in serum were
examined for the computation of the sphinganine-to-sphingosine ratio (Sa:So).

Serum and liver antioxidant enzymes assays:

Small liver tissue samples (0.5 g) were chopped up and homogenized in 4.5 ml ice-cold physiological
saline. The homogenate was centrifuged at 1000 g for 15 min at 4°C. For the next analysis, the
supernatant was gathered and kept at -80°C. Using commercially available assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China), the activities of glutathione peroxidase (GSH-Px), total
antioxidant capacity (TAC), and malondialdehyde (MDA) concentration in the blood serum and hepatic
supernatants were measured spectrophotometrically. The specifics of each determination procedure
followed by the manufacturer's instructions for the commercial Kits.

Immune function:

Using the ELISA method, the levels of immunoglobin A, immunoglobin M, immunoglobin G (1gG),
interleukin-2 (IL-2), interleukin-6, tumour necrosis factor- o (TNF-a), and interferon-y (IFN-y) in the
serum were determined according to (Ao and Kim, 2019).
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Jejunum morphology:

During slaughtered, tiny intestinal tissue samples were taken from the jejunum, which were about 2 cm
long each, to determine the shape of the mucosa. The jejunum tissues were washed with saline before
being preserved in 10% neutral formalin. For mucosal morphology and integrity, the fixed tissues were
cut and embedded in paraffin. For histological analysis using an optical microscope (Olympus, Tokyo,
Japan), thin sections (5 mm) were cut into slices, mounted on slides, and stained with hematoxylin and
eosin. Villus height (VH) and crypt depth (CD) were morphologically examined in the jejunum that were
measured. Accordingly, the villus height to crypt depth ratio (VH/CD) was determined. The
methodology previously outlined was used to quantify these indices (Viveros et al., 2011). Within each
section (10 villi per bird), the means for VH, CD, and VH/CD were computed.

lleal microflora:

According to a prior study by Giannenas et al. (2010), fresh cecum digesta samples were obtained
during slaughter and analyzed for microorganisms within one hour. Briefly, E. coli and Lactobacillus in
digesta samples were counted by conventional microbiological methods and selective agar media after
being serially diluted in 0.85 percent sterile saline solution. The average findings of each of the
microbiological tests were used for statistical analysis after being performed in duplicate.

Statistical analysis:

Results from all response variables have been subjected to one-way variance analysis (SAS, 2004).
Using Duncan's Multiple Range Test (Duncan, 1955), mean of variables with a significant F-test
(p<0.05) were compared.

Model:
Xij = p+ Ti + eij
Where: Xij = Any observation; g = Overall mean; Ti = Treatments (i = 1, 2 . . . and 4); eij =
Experimental error.

RESULTS AND DISCUSSION

Grape seed composition and extract analysis:

The chemical composition of the grape seed (crude fat, crude protein, crude fiber, calcium, and total
phosphorus) and extract analysis (catechin, epicatechin and procyanidins) are shown in Table 2.

Table (2): Composition of the grape seed analyzed by AOAC (2005) methods and analysis of the
grape seed extract by HPLC method.

Grape seed Grape seed extract

Crude fat (%) 24.12 Catechin (mg/100 g) 1385
Crude protein (%) 10.25 Epicatechin (mg/100 g) 1108
Crude fiber (%) 34.22 Procyanidine B1 (mg/100 g) 842
Calcium (%) 0.62 Procyanidine B2 (mg/100 g) 763
Phosphorus (%) 0.36 Procyanidine C (mg/100 g) 528

Growth performance:

Table (3) illustrates the impact of adding grape seed extract (GSE) to a diet polluted with fumonisin to
counteract the harmful effects of fumonisin B1 on growth performance in broilers fed for 35 days. The
group given the FB1-contaminated meal (400 mg/kg) for the entire trial period had the lowest average
final body weight, body weight gain, and cumulative feed intake (P<0.05) in comparison to other groups.
This impact was alleviated by the addition of GSE (250 and 500 mg/kg) into diets contaminated with
FB1, with a significant rise in final body weight, body weight gain and feed intake when compared with
the FB1 group. Similarly, feed conversion ratio (FCR) of broilers was negatively influenced by the
dietary FB1 group through the experimental period (P< 0.05). The addition of GSE (250 and 500 mg/kg)
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resulted in markedly better FCR (P< 0.05) as compared with the FB1 group. However, 500 mg GSE /kg
diet recorded the highest values of body weight gain and feed intake and better values of FCR, and
mortality rate compared to 250 mg GSE/kg diet included in this study.

These findings showed how GSE helped to reduce negative effects of FB on growth efficiency.
According to these findings, which are in line with those of Sharma et al. (2008), giving diets
supplemented with 200 ppm of fumonisin B1 and 100 ppm of moniliformin (produce from Fusarium
fujikuroi) caused anorexia, diarrhoea, and severe depression of body weight. According to Bermudez et
al. (1997), dietary FB1 levels less than 325 mg/kg of feed had no effect on the feed intake and BW gain
of chicks. Previous investigations using chicks, poults, and ducklings fed 100 mg of moniliformin/kg of
diet found reduced feed intake and BW gain (Morris et al., 1997). Birds receiving 80 to 330 mg/kg of
moniliformin by day 8 had significantly lower body weights, according to Reams et al. (1997).

Table (3): Effects of grape seed extract (GSE) on growth performance of broilers fed diets
contaminated with Fumonsinin B1.

Dietary treatments

Parameters Control FB1 FB1+GSE FB1+GSE SEM p-value
(400mg/kg)  (250mg/kg)  (500mg/kg)
IBW, (g) 40.2 40.2 40.3 40.2 1.26 0.962
FBW, (g) 2150? 1905°¢ 2000P 2050% 6.14 0.0001
BWG, (g) 2109.82 1864.8¢ 1959.7° 2009.8% 5.85 0.0001
TFI, (g/bird) 34502 3380° 3400° 3405° 6.05 0.002
FCR 1.635¢ 1.8122 1.734° 1.694¢ 0.45 0.0001
Mortality rate 0.00¢ 10.00? 3.33° 1.66° 1.60 0.0001

a¢ Mean values within a row with different superscript letters are significantly different (p<0.05); SEM: Standard
error of the mean; GSE: grape seed extract; FB1: Fumonsinin B1; IBW: initial body weight; FBW: Final body
weight; BWG: body weight gain; TFI: total feed intake; FCR: feed conversion ratio.

Body weight reduction in the FB1-fed group may be attributed to a lower feed utilization efficiency
and may have been caused in part by the prevalence of diarrhoea and intestinal lesions (goblet cell
hyperplasia) (Kubena et al., 1997), which was most likely brought on by FB1's disruption of sphingolipid
biosynthesis (Wang et al., 1991). These sphingolipids have a role in the control of ion pumps, cell
surface receptors, and other critical systems for cell survival and function (Merrill et al., 1996).
Fumonisin Bl injury to the villus is anticipated to impair nutrient absorption, which will lower
production efficiency (Grenier et al., 2016). According to Shanmugasundaram et al. (2023), the
histomorphology examination of ileum samples revealed that Fumonisin B1 had harmed the villi's
structural integrity, reduced nutrient absorption and resulted in reduced production capacity. According
to Javed et al. (1993), 40 and 70% of chicks fed 27 and 154 mg of pure moniliformin/kg died,
respectively.

Results obtained showed the positive effects of GSE against the negative effects of FB1 on growth and
feed utilization. These enhancements may be attributable to the natural antioxidants in GSE, such as
phenolic materials, which can safeguard the intestinal mucosa from oxidative damage and pathogens as
well as limit peristaltic activity in digestive disorders and decrease intestinal movement, leading to better
nutrient absorption (Ismail et al., 2003). These findings are in line with those of Wang et al. (2008) who
found lower mortality for chicks fed diet supplemented with grape seed proanthocyanidin extract (10 to
20 mg/kg) than the control group. This could be because GSE plays a crucial role as antimicrobial in
alleviates remarkably the intestine microbial populations and prevents the lysis of amino acids which is
used in proteinic tissues (Lee et al., 2001). Also, it may be due to the biological properties of phenolic
compounds in GSE as well that show an antioxidant activity which reduce oxidative damage (Xia et al.,
2010).

Blood biochemistry:

The findings in Table (4) demonstrated that feed contaminated with FB1 (400 mg/kg) had a negative
impact on the serum biochemical profile when compared to other groups (P< 0.05). When compared to
the control group, feeding broiler chicks a food contaminated with fumonsin at a rate of 400 ppm led to a
substantial (P< 0.05) rise in the levels of TP, albumin, globulin, AST, ALT, ALK, creatinine, uric acid,
P, LDL, HDL and cholesterol, Ca, and Sa:So ratio. By supplementing with GSE (250 and 500 mg/kg),
the toxic effects of FB1 have been lessened. This has led to a considerable drop in the levels of above-
mentioned blood biochemical parameters when compared to the group that received only FBL1. In
comparison to fumonsin alone, adding 250 or 500 mg/kg of grape seed to a diet contaminated with
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fumonsin was successful in attenuating (P< 0.05) the detrimental effects of fumonsin on the blood
biochemical markers. Moreover, when compared to a diet containing 250 mg of GSE per kg, the higher
quantity of GSE (500 mg/kg) had the best benefits.

Broilers given hepatotoxic chemicals frequently have lower protein (TP and Alb) levels (Hochleithner,
1994). Although certain in vitro studies on the impact of FB on endothelial cells from swine pulmonary
arteries revealed that this mycotoxin induces an increased permeability on the endothelium for Alb and
other proteins (Ramasamy et al., 1995). Additionally, in vivo studies have showed this impact on total
protein and Alb values in the serum of broilers fed contaminated diet with FB1 (Kubena et al., 1997).
Dehydration or the synthesis of acute phase proteins, which takes place 2 to 5 days following tissue
injury, inflammation, or necrosis, may therefore be responsible for a rise in total protein with somewhat
greater levels in the FB group (Sharma et al., 2008).

A rise in the albumin fraction, whose values were higher in the group fed FB1 compared to the other
groups up to 14 days after feeding, may also have contributed to an increase in total protein. This may
have happened at the same time as a rise in globulin concentration due to dehydration (Sharma et al.,
2008). This may have been brought on by the mycotoxins and ascribed to a decrease in feed
consumption. FB1 or moniliformin contaminated diets have been shown to boost total protein levels in
prior studies (Bermudez et al., 1997; Asrani et al., 2006). According to Hochleithner (1994) and Lumeij
(2008), hyperalbuminemia is typically accompanied by elevated Ca levels.

This investigation revealed elevated levels of AST and ALT activity as well as cholesterol levels, all of
which are frequently linked to liver injury while, increased creatinine, uric acid, and P levels signify
renal lesions. According to (Lumeij, 2008), the liver and kidney are the key organs that FB targets.
Previous studies on FB1-fed broiler chicks (Ledoux et al., 1992), turkeys (Bermudez et al., 1997), and
quail (Asrani et al., 2006) found increases in serum AST activity.

A possible early indicator of FB-toxicosis is an increase in serum cholesterol (HDL, LDL). This rise
has been observed in broilers (Ledoux et al., 1992). According to Edrington et al. (1995), elevated blood
cholesterol and triglycerides are likely linked to biliary blockage and acute hepatic damage. El-Nekeety
et al. (2007) explained the rise in LDL and HDL levels to the need for more in lipoprotein to transport
the water insoluble cholesterol which is elevated in FB- induced toxicity. Significant excess in LDL have
also been observed previously in FB1- and Moniliformin -fed broilers (Javed et al., 1995) and turkeys
(Bermudez et al., 1997). Significant excess in Creatine Kinase activity in the groups fed FB1 and
Moniliformin alone propose that both FB1 and Moniliformin are toxic to striated or cardiac muscle.

Table (4): Effects of grape seed extract (GSE) on some blood constituents of broilers fed diets
contaminated with Fumonsinin B1.

Dietary treatments

Parameters Control FB1 FB1+GSE FB1+GSE P-value
(400mg/kg)  (250mg/kg)  (500mg/kg) SEM
TP (g/dl) 5.42 5.86 5.55 5.40 0.586 0.065
Alb (g/dl) 2.53 2.80 2.61 2.43 0.854 0.125
Glo. (g/dl) 2.89 3.06 2.94 2.97 0.758 0.083
AST (1U/) 37.65°¢ 50.222 40.45P 38.24°¢ 2.658 0.002
ALT (1U/) 25.17¢ 54.152 38.9b 27.2¢ 1.365 0.0001
Chol.(mg/dl) 138.36°¢ 180.252 140.22° 136.42¢ 5.228 0.001
LDL (mg/dl) 24 440 30.328 20.55¢ 18.28¢ 1.685 0.004
HDL (mg/dl) 76.32° 83.582 79.31° 77.22° 6.885 0.024
ALP (mg/dl) 41.57° 46.02 45.0% 40.8° 2.687 0.035
Creat. (mg/dl) 0.660° 1.16° 0.852° 0.700°¢ 0.052 0.001
Uric acid (mg/dI) 5.52¢ 6.362 5.82b 5.98°P 0.875 0.002
Ca (mg/dl) 9.41° 10.652 9.84° 9.38¢ 1.668 0.038
P (mg/dl) 7.25° 8.952 7.33° 7.28° 2.325 0.001
Sa (pmol/ml) 10.75° 15.352 12.25° 11.85% 2.668 0.001
So (pmol/ml) 32.74° 34.652 31.82° 32.09° 6.875 0.026
Sa: So ratio 0.328¢ 0.443% 0.385" 0.369¢ 0.006 0.002

a¢ Mean values within a row with different superscript letters were significantly different (P<0.05); SEM: Standard
error of the mean; GSE: grape seed extract; FB1: Fumonsinin B1; TP: total protein; Alb.: Albumin; Glo: Globulin;
AST: aspartate aminotransferase; ALT, alanine aminotransferase; Chol, cholesterol; ALP: alkaline phosphate;
Sa:So: the sphinganine-to-sphingosine ratio.
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GSE appeared to partially restore the liver to its normal state in the GSE group because GSE
considerably decreased the rise of AST and ALT activity. This impact of the GSE pretreatment supports
the notion that it is bioavailable and has substantial antioxidant and anti-inflammatory properties (Bagchi
et al., 2002) as it considerably reduced the hepatotoxicity as an indirect target of cisplatin (Yousef et al.,
2009). TC, HDL-C, and LDL-C values in the treated group were all considerably reduced by GSE. GSE
may have a hypolipidemic impact by speeding up cholesterol catabolism by boosting the activity of the
hepatic cholesterol 7-a-hydroxylase enzyme. This enzyme is the rate-limiting enzyme of bile acid
biosynthesis, it is possible that GSE could prompt the conversion of cholesterol to bile acids, which is a
crucial mechanism for elimination of cholesterol from body (Del Bas et al., 2005). The water-soluble
antioxidant, proanthocyanidins in the GSE might trap ROS in aqueous series like plasma thereby
preventing oxidation of LDL. GSE indirectly restores bodily homeostasis by enhancing renal function.
According to Abd El-Wahab et al. (2008), GSE shows no nephrotoxicity. The current investigation
demonstrated that GSE also has nephroprotective effects, restoring normal levels of uric acid and
creatinine.

Fumonsin competitively inhibits the enzyme ceramide synthase because of the structural similarities
between fumonsin and the sphingoid bases sphinganine (Sa) and sphingosine (So) and as a direct result,
an accumulation of the substrates Sa and, to a lesser extent, So, occurs in tissues, serum, and urine (\V0ss
et al., 2007). The biological response for this technique is an increase in Sa: So. Comparable impacts on
Sa:So to the ones found in this experiment have been previously reported in numerous species, including
broilers (Henry et al., 2000; Tran et al., 2003).

Serum and hepatic antioxidant parameters:

Table (5) provides a summary of the effects of GSE on the liver and serum antioxidant indices of
broilers exposed to FB1. When compared to the control group, broilers fed a meal contaminated with
FB1 had higher levels of serum and liver malondialdehyde (MDA). However, GSE considerably reduced
the amount of MDA in diets tainted with FB1, and there was significant difference in the amount of
MDA between the two GSE dose groups (250 and 500 mg/kg). When FB1 group was compared to the
control group, the activities of glutathione peroxide (GSH-Px) and the concentration of total antioxidant
capacity (TAC) in the serum and liver were both (P< 0.05) decreased. The activities of the antioxidant
enzymes were dramatically increased when GSE (250 and 500 mg/kg) was added to the FB1-
contaminated diet. These outcomes demonstrated that GSE greatly enhanced liver and serum antioxidant
activities and reduced oxidative damage brought on by FB1. In addition, 500 mg/kg of GSE produced the
best results when compared to a diet containing 250 mg/kg of GSE.

Oxidative stress is another side effect of FB1 poisoning. When compared to the control group, the FB1
group showed a significant increase in the concentration of the lipid peroxidation product MDA, which
suggests that FB1 accelerates the formation of ROS. A significant decrease in GPX and TAC activity
was seen in the FB1-group. These results were discriminatory of renal and hepatic damage.

The detoxification of the toxic of mycotoxins is significantly aided by glutathione. According to
numerous research, liver necrosis starts as soon as the glutathione reserves are practically depleted
(Abdel-Wahhab and Aly, 2005). Additionally, GPX's association with FB1 or its metabolites may help to
explain why the amount of GPX has decreased (Abdel- Wahhab et al., 2002).

Table (5): Effects of grape seed extract (GSE) on serum and hepatic antioxidant parameters of
broilers fed diets contaminated with Fumonsinin B1.

Dietary treatments
Parameters FB1 FB1+GSE FB1+GSE SEM P-value

Control  /5omg/kg)  (250mg/kg)  (500mglkg)

Serum

GSH-Px (U/ml) 1544.32 913.8¢ 1290.0¢ 1345.3° 62.58 0.001
TAC (U/ml) 8.222 4.17° 7.65" 8.112 3.65 0.025
MDA (nmol/ml) 1.86° 3.062 2.08° 1.89¢ 0.586 0.038
Liver

GSH-Px (U/mg protein) 51.652 29.77¢ 40.66° 48.96" 3.22 0.002
TAC (mmol/g protein) 5.612 3.24¢ 458" 5.452 1.05 0.001
MDA (nmol/mg protein)  36.30° 56.58° 40.68" 38.95¢ 3.57 0.028

&€ Mean values within a row with different superscript letters were significantly different (P< 0.05); SEM: Standard
error of the mean; GSE: grape seed extract; FB1: Fumonsinin B1; GSH-Px, glutathione peroxidase; TAC: total
antioxidant capacity; MDA, malondialdehyde.
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The antioxidant and free radical scavenging properties of GSE may be due to the polyphenols in the
extract, particularly flavonoids, which have the capacity to modulate the expression of gamma-glutamyl
cystein synthetase, which catalyses the rate limiting step in the synthesis of endogenous antioxidant in
cells, specifically glutathione. As a result, according to Moskaug et al. (2005), this enzyme is essential
for both the detoxification of xenobiotics and the cellular antioxidant system.

Numerous research have suggested that grape seed byproducts may increase the antioxidant capacity
of broilers (Abu Hafsa and lIbrahim, 2018). Our research further shown that GSE might have an
antioxidative effects by elevating serum GSH-PX, T-AOC, and reducing serum MDA levels. This
indicates that the GSE may be an effective antioxidant that, by triggering the antioxidant enzyme system,
could reduce reactive free radicals and oxidative stress (Lipinski et al., 2017).

Comparing the control group to the FB1-group, it was found that MDA levels were considerably lower
and GPx activity was higher. According to Yamanaka et al. (1997), eating foods and drinks high in
flavonoids may assist to reduce the body's exposure to oxidative stress. Proanthocyanidins have been
shown to have specificity for the hydroxyl radical in in vitro experimental results (Zayachkivska et al.,
2006). The biochemical role of the selenium containing enzyme glutathione peroxidase is to decrease
lipid hydroperoxides to their corresponding alcohols and to decrease free hydrogen peroxide to water
(Ran et al., 2007). Therefore, any rise in the GPx activity results in a reduce in lipid peroxide values, so
enhancing the lipid profile. This may interpret the decreased value of MDA and the near normal values
of total cholesterol and LDL in the group gaving GSE when compared to that of the FB1-group. The
chemical characteristics of proanthocyanidins in terms of the availability of the phenolic hydrogens as
hydrogen donating radical scavengers and singlet oxygen quenchers predict their antioxidant activity,
which has been shown to be significantly more potent than that of beta-carotene or vitamins C and E
(Joshi et al., 2001).

Serum immunoglobin and inflammatory cytokines:

In comparison to the control group, the FB1-treated birds displayed a substantial drop (P<0.05) in the
immunoglobin (IgA, 1gG, and IgM) levels and a significant increase (P<0.05) in the serum levels of IL-6
and TNF-y (Table 6). Additional improvements in the previously described features were seen when
GSE (250 or 500 mg/kg diet) was added to the FB1-containing diet. However, when compared to the 250
mg GSE/kg diet used in this study, the 500 mg GSE/kg diet showed the best outcomes regarding these
characteristics. In particular, FB1 treatment significantly reduced immunoglobin while increased serum
IL- 6 and TNF- y levels (P< 0.05), while GSE supplementation alleviated the levels of these
immunoglobin, and inflammatory markers compared to the FB1 birds (P< 0.05).

Table (6): Effects of grape seed extract (GSE) on serum immunoglobin and inflammatory
cytokines of broilers fed diets contaminated with Fumonsinin B1.

Dietary treatments
Parameters Control FB1 FB1+GSE FB1+GSE SEM  P-value
(400mg/kg) (250mg/kg) (500mg/kg)

Serum immunoglobin

IgA (ug/ml) 24.86° 22.42¢ 24.68° 24.77%® 2.585 0.001
IgM (ug/ml) 42.36% 41.00° 42.10° 42.30%® 3.336 0.004
19G (ug/ml) 82.60? 71.95¢ 82.25° 82.582 5.478 0.023
Serum inflammatory cytokines

IL-2 (ng/ml) 120¢ 1682 142° 129¢ 3.52 0.025
IL-6 (ng/ml) 21° 582 38P 26° 1.36 0.001
TNF-0 (pg/ml) 20¢ 462 28° 22¢ 2.44 0.036
IFN-y (ng/ml) 19¢ 367 240 20° 2.75 0.002

a¢ Mean values within a row with different superscript letters were significantly different (p<0.05); SEM: Standard
error of the mean; GSE: grape seed extract; FB1: Fumonsinin B1; IL-2: interleukin-2; IL-6: interleukin-6; TNF-a:
tumour necrosis factor- a; and IFN-y: interferon-y

The results demonstrated that GSE is ambidextrous to reduce the inflammatory response and enhance
immune function induced by FB1. These results are in line with the earlier studies that, exposure to
deoxynivalenol (DON) and fumonisins (FUM) can impair mucosal immunity (Bracarense et al., 2012).
Shanmugasundaram et al. (2023) observed that, the fumonisins reduced the levels of total IgA and C.
perfringens-specific IgA in bile. According to research by Wang et al. (1991), the mechanism of action
of FB1 involves the disruption of complex sphingolipids and the buildup of free sphinganine and
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sphingosine. It has been demonstrated that FB1's inhibition of sphingolipid production correlates with
repressed cell proliferation (Yoo et al., 1992). sphingolipid breakdown products were recognized as
antiproliferative lipids and were shown to reduce humoral and cell-mediated immunological responses
(Martinova, 1996).

According to Kamboh et al. (2015), oxidative stress may have an impact on immunity, and enhanced
antioxidant function may boost immunity in poultry. Polyphenols might enhance immune role by
reducing the inflammatory process throught nuclear factor-kappaB and nuclear factor-2—dominated
passages in the small intestine (Paszkiewicz et al., 2012). The addition of GSE raised serum
immunglobulins in the present study. IFN-y plays as a crucial regulator in the activation of lymphocytes
and monocytes and serum IL-2 encourages the proliferation of activated natural killer cells, T
lymphocytes, B lymphocytes, as well as the creation of antibodies (Ao and Kim, 2019). The current
findings revealed that the supplementation of GSE improved serum IL-2, and INF- vy, suggesting that
GSE could improve immune response by controlling antibodies, complements, and cytokines (Lipinski et
al., 2017).

Serum concentrations of pro-inflammatory cytokines are regarded indicators of cellular immunity.
Presently, FB1 group showed a significant elevation in serum pro-inflammatory cytokines such as IL-6
and TNF-y. These findings are consistent with recent studies suggesting that FB1 might cause
inflammation and change the immunological response (Hassan et al., 2020). In addition to, GSE
supplementation significantly reduced elevated concentrations of IL-6 and TNF- y in the serum of FB1-
fed chicks. Accordingly, Rajput et al. (2019) observed that GSE could significantly alleviate the high
concentrations of inflammatory cytokines in serum of broiler following ingestion of AFB1 diet. All of
these findings also supported the antioxidant action and anti-inflammatory of GSE that could be

responsible for its decisiveness effect.
Jejunum morphology:

In broilers receiving FB1, analysis of morphologic alterations in the small intestine showed a
significant decrease in villus height (VH), crypt depth (CD) and villus-to-crypt ratio (VH:CD). Adding
GSE (250 or 500 mg/kg diet) to the FB1-containing diet resulted in further improvements in the
previously stated features. In contrast to the 250 mg GSE/kg diet used in this investigation, the 500mg
GSE/kg diet showed the highest outcomes in terms of these characteristics (Table 7). These findings are
in line with those of Shanmugasundaram et al. (2023), who discovered that the histomorphology analysis
of ileum samples revealed fumonisins (FUM) damaging the villi structure and possibly reducing nutrient
absorption, which in turn reduced growth performance.

The primary site of nutrient absorption in the chicken intestine is the jejunum, whose shape indirectly
reflects feed efficiency (Leeson and Summers, 2001). According to Mahdavi et al. (2010), the VH/CD
may provide a thorough indication of the villi's absorption function. Flat crypts indicate typical cell
turnover on the villus, while high villus indicates a bigger absorption surface. High V:C illustrates the
relationship between these two desirable qualities (Gao et al., 2008). In broiler chickens (Rauber et al.,
2013), FB has been shown to reduce VH.

In line with Viveros et al. (2011), the current investigation demonstrated that dietary GSE
supplementation had a favourable impact on jejunum CD and VH/CD. They found that adding GSE
(0.72%) to broilers' diets reduced jejunum CD but raised VH/CD, suggesting that this may be good for
gut health and nutrient absorption. Similar to this, dietary grape proanthocyanidins (0.00075-0.0015%)
significantly influenced the shape of the jejunum in broilers (Yang et al., 2016), which may be related to
their anti-inflammatory and antibacterial properties (Oliveira et al., 2013; Surai, 2014). Gallic acid, a
phenolic substance found in grape seeds, lowered jejunum CD and enhanced VH/CD in broilers (Samuel
et al., 2017). The enhanced jejunum morphology might partially reflect the improved FCR in the current
investigation.

lleal microflora:

When compared to the control group, the FB1-treated birds showed a substantial drop (P< 0.05) in
Lactobacillus and a significant increase (P< 0.05) in E. coli (Table 7). Adding GS (250 or 500 mg/kg
diet) to the FB1-containing diet caused the Lactobacillus count to increase while the E. coli count to
drop. However, when compared to 250 mg GS/kg diet, 500 mg GSE/kg diet showed the best outcomes in
terms of these characteristics. According to Shanmugasundaram et al. (2023), exposure to FB increased
the Clostridia while decreasing the relative abundance of the Lactobacillus and Faecalibacterium
species. Numerous proteolytic enzymes produced by Lactobacillus are essential for the detoxification of
mycotoxins. Using polysaccharides and peptidoglycans on their bacterial cell wall to bind to the
mycotoxins and increase their physical adsorption, the Lactobacillus metabolizes the FB (Zhao et al.,
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2016). Therefore, the diminishing in the relative abundance of Lactobacillus in birds is most likely linked
to their disintegrated binding sites for FB1 and, as a result, their diminished capability to metabolize the
toxins and higher accumulation of mycotoxin, predisposing chickens to necrotic enteritis. The relative
abundances of Faecalibacterium and Clostridiaceae suggest that FB increased the inflammation and
provided a favorable environment for Clostridia as a consequence of intestinal dyshiosis, and this most
likely contributes to subclinical necrotic enteritis.

Table (7): Effects of grape seed extract (GSE) on jejunum morphology and ileal microflora of
broilers fed diets contaminated with Fumonsinin B1.

Dietary treatments
Parameters Control FB1 FB1+GSE FB1+GSE SEM P-value
(400mg/kg) (250mg/kg) (500mg/kg)

Jejunum morphology

VH (um) 16622 690¢ 1142¢ 1470P 10.58 0.0001
CD (um) 2262 1424 168° 201° 8.36 0.0001
VH:CD ratio 7.35% 4.86° 6.80° 7.312 1.22 0.005
Ileal microflora (log™® cfu/g)

E. coli 3.26° 5.862 4.00° 3.38° 1.05 0.004
Lactobacillus 7.25% 4.78° 6.84° 7.10% 2.28 0.001

&® Mean values within a row with different superscript letters were significantly different (p<0.05); SEM: Standard
error of the mean; GSE: grape seed extract; FB1: Fumonsinin B1; VH: Villus height; CD: crypt depth; VH/CD: the
villus height to crypt depth ratio

Similar to this, the stabilization of ileal microflora is essential to gut health and function (Song et al.,
2014). Grape by-products might promote the growth of specific helpful bacteria strains in the intestinal
tract while competitively excluding some harmful bacteria (Brenes et al., 2016). In the current study, the
GSE supplementation exerted a favorable impact on ileal bacterial populations, which was agree with
Abu Hafsa and Ibrahim (2018). They observed raised ileal Lactobacilli counts but reduced E. coli counts
in broilers fed diets containing 1 to 4% grape seed. Similar to this, Viveros et al. (2011) demonstrated
that GSE could successfully raise the populations of helpful bacteria in the ileum and lower the number
of harmful bacteria in broilers. The antibacterial activity of the GSE against E. coli in vitro was
previously verified by research (Baydar et al., 2006). According to a theory put up by Viveros et al.
(2011), the ability of ileal Lactobacilli to utilize and metabolize phenolic substances as nutritional
substrates may be the reason of the elevated ileal Lactobacilli counts. Furthermore, the raised immunity
may also mirror the favorable impact of GSE on ileal microflora in our study because polyphenols could
enhance the shedding of microbial beneficial bacteria (Lactobacillus) to indirectly improve immunity and
gut health (Paszkiewicz et al., 2012).

CONCLUSION

These results, as a conclusion, clearly demonstrated that; 1) traits mentioned hereinbefore were
significantly affected by FB1 (400 mg) treatment; 2) the simultaneous addition of GSE (500 mg / kg diet)
to the FB1-containing diet provided great improvement in FB1 toxicity on broiler performance. These
ameliorations should contribute to the FB1 problem in broiler chickens, when used with other
management practices.

REFERENCES

Abdel-Wahhab, M.A. and S. E. Aly (2005). Antioxidant property of Nagilia Sativa (Black cumin) and
Syzygium Aromaticum (Clove) Rats during Aflatoxicosis. Appl. Toxicol., 25: 218-223.

Abdel-Wahhab, M.A., H.A. Amer, N.S. Hassan, A.M. Hassan and Kh.M. Naguib (2002). Effects of
garlic and cabbage extracts on fuminisin-induced toxicity in rats. Egypt. Soc. Toxicol., 26: 1-12.

Abd El-Wahab, A., H. EI-Adawi and H.S. kassem (2008). Towards understanding the hepatoprotective
effect of grape seeds extract on cholesterol-fed rats. Aust. J. of Basic and Applied Sciences, 2: 412-
417.

188



Egyptian J. Nutrition and Feeds (2023)

Abdou, H.M., H-TAE Abd Elkader, A.H. El-Gendy, S.M. Eweda (2021). Neurotoxicity and
neuroinflammatory effects of bisphenol A in male rats: the neuroprotective role of grape seed
proanthocyanidins. Environ. Sci. Pollut. Res., pp. 1-12.

Abu Hafsa, S.H., and S.A. Ibrahim (2018). Effect of dietary polyphenol-rich grape seed on growth
performance, antioxidant capacity and ileal microflora in broiler chicks. J Anim Physiol Anim Nutr.
102:268-275.

Ao, X., and LH. Kim (2019). Effects of astaxanthin produced by Phaffia rhodozyma on growth
performance, antioxidant activities, and meat quality in Pekin ducks, Poultry Science, Volume 98,
Issue 10, Pages 4954-4960,

AOAC, (2005). Association of Official Analytical Chemists of Official Methods of Analysis. 18th Edn.,
Washington, D.C.

Asrani, R. K., R. C. Katoch, V. K. Gupta, S. Deshmukh, N. Jindal, D. R. Ledoux, G. E. Rottinghaus, and
S. P. Singh (2006). Effects of feeding Fusarium verticillioides (formerly Fusarium moniliforme)
culture material containing known levels of fumonisin B1 in Japanese quail (Coturnix coturnix
japonica). Poult. Sci. 85:1129-1135.

Bagchi, D., M. Bagchi, S.J. Stohs, S. D. Ray, C.K. Sen and H. G. Preuss (2002). Cellular protection with
proanthocyanidins derived from grape seeds. Ann. N.Y. Acad. Sci., 957: 260-270.

Baydar, N.G., O. Sagdic, G. Ozkan and S. Cetin (2006). Determination of antibacterial effects and total
phenolic contents of grape (Vitis vinifera L.) seed extracts. International Journal of Food Science and
Technology 2006, 41, 799-804

Bermudez, A. J.,, D. R. Ledoux, G. E. Rottinghaus, and G. A. Bennett (1997). The individual and
combined effects of the Fusarium mycotoxins moniliformin and fumonisin B1 in turkeys. Avian Dis.
41:304-311.

Brenes, A., A. Viveros, S. Chamorro and I. Arija (2016). Use of polyphenol-rich grape by-products in
monogastric nutrition. A review, Animal Feed Science and Technology, Volume 211, 2016, Pages 1-
17,

Surai, B.M. (2014). Fumonisin toxicosis in swine: clinical and pathologic findings. J. Vet. Diagn. Invest.,
5:232-241.

Del Bas, J. M., J. Fernandez-Larrea, M. Blay, A. Ardevol, M. J. Salvado, L. Arola and C. Blade (2005).
Grape seed procyanidins improve atherosclerotic risk index and induce liver CYP7Al and SHP
expression in healthy rats. FASEB, 19: 479-481.

Del Bianchi, M., C.A.F. Oliveira, R. Albuquerque, J.L. Guerra and B. Correa ( 2005). Effects of
prolonged oral administration of Aflatoxin B1 and Fumonisin B1 in broiler chickens. Poult. Sci.
84:1835-1840.

Deng, Z.J., J.F. Zhao, F. Huang, G.L. Sun, G.A.O. Wei, L.U. Li, X. De Qiang (2020). Protective effect of
procyanidin B2 on acute liver injury induced by aflatoxin B1 in rats. Biomed. Environ. Sci., 33: 238—
247

Dragan, Y.P., W.R. Bidlack, S.M. Cohen, T.L. Goldsworthy, G.C. Hard, P.C. Howard, R.T. Riley and
K.A. Voss (2001). Implications of apoptosis for toxicity, carcinogenicity, and risk assessment:
Fumonisin B1 as an example. Toxicol. Sci. 61:6-17.

Duncan, D. B. (1955). Multiple range and multiple F tests. Biometrics 11:1-42.

Hassan, H., M. Abdel Mohsen, D. Youssef, and S. El-Sewedy (2020). Study on the Effect of Grape Seed
Extract on Hypercholesterolemia: Prevention and Treatment. Int. J. Pharm., 2: 593- 600.

El-Nekeety, A. A., W. El-Kholy, N. F. Abbas, A. Ebaid, H. A. Amraa and M. A. Abdel-Wahhab (2007).
Efficacy of royal jelly against the oxidative stress of fumonisin in rats. Toxicon, 50: 256-269.

Gao, J., H.J. Zhang, S.H. Yu, S.G. Wu, I. Yoon, J. Quigley, Y.P. Gao and G.H. Qi (2008). Effects of
yeast culture in broiler diets on performance and immunomodulatory functions. Poult. Sci. 87:1377-
1384.

Gelderblom, W. A., C. K. Jeskiewicz, W.F.O. Marases, P. G. Thiel, R. Vleggaar, and N.P.J. Kriek
(1988). Novel-mycotoxin with cancer-promoting activity produced by Fusarium moniliforme. Appl.
Environ. Microbiol. 54:1806-1811.

Giannenas, |., D. Tontis, E. Tsalie, E. Chronis, D. Doukas, I. Kyriazakis (2010). Influence of dietary
mushroom Agaricus bisporus on intestinal morphology and microflora composition in broiler
chickens. Res. Vet. Sci. 89, 78-84.

189



Hassan et al.

Grenier, B., I. Dohnal, R. Shanmugasundaram, S. D. Eicher, R. K. Selvaraj and G. Schatzmayr (2016).
Susceptibility of broiler chickens to coccidiosis when fed subclinical doses of deoxynivalenol and
fumonisins—special emphasis on the immunological response and the mycotoxin interaction. Toxins
8:231.

Henry, M. H., R. D. Wyatt, and O. J. Fletcher (2000). The Toxicity of Purified Fumonisin B1 in Broiler
Chicks. Poultry Science 79:1378-1384

Hochleithner, M. (1994). Biochemistries, p.223-245. In: Ritchie B.W., Harrison G.J. & Harrison L.R.
(Eds), Avian Medicine and Surgery: principles and applications. Wingers Publishing Inc., Lake Worth.

lacopini, P., M. Baldi, P. Storchic and L. Sebastiani (2008). Catechin, epicatechin, quercetin, rutin and
resveratrol in red grape: content, in vitro antioxidant activity and interactions. J. Food Comp. Anal. 21,
589-598.

Ismail, A.M., A.A. Sedki and A.G. Abdallah (2003). Influence of black seed, garlic and onion
supplementation on reproductive performance and immune functions in rabbits. Egypt J Agric Res.
81:1193-1207.

Javed, T., G. A. Bennett, J. L. Richard, M. A. Dombrink-Kurtzman, L. M. Cote, and W. B. Buck. (1993).
Mortality in broiler chicks on feed amended with Fusarium proliferatum culture material or with
purified fumonisin B1 and moniliformin. Mycopathologia 123:171-184.

Javed, T., M. A. Dombrink-Kurtzman, J. L. Richard, G. A. Bennet, L. M. Cote, and W. B. Buck (1995).
Serohematologic alterations in broiler chicks on feed amended with Fusarium proliferatum culture
material or fumonisin B 1 and moniliformin. J. Vet. Diagn. Invest. 7:520-526.

Joshi, S. S., C. A. Kuszynski, and D. Bagchi (2001): The cellular and molecular basis of health benefits
of grape seed proanthocyanidin extract. Curr. Pharm. Biotechnol., 2: 187-200.

Kamboh, A.A., M.A. Arain, M.J. Mughal, A. Zaman, Z.M. Arain, and A.H. Soomro (2015). Flavonoids:
health promoting phytochemicals for animal production -a review. J. Anim. Health Prod. 3(1): 6-13.
Kubena, L.F., R.B. Harvey, S.A. Buckley, T.S. Edrington, and G.E. Rottinghaus (1997). Individual and
combined effects of moniliformin present in Fusarium fujikuroi culture material and aflatoxin in

broiler chicks. Poult. Sci. 76:265-270.

Ledoux, D.R., T.P. Brown, T.S. Weibking, and G.E. Rottinghaus (1992). Fumonisin toxicity in broiler
chicks. Journal of Veterinary Diagnostic Investigation, 4: 330-333.

Leeson, S., and J. D. Summers (2001). Scott’s Nutrition of the Chicken, 4th revised edition. University
Books, Guelph, ON, Canada.

Lipinski, Krzysztof, Mazur, Magdalena, Antoszkiewicz, Zofia and Purwin, Cezary (2017)."Polyphenols
in Monogastric Nutrition — A Review" Annals of Animal Science, vol.17, no.1, 3917, pp.41-58.

Lumeij, J.T. (2008). Avian clinical biochemistry, p.839-872. In: Kaneko J.J., Harvey JW. & Bruss M.L.
(Eds), Clinical Biochemistry of Domestic Animals. 6th ed. Elsevier, San Diego, CA.

Marasas, W.F., T.S. Kellerman, W.C. Gelderblom, J.A. Coetzer, P.G. Thiel, J.J. van der Lugt (1988).
Leukoencephalomalacia in a Horse Induced by Fumonisin B1 Isolated from Fusarium Moniliforme.
Onderstepoort. J. Vet. Res. 55, 197-203.

Martinova, E. A. (1996). Fumonisin B1-immunological effects. Pages 331-342. in Natural Toxins. B. R.
Singh and A. T. Tu, ed. Plenum Press, New York, NY.

Merrill, A. H., D. C. Liotta, and R. T. Riley (1996): Fumonisins: fungal toxins that shed light on
sphingolipid function. Trends Cell Biol., 6: 218- 223.

Morris, C.M., D.R. Ledoux, J. Broomhead, A.J. Bermudez, G.E. Rottinghaus, and A. Logan (1997).
Effects of pelleting on the toxicity of moniliformin in ducklings. Poult. Sci. 76 (Suppl. 1):15. (Abstr.)
Moskaug, J., H. Carlsen, M.C.W. Myhrstad, and R. Blomhoff (2005). Polyphenols and glutathione

synthesis regulation. Am. J. Clin. Nutr., 81: 277-283.

NRC, (1994). National Research Council: Nutrient requirement of Poultry. National Academy Press,
Washington, DC. Pp.

Oliveira, D.A., Ana Augusta Salvador, Artur Smania, Elza F.A. Sménia, Marcelo Maraschin, Sandra
R.S. Ferreira (2013). Antimicrobial activity and composition profile of grape (Vitis vinifera) pomace
extracts obtained by supercritical fluids, Journal of Biotechnology, Volume 164, Issue 3, 2013, Pages
423-432,

Edrington, G.D., M.E. Kehrli, J. R. Stabel, J.R. Thurston, P.F. Ross, and T.M. Wilson (1995): Effects of
fumonisin-contaminated corn screenings on growth and health of feeder calves. Anim. Sci. 71:459-
466.

190



Egyptian J. Nutrition and Feeds (2023)

Othman, S.N.N., P.T. Lum, S.H. Gan, S. Mani, and M. Sekar (2020). Protective effect of natural
products against chemotherapy-induced cardiotoxicity: A review. Pharmacogn. J., 12: 1180- 1189.

Palma, M., L.T. Taylor, R.M. Varela, S. J. Cutler, and H.G. Cutler (1999). Fractional extraction of
compounds from grape seeds by supercritical fluid extraction and analysis for antimicrobial and
agrochemical activities. J. Agric. Food Chem., 47: 5044-5048

Paszkiewicz, M., A. Budzynska, B. Rozalska, and B. Sadowska (2012). Immunomodulacyjna rola
polifenoli roslinnych. Postepy Hig. Med. Dosw. 66:637—646

Ramasamy, S., E. Wang, B. Henning and A.H. Merril Jr (1995). Fumonisin B1 alters sphingolipid
metabolism and disrupts the barrier function of endothelial cells in culture. Toxicol. Appl. Pharmacol.
133:343-348.

Ran, Q., H. Liang, Y. Ikeno, W. Qi, T. A. Prolla, L. J. Roberts, N. Wolf, H. Van Remmen, and A.
Richardson (2007). Reduction in glutathione peroxidase 4 increases life span through increased
sensitivity to apoptosis. J Gerontol A Biol. Sci. Med. Sci., 62: 932-42.

Rajput, S.A., L. Sun, N.Y. Zhang, M.M. Khalil, Z. Ling, L. Chong, S. Wang, I.R. Rajput, D.M. Bloch,
and F.A. Khan (2019). Grape Seed Proanthocyanidin Extract Alleviates AflatoxinB1-Induced
Immunotoxicity and Oxidative Stress via Modulation of NF-kB and Nrf2 Signaling Pathways in
Broilers. Toxins 11, 23.

Reams, R.Y., H.L. Thacker, D.D. Harrington, M.N. Novilla, G.E. Rottinghaus, G.A. Bennett, and J.
Horn (1997). A sudden death syndrome induced in poults and chicks fed diets containing Fusarium
fujikuroi with known concentrations of moniliformin. Avian Dis. 41:20-35.

Rauber, R. H., M. S. Oliveira, A. O. Mallmann, P. Dilkin, C. A. Mallmann, L. Z. Giacominl, and V. P.
Nascimento (2013). Effects of fumonisin B 1 selected biological responses and performance of broiler
chickens. Pesquisa Veterinaria Brasileira 33:1081-1086.

Samuel, K.G., J. Wang, H.Y. Yue, S.G. Wu, H.J. Zhang, Z.Y. Duan, and G.H. Qi (2017). Effects of
dietary gallic acid supplementation on performance, antioxidant status, and jejunum intestinal
morphology in broiler chicks. Poult. Sci. 96:2768-2775

SAS Institute. (2004). SAS User’s Guide: Statistics. Edition 9.1 . SAS Institute Inc., Cary, NC.

Sharma, D., R.K. Asrani, D.R. Ledoux N. Jindal, G.E. Rottinghaus, and V.K. Gupta (2008). Individual
and Combined Effects of Fumonisin B1 and Moniliformin on Clinicopathological and Cell-Mediated
Immune Response in Japanese Quail. Poultry Science 87:1039-1051

Shanmugasundaram, R., J. Lourenco, W.A. Hakeem, M.M. Dycus and T.J. Applegate (2023) Subclinical
doses of dietary fumonisins and deoxynivalenol cause cecal microbiota dysbiosis in broiler chickens
challenged with Clostridium perfringens. Front. Microbiol. 14:1106604.

Song, J., K. Xiao, Y.L. Ke, L.F. Jiao, C.H. Hu, Q.Y. Diao, B. Shi, and X.T. Zou (2014). Effect of a
probiotic mixture on intestinal microflora, morphology, and barrier integrity of broilers subjected to
heat stress. Poult. Sci. 93:581-588.

Taranu, 1., A. Hermenean, C. Bulgaru, G.C. Pistol, A. Ciceu, I.A. Grosu, and D.E. Marin (2020). Diet
containing grape seed meal by-product counteracts AFB1 toxicity in liver of pig after weaning.
Ecotoxicol. Environ. Saf., 203: 110899

Tran, S.T., J.D. Bailly, D. Tardieu, S. Durand, G. Benard, P. Guerre (2003). Sphinganine to Sphingosine
Ratio and Predictive Biochemical Markers of Fumonisin B1 Exposure in Ducks. Chem. Biol. Interact.
146, 61-72.

Ueno, Y., K. lijima, S.D. Wang, Y. Sugiura, M. Sekijima, T. Tanaka, C. Chen and S.Z. Yu (1997).
Fumonisins as a possible contributory risk factor for primary liver cancer: a 3-year study of corn
harvested in Haimen, China, by HPLC and ELISA. Food Chem. Toxicol. 35:1143-1150.

Viveros, A., S. Chamorro, M. Pizarro, I. Arija, C. Centeno, A. Brenes (2011). Effects of dietary
polyphenol-rich grape products on intestinal microflora and gut morphology in broiler chicks. Poult
Sci. 90:566-578.

Voss, K.A., G.W. Smith, W.M. Haschek (2007). Fumonisins: Toxicokinetics, Mechanism of Action and
Toxicity. Anim. Feed Sci. Technol. 137, 299-325.

Wang, E., W.P. Norred, C.W. Bacon, R.T. Riley, and A.H. Merrill Jr (1991). Inhibition of sphingolipid
biosynthesis by fumonisins: Implications for diseases associated with Fusarium moniliforme. J. Biol.
Chem. 266:14486-14490.

191



Hassan et al.

Wang, M.L., X. Suo, J.H. Gu, W.W. Zhang, Q. Fang and X. Wang (2008). Influence of grape seed
proanthocyanidin extract in broiler chickens: effect on chicken coccidiosis and antioxidant status.
Poultry Science 87, 2273-2280.

Weibking, T.S., D.R. Ledoux, A.J. Bermudez, J.R. Turk, G.E. Rottinghaus, E. Wang, and A.H. Merrill
JR (1993). Effects of feeding Fusarium moniliforme culture material, containing known levels of
fumonisin B1, on the young broiler chick. Poultry Science, 72: 456—466.

Wilson, T.M., P.F. Ross, L.G. Rice, G.D. Osweiler, H.A. Nelson, D.L. Owens, R.D. Plattner, C.
Reggiardo, T.H. Noon, and J.W. Pickrell (1990). Fumonisin B1 levels associated with an epizootic of
equine leukoencephalomalacia. Journal of Veterinary Diagnostic Investigation, 2: 213-216.

Xia, E.Q., G.F. Deng, and Y.J. Guo (2010). Biological activities of polyphenols from grapes. Int J Mol
Sci. 11:622-646.

Yamanaka, N., O. Oda, and S. Nagao (1997). Green tea catechins such as (- )-epicatechin and (-)-
epigallocatechin accelerate Cu2+-induced low density lipoprotein oxidation in propagation phase.
FEBS Lett., 401: 230-234.

Yang, J.Y., HJ. Zhang, J. Wang, S.G. Wu, H.Y. Yue, X.R. Jiang, and G.H.Qi (2016). Effects of dietary
grape proanthocyanidins on the growth performance, jejunum morphology and plasma biochemical
indices of broiler chicks. Animal. 11:762—770.

Yoo, H.S., W.P. Norred, E. Wang, A. H. Merrill Jr., and R.T. Riley (1992). Fumonisin inhibition of de
novo sphingolipid biosynthesis and cytotoxicity are correlated in LLC- PK1 cells. Toxicol. Appl.
Pharmacol. 114:9-15.

Yousef, M.1., A.A. Saad, and L.K. EI-Shennawy (2009). Protective effect of grape seed proanthocyanidin
extract against oxidative stress induced by cisplatin in rats. Food and Chemical Toxicology,
47(6):1176- 1183.

Zhao, H., X. Wang, J. Zhang, J. Zhang, and B. Zhang (2016). The mechanism of Lactobacillus strains
for their ability to remove fumonisins B1 and B2. Food Chem. Toxicol. 97, 40-46

Zayachkivska, O.S., M.R. Gzhegotsky, O. I. Terletska, D.A. Lutsyk, , A.M. Yasschenko and O. R.
Dzhura (2006). Influence of Viburnum opulus proanthocyanidins on stressinduced gastrointestinal
mucosal damage. J. Physiol. Pharmacol., 57: 155-167.

BamSOU Baliiaal) 5 a8 cdseUial) Alaciad) ¢ gall) )af Jo cuiadl ok alidiual dviuadl) il i)
1o Opiead ga gill (2 jall Cppandl) gland (B AiliasS gaal) il Sl g

bl dgana o JSke @58 dana iy I omad) ) sad) 2o 4 S5 g I o La
1 Ao g2 5 LA

csn o6l o Bl A 3 & gal) S sa ol gl LIY) gy g

e Gl S Al L34S ) gl U aaid 2

OF i dllall eladl qan (35,0 8 @il JSGs aa 58 (5 el sl b (g ) il Anii (5 50 i 5 T (aians 5 i)
Al il Qs e (GSE) caimd) sd palitus 5l s L)) Cand) 138 Cargy  ASH 5 0l (e O jlia ) 138
Lilaassll s oSl 5 3auSB Baliaall 3,08 5 cApeliall i) 5 ¢ saill elal (and MR (e Gpaniil) zlas 3 TG Gt sa 5ill
9 b 10) @S A (e SOMae @)l e Slgde JS5 aals as e 308 ey SIS 240 masi a Ay sl
akai - 2 (Aalall de ganall) ol 132 (..u;,m“ﬂ a_.su\ 4138 laleall aladinly sl died 3aad Lt caa (o2 )s,a
e 250 + (p2S / p2e 400) 1 Osismsisasdl) + Lplud) dmal) 3 tdle paS /[ Gasnsi sa b pae 400 + oubad (S
S/ uinll g paliiiue ane 500 + (p2S/ aae 400) 1o Cpinad g gdl) + bV dasll 4 5 anS/ Quiall ) oh Galdiin
Aol o3 (3 A sadiall @l puaiall Cliia paes e dala JUT ) ol [ shall 613 3 T Cia ga sill 710 o gl <yl
DBV e S a1 O g sl 83 5Ll e W) ) aaS / aae 500 51 250 b sy iall ) 53 aldivee dila] <l
il g aall 5] Al 5 AlasS sll ) il sina s pall 3 e liall (g slall il gina s sail) el o T (ptians ga sill 5 jLial)
250 Y1 s sl uiad) 53 Galiiin (o Juail aaS / aae 500 (ssivar iall s paldine iy el e 553 a1
r:ﬂ\ 3K :\ﬂ;} “:J\ ul_\}SA e g cM\ CBJ g1 )J'ﬁ ‘(.\Ui.“ @ .a)u:i SJ)S.J.AS\ )...\,gla.ql\ ] dl’:‘.% Led 4\3,.\&: (,;5 / aa
A (Ao aaS /a2 500 5l 250) il s paliis dla) Gl (w28 / ane 400) 12 Ot sa 58l b sine 2l Cailla g
Dl S el sda e T it s sall 5 5Ll BV e € JS Cadail) ) T G e sally G slal) l3ad) aUl)
ae 250 Ll (e duadl 1 (st o sall Aalid) ol 538 am o1380) (e aaS / aae 500 (5 siser Gaind) ) 53y aliiud S
Ol Zlad (8 T (i ga g8l Calall & ol 10 Ja 8 Cliatl) 238 palod 25 dlide aaS / caiall )y Galdtis (e

192



