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Abstract  
This study aimed to evaluate the effects of two biomacromolecules, fermented wheat bran 

polysaccharides (FWBPs) and sodium humate (SH), on growth performance, nutrient digestibility, 
digestive enzyme activity, antioxidant status, and immunity of broilers. A total of 144 male, one-day-old 
Arbor Acres broilers were randomly divided into three dietary groups: control (CON), 0.4% FWBPs, and 
0.1% SH, with six replicates of eight birds. The FWBPs and SH groups had a greater body weight (BW) 
at 21 and 42 d, average daily weight gain (ADG) in the starter period, average daily feed intake (ADFI) 
in the overall period, and feed-to-gain ratio (F:G) in the grower period. However, the ADFI was 
decreased by FWBPs supplementation and increased by SH supplementation in the grower period. 
The dry matter (DM) and organic matter (OM) digestibility were higher in the SH group at 21 d. At 21 d, 
the FWBPs group had an increased duodenal trypsin and serum glutathione peroxidase (GSH-Px) 

activity and immunoglobulin M (IgM) concentration, and a decreased liver malondialdehyde (MDA) 

concentration. The SH group had increased duodenal lipase activity, serum IgM, and interleukin-2 
concentrations but decreased liver MDA concentrations. At 42 d, FWBPs and SH supplementation 
decreased duodenal trypsin and chymotrypsin and serum superoxide dismutase activity. Jejunum 
chymotrypsin activity and liver MDA content were decreased in the SH group. In conclusion, dietary 
FWBPs or SH supplementation during the starter period can improve growth performance and nutrient 
digestibility and enhance antioxidant capacity and immunity of broilers. 
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Introduction  
Over the past few decades, antibiotic growth promoters (AGPs) have been widely used to 

enhance growth performance and improve feed efficiency with the intensification of livestock and poultry 
farming (Gadde et al., 2017). Because of growing concern about the transmission and proliferation of 
resistant bacteria via food chains, the European Union has imposed a complete ban on the use of 
antibiotics in animal feed as growth promoters in livestock and poultry since 2006 (Hassan et al., 2010). 
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China has issued requirements to ban the use of growth-promoting feed drug additives since 1 January 
2020 (Tian et al., 2021). These changes have stimulated nutritionists and feed manufacturers to search 
for new, safer alternatives to antibiotics to improve poultry production. Thus, in recent years, several 
additives (such as plant polysaccharides, oligosaccharides, organic acids, probiotics, and 
immunostimulants) have been used as growth promoters in broilers. Among the alternatives, some 
biomacromolecules such as plant polysaccharides (Liu et al., 2021) and humic substances (Arif et al., 
2019) have been recommended as growth promoters, owing to their environmentally friendly attributes. 

Polysaccharides, as a primary class of biomacromolecule, are composed of monosaccharides 
and are distributed widely among animals, plants, algae, and fungi (Ohta et al., 2016). Numerous plant 
polysaccharides (not only those from medicinal plants and grasses, but also from cereals) have been 
demonstrated to possess a broad spectrum of bioactive properties such as antioxidant, anti-cancer, and 
immune-modulating activities (Yu et al., 2014; Fadel et al., 2018), and have been tentatively used in 
poultry farming (Akhtar et al., 2012). Wheat is the most widely-grown cereal in the world (Slafer & 
Satorre, 1999). Wheat bran, the outer layer of the kernel, is produced in abundance as a byproduct 
during the milling process. It contains the bulk of high nutritional value components, such as non-starch 
polysaccharides, fatty acids, tocopherols, and phenolic compounds (Stevenson et al., 2012). The major 
constituents of wheat bran are non-starch polysaccharides; arabinoxylans account for 70% of non-
starch polysaccharides (Maes & Delcour, 2002). In recent years, wheat bran polysaccharides (WBPs) 
have been extensively demonstrated to have many beneficial roles in human nutrition and health, such 
as immunostimulatory (Shen et al., 2017), antioxidant (Malunga & Beta, 2015), anticomplementary, and 
antitumor effects (Hromádková et al., 2013). Wheat bran, fermented wheat bran, and its main 
polysaccharides (arabinoxylans) have been reported to play beneficial roles in poultry farming, including 
the improvement of growth performance and intestinal morphology (Chu et al., 2017; Elmasry et al., 
2017; Li et al., 2018), increasing intestinal microflora abundance (Courtin et al., 2008; Feng et al., 2020), 
and immunostimulatory and protective effects against coccidiosis (Akhtar et al., 2012).  

Humic substances are complex, natural biomacromolecules that are decomposed primarily from 
organic matter by bacteria in the soil. The major components are humin, humic, fulvic, and ulmic acids, 
and trace minerals (Stevenson, 1994). Humic substances have been used extensively in agriculture, 
industry, environment, and biomedicine. Because of the specific properties of humates, humic acid and 
its sodium salt are permitted for oral use in horses, ruminants, swine, and poultry for the treatment of 
diarrhoea, dyspepsia, and acute intoxication in veterinary practices in Europe (EMEA, 1999). During 
the last two decades, many studies have found that humates included in the feed and water can confer 
a number of advantages to health and productive performance in poultry, such as improved nutrient 
digestibility (Windisch et al., 2008), food conversion efficiency, enhanced growth performance (Kamel 
et al., 2015), improved gut health, and modulated immune (Kamel et al., 2015; Aristimunha et al., 2019; 
Mudroňová et al., 2020) and antioxidant functions (Ipek et al., 2008).  

Although in most studies, humic substances and WBP supplementation have shown a positive 
influence on poultry, the results are sometimes controversial. Other studies have noted non-significant 
(Smeets et al., 2018) and even negative effects (Rath et al., 2006; Šamudovská et al., 2018) on broiler 
chickens. The objective of the current study was to determine the effect of a single application of 
polysaccharides extracted from fermented wheat bran (FWB) and sodium humate (SH) on growth 
performance, nutrient digestibility, digestive enzyme activity levels, antioxidant status, and immunity of 
broiler chickens. 

 
Materials and Methods  

The study was conducted according to the institutional guidelines for the care and use of 
laboratory animals in China (The State Science and Technology Commission of China, 1988) and 
approved by the Institutional Animal Care and Use Committee of Inner Mongolia Agricultural University 
(protocol number 2020066). 

A total of 144 one-day-old, male, Arbor Acres broiler chickens (initial body weight (BW): 44.40 ± 
0.51 g) were purchased from a commercial hatchery and randomly placed in cages with eight birds per 
cage, and six replications per treatment. The chicks were housed in an environmentally-controlled 
facility and had ad libitum access to feed and water throughout the experiment. The room temperature 
was maintained at 34 °C for the first 3 d, after which the temperature was gradually reduced by 2–3 °C 
per week to 21 °C as the birds advanced in age. This temperature was maintained until the end of the 
42-day experiment. The photoperiod was set at 23 L:1 D during the 1st week, a 20 L:4 D lighting regimen 
was maintained from the second to third weeks, and a 23 L:1 D photoperiod was used for the remaining 
trial period. All chicks were inoculated with inactivated Newcastle disease vaccine on day seven and an 
inactivated infectious bursal disease vaccine on day 14. 

https://kns.cnki.net/kns/detail/detail.aspx?QueryID=0&CurRec=3&recid=&FileName=SSJD3EF9B6194E5457F5519BB0C9817D0DDD&DbName=SSJDTEMP_U&DbCode=SSJD&yx=&pr=&URLID=&bsm=
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The chicks received different diets in the starter (1–21 d) and grower (22–42 d) periods. The 
control diet composition is represented in Table 1 and was analysed according to the AOAC (1994). 
Lysine and methionine were calculated according to the NRC (1994). Two experimental diets were 
prepared by adding 4 g/kg FWBP or 1 g/kg SH to the basal diet. The levels of supplementation of FWBP 
and SH were selected according to the manufacturer’s recommendations and information obtained from 
previous experiments (unpublished data). All diets were formulated to meet the NRC (1994) nutrient 
requirements.  

 
Table 1 Composition and nutrient content of experimental diets fed to broiler chicks over the 
experimental period  

 Age (days) 

 starter  grower 

Items (1–21 d)  (22–42 d) 

Ingredient (%)    
Corn 52.70  59.00 
Soybean meal 40.00  33.80 
Soy oil 3.00  3.00 
Dicalcium phosphate 1.90  1.80 
Limestone 1.08  1.22 
Salt 0.37  0.37 
L-Lysine HCl 0.05  0.03 
L-Methionine 0.19  0.07 
Minerals premixa  0.50  0.50 
Vitamin premixb 0.10  0.10 
Choline 
Total 
Analyzed composition (%) 
Crude proteinc 
Calcium  
Phosphorus 
Lysine 
Methionine 

Metabolizable energy (MJ.kg−1) 

0.11 
100.00 

 
21.77 
1.15 
0.57 
1.34 
0.55 

12.42 

 0.11 
100.00 

 
19.65 
1.35 
0.57 
1.15 
0.40 
12.62 

a Mineral premix provided the following per kilogram of diet: Fe, 100 mg; Cu, 10 mg; Zn, 108 mg; Mn, 120 mg; I, 
1.5 mg; Se, 0.35 mg  
b Vitamin premix provided the following per kilogram of diet: vitamin A, 9000 IU; vitamin D3, 3000 IU; vitamin E, 26 
IU; vitamin K3, 1.20 mg; vitamin B1, 3.00 mg; vitamin B2, 8.00 mg; vitamin B6, 4.40 mg; vitamin B12, 0.012 mg; 
niacin, 45 mg; calcium pantothenate, 15 mg; folic acid, 0.75 mg; biotin, 0.20 mg; choline chloride, 1100 mg  
c CP was a measured value, whereas others were all calculated values  

 
Commercial SH was supplied by Beijing Sloan Biological Technology Co., Ltd, (Beijing, China). 

Wheat bran was fermented using Saccharomyces cerevisiae CGMCC 2.119 and Bacillus subtilis 
CGMCC 1.0892 obtained from China General Microbiological Culture Collection Centre (Beijing, China) 
under solid-state fermentation (Wang et al., 2020). Polysaccharides were extracted from powdered 
material of fermented wheat bran using the same method (Wang et al., 2020). The monosaccharide 
composition of FWBPs showed xylose (35.38%) as the dominant sugar, followed by glucose (29.15%), 
arabinose (24.29%), galactose (5.70%), mannose (3.17%), and rhamnose (2.31%), according to PMP-
high performance liquid chromatography (Zhang et al., 2016). All birds were weighed individually after 
arrival at the laboratory. They were also weighed on days 21 and 42 after a 12-h fast. Birds in each 
cage were monitored daily for abnormal health and mortality. The feed was provided daily, and any 
leftover feed was weighed and recorded weekly to calculate the net feed intake. The feed intake of birds 
in each cage was recorded to determine the average daily weight gain (ADG) and average daily feed 
intake (ADFI), and the feed-to-gain ratio (F:G) was calculated as ADFI/ADG.  

 
Acid insoluble ash (AIA) was used to determine digestibility. During the last 3 d (18–21 d and 39–

42 d) of each experimental diet and period, droppings were collected from the plates placed under each 
cage. Total tract digestibility was evaluated per cage using the total collection of excreta method. Fresh 
feed and water were available ad libitum during the excreta collection. The total fresh excreta per cage 
were weighed daily, frozen at -20 °C and lyophilized. Excreta collected per cage during the 3-d collection 
period were pooled for further analysis. Diet and excreta were homogenized, ground to pass through a 
1-mm mesh, and used to determine proximate composition. Dry matter, organic matter, ether extract 
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(EE), and crude protein (CP, determined as 6.25 × Kjeldahl nitrogen) were carried out according to 
AOAC (1994) procedures. Acid insoluble ash determinations were performed after ashing the samples 
and treating the ash with boiling 4 M hydrochloric acid (Siriwan et al., 1993). All analyses were 
performed in duplicate. All values were expressed on a dry matter (DM) basis. The apparent nutrient 
digestibility was computed as: 

𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝐷𝑖𝑔𝑒𝑠𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦 = 100 − [100 × (
% 𝐴𝐼𝐴 𝑖𝑛 𝑓𝑒𝑒𝑑

% 𝐴𝐼𝐴 𝑖𝑛 𝑓𝑎𝑒𝑐𝑒𝑠
) × (

% 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠 𝑖𝑛 𝑓𝑎𝑒𝑐𝑒𝑠

% 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠 𝑖𝑛 𝑓𝑒𝑒𝑑
)] 

The formula was used to calculate dry matter, crude protein, ether extract, and organic matter 
digestibility.  

 
One bird per cage with a BW similar to the mean BW of the full replicate cohort was randomly 

selected, marked, and weighed. After a 12 hour fast (water was offered ad libitum), six birds per group 
were euthanized by CO2 asphyxiation. Blood samples were obtained via heart puncture. The blood was 
allowed to clot at room temperature for 2 h and then centrifuged at 1, 917 × g for 10 min at 4 °C to 
obtain serum, which was then stored at -20 °C until analysis of antioxidant enzyme activities, 
immunoglobulin, and cytokine levels. Immediately after blood sampling, the birds were slaughtered by 
cervical dislocation, and liver tissue samples were harvested, stored at -80 °C, and then used for 
antioxidant enzyme activity level assays. The duodenal and jejunal digesta were obtained to determine 
digestive enzyme activities. 

The activity of four digestive enzymes [alpha-amylase (AMS, C016-1-1), lipase (LPS, A054-1-1), 
trypsin (TPS, A080-2-2), and chymotrypsin (CTS, A080-3-1)], and of three antioxidant enzymes 
[superoxide dismutase (SOD, A001-3-2), glutathione peroxidase (GSH-Px, A005-1-2), and catalase 
(CAT, A007-1-1)], as well as malondialdehyde (MDA, A003-1-2) was determined using commercial 
colorimetric diagnostic kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), according to 
the manufacturer’s instructions. 

The concentrations of immunoglobulin A (IgA), immunoglobulin G (IgG), and immunoglobulin M 
(IgM), interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-10 (IL-10), and TNF-α in the serum were 
measured with chicken-specific ELISA kits (Colorful Gene Biological Technology Co., Ltd, Wuhan, 
China). All measurements were conducted in triplicate according to the manufacturer’s instructions. 

All data were analysed using one-way analysis of variance. When a significant effect occurred, 
data were further compared using the Duncan’s multiple comparison procedure. Analyses were 
performed using SPSS (version 16.0) and statistical significance was defined as P <0.05. A statistical 
trend was defined as 0.05< P <0.1. All data are expressed as mean ± standard error (SE).  
 
Results and Discussion  

The effects of dietary FWBPs and SH supplementation on broiler growth performance at different 
phases are shown in Table 2. The initial BW did not differ between treatments (P >0.05). Fermented 
wheat bran polysaccharides induced higher BW on days 21 and 42 (P <0.05), and dietary SH produced 
a higher BW on day 21 (P <0.05), compared with the CON. Average daily gain increased after dietary 
supplementation with FWBPs and SH, compared with birds fed the basal diet from 1–21 d (P <0.05), 
and this trend (0.05< P <0.1) was also observed during the experiment. In the grower period, the ADFI 
was reduced in the FWBPs group and increased in the SH group compared with the CON (P <0.05). 
However, it increased in the two additive treatments compared with the control group from 1–42 d (P 
<0.05). From 22–42 d, the addition of FWBPs and SH increased the F:G ratio compared with the control 
(P <0.05).  

 
Growth performance is the key index for evaluating feed additives for farmers. The current study 

showed that FWBPs has beneficial nutritional effects in broiler chickens. The growth-promoting effects 
of WBP in chickens as a feed supplement were supported by Akhtar et al. (2012), who found that orally 
administered wheat bran arabinoxylan in chickens produced higher live weight gain compared to the 
control group. The beneficial impact of WBP on the growth performance of chickens has been 
corroborated by many studies, which have reported that a diet containing wheat bran (Li et al., 2018) 
or fermented wheat bran (Chu et al., 2016; Elmasry et al., 2017) produces better growth than the 
corresponding unsupplemented diet. In these studies, the growth-promoting effects of wheat bran were 
attributed to the prebiotic effect of its main components (arabinoxylan). Based on the monosaccharide 
composition analysis, FWBPs are formed mainly from arabinoxylan.  
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Table 2 Effects of the fermented wheat bran polysaccharides (FWBPs) and sodium humate (SH) on 
growth performance in broiler chickens to 42 d 

Items CON FWBPs SH 

BW, g 
1 d 
21 d 
42 d 
ADG, g/bird/d 

 
44.52±0.51 

570.95±8.65b 
2097.31±28.89b 

 

 
44.58±0.38 

606.73±7.40a 

2220.89±30.12a 

 
44.11±0.58 

606.15±10.92a 

2192.12±42.90ab 

1–21 d 25.05±0.42b 26.76±0.40a 26.77±0.43a 
22–42 d 72.38±1.60 75.56±1.61 75.33±1.58 
1–42 d 48.88±0.68y 51.29±0.76x 51.13±1.03x 
ADFI, g/bird/d    
1–21 d 44.04±1.47 43.63±1.42 45.67±1.13 
22–42 d 118.60±0.75c 113.89±1.40a 128.13±2.02b 
1–42 d 82.84±1.31b 89.07±0.96a 86.94±1.25a 
F:G     
1–21 d 1.74±0.05 1.63±0.06 1.69±0.02 
22–42 d 1.61±0.02b 1.77 ±0.02a 1.72±0.01a 
1–42 d 1.68±0.04 1.73±0.02 1.71±0.01 

Body weight (BW), average daily weight gain (ADG), average daily feed intake (ADFI), feed-to-gain ratio (F:G), 
dietary fermented wheat bran polysaccharide (FWBPs), sodium humate (SH), basal diet (CON). Results are 
presented as mean ± SE (n = 6 per treatment) 
a, b Means in the same row with different superscripts are significantly different (P <0.05) 
x, y in the same row with different superscripts indicate a statistical trend (0.05< P <0.1) 

 
 Therefore, these studies support the findings of the current study. The increased growth 
performance after FWBP supplementation in the starter period could be associated with an 
improvement in feed utilization rate and absorption capability, because the authors observed elevated 
digestive enzyme activity levels (lipase and trypsin) at 21 d. Furthermore, the improved growth 
performance may be associated partly with enhanced antioxidative capacity and immune function, 
because higher GSH-Px activity and IgM levels in the serum and lower MDA concentrations in the liver 
were observed at 21 d. Notably, the growth-promoting effects of FWBPs in the grower period seemed 
less obvious, even negative, compared to the starter period. This is because a decreased ADFI and 
increased F:G were observed during the grower period.  

Some researchers have reported increased growth performance as a consequence of humic acid 
or humate inclusion in broiler diets (Kocabağli et al., 2002; Kamel et al., 2015). In the present study, 
0.1% SH dietary supplementation improved BW on day 21, ADG in the starter and overall period, and 
ADFI in the grower and overall periods. Based on previous studies, the increased growth performance 
in broilers after HS supplementation can be attributed to an improvement in nutrient digestibility (Ozturk 
& Coskun, 2006; Taklimi et al., 2012), formation of a protective film on the mucus epithelium of the 
gastrointestinal tract, and the maintenance of gut microflora (Windisch et al., 2008). Although the 
authors did not investigate the intestinal structure and gut microflora, DM and OM digestibility, and 
lipase and trypsin activity levels did increase. Therefore, the slight growth-promoting effects in the 
grower period and over the entire experiment could be attributed to a higher feed intake. These results 
indicate that the effects of HS on broilers can also be associated with the administration period, and 
administration of SH in the starter period may exert a more pronounced effect. However, inconsistent 
results were reported by Kocabağli et al. (2002,) who found that feeding humate during the grower 
period had the most beneficial effects on broiler performance in terms of growth and feed conversion. 
Eren et al. (2000) also reported that dietary humate supplementation at 1.5 and 2.5 g/kg improved the 
live weights of broilers at 42 d substantially, but there was no difference in performance at 21 d. Some 
studies have reported that humic acid exerts a negative effect on the growth performance of broiler 
chickens (Rath et al., 2006; Šamudovská et al., 2018). These inconsistent results may be attributable 
principally to the chemical composition and concentration of the types of HS, supplementation levels, 
administration period, and the poultry species and ages in these studies. 

Diets supplemented with SH increased the digestibility of DM and OM on day 21 (P <0.05) but 
decreased the digestibility remarkably on day 42 (P <0.05), compared with the control. The digestibility 
of DM, CP, and EE showed a decreasing trend (0.05< P <0.1) in the FWBPs group on day 42 (Table 3). 
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Table 3 Effects of fermented wheat bran polysaccharides (FWBPs) and sodium humate (SH) on the 
apparent digestibility (%) of the diets in broiler chickens 

Items CON FWBPs SH 

Starter  
Dry matter 
Organic matter 
Crude protein 
Ether extract 
Grower 
Dry matter 
Organic matter 
Crude protein 
Ether extract 

 
61.54±3.22b 
66.20±2.79b 
62.73±3.19xy 
61.87±3.44ab 
 
72.07±1.79y 
73.94±1.82 
68.28±3.23y 
60.73±1.06by 

 
66.89±1.96ab 
71.05±1.81ab 
58.03±2.43x 
56.50±3.64a 
 
66.99±1.84x 
70.10±0.90 
59.28±2.38x 
55.77±2.33abx 

 
73.7 4±0.24a 
77.19±0.15a 
66.33±1.26y 
70.27±2.15b 
 
69.27±0.24xy 
72.20±0.84 
66.08±2.12xy 
53.41±2.61a 

Results are presented as mean ± SE (n = 6 per treatment) 
a,b Means in the same row with different superscripts are significantly different (P <0.05) 
x,y in the same row with different superscripts indicate a statistical trend (0.05< P <0.1) 

 
Dietary or drinking water supplementation of SH improves nutrient digestibility in poultry and has 

been reported extensively in the literature (Ozturk et al., 2014; Arif et al., 2019). Increased digestibility 
of DM and OM with SH administration in the current study was observed at 21 d. Dietary 
supplementation with SH can improve nutrient digestibility mainly because of its positive effects on 
maintaining gut microflora (Schepetkin et al., 2003; Windisch et al., 2008) and improving gut structure 
and function (Taklimi et al., 2012). Further studies are needed to investigate the changes in the microbial 
community and histological morphology in the gut of broilers after dietary SH supplementation. In 
contrast to the result at 21 d, reduced ether extract digestibility was also found at 42 d after dietary SH 
supplementation in the present study.  

The effects of dietary FWBPs and SH supplementation on duodenum and jejunum digesta 
digestive enzyme activities in broilers at 21 d and 42 d are shown in Table 4. At 21 d, supplementation 
with FWBPs in the broiler diets increased trypsin activity and slightly increased lipase activity (0.05< P 
<0.1) but decreased chymotrypsin activity in the duodenal digesta (P < 0.05). Dietary supplementation 
with SH increased lipase activity (P <0.05) and slightly increased trypsin activity in duodenal digesta 
(0.05< P <0.1). Amylase, lipase, and trypsin activities in the jejunal digesta increased after dietary 
FWBPs supplementation, and lipase and trypsin activity levels in jejunal digesta increased after SH 
supplementation, although not significantly. At 42 d, FWBP supplementation in the broiler diets 
decreased trypsin and chymotrypsin activity levels in the duodenal digesta (P <0.05), whereas 
supplementation with SH decreased trypsin and chymotrypsin activity levels in the duodenal digesta 
and chymotrypsin activity in the jejunal digesta (P <0.05), compared with the control group. 

The fundamental concept in improving digestive ability is enhancing the activity of digestive 
enzymes in the intestines to speed up the degradation of nutrients in the diet (Feng et al., 2020). 
Therefore, the determination of digestive enzyme activity levels is important in evaluating the effects of 
additives in the poultry breeding industry. The current results showed that the addition of FWBPs 
improved trypsin and lipase activities in the duodenal digesta of broilers at 21 d. Dietary prebiotic 
supplementation improving the digestive enzyme activity levels of broiler chickens has also been 
reported with Lycium barbarum polysaccharides (Long et al., 2019) and fructooligosaccharides (Xu et 
al., 2003). This beneficial effect of prebiotic supplementation on digestive enzyme activity levels may 
be attributable to changes in the gut microbial community (Xu et al., 2003). Further studies that use 16S 
rRNA sequencing to confirm the prebiotic effects of dietary FWBPs on broilers may be a next step. 
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Table 4 Effects of fermented wheat bran polysaccharides (FWBPs) and sodium humate (SH) on 
digestive enzyme activities in duodenal and jejunal contents in broiler chickens at 21 and 42 days of 
age 

Items CON FWBPs SH 

21 d 
Duodenum    

Amylase (U/mg prot) 1.78±0.35 1.68±0.20 1.69±0.34 
Lipase (U/g prot) 148.51±7.86bx 181.03±16.95aby 223.62±12.14a 
Trypsin (U/mg prot) 
Chymotrypsin (U/mg prot) 
Jejunum 
Amylase (U/mg prot) 
Lipase (U/g prot) 
Trypsin (U/mg prot) 
Chymotrypsin (U/mg prot) 
42 d 
Duodenum 
Amylase (U/mg prot) 
Lipase (U/g prot) 
Trypsin (U/mg prot) 
Chymotrypsin (U/mg prot) 
Jejunum 
Amylase (U/mg prot) 
Lipase (U/g prot) 
Trypsin (U/mg prot) 
Chymotrypsin (U/mg prot) 

1884.30±232.83bx 

7.56±0.39a 

 
1.63±0.32 

118.71±10.89 

3550.90±283.07 
7.36±0.85 

 

 
1.93±0.31 

180.02±44.22 
7243.40±738.23a 

10.51±0.69a 

 
1.74±0.28 

153.80±13.23 
3209.20±508.60 

7.23±0.52a 

4045.70±834.10axy 

5.82±0.36b 

 
1.77±0.27 

185.88±17.17 

3880.80±123.42 
6.96±0.82 

 

 

1.78±0.24 
171.12±25.02 

4050.30±236.94b 

7.06±0.88b 

 
2.01±0.23 

146.62±15.34 
3292.60±416.85 

6.88±0.50a 

3478.60±459.29aby 

6.96±0.69ab 

 
1.61±0.29 

142.32±36.48 

3674.10±640.90 
7.70±1.16 

 

 

2.02±0.33 
167.56±24.29 

5371.10±356.59b 
7.24±0.81b 

 

1.62±0.20 
115.68±6.59 

3821.50±674.03 

4.85±0.47b 

Results are presented as mean ± SE (n = 6 per treatment) 
a,b Means in the same row with different superscripts are significantly different (P <0.05) 
x,y in the same row with different superscripts indicate a statistical trend (0.05< P <0.1) 

 
Dietary humic substance supplementation that improves digestive enzyme activity was reported 

in broilers (Mao et al., 2019) and fish (Oreochromis niloticus) (Deng et al., 2019). Similar to these studies, 
the current data showed that supplementation with SH improved lipase and trypsin activity levels in the 
duodenal digesta of 21-day-old broilers, which indicated that SH could induce the expression of 
digestive enzymes and improve the digestive capacity of broilers. Indeed, this result is consistent with 
improved DM and OM digestibility and ADG in this study. The beneficial effect of SH supplementation 
on digestive enzymes activity might also be associated with changes in the gut microbial community. A 
previous study showed that humic substances could alter the intestinal microflora by increasing the 
counts of beneficial bacteria (Schepetkin et al., 2003). Thus, the bacteria could also secrete exo-
enzymes and make a small contribution to the total enzyme activity of the intestine. However, the activity 
of amylase and chymotrypsin was not affected by SH in the current study and the reasons for this 
remain unclear. Notably, in contrast to the starter period, supplementation with FWBPs and SH reduced 
the digestive enzyme activity level in the duodenal and jejunal digesta in 42-day-old broilers. This 
negative effect of FWBPs and SH on intestinal digestive enzymes in broilers is consistent with its non-
significant effect on growth improvement and decrease in digestibility.  

 At 21 d, broilers fed diets supplemented with FWBPs had an increased serum GSH-Px activity 
(P <0.05) and decreased liver MDA concentration (P <0.05) (Table 5). In addition, broilers fed diets 
supplemented with SH showed a decrease in liver MDA concentration (P <0.05). No significant changes 
were observed in other antioxidant enzyme activities in the serum and liver. At 42 d, broilers fed diets 
supplemented with FWBPs and SH had a substantially decreased serum SOD activity. The 
concentration of MDA in the liver showed a decrease and SOD, CAT, and GSH-Px activities in the liver 
showed a decreasing trend (0.05< P <0.1) after SH supplementation. No significant changes were 
observed in other antioxidant enzyme activities in the serum and liver.  
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Table 5 Effects of fermented wheat bran polysaccharides (FWBPs) and sodium humate (SH) on 
antioxidant enzyme activities in the serum and liver of broiler chickens at 21 and 42 days of age 

Items CON FWBPs SH 

21 d 
Serum 

   

SOD (U/mL) 
GSH-Px (U/mL) 
MDA (nmol/mL) 
Liver 
SOD (U/mg prot) 
CAT (U/mg prot) 
GSH-Px (U/mg prot) 
MDA (nmol/mg prot) 
42 d 
Serum 
SOD (U/mL) 
GSH-Px (U/mL) 
MDA (nmol/mL) 
Liver 
SOD (U/mg prot) 
CAT (U/mg prot) 
GSH-Px (U/mg prot) 
MDA (nmol/mg prot) 

4.29±0.27 
1509.20±98.04b 

15.08±0.56 
 

386.17±36.57 
4.38±0.48 
85.14±3.39 
2.13±0.12a 

 
 

7.28±0.53a 
1992.2±86.24 
15.22±0.38 

 
389.01±35.77x 

5.71±0.74x 
122.09±11.43x 

2.42±0.10a 

4.31±0.53 
2058.1±101.97a 

15.88±0.43 
 

328.05±31.20 
5.18±0.26 
75.28±4.70 
1.58±0.15b 

 
 

4.92±0.19b 
1996.9±63.49 
15.19±0.35 

 
388.14±42.87xy 

5.61±0.64xy 
104.70±12.03xy 

2.22±0.20a 

4.01±0.09 
1606.40±176.74b 

16.46±0.73 
 

326.52±32.54 
4.30±0.43 
81.20±7.78 
1.65±0.11b 

 
 

5.68±0.51b 
2207.4±133.81 

14.94±0.33 
 

309.69±16.09y 
4.06±0.29y 

97.25±6.22x 
1.52±0.08b 

Results are presented as mean ± SE (n = 6 per treatment) 
a,b Means in the same row with different superscripts are significantly different (P <0.05) 
x,y in the same row with different superscripts indicate a statistical trend (0.05< P <0.1) 

 
Excessive reactive oxygen species (ROS) production in vivo causes damage to cells and tissues. 

However, during evolution, living organisms have developed a fine defence network system against 
oxidative stress (Wang et al., 2011). Primary antioxidant enzymes, such as SOD, CAT, and GSH-Px, 
form part of this defence system and are capable of eliminating ROS and cytotoxic peroxides 
(Muthulakshmi & Saravanan, 2013). Lipid oxidation produces a number of secondary products; MDA is 
the principal and most studied product of polyunsaturated fatty acid peroxidation and is widely used as 
a biomarker of oxidative stress (Niki, 2008). Several studies have shown that natural antioxidants can 
protect hosts against oxidative damage. Wheat bran possesses good antioxidant capacity, which has 
been demonstrated extensively in vitro (Hromádková et al., 2013; Malunga & Beta, 2015). It has been 
recommended as a potential natural antioxidant in the functional food, cosmetics, and pharmaceutical 
industries (Yan et al., 2015). In vivo, the antioxidative benefits of wheat bran xylooligosaccharides in 
rats have also been reported by Wang et al. (2011). Similar to these findings, the present study observed 
that dietary FWBP supplementation increased serum GSH-Px activity levels substantially and reduced 
liver MDA levels in 21-day-old broilers, suggesting that FWBPs had the potential to protect broiler 
chickens against damage from ROS and free radicals.  

The present study showed that dietary SH reduced MDA content in the liver of broilers, although 
no significant differences were found in other antioxidant enzyme activity levels between treatments in 
21-day-old broilers. Similar results were reported by Mao (2019), who found that broilers fed with diets 
containing fulvic acid exhibited higher SOD and GPx activity and lower MDA levels in the serum. 
Similarly, Kamel et al. (2015) reported that supplementation with HS in the drinking water of broiler 
chickens increased glutathione reductase, total antioxidant, and catalase activity in the blood. These 
findings, including those of the present study, demonstrate the antioxidant activity of SH in poultry 
production. Quinone, phenol, and other functional groups, especially the quinone group, play an 
important role in electron transport; the reduced quinone group is the main source of the antioxidant 
activity of humic acids (Aeschbacher et al., 2012). Therefore, the observed antioxidant effect of SH on 
broilers can be related to the structural features of HS. However, further research is required to elucidate 
this mechanism.  

Notably, in contrast to the starter period, the negative effect of dietary SH on antioxidant enzyme 
activity was apparent at 42 d, reflected by a significant decrease in serum SOD and a slight decrease 
in the liver SOD, CAT, and GSH-Px activities. The antioxidant effects of SH appear to be highly variable. 
Ipek et al. (2008) reported that lower levels of humic acid did not have an influence on total antioxidant 
capacity, but high levels reduced total antioxidant capacity in Japanese quails. Tunç & Yörük (2017) 
found that humate additives had a positive effect on the suckling period of calves, which can lead to 
oxidative stress. Therefore, because of effects of SH and FWBPs on antioxidant enzymes and other 
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parameters investigated in the present study at 21 d and 42 d, the inclusion level and administration 
period of the two additives should be investigated when they are used in broilers. 

The effects of FWBPs and SH supplementation on IgA, IgG, and IgM concentration in the serum 
of broilers at 21 d and 42 d are shown in Table 6. An increase in IgM was observed in the dietary FWBPs 
and SH groups at 21 d (P <0.05). However, there was no significant difference in other immunoglobulin 
concentrations among the groups at 21 d or 42 d.  
 
Table 6 Effects of fermented wheat bran polysaccharides (FWBPs) and sodium humate (SH) on 
serum concentrations of IgA, IgG, and IgM in broiler chickens at 21 and 42 days of age 

Items CON FWBPs SH 

21 d    

IgA (µg/mL) 63.80±7.46 53.43±4.68 63.18±7.97 
IgG (µg/mL) 28.18±2.65 29.50±5.12 26.05±1.91 
IgM (µg/mL) 320.00±25.24b 418.45±24.89a 441.22±6.74a 
42 d    
IgA (µg/mL) 114.89±14.94 144.48±22.35 135.18±19.03 
IgG (µg/mL) 36.15±3.35 37.80±3.94 35.19±3.88 
IgM (µg/mL) 485.48±41.46 573.61±79.97 506.70±33.49 

Results are presented as mean ± SE (n = 6 per treatment) 
a,b Means in the same row with different superscripts are significantly different (P <0.05) 

 
The immune system is the primary factor influencing an animal’s health and performance. Serum 

immunoglobulins are important indicators of the humoral immune status of animals. The current results 
showed that FWBP supplementation promoted a humoral immune response, leading to a substantial 
increase in serum IgM levels at day 21. However, the serum IgA and IgG levels were not affected. 
Similar results were reported by Akhtar et al. (2012), who found that significantly higher total-Igs, IgG, 
and IgM titres on the seventh and fourteenth day post-primary and -secondary injections of sheep red 
blood cells in the experimental chickens orally administered wheat bran arabinoxylan. A previous study 
also reported that supplementation with humic acid in the drinking water increased lymphocyte and 
leukocytic counts, and serum globulin (α, β and γ) concentration in broiler chickens (Salah et al., 2015). 
The impact of humic acid in improving the immune functions of poultry and its possible mechanism of 
action was reviewed by Arif et al. (2019). The results of the present study indicate that FWBP and SH 
supplementation can induce IgM production, and this response may play an important role in the 
struggle against pathogenic and nonpathogenic immune challenges during the starter period.  

At 21 d, broiler chicks fed SH had higher serum levels of IL-2 than birds in the control group 
(Table 7). At 42 d, IL-2 concentrations in the FWBPs and SH groups and IL-6 concentrations in the SH 
group showed an increasing trend (0.05< P <0.1), compared to the control. There were no significant 
differences in other cytokine concentrations among the groups at 21 d or 42 d. 

 
Table 7 Effects of fermented wheat bran polysaccharides (FWBPs) and sodium humate (SH) on 

serum IL-2, IL-6, IL-10, and TNF-α concentrations in broiler chickens at 21 and 42 days of age 

Items CON FWBPs SH 

21 d    

IL-2 (pg/mL) 
IL-6 (pg/mL) 
IL-10 (pg/mL) 
TNF-α (pg/mL) 
42 d 
IL-2 (pg/mL) 
IL-6 (pg/mL) 
IL-10 (pg/mL) 
TNF-α (pg/mL) 

339.01±34.24b 

49.15±20.25 

123.92±11.93 

152.78±17.99 
 

621.31±63.31x 
103.49±19.52 x 
206.76±14.96 
236.99±40.98 

396.69±14.65ab 

42.03±5.40 
102.32±4.38 
151.92±10.60 

 
776.15±59.80y 
150.94±25.39xy 
198.41±30.67 
312.78±26.21 

481.83±31.34a 

47.80±10.31 

112.53±10.65 

166.36±14.64 
 

769.28±31.92y 
149.91±14.28 y 
190.69±30.08 
297.72±24.08 

Results are presented as mean ± SE (n = 6 per treatment) 
a,b Means in the same row with different superscripts are significantly different (P <0.05) 
x,y in the same row with different superscripts indicate a statistical trend (0.05< P <0.1) 

 
The immune response is controlled by a highly complex and intricate network of control elements. 

The prominent regulatory components are anti-inflammatory cytokines and specific cytokine inhibitors 
(Opal & DePalo, 2020). The immunomodulatory potential of humic substances has been confirmed by 
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its extensive usage in both human and veterinary medicine for thousands of years for their detoxication 
(Arafat et al., 2017), antibacterial (Humin, 2004), antiviral (Chen et al., 2003), and anti-inflammatory 
(Joone & van Rensburg, 2004) effects. Data from the present study showed that dietary SH 
supplementation substantially increased serum IL-2 levels at day 21 and slightly increased serum IL-2 
and IL-6 levels at day 42. This indicates that SH can activate immune function, leading to enhanced 
antibody production. In addition, it was observed that serum IL-2 level also showed an increased 
tendency compared with the control group on day 42 after dietary supplementation with FWBPs. Slightly 
elevated serum cytokine levels may partially demonstrate the immune-stimulatory effects of FWBPs in 
broiler chickens. Similar results were reported by Shen et al. (2017), who found that polysaccharides 
from wheat bran induced cytokine expression and prevented cyclophosphamide-induced 
immunosuppression. 

In the current study, it is worth noting that some of the investigated parameters showed a 
decreasing trend or were even substantially reduced at 42 d, whereas those data were elevated at 21 
d. These included a non-significant increase in ADG during the grower period, as well as substantially 
reduced DM, CP, and EE digestibility, decreased trypsin and chymotrypsin activity in gut digesta, and 
antioxidant enzyme activity in the serum and liver at 42 d. Similar to the present study, non-significant 
(even negative) effects during the grower period or over the entire period with a positive effect during 
the starter period, have also been reported in previous studies after dietary additive supplementation 
(Lee et al., 2003; Kong et al., 2010). This inconsistent result might be related to the development of the 
gut microflora. Gut dominant microbial communities become more complex as broilers grow (Lan et al., 
2005). Thus, the effect of additives might become increasingly inconspicuous with the abundance of 
intestinal flora. Furthermore, prolonged use of dietary additives can also exert a negative effect. 
Previous studies have reported that chronic intake of humic acid is associated with human diseases 
(Rath et al., 2006), but the exact reason is unclear. Further studies are warranted to investigate the 
effects of FWBPs and SH on the growth performance and physiological function of broiler chickens in 
the different periods and to determine the optimal dietary inclusion level. Based on this study, we can 
conclude that FWBPs and SH can be useful additives in the feeding of broilers during the starter period.  

 
Conclusions 

Dietary FWBPs or SH supplementation during the starter period can improve growth performance, 
nutrient digestibility, antioxidant capacity, and immunity in broilers. 
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