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Abstract
This experiment aimed to investigate the effects of dietary supplementation
with different levels of zinc-pectic oligosaccharide chelate (Zn-POS) on growth
performance, immune function, and serum antioxidant capacity in Arbor Acres
(AA) broiler chickens. A total of 480 healthy 1-day-old AA broiler chickens with
relatively uniform body condition (half male and half female) were randomly
divided into 5 groups with 6 replicates per group and 16 chickens per replicate
based on the principle of uniform body weight. Group � was the basal diet group;
Group � was the antibiotic group, with 62.5 mg/kg flavomycin added to the basal
diet; Groups �, �, and � were Zn-POS groups, with 300, 600, and 900 mg/kg Zn-
POS added to the basal diet, respectively. The experimental period lasted 42
days. The results showed: 1) At 1-21 days of age, compared with Group �,
the average daily gain of Groups � and � was significantly increased (P<0.05);
compared with Group �, the body weight of Groups � and � was significantly
increased (P<0.05). At 22-42 days of age, compared with Group �, the average
daily gain of Groups � and � was significantly increased (P<0.05), and the average
daily feed intake of Group � was significantly increased (P<0.05). At 1-42 days
of age, compared with Group �, the average daily gain of Group � was extremely
significantly increased (P<0.01), the average daily gain of Groups � and � was
significantly increased (P<0.05), and the average daily feed intake of Group
� was significantly increased (P<0.05); the average daily gain of Group � was
extremely significantly higher than that of Group � (P<0.01). 2) The bursa of
Fabricius index of Group � was significantly higher than that of Group � (P<0.05),
but the serum immunoglobulin G level of Group � was significantly lower than
that of Group � (P<0.05). 3) The serum total superoxide dismutase activity
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of Group � was extremely significantly higher than that of Group � (P<0.01),
and the serum catalase activity of Groups � and � was significantly higher than
that of Group � (P<0.05); the serum malondialdehyde content of Groups � and
� was significantly lower than that of Group � (P<0.05). In conclusion, dietary
supplementation with Zn-POS can improve the growth performance, immune
function, and serum antioxidant function of AA broiler chickens aged 1-42 days,
with the addition level of 600 mg/kg being more appropriate.
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Abstract: This experiment was conducted to investigate the effects of differ-
ent dietary zinc-pectic oligosaccharide chelate (Zn-POS) supplemental levels on
growth performance, immune function and serum antioxidant capacity of Ar-
bor Acre (AA) broilers. A total of 480 one-day-old healthy AA broilers with
uniform body condition (half male and half female) were randomly allocated to
5 groups according to the principle of consistent body weight, with 6 replicates
per group and 16 chicks per replicate. Group � was fed a basal diet; group � was
fed the basal diet supplemented with 62.5 mg/kg flavomycin; and groups �, � and
� were fed the basal diet supplemented with 300, 600 and 900 mg/kg Zn-POS,
respectively. The experiment lasted for 42 days. The results showed: 1) From
1 to 21 days of age, compared with group �, the average daily gain (ADG) of
groups � and � was significantly increased (P<0.05); compared with group �, the
body weight (BW) of groups � and � was significantly increased (P<0.05). From
22 to 42 days of age, compared with group �, the ADG of groups � and � was
significantly increased (P<0.05), and the average daily feed intake (ADFI) of
group � was significantly increased (P<0.05). From 1 to 42 days of age, com-
pared with group �, the ADG of group � was extremely significantly increased
(P<0.01), the ADG of groups � and � was significantly increased (P<0.05), and
the ADFI of group � was significantly increased (P<0.05); the ADG of group
� was extremely significantly higher than that of group � (P<0.01). 2) The
bursa of Fabricius index in group � was significantly higher than that in group
� (P<0.05), but the serum immunoglobulin G level in group � was significantly
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lower than that in group � (P<0.05). 3) The serum total superoxide dismu-
tase activity in group � was extremely significantly higher than that in group
� (P<0.01), and the serum catalase activity in groups � and � was significantly
higher than that in group � (P<0.05); the serum malondialdehyde content in
groups � and � was significantly lower than that in group � (P<0.05). In con-
clusion, dietary Zn-POS supplementation can improve the growth performance,
immune function and serum antioxidant capacity of AA broilers aged 1 to 42
days, and the appropriate supplemental level is 600 mg/kg.

Keywords: Zn-POS; growth performance; immune function; serum antioxidant
capacity; AA broilers

With increasing health awareness, research on prebiotics such as pectic oligosac-
charides has become more extensive and in-depth. Pectic oligosaccharides,
also known as oligogalacturonic acids or pectin oligosaccharides, are functional
oligosaccharides discovered in plants in 1981 consisting of 2 to 20 galacturonic
acid units linked by 𝛼-1,4 bonds, with some galacturonic acids existing in a
methyl-esterified form. They appear as white solid powder, are easily solu-
ble in water and slightly soluble in ethanol. Garthoff et al.’s Ames test results
demonstrated that pectic oligosaccharides have no genotoxicity and exhibit good
safety for food applications. Fanaro et al. evaluated the safety of pectic oligosac-
charides as food additives by adding them to milk powder. Olano-Martin et
al. found that pectic oligosaccharides can be well utilized by bifidobacteria in
vitro and can protect HT29 colon cells from invasion by verotoxin (VT) secreted
by Escherichia coli O157:H7. Rhoades et al. also reported that oligogalactur-
onic acid at pH 7.2 and concentration of 2.5 mg/mL can significantly inhibit the
adhesion of enterohemorrhagic and enteropathogenic E. coli. Thomassen et al.’
s test tube cultivation results indicated that pectic oligosaccharides have bet-
ter bifidogenic effects than fructooligosaccharides. Nakanishi et al. found that
adding pectic oligosaccharides to mouse diets could improve mineral element
utilization by approximately 3-fold. Sun Lina’s research showed that adding
copper-oligogalacturonic acid chelate promoted mouse growth 4 times more effec-
tively than adding Cu2+ alone, and significantly reduced Cu2+ content in mouse
liver, blood and feces. Gullón et al. reported that pectic oligosaccharides can
promote the growth of beneficial bacteria and production of short-chain fatty
acids, which can lower intestinal pH and improve mineral solubility, thereby
promoting intestinal mineral absorption.

Zinc is one of the most important trace elements in livestock and poultry,
widely involved in animal digestion and metabolism with multiple physiolog-
ical functions. Feng et al. demonstrated that dietary zinc glycine chelate can
increase feed intake and growth performance in broilers while elevating serum im-
munoglobulin A (IgA), immunoglobulin M (IgM) and immunoglobulin G (IgG)
levels and immune organ indices. Jiang Zongyong et al. found that dietary to-
tal zinc content significantly affected immune organ indices in yellow-feathered
broilers, with maximum bursa, thymus and spleen indices achieved at 65 mg/kg
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dietary zinc. Tian Lina et al. and Liu Xiping et al. reported that dietary nano-
zinc oxide significantly improved serum total antioxidant capacity and reduced
nitric oxide production in broilers. These findings indicate that dietary zinc sup-
plementation can reduce free radical production to some extent, improve growth
and immune performance, enhance antioxidant enzyme activity, and increase
serum antioxidant capacity in broilers.

Zinc-pectic oligosaccharide chelate (Zn-POS) is a chelate of pectic oligosaccha-
rides and inorganic zinc. Currently, no studies have reported the effects of Zn-
POS on broilers. Research has shown that oligosaccharide chelated zinc can ex-
ert both the antibacterial effects of oligosaccharides and improve zinc absorption
and utilization, including chitosan-chelated zinc and mannan oligosaccharide-
chelated zinc. Therefore, this experiment aimed to investigate the effects of Zn-
POS supplemental levels on growth performance, immune function and serum
antioxidant capacity in Arbor Acre (AA) broilers, providing a reference for Zn-
POS application in broiler production.

1.1 Experimental Animals and Design

This experiment was conducted at the Nankou Pilot Base of the Institute of
Feed Research, Chinese Academy of Agricultural Sciences. A single-factor com-
pletely randomized design was adopted. A total of 480 one-day-old healthy AA
broilers with uniform body condition (half male and half female) were randomly
allocated to 5 groups according to the principle of consistent body weight, with
6 replicates per group and 16 chicks per replicate. The Zn-POS used in the
experiment was provided by the Institute of Feed Research, Chinese Academy
of Agricultural Sciences, with purity $�$95%, zinc content of 7%, and chela-
tion degree $�$96%. The experiment lasted for 42 days. Broilers were raised
on high-bed floors with free access to feed and water, following conventional
immunization procedures.

1.2 Basal Diet Composition and Experimental Design

The basal diet was formulated using corn, soybean meal, soybean oil and fish
meal according to the nutritional requirements of AA broilers. The composition
and nutrient levels of the basal diet are shown in Table 1 .

Table 1 Composition and nutrient levels of basal diets (air-dry basis) %

Note: The premix provided the following per kg of diet: VA 10,000 IU, VD3
2,500 IU, VE 15 mg, VK3 3 mg, VB1 0.01 mg, nicotinic acid 34 mg, calcium
pantothenate 12 mg, folic acid 0.5 mg, biotin 0.2 mg, choline chloride 1,200
mg, Fe (as ferrous sulfate) 80 mg, Cu (as copper sulfate) 8 mg, Zn 80 mg, Mn
(as manganese sulfate) 100 mg, I (as potassium iodide) 0.7 mg, Se (as sodium
selenite) 0.3 mg. Nutrient levels were calculated values.

Experimental design: Group � served as the control group fed a basal diet
without antibiotics; group � was the antibiotic group fed the basal diet supple-
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mented with 62.5 mg/kg flavomycin; and groups �, � and � were fed the basal
diet supplemented with 300, 600 and 900 mg/kg Zn-POS, respectively.

1.3 Sample Collection and Processing

On day 42 of the experiment, 2 healthy broilers close to the average body weight
were selected from each replicate (12 per group, 60 total). After weighing, blood
samples were collected from the jugular vein, allowed to clot, then centrifuged
at 3,000 r/min for 15 min to prepare serum, which was aliquoted into EP tubes
and stored at -20 °C for subsequent serum biochemical analysis. After blood
collection, broilers were completely exsanguinated and slaughtered, and immune
organs (spleen, thymus, bursa of Fabricius) were excised, trimmed of connective
tissue and fat, and weighed.

1.4 Measured Indices

1.4.1 Growth Performance Indices

On days 21 and 42 of the experiment, broilers were weighed by replicate after
fasting, and residual feed was recovered to calculate body weight (BW), average
daily gain (ADG), average daily feed intake (ADFI) and feed/gain ratio (F/G)
at 21 and 42 days of age.

1.4.2 Immune Organ Index

Immune organ index (g/kg) = weight of immune organ / carcass weight.

1.4.3 Serum Biochemical Indices

Serum IgA, IgM, IgG and complement 3 (C3) levels were determined by enzyme-
linked immunosorbent assay using kits (Zhongsheng Beikong Biotechnology Co.,
Ltd., Beijing) on a Selectra-E automatic biochemical analyzer (Selectra-E model,
VITA LAB Instruments, Netherlands). Serum antioxidant indices [total super-
oxide dismutase (T-SOD), malondialdehyde (MDA), catalase (CAT)] were mea-
sured using kits (Nanjing Jiancheng Bioengineering Institute, Nanjing) on a
UV-visible spectrophotometer (SPECORD-50, Analytik Jena, Germany).

1.5 Statistical Analysis

Basic data processing was performed using Excel 2010. Experimental results
were analyzed by one-way ANOVA using SPSS 17.0, with Duncan’s multiple
comparison test used for post-hoc comparisons. Results are expressed as mean
± standard error.

2.1 Effects of Zn-POS on Growth Performance of Broilers

As shown in Table 2 , from 1 to 21 days of age, compared with group �, ADG
was significantly increased in groups � and � (P<0.05), while BW and ADFI in
groups �, � and � showed an increasing trend and F/G showed a decreasing trend,
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though not significantly (P>0.05). Compared with group �, BW was significantly
increased in groups � and � (P<0.05), while F/G showed a decreasing trend in
groups �, � and �, though not significantly (P>0.05). The ADG and ADFI in
group � were significantly higher than those in group � (P<0.05).

From 22 to 42 days of age, compared with group �, ADG was significantly
increased in groups � and � (P<0.05), and ADFI was significantly increased
in group � (P<0.05). Compared with group �, no significant differences were
observed in ADG and ADFI among groups �, � and � (P>0.05). The ADG and
ADFI in group � were higher than those in group �, but not significantly (P>0.05).
Group � had the highest BW, but no significant differences were observed among
groups (P>0.05). No significant differences were found in F/G among all groups
(P>0.05).

From 1 to 42 days of age, compared with group �, ADG was extremely signif-
icantly increased in group � (P<0.01), significantly increased in groups � and �
(P<0.05), and ADFI was significantly increased in group � (P<0.05). No sig-
nificant differences were observed in ADG and ADFI among groups �, � and �
compared with group � (P>0.05). The ADG in group � was extremely signifi-
cantly higher than that in group � (P<0.01), though ADFI showed no significant
difference (P>0.05). No significant differences were observed in F/G or mortal-
ity among all groups (P>0.05).

Table 2 Effects of different dietary Zn-POS supplemental levels on growth
performance of broilers

Note: In the same row, values with no letter or the same letter superscripts mean
no significant difference (P>0.05), while different small letter superscripts mean
significant difference (P<0.05), and different capital letter superscripts mean
extremely significant difference (P<0.01). The same as below.

2.2 Effects of Zn-POS on Immune Function of Broilers

As shown in Table 3 , serum IgG level in group � was significantly higher than
that in group � (P<0.05). Compared with group �, serum IgG levels in groups
�, � and � were increased by 18.75%, 12.50% and 18.75% respectively (P>0.05).
Serum IgA levels in groups � and � were higher than those in groups �, � and �,
but did not reach significant levels (P>0.05). Dietary Zn-POS supplementation
showed a trend toward increasing serum IgM and C3 levels in 1- to 42-day-old
AA broilers, but no significant differences were observed (P>0.05).

Table 3 Effects of different dietary Zn-POS supplemental levels on serum im-
mune indices of broilers (g/L)

As shown in Table 4 , the bursa of Fabricius index in group � was significantly
higher than that in group � (P<0.05). Dietary Zn-POS supplementation showed
a trend toward increasing immune organ indices, but no significant differences
were observed compared with groups � and � (P>0.05).

chinarxiv.org/items/chinaxiv-201711.01024 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01024


Table 4 Effects of different dietary Zn-POS supplemental levels on immune
organ indices of broilers

2.3 Effects of Zn-POS on Serum Antioxidant Function of Broilers

As shown in Table 5 , compared with group �, serum T-SOD activity in group
� was extremely significantly increased (P<0.01), serum MDA content was sig-
nificantly decreased (P<0.05), and serum CAT activity was significantly in-
creased (P<0.05); serum CAT activity in group � was also significantly increased
(P<0.05). Serum T-SOD activity in group � was significantly higher than that
in group � (P<0.05). Serum MDA content in groups � and � was significantly
lower than that in group � (P<0.05). No significant differences were observed
in serum antioxidant indices between any Zn-POS group and group � (P>0.05).

Table 5 Effects of different dietary Zn-POS supplemental levels on serum an-
tioxidant indices of broilers

The mechanism of action of Zn-POS in broilers may involve two aspects: first,
the pectic oligosaccharides in Zn-POS can be selectively fermented by ben-
eficial intestinal bacteria such as bifidobacteria to produce short-chain fatty
acids, thereby reducing intestinal pH, inhibiting the adhesion and proliferation
of harmful bacteria, and promoting nutrient digestion and absorption; second,
the pectic oligosaccharides in Zn-POS can form complexes with trace metal ele-
ments through ionic and covalent bonds, promoting their absorption. The zinc
element in Zn-POS is an essential component of many digestive enzymes in live-
stock and poultry, playing important physiological roles in promoting growth
and enhancing immunity.

3.1 Effects of Zn-POS on Growth Performance of Broilers

Studies have shown that pectic oligosaccharides can be utilized and fermented
by microorganisms in the posterior digestive tract such as bifidobacteria and lac-
tobacilli to produce short-chain fatty acids, reduce intestinal pH, directly inhibit
pathogenic microorganisms, and promote nutrient digestion and absorption. Ad-
ditionally, they can form stable complexes with trace metal elements through
covalent and ionic bonds, promoting their absorption and utilization. Jin Yue
et al. found that adding chitosan oligosaccharide-chelated zinc containing 30
mg/kg zinc significantly improved ADFI and ADG in mice and significantly
reduced F/G. Sun Lina et al. reported that adding copper-pectic oligosaccha-
ride chelate to mouse diets did not significantly change feed intake but showed
better growth-promoting effects than CuSO4 and a mixture of pectic oligosac-
charides with CuSO4. Yi Zhonghua et al. demonstrated that 0.25% and 0.50%
fructooligosaccharides significantly improved ADG and ADFI in broilers, with
better effects during weeks 1-3 than weeks 3-6, where 0.50% fructooligosaccha-
rides increased ADG by up to 14.64% during weeks 1-3. Yu Guiyang et al. found
that dietary supplementation with 1.0 and 1.5 g/kg mannan oligosaccharides sig-
nificantly improved ADG by 8.89% and 6.67% respectively, with the 1.0 g/kg
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group significantly reducing F/G by 5.75%. Guo Yungui et al. reported that
adding 4 g/kg mannan oligosaccharides to basal diets of three-yellow chickens
significantly improved ADG and showed a trend toward reducing F/G. The
present results indicate that dietary supplementation with 600 mg/kg Zn-POS
significantly improved ADG and ADFI in AA broilers, which is consistent with
the aforementioned findings.

3.2 Effects of Zn-POS on Immune Function of Broilers

Studies have shown that oligosaccharides can bind to the surfaces of certain
toxins, viruses and eukaryotic bacteria, acting as adjuvants for these foreign
antigens to enhance both B lymphocyte-mediated humoral immunity and T
lymphocyte-mediated cellular immunity. Oligosaccharides can promote the pro-
liferation of beneficial bacteria such as bifidobacteria to improve animal immu-
nity and can activate the immune system by acting on specific and non-specific
immune systems. Wang Jitan et al. found that compared with antibiotics, galac-
tomannan oligosaccharides showed no significant differences in relative weights
of thymus, spleen and bursa of Fabricius, but exhibited a trend toward increas-
ing relative weights of spleen and bursa. Jin Yue et al. reported that adding
40 mg/kg chitosan oligosaccharide-chelated zinc (as zinc) significantly improved
immune organ indices including thymus, spleen and bursa of Fabricius in laying
chicks. Chen Shaohong et al. found that dietary supplementation with 0.2%
and 0.3% oligosaccharides increased thymus index, bursa of Fabricius index and
spleen index by 16.41%, 2.62%, 25.53% and 2.65%, 11.07%, 1.65% respectively,
showed a trend toward increasing leukocyte phagocytic index and serum IgG
level, and significantly improved Newcastle disease antibody titer in chickens.
Gao Lin reported that different supplemental levels of mannan oligosaccharides
had certain effects on immune function and immune organ indices in broilers,
promoting increases in serum IgA, IgG, IgM, C3, C4 and interleukin-2 levels.
The present results showed that Zn-POS supplemental levels had no significant
effects on serum IgA, IgG, IgM and C3 levels in broilers but showed a trend
toward increasing IgG level, and exhibited a trend toward improving immune
organ indices in AA broilers without significant differences compared with the
control group. These differences from previous studies may be related to factors
such as oligosaccharide type, supplemental level and broiler breed.

3.3 Effects of Zn-POS on Serum Antioxidant Function of Broilers

Studies have demonstrated that oligosaccharides possess strong antioxidant ca-
pacity and can effectively scavenge free radicals and toxins in vivo. Ngo et
al. proved that chitin oligosaccharides can inhibit protein oxidation. Li et al. and
Du Lijuan et al. reported that haw pectic oligosaccharides can significantly in-
hibit MDA content, improve superoxide dismutase activity in hyperlipidemic
mice, and effectively scavenge superoxide anion and hydroxyl radicals in vitro.
Chen et al. reported that oral administration of soybean oligosaccharides at 450
mg/kg daily significantly improved CAT, glutathione peroxidase and superox-
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ide dismutase activities in rat serum, reduced thiobarbituric acid reactive sub-
stances, and prevented oxidative stress in tissues and cells. The present results
showed that dietary Zn-POS supplementation significantly improved serum T-
SOD and CAT activities and significantly reduced serum MDA content, which
is consistent with the aforementioned findings.

Conclusions:

1) Dietary supplementation with Zn-POS in 1- to 42-day-old AA broiler diets
can improve growth performance, immune function and serum antioxidant
capacity. The growth-promoting effect of adding 600 mg/kg Zn-POS is
comparable to that of adding 62.5 mg/kg flavomycin.

2) The appropriate supplemental level of Zn-POS in 1- to 42-day-old AA
broiler diets is 600 mg/kg.
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