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Zinc source modulates zootechnical characteristics, intestinal
features, humoral response, and paraoxonase (PON1)
activity in broilers
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Abstract
The current experiment was performed to find the potential effect of inorganic and organic forms of zinc (Zn) on growth,
intestinal histomorphology, immune response, and paraoxonase (PON1) activity in broiler. In this experiment, a total of 450
broiler chickens were assigned to four experimental and control groups. The birds received organic Zn at the rate of 50 mg/kg
(OZ-50) and 60 mg/kg (OZ-60) or inorganic Zn at the rate of 50 mg/kg (IZ-50) and 60 mg/kg (IZ-60) for an experimental period
of 30 days. Significantly (P < 0.05) higher feed consumption, body weight, feed conversion ratio, and production efficiency
factor (PEF) were recorded in OZ-50. Similarly, antibody titer against infectious bronchitis (IB) and PON1 activity was higher
(P < 0.05) in OZ-50 compared with the control group. In addition, significantly (P < 0.05) higher villus dimensions and goblet
cell count were recorded for the group OZ-50 compared with other treatments. It was concluded that the organic form of Zn was
superior in improving the growth, histological features of intestines, humoral response, and PON1 activity in broiler.
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Introduction

Zinc (Zn) is a well-known essential micronutrient required for
a number of biological activities in animals (Khan et al. 2011;
Rahman et al. 2014; Naz et al. 2016; Shah et al. 2019).
Presently, Zn has been recommended at the rate of 40 mg/kg
in the feed (Naz et al. 2016). The bioavailability of Zn is
affected negatively by a number of factors such as high con-
centration of calcium and presence of phytates in the feed

leading to the deficiency of this micronutrient (Jarosz et al.
2017). Zinc is usually added in the poultry feed in the form of
oxides or sulfates. These forms of Zn exhibit low bioavailabil-
ity, irritate the gastrointestinal mucosa, and increase its excre-
tion in the environment leading to the environmental pollution
(Cao et al. 2002).

Generally, inorganic source of Zn is more common in poul-
try feeding system. However, now numerous negative effects
of inorganic Zn such as less absorption, low bioavailability,
and high hydrophobicity as well as oxidation processes have
been reported (Min et al. 2018). Organic sources of Zn have
now been increasingly popular for enhanced poultry produc-
tion mostly in the form of chelates, methionine, or other com-
plexes (Jarosz et al. 2017; Min et al. 2018). Numerous studies
have reported improved findings in the form of higher feed
efficiency and weight gain in broiler-fed organic form of Zn
(Jahanian and Rasouli 2015; Akhavan-Salamat and Ghasemi
2019). There is continuous efforts to find a new form of or-
ganic Zn complexes with better effects. Combination of Zn
with glycine is known for better bioavailability due to the
improved absorption through intestinal villi, which can help
to reduce the glycine (Gly) content in feed and thus the feed
cost (Jarosz et al. 2017).
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The published literature so far did not conclude research
findings on the effect of Zn-Gly chelates and zinc sulfate
(ZnSO4) on growth, immune response, intestinal histology,
and paraoxonase (PON1) activity in broiler. The aim of the
study was to determine the organic and inorganic form of Zn
on the growth performance, intestinal mucosa, humoral im-
munity, and PON1 activity in broiler.

Materials and methods

Experimental animals

The study was conducted on a total of 450 broiler chicks (Ross
308). The birds were kept in a semi-intensive poultry farm in
cages (1 m × 1 m) consisting of 10 birds per cage. In addition,
these cages were equipped with a feeder and drinkers which
were adjusted continuously with the age of the birds. All cages
were kept under the same environmental condition with a
continuous lighting system. During brooding period, the tem-
perature was maintained at 34 °C, which was continuously
dropped down to thermoneutral temperature of 20–22 °C.
The birds were fed a mixture of appropriate feed for each
particular period of rearing ad libitum as shown in Table 1
with unlimited access to water. The birds were divided into
five groups: one was the control and the other four

experimental groups with 90 birds each. The basal diet of
the broilers in the control group was almost similar as recom-
mended for Ross 308 along with mineral-vitamins mixture
with 40 mg/kg Zn. The chickens in the other groups than the
control group received Zn either in the form of inorganic form
(zinc sulfate) at the rate of 50 and 60 mg/kg (IZ-50 and IZ-60)
or organic form (OZ-50 and OZ-60) as Zn-Gly. Birds were
routinely vaccinated against infectious diseases including in-
fectious bronchitis (IB). The experiment was carried out for
35 days including the first week as the adaptation period.
Survival rate was recorded for each group whenever occurred.

Measurements

On day 35, data on feed consumption and gain in body weight
were recorded on a cage basis. These data were used to the
calculate feed conversion ratio (FCR). The production effi-
ciency factor (PEF) was computed by the method described
by Abudabos et al. (2018).

Blood sampling

Blood samples were collected from 1 bird/cage randomly
from the brachial vein into heparinized tubes, centrifuged
(2700×g), and stored at frozen temperature (− 20 °C).

Intestinal sample collection

After bleeding, the birds were killed for sampling of intestines.
The ileum was identified and a small piece was removed and
flushed with cold BPS. Samples were routinely processed and
stained with hematoxylin and eosin (H&E) and observed at ×
10 under the microscope attached with a digital camera for
villus height, villus width, crypt depth, and goblet cells.

Paraoxonase-1 activity (PON1)

The PON1 activity in blood samples was found using a spec-
trophotometer (IRMECO Model U2020) by the method de-
scribed by Safiullah et al. (2019). Briefly, 350 μl of calcium
chloride (2 mmol), Tris-base buffer (0.1 M, pH 8.0), and 3 μl
of paraoxon were mixed and measured at 503 nm after mi-
nutes of incubation.

Humoral immunity

Antibody titer against infectious bronchitis (IB) was deter-
mined as described by Zia ur Rehman et al. (2017).

Statistical analysis

Data was analyzed by a one-way ANOVA (SPSS 21.0 (SPSS
Inc., Chicago, IL) followed by Tukey’s test to find the

Table 1 Nutrient composition of basal diet

Item Starter
(1–14 days)

Grower
(15–22 days)

Finisher
(22–35 days)

Ingredients (%)

Corn 15.0 15.0 19.4

Wheat 41.6 47.7 47.8

Soybean 21.6 14.4 10.0

Canola meal 6.00 6.00 5.00

Vit. premix 0.18 1.73 1.73

Vegetable, fat 1.30 1.70 1.44

Limestone 0.53 0.49 0.49

Salt 0.22 0.19 0.19

Sodium, bicarbonate 0.10 0.15 0.11

DL-methionine 0.15 0.11 0.11

Mon. premix 0.05 0.05 0.05

Nutrient (%)

ME (kcal/kg) 2984 3064 3127

CP (%) 23.7 21.1 19.08

Fat (%) 4.72 5.40 5.82

Fiber (%) 3.62 3.67 3.54

Calcium (%) 0.99 0.9 0.86

Phos (%) 0.70 0.65 0.61

Sodium, (%) 0.18 0.18 0.17

Lysine (%) 1.31 1.15 1.08
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significant difference between treatment means. Significance
was declared at P < 0.05.

Results

The results of feed consumption, body weight, FCR, and PEF
in broiler in the control and treatment groups are shown in
Table 2. The results showed that feed consumption was sig-
nificantly (P < 0.05) higher in the treatment groups in compar-
ison with the control. In addition, feed intake was significantly
(P < 0.05) high in OZ-50 compared with all the other treat-
ments. Similarly, body weight was also significantly
(P < 0.05) higher in OZ-50 showing the efficacy of organic
Zn. Interestingly, the OZ-60 had a lower effect on feed intake
and weight gain in broiler compared with OZ-50. The FCR
was also significantly (P < 0.05) low in OZ-50. On the other
hand, the PEF was significantly (P < 0.05) improved in the
treatment groups compared with the control with no signifi-
cant difference (P > 0.05) in organic and inorganic forms of
Zn.

The effect of the two forms of Zn on survival rate, antibody
titer, and PON1 of broiler is given in Table 3. No significant
difference was found in the survival rate in birds in the control
and treatment groups. Mean antibody titer against IB virus
was significantly (P < 0.05) higher in OZ-50 compared with

all other treatments. Similarly, PON1 was also significantly
(P < 0.05) high in the treatment groups.

The effect of dietary supplementation of Zn in the organic
and inorganic form is given in Table 4. Villus height, width,
depth, and goblet cells were significantly (P < 0.05) high in
OZ-50 compared with the control and all other treatments.

Discussion

In the current study, growth performance in the form of mean
feed intake, weight gain, and feed efficiency were significant-
ly higher in broilers in the treatment groups compared with the
control. It was also clear that the organic form of Zn was also
superior in its effect compared with the inorganic form. In
addition, there was a dose-dependent effect in both types of
Zn. The organic form of Zn is a chelating agent that increases
the absorptive and utilization capacity of feed in the body and
declines excretion of essential nutrients from the body. The
superior effect of organic Zn may be due to the higher bio-
availability of Zn in the blood causing enhanced digestibility
of nutrients (Star et al. 2012). The use of Zn-Gly complex has
a beneficial impact on the growth and immune response
(Jarosz et al. 2017). The higher performance in Zn-treated
birds has also been attributed to the positive effect of Zn on
the digestive enzymes’ secretion (Naz et al. 2016). The organ-
ic form of Zn is more environment friendly and remains in the
gut for a long time resulting in improved performance.

Similarly, in the current experiment, villus dimensions and
goblet cells count in the ileum were significantly affected by
the type of Zn supplementation. The outcome of the organic
form of Zn was superior in comparison with the inorganic Zn
on the histology of ileum. Improved villus dimensions have
already been reported by different groups of researchers in
response to organic and inorganic sources of Zn in broiler
(Payne et al. 2006; Hu et al. 2013; Levkut et al. 2017; Shah
et al. 2019). In the present study, the improved dimensions of
villus may be linked with increased absorptive surface and
higher proliferation of crypt cells of the villus due to the sup-
plementation of Zn. In addition, the number of goblet cells

Table 2 Mean feed intake, body weight, feed conversion ratio, and production efficiency factor in broiler chicks fed with different levels of organic and
inorganic zinc

Groups Feed intake (g) Body weight (g) Feed conversion ratio (g/g) Production efficiency factor

Control 2500.7e ± 0.88 1244.0e ± 3.51 2.01a ± 0.04 170.32b

OZ-50 2755.7a ± 0.88 1619.0a ± 0.57 1.70d ± 0.14 264.56a

OZ-60 2727.3b ± 0.66 1550.7b ± 1.76 1.75c ± 0.06 249.93a

IZ-50 2722.0c ± 3.21 1519.7c ± 5.84 1.79b ± 0.01 236.96a

IZ- 60 2663.0d ± 1.00 1491.2d ± 3.41 1.78b ± 0.01 235.61a

Means in the same column not sharing a common superscript differ significantly (P < 0.05)

OZ-50, OZ-60, organic zinc at the rate of 50 or 60 mg/kg; IZ-50, IZ-60, inorganic zinc at the rate of 50 or 60 mg/kg

Table 3 Mean survival rate, antibody titer, and paraoxonase (PON1) in
broiler chicks fed with different levels of organic and inorganic zinc

Group Survival rate (%) Mean antibody titer PON1 (μ/ml)

Control 96.32 5.32d ± 0.06 9.23c ± 0.01

OZ-50 97.23 6.12a ± 0.12 10.16a ± 0.01

OZ-60 98.78 6.23b ± 0.15 10.13a ± 0.01

IZ-50 97.11 6.11c ± 0.33 10.03a ± 0.01

IZ- 60 98.45 5.48c ± 0.76 10.06a ± 0.01

Means in the same column not sharing a common superscript differ sig-
nificantly (P < 0.05)

OZ-50, OZ-60, organic zinc at the rate of 50 or 60 mg/kg; IZ-50, IZ-60,
inorganic zinc at the rate of 50 or 60 mg/kg
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increased in the experimental groups that could be attributed
to mucin gene regulation, secretion of bioactive factors, and
differentiation and improvement in host immunity (Shah et al.
2019) leading to the higher performance in the Zn-treated
birds.

In the current study, PON1 concentration in the treatment
groups improved irrespective of the nature of supplemental
Zn. Previously improved PON1 activity was reported in broil-
er under the supplementation of different compounds such as
selenium, vitamin E, L-carnitine, ginger, and synthetic γ-
aminobutyric acid (Khan et al. 2014; Chand et al. 2016; Zia
ur Rehman et al. 2017; Safiullah et al. 2019). PON1 is known
as an important antioxidant enzyme and its concentration is
correlated with vitamin C (Khan et al. 2014). Zinc is well
known as an important part of the antioxidant system of the
body in addition to the protective effect of protein, immune
cells, and enzymes through the suppression of free radicals
(Naz et al. 2016). Zinc is also known for the stabilizing role
of lipid peroxidation through neutralizing free radicals. In ad-
dition, Zn is also an important part of superoxide dismutase,
which defends the body against injury of the free radicals
(Rahman et al. 2014) which might have resulted in the higher
blood concentration of PON1.

In the current study, the organic and inorganic forms of Zn
improved the antibody titer against IB. Again, a higher anti-
body titer was observed in OZ-50. Zinc is well known for
activation of antibody production and engulfing foreign bod-
ies (Khan et al. 2011). In the organic form, Zn has also been
known for the improvement of IgA and IgG (Jarosz et al.
2017). Further, Jarosz et al. (2017) reported that Zn-Gly is
involved in the potentiation of the immune system through
the production of inflammatory cytokines and increased ex-
pression of immunoglobulins compared with the inorganic
form of Zn in broiler.

Conclusion

From the findings of the present study, it was concluded that
the organic form of Zn was superior in improving the growth,

histological features of intestines, humoral response, and
PON1 activity in broiler.
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