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1. Introduction
Herbs and parts of different plants have been used as 
medicinal sources for the treatment of different ailments 
since early ages (1). The literature reveals that more than 
64% of people globally use botanical drugs for the treatment 
of different ailments (2) and on average more than 50% 
of synthetic drugs have been isolated from different 
plants or herbs (3). In this regard, cereals are one of the 
major sources of different drugs or chemical substances 
with different pharmacological aspects. Cereals contain 
various bioactive compounds, mainly polysaccharides, 
phenols, terpenoids, glycosides, and alkaloids (4,5). In 
the last few years, a variety of biomolecules, especially 
polysaccharides, have been extracted and used by different 
researchers to demonstrate the biological mechanisms of 
action for their pharmacological activities (6). Among 
cereals, barley (Hordeum vulgare L.) is one of the important 
cereal grains belonging to the grass family Poaceae (7). It 
contains different biological compounds such as vitamin 
E, the B-complex, minerals, and phenolic compounds 
(8). In Pakistan, it is being cultivated on 75,000 ha and 
its annual production is 70,000 t (9). Barley is frequently 

used in human and animal food, for the production of 
certain beverages and fermentable products, and in the 
malt processing industry (10). Arabinoxylans (AXs), 
nonstarch polysaccharides, are important components of 
cereal fibers including barley (11). AXs are mainly present 
in the bran portion of cereals in varying concentrations 
ranging from >4% to <10% (12). AXs are nondigestible 
oligosaccharides, which are protected from the digestive 
effect of the small intestine in humans with complete 
and/or incomplete fermentation in the large intestine 
(13). These carbohydrates help to maintain the normal 
environment of the colon and possibly contribute to 
human health by eliminating the risk of chronic diseases 
(13). Many nondigestible oligosaccharides are considered 
to be prebiotics that improve the health/efficiency of the 
host by stimulating the proliferation and/or activity of one 
or a few favorable bacterial species in the colon (14). It 
has been established that AXs have immunomodulatory 
and protective effects against avian coccidiosis; they also 
increased the daily weight gain in broiler chicks (4). AXs 
enhanced the immune response and downregulated the 
enterotoxigenic Escherichia coli response (15). Barley-
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extracted AXs have strong immunomodulatory effects 
against bowel cancer (16) and enhance the phagocytic 
activity of macrophages. Furthermore, they also have 
positive impacts on leukocyte number and spleen cell 
proliferation (17). Other biological activities of AXs include 
remarkable increases in thymus growth, spleen index, and 
antitussive activity (17,18). Previous studies also revealed 
antioxidant, antitumor, and prebiotic properties of AXs 
(17,19).

The poultry industry in Pakistan still lacks proper 
concern regarding different infectious ailments and 
coccidiosis is one of the major concerns. Previously, 
studies have been conducted on different formulations of 
herbs and plants for a good remedy or therapy to control 
this difficult disease. Although different plants have been 
studied on the basis of their immunomodulatory effects 
against coccidiosis, no such work has been conducted on 
barley-derived AX polysaccharides. Keeping in view the 
diverse activity of AXs from different sources, this study 
was conducted to investigate the biological response 
modification (BRM) and immunotherapeutic (IT) 
activities of barley-derived AXs against coccidiosis in 
chicken. 

2. Materials and methods 
2.1. Procurement and pretreatment of barley bran
Barley (Hordeum vulgare L.) grains were procured from 
a local market in Faisalabad, Pakistan, and processed to 
obtain destarched bran following the method of Akhtar 
et al. (4). The bran thus obtained was stored at 4 °C until 
further use. 
2.2. Extraction of AXs  
Polysaccharide from the destarched bran was extracted 
following the method of Zhou et al. (20) with minor 
modifications. Briefly, dried barley bran powder (100 g) 
was mixed with 1.5 L of 0.15 N NaOH and 0.5% H2O2 
(v/v) for 90 min at 80 °C. The mixture was cooled to room 
temperature (26 °C) and centrifuged (314 × g for 30 min). 
The supernatant thus collected was neutralized with 0.2 
N HCl (pH 4.5) followed by centrifugation (314 × g for 
30 min) to concentrate up to one-fourth of the actual 
volume under decreased pressure. The concentrate was 
precipitated with the help of ethanol (65%), preceded by 
centrifugation (314 × g for 30 min at 4 °C). The sediment 
was dissolved in water and centrifuged (314 × g for 30 min 
at 4 °C). The supernatant was again precipitated by ethanol 
(65%) and the same procedure was repeated. The fractions 
thus obtained as sediments were used as the alkaline 
extract of polysaccharides and freeze-dried until further 
use.
2.3. Infective material
Sporulated oocysts of mixed Eimeria species, E. tenella, 
E. acervulina, and E. necatrix, maintained in the 

Immunoparasitology Laboratory of the University of 
Agriculture, Faisalabad (UAF), Pakistan, were used for the 
challenge experiment in this study. The infective dose was 
adjusted to 6.5–7.0 × 104 sporulated oocysts per 5 mL of 
phosphate-buffered saline.
2.4. Experimental design
A total of 200 one-day-old broiler chicks (Hubbard strain) 
were purchased from a local hatchery and raised in a 
coccidia-free environment at the Animal House of the 
Faculty of Veterinary Science, UAF. All the chickens were 
fed anticoccidial-free feed and water ad libitum. Chickens 
of all groups were vaccinated against endemic infection 
according to the local vaccination schedule. During the 
experimental trial, all procedures were performed in 
accordance with the guidelines of the Institutional Animal 
Care and Use Committee of UAF.

At 7 days of age, chickens were randomly divided into 
four equal groups, A1, A2, A3, and A4 (n = 50 in each group), 
and administered barley AXs for 3 consecutive days (i.e. at 
7, 8, and 9 days of age) as follows: 

Group A1 = Barley AXs @ 100 mg/kg of body weight 
(BW)

Group A2 = Barley AXs @ 200 mg/kg of BW
Group A3 = Barley AXs @ 300 mg/kg of BW
Group A4 = Negative control with no treatment

2.5. Evaluation of BRM activities of barley AXs
On day 14 following AX administration, 30 chickens of 
each group were used for immunological evaluation and 
the remaining 20 birds were used for a therapeutic trial. 
Lymphoproliferative response to phytohemagglutinin-P 
(PHA-P) and concanavalin-A (Con-A) and antibody 
response to sheep red blood cells (SRBCs) were used to 
detect the cell-mediated and humoral immune responses, 
respectively.

Classic toe-web assay was used to quantify the in vivo 
lymphoblastogenic response as described by Corrier (21), 
whereas in vitro response was determined according to the 
methodology described by Qureshi et al. (22).

Anti-SRBC antibody titers were detected using 
a microplate hemagglutination test (23) with minor 
modifications (24).
2.6. Weekly weight gains and feed conversion ratios 
(FCRs)
Chickens from all groups were weighed individually every 
week after the administration of AXs. Feed given to each 
group was also recorded on a weekly basis and the data 
thus obtained were used to calculate the FCRs using the 
following formula:  

FCR = Feed consumption (g) / body weight gain (g)
2.7. Immunotherapeutic evaluation
Twenty chickens from each group were infected with 6.5–
7.0 × 104 sporulated oocysts of mixed species of the genus 
Eimeria (local isolates E. tenella, E. acervulina, and E. 
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necatrix) on day 14 following AX administration. Chickens 
of all groups were monitored for body weight gain per day 
and oocyst counts using the McMaster counting technique 
(25) from day 3 to 12 following the challenge with Eimeria 
species. During the challenge experiment, chickens of each 
group were also monitored for mortality. Dead chickens 
were scored for lesion scoring and surviving chickens 
in all groups were also slaughtered and scored (26). The 
percentage of protection against lesions was determined 
using the following formula:

Percent protection against lesions = Average lesion 
score (IUG) – average lesion score (IMG) / average lesion 
score (IUG) × 100

Here, IUG = infected untreated group and IMG = 
infected medicated group.  

Chickens of each group were separately weighed and 
slaughtered on day 12 following the challenge. Lymphoid 
organs like the bursa of Fabricius, thymus, spleen, and 
cecal tonsils were excised and weighed. The data were 
presented as percent organ to body weight ratios.
2.8. Statistical analysis
Data thus collected were statistically analyzed through 
one-way ANOVA and Duncan’s multiple range tests using 
statistical analysis software (27). The difference in mean 
values of different groups was considered significant at P 
< 0.05. 

3. Results
3.1. Evaluation of BRM activity
3.1.1. In vivo lymphoproliferative response to PHA-P
The maximum lymphoproliferative response in terms 
of toe-web swelling was recorded at 24 h after injection 
of PHA-P both in AX-administered and control groups, 

followed by those recorded at 48 and 72 h after injection. 
At 24 h, a significantly higher response (P < 0.05) was 
detected in experimental chickens administered barley 
AXs at dose rates of 200 and 300 mg/kg of BW when 
compared with the control group. At 48 h, irrespective 
of the dose, all experimental groups revealed statistically 
higher responses (P < 0.05) as compared to the control, 
whereas, at 72 h only the chickens administered with AXs 
at a dose rate of 300 mg/kg of BW showed statistically 
higher responses (P < 0.05) as compared to the control 
group (Figure 1a).      
3.1.2. In vitro lymphoproliferative response to Con-A
At day 7 after the administration of barley AXs, 
lymphoproliferative response to Con-A was significantly 
higher (P < 0.05) in group A3 (0.81 ± 0.01), followed by 
group A2 (0.72 ± 0.00), A1 (0.41 ± 0.11), and A4 (0.24 ± 
0.04), respectively. A similar response was detected on day 
14 after the administration of barley AXs (Figure 1b).
3.1.3. Antibody response to SRBCs
At day 7 post primary injection (PPI) of SRBCs, total anti-
SRBCs titers (geomean titers) were higher in chickens 
administered barley AXs in graded doses when compared 
with the control group; however, a difference was also 
observed among the experimental groups administered 
graded doses of barley AXs. A similar response was 
detected on day 14 PPI of SRBCs. Moreover, results 
showed similar patterns of total anti-SRBC antibody titers 
on days 7 and 14 post secondary injection (PSI) of SRBCs 
like those on days 7 and 14 PPI of SRBCs. On the whole, 
the highest total antibody titers were detected in chickens 
of group A2 administered barley AXs at a dose rate of 
200 mg/kg BW (Table 1). A similar pattern of results was 
recorded for IgM anti-SRBC antibody titers (Table 1). 
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Figure 1a. In vivo lymphoproliferative response to phytohemagglutinin-P in 
experimental and control chickens.
Bars not sharing similar letters in the same time intervals differ significantly (P < 0.05).
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of 
BW; A3 = barley-derived AXs @ 300 mg/kg of BW; A4 = control.
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On day 7 PPI of SRBCs, the IgG anti-SRBCs antibody 
titer was highest in group A3 administered barley AXs 
(300 mg/kg BW), followed by those of groups A2 and A1, 
respectively. On days 14 PPI, 7 PSI, and 14 PSI of SRBCs, 

the patterns of IgG titers in the experimental and control 
groups were similar to those obtained for total anti-SRBC 
antibodies titers on the corresponding days (Table 1). 
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Figure 1b. In vitro lymphoproliferative response to concanavalin-A in experimental 
and control chickens.
Bars not sharing similar letters in the same time intervals differ significantly (P < 0.05).
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of 
BW; A3 = barley-derived AXs @ 300 mg/kg of BW; A4 = control.

Table 1. Antibody titers to sheep red blood cells in experimental and control chickens.

Total anti-SRBC antibody titers

Group Day 7 PPI Day 14 PPI Day 7 PSI Day 14 PSI

A1 36.76 27.86 48.50 32.00

A2 55.72 42.22 64.00 48.50

A3 42.22 36.76 55.72 42.22

A4 21.11 18.38 27.86 12.13

Immunoglobulin-M

A1 24.63 9.48 20.65 11.74

A2 34.6 17.97 27.24 11.74

A3 23.85 15.64 23.72 10.22

A4 11.92 4.45 9.48 2.94

Immunoglobulin-G

A1 12.13 18.38 27.86 27.85

A2 12.11 24.25 36.76 36.76

A3 18.38 21.11 32.00 32.00

A4 9.19 13.93 18.38 9.18

PPI = Post primary injection; PSI= post secondary injection.
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of BW; A3 = barley-derived AXs 
@ 300 mg/kg of BW; A4 = control.
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3.2. Effect on weekly body weight gains 
The effect of barley AXs on live body weight gains 
was recorded on a weekly basis from week 1 to week 5 
following the administration of barley AXs. The results 
showed significantly higher (P < 0.05) weight gains in 
chickens administered barley AXs as compared to those 
of the control group, whereas among the AX-administered 
groups, significantly higher (P < 0.05) response was 
detected in chickens of group A2 when compared with 
those of groups A1 and A3 (Table 2).
3.3. Feed conversion ratios
FCR was measured on a weekly basis in all groups from 
week 1 to week 5 following the administration of AXs. 
All AX-administered groups showed improved FCRs as 
compared to controls. On the whole, the most improved 
weekly FCRs were detected in chickens of group A1 (2.07), 
followed by those of group A2 (2.08), group A3 (2.11), and 
the control group (2.20).

3.4. Challenge experiment
3.4.1. Oocyst count
Results revealed significantly lower (P < 0.05) oocyst counts 
in experimental groups administered AXs as compared 
to controls. On the other hand, among the experimental 
groups, chickens of group A2 (200 mg/kg BW) showed the 
lowest counts, followed by those of groups A1 (100 mg/kg 
BW) and A3 (300 mg/kg BW), respectively; the difference 
among experimental groups was statistically significant (P 
< 0.05) (Table 3).
3.4.2. Percent protection
The highest protection (65%) was recorded in chickens 
of group A3 (300 mg/kg BW), followed by those of 
group A2 (60%), group A1 (55%), and the control group 
(35%). Chi-square analysis revealed a significantly higher 
protection rate (P < 0.05) in all AX-administered groups 
compared to the control, whereas the difference among 
AX-administered groups was statistically similar. In 

Table 2. Weekly weight gains in chickens from week 1 to week 5 after administration of arabinoxylans in 
experimental and control chickens.

Week
Groups

A1 A2 A3 A4

1 395 ± 26.6b 410 ± 4.56a 405 ± 5.92a 394 ± 4.56b

2 596 ± 16.7b 589 ± 6.52b 610 ± 5.15a 575 ± 11.2c

3 980 ± 8.22b 1005 ± 8.08a 964 ± 8.72c 910 ± 8.54d

4 1450 ± 9.7c 1530 ± 9.82a 1480 ± 7.42b 1370 ± 2.4d

5 1885 ± 5.7b 1930 ± 3.24a 1830 ± 9.11c 1650 ± 12.3d

Means sharing similar letters in a row are statistically nonsignificant (P > 0.05).
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of BW; A3 = barley-derived 
AXs @ 300 mg/kg of BW; A4 = control.

Table 3. Oocysts per gram of droppings after challenge in experimental and control chickens.

Days after challenge
Groups

A1 A2 A3 A4

4 17,338 ± 45.18b 1261 ± 15.53d 1410 ± 15c 35,643 ± 174.69a

5 21,831 ± 39.95b 2972 ± 25.42d 3699 ± 11c 51,459 ± 178.84a

7 191,755 ± 205.9b 7100 ± 112.58d 11,994 ± 216c 205,203 ± 719.03a

9 221,606 ± 171.85b 24,491 ± 232.77d 41,559 ± 317.08c 316,010 ± 280.15a

11 312,691 ± 184.37b 22,167 ± 159.9d 18,281 ± 157.8c 352,602 ± 530.45a

12 305,752 ± 97.2b 13,315.67 ± 343.22d 14,104 ± 176.01c 345,407 ± 238.7a

Means sharing similar letters in a row are statistically nonsignificant (P > 0.05).
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of BW; A3 = barley-derived AXs 
@ 300 mg/kg of BW; A4 = control.
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general, it was observed that chickens maintained on AXs 
were relatively active with better feed and water intake as 
compared to the control group, in which chickens were 
lethargic with ruffled feathers and with less water and feed 
intake. Among postmortem findings, severe hemorrhagic 
lesions were found in the intestines of the birds of the 
control group while birds of AX-administered groups 
showed less severe lesions.
3.4.3. Lesion scoring
Both dead and surviving (sacrificed) chickens in all 
groups were scored for lesions on the intestines and ceca. 
The chickens were observed for lesion scoring on a scale 
of 0 to 4 on the basis of severity of lesions. Lower cecal 
lesion scores were recorded in groups administered with 
AXs when compared with the control group. The score 
of severe cecal lesions (3–4) was maximum (75%) in the 
control group, whereas in experimental groups the score 
for severe lesions ranged from 30% to 60%. The lowest 
score for severe cecal lesions was seen in group A3 (AXs 
at a dose rate of 300 mg/kg BW). Similar to the cecal 
lesions, the score of severe intestinal lesions was also 
found maximum (80%) in the controls. Minimum severe 
intestinal lesions (3–4) were recorded in group A3 (25%), 
followed by groups A2 (35%) and A1 (55%), respectively. 
Percentage protections against intestinal and cecal lesions 
are shown in Figure 2.
3.4.4. Daily weight gains after challenge
The effect of barley AXs on daily weight gain of chickens 
was recorded from day 3 to day 12 following challenge 
with mixed species of Eimeria and results are expressed as 
grams (±SE) (Table 4). The chickens of AX-administered 
groups showed significantly higher (P < 0.05) weight gains 
when compared to controls. Among the AX-administered 
groups, those administered with AXs at a dose rate of 200 
mg/kg of body weight showed the highest daily weight 

gains followed by groups A2 and A3, respectively, and the 
difference was statistically significant (P < 0.05).

4. Discussion
Barley is one of the major cereal crops being cultivated 
throughout the world (9). It is mainly used for malting, 
beverages, and human and animal foods (7). It is mainly 
composed of starch (49.4%–66.2%), dietary fiber (13.6%–
27.5%), and crude protein (9.3%–21.9%) (28). Dietary 
fiber contains variable amounts of polysaccharides like 
AXs and β-glucans. The AXs, nonstarch polysaccharides, 
are the primary components of the cell wall of different 
cereals including oat, barley, rice, rye, and wheat (29,30) 
and in barley bran their concentration is 4%–11% 
(12,28). Pharmacological activities of cereal-derived 
polysaccharides, especially AXs, decreased the glucose 
level in diabetes patients and increased fecal output (31). 
AXs also have prebiotic effects on the gastrointestinal tract 
by stimulating intestinal bacteria, which have beneficial 
effects on health (32,33). Immunomodulatory activities 
of AXs, either by enhancing the activity of natural killer 
cells (34) or reducing inflammation and pain, were also 
reported previously (18,35). Results of the present study 
revealed higher cellular immune responses in chickens 
administered barley-derived AXs as compared to those 
of the control group. The higher level of cellular immune 
responses in chickens administered a graded dose of 
AXs might be attributed to the enhanced effects on 
the phagocytic activity of macrophages that may cause 
increase in the thickness of the toe-web due to T-cell 
mitogens (36,37). Toe-web swelling in response to PHA-P 
in chickens due to enhanced delayed-type hypersensitivity 
suggested that the magnitude of immune response might 
be dependent on the function and number of lymphocytes 
(38,39). Therefore, it can be speculated that an increase in 
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Figure 2. Percent protection against cecal and intestinal lesions following challenge in 
experimental and control groups.
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of 
BW; A3 = barley-derived AXs @ 300 mg/kg of BW; A4 = control. 
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the number and activity of lymphocytes in the lymphoid 
tissue may be responsible for the development of the 
improved immune response (40,41). 

The birds administered barley AXs showed higher in 
vitro lymphoblastogenic response when compared with 
the control group. This higher response might be due to 
the fact that T-cells containing mitogen receptors undergo 
cell division upon coming into contact with Con-A (22). 
Furthermore, it could also be speculated that Con-A 
stimulated the peripheral blood leukocytes, which produced 
IL-1 by monocytes in the peripheral blood leukocyte 
fraction, which stimulated the propagation of lymphocytes 
(42). The higher humoral immune responses in barley AX-
administered chickens might be due to stimulatory effects 
of polysaccharides on the classical complement pathway in 
serum by their interaction with antibodies (43,44). Results 
of the present study are consistent with previous findings 
of similar studies that oral administration of sugars 
resulted in higher antibody titers to SRBCs in chickens 
artificially inoculated with Eimeria, elevated antibody 
response to SRBCs in immunocompromised chickens, 
increased serum antibody responses against SRBCs and 
Brucella abortus, and increased number of plasma cells in 
PBLs, enteric leukocytes, and splenocytes (4,36,37,39,45). 
Results of this study showed higher body weight gains 
and improved FCRs in chickens administered graded 
doses of barley AXs as compared to those of the control 
group. The improved body weight gains and FCRs in AX-

administered birds might be correlated with the ability 
of AXs to reduce the environmental stress and infectious 
insults by immunostimulation (37). 

In the coccidiosis disease model, weight gain and 
oocyst count are two important parameters to detect the 
severity of the disease (4,39,46). In this study, increased 
weight gain and lower oocyst counts were recorded in 
AX-administered chickens, which indicated the resistance 
against Eimeria infection, although the direct relationship 
was not measured in the current study. Immune-enhancing 
effects of various native foods and herbal preparations on 
hosts against microbes and tumors have been reported 
to have a direct correlation with their ability to induce 
lymphocyte proliferation (47,48). In the case of coccidiosis, 
some medicinal foods and probiotic extracts have been 
reported as protective agents against various bacterial 
and parasitic infections by accelerating the cellular and 
humoral immunity against Eimeria (39,45,49). In this 
challenge experiment, a higher protection rate was detected 
in AX-administered groups as compared to controls. It 
has been reported that polysaccharides potentiate the 
complement system and antibodies to stop or minimize 
parasitic infestation, especially Eimeria, in chickens 
(43,44). Cereal-derived AXs have also shown some effects 
of protection by interacting with local immune responses 
(4,39), which might be responsible for activation of 
specific immunity against coccidiosis (45), thus ultimately 
resulting in lower oocyst counts. Furthermore, chickens 

Table 4. Daily weight gains from day 3 to day 12 after challenge in experimental and control chickens.

Days after challenge
Groups

A1 A2 A3 A4

2 33 ± 1.0ab 35.3 ± 1.53a 31.67 ± 1.53b 26 ± 1.00c

3 32.67 ± 1.53b 38.67 ± 1.53a 33.00 ± 2.00b 26.67 ± 2.08c

4 34.33 ± 1.53b 35.33 ± 1.16a 31.67 ± 1.53b 24.33 ± 1.16c

5 28.33 ± 1.53c 32.67 ± 1.53a 30.67 ± 2.08b 22.33 ± 1.53c

6 25.33 ± 1.53c 32.67 ± 1.53a 29.33 ± 2.08b 21.33 ± 1.53d

7 25.67 ± 1.53b 30.33 ± 1.53a 28.67 ± 1.53b 22.3 ± 1.16d

8 26.67 ± 2.52b 31.67 ± 2.08a 27.67 ± 1.53b 21.33 ± 1.53c

9 23.67 ± 2.52b 28.33 ± 0.58a 29.33 ± 1.5a 22.00 ± 1.00b

10 25.00 ± 3.0a 30.67 ± 2.08a 30.00 ± 1.00a 23.00 ± 1.00b

11 31.33 ± 2.52a 32.00 ± 2.00a 30.33 ± 1.53a 25.33 ± 0.58b

12 34.67 ± 2.08a 35.67 ± 0.58a 31.33 ± 0.58c 27.33 ± 2.08c

Means sharing similar letters in a row are statistically nonsignificant (P > 0.05). 
A1 = Barley-derived AXs @ 100 mg/kg of BW; A2 = barley-derived AXs @ 200 mg/kg of BW; A3 = barley-derived AXs 
@ 300 mg/kg of BW; A4 = control.
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of the AX-administered groups were relatively active with 
higher weight gains as compared to the control group. 
Lower weight gains in control groups might be attributed 
to homeostasis imbalance in the gastrointestinal tract 
(50) leading to less feed intake, slower metabolism, and 
eventually lower weight gains (51–53). Furthermore, 
lower body weights might also be due to inflammation and 
maximum energy utilization against coccidial invasion 
and hence poor weight gains (39,54). On the other hand, 
higher body weight gains in AX-administered chickens 
might be correlated with the activity of AXs to stimulate 
the monocytes, natural killer cells, and neutrophils that 
release cytokines and enhance the leukocyte activity, thus 
efficiently improving the mechanism of host recovery 
(31). Previous studies also revealed the activity of 
polysaccharides to activate macrophages against different 

microorganisms and thus enhance protection against their 
pathogenic effects (55). 

In conclusion, barley-derived AXs showed 
immunostimulatory and growth-promoting effects in 
broiler chickens and subsequently provided protection 
against Eimeria infection. Further studies are required 
for the elucidation of the exact mechanism(s) of action 
involved in such immunostimulatory activities. In the 
future, it would definitely help to investigate the possibility 
of the use of barley-derived AXs as effective nutraceuticals 
in the poultry industry.

Acknowledgment
The Pakistan Science Foundation, Govt. of Pakistan, 
Islamabad, is acknowledged for providing funds for this 
study [Grant No. PSF/NSLP/P-AU(185)].

References

1. Philipson JD. Phytochemistry and medicinal plants. 
Phytochemistry 2001; 56: 237-243.

2. Farnsworth NR. The role of ethnopharmacology in drug 
development, bioactive compounds from plants. Ciba 
Foundation Symposium 1990; 154: 2-11.

3. NewsRx. First IND submitted with FDA for an herbal 
pharmaceutical. AIDS Weekly Plus 1988; 8: 18.

4. Akhtar M, Tariq AF, Awais MM, Iqbal Z, Muhammad F, 
Shahid M, Hiszczynska-Sawicka E. Studies on wheat bran 
arabinoxylans for its immunostimulatory and protective effects 
against avian coccidiosis. Carbohydr Polym 2012; 90: 333-339.

5. Paulsen BS. Biologically active polysaccharides as possible lead 
compounds. Phytochemistry 2002; 1: 379-387.

6. Neyrinck AM, Possemiers S, Druart C, Wiele TV, Backer FD, 
Cani PD, Larondelle Y, Delzenne NM. Prebiotic effects of 
wheat arabinoxylan related to the increase in Bifidobacteria, 
Roseburia and Bacteroides/Prevotella in diet induced obese 
mice fed a high fat diet. Int Immunopharmacol 2011; 8: 1423-
1432.

7. Bothmer RV. The wild species of Hordeum: relationships 
and potential use for improvement of cultivated barley. In: 
Shewry PR, editor. Barley: Genetics, Biochemistry, Molecular 
Biology and Biotechnology. 1st ed. Wallingford, UK: CAB 
International; 1992. pp. 3-18.

8. Izydorczyk MS, Dexter JE. Barley β-glucans and arabinoxylans: 
molecular structure, physicochemical properties, and uses in 
food products. J Food Res Int 2008; 41: 850-868. 

9. Government of Pakistan. Economic Survey of Pakistan. 
Islamabad, Pakistan: Ministry of Finance, Government of 
Pakistan; 2016.

10. Baik BK, Ulrich SE. Barley for food: characteristics, 
improvement, and renewed interest. A review. J Cereal Sci 
2008; 48: 233-242.

11. Antoine C, Peyron S, Mabille F, Lapierre C, Bouchet B, 
Abecassis J, Rouau X. Individual contribution of grain outer 
layers and their cell wall structure to the mechanical properties 
of wheat bran. J Agric Food Chem 2003; 51: 2026-2033.

12. Egi A, Speers RA, Schwarz PB. Arabinoxylans and their 
behaviour during malting and brewing. Tech Quart Master 
Brew Assoc Amer 2004; 41: 248-267.

13. Grootaert C, Delcour JA, Courtin CM, Broekert WF, Verstraete 
W, Wiele TV. Microbial metabolism and prebiotic potency of 
arabinoxylans oligosaccharides in the human intestine. Food 
Sci Technol 2007; 18: 64-71.

14. Gibson GR, Beatty ER, Wang X, Cummings JH. Selective 
stimulation of bifidobacteria in the human colon by 
oligofructose and inulin. Gastroenterology 1995; 108: 975-982.

15. Niewold TA, Schroyen M, Geens MM, Verhelst RSB, Courtin 
CM. Dietary inclusion of arabinoxylans oligosaccharides 
(AXOS) down regulates mucosal responses to a bacterial 
challenge in a piglet model. J Funct Foods 2012; 4: 626-635.

16. Samuelsen AB, Rieder A, Grimmer S, Michaelsen TE, Knutsen 
SH. Immunomodulatory activity of dietary fiber: arabinoxylans 
and mixed-linked beta-glucan isolated from barley show 
modest activities in vitro. Int J Mol Sci 2011; 12: 570-587.

17. Cao L, Liu X, Qian T, Sun G, Guo Y, Chang F, Zhou S, Sun X. 
Antitumor and immunomodulatory activity of arabinoxylans: 
a major constituent of wheat bran. Int J Biol Macromol 2011; 
48: 160-164.

18. Prisenznakova L, Nosalova G, Hromadkova Z, Ebringerova A. 
The pharmacological activity of wheat bran polysaccharides. 
Fitoterapia 2010; 81: 1037-1044.

19. Noaman E, El-Din NKB, Bibars MA, Abou-Mossallam AA, 
Ghoneum M. Antioxidant potential by arabinoxylans rice bran, 
MGN-3/biobran, represents a mechanism for its oncostatic 
effect against murine solid Ehrlich carcinoma. Cancer Lett 
2008; 268: 348-359.

http://dx.doi.org/10.1016/S0031-9422(00)00456-8
http://dx.doi.org/10.1016/S0031-9422(00)00456-8
http://dx.doi.org/10.1016/j.carbpol.2012.05.048
http://dx.doi.org/10.1016/j.carbpol.2012.05.048
http://dx.doi.org/10.1016/j.carbpol.2012.05.048
http://dx.doi.org/10.1016/j.carbpol.2012.05.048
http://dx.doi.org/10.1023/A:1026020404143
http://dx.doi.org/10.1023/A:1026020404143
http://dx.doi.org/10.1016/j.intimp.2008.05.015
http://dx.doi.org/10.1016/j.intimp.2008.05.015
http://dx.doi.org/10.1016/j.intimp.2008.05.015
http://dx.doi.org/10.1016/j.intimp.2008.05.015
http://dx.doi.org/10.1016/j.intimp.2008.05.015
http://dx.doi.org/10.1016/j.intimp.2008.05.015
http://dx.doi.org/10.1016/j.foodres.2008.04.001
http://dx.doi.org/10.1016/j.foodres.2008.04.001
http://dx.doi.org/10.1016/j.foodres.2008.04.001
http://dx.doi.org/10.1016/j.jcs.2008.02.002
http://dx.doi.org/10.1016/j.jcs.2008.02.002
http://dx.doi.org/10.1016/j.jcs.2008.02.002
http://dx.doi.org/10.1021/jf0261598
http://dx.doi.org/10.1021/jf0261598
http://dx.doi.org/10.1021/jf0261598
http://dx.doi.org/10.1021/jf0261598
http://dx.doi.org/10.1016/j.tifs.2006.08.004
http://dx.doi.org/10.1016/j.tifs.2006.08.004
http://dx.doi.org/10.1016/j.tifs.2006.08.004
http://dx.doi.org/10.1016/j.tifs.2006.08.004
http://dx.doi.org/10.1016/0016-5085(95)90192-2
http://dx.doi.org/10.1016/0016-5085(95)90192-2
http://dx.doi.org/10.1016/0016-5085(95)90192-2
http://dx.doi.org/10.1016/j.jff.2012.04.002
http://dx.doi.org/10.1016/j.jff.2012.04.002
http://dx.doi.org/10.1016/j.jff.2012.04.002
http://dx.doi.org/10.1016/j.jff.2012.04.002
http://dx.doi.org/10.3390/ijms12010570
http://dx.doi.org/10.3390/ijms12010570
http://dx.doi.org/10.3390/ijms12010570
http://dx.doi.org/10.3390/ijms12010570
http://dx.doi.org/10.1016/j.ijbiomac.2010.10.014
http://dx.doi.org/10.1016/j.ijbiomac.2010.10.014
http://dx.doi.org/10.1016/j.ijbiomac.2010.10.014
http://dx.doi.org/10.1016/j.ijbiomac.2010.10.014
http://dx.doi.org/10.1016/j.fitote.2010.06.027
http://dx.doi.org/10.1016/j.fitote.2010.06.027
http://dx.doi.org/10.1016/j.fitote.2010.06.027
http://dx.doi.org/10.1016/j.canlet.2008.04.012
http://dx.doi.org/10.1016/j.canlet.2008.04.012
http://dx.doi.org/10.1016/j.canlet.2008.04.012
http://dx.doi.org/10.1016/j.canlet.2008.04.012
http://dx.doi.org/10.1016/j.canlet.2008.04.012


63

AKHTAR et al. / Turk J Vet Anim Sci

20. Zhou S, Liu X, Guo Y, Wang Q, Peng D, Cao L. Comparison of 
the immunological activities of arabinoxylans from wheat bran 
with alkali and xylanase-aided extraction. Carbohydr Polym 
2010; 81: 784-789.

21. Corrier DE. Comparison of phytohemagglutinin-induced 
cutaneous hypersensitivity reactions in the interdigital skin of 
broiler and layer chicks. Avian Dis 1990; 34: 369-373.

22. Qureshi MA, Yu M, Saif YM. A novel “small round virus” 
inducing poult enteritis and mortality syndrome and associated 
immune alterations. Avian Dis 2000; 44: 275-283.

23. Yamamoto Y, Glick B. A comparison of the immune response 
between two lines of chickens selected for differences in the 
weight of the bursa of Fabricius. Poultry Sci 1982; 61: 2129-
2132.

24. Qureshi MA, Havenstein GB. A comparison of the immune 
performance of a 1991 commercial broiler with a 1957 random 
bred strain when fed “typical” 1957 and 1991 broiler diets. 
Poultry Sci 1994; 73: 1805-1812.

25. Ryley JF, Meade R, Ifazulburst J, Robinson TE. Methods 
in coccidiosis research: separation of oocyst from faeces. 
Parasitology 1976; 73: 311-326.

26. Johnson J, Reid WM. Anticoccidial drugs: lesion scoring 
techniques in battery and floor pen experiments with chickens. 
Exp Parasitol 1970; 28: 30-36.

27. SAS Institute. Statistical Analysis Software, Version 9.1. Cary, 
NC, USA: SAS Institute; 2004.

28. Oscarsson M, Andersson V, Salomonsson AC, Aman P. 
Chemical composition of barley samples focusing on dietary 
fibre components. J Cereal Sci 1996; 24: 161-170.

29. Ogawa K, Takeuchi M, Nakamura N. Immunological effects 
of partially hydrolyzed arabinoxylan from corn husk in mice. 
Biosci Biotechnol Biochem 2005; 69: 19-25.

30. Ebringerova A, Hromadkova Z, Heinze TH. Hemicellulose. 
Adv Polym Sci 2005; 128: 1-68.

31. Lu ZX, Walker KZ, Muir JG, O’Dea K. Arabinoxylan fiber 
improves metabolic control in people with type II diabetes. 
European J Clin Nutr 2004; 58: 621-628.

32. Broekaert WF, Courtin CM, Verbeke K, Wiele TV, Verstraete 
W, Delcour JA. Prebiotic and other health related effects of 
cereal derived arabinoxylans, arabinoxylan-oligosaccharides 
and xylooligosaccharides. Food Sci Nutr 2011; 51: 178-194.

33. Vardakou M, Palop CN, Christakopoulos P, Faulds CB, Gasson 
MA, Narbad A. Evaluation of the prebiotic properties of wheat 
arabinoxylans fractions and induction of hydrolase activity in 
gut microflora. Int J Food Microbiol 2008; 123: 166-170.

34. Kelly-Quagliana KA, Nelson PD, Buddington RK. Dietary 
oligofructose and inulin modulate immune functions in mice. 
Nutr Res 2003; 23: 257-267.

35. Hoentjen F, Welling GW, Harmsen HJ, Zhang X, Snart J, 
Tannock GW, Lien K, Churchill TA, Lupicki M, Dieleman LA. 
Reduction of colitis by prebiotics in HLA-B27 transgenic rats 
is associated with microflora changes and immunomodulation. 
Inflamm Bowel Dis 2005; 11: 977-985. 

36. Khaliq K, Akhtar M, Awais MM, Anwar MI. Evaluation of 
immunotherapeutic effects of Aloe vera polysaccharides 
against coccidiosis in chicken. Kafkas Univ Vet Fak 2017; 23: 
895-901.

37. Rizwan HM, Akhtar M, Iqbal Z, Awais MM, Anwar MI. 
Evaluation of Avena sativa derived arabinoxylans as native 
biological response modifiers in broilers. Int J Agric Biol 2017; 
19: 834-840. 

38. Akhtar M, Hafeez MA, Muhammad F, Haq AU, Anwar MI. 
Immunomodulatory and protective effects of sugar cane juice 
in chickens against Eimeria infection. Turk J Vet Anim Sci 
2008; 32: 463-467.

39. Awais MM, Akhtar M, Muhammad F, Haq AU, Anwar MI. 
Immunotherapeutic effects of some sugarcane (Saccharum 
officinarum L.) extracts against coccidiosis in industrial broiler 
chickens. Exp Parasitol 2011; 128: 104-110.

40. Kundu A, Singh DP, Mohapatra SC, Dash BB, Moudgal RP, 
Bisht GS. Antibody response to sheep erythrocytes in Indian 
native vis-à-vis imported breeds of chickens. Brit Poultry Sci 
1999; 40: 40-43.

41. Wang J, Sun B, Cao Y, Song H, Tian Y. Inhibitory effect of wheat 
bran feurloyl oligosaccharides on oxidative DNA damage in 
human lymphocytes. Food Chem 2008; 109: 129-136. 

42. Abbas AK, Lichtman AH, Pober JS. Cellular and Molecular 
Immunology. Philadelphia, PA, USA: WB Saunders; 1991.

43. Li X, Vogt W. Activation of the classical complement pathway 
by a polysaccharide from sugar cane. Immunopharmacology 
1982; 5: 31-38.

44. Li XY, Nolte R, W Vogt W. Natural antibodies against a 
polysaccharide (Bo) from sugar cane mediate its complement 
activating effect. Immunobiology 1983; 164: 110-117.

45. Awais MM, Akhtar M, Iqbal Z, Muhammad F. Saccharum 
officinarum derived mid molecular mass glycoproteins as 
native BRMs in chickens. Pakistan Journal of Life and Social 
Sciences 2013; 11: 200-207.

46. Conway DP, McKenzie ME. Poultry Coccidiosis: Diagnostic 
and Testing Procedures. 3rd ed. Ames, IA, USA: Wiley-
Blackwell; 2008.

47. Gabriel I, Mallet S, Leconte M, Fort G, Naciri M. Effects of 
whole wheat feeding on the development of coccidial infection 
in broiler chickens until market-age. Anim Feed Sci Technol 
2006; 129: 279-303.

48. Kim MJ, Kim HN, Kang KS, Baek NI, Kim DK, Kim YS. 
Methanol extract of Dioscoreae rhizoma inhibits pro-
inflammatory cytokines and mediators in the synoviocytes of 
rheumatoid arthritis. Int Immunopharmacol 2004; 4: 1489-
1497.

49. Dalloul RA, Lillehoj HS, Shellem TA, Doerr JA. Intestinal 
immunomodulation by vitamin A deficiency and Lactobacillus-
based probiotic in Eimeria acervulina-infected broiler chickens. 
Avian Dis 2003; 47: 1313-1320.

http://dx.doi.org/10.1016/j.carbpol.2010.03.040
http://dx.doi.org/10.1016/j.carbpol.2010.03.040
http://dx.doi.org/10.1016/j.carbpol.2010.03.040
http://dx.doi.org/10.1016/j.carbpol.2010.03.040
http://dx.doi.org/10.2307/1591421
http://dx.doi.org/10.2307/1591421
http://dx.doi.org/10.2307/1591421
http://dx.doi.org/10.2307/1592540
http://dx.doi.org/10.2307/1592540
http://dx.doi.org/10.2307/1592540
http://dx.doi.org/10.3382/ps.0612129
http://dx.doi.org/10.3382/ps.0612129
http://dx.doi.org/10.3382/ps.0612129
http://dx.doi.org/10.3382/ps.0612129
http://dx.doi.org/10.3382/ps.0731805
http://dx.doi.org/10.3382/ps.0731805
http://dx.doi.org/10.3382/ps.0731805
http://dx.doi.org/10.3382/ps.0731805
http://dx.doi.org/10.1017/S0031182000046990
http://dx.doi.org/10.1017/S0031182000046990
http://dx.doi.org/10.1017/S0031182000046990
http://dx.doi.org/10.1016/0014-4894(70)90063-9
http://dx.doi.org/10.1016/0014-4894(70)90063-9
http://dx.doi.org/10.1016/0014-4894(70)90063-9
http://dx.doi.org/10.1006/jcrs.1996.0049
http://dx.doi.org/10.1006/jcrs.1996.0049
http://dx.doi.org/10.1006/jcrs.1996.0049
http://dx.doi.org/10.1271/bbb.69.19
http://dx.doi.org/10.1271/bbb.69.19
http://dx.doi.org/10.1271/bbb.69.19
http://dx.doi.org/10.1038/sj.ejcn.1601857
http://dx.doi.org/10.1038/sj.ejcn.1601857
http://dx.doi.org/10.1038/sj.ejcn.1601857
http://dx.doi.org/10.1016/j.ijfoodmicro.2007.11.007
http://dx.doi.org/10.1016/j.ijfoodmicro.2007.11.007
http://dx.doi.org/10.1016/j.ijfoodmicro.2007.11.007
http://dx.doi.org/10.1016/j.ijfoodmicro.2007.11.007
http://dx.doi.org/10.1016/S0271-5317(02)00516-X
http://dx.doi.org/10.1016/S0271-5317(02)00516-X
http://dx.doi.org/10.1016/S0271-5317(02)00516-X
http://dx.doi.org/10.1097/01.MIB.0000183421.02316.d5
http://dx.doi.org/10.1097/01.MIB.0000183421.02316.d5
http://dx.doi.org/10.1097/01.MIB.0000183421.02316.d5
http://dx.doi.org/10.1097/01.MIB.0000183421.02316.d5
http://dx.doi.org/10.1097/01.MIB.0000183421.02316.d5
http://dx.doi.org/10.17957/IJAB/15.0379
http://dx.doi.org/10.17957/IJAB/15.0379
http://dx.doi.org/10.17957/IJAB/15.0379
http://dx.doi.org/10.17957/IJAB/15.0379
journals.tubitak.gov.tr/veterinary/issues/vet-08-32-6/vet-32-6-10-0707-13.pdf
journals.tubitak.gov.tr/veterinary/issues/vet-08-32-6/vet-32-6-10-0707-13.pdf
journals.tubitak.gov.tr/veterinary/issues/vet-08-32-6/vet-32-6-10-0707-13.pdf
journals.tubitak.gov.tr/veterinary/issues/vet-08-32-6/vet-32-6-10-0707-13.pdf
http://dx.doi.org/10.1016/j.exppara.2011.02.024
http://dx.doi.org/10.1016/j.exppara.2011.02.024
http://dx.doi.org/10.1016/j.exppara.2011.02.024
http://dx.doi.org/10.1016/j.exppara.2011.02.024
http://dx.doi.org/10.1080/00071669987818
http://dx.doi.org/10.1080/00071669987818
http://dx.doi.org/10.1080/00071669987818
http://dx.doi.org/10.1080/00071669987818
http://dx.doi.org/10.1016/j.foodchem.2007.12.031
http://dx.doi.org/10.1016/j.foodchem.2007.12.031
http://dx.doi.org/10.1016/j.foodchem.2007.12.031
http://dx.doi.org/10.1016/0162-3109(82)90034-0
http://dx.doi.org/10.1016/0162-3109(82)90034-0
http://dx.doi.org/10.1016/0162-3109(82)90034-0
http://dx.doi.org/10.1016/S0171-2985(83)80002-3
http://dx.doi.org/10.1016/S0171-2985(83)80002-3
http://dx.doi.org/10.1016/S0171-2985(83)80002-3
http://dx.doi.org/10.1016/j.anifeedsci.2006.01.004
http://dx.doi.org/10.1016/j.anifeedsci.2006.01.004
http://dx.doi.org/10.1016/j.anifeedsci.2006.01.004
http://dx.doi.org/10.1016/j.anifeedsci.2006.01.004
http://dx.doi.org/10.1016/j.intimp.2004.07.001
http://dx.doi.org/10.1016/j.intimp.2004.07.001
http://dx.doi.org/10.1016/j.intimp.2004.07.001
http://dx.doi.org/10.1016/j.intimp.2004.07.001
http://dx.doi.org/10.1016/j.intimp.2004.07.001
http://dx.doi.org/10.1637/6079
http://dx.doi.org/10.1637/6079
http://dx.doi.org/10.1637/6079
http://dx.doi.org/10.1637/6079


64

AKHTAR et al. / Turk J Vet Anim Sci

50. Awais MM, Akhtar M. Immunostimulatory and growth 
promoting effects of sugarcane (Saccharum officinarum L.) 
extracts in industrial broiler chickens. Pak Vet J 2012; 32: 398-
402.

51. Adams C, Vahl H, Veldman A. Interaction between nutrition 
and Eimeria acervulina infection in broiler chickens: 
development of an experimental infection model. Brit J Nutr 
1996; 75: 867-873.

52. McKenzie ME, Colnago GL, Lee SR, Long PL. Gut stasis in 
chickens infected with Eimeria. Poultry Sci 1987; 66: 264-269.

53. Kettunen H, Tiihonen K, Peuranen S, Saarinen MT, Remus JC. 
Dietary betaine accumulates in the liver and intestinal tissue 
and stabilizes the intestinal epithelial structure in healthy and 
coccidia-infected broiler chicks. Comp Biochem Phys A 2001; 
130: 759-769.

54. Klasing KC, Laurin DE, Peng RK, Fry DM. Immunological 
mediated growth depression in chickens: influence of feed 
intake, corticosterone and interleukin-1. J Nutr 1987; 117: 
1629-1637.

55. Luettig B, Steinmuller C, Gifford GE, Wagner H, Lohmann-
Matthes ML. Macrophage activation by the polysaccharide 
arabinogalactan isolated from plant cell cultures of Echinacea 
purpurea. J Nat Cancer Instt 1989; 81: 669-675.

http://dx.doi.org/10.1079/BJN19960192
http://dx.doi.org/10.1079/BJN19960192
http://dx.doi.org/10.1079/BJN19960192
http://dx.doi.org/10.1079/BJN19960192
http://dx.doi.org/10.3382/ps.0660264
http://dx.doi.org/10.3382/ps.0660264
http://dx.doi.org/10.1016/S1095-6433(01)00410-X
http://dx.doi.org/10.1016/S1095-6433(01)00410-X
http://dx.doi.org/10.1016/S1095-6433(01)00410-X
http://dx.doi.org/10.1016/S1095-6433(01)00410-X
http://dx.doi.org/10.1016/S1095-6433(01)00410-X
http://dx.doi.org/10.1093/jn/117.9.1629
http://dx.doi.org/10.1093/jn/117.9.1629
http://dx.doi.org/10.1093/jn/117.9.1629
http://dx.doi.org/10.1093/jn/117.9.1629
http://dx.doi.org/10.1093/jnci/81.9.669
http://dx.doi.org/10.1093/jnci/81.9.669
http://dx.doi.org/10.1093/jnci/81.9.669
http://dx.doi.org/10.1093/jnci/81.9.669

	page3

