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ABSTRACT The present study aimed to evaluate the
immunopotentiating effect of plant-derived soyasaponin
and its immunogenicity in chickens challenged with
Newcastle disease virus (NDV). Soyasaponin was
extracted from soybean seeds and detected using the
phytochemical tests, followed by quantification through
the dry-weight method. One-day-old broiler chicks (n 5
90) were divided into 3 groups, named as A, B, and C.
Group A birds were orally administrated with soyasa-
ponin (5 mg/kg), followed by immunization with inac-
tivated ND vaccine intramuscularly (IM), whereas
group B birds were vaccinated with inactivated ND
vaccine alone. Group C birds were kept unvaccinated. A
booster dose on day 21 was also administered IM to
group A and B birds. At day 35, all 3 groups were chal-
lenged with NDV. To determine the immunogenicity
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potential of soyasaponin, antibody titer was measured
using the hemagglutination inhibition test before and
after the NDV challenge. Histochemical examination
was performed to determine the pathological changes
associated with NDV infection. Foam formation and
hemolytic activity confirmed the presence of saponin in
soya bean extract. Group A birds showed a higher anti-
body response compared with group B and C birds. The
disease challenge study showed that soyasaponin-
adjuvanted NDV vaccine provided complete protection
to group A birds against ND. Moreover, no side effects of
soyasaponin were observed on the growth performance of
birds during the experiment. Therefore, we can conclude
that soyasaponin is a potential immunogenic agent and
therefore could be a promising candidate to launch a
protective humoral response against ND in chickens.
Key words: Newcastle disease virus, adjuvant,
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INTRODUCTION

Newcastle disease (ND) is an economically important
contagious disease of wild and domestic birds worldwide
and is causedbyanegative-sense single-strandedRNAvi-
rus known as avian paramyxovirus 1. Its economic impor-
tance is due to huge production losses in the form of
mortality, decreased egg production, and deterioration
of egg quality (Xiao et al. 2009). Current approaches for
prevention of ND include biosecurity and vaccination.
Both live and killed ND vaccines are available (Abdisa
andTagesu, 2017).Most commercially available ND vac-
cines are inactivatedwhole-virus preparations containing
oil emulsions as an adjuvant to improve their efficacy.
However, the vaccines have been reported to induce
poor immune response (Xiao et al. 2009). Therefore, there
is a need to improve currently available ND vaccines to
effectively protect animals from ND.

Saponins are plant secondary metabolites that
contain groups of triterpenoids, glycosides, or sterol gly-
cosides (Burakova, et al., 2018). Among the cultivated
crops that mostly contain triterpenoid saponins are le-
gumes such as chickpeas, lucerne, soybean, and peas
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(Sun et al., 2009). Owing to the immunological and
pharmaceutical properties, saponins have aroused a
substantial clinical interest. Saponin-based adjuvants
have gained a lot of importance in the recent years
(Francis et al., 2002). Subsequently, use of saponins in
the development of new-generation vaccine adjuvants
is at several phases of clinical trials (Leroux-Roels
et al., 2016; Burakova et al., 2018). Adjuvants
containing saponins increase the antibody (Ab)
production and provoke cell-mediated immunity. Sapo-
nins either as crude mixture or in the form of purified
compounds increase the immune cell proliferation
(Cibulski et al., 2018).

Chemically, saponins are hydrophilic and lipophilic in
nature having glycosides. The adjuvant action of
saponin is related to its branched sugar chains, acyl res-
idues, and aldehyde groups. The aglycone backbone and
sugar side chains are responsible for the adjuvant activ-
ity of saponins (Oda et al., 2003). Quil-A andmany other
triterpenoid saponins derived from plants are currently
being investigated as vaccine adjuvants as they have
ability to mediate cellular and humoral immune re-
sponses (T O’Hagan et al., 2017). In contrast to other
saponin products, soyasaponins retain their adjuvant ac-
tivity despite the lack of acyl residues (Rajput et al.,
2007). Moreover, soyasaponins are more advantageous
than other conventional saponin-based adjuvants owing
to their cost effectiveness (de Paula Barbosa, 2014). The
present study aimed to determine the immunostimula-
tory potential of soya bean–derived saponin as a vaccine
adjuvant against ND.
MATERIALS AND METHODS

Birds

A total of 90 (one-day-old) grade A broiler chicks were
purchased from the local hatchery in Faisalabad,
Pakistan. All the birds were kept under good manage-
ment conditions. The birds were provided with feed
and water ad libitum with a standard broiler starter
and grower diet plan throughout the entire experiment.
The present study has been carried out in compliance
with the Institutional Bioethics Committee, University
of Agriculture, Faisalabad, Pakistan.
Soyasaponin Extraction

Soya saponin was extracted as per the procedure
described by Kerem et al., (2005). A total of 10 g of
defatted soybean powder was suspended in a 500-mL
flask containing 80 mL of 70% aqueous ethanol. The
flask was then placed in a microwave oven for 10 min, fol-
lowed by filtration. The solvent was evaporated, and
soyasaponin was procured.
Detection of Soyasaponin

To determine the presence of soyasaponin, 2 screening
tests, that is, foam formation and blood hemolysis tests,
were performed (Almutairi and Ali, 2015). In brief,
200 mg of soybean extract was mixed thoroughly with
3 mL of distilled water for 10 min. After shaking, the
mixture was left undisturbed for 10 min to observe the
development of stable foam formation in the test tube.
Hemolytic activity of soyasaponin was determined on
blood agar medium. About 100 mL of soyasaponin
extract was dispensed onto the wells prepared on the
solid blood agar medium. A clear zone around the wells
was observed 24 h after incubation at 37�C.

Soysaponin Quantification

Saponins were quantified as per the method described
by Gestetner et al., (1966). In brief, 150 mL of sulfuric
acid was mixed with 50 mL of dioxane. Now, 1.84 g of
dried flour of soybean was refluxed with this mixture, fol-
lowed by filtration and ether extraction of the product.
The resultant ether product was washed with water to
remove acid and then evaporated. The rest of the resi-
dues was dissolved in toluene, and the solution was
dispensed onto an alumina column. The column was
eluted with methanol solution in toluene. The eluent so-
lution was dried to get solid residual dry mass of
soyasaponins.

Newcastle Disease Virus Procurement and
Inactivation

Spleen samples from the birds infected with ND were
collected, homogenized, and centrifuged as per the stan-
dard protocol. The supernatant was inoculated into the
allantoic cavity of 9-day-old embryonated eggs, followed
by incubation at 37�C. After 48 h of incubation, allantoic
fluid from the embryonated eggs was harvested and
stored at –20�C until use. The hemagglutination (HA)
test was performed to determine ND virus (NDV) titer.
Inactivation of NDV was performed by adding formalin.
The tubes were then incubated at 38�C for 48 h.
Formalin-inactivated NDV was used as the inactivated
NDV vaccine.

Experimental Design

One-day-old broiler chicks (n 5 90) were divided into
3 groups; A, B, and C, each group comprising 30 birds.
At day 5, group A and B birds were immunized with
inactivated NDV, intramuscularly (IM). Before immu-
nization, group A birds were fed with soyasaponin in
drinking water for 3 consecutive days, whereas no soya-
saponin was offered to group B birds. No treatment was
given to group C birds (unvaccinated control group). A
booster dose of inactivated NDV was administered to
both groups (groups A and B) at day 21. Before the
booster dose, group A birds were again orally adminis-
tered with soyasaponin for 3 consecutive days. Blood
samples (0.5 mL) were collected from the birds of each
group on weekly basis, and the hemagglutination
inhibition (HI) test was performed to detect Ab titer
on the respective days using the standard procedure
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(Meijer et al., 2006). At day 35, chickens in the all 3
groups were challenged with NDV (106 EID50/mL).
Clinical signs were observed in all experimental groups
for 7 D after the challenge on daily basis. The rate of pro-
tection was determined until day 7 after the challenge.
To determine the adjuvant effect of soyasaponins on
the growth rate, all birds were weighted on weekly basis,
and mean body weights (BW) were compared.
Histopathological Examination

To determine histopathological changes associated
with NDV infection and protective effect of soyasaponin,
visceral organs showing gross lesions such as the trachea,
spleen, proventriculus, and intestine were collected from
birds of all 3 groups during and at the end of the exper-
iment (day 42). The tissue samples were fixed in neutral
buffer formalin and processed by paraffin embedding
technique (Bancroft et al., 2013). The tissue blocks
were cut at 5-mm thickness, and glass slides mounted
with the tissue section were stained with hematoxylin
and eosin. These stained glass slides were examined at
100! magnification for degenerative cellular changes
in these tissue samples.
Statistical Analysis

Statistical analysis (log-based) was performed using
STATA 13.0 (Stata Corp., College Station, TX). One-
way analysis of variance was used to compare the differ-
ence among all treatment groups. P-values less than or
equal to 0.05 (P � 0.05) were considered significant.
HI TITER BEFORE NDV CHALLENGE
RESULTS

Soyasaponin Extraction From Soybean
Seeds

Saponin from soybean seeds was extracted by the
microwave-assisted method. Defatted soybean powder
and aqueous ethanol (extraction solvent) were mixed
for extraction of soyasaponins from soybean seeds. Etha-
nolic solution containing soyasaponin was filtered to
separate the solution from the solid residues settled at
the bottom of the flask, followed by evaporation of the
solvent to obtain soyasaponin.
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Figure 1. Comparison of mean antibody titer (log2) of all groups at
various days before the challenge. HI, hemagglutination inhibition;
NDV, Newcastle disease virus.
Quantification of Soyasaponins

Presence of the soyasaponin in the ethanolic extract
was confirmed by the foam test and hemolytic assay.
The test tube containing soyasaponin showed a positive
foam test, whereas no foam was observed in the negative
control. Hemolytic ability of soyasaponin on blood agar
medium was also determined. Formation of clear zones
around the disc containing soyasaponin indicates lysis
of red blood cells and confirms the presence of saponin
in the ethanolic extract. The results of quantification
showed that a total of 500 mg of solid dry mass of soya-
saponin was recovered from soybean seeds.
Determination of NDV Titer Isolated From
Chicken Embryonated Eggs

After 48 h of NDV inoculation, allantoic fluid from the
embryonated eggs was harvested, and HA titer was
determined. A high HA titer (1:256) of NDV was
observed. Newcastle disease virus was concentrated
and inactivated with 0.3% formaldehyde.
Determination of Ab Titer Using the HI Test
Before and After the Challenge

Host Ab response among the three treatment groups
was determined by the HI test from the serum samples
collected at various days after immunization. Figure. 1
highlights the Ab titer (log2) of all groups at day 0, 7,
14, 21, 28, and 35 after immunization with primary
and booster doses. Overall, group A birds orally admin-
istered with soyasaponin showed a higher Ab titer than
group B birds, whereas group C birds did not show any
Ab titer before the NDV challenge. Our results indi-
cated that HI titer of both groups (A and B) start
increasing on day 7. At day 14 and 21, group A birds
showed a significantly higher log2 HI titer of 6 (1:64)
and 7 (1:128), respectively, than group B and C birds
on the respective days. A lower log2 HI titer of 5.3
and 6.2 was observed for group B birds during the
same time period. After administration of the booster
dose at day 21 to both groups (A and B), an enhanced
mean HI titer was again observed for group A birds at
28 and 35 D. Maximum Ab titer (log210.7) was
observed for group A birds at day 35, whereas group
B birds showed a significant lower Ab titer (log2 9.9)
titer than group A birds. Figure. 2 describes the mean
HI titer of all 3 groups after the NDV challenge. Our re-
sults showed that a slight decline in HI titer of both
group A and B birds was observed from day 3 to day
5 after the challenge, after which it persisted until day
7 after the NDV challenge. On the other hand, a sudden
increase in HI titer of unvaccinated group C birds was
observed, which continued to increase until day 7 after
the challenge.
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Figure 2. Comparison of mean antibody titer (log2) of all groups at
various days after the NDV challenge. NDV, Newcastle disease virus;
HI, hemagglutination inhibition.
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Results of the Challenge Protection Study

All birds of group A administered with soyasaponin-
adjuvanted NDV vaccine survived NDV infection and
did not develop any disease symptoms. Group B birds
administered with the vaccine also showed complete pro-
tection to disease after NDV infection. Conversely, the
unvaccinated group C chickens developed disease symp-
toms 2 D after infection, and all birds died on day 7 after
infection. Our results suggest that the rate of protection
in saponin-administered chicken was 100% (Figure. 3).
Results of Histopathological Examination

Histopathologically, the challenged group A chickens
showed no lesions in the trachea, spleen, proventriculus,
and intestine. Although challenged group B chickens
survived the disease, their organs showed slight degener-
ative changes (less severe lesions). The challenged un-
vaccinated group C chickens showed significant
pathological changes in the trachea, proventriculus,
spleen, and intestine (Figure. 4). Histopathological le-
sions observed in challenged unvaccinated chickens
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Figure 3. Percentage survival curve of A, B, and C groups challenged wi
group C birds showed mortality at various days after the challenge. NDV, N
include severe hemorrhages in the tracheal lumen and
lymphocyte infiltration, hemorrhages in the proventricu-
lus, disrupted intestinal glands and sloughing of the in-
testinal epithelium, and severe coagulative necrosis in
the splenic parenchyma. Histopathology of group B
birds showed mild sloughing of the tracheal cartilage
as well as minor hemorrhages in the proventriculus and
intestinal glands. No such lesions were observed in tis-
sues of the organs collected from the soyasaponin-
administered group.
Effect of Soyasaponin on Growth
Performance

Figure. 5 describes the comparison among the mean
BW of 3 groups at day 0, 7, 14, 21, 28, and 35. No signif-
icant differences were observed in BW of all 3 groups,
suggesting that soyasaponin did not have any effect on
the growth rate of birds.
DISCUSSION

In the present study, soyasaponin was used as a vac-
cine adjuvant to analyze its potential to mediate humor-
al immune response in broiler chicks against ND,
followed by the challenge protection study. First, soya-
saponin was extracted from soybean seeds by the
microwave-assisted solvent extraction method. Success-
ful extraction of soyasaponin by this method was also re-
ported by Deore et al., (2015). Waziiroh and Kamilia
(2018) also suggested this solvent extraction as a reliable
method for soyasaponin extraction from plant sources.
In the second step, soyasaponins were administered in

chickens via the oral route to determine the enhance-
ment in humoral responses. Previously, adjuvant activ-
ity of saponins from different sources have been also
reported by Burakova et al., 2018; Cibulski et al.,
2018; Yendo et al., 2016; and Yu et al., 2015. Both the
parental and oral routes for administration of saponins
6 8

Saponin + ND
Vaccinated
challenged group

ND vaccinated
challenged group

Unvaccinated challenged
group

th NDV. Rate of protection in group A and B birds was 100%, whereas
ewcastle disease virus.



Figure 4. Histological micrograph of different organs of chickens collected from different groups (H&E, 100!). Group A: soyasaponin1ND-chal-
lenged vaccinated group; group B: ND-challenged vaccinated group; group C: unvaccinated challenged group. Yellow arrows indicate normal and
pathological changes in tissues. First row: the trachea of group A birds showing the normal mucosal surface (MS) with cilia and the normal structure
of the submucosa and tracheal cartilage (T). Group B birds exhibited slight sloughing of mucosal cells (MS), whereas group C birds had severe hem-
orrhages (H) in the tracheal lumen with sloughed mucosal cells (MS) and infiltration of lymphocytes (LP). Second row: the proventriculus of group A
birds showed the normal structure of glands (N). In group B, minor hemorrhages (H) in the glands were observed, but these hemorrhages (H) were
found to be severe in group C birds. Third row: the normal intestinal structure such as the surface epithelium (S) and intestinal glands (IG) was present
in group A birds. Sloughing of the epithelium surface (S) and disrupted intestinal glands (IG) were observed in group B and C birds. Fourth row:
normal splenic structure having the splenic nodule (SN) and splenic cord (SC) in group A birds. In group B and C birds, coagulative necrosis (CN)
was seen in the splenic parenchyma. H&E, hematoxylin and eosin.
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Figure 5. Mean body weight of three groups at various days before
and after immunization. No significant differences were observed among
all groups until day 35.
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have been reported previously (Song X. Hu S.2009; Zhai
et al., 2011a; Zhai et al., 2011b). The present study
demonstrated that oral administration of soyasaponin-
adjuvanted inactivated NDV vaccine significantly
increased serum Ab titer compared with administration
of inactivated ND vaccine alone in broiler chicks at each
weak followed by immunization (primary and booster
doses). A significantly increase in log2 HI titer was
observed among group A birds at 14, 21, 28, 35, and
42 D. On the other hand, a significant lower Ab titer
was observed for group B birds in the same time period.
This difference in HI titer continued even after adminis-
tration of booster doses to both groups. Zhai et al.
(2011a) reported a time-dependent increase in HI titer
after oral administration of ginseng stem leaf saponins
(GSLS), followed by immunization with live NDV vac-
cine through the intranasal route, in chickens. Before
vaccination, oral administration of GSLS via drinking
water significantly enhanced the serum Ab titer and
mucosal immunity in birds compared with those of the
control group immunized with the NDV vaccine only
(Zhai et al., 2011a). Our results were also in line with
those of the study by Zhai et al., (2011b), who reported
an increase in HI titer in serum of chickens vaccinated
with the inactivated ND vaccine IM after oral adminis-
tration with GSLS. An enhanced protection was also re-
ported when chickens were vaccinated with Avian
influenza and Infectious bursal disease vaccines after
oral treatment with GSLS (Zhai et al., 2011b; Zhai
et al., 2014). Xiao et al., (2009) measured an elevated
level of both humoral and cellular immune responses in
chickens by indirect ELISA, when immunized with the
extract of Momordica cochinchinensis along with the
ND vaccine. Similar findings were also reported from
the study of Ibrahim et al., (2016), and a high serum
Ab level was found to be directly related to the protec-
tive effect against NDV. Enhancement in Ab titer due
to combined adjuvant effects of plant-derived saponin
and Se in response to a live vaccine in chickens was
also demonstrated by Ma et al., 2019. Our data showed
that soyasaponin provided 100% protection to all the
birds in group A against NDV infection compared with
the unvaccinated birds. A complete protection was also
observed in the vaccinated group B birds. But group A
birds maintained a higher Ab titer before and after the
NDV challenge than group B birds. Our results
regarding the challenge protection test were also in line
with the results of the studies conducted by El-Dabae
et al., 2018, in which saponin-adjuvanted ND vaccine
provided complete protection to chickens against the
velogenic NDV strain. Histopathological examination
of the soyasaponin-administered group revealed a lack
of lesions in various organs, indicating that the immune
response induced by soyasaponin is highly protective
compared with the immune response observed in groups
B and C, in which mild and severe degenerative changes
were observed, respectively. No significant differences
were observed in mean BW of all 3 groups before the
challenge, suggesting that soyasaponin did not affect
the growth performance. The results of the present study
showed that soyasaponin was also able to produce an
appreciable amount of immune response as soyasaponin
gave a more consistent and elevated immunostimulatory
effect than inactivated ND vaccine alone. Naturally
extracted soyasaponins are highly effective in provoking
humoral immune responses and therefore may be consid-
ered as potential and cost-effective candidates for vac-
cine adjuvants in vaccination compared with other
synthetic and conventional adjuvants.
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