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ARTICLE INFO ABSTRACT

Keywords: Administration of antibiotics as feed additives in broilers resulted in prompting of some undesirable effects such
Garlic as the rising emergence of multi-drug resistant (MDR) bacteria, so scrutinizing for new alternatives like herbs is

Ginger the up to date task for global health. This study was designed to determine the in-vitro antibacterial and ex-vivo
Broilers immunomodulatory efficacy of garlic (Allium sativum) and ginger (Zingiber officinale) extracts post dietary sup-
E. Coli 078 . . . L . . .

. plementation for 900-one-day-old Sasso broiler chicks. The in-vivo protective actions of these extracts against
Immunomodulation

avian pathogenic MDR Escherichia coli (E. coli) O78 challenge was evaluated after 21 days of extracts supple-
mentation. Garlic extract exhibited broader antimicrobial spectra against MDR E. coli 078 and S. aureus isolates.
Through the 21 days of garlic or ginger dietary supplementation, the chicks’ innate immune response was
modulated via various mechanisms including phagocytosis augmentation, bactericidal activity enhancement and
nitric oxide (NO) production reduction, together with triggering the IL-1p, IL-6 and IFN-y cytokines expression
levels in comparison with the non-supplemented chicks. It is tempting to speculate that protection against pa-
thogenic E. coli 078 challenge was high in chicks supplemented with each individual extract with severe re-
duction in the bacterial colony forming units in chicks’ vital organs that confirm the extracts immunomodulatory
activity and provide a mechanism(s) of their protective actions. Our data suggest promising useful insights to
garlic and ginger dietary supplementation in broilers that may be safe for consumers from antibiotic toxic

metabolites’ residues and protective against the risk of infection with bacterial pathogens.

1. Introduction

Feed additives such as antibiotics are extensively used to improve
growth performance in poultry. The extensive and continuous use of
antibiotics may cause unfavorable side effects those cause risks to the
environment in addition to the immunosuppression of the host. The
damaging consequences of this intensification are the emergence of
multi-drug resistant (MDR) bacteria, the presence of antibiotic residues
in addition to the toxic metabolites remaining in meat byproducts [1].
Amongst the MDR bacteria, avian pathogenic E. coli (APEC) strains are
common causes of large number of disease conditions in poultry. Co-
libacillosis is an important avian disease caused by E. coli strains, par-
ticularly of serogroup O78. It is one of the primary causes of morbidity,
mortality and condemnation of broiler carcasses with extensive eco-
nomic losses in the poultry industry worldwide and a consequent tre-
mendous burden on human healthcare [2].

The continuous increasing of MDR bacteria coupled with the slow

pace of newer antibiotics development are attracting the attention for
providing effective new, safe and inexpensive control strategies.
Recently, extensive researches have been initiated to determine the
feasibility of using herbs as alternative feed additives to alleviate these
problems. They involved in the modulation of host immune responses
in addition the prevention of a number of infections caused by the
pathogenic MDR bacteria [3].

Thousands of plant species have also been used in-vitro as new
therapeutic drugs against a wide range of Gram positive and Gram
negative bacteria [4]. Plants of the genus Allium are known for their
production of many compounds those possess pharmacological prop-
erties. Garlic (Allium sativum) contains over than 100 phytotherapeutic
compounds with a broad spectrum of promising antimicrobial efficacy
against MDR microbes [4]. Some studies have been shown that garlic
compounds are able to perform immunomodulatory effects such as
modulation of cytokines and immune cells proliferation [5]. Another
commonly used herbal product in traditional medicine all over the
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world is ginger (Zingiber officinale). It contains many natural organic
materials and its main compounds have shown various pharmacological
effects those augment the host resistance to infectious diseases by in-
creasing its non-specific and specific immune mechanisms [6]. Fur-
thermore, ginger contains several compounds such as gingerol, sho-
gaols, gingerdiol, gingerdione, and some relating phenolic ketone
derivatives those possess antioxidant activities.

Over years, studies evaluated the effects of supplementing feed with
herbal products such as garlic and ginger compounds in poultry in-
dustry. Most of these studies had been carried out in-vitro and still need
further confirmation in-vivo either in experimental models or in the
targeted hosts. Therefore, the present study was undertaken to examine
whether garlic or ginger extracts could exhibit in-vitro antibacterial
activities and ex-vivo immunomodulatory actions on the innate im-
munity parameters such as phagocytosis, bactericidal activity, and ni-
tric oxide (NO) production together with pro-inflammatory cytokines
productions alteration, and whether these altered parameters could
improve the bacterial clearance post in-vivo MDR Escherichia coli (E.
coli) O78 challenge.

2. Materials and methods
2.1. Ethical approval

All animal experiments were conducted in accordance with the
guidelines approved by the Institutional Animal Ethics Committee
(IAEQ) in Faculty of Veterinary Medicine, Zagazig University, Egypt.

2.2. Preparation of aqueous extracts

2.2.1. Garlic bulbs

Fresh garlic (Allium Sativum L.) bulbs were purchased from a local
retail food store (Sharkia, Egypt). Garlic extract was prepared as de-
scribed elsewhere [7].

2.2.2. Ginger powder

A commercially available ginger (Zingiber officinale) powder was
purchased from Mepaco-Medifood Co. (Inshas, Sharkia, Egypt). The
ginger aqueous extract was prepared using cold extraction techniques
[8]. Both garlic and ginger extracts were further diluted to 32% (w/v)
concentration by mixing with appropriate volumes of sterile distilled
water.

2.3. Microbial isolates used

Two clinical MDR and pathogenic avian bacterial isolates [E. coli
078 and Staphylococcus aureus (S. aureus)] and one yeast isolate,
Candida albicans (C. albicans) were used in this study. The E. coli strain
was isolated from the visceral organs of broilers that had died from
colibacillosis in a previous publication of one of the co-authors [9]. It
was evidenced to be E. coli of serotype O78:K80 that was resistant to
amoxicillin-clavulanic acid, ciprofloxacin, sulfamethoxazole-trimetho-
prim, ceftriaxone, streptomycin, tetracycline, doxycycline, chlor-
amphenicol, erythromycin, colistin, rifampicin and gentamycin. More-
over, it was proved to harbor iroN, ompA, iss and papC virulence genes
and tetB, blaTEM, qnrS, sull and aadAl antibiotic resistance genes.
Staphylococcus aureus strain was kindly supplied from Department of
Microbiology, Faculty of Veterinary Medicine, Zagazig University. It
was isolated from diseased chickens and it was evidenced to be me-
thicillin resistant Staphylococcus aureus (MRSA) being resistant to both
oxacillin and cefoxitin. Moreover, it was resistant to ciprofloxacin,
gentamycin, sulfamethoxazole-trimethoprim, tetracycline, ceftriaxone
and erythromycin. It belonged to SCCmec type IVa and agr type I and it
was proved to have icaA and icaD virulence genes and tet, erm and mecA
antibiotic resistance genes. The serotyping and resistance pattern for E.
coli strain in addition to its possession of both virulence and resistance
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genes were all used as re-isolation confirmatory markers. Both E. coli
078 and S. aureus were used for determining garlic and ginger anti-
microbial activities and E. coli 078 was used for measuring the immune
cells bactericidal activities and in the experimental challenge test.
Meanwhile, C. albicans was used as a microbial model in phagocytosis
assay.

2.4. Antibacterial activities of garlic and ginger extracts

The antibacterial activities of tested extracts were assessed against
the bacterial isolates by agar well diffusion [7] and minimal inhibitory
concentration (MIC) [10] methods. The inhibition zones were de-
termined as clear areas around the extracts containing wells and they
were measured as diameters with subtracted well size (5 mm diameter).
The MIC values determined using a broth microdilution technique
against E. coli and S. aureus. The lower the MIC values the most potent
the extract [10]. Each experiment was performed in triplicate.

2.5. Experimental chicks and management

The experiments were carried out on a total of 900-one-day-old
broiler chicks (Sasso breed). The chicks were acclimatized for a period
of one week under standard husbandry conditions prior to the onset of
the experiment. Ambient temperature, 29 * 4°C; relative humidity,
65 = 10%; 24 h lighting duration; adequate ventilation and other en-
vironmental conditions fully met the requirements laid down for broi-
lers breeding. Feed and water were provided ad libitum under hygienic
conditions. After acclimatization, the chicks were randomly allotted
into 3 groups in a completely randomized design. Chicks in the first
group were kept as a control; they were given feed without any extract
supplementation. The chicks in the second group were provided with an
aqueous garlic extract at concentrations of 10-15% [11], and chicks in
the third group were received ginger extract at a concentration of 15 g/
kg diet daily for 21 days [12].

2.6. Experimental parameters of the extracts immunomodulatory activities

Heparinized (10 U/mL) blood samples from individual birds were
collected from chicks’ wing veins and pooled on a group basis directly
prior to the extracts feeding (0 time), at 24 h, and then successively at
the 7%, 14™ and 21°t day post garlic or ginger extracts feeding. The
pooled blood samples (15mL) were kept in sterilized tubes and used
directly for peripheral blood mononuclear cells (PMNCs) separation
[13]. The ex-vivo immunomodulatory activities of the extracts were
estimated by evaluating the PMNCs phagocytic capacity to engulf 15 C.
albicans yeast particles or more and E. coli O78 bactericidal activities
following established methods detailed previously [13]. Moreover, NO
production was evaluated in the PMNCs culture supernatants at the
same mentioned intervals using Griess reagent (Sigma, St. Louis, MO,
USA) following the procedure described earlier [13]. Finally, quanti-
tative reverse transcriptase polymerase chain reaction (QRT-PCR) was
done to determine the in-vivo modulation of cytokines (IL-18, IL-6 and
IFN-y) production. Spleen samples were collected from randomly se-
lected sacrificed chicks of control and extracts fed groups at 12, 24, 48
and 72 h intervals post feeding (n = 6 per each interval). The relative
qRT-PCR was performed in triplicate on Applied Biosystems 7500 Fast
Real-Time PCR system (Life Technologies, Carlsbad, CA, USA) using the
Qiagen QuantiTect Probe RT-PCR kit (Qiagen, Inc., Valencia, CA) ac-
cording to the supplier's recommendations. Primers and probes for
cytokines and 28S RNA-specific amplification have been described
previously [14]. The relative expression of the target genes was cal-
culated by a means of the comparative 2744C method [15].

2.7. Challenge experiment

After feeding for 21 days, the birds in the 3 groups were orally
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gavaged with 0.2mL of MDR and pathogenic E. coli O78 culture sus-
pension containing 10° bacteria/mL and the birds were kept under
observation. Clinical symptoms and mortalities in each tested group
were reported. Heart, liver and spleen tissues were directly harvested
from freshly dead birds and from euthanized birds (n = 25/group) after
7 days post challenge. The specimens were subjected to the re-isolation
and identification of the challenging E. coli strain using traditional and
serological methods in addition to estimation of the number of E. coli
colony-forming units (CFU)/g tissue. Moreover, re-testing of the anti-
microbial susceptibility pattern and the presence of the studied viru-
lence and antibiotic resistance genes for E. coli strain was done to en-
sure that the recovered strain corresponded to the administered one.

2.8. Statistical analysis

The data expressed as mean =+ standard deviation was analyzed by
one-way analysis of variance (ANOVA), followed by LSD post-hoc tests
for pair-wise comparisons and using the GLM procedure of the IBM
SPSS statistical software version 16 to compare among different groups.

3. Results
3.1. Antibacterial activities of garlic and ginger extracts

The antibacterial efficacy and bacterial growth inhibition of garlic
and ginger extracts against clinical MDR E. coli O78 and S. aureus
strains are depicted in Table (1 ). Both extracts showed concentration
dependent antibacterial activities against both tested bacterial isolates.
Garlic extract expressed broad spectra of antibacterial activities against
both tested MDR S. aureus and E. coli. The sensitivity to garlic extract
measured by zone diameters was maximum and identical for S. aureus
(38 to 16 mm), followed by E. coli (28 to 13 mm). Further analysis of the
garlic antibacterial activity by broth microdilution assay revealed more
effective inhibition of S. aureus growth than E. coli with MIC values of
1.25 and 10 mg/mL, respectively.

Ginger extract demonstrated considerable antibacterial activities
against both tested bacterial isolates. Both pathogenic S. aureus and E.
coli isolates were sensitive only to 16 and 32% concentrations of ginger
extract with inhibition zone diameters up to 24 and 22 mm, respec-
tively. Moreover, the acceptable antibacterial activity of ginger extract
was expressed by MIC values up to 20 mg/mL.

3.2. Ex-vivo assessment of garlic and ginger immunomodulatory activities

3.2.1. Enhancement of phagocytic capacity

Inclusion of garlic or ginger extract as dietary supplements for 21
consecutive days has positively enhanced the ex-vivo PMNCs phagocytic
activity that was indicated by the significant increase in phagocytic
cells capacity to engulf C. albicans yeast particles in the supplemented

Table 1
Antibacterial activities of various garlic and ginger extracts’ concentrations
against E. coli O78 and S. aureus pathogenic isolates by agar well diffusion
method.

Plant Concentration (%) Means of clear inhibition zone diameters (mm)
extract
Escherichia coliO78 Staphylococcus aureus

Garlic 2 13" + 26 16%" + 2.6

4 168" + 2.0 224ef + 1.7

8 198 + 7.2 2754 + 1.7

16 23%def + 36 29° + 2.6

32 28 + 2,0 382 + 2,6
Ginger 16 18%" + 26 19°% + 56

32 224¢f + 36 24%cde + 10

Diameter of inhibition zone included well diameter of 5 mm. Means with dif-
ferent superscripts are significant (p < 0.05).
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chicks in comparison to the non-supplemented control chicks (Table 2).
More than 90% of the phagocytic cells were actively engulfing yeast
particle in the tested groups at the determined intervals. A marginal
increase in the cells phagocytic capacity to uptake > 15 yeast per
phagocyte was observed in the extract receiving birds and this increase
was feed time-dependent. A dramatic increase in this phagocytic ca-
pacity was observed starting from the 7™ day post dietary supple-
mentation, where more than 90 and 70% of garlic and ginger fed birds’
phagocytes respectively actively engulfed > 15 yeast particles with
respect to more than 30% in the control non-supplemented chicks.

3.2.2. Augmentation of bactericidal activity

The PMNCs bactericidal efficacy along the different intervals of the
study is depicted in Table 2. The ex-vivo cells bactericidal activity
against E. coli 078 pathogen was prompted in the dietary supplemented
birds in a time-dependent manner post supplementation compared to
the control birds. The PMNCs bactericidal activity significantly in-
creased starting from the 7™ day of extracts supplementation and
continued till the 21°*'day with an average killing capacity of 97 and
95.8% in garlic and ginger fed birds, respectively in comparison with
61.4% in control birds .

3.2.3. Reduction of nitric oxide (NO) production

The impact of garlic and ginger on broiler chicks NO production was
analyzed in the clarified supernatants of PMNCs culture directly prior
and post garlic and ginger supplementation. The quantitative changes
of NO concentrations in the PMNCs culture supernatants revealed that
both extracts were able to significantly reduce NO production when
compared to the control group. This reduction in NO levels started from
the 7™ day and continued till the 21% day of the extracts feeding. The
lowest detectable levels in NO concentrations were observed at the 7
day post feeding with a concentration of 12.5 and 14.2 umol/mL in
garlic and ginger fed birds, respectively (Table 2).

3.2.4. Modulation of cytokines expression

The impact of garlic or ginger on broilers® IL-1f, IL-6 and IFN-y
cytokines mRNA expression levels post feeding was measured by qRT-
PCR with 28S gene expression serving as a reference gene. Data analysis
of qRT-PCR using the 2~ 24" method revealed significant changes in the
cytokines expression levels in the extracts supplemented groups. As
shown in Fig. 1, garlic extract induced higher levels of all cytokine
genes’ expressions than those induced by ginger extract at majority of
the investigated time points. The cytokine genes' expressions were
fluctuated during all time points, with notable peaks at 24h post
feeding the garlic (3.6-11.7-fold) and ginger (2.5 - 6-fold) extracts
comparing with the control group. Over expressions of only IL-1p and
IFN-y genes (2- fold) were noticed at 12h post feeding the garlic and
ginger extracts, respectively. At 48 h, garlic extract decreased IL-6 gene
expression (0.5- fold), but ginger extract decreased all cytokine genes
expressions (0.3 to 0.6-fold). For both extracts, the pattern of IL-1[3 gene
expression was nearly similar to that of IFN-y at the time interval of
72h (1.3 to 1.5-fold).

3.3. Interpretation of challenge test

To carefully test whether the altered parameters of the innate im-
munity post extracts feeding could augment the in-vivo protection, the
protection percentage following the induced infection using MDR APEC
078 at the end of the 21° day of consecutive dietary supplementation
was reported. Inspection of the internal organs in the extract fed
chickens showed no gross pathological changes at least one week post
E. coli gavaging. The protection percentages against E. coli O78 infec-
tion were high in garlic and ginger-supplemented birds. No E. coli
growth or colonization was observed in the garlic received birds’ vital
organs, but less than 3 log CFU of E. coli population was observed in the
heart and spleen of birds receiving ginger extract. In contrary, high
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Table 2
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Effects of dietary supplementation of garlic and ginger extracts on the immunological parameters of broiler chicks at different intervals.

Time course Phagocytic capacity % (> 15 yeast per cell)

Bactericidal activity (%)

Nitric oxide production (umol/ mL)

G1 G2 G3 G1 G2 G3 Gl G2 G3
0 time 31.2" + 1.9 31.3" + 2.4 31.0" + 1.8 45.2f + 5.8 454 + 57 45.5° + 4.0 30.9% + 22 3039 + 26 301 + 3.1
24 hours 33.38" + 3.4 63.3¢ + 3.4 55.6° + 4.4 50.1F + 4.9 52.8% + 57  51.1F + 6.3 3229+ 29 30.8%¢ + 2.7 30.4%% + 3.1
Day 7 34.4%0 + 4.2 95.9% + 1.7 75.7° + 4.4 50.3" + 6.4 86.2° + 53  77.7° + 5.4 34.8° + 3.3 12,57 + 2.7 14.27 + 3.2
Day 14 36.7% + 3.5 95.8° + 3.0 82.9° + 3.4 590.8% + 36 955% + 3.2 91.6°> + 29  73.6* * 5.9 34.6° = 2.9 35.3° + 3.4
Day 21 38.8" + 3.0 97.6° = 0.6 84.8° + 4.5 61.4% + 4.6 97.0° + 1.6 95.8* + 1.9 60.5" + 2.9 25.6° + 2.9 28.79¢ + 3.2

G1: control non treated group, G2: garlic treated group, G3: ginger treated group. Means with different superscripts are significant (p < 0.05).

mortality rates and severe congestions accompanied with high CFU
counts of E. coli were detected in the control non-supplemented birds’
vital organs; 3.95, 3.41 and 3.39 log CFU/g of heart, liver and spleen
samples, respectively (Table 3). The E. coli strain isolated from the
examined vital organs of chickens in the three tested groups had the
same antimicrobial susceptibility pattern and virulence and antibiotic
resistance genes of the administered E. coli isolate used in the challenge
experiment.

4. Discussion

Herbal plants clearly exhibited in-vitro potent immunomodulatory
activities with a rare use of animal subjects in the research as reported
previously [5,16]. However, the precise in-vivo and ex-vivo mode of
actions of herbal plants is not fully elucidated yet. Hence, our attempt
here was to look more closely at the herbal plants’ mechanisms of ac-
tion from the ex-and in-vivo immunomodulation points of view in a
medium-scale experimental poultry model. Previous researches sug-
gested that a pharmacological strategy directed towards multiple tar-
gets could result in more efficient therapeutic outcomes [17]. More-
over, the use of whole plants instead of isolated chemicals may offer a
safer clinical strategy in the treatment of many diseases [3].

To find safe alternative antimicrobials to fight the continuing spread
of MDR bacterial strains in poultry, garlic and/or ginger antibacterial
efficacy against MDR E. coli and S. aureus as common poultry pathogens
was investigated. Both extracts showed promising in-vitro antibacterial
activities against these bacteria in a dose-dependent manner and this
was in a link with several studies conducted previously [5]. Another
study carried out in Malaysia confirmed that garlic has definite broad-
spectrum antibacterial properties and is effective against a wide spec-
trum of microbes as compared with antibiotics [18]. The garlic in-vitro
potent antibacterial activity documented here may be linked to the
presence of bioactive phenolic and non-phenolic compounds such as
alliin, allicin and allyl isothiocyanate [18]. Previous evidence [19]
supported our observed antibacterial dose-dependent findings of garlic
extract. Like the results of the present study, the antimicrobial activity
of the ginger extract has been reported against S. aureus [20]. Ginger
extract as reported previously [21] significantly reduced the counts of
S. aureus and E. coli when it was applied to chicken meat as microbial

Table 3

E. coli 078 count levels (CFU/g tissue) and protection percentages following a
challenge infection at the end of the 21st day in control and experimental
groups fed on garlic or ginger extracts.

Group Mean * SD of E. coli 078 log count levels (CFU/g Protection
tissue) after a challenge infection percentage
Heart Liver Spleen

G1 3.95* = 0.04 3.41° + 0.29 3.39" + 0.33 40.0* * 8.2

G2 - - - 95.8% * 4.6

G3 Less than 3 - 2.89° + 0.09 90.0° + 6.4

G1: control non treated group, G2: garlic treated group, G3: ginger treated
group, CFU: colony forming unit. Means with different small superscripts are
significant (p < 0.05).

decontaminants. The antimicrobial activity of ginger may be attributed
to its main active fractions; gingerol, gingerdiol, and gingerdione
[20,21]. Garlic and ginger antimicrobial activities were suggested to act
through alteration of cell wall permeability, thereby permitting the loss
of macromolecules from the cell interior. The extracts bioactive com-
pounds may also act through interference with membrane functions
and interaction with membrane proteins [19].

The defensive functions of phagocytic cells are required for im-
mediate control of pathogens and prevention of progressive diseases’
consequences resulted from overcoming phagocytosis defense line. As
reported in Table (2), phagocytic cells capacity to uptake yeast particles
significantly enhanced in the extracts supplemented birds, and it started
earlier post feeding and continued along the experiments indicating the
immunostimulatory activities of the extracts. Earlier studies had re-
ported that garlic [22] and ginger [23] administration as feed additives
in poultry enhanced phagocytic cells activity to C. ablicans. The exact
mechanism by which garlic and ginger interacts with the phagocytic
cells is not yet known. We believe that these extracts may act through
up-regulation of a diverse array of identifying molecular patterns re-
quired for C. albicans recognition. Other scenarios including enhance-
ment of cytokines regulating phagocytic cells cooperation, cytoskeleton
reorganization, stimulating the secretion of opsonizing im-
munoglobulin, or activation of lymphocytes that direct phagocytes’
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Fig. 1. Cytokine genes" expressions in the spleen of chickens at 12, 24, 48 and 72 h post feeding of broiler chickens with garlic (A) and ginger (B) extracts.
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actions could not excluded.

As a study preliminary outcome, bactericidal efficacy of ex-vivo
boosting of cells was significantly observed at the 7™ days post sup-
plementation and continued progressively indicating the importance of
using such extracts as infection limiting natural additives. Bioactive
compound(s) of such extracts have been reported to interact with in-
nate lymphocytes and natural killer cells [24], activation of macro-
phages and B cells as major antigen presenting cells, increasing im-
munoglobulin production, or through regulation of cytokines secretion
as detailed previously [5] and as reported in this study. Previously,
ginger extract triggered TNF-a cytokines production and lymphocytes
proliferation [25] that enhance bactericidal activity. As reviewed re-
cently [16], activation of lysozyme and nitric oxide modulation as
bactericidal enhancing elements cannot be excluded.

Data in the current work reported that NO levels were significantly
reduced in birds receiving the extracts at the 7 day to the 21 day post
supplementation. The NO down-regulation after administration of
garlic and ginger additives may reduce the pathological harms arising
due to the excess in its production [26]. The underlined mechanisms
behind NO reduction in the supplemented poultry may be due to a
decreased or absence of nitric oxide synthase or a limited availability of
L-arginine, as well as increased degradation of NO by reaction with
oxidized serum low density lipoproteins or superoxide anions [27].

This work represents the first systematic study of the simultaneous
changes in pro-inflammatory cytokines™ expressions following dietary
inclusion of garlic and ginger extracts. Although many studies have
focused on the induction of cytokines mRNA expressions by herb
components in-vitro using conventional techniques such as semi-quan-
titative RT-PCR and ELISA [28], we think that our study is the first
report, albeit limited, which investigated the ex-vivo activity of garlic
and/or ginger extracts on broilerss mRNA expression of IL-1f3, IL-6 and
IFN-y cytokines at the molecular level using qRT-PCR technique. The
obtained data indicated that both extracts up-regulated the mRNA ex-
pressions of the investigated cytokines. These results suggest that these
herbal feed additives confer modulating activities that could stimulate
the broilers’ immune system. Garlic extract had been proven previously
to modulate the metabolism and function of macrophages and conse-
quently stimulated the release of pro-inflammatory cytokines such as
IL-1B and IL-6 and IFN-y [29]. Similarly to garlic, but to a lesser extent,
ginger extract exerted an up-regulatory activity on pro-inflammatory
cytokine genes’ expressions that was consistent with those from an-
other study conducted in Japan reporting enhancement of mRNA ex-
pressions of IL-13 and IFN-y cytokines [28]. This lends a distinct sup-
port to the significant immunomodulatory activity of ginger extract. In
contrary, other reports had conflicting results on garlic and ginger ef-
fects on the same tested pro-inflammatory cytokines. In Australia, IL-1,
IL-6 and IFN-y cytokines decreased significantly in the presence of
garlic extract [30]. In Iran, significant reductions in IL-1f and IL-6
concentrations post ginger administration were reported [31]. Dissim-
ilar immunomodulatory cytokines results of both tested extracts with
the reported data might be attributed to their nature, diverse compo-
sitions, extraction and purification methods, concentrations and/or if
the whole extract or a specific derived compound(s) were used.

To overcome the drawback of the the herbal extracts™ in-vitro stu-
died activities, in-vivo extract protective activity testing was performed
using APEC O78 that is known as a major cause of colibacillosis and
chronic respiratory disease complex in birds resulting in major eco-
nomic losses due to high mortality and decrease in productivity [32].
Herein, APEC O78 infection was induced experimentally post feeding
for 21 consecutive days. Unexpectedly, the extracts supplemented birds
resisted the induced infection with limited mortality rates those did not
exceed 10% compared to 60% in the control non-supplemented birds.
Moreover, severe reduction in E. coli counts was also noticed in the
chicks’ vital organs in ginger receiving, but not in garlic supplemented
birds. Therefore, we strongly suggest that the bioactive phenolic and
non-phenolic compounds in garlic [19] and active fractions in ginger
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[20] are major agents supporting the phagocytic capacities, the en-
hanced cells bactericidal activity, the reduced NO levels and the trig-
gered pleiotropic cytokines quantities; those could all induce this pro-
minent protection against E. coli induced infection. The bioactive
compounds of garlic and ginger should be purified and tested to de-
termine the exact component(s) responsible for immunomodulation
and protection. Understanding of the mechanisms through which
phytochemicals interact with the immune system and influence its
different components is necessary to appreciate the use of herbal plants
as immunostimulators in veterinary medicinal products.

5. Conclusion

From the data obtained in this study, garlic or ginger extract has
shown dose-dependent in-vitro antibacterial activities. Additionally,
using garlic or ginger as dietary supplementation for at least three
weeks enhanced the in-vivo clearance of APEC 078 that could be dis-
cussed through the different ex-vivo innate immunomodulatory sce-
narios reported herein post supplementation such as promotion of
phagocytosis, enhancement of immune cells microbicidal activity,
triggering the cytokines production levels or through maintaining the
birds more healthier via reduction of NO secretion. So, we recommend
the use of garlic and ginger as natural feed additives not only to en-
hance immune response, but also to replace the antibiotics in broilers
chickens. However, there will be still a need to establish dosages and
standards for using these natural products friendly as feed additives in

poultry.
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