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Abstract: The experiment was designed to evaluate the consequence of a blend of garlic oil
and cinnamon bark powder administration on growth performance, nutrient digestibility,
immunity, antioxidant status and methane emission in Murrah buffalo (Bubalus bubalis).
Sixteen buffalo calves were divided into two groups in a completely randomised design.
The first group (CONT) was fed a basal diet of wheat straw, green oats and concentrate
mixture, whereas the second group (GOCB) received feeds as per the CONT along with
a blend of garlic oil and cinnamon bark powder (0.5 mL + 1.0 g/head/day) by mixing it
with the concentrate mixture for a period of 170 days. The growth rate and feed efficiency
in GOCB group buffalo calves were improved (20%) with better (p < 0.05) digestibility
of organic matter and crude proteins. Buffaloes of the GOCB group revealed enhanced
(p < 0.05) immunity and antioxidant enzymes with reduced (p < 0.05) lipid peroxidation
(26% less MDA production). The methane concentration in the eructed gas of the GOCB
buffaloes was reduced (33.88%) in comparison with the CONT (p < 0.01). Thus, feed
formulated with a blend of garlic oil-cinnamon bark powder demonstrates improvements
in the health and production performances of buffalo calves.

Keywords: garlic oil; cinnamon bark; feeding module; immune response; antioxidant
status; growth; methane emissions; buffalo

1. Introduction

Nutrition plays a crucial role in the prevention and control of various diseases through
the enhanced antioxidant status and immune response of animals, besides improvement
in production and reproduction performances [1-3]. Diet can modulate host immunity by
several mechanisms viz. direct stimulation of the cells of the immune system, the release of
enzymes and hormones as well as improved utilisation of nutrients through modulation
of the gut microbiome [4,5]. In ruminants, the gut microbiome plays a major role in the
digestion and assimilation of feeds through ruminal fermentation by a complex microbial
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system. Methane is the byproduct of rumen fermentation, produced by methanogenic
archaea during the fermentation of feeds in the rumen, and is an essential process, which
represents a loss of about 8-10 percent of the gross energy of feed [6].

The rapid degradation of dietary proteins by ruminal proteolytic bacteria and hyper-
ammonia-producing bacteria (HAB) results in excess ammonia production, beyond the
capacity of rumen microbes for the synthesis of microbial protein [7]. As protein is the
costliest ingredient in ruminants’ rations, there is economic loss for livestock owners due
to the non-utilisation of dietary protein for productive purposes, besides environmental
pollution through the excretion of N via faeces and urine. Therefore, ruminant nutritionists
are in search of dietary modulation for enhancing fibre digestion with a concomitant
reduction in ruminal protein degradation and methanogenesis. Modulation of diet through
the addition of essential oil-rich feed supplements has been demonstrated to enhance
nutrient utilisation and reduce methanogenesis and ruminal proteolysis; however, their
effectiveness varies on dose levels and types of essential oils [8,9]. In addition, bioactive
compounds present in essential oils have been reported to enhance antioxidant status and
immunity in a few sporadic studies conducted in livestock and poultry [10,11]. As these
essential oil compounds have strong antibacterial activities, which may negatively impact
the rumen fermentation [12], a blend of essential oil compounds at low dose levels could
synergistically interact with each other to modulate rumen fermentation for better nutrient
utilisation, reduced methanogenesis as well as improved antioxidant status and immunity
of animals.

Buffalo husbandry plays a pivotal role in the development of the rural economy
of many Asian countries. With 109.8 million heads of buffalo population, India is the
leader in buffalo-centric development by having the world’s highest milk production and
significantly contributing to buffalo meat (carabeef) production. Out of 21 recognised
breeds in the country, 42% of the Indian buffalo population is the world-famous Murrah,
which is recognised as the ‘Black Gold’ of the country [13]. Buffalo is considered a good
converter of fibrous feeds to animal products and therefore has a large scope for sustainable
food production in the era of climate change [14]. However, a significant quantity of
greenhouse gases in the country is contributed by buffalo by the enteric methane emissions
and manure [15]. Therefore, there is an urgent need to develop a sustainable feeding module
for enhancing antioxidant status and immunity to prevent the occurrence of diseases as
well as enhance production performances with reduced greenhouse gas emissions.

Garlic oil (Allium sativum) is rich in organosulphur compounds, allicin, diallyl sul-
phide and diallyl disulphide, which has been demonstrated to have strong antimicrobial
activity to alter rumen fermentation in a dose-dependent manner [16]. High doses have
been reported to negatively impact feed digestion and volatile fatty acids production.
Garlic oil could also reduce methanogenesis by inhibiting ruminal archaea through the
inhibition of the 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase enzyme,
necessary for archaeal cell wall synthesis [17]. Cinnamon bark contains cinnamaldehyde,
a major bioactive compound, which is antibacterial, antiparasitic and anti-inflammatory,
and is demonstrated to modulate rumen fermentation by altering ruminal bacterial and
archaeal populations [18,19]. However, to the best of our knowledge, very limited studies
have been conducted on the application of these compounds either individually or in
blends for improving the health and production performances of buffaloes. In a study,
Oh et al. [20] reported the immuno-stimulatory effects of various phytonutrients (garlic,
capsicum and curcumin) without affecting the antioxidant status of dairy cows. In con-
trast, Imbadi et al. [21] demonstrated an enhanced immunity and antioxidant status in
goats supplemented with garlic and other essential oils. Many researchers demonstrated
enhanced antioxidant status and production performances in dietary supplementation of
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cinnamaldehyde in pigs, broilers and dairy cows; however, Chaves et al. [22] reported no
effects on the growth rate, rumen fermentation and meat quality of lambs supplemented
with cinnamaldehyde in concentrate-based diets. The differences in the activity of various
garlic products and other essential oils could be attributed to physiological status, animal
species and the concentrations, forms and composition of bioactive compounds fed to the
animals. The present study, therefore, was planned to develop a feeding module with a
blend of garlic oil and cinnamon bark powder and to investigate its effects on antioxidant
status, immunity and blood biochemical indices along with growth rate, nutrient utilisation
and methane emission in buffalo (Bubalus bubalis) calves.

2. Materials and Methods

The present feeding experiment was conducted at the Animal Nutrition Research
Shed no. 9 of the animal farm section, ICAR—Central Institute for Research on Buffaloes,
Hisar, India (29.18618° N, 75.70083° E). All of the experimental procedure was carried
out with prior approval of the Institute Animal Ethics Committee (IAEC) for the care and
management of animals (IAEC-CIRB/20-21/05, dated 10 June 2020).

2.1. Collection and Preparation of Blend of Garlic Oil and Cinnamon Bark

The garlic (Allium sativum) oil (W250309, CAS no. 8000-78-0) was purchased from
Sigma-Aldrich Ltd. (Bengaluru, India), and the cinnamon (Cinnamomum verum) bark was
purchased from a local market, Hisar, Haryana, India. The cinnamon bark was dried
overnight at 60 °C in a hot air oven and ground in a mixer grinder to create fine powder.
A blend of garlic o0il (0.5 mL) and cinnamon bark powder (1.0 g) was prepared and kept
airtight for further use in animal studies.

2.2. Experimental Animals, Diet and Management

Sixteen Murrah buffalo (Bubalus bubalis) female calves 8-12 months old with an average
body weight of 183.87 kg were obtained from the animal farm section of the institute and
randomly divided into two groups of eight animals in a completely randomised design.
The animals were kept in a house with proper ventilation and open-paddock arrangement
for movements. The shed was equipped with mangers for monitoring the feeding of
individual animal. Fresh drinking water was provided to all the animals thrice daily
throughout the experimental feeding. The control group animals (CONT) received a
control diet containing ad lib wheat straw, fresh oats green (5 kg) and a required quantity
of concentrate feed mixture (Table 1) to support the nutritional requirements of protein
and energy for the maintenance and growth of the animals [14], whereas the treatment
group (GOCB) received the control diet along with the blend of garlic oil-cinnamon bark
[(0.5mL + 1.0 g)/ head/day)], which was premixed with a small portion of concentrate
mixture (Figure 1) before mixing it to the requisite quantity. The dose level of garlic
oil-cinnamon bark for feeding to the buffalo calves was determined on the findings of a
series of in vitro rumen fermentation studies conducted at authors’ laboratory [16,23,24].
This dose was applied for calculating the dose in growing calves of 180 kg body weight
assuming a rumen volume of 10% of body weight and 20% higher than the calculated dose
to account for calculation errors and a dynamic system. Based on these calculations, buffalo
calves were fed with a blend of 0.5 mL of garlic oil and 1.0 g of cinnamon bark powder daily
mixed with concentrate mixture. For homogeneous distribution, the blend was premixed
manually with a small quantity of concentrate feeds; then, the premix was mixed with the
total required quantity of concentrate feeds and fed to the animal individually. The feeding
experiment was conducted for 190 days including 20 days of adaptation to new feeds and
170 days of concrete data recording and sample collection for analysis. The additive mixed-
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concentrate feed was added with a gradual increase to the control concentrate mixture
for suitable adaptation to the new feeding regimen and to achieve the desired dose level
within 10 days.

Table 1. Chemical compositions (% DM) of concentrate mixture, wheat straw and oats green fed to
buffalo (Bubalus bubalis) calves.

Attributes Concentrate Mixture ! Wheat Straw Oats Green
(n=8) (n=8) (n=8)
Organic matter 93.16 92.17 92.62
Crude protein 20.22 4.24 7.48
Ether extract 5.35 1.31 227
Total ash 6.84 7.83 7.38
Neutral detergent fibre 39.53 81.08 64.31
Acid detergent fibre 10.12 52.80 37.50

! Concentrate mixture consisted of wheat (25%); barley (10%); rice grit (5%); groundnut cake, expeller (26%);
mustard cake, expeller (4%); wheat bran (27%); mineral mixture (2%); and common salt (1%).

(D) ®

Figure 1. Preparation and feeding of blend of garlic oil and cinnamon bark powder to buffalo
calves. (A): Garlic oil; (B): cinnamon bark powder; (C): blend of garlic oil-cinnamon bark powder
(0.5mL + 1.0 g) premixed with a small quantity of concentrate feeds; (D): buffalo calves for experi-
ment; (E): mixing of the premix with the total required concentrate feeds and placed in the manger
for feeding to buffalo calves.

2.3. Recording of Feed Intake and Body Weight Changes

The daily feed intake of all the experimental animals was recorded individually at
every fortnight by precisely recording offered feeds and leftovers after 24 h. The growth
rate of buffalo calves was determined by recording the fortnightly body weight of the
individual animal before offering feed and water by a digital weighing balance throughout
the study of 170 days. The feed conversion ratio (FCR) and feed efficiency (FE%) of buffalo
calves were calculated by considering daily feed dry matter intake and body weight gain
to determine the feeding value of concentrate feed mixture containing blended garlic oil
and cinnamon bark powder.
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2.4. Haemato-Biochemical Studies

About 10 mL of blood sample was collected from each animal through jugular vein
puncture before morning feeding at 0, 90 and 170 days of the experimental feeding in
two vacutainers, one with anticoagulant EDTA and the other without any anticoagulant.
Haemoglobin (Hb) and packed cell volume (PCV) was estimated from whole blood col-
lected with anticoagulant. Blood collected without anticoagulant was kept undisturbed
for 30 min, and serum was collected from the supernatant and put in a —20 °C deep
freezer for serum chemistry analysis. Total protein, albumin, alanine amino transferase
(ALT), aspartate amino transferase (AST) and serum urea concentrations were analysed
by biochemical assay kits (Coral Clinical Systems, Goa, India). The globulin concentration
was determined by subtracting albumin concentration from total protein, and the ratio of
albumin to globulin (A: G) was calculated.

2.5. Erythrocytic Antioxidant Status

The total thiol (T-SH) groups and antioxidant enzymes viz. reduced glutathione
(GSH), catalase (CAT), superoxide dismutase (SOD) and lipid peroxidase (LPO) in the
erythrocytes were estimated to study the effects of garlic oil-cinnamon bark-supplemented
feed in buffalo calves. After the collection of blood in a heparinised vacutainer from the
jugular vein of all calves, the blood was centrifuged at 1800x g for 15 min. The plasma
and buffy coat were decanted carefully and washed with normal saline solution thrice,
and the erythrocyte pellet was collected. A uniform RBC suspension, i.e., haemolysate,
was prepared by mixing (1:1) the packed RBC in the erythrocyte pellet with ice-cooled
distilled water. A working haemolysate was prepared by mixing 1 mL of RBC suspension
with 9 mL of distilled water. The prepared haemolysate was stored in a deep freezer
(=20 °C) for analysing erythrocytic antioxidant status. The total thiol (T-SH) group in
haemolysate was analysed as per the procedure of Sedlak and Lindsay [25]. The molar
extinction coefficient of 13100 at 412 nm was used to estimate the thiol contents, and the
values were expressed in umol per mg of haemoglobin. The dithio-bis-2 nitro benzoic
acid (DTNB) method [26] was adopted to estimate GSH, where sodium tungstate solution
was added to haemolysate and centrifuged, and optical density was measured at 412 nm,
spectrophotometrically after adding Tris buffer and DTNB reagent to supernatant fluid.
The CAT activity in the haemolysate was estimated [27] by using hydrogen peroxide
solution and measuring optical density at 230 nm at various time points. The MTT (3-
[4-5 dimethyl thiazol 2-x1] 2, 5 diphenyl tetrazolium bromide) reduction was analysed to
determine the SOD activity [28], where mmol MTT formazon formed per mg haemoglobin
was measured. The quantity of malonyl dialdehyde (MDA), a product of lipid peroxidation
(LPO), was estimated [29] to examine LPO level. The haemoglobin (Hb) concentration
in the haemolysate was estimated by a colorimetric assay [30] with 0.007 N ammonium
hydroxide solution, and the antioxidant enzyme activities were demonstrated.

2.6. Immunity Assessment

The immunity status of buffalo calves on feeding of a garlic oil-cinnamon bark-based
diet were evaluated by investigating cell-mediated immune response (CMI) and humoral
immune (HI) response [31]. A delayed type of hypersensitivity reaction caused by in-
jection of phytohaemagglutinin-P (PHA-P) (Sigma-Aldrich Ltd., New Delhi, India, CAS
No. 9008-97-3) to buffalo calves was assessed for evaluating CMI response. After proper
marking of both sides of the neck region, PHA-P (150 ug/200 uL PBS solution) was injected
intra-dermally. A digital vernier calliper was used to measure the increased skin thickness
due to the hypersensitivity reaction at 0, 24, 48, 72 and 96 h post-injection.
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The buffalo calves were vaccinated against haemorrhagic septicaemia (HS), and the
antibody titre was measured to demonstrate the HI response. Pasteurella multocida culture,
inactivated with formaldehyde, in potassium aluminium sulphate adjuvant was obtained
from Haryana Veterinary Vaccine Institute (Department of Animal Husbandry and Dairy-
ing, Govt. of Haryana, India). After experimental feeding of 60 days, a single subcutaneous
dose (5 mL) of HS vaccine was injected to each buffalo calf, and antibody titre was measured
in plasma after collection of blood from the jugular vein in a heparinised vacutainer at 0, 30
and 60 days post-vaccination. The antibody titre (log10) was measured by recording optical
density at a 450 nm wavelength by an Enzyme Linked Immuno-Sorbent Assay (ELISA)
examination at Lala Lajpat Rai University of Veterinary and Animal Sciences (LUVAS),
Hisar 125 004, Haryana, India.

2.7. Digestion Trial and Sampling Protocol

After 90 days of feeding trial, a digestion trial of 8 days duration was conducted,
where 2 days of adaptation of the animals to the experimental condition was considered
prior to 6 days total of collection. The daily feed intake was determined by recording the
feeds offered and measuring refusal. The daily total faeces voided by each buffalo calf
were collected and weighed. After thorough mixing of the faeces individually, a sample
(1/200th of total faeces) was dried for 24 h in a forced hot air oven (NSW, New Delhi, India)
set at temperature of 80 = 2 °C. The faecal dry matter was determined, and the 6 days
animal-wise collection was mixed together and kept for chemical analysis after grinding
to a 1 mm particle size. A portion (1/400th of total faeces) of fresh faeces sample from
individual calves was collected daily and kept in plastic bottles added with 10 mL of 25%
(v/v) sulphuric acid. The 6 days of collection in each bottle was mixed, and faecal N was
analysed. The digestibility of nutrients was calculated considering the intake and faecal
output of each nutrient for individual animals.

2.8. Enteric Methane Production Measurement

Towards the end of feeding trial (90 days onwards for 3 consecutive days), the eructed
gas from all the experimental animals was collected at 3 h post-feeding through the Douglas
bag technique [8], and methane concentration was analysed by a gas chromatograph
(Nucon-5700, Nucon Engineers, New Delhi, India). The GC was equipped with a flame
ionisation detector (FID) and Porapak-Q (length-1.5; mesh range 80-100; o.d. 3.2 mm)
packed stainless steel column. The oven, injector and detector temperatures were set to
40 °C, 50 °C and 50 °C, respectively. A methane and CO, mixed (50:50) gas standard
(Centurion Scientific, New Delhi, India) was used for comparison. The main and column
pressure for carrier gas Ny, column pressure for fuel H, and zero-moisture air was set to
30, 10, 20 and 10 PSI, respectively. The concentration of methane (%) was calculated on
measuring the peak area covered by the sample and standard.

2.9. Chemical Analyses

The feeds, refusals and faeces samples collected during the digestion trial were anal-
ysed as per the Association of Official Analytical Chemists [32] for DM (934.01), organic
matter (967.05), crude protein (976.05), ether extract (973.18) and total ash (942.05). Neu-
tral detergent fibre (NDF) and acid detergent fibre (ADF) were analysed without sodium
sulphite and x-amylase [33].

2.10. Statistical Analyses

The experimental data (eight replicates in each treatment) were analysed for the
various parameters as a completely randomised design using an independent sample ¢-test
of SPSS v.20 [34]. The data were tested for normal distribution by the Shapiro-Wilk test,
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and repeated measures ANOVA tests were used for the data recorded at different time
points. The difference between the two-treatment means was determined by independent
samples t-tests in SPSS as per Snedecor and Cochran [35], and significant variations were
demonstrated when p < 0.05.

3. Results

The chemical composition of feeds fed to buffalo calves, comprising concentrate
mixture, oats green fodder and wheat straw (Table 1), supports the nutrient requirement of
buffalo calves for maintenance and growth [14].

Although all the experimental buffalo calves [control (CONT) and garlic oil-cinnamon
bark blend (GOCB)] had comparable (p > 0.05) body weights at the start and completion
of trial, the total body weight gain after 170 days of experimental feeding and average
daily gain remained higher (p < 0.05) in GOCB in comparison with CONT (Table 2). The
quantities of wheat straw, oats green and concentrate mixtures with /without GOCB given
to each animal of either group during the entire experimental feeding period of 170 days
remained similar, resulting in comparable (p > 0.05) total feed intake (kg/d) between the
groups. As daily body weight gain was higher (p < 0.05) in GOCB animals, the lowered
(p < 0.05) feed conversion ratio (FCR) indicating higher (p < 0.05) feed efficiency (FE) were
demonstrated, owing to similar intake of feeds.

Table 2. Feed intake, body weight gain and feed efficiency of buffalo calves fed different feeds.

Treatments
Attributes CONT (=8 GOCE (n=8) SEM p Value
Body Weight (kg)
Initial 182.70 185.04 12.90 0.935
Final 248.20 264.54 14.14 0.594
Total Gain ® 65.50 2 79.50 b 3.07 0.01
ADG (g) 385.08 2 467.66 P 18.05 0.01
Dry Matter Intake (kg/d)
Wheat Straw 1.61 1.73 0.184 0.763
Conc. Mix 1.82 1.82 0 1.00
Oats Green Fodder 1.16 1.16 0 1.00
Total 4.59 4.72 0.184 0.762
FCR 11.97b 10.112 0.438 0.022
FE (%) 8.402 10.08 b 0.386 0.018

CONT (control group) fed diet containing wheat straw, concentrate mixture and green oats fodder; GOCB is
the treatment group, fed a control diet supplemented with a blend of garlic oil and cinnamon bark powder
@ (0.5 mL + 1.0 g) /head/day, respectively, by mixing it to a small proportion of concentrate mixture. 5 After
170 days; ADG = average daily gain; FCR = feed conversion ratio; FE (%) = percent feed efficiency; *® mean values
bearing different superscripts within a row vary significantly (p < 0.05).

The haemoglobin (Hb), packed cell volume (PCV), serum proteins (albumin, globulin
and A:G ratio) and serum enzymes (ALT and AST) levels remained comparable (p > 0.05)
in buffalo calves, irrespective of feeding regimens at any time point of blood collected.
However, a reduction (p < 0.05) in the serum urea level was demonstrated at 170 days in
GOCB blend fed animals in comparison to control (Table 3).
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Table 3. Haemato-biochemical parameters of buffalo calves supplemented with diet containing garlic
oil-cinnamon bark blend.

Parameters Day Treatments SEM p Value
CONT (n=38) GOCB (n=38)

0 10.56 10.89 0.82 0.670
Hb (g/dL) 90 10.92 11.05 0.77 0.751
170 11.03 11.32 0.82 0.432
0 35.62 35.472 1.48 0.547
PCV (%) 90 34.59 34.92 1.23 0.234
170 35.64 34.79 1.85 0.502
0 7.86 7.52 0.29 0.162
Total Protein (g/dL) 90 8.54 8.20 0.34 0.372
170 8.20 8.34 041 0.421
0 3.17 3.64 0.06 0.371
Albumin (g/dL) 90 3.23 3.15 0.03 0.431
170 3.74 3.52 0.08 0.785
0 4.69 3.88 0.43 0.132
Globulin (g/dL) 90 5.31 5.05 0.34 0.569
170 446 4.62 0.39 0.328
0 0.68 0.94 0.06 0.425
A: G Ratio 90 0.61 0.62 0.05 0.823
170 0.84 0.73 0.03 0.164
0 110.32 112.58 6.35 0.432
AST (U/L) 90 114.68 116.58 4.61 0.579
170 115.69 117.54 7.72 0.620
0 66.23 75.48 8.97 0.720
ALT (U/L) 90 67.58 72.59 7.58 0.354
170 70.61 76.28 6.59 0.679
0 27.86 29.74 1.95 0.450
Urea (mg/dL) 90 33.23 32.32 1.74 0.112
170 36.56 32.712 1.68 0.042

2P Mean values bearing different superscripts within a row vary significantly (p < 0.05).

The erythrocytic antioxidant indices measured by total thiol groups (T-SH), reduced
glutathione (GSH), catalase (CAT) and superoxide dismutase (SOD) enzymes activities
were enhanced (p < 0.01) in GOCB-fed calves in comparison with CONT; however, the lipid
peroxidation (LPO) was reduced (p < 0.01) in GOCB, indicating better antioxidant status
(Table 4).

All the buffalo calves showed the highest skin thickness (%) after 48 h injection of
PHA-P, subsided gradually and came close to normal after 96 h (Table 5). At any post-
injection time points (24, 48, 72 and 96 h), it remained enhanced (p < 0.05) for GOCB
blend-supplemented calves compared with CONT, suggesting better immune response.
The humoral immune response, depicted by plasma antibody titre (log10), remained higher
(p < 0.05) both at 30 and 60 days after vaccination against Pasteurella multocida in GOCB
blend-supplemented buffalo calves than CONT (Table 6).
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Table 4. Antioxidants status of buffalo calves fed a diet containing a garlic oil-cinnamon bark blend.

Treatments
Attributes CONT a=8) GOCE a=8) SEM p Value
T-SH (umol mg~! Hb) 188.312 285.47b 35.48 0.006
GSH (umol mg~! Hb) 14.252 28.49 b 257 0.002
Catalase (mmol mg~! Hb) 1.012 6.12b 0.39 0.003
SOD (mmol MTT formazon 0132 0.28b 0.04 0.006

formed mg*1 Hb)
LPO (nmol MDA mg~! Hb) 1028 7.62 1.56 0.009

ab Mean values with different superscripts within a row differ significantly (p < 0.01).

Table 5. Effect of garlic oil-cinnamon bark blend supplementation on delayed type of hypersensitivity
(DTH) reaction (%) to phyto-haemagglutinin-P in buffaloes.

Hours Treatments
(Post-Injection) CONT (n = 8) GOCB =8 SEM p Value Period Mean + SE
0 100 100 - 1.00 100 A
24 125.712 135.38 b 8.68 0.034 130.54 € £ 2.59
48 127.08 2 136.09® 10.59 0.042 131.59 € + 3.65
72 114.94 2 123.49 b 5.38 0.039 11928 £2.12
96 107.41 2 116.17° 2.95 0.012 111.79 B +2.13
Treatment mean +£SE  115.032 £1.93  122.23P +3.26 10.56 0.024

ab/ABC

Mean values bearing superscripts within a row /column vary significantly (p < 0.05).

Table 6. Effect of garlic oil-cinnamon bark supplementation on antibody titre (log10) against
Pasteurella multocida in buffaloes.

Antibody Titre (1og10)
Days Post-Immunisation SEM p Value
CONT (n=38) GOCB (n=8)
0 1.76 1.72 0.05 0.322
30 1.862 1.98 0.06 0.019
60 1.882 2.05b 0.07 0.048

ab mean values with different superscripts within a row differ significantly (p < 0.05).

The digestion trial data (Table 7) revealed enhanced (p < 0.05) digestibility of dry
matter (DM) and organic matter (OM) in GOCB animals; however, the digestibility of crude
fat (EE), neutral detergent fibre (NDF) and acid detergent fibre (ADF) remained comparable
(p > 0.05) between GOCB and CONT buffalo calves. Compared with buffalo calves of
the control group, the crude protein (CP) digestibility was enhanced (p < 0.01) in GOCB
animals (Table 7).
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Table 7. Nutrient digestibility (%) of buffalo calves fed a feed containing a garlic oil-cinnamon bark
blend.

Treatments

Attributes CONT (n=8) GOCB (n=8) SEM p Value
Dry Matter 56.72 2 60.20 0.874 0.036
Organic Matter 60.28 69.28 1.68 0.001
Crude Protein 61.58 2 67.66° 1.21 0.002
Ether Extract 69.82 72.75 2.73 0.621
Neutral Detergent Fibre 47.56 50.70 1.34 0.263
Acid Detergent Fibre 43.27 48.40 1.79 0.162

ab Mean values with different superscripts within a row differ significantly (p < 0.05).

The methane emission (conc. in eructed gas) was reduced (p < 0.01) in the GOCB
animals fed a diet containing a blend of garlic oil and cinnamon bark powder (Table 8).

Table 8. Influence of supplementing different feed additives on in vivo methane production (methane
concentration in exhaled air, ppm).

Treatments Val
i EM alue
Attribute - 0T _8 GOCB (=8 S P
Methane conc. 431.29 P 285.192 27.16 0.004

ab mean values with different superscripts within a row varies significantly (p < 0.01).

4. Discussion

To the best of our knowledge, this is a unique study aiming to delineate the effects of a
blend of garlic oil and cinnamon bark powder on body weight changes, feed utilisation,
antioxidant enzymes and immunity in buffalo (Bubalus bubalis). Garlic (Allium sativum)
oil contains several bioactive components viz. diallyl sulphide, allicin and allyl mercap-
tan [36,37], which have been reported to have influence not only on the ruminal microbial
ecosystem but also on antioxidative and immune systems [38,39]. Cinnamon bark powder
contains cinnamaldehyde, a major essential oil compound, which has the potential to act
as an antimicrobial agent to modulate several functions of body [22,40]. The similar feed
intake with enhanced body weight gain and feed efficiency in buffalo calves fed garlic
oil-cinnamon bark (GOCB)-supplemented feed (Figure 2) could be due to increased as-
similation of nutrients [41] through modulation of the rumen microbial ecosystem [37,42]
by associative effects of garlic oil and cinnamon bark powder. In a study with growing
lamb, Chaves et al. [22] reported no changes in feed intake and body weight gain when
cinnamaldehyde alone was supplemented in the diet at 400 mg/kg dry matter. In contrary,
an improvement in growth performance was demonstrated [43] in pigs supplemented
with basal diet containing cinnamaldehyde (80 mg/kg feed). However, Holstein calves
fed a high-concentrate diet supplemented with cinnamon essential oils (5 g/d) reported
no effects on feed intake or body weight gain. Damascus goats supplemented (2 mL/d)
with garlic oil [21] were reported with enhance growth rate and feed efficiency without
affecting intake.

The normalcy of haemato-biochemical indices in all the experimental buffalo calves
irrespective of diet demonstrated the good health and wellbeing of animals; how-
ever, reduced serum urea concentration could be due to selective inhibition of ruminal
hyper-ammonia-producing bacteria by essential oil-containing garlic oils and cinnamon
bark [44,45], demonstrating better protein utilisation in the gastro-intestinal tract. Our
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study receives support from other researchers [22,43], where a dose-dependent variation in
serum urea concentration was described without it affecting other blood metabolites.

280
270
260
%f 250
B 240
g 230
g 220 o s CONT
=
g 20 —8~GOCB

200
190
180
170
160

0 20 40 60 80 100 120 140 160 180

Days

Figure 2. Body weight changes of buffalo calves (n = 8) fed a garlic oil-cinnamon bark blended
feed mixture.

Endogenous antioxidant enzymes viz. superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH) and malondialdehyde (MDA) are important and play a significant role
in counteracting reactive oxygen species (ROS) and preventing oxidative damage to body
cells [46]. The increased (p < 0.01) levels of these antioxidant enzymes and erythrocytic
total thiol group (I-SH) and reduced (p < 0.01) lipid peroxidation, as determined by less
malonaldehyde (MDA) formation in the present study, demonstrated the better antioxidant
status of animals fed a GOCB diet (Table 4). Several studies with plant bioactive compounds
containing polyphenol and essential oils have been reported to enhance the activity of
antioxidant enzymes [47-50]. The findings of Imbabi et al. [21] on supplementation of
garlic oil, thyme or a blend of garlic oil and thyme in goats” diet corroborate our study
in terms of an improved antioxidant status of buffalo calves. Supplementation of garlic
products enhances antioxidant enzymes and reduced malonaldehyde in lambs and Holstein
cows [51,52] by regulating binding of antioxidant response elements for the expression of
antioxidant enzymes. A reduction in lipid peroxidation and enhanced antioxidant enzymes
were reported in pigs fed a diet containing cinnamaldehyde [43].

Enhanced cell-mediated (Figure 3) and humoral immunity (Figure 4) in GOCB-fed
animals in the present study could be due to enhanced immunoglobulin production through
B-cell stimulation [53,54] or enhanced phagocytosis [55] or the reduction of stress through
enhanced antioxidant enzymes (Table 4). Increased feed utilisation, especially proteins,
as evidenced by the enhanced digestibility of the feed by GOCB animals (Table 7), also
provides better immunity by supplying better nutrition [56] to the animals.

150 +
145 o
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130 o
125 o =——CONT
120 +
115 o
110 o
105 o
100

—GOCB

Skin thickness (%)

0 24 48 72 96

Hours post-inoculation

Figure 3. Skin fold thickness (%) of buffalo calves (n = 8) on intra-dermal administration of phyto-
haemagglutinin-P.
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Figure 4. Antibody titre of buffalo calves (n = 8) against Pasteurella multocida vaccine.

Improved immunity was also reported by Luo et al. [43] on supplementation of
cinnamaldehyde to growing pigs. Similar to our study, goats supplemented with thyme
and/garlic oil demonstrated higher immune status through improved growth and nutrient
utilisation [21]. In another study, garlic powder supplementation to lambs was described
to enhance immunoglobulin levels [53]. Overall, the improved feed utilisation, growth
rate and antioxidant enzymes status of buffalo calves in the present study enhanced the
immunity of GOCB-fed animals.

Essential oil-rich feed additives have been reported to modulate rumen fermentation
by affecting ruminal microbes, which mostly depends on the type and dose of the bioactive
compounds [57,58]. Ma et al. [59] reported decreased protozoa and increased cellulolytic
bacterial population in the rumen of ewes supplemented with allicin, a bioactive compound
of garlic oil. Improvements in digestibility and feed efficiency in growing lambs fed various
essential oil compounds were demonstrated [60] through the stimulation of gastric enzymes
and ruminal bacteria. The present study also corroborates with the findings of earlier
researchers in enhancing the feed digestibility of GOCB-supplemented buffaloes (Table 7).
As in the present study, an increased protein utilisation was demonstrated due to reduced
ruminal ammonia N production [37,39], inhibition of ruminal hyper-ammonia-producing
bacteria [45] and increased protein flow and utilisation in the small intestine [61,62].

Bioactive plant compounds have been demonstrated to reduce enteric methane emis-
sions due to their strong antimicrobial effect [63,64]. Direct reduction of methanogens
through inhibition of archaeal membrane lipid synthesis [65] or reduction of ruminal pro-
tozoal population associated with methanogens [66] by essential oil compounds (thyme,
carvacrol, cinnamaldehyde, garlic oil, etc.) could partially explain the reduced methane
concentration (Figure 5) in the eructed air of GOCB-fed buffalo calves.

500 -
450 -
400 -
350 A
300 A
250 A
200 A
150 -
100 -
50 A

Methane Conc, ppm

CONT GOCB

Figure 5. Methane concentration in the eructed air of control (n = 8) and garlic oil-cinnamon bark-
supplemented animals (n = 8).



Antioxidants 2025, 14, 702 13 of 16

5. Conclusions

There is a great demand for feeds not only the enhancing growth and digestibility
of nutrients but also enhancing the antioxidant status and immunity with a concomitant
reduction of enteric methane emission. The present study delineated that the administration
of a blend (1:2) of garlic oil and cinnamon bark powder (0.5 mL and 1.0 g/head/day)
improved growth rate and feed efficiency (20%), protein utilisation (9.87%), antioxidant
status (less MDA 26%) and immunity with reduction (33.88%) of methane emission in
Murrah buffalo calves. Therefore, this study demonstrates the application of a garlic oil-
cinnamon bark powder blend in the feed formulation of buffalo calves for improving health
and production performances. There is also a need to carry out animal studies with varying
dose levels at different feeding regimes to obtain the best possible result. Further studies
investigating lactating animals should focus on the assessment of milk production and
quality parameters.
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