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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Table 2. Oocyte maturation rate, Cleavage rate, Blastocyst production rate

Sr. Donorcow Tag No. Oocytes used Oocytes matured Oocytes Oocytes Cleavage Blastocyst Blastocyst
No.  for IVM and transferred maturation cleaved rate (%)  production
   for IVF rate (%)    rate (%)

1 410806 7 6 85.71 5 83.34 0 0

2 416008 25 22 88 16 72.72 10 45.45

3 410806 6 7 116.67 6 85.71 4 57.14

4 410806 2 0 0 0 0 0 0

5 416008 24 22 91.67 7 31.82 4 18.18

6 600363 13 12 92.31 6 50 3 25

7 410806 3 2 66.67 0 0 0 0

8 410806 3 3 100 1 33.34 1 33.34

9 640024 11 10 90.91 6 60 3 30

10 640024 9 8 88.89 5 62.5 2 25

11 410806 9 7 77.78 6 85.71 5 71.43

12 640024 5 5 100 3 60 2 40

13 413472 5 4 80 1 25 0 0

14 268900 14 13 92.86 5 38.46 5 38.46

15 410806 5 2 40 1 50 1 50

16 640024 8 8 100 3 37.5 3 37.5

17 268900 9 4 44.44 4 100 4 100

18 413472 3 3 100 2 66.67 1 33.34

19 410806 4 2 50 2 100 2 100

20 640024 2 1 50 1 100 0 0

21 268900 18 6 33.33 6 100 5 83.34

 Total 185 147  86  55

 Mean ± SE 8.81 ±1.46 7 ± 1.32 75.67± 6.31 4.09 ±0.78 59.18 ±6.83 2.62±0.54 37.53 ±6.81

 S. D. 6.71 6.075 8.92 0.78 6.83 0.54 6.81

70.20%. Kumar et al. (2020) and Lonergan et al. (1996) 
reported the oocyte maturation rate higher than the present 
study, which is 91.30 ± 1.27 % and 91 %, respectively. Out 
of 147 oocytes kept for in vitro fertilization, 86 oocytes 
were cleaved. The average cleaved oocyte was 4.096 ± 
0.78, yielding a cleavage rate of 59.18 ± 6.83%. Looney et 
al. (1994) reported 44.7 % cleaved oocytes, while Presicce 
et al. (2020) reported 49.4% cleaved oocytes. These results 
are lower than those of the present research work. 
Nogueira et al. (2021) discovered a 61.19% cleavage rate, 
which is almost similar to the present study. Higher 
Cleavage rates, i.e., 78% and 68%, than the present study 
was reported by Pontes et al. (2010) in Holstein cattle and 
Gir cattle, respectively. Egashira et al. (2019) and Da Silva 
et al. (2017) reported 83% and 63% cleavage rate, which is 
higher than the present study. Out of 147 oocytes kept for 
in vitro fertilization, 55 fertilized oocytes reached the 

thblastocyst stage on day 7  of the culture. The blastocyst 
production rate was 37.53 ± 6.81%. There was variability 
in the development of embryos among different donors. 

Several publications reported lower blastocyst production 
rates than the current study: Looney et al. (1994) found 
16.4%, Nogueira et al. (2021) found 21.13%, DaSilva et al. 
(2017) found 23.5%, and Presicce et al. (2020) found 23% 
blastocyst production rate. A slightly higher Blastocyst 
production rate, i.e. 46% and 45%, than the present study, 
was recorded by Pontes et al. (2010) in Holstein and Gir 
cattle, respectively. DeMoraes et al. (2019) recorded 41.5 
± 4.2% while Egashira et al. (2019) recorded a 60.2% 
blastocyst production rate. In this study, 55 embryos are 
classified into four distinct codes viz., 1, 2, 3, and 4. During 
each OPU session, on average, 2.61 embryos were yielded. 
The number of embryos with code 1 (1.71±0.37) was more 
than codes 2 (0.571 ± 0.20), 3 (0.142 ± 0.10) and 4 (0.19 ± 
0.11). Different authors recorded variable results of 
various grades of embryos in their study, which may be due 
to the physiological and nutritional status of animals, breed 
variation, season, etc. Fourteen in vitro produced embryos 
were transferred to recipient cows, and a conception rate of 
24.39% (10/41) was recorded. Pregnancy diagnosis was 
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made by ultrasound examination of genitalia on days 25- 
30, which was further monitored by per rectal examination 
on day 45 post embryo transfer. Thus, successful 
transvaginal ultrasound-guided OPU and in vitro embryo 
production and transfer was done in cows in the present 
study. ( Sahiwal x HF)
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 Over the past two decades, the ultrasound-guided 
transvaginal follicular aspiration technique for OPU has 
become increasingly popular in the dairy industry for 
producing embryos from elite cows in India. However, this 
process is more complex than artificial insemination as it 
includes steps like Ovum Pick Up, IVM, IVF, In vitro 
Culture (IVC), and then transferring of the embryo in the 
appropriate recipient. But despite the complexity, these 
procedures are widely practiced and yield good results in 
embryo transfer programs. The number, and the quality of 
follicles present at the time of aspiration determine the 
success rate of OPU in cows. The first objective of this 
experiment was to evaluate oocyte recovery by OPU and 
embryo production rate in cows.  The second objective 
was to study the conception rate in 'recipients' cows 
(Sahiwal x HF).

MATERIALS AND METHODS

 The current study was carried out at ET-IVF 
Laboratory, Bull Mother Farm, Animal Husbandry (Govt. 
of Maharashtra), Tathawade, Pune and KNP College of 
Veterinary Science, Shirwal, Dist. Satara. All cow-related 
procedures and protocols were preapproved by the IAEC 
of the college. The experimental cows (Sahiwal × HF) 
were intensively housed with stall feeding and grazed 
during the day. The study was carried out from October 
2023 to March 2024. Six elite donor cows with a known 
history of good lactational yield and breeding value were 
screened and selected by thorough clinico-gynecological 

examination, rectal palpation, and ultrasonographic 
examination of genital organs. The animals with good 
general health, a good body condition score (3-3.5), larger 
cyclic ovaries, and non-pregnant donors were selected as 
donors. Donors were dewormed and supplemented with a 
good quality mineral mixture powder and a well-balanced 
ration before the start of the investigation.

 Donors were subjected to the OPU a day before 
when the recipients were detected in estrus as per the 
synchronization protocol (Double PGF2α). For the OPU 
procedure, the donor animals were given with epidural 
anesthesia (3-5 ml of 2% lignocaine hydrochloride) at the 
sacrococcygeal space. The rectum was emptied by back 
raking and then the perineum was washed with mild 
antiseptic solution. An 18-gauge 60 mm needle, suction 
pump maintained at 70-80 mm Hg vacuum pressure and a 
convex ultrasound 7.5 MHz trans-vaginal ultrasound 
guided OPU probe were used for follicular aspiration. 
After the follicle aspiration was done, follicular aspirate 
was collected into the Euro Flush media (IMV Technologies, 
France) 50 ml conical tube maintained at 37º C temperature. 
Oocytes were searched under a Stereo zoom Binocular 
microscope (Nikon, SMZ745). The recovered oocytes 
were divided into five grades (A, B, C, D, E) according to 
the nature of ooplasm and the number of layers of cumulus 
cells. The COCs were further graded and then transferred 
to the maturation medium BO-IVM in 4 Well plates and 
incubated at 38.5º C at 6% CO , 5% O  and 89% N  in the 2 2 2

Bench Top incubator for 20 to 22 hours.  After IVM, COCs 
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were washed and transferred in the fertilization medium 
BO-IVF in 4 well plates. The thawed semen samples were 
layered on the percoll gradient. After centrifugation, the 
resultant sperm pellet was used for in vitro fertilization. 
The fertilization was accomplished by adding semen 
pellets in 4 well plates containing matured COCs. The 
gametes were incubated for 20-22 hat 38.5° C at 6% CO , 2

5% O  and 89% N  in the bench top incubator. Zygotes 2 2

produced after the fertilization with unsexed sperm were 
placed in culture droplets BO-IVC in 4 Well Plates under 
mineral oil overlay and incubated at 38.5º C at 6% CO , 5% 2

O  and 89% N  in the benchtop incubator. The in vitro 2 2

produced embryos were evaluated and assessed for quality 
on Day 7. The dishes containing embryos were screened 
under a stereo zoom microscope at lower magnification 
(40x) 3-4 times in the laboratory. The embryos were then 
washed, graded with the help of the micropipette, and 
transferred into the small petri dish (35 × 10 mm, Falcon 
Becton Dickinson, Labware, New Jersey, USA) containing 
1.5-2.0 ml of embryo holding medium for further use. The 
embryos were examined, evaluated and graded according 
to the International Embryo Transfer Society criteria given 
by (BO and Mapletoft, 2018). To remove operator 
variation, all procedures, viz., OPU and laboratory 
procedures for IVF and IVEP, were performed by the same 
worker.

RESULTS AND DISCUSSION

 198 Oocytes were collected from six different donor 
cows in 21 OPU sessions, averaging 9.42 Oocytes per 
OPU session. Oocyte recovery, according to the grading 
system, was 1.29 ± 0.43 for grade A, 2.62 ± 0.53 for grade 
B, 3.24 ± 0.64 for grade C, 1.67 ± 0.28 for grade D and 0.62 
± 0.16 for grade E. The A, B, C, D and E grade oocyte 
recovery percentages were 13.64%, 27.78%, 34.34%, 
17.68% and 6.57%, respectively. The present study's 
findings indicated that the recovery percentage for C-
grade oocytes was significantly higher than for all other 
grades. In contrast, A and E oocytes were lower than other 
grades. Grades B and D were found at the intermediate 
level, where grade B was numerically higher than grade D, 
as depicted in Table 1. Some what similar results were 
reported by Looney et al. (1994), Goodhand et al. (2000), 
Sakhong et al. (2012) and Cebrian-Serrano et al. (2013), 
where C grade oocytes were more in numbers with 
variable numbers of other grade oocytes. In this study, a 
total of 75.67 ± 6.31% of oocytes (147 out of 185) matured, 
on average, 8.81 ± 1.46 oocytes were kept for IVM, out of 
this, a mean number of oocytes that matured and were 
subsequently transferred for IVF was 7 ± 1.32 (Table 2). 
An almost similar oocyte maturation rate, i.e., 75.53%, 
was reported by Pontes et al. (2011). Lonergan et al. 
(1994) reported a slightly lower oocyte maturation rate of 

Table 1. Grading of recovered Oocytes

Sr. No. Donor cow Tag No. Total A B C D E

1. 410806 7 2 3 1 1 0

2. 416008 25 8 7 6 4 0

3. 410806 6 3 3 0 0 0

4. 410806 3 0 0 0 2 1

5. 416008 24 3 6 13 2 0

6. 600363 15 2 6 2 3 2

7. 410806 5 0 0 2 1 2

8. 410806 3 0 0 3 0 0

9. 640024 12 0 4 6 1 1

10. 640024 9 0 6 2 1 0

11. 410806 9 1 3 3 2 0

12. 640024 5 0 2 3 0 0

13. 413472 5 0 2 2 1 0

14. 268900 15 1 4 5 4 1

15. 410806 6 1 0 3 1 1

16. 640024 10 0 2 3 3 2

17. 268900 10 0 0 5 4 1

18. 413472 4 0 1 1 1 1

19. 410806 5 2 0 2 0 1

20. 640024 2 0 0 0 2 0

21. 268900 18 4 6 6 2 0
c ab a bc c Mean ± SE 198 1.29±0.43  2.62±0.53  3.24±0.64  1.67±0.28  0.62±0.16
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 Unhealthy dietary habits and lifestyle patterns 
(smoking and alcohol consumption), exposure to physical 
(ultraviolet [UV] light, ionizing radiations) or chemical 
agents (drugs, pollutants, pesticides) along with deficiencies 
in the physiological antioxidant defences may result in 
pathological stress to the cells and tissues, which can have 
multiple effects. The practice of traditional medicine using 
medicinal plants is as old as the origin of man (Trease and 
Evans, 2002). Substances found in medicinal plants are 
known as active principles. These compounds have been 
extracted and used in different forms such as infusions, 
syrups, decoctions, infused oils, essential oils, and creams. 
Plant-derived natural products such as flavonoids, terpenes, 
alkaloids, anthraquinones, saponins, tannins, steroids, 
lactones and volatile oils received considerable attention in 
recent years due to their diverse pharmacological properties, 
including cytotoxic and chemo-preventive effects.

 The plant Annona squamosa is also known as custard 
apple which possesses potent bioactive principles in all its 
parts. Acetogenins are a class of natural compounds, 
isolated from members of Annonaceae having potent 
antineoplastic, parasiticidal, pesticidal, antioxidant, free 
radical scavenging, antimicrobial activity, etc. (Alali et al., 
1999; Ma et al., 2017). Unfortunately, seeds are not to be 
eaten directly because of hardness though they have 
medicinal derivatives they can be processed in such a way to 
use for the cytotoxicity effect on cancerous cells by using 

scientific methods (Extraction, GC-MS analysis, both 
qualitative and quantitative test, Free radical scavenging 
assay, Total antioxidant capacity assay) by bring a person 
from sickness to healthy. (Saad et al., 2006). The in-silico 
study between Annona squamosa seed methanolic extract 
and the genes responsible for mammary tumor also 
revealed about the anticancerous property of this extracts 
(Behera et al., 2023).

MATERIALS AND METHODS

Extraction Procedure

 Around 4 kg of Custard apple seeds were collected 
manually from fruits and washed with distilled water. Then 
seeds were dried under shade conditions for 1 month without 
any contamination. Dried seeds were electrically ground 
and powders were collected in an air-tight container. Then 
powders were taken in a sterilized beaker, absolute methanol 
was added, and allowed for magnetic homogenization by 
stirring at 60-65º C for 15 minutes under 100 rpm. The 
supernatant was filtered using Whatmann #1 filter paper and 
condensation of the filtrate was done in a rotary evaporator 
(Heidolph, India) under reduced pressure and vacuum at 
40º C and 30 rpm. Then the condensed filtrates were undergone 
for lyophilization and extract powder was prepared.

GC-MS Estimation

 The analyses were performed using a GC-MS system 
(7890A-5975C, Agilent Technologies Inc., Santa Rosa, 

SUMMARY
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and trans-13-Octadecenoic acid, methyl ester having the least probability percentage. Quantitative analysis of methanolic extract showed phenol 
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CA, USA) equipped with a DB5 capillary column (30 m × 
0.25 mm, 0.25 mm, Agilent Technologies Inc., Santa Rosa, 
CA, USA). The injection volume of each sample was 1 µL. 
Helium (99.999%) was used as the carrier gas at a flow rate 
of 1 mL/min. The temperature of the injection port was 
250º C, in splitless mode and the column temperature 
program was as follows: 50º C for 2 min, followed by an 
increase to 180º C at a rate of 5º C/min, an increase to 270º C 
at a rate of 20º C/min, and maintenance at 270º C for 5 min. 
The MS conditions included an EI ion source temperature 
of 230º C, an ionization energy of 70 eV, and a mass scan 
range of 40-500 amu. The run time was 25 minutes and the 
post run was 1 min. The separated constituents were 
tentatively identified by comparing their mass spectra with 
those in the NIST08 MS library (National Institute of 
Standards and Technology, Gaithersburg, MD, USA). The 
analysis was performed at Pharmacovigilance Laboratory 
for Animal Feed and Food Safety, Tamil Nadu Veterinary 
and Animal Sciences University, Madhavaram Milk 
Colony, Chennai 600 051.

Qualitative test

 The methanolic extract and Custard apple seed 
extract were screened for their phytochemical constituents 
according to the standard methods as discussed by Mini 
(2012) and Salau et al. (2013).

Test for alkaloids

 To 2 ml of plant extract, 2 ml of concentrated 
hydrochloric acid was added. Then few drops of Mayer’s 
reagent were added. The appearance of green color or 
white precipitate indicates the presence of alkaloids.

Test for tannins

 To 1 ml of freshly prepared 10% potassium hydroxide, 
1 ml of the extract was added. The appearance of a dirty 
white precipitate indicates the presence of tannins.

Test for phenols

 To 2 drops of 5% ferric chloride, 1 ml of the extract was 
added. The appearance of a greenish precipitate indicates 
the presence of phenols.

Test for glycosides

 To 10 ml of 50% sulphuric acid, 1 ml of the extract was 
added, heated in boiling water for 15 min, and 10 ml of 
Fehling’s solution was added and boiled again. The 
appearance of a brick-red precipitate indicates the presence 
of glycosides.

Test for saponins

 To 2 ml extract, 2 ml of distilled water was added and 
shaken in a graduated cylinder for 15 min lengthwise. The 
formation of a 1 cm layer of foam indicates the presence of 
saponins.

Test for flavonoids

 To 1 ml of 10% sodium hydroxide, 3 ml of the extract 
was added. The formation of yellow color indicates the 
presence of flavonoids.

Test for steroids

 To 5 drops of concentrated sulphuric acid, 1 ml of the 
extract was added. The appearance of red coloration indicates 
the presence of steroids.

Test for terpenoids

 To 0.5 ml of extract, 2 ml of chloroform was added. 
The concentrated sulphuric acid was added carefully. The 
formation of red-brown color at the interface indicates the 
presence of terpenoids.

Test for quinones

 To 1 ml of extract, 1 ml of concentrated sulphuric acid 
was added. The formation of red color indicates the presence 
of quinones.

Test for anthocyanin and betacyanin

 To 2 ml of extract, 1 ml of 2N sodium hydroxide was 
added and heated for 5 min at 100º C. The formation of 
bluish-green color indicates the presence of anthocyanin 
and the formation of yellow color indicates the presence of 
betacyanin.

Test for proteins

 To 2 ml of extract, a few drops of 0.2% ninhydrin was 
added and heated for 5 min. The appearance of blue color 
indicates the presence of proteins.

Quantitative Phytochemical Analysis 

 Quantitative tests were carried out for the 
quantification of active phytochemicals respectively.

Estimation of total phenolic content

 The number of total phenolics in the extracts was 
determined by Folin- Ciocalteau method using gallic acid 
as a standard (Dhananjay and Maurya, 2010).

 Concentrations of 0.5, 1.0, 5.0, 10.0, 20, 30, and 50 
µg/mL of gallic acid standard were prepared in methanol, 
and the concentration of 1 mg/mL of Annona squamosa 
seed extract was also prepared in methanol. 0.5 mL of 
standard and extract were taken in a test tube. To this, 2.5 
mL of 10 folds dilute Folin-Ciocalteau reagent and 2.0 mL 
of 7.5% sodium carbonate were added, mixed thoroughly, 
and kept at room temperature for 30 minutes. The 
absorbance was measured at 760 nm in a UV-visible 
spectrophotometer. The concentration of total phenolics 
was calculated using the gallic acid standard curve and the 
total phenolics were expressed as mg of Gallic acid 
equivalent (GAE) / gram of extract.
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Estimation of total flavonoids

 The total flavonoid content of the extracts was 
determined by an aluminium chloride colorimetric assay 
(Kamtekar et al., 2014).

Standard

 Catechin was used as a standard. Stock standard of 
catechin (1000 µg/mL) was prepared by dissolving 10 mg 
catechin in 10 mL of absolute alcohol. Working concentrations 
of 20, 40, 80, 100, 200 and 400 µg/mL were prepared in 
distilled water.

 0.5 mL of extract and different concentrations of the 
standard were taken in a test tube. To this, 2.0 mL of distilled 
water and 0.15 mL of 5% sodium nitrite were added and 
incubated at room temperature for 5 minutes. To each tube, 
0.15 mL of 10% aluminium chloride was added and after 6 
minutes, 1 mL of 1 M sodium hydroxide was added. Finally, 
the volume was made up to 5 mL using distilled water. The 
contents were mixed well and incubated at room 
temperature for 15 minutes. The development of orange 
yellowish color was measured using a UV-Visible 
spectrophotometer at 510 nm. The concentration of total 
flavonoid content was calculated using the catechin standard 
curve and expressed as mg of catechin/100 grams of extract.

Estimation of alkaloids

 5 grams of powdered Annona squamosa seed was 
taken into 20ml of n-butanol and stirred vigorously. The 
content was transferred into a reagent bottle and kept 
overnight at room temperature. The slurry was centrifuged 
at 6000 rpm for 10 minutes and the supernatant made up to 
50 ml with n-butanol. The obtained sample was used for 
the estimation of total alkaloids by the titrimetric method.

 10 ml of supernatant solution was taken in a 100 ml 
separating funnel and 0.1 N HCl of 10 ml was added and 
the funnel was shaken thoroughly for 2-3 minutes. This 
results in the solubility of alkaloids. The lower layer contains 
alkaloids neutralized with 0.1 HCl and the top layer consists 
of n-butanol. 10 ml HCl portion was collected in a beaker 

and 2-3 drops of methyl red was added as an indicator, 
which turns the solution into a slightly reddish color. The 
content in the beaker is titrated against 0.1 N NaOH, till the 
color changes to pale yellow color. The neutralization 
point was determined. The same procedure was repeated in 
triplicate (Bikash et al., 2015).

 The total amount of alkaloids was calculated by: 1 
ml 0.1 N HCl = 0.0162 g alkaloid

Estimation of terpenoids

 Annona squamosa seed extract of 100 mg (Wi) was 
taken and soaked in 9 mL of ethanol for 24 hours. The 
extract after filtration was extracted in 10 mL of petroleum 
ether in a separating funnel. The ether extract was separated 
into pre-weighed glass vials and waited for complete drying 
(Wf). Ether was evaporated and the yield (%) of total 
terpenoid contents was measured by using the formula (Wi 
- Wf /Wi x 100) (Malik et al., 2017).

Quantitative determination of saponins

 5 grams of Annona squamosa seed extract was taken 
in a 250 mL conical flask and 100 mL of 20% ethanol was 
added and kept in the water bath at 55º C for 4 hours with 
continuous stirring. The residue mixture was re-extracted 
with 20% ethanol for 4 hours at 55º C with continuous 
stirring. The combined extract was evaporated to 40 mL 
over a water bath at 90º C. 20 mL diethyl ether was added to 
the concentrate in a 250 mL separator funnel and vigorously 
agitated from which the aqueous layer was recovered while 
the ether layer was discarded. This purification process 
was repeated twice. 60 mL of n- butanol was added and 
extracted twice with 10 mL of 5% sodium chloride. After 
discarding the sodium chloride layer remaining solution 
was heated in a water bath for 30 minutes. The solution was 
then transferred into a crucible and was dried in an oven to 
a constant weight (Chukwuma et al., 2016). The saponin 
content was calculated in percentage:

% Saponin =                                     × 100

Fig. 2. DPPH Assay of methanolic extract of Custard apple (Annona 
squamosa) seed

Fig. 1. GC-MS Analysis of methanolic extract of Custard apple 
(Annona squamosa) seed

Weight of Saponin

Weight of sample
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Quantitative determination of anti-oxidants

1. DPPH (2, 2-diphenyl-1-picryl hydrazyl) Assay

 The free radical scavenging activity of the methanolic 
extract of Annona squamosa seed was measured using 
DPPH (2, 2-diphenyl-1-picryl hydrazyl) as per the method 
of Zahin et al. (2009). One mL of various concentrations of 
the extract was added to one mL of 0.1 mM solution DPPH 
in methanol. The solutions were mixed and incubated in 
the dark for 30 minutes at room temperature. After 30 min, 
absorbance was measured at 517 nm using a UV-visible 
spectrophotometer. The free radical scavenging activity 
was calculated using the formula

% scavenging activity =                                             × 100

 The effective concentration required for a 50% 
reduction of the DPPH radical (IC ) was calculated by 50

regression analysis.

2. Total antioxidant capacity assay

 The total antioxidant capacity assay of the methanolic 
extract of Annona squamosa was determined by a standard 
method (Wan et al., 2011). Different concentrations of 
Annona squamosa seed extracts (20 µg/ml, 40 µg/ml, 60 
µg/ml, 80 µg/ml) were added to 1.0 ml of the reagent 
solution (0.6 M sulphuric acid, 28 mmol sodium phosphate, 
and 4 mmol ammonium molybdate. The reaction mixture 
was incubated at 95° C for 90 min. After cooling, the 
absorbance was measured at 695 nm against a blank using 
a UV-visible spectrophotometer (UV 1650 Pc, Schimadzu). 
Ascorbic acid was used as a standard. Experiments were 
performed in triplicates.

% Inhibition    = A0 - A1/ A0 × 100

 Where A0 was the absorbance of the control (blank, 
without extract) and A1 was the absorbance in the presence 
of the extract.

RESULTS AND DISCUSSION

 Nowadays different plant extracts have revealed the 
presence of various phytochemicals which may be used in 
different disease conditions (Maphosa and Masika, 2010). 
Methanolic extracts of Annona squamosa (Custard apple) 
seed were obtained through the maceration method and 
then Lyophilized powder was made. The qualitative 
phytochemical analysis of a methanolic extract of Annona 
squamosa (Custard apple) seed showed the presence of 
various bioactive compounds like tannins, saponins, 
flavonoids, alkaloids, quinones, terpenoids, phenol, 
Coumarins (Table No. 1). Presence of different bioactive 
secondary metabolites may be responsible for the medicinal 
value of plant extract. Our findings are almost in accordance 

with the findings of Sachan et al. (2015).

Gas chromatography and mass spectrometry (GC-MS)

 The GC-MS results showed the presence of different 
peaks for Annona squamosa (Custard apple) seed extract 
(Fig 1.) and total 19 bioactive compounds were found. All 
the compounds along with their retention time and 
probability percentage of Annona squamosa (Custard 
apple) seed extract represented in Table no. 2. In Custard 
apple seed extract, n-Hexadecanoic acid showed more 
probability percentage whereas cis-13-Octadecenoic acid, 
methyl ester and trans-13-Octadecenoicacid, methyl ester 
having less probability percentage. The analysis of GC-
MS revealed the presence of several compounds like 
different cyclopeptides and acetogenins which are also 
reported by others (Zahid et al., 2018).

Quantitative Phytochemical Analysis

 Quantitative estimation of five phytochemicals, 
namely phenols, flavonoids, alkaloids, terpenoids, and 
saponin was carried out in methanolic extract of Annona 
squamosa seed extracts and the results were given in Table 
No. 3. Phenol content is more as compared to other 
phytochemicals whereas saponin content is least as 
compared to others. There is a lot of research has been 
carried out since 1925 mainly for the isolation and 
characterization of total alkaloid contents in Annona 
squamosa species (Berkov et al., 2006). The presence of 
terpenoids in the extract exhibits antiviral and antibacterial 
properties (Chandraiah, 2022).

In Vitro Antioxidant activity

 There is a continuous generation of reactive nitrogen 
species and reactive oxygen species due to the result of 
continual interaction with the environment, normal 
biochemical reactions, and consumption of xenobiotics. 
(Nimse et al., 2015). Different disease conditions are 
mainly due to these free-radical species (Kim and Byzova, 
2014). Various use of antioxidants can manage different 
pathological conditions. As synthetic antioxidants are 
mainly associated with various toxic and mutagenic 
effects (Kadhum et al., 2011), so more importance has 
been given to natural antioxidants derived from different 
plants (Yao et al., 2004).

1. DPPH (2, 2-diphenyl-1-picryl hydrazyl) Assay

 There are a lot of in-vitro antioxidant assessing techniques 
in general practice. Also, antioxidant test models are not 
same always, so one method cannot be compared with 
other methods (Badarinath et al., 2010). Mainly, in-vitro, 
antioxidant experiments by means of free radical 
scavengers are relatively direct to carry out (Alam et al., 
2013). In this study, DPPH scavenging activity and total 

Control absorbance - Test absorbance
Control absorbance
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antioxidant capacity assay were done for the methanolic 
extract Annona squamosa seed. DPPH Scavenging 
activity of methanolic extract of Annona squamosa 
(Custard apple) seed is presented in Table no. 4 and Fig 2. 
The effective concentration required for a 50% reduction 
of the DPPH radical (IC ) was calculated and the IC50 50

value of Annona squamosa (Custard apple) seed extract 
was 0.558 mg/mL.

2. Total Antioxidant capacity assay

 The total antioxidant capacity of the methanolic extract 
of Annona squamosa seed as measured by the phosphom-
olybdate method was 117.81+13.91 (nmol ascorbic 
acid/g). The result is also in accordance with other reports 
(Badarinath et al., 2010; Alam et al., 2013).

CONCLUSION

 This study observed the presence of different 
phytochemicals like tannins, saponins, flavonoids, alkaloids, 
quinones, terpenoids, phenol and coumarins. GC-MS 
analysis revealed a total of 19 bioactive compounds in the 
methanolic extract and n-Hexadecanoic acid showed more 
probability percentage whereas cis-13-Octadecenoic acid, 
methyl ester, and trans-13-Octadecenoicacid, methyl ester 
having least probability percentage. Quantitative analysis 
of methanolic extract showed phenol content is more than 
other phytochemicals whereas saponin content is lower 
than others. The methanolic extract also revealed very 
good antioxidant capacity which may be used as a remedy 
against oxidative stress-related diseases.
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 Plants produce a variety of plant secondary metabolites 
(PSM) such as saponins, tannins, organic acids, essential 
oils etc. These compounds have been shown to selectively 
modulate the rumen fermentation pattern by modulating 
ruminal microbial ecosystem resulting in an improvement 
in efficiency of nutrient utilization and growth (Wallace, 
2002; Kamra et al., 2006 and Rochfort et al., 2008). The 
possible use of natural plant products as a productivity 
enhancer provide cheap, safe, sustainable and more 
consumer acceptable. Global warming and climate change 
has become a global issue in last few decades. One of the 
important green house gas is methane and its amount in the 
atmosphere has increased from 315 ppm in 1958 to 417 
ppm in 2022 (Duan et al., 2023)). Methane produced 
during the process of ruminal fermentation represents a 
loss of 2-15% of gross energy intake (Johnson and 
Johnson, 1995). Therefore, reducing methaneemmisision 
from animals has implications for global warming as well 
as efficient animal production. Saponins are high 
molecular weight glycosides found in different plant parts. 
They can be used as natural feed additives mostly to reduce 
methane emission and improve nutrient utilization in 
ruminants. Saponins have nutraceutical, insecticidal, 
antimicrobial and several other properties. Tea seeds are 
rich source of saponins and they are commercially used in 
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China and Japan (Zhan, 1999). India and china are the leading 
producer of tea in the world. Tea plants are vegetatively 
propagated, seeds are not used for the propagation of 
this plant. Many Chinese workers have shown that 
supplementation of tea saponins in ruminants improves the 
growth performance and nutrient utilization. Both Yucca 
and Quillaja saponins have been used as feed additives 
(Cheeke, 2000), but little information is available about 
the use of tea seed saponins of Indian origin as ruminant 
feed additives. Saponins from different sources shown to 
have antiprotozoal properties (Wallace et al., 1994 and 
Newbold et al.,1997). Hu et al. (2005a) and Guo et al. 
(2008) reported decrease in protozoal count in vitro on 
addition of tea saponins to the basal substrate. In vitro 
studies have shown that addition of tea saponin to the basal 
substrate decreases ruminal ammonia nitrogen (Hu et al., 
2005a; Zhou et al., 2011). Wang et al. (2000) and Hu et al. 
(2005b) reported decrease in methane production with the 
addition of Yucca and tea saponin, respectively. The feed 
additives should only contribute to profitable livestock 
farming and superior quality animal products, but also be 
in line with the steadily increasing food safety and 
agricultural regulations. Phytogenic feed additives like tea 
seed saponins have the great potential to be used in animal 
feeding and to get maximum proformance from the 
animals.*Corresponding author: dr.manjeet.13@gmail.com
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ABSTRACT

 This study was conducted to assess the beneficial effect of tea seed (Camellia sinensis var. Kunte) and tea seed saponin on in vitro rumen 
fermentation and to evaluate its potential as feed additive in ruminants. Different ratios of roughage to concentrate mixture i.e. 70:30 (Substrate-I), 
60:40 (Substrate-II) and 50:50 (Substrate-III) were used in triplicate to study the effect of tea seed and tea seed saponin on in vitro rumen 
fermentation. Tea seed saponin was added in a concentration ranging from 0.2 to 0.6% of substrate incubated and tea seed was added with equivalent 
dose of tea saponin from 0.2 to 0.6 % of substrate incubated. Protozoa number, ammonia N, methane production, true dry matter and organic matter 
digestibility linearly decreased (P<0.01) with increasing level of tea saponin and tea seed in all the three diets. Total gas production increased 
significantly (P<0.01) with increasing levels of both tea saponin and tea seed. The total gas production (24 hrs) was increased by 16, 20 and 17% with 
tea saponin and 14, 18 and 15% with tea seed for substrate I, II and III, respectively. The ammonia-N was decreased by 45, 19 and 22% with tea 
saponin and 21, 10 and 11% with tea seed for substrate I, II and III, respectively. Methane production was decreased by 39, 24 and 25% with tea 
saponin and 17, 7 and 14% with tea seed for substrate I, II and III, respectively at 0.6% level of saponins. Better results were obtained from crude 
saponin mixture as compare to tea seed which was added as a raw source of saponin in all three substrates. It is suggested that tea saponin and tea seed 
could modify the rumen fermentation pattern by inhibiting methane and ammonia release, thus beneficial for improving the growth and nutrient 
utilization in ruminants.
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MATERIALS AND METHODS

Saponin extraction

 Tea seeds (Camellia sinensis var. Kunte) used for 
this study were purchased from the Department of Tea 
Husbandry, CSK HPKV, Palampur (H.P.). Extraction of 
tea seed saponin was done as per the method of Joshi et al. 
(2012). Dried and powered tea seeds were defatted with 
hexane in a percolator at room temperature. After 
concentrated under reduced pressure, the percolate was 
suspended in 70% methanol. This extract was concentrated 
and dried into powder form containing tea saponins. The 
powder was chromatographed on Diaion HP-20 eluting 
with H2O-MeOH-CHCl3 to get H2O, MeOH and CHCl3 
fractions. Methanolic fraction was separated on silica gel 
column to get eight fractions. On DM basis, saponin yield 
was 14.11-16.59 % (15.35% avg.). Detection and purity 
estimation of saponin was performed on a HPLC equipped 
with evaporative light scattering detector (ELSD), 
quaternary gradient pump and Lichrosphere C-18 column. 
The mobile phase consisted of acetonitrile:water (75:25) 
(isocratic elution) with the flow rate 1.0 ml/min. Purity of 
the crude saponins mixture was found to be 73.6 %. By 
HPLC four types of saponins were detected in crude 
saponins mixture named as S1, S2, S3 and S4. This mixed 
saponin extracted from tea seed was used for both in vitro 
as well as in vivo studies.

2.2 Chemical composition of in vitro medium

A) Macro-mineral solution: Consisting of Na HPO  2 4

anhydrous (5.7g), KH PO  anhydrous (6.2g) and 2 4

MgSO .7H O (0.60g). All these constituents were 4 2

dissolved in 1000 ml of distilled water.

B) Micro-mineral solution: Consisting of CaCl . 2H O 2 2

(13.2g), MnCl . 4H O (10.0g), COCl . 6H O (1.0g) and 2 2 2 2

FeCl . 6H O (8g). All these constituents were dissolved in 3 2

1000 ml of distilled water.

C) Rumen buffer solution: This solution consist of 
NH HCO  (4.0g) and NaHCO  (35g). All these 4 3 3

constituents were dissolved in 1000 ml of distilled water.

D)  Resazurine solution:  0.10% w/v

2.2.1 Incubation Medium

Solution-I: Distilled water (365ml), Micro-mineral 
solution (0.1ml), Rumen buffer solution (183ml), Macro-
mineral solution (183ml), Resazurin solution (0.95ml). 
Prepared on previous day of incubation and stored at 39º C. 
Solution-II: 1N NaOH (1.6ml), Na S. 7H SO  (220 mg) 2 2 4

anddistilled water (37ml). Solution II were prepared on the 
day of incubation. Solution III: Rumen liquor 330ml 
(collected from the fistulated cattle fed with roughage: 
concentrate at 70:30 ratios). All three solutions were mixed 

to prepare incubation medium.

2.2.2 Equipment and technique

 Accurately weighed 200 mg substrate consisting of 
roughage and concentrate in three different ratios such as 
70:30 (Substrate-I), 60:40 (Substrate-II) and 50:50 
(Substrate-III) was taken in graduated 100 ml capacity 
syringe with the help of spatula without touching walls of 
syringe. The pistons of the syringes were lubricated with 
petroleum jelly. The in vitro medium was bubbled with 
CO  for a few minutes to maintain anaerobic environment 2

and then 50.0 ml of reducing agent was added. Rumen 
liquor collected from the rumen of fistulated male cattle 
before morning feeding was strained with muslin cloth and 
incubated under CO  at 39º C. When in vitro medium 2

turned colourless, 330 ml of rumen liquor was added. Then 
30.0 ml of in vitro medium was dispensed in 100 ml 
syringes. Different substrates (I, II, III) along with blanks 
were incubated inawater bath maintained at 39º C. 
Syringes were shaken at an interval of every 30 minutes for 
first 2 hours from the start of incubation and thereafter at 
every 2 hours up to 10 hours of incubation. The gas 
production was recorded at 0, 1, 2, 3, 6, 12 and 24 h of 
incubation. At the end of incubation period (24 h) methane 
was estimated by GLC by sampling the gas from the 
silicon tube of syringes and contents were further 
processed for estimation of ammonia N and protozoal 
counts. For the determination of DM and OM digestibility, 
the sample weight was increased to 400 mg to increase the 
residue so as to reduce analytical error inherent to 
gravimetric determinations.

2.3 Experimental design and substrate composition

 In vitro gas production was estimated as described 
by Menke et al. (1979). Three different ratios of roughage 
to concentrate mixture (70:30, 60:40 and 50:50) were used 
in triplicate to study the effect of tea seed and tea seed 
saponin on in vitro rumen fermentation. Concentrate 
mixture was prepared by mixing properly 34% ground 
maize grains 28% soyabean meal, 35% wheat bran, 2% 
mineral mixture and 1% common salt (NaCl). Precaution 
was taken so that mineral mixture and salt were properly 
distributed in feed. Oat fodder was used as roughage. Tea 
seed and tea seed saponin extract were added in a dose 
equivalent to 0.2 to 0.6 % of the basal substrate.

2.3.1 Measurement of In vitro fermentation parameters

 Methane was estimated in a gas liquid chromatography 
(Nucon 5765, Nucon Engineers, New Delhi) equipped 
with flame ionization detector and glass column packed 
with chromosorb - 101. Column was made up of stainless 
steel and packed with porapak-q (length 6'; o.d. 1.8”; i.d. 2 
mm; mesh range 80-100).The temperature of injection port 
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was 150º C; column 60º C; detector 130º C. Injection 
volume was 100 µl. The flow rate of carrier gas (nitrogen) 
was 40 ml/min; air 300 ml/min and hydrogen 30 ml/min; 
From the head space of each syringe 100 µl gas was 
collected by puncturing the silicon tube and injected in gas 
chromatography for the estimation of methane (Hamilton 
Company, Nevada, SA). The standard gas used for 
methane estimation composed of 50% methane and 50% 
carbon ioxide (SPANCAN Calibration gas, Spantech, 
Surrey, England). The peak was identified by comparison 
of above standard and peak area obtained was used to 
calculate methane concentration in the gas sample. The 
volume of methane produced (ml) was estimatedby 
multiplying the gas produced in ml by the concentration of 
methane in the given sample. The methane produced from 
the substrate after 24 h incubation was calculated by 
correcting the corresponding blank values.

 Ammonia nitrogen was estimated using micro 
Kjeldahl distillation apparatus. To 5 ml of rumen fluid 
sample and 2 ml of 1 N NaOH was added and steam 
distilled using micro Kjeldahl distillation apparatus; and 
the NH  evolved was collected in boric acid and titrated 3

against 0.01N H SO . The numbers of protozoa were 2 4

counted in a known volume of medium and the total 
number was calculated as per the procedure of Kamra et al. 
(1991). For counting protozoa in the contents of syringe, 
0.5 ml content pipetted with a wide orifice pipette was 
mixed with 1 ml methyl green formal saline solution 
(composition: 0.06 g methyl green, 0.85 g sodium 
chloride, 10 ml formaldehyde solution and 90 ml distilled 
water) and allowed to stand overnight at room temperature. 
Counting was done in 20 microscopic fields in a 
hemocytometer counting chamber at a magnification of 
100X. True digestibility (TD) was estimated as per the 
method outlined by Goering and Van Soest (1970) with 
modifications. For the determination of DM and OM 
digestibility, the sample weight was increased to 400 mg to 
increase the residue so as to reduce analytical error 
inherent to gravimetric determinations. After 24 hours of 
incubation, the contents of the syringe were directly 
transferred to a 500 ml spoutless beaker. The syringe was 
washed with 40 ml double strength neutral detergent 
solution (NDS). And washings added to the beaker. The 
contents in the beaker were refluxed for 1 hour, filtered 
under vacuum through pre-weighed Gooch crucibles. 
NDF content of the residue was determined. Ash content of 
the residue was also determined.

3. STATISTICAL ANALYSIS

 Data generated from this study was analyzed 
through SAS 9.2 software.

RESULTS AND DISCUSSION

 Chemical composition of the basal substrates used 
in in vitro studies and tea seed saponin yield: The chemical 
composition of basal substrates-I, II and III are given in 
Table 1. The substrate-III was lower in NDF (55.35%) and 
ADF (26.32%) and high in CP (17.09%) while substrate-I 
contained low level of CP (15.12%) and high level of NDF 
(58.43%) and ADF (30.91%). The CP (16.10%), NDF 
(56.89 %) and ADF (28.62%) content were intermediate of 
above two in the substrate-II. The OM content of all the 
substrates used was more or less similar (88.68, 89.28 and 
89.87% respectively for substrates-I, II and III).

 Tea plant contains triterpenoid saponins. The 
saponin content of tea seed was found to be in between 
14.11-16.59% (15.35% avg.). Kohata et al. (2004) 
reported that in the seeds of Camellia sinensis the content 
of saponins amounts up to 10% of the dry weight. Crude 
saponin powder obtained was light brown in colour, easily 
soluble in water. Jadhav et al. (2016) reported that tea 
seaponin content in tea seed was 6.5 to 25.1%. This 
variation in content of saponin in tea seed may be due to 
seasonal variation, climatic conditions, stage of maturity 
of seed and geographical location of area.

 Effect of addition of tea seed and tea seed saponin on 
total gas (24 hr) production: Volume of gas produced in 
different treatments is given in Table 2. Gas production 
values were comparatively more in high concentrate 
substrate. Gas production was significantly increased with 
increasing level of saponin and tea seed in all three 
substrates. For substrate 1 values were ranging from 
156.66 to 186.66 ml/gram for 0.2% to 0.6% tea saponin, 
respectively and 172.73 to 180.66 ml/gram for tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
respectively, whereas that for control group (0% tea 
saponin) was 156.66 ml/gram. For substrate 2 values were 
ranging from 160.33 to 200.16 ml/gram for 0.2 to 0.6% tea 
saponin, respectively and 173.83 ml/gram to 196.66 
ml/gram for tea seed containing equivalent dose of 0.2 to 
0.6% tea saponin, whereas that for control group was 
160.33 ml/gram. For substrate 3 values were ranging from 
181.66 ml/gram to 216.66 ml/gram for 0.2 to 0.6% tea 
saponin, respectively and for tea seed it varied from 182.00 
(equivalent to 0.2% tea saponin) to 211.66 ml/gram 
(equivalent to 0.6% tea saponin), whereas that for control 
group was 181.66 ml/gram. Gas production was 
significantly higher in substrate 3 as compared to substrate 
2 in which it was higher than substrate 1.

 24-hour gas production increased with increasing 
levels of in tea saponin and tea seed in all three substrates. 
The total gas production (24 hrs) was increased by 16, 20, 
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Table 2. Effect of addition of tea seed and tea seed saponin on 24 hr gas production (ml/g) in in vitro gas production test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

Be Be Ae1. Tea saponin 0.0 156.66  ± 1.66 160.33 ± 0.33 181.66 ± 1.66
Be Be Ad2.  0.2 156.66  ±3 .00 163.33 ± 1.66 195.83 ± 0.83
Bd Bd Adc3.  0.3 170.83 ± 0.83 171.66 ± 1.68 200.00 ± 2.88
Cc Bc Ac4.  0.4 175.50 ± 0.50 185.16 ± 1.66 202.50 ± 2.05
Cb Bb Ab5.  0.5 180.16 ± 0.16 192.83 ± 1.48 209.66 ± 0.33
Ca Ba Aa6.  0.6 186.66 ± 1.66 200.16 ± 1.60 216.66 ± 1.58

Bdc Bd Ae7. Tea seed 0.2 172.73  ± 0.89 173.83 ± 1.96 182.00 ± 2.00
Cc Bc Ad8.  0.3 175.66 ± 0.66 184.00 ± 1.00 196.16 ± 0.60
Cb Bc Ac9.  0.4 180.33 ± 0.34 185.33 ± 0.33 202.16 ± 1.48
Cb Bb Ac10.  0.5 180.66 ± 0.66 190.83 ± 0.83 203.16 ± 3.16
Cb Ba Aab11.  0.6 180.66 ± 0.67 196.66 ± 1.66 211.66 ± 1.68

 SEM  1.66 2.25 1.92

 P value  <0.001 <0.001 <0.001

Table 3. Effect of addition of tea seed and tea seed saponin on in vitro methane production (ml/litre) in in vitro gas production 
test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

a a a1. Tea saponin 0.0 49.01  ± 0.16 47.01  ± 1.43 48.25  ±  0.31
Be Bbcd Ab2.  0.2 40.83  ± 0.16 40.67  ± 0.84 44.33  ± 0.54
f edc e3.  0.3 35.88  ± 0.19 39.36  ± 1.42 37.96  ± 1.10

Bg Aed Ae4.  0.4 32.79  ± 0.74 36.93  ± 0.93 37.63  ± 0.20
Bg Aed Ae5.  0.5 32.69  ± 0.85 38.29  ± 1.39 37.59  ± 0.37
Bh Ae Ae6.  0.6 30.00  ± 0.58 35.33  ± 0.60 36.45  ± 0.17

ABb Aa Bcd7. Tea seed 0.2 44.33  ± 0.16 46.05 ± 0.74 42.10  ± 1.10
Bcb Aa Bcb8.  0.3 43.25  ± 0.14 45.91  ± 0.46 43.80  ± 0.57
cbd ab cbd9.  0.4 42.90  ± 0.18 45.13  ± 2.88 42.95  ± 0.15
ced ab cd10.  0.5 41.50  ± 1.50 44.84 ± 2.46 42.38  ± 0.21
ed abc d11.  0.6 41.16  ± 0.16 43.97  ± 2.04 41.93  ± 0.06

SEM  0.99 0.80 0.62

P value  <0.001 <0.001 <0.001

Table 1. Chemical composition of the basal substrates used 
in in vitro studies

Attributes Roughage to concentrate ratio

 70:30 60:40 50:50
 (Substrate-I) (Substrate-II) (Substrate-III)

Proximate composition
Organic matter 88.68 89.28 89.87
Crude protein 15.12 16.10 17.09
Ether extract 2.06 2.02 2.06
Total ash 11.32 10.72 10.13
Cell wall constituents
NDF 58.43 56.89 55.35
ADF 30.91 28.62 26.32
Cellulose 26.46 24.28 22.10
Hemicellulose 27.52 28.27 29.03
ADL 4.45 4.33 4.22
Minerals
Calcium 0.92 0.98 1.04
Phosphorus 0.36 0.39 0.44

and 17% with tea saponin and 14, 18, and 15% with tea 
seed for substrate-I, II and III, respectively at 0.6% level of 
saponins. For 24 h gas production results are in agreement 
with Jadhav et al. 2016) and Hu et al. (2005a). Jadhav et al. 
(2016) reported that with the increasing levels of tea 
saponins (from 0.3 to 1 % of substrate incubated) the total 
gas (ml/200mg substrate) increased significantly. The total 
gas production was increased by 22, 21.7 23% at 1% tea 
saponin for 30:70, 50:50 and 70:30 roughages to 
concentrate ratio, respectively.

 Hu et al. (2005a) who reported, inclusion of 2, 4 and 
6 mg TSS increased the 24 h gas production to 48.5, 49.5 
and 50.2 ml/200 g of substrate, respectively while the GP at 
8 mg level kept little change from 47.9 ml in the control 
using Menke and Steingass (1988) technique. Hu et al. 
(2006) reported increased 24 h gas production using the 
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Table 4. Effect of addition of tea seed and tea seed saponin on protozoa count (*104/ml) in in vitro gas production test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

Aa Ba Ba1. Tea saponin 0.0 2.45  ± 0.02 2.28  ± 0.01 2.22 ± 0.01
Abc ABb Bbc2.  0.2 2.26  ± 0.04 2.20  ± 0.01 2.13  ± 0.02
Bf Ac Bed3.  0.3 1.96  ± 0.05 2.10  ± 0.03 1.98  ± 0.01
Cg Ae Bf4.  0.4 1.79  ± 0.01 1.98  ± 0.01 1.85  ± 0.01
Bg Ae Bf5.  0.5 1.75  ± 0.02 1.96  ± 0.02 1.81  ± 0.02
Bh Af Bg6.  0.6 1.54  ± 0.02 1.72  ± 0.01 1.61  ± 0.01
Aa Bb abB7. Tea seed 0.2 2.43  ± 0.01 2.20  ± 0.02 2.17  ± 0.02
Ab Bb Cc8.  0.3 2.34  ± 0.03 2.20  ± 0.02 2.11  ± 0.01
Acd Bc Cd9.  0.4 2.23  ± 0.02 2.11  ± 0.01 2.02  ± 0.01
Aed Bd Bed10.  0.5 2.16  ± 0.01 2.04  ± 0.01 2.00  ± 0.01
Ae Ad Be11.  0.6 2.12  ± 0.01 2.05  ± 0.02 1.95  ± 0.02

SEM  0.04 0.03 0.02

P value  <0.001 <0.001 0.003

Table 5. Effect of addition of tea seed and tea seed saponin on ammonia N (mmole/L) in in vitro gas production test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

a a a1. Tea saponin 0.0 13.62 ± 0.07 12.86 ± 0.09 13.12 ± 0.49
ab a ab2.  0.2 12.40 ± 0.44 12.85 ± 0.14 12.96 ± 0.08

Bdc Aa Abc3.  0.3 10.44 ± 0.44 12.31 ± 0.16 12.24 ± 0.11
Bd Ab Ac4.  0.4 9.29 ± 0.76 11.66 ± 0.09 11.62 ± 0.07
Cd Ab Bd5.  0.5 9.27 ± 0.08 11.49 ± 0.09 10.83 ± 0.18
Be Ac Ad6.  0.6 7.43 ± 0.81 10.49 ± 0.16 10.26 ±d 0.42
Bbc Aa Aab7. Tea seed 0.2 11.46 ± 0.14 12.97 ± 0.04 13.00 ± 0.05
Bbc Aa Aab8.  0.3 11.13 ± 0.30 12.80 ± 0.16 12.74 ± 0.48
Cbc Aa Bc9.  0.4 11.11 ± 0.31 12.78 ± 0.10 11.82 ± 0.05
Cc Aa Bc10.  0.5 10.76 ± 0.19 12.65 ± 0.30 11.76 ± 0.01
Bc Ab ABc11.  0.6 10.76 ± 0.19 11.67 ± 0.47 11.74 ± 0.01

SEM  0.29 0.11 0.16

P value  <0.001 <0.001 <0.001

Reading Pressure Techniques (RPT). Increased gas 
production may be due to higher bacterial and fungal 
population due to antiprotozoal action of saponins.

Effect of addition of tea seed and tea seed saponin on 
Methane production: Methane production in different 
treatments is given in Table 3. Methane production was 
comparatively more in high concentrate substrate. 
Methane production was significantly decreased with 
increasing level of saponins. For substrate 1, values were 
ranging from 40.83 to 30.00ml/L for 0.2 to 0.6% tea 
saponin, respectively and 44.33 to 41.16ml/Lfor tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
respectively, whereas that for control group (0% TSS) was 
49.01 ml/L. For substrate 2 values were ranging from 
40.67 to 35.33ml/L for 0.2 to 0.6 % tea saponin and 46.05 

to 43.97ml/L for tea seed containing equivalent dose of 0.2 
to 0.6% tea saponin, whereas that for control group was 
47.01 ml/L. For substrate 3 values were ranging from 
44.33 to 36.45 ml/L (0.2 to 0.6 % TSS) for tea saponin and 
for tea seed it varied from 42.10 to 41.93 ml/L (equivalent 
to 0.2 to 0.6% tea saponin), whereas that for control group 
was 48.25 ml/L.

 Methane produced during enteric fermentation leads 
to a loss of feed energy for the animals, and increased 
environmentalproblems through greenhouse effect. 
Addition of tea saponin in the diet significantly decreased 
the in vitro methane production, but with tea seeds best 
results were obtained in 70:30 and 50:50 roughage to 
concentrate ratio. Methane production was decreased by 
39, 24 and 25% with tea saponin and 17, 7 and 14% with 

11

Table 6. Effect of addition of tea seed and tea seed saponin on true dry matter digestibility (%) in in vitro gas production test

S.No. Roughage: Concentrate ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

a a a1. Tea saponin 0.0 78.73  ± 0.37 78.75  ± 0.38 78.33  ± 0.33
Aa Ba Bb2.  0.2 78.66  ± 0.33 78.40  ± 0.30 77.55  ± 0.29
a a cb3.  0.3 78.65  ± 0.32 78.13  ±0.70 77.36  ± 0.25
b a cb4.  0.4 77.75  ± 0.25 78.04  ± 0.42 77.41  ± 0.30
c b d5.  0.5 74.26  ± 0.26 74.85  ± 0.30 75.00  ± 0.05
c b d6.  0.6 74.70  ± 0.15 74.80  ± 0.11 74.83  ± 0.16

cb a bc7. Tea Seed 0.2 77.66  ± 0.33 78.47  ± 0.66 76.93  ± 0.06
Aab Aa Bbc8.  0.3 78.11  ± 0.11 78.20  ± 0.11 76.92  ± 0.07
Aab Aa Bbc9.  0.4 78.09  ± 0.04 78.18  ± 0.18 76.92  ± 0.10
Aab Aa Bbc10.  0.5 78.06  ± 0.04 78.06  ± 0.03 76.90  ± 0.09
Aab Aa Bc11.  0.6 77.93  ± 0.06 78.04  ± 0.24 76.88  ± 0.08

SEM  0.26 0.25 0.18

P value  <0.001 0.001 <0.001

Table 7. Effect of addition of tea seed and tea seed saponin on true organic matter digestibility (%) in in vitro gas production 
test

S.No. Roughage: Concentrate ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

ABa Aa Ba1. Tea Saponin 0.0 80.54  ± 0.32 81.06  ± 0.16 80.18  ± 0.05
Aa Aa Bb2.  0.2 80.51  ± 0.16 80.88  ± 0.01 79.23  ± 0.29
Aa Aab Bb3.  0.3 80.47  ± 0.03 80.21  ± 0.13 78.96  ± 0.16
cd bc b4.  0.4 78.76  ± 0.28 79.33  ± 0.66 78.91  ± 0.07

cd c c5.  0.5 78.59  ± 0.016 77.66  ± 0.33 76.13  ± 0.18
Ad Ac Bc6.  0.6 77.44  ± 0.01 77.16  ± 0.03 75.86  ± 0.52
Bbc Aa Bb7. Tea Seed 0.2 79.16  ± 0.26 80.55  ± 0.23 78.87  ± 0.06
ABb Aab Bb8.  0.3 79.66  ± 0.11 80.28  ± 0.42 78.85  ± 0.04
Bb Aab Cb9.  0.4 79.66  ± 0.23 80.26  ± 0.17 78.84  ± 0.08
Bb Aab Cb10.  0.5 79.62  ± 0.99 80.14  ± 0.14 78.79  ± 0.02
Ab Aab Bb11.  0.6 79.51  ± 0.08 80.13  ± 0.03 78.78  ± 0.07

SEM  0.13 0.14 0.16

P value  <0.001 0.003 <0.001

tea seed for substrate I, II and III, respectively at 0.6% level 
of saponins. Many workers also reported reduction in vitro 
methane production due to addition of saponin or saponin 
extracts. Results are in agreement with Jadhav (2016), Hu 
et al. (2005b) and Wang et al. (2000). Jadhav (2016) 
reported that with the increasing levels of tea saponins 
(0.3% to 1%), the methane production decreased 
significantly. The methane production was decreased by 
27%, 30% and 40% at 0.8% level of tea saponin for three 
different roughages to concentrate ratio (30:70, 50:50 and 
70:30). Hu et al. (2005b) reported inclusion of 0.2 and 0.4 
mg/ml tea saponin decreased methane production by 13.3 
and 14.3%, respectively, in the faunated rumen fluid. 
Wang et al. (2000) observed that the methane production 

was 15% lower in Yucca saponin-fed group compared to 
the control. This reduced methane production may be 
either due to direct inhibition of methanogenic microbes or 
due to reduction of protozoal population. Protozoa 
produce H+ ions in their metabolic pathways, which are 
used by archea to produce methane. Zhou et al. (2011) in a 
study with defaunated and faunated sheep observed that 
tea saponin appeared to reduce methane production by 
inhibiting protozoa and presumable lowering methanogenic 
activity of protozoal associated methanogens.

Effect of addition of tea seed and tea seed saponin on 
Protozoal population and Ammonia nitrogen: Protozoal 
number in different treatments is given in Table 4. 
Protozoal number was significantly decreased with 
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increasing level of saponins. For substrate-1 values were 
ranging from 2.26 to 1.54 for 0.2 to 0.6 % TSS, 
respectively and 2.43 to 2.12 for tea seed with equivalent 
dose of 0.2 to 0.6% tea saponin, respectively, whereas that 
for control group (0% TSS) was 2.45*104/ml. For 
substrate 2 values were ranging from 2.20 to 1.72 for 0.2 to 
0.6% TSS, respectively and 2.20 to 2.05 for tea seed with 
equivalent dose of 0.2 to 0.6% tea saponin, respectively 
whereas that for control group was 2.28*104/ml. For 
substrate 3 values were ranging from 2.13 to 1.61 (0.2% to 
0.6 % TSS) for tea saponin and for tea seed it varied from 
2.17 to 1.95 (equivalent to 0.2 to 0.6% tea saponin), 
whereas that for control group was 2.22*104/ml.

 The protozoal count was reduced with increasing 
levels of tea saponin and tea seed. Protozoal count was 
reduced by 38, 25 and 28% with tea saponin and 14, 11 and 
13% with tea seed for substrate I, II and III, respectively at 
0.6% level of saponins. Results are in agreement with 
Jadhav (2016), Hu et al. (2005a) and Guo et al. (2008).  
Jadhav (2016) reported that with the increasing levels of 
tea saponins (from 0.3 to 1%), the protozoal count 
(*104/ml) decreased significantly from 1.88, 1.85 and 
2.30*104/ml to 0.93, 0.95 and 0.89*104/ml, respectively 
for three different roughage to concentrate ratio (30: 70, 
50: 50 and 70: 30). The protozoal count was decreased by 
55, 58 and 60% at 1% level of tea saponin for three 
different roughages to concentrate ratio (30:70, 50:50 and 
70:30). Hu et al. (2005a) reported that after 24-h 
incubations, protozoal counts were reduced by 19, 25, 45 
and 79% when the tea saponin was added at 10, 20, 30 and 
40 g/kg substrate, respectively. Guo et al. (2008) found 
that at 0.4 mg tea saponin/ml medium containing rumen 
fluid or 53 g tea saponin/kg substrate, decreased protozoa 
count substantially. Wallace et al. (2002) reported that 
Saponins form complexes with sterols in protozoal cell 
membrane and the membrane become impaired and 
eventually disintegrate, leads to death of protozoal cell. 
This leads to reduced protozoal population.

 Concentration of ammonia-N in different treatments 
is given in Table 5. Ammonia-N concentration was 
significantly decreased with increasing level of saponin 
and tea seed. For substrate-1 values were ranging from 
12.40 (0.2% TSS) to 7.43 mmole/L (0.6% TSS) for tea 
saponin and 11.46 to 10.76 mmole/L for tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
respectively, whereas that for control group (0% TSS) was 
13.62 mmole/L. For substrate-2 values were ranging from 
12.85 (0.2% TSS) to 10.49 mmole/L (0.6% TSS) for tea 
saponin and 12.97 to 11.67 mmole/L for tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
whereas that for control group was 12.86 mmole/L. For 

substrate 3 values were ranging from 12.96 (0.2% TSS) to 
10.26 mmole/L (0.6 % TSS) for tea saponin and for tea 
seed it varied from 13.00 to 11.74 mmole/L (equivalent to 
0.2 to 0.6% tea saponin), whereas that for control group 
was 13.12 mmole/L.

 Addition of tea seed saponins, decreased the 
ammonia N concentration in all the three substrates, but 
with tea seed, best results are obtained in 50:50 and 70:30 
roughage concentrate ratio. The ammonia-N was 
decreased by 45, 19 and 22 % with tea saponin and 21, 10, 
and 11% with tea seed for substrate I, II and III, 
respectively at 0.6% level of saponins. Results are in 
agreement with Jadhav (2016), Hu et al. (2005a) and Hu et 
al. (2006). Jadhav (2016) reported that with the increasing 
levels of tea saponins (from 0.3 to 1%), the ammonia 
nitrogen decreased significantly from 7.9, 7.40 and 7.05 
mg to 5.55, 5.20 and 4.8mg, respectively for three different 
roughages to concentrate ratio (30:70, 50:50 and 70:30). 
The ammonia nitrogen was reduced by 34, 36 and 34 % at 
1% tea saponin level for three different roughages to 
concentrate ratio (30:70, 50:50 and 70:30). Hu (2005a) 
reported decreased ammonia-N concentration from 15 
mmol/L to 14.39, 12.77, 12.31 and 11.41 when tea saponins 
were added 2, 4, 6 and 8 mg to the basal substrate. Hu et al. 
(2006) reported decreased ammonia-N concentration 
from11.6 mmol/L to 10.4, 8.9 and 8.4 when tea saponins 
were added 0.2, 0.4 and 0.8 mg/ml. Reduced ammonia 
nitrogen may be due to reduced protozoal population, 
which are responsible for degradation of bacterial proteins 
and thereby increasing rumen ammonia levels.

Effect of addition of tea seed and tea seed saponin on 
digestibility: For all substrates with addition of tea 
saponintrue dry matter as well as true organic matter 
digestibility was decreased significantly. With the addition 
of tea seed digestibility was not affected (Table 6 and 7). 
For all substrates with addition of TSS true dry matter as 
well as true organic matter digestibility was decreased 
significantly. With the addition of tea seed digestibility 
decreased in substrate 1 and 2, with increasing levels of tea 
seed. Jadhav (2016) reported that with the addition of 
increasing concentrations of tea saponin to the substrate, 
the dry matter and organic matter digestibility decreased 
significantly as compare to control in an in vitro study. 
Addition of saponins in the basal substrate from Sapindus 
saponaria (Hess et al., 2003), Yucca and Quillaja 
(Holtshausen et al., 2009) plants reduced the digestibility 
of fibre components in vitro. It is suggested that tea 
saponin and tea seed could modify the rumen fermentation 
pattern by inhibiting methane and ammonia release, thus 
beneficial for improving the growth and nutrient 
utilization in ruminants

11

CONCLUSION

 The primary effect of saponin is to modify the 
composition of rumen microbial populations resulting in 
the modification of rumen fermentation. The mechanisms 
and effects of saponins on rumen fermentation depend on 
the type and level of saponin, composition of diets, 
microbial populations affected etc. In this study the tea 
seed saponins extract shown to have antiprotozoal effect, 
reduce methane and ammonia release in vitro. Teasaponin 
and tea seed could modify the rumen fermentation pattern 
and beneficial for improving the growth and nutrient 
utilization in ruminants. Although best results were 
obtained from tea saponin extract as compare totea seed, 
but futures studies in different concentration of tea 
saponins and somewhat higher doses of tea seed are 
needed to explore the possibility of tea seed saponin and 
tea seed as a feed additive in ruminants.
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protein diet, but the levels found to be within the reference 
values. No significant difference (p>0.05) was found in 
parameters like cholesterol, total protein, albumin and 
creatinine. The concentration of Alanine aminotransferase 
(ALT) enzyme between the obese dogs fed with different 
therapeutic diets was also within the reference range 
(Rafaj et al., 2016), and indicated no evidence of liver 
damage in the selected obese dogs.

 Feeding of therapeutic diets to obese dogs did not 
influence (p>0.05) the concentration of total triiodothyronine 
and Total thyroxine (nmol/l) as given in Table 2. However, 
Daminet et al. (2003) observed significantly decreased T  3

and TSH levelsduring weight loss in obese dogs.

CONCLUSION

 The therapeutic diets for managing obesity including 
high-protein high fibre and high-protein medium-fibre, did 
not affect the hematological and biochemical parameters of 
the dogs except blood glucose and blood urea nitrogen.
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 Obesity constitutes a major health problem in 
humans as well as in pets. The excessive weight gain 
increases the risk of various metabolic disorders and 
hinders the quality of life. Dietary modification is one of 
the promising ways for weight reduction. The changes in 
the macronutrient level of the diet also affects the blood 
profile of the obese dogs. Hence, the present study aimed 
to evaluate the effect of dietary protein and fibre on the 
hematological, biochemical and thyroid profile of the 
obese dogs.

 Twenty-four Labrador retriever obese dogs of more 
than three years of age were selected based on their body 
condition score (BCS) and body weight. The dogs were 
randomly divided into four treatment groups with six 
animals in each treatment. T  was kept as control and fed 1

with normal dietcontaining 15.74% CP and 4.09% CF 
according to AAFCO (2014) recommendations for adult 
dog maintenance while T , T , T  were fed with high-2 3 4

protein high-fibre (21.90% CP and 11.28% CF), high-
protein medium-fibre (21.73% CP and 8.23% CF), and 
control diet supplemented with choline chloride (15.72% 
CP, 3.99% CF and 3000 mg/kg choline chloride), 
respectively (Table 1). During the feeding trial period of 
four months, they were maintained on the respective diets 
for managing obesity with ad libitum water. The blood 
samples from the cephalic vein were collected and serum 
samples were stored in freezer of -2º C to compare the 
hematology, biochemistry and thyroid profile of these 

obese dogs with the control.

 The parameters viz., hemoglobin (Hb), packed cell 
volume (PCV), red blood cell (RBC), platelet count, white 
blood cell (WBC) count was analyzed using automated 
hematology Analyser (Mindray BC-2800 Vet). The 
biochemical parameters viz., blood urea nitrogen, creatinine, 
cholesterol, total protein, albumin and glucose using a 
fully automated biochemical analyzer (A-15 Biosystem 
Random Access Analyzer, Biosystems, Barcelona, Spain).

 Total thyroxin (T ) and Triiodothyronine (T ) levels 4 3

in serum samples (nmol/l) were estimated using radio 
immunoassay kits (Immunotech, Czech Republic).

 The data obtained were subjected to analysis of 
variance (ANOVA) using Statistical Analytical System 
(SPSS version 20). Significant differences (p <0.05) were 
tested by Duncan's multiple range test.

 The hematological parameters of the dogs (Table 1) 
fed with different therapeutic diets revealed no significant 
differences (p>0.05) and all parameters werewithin the 
normal reference value (Rizzi et al., 2010). It is also in 
compliance with Abinaya et al. (2018), who found no 
change in the hematological parameters of the obese dogs 
as the age advances.The values of white blood cells and 
neutrophils were also normal, proving that chronic 
inflammatory state is not always evident in obesity 
(Piantedosi et al., 2016). No relationship between obesity 
and hemoglobin concentration was observed as in 
consensus with Harishankar et al. (2011).

SUMMARY

 Twenty-four obese Labrador dogs were selected based on their body condition score and body weight to investigate the effect of dietary 
protein and fibre level on hemato-biochemical parameters and thyroid profile. The dogs were randomly divided into four treatment groups viz. T , T , 1 2

T  and T  of six animals in each. T  was kept as control and fed with normal diet as per AAFCO (2014) while T , T , T  were fed with high-protein high-3 4 1 2 3 4

fibre (21.90% CP and 11.28% CF diet), high-protein medium-fibre (21.73% CP and 8.23% CF diet), and control diet supplemented with choline 
chloride (3000 mg/kg), respectively, for an experimental period of four months. No significant difference (p>0.05) found in the hematological and 
biochemical parameters of the dogs except in the concentration of glucose and blood urea nitrogen. The values of glucose were lowest in T  2

(75.83±2.66 mg/dl) and highest in control (92.16±3.55 mg/dl). Also, the thyroid profile was not altered by the weight-loss or by the dietary change in 
obese dogs.

Keywords: Biochemistry, Hematology, Obese dogs, Thyroid profile
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 The biochemical parameters (Table 1) showed 
significant differences (p<0.05) in the concentration of 
glucose and blood urea nitrogen among the treatments. 
The values of glucose were lowest in high-protein high-
fibre diet with 75.83±2.66 mg/dl and highest in choline 
chloride supplemented group with 92.16±3.55 mg/dl. 
According to Borges (2003), the concentration of glucose 
regulates the voluntary food intake of the animal. The 
concentration of blood urea nitrogen was significantly 

higher (p<0.05) in high-protein high-fibre and high-
protein medium-fibre groups with mean values of 
25.35±1.04 and 26.48±0.62 mg/dl, respectively, whereas 
the control and choline supplemented diet had BUN value 
of 16.79±1.43 and 17.45±0.79 mg/dl, respectively (Table 1). 
The increased BUN observed in T  and T  could probably 2 3

be due to the higher level of protein in their diet. The results 
coincide with the earlier findings of Frantz et al. (2007) 
who reported higher BUN values in dogs fed with a high 

Table 1. Proximate composition (%) of formulated therapeutic diets for obese dogs (Mean ± SE)

Nutrients T  T  T  T1 2 3 4

Proximate composition (%)

Dry matter 90.10±0.22 90.20±0.51 89.80±0.17 89.16±0.17

Crude protein  15.74±0.04 21.90±0.18 21.73±0.25 15.72±0.04

Crude fibre 4.09±0.06 11.28±0.16 8.23±0.17 3.99±0.12

Ether extract 14.40±0.41 15.77±0.05 13.91±0.03 14.43±0.88

Total ash 7.83±0.20 6.43±0.12 8.33±0.12 8.16±0.17

Nitrogen-free extract 57.92±0.18 44.60±0.12 47.78±0.28 57.68±0.82

Each value is a mean of six observations
Means bearing different superscripts within a row differ significantly (p<0.05)

Table 2. Hematological and Biochemical profile of obese dogs fed with different therapeutic diets (Mean ± SE)

Parameters T  T  T  T1 2 3 4

Hematological Parameters
NSHemoglobin  (g/dl) 15.05±1.05 13.95±0.44 14.60±1.05 12.91±0.90

NSPacked cell volume  (%) 39.05±3.06 35.11±1.48 41.13±1.98 40.98±1.31
NS 6Red blood cells  (10 /µl) 6.56±0.55 5.87±0.14 5.93±0.28 5.48±0.20

NS 3White blood cells  (10 /µl) 14.70±0.74 14.05±0.84 13.60±0.99 14.21±0.67
NSNeutrophils  (%) 74.66±1.33 72.00±1.46 74.00±1.15 74.66±0.98

NSLymphocytes  (%) 20.83±1.22 22.00±1.12 21.16±0.90 20.66±0.61
NSMonocytes  (%) 3.66±0.42 3.66±0.42 3.00±0.73 3.00±0.57

NSEosinophils  (%) 0.83±0.30 2.33±0.33 1.83±0.30 1.66±0.21

Biochemical Parameters
b a a bGlucose (mg/dl) 92.16 ±3.55 75.83 ±2.66 80.83 ±1.13 92.50 ±3.85

NSCholesterol  (mg/dl) 213.33±19.55 171.16±8.52 196.33±15.03 211.66±19.69
NSTotal protein  (g/dl) 7.55±0.08 7.41±0.08 7.43±0.09 7.65±0.12

NSAlbumin  (g/dl) 2.45±0.05 2.68±0.09 2.55±0.08 2.38±0.06
a b b aBlood urea nitrogen (mg/dl) 16.79 ±1.43 25.35 ±1.04 26.48 ±0.62 17.45 ±0.79

NSCreatinine  (mg/dl) 0.83±0.05 0.98±0.05 0.97±0.18 0.86±0.07

Each value is a mean of six observations
Means bearing different superscripts within a row differ significantly (p<0.05)

Table 3. Thyroid profile (nmol/l) of obese dogs fed with different therapeutic diets (Mean ± SE)

Parameters T  T  T  T1 2 3 4

NSTriiodothyronine  (TT3) 1.45±0.08 1.25±0.06 1.38±0.17 1.49±0.26
NSThyroxine  (TT4) 40.83±3.91 34.16±1.49 36.50±2.68 46.66±3.10

Each value is a mean of six observations
Means bearing different superscripts within a row differ significantly (p<0.05)
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 Staphylococcus aureus is an important Gram 
positive pathogen of human and animal and is associated 
with various suppurative infections. In human, it is 
associated with food toxicity, skin infections, pneumonia, 
deep abscesses, osteomyelitis and endocarditis. In 
animals, this organism known to cause mastitis, 
endometritis, pyoderma, cystits, dermatitis, scirrhous 
cord, tick pyaemia and bumble foot in poultry along with 
many unique phenotypic characteristics (Naber, 2009; 
Sharma et al., 2013; Sharma et al., 2018; Verma et al., 
2023).

 Looking to the variations in phenotypic and 
biochemical characteristics of S. aureus isolates, DNA 
based molecular methods have been found most effective 
tools for typing of the various origin. Molecular typing is 
an important tool to confirm the epidemiological 
relationships and monitoring the local and international 
spread (Tenover et al., 1994; Zehra et al., 2020). S. aureus 
strains were reported with variations in their genome so 
molecular typing is necessary to differentiate epidemic, 
nonepidemic strains and also comparison of S. aureus 
strains from human and animal origin.  The ideal system 
for the molecular typing of S. aureus strains should be easy, 
rapid, reliable, highly discriminatory and reproducible 
(Diep et al., 2003; Yadav et al., 2015).

 The prokaryotic chromosomes having unique repeat 
DNA sequences which can able to produce specific DNA 
fingerprint pattern for an individual strain. These repetitive 
sequences are existing as three types i.e. repetitive 
extragenic palindromic (rep) sequence, enterobacterial 
repetitive intergenic consensus (ERIC) sequence and BOX 
element sequences (Del Vecchio et al., 1995). Out of these 
three, repetitive extragenic palindromic (rep) sequence 
based PCR method is most referred and proven 
methodology (Shutt et al., 2005). The rep-PCR was proven 
to be a highly discriminating and rapid screening 
molecular typing method based on short repetitive 
sequence elements distributed throughout the bacterial 
genome to create DNA fingerprints to discriminate and to 
classify variety of staphylococcal infections without the 
need of enzyme digestion techniques (Arabestani et al., 
2022). Hence present study was designed to detect and 
establish genetic variations among different S. aureus 
isolates from human and animal samples using rep-PCR 
technique.

MATERIALS AND METHODS

Bacterial Isolates

 In the present investigation, 157 genotypically 
confirmed (23S rRNA based species-specific primers) 
Staphylococcus aureus isolates were subjected to 

ABSTRACT

 Repetitive element sequence-based PCR (rep-PCR) is a genotyping method that target noncoding repetitive sequences interspersed 
throughout the bacterial genome and abled to generate DNA fingerprinting that discriminates bacterial strains. Hence, the present study was designed 
to evaluate the applicability of rep-PCR in molecular typing of Staphylococcus aureus isolated from human and animal clinical samples. To achieve 
the target, total 157 genotypically confirmed S. aureus isolates obtained from various clinical samples of human, ruminants (cattle, buffalo, goat and 
sheep), non- ruminants (pig and camel) and companion animals (horse and dog) were included in study. The rep-PCR demonstrated a higher 
discriminatory power (D.I. 0.8892) with thirty six different rep patterns, comprising of 300 to 1400 bp band sizes. Out of the total isolates, 156 isolates 
were typeable with rep-PCR while one isolate (J9) from camel was exceptionally non-typeable. All isolates were classified into five clusters at 80% 
genetic similarity level and the animal and human isolates fell into different cluster with high genetic discrimination. The study provides valuable 
inputs in regards to suitability of rep-PCR as molecular tool to differentiate the S. aureus isolates of different origins.
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Dead male foal with fetal membrane after delivery
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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Table 2. Oocyte maturation rate, Cleavage rate, Blastocyst production rate

Sr. Donorcow Tag No. Oocytes used Oocytes matured Oocytes Oocytes Cleavage Blastocyst Blastocyst
No.  for IVM and transferred maturation cleaved rate (%)  production
   for IVF rate (%)    rate (%)

1 410806 7 6 85.71 5 83.34 0 0

2 416008 25 22 88 16 72.72 10 45.45

3 410806 6 7 116.67 6 85.71 4 57.14

4 410806 2 0 0 0 0 0 0

5 416008 24 22 91.67 7 31.82 4 18.18

6 600363 13 12 92.31 6 50 3 25

7 410806 3 2 66.67 0 0 0 0

8 410806 3 3 100 1 33.34 1 33.34

9 640024 11 10 90.91 6 60 3 30

10 640024 9 8 88.89 5 62.5 2 25

11 410806 9 7 77.78 6 85.71 5 71.43

12 640024 5 5 100 3 60 2 40

13 413472 5 4 80 1 25 0 0

14 268900 14 13 92.86 5 38.46 5 38.46

15 410806 5 2 40 1 50 1 50

16 640024 8 8 100 3 37.5 3 37.5

17 268900 9 4 44.44 4 100 4 100

18 413472 3 3 100 2 66.67 1 33.34

19 410806 4 2 50 2 100 2 100

20 640024 2 1 50 1 100 0 0

21 268900 18 6 33.33 6 100 5 83.34

 Total 185 147  86  55

 Mean ± SE 8.81 ±1.46 7 ± 1.32 75.67± 6.31 4.09 ±0.78 59.18 ±6.83 2.62±0.54 37.53 ±6.81

 S. D. 6.71 6.075 8.92 0.78 6.83 0.54 6.81

70.20%. Kumar et al. (2020) and Lonergan et al. (1996) 
reported the oocyte maturation rate higher than the present 
study, which is 91.30 ± 1.27 % and 91 %, respectively. Out 
of 147 oocytes kept for in vitro fertilization, 86 oocytes 
were cleaved. The average cleaved oocyte was 4.096 ± 
0.78, yielding a cleavage rate of 59.18 ± 6.83%. Looney et 
al. (1994) reported 44.7 % cleaved oocytes, while Presicce 
et al. (2020) reported 49.4% cleaved oocytes. These results 
are lower than those of the present research work. 
Nogueira et al. (2021) discovered a 61.19% cleavage rate, 
which is almost similar to the present study. Higher 
Cleavage rates, i.e., 78% and 68%, than the present study 
was reported by Pontes et al. (2010) in Holstein cattle and 
Gir cattle, respectively. Egashira et al. (2019) and Da Silva 
et al. (2017) reported 83% and 63% cleavage rate, which is 
higher than the present study. Out of 147 oocytes kept for 
in vitro fertilization, 55 fertilized oocytes reached the 

thblastocyst stage on day 7  of the culture. The blastocyst 
production rate was 37.53 ± 6.81%. There was variability 
in the development of embryos among different donors. 

Several publications reported lower blastocyst production 
rates than the current study: Looney et al. (1994) found 
16.4%, Nogueira et al. (2021) found 21.13%, DaSilva et al. 
(2017) found 23.5%, and Presicce et al. (2020) found 23% 
blastocyst production rate. A slightly higher Blastocyst 
production rate, i.e. 46% and 45%, than the present study, 
was recorded by Pontes et al. (2010) in Holstein and Gir 
cattle, respectively. DeMoraes et al. (2019) recorded 41.5 
± 4.2% while Egashira et al. (2019) recorded a 60.2% 
blastocyst production rate. In this study, 55 embryos are 
classified into four distinct codes viz., 1, 2, 3, and 4. During 
each OPU session, on average, 2.61 embryos were yielded. 
The number of embryos with code 1 (1.71±0.37) was more 
than codes 2 (0.571 ± 0.20), 3 (0.142 ± 0.10) and 4 (0.19 ± 
0.11). Different authors recorded variable results of 
various grades of embryos in their study, which may be due 
to the physiological and nutritional status of animals, breed 
variation, season, etc. Fourteen in vitro produced embryos 
were transferred to recipient cows, and a conception rate of 
24.39% (10/41) was recorded. Pregnancy diagnosis was 
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made by ultrasound examination of genitalia on days 25- 
30, which was further monitored by per rectal examination 
on day 45 post embryo transfer. Thus, successful 
transvaginal ultrasound-guided OPU and in vitro embryo 
production and transfer was done in cows in the present 
study. ( Sahiwal x HF)
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 Over the past two decades, the ultrasound-guided 
transvaginal follicular aspiration technique for OPU has 
become increasingly popular in the dairy industry for 
producing embryos from elite cows in India. However, this 
process is more complex than artificial insemination as it 
includes steps like Ovum Pick Up, IVM, IVF, In vitro 
Culture (IVC), and then transferring of the embryo in the 
appropriate recipient. But despite the complexity, these 
procedures are widely practiced and yield good results in 
embryo transfer programs. The number, and the quality of 
follicles present at the time of aspiration determine the 
success rate of OPU in cows. The first objective of this 
experiment was to evaluate oocyte recovery by OPU and 
embryo production rate in cows.  The second objective 
was to study the conception rate in 'recipients' cows 
(Sahiwal x HF).

MATERIALS AND METHODS

 The current study was carried out at ET-IVF 
Laboratory, Bull Mother Farm, Animal Husbandry (Govt. 
of Maharashtra), Tathawade, Pune and KNP College of 
Veterinary Science, Shirwal, Dist. Satara. All cow-related 
procedures and protocols were preapproved by the IAEC 
of the college. The experimental cows (Sahiwal × HF) 
were intensively housed with stall feeding and grazed 
during the day. The study was carried out from October 
2023 to March 2024. Six elite donor cows with a known 
history of good lactational yield and breeding value were 
screened and selected by thorough clinico-gynecological 

examination, rectal palpation, and ultrasonographic 
examination of genital organs. The animals with good 
general health, a good body condition score (3-3.5), larger 
cyclic ovaries, and non-pregnant donors were selected as 
donors. Donors were dewormed and supplemented with a 
good quality mineral mixture powder and a well-balanced 
ration before the start of the investigation.

 Donors were subjected to the OPU a day before 
when the recipients were detected in estrus as per the 
synchronization protocol (Double PGF2α). For the OPU 
procedure, the donor animals were given with epidural 
anesthesia (3-5 ml of 2% lignocaine hydrochloride) at the 
sacrococcygeal space. The rectum was emptied by back 
raking and then the perineum was washed with mild 
antiseptic solution. An 18-gauge 60 mm needle, suction 
pump maintained at 70-80 mm Hg vacuum pressure and a 
convex ultrasound 7.5 MHz trans-vaginal ultrasound 
guided OPU probe were used for follicular aspiration. 
After the follicle aspiration was done, follicular aspirate 
was collected into the Euro Flush media (IMV Technologies, 
France) 50 ml conical tube maintained at 37º C temperature. 
Oocytes were searched under a Stereo zoom Binocular 
microscope (Nikon, SMZ745). The recovered oocytes 
were divided into five grades (A, B, C, D, E) according to 
the nature of ooplasm and the number of layers of cumulus 
cells. The COCs were further graded and then transferred 
to the maturation medium BO-IVM in 4 Well plates and 
incubated at 38.5º C at 6% CO , 5% O  and 89% N  in the 2 2 2

Bench Top incubator for 20 to 22 hours.  After IVM, COCs 
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were washed and transferred in the fertilization medium 
BO-IVF in 4 well plates. The thawed semen samples were 
layered on the percoll gradient. After centrifugation, the 
resultant sperm pellet was used for in vitro fertilization. 
The fertilization was accomplished by adding semen 
pellets in 4 well plates containing matured COCs. The 
gametes were incubated for 20-22 hat 38.5° C at 6% CO , 2

5% O  and 89% N  in the bench top incubator. Zygotes 2 2

produced after the fertilization with unsexed sperm were 
placed in culture droplets BO-IVC in 4 Well Plates under 
mineral oil overlay and incubated at 38.5º C at 6% CO , 5% 2

O  and 89% N  in the benchtop incubator. The in vitro 2 2

produced embryos were evaluated and assessed for quality 
on Day 7. The dishes containing embryos were screened 
under a stereo zoom microscope at lower magnification 
(40x) 3-4 times in the laboratory. The embryos were then 
washed, graded with the help of the micropipette, and 
transferred into the small petri dish (35 × 10 mm, Falcon 
Becton Dickinson, Labware, New Jersey, USA) containing 
1.5-2.0 ml of embryo holding medium for further use. The 
embryos were examined, evaluated and graded according 
to the International Embryo Transfer Society criteria given 
by (BO and Mapletoft, 2018). To remove operator 
variation, all procedures, viz., OPU and laboratory 
procedures for IVF and IVEP, were performed by the same 
worker.

RESULTS AND DISCUSSION

 198 Oocytes were collected from six different donor 
cows in 21 OPU sessions, averaging 9.42 Oocytes per 
OPU session. Oocyte recovery, according to the grading 
system, was 1.29 ± 0.43 for grade A, 2.62 ± 0.53 for grade 
B, 3.24 ± 0.64 for grade C, 1.67 ± 0.28 for grade D and 0.62 
± 0.16 for grade E. The A, B, C, D and E grade oocyte 
recovery percentages were 13.64%, 27.78%, 34.34%, 
17.68% and 6.57%, respectively. The present study's 
findings indicated that the recovery percentage for C-
grade oocytes was significantly higher than for all other 
grades. In contrast, A and E oocytes were lower than other 
grades. Grades B and D were found at the intermediate 
level, where grade B was numerically higher than grade D, 
as depicted in Table 1. Some what similar results were 
reported by Looney et al. (1994), Goodhand et al. (2000), 
Sakhong et al. (2012) and Cebrian-Serrano et al. (2013), 
where C grade oocytes were more in numbers with 
variable numbers of other grade oocytes. In this study, a 
total of 75.67 ± 6.31% of oocytes (147 out of 185) matured, 
on average, 8.81 ± 1.46 oocytes were kept for IVM, out of 
this, a mean number of oocytes that matured and were 
subsequently transferred for IVF was 7 ± 1.32 (Table 2). 
An almost similar oocyte maturation rate, i.e., 75.53%, 
was reported by Pontes et al. (2011). Lonergan et al. 
(1994) reported a slightly lower oocyte maturation rate of 

Table 1. Grading of recovered Oocytes

Sr. No. Donor cow Tag No. Total A B C D E

1. 410806 7 2 3 1 1 0

2. 416008 25 8 7 6 4 0

3. 410806 6 3 3 0 0 0

4. 410806 3 0 0 0 2 1

5. 416008 24 3 6 13 2 0

6. 600363 15 2 6 2 3 2

7. 410806 5 0 0 2 1 2

8. 410806 3 0 0 3 0 0

9. 640024 12 0 4 6 1 1

10. 640024 9 0 6 2 1 0

11. 410806 9 1 3 3 2 0

12. 640024 5 0 2 3 0 0

13. 413472 5 0 2 2 1 0

14. 268900 15 1 4 5 4 1

15. 410806 6 1 0 3 1 1

16. 640024 10 0 2 3 3 2

17. 268900 10 0 0 5 4 1

18. 413472 4 0 1 1 1 1

19. 410806 5 2 0 2 0 1

20. 640024 2 0 0 0 2 0

21. 268900 18 4 6 6 2 0
c ab a bc c Mean ± SE 198 1.29±0.43  2.62±0.53  3.24±0.64  1.67±0.28  0.62±0.16
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 Unhealthy dietary habits and lifestyle patterns 
(smoking and alcohol consumption), exposure to physical 
(ultraviolet [UV] light, ionizing radiations) or chemical 
agents (drugs, pollutants, pesticides) along with deficiencies 
in the physiological antioxidant defences may result in 
pathological stress to the cells and tissues, which can have 
multiple effects. The practice of traditional medicine using 
medicinal plants is as old as the origin of man (Trease and 
Evans, 2002). Substances found in medicinal plants are 
known as active principles. These compounds have been 
extracted and used in different forms such as infusions, 
syrups, decoctions, infused oils, essential oils, and creams. 
Plant-derived natural products such as flavonoids, terpenes, 
alkaloids, anthraquinones, saponins, tannins, steroids, 
lactones and volatile oils received considerable attention in 
recent years due to their diverse pharmacological properties, 
including cytotoxic and chemo-preventive effects.

 The plant Annona squamosa is also known as custard 
apple which possesses potent bioactive principles in all its 
parts. Acetogenins are a class of natural compounds, 
isolated from members of Annonaceae having potent 
antineoplastic, parasiticidal, pesticidal, antioxidant, free 
radical scavenging, antimicrobial activity, etc. (Alali et al., 
1999; Ma et al., 2017). Unfortunately, seeds are not to be 
eaten directly because of hardness though they have 
medicinal derivatives they can be processed in such a way to 
use for the cytotoxicity effect on cancerous cells by using 

scientific methods (Extraction, GC-MS analysis, both 
qualitative and quantitative test, Free radical scavenging 
assay, Total antioxidant capacity assay) by bring a person 
from sickness to healthy. (Saad et al., 2006). The in-silico 
study between Annona squamosa seed methanolic extract 
and the genes responsible for mammary tumor also 
revealed about the anticancerous property of this extracts 
(Behera et al., 2023).

MATERIALS AND METHODS

Extraction Procedure

 Around 4 kg of Custard apple seeds were collected 
manually from fruits and washed with distilled water. Then 
seeds were dried under shade conditions for 1 month without 
any contamination. Dried seeds were electrically ground 
and powders were collected in an air-tight container. Then 
powders were taken in a sterilized beaker, absolute methanol 
was added, and allowed for magnetic homogenization by 
stirring at 60-65º C for 15 minutes under 100 rpm. The 
supernatant was filtered using Whatmann #1 filter paper and 
condensation of the filtrate was done in a rotary evaporator 
(Heidolph, India) under reduced pressure and vacuum at 
40º C and 30 rpm. Then the condensed filtrates were undergone 
for lyophilization and extract powder was prepared.

GC-MS Estimation

 The analyses were performed using a GC-MS system 
(7890A-5975C, Agilent Technologies Inc., Santa Rosa, 

SUMMARY

 The plant Annona squamosa is also known as custard apple which possesses potent bioactive principles in all its parts. Acetogenins, a class of 
natural compounds, isolated from members of Annonaceae have potent antineoplastic, parasiticidal, pesticidal, antioxidant, free radical scavenging, 
antimicrobial activity, etc. Methanolic extract of Annona squamosa seed was prepared through the maceration method and undergoes through GC-
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and trans-13-Octadecenoic acid, methyl ester having the least probability percentage. Quantitative analysis of methanolic extract showed phenol 
content is more than other phytochemicals whereas saponin content is lower than others. The methanolic extract also revealed very good antioxidant 
capacity which may be used as a remedy against oxidative stress-related diseases.
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CA, USA) equipped with a DB5 capillary column (30 m × 
0.25 mm, 0.25 mm, Agilent Technologies Inc., Santa Rosa, 
CA, USA). The injection volume of each sample was 1 µL. 
Helium (99.999%) was used as the carrier gas at a flow rate 
of 1 mL/min. The temperature of the injection port was 
250º C, in splitless mode and the column temperature 
program was as follows: 50º C for 2 min, followed by an 
increase to 180º C at a rate of 5º C/min, an increase to 270º C 
at a rate of 20º C/min, and maintenance at 270º C for 5 min. 
The MS conditions included an EI ion source temperature 
of 230º C, an ionization energy of 70 eV, and a mass scan 
range of 40-500 amu. The run time was 25 minutes and the 
post run was 1 min. The separated constituents were 
tentatively identified by comparing their mass spectra with 
those in the NIST08 MS library (National Institute of 
Standards and Technology, Gaithersburg, MD, USA). The 
analysis was performed at Pharmacovigilance Laboratory 
for Animal Feed and Food Safety, Tamil Nadu Veterinary 
and Animal Sciences University, Madhavaram Milk 
Colony, Chennai 600 051.

Qualitative test

 The methanolic extract and Custard apple seed 
extract were screened for their phytochemical constituents 
according to the standard methods as discussed by Mini 
(2012) and Salau et al. (2013).

Test for alkaloids

 To 2 ml of plant extract, 2 ml of concentrated 
hydrochloric acid was added. Then few drops of Mayer’s 
reagent were added. The appearance of green color or 
white precipitate indicates the presence of alkaloids.

Test for tannins

 To 1 ml of freshly prepared 10% potassium hydroxide, 
1 ml of the extract was added. The appearance of a dirty 
white precipitate indicates the presence of tannins.

Test for phenols

 To 2 drops of 5% ferric chloride, 1 ml of the extract was 
added. The appearance of a greenish precipitate indicates 
the presence of phenols.

Test for glycosides

 To 10 ml of 50% sulphuric acid, 1 ml of the extract was 
added, heated in boiling water for 15 min, and 10 ml of 
Fehling’s solution was added and boiled again. The 
appearance of a brick-red precipitate indicates the presence 
of glycosides.

Test for saponins

 To 2 ml extract, 2 ml of distilled water was added and 
shaken in a graduated cylinder for 15 min lengthwise. The 
formation of a 1 cm layer of foam indicates the presence of 
saponins.

Test for flavonoids

 To 1 ml of 10% sodium hydroxide, 3 ml of the extract 
was added. The formation of yellow color indicates the 
presence of flavonoids.

Test for steroids

 To 5 drops of concentrated sulphuric acid, 1 ml of the 
extract was added. The appearance of red coloration indicates 
the presence of steroids.

Test for terpenoids

 To 0.5 ml of extract, 2 ml of chloroform was added. 
The concentrated sulphuric acid was added carefully. The 
formation of red-brown color at the interface indicates the 
presence of terpenoids.

Test for quinones

 To 1 ml of extract, 1 ml of concentrated sulphuric acid 
was added. The formation of red color indicates the presence 
of quinones.

Test for anthocyanin and betacyanin

 To 2 ml of extract, 1 ml of 2N sodium hydroxide was 
added and heated for 5 min at 100º C. The formation of 
bluish-green color indicates the presence of anthocyanin 
and the formation of yellow color indicates the presence of 
betacyanin.

Test for proteins

 To 2 ml of extract, a few drops of 0.2% ninhydrin was 
added and heated for 5 min. The appearance of blue color 
indicates the presence of proteins.

Quantitative Phytochemical Analysis 

 Quantitative tests were carried out for the 
quantification of active phytochemicals respectively.

Estimation of total phenolic content

 The number of total phenolics in the extracts was 
determined by Folin- Ciocalteau method using gallic acid 
as a standard (Dhananjay and Maurya, 2010).

 Concentrations of 0.5, 1.0, 5.0, 10.0, 20, 30, and 50 
µg/mL of gallic acid standard were prepared in methanol, 
and the concentration of 1 mg/mL of Annona squamosa 
seed extract was also prepared in methanol. 0.5 mL of 
standard and extract were taken in a test tube. To this, 2.5 
mL of 10 folds dilute Folin-Ciocalteau reagent and 2.0 mL 
of 7.5% sodium carbonate were added, mixed thoroughly, 
and kept at room temperature for 30 minutes. The 
absorbance was measured at 760 nm in a UV-visible 
spectrophotometer. The concentration of total phenolics 
was calculated using the gallic acid standard curve and the 
total phenolics were expressed as mg of Gallic acid 
equivalent (GAE) / gram of extract.
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Estimation of total flavonoids

 The total flavonoid content of the extracts was 
determined by an aluminium chloride colorimetric assay 
(Kamtekar et al., 2014).

Standard

 Catechin was used as a standard. Stock standard of 
catechin (1000 µg/mL) was prepared by dissolving 10 mg 
catechin in 10 mL of absolute alcohol. Working concentrations 
of 20, 40, 80, 100, 200 and 400 µg/mL were prepared in 
distilled water.

 0.5 mL of extract and different concentrations of the 
standard were taken in a test tube. To this, 2.0 mL of distilled 
water and 0.15 mL of 5% sodium nitrite were added and 
incubated at room temperature for 5 minutes. To each tube, 
0.15 mL of 10% aluminium chloride was added and after 6 
minutes, 1 mL of 1 M sodium hydroxide was added. Finally, 
the volume was made up to 5 mL using distilled water. The 
contents were mixed well and incubated at room 
temperature for 15 minutes. The development of orange 
yellowish color was measured using a UV-Visible 
spectrophotometer at 510 nm. The concentration of total 
flavonoid content was calculated using the catechin standard 
curve and expressed as mg of catechin/100 grams of extract.

Estimation of alkaloids

 5 grams of powdered Annona squamosa seed was 
taken into 20ml of n-butanol and stirred vigorously. The 
content was transferred into a reagent bottle and kept 
overnight at room temperature. The slurry was centrifuged 
at 6000 rpm for 10 minutes and the supernatant made up to 
50 ml with n-butanol. The obtained sample was used for 
the estimation of total alkaloids by the titrimetric method.

 10 ml of supernatant solution was taken in a 100 ml 
separating funnel and 0.1 N HCl of 10 ml was added and 
the funnel was shaken thoroughly for 2-3 minutes. This 
results in the solubility of alkaloids. The lower layer contains 
alkaloids neutralized with 0.1 HCl and the top layer consists 
of n-butanol. 10 ml HCl portion was collected in a beaker 

and 2-3 drops of methyl red was added as an indicator, 
which turns the solution into a slightly reddish color. The 
content in the beaker is titrated against 0.1 N NaOH, till the 
color changes to pale yellow color. The neutralization 
point was determined. The same procedure was repeated in 
triplicate (Bikash et al., 2015).

 The total amount of alkaloids was calculated by: 1 
ml 0.1 N HCl = 0.0162 g alkaloid

Estimation of terpenoids

 Annona squamosa seed extract of 100 mg (Wi) was 
taken and soaked in 9 mL of ethanol for 24 hours. The 
extract after filtration was extracted in 10 mL of petroleum 
ether in a separating funnel. The ether extract was separated 
into pre-weighed glass vials and waited for complete drying 
(Wf). Ether was evaporated and the yield (%) of total 
terpenoid contents was measured by using the formula (Wi 
- Wf /Wi x 100) (Malik et al., 2017).

Quantitative determination of saponins

 5 grams of Annona squamosa seed extract was taken 
in a 250 mL conical flask and 100 mL of 20% ethanol was 
added and kept in the water bath at 55º C for 4 hours with 
continuous stirring. The residue mixture was re-extracted 
with 20% ethanol for 4 hours at 55º C with continuous 
stirring. The combined extract was evaporated to 40 mL 
over a water bath at 90º C. 20 mL diethyl ether was added to 
the concentrate in a 250 mL separator funnel and vigorously 
agitated from which the aqueous layer was recovered while 
the ether layer was discarded. This purification process 
was repeated twice. 60 mL of n- butanol was added and 
extracted twice with 10 mL of 5% sodium chloride. After 
discarding the sodium chloride layer remaining solution 
was heated in a water bath for 30 minutes. The solution was 
then transferred into a crucible and was dried in an oven to 
a constant weight (Chukwuma et al., 2016). The saponin 
content was calculated in percentage:

% Saponin =                                     × 100

Fig. 2. DPPH Assay of methanolic extract of Custard apple (Annona 
squamosa) seed

Fig. 1. GC-MS Analysis of methanolic extract of Custard apple 
(Annona squamosa) seed

Weight of Saponin

Weight of sample
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Quantitative determination of anti-oxidants

1. DPPH (2, 2-diphenyl-1-picryl hydrazyl) Assay

 The free radical scavenging activity of the methanolic 
extract of Annona squamosa seed was measured using 
DPPH (2, 2-diphenyl-1-picryl hydrazyl) as per the method 
of Zahin et al. (2009). One mL of various concentrations of 
the extract was added to one mL of 0.1 mM solution DPPH 
in methanol. The solutions were mixed and incubated in 
the dark for 30 minutes at room temperature. After 30 min, 
absorbance was measured at 517 nm using a UV-visible 
spectrophotometer. The free radical scavenging activity 
was calculated using the formula

% scavenging activity =                                             × 100

 The effective concentration required for a 50% 
reduction of the DPPH radical (IC ) was calculated by 50

regression analysis.

2. Total antioxidant capacity assay

 The total antioxidant capacity assay of the methanolic 
extract of Annona squamosa was determined by a standard 
method (Wan et al., 2011). Different concentrations of 
Annona squamosa seed extracts (20 µg/ml, 40 µg/ml, 60 
µg/ml, 80 µg/ml) were added to 1.0 ml of the reagent 
solution (0.6 M sulphuric acid, 28 mmol sodium phosphate, 
and 4 mmol ammonium molybdate. The reaction mixture 
was incubated at 95° C for 90 min. After cooling, the 
absorbance was measured at 695 nm against a blank using 
a UV-visible spectrophotometer (UV 1650 Pc, Schimadzu). 
Ascorbic acid was used as a standard. Experiments were 
performed in triplicates.

% Inhibition    = A0 - A1/ A0 × 100

 Where A0 was the absorbance of the control (blank, 
without extract) and A1 was the absorbance in the presence 
of the extract.

RESULTS AND DISCUSSION

 Nowadays different plant extracts have revealed the 
presence of various phytochemicals which may be used in 
different disease conditions (Maphosa and Masika, 2010). 
Methanolic extracts of Annona squamosa (Custard apple) 
seed were obtained through the maceration method and 
then Lyophilized powder was made. The qualitative 
phytochemical analysis of a methanolic extract of Annona 
squamosa (Custard apple) seed showed the presence of 
various bioactive compounds like tannins, saponins, 
flavonoids, alkaloids, quinones, terpenoids, phenol, 
Coumarins (Table No. 1). Presence of different bioactive 
secondary metabolites may be responsible for the medicinal 
value of plant extract. Our findings are almost in accordance 

with the findings of Sachan et al. (2015).

Gas chromatography and mass spectrometry (GC-MS)

 The GC-MS results showed the presence of different 
peaks for Annona squamosa (Custard apple) seed extract 
(Fig 1.) and total 19 bioactive compounds were found. All 
the compounds along with their retention time and 
probability percentage of Annona squamosa (Custard 
apple) seed extract represented in Table no. 2. In Custard 
apple seed extract, n-Hexadecanoic acid showed more 
probability percentage whereas cis-13-Octadecenoic acid, 
methyl ester and trans-13-Octadecenoicacid, methyl ester 
having less probability percentage. The analysis of GC-
MS revealed the presence of several compounds like 
different cyclopeptides and acetogenins which are also 
reported by others (Zahid et al., 2018).

Quantitative Phytochemical Analysis

 Quantitative estimation of five phytochemicals, 
namely phenols, flavonoids, alkaloids, terpenoids, and 
saponin was carried out in methanolic extract of Annona 
squamosa seed extracts and the results were given in Table 
No. 3. Phenol content is more as compared to other 
phytochemicals whereas saponin content is least as 
compared to others. There is a lot of research has been 
carried out since 1925 mainly for the isolation and 
characterization of total alkaloid contents in Annona 
squamosa species (Berkov et al., 2006). The presence of 
terpenoids in the extract exhibits antiviral and antibacterial 
properties (Chandraiah, 2022).

In Vitro Antioxidant activity

 There is a continuous generation of reactive nitrogen 
species and reactive oxygen species due to the result of 
continual interaction with the environment, normal 
biochemical reactions, and consumption of xenobiotics. 
(Nimse et al., 2015). Different disease conditions are 
mainly due to these free-radical species (Kim and Byzova, 
2014). Various use of antioxidants can manage different 
pathological conditions. As synthetic antioxidants are 
mainly associated with various toxic and mutagenic 
effects (Kadhum et al., 2011), so more importance has 
been given to natural antioxidants derived from different 
plants (Yao et al., 2004).

1. DPPH (2, 2-diphenyl-1-picryl hydrazyl) Assay

 There are a lot of in-vitro antioxidant assessing techniques 
in general practice. Also, antioxidant test models are not 
same always, so one method cannot be compared with 
other methods (Badarinath et al., 2010). Mainly, in-vitro, 
antioxidant experiments by means of free radical 
scavengers are relatively direct to carry out (Alam et al., 
2013). In this study, DPPH scavenging activity and total 

Control absorbance - Test absorbance
Control absorbance
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antioxidant capacity assay were done for the methanolic 
extract Annona squamosa seed. DPPH Scavenging 
activity of methanolic extract of Annona squamosa 
(Custard apple) seed is presented in Table no. 4 and Fig 2. 
The effective concentration required for a 50% reduction 
of the DPPH radical (IC ) was calculated and the IC50 50

value of Annona squamosa (Custard apple) seed extract 
was 0.558 mg/mL.

2. Total Antioxidant capacity assay

 The total antioxidant capacity of the methanolic extract 
of Annona squamosa seed as measured by the phosphom-
olybdate method was 117.81+13.91 (nmol ascorbic 
acid/g). The result is also in accordance with other reports 
(Badarinath et al., 2010; Alam et al., 2013).

CONCLUSION

 This study observed the presence of different 
phytochemicals like tannins, saponins, flavonoids, alkaloids, 
quinones, terpenoids, phenol and coumarins. GC-MS 
analysis revealed a total of 19 bioactive compounds in the 
methanolic extract and n-Hexadecanoic acid showed more 
probability percentage whereas cis-13-Octadecenoic acid, 
methyl ester, and trans-13-Octadecenoicacid, methyl ester 
having least probability percentage. Quantitative analysis 
of methanolic extract showed phenol content is more than 
other phytochemicals whereas saponin content is lower 
than others. The methanolic extract also revealed very 
good antioxidant capacity which may be used as a remedy 
against oxidative stress-related diseases.
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 Plants produce a variety of plant secondary metabolites 
(PSM) such as saponins, tannins, organic acids, essential 
oils etc. These compounds have been shown to selectively 
modulate the rumen fermentation pattern by modulating 
ruminal microbial ecosystem resulting in an improvement 
in efficiency of nutrient utilization and growth (Wallace, 
2002; Kamra et al., 2006 and Rochfort et al., 2008). The 
possible use of natural plant products as a productivity 
enhancer provide cheap, safe, sustainable and more 
consumer acceptable. Global warming and climate change 
has become a global issue in last few decades. One of the 
important green house gas is methane and its amount in the 
atmosphere has increased from 315 ppm in 1958 to 417 
ppm in 2022 (Duan et al., 2023)). Methane produced 
during the process of ruminal fermentation represents a 
loss of 2-15% of gross energy intake (Johnson and 
Johnson, 1995). Therefore, reducing methaneemmisision 
from animals has implications for global warming as well 
as efficient animal production. Saponins are high 
molecular weight glycosides found in different plant parts. 
They can be used as natural feed additives mostly to reduce 
methane emission and improve nutrient utilization in 
ruminants. Saponins have nutraceutical, insecticidal, 
antimicrobial and several other properties. Tea seeds are 
rich source of saponins and they are commercially used in 
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China and Japan (Zhan, 1999). India and china are the leading 
producer of tea in the world. Tea plants are vegetatively 
propagated, seeds are not used for the propagation of 
this plant. Many Chinese workers have shown that 
supplementation of tea saponins in ruminants improves the 
growth performance and nutrient utilization. Both Yucca 
and Quillaja saponins have been used as feed additives 
(Cheeke, 2000), but little information is available about 
the use of tea seed saponins of Indian origin as ruminant 
feed additives. Saponins from different sources shown to 
have antiprotozoal properties (Wallace et al., 1994 and 
Newbold et al.,1997). Hu et al. (2005a) and Guo et al. 
(2008) reported decrease in protozoal count in vitro on 
addition of tea saponins to the basal substrate. In vitro 
studies have shown that addition of tea saponin to the basal 
substrate decreases ruminal ammonia nitrogen (Hu et al., 
2005a; Zhou et al., 2011). Wang et al. (2000) and Hu et al. 
(2005b) reported decrease in methane production with the 
addition of Yucca and tea saponin, respectively. The feed 
additives should only contribute to profitable livestock 
farming and superior quality animal products, but also be 
in line with the steadily increasing food safety and 
agricultural regulations. Phytogenic feed additives like tea 
seed saponins have the great potential to be used in animal 
feeding and to get maximum proformance from the 
animals.*Corresponding author: dr.manjeet.13@gmail.com
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ABSTRACT

 This study was conducted to assess the beneficial effect of tea seed (Camellia sinensis var. Kunte) and tea seed saponin on in vitro rumen 
fermentation and to evaluate its potential as feed additive in ruminants. Different ratios of roughage to concentrate mixture i.e. 70:30 (Substrate-I), 
60:40 (Substrate-II) and 50:50 (Substrate-III) were used in triplicate to study the effect of tea seed and tea seed saponin on in vitro rumen 
fermentation. Tea seed saponin was added in a concentration ranging from 0.2 to 0.6% of substrate incubated and tea seed was added with equivalent 
dose of tea saponin from 0.2 to 0.6 % of substrate incubated. Protozoa number, ammonia N, methane production, true dry matter and organic matter 
digestibility linearly decreased (P<0.01) with increasing level of tea saponin and tea seed in all the three diets. Total gas production increased 
significantly (P<0.01) with increasing levels of both tea saponin and tea seed. The total gas production (24 hrs) was increased by 16, 20 and 17% with 
tea saponin and 14, 18 and 15% with tea seed for substrate I, II and III, respectively. The ammonia-N was decreased by 45, 19 and 22% with tea 
saponin and 21, 10 and 11% with tea seed for substrate I, II and III, respectively. Methane production was decreased by 39, 24 and 25% with tea 
saponin and 17, 7 and 14% with tea seed for substrate I, II and III, respectively at 0.6% level of saponins. Better results were obtained from crude 
saponin mixture as compare to tea seed which was added as a raw source of saponin in all three substrates. It is suggested that tea saponin and tea seed 
could modify the rumen fermentation pattern by inhibiting methane and ammonia release, thus beneficial for improving the growth and nutrient 
utilization in ruminants.
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MATERIALS AND METHODS

Saponin extraction

 Tea seeds (Camellia sinensis var. Kunte) used for 
this study were purchased from the Department of Tea 
Husbandry, CSK HPKV, Palampur (H.P.). Extraction of 
tea seed saponin was done as per the method of Joshi et al. 
(2012). Dried and powered tea seeds were defatted with 
hexane in a percolator at room temperature. After 
concentrated under reduced pressure, the percolate was 
suspended in 70% methanol. This extract was concentrated 
and dried into powder form containing tea saponins. The 
powder was chromatographed on Diaion HP-20 eluting 
with H2O-MeOH-CHCl3 to get H2O, MeOH and CHCl3 
fractions. Methanolic fraction was separated on silica gel 
column to get eight fractions. On DM basis, saponin yield 
was 14.11-16.59 % (15.35% avg.). Detection and purity 
estimation of saponin was performed on a HPLC equipped 
with evaporative light scattering detector (ELSD), 
quaternary gradient pump and Lichrosphere C-18 column. 
The mobile phase consisted of acetonitrile:water (75:25) 
(isocratic elution) with the flow rate 1.0 ml/min. Purity of 
the crude saponins mixture was found to be 73.6 %. By 
HPLC four types of saponins were detected in crude 
saponins mixture named as S1, S2, S3 and S4. This mixed 
saponin extracted from tea seed was used for both in vitro 
as well as in vivo studies.

2.2 Chemical composition of in vitro medium

A) Macro-mineral solution: Consisting of Na HPO  2 4

anhydrous (5.7g), KH PO  anhydrous (6.2g) and 2 4

MgSO .7H O (0.60g). All these constituents were 4 2

dissolved in 1000 ml of distilled water.

B) Micro-mineral solution: Consisting of CaCl . 2H O 2 2

(13.2g), MnCl . 4H O (10.0g), COCl . 6H O (1.0g) and 2 2 2 2

FeCl . 6H O (8g). All these constituents were dissolved in 3 2

1000 ml of distilled water.

C) Rumen buffer solution: This solution consist of 
NH HCO  (4.0g) and NaHCO  (35g). All these 4 3 3

constituents were dissolved in 1000 ml of distilled water.

D)  Resazurine solution:  0.10% w/v

2.2.1 Incubation Medium

Solution-I: Distilled water (365ml), Micro-mineral 
solution (0.1ml), Rumen buffer solution (183ml), Macro-
mineral solution (183ml), Resazurin solution (0.95ml). 
Prepared on previous day of incubation and stored at 39º C. 
Solution-II: 1N NaOH (1.6ml), Na S. 7H SO  (220 mg) 2 2 4

anddistilled water (37ml). Solution II were prepared on the 
day of incubation. Solution III: Rumen liquor 330ml 
(collected from the fistulated cattle fed with roughage: 
concentrate at 70:30 ratios). All three solutions were mixed 

to prepare incubation medium.

2.2.2 Equipment and technique

 Accurately weighed 200 mg substrate consisting of 
roughage and concentrate in three different ratios such as 
70:30 (Substrate-I), 60:40 (Substrate-II) and 50:50 
(Substrate-III) was taken in graduated 100 ml capacity 
syringe with the help of spatula without touching walls of 
syringe. The pistons of the syringes were lubricated with 
petroleum jelly. The in vitro medium was bubbled with 
CO  for a few minutes to maintain anaerobic environment 2

and then 50.0 ml of reducing agent was added. Rumen 
liquor collected from the rumen of fistulated male cattle 
before morning feeding was strained with muslin cloth and 
incubated under CO  at 39º C. When in vitro medium 2

turned colourless, 330 ml of rumen liquor was added. Then 
30.0 ml of in vitro medium was dispensed in 100 ml 
syringes. Different substrates (I, II, III) along with blanks 
were incubated inawater bath maintained at 39º C. 
Syringes were shaken at an interval of every 30 minutes for 
first 2 hours from the start of incubation and thereafter at 
every 2 hours up to 10 hours of incubation. The gas 
production was recorded at 0, 1, 2, 3, 6, 12 and 24 h of 
incubation. At the end of incubation period (24 h) methane 
was estimated by GLC by sampling the gas from the 
silicon tube of syringes and contents were further 
processed for estimation of ammonia N and protozoal 
counts. For the determination of DM and OM digestibility, 
the sample weight was increased to 400 mg to increase the 
residue so as to reduce analytical error inherent to 
gravimetric determinations.

2.3 Experimental design and substrate composition

 In vitro gas production was estimated as described 
by Menke et al. (1979). Three different ratios of roughage 
to concentrate mixture (70:30, 60:40 and 50:50) were used 
in triplicate to study the effect of tea seed and tea seed 
saponin on in vitro rumen fermentation. Concentrate 
mixture was prepared by mixing properly 34% ground 
maize grains 28% soyabean meal, 35% wheat bran, 2% 
mineral mixture and 1% common salt (NaCl). Precaution 
was taken so that mineral mixture and salt were properly 
distributed in feed. Oat fodder was used as roughage. Tea 
seed and tea seed saponin extract were added in a dose 
equivalent to 0.2 to 0.6 % of the basal substrate.

2.3.1 Measurement of In vitro fermentation parameters

 Methane was estimated in a gas liquid chromatography 
(Nucon 5765, Nucon Engineers, New Delhi) equipped 
with flame ionization detector and glass column packed 
with chromosorb - 101. Column was made up of stainless 
steel and packed with porapak-q (length 6'; o.d. 1.8”; i.d. 2 
mm; mesh range 80-100).The temperature of injection port 

253

was 150º C; column 60º C; detector 130º C. Injection 
volume was 100 µl. The flow rate of carrier gas (nitrogen) 
was 40 ml/min; air 300 ml/min and hydrogen 30 ml/min; 
From the head space of each syringe 100 µl gas was 
collected by puncturing the silicon tube and injected in gas 
chromatography for the estimation of methane (Hamilton 
Company, Nevada, SA). The standard gas used for 
methane estimation composed of 50% methane and 50% 
carbon ioxide (SPANCAN Calibration gas, Spantech, 
Surrey, England). The peak was identified by comparison 
of above standard and peak area obtained was used to 
calculate methane concentration in the gas sample. The 
volume of methane produced (ml) was estimatedby 
multiplying the gas produced in ml by the concentration of 
methane in the given sample. The methane produced from 
the substrate after 24 h incubation was calculated by 
correcting the corresponding blank values.

 Ammonia nitrogen was estimated using micro 
Kjeldahl distillation apparatus. To 5 ml of rumen fluid 
sample and 2 ml of 1 N NaOH was added and steam 
distilled using micro Kjeldahl distillation apparatus; and 
the NH  evolved was collected in boric acid and titrated 3

against 0.01N H SO . The numbers of protozoa were 2 4

counted in a known volume of medium and the total 
number was calculated as per the procedure of Kamra et al. 
(1991). For counting protozoa in the contents of syringe, 
0.5 ml content pipetted with a wide orifice pipette was 
mixed with 1 ml methyl green formal saline solution 
(composition: 0.06 g methyl green, 0.85 g sodium 
chloride, 10 ml formaldehyde solution and 90 ml distilled 
water) and allowed to stand overnight at room temperature. 
Counting was done in 20 microscopic fields in a 
hemocytometer counting chamber at a magnification of 
100X. True digestibility (TD) was estimated as per the 
method outlined by Goering and Van Soest (1970) with 
modifications. For the determination of DM and OM 
digestibility, the sample weight was increased to 400 mg to 
increase the residue so as to reduce analytical error 
inherent to gravimetric determinations. After 24 hours of 
incubation, the contents of the syringe were directly 
transferred to a 500 ml spoutless beaker. The syringe was 
washed with 40 ml double strength neutral detergent 
solution (NDS). And washings added to the beaker. The 
contents in the beaker were refluxed for 1 hour, filtered 
under vacuum through pre-weighed Gooch crucibles. 
NDF content of the residue was determined. Ash content of 
the residue was also determined.

3. STATISTICAL ANALYSIS

 Data generated from this study was analyzed 
through SAS 9.2 software.

RESULTS AND DISCUSSION

 Chemical composition of the basal substrates used 
in in vitro studies and tea seed saponin yield: The chemical 
composition of basal substrates-I, II and III are given in 
Table 1. The substrate-III was lower in NDF (55.35%) and 
ADF (26.32%) and high in CP (17.09%) while substrate-I 
contained low level of CP (15.12%) and high level of NDF 
(58.43%) and ADF (30.91%). The CP (16.10%), NDF 
(56.89 %) and ADF (28.62%) content were intermediate of 
above two in the substrate-II. The OM content of all the 
substrates used was more or less similar (88.68, 89.28 and 
89.87% respectively for substrates-I, II and III).

 Tea plant contains triterpenoid saponins. The 
saponin content of tea seed was found to be in between 
14.11-16.59% (15.35% avg.). Kohata et al. (2004) 
reported that in the seeds of Camellia sinensis the content 
of saponins amounts up to 10% of the dry weight. Crude 
saponin powder obtained was light brown in colour, easily 
soluble in water. Jadhav et al. (2016) reported that tea 
seaponin content in tea seed was 6.5 to 25.1%. This 
variation in content of saponin in tea seed may be due to 
seasonal variation, climatic conditions, stage of maturity 
of seed and geographical location of area.

 Effect of addition of tea seed and tea seed saponin on 
total gas (24 hr) production: Volume of gas produced in 
different treatments is given in Table 2. Gas production 
values were comparatively more in high concentrate 
substrate. Gas production was significantly increased with 
increasing level of saponin and tea seed in all three 
substrates. For substrate 1 values were ranging from 
156.66 to 186.66 ml/gram for 0.2% to 0.6% tea saponin, 
respectively and 172.73 to 180.66 ml/gram for tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
respectively, whereas that for control group (0% tea 
saponin) was 156.66 ml/gram. For substrate 2 values were 
ranging from 160.33 to 200.16 ml/gram for 0.2 to 0.6% tea 
saponin, respectively and 173.83 ml/gram to 196.66 
ml/gram for tea seed containing equivalent dose of 0.2 to 
0.6% tea saponin, whereas that for control group was 
160.33 ml/gram. For substrate 3 values were ranging from 
181.66 ml/gram to 216.66 ml/gram for 0.2 to 0.6% tea 
saponin, respectively and for tea seed it varied from 182.00 
(equivalent to 0.2% tea saponin) to 211.66 ml/gram 
(equivalent to 0.6% tea saponin), whereas that for control 
group was 181.66 ml/gram. Gas production was 
significantly higher in substrate 3 as compared to substrate 
2 in which it was higher than substrate 1.

 24-hour gas production increased with increasing 
levels of in tea saponin and tea seed in all three substrates. 
The total gas production (24 hrs) was increased by 16, 20, 
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Table 2. Effect of addition of tea seed and tea seed saponin on 24 hr gas production (ml/g) in in vitro gas production test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

Be Be Ae1. Tea saponin 0.0 156.66  ± 1.66 160.33 ± 0.33 181.66 ± 1.66
Be Be Ad2.  0.2 156.66  ±3 .00 163.33 ± 1.66 195.83 ± 0.83
Bd Bd Adc3.  0.3 170.83 ± 0.83 171.66 ± 1.68 200.00 ± 2.88
Cc Bc Ac4.  0.4 175.50 ± 0.50 185.16 ± 1.66 202.50 ± 2.05
Cb Bb Ab5.  0.5 180.16 ± 0.16 192.83 ± 1.48 209.66 ± 0.33
Ca Ba Aa6.  0.6 186.66 ± 1.66 200.16 ± 1.60 216.66 ± 1.58

Bdc Bd Ae7. Tea seed 0.2 172.73  ± 0.89 173.83 ± 1.96 182.00 ± 2.00
Cc Bc Ad8.  0.3 175.66 ± 0.66 184.00 ± 1.00 196.16 ± 0.60
Cb Bc Ac9.  0.4 180.33 ± 0.34 185.33 ± 0.33 202.16 ± 1.48
Cb Bb Ac10.  0.5 180.66 ± 0.66 190.83 ± 0.83 203.16 ± 3.16
Cb Ba Aab11.  0.6 180.66 ± 0.67 196.66 ± 1.66 211.66 ± 1.68

 SEM  1.66 2.25 1.92

 P value  <0.001 <0.001 <0.001

Table 3. Effect of addition of tea seed and tea seed saponin on in vitro methane production (ml/litre) in in vitro gas production 
test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

a a a1. Tea saponin 0.0 49.01  ± 0.16 47.01  ± 1.43 48.25  ±  0.31
Be Bbcd Ab2.  0.2 40.83  ± 0.16 40.67  ± 0.84 44.33  ± 0.54
f edc e3.  0.3 35.88  ± 0.19 39.36  ± 1.42 37.96  ± 1.10

Bg Aed Ae4.  0.4 32.79  ± 0.74 36.93  ± 0.93 37.63  ± 0.20
Bg Aed Ae5.  0.5 32.69  ± 0.85 38.29  ± 1.39 37.59  ± 0.37
Bh Ae Ae6.  0.6 30.00  ± 0.58 35.33  ± 0.60 36.45  ± 0.17

ABb Aa Bcd7. Tea seed 0.2 44.33  ± 0.16 46.05 ± 0.74 42.10  ± 1.10
Bcb Aa Bcb8.  0.3 43.25  ± 0.14 45.91  ± 0.46 43.80  ± 0.57
cbd ab cbd9.  0.4 42.90  ± 0.18 45.13  ± 2.88 42.95  ± 0.15
ced ab cd10.  0.5 41.50  ± 1.50 44.84 ± 2.46 42.38  ± 0.21
ed abc d11.  0.6 41.16  ± 0.16 43.97  ± 2.04 41.93  ± 0.06

SEM  0.99 0.80 0.62

P value  <0.001 <0.001 <0.001

Table 1. Chemical composition of the basal substrates used 
in in vitro studies

Attributes Roughage to concentrate ratio

 70:30 60:40 50:50
 (Substrate-I) (Substrate-II) (Substrate-III)

Proximate composition
Organic matter 88.68 89.28 89.87
Crude protein 15.12 16.10 17.09
Ether extract 2.06 2.02 2.06
Total ash 11.32 10.72 10.13
Cell wall constituents
NDF 58.43 56.89 55.35
ADF 30.91 28.62 26.32
Cellulose 26.46 24.28 22.10
Hemicellulose 27.52 28.27 29.03
ADL 4.45 4.33 4.22
Minerals
Calcium 0.92 0.98 1.04
Phosphorus 0.36 0.39 0.44

and 17% with tea saponin and 14, 18, and 15% with tea 
seed for substrate-I, II and III, respectively at 0.6% level of 
saponins. For 24 h gas production results are in agreement 
with Jadhav et al. 2016) and Hu et al. (2005a). Jadhav et al. 
(2016) reported that with the increasing levels of tea 
saponins (from 0.3 to 1 % of substrate incubated) the total 
gas (ml/200mg substrate) increased significantly. The total 
gas production was increased by 22, 21.7 23% at 1% tea 
saponin for 30:70, 50:50 and 70:30 roughages to 
concentrate ratio, respectively.

 Hu et al. (2005a) who reported, inclusion of 2, 4 and 
6 mg TSS increased the 24 h gas production to 48.5, 49.5 
and 50.2 ml/200 g of substrate, respectively while the GP at 
8 mg level kept little change from 47.9 ml in the control 
using Menke and Steingass (1988) technique. Hu et al. 
(2006) reported increased 24 h gas production using the 
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Table 4. Effect of addition of tea seed and tea seed saponin on protozoa count (*104/ml) in in vitro gas production test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

Aa Ba Ba1. Tea saponin 0.0 2.45  ± 0.02 2.28  ± 0.01 2.22 ± 0.01
Abc ABb Bbc2.  0.2 2.26  ± 0.04 2.20  ± 0.01 2.13  ± 0.02
Bf Ac Bed3.  0.3 1.96  ± 0.05 2.10  ± 0.03 1.98  ± 0.01
Cg Ae Bf4.  0.4 1.79  ± 0.01 1.98  ± 0.01 1.85  ± 0.01
Bg Ae Bf5.  0.5 1.75  ± 0.02 1.96  ± 0.02 1.81  ± 0.02
Bh Af Bg6.  0.6 1.54  ± 0.02 1.72  ± 0.01 1.61  ± 0.01
Aa Bb abB7. Tea seed 0.2 2.43  ± 0.01 2.20  ± 0.02 2.17  ± 0.02
Ab Bb Cc8.  0.3 2.34  ± 0.03 2.20  ± 0.02 2.11  ± 0.01
Acd Bc Cd9.  0.4 2.23  ± 0.02 2.11  ± 0.01 2.02  ± 0.01
Aed Bd Bed10.  0.5 2.16  ± 0.01 2.04  ± 0.01 2.00  ± 0.01
Ae Ad Be11.  0.6 2.12  ± 0.01 2.05  ± 0.02 1.95  ± 0.02

SEM  0.04 0.03 0.02

P value  <0.001 <0.001 0.003

Table 5. Effect of addition of tea seed and tea seed saponin on ammonia N (mmole/L) in in vitro gas production test

S.No. Roughage: Conc. ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

a a a1. Tea saponin 0.0 13.62 ± 0.07 12.86 ± 0.09 13.12 ± 0.49
ab a ab2.  0.2 12.40 ± 0.44 12.85 ± 0.14 12.96 ± 0.08

Bdc Aa Abc3.  0.3 10.44 ± 0.44 12.31 ± 0.16 12.24 ± 0.11
Bd Ab Ac4.  0.4 9.29 ± 0.76 11.66 ± 0.09 11.62 ± 0.07
Cd Ab Bd5.  0.5 9.27 ± 0.08 11.49 ± 0.09 10.83 ± 0.18
Be Ac Ad6.  0.6 7.43 ± 0.81 10.49 ± 0.16 10.26 ±d 0.42
Bbc Aa Aab7. Tea seed 0.2 11.46 ± 0.14 12.97 ± 0.04 13.00 ± 0.05
Bbc Aa Aab8.  0.3 11.13 ± 0.30 12.80 ± 0.16 12.74 ± 0.48
Cbc Aa Bc9.  0.4 11.11 ± 0.31 12.78 ± 0.10 11.82 ± 0.05
Cc Aa Bc10.  0.5 10.76 ± 0.19 12.65 ± 0.30 11.76 ± 0.01
Bc Ab ABc11.  0.6 10.76 ± 0.19 11.67 ± 0.47 11.74 ± 0.01

SEM  0.29 0.11 0.16

P value  <0.001 <0.001 <0.001

Reading Pressure Techniques (RPT). Increased gas 
production may be due to higher bacterial and fungal 
population due to antiprotozoal action of saponins.

Effect of addition of tea seed and tea seed saponin on 
Methane production: Methane production in different 
treatments is given in Table 3. Methane production was 
comparatively more in high concentrate substrate. 
Methane production was significantly decreased with 
increasing level of saponins. For substrate 1, values were 
ranging from 40.83 to 30.00ml/L for 0.2 to 0.6% tea 
saponin, respectively and 44.33 to 41.16ml/Lfor tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
respectively, whereas that for control group (0% TSS) was 
49.01 ml/L. For substrate 2 values were ranging from 
40.67 to 35.33ml/L for 0.2 to 0.6 % tea saponin and 46.05 

to 43.97ml/L for tea seed containing equivalent dose of 0.2 
to 0.6% tea saponin, whereas that for control group was 
47.01 ml/L. For substrate 3 values were ranging from 
44.33 to 36.45 ml/L (0.2 to 0.6 % TSS) for tea saponin and 
for tea seed it varied from 42.10 to 41.93 ml/L (equivalent 
to 0.2 to 0.6% tea saponin), whereas that for control group 
was 48.25 ml/L.

 Methane produced during enteric fermentation leads 
to a loss of feed energy for the animals, and increased 
environmentalproblems through greenhouse effect. 
Addition of tea saponin in the diet significantly decreased 
the in vitro methane production, but with tea seeds best 
results were obtained in 70:30 and 50:50 roughage to 
concentrate ratio. Methane production was decreased by 
39, 24 and 25% with tea saponin and 17, 7 and 14% with 
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Table 6. Effect of addition of tea seed and tea seed saponin on true dry matter digestibility (%) in in vitro gas production test

S.No. Roughage: Concentrate ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

a a a1. Tea saponin 0.0 78.73  ± 0.37 78.75  ± 0.38 78.33  ± 0.33
Aa Ba Bb2.  0.2 78.66  ± 0.33 78.40  ± 0.30 77.55  ± 0.29
a a cb3.  0.3 78.65  ± 0.32 78.13  ±0.70 77.36  ± 0.25
b a cb4.  0.4 77.75  ± 0.25 78.04  ± 0.42 77.41  ± 0.30
c b d5.  0.5 74.26  ± 0.26 74.85  ± 0.30 75.00  ± 0.05
c b d6.  0.6 74.70  ± 0.15 74.80  ± 0.11 74.83  ± 0.16

cb a bc7. Tea Seed 0.2 77.66  ± 0.33 78.47  ± 0.66 76.93  ± 0.06
Aab Aa Bbc8.  0.3 78.11  ± 0.11 78.20  ± 0.11 76.92  ± 0.07
Aab Aa Bbc9.  0.4 78.09  ± 0.04 78.18  ± 0.18 76.92  ± 0.10
Aab Aa Bbc10.  0.5 78.06  ± 0.04 78.06  ± 0.03 76.90  ± 0.09
Aab Aa Bc11.  0.6 77.93  ± 0.06 78.04  ± 0.24 76.88  ± 0.08

SEM  0.26 0.25 0.18

P value  <0.001 0.001 <0.001

Table 7. Effect of addition of tea seed and tea seed saponin on true organic matter digestibility (%) in in vitro gas production 
test

S.No. Roughage: Concentrate ratio

  Percentage 70:30 (Sb-1) 60:40 (Sb-2) 50:50 (Sb-3)

ABa Aa Ba1. Tea Saponin 0.0 80.54  ± 0.32 81.06  ± 0.16 80.18  ± 0.05
Aa Aa Bb2.  0.2 80.51  ± 0.16 80.88  ± 0.01 79.23  ± 0.29
Aa Aab Bb3.  0.3 80.47  ± 0.03 80.21  ± 0.13 78.96  ± 0.16
cd bc b4.  0.4 78.76  ± 0.28 79.33  ± 0.66 78.91  ± 0.07

cd c c5.  0.5 78.59  ± 0.016 77.66  ± 0.33 76.13  ± 0.18
Ad Ac Bc6.  0.6 77.44  ± 0.01 77.16  ± 0.03 75.86  ± 0.52
Bbc Aa Bb7. Tea Seed 0.2 79.16  ± 0.26 80.55  ± 0.23 78.87  ± 0.06
ABb Aab Bb8.  0.3 79.66  ± 0.11 80.28  ± 0.42 78.85  ± 0.04
Bb Aab Cb9.  0.4 79.66  ± 0.23 80.26  ± 0.17 78.84  ± 0.08
Bb Aab Cb10.  0.5 79.62  ± 0.99 80.14  ± 0.14 78.79  ± 0.02
Ab Aab Bb11.  0.6 79.51  ± 0.08 80.13  ± 0.03 78.78  ± 0.07

SEM  0.13 0.14 0.16

P value  <0.001 0.003 <0.001

tea seed for substrate I, II and III, respectively at 0.6% level 
of saponins. Many workers also reported reduction in vitro 
methane production due to addition of saponin or saponin 
extracts. Results are in agreement with Jadhav (2016), Hu 
et al. (2005b) and Wang et al. (2000). Jadhav (2016) 
reported that with the increasing levels of tea saponins 
(0.3% to 1%), the methane production decreased 
significantly. The methane production was decreased by 
27%, 30% and 40% at 0.8% level of tea saponin for three 
different roughages to concentrate ratio (30:70, 50:50 and 
70:30). Hu et al. (2005b) reported inclusion of 0.2 and 0.4 
mg/ml tea saponin decreased methane production by 13.3 
and 14.3%, respectively, in the faunated rumen fluid. 
Wang et al. (2000) observed that the methane production 

was 15% lower in Yucca saponin-fed group compared to 
the control. This reduced methane production may be 
either due to direct inhibition of methanogenic microbes or 
due to reduction of protozoal population. Protozoa 
produce H+ ions in their metabolic pathways, which are 
used by archea to produce methane. Zhou et al. (2011) in a 
study with defaunated and faunated sheep observed that 
tea saponin appeared to reduce methane production by 
inhibiting protozoa and presumable lowering methanogenic 
activity of protozoal associated methanogens.

Effect of addition of tea seed and tea seed saponin on 
Protozoal population and Ammonia nitrogen: Protozoal 
number in different treatments is given in Table 4. 
Protozoal number was significantly decreased with 
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increasing level of saponins. For substrate-1 values were 
ranging from 2.26 to 1.54 for 0.2 to 0.6 % TSS, 
respectively and 2.43 to 2.12 for tea seed with equivalent 
dose of 0.2 to 0.6% tea saponin, respectively, whereas that 
for control group (0% TSS) was 2.45*104/ml. For 
substrate 2 values were ranging from 2.20 to 1.72 for 0.2 to 
0.6% TSS, respectively and 2.20 to 2.05 for tea seed with 
equivalent dose of 0.2 to 0.6% tea saponin, respectively 
whereas that for control group was 2.28*104/ml. For 
substrate 3 values were ranging from 2.13 to 1.61 (0.2% to 
0.6 % TSS) for tea saponin and for tea seed it varied from 
2.17 to 1.95 (equivalent to 0.2 to 0.6% tea saponin), 
whereas that for control group was 2.22*104/ml.

 The protozoal count was reduced with increasing 
levels of tea saponin and tea seed. Protozoal count was 
reduced by 38, 25 and 28% with tea saponin and 14, 11 and 
13% with tea seed for substrate I, II and III, respectively at 
0.6% level of saponins. Results are in agreement with 
Jadhav (2016), Hu et al. (2005a) and Guo et al. (2008).  
Jadhav (2016) reported that with the increasing levels of 
tea saponins (from 0.3 to 1%), the protozoal count 
(*104/ml) decreased significantly from 1.88, 1.85 and 
2.30*104/ml to 0.93, 0.95 and 0.89*104/ml, respectively 
for three different roughage to concentrate ratio (30: 70, 
50: 50 and 70: 30). The protozoal count was decreased by 
55, 58 and 60% at 1% level of tea saponin for three 
different roughages to concentrate ratio (30:70, 50:50 and 
70:30). Hu et al. (2005a) reported that after 24-h 
incubations, protozoal counts were reduced by 19, 25, 45 
and 79% when the tea saponin was added at 10, 20, 30 and 
40 g/kg substrate, respectively. Guo et al. (2008) found 
that at 0.4 mg tea saponin/ml medium containing rumen 
fluid or 53 g tea saponin/kg substrate, decreased protozoa 
count substantially. Wallace et al. (2002) reported that 
Saponins form complexes with sterols in protozoal cell 
membrane and the membrane become impaired and 
eventually disintegrate, leads to death of protozoal cell. 
This leads to reduced protozoal population.

 Concentration of ammonia-N in different treatments 
is given in Table 5. Ammonia-N concentration was 
significantly decreased with increasing level of saponin 
and tea seed. For substrate-1 values were ranging from 
12.40 (0.2% TSS) to 7.43 mmole/L (0.6% TSS) for tea 
saponin and 11.46 to 10.76 mmole/L for tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
respectively, whereas that for control group (0% TSS) was 
13.62 mmole/L. For substrate-2 values were ranging from 
12.85 (0.2% TSS) to 10.49 mmole/L (0.6% TSS) for tea 
saponin and 12.97 to 11.67 mmole/L for tea seed 
containing equivalent dose of 0.2 to 0.6% tea saponin, 
whereas that for control group was 12.86 mmole/L. For 

substrate 3 values were ranging from 12.96 (0.2% TSS) to 
10.26 mmole/L (0.6 % TSS) for tea saponin and for tea 
seed it varied from 13.00 to 11.74 mmole/L (equivalent to 
0.2 to 0.6% tea saponin), whereas that for control group 
was 13.12 mmole/L.

 Addition of tea seed saponins, decreased the 
ammonia N concentration in all the three substrates, but 
with tea seed, best results are obtained in 50:50 and 70:30 
roughage concentrate ratio. The ammonia-N was 
decreased by 45, 19 and 22 % with tea saponin and 21, 10, 
and 11% with tea seed for substrate I, II and III, 
respectively at 0.6% level of saponins. Results are in 
agreement with Jadhav (2016), Hu et al. (2005a) and Hu et 
al. (2006). Jadhav (2016) reported that with the increasing 
levels of tea saponins (from 0.3 to 1%), the ammonia 
nitrogen decreased significantly from 7.9, 7.40 and 7.05 
mg to 5.55, 5.20 and 4.8mg, respectively for three different 
roughages to concentrate ratio (30:70, 50:50 and 70:30). 
The ammonia nitrogen was reduced by 34, 36 and 34 % at 
1% tea saponin level for three different roughages to 
concentrate ratio (30:70, 50:50 and 70:30). Hu (2005a) 
reported decreased ammonia-N concentration from 15 
mmol/L to 14.39, 12.77, 12.31 and 11.41 when tea saponins 
were added 2, 4, 6 and 8 mg to the basal substrate. Hu et al. 
(2006) reported decreased ammonia-N concentration 
from11.6 mmol/L to 10.4, 8.9 and 8.4 when tea saponins 
were added 0.2, 0.4 and 0.8 mg/ml. Reduced ammonia 
nitrogen may be due to reduced protozoal population, 
which are responsible for degradation of bacterial proteins 
and thereby increasing rumen ammonia levels.

Effect of addition of tea seed and tea seed saponin on 
digestibility: For all substrates with addition of tea 
saponintrue dry matter as well as true organic matter 
digestibility was decreased significantly. With the addition 
of tea seed digestibility was not affected (Table 6 and 7). 
For all substrates with addition of TSS true dry matter as 
well as true organic matter digestibility was decreased 
significantly. With the addition of tea seed digestibility 
decreased in substrate 1 and 2, with increasing levels of tea 
seed. Jadhav (2016) reported that with the addition of 
increasing concentrations of tea saponin to the substrate, 
the dry matter and organic matter digestibility decreased 
significantly as compare to control in an in vitro study. 
Addition of saponins in the basal substrate from Sapindus 
saponaria (Hess et al., 2003), Yucca and Quillaja 
(Holtshausen et al., 2009) plants reduced the digestibility 
of fibre components in vitro. It is suggested that tea 
saponin and tea seed could modify the rumen fermentation 
pattern by inhibiting methane and ammonia release, thus 
beneficial for improving the growth and nutrient 
utilization in ruminants
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CONCLUSION

 The primary effect of saponin is to modify the 
composition of rumen microbial populations resulting in 
the modification of rumen fermentation. The mechanisms 
and effects of saponins on rumen fermentation depend on 
the type and level of saponin, composition of diets, 
microbial populations affected etc. In this study the tea 
seed saponins extract shown to have antiprotozoal effect, 
reduce methane and ammonia release in vitro. Teasaponin 
and tea seed could modify the rumen fermentation pattern 
and beneficial for improving the growth and nutrient 
utilization in ruminants. Although best results were 
obtained from tea saponin extract as compare totea seed, 
but futures studies in different concentration of tea 
saponins and somewhat higher doses of tea seed are 
needed to explore the possibility of tea seed saponin and 
tea seed as a feed additive in ruminants.
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protein diet, but the levels found to be within the reference 
values. No significant difference (p>0.05) was found in 
parameters like cholesterol, total protein, albumin and 
creatinine. The concentration of Alanine aminotransferase 
(ALT) enzyme between the obese dogs fed with different 
therapeutic diets was also within the reference range 
(Rafaj et al., 2016), and indicated no evidence of liver 
damage in the selected obese dogs.

 Feeding of therapeutic diets to obese dogs did not 
influence (p>0.05) the concentration of total triiodothyronine 
and Total thyroxine (nmol/l) as given in Table 2. However, 
Daminet et al. (2003) observed significantly decreased T  3

and TSH levelsduring weight loss in obese dogs.

CONCLUSION

 The therapeutic diets for managing obesity including 
high-protein high fibre and high-protein medium-fibre, did 
not affect the hematological and biochemical parameters of 
the dogs except blood glucose and blood urea nitrogen.
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 Obesity constitutes a major health problem in 
humans as well as in pets. The excessive weight gain 
increases the risk of various metabolic disorders and 
hinders the quality of life. Dietary modification is one of 
the promising ways for weight reduction. The changes in 
the macronutrient level of the diet also affects the blood 
profile of the obese dogs. Hence, the present study aimed 
to evaluate the effect of dietary protein and fibre on the 
hematological, biochemical and thyroid profile of the 
obese dogs.

 Twenty-four Labrador retriever obese dogs of more 
than three years of age were selected based on their body 
condition score (BCS) and body weight. The dogs were 
randomly divided into four treatment groups with six 
animals in each treatment. T  was kept as control and fed 1

with normal dietcontaining 15.74% CP and 4.09% CF 
according to AAFCO (2014) recommendations for adult 
dog maintenance while T , T , T  were fed with high-2 3 4

protein high-fibre (21.90% CP and 11.28% CF), high-
protein medium-fibre (21.73% CP and 8.23% CF), and 
control diet supplemented with choline chloride (15.72% 
CP, 3.99% CF and 3000 mg/kg choline chloride), 
respectively (Table 1). During the feeding trial period of 
four months, they were maintained on the respective diets 
for managing obesity with ad libitum water. The blood 
samples from the cephalic vein were collected and serum 
samples were stored in freezer of -2º C to compare the 
hematology, biochemistry and thyroid profile of these 

obese dogs with the control.

 The parameters viz., hemoglobin (Hb), packed cell 
volume (PCV), red blood cell (RBC), platelet count, white 
blood cell (WBC) count was analyzed using automated 
hematology Analyser (Mindray BC-2800 Vet). The 
biochemical parameters viz., blood urea nitrogen, creatinine, 
cholesterol, total protein, albumin and glucose using a 
fully automated biochemical analyzer (A-15 Biosystem 
Random Access Analyzer, Biosystems, Barcelona, Spain).

 Total thyroxin (T ) and Triiodothyronine (T ) levels 4 3

in serum samples (nmol/l) were estimated using radio 
immunoassay kits (Immunotech, Czech Republic).

 The data obtained were subjected to analysis of 
variance (ANOVA) using Statistical Analytical System 
(SPSS version 20). Significant differences (p <0.05) were 
tested by Duncan's multiple range test.

 The hematological parameters of the dogs (Table 1) 
fed with different therapeutic diets revealed no significant 
differences (p>0.05) and all parameters werewithin the 
normal reference value (Rizzi et al., 2010). It is also in 
compliance with Abinaya et al. (2018), who found no 
change in the hematological parameters of the obese dogs 
as the age advances.The values of white blood cells and 
neutrophils were also normal, proving that chronic 
inflammatory state is not always evident in obesity 
(Piantedosi et al., 2016). No relationship between obesity 
and hemoglobin concentration was observed as in 
consensus with Harishankar et al. (2011).

SUMMARY

 Twenty-four obese Labrador dogs were selected based on their body condition score and body weight to investigate the effect of dietary 
protein and fibre level on hemato-biochemical parameters and thyroid profile. The dogs were randomly divided into four treatment groups viz. T , T , 1 2

T  and T  of six animals in each. T  was kept as control and fed with normal diet as per AAFCO (2014) while T , T , T  were fed with high-protein high-3 4 1 2 3 4

fibre (21.90% CP and 11.28% CF diet), high-protein medium-fibre (21.73% CP and 8.23% CF diet), and control diet supplemented with choline 
chloride (3000 mg/kg), respectively, for an experimental period of four months. No significant difference (p>0.05) found in the hematological and 
biochemical parameters of the dogs except in the concentration of glucose and blood urea nitrogen. The values of glucose were lowest in T  2

(75.83±2.66 mg/dl) and highest in control (92.16±3.55 mg/dl). Also, the thyroid profile was not altered by the weight-loss or by the dietary change in 
obese dogs.
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 The biochemical parameters (Table 1) showed 
significant differences (p<0.05) in the concentration of 
glucose and blood urea nitrogen among the treatments. 
The values of glucose were lowest in high-protein high-
fibre diet with 75.83±2.66 mg/dl and highest in choline 
chloride supplemented group with 92.16±3.55 mg/dl. 
According to Borges (2003), the concentration of glucose 
regulates the voluntary food intake of the animal. The 
concentration of blood urea nitrogen was significantly 

higher (p<0.05) in high-protein high-fibre and high-
protein medium-fibre groups with mean values of 
25.35±1.04 and 26.48±0.62 mg/dl, respectively, whereas 
the control and choline supplemented diet had BUN value 
of 16.79±1.43 and 17.45±0.79 mg/dl, respectively (Table 1). 
The increased BUN observed in T  and T  could probably 2 3

be due to the higher level of protein in their diet. The results 
coincide with the earlier findings of Frantz et al. (2007) 
who reported higher BUN values in dogs fed with a high 

Table 1. Proximate composition (%) of formulated therapeutic diets for obese dogs (Mean ± SE)

Nutrients T  T  T  T1 2 3 4

Proximate composition (%)

Dry matter 90.10±0.22 90.20±0.51 89.80±0.17 89.16±0.17

Crude protein  15.74±0.04 21.90±0.18 21.73±0.25 15.72±0.04

Crude fibre 4.09±0.06 11.28±0.16 8.23±0.17 3.99±0.12

Ether extract 14.40±0.41 15.77±0.05 13.91±0.03 14.43±0.88

Total ash 7.83±0.20 6.43±0.12 8.33±0.12 8.16±0.17

Nitrogen-free extract 57.92±0.18 44.60±0.12 47.78±0.28 57.68±0.82

Each value is a mean of six observations
Means bearing different superscripts within a row differ significantly (p<0.05)

Table 2. Hematological and Biochemical profile of obese dogs fed with different therapeutic diets (Mean ± SE)

Parameters T  T  T  T1 2 3 4

Hematological Parameters
NSHemoglobin  (g/dl) 15.05±1.05 13.95±0.44 14.60±1.05 12.91±0.90

NSPacked cell volume  (%) 39.05±3.06 35.11±1.48 41.13±1.98 40.98±1.31
NS 6Red blood cells  (10 /µl) 6.56±0.55 5.87±0.14 5.93±0.28 5.48±0.20

NS 3White blood cells  (10 /µl) 14.70±0.74 14.05±0.84 13.60±0.99 14.21±0.67
NSNeutrophils  (%) 74.66±1.33 72.00±1.46 74.00±1.15 74.66±0.98

NSLymphocytes  (%) 20.83±1.22 22.00±1.12 21.16±0.90 20.66±0.61
NSMonocytes  (%) 3.66±0.42 3.66±0.42 3.00±0.73 3.00±0.57

NSEosinophils  (%) 0.83±0.30 2.33±0.33 1.83±0.30 1.66±0.21

Biochemical Parameters
b a a bGlucose (mg/dl) 92.16 ±3.55 75.83 ±2.66 80.83 ±1.13 92.50 ±3.85

NSCholesterol  (mg/dl) 213.33±19.55 171.16±8.52 196.33±15.03 211.66±19.69
NSTotal protein  (g/dl) 7.55±0.08 7.41±0.08 7.43±0.09 7.65±0.12

NSAlbumin  (g/dl) 2.45±0.05 2.68±0.09 2.55±0.08 2.38±0.06
a b b aBlood urea nitrogen (mg/dl) 16.79 ±1.43 25.35 ±1.04 26.48 ±0.62 17.45 ±0.79

NSCreatinine  (mg/dl) 0.83±0.05 0.98±0.05 0.97±0.18 0.86±0.07

Each value is a mean of six observations
Means bearing different superscripts within a row differ significantly (p<0.05)

Table 3. Thyroid profile (nmol/l) of obese dogs fed with different therapeutic diets (Mean ± SE)

Parameters T  T  T  T1 2 3 4

NSTriiodothyronine  (TT3) 1.45±0.08 1.25±0.06 1.38±0.17 1.49±0.26
NSThyroxine  (TT4) 40.83±3.91 34.16±1.49 36.50±2.68 46.66±3.10

Each value is a mean of six observations
Means bearing different superscripts within a row differ significantly (p<0.05)


