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Abstract

This study was designed to evaluate the effect of dry ginger powder supplementation on production performance, rumen pH and
selected blood metabolites of Beetal bucks raised under heat stress conditions. Eighteen Beetal bucks weighing 34.5 + 2.5 kg; 12 + 1
month of age were randomly assigned to one of the three dietary treatments in a complete randomized design, (1) 0, (2) 500 mg/kg/
day, (3) 1000 mg/kg/day dry ginger powder and labelled as C, GP 0.5 and GP 1.0, respectively. All bucks were adapted to a basal based
diet for 1 weeks prior to the start of the experiment. Treatment diets were fed from d 0 to 56. Blood was collected on d 0, 14, 28 and 56
days for analysis of plasma cortisol, BUN. Intakes were recorded daily and individual body weights were measured weekly. Bucks were
fed their respective diets for ad libitum intake. Data regarding dry matter intake (DMI), body weight (BW) gain, feed efficiency (FE) and
selected blood metabolites were collected. It was found that DMI was 7.4% higher in GP 0.5 as compare to GP 1.0 and C. Results shows
that BW and FE was 21.8% and 15.1% higher respectively in GP 1.0 and rumen pH was more stable in GP 1.0 and cortisol level was low-
estin GP 1.0 as compared to GP 0.5 and C. It was concluded that the GP 1.0 group showed higher performance than other treatments in

weight gain, feed efficiency and blood metabolites.
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Introduction

Pakistan has 74.1 million goats and ranked 3 globally after china and India [1]. Even though these animals are resistant to harsh

environmental conditions; however, the performance of these animals frequently decrease because of heat stress (HS) [2].

Currently, Heat Stress (HS) a major concern in the dynamic climatic context [3]. Heat stress outcomes are reduced performance, re-
production, production, milk volumes and quality, as well as natural immunity [4]. Feed intake remarkably decreased when temperature
reaches up to 409C in dairy goats [5] due to decreased saliva production [6]. It is also documented that animals can make both physiologi-
cal and behavioural adjustments in the existence of a stressful situation which can eradicate that period from being a stressor [7]. Heat
stress has also been scientifically reputable to cause bad effect on the growth of animals. Different species depending upon their biological
states have thermoneutral zone of temperature. Outside this limit, animal require extra energy for thermoregulation. Therefore, negative

impact on growth and production [8].
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As far as feed intake is concerned, it decreased when environmental temperature increased up to 402C in dairy goats [9]. During heat
stress maintenance needs increased up to 30% [10] and due to decreased intake energy amount is not enough to meet up the everyday
needs which caused reduction in body weights of animals [9]. To counter this situation of heat stress, many feed supplements and addi-
tives are used in field conditions. But recent research shows the importance of dry ginger powder as anti-oxidant and intake stimulant,
anti-oxidant activity may help to decrease stress on animal. The significant increase in the daily intake in those groups which offered dry
ginger powder [11]. Supplementation of 2 ml of ginger oil per day per goat significantly increased the milk yield [11]. Ginger contains
chemical ingredients such as ginger diol and gingerol produced antioxidant activity [12]. The dry ginger powder contains about 88 - 91%
dry material, 9 - 12% moisture, 9% crude protein, 3 - 6% ether extract, 3 - 8% fiber and about 8% ash [13]. Supplementation of ginger
decreases the stress by decreasing the level of cortisol [14]. The active component of ginger stimulates digestion by increasing muscular
activity of gastrointestinal tract (GIT) [13].

There was significant surge in milk yield of Holstein cow which supplemented with 50 gm ginger as compared to basal diet [15]. Ginger
increases the absorption of both essential and other nutrients which improves the growth of animals [16]. Ginger essentially enhances the
production and secretion of bile which helps in digestion and absorption of lipids [17]. Ginger also has gastrointestinal properties such as

a potential to stimulate the reticulorumen contractions [18].
Purpose of the Study

The purpose of this study was to estimate the effects of various levels of dry ginger powder supplementation on growth performance
and blood metabolites in Beetal bucks under heat stress. Keeping in view the long summer stress period and importance of dry ginger
powder it was assumed that addition of dry ginger powder in feed may increase intake of animals under heat stress which ultimately af-

fect the growth performance of bucks.

Materials and Methods
Animals management

The study was carried out at B-block, Small Ruminants Training and Research Centre (SRT&RC), UVAS, Ravi Campus, Pattoki. The
experimental procedures were approved by Ethical Committee of University of Veterinary and Animal Sciences, Lahore. All samples were
analyzed at the laboratory of Department of Animal Nutrition, Faculty of Animal Production and Technology, University of Veterinary and
Animal Science (UVAS), Lahore.

Eighteen Beetal bucks (n = 18) having average body weight 34.5 + 2.5 kg and average age 12 + 1 months were divided into 3 groups
with 6 bucks in each group and randomly assigned individual pens. The bucks were de-wormed for ecto and endoparasites during the
adaptation period and vaccinated according to the farm routine practices. Diets were offered twice on the basis as 4% of live body weight

at 08:00 and 16:00h. The ginger was dried and ground at 2 mm before supplementation.
Experimental design

The study duration was 63 days including 7 days of adaptation. The diets of animals group 2 (GP 0.5) and 3 (GP 1.0) were supple-
mented by 500 and 1000 mg/kg/d of dried ginger powder whereas group 3 served as control. Equal quantity of TMR were offered and
dry ginger powder is mixed at the time of feeding according to group and weight of animal. The TMRs were formulated iso-nitrogenous
containing 15 % CP and isocaloric having 2.53 Mcal ME/kg were fed 4% body weight on dry matter basis. To prepare TMR dry ingredi-
ents of concentrate were mixed. The required amount of concentrate was added with required amounts of silage into a double ribbon

horizontal mixer and then mixed them properly. The concentrate was medium ground; the size of oat silage was 1 inch. Ad libitum fresh
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and clean water was ensured to the calves during the entire experimental period. Nutrient composition of ration prepared and used in

the study is shown in table 1.

Total mixed rations
C GP 0.5 GP 1.0

Ingredients, %

Oat silage 45.0 45.0 45.0

Corn grain 18.0 18.0 18.0

Wheat bran 5.00 05.00 05.00

Sugar cane molasses 10.0 10.00 10.00

Soybean meal 10.0 10.00 10.00

Canola meal 10.0 10.00 10.00

Mineral mixture 2.00 2.00 2.00
Chemical Composition, %

Dry matter 60.8 60.8 60.8

Crude protein 15.1 15.1 15.1

NDF 36.3 36.3 36.3

Acid detergent fiber 20.9 20.9 20.9

Ash 9.02 9.02 9.02

Metabolizable Energy (Mcal/kg DM) 2.53 2.53 2.53

STable 1: Ingredients of the TMR on dry matter (%) basis offered to Beetal bucks in trial.
1) C. Control group. 2) GP 0.5. Dry ginger supplementation 500 mg/kg/day. 3) GP 1.0 Dry
ginger supplementation 1000 mg/kg/day.

Estimation of dry matter intake and body weight gain

The data regarding individual feed offered and refusal, if any, were collected on daily basis. Samples of feed offered and refusal were
collected on weekly basis and were frozen at -20°C until further analysis during the experiment. Animals were weighed on fortnightly

basis before feeding. Dry matter intake and body weight gain were calculated by using following formulae:
Dry matter intake (kg) = Dry matter offered (kg) - Dry matter refused (kg).

Body weight gain = Final body weight (kg) - Initial body weight (kg).

Sampling and analysis

The shed temperature and humidity were recorded on daily basis to calculate Temperature humidity index (THI) according to [19] by
using the following formula: THI= (0.8 X temperature) + [(% (relative humidity)/100) X (temperature - 14.4)] + 46.4.

Feed samples were collected on weekly basis and oven dried at 72°C for 24 hours for dry matter and ground to 2 mm size by using

Wiley mill. Finely grounded feed samples were used to determine crude protein, crude fat and ash [20].
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Determination of blood metabolites

Fortnightly blood samples were collected 4h after the morning feeding from jugular vein in the EDTA vacutainer. Collected blood
samples were centrifuged at 3000 rpm for 10 minutes to separate plasma. Harvested plasma samples were stored at -20°C. Plasma

urea nitrogen, cortisol and glucose were analyzed by using colorimetric kits.

Determination of rumen pH

Rumen fluid samples were collected from all animals. Sampling was performed 3h post morning feeding on fortnightly basis by using
the stomach tube. Immediately after collection, the rumen fluid pH was recorded by using a pH meter [11].

Economic analysis

The economic analysis was calculated by the cost of feed ingredients in the local market and the price of live body weight gain of
calves. At the end of trial economics of the trial was calculated to check the efficiency of ginger powder. The economic analysis was
done by using the following equation:

Cost for 1 kg gain = Total cost of feed intake/total weight gain (kg).

Statistical analysis

The weekly means data was analyzed by using repeated measure ANOVA on the SAS University Edition (SAS 9.4). Model included fixed
effects of treatments, weeks and treatment into week interaction. Results were declared statistically significant at P < 0.05 and super-
scripts were assigned on the basis of Tukey’s test.

Results

The results showed that DMI was significantly higher in GP 0.5 group (P = 0.02). Body weight and FE was significantly higher in
GP 1.0 (P =0.01) and (P = 0.04) respectively. Non-significant difference among the treatments was observed regarding BUN, heart girth
and respiration rate (P > 0.05) (Table 2 and 3). The results also showed that rumen pH was significantly stable in GP 1.0 (P < 0.01).
Plasma cortisol level was significantly (P < 0.001) lower in GP 1.0 (Table 3). Regarding the results for economics group GP 1.0 was more
efficient (P = 0.02) than other groups (Table 3).

Treatments* P-value
Variables
Control GP 0.5 GP 1.0 SEM Trt Week Trt xweek

Total DMI (kg) 75.12° 80.70° 78.44® 0.886 0.024 - -
DMI (kg/d) 1.34° 1.442 1.40% 0.023 0.024 0.006 0.026

Total weight gain (kg) 591¢ 6.58° 7.20° 0.159 <0.001 - -

ADG (g/d) 105.65¢ 117.55° 128.57° 2.847 <0.001 - -

Feed efficiency? 0.0792 0.0812 0.092° 0.002 0.04 - -
Average Body length (cm) 71.58° 73.79° 74.75° 0.544 0.003 0.000 0.587
Average heart girth (cm) 71.95 72.04 72.25 0.671 0.951 0.483 0.487
Average respiration rate (counts/min) 47.11 46.72 42.94 1.780 0.265 0.742 0.494

Cost/kg (PKR) 452.15* 430.44 382.68° 12.021 0.043 - -

Table 2: Effects of different levels of dry ginger powder supplementation on DMI, BW and BM and economics in
Beetal bucks under heat stress.
P < 0.05 indicate significant difference among the treatments.
SEM: Standard Error of the Mean.
1) C. Control group. 2) GP 0.5. Dry ginger supplementation 500 mg/kg/day. 3) GP1.0 Dry ginger supplementation 1000 mg/kg/day
1Feed efficiency = total weight gain (kg)/total dry matter intake (kg).
2Cost/kg weight gain = (Total feed intake on as such basis (kg)/total weight gain (kg)) x cost per kg
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Treatments! P-value
Variables
Control GP 0.5 GP 1.0 SEM Trt Week Trt x Week
Rumen pH 6.21¢ 6.48° 6.572 0.016 <0.001 0.50 0.10
Glucose (mg/dl) 85.01° 80.89% 76.47° 1.93 0.04 0.99 0.92
BUN (mg/dl) 21.74 21.16 21.13 0.90 0.85 0.95 0.73
Cortisol (ng/ml) 22.10° 11.52@ 7.64° 2.99 <0.001 0.76 0.87

Table 3: Effects of different levels of dry ginger powder supplementation on rumen pH and
blood metabolites in Beetal bucks under heat stress.
P < 0.05 indicate significant difference among the treatments.
SEM = Standard error of the mean.
1) C. Control group. 2) GP 0.5. Dry ginger supplementation 500 mg/kg/day. 3) GP1.0 Dry ginger supplementation 1000 mg/kg/day.

Discussion and Conclusion

In the current study, the average temperature humidity index was 76.9 * 2.6 throughout the experiment. It is reported that heat
stress changes basic physiological status of the animals. Heat stress disturbs the hormonal profile of animals and changes post-absorp-
tive energy, protein and lipid metabolism. Heat stress also impair the liver function due to oxidative stress [21]. Ginger supplementa-
tion to the animals improves their digestive system muscular activity and increase the digestion and absorption of feed and nutrients
[13]. In this study, ginger supplementation increased the dry matter intake in the GP 0.5 as compared to control and GP 1.0 treat-
ment. Due to increase muscular activity of digestive system by ginger supplementation, GP 1.0 treatment animals showed higher body
weight gain as compared to GP 0.5 animals. Increased average daily gain was observed in the GP 1.0 as compared to GP 0.5 and the
control group indicated that ginger affected the digestion and absorption mechanism of feed and the nutrients. Therefore, higher body
weight gain and the average daily gain was observed in the GP 1.0 as compared to GP 0.5 by comparatively lesser dry matter intake by
the animals of GP 1.0 as compared to the GP 0.5. The documented results showed similarity with the previous studies in which ginger
supplementation increased the digestion and absorption of the feed and also helped to relieve the constipation and flatulence in animals
due to enhanced muscular activity [13]. The reported results shows similarity with documented results in the previous study that ginger

supplementation increased the bile production and secretion which helped to increase the digestion and absorption of lipids [17].

Feed efficiency of the GP 1.0 animals were increased as compared to GP 0.5 and the control group which suggested that ginger
supplementation improved the digestibility of feed and therefore, improved feed efficiency was observed for the GP 1.0 animals as
compared to GP 0.5 and the control group. Increase in digestibility of feed is obvious from the reported results of previous studies
which described the effect of ginger supplementation on the digestive tract also the increased in production of bile, which help to digest
the lipids and increased muscular activity enhanced the availability of enzymes for digestion and improved absorption by increased
blood flow in the digestive tract [11]. Increase in body length of the GP 1.0 animals as compared to GP 0.5 and the control group also
indicated the enhancement of digestive role of feed by ginger supplementation. Due to increased absorption of nutrients, body weight
of animals was increased in the GP 1.0 and GP 0.5 as compared to control group. The increased body length of the animals of GP 1.0
was obvious from the increased weight gain of this group which also indicated that higher average daily gain of the GP 1.0 and GP 0.5
improved the body length as compared to the control group. The cost per kg weight gain was reduced in the GP 1.0 and GP 0.5 as
compared to the control group which indicated that the increased feed efficiency of GP 1.0 as compared to GP 0.5 effectively reduced
the cost as compared to the control group. Ginger supplementation maintained the rumen pH of the GP 1.0 and GP 0.5 animals as com-
pared to the control group in which comparatively lesser rumen pH was observed. In recent study by [22] no effect on the rumen pH was
observed and it was maintained within normal range. In the current study, blood glucose concentration was lowered in the GP 1.0 and GP

0.5 as compared to the control group which is obvious from the reported results ofprevious study in which; hypoglycaemic effect of ginger
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supplementation was observed due to increased pancreatic activity increased the insulin production [23]. In terms of animal production,

higher cortisol levels have negative effects on growth rate and feed efficiency and increase the fat/lean ratio of carcasses.

The plasma cortisol concentration of the GP 1.0 animals was lesser as compared to the GP 0.5 and the higher level was observed
in the control group animals. Increase in cortisol concentration resulted due to effect of heat stress on the control group animals
whereas, in the GP 1.0 and GP 0.5, ginger supplementation reduced the negative impacts of heat stress on the animals by improving the
production of antioxidants such as: glutathione peroxidase and superoxide dismutase activity [24]. It is documented that ginger has an-
tioxidant activity which help to reduce the heat stress and more than 40 antioxidant combinations are found in the ginger [25]. Blood
urea nitrogen concentration remained unaffected which was also similarly reported in the previous study [26]. Therefore, it can be
concluded that dried ginger powder supplementation improves the production performance of Beetal bucks by minimizing the adverse

effects of heat stress.

Acknowledgements

The authors gratefully acknowledge the technical support and research facilities provided by UVAS Nutrition lab and UVAS B Block

Ravi Campus, Pattoki, Pakistan.

Conflict of Interest

The authors declare no conflict of interest.

Bibliography
1. Anonymous. “Economic Survey of Pakistan”. Ministry of National Food Security and Research (2018).
2. Banerjee D, et al. “Seasonal variation inexpression pattern of genes under HSP70". Cell Stress and Chaperones 19.3 (2014): 401-408.

3. Silanikove N and Koluman N. “Impact of climate change on the dairy industry in temperate zones: predications on the overall nega-
tive impact and on the positive role of dairy goats in adaptation to earth warming”. Small Ruminant Research 123.1 (2015): 27-34.

4. Al-Dawood A. “Towards heat stress management in small ruminants-are view”. Journal of Animal Science 17.1 (2017): 59-88.

5.  Hamzaoui S, et al. “Milk production losses in early lactating dairy goats under heat stress”. Journal of Dairy Science 95.2 (2012): 672-
673.

6. Soriani N,, et al. “Rumination time during the summer season and its relationships with metabolic conditions and milk production”.
Journal of Dairy Science 96.8 (2013): 5082-5094.

7. Moberg GP. “Effects of environment and management stress on reproduction in the dairy cow”. Journal of Dairy Science 59.9 (1976):
1618-1624.

8. Ravagnolo O and Misztal I. “Genetic component of heat stress in dairy cattle, parameter estimation”. Journal of Dairy Science 83.9
(2000): 2126-2130.

9. Soufiane H,, et al. “Milk production losses in early lactating dairy goats under heat stress”. Small Ruminants Research 95.121 (2013):
73-79.

10. Council NR. “Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids, and New World Camelids”. Washington, DC: The Nat
Acad Press (2007).

Citation: Muhammad Sohaib Niaz,, et al. “Effect of Dry Ginger Powder Supplementation on Growth Performance, Rumen pH and Selected
Blood Metabolites in Beetal Bucks Under Heat Stress Condition”. EC Veterinary Science 6.2 (2021): 11-17.


https://pubmed.ncbi.nlm.nih.gov/24114386/
https://www.sciencedirect.com/science/article/abs/pii/S0921448814003150
https://www.sciencedirect.com/science/article/abs/pii/S0921448814003150
https://content.sciendo.com/view/journals/aoas/17/1/article-p59.xml?language=en
https://www.researchgate.net/publication/258935631_Milk_production_losses_in_early_lactating_dairy_goats_under_heat_stress
https://www.researchgate.net/publication/258935631_Milk_production_losses_in_early_lactating_dairy_goats_under_heat_stress
https://www.researchgate.net/publication/241691786_Rumination_time_during_the_summer_season_and_its_relationships_with_metabolic_conditions_and_milk_production
https://www.researchgate.net/publication/241691786_Rumination_time_during_the_summer_season_and_its_relationships_with_metabolic_conditions_and_milk_production
https://www.sciencedirect.com/science/article/pii/S0022030276844141
https://www.sciencedirect.com/science/article/pii/S0022030276844141
https://pubmed.ncbi.nlm.nih.gov/11003247/
https://pubmed.ncbi.nlm.nih.gov/11003247/
https://www.researchgate.net/publication/258935631_Milk_production_losses_in_early_lactating_dairy_goats_under_heat_stress
https://www.researchgate.net/publication/258935631_Milk_production_losses_in_early_lactating_dairy_goats_under_heat_stress
https://www.nap.edu/catalog/11654/nutrient-requirements-of-small-ruminants-sheep-goats-cervids-and-new
https://www.nap.edu/catalog/11654/nutrient-requirements-of-small-ruminants-sheep-goats-cervids-and-new

Effect of Dry Ginger Powder Supplementation on Growth Performance, Rumen pH and Selected Blood Metabolites in Beetal

Bucks Under Heat Stress Condition

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

17

Al-dain QZS and ]arjeis EA. “Vital impact of using ginger roots powder as feed additive to the rations of local Friesian dairy cows and
its effect on production and economic efficiency of milk and physiological ofblood”. Journal for Veterinary Medical Sciences 6.1 (2015):
154-165.

Zancan KC,, et al. “Extraction of ginger (Zingiber officinale Roscoe) oleoresin with CO, and co-solvents: a study of the antioxidant ac-
tion of the extracts”. The Journal of Supercritical Fluids 24.1 (2002): 57-76.

Zadeh JB and Kor NM. “Physiological and pharmaceutical effects of Ginger (Zingiber officinale Roscoe) as a valuable medicinal plant”.
European Journal of Experimental Biology 4.1 (2014): 87-90.

Amar EC,, et al. “Dietary Onion or Ginger Modulates the Stress Response and Susceptibility to Vibrio harveyi JML 1 Infection in Brown-
marbled Grouper Epinephelus fuscoguttatusjuveniles”. Journal of Aquatic Animal Health 30.1 (2018): 39-49.

Kholif S., et al. “Effect of supplementing lactating goats rations with garlic, cinnamon or ginger oilson milk yield, milk composition
and milk fatty acids profile”. Life Sciences 4.1 (2012): 27-34.

Belewu M. “A functional approach to Dairy Science and Technology”. Adlek printing Enterprises, llorin (2006): 137-172.

Platel K and Srinivasan K. “Influence of dietary spices and their active principles on pancreatic digestive enzymes in albino rats”.
Food/Nahrung 44.1 (2000): 42-46.

Mamaghani A, et al. “Effects of ginger extract on smooth muscle activity of sheep reticulum and rumen”. In Veterinary Research Fo-
rum. Faculty of Veterinary Medicine Urmia University, Urmia, Iran 4 (2013a): 91.

Amundson ], et al. “Environmental effects on pregnancy rate in beef cattle”. Journal of Animal Sciences 84.12 (2006): 3415-3420.
Paez V, et al. "AOAC SMPR® 2016.002". Journal of AOAC International 99.4 (2016): 1122-1124.

Bernabucci U, et al. “Metabolic and hormonal acclimation to heat stress in domesticated ruminants”. Animals Journal 4.7 (2010):
1167-1183.

Baraka T and Khalaf A. “Effect of Ginger Powder (Zingiber officinale) on Selected Rumen and Blood Serum Constituents in Sheep
(2018).

Ahmida M and Abuzogaya M. “The effects of oral administration of green tea and ginger extracts on serum and hepatic lipid content
in rats fed a hyperlipidemic diet”. Der Pharmacia Lettre 1.1 (2009): 56-64.

Chakraborty D, et al. “Gingerol isolated from ginger attenuates sodium arsenite induced oxidative stress and plays a corrective role
in improving insulin signaling in mice”. Toxicology letters 210.1 (2012): 34-43.

Kikuzaki H and Nakatani N. “Cyclic diarylheptanoids from rhizomes of Zingiber officinale”. Phytochemistry 43.1 (1996): 273-277.

Helal A, et al. “Effect of heat stress on coat characteristics and physiological responses of Balady and Damascus goats in Sinai, Egypt”.
American-Eurasian Journal of Agriculture Sciences 7.1 (2010): 60-69.

Volume 6 Issue 2 Febuary 2021
©All rights reserved by Muhammad Sohaib Niaz., et al.

Citation: Muhammad Sohaib Niaz,, et al. “Effect of Dry Ginger Powder Supplementation on Growth Performance, Rumen pH and Selected
Blood Metabolites in Beetal Bucks Under Heat Stress Condition”. EC Veterinary Science 6.2 (2021): 11-17.


https://www.iasj.net/iasj/article/126811
https://www.iasj.net/iasj/article/126811
https://www.iasj.net/iasj/article/126811
https://www.sciencedirect.com/science/article/abs/pii/S089684460200013X
https://www.sciencedirect.com/science/article/abs/pii/S089684460200013X
https://www.imedpub.com/articles/physiological-and-pharmaceutical-effects-of-ginger-zingiber-officinale-roscoeas-a-valuable-medicinal-plant.pdf
https://www.imedpub.com/articles/physiological-and-pharmaceutical-effects-of-ginger-zingiber-officinale-roscoeas-a-valuable-medicinal-plant.pdf
https://pubmed.ncbi.nlm.nih.gov/29595889/
https://pubmed.ncbi.nlm.nih.gov/29595889/
https://www.tandfonline.com/doi/abs/10.1080/09751270.2012.11885191
https://www.tandfonline.com/doi/abs/10.1080/09751270.2012.11885191
https://www.researchgate.net/publication/14583233_Influence_of_dietary_spices_on_their_active_principles_on_digestive_enzymes_of_small_intestinal_mucosa_in_rats
https://www.researchgate.net/publication/14583233_Influence_of_dietary_spices_on_their_active_principles_on_digestive_enzymes_of_small_intestinal_mucosa_in_rats
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4313008/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4313008/
https://www.researchgate.net/publication/6704537_Environmental_Effects_on_Pregnancy_Rate_in_Beef_Cattle
https://members.aoac.org/AOAC_Docs/SMPRs/SMPR%202016_002.pdf
https://www.researchgate.net/publication/221973396_Metabolic_and_hormonal_acclimation_to_heat_stress_in_domesticated_ruminants
https://www.researchgate.net/publication/221973396_Metabolic_and_hormonal_acclimation_to_heat_stress_in_domesticated_ruminants
https://www.researchgate.net/publication/329533409_EFFECT_OF_GINGER_POWDER_ZINGIBER_OFFICINALE_ON_SELECTED_RUMEN_AND_BLOOD_SERUM_CONSTITUENTS_IN_SHEEP
https://www.researchgate.net/publication/329533409_EFFECT_OF_GINGER_POWDER_ZINGIBER_OFFICINALE_ON_SELECTED_RUMEN_AND_BLOOD_SERUM_CONSTITUENTS_IN_SHEEP
https://www.scholarsresearchlibrary.com/abstract/the-effects-of-oral-administration-of-green-tea-and-ginger-extracts-on-serum-and-hepatic-lipid-content-in-rats-fed-arnhy-3012.html
https://www.scholarsresearchlibrary.com/abstract/the-effects-of-oral-administration-of-green-tea-and-ginger-extracts-on-serum-and-hepatic-lipid-content-in-rats-fed-arnhy-3012.html
https://pubmed.ncbi.nlm.nih.gov/22285432/
https://pubmed.ncbi.nlm.nih.gov/22285432/
https://spectrabase.com/article/10.1016/0031-9422(96)00214-2
https://www.cabdirect.org/cabdirect/abstract/20103107218
https://www.cabdirect.org/cabdirect/abstract/20103107218

