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Abstract

The addition of chromium to the diet, however, is one of these methods that is less frequently used. Cr
has been shown in research to affect dairy cow performance, immunological responses, glucose and fatty
acid metabolism, and antioxidant status. There is increasing data that suggests that domestic livestock
may benefit from several supraphysiological effects of Cr. It is possible to keep cattle healthy overall
while preventing disease, enhancing growth, and using a variety of methods and products. Cr
supplementation benefited dairy cows' dry matter intake, milk production, and milk composition in the
early, mid, and late stages of lactation in several studies. In certain trials, Cr supplementation improved
the performance of growing animals, their immunological response, and some blood indicators. Heat
stress is a key environmental stressor in the chicken business, resulting in significant financial loss. Heat
stress causes oxidative stress, acid-base imbalance, and immunocompetence suppression, resulting in
higher mortality and decreased feed efficiency, body weight, feed intake, and egg production, as well as
affecting meat and egg quality. To reduce heat stress in chickens, several strategies have been explored,
with varying degrees of success. Cr supplementation decreased corticosterone and cholesterol levels
while increasing serum total protein, albumin, and insulin concentrations. This review focuses on the
scientific information around the effects of heat stress on poultry health and performance, as well as
possible heat stress mitigation measures in broiler chickens and laying hens.
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1. Introduction

The use of metabolic modifiers has grown in importance for many studies looking for a
supraphysiological diet to enhance production characteristics as a result of the expansion of the
worldwide herd. The ideal balance of all nutrients, including micro-minerals, is crucial for
boosting the performance of high-producing cows. Over the past 20 years, livestock
nutritionists have focused on enhancing both the nutritional value of cattle and livestock
products as well as production efficiency (Amata, 2013) . Even if Cr supplementation is
discontinued, dairy cows may produce more milk later in lactation if Cr is given to them
during the transition phase (Rockwell and Allen, 2016) 61, Cr's beneficial effect on milk
production has been linked to its effects on energy metabolism, as seen by decreased NEFA
mobilization from adipose tissue and enhanced insulin sensitivity (Sumner et al., 2007) 31, Cr
supplementation in the middle and late stages of lactation may be especially useful because it
aids glucose metabolism (Bedford et al., 2018) . Cr supplementation during pregnancy and
early lactation has been shown to improve milk supply in previous research (Mirzaei et al.,
2011, Mrigen, 2011) [* 381 Stress affects not only reproductive performance but also
productive performance, such as decreasing milk production and growth due to metabolic
disturbances (Girmaand Gebremariam, 2019) 221, which can enhance glucose metabolism and
mobilization of Cr from the body stores (Moreira et al., 2020) 7], Heat stress (HS) occurs
when an animal's ability to remove excess heat into the environment exceeds their ability to do
so (Alagawany et al., 2017, El-Kholy et al., 2018, Farghly et al., 2018) [ %% 22 Cr
supplementation is expected to minimize Cr losses in high-producing cows during stressful
situations, allowing them to sustain milk production. The supraphysiological involvement of
Cr in carbohydrate and lipid metabolism may explain why ruminants perform better when they
are developing and fattening. The specific low molecular weight Cr-binding compound, which
when transformed into chromodulin, initiates the insulin signaling cascade and requires Cr for
production (Daldlio et al., 2018) [, The use of chromium as an important nutrient for
livestock to alter growth performance and improve carcass composition (Van Hoeck, et al.,
2020, Baggerman et al., 2020) 5881,

~ 543~



The Pharma Innovation Journal

Greater cell permeability to insulin is the outcome of this and
which in turn stimulates the metabolism of proteins, lipids,
and carbohydrates. In meat and egg-laying chickens,
chromium has been found to improve weight gain and egg
quality (Ma et al., 2014, Arif et al., 2019) %71, To meet the
rising demand for poultry meat and eggs, the poultry industry
is expanding around the world. Poultry meat is high in
protein, vitamins, and minerals and has a low content of
saturated fatty acids (Marangoni et al., 2015) [, Chicken
eggs are the most cost-effective form of animal protein
(Réhault-Godbert et al., 2019) 31, Numerous physiological
changes brought on by heat stress, including oxidative stress,
an acid-base imbalance, and immunocompetence reduction,
increase mortality and decrease feed efficiency, body weight,
feed intake, and egg production while meat and egg quality
are also affected (Wasti et al., 2020) B9, It is critical to
synthesize these findings for poultry researchers and industry
because there is significant scientific information about the
negative impacts of heat stress on chicken health and
performance, as well as potential mitigation techniques. Cr
supplementation raised serum total protein, albumin, and
insulin concentrations while lowering corticosterone and
cholesterol levels (Trivedi et al, 2020) B¢, When
corticosterone levels are decreased, the carcass quality of
broilers improves. According to published research, birds in
general (chickens included) metabolize carbohydrates
considerably different from mammals, as evidenced by the
higher physiological plasma glucose levels in these species
(Métis et al., 2014) B2, Hence, in fast-growing broilers,
increasing insulin response by adding Cr might be absolutely
essential (Farag et al., 2017) 21,

2. Beneficial aspects of chromium

2.1 Ruminant

2.1.1 Milk production

High-producing dairy cows are put under a lot of pressure and
stress during the early stages of lactation. This causes a
negative energy balance, as well as an increase in the
formation of non-esterified fatty acids (NEFA) and -
hydroxybutyric acid (BHBA) in the bloodstream, which leads
to ketosis and other metabolic diseases, as well as stress.
Chromium supplementation in the diet has been demonstrated
to be useful during these times. Insulin resistance develops
before parturition and continues during early lactation,
according to several research (Debras et al., 1989, Prior and
Christenson, 1978, Sano et al., 1991) 16 44 521 Sgltan (2010)
54 and Nikkhah et al. (2011) ¥ examined the effect of Cr
supplementation on the performance of multiparous dairy
cows reared under heat stress in early lactation and found that
MP and DMI were greater in the Cr supplemented cows than
in the control group. DMI in dairy cows getting Cr
supplementation was found to be considerably higher than in
the control group in several other trials (Smith et al., 2005,
McNamara et al., 2005) 5% 64, Al-Saiady et al. (2004) [
evaluated the effect of Cr supplementation on the
performance of multiparous dairy cows at mid lactation reared
under heat stress, and found that Cr supplementation
improved DMI and MP the most. The positive responses to Cr
supplementation in dairy cows in some experiments might
have been caused by removal of the dietary Cr deficiency.
Kafilzadeh et al. (2012) [?61 found that supplementing the diet
of multiparous dairy cows in early lactation with Cr increased
milk lactose content. Chromium supplementation enhances
dry matter intake in first parity cows during the first 4-6
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weeks following birth. Chromium supplementation enhances
dry matter intake in first parity cows during the first 4-6
weeks following birth. Dairy animals given chromium
propionate eat more grain and generate more milk than cows
not given chrome propionate (MacNamara and Valdez, 2003)
31, Increased milk production could be an unintended
consequence of higher glucose synthesis. Primiparous cows,
not multiparous cows, have increased production as a result of
chromium supplementation. When compared to a control
group, first lactation cows treated with 4 mg/day of an organic
chromium supplement exhibited greater average daily milk
output, milk fat, protein, and lactose values (Popovic et al.,
2000) ™3, Reduce the negative energy balance's influence.
Reduce the impact of metabolic problems caused by a lack of
energy. Chromium also helps to activate enzymes and keep
proteins and nucleic acids stable. Chromium supplementation
in aged cows, reduce placental retention and udder edema
(Bryan et al., 2004) [621,

2.1.2 Calf growth

Weaning, crowding, and feedlot acclimation are all common
calf husbandry procedures that can cause physiological stress
and, as a result, chromium insufficiency. During stressful
times, chromium excretion in the urine typically raises
chromium requirements. Chromium supplementation reduces
serum cortisol in stressed calves fed chromium-deficient diets
(Moonsie-Shageer and Mowat, 1993) B8, According to
research (Dhiman et al., 2007) 71 supplementing the feed
with chromium propionate reduced plasma cholesterol
concentration in the blood of 6-month-old buffalo calves. As
evidenced by multiple researchers, Cr supplementation can
boost feed intake and thus growth performance in heat-
stressed animals (Hayirli et al., 2001, Hung et al., 2014,
Mayorga et al., 2019, Sahin et al., 2002) [ 25 3. 49
Chromium supplementation boosted total weight gain,
average daily weight gain, and lowered blood cholesterol in
young goats, according to recent studies (Mondal et al., 2007)
%1, In dairy Holstein calves exposed to high ambient
temperatures, Kargar et al. (2018b) 2™ discovered that dietary
chromium supplementation enhanced feed intake and growth
rate (83.3 units). Cr supplementation boosts growth and body
weight by improving nutrition absorption and digestion
(Ghorbani et al., 2011, Kargar et al., 2018) [ 21 When added
to the diet of buffalo calves raised in hot environments,
inorganic chromium increased heat tolerance, immunological
status, and growth performance without influencing
nutritional intake (Kumar et al., 2015) [2°],

2.2 Poultry

Chromium supplementation of chicken diets has been found
to improve egg production and performance in laying birds
(Sahin et al., 2001, Sahin et al., 2002) 1" %1 In settings of
dietary, environmental, and hormonal stress, the positive
benefits of chromium may be more easily seen. It has been
demonstrated that chromium supplementation reduces the
negative effects of cold stress, particularly in laying hens
reared in cold environments (Sahin and Sahin, 2002) 1, In a
similar line, chromium supplementation was reported to boost
egg production and egg quality in laying Japanese quails
reared under heat stress (Sahin et al., 2002, El-Kholy et al.,
2018) 9 11 The diverse sources of chromium and the
experimental settings cause variation in the optimum
chromium dosage. With chromium supplementation in the
diets of laying hens kept under low ambient temperatures,
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research findings (Sahin et al., 2001) ™71 showed increased
egg quality parameters such as specific gravity, eggshell
thickness, eggshell weight, and Haugh unit. Supplementing
broilers with chromium have been demonstrated to reduce the
negative effects of heat stress. A Study was conducted by
Norain et al. (2013) 9 to investigate the effects of dietary
supplementation with chromium chloride in Broilers under
Heat Stress, and results suggest that dietary chromium
supplementation provides a good nutritional management
approach to ameliorate heat stress induced depression in
production performance and immune response of broiler
chickens. There was also an increase in carcass yield and a
decrease in abdominal fats, according to the researchers.
When broilers' diets were supplemented with chromium-
methionine supplementation, their carcass yield increased and
their belly fat content decreased (Daldlio et al., 2021) (41,
Supplementing with chromium has been shown to increase
feed conversion ratio by 6.2% (Zhang et al., 2002) 1, Untea
et al., 2019 B conducted a study by dietary chromium
supplementation to the broiler and found that broilers fed with
CrPic supplements showed improved mineral composition
and oxidative stability of breast meat, showing an effective
protection of lipid molecules from oxidation in PUFA-
enriched meat. Supplementing broilers with chromium have
been proven to lower serum corticosterone and cholesterol
levels in heat stressed broilers (Sahin et al, 2002) “°l. Under
heat stress, Cr at 200 to 1200 gkg?' promotes laying hen
growth and egg production (Sahin et al., 2018) B or laying
Japanese quail (Sahin et al., 2002) 9, Under heat-stressed
conditions, dietary supplementation with Cr at levels of 200,
400, 600, or 800 gkg™as chromium propionate could improve
laying performance, egg quality, and antioxidant activities of
laying ducks (Chen et al., 2021) @3, Cr from chromium
propionate was approved at 800 mg kglas an adequate
addition amount (Chen et al., 2021) 31,

3. Dose of Chromium

There is no recognized chromium need for ruminants at this
time. The additional Cr provided to these meals is frequently
higher than the basal Cr values recorded for experimental
diets for ruminants (range: 0.3 to 1.6 ppm) (0.25 to 0.5 ppm).
There are no NRC guidelines for chromium in poultry diets at
this time (Anonymous, 1994).However, there is growing
evidence that poultry may have a chromium requirement that
is higher than that of cornsoya meal diets.

4, Metabolic role of chromium

4.1 Glucose metabolism
Chromodulin, a low-molecular-weight chromium-binding
molecule, is thought to play a role in glucose metabolism. The
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name chromodulin comes from the fact that its putative mode
of action is similar to that of the Ca-binding protein
calmodulin. Glycine, cysteine, aspartate, and glutamate make
up chromodulin, a naturally occurring oligopeptide
(Yamamoto et al., 1987) 8%, Despite its modest size, the
molecule binds four equivalents of Cr*. It can help with
chromium detoxification by carrying chromium into the urine
after substantial doses of chromium, both trivalent and
hexavalent forms are consumed. Another benefit of chromium
is that it improves insulin sensitivity by enhancing membrane
fluidity and insulin internalization rate (Evans and Bowman,
1992) 01, Supplemental Cr has anti-stress and metabolic-
modifying effects via altering insulin sensitivity and
increasing glucose uptake, glucose oxidation to CO,, and
glucose absorption into triglycerides (Brooks et al., 2016) 4.
Insulin is a key hormone in protein, carbohydrate, and fat
metabolism, stimulating amino acid and protein synthesis,
decreasing lipolysis and increasing fatty acid assimilation in
adipocytes, and increasing glucose utilization (Sahin et al.,
2010) ™8 which could explain the decrease in serum GLU,
BUN, and TC concentrations while increasing serum TP and
ALB. Heat stress increased serum GLU and TC levels in
laying hens, and supplementary Cr decreased serum GLU and
TC levels (Khan et al., 2014, Sahin et al., 2018) [28:511,

4.2 Lipid metabolism

From 21 days pre-partum to 35 days post-partum, the effects
of chromium propionate on lipogenesis and lipolysis in
adipose tissues in Holstein dairy cows were examined. Cr has
been demonstrated to promote fat production in adipose tissue
while lowering net release. This could be due to
chromodulin's interaction with the insulin receptor, which
results in enhanced glucose flow into the adipocyte. Insulin
inhibits lipolysis (decreases the availability of fatty acids to
the liver), hepatic ketogenesis, and ketone body use in
general. Experiments on humans and lab animals commonly
show that circulating cholesterol and (or) non-esterified fatty
acids levels are reduced (NEFA). The same effect has been
reported in ruminants. Although the mechanism is unknown,
chromium has been reported to affect cholesterol and
triglyceride metabolism.

4.3 Protein metabolism

Chromium's activity in protein metabolism is mediated by
insulin's anabolic action. Evans and Bowman (1992) 2 found
that rats incubated with chromium-picolinate had enhanced
amino acid and glucose absorption in their skeletal muscles.
This change in food intake was linked to changes in insulin
parameters, implying that chromium was involved.

4.4 Nucleic acid metabolism

The structural integrity and expression of genetic information
in animals are thought to be aided by chromium in its trivalent
state. Chromium protects RNA from denaturation by heat.
Chromium binds to nucleic acids more strongly than any
other metal ion (Okada et al., 1982) M. It regulates gene
expression by binding to chromatin and increasing the number
of initiation loci, which leads to an increase in RNA synthesis.

5. Conclusion

Chromium is an important micronutrient since it helps with
glucose, protein, and lipid metabolism as well as
immunological function. Supplementing with chromium
reduces the detrimental effects of stress on cattle and poultry,
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resulting in improved performance and health, as well as
increased farm profitability. Cr might be considered one of
the most important components in poultry feed during HS.
Furthermore, the interaction of Cr diet with livestock health
status during HS is a novel field that should be investigated
further in the future.

6. References

1.

2.

10.

11.

12.

13.

14,

Akers RM. Lactation and the mammary gland. Blackwell
Publishing Ames, lowa, IA; c2016.

Alagawany M, Farag MR, Abd El-Hack ME, Patra A.
Heat stress: effects on productive and reproductive
performance of quail. World's Poultry Science Journal.
2017;73(4):747-756.

Al-Saiady MY, Al-Shaikh MA, Al-Mufarrej SI, Al-
Showeimi TA, Mogawer HH, Dirrar A. Effect of chelated
chromium supplementation on lactation performance and
blood parameters of Holstein cows under heat stress.
Animal Feed Science and Technology. 2004;117:(3-
4):23-233.
https://doi.org/10.1016/j.anifeedsci.2004.07.008.

Amata IA. Chromium in livestock nutrition: A review.
Global Advanced Research Journal of Agricultural
Science. 2013;2(12);289-306.

Anonymous. Nutrient requirement of the laboratory rat.
In: Nutrient requirements of laboratory animals. National
Academic Science, Washington DC; ¢1995. p. 11-58.
Anonymous. Nutrient requirement of poultry. 9" rev.
edition. National Academy press, Washington, DC;
€1994.

Arif M, Hussain I, Mahmood MA, Abd El-Hack ME,
Swelum AA, Alagawany M, et al. Effect of varying
levels of chromium propionate on growth performance
and blood biochemistry of broilers. Animals.
2019;9(11):935.

Baggerman JO, Smith ZK, Thompson AJ, Kim J,
Hergenreder JE, Rounds W, et al. Chromium propionate
supplementation alters animal growth performance,
carcass characteristics, and skeletal muscle properties in
feedlot  steers.  Translational ~ Animal  Science.
2020;4(3):146.

Bedford A, Beckett L, Hardin K, Dias NW, Davis T,
Mercadante VR, et al. Propionate affects insulin
signaling and progesterone profiles in dairy heifers.
Scientific Reports. 2018;8(1):110.

Biological Trace Element Research. 2012;149(1):42-49.
https://doi.org/10.1007/s12011-012-9390-0.

Brooks MA, Grimes JL, Lloyd KE, Krafka K, Lamptey
A, Spears JW. Chromium propionate in broilers: effect
on insulin sensitivity. Poultry Science. 2016;95(5):1096-
1104.

Kremer CD, Ochoa B, Rhoads L, Baumgard RP. Effects
of dietary chromium propionate on growth performance,
metabolism, and immune biomarkers in heat-stressed
finishing  pigs. Journal of  Animal Science.
2019;97(3):1185-1197.

Chen XL, Zeng YB, Liu LX, Song QL, Zou ZH, Wei QP,
et al. Effects of dietary chromium propionate on laying
performance, egg quality, serum biochemical parameters
and antioxidant status of laying ducks under heat stress
Animal. 2021;15(2):100-108.

Daldlio FS, Albino LFT, da Silva JN, Fireman AKAT,
Burin AM, Busanello M, et al. Dietary chromium-
methionine supplementation and broiler (22-43 days)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

~ 546 ™

https://www.thepharmajournal.com

responses during heat stress. 1. Growth performance and
carcass Yyield, metabolisable energy and serum
biochemistry. Animal Production Science.
2021;61(6):586-595.

Dalélio FS, Albino LFT, Silva JN, Campos PHRF, Lima
HJD, Moreira J, et al, Dietary chromium
supplementation for heat-stressed broilers. World's
Poultry Science Journal. 2018;74(1):101-116.

Debras E, Grizard J, Aina E, Tesseraud C, Champredon
C, Arnal M. Insulin sensitivity and responsiveness during
lactation and dry periods in goats. Animal Journal of
Physiology. 1989;56(2):295-302.

Dhiman A, Srikant K, Rajesh J, Sangha SP. Proceedings:
International tropical animal nutrition conference.
Abstract MV. 2007;21(12):314-315.

El-Kholy MS, El-Hindawy MM, Alagawany M, El-Hack
A, Ezzat M, El-Sayed SAEGAE. Dietary
supplementation of chromium can alleviate negative
impacts of heat stress on performance, carcass yield, and
some blood hematology and chemistry indices of
growing Japanese quail. Biological trace element
research. 2017;179(1):148-157.

El-Kholy MS, El-Hindawy MM, Alagawany M, Abd El-
Hack ME, El-Sayed SA. Use of acetylsalicylic acid as an
allostatic modulator in the diets of growing Japanese
quails exposed to heat stress. Journal of Thermal
Biology. 2018;74(2):6-13.

Evans GW, Bowman TD. Chromium picolinate increases
membrane fluidity and rate of insulin internalization.
Journal of Inorganic Biochemistry. 1992;46(4):243-250.
Farag MR, Alagawany M, El-Hack MEA, Muhammad A,
Ayasan T, Kuldeep D, et al. Role of chromium in poultry
nutrition and health: beneficial applications and toxic
effects.  International Journal of Pharmacology.
2017;13(7):907-915.

Farghly MF, Abd El-Hack ME, Alagawany M, Saadeldin
IM, Swelum AA. Ameliorating deleterious effects of heat
stress on growing Muscovy ducklings using feed
withdrawal and cold water. Poultry Science.
2018;98(1):251-259.

Girma F, Gebremariam B. Review on effect of stress on
production and reproduction of dairy cattle. Journal of
Scientific and Innovative Research. 2019;8(1):29-32.
Hayirli A, Bremmer DR, Bertics SJ, Socha MT,
Grummer RR. Effect of chromium supplementation on
production and metabolic parameters in periparturient
dairy cows. Journal of Dairy Science. 2001;84(12):18-30.
Hung AT, Leury BJ, Sabin MA, Collins CL, Dunshea
FR. Dietary nano-chromium tripicolinate increases feed
intake and decreases plasma cortisol in finisher gilts
during summer. Tropical Animal Health Production.
2014;46(8):1483-14809.

Kafilzadeh F, Karami Shabankareh H, Targhibi MR.
Effect of chromium supplementation on productive and
reproductive  performances and some metabolic
parameters in late gestation and early lactation of dairy
cows; c2012.

Kargar S, Mousavi F, Karimi-Dehkordi S, Ghaffari MH.
Growth performance, feeding behavior, health status, and
blood metabolites of environmentally heat-loaded
Holstein dairy calves fed diets supplemented with
chromium. Journal of Dairy Science. 2018;101(11):9876-
9887.

Khan RU, Naz S, Dhama K, Saminathan M, Tiwari R,


https://www.thepharmajournal.com/

The Pharma Innovation Journal

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Jeon GJ, et al., Modes of action and beneficial
applications of chromium in poultry nutrition, production
and health: a review. International Journal of
Pharmacology. 2014;10(7):357-367.

Kumar M, Kaur H, Deka RS, Mani V, Tyagi AK,
Chandra G. Dietary inorganic chromium in summer-
exposed buffalo calves (Bubalus bubalis): effects on
biomarkers of heat stress, immune status, and endocrine
variables.  Biological trace  element  research.
2015;167(1):18-27.

Ma W, Gu Y, Lu J, Yuan L, Zhao R. Effects of
chromium propionate on egg production, egg quality,
plasma biochemical parameters, and egg chromium
deposition in late-phase laying hens. Biological trace
element research. 2014;157(2):113-119.

MacNamara JP, Valdez F. Adipose tissue metabolism
and production responses to calcium propionate and
chromium propionate. Journal of Dairy Science.
2003;88(7):2050.

Matis G, Lengyel P, Kulcsar A, Kulcsar-Petrilla J,
Neogrady Z. Special characteristics of carbohydrate
metabolism and insulin homeostasis in chicken.
Literature review. Magyar Allatorvosok Lapja.
2014;136(6):342-349.

Mayorga EJ, Kvidera SK, Seibert JT, Horst EA,
Abuajamieh M, Al-Qaisi M, et al. Adipose tissue
metabolism and production responses to calcium
propionate and Chromium propionate. Journal of Dairy
Science. 2005;88(1):2498-2507.
https://doi.org/10.3168/jds. S0022-0302(05)72927-1.
Mirzaei M, Ghorbani GR, Khorvash M, Rahmani HR,
Nikkhah A. Chromium improves production and alters
metabolism of early lactation cows in summer. Journal of
animal physiology and animal nutrition. 2011;95(1):81-
89.

Mondal S, Samanta S, Haldar S, Gosh TK. Proceedings:
International Tropical Animal Nutrition Conference.
Abstract MV. 2007;21(2):303.

Moonsie-Shager S, Mowat DN. Effect of level of
supplemental chromium on performance, serum
constituents and immune status of stressed feeder calves.
Journal of Animal Science. 1993;71(1):232-240.

Moreira PSA, Palhari C, Berber RCA. Dietary chromium
and growth performance animals: a review. Scientific
Electronic Archives. 2020;13(7):59-66.

Mrigen D. Nutritional strategies to improve dairy cow
production, reproduction. Feed International.
2011;32(6):14-17.

Nikkhah A, Mirzaei M, Ghorbani GR, Khorvash M,
Rahmani HR. Chromium improves production and alters
metabolism of early lactation cows in summer. Journal of
Animal Physiology and Animal Nutrition. 2011;95(1):81-
89. https://doi.org/10.1111/j.1439-0396.2010.01007.x
Norain TM, Ismail 1B, Abdoun KA, Al-Haidary AA.
Dietary inclusion of chromium to improve growth
performance and immune-competence of broilers under
heat stress. Italian Journal of Animal Science.
2013;12(4):e92.

Okada S, Taniyama M, Ohba H. Mode of enhancement in
ribonucleic acid synthesis directed by chromium (I11)-
bound deoxyribonucleic acid. Journal of Inorganic
Biochemistry. 1982;117(1):41-49.

Pechova A, Pavlata L. Chromium as an essential nutrient:
a review. Veterinary Medicine. 2007;52(1):1-18.

43.

44,

45.

46.

47,

48.

49.

50.

5L

52.

53.

54.

55.

56.

~ 5477

https://www.thepharmajournal.com

Popovic ZS, Veselinovic A, lvancev Z, Cupic Z, Vukic-
Vranjes M. Milk yields in heifers fed rations with
chromium supplements during pregnancy. Veterinarski
Glasnik. 2000;54(1-2):9-45.

Prior RL, Christenson RK. Insulin and glucose effects on
glucose metabolism in pregnant and non- pregnant ewes.
Journal of Animal Science. 1978;46(1):201-210.
Réhault-Godbert S, Guyot N, Nys Y. The golden egg:
nutritional value, bioactivities, and emerging benefits for
human health. Nutrients. 2019;11(3):684.

Rockwell RJ, Allen MS. Chromium propionate
supplementation during the peripartum period interacts
with starch source fed postpartum: Production responses
during the immediate postpartum and carryover periods.
Journal of Dairy Science. 2016;99(6):4453-4463.

Sahin K, Kucuk O, Sahin N. Effects of dietary chromium
picolinate supplementation on performance, insulin and
corticosterone in laying hens under low ambient
temperature. Journal of Animal Physiology and Animal
Nutrition. 2001;85(5-6):142-147.

Sahin K, Kiiglik O, Sahin N. Effects of dietary chromium
picolinate supplementation on performance and plasma
concentrations of insulin and corticosterone in laying
hens under low ambient temperature. Journal of Animal
Physiology and Animal Nutrition. 2010;85(5-6):142-147.
Sahin K, Ozbey O, Onderci M, Cikim G, Aysondu MH.
Chromium supplementation can alleviate negative effects
of heat stress on egg production, egg quality and some
serum metabolites of laying Japanese quail. Journal of
Nutrition. 2002;132(6):1265-1268.

Sahin K, Sahin N. Effects of chromium and ascorbic acid
dietary supplementation on nitrogen and mineral
excretion of laying hens reared in a low ambient
temperature  (700C).  Acta  Veterinaria  Brno.
2002;71(2):183-189.

Sahin N, Hayirli A, Orhan C. Effects of the supplemental
chromium form on performance and metabolic profile in
laying hens exposed to heat stress. Poultry Science.
2018;97(4):1298-1305.

Sano H, Nakai M, Kondo T, Terashima Y. Insulin
responsiveness to glucose and tissue responsiveness to
insulin in lactating pregnant and non-pregnant and non-
lactating beef cows. Journal of Animal Science.
1991;69(3):1122-1127.

Smith KL, Waldron MR, Drackley JK, Socha MT,
Overton TR. Performance of dairy cows as affected by
prepartum  dietary  carbohydrate  source  and
supplementation with chromium throughout the transition
period. Journal of Dairy Science. 2005;88(1):255-263.
https://doi.org/10.3168/jds.0022-0302(05)72683-7.
Soltan MA. Effect of dietary chromium supplementation
on productive and reproductive performance of early
lactating dairy cows under heat stress. Journal of Animal
Physiology and Animal Nutrition. 2010;94(2):64-272.
https://doi.org/10.1111/j.1439-0396.2008.00913.X.
Sumner JM, Valdez F, McNamara JP. Effects of
chromium propionate on response to an intravenous
glucose tolerance test in growing Holstein heifers.
Journal of Dairy Science. 2007;90(34):67-74.

Trivedi SP, Patil SS, Garg DD, Savsani HH, Pawar MM,
Singh VK, et al., Effect of Dietary Supplementation of
Organic Chromium on Carcass Characteristics and
Haemato-Biochemical Profile in Broiler Chickens.
International ~ Journal  of  Livestock  Research.


https://www.thepharmajournal.com/

The Pharma Innovation Journal https://www.thepharmajournal.com

2020;10(9):105-112.

57. Untea AE, Panaite TD, Dragomir C, Ropota M, Olteanu
M, Varzaru 1. Effect of dietary chromium
supplementation on meat nutritional quality and
antioxidant status from broilers fed with Camelina-meal-
supplemented diets. Animal. 2019;13(12):2939-2947.

58. Van Hoeck V, Sonawane M, Sanchez ALG, Van
Dosselaer 1, Buyens C, Morisset D. Chromium
propionate improves performance and carcass traits in
broilers. Animal nutrition. 2020;6(4):480-487.

59. Wasti S, Sah N, Mishra B. Impact of heat stress on
poultry health and performances, and potential mitigation
strategies. Animals. 2020;10(8):1266.

60. Yamamoto A, Wada O, Ono T. Isolation of a biologically
active low-molecular-mass chromium compound from
rabbit liver. European Journal of Biochemistry.
1987;165(3):627-631.

61. Zhang MH, Wang D, Du R, Zhang WH, Zhou SY, Xie
BX. Effect of dietary chromium levels on performance
and serum traits of broilers under heat stress. Acta
Zoonutrimenta Sinica. 2002;14(1):50-54.

62. Bryan J, Osendarp S, Hughes D, Calvaresi E, Baghurst
K, van Klinken JW. Nutrients for cognitive development
in school-aged children. Nutrition reviews. 2004 Aug
1;62(8):295-306.

63. Marangoni F, Corsello G, Cricelli C, Ferrara N, Ghiselli
A, Lucchin L, et al. Role of poultry meat in a balanced
diet aimed at maintaining health and wellbeing: an Italian
consensus document. Food & nutrition research. 2015 Jan
1;59(1):27606.

64. McNamara TP. Semantic priming: Perspectives from
memory and word recognition. Psychology Press; c2005
Sep 8.

~ 548 ™


https://www.thepharmajournal.com/

