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Abstract

This experiment aimed to investigate the effects of dietary cysteamine hy-
drochloride supplementation on the production performance of mid-lactation
heat-stressed dairy cows under free-stall housing conditions. Forty-eight
healthy Holstein dairy cows with body weight (562.254+37.85) kg, days in
milk (123.64+10.67) d, parity of 1.23+0.42, and daily milk yield (26.58+1.58)
kg were selected and randomly allocated into 4 groups (12 cows per group)
based on similar body weight, days in milk, and milk yield. The control group
was fed a basal diet, while the experimental groups were supplemented with
cysteamine hydrochloride at 3, 15, and 30 g/kg of the basal diet, respectively.
The pre-trial period lasted 12 d, followed by a 30-d formal trial period. The
results showed that with increasing supplementation levels of cysteamine
hydrochloride, respiratory rate and rectal temperature of dairy cows decreased
linearly and significantly (P<0.05). Dry matter intake, fat-corrected milk yield,
energy-corrected milk yield, milk fat percentage, and milk protein percentage
exhibited a significant quadratic response of initially increasing and then
decreasing (P<0.05), with the 3 g/kg group showing the optimal effects. At
the end of the formal trial period, serum thyroxine concentration in the 3 and
15 g/kg groups was significantly lower than that in the control group (P<0.05),
while serum cortisol concentration in the 15 g/kg group was significantly
higher than that in the control group (P<0.05). These results indicate that
cysteamine hydrochloride can effectively alleviate heat stress in mid-lactation
dairy cows under free-stall housing conditions, improving milk yield and milk
quality. Under the conditions of this experiment, dietary supplementation with
3 g/kg cysteamine hydrochloride is recommended.
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Abstract

This study investigated the effects of dietary cysteamine hydrochloride (CSH)
supplementation on production performance of mid-lactating dairy cows experi-
encing heat stress under free-stall housing conditions. Forty-eight healthy Hol-
stein cows in mid-lactation were selected with body weight of (562.25+37.85)
kg, days in milk of (123.64+£10.67) d, parity of 1.2340.42, and daily milk yield
of (26.58+1.58) kg. Based on similar body weight, lactation stage, and milk
production, cows were randomly allocated to four groups (n=12 per group): a
control group fed the basal diet, and three treatment groups receiving the basal
diet supplemented with CSH at 3, 15, or 30 g/kg. The experiment consisted of
a 12-day pre-trial period followed by a 30-day formal trial period.

The results demonstrated that increasing CSH supplementation levels produced
a significant linear decrease in both respiratory rate and rectal temperature
(P<0.05). Dry matter intake, 4% fat-corrected milk yield, energy-corrected
milk yield, milk fat percentage, and milk protein percentage exhibited significant
quadratic responses (P<0.05), initially increasing then decreasing with higher
doses, with the 3 g/kg group showing the most favorable effects. At the end
of the trial, serum thyroxine concentrations in the 3 and 15 g/kg groups were
significantly lower than in the control group (P<0.05), while serum cortisol
concentration in the 15 g/kg group was significantly higher (P<0.05).

These findings indicate that CSH effectively alleviates heat stress in mid-
lactating cows housed in free-stall barns, improving both milk yield and milk
quality. Under the conditions of this experiment, dietary supplementation with
3 g/kg CSH was determined to be optimal.
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Introduction

Cysteamine functions by depleting somatostatin in vivo, thereby attenuating
its inhibitory effect on growth hormone secretion, which leads to increased
secretion of growth hormone and insulin. It also enhances growth hormone
secretion by inhibiting the conversion of dopamine to norepinephrine and regu-
lating -endorphin levels [1]. Growth hormone plays a crucial physiological role
in promoting animal growth and lactation. Recent studies have demonstrated
that cysteamine supplementation can enhance growth performance in poultry,
swine, fish, meat sheep, and buffalo [2-7]. Numerous studies have investigated
the effects of sole cysteamine supplementation in ruminant diets with promising
results. Cysteamine promotes mammary gland development and ductal growth
[8], thereby increasing milk yield and improving milk quality in dairy cows [9-10].
Additionally, cysteamine elevates heat shock protein (HSP) levels in astrocytes
and glioma cells [11] and reduces heat shock-induced sperm damage and oxida-
tive stress in oocytes during in vitro fertilization [12].

Cysteamine hydrochloride (CSH) is a feed additive encapsulated with -
cyclodextrin using supramolecular technology. Previous research has shown
that CSH supplementation in late-lactation heat-stressed cows reduces body
temperature and increases milk yield [13-14]. Under tie-stall housing condi-
tions, mid-lactation heat-stressed cows fed CSH exhibited decreased serum
trilodothyronine (T ) concentrations and increased fat-corrected milk yield
and milk fat percentage [15]. However, limited information is available
regarding the effects of CSH on lactation performance of heat-stressed dairy
cows, necessitating further investigation. This study evaluated the effects of
different CSH dosages on production performance, respiratory rate, and rectal
temperature in mid-lactating heat-stressed cows under free-stall conditions.
The findings possess practical application value and contribute to improving
nutrient utilization efficiency and production performance in dairy cattle.

Materials and Methods

1.1 Experimental Material CSH is a milky-white microparticle produced
using microencapsulation technology, with -cyclodextrin as the main material
and an active ingredient content of 30%, manufactured by Shanghai Huakuoda
Biochemical Technology Co., Ltd.

1.2 Experimental Animals Forty-eight healthy Holstein dairy cows were
selected with body weight of (562.3+37.9) kg, days in milk of (123.6+10.7) d,
parity of 1.23+0.42, and daily milk yield of (26.6+1.6) kg.
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1.3 Experimental Design A randomized block design was employed. Based
on similar body weight, parity, lactation stage, and milk yield, the 48 cows were
randomly divided into four groups (n=12 per group). The control group received
the basal diet, while the treatment groups received the basal diet supplemented
with CSH at 3 g/kg (CSH3), 15 g/kg (CSH15), or 30 g/kg (CSH30). The
experiment comprised a 12-day pre-trial period and a 30-day formal trial period.

1.4 Basal Diet and Management The composition and nutrient levels of
the basal diet are presented in Table 1 , with nutrient levels meeting or exceeding
requirements for cows producing 25 kg of milk daily. Cows were fed total mixed
rations (TMR) three times daily at 06:30, 13:30, and 18:30. Milkings occurred
three times daily at 05:00, 13:00, and 21:00 using an Afimilk pipeline system.
Free-stall housing was employed with partition boards separating feed bunks.
CSH was thoroughly mixed into the TMR according to group allocation. Feed
was pushed once after feeding, with ad libitum access to feed and water.

1.5 Measurements

1.5.1 Temperature-Humidity Index (THI) Thermohygrometers were in-
stalled 1.5 m above ground level in the middle of each group’ s feed bunk.
Temperature and humidity were recorded daily at 05:30, 13:30, and 21:30 to
calculate THI using the formula:

THI = 0.81T + (0.99T - 14.3)R + 46.3 [16], where T is temperature (°C) and
R is relative humidity (%).

1.5.2 Respiratory Rate and Rectal Temperature Respiratory rate and
rectal temperature were measured for individual cows for three consecutive days
during the week before the formal trial and weekly during the trial period at
07:30, 14:00, and 21:30 (including rainy days). Respiratory rate was manually
recorded as breaths per minute using a timer, and rectal temperature was mea-
sured using an electronic thermometer.

1.5.3 Dry Matter Intake During the trial period, individual cow feed intake
was measured for three consecutive days each week. Equal amounts of TMR
were provided to each cow with fixed feeding positions. After 1.0-1.5 h, feed
was pushed once, and residual feed was weighed individually after 2 h of feeding.
TMR and residual feed samples were collected daily, quartered, and stored at
-20°C. Samples were dried at 65°C for 48 h to determine initial moisture content,
ground through a 20-mesh sieve, quartered again, and approximately 300 g was
further ground through a 40-mesh sieve. Dry matter content was determined
by drying at 105°C for 4 h to calculate dry matter intake.

1.5.4 Milk Yield and Composition Daily milk yield was automatically
recorded by the Afimilk system, with operational status monitored and abnor-
malities documented. Milk samples were collected every 7 days, mixing morning,
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midday, and evening samples in a 4:3:3 ratio. Fifty milliliters of each composite
sample were preserved with potassium dichromate and analyzed for milk fat
percentage, milk protein percentage, lactose percentage, and somatic cell count
using FOSS milk composition and somatic cell analyzers at the Ministry of
Agriculture-Milk and Dairy Product Inspection Center (Beijing). Four percent
fat-corrected milk and energy-corrected milk yields were calculated using the
following formulas:

4% FCM yield (kg/d) = 0.4 x milk yield (kg/d) + 15 x milk fat yield (kg/d)
17

ECM yield (kg/d) = 0.327 x milk yield (kg/d) + 12.95 x milk fat yield (kg/d)
+ 7.20 x milk protein yield (kg/d) [18]

1.5.5 Serum Hormone Concentrations Blood samples were collected from
the tail vein one day before and on the final day of the formal trial period.
Serum was separated by centrifugation at 940x g for 15 min at 4°C (CR22G cen-
trifuge, HITACHI). Serum hormone concentrations were measured using assay
kits produced by Beijing Northern Biotechnology Institute for cortisol, insulin,
trilodothyronine (T ), thyroxine (T ), and thyroid-stimulating hormone (TSH).

1.5.6 Dietary Nutrient Levels Crude protein content was determined using
a FOSS Kjeldahl nitrogen analyzer. Neutral detergent fiber (NDF) and acid de-
tergent fiber (ADF) contents were analyzed using a FOSS fiber analyzer. Ether
extract content was measured using a FOSS Soxhlet fat extraction apparatus.
Phosphorus content was determined by atomic absorption spectrophotometry,
and calcium content was measured according to GB/T 13885.

1.6 Statistical Analysis Data were analyzed using the PROC MIXED pro-
cedure of SAS 9.2 software. Multiple comparisons were performed using Tukey’
s test, with significance declared at P<0.05.

Results

2.1 Temperature-Humidity Index As shown in Figure 1 [Figure 1: see
original paper|, THI values remained above 68 for all time points except for a
few instances after August 30, 2013, when daily average temperature dropped
below 25°C. Daily average THI values exceeded 72 throughout the trial period.
Since the optimal THI for dairy cows is below 68, the cows were confirmed to
be in a state of heat stress.

2.2 Rectal Temperature and Respiratory Rate Table 2 shows that in-
creasing CSH supplementation levels produced a significant linear decrease in
both respiratory rate and rectal temperature (P<0.05), with the lowest values
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observed in the CSH30 group. The CSH3 group exhibited slightly elevated res-
piratory rate compared to the control group, though the difference was not sig-
nificant (P>0.05). Rectal temperature showed a decreasing trend in the CSH3
group, but this difference was also not significant (P>0.05).

2.3 Dry Matter Intake and Milk Yield Dry matter intake in the CSH3,
CSH15, and CSH30 groups increased by approximately 1.55, 1.02, and 0.37
kg/d compared to the control group, respectively, with significant differences
observed between the CSH3 and CSH15 groups and the control group (P<0.05).
The CSH30 group was significantly lower than both the CSH3 and CSH15 groups
(P<0.05) (Table 3). During weeks 0-2 when cows experienced severe heat stress,
the CSH3 group maintained higher dry matter intake than other groups despite
reductions (Figure 2 [Figure 2: see original paper]).

The 4% fat-corrected milk yield and energy-corrected milk yield were signifi-
cantly higher in all treatment groups compared to the control group (P<0.05),
but exhibited significant quadratic responses (P<0.05) as CSH supplementation
increased (Table 3). Throughout the trial period, the CSH3 group consistently
maintained higher milk yield (Figure 3 [Figure 3: see original paper]).

2.4 Milk Composition Table 4 reveals that milk fat percentage, milk pro-
tein percentage, and milk protein yield showed significant quadratic responses
(P<0.05), initially increasing then decreasing with higher CSH doses. The
CSH3 group increased milk fat percentage by 9.61% compared to the control
group (P<0.05), while CSH15 and CSH30 groups showed non-significant im-
provements. Milk protein percentage in the CSH3 and CSH15 groups increased
by 5.02% and 3.68%, respectively, compared to the control group (P<0.05).
All treatment groups significantly increased milk protein yield compared to the
control group (P<0.05), with a significant linear increase as CSH dosage in-
creased (P<0.05). Milk somatic cell count showed a significant linear increase
with dosage (P<0.05), though differences among groups were not significant
(P>0.05). No significant differences were observed in lactose percentage or lac-
tose yield among groups (P>0.05).

2.5 Serum Hormone Concentrations Prior to the formal trial period, no
significant differences existed among groups in serum cortisol, insulin, triiodothy-
ronine, thyroxine, or thyroid-stimulating hormone concentrations (P>0.05). At
the end of the trial period, serum cortisol concentration exhibited a significant
quadratic response (P<0.05), initially increasing then decreasing with higher
CSH doses. Serum triiodothyronine and thyroxine concentrations also showed
significant quadratic responses (P<0.05), but with an opposite pattern.

The CSH15 group increased serum cortisol concentration by 27.61% compared
to the control group (P<0.05). The CSH3 and CSH15 groups reduced serum
trilodothyronine concentration compared to the control group, though not sig-
nificantly (P>0.05), while significantly reducing serum thyroxine concentration
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by 22.00% and 25.66%, respectively (P<0.05), with no significant difference be-
tween these two groups (P>0.05). Serum insulin concentration in the CSH15
and CSH30 groups was lower than the control group, but the difference was not
significant (P>0.05).

Discussion

Hot summer environments consistently impact dairy cow production perfor-
mance, with THI serving as a robust indicator of environmental heat load. Heat
stress begins when THI exceeds 68, reaching severe levels at 76 [19], with milk
yield decreasing by 0.2 kg for every unit increase in THI above 72 [20]. In this
study, daily average THI values in the barn remained above 72 throughout the
trial period, confirming that cows were under continuous heat stress. Heat stress
typically increases respiratory rate and rectal temperature in dairy cows; CSH
supplementation significantly reduced both parameters, consistent with findings
by Shen et al. [13] that CSH decreased rectal temperature in dairy cows.

Insulin enhances mammary blood flow and improves amino acid utilization and
glucose uptake, thereby increasing milk yield and milk protein production [21-
22]. In this study, 4% fat-corrected milk yield, energy-corrected milk yield,
milk fat percentage, and milk protein percentage were highest in the CSH3
group, with reductions observed in the CSH15 and CSH30 groups. This may be
related to lower serum insulin concentrations in the latter two groups compared
to both the control and CSH3 groups. Previous research has demonstrated that
cysteamine depletes somatostatin and promotes growth hormone synthesis and
secretion [23], which enhances mammary gland development and increases milk
yield while improving milk fat and protein synthesis. However, some studies
indicate that high doses of cysteamine may inhibit growth hormone secretion
[24]. The reduced milk yield observed at CSH supplementation levels of 15 and
30 g/kg compared to 3 g/kg may result from growth hormone suppression at
these higher doses.

Under heat stress conditions, dairy cows reduce heat production by decreas-
ing thyroid activity, resulting in lower blood triiodothyronine and thyroxine
concentrations [19]. In this study, supplementation with 3 and 15 g/kg CSH
significantly reduced serum thyroxine concentration and tended to reduce serum
trilodothyronine concentration, indicating further reduction in heat production
and demonstrating CSH’ s heat stress-alleviating effects. Research has shown
that blood thyroid hormone concentrations are negatively correlated with milk
yield in lactating cows [25]. The current study observed that serum triiodothyro-
nine and thyroxine concentrations initially decreased then increased with higher
CSH doses, while milk yield showed the opposite pattern, consistent with previ-
ous reports.

Cortisol is an important indicator of heat stress, though reports on its changes
in heat-stressed dairy cows have been inconsistent. Some studies report signifi-
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cantly decreased blood cortisol concentrations [26-27], while others suggest that
cortisol increases during acute heat stress but decreases during chronic heat
stress [28]. Previous research found no significant effect of CSH on blood cor-
tisol in tie-stall housed heat-stressed cows [15]. In contrast, this study showed
that 3 and 15 g/kg CSH increased serum cortisol compared to the control group,
with a significant effect at 15 g/kg. Blood cortisol concentration is regulated
by both temperature and energy balance, and its elevation may facilitate tissue
repair and metabolic adjustment, playing an important role in protecting the
body against harmful stimuli.

Under free-stall housing conditions, CSH supplementation significantly in-
creased dry matter intake, 4% fat-corrected milk yield, and energy-corrected
milk yield in mid-lactating heat-stressed cows while improving milk fat and
protein percentages. The effects of CSH in heat-stressed cows appear to be
dose-dependent, with dietary supplementation of 3 g/kg CSH being optimal
under the conditions of this study.

References

[1] XTAO D, LIN H R. Effect of cysteamine hydrochloride on growth hormone se-
cretion from hypothalamus-pituitary tissue in juvenile grass carp (Ctenopharyn-
godon idellus) [J]. Acta Zoologica Sinica, 2002, 49(5): 600-605.

[2] HU Y, NI Y, REN L, et al. Leptin is involved in the effects of cysteamine
on egg laying of hens, characteristics of eggs, and posthatch growth of broiler
offspring [J]. Poultry Science, 2008, 87(9): 1810-1817.

[3] DU G, SHI Z, XIA D, et al. Cysteamine improves growth performance
and gastric ghrelin expression in preweaning piglets [J]. Domestic Animal En-
docrinology, 2012, 42(4): 203-209.

[4] LIU G M, WANG Z S, WU D, et al. Effects of dietary cysteamine supple-
mentation on growth performance and whole-body protein turnover in finishing
pigs [J]. Livestock Science, 2009, 122(1): 86-89.

[6] LI Y, LIU X C, ZHANG Y, et al. Effects of cysteamine on mRNA levels
of growth hormone and its receptors and growth in orange-spotted grouper
(Epinephelus coioides) [J]. Fish Physiology and Biochemistry, 2013, 39(3): 605-
613.

[6] YE J D, WANG Z J, WANG K. Effects of different dietary cysteamine
supplementation levels on growth performance and blood biochemical indices of
Japanese flounder [J]. Chinese Journal of Fisheries, 2009, 22(3): 19-22.

[7] ZHANG Y J, LIU Y Q, SUN H X. Effects of feeding cysteamine on main
digestive enzyme activities in small intestine of sheep [J]. Acta Veterinaria et
Zootechnica Sinica, 2006, 37(10): 999-1002.

chinarxiv.org/items/chinaxiv-201711.01471 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01471

ChinaRxiv [$X]

[8] WANG Y Y, WANG Y L, YANG G Y, et al. Experimental study on cys-
teamine promoting mammary gland development in dairy goats [J]. Journal of
Domestic Animal Ecology, 2006, 26(6): 9-12.

[9] WANG Y L, LI Z T, DONG X T, et al. Effects of cysteamine on milk yield
and plasma somatostatin and growth hormone levels in dairy cows [J]. Chinese
Journal of Animal Science, 1999, 35(6): 14-15.

[10] SHEN Z M, ZHANG R F, XIE H M, et al. Effects of cysteamine hydrochlo-
ride on lactation performance and some immune indices in dairy cows during
weeks 20-42 of lactation [J]. Acta Veterinaria et Zootechnica Sinica, 2005, 36(7):
667-673.

[11] CHOPRA V S, CHALIFOUR L E, SCHIPPER H M. Differential effects
of cysteamine on heat shock protein induction and cytoplasmic granulation in
astrocytes and glioma cells [J]. Molecular Brain Research, 1995, 31(1/2): 173-
184.

[12] SAKATANI M, BALBOULA A Z, YAMANAKA K, et al. Effect of heat
shock and cysteamine during in vitro fertilization on preimplantation develop-
ment of bovine embryo [C]//Biology of Reproduction. Madison: SOC Study
Reproduction, 2010: 107-108.

[13] SHEN Z M, ZHANG R F. Effects of cysteamine hydrochloride on production
performance of late-lactation dairy cows under high temperature conditions [J].
Chinese Journal of Applied Physiology, 2005, 20(4): 402-405.

[14] GAO J M, CHEN J, DING W, et al. Effects of CT2000 on milk performance
of dairy cows during hot season [J]. Journal of Domestic Animal Ecology, 2008,
29(2): 30-34.

[15] ZHANG R F, SHEN Z M. Effects of cysteamine hydrochloride on production
performance of dairy cows during hot season [J]. Chinese Journal of Animal
Nutrition, 2007, 19(2): 153-156.

[16] PAN L, BU D P, WANG J Q, et al. Effects of Radix bupleuri extract sup-
plementation on lactation performance and rumen fermentation in heat-stressed
lactating Holstein cows [J]. Animal Feed Science and Technology, 2014, 187: 1-
8.

[17] HAISAN J, SUN Y, GUAN L L, et al. The effects of feeding 3-
nitrooxypropanol on methane emissions and productivity of Holstein cows in
mid lactation [J]. Journal of Dairy Science, 2014, 97(5): 3110-3119.

[18] BU D P, WANG J Q, DHIMAN T R, et al. Effectiveness of oils rich in
linoleic and linolenic acids to enhance conjugated linoleic acid in milk from
dairy cows [J]. Journal of Dairy Science, 2007, 90(2): 998-1007.

[19] WEST J W. Effects of heat-stress on production in dairy cattle [J]. Journal
of Dairy Science, 2003, 86(6): 2131-2144.

chinarxiv.org/items/chinaxiv-201711.01471 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01471

ChinaRxiv [$X]

[20] RAVAGNOLO O, MISZTAL I. Genetic component of heat stress in dairy
cattle, parameter estimation [J]. Journal of Dairy Science, 2000, 83(9): 2126-
2130.

[21] MACKLE T R, DWYER D A, INGVARTSEN K L, et al. Effects of insulin
and amino acids on milk protein concentration and yield from dairy cows [J].
Journal of Dairy Science, 1999, 82(7): 1512-1524.

[22] MACKLE T R, DWYER D A, INGVARTSEN K L, et al. Effects of insulin
and postruminal supply of protein on use of amino acids by the mammary gland
for milk protein synthesis [J]. Journal of Dairy Science, 2000, 83(1): 93-105.

[23] SZABO S, REICHLIN S. Somatostatin in rat tissues is depleted by cys-
teamine administration [J]. Endocrinology, 1981, 109(6): 2255-2257.

[24] MCLEOD K R, HARMON D L, SCHILLO K K, et al. Effects of cysteamine
on pulsatile growth hormone release and plasma insulin concentrations in sheep
[J]. Comparative Biochemistry and Physiology Part B: Biochemistry and Molec-
ular Biology, 1995, 112(3): 523-531.

[25] UMPHREY J E, MOSS B R, WILCOX C J, et al. Interrelationships in
lactating Holsteins of rectal and skin temperatures, milk yield and composition,
dry matter intake, body weight, and feed efficiency in summer in Alabama [J].
Journal of Dairy Science, 2001, 84(12): 2680-2685.

[26] LI J G, SANG R Z, ZHANG Z S, et al. Effects of heat stress on physiological
constants, blood biochemical indices, reproduction and lactation performance
of dairy cows [J]. Journal of Hebei Agricultural University, 1998, 21(4): 69-75.

[27] SONG D J, HE Q, YAO Y C. Effects of heat stress on production perfor-
mance and serum hormone concentrations of dairy cows at different lactation
stages [J]. Chinese Journal of Animal Nutrition, 2013, 25(10): 2294-2302.

[28] AL-SATADY M Y, AL-SHAIKH M A, AL-MUFARREJ S I, et al. Effect of
chelated chromium supplementation on lactation performance and blood param-
eters of Holstein cows under heat stress [J]. Animal Feed Science and Technology,
2004, 117(3/4): 223-233.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.01471 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.01471

	Effects of Cysteamine Hydrochloride on Production Performance of Mid-lactation Dairy Cows under Heat Stress (Postprint)
	Abstract
	Full Text
	Effects of Cysteamine Hydrochloride on Production Performance of Heat-Stressed Mid-Lactating Dairy Cows
	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References



