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Objective: This study investigated the effects of photoperiod on nutrient digestibility, hair
follicle (HF) activity and cashmere quality in Inner Mongolia white cashmere goats.

Methods: Twenty-four female (non-pregnant) Inner Mongolia white cashmere goats aged
1 to 1.5 years old with similar live weights (mean, 20.36+2.63 kg) were randomly allocated
into two groups: a natural daily photoperiod group (NDPP group:10 to 16 h light, n = 12) and

2 Italian National Agency for new Technology, Energy @ short daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12). All the goats were
and Sustainable Economic Development, ENEA housed in individual pens and fed the same diets from May 15 to October 15, 2015. The diges-
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tibility of crude protein (CP), dry matter (DM), and neutral detergent fiber (NDF) were mea-
sured in different months, along with secondary hair follicle (SHF) activity, concentration of
melatonin (MEL), and cashmere quality.

Results: Although there was no significant difference in the live weights of goats between
the SDPP and NDPP groups (p>0.05), the CP digestibility of goats in the SDPP group was
significantly increased compared to the NDPP group in July; September, and October (p<0.05).
For the DM and NDF digestibility of goats, a significant increase (p<0.05) was found during
in September in the SDPP group. Furthermore, compared to the NDPP group, the SHF activity
in July, the MEL concentration in July, and the cashmere fiber length and fiber weight in
October were significantly increased in the SDPP group (p<0.05).

Conclusion: The cashmere production of Inner Mongolia white cashmere goats was increased
without obvious deleterious effects on the cashmere fibers in the SDPP group (metabolizable
energy, 8.34 MJ/kg; CP, 11.16%; short daily photoperiod, 7 h light:17 h dark).
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INTRODUCTION

As a dynamic mini-organ, the skin hair follicle (HF) undergoes periodic transformations
throughout its lifetime. The HFs in cashmere goats are divided into primary hair follicles (PHFs)
and secondary hair follicles (SHFs); the cashmere with economic value is produced by SHFs,
which are different from PHFs in both morphogenesis and function [1]. The growth progress
of cashmere in goats is affected by photoperiod, nutrition, management, and environmental
and genetic factors [2-6]. The cashmere exhibits a seasonal pattern arising from circannual
changes in the natural photoperiod, and the number, function, and activity of the SHFs control
the cashmere growth [7,8]. The skin HFs undergo recurrent cycling of controlling anagens,
catagens, and telogens with a defined periodicity; short duration of sunshine accelerates the
development of HFs, while the longer duration of sunshine retards the development of HFs,
ultimately halting their development.

The light conditions associated with seasonal changes can regulate the endocrine and
nervous systems of animals. The pelage development of many fur-bearing animals is related
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to the changes in photoperiod and is controlled by a variety of
hormones including melatonin (MEL) [9-12]. The cashmere
grows most vigorously in the autumn, which has a photoperiod.
The secretion of MEL in cashmere goats shows distinct cyclical
changes with photoperiod, and this cycle is consistent with
the growth cycle of cashmere. Studies have shown that MEL
is a critical intermediary between photoperiod and cashmere
growth, and the greater level of MEL secreted by the pineal
gland during times of short daily photoperiod may be the key
factor for cashmere growth via increasing the activity of SHFs
[11,13-15]. Previous studies have shown that the photoperiod
is associated with mammary development consistent with the
enhancement of milk yield in the ensuing lactation [16-18].
Photoperiod regulates the HF growth from telogen to anagen
and modifies circadian rhythm gene expression in HFs [19],
and improves body weight, meat quality of breast muscle in
broilers [20]. Furthermore, recent studies indicate that not
only the yield, diameter (diam.), length of the cashmere fiber,
regularity of methane (CH,), carbon dioxide (CO,), and am-
monia (NH,) gases concentration are changed significantly
[14,21], but also the HFs can be induced to enter the full anagen
phase early [5] by activating these periodic key regulators and
extending the SHFs full-anagen phase via a short daily pho-
toperiod [6].

Inner Mongolia white cashmere goats are economically im-
portant for their cashmere, which is hailed as a “soft gold” by
the textile industry. Moreover, the seasonal rhythm of cashmere
growth is well known to be related to photoperiod. However,
the mechanism of how a short photoperiod affects cashmere
growth remains unknown. Therefore, in order to explore the
mechanism of cashmere growth underlying HF cycling and
the fiber growth potential in cashmere goats, we investigated
the effects of photoperiod on nutrient digestibility, HF activity,
and cashmere quality in Inner Mongolia white cashmere goats.

MATERIALS AND METHODS

Ethics statement

In order to minimize goats' suffering, all skin tissue samples
were collected under local procaine hydrochloride anesthesia
according to the International Guiding Principles for Bio-
medical Research Involving Animals. The Animal Ethics
Committee of the Inner Mongolia Academy of Agriculture
and Animal Husbandry Sciences (Hohhot, China), which is
responsible for Animal Care and Use in the Inner Mongolia
Autonomous Region of China, approved the experimental
protocols used in this study (approval number IMAAAHS#
1215000046002373XP) [5].

Experiment time and place
The experiment was performed at the animal husbandry science

and technology farm in Otog Front Banner, Inner Mongolia,

542  www.ajas.info

Zhang et al (2019) Asian-Australas J Anim Sci 32:541-547

China (latitude 38° 23N, longitude 108° 07'E, altitude 1,378
m). The experiment was conducted from May 15 to October
15,2015, and the entire experimental period was 150 days.

Animal, feeding and photoperiod management
Twenty-four female (non-pregnant) Inner Mongolia white
cashmere goats aged 1 to 1.5 years old with similar live weights
(mean, 20.3612.63 kg) were randomly allocated into two groups:
a natural daily photoperiod group (NDPP group:10 to 16 h
light, n = 12) and a short daily photoperiod group (SDPP group:
7 h light:17 h dark, n = 12). The diet of the goats in the two
different groups was the same and consisted of a mixture of
concentrate and roughage at a ratio of 40%:60%. The nutrition
level of the goat basal diet was referenced from the National
Research Council (NRC) [22]. The goats were provided with
feed containing 1.2 times the metabolizable energy (ME) and
11.16% crude protein (CP). Each group had twelve goats. The
feed composition of the NDPP and SDPP groups is listed in
Table 1 (dry matter [DM] basis).

Following two weeks’ acclimatization, the formal experi-
ment was conducted from May 15 to October 15. All of the
goats were housed in individual pens and fed diets twice a day
at 9:00 am and 15:00 pm, and the goats had free access to water
and a mineral mixture block. The diet and remaining feed of
each goat were weighed in order to determine the goat’s dry
matter intake (DMI).

The goats in the SDPP group were housed in a dark shed
(there was no light in the shed, and ventilators were used to
circulate air) with less than 0.1 lux of opacity and good air con-
ditions from 16:00 pm to 9:00 am daily (exposing the goats
to 17 h of dark and 7 h of light (17 dark:7 light). The goats in
the NDPP group were housed outside the dark shed and were

Table 1. The photoperiod and ingredients in the diet”

Ingredient? Level (%) Nutrients®  Concentration
Alfalfa hay 35.00 ME (Ml/kg) 8.34
Corn stalk 25.00 DM (%) 91.38
Corn grain 15.00 CP (%) 11.16
Concentrated feed 25.00 NDF (%) 46.56
Concentrate to forage ratio ~ 40:60 NFC (%) 33.70
NFC/NDF 0.72
Ca (%) 0.80
P (%) 0.36
CalP 2.2211
ERDP/UDP 1.65

ME, metabolizable energy; DM, dry matter; CP, crude protein; NDF, neutral
detergent fiber; NFC, non-fibrous carbohydrates; Ca, calcium; P, phosphorus; ERDP,
effective ruminally degradable protein; UDP, undegradable protein.

" Diet for both period was the same. Natural daily photoperiod group (NDPP
group: 10 to 16 h light, n = 12), short daily photoperiod group (SDPP group: 7 h
light:17 h dark, n = 12).

Y Ingredients in the diet is dry matter basis.

¥ Determined by the laboratory analyses.
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exposed to the natural photoperiod (exposing the goats to 10
to 16 h of light) (Figure 1). The SDPP groups shortened photo-
period treatment ran from May 15 to October 15, 2015.

Collection of feces and assays of dry matter, crude
protein, and neutral detergent fiber digestibility

All of the experimental goats were used for digestibility mea-
surements, and the feces from five days were collected using
feces bags and dried at 105°C. Samples were obtained in July,
September, and October. The feces were collected and weighed
twice a day before the goats were fed their diets.

The DM, CP, and neutral detergent fiber (NDF) digestibility
(GB/T6435-1986, GB/T6432-94, GB/T5009-2003) were deter-
mined by the total feces collection method using the following
formula:

Apparent digestibility
= 100-[feces weightxnutrient content in feces/DMI
xnutrient content in the diet (%)] [23]

Collection of skin and assay of secondary hair follicle
activity

Skin samples from the edge of the scapula of all of the experi-
mental goats were collected using a 1 cm diam. ring drill during
July, September, and October. First, the skin tissue samples
were rinsed with phosphate-buffered saline (pH = 7.4) and
immediately placed in paraformaldehyde fixative solution (0.1
M, pH = 7.4). After 48 h, the skin tissue samples were dehy-
drated using an alcohol gradient, paraffin-embedded, and
continuously sectioned at 6 um. Then, the tissues were dyed
by using the sapic method and subsequently examined using
a Nikon microscope. Finally, each section had five images
taken, and each specimen was observed under a Nikon mi-
croscope and an Instudio camera system. The total number of
SHFs in 10 random fields was counted (magnification 100x),
and the percentage of SHF activity was calculated [7], as SHF
activity = active SHFs/total SHFsx100% (Figure 2).

Assay of melatonin concentration in plasma

Jugular vein blood samples (10 mL) from all of the experimen-
tal goats were obtained at 8:00 am before feeding during July,
September, and October. The blood was collected into hepa-
rinized tubes and centrifuged (3,500 g, 15 min), and the serum
was stored at —20°C. The MEL concentration was determined
by ELISA (20161226, Fankeshiye Corp., Shanghai, China) [14].

Detection of cashmere fiber diam, length, weight, and
net fiber rate

Cashmere and wool samples from behind the right shoulder
blade were dyed on May 15 and were shorn near to the skin
on October 15. Both dyeing and shearing samples measured
10x10 cm. The cashmere fibers were separated from the wool,
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Figure 1. Daylight lengths of different months in the NDPP and SDPP groups”.
The goats in the SDPP group were housed in a dark shed (there was no light in
the shed, and ventilators were used to circulate air) with less than 0.1 lux of
opacity and good air conditions from 16:00 pm to 9:00 am daily (exposing the
goats to 17 h of dark and 7 h of light (17 D:7 L). The goats in the NDPP group
were housed outside the dark shed and were exposed to the natural photoperiod
(exposing the goats to 10 to 16 h of light). The SDPP grou?'s shortened
photoperiod treatment ran from May 15 to October 15, 2015. ” Natural daily
photoperiod group (NDPP group: 10 to 16 h light, n = 12), short daily
photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).

was washed, dried, and weighed [13]. Lengths of 200 cash-
mere fibers were measured with a steel rule, and 400 fiber
diams were measured using a microprojector [13]. After the
separation of cashmere and wool, the cashmere was washed,
dried, and weighed [13], the net cashmere fiber rate (%) = net
cashmere fiber weight/fleece weightx100%.

Statistical analysis

All of the data were analyzed using the analysis of variance
(ANOVA) procedure of the Statistical Analysis System (SAS)
[24]. The ANOVA used the following model: Y, = u+M+e,
where u is the overall mean. M, is the fixed effect of the photo-
period treatments (i = 1,2), and e, is the random residual error.
Significant differences between mean values were identified
by using Duncan’s test. Significance was defined as p<0.05.

RESULTS

Live weight

As shown in Table 2, although there was no significant dif-
ference in the initial live weights of goats between SDPP and
NDPP groups in May (p>0.05), the average live weight in the
SDPP group was increased by 7.17% in July (p>0.05), 4.01%
in September (p>0.05), and 3.76% in October (p>0.05) com-
pared with that of NDPP group.

Nutrient digestibility

No significant difference in DMI of cashmere goats was ob-
served between SDPP and NDPP groups in July, September,
or October (p>0.05). The digestibility of CP in the SDPP group
was significantly higher (p<0.05) than in the NDPP group,
although there was no significant difference (p>0.05) in the
digestibility of DM and NDF between SDPP and NDPP groups
in July or October. In addition, the DM, NDE and CP digesti-
bility of cashmere goats in SDPP group were increased (p<0.05)
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Figure 2. Effects of photoperiod on secondary hair follicle activity (magnification 100x) of goats in July, September, and October”. The horizontal axis means diferent
months and the vertical axis means different groups. Skin samples from the edge of the scapula of all of the experimental goats were collected using a 1 cm diameter ring
drill during July, September, and October. First, the skin tissue samples were rinsed with phosphate-buffered saline (pH = 7.4) and immediately placed in paraformaldehyde
fixative solution (0.1 M, pH = 7.4). After 48 h, the skin tissue samples were dehydrated using an alcohol gradient, paraffin-embedded, and continuously sectioned at 6 pm.
Then, the tissues were dyed by using the sapic method and subsequently examined using a Nikon microscope. Finally, each section had five images taken, and each
specimen was observed under a Nikon microscope and an Instudio camera system. The total number of secondary hair follicles in 10 random fields was counted
(magnification 100x), and the percentage of secondary hair follicle activity was calculated [7]. ” Natural daily photoperiod group (NDPP group: 10 to 16 h light, n = 12),

short daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).

compared with the NDPP group in September (Table 3).

Secondary hair follicle activity and melatonin
concentration

As shown in Table 4, 5, and Figure 2, the higher SHF activity
of the skin and greater MEL concentration in plasma of goat
were found in the SDPP group compared to the NDPP group
in July (p<0.05), September (p>0.05), and October (p>0.05).

Fiber length, diam, weight and net fiber rate of goats

Compared to the NDPP group, the cashmere fiber length and
weight of goats (p<0.05) were significantly increased in the
SDPP group. Moreover, a decreased fiber diam. and increased

Table 2. Effects of photoperiod on mean live weight of goats

Month NDPP group” SDPP group”  SEM p-value
May 20.90 21.08 0.847 0.881
July 22.58 24.20 0.629 0.099
September 26.68 21.75 0.360 0.062
October 28.19 29.25 0.502 0.166

SEM, standard error of the mean.
" Natural daily photoperiod group (NDPP group: 10 to 16 h Light, n = 12), short
daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).
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net fiber rate were observed in the SDPP group (p>0.05)
(Table 6).

Table 3. Effects of photoperiod on mean nutrient digestibility” of goats

Items NDPPz) SDPP:) SEM p-value
group” group
DMI in July (kg) (uly) 083  0.86° 0025 0416
DM digestibility (%) 73.74° 75.78° 2.384 0.567
NDF digestibility (%) 68.56° 70.01° 1.820 0.593
CP digestibility (%) 69.80" 74.81° 1.114 0.019
DMI in September (kg) (September) ~ 0.97° 0.98" 0.027 0.734
DM digestibility (%) 7169 7945 2217 0.048
NDF digestibility (%) 62.56° 7045 2.123  0.039
CP digestibility (%) 68.11° 7598° 1.886 0.026
DMI in October (kg) (October) 1.01° 1.04°  0.024 0.507
DM digestibility (%) 77.25°  78.83° 2729 0.696
NDF digestibility (%) 65.82° 68.82° 2.810 0.478
CP digestibility (%) 68.58" 75.86° 1.485 0.013

SEM, standard error of the mean; DMI, dry matter intake; DM, dry matter; NDF,
neutral detergent fiber; CP, crude protein.

" Apparent digestibility = 100—{feces weight x nutrient content in feces/dry matter
intake x nutrient content in the diet (%)} [23].

? Natural daily photoperiod group (NDPP group: 10 to 16 h light, n = 12), short
daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).

*®\Within a row, means without a common letters differ (p<0.05).
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Table 4. Effects of photoperiod on mean secondary hair follicle activity” of
goats

Month NDPP group” SDPP group? SEM  p-value
July (%) 69.52° 78.88° 2260 0.015
September (%) 79.48° 80.04° 2.130 0.855
October (%) 74.60° 80.73° 2.094 0.065

SEM, standard error of the mean.

" Secondary hair follicle activity = active secondary hair follicles/total secondary
hair follicles x 100%

? Natural daily photoperiod group (NDPP group: 10 to 16 h light, n = 12), short
daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).

*®\Within a row, means without a common letters differ (p<0.05).

DISCUSSION

Live weight and nutrient digestibility

The results on the live weight and nutrient digestibility indi-
cated that in response to a short daily photoperiod, the live
weight and nutrient digestibility of cashmere goats increased
rapidly. In the present study; the live weight of cashmere goats
in the SDPP group increased by 3.76% under short photope-
riodic conditions and the digestibility of DM, CP, and NDF
in the SDPP group was greater than in the NDPP group; this
was were in agreement with the results of Wang [13] and Li
etal [25]. Similarly, Wang et al [14] demonstrated that a short
daily photoperiod could be rewarding to increase the depo-
sition of body fat, reduce the deposition of body protein, and
accelerate cashmere growth of goats by enhancing nitrogen
distribution to cashmere fibers, in effect reprogramming the
distribution of body nitrogen and cashmere nitrogen. Exposed
to an artificially short photoperiod, metabolic regulation is
modified; CP digestibility was especially affected in our animals
during the entire experimental period. On one hand, the mus-
cle and cashmere growth of the goats required more protein,
so that the rates of protein synthesis and degradation were in-
creased. On the other hand, the nutrients might have increased
in digestibility because of increased secretion of MEL by the
pineal gland, or it might have been due to reduced activity,
weakened intestinal motility, or the extended time of food re-
maining in the digestive tract.

Secondary hair follicle activity and melatonin

Table 5. Effects of photoperiod on mean melatonin concentration in plasma of
goats

Month NDPP group” SDPP group”  SEM  p-value
July (ng/L) 47.03" 62.05° 3487 0.023
September (ng/L) 44.47° 47.36° 5.798 0.732
October (ng/L) 49.54° 56.63° 4.269 0.285

SEM, standard error of the mean.

" Natural daily photoperiod group (NDPP group: 10 to 16 h light, n = 12), short
daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).

*®Within a row, means without a common letters differ (p<0.05).
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Table 6. Effects of photoperiod on mean cashmere fiber length”, diameter?,
weight” and net fiber rate” of goats at the end of the experiment (in October)

Items NDPP group® SDPP group” SEM  p-value
Fiber length (cm) 6.76" 8.64° 0442 0.013
Fiber diameter (um) 15.38° 15.11° 0.183 0317
Fiber weight (g) 3.04° 3.35° 0.090  0.033
Net fiber rate (%) 45,98 46.39° 2,802 0924

SEM, standard error of the mean.

" Lengths of 200 cashmere fibers were measured with a steel rule.

? Diameters 400 of cashmere fibers were measured using a microprojector [13].

¥ Cashmere and wool samples from behind the right shoulder blade were dyed on
May 15 and were shorn near to the skin on October 15. Both dyeing and shearing
samples measured 10 10 cm. After the separation of cashmere and wool, the
cashmere was washed, dried, and weighed [13].

% Net cashmere fiber rate (%) = net cashmere fiber weight/fleece weight x 100%.
¥ Natural daily photoperiod group (NDPP group: 10 to 16 h light, n = 12), short
daily photoperiod group (SDPP group: 7 h light:17 h dark, n = 12).

*®\Within a row, means without a common letters differ (p<0.05).

concentration

The rhythmicity of HF cycling from a phase of active fiber pro-
duction to tissue regression and through rapid resting phases
in mammals results from seasonal changes; this provides an
important mechanism for regulating the length of hair and
allows for the periodic shedding of fur [12,26]. In contrast, the
non-modulated fine inner hairs of PHFs and the cashmere
produced by SHFs consist of hair from the basement mem-
brane of the skin in cashmere goats [27]. The number and
density of SHFs affect the production and diam. of the cash-
mere fibers and thus determine the value of the cashmere fleece
[28]. Furthermore, as a cyclic biological system, the seasonal
activity of SHFs controls the growth of cashmere fibers in the
skin of cashmere goats [29,30]. In this study, each HF group
included three PHFs and each PHF was surrounded by a num-
ber of SHFs, which were seen clearly from paraffin sections.
The activity of SHFs in short daily photoperiod conditions was
higher in the SDPP group in July (p<0.05), September (p>0.05),
and October (p>0.05) (Figure 2). Current research indicates
that as a critical intermediary, the circulating MEL level plays
a crucial role in the mechanism connecting photoperiod and
cashmere growth. An increased MEL level can lead to a di-
rect increase in the activity of SHFs and subsequently promote
cashmere growth in goats experiencing a short daily photo-
period [11,13-15]. From May to August, the SHFs continue
to the anagen phase during which they are gradually formed
from the telogen phase at the beginning of a new cashmere
growth cycle. Moreover, the SHFs of Inner Mongolia white
cashmere goats that had completed the reconstruction by
August to September and were displaying the highest activity
level were at the procatagen phase in October [31-33]. Further-
more, our study inferred that the SHF activity of cashmere
goats was significantly increased in the SDPP group; this was
attributed to the pineal gland secreting more MEL under short
daily photoperiod conditions in July. The activity of SHFs con-
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tinued to increase until September and October, which might
suggest that the anagen phase of SHFs and the rapid growth
period of cashmere were prolonged by the short daily photo-
period conditions.

Cashmere growth performance

The quality of cashmere mainly depends on the diam., length
and production of cashmere fibers in the goats, and this is
closely linked to economic returns. As the most luxurious fiber
material in the textile industry, cashmere fibers less than 35 mm
in length will lose value, and fibers with a diam. more than
16.5 um reduce the quality of the cashmere. In previous studies,
not only the cashmere fiber length and density of Shanbei
cashmere goats were increased, but also the cashmere fiber
weight of Northwest Tibet cashmere goats was higher under
short daily photoperiod conditions [34,35]. In the current study,
the longer cashmere fiber length (p<0.05), higher fiber weight
(p<0.05), and finer cashmere diam. (p>0.05) were observed
under short daily photoperiod conditions, and this was in
agreement with the results of Xu [36] and Lin [21].

Previous results showed that nitrogenous compounds were
partitioned more to cashmere growth in goats in the SDPP
group than in the NDPP group [13,14]. As we all know that
cashmere growth requires more protein, and the higher CP
digestibility may have been a key factor for promoting cash-
mere growth in the SDPP group. Constant MEL availability
during the short daily photoperiod may have accelerated SHF
activity to induce cashmere growth.

CONCLUSION

In summary, the current study demonstrated that DM di-
gestibility in September, NDF digestibility in September, CP
digestibility during entire experimental period, SHF activity
in July, MEL concentration in July, cashmere fiber length in
October, and fiber weight of goats in October were significantly
increased under short daily photoperiod conditions. The cash-
mere production of Inner Mongolia white cashmere goats in
the SDPP group was increased without adverse effects on the
diam. of cashmere fibers (ME, 8.34 MJ/kg; CP, 11.16%; short
daily photoperiod: 7 light:17 dark).

CONEFLICT OF INTEREST

We certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manu-
script.

ACKNOWLEDGMENTS

This work was supported by the national construction project
on technology system of modern agricultural industry (CARS-

546 www.ajas.info

Zhang et al (2019) Asian-Australas J Anim Sci 32:541-547

39-11), the scientific research (agriculture) on national public
welfare industry (201303059), Inner Mongolia natural science
foundation (2017BS0313), the young innovation fund of In-
ner Mongolia academy of agricultural and animal husbandry
science (2015QNJJMO01) and the scientific research (agricul-
ture) on national public welfare industry (201303062).

We would like to thank LetPub (www.letpub.com) for pro-
viding linguistic assistance during the preparation of this
manuscript.

REFERENCES

1. Dong Y, Xie M, Jiang Y. et al. Sequencing and automated whole-
genome optical mapping of the genome of a domestic goat
(Capra hircus). Nat biotechnol 2013;31:135-41.

2. McGregor BA. Nutrition, management and other environmen-
tal influences on the quality and production of mohair and cash-
mere with particular reference to mediterranean and annual
temperate climatic zones: a review. Small Rumin Res 1998;28:
199-215.

3. McGregor BA. A review of cashmere nutrition experiments
with suggestions for improving their design and conduct. Small
Rumin Res 2009;82:71-83.

4. Zhang CZ, Sun HZ, Li SL, et al. The role of the circadian clock
system in animal nutrition and metabolism. Acta Ecologiae
Animalis Domastici 2016;37:1-8.

5.Liu B, Gao E Guo J, et al. A microarray-based analysis reveals
that a short photoperiod promotes hair growth in the Arbas
cashmere goat. PLoS One 2016;11:e0147124.

6. Yang M, Song S, Dong K, et al. Skin transcriptome reveals the
intrinsic molecular mechanisms underlying hair follicle cycling
in cashmere goats under natural and shortened photoperiod
conditions. Sci Rep 2017;7:13502.

7.Sun HZ, Hou XZ, Hong, M. Study on the growth and activity
changes of hair follicle in skin on Inner Mongolia Arbas white
cashmere goat. Inner Mongolia ] Anim Sci Prod 1998;19(04):
3-6.

8. Duan C, Xu J, Sun C, et al. Effects of melatonin implantation
on cashmere yield, fibre characteristics, duration of cashmere
growth as well as growth and reproductive performance of
Inner Mongolian cashmere goats. ] Anim Sci Biotechnol 2015;
6:22.

9. Kobayashi H, Kromminga A, Dunlop T W, et al. A role of mela-
tonin in neuroectodermal-mesodermal interactions: the hair
follicle synthesizes melatonin and expresses functional mela-
tonin receptors. FASEB ] 2005;19:1710-2.

10.Slominski A, Tobin DJ, Zmijewski MA, et al. Melatonin in the
skin: synthesis, metabolism and functions. Trends Endocrinol
Metab 2008;19:17-24.

11.Hardeland R, Madrid JA, Tan DX, et al. Melatonin, the circadian
multioscillator system and health: the need for detailed analyses
of peripheral melatonin signaling. J Pineal Res 2012;52:139-



Zhang et al (2019) Asian-Australas J Anim Sci 32:541-547

66.

12.Bernardtley BA. Advances in understanding hair growth. F1000
Fac Rev 2016;5:147.

13.Wang LE Effects of photoperiod and implanted melatonin on
nitrogenous compounds partitioning, cashmere growth and its
manipulation in Inner Mongolia white cashmere goats [doctor's
thesis]. Hohhot, China: Inner Mongolia Agricultural University;
2004.

14.Wang LE Lu DX, Sun HZ. Effects of photoperiod and mela-
tonin on nitrogen partitioning and body composition in Inner
Mongolia white cashmere goats. ] Anim Feed Sci 2007;16:576-
80.

15.LiuZ, Gan L, Luo D, et al. Melatonin promotes circadian rhythm-
induced proliferation through interaction of Clock/HDAC3/
c-Myc in mice adipose tissue. ] Pineal Res 2017;62:¢12383.

16.Dahl GE, Tao S, Thompson IM. Lactation Biology Symposium:
Effects of photoperiod on mammary gland development and
lactation. ] Anim Sci 2012;90:755-60.

17.Lacasse P, Vinet CM, Peittclerc D. Effect of prepartum photo-
period and melatonin feeding on milk production and prolactin
concentration in dairy heifers and cows. ] Dairy Sci 2014;97:
3589-98.

18.Bentley PA, Wall EH, Dahl GE, et al. Responses of the mam-
mary transcriptome of dairy cows to altered photoperiod during
late gestation. Phvsiol Genomics 2015;47:488-99.

19.Watts LM, Browne JA, Murphy AB. Investigation of a non-
invasive method of assessing the equine circadian clock using
hair follicle cells. ] Circadian Rhythms 2012;10:7.

20.Zhang L, Zhang HJ, Wang J, et al. Stimulation with monochro-
matic green light during incubation alters satellite cell mitotic
activity and gene expression in relation to embryonic and
posthatch muscle growth of broiler chickens. Animal 2014;8:
86-93.

21.Lin CL. Study on effect of light control on cashmere growth of
Shanbei white cashmere goat under housefeeding [master's
thesis]. Yangling, China: Northwest A&F University; 2016.

22.National Research Council. Nutrient requirements of small
ruminants. Copyright 2007 by the National Academy of Sciences,
Printed in the United States of America; 2007.

23.Zhang LY. The detection technology of feed analysis and feed
quality. 3th ed. Beijing, China: China Agricultural University
Press; 2010.

AJAS

24.SAS Institute, Inc. SAS/STAT User’s Guide. Cary, NC, USA: SAS
Institute Inc; 2001.

25.1i SL, Sun HZ, Zhao CE et al. Effects of photoperiod on nutrient
digestibility of Inner Mongolia white cashmere goat. Acta
Ecologiae Animalis Domastici 2014;35(09):28-32.

26.Lin KK, Kumar V, Geyfman M, et al. Circadian clock genes
contribute to the regulation of hair follicle cycling. PLoS Genet
2009;5:¢1000573.

27.Ansari-Renani HR, Ebadi Z, Moradi S, et al. Determination
of hair follicle characteristics, density and activity of Iranian
cashmere goat breeds. Small Rumin Res 2011;95:128-32.

28.Gao Y, Wang X, Yan H, et al. Comparative transcriptome analysis
of fetal skin reveals key genes related to hair follicle morpho-
genesis in cashmere goats. PloS One 2016;11:e0151118.

29.WuJH, Zhang Y], Zhang JX, et al. Hoxc13/p-catenin correlation
with hair follicle activity in cashmere goat. ] Int Agric 2012;11:
1159-66.

30.Bai WL, Dang YL, Yin RH, et al. Differential expression of
microRNAs and their regulatory networks in skin tissue of
Liaoning cashmere goat during hair follicle cycles. Anim Bio-
technol 2016;27:104-12.

31.Yin J. Study on the hair follicle development, growth cycling
and the related genes of Inner Mongolia cashmere goats [doctor's
thesis]. Hohhot, China: Inner Mongolia Agricultural University;
2004.

32.Li CQ. Hair follicles cycling of cashmere goats and mRNA ex-
pression of KAP13-1 during anagen [master's thesis]. Hohhot,
China: Inner Mongolia Agricultural University; 2005.

33.Zhang W. Study on the fur growth rules of Inner Mongolia cash-
mere goats [master's thesis]. Hohhot, China: Inner Mongolia
Agricultural University; 2011.

34.Guo LX, Wang YJ, Huang YP, et al. Influence of light control
on body weight and cashmere length of Shanbei white cashmere
goat. Acta Ecologiae Animalis Domastici 2012;33(09):19-21.

35.Lang SD, Yi XDJ, Wu Y], et al. Effects of light control and mela-
tonin embedment on the cashmere growth of Northwest Tibet
cashmere goats during the cashmere non-growing period.
China Herbivore Science 2015;35(02):15-16.

36.Xu X. Study on the effect of light control on cashmere growth
of Shanbei white cashmere goat [master's thesis]. Yangling,
China: Northwest A&F University; 2015.

www.ajas.info 547





