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Yucca contains high a content of saponin that has a glucocorticord-like effect in animals,
e.g., anti-inflammation and anti-microbiota. The objective of the present study was to
test the hypothesis that dietary supplementation of yucca powder may alleviate heat
stress and improve growth performance of growing broilers subjected to cycling high
ambient temperature. A total of 240 male broiler chicks (yellow feathered chicken) aged
28 days, with body weight (BW) of 792 + 43.7 g, were randomly allocated to one of
four treatments (6 replicates per treatment): control (normal temperature, 24 + 2°C,
24 h), fed diets supplemented with 100 mg/kg yucca under normal temperature (Y), high
ambient temperature exposure (HT, 34 + 2°C, 11 h), fed diets supplemented with 100
mg/kg yucca (HT+Y) under high ambient temperature. After 7 days of adaption, the
experiment was conducted for 4 weeks (aged 28-56 days). HT significantly reduced
feed intake, BW, and average daily gain (ADG) of broiler, but yucca improved the feed
intake under HT condition. Yucca supplementation reduced (P < 0.05) the HT-induced
increase in temperature of rectum and leg skin. Supplementation of yucca increased
the hypothalamic mMRNA expression of TRPV2, TRPV4, and TRPMS8 (P < 0.05). Yucca
reduced (P < 0.05) the plasma lipid oxidation product malondialdehyde (MDA), but did
not affect the activities of antioxidant enzyme superoxide oxidase (SOD) and glutathione
peroxidase (Gpx). Yucca did not affect the plasma neuro peptide Y (NPY), which was
reduced by HT, yucca reduced circulation cholecystokinin (CCK) and hypothalamic
mRNA expression of CCK. Supplementation of yucca increased the mRNA expression
of both heat and cool sensing receptors. The results of the present study indicate
that yucca could improve antioxidant status and attenuate the heat stress response by
regulating hypothalamic temperature-sensing genes in growing chickens. Besides, yucca
supplementation improved feed intake probably through modulating CCK in growing
broilers under high ambient temperature.
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INTRODUCTION

For poultry production during summer, the compromised
performance of birds causes great economic loss, which
increasingly becomes a great concern worldwide as the global
climate changes. Poultry are air temperature-sensitive and
the elevation of ambient temperature can disrupt the normal
physiological behavior and cause heat stress, most obviously
reflected in the increased breathing rate and reduced feed intake
(1, 2). Under heat stress, in order to adapt the high ambient
temperature (HT), birds reduce feed consumption to reduce
heat production. To date, the exact mechanism on the HT
induced-reduction of feed intake remains unclear, but it has been
assumed to be related to the hypothalamic-pituitary-thyroid axis
(3). The mechanism of food intake regulation has been well-
demonstrated in mammals as food intake is a complex biological
process, involving in both the peripheral and central nervous
system (CNS) control mechanisms (4). Like in mammals, the
CNS, specifically the hypothalamus, has emerged as a key site in
appetite control for birds (5), and are potentially involved in the
regulation of birds’ feed intake under stress.

Researchers have been exploring available ways to alleviate
the negative effects of heat stress on poultry production.
Dietary supplementation of additives with biological activities
are of great concern among these alternatives because of
its practical application. Yucca schidigera (YS, Agavaceae)
is a species of plant prevalent in the Americas, especially
the southwestern United States and northern Mexico (6).
Yucca schidigera contains a variety of phytochemicals such
as steroid saponins, glycol, poly phenols, and resveratrol (7).
Since saponin molecules own a similar molecular structure
with glucocorticord, the saponin exerts a glucocorticord-like
effect through glucocorticord receptor (GR), e.g., antimicrobial
(8, 9), antioxidant (10, 11), anti-inflammatory (12), and
immunomodulatory properties (13, 14). Also, saponin has been
demonstrated to be an effective anti-depressant in animals (15).
However, whether yucca could attenuate heat stress and improve
feed intake of broilers under high ambient temperature remains
unknown. The objective of the present study was, therefore, to
test the hypothesis that dietary supplementation of yucca may
attenuate the heat stress in broilers and improve feed intake
under high ambient temperature, and potential mechanism
were thereafter explored by evaluating the feed intake-related
hormones in hypothalamus, circulation, and intestine. These
expected results have significant implications for modulating
heat stress.

MATERIALS AND METHODS
Ethics Statement

All animal experimental procedures were performed according
to Regulations for the Administration of Affairs Concerning
Experimental Animals of the State Council of the People’s
Republic of China and authorized by Animal Welfare Committee
of Institutes of Animal Sciences, Guangdong Academy of
Agricultural Sciences (IASCAAS2022).

Animals and Experimental Design

A total of 240 male broiler chickens (yellow feathered chicken,
typical broiler breeder in South China) aged 21 days, with
average BW of 542 + 61g, were purchased from Guangdong
Zhiwei Agricultural Technology Co., Ltd. (Guangdong, China).
Birds were caged (two birds per cage) in an environmentally-
controlled room for 7 days of adaption (relative humidity, 60%;
temperature, 24 £ 2°C). Individual cages were 30cm wide
x 35cm deep x 35cm high. At day 28, birds were weighed
and marked individually and then randomly allocated to 4
treatments with 6 replicates of 10 chickens, were caged (two birds
per cage), and were subjected to the following treatments: (1)
control (CON), room temperature was kept at 24°C and 60%
humidity for 24 h; (2) fed diets supplemented with 100 mg/kg
yucca powder under room temperature (Y); (3) exposed to high
ambient temperature (HT) for 11h (34 & 2°C, 80% humidity,
8:00 am—19:00 pm per day), and during the other 13h they
were kept at room temperature (24 & 2°C, 60% humidity, 19:00
pm—38:00 am the next day); (4) fed diets supplemented with 100
mg/kg yucca powder under high ambient temperature (HT+Y).
Experiment was conducted for 4 weeks (aged 29-56 days). The
yucca powder product (DK Sarsaponin 40) was provided by
Desert King Company (Baja California, Mexico), and the dose
of yucca supplementation (100 mg/kg) was recommended by
this company based on previous studies on yucca (16, 17).
According to AOAC method of proximate analysis (18), the
yucca powder contains 4.5% moisture, 3.2% crude protein, 26.7%
crude fiber and 9% ash. After extraction of saponins with the
method of Soxhlet reflux extraction (19), the analyzed saponins
content of yucca powder was 12.5% for UV spectrometer and
3% for HPLC method, respectively. Experimental diets (Table 1)
were formulated to meet the nutrient requirement for broilers
recommended by National Research Council (20). Broilers had
free access to feed and water and subjected to 16h of light
per day.

Performance, Body Temperature

Measurement, and Sample Collection

Ad libitum feed was provided daily and feed refusals were
recorded weekly, which were used in calculating the average
daily feed intake on per replicate basis. Boiler chickens from all
treatments were weighed at the 1st week (aged 35 days), 2nd week
(aged 42 days), 3rd week (aged 49 days), and 4th week (aged 56
days) of the experimental period after 12 h of fasting. The average
daily gain (ADG) and feed conversion ratio (FCR) of each week
were calculated accordingly.

Rectal temperatures were recorded according to the method
of Farghly et al. (21), with minor modifications. Briefly, two
chickens were randomly selected from each replicate at day 53.
A digital thermometer (Braun, model Prt1000) was inserted into
the cloaca for 2min at 3cm depth in the afternoon (between
14:00 and 15:00), rectal temperatures were then recorded
individually. Skin temperature at both of the left and right leg
was measured using an infrared temperature gun (Raytek, model
MiniTemp MT6).
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TABLE 1 | Composition and nutrient levels of the basal diet (air-dry basis, %).

TABLE 2 | Specific gene primers used for real-time quantitative PCR.

Ingredients %
Corn 70.40
Soybean meal 16.75
Wheat bran 6.00
Soybean oil 3.00
Lys.HCI 0.19
Met 0.13
Thr 0.10
CaHPO4 1.60
Limestone 0.58
NaCl 0.30
Premix?® 1.00
Total 100.00
Calculated nutrient levels

Metabolizable energy, MJ/kg 12.89
Crude protein, % 17.56
Ether extract, % 2.54
Ash, % 4.75
Calcium, % 0.87
Total phosphorus, % 0.40
Lys, % 0.81
Met, % 0.35
Met+Cys, % 0.58
Trp, % 0.15
Thr, % 0.63
Arg, % 0.91

aPremix provided per kilogram of diet: D-pantothenic acid, 10.9 mg; folic acid, 0.95mg;
nicotinic acid, 30 mg; biotin, 0.16 mg; vitamin A, 8,000 IU; vitamin B+, 1.7 mg; vitamin B,
8.2mg; vitamin Bg, 2.78 mg; vitamin B12, 0.015 mg; vitamin D, 2,800 IU; vitamin E, 30 IU;
vitamin Ks, 3.32mg; Zn, 68mg; Fe, 81 mg; Mn, 82mg; I, 0.5 mg; Cu, 9mg; Se, 0.27 mg.

At the end of experiment (day 56), one bird from each
replicate was randomly weighed and selected for sample
collection after 12h of fasting. At 8:00 am of each sampling
day, five milliliters of blood were drawn from the wing
vein and collected in non-heparinized collecting tubes.
After centrifugation at 3, 000 x g, 4°C for 10min, serum
was collected with six aliquots and stored at —80°C. After
blood sampling, broilers were killed by cervical dislocation.
Hypothalamus and duodenal tissues were harvested,
immediately frozen in liquid nitrogen, and stored at —80°C until
subsequent analysis.

Serum Biochemistry

Serum concentration of corticosterone, ghrelin, NPY,
and CCK were determined using ELISA kit, according
to the manufacturer’s instructions (MEIMIAN, Jiangsu
Feiya Biological Technology Co. Ltd., Jiangsu, China).
Serum superoxide oxidase (SOD), glutathione peroxidase
(Gpx) and malondialdehyde (MDA) were analyzed using
commercial kit, according to the manufacturer’s instructions
(JIANCHENG, Nanjing Jiancheng Biotechnology Co. Ltd.,
Nanjing, China).

Product
length, bp

Accession
number

Gene Primers sequences

GAPDH NM_204305.1 F:GGTGAAAGTCGGAGTCAACGG 108

R:TCGATGAAGGGATCATTGATGGC

CCK  NM_001001741 F:CAGCAGAGCCTGACAGAACC 121
R:AGAGAACCTCCCAGTGGAACC

POMC NM_001031098 F:ATCAAGGTGTACCCCAACGG 300
R:CCTTCTTGTAGGCGCTTTTG

Ghrelin - AB075215 F:CCTTGGGACAGAAACTGCTC 203
R:CACCAATTTCAAAAGGAACG

TRPV1 395259 F:TGGGACCGATTTGTCAAGCA 126
R:AAAAGCGAAGGGAGGCTTGT

TRPV2 XM_004946685.4 F:CTGAACTATCGGCCTGGACT 224
R:TCTTCCCCGTCTTTGCATCT

TRPV3 771945 F.TTACTGTTACTGAGGCTGAAGGC 314
R:GCCTTACAGGGTTTCTTACATCTTT

TRPV4  NM_204692.1 F:CCTGGTGATGATTGCAGATG 176

R: GGTGCCTGTACACTGGGTCT
TRPM8 XM_027461829.2 F:AGTGGAACCAACTGGACCTG 234
R:TTGCAATCTGCAGGTTCTTG

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CCK, cholecystokinin; POMC,
proopiomelanocortin; TRPV1-4, transient receptor potential vanilloid receptor type 1-4;
TRPMS, transient receptor potential melastatin type 8.

Tissue RNA Extraction and Real-Time
Quantitative PCR

Total RNA was extracted from hypothalamus and duodenum
tissues using Trizol reagent according to the manufacturer’s
instructions (Invitrogen, Carlsbad, CA). RNA quality was
determined by examining the absorption rate at 260 nm and
280 nm with UV spectrophotometry. After RNA was treated with
DNAase, cDNA was then transcribed via reverse transcription
kits (PrimeScript RT reagent Kit with gDNA Eraser, RR047 A,
Takara, Dalian, China).

The mRNA abundance of the target gene in hypothalamic
and duodenum were detected by the real-time quantitative PCR.
Real-time PCR reaction system was composed of a total volume
of 20 pL containing 1 pL of the cDNA product, 10 pL of
SYBR-green PCR master Mix (TB Green Premix ExTaq, RR420 A,
TAKARA), and 0.2 pmol/L of gene-specific forward and reverse
primers (Table 2). Real-time PCR reactions were carried out on
the CFX96 Touch Real Time PCR Detection System (BIO-RAD,
Hercules, CA) according to the following steps: 5min at 95°C,
39 cycles of denaturation at 95°C for 30's, annealing at 58°C for
30s, and extension at 72°C for 30s. The relative fold change
was performed using the 2742t method with GAPDH as an
internal control.

Statistical Analysis

Data for a 2 x 2 factorial arrangement of treatments, with
the main effects for ambient temperature (24°C vs. 34°C) and
yucca (100 mg/kg yucca vs. no yucca) and the interaction effects
between temperature and yucca were analyzed using general
linear model procedures for analysis of variance (ANOVA) (22).
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TABLE 3 | Effects of high ambient temperature and yucca on the growth performance of broiler chickens.

24°C 34°C SEM P-value

-Yucca +Yucca -Yucca +Yucca T Y TxY
BW
Initial (28 d) 785 789 791 806 8.46 - - -
29-35d 1,015 1,015 1,000 1,019 11.4 ns ns ns
36-42d 1,331 1,323 1,268 1,269 16.2 0.0005 ns ns
43-49d 1,676 1,655 1,533 1,540 26.3 <0.0001 ns ns
50-56 d 1,982 1,886 1,794 1,853 406 0.01 ns 0.07
ADG, g/d
29-35d 32.7 32.2 29.8 30.4 0.868 0.007 ns ns
36-42d 44.4 445 38.0 36.8 0.910 <0.0001 ns ns
43-49d 48.8 49.3 38.9 39.6 1.25 <0.0001 ns ns
50-56 d 45.6 42.8 35.7 36.2 1.77 <0.0001 ns ns
29-56 d 421 40.3 35.4 37.9 1.28 0.001 ns ns
ADFI, g/d
29-35d 80.5 80.1 73.3 74.7 1.22 <0.0001 ns ns
36-42d 106 103 97.5 98.1 217 0.004 ns ns
43-49d 123 123 107 102 3.00 <0.0001 ns ns
50-56 d 121 116 107 115 3.47 0.04 ns 0.09
29-56d 107 102 97.8 102 2.23 0.04 ns 0.04
FCR
29-35d 2.48 2.54 2.48 2.53 0.069 ns ns ns
36-42d 2.46 2.35 2.57 2.65 0.047 <0.0001 ns 0.05
43-49d 2.52 2.46 2.73 2.60 0.048 0.0005 0.04 ns
50-56 d 2.67 2.67 2.93 3.08 0.096 0.003 ns ns
29-56 d 2.56 2.55 2.78 2.72 0.070 0.01 ns ns

T, ambient temperature; Y, yucca, ns, no significant; n = 6.
—Yucca, basal diets without yucca, +Yucca, basal diets with supplementation of yucca.

A replicate was the experimental unit for the growth performance
data, while each replicate was the experimental unit for other
measured parameters (plasma biochemical variables, mRNA
expression). The statistical model included treatment, replicate,
and all two- and three-way interactions as sources of variation.
Broilers with treatment x replicate were used as the random
variable in the model. The parameters for growth performance
(BW, ADG, ADFI, and FCR), temperature of rectum and leg
skin, plasma biochemistry (MDA, GSH, antioxidant enzyme,
hormone), and gene mRNA expression were analyzed using two-
way ANOVA with repeated measures. The results are expressed
as the mean & SEM of measurements on tissues from 6 replicate
broilers at each group setting P < 0.05 as a criterion of
statistical significance.

RESULTS

As shown in Table 3, HT significantly reduced feed intake,
BW, and ADG of broilers during each growth period except
for the first week of the experiment (P < 0.05). Also, HT
increased FCR (P < 0.05) during each week of the experiment.
There were interaction effects of ambient temperature and
yucca supplementation on the broiler’s feed intake during the
entire experimental period (28 days—56 days). The temperature

of both rectum and leg skin in broilers increased by HT
(increasing approximately by 0.7 or 1.8°C, for rectum and leg
skin, respectively, Figures 1A,B), but they were reduced by yucca
supplementation (P < 0.01). There were interaction effects of
ambient temperature and yucca on the rectal temperature of
broilers at 56 days. The hypothalamic mRNA expression of
transient receptor potential vanilloid receptor 1 (TRPV1) was not
affected by HT or yucca (Figure 2A), while supplementation of
yucca increased the hypothalamic mRNA expression of TRPV2
(Figure 2B) and TRPV4 (Figure 2C). The HT decreased the
mRNA expression of both TRPV3 (Figure 2D) and transient
receptor potential melastatin type 8 (TRPMS8), but yucca
supplementation increased the mRNA expression of TRPM8 (P
< 0.05, Figure 2E).

The plasma concentration of cortisol in broilers was
not affected by HT for 28 days (Figure3A). Plasma NPY
concentration was reduced by HT (P = 0.06, Figure 3B), but
it was not affected by yucca supplementation. The plasma
concentration of CCK was not affected by HT, but yucca
supplementation reduced it (Figure 3C). Neither HT nor yucca
did not affect plasma ghrelin (Figure 3D).

Hypothalamic mRNA expression of CCK in broilers were
significantly increased (P < 0.05) by HT, while supplementation
with yucca reduced it (Figure4A). Hypothalamic mRNA
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FIGURE 1 | Rectal temperature (A) and leg skin temperature (B) in broilers at 56 days. Broilers, of 28 days of age, were fed a basal diet and exposed to 24°C (CON)
or 34°C (HT), or a basal diet supplemented with 0.1% yucca and exposed to 24°C (Yucca) or 34°C (HT + Yucca) for 4 wks. Values are means + SE, n = 6. Means
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expression of POMC was not affected either by HT or yucca
supplementation (P > 0.05, Figure 4B). The duodenal mRNA
expression of CCK was increased by HT (P = 0.05, Figure 5A),
and yucca supplementation had no effect on the duodenal mRNA
expression of CCK. Neither HT nor yucca supplementation
exerted effects on duodenal mRNA expression of ghrelin (P >
0.05, Figure 5B).

The plasma concentration of GSH was increased by HT (P <
0.05, Figure 6A), whereas, the activities of antioxidant enzymes
SOD and Gpx were not affected by HT (P > 0.05, Figures 6B,C).
The plasma concentration of MDA in broilers was increased by
HT (P < 0.05, Figure 6D), while yucca supplementation reduced
it (P < 0.05, Figure 6D).

DISCUSSION

In this study, raising the temperature from 24 to 34°C caused heat
stress to broilers, as reflected by the increased body temperature
and breathing rate (observation). Specially, the feed intake of
broilers was obviously reduced by HT, accompanied with the
reduced daily gain, as well as decreased FCR during each
week of the experiment. These observations are in accordance
with previous studies in broilers (23, 24) and ducks (2). In
this study, the dietary supplementation of yucca under heat
stress attenuated the reduced feed intake of broiler chickens
especially during the late stage of HT treatment, which thereafter
resulted in a slight increase in ADG. Similarly, previous studies
have also shown that yucca supplementation could improve
feed conversion and growth of chicks (25). These positive
effects are probably due to the relatively high content of
saponin (12.5% for UV method) in yucca powder. Saponin
has been demonstrated to be an effective anti-depressant in
animals (15). For example, pretreatment of ginseng saponin
to mice by intraperitoneal injection (5 or 20 mg/kg BW)
attenuated the adrenocorticotrophic hormone (ACTH)-induced
stress (26).

Interestingly, yucca supplementation prevented the HT-
induced increase of rectal and leg skin temperature, indicating

the alleviation effects of heat stress by yucca. The homeostatic
control of body temperature is essential for the survival
of mammal and birds and is known to be regulated in
part by temperature sensitive neurons in the hypothalamus.
Previous studies have shown that the preoptic area (POA)
of the hypothalamus plays an important role in maintaining
a stable Tcore via afferent inputs from skin thermoreceptors.
The direct sensing of changes in skin temperature, in turn,
activates POA efferent signals that control thermal effector
organs (27, 28). The transient receptor potential (TRP) family
ion channels have shown to be involved in thermosensation
and are located in sensory nerves and skin. TRPV1, TRPV2,
TRPV3, and TRPV4 can respond to heat at different temperature
thresholds, while TRPM8 is responsive to cool or cold
temperatures (15-30°C) [for more detail see review of Wetsel,
(29)]. Interestingly, in this study, the high temperature
decreased the hypothalamic mRNA expression of TRPMS, while
supplementation of yucca increased the mRNA expression
of both heat (TRPV2, TRPV4) and cool (TRPMS8) sensing
receptors. This indicates the increased thermoregulation capacity
of yucca under heat stress, and thereafter attenuated the
increased body temperature induced by HT. However, it remains
unclear how yucca regulates the hypothalamic genes of heat
and cool sensing receptor, which needs to be explored in
future research.

Moreover, we found here that, under HT conditions,
yucca powder improved the feed intake of broilers while no
effects were observed under normal temperature, suggesting
the interactive effects of yucca and ambient temperature
in affecting feed intake. Specifically, yucca supplementation
attenuated the reduction of feed intake induced by HT
during the late period of the experiment, suggesting the
time-dependent role of yucca in modulating feed intake
of broilers under heat stress. It was reported that under
normal temperature conditions, dietary supplementation of
yucca schidigera powder have no effect on feed intake in
adult laying hens (30), and some even reported to have
negative effects on feed intake in growing broilers (17)

Frontiers in Veterinary Science | www.frontiersin.org

April 2022 | Volume 9 | Article 850715


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Luo et al.

Yucca Alleviate Heat Stress in Broilers

A B =
Temp, p=0.20 lemp, p_g'gzs
Yucca, p = 0.62 o Tucca,):)—v : -
° 2 Temp X Yucca, p = 0.14 & emp 7 Tucca, p=10.
2 S 25 ¢
= ° - ab
® =15 | S 2 F
- = < 7]
< £ Z 3
-4 8 £ ’5‘_1.5 -
%2 17F = ab b
g & Q
~ @ A 1 Fr +
& 05 & %
& S 05 | /
~
CON CON+Yucca HT HT+Yucca CON CON+Yucca HT HT+Yucca
& Temp, p=0.13 B Temp, p =0.03
Yucca, p = 0.05 Yucca, p = 0.28
© 2 ¢ Temp X Yucca, p = 0.80 1.2 - Temp X Yucca, p = 0.63
> o
= Z 1
< 15 f =
- g [ 2 08
<z : z 8
é § 1 F T é §0.6 -
E & 7 S04
> 305 } % E &
A / © S0z |
S o % E 0
CON  CON+Yucca HT HT+Yucca CON  CON+Yucca HT HT+Yucca
E Temp, p =0.03
& 3 r a Yucca, p =0.01
-% 25 | Temp X Yucca, p =0.22
2a 3
<Zt é ab
m 2 1.5 o b
£ & b
= 1 t
<
= 7
& 05 /
= 0 A
CON CON+Yucca HT HT+Yucca
FIGURE 2 | Hypothalamic mRNA expression of TRPV1 (A), TRPV2 (B), TRPV4 (C), TRPV3 (D), and TRPMS8 (E) in broilers at 56 days. Broilers, of 28 days of age,
were fed a basal diet and exposed to 24°C (CON) or 34°C (HT), or a basal diet supplemented with 0.1% yucca and exposed to 24°C (Yucca) or 34°C (HT + Yucca)
for 4 wks. Values are means + SE, n = 6. Means without a common letter differ (P < 0.05).

because of the astringent and irritating taste of saponin.
It is of great interest to explore the mechanism by which
yucca exerted positive effects on the feed intake of broiler
chickens under stress. In birds, the hypothalamus plays a
vital role in integrating external environmental cues and
generates the appropriate responses to influence feed intake
(31). Hypothalamic neurons can perceive the increase in
body temperature and exert an inhibiting influence on cells
that are responsible for controlling feed intake (32), mainly
through producing both orexigenic (agouti-related protein and
neuropeptide Y, NPY) and anorexigenic (e.g., POMC) peptides
(33). Besides, a number of circulating factors produced by

peripheral organs are important in regulating feed intake,
for example, leptin by adipose tissue, insulin and pancreatic
polypeptide by the pancreas, gut hormones (e.g., ghrelin,
peptide YY), and triiodothyronine by the thyroid gland. In this
study, raising the temperature from 24 to 34°C significantly
reduced the feed intake of broilers. This is probably due
to the HT induced reduction in plasma orexigenic peptide
(NPY), as well as up-regulation of CCK mRNA expression
both in the hypothalamus and intestine. Similarly, it was
reported that the concentrations of cholecystokinin (CCK)
were reported to be increased both in plasma and intestine
on 35 or 42-day-old broilers under HT condition (24). CCK

Frontiers in Veterinary Science | www.frontiersin.org

6 April 2022 | Volume 9 | Article 850715


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Luo et al.

Yucca Alleviate Heat Stress in Broilers

A Temp, p = 0.40
- Yucca, p =0.22
£ Temp X Yucca, p = 0.84
g 500
g 400
= —_ —
S 2 300
—c' o0
22 200
ot
=
< 100
£
2 0
~ CON Yucca HT HT+Yucca
c Temp, p= 0.63
Yucca, p =0.001
Temp X Yucca, p = 0.004
1000
a
800 b be

(ng/L)

po 7
200 /

CON

Plasma CCK concentration

Yucca HT HT+Yucca

FIGURE 3 | Plasma concentration of cortisol (A), NPY (B), CCK (C), and ghrelin (D) in broilers at 56 days. Broilers, of 28 days of age, were fed a basal diet and
exposed to 24°C (CON) or 34°C (HT), or a basal diet supplemented with 0.1% yucca and exposed to 24°C (Yucca) or 34°C (HT + Yucca) for 4 wks. Values are means
+ SE, n = 6. Means without a common letter differ (P < 0.05). CCK, cholecystokinin; NPY, neuropeptide.

Temp, p =0.06
Yucca, p =0.12

=
X =0.

,g 400 Temp X Yucca, p =0.30
&
=
2 - 300 = —

= .
5% %
z £ 200 | /
i 100 %
g /
8 %
= 0

CON Yucca HT HT+Yucca
Temp, p=0.52
Yucca, p =0.41

1200 Temp X Yucca, p =0.36

-

?1000 -

E 800 [ 7

S 600 %

=

%0 400 F /

= /

E 200 | /

o 0

= | ] LA

CON Yucca HT HT+Yucca

>

Temp, p =0.99
Yucca, p =0.24
Temp X Yucca, p =0.41

5]

Z 14 r
T:j,: 12
4.% 1 F
23 08}
E S 06
§°’ 04 |
S 02
N 0

CON Yucca HT HT+Yuccs

FIGURE 4 | Hypothalamic mRNA expression of POMC (A) and CCK (B) in broilers at 56 days. Broilers, of 28 days of age, were fed a basal diet and exposed to 24°C
(CON) or 34°C (HT), or a basal diet supplemented with 0.1% yucca and exposed to 24°C (Yucca) or 34°C (HT + Yucca) for 4 wks. Values are means + SE, n = 6.

Means without a common letter differ (P < 0.05).

Temp, p =0.32

Yucca, p = 0.003

Temp X Yucca, p =0.35
o 257
2 a
g 27
£ 1.5 | ab
<2
é E 1 r b b
E3
g 0.5 B
S [] o
) 0 —

CON Yucca HT  HT+Yucca

is an anorexigenic peptide in poultry (31), able to slow the
passage rate of feed in the gut (34), therefore exerting negative
effects on feed intake. Our results demonstrated that the
changes in plasma or hypothalamic CCK and NPY probably
plays a role in suppressing feed intake under HT conditions.
The improvement in feed intake by yucca was probably
due to down-regulated mRNA expression of hypothalamic
anorexigenic factors genes CCK and POMC, as well as reduced
circulation CCK. Although saponins possess properties, such

as large molecular weight, and hydrophilicity, leading to low
bioavailability and poor penetration into central nervous system
(35), there remains the possibility that the metabolism of
saponins by intestinal flora yield metabolites possessing greater
ability to cross the membrane barriers and exerts biological
functions in the body (36, 37). However, the other biological
functions of yucca in regulating feed intake cannot be excluded
(e.g., antioxidant capacity especially in the hypothalamus)
(2, 16).
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FIGURE 6 | Concentration of GSH (A), activities of SOD (B) and Gpx (C) and concentration of MDA (D) in serum of broilers at 56 days. Broilers, at 28 days of age,
were fed a basal diet and exposed to 24°C (CON) or 34°C (HT), or a basal diet supplemented with 0.1% yucca and exposed to 24°C (Yucca) or 34°C (HT + Yucca)
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dismutase.

The oxidative stress in broiler chickens was induced by
HT, as reflected by the increased plasma lipid oxidation end
product-MDA. However, GSH was increased by HT, which
may reflect the biological feedback in response to heat stress.
Interestingly, yucca supplementation reduced the lipid oxidative
indicators, indicating its antioxidant capacity. Unexpectedly,

the plasma antioxidative enzymes (Gpx and SOD) were not
altered by yucca although it was reported previously that dietary
supplementation with yucca schidigera extract alleviated the
heat stress-induced oxidative damage through up-regulating
antioxidant enzymes in Nile tilapia (38). Similar to our study,
there were reports showing that no effects of saponin were
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observed on antioxidant enzymes (e.g., SOD and Gpx), while
lipid hydroperoxide decreased in rats (39). Based on these results,
it can be assumed, that yucca may exert antioxidants probably
through a direct antioxidant activity rather than modulation of
an antioxidant enzyme, because of the chemical structure of
saponin (40).

CONCLUSIONS

In summary, HT induced an obvious reduction in feed
intake of broilers, probably involving in the modulation
of circulation and hypothalamic peptides, while dietary
supplementation of yucca could alleviate heat stress, and
improve feed intake probably through down-regulating CCK
in plasma and hypothalamus. Also, yucca supplementation
attenuated the HT-induced increase of body temperature,
probably through regulating hypothalamic temperature
sensing genes. Our results indicate that supplementation of
yucca serves an excellent option for future phytogenic feed
additives in poultry especially in circumstances where stress
is induced.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The animal study was reviewed and approved by Animal
Welfare Committee of Institutes of Animal Sciences, Guangdong

REFERENCES

1. Stockland WL, Blaylock TG. The influence of ration protein level on
performance of floor reared and caged reared replacement pullets. Poult Sci.
(1974) 53:790-800. doi: 10.3382/ps.0530790

2. Luo X, Zheng CT, Xia WG, Ruan D, Wang S, Zhang YN, et al. Effects of
constant or intermittent high temperature on the feed intake, hypothalamic
expression of antioxidant and pro-oxidant enzymes genes in laying ducks. J
Anim Sci. (2018) 12:5064-74. doi: 10.1093/jas/sky355

3. Bechtold DA, Loudon AS. Hypothalamic clocks and rhythms in feeding
behaviour. Trends Neurosci. (2013) 36:74-82. doi: 10.1016/j.tins.2012.12.007

4. Denbow DM, Cline MA. Food intake regulation. In: Scanes CG, editor.
Sturkie’s Avian Physiology. 6th ed. San Diego: Academy Press (2015) p. 469-85.

5. Zendehdel M, Hassanpour S. Central regulation of food intake in mammals
and birds: a review. Neurotransmitter. (2014) 1:¢251. doi: 10.14800/nt.251

6. Cheeke PR. Actual and potential applications of Yucca schidigera and Quillaja
saponaria saponins in human and animal nutrition. J Anim Sci Suppl. (2000)
77:1-10. doi: 10.2527/as2000.00218812007700ES0009x

7. Oleszek W, Sitek M, Stochmal A, Piacente S, Pizza C, Cheeke P. Resveratrol
and other phenolics from the bark of Yucca schidigera roezl. ] Agri Food Chem.
(2001) 49:747-52. doi: 10.1021/jf001056f

8. Czeczo H, Podsiad M, Skrzycki M, Stochmal A, Oleszek W. Evaluation of the
mutagenic activity of phenolics from the bark of Yucca schidigera roezl. Acta
Pol Pharm. (2003) 60:357-62. Available online at: https://pubmed.ncbi.nlm.
nih.gov/15005418/

Academy of Agricultural Sciences (IASCAAS2022). Written
informed consent was obtained from the owners for the
participation of their animals in this study.

AUTHOR CONTRIBUTIONS

JL and JW was responsible for designing and conducting the
study. WC and JW was responsible for data analysis and
interpretation, drafting of the manuscript, and approval of the
submitted manuscript. HQ, YL, DS, and JW was responsible
for the conception of the study and manuscript writing and
revisions. CL and JJ was responsible for acquisition of data and
manuscript revision. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by the National Key Research
and Development Program, P. R. China (Grant No.
2018YFE0128200), the Science and Technology Program
of Guangdong Province, P. R. China (Grant No.
2020B0202090004), Foreign Expert Project, P. R. China
(QNL20200130001), Special fund for scientific innovation
strategy-construction of high level Academy of Agriculture
Science (R2020PY-JX006, R2020PY-JX008, and 202107TD),
and the China Agriculture Research System of MOF and
MARA (CARS-41).

ACKNOWLEDGMENTS

We sincerely thank Dr. K. F. M. Abouelezz for his kind help in
the presentation of this manuscript.

9. Wang JP, Kim IH. Effect of caprylic acid and Yucca schidigera
extract on production performance, egg quality, blood characteristics,
and excreta microflora in laying hens. Br Poult Sci. (2011)
52:711-17. doi: 10.1080/00071668.2011.635638

10. Ince S, Kucukkurt I, Turkmen R, Demirel HH, Sever E. Dietary
Yucca  schidigera  supplementation  reduces  arsenic  induced
oxidative stress in swiss albino mice. Toxicol Ind Health. (2013)
29:904-14. doi: 10.1177/0748233712446730

11. Farag MR, Alagawany M, EI-Hack MEA, EI-Sayed SAA, Ahmed SYA,
Samak DH. Yucca schidigera extract modulates the lead-induced oxidative
damage, nephropathy and altered inflammatory response and glucose
homeostasis in Japanese quails. Ecotoxicol Environ Saf. (2018) 156:311-
21. doi: 10.1016/j.ecoenv.2018.03.010

12. Gupta S, Duraiswamy B, Nataraj SKM, Rama SRK, Babu UV, Sharath KLM,
et al. Inhibitory potential of Yucca gloriosa 1. extract and isolated gloriosaol
isomeric mixture on ovalbumin induced airway hyperresponsiveness in balb/c
mice. Clin Pharm Biopharm. (2014) $2:002. doi: 10.4172/2167-065X.52-002

13. Cheeke PR, Piacente S, Oleszek W. Anti-inflammatory and antiarthritic effects
of Yucca schidigera. ] Inflamm. (2006) 3:6. doi: 10.1186/1476-9255-3-6

14. SuJL, Shi BL, Zhang PE Sun DS, Li TY, Yan SM. Effects of Yucca extract on
feed efficiency, immune and antioxidative functions in broilers. Braz Arch Biol
Technol. (2016) 59:1-8. doi: 10.1590/1678-4324-2016150035

15. Abbas G, Rauf K, Mahmood W. Saponins: the phytochemical with
anemerging potential for curing clinical depression. Nat Prod Res. (2014)
29:302-7. doi: 10.1080/14786419.2014.942661

Frontiers in Veterinary Science | www.frontiersin.org

April 2022 | Volume 9 | Article 850715


https://doi.org/10.3382/ps.0530790
https://doi.org/10.1093/jas/sky355
https://doi.org/10.1016/j.tins.2012.12.007
https://doi.org/10.14800/nt.251
https://doi.org/10.2527/jas2000.00218812007700ES0009x
https://doi.org/10.1021/jf001056f
https://pubmed.ncbi.nlm.nih.gov/15005418/
https://pubmed.ncbi.nlm.nih.gov/15005418/
https://doi.org/10.1080/00071668.2011.635638
https://doi.org/10.1177/0748233712446730
https://doi.org/10.1016/j.ecoenv.2018.03.010
https://doi.org/10.4172/2167-065X.S2-002
https://doi.org/10.1186/1476-9255-3-6
https://doi.org/10.1590/1678-4324-2016150035
https://doi.org/10.1080/14786419.2014.942661
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Luo et al.

Yucca Alleviate Heat Stress in Broilers

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Alagawany M, Abd El-Hack ME, Farag MR, Elnesr SS, El-Kholy MS, Saadeldin
IM, et al. Dietary supplementation of Yucca schidigera extract enhances
productive and reproductive performances, blood profile, immune function,
and antioxidant status in laying Japanese quails exposed to lead in the diet.
Poult Sci. (2018) 97:3126-37. doi: 10.3382/ps/pey186

Sun DS, Jin X, Camerlink I, Tong M, Su JL, Zhao F et al. Effects of
Yucca schidigera extract on growth performance and antioxidative function
of small intestine in broilers. ] Anim Physiol Anim Nutr. (2019) 103:738-
46. doi: 10.1111/jpn.13067

AOAC. Official Methods of Analysis. 17th ed. Gaithersburg, MD: AOAC
International (2000).

Medina-Meza IG, Aluwi NA, Saunders SR, Ganjyal GM. GCina-Meza IG,
Aluwi NA, penoid saponins from 28 quinoa varieties (Chenopodium quinoa
Willd.) grown in Washington State. J Agric Food Chem. (2016) 64:8583-
91. doi: 10.1021/acs.jafc.6b02156

National Research Council. Nutrient Requirements of Poultry. 9th ed.
Washington, DC: The National Academies Press (1994).

Farghly ME, Mahrose KM, Ullah Z, Rehman Z, Ding C. Influence of swimming
time in alleviating the deleterious effects of hot summer on growing Muscovy
duck performance. Poult Sci. (2017) 96:3912-9. doi: 10.3382/ps/pex207

SAS Institute Inc. SAS/STAT®) User’s Guide (Version 8, Vol. 2). Cary, NC: SAS
Institute Inc. (1999).

Mckee ]S, Harrison PC, Riskowski GL. Effects of supplemental ascorbic
acid on the energy conversion of broiler chicks during heat stress and feed
withdrawal. Poult Sci. (1997) 76:1278-86. doi: 10.1093/ps/76.9.1278

He XE Lu Z, Ma BB, Zhang L, Li JL, Jiang Y, et al. Effects of chronic heat
exposure on growth performance, intestinal epithelial histology, appetite-
related hormones and genes expression in broilers. J Sci Food Agri. (2018)
98:4471-8. doi: 10.1002/jsfa.8971

Sahoo SP, Kaur D, Sethi APS, Sharma A, Chandra M. Evaluation of Yucca
schidigera extract as feed additive on performance of broiler chicks in
winter season. Vet World. (2015) 8:556-60. doi: 10.14202/vetworld.2015.
556-560

Kim DH, Moon YS, Jung JS, Min SK, Son BK, Suh HW, et al
Effects of ginseng saponin administered intraperitoneally on the
hypothalamo-pituitary-adrenal axis in mice. Neurosci Letter. (2003)
343:62-5. doi: 10.1016/S0304-3940(03)00300-8

Morrison SE, Madden CJ, Tupone D. Central neural regulation of brown
adipose tissue thermogenesis and energy expenditure. Cell Metab. (2014)
19:741-56. doi: 10.1016/j.cmet.2014.02.007

Morrison SE. Central control of body temperature. FI000Research. (2016)
5:880. doi: 10.12688/f1000research.7958.1

Wetsel WC. Sensing hot and cold with TRP channels. Int ] Hyperthermia.
(2011) 27:388-98. doi: 10.3109/02656736.2011.554337

Kutlu HR, Gorgili M, Unsal 1. Effects of dietary Yucca schidigera
powder on performance and egg cholesterol content of laying hens.

J Appl Anim Res. (2001) 20:49-56. doi: 10.1080/09712119.2001.
9706736

Richards MP, Rosebrough RW, Coon CN, McMurtry JP. Feed
intake regulation for the female broiler breeder: in theory and

in practice. ] Appl Poult Res. (2010) 19:182-93. doi: 10.3382/japr.
2010-00167

32. Brobeck JR. Food and temperature. Recent Prog Horm Res. (1960) 16:439-66.
Available online at: https://pubmed.ncbi.nlm.nih.gov/13804537/

Yu Y, Deng C, Huang XF. Obese reversal by a chronic energy restricted
diet leaves an increased Arc NPY/AgRP, but no alteration in POMC/CART,
mRNA expression in diet-induced obese mice. Behav Brain Res. (2009)
205:56. doi: 10.1016/j.bbr.2009.07.003

D’Agostino G, Lyons DJ, Cristiano C, Burke LK, Madara JC, Campbell JN,
et al. Appetite controlled by a cholecystokinin nucleus of the solitary tract to
hypothalamus neurocircuit. Elife. (2016) 5:e12225. doi: 10.7554/eLife.12225
Yu K, Chen E Li C. Absorption, disposition, and pharmacokinetics
of saponins from Chinese medicinal herbs: what do we know and
what do we need to know more? Curr Drug Metab. (2012) 13:577-
98. doi: 10.2174/1389200211209050577

Tawab MA, Bahr U, Karas M, Wurglics M, Schubert-Zsilavecz M. Degradation
of ginsenosides in humans after oral administration. Drug Metab Dispos.
(2003) 31:1065-71. doi: 10.1124/dmd.31.8.1065

Xu C, Teng J, Chen W, Ge Q, Yang Z, Yu C, Yang Z, Jia W. 20 (S)-
protopanaxadiol, an active ginseng metabolite, exhibits strong antidepressant-
like effects in animal tests. Prog Neuropsychopharmacol Biol Psychiatry. (2010)
34:1402-11. doi: 10.1016/j.pnpbp.2010.07.010

LiSL, Wang R, Dai ZL, Wang C, Wu ZL. Dietary supplementation with Yucca
schidigera extract alleviated heat stress-induced unfolded protein response
and oxidative stress in the intestine of Nile tilapia (Oreochromis niloticus).
Ecotoxicol Environ Saf. (2021) 219:112299. doi: 10.1016/j.ecoenv.2021.112299
Rodrigues HG, Diniz YS, Faine LA, Galhardi CM, Burneiko RC, Almeida JA,
et al. Antioxidant effect of saponin: potential action of a soybean flavonoid
on glucose tolerance and risk factors for atherosclerosis. Int J Food Sci Nutr.
(2005) 56:79-85. doi: 10.1080/09637480500081738

Desai SD, Desai DG, Kaur H. Saponins and their biological activities. Pharma
Times. (2009) 41:13-16. Available online at: https://www.researchgate.net/
publication/288126191_Saponins_and_their_biological_activities

33.

34.

35.

36.

37.

38.

39.

40.

Conflict of Interest: YL was employed by the company Dekang Group Co. Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Luo, Chen, Qu, Liu, Luo, Ji, Shu and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Veterinary Science | www.frontiersin.org

10

April 2022 | Volume 9 | Article 850715


https://doi.org/10.3382/ps/pey186
https://doi.org/10.1111/jpn.13067
https://doi.org/10.1021/acs.jafc.6b02156
https://doi.org/10.3382/ps/pex207
https://doi.org/10.1093/ps/76.9.1278
https://doi.org/10.1002/jsfa.8971
https://doi.org/10.14202/vetworld.2015.556-560
https://doi.org/10.1016/S0304-3940(03)00300-8
https://doi.org/10.1016/j.cmet.2014.02.007
https://doi.org/10.12688/f1000research.7958.1
https://doi.org/10.3109/02656736.2011.554337
https://doi.org/10.1080/09712119.2001.9706736
https://doi.org/10.3382/japr.2010-00167
https://pubmed.ncbi.nlm.nih.gov/13804537/
https://doi.org/10.1016/j.bbr.2009.07.003
https://doi.org/10.7554/eLife.12225
https://doi.org/10.2174/1389200211209050577
https://doi.org/10.1124/dmd.31.8.1065
https://doi.org/10.1016/j.pnpbp.2010.07.010
https://doi.org/10.1016/j.ecoenv.2021.112299
https://doi.org/10.1080/09637480500081738
https://www.researchgate.net/publication/288126191_Saponins_and_their_biological_activities
https://www.researchgate.net/publication/288126191_Saponins_and_their_biological_activities
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Dietary Supplementation With Yucca Alleviates Heat Stress in Growing Broilers Exposed to High Ambient Temperature
	Introduction
	Materials and Methods
	Ethics Statement
	Animals and Experimental Design
	Performance, Body Temperature Measurement, and Sample Collection
	Serum Biochemistry
	Tissue RNA Extraction and Real-Time Quantitative PCR
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


