Original Paper Czech Journal of Animal Science, 67, 2022 (8): 339-347

https://doi.org/10.17221/166/2021-CJAS

Effect of dietary supplementation with mulberry
and moringa leaves on the chicken reproductive
performance

MANMAN SHEN'?, Tao Li*%, JianN Lu?, KEHua WANG?, LiANG Qu? Qirur Hou!,
WEIGUO ZHAO'*, PING Wu!

Jiangsu Key Laboratory of Sericultural Biology and Biotechnology, School of Biotechnology,
Jiangsu University of Science and Technology, Zhenjiang, PR. China
YJiangsu Institute of Poultry Science, Yangzhou, PR. China

*Corresponding authors: wgzsri@126.com
*These authors contributed equally to this work

Citation: Shen M.M,, Li T., Lu J., Wang K.H., Qu L., Hou Q.R., Zhao W.G., Wu P. (2022): Effect of dietary supplementa-

tion with mulberry and moringa leaves on chicken reproductive performance. Czech J. Anim. Sci., 67: 339-347.

Abstract: The effects of dietary supplementation with moringa (Moringa oleifera Lam.) and mulberry (Morus
nigra L.) leaf powder on the clutch trait, reproductive organs, follicles, steroid hormones, and gene expressions
of laying chickens were investigated during a 42-day experiment. Two hundred and ten Chinese local strain hens
aged 37 weeks were randomly allocated to three groups, each group included five replicates, with 14 hens per
replicate. The hens in the control group were fed with the basal diet, whereas those in the test groups were fed with
a basal diet supplemented with 2.5% moringa leaf powder and 2.5% mulberry leaf powder (MOLP2.5+MLP2.5),
5% MOLP and 2.5% MLP (MOLP5+MLP2.5). The clutch traits (clutches, clutch length, delay days) were recorded
during the trial. At the end of the experiment, the effect of the dietary supplementation with MOLP and MLP on
the reproductive organs and tissues was estimated, and the gene expressions of ESR1, ESR2, CYP19A1 and STAR
were analysed. Compared with the control group, the clutch performed worse in the treatment groups, however,
the laying rate, reproductive organs and tissues in the MOLP2.5+MLP2.5 group showed no significant difference.
Though the oestrogen levels did not significantly increase, they were elevated in the MOLP2.5+MLP2.5 group.
Furthermore, it was identified that the expression levels of the ESRI and CYP19A1 mRNA were significantly
upregulated in the MOLP2.5+MLP2.5 group compared with those in the control group. In conclusion, a low addi-
tion level of MOLP and MLP can be used in laying hens to improve the steroid hormones synthesis-related gene
expression which might improve the reproductive performance over the long term.
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Mulberry (Morus nigra L.) is classified as abroad-  and high dry matter digestibility (75-85%) (Hassan
leaved plant, its leaves are rich source of protein (14.0— et al. 2020). Mulberry leaves are not only commonly
34.2%), metabolic energy (1 130-2 240 kcal/kg), used by silkworms and irreplaceable in the sericul-
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ture industry, but also have a hypoglycaemic effect
(Zhang et al. 2019a). Given the rapid development
of the intensive silkworm culture increased in the
world, a large amount of the mulberry leaves re-
main unused. Studies have shown that supplemen-
tary mulberry leaves in livestock or poultry can
improve the animal performance and the quality
of the products, thus, it is considered a potential
resource for feed (Liu et al. 2021). A dietary supple-
ment complemented by 25.5% fermented mulberry
leaves in a gestational sow increased the voluntary
feed intake and weaning litter weight (Zhang et al.
2021). A dietary supplementation with 4% mulber-
ry leaf powder greatly affected the gut microbiota
of chickens by changing the gut microbiota com-
positions (Chen et al. 2019). With the rising feed
costs caused by the increasing demand for grains
and mulberry rich in nutrients, it is imperative to de-
velop mulberry leaves as well as phytogenic feeds
for use as animal alternative materials for major crop
feedstuffs.

It has been reported that a combined effect can
be obtained if different feed supplementations are
used together in animal diets. Goncalves et al.
(2019) found an interactive relationship between
fishmeal and a phytogenic product in marine car-
nivorous fish species. A study by Miao et al. (2020)
showed that mulberry leaves and a bamboo char-
coal additive had a combined effect on the growth
performance, lipid metabolism, and anti-oxidant
in farmed tilapia. A study by Valacchi et al. (2014)
showed that the combined mulberry leaves and fruit
extract had beneficial effects on the modulation
of high-fat diet-induced oxidative stress. Therefore,
continued investigations into the combined use
of the mulberry and a phytogenic feed are required.

Moringa (Moringa oleifera Lam.) is a popular
tree across the world and has been used in poul-
try production (Mahfuz and Piao 2019). Studies
have shown that a suitable supplementation level
of moringa leaves was 5% in Hy-Line Grey hens
(Lu et al. 2016) and 1.56% in Arbor Acres broilers
(Cui et al. 2018). The moringa has an important
role on the production traits, such as increasing
the litter size (Zeng et al. 2019), modifying the pork
fatty acid profile (Zhang et al. 2019b) and improv-
ing the follicle development (Amelia et al. 2018).
In China, moringa is widely grown and its planting
area exceeds 2 667 hectares. Although a number
of moringa has been used for food product, it has
rarely been used for feed. Therefore, it is necessary
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to apply moringa in animal feeds. However, there is
no relevant research on the combination between
mulberry leaves and moringa leaves in poultry, es-
pecially in terms of the reproductive performance.

The hen reproductive performance is an im-
portant factor in the profitability of chicken pro-
duction. The reproductive performance of hens
depends on many factors, such as the breed, age,
nutrition, and management. The use of phytogenic
substances is increasing in the poultry industry
because these materials are confirmed to be safe
and effective in improving the laying performance.
Based on the considerations mentioned above, this
study was conducted to elucidate the combination
effect of moringa leaves and mulberry leaves on
the reproductive performance in laying hens.

MATERIAL AND METHODS

Moringa and mulberry leaf powder
preparation

Fresh moringa leaves were bought from Yunnan
Daoshan Co. Ltd (Yunnan, China). Fresh mulberry
leaves were collected from the Chinese Academy
of Agricultural Sciences. The fresh leaves were air-
dried with no direct sun exposure and kept at room
temperature. After drying, the leaves were ground
into a fine powder. The analysed nutrient structure
of the moringa and mulberry leaves were measured
according to the Association of Official Analytical
Chemists (AOAC) methods (AOAC 2004) for the
crude protein (method 988.05), crude fibre (method
978.10), ether extract (method 920.19), crude ash
(method 942.05), calcium (method 927.02), phos-
phorus (method 995.11), lysine (method 975.44),
and methionine (method 994.12). The metabo-
lisable energy was calculated according to the
United States Department of Agriculture (USDA)
database (https://ndb.nal.usda.gov/ndb/), based
on the Atwater factor system. The total phenolics
and total flavonoids were determined according
to Meda et al. (2005). The nutrient level of the mor-
inga leaves and mulberry leaves are listed in Table 1.

Hens and experimental design

The hens were provided by the Jiangsu Institute
of Poultry Science. A total of 210 F1 hens aged
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Table 1. Chemical composition of the moringa and mul-
berry leaves on a dry matter basis

Item (%) Moringa leaves  Mulberry leaves
Metabolic energy (M]/kg) 8,51 7.15
Crude protein 27.60 13.79
Crude fiber 19.26 24.89

Ether extract 5.76 1.98
Crude ash 6.19 5.75
Calcium 2.20 4.0
Phosphorus 0.40 045
Lysine 1.83 0.65
Methionine 0.25 0.13
Phenolic 44.37 GAE mg/g 30.57 GAE mg/g
Total flavonoids 2378 QEmg/g  55.42 QE mg/g

GAE = gallic acid equivalents; QE = quercetin equivalents

37 weeks produced from the Wenchang Chicken
and the Rugao Yellow Chicken, both of which are
Chinese local strain chickens, were randomly dis-
tributed into three groups, subdivided into five
replicate groups containing 14 hens each. One
bird was raised per cage during the whole period
of the experiment. The hens were given food and
water ad libitum, while maintaining a lighting cycle
of 16 h light: 8 h dark. The clutch and laying rate
were matched in each group, with no significant
differences before the beginning of the experiment.
The different ratio of the moringa leaf powder
(MOLP) and mulberry leaf powder (MLP) treat-
ment lasted for seven weeks, including a 1-week
pre-experimental period. The three groups were
fed with the basal diet (control group), the basal
diet + 2.5% MOLP + 2.5% MLP (MOLP2.5+MLP2.5)
and the basal diet + 5% MOLP + 2.5% MLP
(MOLP5+MLP2.5). The basal diets were made ac-
cording to the Management Guide of the National
Research Council (NRC 1994). The composition
and the nutrient levels of the diets are calculat-
ed and listed in Table 2. All the research proce-
dures were approved by the Institutional Animal
Care and Use Committee of Jiangsu University
of Science and Technology (SYXK[Su]2016-2020).

Clutch assessments

The hen mortality was recorded daily during
the experiment. A clutch was considered as the num-
ber of eggs laid on consecutive days without missing.
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Starting with the first egg laid by a hen at the be-
ginning of the experiment, the number of clutches,
average number of eggs in a clutch defined as the av-
erage clutch length, the maximum number of eggs
in a clutch defined as the maximal clutch length,
and the clutch intensity obtained from clutch length
divided by clutches were measured.

Reproductive organs and tissues collection

At the end of the experiment, two hens/replicate
were randomly collected. Blood samples were col-
lected from the wing vein for the separation of the
serum (centrifugation at 3 000 rpm for 10 min).
Then, the serum was stored at —20 °C until analy-
sis. A total of 30 hens were slaughtered to obtain
the ovary and oviduct. The hierarchical follicles
(diameter > 10 mm) and small yellow follicles (di-
ameter between 4 mm and 10 mm) were separated
and counted. Then, the weight of the hierarchical
follicles, ovarian stroma excluding all the hierarchi-
cal follicles and small yellow follicles, and oviduct
were measured. The length of the oviduct was also
measured. The ovarian stroma samples excluding
all the follicles with a diameter > 2 mm were taken
and immediately frozen with liquid nitrogen, and
stored at —80 °C until use.

Steroid detection

The levels of oestrogen and progesterone were
estimated using commercial enzyme-linked immu-
nosorbent assay (ELISA) test kits (Jiancheng Co.,
Ltd, Nanjing, China) following the manufacturer’s
instructions.

Gene expressions

The total RNA of the ovarian stroma was ex-
tracted using a Trizol kit (Takara Co., Ltd, Dalian,
China) according to the manufacturer’s protocol.
The RNA purity and integrity were confirmed
by Nano-Drop spectrophotometry (Thermo
Scientific, Wilmington, DE, USA) and gel electro-
phoresis. Samples with the ratio of OD 260/280 that
ranged from 1.8 to 2.1 were used in the subsequent
experiment. Then, we synthesised the cDNA and
performed a quantitative real-time polymerase
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Table 2. Composition of the experimental diets supplemented with different MOLP and MLP ratios fed to chicken

Groups (%)

Basal diets

control 2.5% MOLP + 2.5% MLP 5% MOLP + 2.5% MLP
Ingredient (%)
Corn 64.420 63.092 62.605
Soybean meal 23.520 21.440 19.975
Shell powder 6.700 6.700 6.700
NaCl 0.300 0.300 0.300
Calcium hydrogen phosphate 0.878 0.810 0.780
Limestone 2.107 1.75 1.635
Zeolite powder 1.632 0.459 0.053
50% choline chloride 0.170 0.170 0.170
DL-Methionine 0.116 0.122 0.125
Lysine 0.100 0.100 0.100
Vitamin/trace mineral premix* 0.050 0.050 0.050
Phytase 0.007 0.007 0.007
Nutrient levels!
Metabolizable energy (M]/kg) 11.087 4 11.087 0 11.087 2
Crude protein (%) 16.000 16.000 16.000
Crude fibre (%) 2418 3.378 3.765
Lysine (%) 0.785 0.785 0.793
Methionine (%) 0.370 0.370 0.370
Calcium (% DM) 3.35 3.35 3.35
Phosphorus (% DM) 0.32 0.32 0.32

MLP = mulberry leaf powder; MOLP = moringa leaf powder

*Premix provided per kilogram of diet: vitamin A (retinyl palmitate), 7 715 IU; vitamin D3 (cholecalciferol), 2 755 inter-

national chick units; vitamin E (DL-tocopheryl acetate), 8.8 IU; vitamin K (menadione sodium bisulfate complex), 2.2 mg;

vitamin Bj, (cobalamin), 0.01 mg; menadione (menadione sodium bisulfate complex), 0.18 mg; riboflavin, 4.41 mg; panto-

thenic acid (p-calcium pantothenate), 5.51 mg; niacin, 19.8 mg; folic acid, 0.28 mg; pyridoxine (pyridoxine hydrochloride),

0.55 mg; manganese (manganese sulfate), 50 mg; iron (ferrous sulfate), 25 mg; copper (copper sulfate), 2.5 mg; zinc (zinc

sulfate), 50 mg; iodine (calcium iodate), 1.0 mg; selenium (sodium selenite), 0.15 mg

ICalculated value

chain reaction (RT-qPCR) analysis using a Reverse
Transcription Kit and SYBR Premix Ex Taq (Takara
Co., Ltd, Dalian, China). The expression levels
of the genes of oestrogen receptor 1 (ESRI), oes-
trogen receptor 2 (ESR2), cytochrome P450 family
19 subfamily A member 1 (CYP19A1), and ster-
oidogenic acute regulatory protein (STAR) were
detected. The gene ACTB was used as a reference
gene for normalisation purposes. The primer se-
quences of ACTB were designed in our laboratory.
The other primers were designed to amplify an in-
tron-spanning region using Primer 3.0. The primer
sequences are listed in Table 3. The amplification
conditions were as follows: 95 °C for 5 min, 95 °C
for 30's, 60 °C for 30 s, 72 °C for 1 min, for 40 cycles
in total; extension at 72 °C for 5 minutes. Samples
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were run in triplicates and the 2724¢T values for the

relative mRNA expression were calculated.

Statistical analysis

The data were analysed by an analysis of variance
(ANOVA) taking the different MOLP and MLP ra-
tios as the independent variables and the clutch,
organ index, follicle trait, hormone level and
gene expression level as the dependent variables.
The level of significance was indicated by a prob-
ability of equal to or less than 0.05. The data were
further subjected to multi-variable regression
to analyse the different effects of the MOLP and
MLP ratios on all the measured variables.
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Table 3. Primer sequences used in the current study
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Gene Primer sequence (5'-3") Product size (bp) GeneBank accession No.
AcTs R CTGTGATCTCCTTCTGCATCC 169 NM_205518.1
ESk2 R TCTTTTACACGGGTTGCAGE 214 NM_2047943
CYPI9A1 II; gg’% % g g%gég};};i?gé};%ii 189 NM_001364699.2
STAR F: GGTGGACAACATGGAGCAGA 159 NM._204686.3

R: GAGCACCGAACACTCACAAA

ACTB = actin B; CYPI9A1 = cytochrome P450 family 19 subfamily A member 1; ESRI = oestrogen receptor 1; ESR2 =
oestrogen receptor 2; STAR = steroidogenic acute regulatory protein

RESULTS
Clutch performance of laying hens

The effects of the dietary supplementation
of MOLP and MLP in different ratios on the clutch
traits are summarised in Table 4. The number
of clutches significantly increased (P = 0.04),
whereas the clutch length and maximum clutch
length showed a significantly decreasing trend
(P < 0.05) in the treatment groups compared
to that in the control group. In turn, increasing
the concentration of MOLP to 5% of the diet re-
sulted in a significantly lower clutch intensity in re-
lation to the MOLP 2.5% group (P = 0.04).

Reproductive organs and tissues

The data regarding the MOLP and MLP impact
on the reproductive organs and tissues are shown

in Table 5. No differences were observed in any
of the traits (P > 0.05).

Oestrogen and progesterone level

As shown in Table 6, the oestrogen levels in the
serum showed an increase in the MOLP2.5+MLP2.5
group, but it was not significant (P > 0.05). The pro-
gesterone level decreased with the increasing
MOLP supplementation level, but was not signifi-
cant (P > 0.05)

Gene expressions

The mRNA expression levels of the reproduc-
tive genes are presented in Figure 1. The expres-
sion levels of ESRI and CYP19A1 were significantly
upregulated in the MOLP2.5+ MLP2.5 group com-
pared with those in the control group (P < 0.05).

Table 4. Effects of the dietary treatments on the clutch traits in the laying chickens

Variables Groups SEM P-value
control 2.5% MOLP + 2.5% MLP 5% MOLP + 2.5% MLP

Laying rate (%) 78.91° 76.94° 73.64° 0.618 0.002
Number of clutches 7.51° 8.48° 8.53° 0.18 0.04
Average clutch length (days) 4.77* 3.95° 3.70° 0.12 0.001
Maximal clutch length (days) 9.77° 8.26° 7.19¢ 0.27 0.000
Delay days (days) 1.28 1.12 1.14 0.05 0.41
Maximal delay days (days) 1.39° 1.59° 3.18* 0.23 0.002
Clutch intensity 0.75% 0.74* 0.72° 0.01 0.06

MLP = mulberry leaf powder; MOLP = moringa leaf powder; SEM = standard error of means

2~*Values with different characters in superscripts were different (P < 0.05) in the same row
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Table 5. Effects of the dietary treatments on the reproductive organs and tissues in the laying chickens

Variables Groups SEM P-value
control 2.5% MOLP + 2.5% MLP 5% MOLP + 2.5% MLP
Ovary weight (g) 4.25 4.05 4.53 1.099 0.66
Hierarchal follicle number 3.50 3.40 3.80 1.006 0.67
Hierarchal follicle weight (g) 21.34 21.58 2391 0.183 0.64
Small yellow follicle number 9.40 9.13 8.60 0.744 091
Oviduct length (cm) 43.80 45.20 41.56 0.999 0.35
Oviduct weight (g) 38.64 40.37 42.07 1.170 0.51

MLP = mulberry leaf powder; MOLP = moringa leaf powder; SEM = standard error of means

Table 6. Effects of the different MOLP and MLP ratios on the oestrogen and progesterone levels in the serum of the

layer chickens

Groups
Variables (ng/1) P SEM P-value
control 2.5% MOLP + 2.5% MLP 2.5% MOLP + 5% MLP
Estrogen 169.83 177.97 148.10 5.83 0.47
Progesterone 6.44 542 4.84 0.77 0.57

MLP = mulberry leaf powder; MOLP = moringa leaf powder; SEM = standard error of means

ESR2 and STAR in the treatment groups showed no
significant difference when compared with the con-
trol group (P > 0.05).

DISCUSSION

Generally, a better performance, including the
laying rate, feed conversion, and egg quality, could
be obtained for a suitable amount of mulberry or
moringa added into the poultry feed. A previous
study showed that an MLP supplementation level
under 2% had no significant effect on the laying
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rate (Lin et al. 2017). Our team showed that the
optimal supplementation level of the mulberry
leaf powder (MLP) should be less than 4% in the
basal diet in Blue eggshell chickens (Wu et al.
2014). Considering the chickens used in the cur-
rent experiment were Chinese local chickens, we
designed the supplemented level of MLP as 2.5%.
In terms of the moringa, it has been suggested that
a level of moringa extract at 1% added in brown
laying hens and Sasso breeder hens was safe for lay-
ing performance (Chen et al. 2020; N'nanle et al.
2020). The supplementation level of moringa stem
meal at 4% significantly increased the laying rate,

STAR

Figure 1. Relative expression of the reproduc-
tive genes in the ovaries of the laying chick-
ens upon the MOLP and MLP treatment

CYPI9A1I = cytochrome P450 family 19 sub-
family A member 1; ESRI = oestrogen recep-
tor 1; ESR2 = oestrogen receptor 2; MLP =
mulberry leaf powder; MOLP = moringa leaf
powder; STAR = steroidogenic acute regula-

5% MOLP + 2.5% MLP

tory protein

2.5% MOLP + 2.5% MLP

*bBars with different letters are significantly
different at P < 0.05
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egg weight, and daily feed intake in laying ducks
(Yang et al. 2020). However, a higher additional
level of MOLP had a side effect on the perfor-
mance, especially the laying rate (Lu et al. 2016).
Therefore, the final highest total supplementation
level of MOLP and MLP was decided to be 7.5%
in the basal diet, at a fixed 2.5% MLP.

Until now, no studies have reported the effects
on the clutch traits with an MLP or MOLP sup-
plementation, let alone with their combination.
From the current study, we can draw the conclusion
that the MOLP and MLP supplementation showed
a negative effect on the clutch traits. The reason
may be due to the heterogeneous composition
of the used supplements as well as the type of raw
materials, including the crude protein, crude fibre
content, and concentrations of additives used in the
diets. The available literature showed that mulber-
ry leaves are rich in protein (14-34.2%), crude fi-
bre (26.5-36.7%), as well as phytochemical classes,
such as flavonoids, benzofurans, phenolic acids,
etc. (Chen et al. 2021). Moringa leaves have a simi-
lar nutrition level with the protein within a range
0f 10.74% to 30.29% containing more than 200 com-
pounds (Selim et al. 2021). The crude fibre of the
moringa and mulberry was 19.26% and 24.89%
in the current study, respectively. The contents
were equivalent to 3.378% or 3.765% of crude fibre
in the treatment groups. The dietary fibre was con-
sidered a diluent of the poultry diet and the opti-
mum supplementation should not exceed 3.88%
in hens (Selim and Hussein 2020). Mechanistically,
the laying rate and clutch performance decline
could occur via modulating the signal transduction
mechanism necessary to regulate the metabolism
of the absorbed nutrients. However, the contribu-
tion of the crude fibre on the laying performance
needs further study. The total levels of the total
MOLP and MLP supplementation were 5% and 7.5%
in our treatment groups, respectively, which were
higher than that of the recommended individual
MOLP or MLP addition. Thus, it appears that the
addition of MOLP or MLP alone or combined to-
gether requires a total additional level under 5%.

Moringa and mulberry contain abundant bioac-
tive compounds which hold potent biological ac-
tivities proven to exhibit excellent pharmacological
effects against various diseases (Chen et al. 2021).
However, no results about the follicle development
upon the MOLP or MLP supplementation have
been reported. The present study showed that the
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MOLP and MLP supplementation together in the
laying hens diet had no effect on the reproductive
organs and tissues. The level of the oestrogen con-
centration in the serum was slightly increased in the
MOLP2.5+MLP2.5 group, but there was no signifi-
cance compared with the control group. Only ESRI
and CYPI9A1 were identified to exhibit marked
alterations in the expression levels, no significant
difference was found in terms of the hormone and
reproductive organs or tissues. STAR is required
for progesterone production, with transport of cho-
lesterol into the inner mitochondrial membrane
by STAR as the rate-limiting step of progesterone
production, plays an important role in the follicular
development (Sechman et al. 2020). CYPI9A1 en-
codes, for the cytochrome P450 aromatase, an en-
zyme that is responsible for the last step synthesis
of the oestrogen. A previous study showed that the
higher expression levels of CYP19A1 were related
to the laying performance of ducks (Ren et al. 2019).
The phenotype is influenced by long-term gene
signalling and hormone secretion, where hormonal
secretion fluctuations are in constant flux. The ex-
perimental period in the present research might
be too short to induce significant changes in the
reproduction physiology.

The bioactive compounds include flavonoids and
polyphenol, which have important roles in the re-
productive performance. There is evidence that
flavonoids, also known as phytoestrogens, may
modulate the steroid hormone levels through
either an estrogenic or antiestrogenic effect
as a binding to oestrogen receptors (Moreira et al.
2014). In laying hens, phytoestrogen could affect
target tissues by modifying the expression of ster-
oid hormone receptors and then increasing the
serum oestrogen (Yang et al. 2018). Regarding the
effect of MOLP or MLP on the hormone and gene
expression, it was found that the rate of maturation
of sheep oocytes was improved with the combined
supplementation of a moringa extract and hor-
mones including PMSG, hCG and 17p-oestradiol
(Barakat et al. 2015). In mice, a diet with 4% mor-
inga leaves improved the litter size, but the gene
expression level of ESR2 was unaffected (Zeng
et al. 2019). Astragalin, a flavonoid from the mul-
berry, increased the endogenous oestrogen and
progesterone at a menopausal age rate model (Wei
et al. 2016). It is speculated that the flavonoids
from MOLP and MLP may serve as an agonist
to combine with oestrogen-binding sites.
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CONCLUSION

Our data revealed that a supplementation level
of 2.5% MOLP and 2.5% MLP had no side effect
on the laying rate and clutch intensity, but decreased
the clutch length. Though the reproductive organs,
tissues, and hormone levels showed no significant
changes upon the MOLP and MLP supplementa-
tion, the steroid biosynthesis-related genes of the
ESRI and CYP19A1 mRNA expression levels were
increased. The contradictory relationship between
the gene expression and the phenotypic appearances
needs further study to assess the long-term effects.
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