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Simple Summary: Infectious diseases represent serious problems for the reproductive performance
of livestock animals because they negatively affect not only the welfare of the animals, but also the
profitability of the farm. Moreover, the European Community continues to promote the reduction
of the use of antibiotics and hormones in animal breeding. In this context, it is necessary to find
new nutritional approaches to reduce the negative energy balance, and at the same time, to reinforce
the immune system of the animals. In this research, the effect of goji berry supplementation on the
reproductive activity and productive performance of rabbits is evaluated. Lycium barbarum fruit is
considered a nutraceutical natural product containing various biologically active substances that
show health benefits for both humans and animals. In particular, the berry can modulate hormones
and metabolites involved in energy balance and reproduction, stimulate and balance the immune
system activity, contributing to the defense of the organism against pathogens. Our results suggest
that the integration with goji berry in the rabbit diet at 1% affects the reproductive activity, influencing
the pattern secretion of luteinizing hormone (LH) and estrogens, as well as the sexual receptivity.
Moreover, the fruit induced a higher milk production, improving the productive performance of
young rabbits.

Abstract: Goji berry shows a wide range of beneficial properties in human health, but only a few
studies evaluated its effects in livestock animals. The objective of this research was to assess the effects
of goji berry supplementation on the hormonal profile, productive, and reproductive performance of
does. Two months before artificial insemination, 105 nulliparous does were randomly divided into
three groups (n = 35) based on the dietary treatment: commercial diet (C), or a diet supplemented
with either 1% (G1), or 3% (G3) of goji berry, respectively. The results showed that receptivity was
higher in G1 than in the C group (p < 0.05). Trends toward significance for differences between the
G1 and G3 groups in marginal means of LH concentrations (p = 0.059), and between G1 and C in LH
AUC values (p = 0.078), were evidenced. Estrogen concentrations showed a more fluctuating trend
but a significant interaction effect (p < 0.001). The G1 group showed higher litter weight than C at
birth (p = 0.008) and weaning (p < 0.001), as well as higher litter size at weaning (p = 0.020). The G1
group also exhibited the highest mean milk production (p < 0.01). In conclusion, goji berry influenced
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reproductive and productive performance, probably via modulating hormonal patterns and milk
production in rabbits. However, further studies are needed to validate these preliminary results.

Keywords: receptivity; fertility; estrogen; LH; milk production

1. Introduction

Lycium barbarum, also known as wolfberry or Goji berry, is a functional food and
plant medicine that has been used in China and Asian countries for 2300 years to restore
well-being, improve eyesight, and nourish the kidneys and liver [1]. Recent studies have
shown that goji berries possess various benefits for human health such as anti-aging [2],
antioxidant [3], antidiabetic [4], hypolipidaemic [5], anticancer [6], cytoprotective [7], neu-
roprotective [8,9], immunomodulatory [10], gastroprotective [11], radiation protecting [12],
and visual protecting effects [13]. As a consequence of all these beneficial properties and
of the increasing public awareness of health and the quality of life, the plant and the fruit
of Lycium barbarum have become extraordinarily popular in Western countries, where its
cultivation and consumption have increased [1]. Moreover, the fruit seems to have a high
safety profile at different dosages [14], although a few studies reported mild toxicity [15]
and adverse effects such as urticarial-like reactions related to its use [16]. Goji berry con-
tains a high quantity of carbohydrates, dietary fiber, protein, macro and micronutrients,
and low levels of fat [17]. Besides the high nutritional value, it contains many biologically
active compounds such as polysaccharides, carotenoids, phenylpropanoids, phenolics, and
flavonoids [18]. Several studies showed that the wide range of effects of goji berries are
principally due to the biological properties of polysaccharides [1]. They represent the most
abundant constituents of the fresh and dried berry (46-51% and 5-8%, respectively), and
are found principally branched and in the water-soluble form [14].

The research activity concerning goji berries was mainly carried out on humans, labo-
ratory animals, and on specific cell lines in vitro [4,9,10,19], while only a few investigations
have been carried out on livestock animals [20], including rabbits [21-23]. The rabbit is
considered a livestock animal, and the productive efficiency of rabbit farms is strongly
influenced by reproductive performance, especially those of the rabbit does. Generally,
nulliparous does show higher fertility than primiparous and multiparous does [24,25].
The major causes of the reduced fertility rate of primiparous does are both the intensive
reproductive rhythms to which they are subjected, and the negative energy balance due
to the overlap between pregnancy and lactation [26,27]. Moreover, the profitability of the
breeders could be reduced by the high culling and mortality rate of the animals, and the
costs related to the purchase of medicines and veterinary services as a consequence of the
sanitary status of the farm. Poor hygiene and incorrect artificial insemination practices are
often linked to the onset of clinical or subclinical endometritis and metritis, which reduce
the reproductive performance of the does [28,29]. Local and systemic diseases and/or
inflammatory status induce the release of chemokines by the activation of TLR4 receptors
that mobilize and activate immune cells [30]. At the systemic level, an alteration of the
hormonal secretion of the gonadal axis could be induced; whereas at a local level, the
inflammatory mediators and other signaling molecules can influence cellular, vascular, and
endocrine functions impairing the reproductive activity of the animals [31,32].

Infectious diseases are generally fought with antibiotics, yet in the last decade, the
abuse of these drugs led to the onset of antibiotic resistance with a dangerous and direct
impact on human and animal health [33,34]. For this reason, the European Community
guidelines tend to reduce the use of antibiotics and hormones in animal husbandry, includ-
ing rabbit farming [35]. In this context, there has been a growing interest in the study and
research of nutraceutical products that show health-promoting effects and with a potential
in the prevention and treatment of several human and animal diseases, including those of
the reproductive system [36,37]. Although there are numerous studies on the biological
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activity of goji berries, their effects on the reproductive functions, gonadic axis activity,
and fertility, are poorly known [38,39]. In particular, the research is strongly limited for the
female of both humans and animals, including rabbit does [40,41]. The rabbit is, however,
an excellent animal model for research, in particular with regards to the physiology of
reproduction and several reproductive parameters [42—44].

Goji berry could be a natural strategy to improve the reproductive performance of
rabbit farms. It is speculated that the fruit could reduce the incidence of reproductive
infections/inflammation of the genital tract, acting principally on the immune system and
the oxidative status of the organs as well as influencing the hormonal secretion of the
ovarian axis. Therefore, the main objective of the present study is to evaluate the effect
of goji berry dietary supplementation on the reproductive performance, fertility, LH, and
estrogen secretion, as well as the milk production, of rabbit does.

2. Materials and Methods
2.1. Animals and Experimental Design

The experiment was conducted at the farm of the Agricultural University of Tirana,
Faculty of Veterinary Medicine, Albania. The animals were maintained in accordance with
Legislative Decree No. 146, implementing Directive 98/58/EC regarding the protection
of animals that were kept for farming purposes. The experimental protocol was run with
the permission of the Ministry of Agriculture and Rural Development, National Authority
of Veterinary and Plants protection (prot. 824/2020), of Albania. All efforts were made
to minimize animal distress and to use only the number of animals necessary to produce
reliable results. Moreover, the responsible veterinarian for the farm checked the rabbits for
health and welfare states daily.

Nulliparous New Zealand White rabbits (n = 105) of 4 months of age, weighing
3.5-3.8 kg, were individually housed in controlled environmental conditions where the
temperature ranged from +18 to +21 °C, the relative humidity from 55% to 65%, the
artificial ventilation was 0.3 m3/s, and the lighting was scheduled 16 L:8 D at 40 lux.
Rabbits were provided 150 g/d of commercial food and water ad libitum. The composition
of the diet supplied to the does is described in Table 1 and is in agreement with previous
studies [21-23]. Goji berries in dried form were provided by a farm of central Italy (Impresa
Agricola Gianluca Bazzica, Foligno, Italy). They were ground into smaller pieces, mixed
with the rest of the diet ingredients, and, finally, pelleted [23]. All rabbits completely
consumed their daily rations.

Table 1. Formulation and chemical composition (as fed) of control (C) and experimental diets
supplemented with 1% (G1) and 3% (G3) Goji berries.

. . Diet

Ingredients/Analytical Data C G1 G3
Ingredients !

Wheat bran 30.0 29.5 29.0
Dehydrated alfalfa meal 42.0 415 41.0
Barley 9.5 9.5 9.0
Sunflower meal 4.5 45 4.2
Rice bran 4.0 4.0 3.9
Soybean meal 4.0 4.0 3.9
Calcium carbonate 2.2 2.2 2.2
Cane molasses 2.0 2.0 2.0
Dicalcium phosphate 0.7 0.7 0.7
Vitamin-mineral premix 2 0.4 0.4 0.4
Soybean oil 0.4 0.4 0.4
Salt 0.3 0.3 0.3

Goji berries - 1.0 3.0




Animals 2021, 11, 1672

40f15

Table 1. Cont.

. . Diet
Ingredients/Analytical Data C G1 G3
Analytical data !

Crude Protein 15.74 15.64 15.66
Ether extract 2.25 2.23 247
Ash 9.28 9.36 9.25
Starch 16.86 17.07 16.99
NDF 38.05 38.55 37.49
ADF 19.54 19.60 19.01
ADL 4.01 4.31 3.98
Digestible Energy 3 2464 2463 2459

Tas percentage (%). 2 Per kg diet: vitamin A 11,000 IU; vitamin D3 2000 IU; vitamin B1 2.5 mg; vitamin B2 4 mg;
vitamin B6 1.25 mg; vitamin B12 0.01 mg; alpha-tocopherol acetate 50 mg; biotine 0.06 mg; vitamin K 2.5 mg;
niacin 15 mg; folic acid 0.30 mg; D-pantothenic acid 10 mg; choline 600 mg; Mn 60 mg; Fe 50 mg; Zn 15 mg;
10.5 mg; Co 0.5 mg. 3 as Kcal/kg. Estimated by Maertens et al. [45].

The does were randomly divided into three different groups (1 = 35/group), according
to the dietary treatment: commercial diet (Control, C), and diet supplemented with 1% or
3% of goji berry, G1 and G3 groups, respectively. After a period of adaptation to the new
feed for two months, the does were submitted to artificial insemination (Al) at 6 months of
age, performed with a heterospermic pool of fresh semen (0.5 mL) diluted 1:5 in a commer-
cial extender. At the moment of the insemination, receptivity was established by controlling
for the color of the vulva, and ovulation was induced by an intramuscular injection of
10 pg of synthetic gonadotropin-releasing hormone (GnRH; Receptal, Hoechst-Roussel
Vet, Milan, Italy) [31]. Day 0 was designed as the day of the insemination. Pregnancy was
diagnosed by abdominal palpation 12 days after Al, and then, 25 pregnant rabbit does
per group were followed until the weaning of the young rabbits (day 35). Lactation was
controlled by opening the door of the nest one time a day until 18 days after parturition.

On the day of the Al, blood samples were collected every 60 minutes, starting 120 min-
utes before and up to 240 minutes after the Al and GnRH injection to evaluate LH and 17-3
estradiol concentrations. The samples were withdrawn from the marginal ear vein by a
butterfly needle of 24G connected to a syringe of 2.5 mL. Blood samples were inserted into
tubes containing EDTA, and immediately centrifuged at 3000 x g for 15 min; furthermore,
plasma was stored frozen until it was assayed for hormone levels.

The following reproductive and productive indices were calculated: receptivity
(color of the vulva [46] categorized as white, pink, or red), fertility (number of partu-
ritions/number of inseminations x 100), milk production, litter weight (from delivery until
day 18 of the whole litter, and from day 18 to weaning of the single animal), litter size,
and pre-weaning mortality (calculated as the percentage of weaned kits/litter) [47]. From
parturition to day 35, the mortality, the litter weight, and the litter size were recorded daily.
Milk production was evaluated daily by weighing the does before and after suckling, from
parturition until day 18 of lactation [48].

2.2. Hormone and Metabolite Assays

Plasma LH concentrations were evaluated using a commercial rabbit LH ELISA kit
(Wuhan Fine Biotech Co., Ltd., Wuhan, Hubei, China). The determination procedure is
based on a sandwich enzyme-linked immune-sorbent assay technology. The kit shows
high sensitivity, with a limit of detection of 0.281 ng/mL and excellent specificity for the
detection of LH. The intra- and inter-assay coefficients of variation were <8 and <10%,
respectively. Values below and above the limits of detection of the test were considered to
be 0 and 30 ng / mL, respectively.

Plasma 17-oestradiol concentrations in plasma samples were assayed using a com-
mercial RIA kit (Immunotech sro, Prague, Czech Republic) following the procedure in-
dicated by the producer [49]. The limit of detection was 13,11 pg/ml and the intra- and
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inter-assay coefficients of variation were <14.4 and <14.5%, respectively. Values below the
limit of detection of the test were considered to be 0 pg/mL.

2.3. Statistical Analysis

Kolmogorov-Smirnov and Levene tests were used to verify assumptions. Hormone
concentrations and milk yield were analyzed by mixed-design ANOVA followed by multi-
ple comparison tests corrected using the Bonferroni-Sidak method. Mixed design ANOVA
evaluated the effect of dietary treatment (i.e., group effect; 3 levels: C, G1, and G3 groups),
change over time (i.e., repeated-measures effect; 7 levels for hormone concentrations and
18 levels for milk yield), and their interaction. The LH AUC (area under the curve) was
calculated for each animal by the trapezoid method using LH values at each sampling
time point from 0 to 240 from the GnRH injection [48,50]. LH AUC, litter size, and weights
were compared between groups by one-way ANOVA. Finally, receptivity and fertility
were analyzed by Chi-square tests to evaluate if there was an association between these
parameters and dietary treatment. The proportions of each group were then compared by
pairwise z-tests. Statistical analyses were performed with SPSS Statistics version 25 (IBM,
SPSS Inc., Chicago, IL, USA) and GraphPad Prism version 5.01 software (Inc., San Diego,
CA, USA). We defined p < 0.05 as significant and p < 0.1 as a trend.

3. Results
3.1. Hormone Concentrations

Regardless of the group, plasma LH levels reached a peak at 60-120 minutes after
GnRH injection (20.3 &+ 1.1 ng/ml and 15.8 £ 2.2 ng/ml at 60 and 120 min, respectively;
p for time effect <0.0001) and returned to baseline levels after 240 minutes (Figure 1). Re-
garding the group effect, trends toward significance were found for both LH concentrations
(p=0.056) and LH AUC (p = 0.067). In particular, multiple comparisons showed that
marginal means of LH concentrations tended to be higher in G1 than in G3 (7.9 £ 3.2 and
6.5 £ 3.1 ng/ml for G1 and G3, respectively; p = 0.059), while LH AUC tended to be higher
in G1 than in C (2510 = 175 ng/ml x h and 3031 & 149 ng/ml x h for C and G1, respectively;
p =0.078).

25 oC
= G1
-
E 15;
(o2}
£
T 10;
-l
5.
0

R ? e S

Time (min)

Figure 1. Plasma luteinizing hormone (LH) concentrations from minutes —120 to 240 after GnRH
injection in the control group (C) and does supplemented with 1% (G1) or 3% (G3) of Goji. Values are
means and standard errors.
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Estrogen concentrations showed a more fluctuating trend, even if the highest mean
values, regardless of group, were found at 180 minutes after GnRH injection (p for time
effect <0.0001; Figure 2). Estrogen concentrations also showed a significant interaction
effect (p < 0.001) and a trend toward significance for a group effect (p = 0.065). In particular,
marginal means of the G1 group tended to be higher than in C (6.2 + 1.9 pg/mL and
8.5 £ 3.0 pg/mL for C and G1, respectively; p = 0.088), and multiple comparisons showed
significant differences between groups at time 0 (p = 0.034). Moreover, rabbits of the G3
group showed a delayed estrogen peak compared to the other two groups.

40; .C

= G1
* G3 T

W
<

E2 (pg/mL)
X)
?

N
b

Q N\ Q \} Q Q W\
GnRH

Time (min)

Figure 2. Plasma estrogen (E2) concentrations from minutes —120 to 240 after GnRH injection in the
control group (C) and does supplemented with 1% (G1) or 3% (G3) of Goji. Values are means and
standard errors.

3.2. Reproductive and Productive Performance

As an indicator of a rabbit doe’s receptivity, the color of the vulva was affected by
nutritional treatment (p = 0.044). In particular, the percentage of does showing a white color
of the vulva was lower in G1 than in the C group, while the percentage of does showing a
red color was higher in G1 than in the G3 group (p < 0.05; Figure 3). Fertility, however, did
not differ between groups (77%, 82%, and 74% for C, G1, and G3, respectively; p = 0.678).

Milk yield increased from the 1st (32 & 4 g/d) to the 18th day post-partum (164 + 4 g/d;
p < 0.001) in all groups (Figure 4), although, G1 showed the highest marginal means
(112£9g/d, 122 £ 9 g/d, and 111 £ 8 g/d for the C, G1, and G3 groups, respectively;
p < 0.05).



Animals 2021, 11, 1672

7 of 15

Color of

100

80

60

Percent

40

C Gl

vulva
[CJWhite
Bprink

BRed

G3
Group

Figure 3. Relative frequency distribution of the color of the vulva used as an indicator of sexual
receptivity in does of the control group (C) and does supplemented with 1% (G1) or 3% (G3) of Goji.

Milk yield (g/d)
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Figure 4. Milk production from day 1 to 18 post-partum of the control group (C) and does supplemented with 1% (G1) or
3% (G3) of Goji. Values are means and standard errors.

Pre-weaning mortality (p = 0.176) and litter size at birth (p = 0.249) did not differ
between groups; however, rabbits of the G1 group showed higher litter size at weaning
(p = 0.020), as well as higher litter weight at birth (p = 0.008) and at weaning (p < 0.001)
compared to the C group. The G3 group showed intermediate values in litter weight at
birth and litter size at weaning (p < 0.05), while their litter weight at weaning was higher
than the C group (p < 0.01; Table 2).
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Table 2. Productive performance of the control group (C) and does supplemented with 1% (G1) or
3% (G3) of Goji (n = 25 does/ group).

Parameter C G1 G3 RMSE p Value
Pre-weaning mortality (%) 25.1 16.7 22.8 16.1 0.176
Litter size at birth () 6.5 7.2 6.4 1.9 0.249
Litter weight at birth (g) 3394 408" 356 ab 80 0.008
Litter size at weaning (1) 482 6.0 4902 1.6 0.020
Litter weight at weaning (g) 36342 5579 b 4966 ° 1255 <0.001

RMSE: root-mean-square error. a: b: Means sharing the same superscript are not significantly different from each
other (p < 0.05).

4. Discussion

To our knowledge, this is the first study that evaluates the effect of goji berry on the
reproductive activity of rabbit does. The present work suggests that the diet integration
with goji berry could affect the hormonal pattern of LH and 17f-oestradiol, increase
receptivity, milk production, litter weight at birth, litter weight, and size at weaning.
The encouraging findings of our research indicate that the berry could be used in rabbit
nutrition, although further studies are needed to confirm the current outcomes, in order to
understand the mechanism of action as well as to evaluate the economic convenience of
its use.

It has long been assumed that rabbit does do not have a well-defined estrus cycle,
nor do they show well-specified estrus manifestation, so they are quite often erroneously
considered to be in permanent estrus. Actually, the does present a period during which they
accept mating (oestrus) as well as a period during which they reject the male (dioestrus).
Sexual receptivity could be measured by a behavioral test in the presence of a male [51], and
by evaluating the color and turgidity of the vulva [46]. In particular, the mating acceptance
behavior in the presence of a male (lordosis position) and the red color of the vulva could be
considered as estral manifestations of the doe. The relationships between sexual behavior,
vulva color, and circulating concentrations of reproductive hormones have been studied
at different reproductive stages, but a firm conclusion has not yet been reached [52,53].
Our results showed that, based on the evaluation of the color of the vulva, the sexual
receptivity is higher in supplemented does, namely in the G1 group compared to the C
group. Moreover, animals of the same group also showed higher 17(3-oestradiol plasma
concentrations compared to the other groups at the moment of Al, suggesting a link with
the receptivity. In agreement with our findings, the results of several studies highlight that
the turgidity and the red color of the vulva, and more in general, the receptive behavior of
the doe, can be related to high plasma levels of estradiol [54] as well as to the presence of
ovulatory follicles in the ovaries [52]. In fact, the presence of tertiary follicles in the ovaries
are responsible for the elevated 173-oestradiol plasma concentrations, which in turn induce
physiological changes in the reproductive organs, such as hyperemia at the vulvar level
and act on the hypothalamus which induces the behavioral estrus signals that lead to the
acceptance of the male [55]. Moreover, it is quite well-defined that the color of the vulva at
the Al greatly influences fertility [56] and ovulation frequency [40]. In our study, although
the receptivity and 173-oestradiol plasma levels showed differences between the groups,
they are not correlated with an increase in fertility. The lack of significance for the fertility
of the rabbit does, however, could also be affected by the high sensitivity of the chi-square
test comparative to the sample size. It was reported that Lyceum barbarum polysaccharides
were able to restore the production of sex steroids in the ovaries of female senile rats [41].
Moreover, Liu et al. [40] found that Lycium barbarum polysaccharide improved the ratio
between the different types of follicles, increased the litter size, weaning survival, and
hormonal secretion, and reduced the damage of the ovary during repeated superovulation
in mice. It was also reported that the administration of an extract of Lycium chinense Miller
induced ovulation in adult female rabbits [57]. Based on our findings, goji berry seems to
be able to enhance sexual receptivity and affects the estrogen secretion of rabbit does. It
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would also be interesting to evaluate the effect of the supplementation of the fruit on the
primiparous and lactating does, in which the receptivity and fertility are usually reduced
for their higher negative energy balance and the inhibitory effect of prolactin secretion on
the hypothalamus. This preliminary result can encourage the research to explore a possible
role of goji berry in the preparation of female rabbits to Al, with the aim to reduce the use
of exogenous hormones in rabbit farms. Nonetheless, further investigation is required to
confirm these results and to establish the mechanism of action of the goji fruit, given the
scarce literature on this topic.

To our knowledge, this is the first report that describes the effect of goji berry on
the pattern of LH secretion in rabbits. In the present study, goji berry seems to affect the
gonadal axis activity by modifying the LH secretion and the estrogenic activity of the ovary.
The rabbit is an induced ovulatory species, in which ovulation is induced by the neuro-
endocrine reflex. The penile intromission, mounting, and pheromones induce the release
of GnRH in a higher pulse-frequency from the medial basal hypothalamus that acts on the
GnRH receptors on the gonadotropic cells in the anterior pituitary and determines the LH
ovulatory peak within 15-75 minutes [58,59]. In our study, the exogenous administration of
GnRH bypassed the neuro-endocrine ovulatory reflex, acting directly on the gonadotropic
cells triggering LH release. In the present study, the LH ovulatory peak occurred within
60 minutes by the injection of synthetic gonadotropin in all the groups. These findings
are similar to those reported by Brecchia et al. [49], that also found similar values of LH
plasma concentrations after the induction of the ovulation. With respect to our results,
other authors showed differences in the LH plasma levels detected and/or on the time of
the peak of the gonadotropin after the injection of the GnRH analogs, probably linked to a
different method of assay or to an individual variation among the animals [60,61].

In our study, the G1 group tended to differentiate from G3 and C in LH mean con-
centrations and LH AUC, respectively. The effect of goji berry on the LH concentration
has been poorly investigated in humans and animals, in particular in the female. Several
studies evaluated the effect of goji berry on the male reproductive tract and hormone con-
centrations in other species. The administration of goji berry polysaccharides reduced the
testis spermatic injury induced by Bisphenol A and significantly increased the LH plasma
levels of male mice [62]. Another study showed that Lycium barbarum polysaccharides
exhibited a protective effect on fertility and reproductive hormone secretion impairments
by activating the gonadal axis in streptozotocin-induced type-1 diabetic male mice [63].
Goji berry polysaccharides had protective effects against damage to the testicular tissue,
annexed glands, and LH, FSH, and testosterone secretion of normal and hemicastrated
male rats induced by heat exposure (43 °C), and on the DNA damage to mouse testicular
cells induced by hydrogen peroxide [64]. Recent research showed that dietary integra-
tion with goji berry had positive effects on boar semen quality; in particular, it improved
progressive motility, total abnormality rate, sperm concentration, and total sperm per
ejaculate compared to the control group [65]. Moreover, the wolfberry group showed a
significant reduction of the head, tail, and total abnormality rates in both fresh semen and
semen stored for 72 hr in comparison to the control group [65]. Finally, it was reported
that goji polysaccharides improved sperm quality and fertility rate after cryopreservation
in male Cashmere goats [39]. These findings support the idea that goji berry may affect
the reproductive hormonal secretion, and as a consequence, the reproductive performance
of the animals, including rabbits. It remains to be established which component could
be responsible for the action on the gonadal axis of rabbit does as well as the site and
the mechanism of action. An up-regulation of the pituitary receptors and/or increased
secretion of GnRH secretory neurons, or the synthesis of LH by the gonadotropic cells of
the pituitary, might be speculated.

In the present research, we found that a low dose of goji berry integration increases
milk production and the weight of the litter at birth and weaning. These results are in
agreement and confirm the data reported by Menchetti et al. [47], though they used a
smaller sample size. Given the missing data on this topic, we can speculate that some
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components of the Lycium barbarum berry may favor the production of milk in different
ways, as reported for other nutraceutical substances in other animal species: increasing
the concentration of the components and precursors of milk at the level of the mammary
gland [66], stimulating the proliferation of the mammary epithelial cells enhancing the
uptake of some precursors of milk such as propionate and butyrate [67], enhancing the
secretion of some hormones such as prolactin [68], and acting as key regulators of the
signal transduction pathways during the synthesis of the components of milk [69]. Goji
berry is rich in free amino acids, particularly in L-arginine [70] which is able to increase
milk production in cows [67] and sows [68].

The energy balance of the does in commercial rabbit farms is generally critical. In fact,
females are quite often inseminated during lactation when a high energy output is present
because of the milk secretion. The loss of energy is not completely compensated for by feed
intake, and consequently, the does increase the mobilization of fat reserves and lose energy
which negatively affects the reproductive activity [71]. Several metabolic hormones and
metabolites are involved in maintaining energy homeostasis during both pregnancy and
lactation in rabbit does [26,27]. These hormones and metabolites acting by complex interac-
tions can influence the ovarian axis hormonal secretion, and as a consequence, they play a
role in the relationship between energy balance and reproductive efficiency [27]. Moreover,
the development of the mammary gland and milk secretion is under hormonal control in
adult rabbits [72]. Milk production is influenced mostly by the reproductive (estrogens,
progesterone, and prolactin) and metabolic (GH, corticosteroids, thyroid hormones, and in-
sulin) hormones [73]. It was shown that goji berry affects the secretion pattern of metabolic
signals such as leptin, insulin, NEFA, and glucose, improving energy homeostasis [22].
Moreover, Lycium barbarum has therapeutic effects in glucosides of Tripterygium wilfordii
Hook f (GTW)-induced dyszoospermia rats, improving the semen quality and positively
affecting the secretion of reproductive hormones, including prolactin [74]. Consequently,
it might be suggested that the higher milk yield in the group supplemented with 1% of
goji compared to control does in our study can be due to the hormonal framework of both
reproductive and metabolic hormone levels.

Our findings showed that the does fed with goji berry had a higher litter size at
weaning. Other authors found that a low percentage of goji berry induced lower pre-
weaning mortality and, at the same time, higher litter size and weight at the opening of
the nest (day 18) and at weaning (day 35) compared to animals fed without goji berry
supplement [47]. In the same study, the rabbits that received a diet integrated with goji
berry exhibited not only a higher mean body weight during the fattening period and
at slaughter, but also a better feed conversion rate compared to control animals. The
higher quantity of milk ingested by the litters belonging to the goji groups is probably
responsible for the greater productive performance. In fact, a link between the quantity
and quality of milk produced by the female and the growth performance of the litter, at
least until the weaning was reported [68]. It should be noted that rabbits supplemented
with the highest dose of goji berry (i.e., 3%) showed no relevant effects compared to the
control group; however, they showed minor changes compared to those obtained with
the lowest dose. Then, a non-linear dose-dependent effect was found confirming that
the use of high percentages of goji requires further investigation. It has been shown, for
example, that substances contained in the Lycium barbarum, such as polyphenols, may have
negative effects when they reach high levels or are administered for long periods, altering
the hormonal and/or energy balance in both male and female farm animals [47,75]. In
particular, polyphenols could have estrogen-agonistic or antagonistic effects and could
interfere with reproductive functions at different levels of the gonadal axis [75]. However,
the effects of polyphenols could be species-specific and depend on the polyphenol profile
of each plant [75].

The effects of goji berry dietary supplementation in livestock animals are limited, but
there is evidence that the fruit can enhance growth performance in piglets [76], broiler
chickens [20], and hybrid groupers [77]. It was reported that some components of the
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fruit can enhance the intestinal absorption of nutrients [78] and show antioxidant and
immunomodulatory actions [79]. There is evidence that Lycium barbarum induces changes
in the intestinal microbiota, which in turn, can favor the digestion and the absorption of
the nutrients [20,80]. Moreover, goji berry polysaccharides can stimulate the gut immune
system, increasing the defense of the animals against pathogen infection through direct and
indirect actions such as competition for common nutrients and niches and the increase of
host defense, respectively [20,75]. Polysaccharides, acting as a prebiotic, favor the growth
of beneficial bacteria, which in turn stimulate the immune system and in particular, the
innate immune response [81]. It is possible to suggest that the different compounds of
goji berry included in the milk and in the feed may stimulate the growth of the animals,
influencing the digestion and absorption of the feed by action on the intestinal microbial
population. Moreover, the microbiota affecting the development, maturation, and response
of the immune system, may contribute to reducing the infectious disease and the mortality
of the rabbit. Taken together, these mechanisms can explain the positive effects of goji berry
on the growth performance, and more in general, may contribute to the maintenance of
good health status and animal welfare.

5. Conclusions

In conclusion, the present study provided experimental support for the effects of goji
berry on the hormonal profile as well as the reproductive and productive performance of
rabbit does. In particular, 1% goji supplementation influences the hormonal pattern and
increases both receptivity and milk production of the does, as well as the growth of young
rabbits, although the effects on fertility are limited.

Therefore, the use of this natural and nutraceutical product could represent a new
strategy to reduce the use of drugs in animal farming. At the same time, it could represent
an added value, not only for animal welfare as well as their productive and reproductive
performance but also for the rabbit industry and breeding. Although these preliminary
findings are encouraging and suggest a potential use of the berries on rabbit nutrition,
further studies with a larger number of animals are required to definitely establish both
the efficacy and the mechanism of action of the goji berry to improve the reproductive
performance of rabbit does, as well as to make a cost-analysis to assess the sustainability
of its use in rabbit breeding. In addition, the dose-effect of goji berries could be very
interesting for further research.

Author Contributions: Conceptualization, E.A., G.C., and G.B.; Data curation, O.B. and E.C.; Formal
analysis, L.M., RZ,, and E.C.; Funding acquisition, D.V., M.F,, and G.B.; Investigation, S.A., O.B., R.Z,,
M.R.C,, and M.C.; Methodology, E.A., G.C., L.M.,, and G.B.; Project administration, G.B.; Resources,
E.A, D.V, ME, and G.B,; Software, L. M. and M.F;; Supervision, G.C. and G.B.; Validation, G.B.;
Visualization, L.M.; Writing—original draft, G.C., LM., A.Q., and G.B.; Writing—review and editing,
E.A,G.C,LM,D.V, A.Q., and G.B. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The experimental protocol was run with the permission of
the Ministry of Agriculture and Rural Development, National Authority of Veterinary and Plants
protection (prot. 824/2020), of Albania. Every effort has been made to reduce animal discomfort and
to use only the number of animals sufficient to produce valid results.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Goji Berries were gently provided by Impresa Agricola of Gianluca Bazzica,
Foligno (Italy). The authors acknowledge support from the University of Milan through the APC
initiative. The authors wish also to thank Giovanni Migni for his excellent technical assistance.



Animals 2021, 11, 1672 12 of 15

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. Tian, X,; Liang, T.; Liu, Y.; Ding, G.; Zhang, F.; Ma, Z. Extraction, structural characterization, and biological functions of lycium
barbarum polysaccharides: A review. Biomolecules 2019, 9, 389. [CrossRef]

2. Gao, Y; Wei, Y.; Wang, Y.; Gao, F,; Chen, Z. Lycium barbarum: A traditional Chinese herb and a promising anti-aging agent.
Aging Dis. 2017, 8, 778-791. [CrossRef]

3. Ma, ZF; Zhang, H,; Teh, S.S.; Wang, C.W.; Zhang, Y.; Hayford, F.; Wang, L.; Ma, T.; Dong, Z.; Zhang, Y.; et al. Goji Berries as a
potential natural antioxidant medicine: An insight into their molecular mechanisms of action. Oxid. Med. Cell. Longev. 2019, 2019,
1-9. [CrossRef] [PubMed]

4. Zhao, X.; Guo, S.; Lu, Y,; Hua, Y;; Zhang, F;; Yan, H.; Shang, E.; Wang, H.; Zhang, W.; Duan, J. Lycium barbarum L. leaves ameliorate
type 2 diabetes in rats by modulating metabolic profiles and gut microbiota composition. Biomed. Pharmacother. 2020, 121, 109559.
[CrossRef]

5. Masci, A.; Carradori, S.; Casadei, M.A.; Paolicelli, P.; Petralito, S.; Ragno, R.; Cesa, S. Lycium barbarum polysaccharides: Extraction,
purification, structural characterisation and evidence about hypoglycaemic and hypolipidaemic effects. A review. Food Chem.
2018, 254, 377-389. [CrossRef]

6.  Ceccarini, M.R.; Vannini, S.; Cataldi, S.; Moretti, M.; Villarini, M.; Fioretti, B.; Albi, E.; Beccari, T.; Codini, M. Effect of Lycium
barbarum berries cultivated in Umbria (Italy) on human hepatocellular carcinoma cells. J. Biotechnol. 2016, 231, S26-527. [CrossRef]

7. Yu, M.S.; Ho, Y.S,; So, K.E; Yuen, WH.; Chang, R.C.C. Cytoprotective effects of Lycium barbarum against reducing stress on
endoplasmic reticulum. Int. . Mol. Med. 2006, 17, 1157-1161. [CrossRef] [PubMed]

8. Xing, X.; Liu, E; Xiao, J.; So, K.F. Neuro-protective Mechanisms of Lycium barbarum. NeuroMolecular Med. 2016, 18, 253-263.
[CrossRef]

9.  Ceccarini, M.R.; Codini, M.; Cataldi, S.; Vannini, S.; Lazzarini, A.; Floridi, A.; Moretti, M.; Villarini, M.; Fioretti, B.; Beccari, T.; et al.
Acid sphingomyelinase as target of Lycium Chinense: Promising new action for cell health. Lipids Health Dis. 2016, 15, 183.
[CrossRef]

10. Bo,R.;Sun, Y;; Zhou, S.; Ou, N.; Gu, P; Liu, Z.; Hu, Y,; Liu, J.; Wang, D. Simple nanoliposomes encapsulating Lycium barbarum
polysaccharides as adjuvants improve humoral and cellular immunity in mice. Int. |. Nanomedicine 2017, 12, 6289-6301. [CrossRef]

11. Lian, Y.Z,; Lin, LH,; Yang, Y.C.; Chao, ].C.J. Gastroprotective effect of Lycium barbarum polysaccharides and C-phyocyanin in rats
with ethanol-induced gastric ulcer. Int. ]. Biol. Macromol. 2020, 165, 1519-1528. [CrossRef]

12.  Reeve, V.E,; Allanson, M.; Arun, S.J.; Domanski, D.; Painter, N. Mice drinking goji berry juice (Lycium barbarumy) are protected
from UV radiation-induced skin damage via antioxidant pathways. Photochem. Photobiol. Sci. 2010, 9, 601-607. [CrossRef]

13. Liu, L.; Sha, X.Y.; Wu, Y.N.; Chen, M.T.; Zhong, ]J.X. Lycium barbarum polysaccharides protects retinal ganglion cells against
oxidative stress injury. Neural Regen. Res. 2020, 15, 1526-1531. [CrossRef]

14.  Amagase, H.; Farnsworth, N.R. A review of botanical characteristics, phytochemistry, clinical relevance in efficacy and safety of
Lycium barbarum fruit (Goji). Food Res. Int. 2011, 44, 1702-1717. [CrossRef]

15. Kwok, S.S.; Bu, Y,; Lo, A.C.Y,; Chan, T.C.Y.; So, K.E; Lai, ].5.M.; Shih, K.C. A Systematic Review of Potential Therapeutic Use of
Lycium Barbarum Polysaccharides in Disease. Biomed Res. Int. 2019, 4615745. [CrossRef]

16. Carnés, J.; De Larramendi, C.H.; Ferrer, A.; Huertas, A.J.; Lopez-Matas, M.A.; Pagan, J.A.; Navarro, L.A.; Garcia-Abujeta, J.L.;
Vicario, S.; Pefia, M. Recently introduced foods as new allergenic sources: Sensitisation to Goji berries (Lycium barbarum). Food
Chem. 2013, 137, 130-135. [CrossRef] [PubMed]

17.  Endes, Z.; Uslu, N.; Ozcan, M.M_; Er, F. Physico-chemical properties, fatty acid composition and mineral contents of goji berry
(Lycium barbarum L.) fruit. ]. Agroaliment. Process. Technol. 2015, 21, 36-40.

18. Wang, C.C.; Chang, S.C.; Inbaraj, B.S.; Chen, B.H. Isolation of carotenoids, flavonoids and polysaccharides from Lycium barbarum
L. and evaluation of antioxidant activity. Food Chem. 2010, 120, 184-192. [CrossRef]

19. Filipescu, LE.; Leonardi, L.; Menchetti, L.; Guelfi, G.; Traina, G.; Casagrande-Proietti, P.; Piro, F.; Quattrone, A.; Barbato, O.;
Brecchia, G. Preventive effects of bovine colostrum supplementation in TNBS-induced colitis in mice. PLoS ONE 2018, 13, 1-17.
[CrossRef] [PubMed]

20. Long, L.N.; Kang, B].; Jiang, Q.; Chen, ].S. Effects of dietary Lycium barbarum polysaccharides on growth performance, digestive
enzyme activities, antioxidant status, and immunity of broiler chickens. Poult. Sci. 2020, 99, 744-751. [CrossRef]

21. Menchetti, L.; Brecchia, G.; Branciari, R.; Barbato, O.; Fioretti, B.; Codini, M.; Bellezza, E.; Trabalza-Marinucci, M.; Miraglia, D. The
effect of Goji berries (Lycium barbarum) dietary supplementation on rabbit meat quality. Meat. Sci. 2020, 161, 108018. [CrossRef]

22.  Menchetti, L.; Curone, G.; Andoni, E.; Barbato, O.; Troisi, A.; Fioretti, B.; Polisca, A.; Codini, M.; Canali, C.; Vigo, D.; et al. Impact
of goji berries (Lycium barbarum) supplementation on the energy homeostasis of rabbit does: Uni- and multivariate approach.
Animals 2020, 10, 2000. [CrossRef]

23. Castrica, M.; Menchetti, L.; Balzaretti, C.C.M.; Branciari, R.; Ranucci, D.; Cotozzolo, E.; Vigo, D.; Curone, G.; Brecchia, G.; Miraglia,

D. Impact of dietary supplementation with goji berries (Lycium barbarum) on microbiological quality, physico-chemical, and
sensory characteristics of rabbit meat. Foods 2020, 9, 1480. [CrossRef] [PubMed]


http://doi.org/10.3390/biom9090389
http://doi.org/10.14336/AD.2017.0725
http://doi.org/10.1155/2019/2437397
http://www.ncbi.nlm.nih.gov/pubmed/30728882
http://doi.org/10.1016/j.biopha.2019.109559
http://doi.org/10.1016/j.foodchem.2018.01.176
http://doi.org/10.1016/j.jbiotec.2016.05.114
http://doi.org/10.3892/ijmm.17.6.1157
http://www.ncbi.nlm.nih.gov/pubmed/16685430
http://doi.org/10.1007/s12017-016-8393-y
http://doi.org/10.1186/s12944-016-0351-z
http://doi.org/10.2147/IJN.S136820
http://doi.org/10.1016/j.ijbiomac.2020.10.037
http://doi.org/10.1039/b9pp00177h
http://doi.org/10.4103/1673-5374.274349
http://doi.org/10.1016/j.foodres.2011.03.027
http://doi.org/10.1155/2019/4615745
http://doi.org/10.1016/j.foodchem.2012.10.005
http://www.ncbi.nlm.nih.gov/pubmed/23200000
http://doi.org/10.1016/j.foodchem.2009.10.005
http://doi.org/10.1371/journal.pone.0202929
http://www.ncbi.nlm.nih.gov/pubmed/30138385
http://doi.org/10.1016/j.psj.2019.10.043
http://doi.org/10.1016/j.meatsci.2019.108018
http://doi.org/10.3390/ani10112000
http://doi.org/10.3390/foods9101480
http://www.ncbi.nlm.nih.gov/pubmed/33081259

Animals 2021, 11, 1672 13 of 15

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Rommers, ].M.; Boiti, C.; Brecchia, G.; Meijerhof, R.; Noordhuizen, ].P.T.M.; Decuypere, E.; Kemp, B. Metabolic adaptation and
hormonal regulation in young rabbit does during long-term caloric restriction and subsequent compensatory growth. Anim. Sci.
2004, 79, 255-264. [CrossRef]

Martinez-Paredes, E.; Rodenas, L.; Martinez-Vallespin, B.; Cervera, C.; Blas, E.; Brecchia, G.; Boiti, C.; Pascual, J.J. Effects of
feeding programme on the performance and energy balance of nulliparous rabbit does. Animal 2012, 6, 1086-1095. [CrossRef]
[PubMed]

Menchetti, L.; Brecchia, G.; Canali, C.; Cardinali, R.; Polisca, A.; Zerani, M.; Boiti, C. Food restriction during pregnancy in rabbits:
Effects on hormones and metabolites involved in energy homeostasis and metabolic programming. Res. Vet. Sci. 2015, 98, 7-12.
[CrossRef]

Menchetti, L.; Andoni, E.; Barbato, O.; Canali, C.; Quattrone, A.; Vigo, D.; Codini, M.; Curone, G.; Brecchia, G. Energy homeostasis
in rabbit does during pregnancy and pseudopregnancy. Anim. Reprod. Sci. 2020, 218, 106505. [CrossRef]

Menchetti, L.; Barbato, O.; Filipescu, L.E.; Traina, G.; Leonardji, L.; Polisca, A.; Troisi, A.; Guelfi, G.; Piro, F.; Brecchia, G. Effects of
local lipopolysaccharide administration on the expression of Toll-like receptor 4 and pro-inflammatory cytokines in uterus and
oviduct of rabbit does. Theriogenology 2018, 107, 162-174. [CrossRef] [PubMed]

Boiti, C.; Canali, C.; Brecchia, G.; Zanon, F.; Facchin, E. Effects of induced endometritis on the life-span of corpora lutea in
pseudopregnant rabbits and incidence of spontaneous uterine infections related to fertility of breeding does. Theriogenology 1999,
52,1123-1132. [CrossRef]

Cronin, J.G.; Turner, M.L.; Goetze, L.; Bryant, C.E.; Sheldon, .M. Toll-Like Receptor 4 and MYD88-Dependent Signaling
Mechanisms of the Innate Immune System Are Essential for the Response to Lipopolysaccharide by Epithelial and Stromal Cells
of the Bovine Endometrium1. Biol. Reprod. 2012, 86, 51. [CrossRef] [PubMed]

Brecchia, G.; Menchetti, L.; Cardinali, R.; Castellini, C.; Polisca, a.; Zerani, M.; Maranesi, M.; Boiti, C. Effects of a bacterial
lipopolysaccharide on the reproductive functions of rabbit does. Anim. Reprod. Sci. 2014, 147, 128-134. [CrossRef] [PubMed]
Brecchia, G.; Cardinali, R.; Mourvaki, E.; Collodel, G.; Moretti, E.; Dal Bosco, A.; Castellini, C. Short- and long-term effects of
lipopolysaccharide-induced inflammation on rabbit sperm quality. Anim. Reprod. Sci. 2010, 118, 310-316. [CrossRef]

Roth, N.; Kédsbohrer, A.; Mayrhofer, S.; Zitz, U.; Hofacre, C.; Domig, K.J. The application of antibiotics in broiler production and
the resulting antibiotic resistance in Escherichia coli: A global overview. Poult. Sci. 2019, 98, 1791-1804. [CrossRef] [PubMed]
Oliver, ].P; Gooch, C.A.; Lansing, S.; Schueler, J.; Hurst, ].J.; Sassoubre, L.; Crossette, E.M.; Aga, D.S. Invited review: Fate of
antibiotic residues, antibiotic-resistant bacteria, and antibiotic resistance genes in US dairy manure management systems. J. Dairy
Sci. 2020, 103, 1051-1071. [CrossRef]

Amore, G.; Beloeil, P.; Bocca, V.; Boelaert, F.; Gibin, D.; Papanikolaou, A.; Rizz, V.; Stoicescu, A. Zoonoses, antimicrobial resistance
and food-borne outbreaks guidance for reporting 2020 data. EFSA Support. Publ. 2021, 18, 112. [CrossRef]

Menchetti, L.; Barbato, O.; Sforna, M.; Vigo, D.; Mattioli, S.; Curone, G.; Tecilla, M.; Riva, F; Brecchia, G. Effects of Diets Enriched
in Linseed and Fish Oil on the Expression Pattern of Toll-Like Receptors 4 and Proinflammatory Cytokines on Gonadal Axis and
Reproductive Organs in Rabbit Buck. Oxid. Med. Cell. Longev. 2020, 2020, 4327470. [CrossRef] [PubMed]

Freitas, M.L.; De Oliveira, R.A. Nutraceutical in male reproduction. Rev. Bras. Med. Vet. 2018, 40, e220118. [CrossRef]

Liu, C; Gu, J.; Ma, W.; Zhang, Q.; Song, M.; Ha, L.; Xu, X; Jiao, H.; Huo, Z. Lycium barbarum polysaccharide protects against
ethanol-induced spermiotoxicity and testicular degenera-tion in Immp?2l(+/-) mice. Andrologia 2020, 52, €13554. [CrossRef]
Ren, E; Fang, Q.; Feng, T.; Li, Y.; Wang, Y.; Zhu, H.; Hu, J. Lycium barbarum and Laminaria japonica polysaccharides improve
Cashmere goat sperm quality and fertility rate after cryopreservation. Theriogenology 2019, 129, 29-36. [CrossRef]

Liu, B.; Wang, ].L.; Wang, X.M.; Zhang, C.; Dai, ].G.; Huang, X.M.; Gao, ].M. Reparative effects of lycium barbarum polysaccharide
on mouse ovarian injuries induced by repeated superovulation. Theriogenology 2020, 145, 115-125. [CrossRef]

Wei, M.; ZHeng, S.; Ma, H.; Lv, Y. Discussion of protective mechanism of Lyceum barbarum polysaccharides on ovarian tissue in
female senile rats. Zhong Yao Cai 2011, 34, 1915-1918.

Polisca, A.; Scotti, L.; Orlandi, R.; Brecchia, G.; Boiti, C. Doppler evaluation of maternal and fetal vessels during normal gestation
in rabbits. Theriogenology 2010, 73, 358-366. [CrossRef] [PubMed]

Boiti, C.; Guelfi, G.; Zerani, M.; Zampini, D.; Brecchia, G.; Gobbetti, A. Expression patterns of cytokines, p53 and nitric oxide
synthase isoenzymes in corpora lutea of pseudopregnant rabbits during spontaneous luteolysis. Reproduction 2004, 127, 229-238.
[CrossRef]

Parillo, F,; Dall’Aglio, C.; Brecchia, G.; Maranesi, M.; Polisca, A.; Boiti, C.; Zerani, M. Aglepristone (RU534) effects on luteal
function of pseudopregnant rabbits: Steroid receptors, enzymatic activities, and hormone productions in corpus luteum and
uterus. Anim. Reprod. Sci. 2013, 138, 118-132. [CrossRef] [PubMed]

Maertens, L.; Moermans, R.; De Groote, G. Prediction of the apparent digestible energy content of commercial pelleted feeds for
rabbits. J. Appl. Rabbit. Res. 1988, 11, 60-67.

IRRG; Theau-Clément, M.; Maertens, L.; Castellini, C.; Besenfelder, U.; Boiti, C. Recommendations and guidelines for applied
reproduction trials with rabbit does. World Rabbit Sci. 2005, 13, 147-164.

Menchetti, L.; Vecchione, L.; Filipescu, I.; Petrescu, V.E; Fioretti, B.; Beccari, T.; Ceccarini, M.R.; Codini, M.; Quattrone, A.;
Trabalza-Marinucci, M.; et al. Effects of Goji berries supplementation on the productive performance of rabbit. Livest. Sci. 2019,
220, 123-128. [CrossRef]


http://doi.org/10.1017/S1357729800090111
http://doi.org/10.1017/S1751731111002643
http://www.ncbi.nlm.nih.gov/pubmed/23031468
http://doi.org/10.1016/j.rvsc.2014.11.017
http://doi.org/10.1016/j.anireprosci.2020.106505
http://doi.org/10.1016/j.theriogenology.2017.10.046
http://www.ncbi.nlm.nih.gov/pubmed/29161657
http://doi.org/10.1016/S0093-691X(99)00204-6
http://doi.org/10.1095/biolreprod.111.092718
http://www.ncbi.nlm.nih.gov/pubmed/22053092
http://doi.org/10.1016/j.anireprosci.2014.04.009
http://www.ncbi.nlm.nih.gov/pubmed/24838082
http://doi.org/10.1016/j.anireprosci.2009.06.016
http://doi.org/10.3382/ps/pey539
http://www.ncbi.nlm.nih.gov/pubmed/30544256
http://doi.org/10.3168/jds.2019-16778
http://doi.org/10.2903/sp.efsa.2021.en-6438
http://doi.org/10.1155/2020/4327470
http://www.ncbi.nlm.nih.gov/pubmed/32064024
http://doi.org/10.29374/2527-2179.bjvm220118
http://doi.org/10.1111/and.13554
http://doi.org/10.1016/j.theriogenology.2019.02.011
http://doi.org/10.1016/j.theriogenology.2020.01.048
http://doi.org/10.1016/j.theriogenology.2009.09.019
http://www.ncbi.nlm.nih.gov/pubmed/19969340
http://doi.org/10.1530/rep.1.00083
http://doi.org/10.1016/j.anireprosci.2013.02.001
http://www.ncbi.nlm.nih.gov/pubmed/23517855
http://doi.org/10.1016/j.livsci.2018.12.016

Animals 2021, 11, 1672 14 of 15

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Menchetti, L.; Canali, C.; Castellini, C.; Boiti, C.; Brecchia, G. The different effects of linseed and fish oil supplemented diets on
insulin sensitivity of rabbit does during pregnancy. Res. Vet. Sci. 2018, 118, 126-133. [CrossRef]

Brecchia, G.; Bonanno, A.; Galeati, G.; Federici, C.; Maranesi, M.; Gobbetti, A.; Zerani, M.; Boiti, C. Hormonal and metabolic
adaptation to fasting: Effects on the hypothalamic-pituitary-ovarian axis and reproductive performance of rabbit does. Domest.
Anim. Endocrinol. 2006, 31, 105-122. [CrossRef]

Troisi, A.; Polisca, A.; Cardinali, L.; Orlandi, R.; Brecchia, G.; Menchetti, L.; Zerani, M.; Maranesi, M.; Di Mari, W.; Verstegen, J.P.
Effect of aglepristone (RU534) administration during follicular phase on progesterone, estradiol-17(3 and LH serum concentrations
in bitches. Reprod. Domest. Anim. 2020, 55, 1794-1802. [CrossRef]

Moret, B. Comportement d’oestrus chez la lapine. Cunicult. Mag. 1980, 33, 159-161.

Rodriguez, ]. M.; Ubilla, E. Effects of sexual receptivity on ovulation response in rabbit does induced with GnRH. In Proceedings
of the Proc 4th World Rabbit Congress, Buadapest, Hungary, 10-14 October 1988; pp. 504-509.

Stouflet, I.; Caillol, M. Relation between circulating sex steroid concentrations and sexual behaviour during pregnancy and
post-partum in the domestic rabbit. J. Reprod. Fertil. 1988, 82, 209-218. [CrossRef]

Rebollar, P.G.; Ubilla, E.; Alvarino, J M.R;; Illera, J.C.; Silvan, G. Effect of degree of sexual receptivity on post-partum plasma
estardiol and ovulatory response in rabbit. Rev. Esp. Fisiol. 1992, 43, 13-18.

Caillol, M.; Dauphin-Villemant, C.; Martinet, L. Oestrous behaviour and circulating progesterone and oestrogen levels during
pseudo-pregnancy in the domestic rabbit. ]. Reprod. Fertil. 1983, 69, 179-186. [CrossRef] [PubMed]

Roustan, M.A. A study on relationship between receptivity and lactation in the doe, and their influ-ence on reproductive
performance. . Appl. Rabbit. Res. 1992, 15, 412—-421.

Suzuki, M.; Osawa, S.; Hirano, M. A Lycium Chinense Miller Component Inducing Ovulation in Adult Female Rabbits. Tohoku J.
Exp. Med. 1972, 106, 219-231. [CrossRef]

Pau, K,; Orstead, K.; Hess, D.; Spies, H. Feedback effects of ovarian steroids on the hypothalamic-hypophyseal axis in the rab-bit.
Biol. Reprod. 1986, 35, 1009-1023. [CrossRef] [PubMed]

Ramirez, V.; Soufi, W. The neuroendocrine control of the rabbit ovarian cycle. In The Physiology of Reproduction, 2nd ed.; Knobil, E.,
Neill, ].D., Eds.; Raven Press: New York, NY, US, 1994; pp. 585-611.

Rebollar, P.; Dal Bosco, A.; Millan, P,; Cardinali, R.; Brecchia, G.; Sylla, L.; Lorenzo, P; Castellini, C. Ovulating induction methods
in rabbit does: The pituitary and ovarian responses. Theriogenology 2012, 77, 292-298. [CrossRef]

Jones, E.E.; Bain, J.B.; Odell, W.D. Postcoital luteinizing hormone release in male and female rabbits as determined by ra-
dioimmunoassay. Fertil. Steril. 1976, 848-852. [CrossRef]

Zhang, C.; Wang, A.; Sun, X,; Li, X,; Zhao, X,; Li, S.; Ma, A. Protective effects of lycium barbarum polysaccharides on testis
spermatogenic injury induced by bisphenol a in mice. Evidence Based Complement. Altern. Med. 2013, 2013, 690808. [CrossRef]
Shi, G.J.; Zheng, J.; Wu, J.; Qiao, H.Q.; Chang, Q.; Niu, Y,; Sun, T,; Li, Y.X.; Yu, J.Q. Protective effects of lycium barbarum
polysaccharide on male sexual dysfunction and fertility impairments by activating hypothalamic pituitary gonadal axis in
streptozotocin-induced type-1 diabetic male mice. Endocr. J. 2017, 64, 907-922. [CrossRef] [PubMed]

Luo, Q.; Li, Z,; Huang, X,; Yan, J.; Zhang, S.; Cai, Y.Z. Lycium barbarum polysaccharides: Protective effects against heat-induced
damage of rat testes and H202-induced DNA damage in mouse testicular cells and beneficial effect on sexual behavior and
reproductive function of hemicastrated rats. Life Sci. 2006, 79, 613-621. [CrossRef]

Yang, Q.; Xing, Y.; Qiao, C.; Liu, W,; Jiang, H.; Fu, Q.; Zhou, Y.; Yang, B.; Zhang, Z.; Chen, R. Semen quality improvement in boars
fed with supplemental wolfberry (Lycium barbarum). Anim. Sci. J. 2019, 90, 1517-1522. [CrossRef] [PubMed]

Bauman, D.E.; Mather, .H.; Wall, RJ.; Lock, A.L. Major advances associated with the biosynthesis of milk. J. Dairy Sci. 2006, 89,
1235-1243. [CrossRef]

Zhang, X.; Wang, Y.; Wang, M.; Zhou, G.; Chen, L.; Ding, L.; Bu, D.; Loor, J. Arginine supply impacts the expression of candidate
microRNA controlling milk casein yield in Bovine mammary tissue. Animals 2020, 10, 797. [CrossRef] [PubMed]

Zhu, C.; Guo, C.y,; Gao, K.g.; Wang, L.; Chen, Z.; Ma, X.y,; Jiang, Z.y. Dietary arginine supplementation in multiparous sows
during lactation improves the weight gain of suckling piglets. J. Integr. Agric. 2017, 16, 648-655. [CrossRef]

Moshel, Y.; Rhoads, R.E.; Barash, I. Role of amino acids in translational mechanisms governing milk protein synthesis in murine
and ruminant mammary epithelial cells. J. Cell. Biochem. 2006, 98, 685-700. [CrossRef] [PubMed]

Potterat, O. Goji (Lycium barbarum and L. chinense): Phytochemistry, pharmacology and safety in the perspective of traditional
uses and recent popularity. Planta Med. 2010, 76, 7-19. [CrossRef]

Xiccato, G.; Bernardini, M.; Castellini, C.; Dalle Zotte, A.; Queaque, P.I.; Trocino, A. Effect of postweaning feeding on the
performance and energy balance of female rabbits at different physiological states. J. Anim. Sci. 1999, 77, 416-426. [CrossRef]
[PubMed]

Svennersten-Sjaunja, K.; Olsson, K. Endocrinology of milk production. Domest. Anim. Endocrinol. 2005, 29, 241-258. [CrossRef]
Szendrd, Z.; Matics, Z.; Brecchia, G.; Theau-Clément, M.; Nagy, Z.; Princz, Z.; Bir6-Németh, E.; Radnai, I.; Nagy, I. Milk production
of pseudopregnant multiparous does. World Rabbit Sci. 2010, 18, 77-82. [CrossRef]

Guan, S.; Zhu, Y.; Wang, J.; Dong, L.; Zhao, Q.; Wang, L.; Wang, B.; Li, H. A combination of Semen Cuscutae and Fructus Lycii
improves testicular cell proliferation and inhibits their apoptosis in rats with spermatogenic dysfunction by regulating the
SCF/ c-kit-PI3K-Bcl-2 pathway. J. Ethnopharmacol. 2020, 251, 112525. [CrossRef] [PubMed]


http://doi.org/10.1016/j.rvsc.2018.01.024
http://doi.org/10.1016/j.domaniend.2005.09.006
http://doi.org/10.1111/rda.13846
http://doi.org/10.1530/jrf.0.0820209
http://doi.org/10.1530/jrf.0.0690179
http://www.ncbi.nlm.nih.gov/pubmed/6684158
http://doi.org/10.1620/tjem.106.219
http://doi.org/10.1095/biolreprod35.4.1009
http://www.ncbi.nlm.nih.gov/pubmed/3101757
http://doi.org/10.1016/j.theriogenology.2011.07.041
http://doi.org/10.1016/S0015-0282(16)41962-X
http://doi.org/10.1155/2013/690808
http://doi.org/10.1507/endocrj.EJ16-0430
http://www.ncbi.nlm.nih.gov/pubmed/28794341
http://doi.org/10.1016/j.lfs.2006.02.012
http://doi.org/10.1111/asj.13295
http://www.ncbi.nlm.nih.gov/pubmed/31593376
http://doi.org/10.3168/jds.S0022-0302(06)72192-0
http://doi.org/10.3390/ani10050797
http://www.ncbi.nlm.nih.gov/pubmed/32380753
http://doi.org/10.1016/S2095-3119(16)61426-0
http://doi.org/10.1002/jcb.20825
http://www.ncbi.nlm.nih.gov/pubmed/16440312
http://doi.org/10.1055/s-0029-1186218
http://doi.org/10.2527/1999.772416x
http://www.ncbi.nlm.nih.gov/pubmed/10100671
http://doi.org/10.1016/j.domaniend.2005.03.006
http://doi.org/10.4995/wrs.2010.18.10
http://doi.org/10.1016/j.jep.2019.112525
http://www.ncbi.nlm.nih.gov/pubmed/31904495

Animals 2021, 11, 1672 15 of 15

75.

76.

77.

78.

79.

80.

81.

Hashem, N.M.; Gonzalez-Bulnes, A.; Simal-Gandara, J. Polyphenols in farm animals: Source of reproductive gain or waste?
Antioxidants 2020, 9, 1023. [CrossRef] [PubMed]

Chen, J.; Long, L,; Jiang, Q.; Kang, B.; Li, Y.; Yin, J. Effects of dietary supplementation of Lycium barbarum polysaccharides on
growth performance, immune status, antioxidant capacity and selected microbial populations of weaned piglets. ]. Anim. Physiol.
Anim. Nutr. 2020, 104, 1106-1115. [CrossRef] [PubMed]

Tan, X.; Sun, Z.; Ye, C.; Lin, H. The effects of dietary Lycium barbarum extract on growth performance, liver health and immune
related genes expression in hybrid grouper (Epinephelus lanceolatusc® x E. fuscoguttatus?®) fed high lipid diets. Fish Shellfish
Immunol. 2019, 87, 847-852. [CrossRef]

Ren, L.; Li, J.; Xiao, Y.; Zhang, Y.; Fan, ].; Zhang, B.; Wang, L.; Shen, X. Polysaccharide from Lycium barbarum L. leaves enhances
absorption of endogenous calcium, and elevates cecal calcium transport protein levels and serum cytokine levels in rats. J. Funct.
Foods 2017, 33, 227-234. [CrossRef]

Zhu, W.; Zhou, S; Liu, J.; McLean, R.J.C.; Chu, W. Prebiotic, immuno-stimulating and gut microbiota-modulating effects of
Lycium barbarum polysaccharide. Biomed. Pharmacother. 2020, 121, 109591. [CrossRef]

Wang, M.; Xie, Z.; Li, L.; Chen, Y.; Li, Y.; Wang, Y.; Lu, B.; Zhang, S.; Ma, F,; Ma, C.W.; et al. Supplementation with compound
polysaccharides contributes to the development and metabolic activity of young rat intestinal microbiota. Food Funct. 2019, 10,
2658-2675. [CrossRef]

Tang, C.; Ding, R.; Sun, J; Liu, J.; Kan, J.; Jin, C. The impacts of natural polysaccharides on intestinal microbiota and immune
responses-a review. Food Funct. 2019, 10, 2290-2312. [CrossRef]


http://doi.org/10.3390/antiox9101023
http://www.ncbi.nlm.nih.gov/pubmed/33096704
http://doi.org/10.1111/jpn.13247
http://www.ncbi.nlm.nih.gov/pubmed/31746060
http://doi.org/10.1016/j.fsi.2019.02.016
http://doi.org/10.1016/j.jff.2017.03.053
http://doi.org/10.1016/j.biopha.2019.109591
http://doi.org/10.1039/C8FO02565G
http://doi.org/10.1039/C8FO01946K

	Introduction 
	Materials and Methods 
	Animals and Experimental Design 
	Hormone and Metabolite Assays 
	Statistical Analysis 

	Results 
	Hormone Concentrations 
	Reproductive and Productive Performance 

	Discussion 
	Conclusions 
	References

