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Simple Summary: Anemia and oxidative stress are important factors affecting piglet growth per-
formance. Spinach extract has been shown to improve anemia and licorice extract has also been
shown to have antioxidant and anti-inflammatory properties. In this study, we investigated the ef-
fects of adding spinach extract and licorice extract to the diet on the production performance, serum
biochemical indices, antioxidant capacity, and gut microbiota of weaned piglets. As a result, spinach
extract improved the growth performance and hemoglobin level of weaned piglets, and licorice ex-
tract alleviated oxidative stress. In addition, we found that the combination of spinach extract and
licorice extract was more effective. The combination of spinach extract and licorice extract improved
the absorption of nutrients from the diets, and this effect may be, in part, related to the alteration of
the gut microbiota.

Abstract: Anemia and weaning stress are important factors affecting piglet growth performance.
Spinach extract and licorice extract have been used to improve anemia and antioxidant capacity,
respectively. However, whether they have synergistic effects has not been reported. To evaluate the
effects of mixed spinach extract and licorice extract on growth performance, serum biochemistry,
antioxidant capacity, and gut microbiota in weaned piglets, a total of 160 weaned piglets were ran-
domly allotted to four treatments with four replications of 10 piglets each. The four treatments were
as follows: control (CON) group (basal diet), spinach extract (SE) group (basal diet + 1.5 kg/t spinach
extract), licorice extract (LE) group (basal diet + 400 g/t licorice extract), and spinach extract and
licorice extract (MIX) group (basal diet + 1.5 kg/t spinach extract + 400 g/t licorice extract). The results
showed that, compared with the CON group, diets supplemented with spinach extract and licorice
extract significantly increased the average daily gain (p < 0.05), while considerably reducing the
feed-to-gain ratio (p < 0.05). Moreover, the MIX group exhibited a significant up-regulation of serum
total protein, globulin, albumin, glucose, and triglyceride levels in comparison to the CON group
(p <0.05). Meanwhile, both the anemia and antioxidant capacity of piglets were effectively improved.
Notably, the MIX group achieved even better results than the individual supplementation in terms
of enhancing growth performance, which could potentially be attributed to the increased abun-
dance of the Rikenellaceae_RC9_gut_group. These results demonstrated that the supplementation of
diets with spinach extract and licorice extract improves the absorption of nutrients from the diet
and antioxidant capacity in weaned piglets.
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1. Introduction

Anemia and oxidative stress in piglets have been the main problems affecting their
growth performance. In the presence of anemia, the oxygen delivery capacity is reduced,
which has a detrimental effect on the aerobic metabolism and utilization of glucose. Since
energy is produced through oxygen, insufficient oxygen reduces the efficiency of ATP pro-
duction, and the lactic acid produced by the anaerobic metabolism of glucose exacerbates
the degree of anemia and the acid-base balance of the body [1]. Also, the ability to metab-
olize fatty acids aerobically is compromised [2]. In the meantime, oxidative stress has a
significant negative impact on growth performance [3]. Oxidative stress leads to DNA,
RNA, and protein damage and affects physiological processes such as tissue cell regener-
ation. Oxidative stress also causes inflammation in the small intestine and impairs nutri-
ent absorption during the growing—finishing pig stage [4]; during the piglet stage, oxida-
tive stress causes damage to the immune system, reduces liver and pancreatic islet func-
tion [5], and leads to the dysfunction of the immune, metabolic, and digestive systems in
pigs [6].

There is a complex interaction between oxidative stress and anemia. Oxidative stress
disrupts erythrocyte membranes, leading to a shortened lifespan in erythrocytes, which,
in turn, leads to anemia [7]. The reduced or abnormal functioning of erythrocytes in the
presence of iron deficiency also increases the risk of oxidative stress in the body [8]. Due
to the insufficient number of red blood cells, oxygen delivery is reduced and cells do not
receive enough oxygen and energy, which can lead to the formation of more free radical
molecules in the body and cause more oxidative stress [9]. In addition, antioxidant capac-
ity tends to be lower in anemic patients than in normal subjects, making them more vul-
nerable to oxidative stress. Antioxidant capacity refers to the ability to prevent the accu-
mulation of free radicals and other harmful compounds, and the human body utilizes its
own antioxidants to combat oxidative stress, which include vitamin C, vitamin E, and
glutathione [10]. However, in patients with anemia, the levels of these antioxidants tend
to be lower than normal, leading to more pronounced oxidative stress aggression. De-
creased antioxidant capacity may be due to the fact that people with anemia eat an unbal-
anced diet and lack essential nutrients, resulting in the body’s inability to make enough
antioxidants [11]. The co-addition of iron supplements and antioxidants to diets may be
an effective means for improving both anemia and oxidative stress and, consequently,
growth performance in weaned piglets.

Between the compounds that could be of potential interest to combine for avoiding
these problems are spinach and licorice extracts. The main components of spinach extract
are chlorophyll and vitamin B2, which promote hemoglobin synthesis as well as the de-
velopment and maturation of red blood cells. It also participates in the body’s hematopoi-
etic function, which, in turn, relieves anemia [12,13]. Licorice extract is rich in polyphenol
compounds, a variety of flavonoids and other antioxidant components, which have pow-
erful free radical scavenging abilities and antioxidant effects, and can prevent the animal
intestinal tract from being damaged by the external environment and pathogenic micro-
organisms, safeguarding the animal’s health and growth and development [14,15]. Mean-
while, licorice acid, licorice flavonoids, and other active ingredients can regulate the in-
flammatory response in the animal body, thus reducing inflammatory damage [16].
Therefore, the objective of this study was to evaluate the effects of dietary supplementa-
tion with the mixture of spinach extract and licorice extract on the growth performance,
blood biochemical indices, and gut microbiota of piglets, and to investigate whether the
mixture of the two extracts is superior to adding them individually.
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2. Materials and Methods

2.1. Materials

All Yorkshire x Landrace x Duroc weaned piglets were purchased from Huafeng pig
farm (Chaozhou, Guangdong).

Spinach extract formulation (Quickhemo) was provided by Guangdong Drive Bio-
technology Group Co., Ltd., (Guangzhou, China). The main components of spinach ex-
tract formulation (Quickhemo) were chlorophyll (40 g/kg) and vitamin B2 (40 mg/kg).

Licorice extract was provided by Elion Biotechnology Co., Ltd., (Nanjing, China). The
main components of licorice extract formulation were polyphenol compounds and flavo-
noids.

2.2. Animals, Treatments, Housing, and Ethics Statement

A total of 160 healthy Yorkshire x Landrace x Duroc weaned piglets (28 days) were
studied, with an initial body weight of 10.71 + 1.07 kg and a ratio of males to females of
1:1. All piglets were randomly allotted to 4 treatments with 4 replications of 10 piglets in
each pen. The 4 treatment groups were as follows: CON group: basal diet; SE group: basal
diet + 1.5 kg/t spinach extract; LE group: basal diet + 400 g/t licorice extract; MIX group:
basal diet + 1.5 kg/t spinach extract + 400 g/t licorice extract. The whole trial period lasted
for 28 days, and the experiment ended when the piglets were 56 days old. Piglets were
reared in the same barn with each replicate separated by a separate pen and allowed ad
libitum access to feed and water. The temperature of the house was maintained at 25 °C
on average. All animal experiments were accepted by the Animal Ethics Committee of
South China Agricultural University, with permit number SYXK (Guangdong) 2022-0136.
The principles for the care and use of animals authorized by the Animal Ethics Committee
of South China Agricultural University were in accordance with all animal care proce-
dures that were performed. Composition and nutrient levels of the basal diet are pre-
sented in Table 1.

Table 1. Composition and nutrient levels of the basal diet for piglets (air-dry basis, %).

Ingredients Content % Nutrient Levels 2 Content
Corn 60.1 Crude protein 19.86
Soybean meal 19.6 Ether extract 4.03
Extruded soybean 8.0 Calcium 0.86
Fish meal 3.0 Total phosphorus 0.67
Whey powder 3.0 Lysine 1.43
Soy oil 2.0 Methionine + Cystine 0.78
NaCl 0.3 Threonine 0.86
Premix ! 4.0 Tryptophan 0.24
Total 100 Digestible energy, MJ/kg ~ 12.98

! The premix provided the following per kg of diets: VA, 11,000 IU; VDs, 1000 IU; VE, 15 IU; VK, 10
mg; VBi, 0.6 mg; VB2 0.6 mg; VBs 1.5 mg; VB12 0.03 mg; VB4 800 mg; biotin, 6 mg; nicotinic acid, 10
mg; folic acid, 0.8 mg; Fe (as ferrous sulfate), 110 mg; Zn (as zinc sulfate), 100 mg; Cu (as copper
sulfate), 20 mg; Mn (as manganese sulfate), 40 mg; Co (as cobalt chloride), 0.3 mg; I (as potassium
iodide), 0.4 mg; Se (as sodium selenite), 0.3 mg. 2 Digestible energy was a calculated value, while the
others were measured values.

2.3. Growth Performance and Diarrhea Rate

Pigs were fasted for 12 h the day before the start and end of the experimental period
and then weighed to calculate the average daily gain (ADG). Feed consumption was rec-
orded every 3 days. At the end of the experiment, average daily feed intake (ADFI) and
the ratio of feed to gain (F/G) were calculated based on these values. Pig diarrhea incidents



Animals 2024, 14, 321

4 of 10

were observed and recorded every day, and the diarrhea rate was calculated by the num-
ber of diarrhea cases/(total number of pigs x trial days).

2.4. Sample Preparation and Analysis

At the beginning and end of the experimental period, we randomly select 2 piglets in
each replicate. Blood (5 mL) was collected from the anterior vena cava, inserted into a
coagulation tube, and stored at 4 °C. Hemoglobin concentration was measured immedi-
ately using hemoglobin measurement system. Serum was obtained by centrifugation at
1500% g for 30 min, and samples were stored at —80 °C.

Serum total protein (TP), albumin (ALB), globulin (GLB), urea nitrogen (BUN), glu-
cose (GLU), triglyceride (TG), total cholesterol (TCH), alanine aminotransferase (ALT),
glutamine aminotransferase (AST) serum superoxide dismutase (SOD), malondialdehyde
(MDA), glutathione peroxidase (GSH-Px), and catalase (CAT) were determined by using
a Microplate Reader, and the kits were purchased from Nanjing Jian Cheng Bioengineer-
ing Institute (Nanjing, China).

Feces from piglets were collected at the end of the experimental period; hands were
washed and sterilized before collecting feces and sterile gloves were worn. One piglet per
replicate was randomly selected to collect feces, which was caught by hand before it fell.
A sampler was inserted into the deep center of the feces and gently twisted several times
to take a small portion, which was loaded into a sterilized freezing tube. A total of 16
samples were obtained. Piglet feces were collected and stored at —80 °C for 165 rDNA
sequencing.

2.5. Gut Microbiota Analysis

Total genome DNA was extracted from fecal content using the CTAB method. Bacte-
rial 165 rRNA genes of distinct regions (V3-V4) were amplified using specific primers.
PCR products were purified from a 2% agarose gel and isolated using a gel extraction kit.
The sequencing was carried out on PacBio Sequel lle; QIIME was used for analysis. Sam-
ples were sent to Beijing Tsingke Biotech Co., Ltd., (Beijing, China).

2.6. Statistical Analysis

Data were analyzed by one-way ANOVA, followed by Dunn’s post hoc test using
SPSS 22.0. In addition, nonparametric estimation was used to analyze microbial data. All
the data are presented as mean + SEM. p < 0.05 was considered to be statistically signifi-
cant.

3. Results

3.1. Growth Performance

The effect of dietary spinach extract and licorice extract on the growth performance
of piglets is presented in Table 2. Compared with the CON group, the ADFI in the SE and
MIX groups increased significantly (p < 0.05), while the F/G in the MIX group decreased
significantly (p < 0.05). However, the growth performance of piglets in the LE group did
not differ significantly from that of the control group (p > 0.05). There were no significant
differences in the ADG and diarrhea rate between all treatment groups.

Table 2. Effects of dietary spinach extract or licorice extract supplementation on growth perfor-
mance and diarrhea rate in weaned piglets. (1 = 4).

Treatment 2

Ttem ! CON SE LE MIX p-Value
Initial weight, kg 1131041 103 +0.58 1074+0.73 1047 +045 0.610
Final weight, kg 2074+055®  21.65+099®  19.94+029b  22.67+0.48 0.040

ADFI, kg/d 0.29+0.02 b 0.41+0.02 2 033+002>  0.44+0.01> 0.006
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ADG, kg/d
F/G
Diarrhea rate, %

0.67 +£0.02 0.70+0.03 0.68 +0.01 0.71+0.04 0.684
2.03+0.16 0 1.74 £ 0.08 e 211+0.112 1.64 £0.09 © 0.020
1.48 £0.21 1.33+£0.23 1.43 £0.25 1.28 £0.19 0.913

1 ADFI = average daily feed intake; ADG = average daily gain; F/G = ratio of feed to gain. 2CON
group: basal diet; SE group: basal diet + 1.5 kg/t spinach extract; LE group: basal diet + 400 g/t licorice
extract; MIX group: basal diet + 1.5 kg/t spinach extract + 400 g/t licorice extract. *>< Different super-
scripts within a row indicate significant differences (p < 0.05).

3.2. Serum Biochemistry

As shown in Table 3, the addition of spinach extract to the diet did not significantly
affect serum biochemistry. We found that piglets in the LE group and MIX group had
higher serum levels of GLB and GLU (p < 0.05) compared with the CON group. In addi-
tion, serum TP, ALB, and TG were increased in the MIX group compared with the CON
group (p <0.05). However, no significant differences were detected in serum levels of BUN
and AST among the four groups of piglets (p > 0.05).

Table 3. Effects of dietary spinach extract or licorice extract supplementation on serum biochemistry
levels in weaned piglets. (1 = 4).

Treatment 2

ftem ! CON SE LE v Pvalue
TP (g/L) 53.18+2.87° 57.14+1.99° 57.60 = 0.22°66.57 + 1.93+ 0.009
GLB (g/L) 1727 +1.09° 18.75+ 0.83 b 21.98 + 1.19221.88 £ 0.87 2  0.021
ALB (g/L) 35.91+3.86°38.39 + 1.25 % 35.62 + 1.89 v 44.69 + 1.27  0.051
BUN (mmol/L) 3224022 309+005 347022 333+025 0.689
GLU (mmol/L)  458+045¢ 6.01+0.64% 6.78+0.66% 8.43+0372 0.005
TG (mmol/L) 0.73+0.08° 0.52+0.06° 0.52+0.07° 1.00+0.05: 0.002
TCH (mmol/L) 174017 1.65+0.09% 155+0.11° 2.06+0.122 0.089
ALT (U/L) 3.99+025® 2.80+022° 3.02+049° 506+049: 0.011
AST (U/L) 4284056 459+058 671+161 688+060 0117

1 TP = total protein; ALB = albumin; GLB = globulin; BUN = urea nitrogen; GLU = glucose; TG =
triglyceride; TCH = total chol esterol; ALT = alanine aminotransferase; AST = aspartate ami-
notransferase. 2 CON group: basal diet; SE group: basal diet + 1.5 kg/t spinach extract; LE group:
basal diet + 400 g/t licorice extract; MIX group: basal diet + 1.5 kg/t spinach extract + 400 g/t licorice
extract. *>¢ Different superscripts within a row indicate significant differences (p < 0.05).

3.3. Antioxidant Properties

The serum antioxidant properties of piglets showed that there were no significant
differences in the serum SOD and CAT among the four groups (p > 0.05, Table 4). Com-
pared with the CON group, the serum GSH-Px levels in the other groups increased sig-
nificantly (p <0.05), while MDA decreased significantly in the SE and LE groups compared
to the control group (p < 0.05). There was no significant difference in the MDA levels be-
tween the MIX and control groups (p > 0.05).

Table 4. Effects of dietary spinach extract or licorice extract supplementation on serum antioxidant
function in weaned piglets. (1 = 4).

Treatment 2

Ttem ! CON SE LE MIX p-Value
SOD (U/mL) 211.66 + 10.88 202.01 +11.86 22051+ 11.74 21152 +8.58 0.650
MDA (nmol/mL) 4114011+ 2.84+053b 2354045 3.48+0.12 0.004
GSH-Px (U/ml)  952.18+21.19%  139639+34.62°  1248.12+6649+  138436+78572  0.002
CAT (U/ml) 5.13+0.19 4.85+0.93 5.21+0.34 453+0.62 0.901
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150D = superoxide dismutase; MDA = malondialdehyde; GSH-pX = glutathione peroxidase; CAT =
catalase. 2 CON group: basal diet; SE group: basal diet + 1.5 kg/t spinach extract; LE group: basal
diet +400 g/t licorice extract; MIX group: basal diet + 1.5 kg/t spinach extract + 400 g/t licorice extract.
b Different superscripts within a row indicate significant differences (p < 0.05).

3.4. Hemoglobin Concentration

There was no significant difference in hemoglobin levels between the groups before
the start of the experiment (p > 0.05, Table 5). However, at the end of the experiment, com-
pared to the control group, the hemoglobin levels of the SE and MIX groups increased
significantly (p < 0.05). There was no significant difference in the LE group compared to
the control group (p > 0.05).

Table 5. Effects of dietary spinach extract or licorice extract supplementation on hemoglobin con-
centration in weaned piglets. (1 =5).

Treatment !

Tt -Val

em CON SE LE MIX p-vatue
Initial concentration (g/L) 83.40 + 4.82 8220 + 5.07 85.00 + 3.48 84.20 +2.92 0.969
Final concentration (g/L) 79.00+148%  87.60+1212  82.80£220b  8840+1.03:  0.002

TCON group: basal diet; SE group: basal diet + 1.5 kg/t spinach extract; LE group: basal diet + 400
g/t licorice extract; MIX group: basal diet + 1.5 kg/t spinach extract + 400 g/t licorice extract. Severe
anemia (hemoglobin concentration < 90 g/L), anemic (hemoglobin concentration < 110 g/L). P Dif-
ferent superscripts within a row indicate significant differences (p < 0.05).

3.5. Gut Microbiota

To investigate whether spinach extract and licorice extract play a regulatory role in
the gut microbiota, we characterized the bacterial communities in our samples using 16S
rRNA gene sequencing (Figure 1). Venn diagrams showed 8871 OTUs were identified, of
which 274 OTUs were shared across all groups (Figure 1A). There was a multiple increase
in microbial richness in the LE and MIX groups compared to the control group. In addi-
tion, the non-metric multidimensional scaling (NMDS) of the microbiota showed that the
four treatment groups could be separated into distinct clusters (Figure 1B), although all
groups did not differ in the relative abundance of microbial communities at the phylum
(p > 0.05) (Figure 1C). Notably, at the species level, the relative abundance of Rikenel-
laceae_RC9_gut_group was significantly up-regulated in the MIX group compared to the
control group (p < 0.05) (Figure 1D). However, no differential microbes were detected in
the SE and LE groups compared to the control group.

Phylum

- coN
= sE
= LE
= Mix
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Figure 1. Regulation of gut microbiota by addition of spinach extract and licorice extract. (A) Venn
diagrams and (B) NMDS analysis. The composition and relative abundance of the bacterial commu-
nity in each sample at (C) the phylum and (D) the species levels (1 = 4). Different superscripts within
a row indicate significant differences (p < 0.05).

4. Discussion

Symptoms of anemia are prevalent in the early growth stages of pigs, especially in
the piglet stage, causing some economic losses in the pig industry. The current prophy-
lactic treatments for anemia in piglets are ineffective, resulting in a high prevalence of
anemic pigs after weaning. Iron and vitamin Bi2 are both hematopoietic raw materials,
and deficiencies of iron and vitamin Bi2 are the main cause of anemia in weaned piglets.
Several studies have shown that piglets that do not receive iron injections or iron supple-
ments in their diets after birth deplete their body’s iron reserves, which leads to the de-
velopment of iron deficiency anemia. This condition is characterized by reduced red blood
cell counts, hemoglobin concentrations, and hematocrit, which leads to slow growth and
development [17]. The addition of appropriate amounts of dietary iron supplements to
the diet or iron supplementation by injection can be effective in improving piglet metab-
olism, growth performance, carcass parameters, and meat quality [18]. Vitamin Bi2 is one
of the essential nutrients for the growth and development of piglets. If the feed is deficient
in vitamin B, it can also lead to iron deficiency anemia in piglets [19]. In this study, we
selected spinach extract as a therapeutic agent to alleviate anemia in piglets, which is rich
in vitamin Bi2. The results showed that the addition of spinach extract to the diet increased
the daily weight gain of piglets and the mixture of spinach extract and licorice extract was
more effective, provided that there was no difference in the ADG of all groups. This may
be due to the fact that spinach extract improved anemia in piglets and enhanced the intes-
tinal absorption of nutrients from the diet. In addition, the co-addition of spinach and
licorice extracts was also effective in reducing the feed-to-meat ratio. However, the addi-
tion of only licorice extract had no effect on the growth performance of piglets.

The serum biochemical indicator is a reflection of the body’s immune regulation and
material metabolism, and is important for maintaining the homeostasis of the internal en-
vironment of the animal organism. Anemia and weaning stress both affect appetite, di-
gestive, and absorptive function, which, in turn, affects nutrient utilization and causes
pathological feeding problems [20]. Although the supplementation of spinach extract in
the diet increased the hemoglobin of piglets, there was no significant effect on serum bio-
chemical indices. Interestingly, serum TP, ALB, GLB, TG, TCH, and GLU were increased
by the simultaneous addition of spinach extract and licorice extract. Serum TP and ALB
concentrations reflect the status of protein metabolism, whereas serum GLB levels are
closely related to immune status [21]. Serum TG and TCH levels are indicators of the
body’s utilization of dietary lipids and fat metabolism, while serum GLU levels are used
to reflect the body’s glucose metabolism. This suggests the increased absorption of dietary
nutrients by piglets, which is consistent with the elevated ADFI and reduced F/G.

Oxidative stress is a symptom caused by an imbalance between the antioxidant ca-
pacity of antioxidant molecules and the production of reactive oxygen species (ROS) in
the animal body. Excess ROS in the body leads to the accumulation of pro-inflammatory
substances, which, in turn, leads to further tissue damage [22]. The active components of
licorice extract, including triterpenoids and flavonoids, have been shown to improve the
anti-inflammatory, antioxidant, and immunomodulatory capacities of the animal organ-
ism [23]. The addition of 1 g/kg to 3 g/kg licorice extract to diets can significantly improve
the growth performance and antioxidant indexes of chicks [24]. The application of licorice
in pig feed can effectively improve the immune function of pigs and can replace the use
of antibiotics to a certain extent [25]. Indeed, in the current study, GSH-Px activity was
significantly improved by adding spinach extract or licorice extract. At the same time, the
activity of MDA was decreased.
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Hemoglobin concentration has an important effect on both the growth performance
and survival of pigs. It has been found that hemoglobin concentration in sows affects pig-
let survival, and the level of hemoglobin can be used as one of the indicators for the genetic
selection of pigs [26]. However, it is hard to increase hemoglobin concentration, and some
studies have also found that the addition of various organic iron mixtures to the diet of
sows did not significantly increase hemoglobin concentration [27]. Adding dietary iron
supplements to anemic piglet diets can effectively improve the hematological indicators
and increase the hemoglobin levels of piglets, thereby improving growth performance
and health [28]. In our experiment, piglets were initially anemic (hemoglobin concentra-
tion < 90 g/L) before starting the trial, but their hemoglobin concentrations significantly
increased at the end of the trial in both the SE group and the MIX group compared to the
control group, indicating that the appropriate addition of spinach extract can increase the
hemoglobin concentration of piglets and contribute to their growth and health.

Gut microbes also play an important role in maintaining intestinal health in weaned
piglets. The microbiota effectively prevents the invasion of exogenous pathogens and
harmful substances, and also promotes the absorption and utilization of nutrients by the
organism [29]. Stress in weaned piglets can also act on the gut, resulting in disturbances
in the intestinal microbiota and a decrease in growth performance [30]. The addition of
spinach extract and licorice extract may also indirectly modulate growth performance and
the immune system of pigs by affecting the gut microbiota. Spinach is rich in vitamin Biz,
which can effectively improve the structure of intestinal flora and short-chain fatty acid
levels, and the relative abundance of Firmicutes also increased [31]. Similarly, chlorophyll
performs the same function [32]. The addition of licorice polysaccharides to broiler diets
promotes the secretory activity of cuprocytes, alters the gut microbial composition, and
increases species diversity and abundance [33]. Feeding Zi geese with a compound herbal
remedy containing licorice significantly increased the proportion of beneficial bacteria in
abundance in their cecum [34]. Similar to these results, we found that the co-addition of
spinach extract and licorice extract increased the relative abundance of Rikenel-
laceae_RC9_gut_group at the genus level. It has been found that the Rikenel-
laceae_RC9_gut_group is able to ferment polysaccharides that are unabsorbed in the host
intestine to produce short-chain fatty acids (SCFAs) [35], which corresponds to the im-
proved growth performance of piglets in the co-addition of spinach extract and licorice

group.

5. Conclusions

In conclusion, both spinach extract alone and the mixture of spinach extract and lic-
orice extract improved the growth performance of piglets, but the mixture of spinach ex-
tract and licorice extract was better than the spinach extract alone. The results of the serum
biochemical indices showed that mixing spinach extract with licorice extract could im-
prove the absorption of nutrients in the diet, which might be related to the increase in
beneficial bacteria, Rikenellaceae_RC9_gut_group. In terms of serum antioxidant indices,
both spinach extract and licorice extract improved the serum antioxidant capacity of pig-
lets.

Author Contributions: ].Z. and ]J.L. (Jincong Lian) contributed equally to this work. Q.X. and P.L.
conceived the project. ].L. (Jincong Lian) and H.D. conducted the animal trial and collected samples.
J.Z., J.L. (Jincong Lian), P.L. and Y.Y. contributed to the collection, interpretation, and analysis of
data throughout the experiment; J.Z. and J.L. (Jincong Lian) wrote the manuscript. J.Z., J.L. (Jincong
Lian), T.C,, J.L. (Junyi Luo), J.S., Y.Z., P.L., Y.Y,, and Q.X. revised and edited the manuscript. All
authors put forward relevant insights and contributed to the discussion. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Natural Science Foundation of China Program (32072814,
32072812, and 32072714) and the Project of Guangdong Provincial Nature Science Foundation
(2023A151502511 and 2021A1515011310).



Animals 2024, 14, 321 9 of 10

Institutional Review Board Statement: All animal experimentation complied with the laboratory
animal management and welfare regulations approved by the Standing Committee of Guangdong
People’s Congress (Guangzhou), China. Ethical code number: SYXK 2022-0136.

Informed Consent Statement: Not applicable.

Data Availability Statement: The 165 rDNA gene sequence data have been deposited in the NCBI
BioProject database (https://www.ncbi.nlm.nih.gov/bioproject/, accessed on 5 December 2023) un-
der accession numbers PRINA1048749.

Conlflicts of Interest: The authors Yongan Yang declare that this study received funding from Elion-
nature Biotechnology Co., Ltd. The authors Pingxiang Liu declare that this study received fund-
ing from Guangdong Drive Bio-Tech Group Co., Ltd. The funder was not involved in the study de-
sign, collection, analysis, interpretation of data, the writing of this article or the decision to submit
it for publication.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Cougnon, M.; Carcy, R.; Melis, N.; Rubera, I.; Duranton, C.; Dumas, K; Tanti, J.F.; Pons, C.; Soubeiran, N.; Shkreli, M.; et al.
Inhibition of eIF5A hypusination reprogrammes metabolism and glucose handling in mouse kidney. Cell Death Dis. 2021, 12,
283.

Liang, L.; Xiong, Q.; Kong, J.; Tian, C.; Miao, L.; Zhang, X.; Du, H. Intraperitoneal supplementation of iron alleviates dextran
sodium sulfate-induced colitis by enhancing intestinal barrier function. Biomed. Pharmacother. 2021, 144, 112253.

de-Cara, A.; Saldafia, B.; Vazquez, P.; Rey, Al Dietary Protected Sodium Butyrate and/or Olive Leaf and Grape-Based By-
Product Supplementation Modifies Productive Performance, Antioxidant Status and Meat Quality in Broilers. Antioxidants 2023,
12,201.

Lee, S.I; Kang, K.S. Function of capric acid in cyclophosphamide-induced intestinal inflammation, oxidative stress, and barrier
function in pigs. Sci. Rep. 2017, 7, 16530.

He, Y.; Liu, Y.; Guan, P.; He, L.; Zhou, X. Serine Administration Improves Selenium Status, Oxidative Stress, and Mitochondrial
Function in Longissimus Dorsi Muscle of Piglets with Intrauterine Growth Retardation. Biol. Trace Elem. Res. 2023, 201, 1740-
1747.

Lv, M,; Yu, B.; Mao, X.B.; Zheng, P.; He, J.; Chen, D.W. Responses of growth performance and tryptophan metabolism to oxi-
dative stress induced by diquat in weaned pigs. Animal 2012, 6, 928-934.

Huang, Y.J.; Nan, G.X. Oxidative stress-induced angiogenesis. J. Clin. Neurosci. 2019, 63, 13-16.

Bissinger, R.; Bhuyan, A.; Qadri, S.M.; Lang, F. Oxidative stress, eryptosis and anemia: A pivotal mechanistic nexus in systemic
diseases. FEBS ]. 2019, 286, 826-854.

Sharma, P.; Puri, N. A new role for mast cells as scavengers for clearance of erythrocytes damaged due to oxidative stress.
Immunol. Lett. 2018, 199, 23-35.

Margaritelis, N.V.; Cobley, ].N.; Paschalis, V.; Veskoukis, A.S.; Theodorou, A.A.; Kyparos, A.; Nikolaidis, M.G. Going retro:
Oxidative stress biomarkers in modern redox biology. Free. Radic. Biol. Med. 2016, 98, 2—12.

Woolcock, A.D.; Serpa, P.B.S.; Santos, A.P.; Christian, J.A.; Moore, G.E. Reactive oxygen species, glutathione, and vitamin E
concentrations in dogs with hemolytic or nonhemolytic anemia. J. Vet. Intern. Med. 2020, 34, 2357-2364.

Froese, D.S.; Fowler, B.; Baumgartner, M.R. Vitamin B(12), folate, and the methionine remethylation cycle-biochemistry, path-
ways, and regulation. J. Inherit. Metab. Dis. 2019, 42, 673-685.

Li, Y; Lu, F.; Wang, X.; Hu, X,; Liao, X.; Zhang, Y. Biological transformation of chlorophyll-rich spinach (Spinacia oleracea L.)
extracts under in vitro gastrointestinal digestion and colonic fermentation. Food Res. Int. 2021, 139, 109941.

Grenier, D.; Marcoux, E.; Azelmat, J.; Ben, L.A.; Gauthier, P. Biocompatible combinations of nisin and licorice polyphenols exert
synergistic bactericidal effects against Enterococcus faecalis and inhibit NF-kappaB activation in monocytes. AMB Express 2020,
10, 120.

Jan, R,; Gani, A.; Masarat, D.M.; Bhat, N.A. Bioactive characterization of ultrasonicated ginger (Zingiber officinale) and licorice
(Glycyrrhiza Glabra) freeze dried extracts. Ultrason. Sonochem 2022, 88, 106048.

Babu, V.; Kapkoti, D.S.; Binwal, M.; Bhakuni, R.S.; Shanker, K.; Singh, M.; Tandon, S.; Mugale, M.N.; Kumar, N.; Bawankule,
D.U. Liquiritigenin, isoliquiritigenin rich extract of glycyrrhiza glabra roots attenuates inflammation in macrophages and col-
lagen-induced arthritis in rats. Inflammopharmacology 2023, 31, 983-996.

Szudzik, M.; Lipinski, P.; Jonczy, A.; Mazgaj, R.; Pieszka, M.; Kamyczek, M.; Smuda, E.; Starzynski, R.R. Long-term Effect of
Split Iron Dextran/Hemoglobin Supplementation on Erythrocyte and Iron Status, Growth Performance, Carcass Parameters,
and Meat Quality of Polish Large White and 990 Line Pigs. Biol. Trace Elem. Res. 2020, 196, 472-480.

Seip, V.; Friendship, R.; Amezcua, R.; Farzan, A. The relationship between hemoglobin levels at weaning and growth perfor-
mance and antibody response in nursery pigs. Can. Vet. ].-Rev. Vet. Can. 2020, 61, 1170-1174.

Socha, D.S.; DeSouza, S.I; Flagg, A.; Sekeres, M.; Rogers, H.]J. Severe megaloblastic anemia: Vitamin deficiency and other causes.
Clevel. Clin. ]. Med. 2020, 87, 153-164.



Animals 2024, 14, 321 10 of 10

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Dong, Z.; Zhang, D.; Wu, X,; Yin, Y.; Wan, D. Ferrous Bisglycinate Supplementation Modulates Intestinal Antioxidant Capacity
via the AMPK/FOXO Pathway and Reconstitutes Gut Microbiota and Bile Acid Profiles in Pigs. J. Agric. Food Chem. 2022, 70,
4942-4951.

Zhai, Z.; Zhang, F.; Cao, R.; Ni, X,; Xin, Z; Deng, J.; Wu, G.; Ren, W.; Yin, Y.; Deng, B. Cecropin A Alleviates Inflammation
Through Modulating the Gut Microbiota of C57BL/6 Mice With DSS-Induced IBD. Front. Microbiol. 2019, 10, 1595.

Rubio, C.P.; Mainau, E.; Ceron, ].].; Contreras-Aguilar, M.D.; Martinez-Subiela, S.; Navarro, E.; Tecles, F.; Manteca, X.; Escribano,
D. Biomarkers of oxidative stress in saliva in pigs: Analytical validation and changes in lactation. BMIC Vet. Res. 2019, 15, 144.
Ahmed, S.T.; Mun, H.S; Islam, M.M.; Ko, S.Y; Yang, C.J. Effects of dietary natural and fermented herb combination on growth
performance, carcass traits and meat quality in grower-finisher pigs. Meat Sci. 2016, 122, 7-15.

Toson, E.; Abd, E.L.M.; Mohamed, A.; Gazwi, H.; Saleh, M.; Kokoszynski, D.; Elnesr, S.S.; Hozzein, W.N.; Wadaan, M.; Elwan,
H. Efficacy of licorice extract on the growth performance, carcass characteristics, blood indices and antioxidants capacity in
broilers. Animal 2023, 17, 100696.

Katayama, M.; Fukuda, T.; Okamura, T.; Suzuki, E.; Tamura, K.; Shimizu, Y.; Suda, Y.; Suzuki, K. Effect of dietary addition of
seaweed and licorice on the immune performance of pigs. Anim. Sci. J. 2011, 82, 274-281.

Hollema, B.L.; Zwiers, S.; Hermesch, S. Genetic parameters for haemoglobin levels in sows and piglets as well as sow repro-
ductive performance and piglet survival. Animal 2020, 14, 688-696.

Peters, ].C.; Mahan, D.C. Effects of neonatal iron status, iron injections at birth, and weaning in young pigs from sows fed either
organic or inorganic trace minerals. ]. Anim. Sci. 2008, 86, 2261-2269.

Knight, L.C,; Dilger, R.N. Longitudinal Effects of Iron Deficiency Anemia and Subsequent Repletion on Blood Parameters and
the Rate and Composition of Growth in Pigs. Nutrients 2018, 10, 632.

Amoroso, C.; Perillo, F.; Strati, F.; Fantini, M.C.; Caprioli, F.; Facciotti, F. The Role of Gut Microbiota Biomodulators on Mucosal
Immunity and Intestinal Inflammation. Cells 2020, 9, 1234.

Xiang, X.-D.; Deng, Z.-C.; Wang, Y.-W_; Sun, H.; Wang, L.; Han, Y.-M.; Wu, Y.-Y,; Liu, J.-G.; Sun, L.-H. Organic Acids Improve
Growth Performance with Potential Regulation of Redox Homeostasis, Immunity, and Microflora in Intestines of Weaned Pig-
lets. Antioxidants 2021, 10, 1665.

Zheng, Y.; Xiang, S.; Zhang, H.; Ye, K,; Zhang, Y.; Ge, Y.; Feng, X.; Bao, X.; Chen, J.; Zhu, X. Vitamin B12 Enriched in Spinach
and its Effects on Gut Microbiota. J. Agric. Food Chem. 2021, 69, 2204-2212.

Li, Y,; Cui, Y.; Hu, X,; Liao, X.; Zhang, Y. Chlorophyll Supplementation in Early Life Prevents Diet-Induced Obesity and Mod-
ulates Gut Microbiota in Mice. Mol. Nutr. Food Res. 2019, 63, e1801219.

Wu, Y.; Wu, C; Che, Y.; Zhang, T.; Dai, C.; Nguyen, A.D.; Duan, K.; Huang, Y.; Li, N.; Zhou, H.; et al. Effects of Glycyrrhiza
Polysaccharides on Chickens’ Intestinal Health and Homeostasis. Front. Vet. Sci. 2022, 9, 891429.

Zheng, J.; Liang, S.; Zhang, Y.; Sun, X,; Li, Y.; Diao, J.; Dong, L.; Ni, H.; Yin, Y.; Ren, ].; et al. Effects of Compound Chinese Herbal
Medicine Additive on Growth Performance and Gut Microbiota Diversity of Zi Goose. Animals 2022, 12, 2942.

Su, X.L.; Tian, Q.; Zhang, J.; Yuan, X.Z.; Shi, X.S.; Guo, R.B.; Qiu, Y.L. Acetobacteroides hydrogenigenes gen. nov., sp. nov., an
anaerobic hydrogen-producing bacterium in the family Rikenellaceae isolated from a reed swamp. Int. J. Syst. Evol. Microbiol.
2014, 64, 2986-2991.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



