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Abstract

Background: Since the use of antibiotics in animal feed has become a critical concern
worldwide due to severe threats to human health and environment, we are in need
of finding alternatives to antibiotics in pig breeding, maintaining the health of pigs,
and getting high-quality pork. As traditional Chinese herbs (TCH) are rich natural
resources in China and show great benefits to human health we propose to transfer
this abundant resource into animal production industry as additives.

Methods: Three groups of Chinese herbs (groups A, B, and C) were used as feed addi-
tives in the diet for pigs. In total 32 pigs were arranged in four groups (groups A, B, C,
and control group, NC), fed in the same facility, eight pigs (one group) in each colony,
free drinking, for 120 days. The feed:gain ratio (F/G), meat quality, total protein, and
amino acid concentration of muscle were checked in the experiments.

Results: After 120 days of feeding, the feed:gain ratio (F/G) of pigs in groups A, B, and
C was decreased 17.56%, 9.31%, and 13.86% compared with NC treatment, respec-
tively. The diets supplemented with Chinese herbs improved meat quality, increased
loin eye area (especially group A and C showed significant difference, P < .001),
the total protein (increased ratio vs NC was A = 4.54%, B = 0.38% and C = 3.53%),
amino acid concentration of muscle, increased the villus height:crypt depth ratio,
and induced positive effects on serum biochemical parameters and immune func-
tion (serum TC and TG concentrations were significantly lower than those in the NC
group, P < .05.).

Conclusions: The use of Chinese herbal feed additives can reduce the cost of pig
breeding and produce high-quality pock. The combination of these effects would
contribute to better absorption ability of the intestinal tract and yield a better growth
performance.
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1 | INTRODUCTION

Antibiotics have long been of great benefit for people, both in the
medical treatment of human disease and in animal food, where
they improve the growth performance and feed utilization during
animal production.1 Antibiotics as in-feed supplements affect
all stages of pork production, including the gestation, nursing,
growing, and terminal stage, although the effects show stage-de-
pendent differences.! However, the use of antibiotics in animal
feed has become a critical concern worldwide due to the severe
threats to human health and the environment.* Therefore, many
researchers have investigated alternative feed additives or supple-
ments, such as probiotics, enzymes, minerals, organic acids, and
herbs.® Phytogenic comprise a wide variety of herbs, spices, and
their derived products, especially essential oils.*®> The available
evidence indicates that phytogenic compounds may specifically
enhance the activities of digestive enzymes and nutrient absorp-
tion.* In addition, some phytogenic compounds seem to promote
intestinal mucus production.*

Traditional Chinese herbs (TCH) have been used for more
than 3000 years.® As TCH are rich natural resources in China and
show great benefits to human health we propose to transfer this
abundant resource into animal production industry as additives.
Recently, Chinese herbs are garnering growing interest as feed ad-
ditives in animal production, but data on the effects of Chinese
herbs on swine production are scarce.” In thi study, three groups
of Chinese herbs were used as feed additives in the diet of swine.
The herbs were put in the feed for 120 days, and growth perfor-
mance, meat quality, serum biochemical parameters, intestinal vil-
lus morphology, and gut microbiota were investigated. The results
confirm the feasibility of Chinese herbs as feed additives in the
production of pigs.

2 | MATERIALS AND METHODS
2.1 | Preparation of Chinese herb feed additive

A total of three combinations of Chinese herb feed additives were
designed: group A (semen raphani, atractylodes, coix seed, poria,
crataegus, codonopsis pilosula); group B (sophora japonica, pul-
satilla chinensis regel, portulacae, atractylodes, semen euryales,
radix scutellariae); and group C (copperleaf herb, astragalus, atrac-
tylodes, coptidis rhizoma, pseudollaria heterophylla, dried orange
peel).

2.2 | Experimental design, animals,
housing, and diets

The animal protocol for this experiment was approved by the Animal
Care Committee of Fujian Academy of Agricultural Sciences, China.

Animals were maintained and processed in accordance with the
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TABLE 1 Ingredient composition and analyzed nutrient contents
of antibiotic-free basal diet
30-60 (kg) 60-120 (kg)

Corn (%) 65 65

Wheat bran (%) 10 13

Soybean meal (%) 20 17

Premix compound (%) 5 5

Total (%) 100 100

Digestible energy (MJ/kg) 12.97 12.97

Crude protein (%) 16.4 14.5

Lysine (%) 0.82 0.7

Calcium (%) 0.55 0.7

Phosphorus (%) 0.45 0.4

Fujian Academy of Agricultural Sciences Guide for the Care and Use
of Laboratory Animals.

Antibiotic-free basal diet was purchased from Hualong Group,
Fujian province, China (Table 1). A total of 32 swine with an aver-
age initial body weight (BW) of 38 kg were used in a 120-day ex-
periment. The swine were housed in an environmentally controlled,
slatted-floor facility in adjacent pens (1.2-1.5 m?) and were allowed
ad libitum access to feed and water through a self-feeder and nipple
drinker throughout the experimental period. Swine were randomly
allocated into four groups (eight pigs per group, including four males
and four females). Piglets in the control group were fed a basal diet
that was formulated based on a corn powder and soybean meal diet
that met the National Research Council (2012) swine requirements
and China swine standards. Dietary treatments included negative
control (NC, antibiotic-free basal diet), group A (NC + Chinese herb
feed additive group A), group B (NC + Chinese herb feed additive
group B), and group C (NC + Chinese herb feed additive group C).
Each group of Chinese herb feed additives was smashed, mixed, and
directly added into the basal diet.

2.3 | Sampling and measurements

Piglets were weighed at the beginning and end of this dietary ex-
periment to obtain information about average daily gain (ADG). Feed
added to the feeder and any wasted feed were weighed to calculate
average daily feed intake (ADFI). The feed:gain ratio (F/G) was fur-
ther calculated based on the ADG and ADFI data.

To measure serum biochemical parameters, blood samples were
collected via jugular venipuncture into vacuum tubes containing no
additive at the end of the experiment. The serum was separated by
centrifugation for 30 minutes at 2000 g at 4°C, and the aliquot was
stored at 4°C (within 24 hours) prior to assay. The levels of serum
total protein (TP), globulin (GLO), albumin (ALB), blood urea nitro-
gen (BUN), alkaline phosphatase (ALP), glucose (GLU), triglycerides
(TG), total cholesterol (TC), glutamic-pyruvic transaminase (ALT),

glutamic oxalacetic transaminase (AST), glutamyltranspeptidase
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(GTP), serum creatinine (CREA), high-density lipoprotein (HDLC),
low-density lipoprotein (LDLC), and serum amylase (AMS) were an-
alyzed by an AU480 Chemistry System (Beckman).

Pigs were stunned using electronarcosis and killed at the end of
the experiment. Meat quality and amino acid levels in meat were
measured. The duodenum, jejunum, ileum, and intestines were sam-

pled and examined for morphology as well as intestinal microflora.

2.4 | Statistical analysis

For each set of assays, at least three independent experiments
were carried out. The results are expressed as the means + stand-
ard deviations (SD). Statistical significance was calculated using the
t test, followed by comparing the additive-treated groups with the
NC group. Statistical analysis was carried out using GraphPad Prism
software version 5 (GraphPad Software). The results were statisti-

cally significant at P < .05.

3 | RESULTS
3.1 | Growth performance

The effects of Chinese herb feed additives on the growth perfor-
mance of pigs are shown in in Table 2. Pigs in the Chinese herb feed
additive groups showed greater ADG and lower F/G compared with
NC treatment. The F/G of pigs in groups A, B, and C was decreased
17.56%, 9.31%, and 13.86% compared with NC treatment. The ADG
of pigs in group A was higher than that in groups B and C, while the
F/G of pigs in group A was lower than groups B and C. There was
no difference in ADFI between herb-treated groups and the control
group. These results indicate that three Chinese herb feed additive

mixtures can enhance the growth performance of swine.

The qualitative characteristics of the meat quality are shown in

Table 3. The loin eye area tended to be increased in pigs fed with
the Chinese herb feed additives. Specifically, the loin eye area was
significantly increased in groups A and C compared with the con-
trol group. In contrast, the drip loss rate tended to be decreased in
the Chinese herb feed additive diet groups, and the drip loss rate
of groups A and C was significantly decreased compared with the
control group. The pH1, pH24, and cooked meat percentage did not
differ significantly between the groups (Table 3). Total protein, total
amino acids, total lipids, crude ash, calcium, and phosphorus in the
meat of pigs treated with Chinese herb feed additives tended to be
increased over the control group. The total protein of pigs in groups
A, B, and C was increased by 4.54%, 0.38%, and 3.53%, respectively.
The total amino acids of pigs in groups A, B, and C were increased
by 5.67%, 1.44%, and 3.94%, respectively. The total lipid of pigs in
groups A, Band C was increased by 14.19%, 12.84%, and 17.57%, re-
spectively. The crude ash of pigs in groups A, B, and C was increased
by 1.38%, 8.00%, and 9.80%, respectively. The calcium of pigs in
groups B and C was increased by 3.70% and 1.01%, respectively,
while it was decreased in group A by 4.04%. The phosphorus of pigs
in groups B and C was increased by 1.47% and 4.12%, respectively,
while it was significantly decreased in group A by 7.47% (P < .001).
These results indicate that dietary feed supplemented with Chinese
herbs can improve the meat quality of swine.

The amino acid concentration in muscle is shown in Table 4. The
concentration of total amino acids showed a significant increase in
the Chinese herb feed additive treatment groups compared with the
control group, with 5.67%, 1.44%, and 3.94% increases, respectively.
The concentration of essential amino acids increased 6.75%, 1.38%,
and 4.99% in the treatment groups compared with the control group,
respectively. The concentration of isoleucine showed a significant

increase in the treatment groups compared with the control group.

TABLE 2 Effects of different Chinese herb feed additive treatments on the growth performance of swine

Group A Group B Group C NC
Total feed (kg) 371.28 363.48 372.36 366.36
ADFI (kg/pig) 3.09 3.03 3.10 3.05
Total Chinese herb feed additive (kg) 3.65 3.65 3.65 0
Ratio of Chinese herb feed additive (%) 0.98 1.00 0.98 0
Initial BW (kg) 38.52 +5.38 38.20+2.84 3778 +3.55 37.92+3.18
Final BW (kg) 137.75 + 7.60* 126.75 + 8.59 133.00 + 6.18** 118.75 £ 7.26
Average gain (kg) 99.22 + 3.81*** 88.55 + 6.29* 95.22 + 2.89*** 80.82 +4.46
ADG (kg/pig) 0.83 +0.03*** 0.74 + 0.05* 0.79 + 0.02*** 0.67 £0.04
F/G 3.75+0.15** 4,12 +0.31* 3.91+0.12%** 4.54 +0.26
F/G (compared with NC) 117.56% (0.79) 19.31% (0.42) 113.86% (0.63)

Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; BW, body weight; NC, negative control; F/G, feed/gain ratio.
*P < .05.

**P<.01.

***p < .001.
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TABLE 3 Effects of different Chinese

L ST SICIT(S Al herb feed additive treatments on the meat

Loin eye area (cm?)  156.10 +8.48%  152.80 + 11.58%® 159.50+ 15.61° 138.20 + 7.43° quality of swine
PH1 6.38+0.19 6.34 +0.29 6.13+0.22 6.09 +0.19
PH24 5.51+0.14 5.47 +0.17 5.52 +0.28 5.76 +0.17
Drip loss rate (%) 2.27 +0.25° 2.67 +0.76® 2.14 +0.29° 3.24 +0.84°
Cooked meat 27.96 + 1.08 27.53+1.22 27.71 £ 1.39 26.81+1.01

percentage (%)
Total protein 82.85 + 1.05° 79.55 + 2.05° 82.05+1.85°  79.25+0.65°

(g/100 g)
Total amino acids 77.32+0.98 74.23 +1.88 76.06 £ 2.02 73.175+1.32

(8/100 g)
Total lipid (g/100 g) 8.45 +0.35 8.35+1.15 8.70 £ 1.90 7.40 + 1.50
Crude ash (g/100 g) 5.90 + 0.261 6.28+0.24 6.38 +0.44 5.82+0.15
Calcium (mg/100 g) 1.42 +0.29 1.54 +0.13 1.50 +0.13 1.48 +0.02

Phosphorus

671.28 £ 9.14°

736.15 + 6.394°

755.36 + 10.20°

725.50 + 23.84°

(mg/100 g)

Note: Different letters (a, b) indicate differences between groups (P < .05).

The concentrations of valine, phenylalanine, aspartic acid, glutamic
acid, glycine, alanine, and arginine in muscle of group A were signifi-
cantly increased in comparison to control swine. The concentrations
of methionine, leucine, and proline in muscle of groups B and C were
significantly increased in comparison to control pigs. The ratios of
EAA/TAA and EAA/NEAA were 0.4 and 0.65, which were higher
than the FAO/WHO standard. The concentration of aromatic amino
acids increased 7.47%, 1.87%, and 4.20% in groups A, B, and C, re-
spectively. The concentration of delicious amino acids increased
4.40%, 1.32% and 2.54%, respectively, in the Chinese herb feed
additive groups. These results indicate that Chinese herb feed addi-
tives can enhance amino acid concentrations in the muscle of swine.
Group A was the best among the three investigated Chinese herb

feed additives in improving meat quality.

3.3 | Serum biochemical parameters

The results of serum biochemical parameters are given in Table 5.
Serum TP, ALB, and A/G were increased in the Chinese herb feed
additive groups compared with the control group, while GLO was
decreased in the treated groups. These results indicate that the
Chinese herb feed additives showed beneficial effects on immune
function and liver synthetic function in pig. Furthermore, serum ALT
and AST levels in groups A, B, and C were significantly decreased
compared with the NC group. Serum ALP and GLU levels were higher
and GTP lower compared with the NC group. These results indicate
that the Chinese herb feed additives can relieve damage to the liver,
gallbladder, skeletal muscle, and heart muscle. Serum TC and TG
concentrations in the treated groups were significantly lower than
those in the NC groups (P < .05). Moreover, serum AMS and LDLC
were lower than in the control group. Finally, serum BUN levels were

decreased, while CREA was increased, compared with the control

group. Together, these results suggest that diets supplemented with
Chinese herb feed additives could induce positive effects on serum

biochemical parameters in swine.

3.4 | Intestinal villi morphology

Dietary supplementation with Chinese herb feed additive increased
the villus height:crypt depth ratio in the ileum, jejunum, and duode-
num compared to the NC (Table 6 and Figure 1). Dietary Chinese
herb feed additive supplementation tended to reduce crypt depth in
the duodenum and jejunum. There was no effect on villus height in
the intestinal segments of any treatment group. These results indi-
cate that Chinese herb feed additive can improve the nutrient diges-

tion and absorption capacity of the small intestine.

4 | DISCUSSION

Phytogenic feed additives, referring to essential oils, spices, herbs
or plant extracts, combine bioactive ingredients and flavoring sub-
stances, which have recently been gaining considerable interest due
to their ability to improve performance by sustaining a healthy gut
environment.’ Furthermore, the phytogenic feed additives can im-
prove the flavor and palatability of feed and increase the activity
of digestive enzymes of the gastrointestinal tract and nutrient uti-
lization in pigs.® Among phytogenic feed additives, Chinese herbs
are the most economical and labor-effective additive due to their
simple preparation and low cost. Fermented herb additives, such as
water plantain, red ginseng, green tea, and Ginkgo biloba L. (GBL),
can improve the growth performance, feed efficiency, and nutrient
digestibility in pigs.8! However, the effects of herb combinations

on pig production were unknown. Thus, this study was designed to
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TABLE 4 Effects of different Chinese herb feed additive treatments on meat amino acid levels of swine

Group A

Thr 3.78 £0.04
Val 4.02 £ 0.04***
Met 1.95+0.14**
lle 3.70 £ 0.05**
Leu 6.33+0.04**
Lys 6.96 £0.06
Phe 4.25+0.03**
Tyr 2.66 £0.01
Cys 0.61 +0.05
Asp 7.56 +0.12***
Glu 12.56 + 0.10**
Gly 3.48 £ 0.06***
Ala 4.52 + 0.04**
Arg 5.10 + 0.05***
His 3.67 £0.06
Ser 3.09 £0.07
Pro 3.08 +0.05*
Total amino acids (TAA) 77.32 £ 0.98**
TAA compared with NC +5.67%
Essential amino acids (EAA) 30.10+0.39
EAA compared with NC +6.75%
EAA/TAA 0.4009
EAA/NEAA 0.6691
Aromatic amino acid (AAA) 6.90+0.35
AAA compared with NC +7.47%
Delicious amino acid (DAA) 33.22+0.36
DAA compared with NC +4.40%

*P < .05.

**p<.01.

***p <.001.

(

g/100 g)
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Group B Group C NC
3.70+0.08 3.68 £0.16 3.65+0.03
3.89+0.13 3.96+0.16 3.84 +0.01
1.42 +£0.06 1.96 £ 0.07* 1.37+0.34
3.60+0.11** 3.70 £0.12** 3.49 +0.09
6.10 £0.14 6.21+0.17* 5.98 +0.07
6.72 £0.19 6.92+£0.31 6.70+£0.11
4.00 +0.08 4.06 +0.25 4.00 +0.08
2.54+0.11 2.54+0.01 242 +0.11
0.62 +£0.08 0.65 +0.04 0.62 £0.01
7.34+0.20 740 +0.19 7.27 +£0.10
12.20+0.38 12.20+0.29 12.02 +£0.03
3.34+£0.10 3.53+0.10 3.30+0.05
4.40+0.08 4.45+0.18 4.32+£0.04
496 +0.14 5.06 + 0.08 4.92 +0.052
3.52+0.16** 3.60 £0.32 3.48 £0.17
2.96 £0.06 2.98 £0.06 2.94 £0.04
2.90+0.09 3.07 £ 0.04** 2.84+0.03
74.23 + 1.88* 76.06 + 2.02* 73.18 +1.328
+1.44% +3.94%

29.44 £ 0.674 30.48 +1.15 29.04 £0.76
+1.38% +4.99%

0.3965 0.4008 0.3968
0.6571 0.6689 0.6578
6.54+0.35 6.70 +0.26 6.42 +0.19
+1.87% +4.20%

32.24 +0.90 32.64 +0.42 31.82+0.18
+1.32% +2.54%

investigate the effects of three combinations of Chinese herbs on
growth performance, nutrient digestibility, serum biochemical pa-

rameters, and immune function in swine.

4.1 | Growth performance and nutrient digestibility

The results of this study demonstrate that three groups of Chinese
herb feed additives enhanced the growth performance of pigs. The
F/G of pigs in groups A, B, and C was decreased by 17.56%, 9.31%,
and 13.86% compared with NC treatment. Furthermore, the results
also demonstrated that the diets supplemented with Chinese herbs
improved meat quality and the amino acid concentration of muscle,
as the total protein, total amino acids, total lipid, and crude ash of
pigs in group A, B, and C were increased.

Intestinal crypts are invaginations of the epithelium around the

villithat are lined by epithelial cells that secrete enzymes. The base of

each crypt is constantly dividing to maintain the structure of the vil-
lus.*?>*2 Therefore, an increase in crypt depth produces more devel-
oped villi.!? This experiment showed that dietary supplementation
with Chinese herb feed additive increased villus height:crypt depth
in the ileum, jejunum, and duodenum compared to the NC (Figure 1),
indicating that Chinese herbs can improve nutrient digestibility.

The results of this study indicate that the three groups of Chinese
herb feed additives can improve the weight gain and meat quality of
pigs, as well as the nutrient digestion and absorption capacity of the

small intestine.

4.2 | Serum biochemical parameters

The three groups of Chinese herb feed additives induced positive ef-
fects on serum biochemical parameters. The serum concentrations

of TP, ALB, and BUN are commonly regarded as indicators of protein



TP (g/L)
ALB (g/L)
GLO (g/L)
A/G

ALT (U/L)
AST (U/L)
AST/ALT
ALP (U/L)
GTP (U/L)
BUN (mM)
CREA (uM)
TC (mM)
TG (mM)
HDLC (mM)
LDLC (mM)
GLU (mM)
AMS (U/L)
K (mM)
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TABLE 5 Effects of different Chinese herb feed additive treatments on serum biochemical parameters in swine
Group A Group B Group C NC

70.70 £ 2.60 66.20 +£4.80 70.40 = 5.60 66.60 + 3.00
52.40 £ 2.50 51.60 £ 3.70 48.70 £ 0.80* 50.00 + 1.00
17.00 £ 1.90 15.20 £ 5.50 19.70 + 3.80 16.40 £2.90
3.10 £ 0.40 3.80+ 1.40* 2.60 +0.50 3.10 £ 0.50
49.50 £ 10.50 50.20 £ 16.90 52.00+4.70 56.00 + 9.80

38.80 £ 21.20 39.00 + 13.00* 33.80 + 10.30** 60.00 + 25.00
0.80+0.20 0.80+£0.40 0.70 £ 0.20** 1.10 £ 0.60

126.50 + 36.60 124.80 + 30.20 126.80 + 37.30 118.50 + 25.30

32.50+20.30 34.00 £ 9.80 36.80 £ 14.90 45.50 + 10.80
3.48 +0.41 3.32+0.42 4.36 £0.96 3.43+0.41
128.30 = 5.60 134.40 £ 12.00 121.40 £ 11.10 123.00 £ 7.60
2.15+0.37* 2.10 £ 0.14*** 1.90 +£ 0.36** 2.90+0.28
0.48 £ 0.05* 0.42 +0.05* 0.42+0.13 0.55+0.06
1.10+0.14 1.02 £0.08 1.03 +£0.05 1.05 +0.07
1.08 £ 0.07 1.07 £0.15 1.10+£0.12 1.24£0.23
4.65 +0.44* 4.47 +0.20** 4.22 +£0.75 4.09 £0.14

2127.80 + 110.40** 2676.80 = 916.00 2706.80 = 916.00 3062.20 + 512.90

4.65 +0.27 5.11+0.49 4.90+0.48 4.70 +0.59
145.50+1.20 146.80 + 0.80** 146.80 + 1.30* 145.30+ 1.00

Na (mM)

Abbreviations: A/G, albumin/globulin ratio; ALB, albumin; ALP, alkaline phosphatase; ALT, glutamic-pyruvic transaminase; AMS, serum amylase; AST,
glutamic-oxalacetic transaminase; BUN, blood urea nitrogen; CREA, creatinine; GTP, glutamyltranspeptidase; GLO, globulin; GLU, glucose; HDLC,
high-density lipoprotein; LDLC, low-density lipoprotein; TC, total cholesterol; TG, triglycerides; TP, total protein.

*P < .05.
P <.01.
***p < .001.

lleum
Villus height, (um)
Crypt depth, (um)

Villus height:crypt
depth, (pm:pm)

Jejunum
Villus height, (um)
Crypt depth, (um)

Villus height:crypt
depth, (pm:pm)

Duodenum
Villus height, (um)
Crypt depth, (um)

Villus height:crypt
depth, (pm:pm)

synthesis and metabolism, which are related to the growth perfor-
mance in piglets, and BUN is the product of protein degradation in
vivo.8* In this study, serum TP and ALB levels were increased in

the groups treated with Chinese herb feed additives compared with

Group A

362.93 £53.38
336.26 + 19.25
1.08 £0.12

278.74 £ 52.16
257.44 + 50.86
1.14 £0.25

309.49 + 59.08
276.42 +42.20
1.15+0.32

Group B

333.34 £ 35.12
338.05 + 37.49
1.00+0.21

272.54 £ 50.46
290.20 £ 99.08
1.08+£0.35

286.28 + 58.05
264.45 +£43.56
1.08 £0.13

Group C

336.39 +32.52
328.50+36.91
1.05+0.16

278.13 £43.66
249.75 £ 58.97
1.14 £0.16

301.14 £ 68.55
264.61 + 54.32
1.14 £0.28

Group NC

324.11 £ 63.80
370.10 + 73.46
0.90 £0.26

256.89 £ 84.36
287.27 +85.78
0.90 £0.17

273.92 £57.19
280.07 + 68.74
0.99 £0.07

TABLE 6 Effects of different Chinese
herb feed additive treatments on small
intestinal morphology in swine

the control group, and serum BUN levels were decreased. Moreover,
ALP is an important enzyme that contributes to the absorption of
Ca and P and protein synthesis, and the serum GLU level is used as

an indicator of energy supply ability.®*> Serum ALP and GLU levels
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FIGURE 1 Immunohistochemistry

of the ileum, jejunum, and duodenum

of swine. The intestinal tissues were
dehydrated to make paraffin slides,
which were stained with hematoxylin-
eosin (HE). Under an optical microscope
(100x), images of the ileum, jejunum, and
duodenum were captured. Scale bar:
500 um

Tleum §

Jejunum

Duodenum

were higher in the treatment groups than in the control group, indi-
cating that the Chinese herbs, especially groups A and group B, can
improve digestion and absorption in pigs. These results indicate that
more proteins were synthesized and absorbed in the Chinese herb-
fed groups.

GTP is a transferase that catalyzes the transfer of gamma-glu-
tamyl functional groups from molecules such as glutathione to an
acceptor that may be an amino acid, a peptide, or water.*® This
transferase is found in many tissues and has been used as a diag-
nostic marker in liver.” We found that serum GTP was decreased
in the treated groups compared with the NC group. Furthermore,
ALT and AST are enzymes related to liver function, and increased
AST and ALT activity suggests liver disease, infection, parasitism, or
trauma.®'8 Serum ALT and AST levels in the A, B, and C groups were
significantly decreased compared to the NC group, indicating that
the Chinese herbs used in this study can protect the liver and have
beneficial effects on liver synthetic function in swine.

TC, TG, HDLC, and LDLC are the indicators of serum choles-
terol, which also correlates with the function and incidence of car-
diovascular events. LDLC can build up on the walls of the arteries
and increase the chance of heart disease, while higher HDL is cor-
related with cardiovascular health.}*?° Serum TC and TG concen-
trations in the Chinese herb feed additive groups were significantly
decreased compared to the NC groups (P < .05). Moreover, serum
LDLC was lower than in the control group. There was no significant
difference in HDLC between the Chinese herb-treated groups and
the control.

AMS is an enzyme that catalyzes the hydrolysis of starch into
sugars. Higher blood serum amylase may reflect acute inflamma-
tion of the pancreas.?! In this study, serum AMS was lower than
in the control group, indicating the Chinese herbs improved pan-
creas health. CREA is a product of creatine phosphate in muscle,
and serum CREA is an important indicator of renal health.?? In this
study, serum CREA was increased in the treated groups compared
with the control group. Additionally, A/G was increased in the
treated groups compared with the control group, while GLO was

decreased.

B Group

Together, the results in this study suggested that diets supple-

mented with Chinese herb feed additives could induce positive
effects on serum biochemical parameters and immune function in

swine.

5 | CONCLUSION

In conclusion, the diets supplemented with Chinese herbs improved
meat quality, increased the amino acid concentration of muscle,
increased the villus height:crypt depth ratio, and induced positive
effects on serum biochemical parameters and immune function
in swine. The combination of these effects contributed to better
absorption of nutrients by the intestinal tract and yielded a bet-
ter growth performance. This research will help guide the use of
Chinese herbs as feed additive supplementation in swine diets.
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