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ABSTRACT. Chinese herbal medicines (CHMs) contain multiple active ingre-
dients, such as polyphenals, flavonoids, polysaccharides, due to which CHMs
have many biological properties for example antioxidant, anti-inflammatory and
anti-lipase. CHMs can promote intramuscular fat deposition, increase the con-
tent of fatty acids and free amino acids in pork, which increases the nutritional
value and health-promoting properties of meat. However, there are still some
problems with the application of CHMs in pig production to improve meat quality.
Firstly, there are many active ingredients, and their identification and study on
their interactions are necessary. Secondly, the presence of harmful ingredients
limits CHMs popularization and application. This review summarizes the current
applications of CHMs in pig production in order to increase meat quality, and
compares their effects on meat quality, which provides a theoretical screen for
effective CHMs and their combinations. In brief, it is necessary to distinguish and
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Introduction

In recent years, with the improvement of living
standards, consumers are paying more and more
attention to pork quality, as high-quality meat that
is rich in a variety of nutrients and provides many
benefits to human health. The production of natural,
safe and healthy animal food products is currently the
focus of animal food production worldwide. Research
on Chinese herbal feed additives that can not only
maintain a certain growth rate but also improve meat
quality and flavour, is of great significance to the
animal feed industry and human health.

Chinese herbal medicines (CHMs) mainly come
from plant roots, stems, leaves and fruits, which are
subjected to various processing methods. They have

find CHMs that have positive effects on meat quality and growth performance.

biological activities useful for pharmacological
applications in the prevention and treatment of
diseases. CHMs contain feed nutrients, such as fat,
amino acids (AA), crude protein (CP) and trace
elements, which can be used to supplement nutrient-
deficient diets. Feeding animals with CHMs with
high nutrient contents can not only balance or
improve the nutrient level of the diet but also increase
the utilization of CHMs. Furthermore, CHMs are
rich in a variety of biologically active substances,
such as polyphenols, flavonoids, polysaccharides,
etc. (Table 1). CHMs also have physiological
functions, e.g., antioxidant, anti-inflammatory, anti-
lipase, hepatoprotective (Table 1), and have been
widely used in pharmaceutical, food and health
products. Animal experiments show that CHMs
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can promote animal growth, enhance immune func-
tion and improve the quality of livestock and poultry
products. Pigs fed a diet containing CHMs (Astra-
galus membranaceus, Codonopsis pilosula and alli-
cin mixture) had higher average daily gain, apparent
total tract digestibility of dry matter (DM) and gross
energy, immunoglobulin concentrations than pigs
fed a control diet (Lan et al., 2017). CHMs supple-
ments improve milk yield, milk fat, protein content
and immune function in dairy cows under heat stress
conditions (Shan et al., 2018). CHMs have many ad-
vantages, including ample availability due to a wide
range of sources, safety and reliability, no drug re-
sistance, low toxicity, etc. Thus, they are environ-
mentally friendly and can be potential antibiotic
substitutes. If we make full use of the by-products
of CHMs (residues of CHMs, not recommended for
medical purposes, etc.) for animal production, we
can recycle more resources and better protect the
environment.

Active compounds of CHMs can participate
in the regulation of the metabolism of substances
in vivo, thereby promoting intramuscular fat (IMF)
deposition (Yang et al., 2015), enhancing meat fla-
vour compounds (Ahmed et al., 2016), reducing
muscle cholesterol (Kim et al., 2014). Even some
beneficial nutrients are derived and accumulated
in meat, which can increase the health-added value
and meat quality of pork. However, the information
about the application of CHMs to enhance the qual-
ity of pork is rather rare. In the present review, the
effects of CHMs on pork quality from the perspec-
tive of pork nutritional value, health benefits, fla-
vour and meat quality are described. The goal is to
provide the scientific basis and directions for further
research on CHMs impact on meat quality.

Chinese database of China National Knowl-
edge Infrastructure (CNKI), Wanfang Data Knowl-
edge Service Platform and Veipu Information, and
the English database of PubMed Central, Science
Direct, Scopus, Wiley Online Library, SpringerLink,
and the Directory of Open Access Journals were
scratched. A tremendous amount of search terms
were used to combine terms describing CHMs with
words focusing on meat quality between 1999 and
2021. Both general and specific search terms were
used, for instance, ‘Chinese herbal medicines,’ ‘herb,’
‘plant extract,” ‘meat quality,” ‘sensory quality,” ‘oxi-
dative stability,” and ‘pig.” In addition, more specific
search terms for the various CHMs were used, such as
‘Astragalus membranaceus,” ‘Eucommia ulmoides,’
and ‘mulberry’ among others. We used as many rel-
evant search terms as possible for literature search

and used publications titles and keywords to remove
all articles that did not specifically study the impact
of dietary supplementation of CHMs on meat qual-
ity of pigs. Then the articles were further screened
according to abstracts and methods, including only
the research on CHMs or extracts derived from
CHMs. Only herbs identified as CHMs by the Chi-
nese Pharmacopoeia and National Administration
of Traditional Chinese Medicine were taken into ac-
count.

Types and characteristics of common
CHMs used in pig production

The frequently used CHMs are listed in
Table 1. The most frequently used CHMs are Radix
Astragali, Fructus Crataegi, Radix Codonopsis,
Radix et Rhizoma Glycyrrhizae, Pericarpium
Citri Reticulatae, Fructus Hordei Germinatus,
Cortex Eucommiae, Caulis Lonicerae Japonicae,
Folium Mori, Radix Angelicae Sinensis, Massa
Medicata Fermentata and Rhizoma Atractylodis
Macrocephalae. Additionally, since these herbs are
rich in biologically active compounds, they are
used in Western medicine for their antioxidant, anti-
inflammatory, antiviral and antibacterial activities
(Table 1). Therefore, the addition of these herbs to
animal feed has certain benefits for the antioxidant
system of pigs, which can enhance immunity and
disease resistance and thus promote health. At the
same time, some functional compounds may be
deposited in pork, which bestows the pork with
better oxidative stability and thereby potentially
extends its shelf-life.

Problems in the application of CHMs

The number of active ingredients is difficult
to identify

Due to numerous active ingredients present in
CHMs, it is difficult to determine all of them. The
content of these active compounds in CHMs/extracts
varies greatly, depending on the herbal part (seeds,
leaves, stems, roots) from which it was prepared,
geographical origin, maturation stage, preservation
method and period, storage and extraction method.
Moreover, the interaction of bioactive components
in herbal formulas is not only confined to absorption,
metabolism and enzymatic reaction, but also to
processing, single and multiple formulas (Wang
et al., 2012b). In the processing, especially under
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heating and/or wet conditions, the composition
of CHMs may undergo complex changes, such as
content increase or decrease, structural changes,
and/or formation of new compounds (Wu et al.,
2018). Furthermore, CHMs consists of a variety
of herbal ingredients and hundreds of compounds,
so their therapeutic effect depends on the overall
interaction between all ingredients. In a word, each
kind of CHMs has different effects.

Harmful ingredients limit their
popularization and applsication

Common contamination of CHMSs products
include microorganisms, toxins, insecticides and/
or toxic heavy metals. Liver and kidney injury
caused by other CHMs in recent years has been re-
ported. These include Polygonum multiflorum, Aloe
barbadensis, Atractylis gummifera, Symphytum
officinale, Nerium indicum, Xanthium strumarium,
Tripterygium  wilfordii, Aconitum carmichaelii
(Lin et al., 2017; Liu et al., 2019b; Zong et al.,
2019; Song et al., 2020). In particular, CHMs rich
in polysaccharides and starches were found to be
susceptible to harmful fungi. It has been found that
certain CHMs, such as Angelica sinensis, citrus and
licorice, are contaminated with aflatoxin (Hu et al.,
2018b). In a study by Ting et al. (2013), Bacillus
was the most common recycling pollutant when
compared with Clostridium and Staphylococcus.
Residues of 16 pesticides were identified in 72.1%
of the 104 herbal samples (Kowalska, 2020). If
CHMs powder was used directly in the aquaculture
industry (or CHMs that do not meet the standard
for the use in humans), it may endanger pigs health,
and toxins may even accumulate in pork products.
Moreover, pork products can also be contaminated
if improperly preserved CHMs residues from herbal
medicine factories are used as pig feed.

Another important issue is that the toxic
compound content of wild-collected plants is higher
than that of cultivated ones (Harris et al., 2011).
Also, it was found that the average dissolution
rates of zinc, copper, cadmium, mercury, arsenic
and lead in four kinds of CHMs were 47.4, 33.8,
20.5, 6.1, 5.4 and 4.8%, respectively, and the CHMs
were considered to pose no threat to human health
(Wang et al., 2019). Nan et al. (2021) reported that
the Platycodon grandiflorum accumulated varying
amounts of metal(loid)s in the order copper >
mercury > lead > arsenic > cadmium, and their
concentrations decreased in the early growth stage
and then increased in the flowering season. However,
unlike human drinkable decoction, heavy metals

may accumulate in tissues of pigs fed diets directly
supplemented with herbal powder, especially when
the dosage is large.

Therefore, to promote the use of CHMs in ac-
tual production we need to address certain issues be-
forehand. Firstly, the effect of CHMs and their col-
location effect must be fully understood. Secondly,
the presence of harmful substances in CHMs must
be detected in order to avoid the use of CHMs with
high content of harmful materials.

Effect of CHMs on pork nutritional
value

Conventional nutritional composition

Numerous CHMs have both medicinal proper-
ties and nutritional value in practical use. For ex-
ample, Folium Mori is rich in CP, fat and vitamins
(Chen et al., 2021), and Radix Astragali is rich in
polysaccharides, AA, CP and mineral (Lan et al.,
2017). Feeding animals with CHMs can transform
nutrients in CHMs into nutrients in animals, which
is helpful to enhance the nutritional value of pork.
As reported by Lin et al. (2020), CHMs compounds
(e.g., Semen Raphani, Atractylodes, Semen Coicis,
Poria, Crataegus, Codonopsis pilosula, Sophora ja-
ponica, Pulsatilla chinensis, Portulacae, Semen Eu-
ryales, Radix Scutellariae, Copperleaf herb, Astra-
galus, Rhizoma coptidis, Pseudollaria heterophylla,
dried orange peel — in various mixtures) improved
the contents of CP, total AA, total lipid, ash, calcium
and phosphorus in pork.

Water/ dry matter

Many researchers have confirmed that some
CHMs (Folium Mori (mulberry leaves), Radix
Sophorae, Radix Glycyrrhizae, Radix Astragali,
Cortex Eucommiae as well as Origanum vulgare
(oregano) essential oil) do not affect pork water con-
tent or DM (Kim et al., 2014; Cheng et al., 2017; Yu
etal., 2017; Chen et al., 2021). However, Kang et al.
(2012) reported that the pork water content was
significantly higher in pigs treated with CHMs by-
products (Cynonchum witfordii, Curcuma zedoaria,
Pueraria thumbergiana) than those treated with fla-
vomycin. On the other hand, CHMs increased the
pork water content and decreased the fat content,
which may affect the flavour of pork. Ahmed et al.
(2016) reported that natural and fermented herbs
(Punica granatum, Ginkgo biloba, Glycyrrhiza
uralensis) significantly increased the water content
and decreased the crude fat in the longissimus dorsi
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muscle (LDM) of pigs. Xiangcun Black pigs fed
diet containing 6% mulberry leaves have a lower
content of DM in LDM in comparison with the con-
trol group (Liu et al., 2019a).

Ash

It has been reported that CHMs do not affect the
ash content of pork, neither a single CHM (oregano;
Cheng et al., 2017) nor a compound formula (Puni-
ca granatum, Ginkgo biloba, Glycyrrhiza uralensis
(Ahmed et al., 2016); Astragalus membranaceus,
Glycyrrhiza uralensis, Angelica dahurica (Yang
et al., 2015)). However, other studies have reported
that CHMs can improve the ash content of pork.
Kang et al. (2012) found that the ash content in pork
treated with the CHMs by-products (Cynonchum wit-
fordii; Curcuma zedoaria, Pueraria thumbergiana)
was significantly higher than that in pork treated with
0.1% flavomycin. Similarly, the ash content in pork
from pigs fed diets with Eucommia ulmoides leaves
was significantly higher than that in pigs fed basal
diet (Lee et al., 2009). The phosphorus content in pigs
fed CHMs (Sophora japonica, Pulsatilla chinensis,
Portulacae) increased significantly (Lin et al., 2020).

Ash mainly includes inorganic salts and oxides.
There are two main points in the mechanism of
CHMs to improve muscle ash content. 1) Possibly,
CHMs may have a high minerals content, thereby
promote the deposition of minerals in the muscles.
Some edible herbs have high mineral content and
are harmless, so they can be used as dietary sup-
plements (Ozyigit et al., 2018). Medicinal plants
contain many important essential and beneficial
elements involved in various metabolic processes.
However, the toxicity of these elements may cause
serious health problems. Therefore, it is necessary to
determine the minerals nutritional value and accu-
mulation state of heavy metals in CHMs. 2) CHMs
may stimulate mineral absorption. For instance,
natural and fermented herbs increased the content
of calcium and iron (Ahmed et al., 2016). Moreo-
ver, treatment with the ethanol extract of Fructus
Ligustri Lucidi can regulate bone turnover and up-
regulate the expression of calcium absorption-relat-
ed genes in kidney and duodenum, and increase the
calcium absorption and retention efficiency (Feng
et al., 2014). Thus, the increase of mineral content
through dietary supplementation in pork may to
some extent contribute to human health.

Crude fat/ intramuscular fat

It was suggested that certain CHMs have no
effect on meat crude fat content, such as Fucommia

ulmoides leaves (Lee et al., 2009), oleuropein extract
(Lin et al., 2020) and CHMs formulas (CHMs by-
products including Cynonchum witfordii, Curcuma
zedoaria, Pueraria thumbergiana; and compounds
including Astragalus membranaceus, Glycyrrhiza
uralensis, Eucommia ulmoides) (Kang et al., 2012;
Zeng, 2016).

However, it has been suggested that CHMs
(Massa Medicata Fermentata, Fructus Aurantii,
Angelica sinensis and Astragalus membranaceus,
Glycyrrhiza uralensis, Angelica dahurica) can reg-
ulate the deposition of IMF in pork by increasing
the pork fat content, increasing the marbling score
and promoting flavour (Wang et al., 2013; Yang
et al., 2015). For instance, in some studies, it was
revealed that tea residue and oregano essential oil
(250 mg/kg) can increase IMF (Tong, 2016; Cheng
et al., 2017). The added amount of different CHMs
may have an impact on fat production. Mulberry
leaves (3—12%) had no effect on the IMF content in
pigs (Liuetal.,2019a; Chen et al., 2021), while 15%
mulberry leaves significantly increased the IMF
content (Zeng et al., 2019). Significantly increased
IMF was observed in the 80 mg/kg cinnamaldehyde
group and no increase of IMF was noted in 40 mg/kg
supplemented group in comparison with the control
group (Luo et al., 2020). Bioactive compounds of
CHMs regulate fat deposition and metabolism, such
as, mulberry anthocyanins can reduce lipogenesis
and promote hepatic lipid clearance (Chang et al.,
2013); 1-deoxynojirimycin promoted the plasma
adiponectin and activated the B-oxidation system
to reduce the weight of visceral fat and the size of
adipocyte (Tsuduki et al., 2013). Chlorogenic acid
from Eucommia ulmoides leaves improves lipid
metabolism by transcriptional activation of adeno-
sine 5’-monophosphate-activated protein kinase and
inhibition of its downstream targets, to inhibit total
cholesterol synthesis, total cholesterol and triacyl-
glycerol levels in hepatocytes (Hao et al., 2016).

In addition, feeding pigs diets containing two
formulas (1: Caulis Loniceraec Japonicae, Radix
Astragali, Polygoni Multiflori Radix, Massa Medi-
cata Fermentata, Pine needles, Radix Angelicae
Sinensis; 2: Pericarpium Citri Reticulatae, Fructus
Hordei Germinatus, Fructus Crataegi, Radix Codo-
nopsis, Atractylodes Lancea, Scutellaria baicalensis
Georgi, Cyrtomium fortunei) of CHMs significantly
increased the crude fat content of LDM, includ-
ing Lonicera japonica, Astragalus membranaceus,
Fallopia multiflora and dried tangerine peel, malt,
and Crataegus pinnatifida (Xu et al., 2012). The
cure fat content in pigs fed three mixtures of CHMs
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(A: Semen Raphani, Atractylodes, Semen Coicis,
Poria, Crataegus, Codonopsis pilosula; B: Sophora
Japonica, Pulsatilla chinensis, Portulacae, Atracty-
lodes, Semen Euryales, Radix Scutellariae; C: Cop-
perleaf herb, Astragalus, Atractylodes, Rhizoma
coptidis, Pseudollaria heterophylla, dried orange
peel) was 12.84-17.57% higher than in control pigs
(Lin et al., 2020). The supplementation of CHMs
(Astragalus membranaceus, Eucommia ulmoides,
Ginkgo biloba) increased by 9.12% crude fat of LDM
in comparison with the zero supplementation (Shen
et al., 2021). Similarly, the CHMs formula (Radix
Astragali, Radix Glycyrrhizae, Cortex Eucommiae)
used in the research of Yu et al. (2017) had the same
effect. According to the above research, it can be
concluded that CHMs increasing fat content mainly
include Astragalus membranaceus, Fructus Cratae-
gi, Fructus Hordei Germinatus, Glycyrrhiza uralen-
sis, Pericarpium Citri Reticulatae and some contain
Angelica sinensis, Lonicera japonica and Codonop-
sis pilosula. Madak-Erdogan et al. (2016) reported
that Radix Glycyrrhizae reduced weight gain and
total fat deposition after ovariectomy. Furthermore,
Astragalus membranaceus polysaccharides can
reduce the increase of body weight and liver tri-
glyceride induced by metabolic stress (Huang et al.,
2017). Ethanol extract of Crataegus pinnatifida
fruit had a good hypolipidemic effect (Shao et al.,
2016). Pericarpium Citri Reticulatae decreased
liver lipid content and improved lipid metabolism
in ovariectomized rats (Lim et al., 2014). In addi-
tion, the combination of Citrus unshiu and Cratae-
gus pinnatifida leaves inhibited lipogenesis (Lee
et al., 2015). Honeysuckle anthocyanins at 100 or
200 mg/kg dose can inhibit body weight gain, re-
duce serum and liver lipid profiles, ameliorate liver
dysfunction, and their anti-obesity effects might be
through the blockage of lipid accumulation (Wu
et al., 2013). Therefore, it is established that many
CHMs have fat-reducing activity. Remarkably, it
seems that the CHMs with fat-reducing activity can-
not achieve the effect of increasing meat fat content.
The most likely explanation is that active ingredi-
ents of compound CHMs that improve crude fat
content do not come from a single CHM. The most
important factors for improving the IMF content are
the interaction and synergy of the herbal ingredi-
ents, while the proportion, dosage and composition
of CHM s greatly affect the fat deposition.
Generally, IMF is derived from the liver (mainly
dietary lipids) and adipose tissue (mainly neonatal
lipogenesis) (Corominas et al., 2013). At the same
time, there are only some studies on CHMs impact on

muscle fat deposition, and the deposition of muscle is
mainly discussed as the result of liver fat metabolism.
However, the deposition of IMF is inconsistent with
the deposition of body fat. IMF is a specific metabolic
characteristic controlled by specific genes expression
pathways (Hocquette et al., 2010). The relative effects
of direct deposition in dietary fat and endogenous
synthesis, as well as the regulation of dietary
ingredients composition, are key factors in porcine
lipid metabolism. The underlying mechanisms of
these complex physiological processes have not
yet been well understood. Therefore, oils and fats
in CHMs, especially fatty acids (FA), may have an
effect on lipid metabolism and muscle fat. A diet
rich in unsaturated fatty acids (UFA) leads to lower
fat deposition and IMF content (Isabel et al., 2014).
Studies on fat deposition in pigs are mainly focused
on fat production, but less on fat decomposition.
Although at present, the mechanism of CHMs
mediating the improvement of IMF deposition is
not clear. CHMs can improve the distribution and
deposition of pork fat, reducing the visceral and
body fat content, which helps to satisfy people’s
contradictory requirements for taste and obesity.

Protein

Some studies have indicated that CHMs such
as natural herbs (Punica granatum, Ginkgo biloba,
Glycyrrhiza uralensis; Radix Astragali, Radix
Glycyrrhizae, Cortex Eucommiae), have no effect
on the muscle CP content (Ahmed et al., 2016; Yu
et al.,, 2017). CHMs can regulate muscle protein
deposition, increase or decrease the CP content. It is
well known that many CHMs are both medicinal and
edible. The AA composition of CHMs is similar to
that of the botanical feed, that is, the AA composition
in plant protein precursors is not the only factor that
affects protein content (Kong et al., 2011). Eucommia
ulmoides (Lee etal., 2009) and Morus alba leaves (Liu
etal.,2019a) can increase the CP content of LDM. The
CP and total AA of pigs fed diets with CHMs mixture
(Semen Raphani, Atractylodes, Semen Coicis, Poria,
Crataegus, Codonopsis pilosula) increased by 4.54
and 5.67%, respectively, in comparison with the
control animals (Lin et al., 2020).

However, some CHMs reduced muscle CP
content, e.g., oregano essential oil (Cheng et al.,
2017) and Cynonchum witfordii, Curcuma zedoaria,
Pueraria thumbergiana (Kang et al., 2012). Kong
et al. (2011) suggested that some CHMs compounds
have similar structures and physiological functions to
glucocorticoids. Thus, such compounds may improve
the metabolism of nutrients and protein deposition
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through cell signalling pathways. On the one hand,
it can be speculated that CHMs have a characteristic
odour and poor palatability as medicines. A high dose
of CHMs may reduce the feed intake in pigs, resulting
in insufficient energy and protein synthesis. In
summary, in animal feeding, the use of CHMs mostly
plays a role in nutritional prevention. The correct
doses between nutritional and pharmacological
prevention is crucial for muscle CP deposition and
animal healthy growth.

Cholesterol

CHMSs can regulate pork lipid metabolism. In
many studies, it has been reported that CHMs (Foli-
um Mori, Radix Sophorae, Radix Glycyrrhizae; cop-
tis extract; Silybum marianum (milk thistle)) reduce
the cholesterol content of pork and atherosclerosis in-
dex (Kim et al., 2014; Grela et al., 2020; Yi and Liu,
2020). In other studies, it was found that herbs can in-
hibit liver fat production and cholesterol enzyme ac-
tivity (Warshafsky et al., 1993). Ahmed et al. (2016)
found that pigs fed diets with natural herbals (Punica
granatum, Ginkgo biloba, Glycyrrhiza uralensis) had
significantly decreased cholesterol content in longis-
simus thoracis et lumborum (LTL) muscle. Plant fla-
vonoids and cholesterol of digesta can form insoluble
compounds, which inhibits the absorption of endog-
enous and exogenous cholesterol in the intestine and
increase faecal cholesterol and bile acid excretion
(Wang et al., 2012a). CHMs with high fibre content
may reduce muscle cholesterol levels (Kang et al.,
2012). Certainly, a lower cholesterol level in pork
can reduce the incidence of cardiovascular diseases,
which is beneficial to human health.

Flavour substances

Fatty acids. FA can react with the Maillard re-
action compounds to form flavour compounds with
a lower odour threshold and therefore a potentially
greater impact on the flavour (Aaslyng and Meinert,
2017). CHMs not only can improve the distribution
of FA in meat but also the nutritional value, thereby
promoting human health. The reduction of saturated
fatty acids (SFA) and the relative increase of UFA are
beneficial for humans. As shown in the Table 2, some
CHMs can increase the content of oleic acid, linoleic
acid, linolenic acid and UFA, but others may reduce
their content. The same is true for SFA. The CHMs
promoting the improvement of muscle fat may have
positive effects on oleic and linoleic acid. Oregano
essential oil may cause a redistribution of oleic
and linoleic acid in the IMF (Cheng et al., 2017).
Additionally, the main factor influencing the con-

centration of oleic and linoleic acid in adipose tissue
is the total amount of fat itself (Wood et al., 2013).
Therefore, the CHMs promoting the improvement of
muscle fat may have positive effects on oleic and li-
noleic acid.

However, many studies have suggested that
CHMs can reduce fat (section of crude fat/ IMF), and
it is difficult to determine the extent to which CHMs
have direct or indirect effects on FA composition.
Mainly, this is due to the complexity and diversity
of CHMs. Each herb is rich in bioactive metabolites,
as a result, their mechanism of action on muscle
FA is more complicated. It is generally recognized
that the FA composition of tissues also depends on
endogenous synthesis, which may also be affected by
dietary composition. As shown in a study by Ahmed
et al. (2016), a high concentration of a-linolenic acid
in fermented herbs (Punica granatum, Ginkgo biloba,
Glycyrrhiza uralensis) reduces FA concentration
and arachidonic acid synthesis in meat, which can
compete with linoleic acid for the same enzymes
(Waszkiewicz-Robak et al., 2015). Furthermore, it is
also widely known that changes in dietary fat have
various effects on the expression of genes involved
in lipid metabolism. Coptis extract can change the
gene expression of fat and muscle metabolism in
vivo, and reduce the total SFA concentration of LDM
(Yi and Liu, 2020). Moreover, lipids are particularly
susceptible to oxidation. For instance, it has been
reported that plant polyphenol dietary supplements
can effectively change the composition of FA by
preventing the oxidation of UFA (Rincon-Cervera
et al., 2016). In order to confirm the effect of CHMs
on the FA composition of meat, further research is
needed. Researchers can also consider using CHMs
to regulate fat metabolism and change the metabolism
and distribution of FA in pork, which is beneficial to
human health.

Free amino acids and inosine monophos-
phate. Free amino acids (FAA) in pork are tasty and
so affect the flavour of meat. FAA can react with re-
ducing sugars to form Maillard reaction products and
promote meat flavour (Aaslyng and Meinert, 2017).
Muscle aminopeptidase contributes to the produc-
tion of FAA after death, thereby improving meat
nutritional value and affecting its flavour by acting
as flavour enhancers or precursors of aroma com-
pounds (Toldra et al., 1995). Rincon-Cervera et al.
(2016) and Long (2015) suggested that Lonicera
macranthoides, Astragalus membranaceus, Eucom-
mia ulmoides, Ginkgo biloba increased the con-
tent of FAA (arginine, glutamate, serine, tyrosin,
isoleucine, threonine, valine; glycine, arginine,
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phenylalanine, valine, leucine and lysine) in pork.
Mulberry leaves (4%) supplementation increased
the contents of glutamic acid, glycine, alanine, ar-
ginine, isoleucine, phenylalanine, proline, serine,
tyrosine, aspartic acid and total AA (He et al., 2019;
Chen et al., 2021), but 6% mulberry leaves addition
decreased the concentration of lysine and glutamine
(Liuetal.,2019a). In Lin etal. (2020) study, a CHMs
mixture A: Semen Raphani, Afractylodes, Semen
Coicis, Poria, Crataegus, Codonopsis pilosula) in-
creased the concentrations of valine, phenylalanine,
aspartic acid, glutamic acid, glycine, alanine, argi-
nine, and leucine in LDM, and the concentrations of
methionine, leucine and proline were increased by
two others CHMs mixtures (B: Sophora japonica,
Pulsatilla chinensis, Portulacae, Atractylodes, Se-
men Euryales, Radix Scutellariae; C: Copperleaf
herb, Astragalus, Atractylodes, Rhizoma coptidis,
Pseudollaria heterophylla, dried orange peel).

It is suggested that growth-promoting effects of
CHMs lead to rapid deposition of muscle protein,
turnover of body proteins, increase activity of
myofibril degrading enzymes, resulting in an
increase in the FAA content in water-soluble
substances in meat (Shuang et al., 2001). Diets
containing 1 or 1.5% honeysuckle leaf powder
increased the concentration of several FAA and the
mRNA expression of the selected AA transporters
in the longissimus muscles of Chinese Tibetan pigs,
significantly increasing the mRNA expression of
genes related to muscle growth (Wang et al., 2017).
However, CHMs probably affect the metabolism
of nutrients (especially AA) in the small intestine
by altering the growth and metabolism of intestinal
microbiota, thereby changing the amount of AA
(free or protein bound) (Kong et al., 2011).

Liu et al. (2019) found that 3—12% of mulber-
ry leaves increased inosine monophosphate (IMP)
content, but Chen et al. (2021) reported that 4% of
mulberry leaves did not increase IMP content. How-
ever, there are few studies focused on the effects of
CHMs on FAA and IMP, as a result, we currently do
not understand the mechanisms whereby CHMs can
improve the content of FAA or IMP.

Meat quality

Marbling score

Marbling is the texture formed by the distribution
of fat and connective tissue in the muscle, which
is closely related to the flavour, tenderness and
juiciness of meat (Chen et al., 2015). In some studies,

it was implied that CHMs (Eucommia ulmoides
leaves, Scutellaria baicalensis and Lonicera
Jjaponica extract, coptis extract) have no effect on
marbling score (Lee et al., 2009; Liu et al., 2016; Yi
and Liu, 2020). On the other hand, several studies
have shown that tea residue (Tong, 2016), garlic
(Yan et al., 2011), compound CHMs (Lonicera
Japonica, Astragalus membranaceus, Polygonum
multiflorum) (Xu et al, 2012) and 80 mg/kg
cinnamaldehyde (Luo et al., 2020) can improve the
pork marbling score. Additionally, Wang et al. (2018a)
reported that CHMs (Astragalus membranaceus,
Acanthopanax  senticosus, Codonopsis pilosula)
increased the marbling score by 30.41% in compa-
rison with the control. The diet supplemented with
Astragalus membranaceus, Eucommia ulmoides
and Ginkgo biloba increased the marbling score
of pork by 56% (Shen et al., 2021). The marbling
scores for the CHMs formula (Radix Astragali,
Radix Glycyrrhizae, Cortex Eucommiae) at a dose of
2.5 g/kg in the dietary treatment were increased,
but for the dietary treatment at a dose of 5 g/kg the
marbling scores were similar to those of the control
(Yu et al., 2017). In order to increase people’s desire
to purchase the product, for production, it is necessary
to screen for herbs with an improved marbling score
effect.

pH value

Undoubtedly, the influence of the rate and
extent of the decrease of the pH value on protein
denaturation, the myofibrillar lattice spacing and
shrinkage in muscle cells is fundamental in deter-
mining the quality of raw and cooked meat (Hughes
et al., 2014). In general, the final pH value of most
of the pork with normal glycolysis is from 5.3 to 5.8
(Warriss, 1982). Several studies have reported that
CHMs can improve pork pH at 24 h, such as the com-
bination of Portulaca oleracea and Fructus Cratae-
gi, tea residues (Tong, 2016); compounds (Gastro-
dia elata, licorice) (Kang et al., 2012), coptis extract
(Yi and Liu, 2020), Eucommia ulmoides (Li et al.,
2020; Zhang et al., 2020), milk thistle seeds (Grela
etal., 2020), mulberry leaves (Fan et al., 2020; Zeng
et al., 2019), cinnamon extract (Luo et al., 2020).
Higher pH value at 24 h after slaughter could be due
to the inhibition of lipolysis by antioxidant supple-
ments and lower FA release (Wood et al., 2004). It
may also be due to the active ingredients of CHMs.
Quercetin in mulberry leaves can inhibit muscle
glycolysis by down-regulating glycolysis-related
enzymes (Dihal et al., 2008). Cinnamaldehyde can
reduce the activities of phosphoglycerate kinase
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(PGK) and glyceraldehyde 3-phosphate dehydro-
genase (GAPDH), and improve pH value (Luo
etal., 2020). Dietary supplementation of Eucommia
ulmoides extract can increase sarcoplasmic reticu-
lum Ca?>-ATPase (SERCA) activity and pH value
(Li et al., 2020). Certainly, Glycyrrhiza uralensis,
Portulaca oleracea and theophylline have powerful
sedative and hypnotic effects (Xu et al., 2007; Singh
and Zhao, 2017; Hamedi et al., 2019). Accordingly,
it can be inferred that those CHMs can reduce stress
by reducing glycolysis, which eventually leads to
increase muscle final pH, to some extent.

There are conflicting reports about the effect of
garlic powder on the muscle pH value at 24 h. For
instance, some studies have suggested that the av-
erage pH value at 24 h is higher in the group with
added garlic than that in the group with no added
garlic (Holden et al., 1999; Chen et al., 2008). In
contrast, Yan et al. (2011) reported that fermented
garlic powder had no effect on the pH value at 24 h.
This is mainly due to the difference between the nu-
tritional density of the diets, and the functional sub-
stances of garlic that have undergone fermentation.

Tenderness/ shear force

Tenderness refers to the perception of the
meat chewing process. It is mainly determined by
the content and chemical structure of myofibrils,
connective tissue and sarcoplasmic protein in
muscle (Listrat et al., 2016). Some studies have
suggested that CHMs (Folium Mori, Radix
Sophorae, Radix Glycyrrhizae, Verbena officinalis
extract; oregano essential oil) have no effect on
pork tenderness (Kim et al., 2014; Rossi et al.,
2014; Forte et al., 2017). In contrast, other studies
have reported that some CHMs (Lonicera japonica,
Astragalus membranaceus, Polygonum multiflorum,
Glycyrrhiza uralensis, Angelica dahurica) can reduce
the shear force (Xu et al., 2012; Yang et al., 2015)
and improve the tenderness of pork. The shear force
was significantly reduced by 18.38% in the 0.1%
CHMs group (Cortex dictamni, Ligusticum wallichii,
prepared Rehmannia Glutinosa) in comparison
with the control (Li et al., 2014). Astragalus
membranaceus, Eucommia ulmoides, Ginkgo biloba
and milk thistle seeds increase tenderness by reducing
shear force or shear energy (Grela et al., 2020; Shen
etal., 2021). The tenderness of meat is closely related
to the diameter of the muscle fibres and IMF. Indeed,
Wang et al. (2018a) reported that 1% of compound
CHMs (A4stragalus membranaceus, Acanthopanax
senticosus, Codonopsis pilosula) have tendency to
reduce the muscle fibre diameter. In another study,
supplementation with a polyphenolic extract from

Eucommia ulmoides leaves increased the fibre
density but decreased fibre diameter in comparison
with the control group (Zhou et al., 2016). In contrast
to type IIb fibres, type I fibres have a finer diameter,
lower shear and better softness (Hamill et al., 2012).
Mulberry leaves powder decreased shear force (He
et al., 2019; Chen et al., 2021), but 12% of mulberry
leaves increased shear force (Chen et al.,, 2021).
Mulberry leaves induced higher mRNA levels of
genes encoding myosin heavy chain (MyHC) I and
Ila (Zeng et al., 2019; Chen et al., 2021), and lower
gene expression of genes encoding MyHC IIx and
MyHC IIb (Liu et al., 2019a; Chen et al., 2021). This
may be due to the active substances in mulberry
leaves. Resveratrol is abundant in mulberry leaves
(He and Lu, 2013), which could increase MyHC
IIa mRNA level and decreased MyHC IIb mRNA
level (Zhang et al., 2015; Cheng et al., 2020). These
findings indicated that reasonable amounts of CHMs
can improve pork tenderness.

Water holding capacity

Water holding capacity (WHC) is defined as
the ability of fresh meat to retain its own water
during cutting, heating, grinding and pressing and
during transport, storage and cooking (Hughes
et al,, 2014). Long (2015) found that Lomnicera
macranthoides (extract) did not influence cooking
loss. It was reported that CHMs improve the WHC
in pork. In one study, the combined use of Fructus
Aurantii, Angelica sinensis, Fructus Crataegi and
other herbs reduced the water loss rate (Wang
et al., 2013). In Cheng et al. (2020) study, the drip
loss in meat of pigs fed diets with CHMs (Semen
Raphani, Atractylodes, Semen Coicis, Copperleaf
herb, Astragalus) was lower than that of the control
group. In other studies in which Lonicera japonica
and Fructus Crataegi mixture or Portulaca oleracea
and Fructus Cratacgi mixture were used, similar
findings were reported (Xu et al., 2012; Tong, 2016).
The key to the reduction in drip loss is to protect
the integrity of the cell membrane (Kang et al.,
2012). Together, all these CHMs formulas contain
Fructus Crataegi. Presumably, Fructus crataegi can
protect cell membrane integrity and reduce muscle
serum leakage. Fructus Crataegi extract changes the
packaging order of porcine erythrocyte membrane
lipid polarity head and induces spines, and improves
membrane structure, to protect membrane lipids
from oxidation (Wtoch et al., 2013).

Besides, the effect of a single herb on the WHC
of pork is different. For instance, the diet with the
addition of mulberry leaves, Eucommia ulmoides
(power/extract), oleuropein extract, Achyranthes
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Japonica Nakai extract, cinnamon extract and milk
thistle seeds reduced cooking loss or drip loss (Zeng
et al., 2019; Dang et al., 2020; Grela et al., 2020;
Li et al., 2020; Luo et al., 2020; Chen et al., 2021;
Rey et al., 2021). In these studies, dietary CHMs
supplementation showed the ability to improve the
WHC of meat. This positive effect of CHMs may
be attributed to the increase of 24 h pH and/or the
prevention of lipid and protein oxidative damage.
Moreover, other studies have reported that after
adding garlic, the WHC was higher (Holden et al.,
1999; Chen et al., 2008), while fermented garlic
powder had no effect on drip loss (Yan et al., 2011).
These effects may be related to changes in garlic
before and after fermentation.

Meat colour

Meat colour is an important factor for consum-
ers, giving preference to pork with high red intensity
(Faustman et al., 2010). Improving pork colour may
satisfy the consumers’ expectations for meat. To
date, some researchers have suggested that CHMs
(Scutellaria baicalensis and Lonicera japonica ex-
tract, cinnamon extract) have no positive effect on the
pork colour score (Liu et al., 2016; Luo et al., 2020).
However, the following studies describe the effects
of CHM s on different meat colour indicators. Garlic
(1 g/kg) treatment resulted in meat that had higher
colour, marbling and firmness score than the control
treatment, whereas lightness (L*), yellowness (b*)
and redness (a*) values were lower than those in oth-
er treatments (Chen et al., 2008). Dietary supplemen-
tation with CHMs mixture (4stragalus membrana-
ceus, Eucommia ulmoides, Ginkgo biloba) increased
the meat colour score of pigs by 57.51% (Shen
etal., 2021). Yu et al. (2017) reported that the colour
scores of meat from animals fed diet with addition of
2.5 g/kg of CHMs mixture: Radix Astragali, Radix
Glycyrrhizae, Cortex Eucommiae Radix Astragali,
Radix Glycyrrhizae, Cortex Eucommiae, were im-
proved, while the scores of meat from the animals
fed diet supplemented with 5 g/kg of this mixture
were similar to those of the control group.

Lightness (L*). Most studies suggest that
CHMs (Scutellaria baicalensis and Lonicera japon-
ica extract; Eucommia ulmoides leaves; Astragalus
membranaceus, Glycyrrhiza uralensis, Cinnamo-
mum cassia; Verbenaceae leaves extract; coptis ex-
tract) have no effect on pork L* values (Liu et al.,
2016; Zhou et al., 2016; Rossi et al., 2017; Wei
et al., 2019; Yi and Liu, 2020). However, in some
studies, it was reported that CHMs (Astragalus
membranaceus, Angelica sinensis, Codonopsis

pilosula) have a positive effect on the improvement
of the pork L* values (Tian et al., 2009). For in-
stance, the L* values of pork treated with Lonicera
macranthoides (Long, 2015), Astragalus membran-
aceus, Codonopsis pilosula and allicin mixture (Lan
et al., 2017) were significantly reduced.

Redness (a*). There is a lot of evidence sug-
gesting that CHMs (Portulaca oleracea and
Fructus Crataegi, tearesidues; Glycyrrhiza uralensis,
Eucommia ulmoides, coptis extract) do not affect
meat redness (Tong, 2016; Zeng, 2016; Yi and Liu,
2020). However, some studies have found that CHMs
can increase pork redness. Among them are Massa
Medicata Fermentata, combination of Astragalus
membranaceus, Codonopsis pilosula and allicin
mixture, milk thistle seeds, and Verbenaceae leaves
extract (Lan et al., 2017; Rossi et al., 2017; Wang
etal., 2018b; Grela et al., 2020). Yu et al. (2017) re-
ported that the a* values at 45 min of meat from ani-
mals fed diet with the 2.5 g/kg of compound CHMs
were improved, while those of animals fed diet with
5 g/kg of compound CHMs were similar to the
control group. The a* values of pork from animals
fed diets with CHMs (4stragalus membranaceus,
Glycyrrhiza uralensis, Cinnamomum cassia) was
10.99% higher than that of control (Wei et al., 2019).

To date, most studies have focused on the a*
values at 45 min of slaughter, and few on 24 h.
One study suggested that the difference in the a*
values at 45 min between CHMs and basal diet was
not significant, but the a* values at 24 h in CHMs
increased significantly (Li et al., 2014). Similarly,
mulberry leaves improved the a* values of pork at
45 min and at 24 h (Zeng et al., 2019).

The composition of muscle fibres affects the
meat colour through their effect on the amount and
chemical state of myoglobin. The high myoglobin
content in type [ and type IIA fibres leads to a positive
correlation between the proportion of these fibres and
the intensity of the red colour (Listrat et al., 2016).
Supplementation with a polyphenolic extract from
Eucommia ulmoides leaves increased the a* values
and the abundance of MyHC I mRNA, whereas
the abundance of MyHC IIb mRNA was decreased
in comparison with the control group (Zhou et al.,
2016). Thus, it can be speculated that the effective
components of CHMs can enhance the expression
and content of myoglobin in muscle. Alternatively,
it may also enhance the animal antioxidant capacity
by participating in some antioxidant enzymes
synthesis, which effectively prevents the oxidation
of myoglobin or oxygenated myoglobin to positive
iron myoglobin.
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Yellowness (b*). Some studies have found that
CHMs (Eucommia ulmoides, coptis extract and milk
thistle seeds) can reduce the yellowness of pork
(Grela et al., 2020; Yi and Liu, 2020; Zhang et al.,
2020). It was suggested that myoglobin content is
a major factor decreasing the b* values, probably
due to the higher concentration of red blood cells in
the blood (Zhou et al., 2013).

On the other hand, in some studies it was sug-
gested that CHMs have no effect on the b* values
(Astragalus membranaceus, Glycyrrhiza uralensis
and Cinnamomum cassia; Wei et al., 2019) or even
have a negative effect (Eucommia ulmoides; Long,
2015). In a study by Chelh et al. (2007), it was stated
that the increase in the b* values may be due to the
accumulation of fluorescent Schiff bases in lipid-pro-
tein complexes induced by oxidative stress. This may
be due to the potential pro-oxidant activity of CHMs,
which causes oxidation of lipids and proteins, lead-
ing to the accumulation of fluorescent Schiff bases.
Furthermore, few studies have considered the b* val-
ues of pork fat, while yellow fat greatly influences
consumer choices. Eucommia ulmoides leaves sig-
nificantly increased the b* values in meat and back
fat of pigs (Lee et al., 2009). Accordingly, this finding
suggests that such herbs with negative effects should
not be used, or their use must be reduced.

Antioxidant capacity

CHMs (Scutellaria baicalensis and Lonicera
Jjaponica extract; Radix Astragali, Radix Glycyr-
rhizae, Cortex Eucommiae) can effectively improve
antioxidant capacity and reduce lipid oxidation (Liu
et al., 2016; Yu et al., 2017). Oxidation is considered
to be the main cause of the deterioration of meat
products. Oxidation leads to the degradation of lipids
and proteins, producing toxic compounds and disco-
louring meat. The most significant effect of dietary
CHMs on pork quality may be its oxidative stability,
while the literature almost agreed that the addition of
CHMs (mulberry leaves, cinnamon extract, oleuro-
pein extract, milk thistle seeds, Verbenaceae leaves
extract, oregano essential oil) reduced the formation
of malondialdehyde (MDA)/ thiobarbituric acid-
reactive substances (TBARS) during storage (Rossi
et al., 2013; Cheng et al., 2017; Forte et al., 2017;
Rossi et al., 2017; Fan et al., 2020; Grela et al., 2020;
Luo et al., 2020; Rey et al., 2021). There is evidence
that 5 mg/kg of Verbenaceae leaves extract increased
vitamin E level and decreased lipid oxidation level
in LDM (Rossi et al., 2013). It was also found that
CHMs (mulberry leaves, extract from Eucommia
ulmoides leaves, cinnamon extract and oregano

essential oil (Cheng et al., 2017; Fan et al., 2020; Li
et al., 2020; Luo et al., 2020)) supplementation could
increase the activities of several antioxidant enzymes,
including total antioxidant capacity, superoxide dis-
mutase (SOD), glutathione peroxidase (GSH-Px)
and catalase (CAT). Also, it was reported that herbs
(fermented/ natural) significantly reduced MDA con-
tent in meat stored for 2 to 3 weeks, and increased
GSH-Px activity (Ahmed et al., 2016). The study of
CHMs on the expression of antioxidant related genes
in pig muscle is rare. Only one study reported that di-
etary extract from Eucommia ulmoides leaves supple-
mentation increased the expression of SOD/ mRNA
in LTL of pigs, but there was no significant difference
in the expression of GPXI and CAT (Li et al., 2020).

A high level of n-3 polyunsaturated fatty ac-
ids (PUFA) can increase the sensitivity of lipids
to muscle peroxidation (Reis et al., 2011). A large
amount of antioxidant enzymes may promote n-3
PUFA deposition in muscle by protecting lipid
from oxidative damage. The antioxidant properties
of CHMs are attributed to a variety of bioactive
compounds. Flavonoids can reduce the occurrence
of oxidation by increasing the expression of nuclear
factor erythroid 2-related factor 2 (NRF2) and
endogenous antioxidant enzymes (Singh et al., 2018).

However, most studies have only focused on
lipid oxidation, and neglect protein oxidation. Only
one study reported that supplementation of Eucom-
mia ulmoides leaves extract in pig diets reduced the
carbonyl content of LTL (Li et al., 2020). Addition-
ally, most studies have only concentrated on the anti-
oxidant effect of CHMs, ignoring their oxidative ef-
fect. Consequently, this requires us to pay attention to
the oxidative effect and rational use of CHMs.

Sensory quality

Sensory quality is the whole consumer expe-
rience, including taste, juiciness, flavour, odour,
tenderness and overall acceptance. In the previ-
ous studies, oregano essential oil, compound herbs
(rosemary, garlic, oregano and ginger), garlic and
essential oils (oregano, thyme, cinnamon and clove)
had no significant effect on pork sensory quality
(Janz et al., 2007; Simitzis et al., 2010; Panea and
Ripoll, 2019). The average score of acceptance,
tenderness, odour and taste on pork supplemented
with herbal compounds (Valeriana officinalis and
passionflower) were 5.60, 4.90, 5.91 and 5.75, re-
spectively, and there was no significant difference
in comparison with the control group. However, re-
cent studies have found that CHMs can have also
a positive effect on meat sensory scores. In cooked



Y. Cuiet al.

199

meat, the addition of Eucommia ulmoides leaves
into animals’ diet did not affect the odour, flavour
and juiciness, but improved chewiness and overall
acceptance (Lee et al., 2009). Oregano essential oil
group achieved higher consistency scores, tender-
ness and overall acceptance in comparison with the
control, but had no significant effect on juiciness
and flavour grade (Cheng et al., 2017; Forte et al.,
2017). Feeding milk thistle seeds to pigs improved
pork springiness, and reduce hardness (32—40%),
gumminess (45-51%) and chewiness (45-50%)
(Grela et al., 2020). Similarly, CHMs compounds
(Cynonchum  witfordii, — Curcuma  zedoaria,
Pueraria thumbergiana) had higher sensory test
scores in terms of colour, flavour, odour and over-
all acceptance (Grela et al., 2020). Verbenaceae
leaves extract reduced the fat odour and rancid fla-
vour intensity of cooked LDM (Rossi et al., 2013).
The beneficial effect on the sensory quality of meat
supplemented with CHMs may be attributed to the
improvement of the oxidation stability promoted by
the active substance from CHMs.

In the above-mentioned studies, most CHMs had
no adverse effect on meat odour. As is widely known,
it is very difficult to create a more favourable odour
through feeding, even though it might be possible
to create an unfavourable odour by changing the
fat composition of the feed (Aaslyng and Meinert,
2017). In one study, all pigs sample had strong off-
odour, with scores from 4.33 to 9.33, increasing
with the increase of the garlic level (Holden et al.,
1999). According to Leong et al. (2011), when garlic
essential oil was added to the diet, the concentration
of stink and indole in adipose tissue increased, and
so the odour increased. However, the results of
Panea and Ripoll (2019) showed that there was no
difference in the taste score between the garlic and

&

control groups. Thus, in practical applications, it
is necessary to screen out the CHMs that produce
a bad smell for pork and control their usage.

Only one study reported the effect of CHMs
additives on the visual appraisal or purchase intention
of pork. The visual appraisal scores of the control,
garlic and compounds (oregano, thyme, cinnamon
and clove) groups were 6.42, 6.02 and 5.73,
respectively (Panea and Ripoll, 2019). The addition
of CHMs reduced the visual appraisal scores but did
not affect the purchase intention (Panea and Ripoll,
2019). The colour was defined as the most important
factor influencing consumer perception, but Panea
and Ripoll (2019) study did not measure meat colour.
Therefore, further visual research should be carried
out to meet the preferences of consumers.

All sensory traits deteriorate during refrigerated
storage reducing shelf-life. Long shelf-life is
essential in the processing, transportation and storage
of meat products. However, only one study of CHMs
reported this. According to Panea and Ripoll (2019),
the pork from pigs fed diet with Verbenaceae extract
showed a lower smell overall intensity compared
with the fresh meat at day 12 and showed a difference
in appearance and odour compared with the samples
without added extract at day 15.

Meat quality overview

According to the selected literature materials
and results, the frequently used CHMs and their
effects on meat quality were sorted out (Figure 1).
The data reveals that these high-frequency used
CHMs have favourable effects on improving pork
IMF, enhancing WHC and reducing shear force,
especially  Astragalus  membranaceus, Fructus
Crataegi, Glycyrrhiza  uralensis, Codonopsis
pilosula, Pericarpium Citri Reticulatae, Fucommia
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Figure 1. The effects of Chinese herbal medicines with high-frequency use on meat quality.
IMF — intramuscular fat, CP — crude protein, MS — marbling score, SF — shear force, WHC — water holding capacity, L* - lightness, a* - redness,

b* — yellowness, OS - oxidation stability
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ulmoides, Rhizoma Atractylodis Macrocephalae.
The CHMs mentioned above can improve the
nutritional value of pork, as well as meat quality.
Therefore, the CHMs in the image can be effectively
used in the production of pork with improved quality.

The literature on the effect of CHMs on meat
quality rarely discloses their chemical composition
and bioactive compounds, only 11 publications
disclose relevant information (Table 3), which may
lead to misleading and affect the promotion and
application of CHMs. In addition, it is necessary to
pay attention to the dosage of CHMs in production.
Except for mulberry leaves (3—15%) and Silybum
marianum seeds (3—6%), the dosage currently used

The CHMs used in the above study include
powder (directly crushed CHMs), essential oil and
extract. Since the mechanism of different forms is
various, it is necessary to study the effect of dif-
ferent forms of CHMs on meat quality. Moreover,
the lack of detailed description of the preparation
and standardization methods of CHMs extracts and
essential oils results in the difficulty of repetition.
The mechanism of CHMs active ingredients, non-
active ingredients and auxiliary matrix on pig meat
quality is unfortunately not clear. Similarly, the in-
teraction mechanism of compound CHMs additives
is also still difficult to understand. Enzymes related
to energy metabolism and glycolytic enzymes may

Table 3. Chemical composition and bioactive compounds of Chinese herbal medicines (CHMs)

CHMs Dosage, %

compounds

Chemical composition (% dry matter) or bioactive

References

Mulberry leaves (dried, smashed) 3-15

Lonicera macranthoides (dried, smashed) 0.5-1

Silybum marianum seeds (dried, smashed) 3-6

CP 15.22-20.94, CF 11.44-31.59, ash 8.27-19.02,
NDF 25.35-25.41, ADF 19.09-19.25, calcium
1.42-2.69, phosphorus 0.16-0.26

CP 7.8, ash 5.9, ADF 32.7, NDF 47.5, calcium 0.75,
phosphorus 0.14

CP 22.1, CF 4.1, ash 0.32, ADF 27.01, NDF 33.47,

He et al. (2019); Liu et al. (2019a);
Zeng et al. (2019); Fan et al.
(2020); Chen et al. (2021)

Long (2015)

Grela et al. (2020)

calcium 0.48, phosphorus 0.07

Punica granatum, Ginkgo biloba, 0.004

Glycyrrhiza uralensis (dried, smashed
or fermented)

Extracted of cinnamon

Extract of Eucommia ulmoides leaves
Extract of Verbenaceae leaves

0.05-1
0.001

CP 10.98-12.08, EE 2.41-2.63, CF 9.83-11.90,
ash 2.62-19.39, calcium 0.12-0.13

0.004-0.008 99% cinnamaldehyde
82.8% chlorogenic acids
vitamin E and verbascoside

Ahmed et al. (2016)

Luo et al. (2020)
Li et al. (2020)
Rossi et al. (2017)

CP - crude protein, CF — crude fibre, NDF — neutral detergent fibre, ADF — acid detergent fibre, EE — ether extract

in research is generally less than 2%, especially for
the addition of extracts from CHMs and compound
formulas (<1%). As the medicinal resources, high
dosage of CHMs may have negative effects on
animal health.

Conclusions

Many Chinese herbal medicines (CHMs) formu-
lations can improve pork intramuscular fat (IMF), pH
value, tenderness, water holding capacity (WHC),
redness and antioxidant capacity. However, it needs
to be pointed out that a small number of CHMs can
reduce the content of crude protein (CP) in pork, and
increase lightness and yellowness values, which has
a negative impact on meat quality. There are also nu-
merous CHMs that do not exert any significant effect
on pork quality. This indicates that in order to benefit
pig production, it is necessary to screen for the right
formula and use CHMs properly.

affect muscle properties and meat quality. Howev-
er, there are few studies about CHMs in this area.
As we all know, diet can affect the expression of
genes connected with muscle metabolism and
physiology. To summarize, the knowledge about the
effect of CHMs on meat quality is still rare. Further
studies on identifying individual bioactive compo-
nents may help to analyse the molecular mechanism
of CHMs. Furthermore, it is important to continue
assessing the feasibility of CHMs in production and
application under other conditions to improve pork
production and quality.
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