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Abstract

Plant extracts are products derived from plant materials via chemical or physical
methods for the directional extraction and concentration of one or more active
ingredients without modifying their structural integrity. In recent years, plant
extracts have garnered considerable attention as natural feed additives. Plant
extracts are also widely applied in research and production related to ruminant
nutrition. This review synthesizes domestic and international research progress,
focusing primarily on three aspects: the effects of plant extracts on immune
response, oxidative stress, and insulin regulation in ruminants.
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Abstract: Plant extracts are products derived from plant materials through
chemical or physical methods that directionally obtain and concentrate one or
more active ingredients without altering their chemical structures. In recent
years, plant extracts have attracted widespread attention as natural feed ad-
ditives and have been extensively studied and applied in ruminant nutrition
research and production. This review summarizes current research progress on
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the effects of plant extracts on immune response, oxidative stress, and insulin
regulation in ruminants.

Keywords: plant extracts; immune response; oxidative stress; insulin; rumi-
nants

Plant extracts contain bioactive components such as alkaloids, saponins, es-
sential oils, tannins, and polysaccharides, which possess antimicrobial, growth-
promoting, and antioxidant functions. These extracts are considered natural
alternatives to antibiotic drugs and have been widely investigated as poten-
tial rumen function modulators in ruminants. Since most nutrients required
by ruminants originate from rumen microbial fermentation, which directly af-
fects animal performance, plant extract additives can improve palatability while
masking odors from manure or fertilizer. These characteristics align with future
trends in agriculture and food production, demonstrating significant develop-
ment potential.

Lu Dexun proposed the theory of “Nutritional Bioactive Substances Omics,”
offering a new perspective for plant extract research. This theory focuses on
studying the interactions among naturally occurring nutritional bioactive sub-
stances and the optimized combinations of artificially formulated ones, empha-
sizing their integrated functions rather than isolated effects of single compounds.
This approach has shifted research on nutritional bioactive substances, partic-
ularly plant extracts, from traditional nutrition to systematic animal nutrition,
greatly advancing application studies. Research indicates that various plant ex-
tracts, including eugenol, cinnamaldehyde, allicin, and capsaicin, can activate
transient receptor potential (TRP) channels in neurons, intestines, pancreas,
immune cells, and other tissues in ruminants, triggering cellular activation and
various physiological functions such as neuropeptide release and ion channel
activation. Plant extracts modulate pro- or anti-inflammatory responses by al-
tering inflammatory cytokines, leukocytes, and oxidative stress. Additionally,
they regulate pancreatic hormones, particularly insulin secretion and sensitivity.
In ruminants, plant extracts exert greater physiological effects on host animals
than on rumen microorganisms. Studies infusing garlic oil, turmeric, and cap-
saicin into the intestine demonstrated significant increases in T helper cells
associated with adaptive immunity without affecting gastrointestinal microbial
communities in dairy cows. Furthermore, rumen-protected capsaicin reduced
insulin secretion during glucose tolerance tests and alleviated acute-phase im-
mune responses in LPS-induced inflammatory models in dairy cows. This review
examines the effects of plant extracts on immune response, oxidative stress, and
insulin regulation in ruminants to provide references for developing new plant
extracts and elucidating their molecular mechanisms.
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1. Immunomodulatory Effects of Plant Extracts on Rumi-
nants

The immunomodulatory effects of plant extracts depend primarily on their chem-
ical properties, host factors, and dosage, exhibiting bidirectional regulation. Tea
saponin, for instance, modulates immune function in dairy cows by increas-
ing serum immunoglobulin (Ig) levels, immune-related cytokine content, and
interleukin-6 (IL-6) expression. Plant extracts activate TRP channels expressed
in neurons, intestines, pancreas, and immune cells in mammalian tissues, en-
abling cellular activation or secondary transduction of ion transporters. Upon
binding to TRP channels on cell membranes, plant extracts induce calcium ion
(Ca?") influx, allowing nuclear factor kappa B (NF- B) and nuclear factor of
activated T cells (NF-AT) to enter the nucleus and stimulating Ca?* release
from the endoplasmic reticulum through TRP channel activation. Eugenol ex-
hibits anti-inflammatory and antioxidant properties after binding to TRPV1 and
TRPV3, while cinnamaldehyde acts as an immune enhancer via TRPA1 media-
tion, and allicin activates TRPA1 and TRPV1 to modulate immunity. Capsaicin
binds to TRPV1 to regulate immune responses and improve gastrointestinal
mucosal blood flow, likely by modifying immune cells—including macrophages,
neutrophils, and T and B cells—through stimulating or suppressing cytokines
and antibodies. Capsaicin also indirectly affects immune cell function by bind-
ing to TRPV1 on afferent neurons and modulating neuropeptide release such as
calcitonin gene-related peptide (CGRP), substance P, and tachykinins. CGRP
demonstrates anti-inflammatory effects, while substance P and tachykinins are
associated with vasodilation, plasma extravasation, and pro-inflammatory ac-
tions.

Plant extract-mediated receptor responses relate to immune function, gastroin-
testinal health, and host immunity. Ahmed et al. found that dietary supple-
mentation with green tea by-products at various concentrations (0, 0.5%, 1.0%,
and 2.0%) increased T and B cell populations and activated concanavalin A
expression in goat spleen cells. Catechins, the main active components in green
tea by-products, exhibited pro-inflammatory effects in goat spleen, though the
mechanism remains unclear. Direct abomasal infusion of garlic oil, turmeric
oleoresin, and capsaicin (2 g/d per head) in dairy cows significantly increased
CDA47" cell numbers and doubled CD25« proportions (an activation molecule on
T lymphocytes), indicating T helper cell activation. In the same study, garlic
oil tended to increase the neutrophil-to-lymphocyte ratio, suggesting an acute
stress response. Subsequent research reported that dietary capsaicin increased
neutrophil and eosinophil counts and elevated the neutrophil-to-lymphocyte ra-
tio in peripheral blood of dairy cows, while also enhancing neutrophil phagocy-
tosis, demonstrating promotion of acute-phase immune cell activation.

Plant extracts exhibit both pro-inflammatory and anti-inflammatory effects.
Pro-inflammatory actions may stimulate immune responses, potentially benefi-
cial for immunosuppressed cows during the dry period and early lactation. Anti-
inflammatory effects reduce pro-inflammatory cytokine formation and acute-
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phase immune responses. In dairy cows, feeding a mixture of curcumin, carnosic
acid, cinnamaldehyde, and eugenol reduced milk somatic cell counts and im-
proved udder health. Dietary rumen-protected capsaicin decreased haptoglobin
expression and plasma cortisol concentration elevation induced by LPS stim-
ulation in dairy cows. Yuan Liguo et al. demonstrated that dietary supple-
mentation with 25 mg/kg oregano oil and 8 mg/kg flavomycin significantly
prevented subclinical mastitis in dairy cows. Ye Wenchu et al. isolated and cul-
tured pathogens from mastitic milk samples for in vitro antibacterial testing of
Sophora alopecuroides extract, which showed significant antibacterial activity.
However, the immunomodulatory effects of plant extracts depend on the ani-
mal’ s immune status and dosage. Oh et al. found that low and medium doses
of capsaicin were more effective than the highest dose for increasing neutrophil
activity and total counts in dairy cows.

2. Regulation of Oxidative Stress by Plant Extracts in Ru-
minants

Plant extracts act as antioxidants by scavenging reactive oxygen species. One
molecule of capsaicin can scavenge two peroxyl radicals through its phenolic
hydroxyl group, while phenolic compounds can enhance endogenous antioxidant
capacity. Plant secondary metabolites undergo detoxification through Phase
I, II, and IIT metabolism, including hydrolytic biotransformation, conjugation
reactions, and transporter-mediated efflux into the intestinal lumen or bile. Due
to this detoxification, plasma and tissue concentrations of exogenous phenolic
compounds are typically lower than endogenous antioxidants, which may explain
the limited oxidative effects observed in animal studies. However, phenolic
plant extracts can induce upregulation of genes associated with endogenous
antioxidants and transcription factors, including aryl hydrocarbon receptors and
nuclear factor E2-related factor. Garlic oil has been shown to scavenge free
radicals and reduce lipid peroxidation.

Studies in ruminants have documented the effects of plant extracts on oxidative
status. Dietary tannins (95.7 g/kg diet) enhanced antioxidant capacity in liver
and blood of iron-reduced sheep. Zhong et al. found that feeding tea catechins
to goats (0, 2,000, 3,000, or 4,000 mg/kg diet) improved antioxidant status by
reducing oxidized glutathione (GSH) in blood. Catechins, the main components
of tea polyphenols, exhibit pharmacological effects including lipid reduction, an-
tithrombotic activity, blood pressure reduction, anti-mutation, anticancer prop-
erties, and antimicrobial effects, while improving animal metabolism and meat
quality and promoting mammary gland development. These findings align with
Ahmed et al.” s results showing that phenolic compounds increase endogenous
antioxidant function in ruminants. Recent studies demonstrated that feeding
juniper oil to goats (0.4-2.0 mL/kg diet, containing 89.7% «-pinene) increased
superoxide dismutase (SOD) activity, while herbal powder containing hydrolyz-
able tannins, steroidal saponins, and glycoalkaloids (mixture of Woodfordia fruti-
cosa, Solanum nigrum, and fenugreek) increased blood GSH content and catalase
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(CAT) and glutathione S-transferase activities. In dairy cows, although garlic
oil is known as an antioxidant, high doses may be harmful by increasing oxida-
tive stress. Hashemzadeh-Cigari et al. reported that a plant extract mixture
(including rosemary, cinnamon bark, turmeric, and clove bud) reduced blood
thiobarbituric acid reactive substances (TBARS) concentration in postpartum
dairy cows. Chestnut tannins (primarily hydrolyzable tannins) decreased blood
malondialdehyde concentration and increased endogenous antioxidant enzyme
activities (SOD and glutathione peroxidase) in dairy cows.

3. Regulation of Insulin by Plant Extracts in Ruminants

Insulin and glucagon are key hormones maintaining blood glucose homeostasis,
and plant extracts can modulate insulin function. Research indicates that plant
extracts enhance insulin activity through multiple mechanisms: increasing per-
oxisome proliferator-activated receptor--y activity, upregulating insulin receptors
and improving their function, increasing glycogen synthase activity and glyco-
gen accumulation, attenuating inflammatory cytokine expression, accelerating
fatty acid oxidation, and enhancing antioxidant status. Hashemzadeh-Cigari et
al. reported that feeding dairy cows a plant extract mixture containing rose-
mary, cinnamon bark, turmeric, and clove buds increased insulin sensitivity.
Intraduodenal administration of quercetin (18 mg/kg BW) twice daily signifi-
cantly reduced blood glucose concentration and increased insulin concentration
in dairy cows, demonstrating the hypoglycemic effect of the flavonoid quercetin
in the intestine. In another dairy cow study, dietary capsaicin supplementation
significantly reduced serum insulin concentration without affecting glucose con-
centration during glucose tolerance tests, consistent with results from rats and
human subjects. Insulin plays a crucial role in energy partitioning in lactating
dairy cows. While insulin is required by bone and muscle tissues, glucose uptake
in the mammary gland depends primarily on glucose transporter 1 rather than
insulin. Therefore, mammary glucose supply can be altered by insulin sensi-
tivity in insulin-dependent tissues or pancreatic insulin secretion. Thus, plant
extracts may redirect glucose for lactose synthesis and milk production through
their regulatory effects on insulin sensitivity and secretion.

4. Conclusion

Natural plant extracts have become a research hotspot due to their natural
properties, safety, non-polluting characteristics, and unique nutritional profiles
that are incomparable to antibiotics and chemical additives. Although plant
extracts exhibit multiple biological activities and some have been applied in
animal production, several challenges remain. First, extraction of active com-
ponents is largely limited to laboratory stages and often requires toxic reagents,
causing environmental pollution and compromising extract safety. The complex
extraction process also limits economic feasibility for animal production appli-
cations. Second, because plants contain multiple active components, the purity
of plant extracts varies even within the same product, leading to inconsistent re-
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search results and preventing the establishment of appropriate supplementation
standards. Third, the mechanisms of action require further investigation. Most
plant extract effects are documented only at the functional level, while molecu-
lar mechanisms affecting signaling pathways in animals remain unclear. Fourth,
due to high costs of livestock experiments, particularly with large animals like
dairy cows, many studies remain limited to in vitro tests, mouse models, or calf
trials. Since the same plant extract may produce different effects across species
and developmental stages, research findings are often inconsistent.

Further research and evaluation are needed to comprehensively understand the
physiological regulatory mechanisms of plant extracts in ruminants and to ex-
plore their broad application prospects. It is necessary to combine effective
active components with modern research techniques in nutrition, immunology,
and molecular biology to investigate mechanisms from perspectives of nutrient
metabolic pathways, immune regulation, and hormone secretion control.
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