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SUMMARY: Torreya grandis (T. grandis) is one of the evergreen tree species in China. The kernels of 7. grandis
have been used as traditional medicine and food for thousands of years in China. In recent years, it has also been
developed as raw materials for cosmetics. 7. grandis is rich in bioactive components, including unsaturated fatty acids,
vitamins, protein, amino acids, trace elements, minerals, polyphenols, squalene, phytosterol, terpenes, efc. Therefore, 7.
grandis possesses a wide range of biological activities such as anti-oxidation, anti-inflammation, microbiota alteration,
effects on blood pressure, blood glucose and lipids, neuroprotective effect, brightening, reducing uric acid (UA) level,
ameliorating bone metabolism disorders, alleviating slow transit constipation, and antinociceptive activity. This review
presents a comprehensive analysis of 7. grandis on its active components and functions, and explores its existing and

potential applications in food, medicine, and cosmetics.
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1. Introduction

Torreya grandis (T. grandis, Taxaceae) is an evergreen
economic tree species in China. It is a tertiary relict plant
and belongs to gymnosperms. With a cultivation history
over 1,000 years (/), the kernels of 7. grandis have been
used as traditional medicine and food since ancient time.
1. grandis is an important component of many classical
prescriptions to expel intestinal parasites, prevent hair
loss, and relieve cough (2). The first credible medical
record of 7. grandis appeared in the Classic of the
Materia Medica during the Three Kingdoms era of China
and dated back to the 3rd century AD (3). More than 400
years ago, the Compendium of Materia Medica listed
T. grandis nuts as a prescription for repelling internal
parasites, preventing hair loss, and relieving sudden
hematemesis. For thousands of years, the components,
biological activities and functions of 7. grandis have
been developed and applied (Figure 1).

T. grandis fruit includes a thick layer of soft peel (aril),
seed coat, and kernel, each structure contains different
bioactive components. 7. grandis comprises abundant
unsaturated fatty acids, tocopherol, amino acids, trace
elements, minerals, polyphenol, squalene, phytosterol,
terpenoid, efc. which accounts for its various beneficial

functions (4) (Figure 2). Modern pharmacological
studies showed that 7. grandis extracts or its main
components have biological activities such as anti-
oxidation, anti-inflammation, microbiota regulation,
angiotensin-converting enzyme inhibitory (ACE-I)
activity, tyrosinase inhibition, lowering blood glucose,
regulating blood lipids, and protecting nerve activities (5-
8). This review summarizes recent research progresses
of bioactive components and biological functions of 7.
grandis, providing theoretical basis for 7. grandis in the
development of related food, medicine, and cosmetics.

2. Bioactive components of 7. grandis

It takes 17 months for the seed of 7. grandis to reach
maturity and the oil content of 7 grandis kernel varies
enormously in different 7. grandis landraces (11.15%-
59.47%) (9,10). In T. grandis, biotin carboxylase
(BC), acyl-ACP thioesterase A (FATA), diacylglycerol
acyltransferase (PDAT), and TgLBD40 exert significant
influence on its oil accumulation (9). The expression
level of TgLBD40 and oil concentration both increase
during the kernel development and reach the highest
level in September (3,77). Hence, the optimal harvest
time of 7. grandis fruits is mid-September (//,12) while
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Figure 2. The bioactive components and functions of 7. grandis have been developed and applied. Created with MedPeer (medpeer.cn)

the actual harvest time may still vary by weeks due to
regional climate changes.

2.1. Fatty acids

T. grandis kernel is rich in unsaturated fatty acids,
especially oleic acid, linoleic acid (/7), and sciadonic
acid (3). The total unsaturated fatty acid content is more
than 80% in 7. grandis kernel oil (3,13) among which
linoleic acid is the highest (Table 1). The polyunsaturated

fatty acids are the main bioactive components as they
have multiple medicinal properties, including anti-
inflammation and anti-atherosclerotic (/7).

2.2. Vitamins

T. grandis contains several kinds of vitamins, including
vitamin B,, vitamin B,, vitamin B;, nicotinic acid, folic
acid, and tocopherols. Tocopherols account for the
highest content and possess potent antioxidant effects
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Table 1. Major fatty acids in 7. grandis kernel oil

Fatty acids T. grandis kernel oil (%) References
Palmitic acid (C16:0) 3.23-10.44 11; 5; 13; 57, 58
Stearic acid (C18:0) 2.20-6.07 11;5; 13; 57, 58
Oleic acid (C18:1) 25.50-34.85 11; 5;13;57; 10
Linoleic acid (C18:2) 25.94-46.80 11; 5; 13; 57; 10
Linolenic acid (C18:3) 0.45-17.12 11; 5; 13; 56; 10; 58
Eicosanoic acid (C20:0) 0.00-0.18 11; 5; 13; 56
cis-11-eicosenoic acid (C20:1) 0.50-1.33 11; 5; 13; 56; 58
cis-11,14-eicosadienoic acid (C20:2) 2.08-4.40 11; 5; 13; 56; 58
cis-5,11,14-eicosatrienoic acid (C20:3) 8.35-13.93 11;3;5;13; 10
Unsaturated fatty acid (UFA) 87.28-90.84 11;5; 13
Monounsaturated fatty acid (MUFA) 26.00-35.44 11; 13
Polyunsaturated fatty acid (PUFA) 49.16-61.50 11; 13; 58
Saturated fatty acid (SFA) 11.33-16.80 11; 5; 13; 58
Free fatty acids (FFA) 0.23+0.02 mg/g 11

which can scavenge reactive oxygen species and free
radicals as well as inhibit membrane lipid peroxidation
(11). Therefore, tocopherols have a protective effect on
cells. The total tocopherol contents vary enormously
in different 7. grandis cultivars (0.28-167.31 mg/100
g) (Table 2) and B-tocopherol is the major type. In
the tocopherol accumulation of T grandis kernels,
homogentisate phytyltransferase coding gene (TgVTE2b)
and y-tocopherol methyltransferase coding gene
(TgVTE4) may be highly associated (/2).

2.3. Protein and amino acids

Protein is one of the main nutritional components in 7.
grandis kernel. The protein content of 7. grandis seeds
varies from 10.34% to 25.30% depending on the cultivar
(11,14). T. grandis kernel proteins consist of 20 kDa to
43 kDa peptides. Bioactive peptides possess antioxidant
and ACE-I activities (15).

T. grandis kernel contains 16 amino acids, with a
total amino acid content of 12.3 g /100 g (/). It contains
eight of the nine essential amino acids for human
body: leucine, valine, lysine, isoleucine, phenylalanine,
threonine, histidine, methionine. The mass proportion
of essential amino acids accounts for 38.6% of the
total amino acids in 7. grandis kernels which meets the
standards for high-quality protein stipulated by FAO/
WHO.

2.4. Trace elements and minerals

Trace elements and minerals are essential nutrients that
sustain fundamental physiological homeostasis in the
human body, and are critically involved in metabolism,
normal growth, and development. 7. grandis is abundant
in both Mg and Ca with similar concentration in the nut:
1,045.88~1,846.82 mg/kg (Mg) and 948.21~1,459.74
mg/kg (Ca) (16). Besides, T. grandis also contains Fe,
Co, Cu, Zn, Se.

2.5. Polyphenols

Table 2. Tocopherol composition and content in 7. grandis
kernel oil

Tocopherols mg-100 g’ References
a-tocopherol 0.04 -33.30 11;12; 13; 56
B-tocopherol 0.23-133.75 11;12; 13; 56
y-tocopherol 0.00-0.26 11;12; 13; 56
5-tocopherol ND 11;12; 13; 56
Total tocopherol 0.28-167.31 11;12; 56

T. grandis is rich in polyphenols, including flavonoids,
phenolic acids, efc. Flavonoids are a very important class
of bioactive compounds with high antioxidant, anti-
inflammatory, and antibacterial activities in 7. grandis
kernels. Compounds in 7. grandis kernels that highly
correlated with antioxidant activity include hesperetin,
naringenin, and quercetin (/7). Hesperetin can inhibit
oxidative stress, neuroinflammation, apoptotic cell
death, and cognitive consolidation by regulating Toll-
like receptor 4 (TLR4) / nuclear factor-kappa B (NF-
«B) signal pathway (/8). Naringenin and quercetin
possess anti-inflammatory and antiallergic activities in
mice and have therapeutic potential for sepsis, fibrosis,
and cancer caused by inflammation (/9). The main
components of flavonoids vary among different varieties
of T. grandis, and the content and diversity of flavonoids
were more ample in 7. grandis 'Shishengfei' compared to
T grandis 'Xifei' (20). The unigenes encoding chalcone
synthase (CHS), dihydroflavonol 4-reductase (DFR),
and anthocyanidin synthase (ANS) serve as critical
regulators of flavonoids biosynthesis (/7). Phenolic acids
in T grandis kernels include gallic acid, shikimic acid,
sinapinic acid (7), 4-hydroxybenzoic acid, carnosic acid,
and caffeic acid (27) which all possess high antioxidant
activities.

2.6. Squalene and phytosterol
Squalene and P-sitosterol are considered

pharmacologically significant in antimicrobial,
anti-inflammatory, anti-oxidative, anticancer, and
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immunomodulating effects (22). Also, squalene is an
important constituent of skin-care products, oxidation-
resistant industrial lubricants, and numerous vaccines
(23). Squalene is widely used in the cosmetic industry
due to its moisturizing and antioxidant properties on
the skin (24). Additionally, B-sitosterol is one of the
most important phytosterols and is considered to reduce
cholesterol level (24). The contents of squalene and
[-sitosterol varies between cultivars (22) (Table 3).

2.7. Terpenes

The aroma components of the 7. grandis differ with
processing methods (fried, roasted, and raw) for nuts
and shedding time of arils. The main aroma components
are terpene, benzene, ether, ketone, aldehyde, esters,
alkanes, and alcohol compounds (25-27). Terpenes
have the highest portion (41.99%-86.7%) among the
aroma substances of 7. grandis kernel oil (25,27,28) and
D-limonene is the highest terpene.

3. Biological functions

Since rich in components, various beneficial effects
such as anti-oxidation, anti-inflammation, microbiota
regulation, ACE-I activity, tyrosinase inhibitory activity
have been discovered for 7. grandis. Among the
abundant contents, unsaturated fatty acids, flavonoids,
phenolic acids, and terpenes account for the main
functional components.

3.1. Anti-oxidation

Oxidation is essential for living organisms to generate
energy which fuels biological processes. However,
oxidative processes in vivo continuously generate free
radicals and reactive oxygen species, and these excessive
highly reactive species play an important role in aging,
neurodegenerative diseases, and plentiful debilitating
diseases, including diabetes, cirrhosis, and cancer (29).
The ethanol extracts from 7. grandis seed have
significant antioxidant effects. The 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity
of the ethanol extract at a high concentration (2 mg/
mL) was close to that of vitamin C which has a half
inhibitory concentration (ICs,) value of 0.43 + 0.04 mg/
mL (27). The 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radical scavenging ability of the
ethanol extract increased rapidly as the concentration
of the extract rised (0-6.25 mg dried material/mL),
with 1C;, value of 0.70 mg dried material/mL (7).
Moreover, both raw extraction and purified 2-hydroxy-
2-(4-hydroxyphenylethyl) malonic acid from seed
coat demonstrated potent ABTS, DPPH, and hydroxyl
radical-scavenging activity (30). The free radical
scavenging ability of 7. grandis seeds is greater than that
of T. grandis arils. An essential oil extraction from the 7.

Table 3. Squalene and B-sitosterol in 7. grandis kernel

Compounds Content (mg /kg) References
Squalene 13-72 13;22
B-sitosterol 900-4,100 13; 22; 56

grandis cv. Merrillii arils can scavenge ABTS and DPPH
radicals, with ICs, values of 4.14 £ 0.06 mg/mL and
20.73 + 1.56 mg/mL, respectively (31).

Treatment of human dermal fibroblasts with
the seed extract at 50 and 250 pg/mL demonstrated
significant protection against hydrogen peroxide-induced
oxidative stress (6). Under the same concentrations,
it also demonstrated significant suppression of lactate
dehydrogenase (LDH) enzyme leakage from fibroblasts.
This reveals the antioxidant protective effect of T.
grandis seed on hydrogen peroxide-induced fibroblast
injury.

Bivariate correlation analysis demonstrated that
flavonoids exhibited the strongest correlation with DPPH
radical scavenging activity (r = — 0.805), significantly
surpassing that of phenolics (» = — 0.500). This suggests
that flavonoids likely serve as the primary contributors
to the radical scavenging capacity of 7. grandis kernels
(7). The bioactive peptides from 7. grandis nut protein
extract also exhibited antioxidant effect which is higher
than its protein extract, especially in DPPH radicals
scavenging (32).

Furthermore, the antioxidant capacity and total
flavonoid content were significantly higher in 7. grandis
kernels from 100- and 1000-year-old trees compared to
those from 10-year-old trees. Flavonoids were strongly
correlated with enhanced antioxidant activity in older
trees, and seven genes were identified as potentially
involved in age-dependent flavonoid biosynthesis.
Additionally, the differential accumulation of flavonoids
with tree age may be regulated by abscisic acid and
gibberellin (33).

3.2. Anti-inflammation

T. grandis has huge potential to suppress the
inflammatory response (Figure 3). Topical administration
of the ethanol extracts from 7. grandis seed exhibited
dose-dependent inhibition against either arachidonic acid
(AA)- or 12-O-tetradecanoylphorbol-13-acetate (TPA)-
induced ear-edema in mice (6). The butanol fraction of
T. grandis leaves reduced edema by 63.8% and 72.1%
at the dose of 100 mg/kg and 200 mg/kg respectively.
In comparison, aspirin at 200 mg/kg reduced edema
45.2% against the acute inflammation in xylene-
induced ear edema (34). Moreover, 7. grandis aril also
exhibited anti-inflammatory activity where its extracts
(torregrandin A, torregrandin B, methyl 12-hydroxy-7-
oxodehydroabietate, and torreyagrandate) can inhibit
nitric oxide (NO) production with IC;, values of 49.4,
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Figure 3. Anti-inflammatory property of 7. grandis. Created with
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41.9, 38.4, and 52.6 uM respectively. This demonstrated
the anti-neuroinflammatory activity for 7. grandis in
LPS-induced BV-2 cells (35).

The ethanol extracts from 7. grandis seed can
effectively reduce the expression of kidney prostaglandin
E2 (PGE2) and decrease the expression of kidney
interleukin-1f3 (IL-1B) and tumour necrosis factor a
(TNF-a) in a mouse model of hyperuricemia (27). T.
grandis kernel contains sciadonic acid (SCA) which
can decrease the production of PGE2, NO, TNF-a, and
interleukin-6 (IL-6) in macrophages. When incubated
under different concentrations of SCA (0, 10, 25, 50 or
100 uM) followed by LPS-stimulation, macrophages
exhibited significantly reduced the production of
PGE2, NO, TNF-a, and IL-6 by 29%, 31%, 14%, and
34%, respectively, as compared to the control groups
(36). Moreover, SCA can decrease the production of
proinflammatory factor IL-1p and TNF-a in high-fat
diet mice. Both low and high doses of SCA significantly
reduced the relative expression of IL-1B, and the
high dose additionally suppressed TNF-a expression
in high-fat diet mice (37). The suppression of pro-
inflammatory mediators partly attributed to reduced
expression of inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2). The reduction of PGE2
synthesis by SCA was probably due to its suppression
of COX-2 expression and reducing proportions of
phospholipid arachidonic acid (AA) in cell membrane.
In addition, SCA also inhibited the expression of
total mitogen-activated protein kinases (MAPK) and
phosphorylated MAPK, and the translocation of NF-xB
po5 (36).

Furthermore, water-soluble polysaccharides in T.

grandis nuts possess strong anti-inflammatory activity
(38). Heteropolysaccharide TGP-0a significantly lowered
pro-inflammatory cytokines IL-1B and IL-6. Moreover,
TGP-0a decreased the level of inflammatory mediators
(NO and reactive oxygen species (ROS)) by reducing the
levels of iNOS and COX-2.

3.3. Microbiota alteration

Extracts from 7. grandis seeds play a dual role in
microbiota alteration by increasing microbial diversity
and beneficial bacteria while suppressing those harmful
ones. This dual role mainly comes from the direct
functions by its rich bio-active contents or through
regulations under various microenvironments, and yet
many of the detailed mechanisms remain to be fully
addressed. The a-diversity index (the Shannon index)
for the microbiota of the ethanol extracts from 7. grandis
seed group was elevated compared to that of the model
group and the positive drug group (21). The ethanol
extracts of 7. grandis seed modulated the gut microbiota
composition, significantly enriching beneficial bacteria
including Akkermansia muciniphila, Corynebacterium
parvum, Enterorhabdus, Muribaculaceae,
Marvinbryantia, and Blautia (21). On the other hand,
the defensin 4 protein from 7. grandis nuts significantly
suppressed the proliferations of B. subtilis, E. coli
DH5a, S. aureus, and P. aeruginosa, M. albican and S.
cerevisiae (32).

On the suppression side, dehydroabietinol and
dehydroabietic acid from the arils of 7. grandis
significantly inhibited methicillin-resistant Staphylococcus
aureus (MRSA), with MIC values (the lowest
concentration of the tested compounds which completely
inhibited the growth of bacteria) of 100 uM (35).

Furthermore, the abietane-type diterpenoids from
the twigs and leaves of T. grandis, including torgranol
E, 12-hydroxy-6,7-seco-abieta-8,11,13-triene-6,7-dial,
6,11,12-trihydroxyabieta-5,8,11,13-tetraen-3,7-dione,
and 60-hydroxysugiol, moderately inhibited M. th H37v,
demonstrating equivalent MIC values at 16 pg/mL (39).
Moreover, both compounds (6,11,12-trihydroxyabieta-
5,8,11,13-tetraen-3,7-dione and 60-hydroxysugiol)
demonstrated potent inhibition of the S. aureus ATCC
29213, exhibiting MIC of 16 and 4 pg/mL respectively
(39). Dehydroabietinol, dehydroabietic acid, and
abietane-type diterpenoids mainly exert their antibacterial
effects through multiple mechanisms such as destroying
microbial cell membranes and inhibiting key enzymes
(35,39).

On the enriching part, SCA from the seeds of T.
grandis can modulate the intestinal flora composition
by selectively enriching beneficial bacteria (such as
Lactobacillus and Bifidobacterium) and suppressing
potentially detrimental bacteria (such as Faecalibaculum,
norank_f Desulfovibrionaceae, and Romboutsia). Such
a dual role effect to the gut microbiota was suggested
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to be associated with short-chain fatty acids (SCFAs)
and other metabolites from 7. grandis (40). Intervention
with SCA significantly increased the acetic acid content
and slightly elevated the levels of propionic acid and
butyric acid. Acetic, propionic, and butyric acids belong
to SCFAs, and they can regulate hormone secretion
and beneficially alter the structural composition of the
gut microbiota (40). Therefore, SCA can stimulate the
growth and proliferation of acid-producing bacteria,
regulate the SCFAs contents, and improve gut microbiota
composition. However, the potential mechanisms of SCA
on the acid-producing bacteria remain unclear.

3.4. Effects on blood pressure, blood glucose and lipids

Hypertension is an important contributing factor to
cardiovascular disease. Inhibition or inactivation of
angiotensin-converting enzyme is considered an effective
way to alleviate hypertension. ACE-I oligopeptides
and peptides were identified in 7. grandis nuts, and the
former has been reported in the treatment of several
diseases including cardiovascular disease, type 2
diabetes, increased blood pressure, increased level of
triglycerides in the blood, and obesity (32). Moreover, a
new ACE-I peptide (VW-7) identified from 7. grandis
meal protein has an IC, value of 205.98 uM (/4). These
results indicate the blood pressure-lowering potential of 7.
grandis nuts.

T. grandis kernel extracts exhibit pronounced a-
glucosidase inhibition effect in a dose-related manner.
The 70% ethanol extract possesses the best a-glucosidase
inhibition with the lowest 1Cs, value of 0.60 mg DM/mL
and yields better activity than acarbose (0.76 mg/mL),
a clinical drug treating diabetes (7). This suggests the
hypoglycemic potential of 7. grandis kernel.

T. grandis leaves also exhibit blood glucose regulating
activity. When treated with the n-butanol fraction of the
75% ethanol extract of 7. grandis leaves (BFTL), serum
biochemical indexes exhibited a significant reduction
while superoxide dismutase and glutathione peroxidase
levels exhibited a significant increase as compared to
the type 2 diabetes mellitus (T2DM) group without
treatment (4/). The BFTL treatment also ameliorated
oral glucose tolerance and the pathological changes of
the liver, kidney, and pancreas. It significantly reduced
cytochrome and caspase-3 expression in pancreatic and
augmented the Bcl-2/Bax ratio (47).

Dyslipidemia, especially the elevation of total
cholesterol, triglycerides and low-density lipoprotein
cholesterol (LDL-C), is another important risk factor
for cardiovascular disease. Plasma triacylglycerol level
was markedly lower in the 7. grandis kernel oil group
(113 £ 12 mg/dl) relative to both soybean (161 = 15 mg/
dl) and corn oil (179 + 20 mg/dl) controls. The liver
triacylglycerol level was also markedly lower in the 7.
grandis kernel oil group (15.4 = 1.8 mg/g) relative to
both soybean (29.9 + 1.9 mg/g) and corn oil (30.7 + 2.0

mg/g) controls (42).

SCA from the seeds of 7. grandis can alleviate
the increase of total cholesterol (TC), triacylglycerol
(TG), and LDL-C levels and decrease of high-density
lipoprotein cholesterol (HDL-C) level under high-fat diet
in a dose-dependent manner (37). Both SCA treatment
groups effectively suppressed body weight gain relative
to the model group. SCA regulate lipid metabolism by
activating the expression of the PPARo/SREBP-1C/FAS
protein pathway (40). SCA, especially high dose group,
decreased SREBP-1c and increased PPARa, compared
with the high-fat diet group.

3.5. Neuroprotective effect

T. grandis oil possesses a neuroprotective effect on a
scopolamine (SCAOP)-induced C57BL/6] mouse model
(43). The administration of SCAOP impaired short-
term non-spatial recognition memory and working
memory while 7. grandis oil can effectively reverse the
trend. The 7. grandis oil can attenuate the substantial
decline in acetylcholine (ACh) activity and increase in
acetylcholinesterase (AChE) activity in the cortex of the
SCAOP group, therefore protecting against cholinergic
dysfunction.

Neuroinflammation underlies various central nervous
system (CNS) conditions, and it is central to the pathology
of neurodegenerative diseases, including Parkinson's
disease (PD) and Alzheimer's disease (AD) (44). The T.
grandis oil can inhibit neuroinflammation and oxidative
stress (43). The 1. grandis oil alleviated the upregulation
of microglia in the cortical and hippocampal CA1 regions
and the mRNA expressions of TNF-a, IL-1f, IL-6, and
iNOS in the cortex by SCAOP induction. Moreover, it
alleviated the upregulation of malondialdehyde (MDA)
and down-regulation of glutathione (GSH) and superoxide
dismutase (SOD) by SCAOP induction.

The neuroprotective effects of the 7. grandis oil are
due to, in part, unsaturated fatty acids (UFAs) which can
prevent the accumulation of lipoprotein-associated AP,
alleviate neuroinflammation and oxidative stress (45).
For example, oleic acid pretreatment strongly attenuated
lipoteichoic acid (LTA)-induced IL-6 secretion in BV2
microglia (46). Prenatal oleic acid administration enhanced
brain weight and the synthesis of postsynaptic density
95 in Down syndrome model mice (47). Oral a-linoleic
acid administration suppressed neuroinflammation and
TLR4 to ameliorate memory dysfunction (48). In addition,
torregrandin A, torregrandin B, methyl 12-hydroxy-7-
oxodehydroabietate, and torreyagrandate from 7. grandis
aril inhibited NO production, confirming their anti-
neuroinflammatory activities (35).

T. grandis oil can also participate in the gut-brain
axis regulation where its administration can effectively
reverse the decrease of SCFA levels in SCOP mice.
SCFAs are vital metabolites produced by gut microbiota
and play a mediational role within the gut-brain axis
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(43). SCFAs modulate CNS processes through direct
and indirect patterns. In addition to crossing the blood-
brain barrier (BBB) via endothelial monocarboxylate
transporters, SCFAs strengthen BBB integrity through
the upregulation of tight junction proteins. Furthermore,
within the CNS, SCFAs modulate neuroinflammation
via two primary mechanisms: by regulating glial cell
morphology and function, and by controlling the levels of
neurotrophic factors. These actions collectively enhance
neurogenesis, support serotonin biosynthesis, and promote
neuronal homeostasis and function. On the other hand, the
activation of specific receptors on enteroendocrine cells
by SCFAs mediates indirect communication with the brain
through systemic circulation or vagal pathways. This is
achieved by stimulating the release of signaling molecules,
such as the gut hormones glucagon-like peptide 1 (GLP1)
and peptide YY (PYY), alongside the neurotransmitters
y-aminobutyric acid (GABA) and serotonin (5-HT)
(49). This indicates the treatment of 7. grandis oil could
regulate gut microbiota and it might be associated with
the functions of 7. grandis oil on cognitive impairment
induced by SCOP.

3.6. Brightening

Tyrosinase is a key rate-limiting enzyme that can
catalyze enzymatic browning and melanin synthesis (37).
Tyrosinase exhibits monophenolase and diphenolase
activities, which catalyze the hydroxylation of L-tyrosine
to L-dihydroxyphenylalanine (L-DOPA) and the oxidation
of L-DOPA to dopaquinone, leading to nonenzymatic
polymerization and then dark pigments (50,57). In
humans, the overexpression of tyrosinase will cause
melanin overproduction in the skin, which can trigger
hyperpigmentation effects such as freckles, melasma,
age spots, and melanoma (52). T. grandis seed and aril
demonstrate an inhibitory eaffect on the oxidation of
L-DOPA and L-tyrosine. 7. grandis seed oil inhibited the
oxidation of L-DOPA and L-tyrosine with IC;, values
of 237.42 + 2.23 pg/mL and 849.42 + 4.37 pg/mL,
respectively (/0). Ethanol extracts from 7. grandis seed
inhibited tyrosinase activity with ICs, value of 6.60 +
0.15 mg DM/mL (7). The essential oil from 7. grandis cv.
Merrillii aril inhibited tyrosinase activity with ICs, value
of 11.04 £ 0.76 mg/mL (31,53).

Total phenolics and total flavonoids are involved in
tyrosinase inhibition (54), and correlation coefficients
between tyrosinase inhibition and these two substances
were —0.867 and —0.809, respectively in 7. grandis
seed (7). D-limonene and o-pinene are the predominant
constituents of the essential oil from the 7. grandis cv.
Merrillii aril and they might account for the inhibitory
effect on tyrosinase of this essential oil (37).

3.7. Reducing uric acid (UA) level

The ethanol extracts from 7. grandis seed exhibit

significant effects in reducing UA level and protecting
the kidneys in hyperuricemia mice. The extract
treatment decreased the serum UA level by 71.9%,
exhibiting efficacy equivalent to that of xanthine. The
mechanism of the extracts in reducing UA level is by
inhibiting xanthine oxidase activity and promoting UA
excretion (21).

3.8. Ameliorating bone metabolism disorders

SCA, the substance from 7. grandis seeds, can regulate
the bone formation-related OPG/RANKL/RANK
signaling pathway through reducing inflammation and
modulating the lipid metabolic state (37). SCA improves
bone health by regulating the proportion of factors
associated with bone resorption and formation and
inhibiting fat vacuoles in bone (37).

3.9. Alleviating slow transit constipation

Slow transit constipation (STC) is mainly caused by
weakened colonic motility and reduced intestinal
peristalsis speed. 7. grandis nuts have been used as a
prescription for repelling internal parasites in traditional
medicine. 7. grandis kernel oil effectively mitigated
constipation, rescued intestinal barrier damage, and
ameliorated intestinal inflammation and intestinal flora
via promoting the colonic expressions of Occludin/
Claudin-1/zonula occludens-1 and 5-hydroxytryptamine
3R/4R (55).

3.10. Antinociceptive activity

T. grandis leaves exhibit antinociceptive activity. The
extract and fractions of 7. grandis leaves (100 and 200
mg/kg) significantly decreased acetic acid-induced
writhing in mice. Especially, the writhing inhibition
percentage of butanol fraction of 7. grandis (200 mg/kg,
82.3%) was higher than that of the standard drug aspirin
at the same dose (47.8%). Moreover, 1. grandis extract
and its fractions significantly inhibited the second phase
of formalin-induced nociception and reduced the licking
time in mice (34).

4. Applications
4.1. Food applications

The seed of 7. grandis is rich in multiple types of
nutrients including unsaturated fatty acids, vitamins,
protein, essential amino acids, trace elements, and
minerals. Unsaturated fatty acids, including oleic acid
and linoleic acid, accounts for 87.28%-90.84% of all
fatty acids in 7. grandis kernel. It contains eight of the
nine essential amino acids that cannot be synthesized
by the human body. Moreover, 7. grandis kernel
contains anti-inflammatory or anti-oxidative bioactive
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components, such as sciadonic acid, tocopherols,
polyphenols, squalene, and B-sitosterol, terpenes. Owing
to these nutrients and bioactive components, 7. grandis
kernel is a suitable source for diverse food products,
including nut snacks and edible oil.

The essential oil of 7. grandis aril is rich in volatile
compounds, such as limonene (35.6%-37.1%), a-pinene
(20.1%-24.1%), and o-carene (3.3%-3.9%) which
exhibits typical flavors (53). Therefore, the essential oil
can be helpful for the flavoring of foods. In addition,
the essential oil possesses various bioactive functions,
such as anti-oxidation, tyrosinase inhibition, antibacterial
and antiseptic effects (37) and it can be used for food
preservation. The decay index of the treatment with the
essential oil of 7. grandis aril was significantly reduced.
The decline rate of the ascorbic acid, an important
indicator for evaluating the nutritional quality of loquat
fruits, was relatively slow under the treatment with
T. grandis essential oil. The activities of catalase and
peroxidase, important indicators for the postharvest
storage quality of fruits, reached the peak in fruits treated
with essential oil on the 12th day of storage (317).

4.2. Medicine applications

With records dated back to the ancient times and the long
application history of 7. grandis kernel in Traditional
Chinese Medicine to expel intestinal parasites, prevent
hair loss, and relieve cough, 7. grandis exhibited various
other beneficial functions on human health. In summary,
T. grandis possesses anti-oxidation, anti-inflammation,
microbiota alteration, reducing blood pressure, reducing
blood glucose, reducing blood lipids, neuroprotective
effect, reducing UA level, ameliorating bone metabolism
disorders, alleviating slow transit constipation, and
antinociceptive activity. With these exhibited functional
activities, more potential values are to be discovered in
future medicine development.

4.3. Cosmetic applications

T. grandis extract and 7. grandis seed extract are both
listed in the cosmetic raw material catalog. The essential
oil of 7. grandis aril exhibits a characteristic aroma like
galbanum and can be added to the cosmetics, soap, and
daily used perfume to impart a desirable fragrance. The
essential oil of 7" grandis aril and kernel oil possess anti-
oxidation, anti-inflammation, brightening, hair care, and
regulation of skin microecology. The ethanol extract of
1. grandis seed exhibits a protective effect on fibroblast
oxidative injury induced by H,O, (6). The pinene and
D-limonene in the essential oil exhibit an inhibitory
effect on tyrosinase (31). T grandis seed oil inhibits the
oxidation of L-DOPA and tyrosinase (/0). The extracts
of T. grandis are included in skin care products such as
creams, serums, and masks to enhance the moisturization
and repair functions.

5. Conclusion and future perspectives

The fruit of 7. grandis and its extracts possess a wide
range of bioactive components and functions. Therefore,
T grandis has extensive application potential in food,
medicine, and cosmetics. Although new mechanisms
associated with their components were discovered
in recent years, more were yet to be explored. The
challenges encountered in 7. grandis include: (1) T
grandis is rich in bioactive components, which is the
key factor influencing its biological activities. Hundreds
of components of 7. grandis have been reported so
far, including those unique ones, but its bioactive
constituents and their targets are not fully understood.
(2) The landrace, maturation stage, and extraction
process of 7. grandis have certain influences on its active
components and biological activities. Therefore, it is
important to conduct a systematic comparison of the
effective components of different landraces, tree ages,
harvest time, and extraction processes. (3) To formulate
the quality control standards of the 7. grandis extract,
it is necessary to clarify the composition and content
of the most critical bioactive compounds. Through
comprehensive and in-depth research of 7. grandis, new
processing method development, exploration on non-
traditional components such as exosome or RNA, more
ingredients and more mechanisms and functions are
expected to be found. In addition, further development
and wider utilization of 7. grandis, such as T. grandis
leave, aril, bark, efc. may be realized.
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