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nd tyrosinase inhibition properties
of essential oil from the peel of Chinese Torreya
grandis Fort.

Tao Feng, a Zhongshan Hu,a Shiqing Song,a Lingyun Yao,*a Min Sun,a Xiao Zhub

and Jun Lu c

The antioxidant and tyrosinase inhibition properties of essential oil from the peel of Chinese Torreya grandis

Fort. (CTGF oil) were investigated. The antioxidant properties of CTGF oil were evaluated via 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging tests, and it showed an IC50 value of 0.88 � 0.06 mg mL�1

compared to VC with a value of 1.0 � 0.1 mg mL�1 and BHT with a value of 2.9 � 0.1 mg mL�1. CTGF oil

had relatively significant DPPH scavenging activity (p < 0.05), which could be compared to other natural

oils as follows: cassia oil (92.4%) > peppermint oil (89.1%) > clove leaf oil (87.7%) > nutmeg oil (80.1%) >

CTGF oil (42.6%) > lemon oil (25.5%). Furthermore, changes in the peroxide values of different treatment

groups during storage for 60 days were estimated. CTGF oil displayed better antioxidant activity than

lemon oil, with activity similar to that of BHT for the reduction of the peroxide value. Moreover, CTGF oil

effectively inhibited the oxidation of 3,4-dihydroxy-L-phenylalanine (L-DOPA) through tyrosinase (P <

0.05). The essential oil obtained after hydrodistillation from the peel of Chinese Torreya grandis Fort.

could be potentially utilized as a good new alternative source of natural antioxidants for the food and

cosmetics industries.
Introduction

Antioxidants have direct effects on the minimization of oxida-
tive deterioration through preventing radical chain reactions,
thus prolonging shelf lives and retaining nutritional properties
and sensory quality. Hence, they have gained the attention of
numerous researchers from the food, cosmetics and pharma-
ceutical industries.1–3 Currently, the most common antioxidants
applied in food products are chemically synthetic antioxidants
such as butylated hydroxyanisole (BHA) and butylated hydrox-
ytoluene (BHT).4 However, the use of these synthetic antioxi-
dants is strictly restricted by local or national legislative rules in
certain places due to their potentially toxic and carcinogenic
effects.5

Recently, there has been exponentially growing interest in
exploring antioxidants from natural resources for further use in
the food and medicine domains; one example is polyphenols,
which can be extracted viamixtures of organic solvents from tea
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or other plants around the world, via thermal treatment from
natural sources, or via microwave-assisted methods from grape
seeds.6–9 Compared with polyphenols, essential oils are another
main antioxidant obtained from plants in the form of secondary
metabolites synthesized by all plant organs.10 They are complex
mixtures consisting of diverse compounds, for example, thera-
peutic chemicals, plant hormones, highly volatile aromatics,
etc. They can be obtained from all sorts of plant sources through
different methods, such as steam distillation,11–13 organic
solvents,14,15 a combination of the two aforementioned
methods,16 microwaves,17 and supercritical carbon dioxide.18 It
is particularly worth noting that some essential oils and/or
polyphenols exhibit similar or even stronger antioxidant activ-
ities than traditional synthetic antioxidants (BHT and BHA),
illustrating that natural antioxidants are good candidates for
use in food preservation, pharmaceutical products, alternative
medicine and natural therapies because of their health benets.

Torreya grandis Fort. ex. Lindl. is a kind of economically
useful tree widely grown in the south of China. It is generally
used for construction and industrial applications. The seeds of
Torreya grandis Fort. are usually processed into snack foods in
China. In contrast, the thick layers of peel surrounding the
surfaces of the seeds of Torreya grandis Fort. are always dis-
carded during snack food preparation. In recent years, the
annual yield of Torreya grandis Fort. seeds in Zhejiang province,
China, has reached approximately 1500 tons, generating a large
amount of waste peel.19 Therefore, the utilization of the peel of
This journal is © The Royal Society of Chemistry 2019
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Chinese Torreya grandis Fort. in value-added products is
a fundamentally signicant area for researchers from economic
and environmental points of view.

In our previous work, the chemical composition of essential
oil from the peel of Chinese Torreya grandis Fort. was deter-
mined via GC and GC/MS.19 However, the bioactive properties
and antioxidant properties of essential oil obtained from the
peel of Chinese Torreya grandis Fort. under the optimal extrac-
tion conditions still remains unclear. The purpose of this study
was to investigate the antioxidant activity and tyrosinase inhi-
bition activity of essential oil from the peel of Chinese Torreya
grandis Fort., explore the potential value of Torreya grandis
pericarp, and provide some basis and ideas for the development
of natural antioxidants for food and cosmetics purposes.

Materials and methods
Materials

Iodized salt (food grade) was obtained from China National Salt
Industry Corporation (Shanghai, China). 2,2-Diphenyl-1-
picrylhydrazyl (DPPH), 3,4-dihydroxy-L-phenylalanine (L-
DOPA), and tyrosinase were purchased from Sigma-Aldrich
(Shanghai, China). Diethyl ether, disodium hydrogen phos-
phate, monosodium phosphate, anhydrous ethyl alcohol,
dimethyl sulfoxide, potassium bichromate, potassium iodide,
chloroform, and acetic acid were purchased from Sinopharm
(Shanghai, China). Instant cornstarch was obtained from
Shanghai Rongshi (Shanghai, China). 2,6-Di-tert-butyl-4-
methylphenol (BHT) and ascorbic acid (vitamin C) were
purchased from Yingyuan (Shanghai, China) and Fine Chem-
icals Institute (Shanghai, China), respectively. All commercial
essential oils were purchased from Pan'an Tianlan fragrance
Co., Ltd (Zhejiang, China), manufactured via steam distillation.
All commercial chemicals were used without further
purication.

Preparation of plant materials

Torreya grandis Fort. fruit was generously donated by Zhaojia
Town Company, (Zhuji City, Zhejiang, China). The freshly cut
peel was dried to a constant weight in an electric heated air-
blowing drier (104A-OS, Shanghai Jingsheng Scientic Instru-
ment Co., Ltd, Shanghai, China) at 40 �C. Then, the dried peel
was quickly crushed into powder with a size from 40 mesh to 60
mesh. Finally, the powder was collected and packed into paper
bags with N2 in a desiccator at ambient temperature.

Isolation of essential oil

Essential oil from the samples was obtained using standard
hydrodistillation methodology from the literature with minor
modications.11,19 3n�1 half fractional factorial design was used
to determine the main factor during extraction. The selected
factors in this approach were the ratio of the mass of peel to
water (A), the mass of salt (B), and the treatment time (C). The
extract was condensed in cooling vapour to collect the exacted
oil from the peel powder. Aerwards, the essential oil was dried
using puried N2. All essential oil samples were maintained at
This journal is © The Royal Society of Chemistry 2019
freezing temperature (�18 �C). The extraction rate of essential
oil was calculated as follows:

Extraction rate % ¼ M2

M1

� 100 (1)

where M1 is the mass of essential oil from the peel of Chinese
Torreya grandis Fort. (g) and M2 is the mass of dried Chinese
Torreya grandis pericarp (g).
Antioxidant activity measurement

Effects of the antioxidant capacity of essential oil on lipids.
0.02 g of essential oil from the peel of Chinese Torreya grandis
Fort., lemon essential oil, and BHT, respectively, were intro-
duced to 100 g of lard oil, salad oil and palm oil, respectively.
The mixed samples were stored at 60 �C in an oven for 54 days,
and the samples were tested every day. 100 g of lard oil, salad oil
and palm oil without the employment of antioxidants were used
as controls for each experiment. Peroxide values were measured
via the official AOAC method (AOAC, 1995) mentioned in some
publications in terms of the ability of the peroxides20,21 formed
by oil oxidation to oxidise the iodide ions of KI and free iodine,
titrated using 0.01 N sodium thiosulphate solution.

DPPH assay. The hydrogen atom-or-electron donation abili-
ties of the corresponding essential oils were measured via the
change in color of a purple ethanol solution of DPPH into light
yellow, following the method previously described in other
publications with minor modications.13,22 1 mL of DPPH
solution (100 mM in ethanol/water, 1 : 1 v/v) was mixed vigor-
ously with 1 mL of extracted essential oil. Aer 30 minutes of
incubation at room temperature in the dark, the absorbance
was recorded at 517 nm against a blank. For the control study,
all reaction conditions were identical to the test samples except
that essential oil was not introduced in the sample. Each assay
was carried out in triplicate. The inhibition of the free radical
DPPH, in percent, (IP%) was calculated using the following
equation:

IP% ¼ ðA0 � A1Þ
A0

� 100 (2)

where A1 is the absorbance of the test sample, and A0 is the
absorbance of the control.
Tyrosinase inhibition

The tyrosinase inhibition abilities of essential oil were deter-
mined using a modied published method with L-DOPA as the
substrate, and they were compared with other tyrosinase inhi-
bition agents: lemon essential oil, vitamin C and BHT.23

Samples were diluted in DMSO (1 : 1, v/v). Subsequently,
phosphate buffer (0.1 M, pH 6.8), tyrosinase (31 units per mL)
and L-DOPA (2.5 mM) were added into the diluted sample at
a phosphate buffer : tyrosinase : L-DOPA : sample v/v ration of
2 : 1 : 1 : 1 : 1. Aer mixing gently, the sample was analyzed at
475 nm, using absorbance at 700 nm as a reference. The blank
contained all the chemicals except L-DOPA. The percentage of
tyrosinase inhibition (TIP%) was calculated as follows:
RSC Adv., 2019, 9, 42360–42366 | 42361
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TIP% ¼ ðA0 � A1Þ
A0

� 100 (3)

where A1 is the absorbance of the test sample, and A0 is the
absorbance of the control.
Determination of peroxide values

0.02 g of antioxidant dissolved in 3 mL of ethyl alcohol was
slowly introduced into 100 g of salad oil, lard oil and palm oil,
respectively. Subsequently, samples were stored in an oven at 60
� 2 �C for 60 days. The peroxide values of samples were regu-
larly determined following the AOCS official method. This
method evaluates all substances according to the milli-
equivalents of peroxide per 1000 g of sample that oxidize
potassium iodide. The amount of oxidized potassium iodide
was determined via a standardized sodium thiosulphate titra-
tion. Analyses were performed in duplicate.
Statistical analysis

Averages and standard deviations (SDs) from two measure-
ments of each sample were reported. All extractions and
determinations were performed in duplicate. Data are
expressed as mean� SD. Analysis of variance (ANOVA) was used
for analysis of the test results (least signicant difference) at the
p-value < 0.05 signicance level using SAS soware (SAS Insti-
tute, Cary, NC, USA).
Results and discussion
Optimization of the extraction conditions for essential oils

Methods for the extraction of plant materials include the
traditional approach (hydrodistillation) and novel methods
(organic solvents, microwaves, and supercritical carbon
dioxide). Compared with the traditional approach, the new
methods exhibit apparent drawbacks, such as the utilization of
expensive and hazardous solvents, labour intensive operations,
and the inability to scale-up production.

In this study, hydrodistillation was applied for the extraction
of essential oils, since hydrodistillation protects the extracted
essential oil somewhat with the surrounding water serving as
a hurdle to prevent the oil from overheating. At the same time,
some studies have found that adding a small amount of inor-
ganic salt can effectively improve the demulsication efficiency
of the emulsion and increase the volatility of avour
substances.40–42 32 fractional factorial design was used to opti-
mize the factors strongly associated with the extraction process.
The matrix and results of the experiments are presented in
Table 1. In this work, three factors, namely the material ratio
(mass/water), mass of salt (g) and treatment time (h), were
screened for their effects on the yield of essential oil (%;
response). Table 1 demonstrates the factors and levels used in
the 32 fractional factorial design, and the experimental range
for each factor was determined from preliminary experiments. A
total of 9 experimental runs were performed to complete the
design. The highest yield (1.82 � 0.02%, w/w) was achieved
using a peel to water ratio of 1 : 4 with 4 g of sodium chloride for
42362 | RSC Adv., 2019, 9, 42360–42366
5 h. Madhumita et al. also optimized the extraction conditions
of essential oil from betel nut leaves via steam distillation. They
found that the optimum extraction conditions were an extrac-
tion time of 140 min, an extraction temperature of 100 �C and
a leaf to water ratio of 1 : 1.5 g L�1. The yield of betel nut leaf
essential oil was only 0.48%.12
Antioxidant properties of essential oil from the peel of
Chinese Torreya grandis Fort.

The antioxidant activity is associated with multiple mecha-
nisms, mainly consisting of free radical scavenging, the
decomposition of peroxides, the prevention of chain initiation,
the prevention of continued hydrogen abstraction, the reducing
capacity, and the binding of transitionmetal ion catalysts.24 The
free radical scavenging activity is the most commonmechanism
related to the antioxidant activity of antioxidants.22

The free radical scavenging activities of essential oils were
assessed using DPPH, as shown in Fig. 1. Essential oil from the
peel of Chinese Torreya grandis Fort. can reduce the stable
radical DPPH to yellow-colored diphenyl picrylhydrazine with
an IC50 value of 0.88 � 0.06 mg mL�1, compared to vitamin C
with a value of 0.99 � 0.12 mg mL�1 and BHT with a value of 2.9
� 0.1 mg mL�1. The free radical scavenging activity of essential
oil from the peel of Chinese Torreya grandis Fort. was slightly
lower than that of synthetic antioxidant vitamin C but much
lower than that of BHT, partly due to there being 62 kinds of
compounds present in the essential oil, all having a wide variety
of physical and chemical properties, accounting for a lower
purity antioxidant compared to pure vitamin C and BHT.19

To further investigate the antioxidant activity of essential oil
from the peel of Chinese Torreya grandis Fort., the effects of
several essential oils derived from different natural resources on
DPPH scavenging efficiency are shown in Fig. 1. The order of the
DPPH scavenging efficiency of different essential oils is as
follows: cassia oil (92.4%) > peppermint oil (89.1%) > clove leaf
oil (87.7%) > nutmeg oil (80.1%) > CTGF oil (42.6%) > lemon oil
(25.5%). Except for lemon oil, all other essential oils had
signicant.

DPPH scavenging activity (P < 0.05). In our previous study,
limonene (35.6–37.1%), a-pinene (20.1–24.1%), d-carene (3.3–
3.9%) and g-carene (3.8–3.9%) were the major constituents of
CTGF oil.19 Also of importance, other scientists have reported
that limonene,29 a-pinene30 and carene31,32 exhibit good antiox-
idant activities, therefore enabling extracted essential oils to
show antioxidant activity. However, the amounts of these anti-
oxidant components in essential oil from the peel of Chinese
Torreya grandis Fort. were not much, resulting in the DPPH
scavenging efficiency of the essential oil being only 42.6%. Of
note, the DPPH scavenging efficiency of essential oil from the
peel of Chinese Torreya grandis Fort. was higher than those of
Salvia officinalis essential oil,26 Piper carpunya (Piperaceae)
essential oil27 and essential oil from Sardinian Santolina corsica
Jord. & Fourr.22 Furthermore, these results from this study are
comparable to earlier works on essential oil from date palm,25

the leaves of Eucalyptus globulus28 and the roots of Jatropha
This journal is © The Royal Society of Chemistry 2019
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Table 1 The conditions used and results from essential oil extractions based on fractional factorial (32) experimental design

Run Ratio (mass/water) Mass of salt (g) Treatment time (h) Yielda (%)

1 1 : 3 3 3 1.23 � 0.04
2 1 : 3 4 4 1.18 � 0.03
3 1 : 3 5 5 1.60 � 0.06
4 1 : 4 3 4 1.59 � 0.06
5 1 : 4 4 5 1.82 � 0.02
6 1 : 4 5 3 1.52 � 0.07
7 1 : 5 3 5 0.84 � 0.07
8 1 : 5 4 3 1.25 � 0.03
9 1 : 5 5 4 1.64 � 0.05

a Data are given as mean � SD. SD reects the standard deviation of two replicates.
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pelargoniifolia Courb.,39 which revealed prominent antioxidant
properties.

The changes in the peroxide values of different treatment
groups (CTGF oil, lemon oil, BHT and a control in lard oil, salad
oil and palm oil, respectively) during storage are shown in
Fig. 2. The peroxide values of all the groups in this section
followed an identical trend: control > lemon oil > CTGF oil >
BHT. Indeed, the antioxidant effects of different groups did not
vary signicantly between the groups during the initial period of
storage (P > 0.05). Aer several days, different samples showed
antioxidant effects at various degrees and levels. As expected,
the peroxide values exhibited signicant increases in the
control samples and the samples treated with lemon oil (P <
0.05) as the storage period progressed, despite the fact that the
peroxide values of the lemon-oil-treated samples in salad oil
(Fig. 2(a)), lard oil (Fig. 2(b)), and palm oil (Fig. 2(c)) were
slightly lower than those of the controls. Lemon oil had no
signicant effect on the antioxidation of salad oil when
compared to the control sample, as shown in Fig. 2(b) (P > 0.05).
However, all samples treated with CTGF oil and BHT showed
remarkable resistance to oxidation, possessing low POVs
throughout the later storage period (P < 0.001), as shown in
Fig. 2 Changes in the peroxide values of different groups treated with
BHT, CTGF oil, and lemon oil in (a) salad oil, (b) lard oil, and (c) palm oil
over a storage period of 60 days in an oven at 60 � 2 �C; BHT: unfilled
triangles; CTGF oil: unfilled squares; lemon oil: filled triangles; control:
filled squares. The control refers to samples treated without the
employment of any antioxidant during storage; CTGF oil refers to
essential oil from the peel of Chinese Torreya grandis Fort. The error
bars reflect the standard deviation of two replicates.

Fig. 1 The DPPH scavenging efficiency of essential oils obtained from
different natural resources. * refers to essential oil from the peel of
Chinese Torreya grandis Fort. The error bars reflect the standard
deviation of two replicates.

This journal is © The Royal Society of Chemistry 2019 RSC Adv., 2019, 9, 42360–42366 | 42363
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Fig. 3 The tyrosinase inhibitory activity of essential oils obtained from
different resources; control: sample treated without the employment
of any antioxidant; * refers to essential oil from the peel of Chinese
Torreya grandis Fort.; the error bars reflect the standard deviation of
two replicates.
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Fig. 2. Although CTGF oil had a lower impact, to a small extent,
in comparison with BHT, they both maintained signicant
antioxidant activity over the storage period (P < 0.05), consistent
with previous results in the literature. Based on the peroxide
value assays, the essential oil showed a stronger antioxidant
effect when compared to the control and lemon oil groups (P <
0.05). Some researchers from Turkey have examined the anti-
oxidant effects of essential oils from rosemary (Rosmarinus
officinalis), clove (Syzygium aromaticum) and cinnamon (Cinna-
momum zeylanicum).4 Their results indicated that BHA wasmore
effective than the essential oils in retarding the lipid oxidation
of crude oils;4 in addition, no antioxidative effect was exhibited
during the initial phase of storage,4 highly consistent with the
results in this report. Therefore, CTGF oil can be regarded as
a sort of promising and effective antioxidant used for control-
ling lipid oxidation during storage.
Table 2 A summary of the Michaelis–Menten kinetics properties of tyro

Type Concentration (mg mL�1)

Control (PB)* NA
Control (DMSO)** NA
CTGF oil 1.00

0.50
0.25

BHT 1.00
0.50
0.25

Vc 1.00
0.50
0.25

Lemon oil 1.00
0.5
0.25

a PB: phosphate buffer solution; DMSO: dimethyl sulfoxide; CTGF oil: ess
hydroxy toluene; Vc: vitamin C; NA: not available. b Data are given as mea

42364 | RSC Adv., 2019, 9, 42360–42366
The tyrosinase inhibition activity of essential oil from the peel
of Chinese Torreya grandis Fort.

Tyrosinase (EC 1.14.18.1), belonging to the monophenol mon-
ooxygenase family, catalyses the hydroxylation of monophenols,
including tyrosine and dopamine, to o-diphenols and can
oxidize o-diphenols into o-quinones. Well-distributed tyrosi-
nase in plant and animal tissues plays a vital role in the
production of melanin.33 Mutations in the melanogenesis of
tissue have assumedly been linked with malignant melanomas,
cancer that is fast increasing in incidence.34 Therefore, tyrosi-
nase inhibitors could possibly contribute to clinical cures for
skin cancers and some dermatological disorders caused by
melanin hyperpigmentation.35

As depicted in Fig. 3, different essential oils at 1.443 mg
mL�1 were analysed for tyrosinase inhibition activity using
a modied dopachrome method, with L-DOPA as the substrate.
Tyrosinase inhibitory effects followed the trend vitamin C
(31.95%) > CTGF oil (25.95%) > lemon oil (10.05%) > BHT
(4.50%). It appeared that vitamin C and CTGF oil effectively
inhibited the oxidation of L-DOPA by tyrosinase (P < 0.05). In
contrast, lemon oil and BHT had relatively small effects on the
tyrosinase inhibitory activity. The tyrosinase inhibitory activity
of CTGF oil agreed with results obtained using Cinnamomum
cassia essential oil.36

Table 2 compares the Michaelis–Menten kinetics properties
of tyrosinase inhibition by different antioxidants. The Michaelis
constant (KM) and maximum activity (Vmax) values were deter-
mined from Lineweaver–Burk plots of tyrosinase and L-DOPA
with different concentrations of antioxidants. The value of KM

indicates the affinity of the enzyme (tyrosinase) toward the
substrate (L-DOPA). The greater the value of KM, the lower the
affinity of tyrosinase toward L-DOPA.37 As can be seen from
Table 2, vitamin C showed the strongest inhibition of tyrosi-
nase, followed by CTGF oil, lemon oil and BHT. Herein vitamin
C, CTGF oil and lemon oil displayed signicantly greater
tyrosinase inhibition activity (P < 0.05). Conversely, BHT showed
sinase inhibited by different antioxidantsa

KM
b (mol L�1) Vmax

b (OD per min)

8.76 � 10�4 � 0.06 � 10�4 1.13 � 10�1 � 0.08 � 10�1

4.17 � 10�4 � 0.03 � 10�4 7.72 � 10�2 � 0.03 � 10�2

1.61 � 10�3 � 0.02 � 10�3 1.09 � 10�1 � 0.07 � 10�1

1.74 � 10�3 � 0.09 � 10�3 9.93 � 10�2 � 0.07 � 10�2

3.03 � 10�2 � 0.06 � 10�2 1.13 � 0.03
8.75 � 10�4 � 0.01 � 10�4 8.57 � 10�2 � 0.09 � 10�2

1.22 � 10�3 � 0.01 � 10�3 1.04 � 10�1 � 0.05 � 10�1

5.51 � 10�3 � 0.09 � 10�3 2.43 � 10�1 � 0.02 � 10�1

1.89 � 10�2 � 0.03 � 10�2 7.51 � 10�3 � 0.06 � 10�3

5.85 � 0.07 1.49 � 0.07
190.60 � 0.03 22.86 � 0.02
6.77 � 10�4 � 0.02 � 10�4 6.64 � 10�2 � 0.02 � 10�2

1.37 � 10�3 � 0.02 � 10�3 9.52 � 10�2 � 0.03 � 10�2

1.09 � 10�3 � 0.02 � 10�3 1.02 � 10�1 � 0.06 � 10�1

ential oil from the peel of Chinese Torreya grandis Fort.; BHT: butylated
n � SD, SD reects the standard deviation of two replicates.

This journal is © The Royal Society of Chemistry 2019
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slight tyrosinase inhibition effects, highly consistent with other
works.38 Therefore, CTGF oil showed strong anti-tyrosinase
activity and may become a potential research area in the
cosmetics industry.

Conclusions

This study demonstrates that the essential oil obtained aer
distillation from the peel of Chinese Torreya grandis Fort.
showed certain levels of antioxidant activity and tyrosinase
inhibition. In particular, the IC50 value of CTGF oil was 0.88 �
0.06 mg mL�1, CTGF oil had relatively signicant DPPH scav-
enging activity (p < 0.05), and the DPPH scavenging efficiency
was 42.6%. In addition, it was estimated that the antioxidant
activity of CTGF oil was better than that of lemon oil according
to changes in the peroxide values of different treatment groups
during storage for 60 days, and it had similar antioxidant
activity to BHT in reducing the peroxide value. Moreover, CTGF
oil effectively inhibited the oxidation of L-DOPA by tyrosinase (P
< 0.05). Therefore, essential oil from the peel of Chinese Torreya
grandis Fort. may become a potential research area for the
cosmetics and food industries.
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