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Abstract

In this study, the effects of distillation methods including hydro-distillation (HD) and microwave ~ Nhén 17.11.2020
hydro-distillation (MHD) on essential oil extractions of Mentha arvensis L. in Lam Dong (LD),  DPuoc duyét 03.12.2020
Ho Chi Minh City (HCMC), and Ba Ria-Vung Tau (BR) were investigated for the yield and Céngbd  30.12.2020
chemical composition of the essential oil. The results showed that the use of MHD (0,075 %)

was more effective on oil extraction yield than traditional HD (0.053 %). Optimal Distillation

parameters were found distillation times of 20 and 110 minutes and material/water ratio of 1:2,5

and 1:6 g/mL for MHD and HD, respectively. The MHD method was subjected to comparing

qualitative chemical compositions from Japanese essential oils in BR, LD, and HCMC, Vietnam.

The GC-MS analysis results showed that menthol was a major constituent in the essential oil ~ Keywords

and was responsible for the distinctive smell and flavor of the Japanese mint. Moreover, the ~ Mentha arvensis L.,
menthol content in oil from LD ound was up to 70.6 % higher than that in HCMC (69.45 %) Lam Dong, Ba Ria -
and BR (67.85 %). In conclusion, the mint essential oil is distilled from ingredients in different  Vung Tau, HCMC,
regions of Vietnam, such as LD, HCMC, BR-VT, all give essential oil a characteristic scent and  distillation.

a relatively high menthol content of about 60 % - 70 %.
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1 Introduction The main ingredient of Japanese mint is menthol, one of the
substances with high antiseptic ability, and mint can be a
precious source of natural herbs [2]. Currently, mint leaves
have been used widely to make purified tea, flavorings, and
spices in foods, candies, sauce... Due to menthol's high
antibacterial properties, Japanese mint has been added to
personal care cosmetic products such as antiseptic hand
sanitizer, antifungal, dandruff shampoo, shower gel,
toothpaste... The more prominent use of mint is due to its
application in health, such as cough medicine, antibiotics,
L o ) ) anti-cancer support... [1].
Mint includes many species listed as Ginger mint, Japanese  y/arioys methods have been developed to extract essential
mint, Catmint, Peppermint ... In this study, Japanese mint i1 uch as hydro-distillation (HD), steam-distillation
(Mentha arvensis L) was used for essential oil distillation. (SD), ultrasonic distillation (UE), microwave-assisted
Throughout the length of Vietnam, mint is grown in various o \yent gistillation (MASE), microwave hydro-distillation
re_glonS such as Bac Ninh, Lao.Cal, Ha Giang, Quang qu, (MHD), microwave hydro-diffusion and gravity (MHG),
B!nh Thuan’_l‘am Dong, Ba Ria - Vung Tau, Ho Chi Minh and solvent-free microwave distillation (SFME)... Dai et
City, Tien Giang ... al. (2010) [3] showed that the MHD from mint leaves was
more efficient than UE. In HD, Japanese mint composition

The mint tree is native to Europe and the Mediterranean. In
the nineteenth century, the Japanese carried out the
distillation of the mint essential oil and became the world's
unique commercial producer. At the end of World War 11,
Brazil started to have several studies on the mint and South
America, India, and China. By 1974, the mint was
penetrated Vietnam. After the Green Revolution of 1986,
mint became an agricultural commodity and thriving up to
now [1].
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was determined to include menthol 78.21 %, trans-
menthone 3.6 %, iso-menthone 2.88 % by Verma et al.
(2010) in the Kumaon region in the Western Himalaya [4].
According to Kohari et al. (2020), the yield of Japanese
mint essential oil obtained by traditional hydro-distillation
was determined at 0.27 %, in which the main component
was menthol (60.13 % =+ 0.42 % and 66.82 % =+ 1.62 % for
dry and fresh leaves, respectively) [5]. Another study was
conducted by Conde (2017) on several growing methods,
distilling essential oils, analyzing the content and
composition of compounds in mint [6]. In Dong Nai, the
effects of planting density and harvesting time on mint
essential oil's growth and performance were studied by Mai
Hai Chau (2017) [7].

The chemical compositions of plants are influenced by
several external factors, including climate, harvesting times,
as well as farming methods. The effects of seasonal
variations on some essential oils' chemical and biological
characteristics have been reported in some articles [8,9].
Many factors, including extraction methods, influenced the
chemical composition of the essential oils. However, there
are not many available reports on the chemical composition
of mint essential oil from different regions.

Currently, HD is the most common and convenient method
of extracting essential oils, but this process is considered
time-consuming. Due to its high efficiency, the MHD
method's research has become a noticeable area.
Microwave extraction is a combination of microwave
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heating and hydro-distillation. Microwave radiation can
disrupt oil-bearing cells while speeding up the movement of
aqueous solutions and the diffusion of internal components.
Likewise, MHD is an environmentally friendly method.
During distillation, the extraction efficiency is affected by
several parameters, such as the liquid ratio to the material
and extraction time [5,9,10].

The present study was performed due to investigating
distillation parameters from HD and MHD methods,
evaluating the chemical compositions of essential oils from
HD and MHD; and comparing chemical compositions of
essential oils from Ba Ria — Vung Tau (BR), Lam Dong
(LD) provinces and Ho Chi Minh City (HCMC).

2 Experiments

2.1 Plant materials

Japanese mint (Mentha arvensis) was cultivated on the
fields of HCMC, BR, and LD. The plant material was
harvested about four months of age. The dry leaves were
stored in a refrigerator at 6 °C with the moisture content of
about 40 %.

2.2 Distillation of essential oils

The preliminary investigation of mint oils was conducted
by two methods, hydro-distillation (HD) and microwave
hydro-distillation (MHD). The surveyed parameters,
including raw material/water ratio and distillation time,
were summarized in Table 1.

Table 1 Investigated parameters of the essential oil distillation procedure

Distillation parameters

Material:water ratio
(g/mL)

Distillation time (min)

HD 1/4; 1/5; 1/6; 1/7; 1/8

90; 100; 110;120; 130

MHD

1/1.5; 1/2; %.5; 1/3; 1/3.5

10; 15; 20; 25 and 30

Hydro-distillation method (HD)

Fresh Japanese peppermint leaves were dried in an oven at
50 °C for 6hrs until the sample weighs about 40 %. Then,
50 g of dried leaves Japanese mint leaves was separately
distilled with water using a Clevenger apparatus. The
extracted essential oil-was separated from the distilled
water, dried over sodium sulfate, and stored in a refrigerator
at 6 °C for further analysis.

Microwave Hydro-distillation method (MHD)

MHD was performed by microwave irradiation. The dried
Japanese mint leaves were placed in a 500 mL removable
flask inside the microwave irradiator cabinet with a
Clevenger system. The leaves were irradiated under
microwave powers at 540 W for different distillation times
at atmospheric pressure. The extracted essential oils were
separated from the distilled water, dried over sodium
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sulfate, and stored in a refrigerator at 6 °C for further
analysis.
Determination of essential oil yield:

H=Yod 100 Veud 190 (@)
m, m, (1-w)

Whereas: H: Yield of essential oil by weight (%); Vo
extracted essential oil volume (mL); mg: weight of dried
material (g); myg: the weight of fresh material (g); d: density
of essential oil (g/mL); w: material moisture (%).

3 Results and discussion

3.1 Effects of distillation factors on the essential oil
extraction yields by HD

In the HD method, the material : water ratio was set up in
therangeof (1:4,1:5,1:6,1:7,and 1:8) g/mL at the
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power of 540 W for 100 minutes. The ratios of (1: 4 and 1 : 5)
g/mL exhibited lower yields of essential oil extraction
(0.028 % and 0.034 %, respectively) than that of the ratios
of (1:6,1:7,and 1:8) g/mL. This result indicated that the
increase in water volume led to a rise in extraction yield of
essential oil. However, the ratio of 1 : 6 g/mL was effective
and safe in extracting the essential oil from the mint. When
less solvent was used, the amount of water was not enough

0,050

0,040
0.030
=
B0.020
el

0,010

0,000

1/4 1/5 1/6 1/7 1/8
Ratio of material/solven (g/ml) a

to penetrate the material and low oil yield. When increasing
solvent volume, the amount of water was enough to diffuse
the essential oil from the material, increasing oil yield. But
if the amount of water was increased further, the yield
remained constant because the amount of essential oil in the
material had been completely separated [4]. As a result, the
ratio of 1 : 6 g/mL was selected for further investigations.
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Figure 1 Effects of material/water ratios (a) and distillation time (b) on the essential oil extraction yields by HD

When the distillation time was extended to 130 minutes, the
yield reduced to 0,046 %. Indeed, the extension of extraction
time allows achieving a high yield of essential oil extraction.
However, long extraction time led to the evaporation of oil
and the change of oil compositions. As a result, the extraction
time of 110 min was selected for further investigation. The
results of the experiment had a shorter distillation time
compared with Lucchesi's report [10]. Lucchesi et al.
reported a yield of 0.610 % for Mentha crispa leaves using
HD (270 minutes).

3.2 Effects of distillation factors on the essential oil
extraction yields by MHD

In the MHD, the ratios of material : water were investigated in
therangeof (1:1,5;1:2;1:25;1:3and 1:3,5)g/mL, at the
microwave energy of 540 W for 15 minutes (Figure 2a).
Likewise, water volume increased to the highest extraction
yield up to 0.068 %, with the ratio of 1 : 2,5 g/mL. However,
the extraction yield did not change with the extension of water
addition. Accordingly, the ratio of 1 : 2,5 g/mL was selected
for further investigation due to the savings and efficiency.

Figure 2b showed that MHD required shorter extraction
time than HD at a similar extraction yield. Long
distillation period helps to extract the essential oils in the
materials completely. However, a prolonged distillation
period would evaporate the essential oil into outside
environment. Lengthy periods could cause raw materials
to burn, reducing the quality of essential oils [9]. The
ratio of material : water was used at 1 : 2,5 g/mL in
power 540 W in these experiments. With distillation
times of 10 to 20 minutes, the amount of essential oil
increased continuously and reached the highest value at
20 minutes. But if the distillation time continued to
increase to 30 minutes, the essential oil performance
remained unchanged. This could be explained by the
essential oils removed from the material. The
experimental result was similar to that reported by Dai et
al. [3], with a yield of 0.091 % for MHD mint (30
minutes). According to this result, the extraction time of
20 min was subjected for further investigation.
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Figure 2 Effects of material/water ratios (a) and extraction time (b) on the essential oil extraction yields by MHD

3.3 Investigation of the composition of Japanese mint oil
from different regions

The above results indicated that the highest extraction yield
was achieved at the material/water ratio of 1 : 6 g/mL for
110 minutes for the HD method. Meanwhile, the extraction

conditions were set up for the MHD method with the
material : water ratio of 1 : 2,5 g/mL for 20 min. Samples of
essential oils after distillation were refined, which are then
carried with GC-MS analysis. The results of the analysis
are shown in Table 2.

Table 2 Chemical compositions of mint oils obtained from different regions

The present study Kohari et al. 2020 [5]
Constituents MHD
HD (LD) D BR HCMC MHD HD
a-pinene 0.13 0.06 0.341 0.43 0.18 0.2
sabinene 0.11 0.08 0.637 0.01 0.11 0.11
B-pinene 0.21 0.14 0.139 0.26 0.23 0.24
B-myrcene 0.12 0.09 0.13 0.52 0.14 0.16
3-octanol 0.37 0.57 0.037 0.37 0.58 0.23
0-cymene 0.01 0.02 0.451 0.01 - -
D-limonene 14 0.27 1.194 0.83 0.44 0.25
1,8-cineole 0.1 0.11 0.321 0.03 - -
trans-p-ocimene 0.2 0.02 0.026 0.03 0.07 0.07
p-mentha-2,4(8)-diene 0.03 0.05 1.8 0.98 - -
linalool 0.38 0.09 0.31 0.15 -
camphor 0.5 0.46 0.59 0.05 - -
trans-menthone 20.19 16.3 19.5 12.34 10.54 8.27
cis-methone 4.62 5.01 4.77 4,49 2.97 3.05
(-)-menthol 62.8 70.6 67.85 69.45 59.3 60.13
a-terpineol 0.16 0.25 0.13 0.11 0.18 0.18
cis-3-hexenyl isovalerate 0.14 0.14 0.126 0.26 - -
pulegone 15 0.89 0.127 0.95 - -
piperitone 3.17 1.23 0.045 1.43 211 1.43
methyl acetate 0.64 0.05 0.99 0.01 2.8 2.56
a-copaene 0.01 0.03 0.703 0.03 - -
(-)-B-bourbonene 0.28 0.17 0.088 0.021 - -

The results of GC-MS analysis showed that the main
content of menthol and cis-menthone of the MHD method
(70.6 % and 5.01 %, respectively) was higher than that of
HD (62.8 % and 4.62 %, respectively), the content of trans-
menthone (20.19 %) in HD method was higher than that of
the MHD method (16.3 %). The results showed that
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essential oil in LD had menthol contents of 62.8 % and
70.6 % from HD and MHD, respectively. These results
were higher than when compared with Japanese sources of
Kohari (HD: 60,13 % and MHD 59.40 %) [5]. Besides,
figure 3 also showed that the contents of trans-menthone
and cis-menthone were also higher than the result of
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Kohari. The varieties could influence the menthol content
in different geographic locations, climatic conditions, and
farming methods.

For the HD method, the material should be submerged in
water, and the mixture was heated externally by an electric
stove. In the MHD, the microwave penetrated the material
and heated it from the inside , so the essential oil bags were
broken down quickly. Therefore, the distillation time was
reduced, and the amount of solvent was much saved when
using MHD. According to the influence of distillation
parameters on essential oil distillation yield and menthol
content, the microwave hydro-distillation method under the
extraction conditions of material : water ratio of 1 : 2.5 g/mL
for 20 min at 540 W was chosen to perform a material
survey from different regions. These obtained results were
observed to be similar to the results of Ranitha and
colleagues [9].

Mint was directly collected from BR-VT, LD, and HCMC
and distilled by MHD under 1 : 2.5 g/mL material : water
ratio, 20 minutes duration, and 540 W capacity. The results
of the main contents of menthol, trans-menthone, cis-

menthone were shown in Figure 3.
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Figure 3 Comparison of the main chemical components
of Japanese mint from three regions: Lam Dong (LD),
Ba Ria— Vung Tau (BR), and Ho Chi Minh City (HCMC)

Figure 3 showed that mint from LD had some main
components such as menthol, cis-menthone, trans-
menthone, camphor, piperitone, and pulegone. With mint
grown in HCMC, in addition to the main components:

menthol, cis-menthone, trans-menthone, and camphor, there
were also isoterpinolene, D-limonene, piperitone, and
pulegone. In Ba Ria province, menthol's main ingredients
include menthol, cis-menthone, trans-menthone,
isoterpinolene, piperitone, and pulegone. The menthol
content in mint from LD and HCMC showed similar results
at 70.6 % and 69.45 %. The result of menthol in BR content
was 62.58 % lower than LD and HCMC. The process
extracted menthol as a major compound in the Mentha
arvensis essential oil, which agrees with the results of other
research groups [4,5,7].

In three regions, the content of trans-menthone was higher
than that of cis-menthone. Results may vary due to
cultivation method, time of harvest, and most importantly,
geographical location. Japanese mint grown in three
different Vietnam regions, including BR, HCMC, and LD,
was found to contain a high amount of menthol. Notably,
the three regions' quality of essential oils had a strong,
spicy, cool, and transparent scent.

4 Conclusion

Research results show that mint essential oil was
distilled by the MHD method for higher yield with HD.
The method of MHD was more rapid and saving time
and energy than the traditional HD method. Distillation
time was determined at 20 minutes for MHD and 110
minutes for HD. The ratios of material/solvent were used
at 1 : 25 g/mL and 1 : 6 g/mL for MHD and HD,
respectively. The menthol content in essential oils in LD
(70,6 %) was higher than that in HCMC (69.45 %) and
BR (67.85 %). The microwave method in essential oil
extraction should be paid more attention to because it
saves energy and time consuming, economical, and
environmentally friendly.
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Khio sat va danh gia chét lwong tinh diu Bac ha Nhat (Mentha arvensis)
tir cac viung nguyén liéu khac nhau ¢ Viét Nam

Tran Bui Phiic”, Nguyén Céng Héu
Khoa Ki thuat Thyc pham va Moi truong, Pai hoc Nguyén Tat Thanh
“tbphuc@ntt.edu.vn

Tém tat Trong nghién ctru niy, phuong phap chung cat truc tiép (HD) va chung cit ¢6 hd trg vi song (MHD) tir nguyén
liu Bac ha Nhat (Mentha arvensis L.) dugc trong ¢ Viét Nam di dugc khao sat. Két qua cho thiy phuong phap chung cit
MHD cho hiéu suét tinh dau cao hon (0,075 %) khi so v&i phuong phap chung cit HD truyén thng (0,053 %). Céc thong sb
chung cét co ban duge tim thdy nhu sau: thoi gian chung cét 20 phut va ti 1& nguyén lidu : nuée 1 : 2,5 g/mL d6i véi MHD
va 110 phit, ti 16 nguyén liéu : nuéc 1 : 6 g/mL d6i véi HD. Phuong phap MHD dugc chon dé thyc hién so sanh cac thanh
phan hoa hoc c6 trong tinh dau Bac ha Nhat tir Ba Ria - Viing Tau, Lam Ddong va Tp. H6 Chi Minh. Két qua phan tich GC-
MS cho thiy thanh phan hoa hoc cua tinh diu Bac ha Nhat tir 3 khu vuc 1a tuong tu nhau véi sy khéac biét nho vé dinh lugng
ctia mot s6 hop chat. Menthol 14 thanh phan chinh trong tinh dau bac ha Nhat va ham luong menthol trong tinh dau ngudn
géc tir Lam Bong (70,6 %) cao hon khi so v&i hai dia phuong con lai Tp. HCM (69,45 %) va Ba Ria -Viing Tau (67,85 %).

Tir khéa Bac ha Nhat, Lam Ddng, chung cat, Ba Ria — Viing Tau, Tp. HCM.
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