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Abstract: Ni long [ Blumea. balsamifera (L. ) DC. ] oil is one of the essential oil that has a wide variety of application
in Chinese traditional medicine manufacturing industry, and also has a potential to be used as an insect repellent and an-
tiseptic product in future. N long oil is obtained using a steam distillation where an aromatic chemical is extracted from
B. balsamifera (L. ) DC. leaves by steam and condensed which provide relatively high yield of product and low cost of
running the process. The aim of this study was to improve the yield of Ni long oil extraction by using ultrasonic-assisted ,
salting-out-assisted and optimizing the extraction condition. With the orthogonal test design,the ultrasonic-assisted time,
the ratio of of material to solvent,the concentration of sodium chloride and the time of extraction were compared to ob-
serve the effect on the extraction of volatile oil from Ni long plants. The best N& long oil extraction rate by ultrasonic-as-
sisted salting-out hydrodistillation method was 0.42% ,and the optimization combinations of best yield were when the ul-
trasonic-assisted time was 30 min,the ratio of material to water was 1: 06, the concentration of sodium chloride was 9.
0% and extraction time was 4.0 h. The chemical compositions of Ni l6ng oil were also analyzed by GC-MS, and 48 com-
ponents (96.00% ) were indentified. The dominant components in the Ni léng oil were borneol (43.55% ), camphor
(9.54% ) ,1-Octen-3-ol (8.31% ) ,caryophyllene (6.51% ) and B-Pinene (5.20% ).
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time and owing to their aromatic and antiseptic proper-

Introduction . .
ties, they are used as spices and natural food preserva-
Aromatic plants have been known about for a very long tives , aromatic constituents in the perfume industry. Al-
Wk 9120160113 S FL9.2016-03-23 so the plants and essential oil from the plants are wide-
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purposes ). Ni long ( Blumea balsamifera (L.)
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DC. , Asteraceae) is one of such plants widely used in
South Asia and Southeast Asia'®’. In Chinese folk med-
icine , the leaves can used to cure rheumatism , sphagitis
and headache caused by colds'’’ | some national people
resided in Hainan, Guizhou and Guangxi used the leav-
es as bathing adjuvant or supplements agent when
women newly-born or infant children, the decoction of
the roots are used against fever and stomach pain *'.
In Philippines, the plant is used as diuretic in hyper-
tension and for dissolution of kidney stones °'. In other
countries of South Asia and Southeast Asia,the leaves
of Nd long also prescribed in the treatment of coryza,
fever,influenza , cough and dyspepsia in other countries

10-11 .
' In our contin-

in South Asia and Southeast Asia
ued efforts at identifying the biological activity and
pharmacological activity of Ni long, the leaves also
were reported to have antifungal , antibacterial , antife-
brile and anodyne activities''*"*'.

Ni long is also high in essential oil,a lot of chemicals
such as [-borneol , d-camphor, cineol , limonene , palmit-
ic, myristic acids; sesquiterpene alcohol, dimethyl e-
ther, pyrocatechic tannin and other fragrance or flavour
constituents were determined from essential oil with

HOILI) The essential oil of

GC-mass or other methods
N# long also had widely use in china folk medicine
manufacturing industry,a lot of swallow treating pills or
spraies used Ni long essential oil as efficacy compo-
nents or basis ingredients,such as “yanlishuang” , “jin-
houjian” , “ yantejia 7, “ wanjinxiang” and etc. In our
suvery of Ni long essential oil processing technology,
we discovered the common methods used currently for
the isolation of essential oils from plants are steam dis-
tillation , losses of some volatile compounds, low extrac-
tion efficiency, degradation of unsaturated compounds
through thermal or hydrolytic effects, and high energy
wasle are common phenomenon may be encountered
with these extraction methods. Recently, more efficient
extraction methods, such as ultrasonic-assisted extrac-
tion, microwave-assisted extraction and supercritical
fluid extraction , have been used for the isolation of es-
sential oil from various aromatic plants [ 15-20 ], but
still now had no reported about ultrasonic-assisted ex-

traction method or salting-out hydrodistillation used in

Ni long essential oil extraction. The purpose of this re-
search was to determine the optimum conditions of in
order to get higher yield of Ni long oil with ultrasonic
and salting-out-assisted method, so with the orthogonal
test design, parameters of ultrasonic-assisted time, ratio
of material to solvent, concentration of sodium chloride
and the time of extraction were compared to observe the
effect on the extraction of volatile oil from Ni long
plants,and also the chemical compositions of Ni long

oil were also analyzed by GC-FID and GC-MS.

Materials and Methods

Materials and reagents

Dried N& long leaves were obtained from traditional
medicinal plant germplasm of south china, Hainan
Province , China. The plant was authenticated by Prof.
Zhu-nian Wang, voucher specimen was deposited in the
Herbarium of tropical crops genetic resources institute
(PZS001256) ,Chinese academy of tropical agricultur-
al sciences, China.

The material of Ni long were ground to powder using
an electric grinder and passed through a 40-mesh
sieve. Powder with moisture content of 10% was sealed
in a plastic bag and stored at 4 °C in a refrigerator dur-
ing the experiments. Sodium chloride was purchased
from the Shanghai Hushi Chemical Company ( Shang-
hai, China) .

Ultrasonic-assisted procedure

An ultrasonator model SB3200 ( Shanghai Branson Ul-
trasound Co. Ltd. , China) was used in ultrasonic ex-
traction procedure. To begin with,about 100.0 g of Ni
long leaves powder was placed in a distillation flask
and mixed with 500. 00 mL water. Then the distillation
flask with sample was sonicated with continuous power
(200 W) for different times in a water bath in the soni-
cator, whose depth of immersion is 5 c¢cm. The solution
of extracting liquid was used for essential oil extrac-
tion.

Salting-out hydrodistillation extraction of essential
oil

Different ratio of distilled water and different concentra-
tion of sodium chloride (Table 1) was then added into
the distillation flask ,and a volatile oil distillation appa-
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ratus was set according to the Chinese pharmacopoeia and the time of extraction (D,h) were compared with

"7} The mixture was distilled for 6. 0-10. 0 h ( Table single factor experimental data.

1). Oil was collected from the condenser dried over an- Based on the preliminary study, four independent varia-
hydrous sodium sulfate. bles considered to be the most important parameters in
Optimization of Ni 1ong oil Extraction with orthog- the ultrasonic-assisted salting-out hydrodistillation in-
onal design cluding ultrasonic-assisted time,ratio of material to sol-
First, the effects of four independent variables including vent, concentration of sodium chloride and extraction
ultrasonic-assisted time ( A, min) ,ratio of material to time were selected, and their ranges were determined
solvent (B) ,concentration of sodium chloride (C,% ) (Table 1).

Table 1 Factors and levels of orthogonal design

Factors
Level Ultrasonic-assisted Ratio of material Concentration of Extraction time
time (A ,min) to water (B) sodium chloride (C,% ) (D,h)
1 10 1:6 3.0 2
2 20 1:8 6.0 4
3 30 1:10 9.0 6

Analysis of Ni long oil by using GC-FID and GC- °C at the rate of 3 °C /min;carrier gas,helium at con-
MS stant pressure of 90 Kpa. Acquisition parameters full
The capillary GC-FID analysis was performed using an scanjscan range 40 - 350 amu. The essential oil con-
GC-2010 Plus Network System ( Shimadzu ) , equipped stituents were identified by comparing the mass spectra
with a FID (supplied with air and hydrogen of high pu- from NIST Library ( NIST- 147 & NIST-27).

rity) and a split inlet. The chromatographic column Identification of components

used for the analysis was DB-5 capillary column (30 m Retention indices of all the components were deter-

x 0.25 mm;0.25 pum film thickness). Helium was mined by Kovats method using n-alkanes (C4-C;,) as

used as carrier gas,at a flow rate of 1 mL/min. The in- standards. Identification of individual components was
jections were performed in splitless mode at 230 °C. made by comparison of their retention times with those
Two L essential oil solution in hexane ( HPLC grade) of available analytical standards ( /-borneol, camphor,
was injected and analyzed with the column held initial- caryophyllene ) , and by computer search, matching

ly at 100 °C for 2 min and then increased to 250 °C mass spectral data with those held in Nist and Wiley li-
with a 3°C /min heating ramp. The identity of each brary of mass spectra and literature comparison
compound was supported by comparing their retention H10.11,14.23.26,27.28]

indices (RI) with published values "', The sample

. . Results and Discussion
was analyzed twice and the percentage composition of

oil was computed from the GC peak areas without using Single factor analysis

correction factors. To determine the single factor experiment condition , the
Chemical constituents of extracted Ni long oil was also effects of five parameters with four independent varia-
analyzed by GC-MS electron impact-ionization method bles were compared. First, the ultrasonic-assisted time

on GC-2010 Plus gas chromatograph ( Shimadzu) cou- at different levels with 0,10,20,30 min and 50 min
pled to a GC-MS QP 2010A Mass Spectrometer ( Shi- were compared, and other three independent variables
madzu ) ;fused silica capillary column (30 m x 0. 25 such the ratio of material to water with 1: 6, concentra-
mm; 0. 25 pm film thickness ), coated with DB-5 tion of sodium chloride with 0 % and extraction time

(J&W) ; column temperature 100 °C (2 min) to 250 with 6. 0 h were carried out. Second , the ratio of materi-
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al to water with1:4,1:6,1:8,1:10 and 1: 15 were
compared , and other three independent variables such
the ultrasonic-assisted time with 30 min, concentration
of sodium chloride with 0 % and extraction time with
6.0 h were carried out. Third, the concentration of so-
dium chloride with 0% ,3. 0% ,6. 0% ,9. 0% and
12.0% were compared, and other three independent
variables such the ultrasonic-assisted time with 30 min,
the ratio of material to water with 1: 8 and extraction
time with 6. 0 h were carried out. Last, the extraction
time with 2.0,4.0,6.0,8.0 h and 10.0 h were com-
pared,and other three independent variables such the
ultrasonic-assisted time with 30 min, the ratio of materi-
al to water with 1: 8 and the concentration of sodium
chloride with 6.0% were carried out.

The results of single factor analysis were showed by Fig
1. From Fig. 1A. ,the effect of ultrasonic-assisted time
on N& long oil extraction yields were compared by sin-

gle factor analysis,and the N& long oil extraction yields
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Fig. 1 Effect of ultrasonic-assisted time ( A, min) , ratio

started to increase with increasing ultrasonic-assisted
time and reached a maximum at the ultrasonic-assisted
time of 30 mins,followed by a decrease with further in-
crease in ultrasonic-assisted time. Therefore, the opti-
mal ultrasonic-assisted time was 10 ~ 30 mins; The
effect of ratio of material to water on Ni l6ng oil extrac-
tion yields were showed by Fig 1B. | and also the oil
extraction yields started to increase with increasing rati-
o of material to water,followed by a decrease with fur-
ther increase,and then the optimal ratio of material to
water,was 1: 6 ~ 1:10; The effect of concentration of
sodium chloride and the time of extraction on Ni long
oil extraction yields were showed by Fig 1C. and Fig
1D. ,and the optimal parameters of concentration of so-
dium chloride and the time of extraction were 3.0% ~
9.0% and 4.0 ~8.0 h. Further then,an orthogonal de-
sign with ultrasonic-assisted time, ratio of material to
solvent , concentration of sodium chloride and extraction
time were compared.
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of material to solvent ( B), concentration of sodium chloride

(C,% ) and the time of extraction (D,h) on the extraction yield of essential oil from B. balsamifera (n =3)

Extraction of Né long oil by orthogonal design
The orthogonal design had been applied successfully to
extract biological active components from various mate-

. 1 [18,21,22,23,24].
rials

In the present investigation, the or-
thogonal four-factor-three level design was used to opti-
mize extraction conditions, including the ultrasonic-as-
sisted time,the ratio of of material to solvent,the con-
centration of sodium chloride and the time of extrac-

tion. In this design,the power of ultrasonic-assisted was

fixed to 200 W. The total essential oil yield in the ex-
traction supernatant solution was used as evaluation in-
dex. The design of orthogonal test and the results are
shown in Table 2. The optimization results indicated
that the best Ni long oil extraction rate was reached
when the ultrasonic-assisted time was 30 min, the ratio
of material to water was 1: 06, the concentration of sodi-
um chloride was 9.0% and extraction time was 4.0 h.

Under the optimization hydrolysis conditions, the total
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essential oil extraction rate reached 0.42% .

The results of the range analysis ( Figure 2) showed
the ultrasonic-assisted time and the concentration of so-
dium chloride were the first effective factor and the best
Ni long oil extraction condition combination by ultra-
sonic-assisted salting-out hydrodistillation method was
the treatment of T, ( Table 2 ,and the rate of volatile oil
yield is 0. 42% ) , and the Optimization combinations
were the ultrasonic-assisted time was 30 min (A, , Ta-
bles 1 and 2) , the ratio of material to water was 1: 06
(B,, Tables 1 and 2), the concentration of sodium
chloride was 9.0% (C,,Tables 1 and 2) and extrac-
tion time was 4.0 h (D, ,Tables 1 and 2). Also, it was

0.50
0.454
0.401

0.35 ‘[‘
0.301
0.251

sential oil oil yield(%)

found that the ratio of material to water from 1:06 to 1
10 had little effect on the extraction of Ni long oil. For
this reason,at view of low solvent,low ratio of material
to water might be the best choice for the hydrolysis
process.

Analysis of Ni long oil and its chemical constituents
Gas chromatography-mass spectrometry ( GC-MS) had
become a basic tool for analysis and Characterisation of

[25-28]

essential oils . The chemicals compositions of B.

balsamifera (L. ) DC. essential oil had been reported

14] 10,11]

by Morallo-Rejesus '"*'and Amornchai et al. , but

little report in China.

10 20 30
Ultrasonic—assisted
time(A,min)

1:06 1:08 1:10
Ratio of material
to water(B)

3 6 9 2 4 6

Concentration of Extraction time

sodium chloride(C.%) (D.h)

Fig. 2 The range analysis of ultrasonic-assisted salting-out hydrodistillation method orthogonal test ( vertical bars were

standard errors,n =3)

Table 2 The control factors and levels in Na long oil Extraction by ultrasonic-assisted salting-out hydrodistillation method

Factors results
Treatment Ultrasonic-assisted time  Ratio of material Concentration of Extraction time Volatile oil yield
(A,min) to water (B) sodium chloride (C,% ) (D,h) (%)
T, 10 (A)) 1:6 (B)) 3.0 (Cp) 2.(Dy) 0.26 +0.02
T, 10 1:8 (B,) 6.0 (Cy) 4 (D,) 0.28 +0.03
T, 10 1:10 (B;) 9.0 (C3) 6 (D3) 0.30 £0.02
T, 20 (A,) 1:6 6.0 6 0.31+0.01
Ts 20 1:8 9.0 2 0.38 +0.03
Ty 20 1:10 3.0 4 0.34 +0.02
T, 30 (A;) 1:6 9.0 4 0.42 +0.03
Ty 30 1:8 3.0 6 0.36 £0.03
Ty 30 1:10 6.0 2 0.32%0.05
K, 0.280 0.330 0.320 0.320
K, 0.343 0.340 0.303 0.347
K 0.367 0.320 0.367 0.323
R 0.087 0.020 0. 064 0.027

Notes:1)T,-T, are the abbreviations of various exiracting treatments;2) K; = 3 the amount of target compounds at factors of A,B,C or D;3) R = max

(K.} - min{K;i.
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Table 3 Chemical constituents of Néi 1ong oil
Relative Relati
No. Compounds Formula RT/min content  RI No. Compounds Formula RT/min ¢ RI
(%) content (% )
1 (E)-2- Hexenal CsHioO 5.810 0.04 814 25 4-isopropylbenzaldehyde CioH;,0 26.925 0.10 1230
2 (Z) -3-hexen-1-ol CeH,0  5.915 0.11 868 26 Perillaldehyde CioH;4,0 29.160  0.13 1207
3 (E)-2- Hexen-1-ol CeH,0 6.255 0.08 868 27 Bornyl acetate C,H,0, 30.065 0.41 1277
4 Hexyl alcohol CHLO0 6.330 0.21 860 28  2+2.8-Trimethylicyclo[6. CisHy 32,485 2.93 1416
2.2.01,6 ] dodec-5-ene
5 butyl acrylate C,H,0, 7.305 0.26 874 29 y-Maaliene CisHyy 33.655 2.14 1443
6 a-Pinene CoHy,s 8.835 2.04 948 30 dehydro-aromadendrene CisHy, 34.525 0.11 1396
7 Camphene CioHyg 9.485 1.50 943 31 a-gurjunene CisHyy 37.865 0.22 1419
8 B-Pinene CioH,s 10.840 5.20 943 32 B-caryophyllene CisHyy 38.470  6.51 1494
9 1-Octen-3-ol CioHsO 11.045 8.31 969 33 2-tert-butyl-1,4-dimethoxybenzene C;,H;30 38.960 3.07 1386
10 3-Octanone CgHisO 11.430 0.21 952 34 a-humulene CisHyy 40.505 1.54 1579
11 B-Myrcene CoH, 11.665 0.10 958 35 alloaromadendrene CisHy, 42.340 0.78 1386
12 3-Octanol CgHisO  11.905 1.36 979 36 aromadendrene CisHyy 44.225 0.12 1386
13 B-Pinene CoHy 13.420 0.24 1042 37 y-cadinene CisHyy 44.230 0.15 1435
14 d-Limonene CioHy 13.655 0.39 1018 38 §-cadinene CisHyy 44.830 0.20 1469
15 Eucalyptol CoHi3O 13.840 0.06 1059 39 Palustrol CisHy)s O 47.250 0.06 1530
16 (B ? ‘Z'(é”:‘izy locta- ¢ Hye 14.295 0.19 976 40 Caryophyllene oxide CsHuO  48.110 0.89 1507
9 ,0-lrene

17 B-Ocimene CioHig 14.890 0.76 976 41 Guaiol CisHyxO  49.085 0.41 1614
18 B-Linalool CioHigO 18.040 1.76 1082 42 Ledol Ci5Hy O 49.275 0.12 1530
19 Hotrienol CioHigO 18.315 0.28 1072 43 Rosifoliol CisHyO  49.555  0.20 1598
20 Chrysanthenone CoH4,0 19.500 0.22 1119 44 y-eudesmol Ci5sHy O 50.200 0.59 1626
21 Camphor CioHisO 20.660 9.54 1121 45 Alloaromadendrene oxide CisH,, 0 51.145 0.34 1462
22 Borneol CioHigO 22,185 43.55 1138 46 B-Eudesmol CisHyO  51.890 0.39 1593
23 1-Terpinen-4-ol CoHis0 22.905 0.09 1137 47 Juniper camphor Ci5sHy O 52.145 0.48 1647
24 a-terpineol CioH;3O 23.810 0.24 1143 48 Brevifolin CoH,,04 53.050 1.40 1628

The chemical compositions of N& long oil were also an-
alyzed by GC-MS,and 48 components (96.00% ) were
indentified , Forty-six components were found in the leaf
oil (Table 3. ). Same as the B. balsamifera essential
oils in Thailand """ and Bangladesh ' the main
chemical compositions of B. balsamifera essential oils
are borneol, camphor, caryophyllene , caryophyllene ox-
ide, guaiol and etc. And also some different chemical
compositions were first discovered from Ni long oil
such as 1-Octen-3-0l,3-Octanol ,2-tert-butyl-1 ,4-dime-
thoxybenzene , brevifolin,,and etc. How cause the differ-
ence, the reason maybe multiple, maybe those differ-
ence were caused by the same plant but from different
areas or the difference of extraction method, and the

definite reason need more materials from different areas

and more retest.

This is the first report of Ni léng oil in China. Thus, our
data suggested that the oils offered new possibilities for
the isolation of natural borneol and caryophyllene.
Those may give valuable information for chemotaxo-
nomic studies on Blumea species and their relationships

in the family Asteraceae.
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Fig. 3 GC-MS chromatogram of Néi long oil obtained

with the method described previously
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