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Extraction and Characterization of Biomaterials of Schisandra chinensis

Using Supercritical Carbon Dioxide and Sub-critical Water Hydrolysis

Chang-wan Kim

Department of Food Science and Technology, The Graduate School, Pukyong National

University

Abstract

Omija (Schisandra chinensis) is a fruit that has been used as an oriental medicinal plant
for a long time by magnolia. Omija tends to be neglected as medicinal in some parts of East
Asia. Recent research trends are in the analysis of general components or parts of
components of omija. The substances that omija contains are mainly lignans such as
schizandrin and gomisin, and the existing research is limited to the omija fruit. In addition,
as a method of using omija tea, omija chung, omija beverage, the consumption of research
and consumer interest is low due to the limitation of consumption style. According to
studies, schizandrin and gomisin are known to have antioxidant, anti-inflammatory, and
liver function improvement activities. In this study, supercritical fluid extraction was
carried out by using carbon dioxide as a main solvent and ethanol as a co-solvent. Carbon
dioxide is characterized by a relatively low critical point so that it consumes less energy
and can form supercritical carbon dioxide. At this time, the characteristics of the solvent
show gas-like diffusivity and liquid-like solubility. In addition, since the extract is easy to
separate from the solvent, there is no residual solvent after extraction, and carbon dioxide
can be gasified and reused. The lipid-free residue obtained through supercritical carbon

dioxide were hydrolyzed using sub-critical water hydrolysis. Subcritical water refers to the

viii



water below the critical point and above the boiling point of water and at sufficient energy
pressure to maintain water at liquid state in the subcritical state. Unlike atmospheric water,
subcritical water can change physical properties such as dielectric constant and ion
production ability by changing temperature and pressure. These properties lead to
hydrolysis and can degrade the ester bond, the peptide bond and the glycosidic bond
without a catalyst. In recent trends in the extraction process, water has attracted attention
as a clean technology. In particular, subcritical water is classified as a clean technology
because it does not use toxic substances or organic solvents.

Superecritical carbon dioxide extraction was carried out at a temperature of 45°C and a
pressure of 250 bar. The reaction time was fixed to 2 hours. For the first 1 hour 30 minutes,
main solvent carbon dioxide and co-solvent ethanol were poured, followed by main solvent
carbon dioxide for 30 minutes. The acid value, peroxide value, p-anisidine value, and
oxidation stability were measured to determine the stability of the extract and fatty acid
analysis was used by gas chromatography. Oxidative stability was high in seed, high in
saturated fat and high in unsaturated fatty acid in seeds. Sub-critical water hydrolysis was
then carried out at a temperature range of 140-200°C and a pressure of 30 bar. Nitrogen
gas, which is a non-reactive gas, was used for the pressure. The ratio of sample to solvent
was 1:25, stirring speed was 200 rpm, and extraction time was 10 minutes. The maximum
yield of hydrolysis was highest at 200°C in all samples. This indicates that the higher the
extraction temperature and pressure, the higher the yield. Hydrolysates extracted at various
temperatures were analyzed for total phenol content and total flavonoid content. The total
phenolic content was high in the peel and the highest at 200°C. Antioxidant activity was

measured to determine the effect of phenol content. The antioxidant activity also showed



similar phenolic content. This means that the antioxidant activity is dependent on the
phenol content. Total sugar content and reducing sugar content highest at 180°C, suggesting
that the sugar-containing polysaccharides were structurally changed due to heat after 180°C.
The content of water-soluble protein tended to increase with increasing temperature and
showed the highest content at 200°C in peel and seed.

In this study, physiological functional materials were extracted from supercritical carbon
dioxide and subcritical water hydrolysis, which were classified as environment - friendly
solvents, and their activity and properties were measured. The extracts from omija are

expected to be used as basic data for the food and cosmetic industry.
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Schisandra chinensis Schisandraceac
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Fig. 1. Structure of Schisandra chinensis (Omija).
Source: https://www.goldenpoppyherbs.com/blog/schizandra-materia-medica/
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: CO, cylinder

: Pressure gauge

: Filter

: On-off valve

: Cooling bath

: High pressure pump

: Check valve

: Safety valve

: Back pressure regulator
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10 :
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12
13

16

Heat exchanger

: High pressure vessel
: Separator

: Flow meter

14 :
15:

Needle valve
Collector

: Co-solvent pump
17:

Co-solvent reservoir

Fig. 2. Block diagram of supercritical carbon dioxide extraction.
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3.2. 299 ¢HFA: A7}, #H}A3E7), p-Anisidine value, 2F3HHAA
(Oxidation Stability Index)

QAo 2k7k= AOCS, Official Method Cd 3d-63, 20069 WHS o]&3&}o]

=439 THAOCS, 2006b). ¥FS- AJ¢ke 7 0.1 N KOH (Reagent grade)Z %

Askch o] % 250 mL AZetadd] ovx FEES 7 05 ¢& FHIka

1% AEZgded a8 A goR st 2-3 W& 92 F HIYS o83

ol 0.1 N KOH= & =4 FHrtstir Fepads £59 deds 30=

N
-~

AL WE FTLHOE T ol & WHOE FRTE o]&3d
IAEE TS A7 ALES ofee} 22 WHOoRE AXEEen, mg
KOH/g Sample® YERHAT}.

(A—B) x N x56.11
w

Acid value(mg KOH /g sample) =

o714 A= HAd AHSE KOHS F3(ml), B A9 Al AH8€

fll

rr

KOH®| #-3](mL), N& ARg¥l KOHO| w29 55 We 4%

N

SECRS
()& VrERIL,
L.del FistE 7= AOCS, official Method Cd 8-53, 2006%] ®H-& k7t

g ste] =3P H A THAOCS, 2006¢). HEEAeFo g2 100 mL =/l 10 g KI

S Yo KI 38 ZA4 39t 20 mL Chloroform % 30 mL Acetic acid
(2:3, v/v)& 83t SFTE o835t 0.01 N NagS:035 ZA|3F3 T}

13



ok ol% 100 uL (0.1 mL) KI 234842 H7kste] ghael] 51t W] st

3mL SFFE 7Iste] & E59]5F ¥ 1% starch indicator solutionS A A F

of M FMolA FHow Hsk= AHor dgds Fdsdin. At

&7 AAE ol e AE B Aabstgoew,  milliequivalent

S XN x 1000

Peroxide value(meq/1000 g sample) = W

71 St 7 Alm HA AFEE NaS2039] H3/(mL), N2 NaxS2039]

2% % We AR RS tehit.

b

p-Anisidine2 AOCS, official Method Cd 18-90, 20062] HIH& o] -8-3}¢]
=A3FHAOCS,  2006d). WS AJeFo 2 Isooctane  (2,2,4-
trimethylpentane, Reagent grade), Glacial acetic acid (analytical reagent

quality) 2 p-anisidine (analytical reagent quality)S A}&3tATE  p-

flo

anisidine €9 0.25 g/100 mL acetic acid® sfo] ZA AT A3 v

25 mL vlo]o] ZF 2 4L 0.1+0.003 g& ¥ 2.5 mlL isooctaned} HHS-

o

SpectrophotometerE ©|-€3le] 350 nmoll A A3 ©o]% 500 ulL.s

AN

3ke] 100 pL p-anisidine Al 2F¥ ¥F$-A17A 10+ % 350 nmolA SH ==

|\

4390 pranisidine e &7} 2& A o] gate] AEY.

14



2.5(1.2 x As — Ap)

p — Anisidine =
o714, AsE ¥H$ ¥ p-anisidined] HolglE £ FHFL ApE {9
FHTolH, W 2499 FA(g)E eI
Q¢ 9] AFslebAd A (Oxidation Stability Index; OSID) &% S Reza Farhoosh,

20079 wHhHo wel F23% it (Farhoosh and Reza, 2007). AFg3F #d]+=

054 871 AN, SR AEEE 2de] AstRAeM As
o2 ZAHFAL FHE S8 2950 Az F7]9 #5220 L/hezw &
HFRoen o A8 OSI AL AALE 100TCAA o] Folxvk. AT #

< £1.4C= A3 O8I g2 2bsksr] Alzksh= Aol A ez

QAo AWk s £4L methylation & AW EA o] FHF AT
(AOCS, 2006a). Methylation< AlE 50 mgs 3| 25 mL vlo]de] Y2 &
Ci7 (heptodexanoid acid) 0.1% Hexane &< 2 mL& YTl o]% 0.5 N
NaOH-methanol &% 3 mL& Y2 % 30%3F voltex & 75 TollA] 45%3t

WX 5T o] & Aol 1083 ®WA3gk ¥ 3 mL BF3 (Boron trifluoride)

S 9o & 75CeN 3083 PASAG o F oA 1083 YAl 3



mL Hexane % 10% NaCl& Y il SyringeE ©]-&3}

um, 25 mm hydrophobic PTFE syringe filterE ©]-&-3}

Hhal 248 93] Agilent GC system< ©]-83}9 0™

d

kv

16



Table 1. Gas chromatography operate condition of S. chinensis

Parameter Conditions
Instrument  Agilent 6890N GC System
Split  Splitless
Inject Temperature 250 °C

Carrier Gas & Flow
Rate

Oven Condition

Detect Temperature

Column

He, 0.5 mL/min

140 °C (5 min) — 4 °C /min for 25 min — 240 °C (17 min)
260 °C

Supelco sp. 2560, capillary column
Fused silica Capillary 100.0 m x 250 pm x 0.2 pm film thickness

17



o] &%

7890B GC #m®] 9 Agilent
AT IR

bt

S

gHlE ol &
SFATHM. Pavel et al., 2009).

3.4. Gas Chromatography—Mass Spectrometry(GC-MS)E
A

299 e 2
Agilent Technologies

Fod

ol

E_
Rt WY
X 340CE a3k

GC-MS e
Technologies 5977A MSD 7} =+

o] 23} oLy A]+= 70 eV, ion—-source temperature 230C, Mass spectrometry
=

A

A4

Pavel et al ¢ WHS <
quadrupole 150C = AHsIF o AFFY =
Hewlett-Packard 5MS Ultra inert(30 m X 250 pm i.d X 0.25 pm
film thickness)& ARSIt 289 2%== 60CHH 290T7HA &% 9T
= T8kt SA4E Hd=
YR A
¥ 2HERHS HT EE
SRR

gL
JATH290 T A 8 #7F ti7]). Alg+ 1 ul
H 9= 50-800 AMU oW GC-MS A& Z7A& Table 2 9l
sk 2
4 golr#g Azt v

A
A=Y =Y 82 MY &
ATA(NIST, USA)2 A& ~dHE

7=
3 A}

18



Table 2. Gas chromatography-Mass spectrometry operate condition of S.
chinensis

Gas Chromatography

Parameter Conditions

Instrument  Agilent Technologies 7890B

HP-5MS Ultra Inert(30 m, 250 um i.d and 0.25 um film
thickness)

Column
Carriergas  He, 1 mL/min
Temp program  60°C — 290°C (9°C/min) for 8 min
Injector temperature  340°C
Detector temperature ~ 290°C

Injection amount 1 L

Mass spectrometry

Parameter Conditions

Instrument  Agilent Technologies 5977A MSD
Source temp  230°C
MS quadrupole  150°C
lonization energy ~ 70 eV
Emission current  34.6 pA

Mass range of 50-800 AMU
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i)
A

3.5. o}dA 5 7}

o]-g3] 710 ym A7 =

boad ol

file)

Tod

200 mLe]™

R

o=

A2 YU

olo
jant

™

—_
file)

LA AR 6 g3 ST 150 mL (w/v, 1:125) 2.2 A 85 FH]

(140C-

T

ol

residue % 100

Msample

Msample -M

Hydrolysis yield(%)

o
T

o] wmjolofE WL A A E-(Maillard reaction products; MRPs)

=i
=

3)

T

}9tH(Plaza et al, 2010). 7FEE8 &2

kS

=
=

Plaza et al9] WS W

el 360 nm 2 420 nm

& ogs

=A] UV-Spectrometer

<
T

E

]

3
=

- -
-

g

s

gl

%= @9 (Absorbance Unit, A.U.)= YEFHA

o

- 5
L=

A Z4E Ao MRPs
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3 6
s S
DQL? ; :
4 —ﬂ%}—‘ 4
" m
\ \ 2

: Nitrogen gas

: Safety valve

: Pressure gauge
: Control valve

: Rotator

: Control box

: Impeller

9:
10 : Cooler
K, 11 : Collector

Reactor(High pressure
and temperature)
Release valve

Fig. 3. Block diagram of pressurized hot water extraction



A1 A2 A3 ] A4 A

Fig. 4. Hydrolysate of S. chinensis A) Fruit, B) Peel, C) Seed (1) 140 °C, (2)
160 °C, (3) 180 °C, (4) 200 °C.
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Stk Slinkard et al9] WHS 2F7F WY

T

Ethanol 0.5 mL, =7 5 mLE ¥ % Folin-Ciocalteu reagent (1 N in

Distilled water) 0.25 mLE ¥ 5%3F ¥ A F T o] F 5% Na2CO3 0.5 mL
= H7e H voltexdle]l Ao 1AIZF BoF HExEGTE. o]F UV-

Spectrometerg ©]&€38}o] 725 nmolA SHEE FSHSHS
Gallic acidE& AR&ste] AA(y=0.0083x+0.0015, R2 = 0.9996) 24 % 3

Fe S5k

ifle
e

3.7.2. & Zg R ol 3¢
% heRH B Eepieo)E G Parketal ofF MPste] 5

R

th(Park et al, 1997). WA HkS g o2 10% Aluminium chloride

431

32

hexahydrate (AICl3:6H20)E ogt2o] Holax 1M Potassium acetate

(CH3COOK)E S/l =o A8kt Ald WH o2 Eppendorf tube (2

=

+ 545 0.2 mL Yol

2]

mL)° =% 1.12 mLE ¥& & 7 Alg ¢
o] % 95% Ethanol 0.6 mLS Yol ©o|% AICI3 % CH3COOK &% 0.04

mLE 7betth Ao 408-7F W & 415 nmol A 2zt
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SA4%t. 55424 Querceting ©]83Fo] 25,50 ¥ 100 pg/mL (ppm) 2.
2 et g fAA ZAF F A (y=0.0015x+0.0381, Rz = 0.9943)&

A ste] Zelr o= FRks AAtslA)

Khanam, 2012). o] Wy 4

i

g Fol2s AASH] AR M2 & 8459 Fitsss Vvtes §

ol O
=

o}, &He 7 mM ABTS™ &M3} 245 mM Potassium persulfate &4

BN

Foz Estol Aol 1243 FA AL, o] F o ALg

ot

Aste] &<
A ABTS™ 895 We s o|&ste] Mg §F 734 nmollA F3EE 574
glth(Absorbance = 0.7+£0.02). 150 uL9] ¥WHE3 2 .85 ml. ABTS™ &S
A A oA 2412 B WS AIZITE UV-Vis spectrophotometers ©]
€3t 734 nmellA FHEE SAech ABTS @tz AATS ofg9] A&
ol-gste] %= e AT
Inhibition % = (1 — Asgmpie/Acontror ) X 100

A7 Asampie A2 FEEE HEHY Aconror S8 FHE=E YE

52 E TroloxEs AFg3F$ T

=3

RSN

24



3.8.2. DPPH 2t gHZ &A%
2,2—-diphenyl-1-picrylhydrazyl (DPPH) #tZ AAH T
S 98

e FEe
Yen and Chen 9] Wl we} 85 A (Yen and Chen, 1995)
N AT F
o &

Z uek2o] 0.2 mM DPPH €&
S Yo l

)
s &9

HES 8
AME 0.1 mLe 0.2 mM DPPH €9 3.9 mLE
£E

18k ] 517 nmollA] &F=E

oA 30&%F

w3 ge Ao
A

= blank )] % 100
Acontrol

Scavenging effect (%) = [1- (Asgmpie
=3 e]

As e

C A

ol

047] ]‘1 Asamp]eo
’E‘%E g‘l Acom‘rof’% }\]JEJ— ‘;‘l %‘Uﬁq 5
% Ascorbic acidE ARE3dII o™

=4

082 LER AT

3.8.3. FRAP & o] #g¥
Ferric reducing antioxidant power, FRAP =% & K. Thaipong et al ¢
2006). A3 J&

A3AHK. Thaipong et al,

S ofrt WHstel 5
Mo g 300 mM Acetate buffer (1.6 g sodium acetate ¥ 8 mL acetic
5 SHSTE 500 mL & A%, pH 3.6)¢F 10 mM TPTZ £4(40

acid & A<
25



ZAste] 2zt HlES

=
=
FEE o=
lol A} 30 3¢

3l) 2 20 mM iron (II) chloride
A 37TColA H#AsAT
O]—/\E

593 nm A FFEE

nNo xJ O
= 7w

mM HCI o] &
10:1:1(v/v/v)E Z838tar AFR-317)
7hrEelE 75 mL 9F 1.425 mL FRAP &9
BB3E9 Tt Microplate reader & ©]83to] HFSES
S48 T EHEEA] Trolox & AFE3ste] A=A (y = 0.0048x + 0.0169, R®
2hd & kst S49] 3keld Cs0 2.2 YE AT
Holl wel 42383} F tHN. Singh and
gkt 0.1% FeClse

=0.9995)%
?@'
. Singh and P. S. Rajini®] %
P. S. Rajini, 2004). A 3ol Al8% 8N Phosphate buffer (0.2 M, pH 6.6)
10% Trichloroacetic acid
(0.1 g FeCl3*6H20/100 mL Distilled water)el] =o] ZA| st}
YL % Phosphate

1B

g8 N
7} 1% KsFe(CN)s %
6H20E S+
Ad o =w Alg 200 pLE 2 mL Eppendorf tube©l
buffer 500 pL % K3Fe(CN)g 500 pL& il 50CelA 30%3F B gt o
% 500 pL Trichloroacetic acidE ¥ ¥ U4l &8 7|(MF550, Hanil Sci. Co.,
LTD, Daejeon)E ©]&€3t 3000 rpmellA 10802 AAEe] AEHE A
13Tk o] % wWkg<} 500 pLE Fal ve tube= &3 F 3Astr] {6
500 pL =75 ¥4 FeCl3E 100 pl. #7F & =4] 700 nmol|A 3%
E S48 2 Wheg e FEEe g dx Ao ARE dilste
£ 200 uLE Yol & AdS APsiglnt. el g @S 3%
26



Zk(Absorbance Unit, A.U)2. 2 eIt}

= B L U. Paaver et al®] WS FHauste] 42331 tHU. Paaver et
al, 2010). Z} F=% 0.5 mLel 1% KsFe(CN)s 1 mL¢} 1% FeCls 1 mLE #
7F8k e voltexste] 5% & 720 nmoll A SFEE =AHYL. TREAR

Tannin acidE ©]&3to] A=ZH(y = 0.0118x + 0.0739, R = 0.9971)& ZA

L

slee] Bhd S ARtk

i

¥ 7 7k

3.10. & 2

ot

F

= <]

of

o

7} 2 &S Dubois et al®] W whel 423 & 21 tH(Dubois

et al, 1956). Ago] Q3 dk-g &Moo 40% Phenol &S A3t}

i1t

3 WHo= JM4EslE 0.375 mLE 1.125 mLe] 3 k3 431 0.225
mL® 40% Phenol €945 Y2 F FF2(100T)AA 5E3F WA 33t
WAL - 490 nmellA FHEE SASATE GlucoseE: ET=4 = 3t
AFA(y =0.0039x + 0.1188, R2 = 0.9871)% #A 3 5 sample?] & S

AASEA Y. 7t Ee F 9 dHS g glucose/100 g Dried sample®
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ZhEEl e B399 IRk Saqib et alel W Dinitrosalicylic acid (DNS)
|Ns o] gste] st th(Sagib et al, 2011). DNS &9 10 ¢
Dinitrosalicylic acid 2 300 g Sodium potassium tartrate (Rochelle salt)&
800 mLe] 0.5 N NaOHell =<l ¥ S#F5 ¥ol HTH¥7 1 L7 H=5

ZAsEET. A8 HHe 1 mL FEE5Y 4 mLe] DNS §98 Ao 3 &2

[

E(95C)o A 5EE<t HEEA T, ALoA HEXFle] whEES yYz}s)o]
540 nmolA FTHFEE =HE 1 glucoseE: EFEAZ o] HAFAM(y =
0.0008x + 0.0628, Rz = 0.9995)5 24 3sk - sampled AT =S ALt

St ko] steEe g glucose/100 g Dried sample® YWEF ST}

VR Ee A vl skeke UV, Lowry et al., 19519 ®o] u}

k)
4
o
32
£

(U. V. Lowry et al, 1951). NaOH 2 g3} Na2CO3 10 g& 400 mL

d
i

R0l 48] e, HE R 500 mL HES s f1 WER

==

0.1 g potassium sodium-—tartrate ¢} 50 mg cupric sulfateE 8 mL <Fol

e

golFal ¢hds] w9l 5 HF F¥7F 10 mL7t H== sto] &9 25 whe
T &9 13 & 29 H&S 50:1% 41o] AREEH3ltt 0.6 mL 7k el =3t

3 mL lowry’s solutionS 413l 2%3F £33 & 20837 A B#Ast} 0.3

mL FC reagent €4S Yil 3583 Ao H 33k 5 microplate reader



o

(BioTek Instruments, Winooski, VT, USA)E o]-&3}o] Hk2-olo] s34 ZLs
750 nmollA SA3tL X¥+F=EZE bovine serum albumin (Sigma Chemical
Co., USA)E ALg3te] AHZM(y=0.0014x+ 0.0998, R2=0.995)2 A = F=

2o 484 dlz 2O g hovine serum albumin equivalent per 100 g dry

weight (mg BSAE/100 ¢ DW)& e AT}

3.13. 715288 2835 EA

ouz 7hEEsE 2] pH 542 pH meter (Mettler Toledo Five Easy Plus,

Switzerland)& ©]-&3le] A3 th pH W3 (pH 4, pH 7, pH 10)E& ©] &3}

o] BEUL AP F AEHAT

3.13.2 A=

b

emAt hedefae] AR 54 GAANES celld ThEEdlEs ¥ o
&

& A2}FA (Lovibond RT series, The Tintometer Ltd, Amesbury, UK)Z ©]

gto] L' (), a” (B-%F), b’ (=%-93) ghez SASIY. o #e=

ol-gste] MF(Hue, H) % A %=(Chroma, C)7F v o] ALk= A

1
Hue = tana* b Chroma = (a*? + b*?)'/?
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3.14. 1A% AA IZuEaYgIHE o] &3 7}

ok

3

A
oXl

7R E e dE %2 Hao Chen et al®] WS o7t Wil 435}
% tH(Hao Chen et al, 2001). AH&-3F 7]7]%= Hitachi L-2420 UV-VIS detector,
L-2130 pump, L-2300 column oven®. = A% o] ¢l+= High Performance
Liquid Chromatography (Hitachi 2000 series, Hitachi Ltd, Japan)Z ©]-8 3}

RS ASE oY g 3

}-H

B4k 0.1%E 412 (&0 A), HaEE
(&H B)7F AH&H AT &) Al W2 0-10 min, 100% A; 10-20min, 98%
A; 20-47min, 80% A; 47-80min, 45% AR AAste] A e F&E 0.7
mL/min® 2 A3 th 4 AF8el A7 Eclipse Cis (Agilent, 5.0 pm,
4.0X150 mm)E AHg3tgl onl oo BAs Ax F9 4, 2 7t
FERIAEL 0.45 pm A FHE AP on 280 nmoA FHEE =A
sart. s dgEe) YHe BFEAY RTAN DA FEIAHFig
8). &2 gallic acid, catechin, coumaric acid, rutin, quercetin 2
kaempferol& AH&etglon] 2t F&&o] Hw steEe A T 7 s5tEol

AA s 0@z e Ak

Tt E Y vgdF 8= Zebo Huang et al®] sevag MethodZE o] &3
Gl A S BEsal o]F ugdFE 85 tHZebo Huang et al, 1998). 2
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5] WFHS chloroform:n-butanol (5:1, v/v)& 41& & 7FEEsiE 1:11(v/v)

2 3Fo] 350 rpmol Al 10%7F vladlEl wRb7]E o] &3fe] HHSAIZT o] %

TR ZW 7| E o] &ste] HAeds FHohal T2 HHES 33 HHESIGITH o] %
T2 7kl =l 99% ethanols ©]&3}9] ethanol:hydrolysate (3:1, v/v) &

J.Ll

A2 5 4TColA a7 &k LAY BA F akede 942 7](Supra

22K, HANIL Sci. Med., Daejeon)& ©]-&3}] 10,000 rpmoll 4] 107+°.2 +¢

3.16. 7HrEaE 0 GRRY F TUsks

gt & 3ssS Prieto et al®] WS o83t 3 H 3t (Prieto
et al, 1999). A& AFgH 9§ &ML 0.6 M Sulfuric acid, 28 mM Sodium
phosphate monobasic  dihydrate (NaH2PO4:2H20), 4 mM Ammonium
molybdate (0.588 mL Sulfuric acid, 49 mg Sodium phosphate, 36 mg
Ammonium molybdateE Zgt~30] €1 10 mLE ZADE 0.1 mL Al&59

Nz o 24 0.1 mL 7l 1 mL ¥-8 &9& @2 F 95ToA] 901t

N

SAZA. b 5 2ol A RISk WZAA7]AL 695 nmell M FHEE
et ZFEHEE TroloxE ol&ste]  AFA(y=0.0019x-0.0003,
R#=0.9955)& ZAste] wdRi7t dEhle & @bste2 mg TE/g
Polysaccharide= YE Sl T},
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3.17. Thin layer Chromatography

Thin layer chromatography™ Chapla et al®] WHS 2kt WM sle] =33}
& tHChapla et al., 2012). TLC 2 silica Gel 60 F254 (Merck. Germany)<
ALY U3 3 mg 2 72% SAF 30 uLE =33 H 30TCoA 6087

HES A AT o] % 840 pl T/FFE Y 121TolA 30%3F A3t &

EO*'

2L 42 mg CaCO3S o]-&3to] W3k 5 5000 rpm, 1083F 94 E2la3i).

@3+ + thin layer chromatographyoll &s] A& Sl& 3o 3=

il
9,
offl
oz
o
fru
ol
ol
k]
.4
—
O

S oMEYelEY B B 80:20 HIER 4L A

& 100C, 1583 289 Yo X9t o] F Fo 96:4 H| &9 ek

il
H
i
_O‘L
rlr
ofo
(2
o
2
ol
2
Y
BN
it
._]
=
@)

2 3kxto] 0.2% naphtoresorcinol

Fho] BHEEF 1 TLC 2 S A7) 98] oA 100C=E AZXHS

3.18. 0379 54 4

3.18.1 UV-Vis analysis

UV-vis analysise 72t O9FE 1000 ppme= 343 F UV-Vis
spectrophotometer (Synergy HTX BioTek Instruments, Winooski, USA)Z&

o] &3}o] 200-700 nm FAAA AH EFEE =Aso gn =AY}



3.18.2 Fourier transform infrared spectroscopy (FT-IR)

OdFo FT-IR AHEY 24

2 FT-IR spectrometer (Perkin Elmer, Inc.,

USA)E o]gdte] =AY FT-IR ~HEHAL 4000-400 cm'e] 99<

LERH AT

3.19. 3AA

A= SPSS (statistical package for social science,

o

\ﬂ—ﬂ]

gF g
F 1T, =

b
)

=
LN

2 Tukey?] thsH]u= p<0.05 9]
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4% 2 E9

%=+ Table 3

3]

2 10.67%, AANA 0.079%

Ch

W) 22 09

ol
=

2 A

o pERetT).

1

NI

7}

ROA Sl A 16.38% % WERE dA] A 2 FERY Aot o] 2

o] ¥ A= YT

t 0.007, 0.0004 % 0.01

= yehgon of

—

0

+
o

o
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Table 3. Oil recovery and solubility of S. chinensis oils

Supercritical carbon dioxide extraction

Fruit Peel (118 g) Seed
Oil Recovery (%) 10.67 0.079 16.85
Oil solubility in CO: (g oil/g CO2) 0.007 0.003 0.01

N.B : For Peels, 118 g of the sample was placed in the reactor for sealing because it was bulky.

Fig. 5. Oil extracts of S. chinensis (ruit, peel and seed).
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2. 249 MR A

ozt FoH 9 FEEC kFAS nlaste] Table 40 YERARITE 4
7FE HA 1 gl dEel JE FEARES Folsted das FAskE
(KOH)9] mg 4=°]tHAOCS, 2006b). 2wx 9o 27 R tolA
3.61+0.65 mg KOH/g oil& WElsom b YAl SA A Aots Al<fg
AAo| = A7E7F 87.3740.77 mg KOH/g oil2 YEl=d o= Aol g

FED G AEEA W, BEeEadow s et Aom ARATHA

AR FA 1 kel GR50 9 A2 mg FFF o) 0.9
o ol AE Abu7l HW HAHES A4 olE e 7] ¥ AED

g1 5 ATHAOCS, 2006¢).

dE W vehie 249 As

o,
Lo

=
APYLES Hrhshs AR o] &HH, gho] Y25 X9 A3t 42 AL

IkekE7E 9 op-anisidine AA AvjolA 7B A vERg oy RSt &

=3 Folgk Aol YA dtH(p<0.05). Aot od FEEddAM =

MN'

2F3s}hE719}F p-anisidine 3.094+0.12, 3.88+£0.10%2 YEl o™ o]& F3]
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ol

H Sk

1.81 h,

Bzgr of

Ae

has

AA ol A Alzke] FHA e

16.34 ho. 2 ey},

o 918k Ao w7 ALE¥HLin et al, 2015).

F28

&

1€

[e)
= ©

ey
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Table 4. Oil stability values of S. chinensis oils

Acid value Peroxide Total oxidation

Oils (mg KOH/g) value Pp-Anisidine value OSI(h)

g g (meq/kg) (TOTOX)

. b b b b

SC.CO Fruit 10.07+0.50 2.13£0.22 3.73+0.16 7.99+0.36 1.81

2 Peel 87.37£0.77" 10.3+2.49" 5.65+0.16 26.25+2.57" N.A*

Extraction 5 b X b
Seed 3.61+0.65 3.09+0.12 3.88+0.10 10.06+0.34 16.34

Values are expressed as mean + S.D(Standard Deviation). Different letters in the same column indicate significant differences (p

<0.05) according to Tukey’s multiple range test.
N.A* : Not analysis.
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Table 5. Fatty acid composition of S. chinensis oils

Supercritical CO, Extracted Oils

Retention Fatty acid composition (%)
Fatty acid Time
(min) Fruit Peel Seed
Caproic Acid (C6:0) 10.821 ND ND 0.38
Caprylic Acid (C8:0) 12.001 ND ND 0.41
Capric Acid (C10:0) 14.181 0.35 1.69 ND
Undecanoic Acid (C11:0) 15.45 0.34 2.07 ND
Lauric Acid (C12:0) 16.423 0.64 ND 0.36
Tridecanoic Acid (C13:0) 18.364 0.47 1.01 1.51
Mystric Acid (C14:0) 19.971 ND 0.45 ND
Palmitic Acid (C16:0) 23.324 3.33 7.21 3.08
Heptadecanoic Acid (C17:0) 24.963 5.79 8.97 6.82
Stearic Acid (C18:0) 26.53 0.78 0.90 0.75
Oleic Acid (C18:1n9) 27.63 20.84 18.58 23.57
Elaidic Acid (C18:1n9t) 27.714 1.18 1.33 1.16
Linoleic Acid (C18:2n6c) 29.178 64.30 53.24 60.19
cis-11-Eicosenoic Acid (C20:1) 30.47 0.31 ND ND
Linolenic Acid (C18:3n3) 30.751 0.59 4.07 ND
Tricosanoic Acid (C23:0) 34.424 0.41 ND 0.59
Lignoceric Acid (C24:0) 35.458 0.67 0.48 1.17
YSFA 12.79 22.78 15.08
XMUFA 22.32 19.91 24.73
Yo-3 PUFA 0.59 4.07 0.00
YXo0-6 PUFA 64.30 53.24 60.19
YPUFA 64.89 57.31 60.19
XTotal(SFA+MUFA+PUFA) 100.00 100.00 100.00

N.B : ND means Not detected.
SFA=Saturated fatty acid.
MUFA=Monounsaturated fatty acid.
PUFA=Polyunsaturated fatty acid.
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4. Gas Chromatography-Mass Spectrometry(GC-MS)Z o] &3 o d
9] 3IFE 4
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B AA ke As wdt. AA A2 F 46 e AEC] gas
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acid 7} 8 3gEE Jeldon dAA U] 23.2%, 10.47% 2 8.53%=

AAse Ao FARYY. Mot AL Fuurh we HFESo)

i

AEE 2™ a-Ylangene, Leinoleic acid, a-Cuprene, Thujopsenal, (+)-
Cycloisolingifol-5-0l, Zizanal, y—-Muurolene, (E)-Isovalencenal 2=
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Table 6. Chemical composition of S. chinensis oils

Supercritical CO, Oils
No. Constituent Retenti?n time Area(%)
(min) Fruit Peel Seed
1 Methyl thymyl ether 8.577 0.44 0.87 0.70
2 trans-Bornyl acetate 9.41 1.13 1.85 1.50
3 a-Longipinene 10.553 1.70 2.76 2.24
4 a-Ylangene 10.741 14.69 23.20 18.79
5 B-Selinene 10.815 1.04 1.48 1.20
6 B-Elemene 10.989 1.43 0.91 0.74
7 Eudesma-1,4(15),11-triene 11.146 0.36 0.40 0.33
8 isoledene 11.294 0.29 0.51 0.41
9 2,5-Dimethoxycymene 11.334 0.38 0.53 0.43
10 B-Copaene-4a-ol 11.417 1.68 1.65 1.33
11 B-Cubebene 11.565 0.49 ND ND
12 B-Farnesene 11.8 1.16 2.28 1.85
13 B-Bisabolene 11.979 2.28 3.84 3.11
14 Chamigrene 12.285 2.50 4.07 0.55
15 Longifolene-(V4) 12.289 ND ND 3.29
16 4-epi-a-Acoradiene 12.376 2.66 3.19 2.58
17 y-Amorphene 12.45 0.86 0.80 0.65
18 a-Selinene 12.494 1.02 0.33 0.26
19 B-Himachalene 12.572 SAIF/ 10.47 ND
20 a-Cuprenene 12.577 ND ND 8.48
21 y-Muurolene 12.812 0.84 ND 0.61
22 Isoitalicene 12.865 2.06 4.16 3.37
23 6-epi-shyobunol 13.458 0.41 0.74 0.60
24 Zizanal 13.563 ND ND 0.97
25 y-Bisabolene 13.68 0.82 ND ND
26 B-Costol 14.23 0.31 0.40 0.32
27 epi-a-Cubenol 14.278 0.49 0.77 0.62
28 Ylangenol 14.4 4.09 5.39 4.36
29 B-Copaen-4a-ol 15.416 0.42 7.71 ND
30 (E)-Isovalencenal 15.621 0.28 ND 0.31
31 Germazone 15.695 0.36 0.73 0.59
32 (+)-Cycloisolongifol-5-ol 15.756 ND ND 6.24
33 Cuparenal 15.826 0.29 0.33 0.27
34 Thujopsenal 16.258 4.66 ND 6.64
35 Ylangenal 16.472 1.79 2.47 0.33
36 Methyl hinokiate 17.374 0.37 0.52 0.42
37 Saussurea lactone 17.797 0.31 0.61 0.49
38 Palmitic acid 17.928 2.57 2.08 1.69
39 Leinoleic acid 19.834 ND ND 18.52
40 Linoleic acid 19.852 25.99 8.53 ND
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Table 6. Cont.

Retention Area(%)
No. Constituent tm.le Fruit Peel Seed
(min)
41 Oleic Acid 19.891 8.06 ND ND
42 Mandenol 20.022 1.86 1.18 0.96
43 Ethyl elaidate 20.07 0.68 ND ND
44 Dioctyl phthalate 23.581 0.33 ND ND
45 Podofilox 24.353 3.07 4.74 3.84
46 v-Sitosterol 31.946 0.68 0.50 0.40
Total 100 100 100
N.B : ND means Not detected.
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Table 7. Experimental summary of residue obtained after hydrolysis, yield, pH,
maillard reaction products (MRPs)

Temperatu Yield MRPs(A.U)
re (%) pH Absorbance at Absorbance at
(°O) 360 nm 420 nm
140 7887 2.81+0.04" 0.92+0.03" 0.4240.01°
Fruit 160 78.96 2.79ﬂ:0.0ZZ 1.83i0.02: 0.71ﬂ:0.00:
180 79.44 2.88+0.03 3.77+0.02 1.35+0.03
200 80.82  320+0.13" 4.00+0.00" 2.44+0.22"
140 7932 273002 1.1140.05° 0.51£0.02°
Pecl 160 81.07 2.76i0.04: 1.74¢0.ozj 0.62&0.002
180 82.70 2.81+0.05 3.59+0.14 1.28+0.07
200 83.13  3.03+0.04° 4.00+0.00" 2.31+0.02"
140 2405 4.67+0.05 2.99+0.03° 155+0.11"
Seed 160 38.66 4.41i0.08:c 3.09¢0.18: 2.0110.1022
180 59.36 4.24+0.09 3.60+0.22 2.02+0.11
200 69.83  4.14+0.08 4.00+0.00° 2.39£0.03"
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Table 8. S. chinensis hydrolysates of individual phenolic compounds on different condition

Phenolic compound

Hvdrolvsate Temperature Total phenolic contents Total flavonoid contents
yaroly (°C) (mg GAE*/g sample) (mg CE**/g sample)
d c
140 5.74+0.08 0.82+0.04
c be
. 160 6.35+0.03 1.04+0.05
Fruit b b
180 6.60£0.10 1.62+0.32
200 8.64+0.06' 4.02£035"
c d
140 9.60+0.10 1.06+0.03
b c
160 10.22+0.17 1.51+0.09
Peel a b
180 11.08+0.05 2.21£0.02
200 11.10+0.03" 3.57+0.02"
d d
140 5.80+0.10 0.60+0.04
160 6.27+0.12° 2.08+0.14°
Seed b b
180 8.36+0.04 3.71+0.28
200 8.88+0.32" 4364025
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7. 7ZhEs =Y 34t &4
7.1. ABTS radical scavenging capacity

ABTS radical scavenging capacity:= ¥ 3 ABTSE potassium persulfate
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Table 9. Antioxidant activity measurement

Temperature ABTS DPPH FRAP
(°C) (Inhibition, %) (EC,,*, ng/mL) (EC,), ng/mL)
140 66.95+0.90° 108.18+0.94" 234.45+0.52"
Fruit 160 69.24i1.21: 91.90+0.88" 258.03£0.29"
180 72.78+0.83 86.85+0.46 177.98+0.77"
200 89.58+0.38" 43.15+0.81" 143.140.32"
140 88.53+0.31° 47.42+1.54" 193.31+0.25"
et 160 93.67+0.08" 45.50i0.49:b 161.37£0.23
180 94.2240.09" 42.30£1.51 159.70+0.37
200 94.37+0.09" 39.5742.31° 151.4240.25°
140 62464277 61.942.13" 314.3320.25"
oo 160 64.1640.85" 57.67i2.08a: 279.830.52"
180 86.2440.15" 55.20+1.35 195.82+0.58°
200 87.3440.35" 47.22+0.86 120.6740.35°

Trolox 91.12%0.11 (ImM y 16.28

Standard Ascorbic acid - ( : 6.36 -

Values are expressed as mean + SD (Standard Deviation). Different letters indicate significant
differences (p <0.05) according to Tukey’s multiple range test.
*EC,, : Half maximal effective concentration.
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Fig. 6. Comparison of reducing power for A) ascorbic acid, S. chinensis B)
fruit, C) peel, D) Seed.
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Total tannin contents
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Fig. 7. Comparison of total tannin acid for S. chinensis fruit, peel and seed.
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Fig. 8. Chromatogram of six phenolic compounds (1000 ppm) detected at 280 nm (a:gallic acid, b:catechin,
c:coumaric acid, d:rutin, e:quercetin, f:kaempferol).
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Fig. 9. Chromatogram of different temperature for S. chinensis fruit A) 140°C, B) 160°C, C) 180°C, D) 200°C.
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Table 10. Phenolic acid composition of S. chinensis hydrolysates at 280 nm using HPLC analysis.

SF- SF- SF- SF- SP- SP- SP- SP- Ss- Ss- Ss- Ss-

140 160 180 200 140 160 180 200 140 160 180 200

Gallic acid (%) ND 0.38 0.31 0.24 ND ND 0.32 0.26 5.89 3.28 0.78 0.64
Catechin (%) 0.44 0.37 0.24 0.12 0.87 0.43 0.30 0.22 1.54 0.94 0.18 0.11
Coumaric acid (%) ND 0.12 0.07 0.7 0.53 0.31 0.29 0.16 1.14 1.22 0.18 0.12
Rutin (%) 0.13 0.05 0.03 0.02 0.10 0.09 0.02 0.02 1.01 0.82 0.12 0.06
Quercetin (%) 0.10 0.03 0.01 0.01 0.08 0.06 0.02 0.01 1.03 0.48 0.09 0.06
Kaempferol (%) 0.08 0.03 0.02 0.02 0.09 0.04 001 <001 | 207 0.86 0.05 0.03

SF - S. chinensis fruit.
SP - S. chinensis peel.
SS - S. chinensis seed.

ND - not detected.
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Total glucose content
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Fig. 12. Comparison of total glucose contents for S. chinensis fruit, peel and
seed.
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Reducing sugar
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Fig. 13. Comparison of reducing sugar contents for S. chinensis fruit, peel
and seed.
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Soluble protein
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Fig. 14. Comparison of soluble protein contents for S. chinensis fruit, peel
and seed.
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Table 11. Color properties of S. chinensis at different reaction temperature and parts

Hydrolysate pH Color
L* a* b* Hue Chroma
140°C 279:0.02" 54.73+2.20"  5.6120.52" 1333165  15.37£138"  56.30+1.65°
et 100°C 2.81i0.04: 53.42ﬂ:0.53z 6.71i0.13: 23514046  13.05£0.25°  56.60+2.53¢
180°C 2.88+0.03 47.27+1.05  8.44+034  5597+2.51" 10.55£0.41°  24.44+0.46
200°C 320£0.13" 43.45:2.63°  9.89+0.11"  55.42+1.69°  9-00£0.10°  14.45+]1.74¢
140°C 273:0.02° 53.84+0.72°  3.59+0.16°  36.01x1.21° 24312052  36.19+0.82°
e 100°C 2.76:0.04" 52.12+2.51°  3.85:035  47.65:0.95" 23.1942.11°  47.80+1.04°
180°C 281005 50.99+244"  475:041"  50.63x1.11" 18.7240.61°  50.84+1.24°
200°C 3.03+0.04" 48214135  5.22:033" 48912221  17.08+1.10°  49.18+2.24°
140°C  4.67+0.05 61.66:0.95"  0.5320.26'  2.55:0.20° 129.60+13.04* 2.61+0.20¢
Seq  100°C 4.41ﬂ:0.08: 58.1140.81" 2.4310.18: 12.6ﬂ:0.4lcb 35.39£2.50°  12.83+0.43¢
180 °C 424+0.09° 48.27+0.65  527+0.06  53.08£0.52  16.86£0.19°  53.34+0.52°
200°C  4.14+0.08° 41.37+1.07  15.6240.15° 55.73+140°  5.70+0.06¢  57.871.34*

Values are expressed as mean + SD. Different letters indicate significant differences (p <0.05) according to
Tukey’s multiple range test.
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Table 12. Polysaccharides yield

Temperature(°C) Yield(%)
140 0.082
Fruit 160 0.093
180 0.44
200 0.012
140 0.024
160 0.18
Peel 180 021
200 0.04
140 0.032
160 0.20
Seed 180 021
200 0.13
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Table 13. Total Antioxidant activity of polysaccharides obtained from S.
chinensis hydrolysate

Polysaccharides(ug AAE*/g sample)

Temperature

©C) Fruit Peel Seed
d d b
140 16.47+0.00 16.65+0.31 17.53+0.91
c b a
160 24.72+0.30 32.26+0.00 20.68+0.00
180 36.65£0.31" 34.37+0.00 21.9140.30"
b c a
200 34.79+0.31 19.63+0.53 20.68+0.00

*AAE : Ascorbic acid equivalent.
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Table 14. Radical scavenging activity measurement for polysaccharides

Temperature ABTS DPPH FRAP
(°C) (Inhibition, %)  (ECj, pg/mL) (EC,), ng/mL)
140 8.1742.38° 1577.4241.24° 193.31+0.71°
Fruit 160 17.57+1.51" 442'9%0'29; 16137137
180 55.0240.52" 333.2040.92 151.4240.89°
200 24.13+1 86" 483.47£0.77 159.70+1.47"
140 7.3942.37° 1003.2941.57 234.45£0.98"
bt 160 18.5542.00" 572.45i1.11: 177.98i1.01:
180 51.74+1.79" 509.78+0.51 143.1440.52
200 15.6122.53" 607.19:1.19" 258.040.95"
140 11.06+1.75" 781.11£1.33° 313.33+1.05"
oo 160 15474186 650.52i0.61: 278.64i1.36z
180 27.02+1.89° 485.69+0.71 120.67+0.75
200 26.28+£0.43" 544.96+0.49° 195.8240.59°
Standard Trolox 91('11 fnilvl().)ll - 16.28
Ascorbic acid - 6.36 -

Values are expressed as mean + SD. Different letters indicate significant differences (p <0.05)
according to Tukey’s multiple range test.
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18. Thin Layer Chromatography (TLC)
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alactose, 2:
I!7: Arabinose,
it, B) peel, C)
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19.1 UV-Vis spectroscopy

QAR EE g tdFe UV spectrats Fig. 1601 YERATE 134

Y

YER whel go] wE Amold freldk Aol vEhA etk ey

FE= Zb7y 3,728, 3.718% YENY. 7 HARZ =2 A& YEhd 3

.

230 nmo|™ #}9)= 3.638, TAE 3.6272 YERRT ol ¥ AEE U
gl S5de I A $ 7HEE7I dek S8 E AbREr Choi et al,,
Kelishomi et al. and Kim et al.ol W2 250 nmoll A 280 nm F-7Fol| Al A
st Hd w98 E 7ted7e g3k Flolgkar K3 tH(Choi et al. 2010,

Kelishomi et al. 2016 and Kim et al. 2008).
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Fig. 16. UV-spectra of polysaccharide isolated from S. chinensis A) fruit, B)
peel, C) seed at 180°C and 30 bar.
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19.2 Fourier transform infrared spectroscopy (FT-IR) spectroscopy
URs e Wsk 2 ARE A8l Ao dEl skl sl

o] =43k} FT-IR spectra == Fig. 17 o YeERHATT
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ANV ZEE Aol R tid] R aEtHLina F. Ballesteros et
al, 2017). 18t &4 ZEE 7 Auvth ok thEdd dehhgnh A%

7] 3,600 cm™ 2 3,200 cm! Alo]9 WO HIE FA7]Y O-H ~2EHH
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Fig. 17. FT-IR spectra of polysaccharides isolated from S. chinensis A) fruit,
B) peel, C) seed at 180°C and 30 bar.
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