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O )

oleoregin

(10),

ERET

AE % At
(Zingiber officinale Rosc.)
2017 10

-

-20°C .
Ethanol Supplies World
Co.(Jeonju, Korea) , pectinex
Ultra SP-L(>3,800 PGNU/mL), termamyl 120L(120 KNU/g)
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Novozymes(Novo Nordisk, Copenhagen, Denmark)

. dinitrosalicylic
acid(DNS), folin-ciocalteu’s reagent, gallic acid, glucose
catechin ~ Sigma-Aldrich Co.(St. Louis, MO, USA) s

6-gingerol, 8-gingerol, 10-gingerol,
6-shogaol, 8-shogaol,

Hills, CA, USA)

10-shogaol Chromadex(Laguna

M Faxez| Wy ME

Nam (1)

Pectinex Ultra  SP-L(Novozymes, Novo  Nordisk,
Copenhagen, Denmark) s
Termamyl 120L(Novozymes, Novo Nordisk, Copenhagen,

Denmark) . A
5g 20 100 mL
,01N 01N
pH 4.0
1% (wfw)
(PE ) 50°C

(WiseBath, MaXturdy, Daihan sci., Wonju, Korea)
100 rpm 2 .
gl pH 6.0

1%(wfw)
93°C 1 ,
100°C 5 ),
pH 3
B = A
pH w2 .
(CON) g 3k 100°C
2 g
AMZ FHAe| Uy MA
(Stirring, 2 , 25°0), (Sonication, 0.5 ,
25°C), 3+ W (Reflux, 2, 83°C)
L 05, 1,2
MZ Xz b H|m
¢ ¥ @2 ,8°0 pH (
B) , .1, 1
L) (35 L)
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(Step D) 550¢
, 20
: =1
£(OF-22GW, JEIO-TECH, Daejeon, Korea) 50°C 24
(Step 10) .
50 L % (F-50, Kobiotech, Incheon,
Korea) Fig. 1 .
(Step I 1,750 g (
20 ) 83°C 200 rpm
4
40°C Y , (PP -3 ,
60x70 cm, 2 ) 12 , =]
(SARTOCLEAN GF 3+0.8 um, Sartorius, August-
Spindler-Strasse, Goettingen, Germany) 12
keffem’ 22t
, i aF (DO-100, HS Tech,
Seongnam, Korea) 50°C, 24
. (Step 1)
u} 20
B .
100°C 5 , 50°C
9 ,
o FEE9 835 £4

(Water solubility index, WSI) e
(Water absorption index, WAI) Anderson RA  (12)
< , ofzj
% (Total sugar, TS)  Phenol-H,SO, (13)
, 3k (Reducing sugar, RS) DNS (14) 550

Step I : Ethanol extraction

Prepared powder of freeze-dried ginger in ethanol (1.75 kg/35 L)

|

Extracted : 83°C, 4 h, 200 rpm

|

Filtered

v
v v

Ginger ethanol extract Ginger PPT

|

PPT dried : 50°C, 24 h

nm = %

(glucose equivalent, GE, g%)

R\

WSI(%) = [(soluble solids g/5 mL)x*supernatant total Vol.
(mL)I/5 gx100
WAI(g/mL) = weight of precipitate/weight of dry solids

4Z x589 SN
% = (Total polyphenol, TP)

o

(15)

Folin-Denis
, gallic acid
= (Total flavonoid, TF)
Zhishen  (16) = ,
(+)-Catechin .
6-gingerol(6-G), 8-gingerol(8-G), 10-gingerol(10-G), 6-shogaol
(6-S), 8-shogaol(8-S), 10-shogaol(10-S) HPLC(Nexera X2,
Shimadzu, Kyoto, Japan) .
0.2 ym syringe filter(Millipore, Billetica, MA,

==
=
=
=

USA) ,
2mL 7
2 uL . ]
= 10, 50, 100, 500, 1,000 ppm .
280 nm = Table 1
EAZN
33] = %t SPSS(Version
18.0, Chicago, IL, USA) o] H =}
. ANOVA test %,
Duncan H ( 5%)

Step IT : Enzyme extraction

— > Added water in dried ginger PPT

v

Added enzymes for cell wall degradation (Pectinex Ultra SP-L, 1 %, w/w)
:50°C, 2h, 200 rpm

v

Added enzymes for starch degradation (Termamyl 120L, 1 %, w/w)
:93°C, 1h, 200 rpm

v

Inactivated enzyme : 100°C, 5 min, 200 rpm

|

Filtered

!

Ginger enzyme extract

Fig. 1. Scheme for extraction processing from ginger by ethanol and enzyme treatme.
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2} 9l pEk 2} gl .RS TS %
, B A 25% s
EANE| YYY MZo| $85 54 ws
Table 2 pH uf A
A B WS 58.56%, 53.44% (CON) pectinex Ultra SP-L  Aspergillus
15.35% 3538 = Sk
aculeatus polygalacturonase
(p<0.001), B A 5.1% ]
4 , 50°C,
% . TS CON A H 4045 9 (17
B = Y (p<0.001), A B pH 4045 & a4 (D
Termamyl 120L  Bacillus Iicheniformis a
-amylase  90-100°C 93°C, pH
Table 1. Operating condition of HPLC for 6, 8, 10 gingerol and a0 .
shogaol 6.0 sul (18) Pectinex
Parameters Operating condition pH 55-6.0 , termamyl 120L
HPLC system Nexera X2 SHIMADZU, UPLC pH 5055
H = B oo}
Detector DAD, UV, 280 nm pH = PN
Column Kinetex XB.C18 100 A (1.7 pm, 150 x 2.1 mm) pH
. A: 0.1% acetic acid in water (V/V, %) = g,
Mobile phase B: 0.1% acetic acid in acetonitrile (V/V, %) o}
Time (min) A (%) B (%)
0.5 90 10 = A= — e =
EA4XE| gy MzZio| J|sME B
25 60 40 o -
45 45 55 p T
6.0 40 60 Table 3 . TP A 237%, B 1.52%,
80 35 65 CON 1.43% A} s
191'55 gg 2 (p<0.001). B A 09% 7t . TF
Gradient elution 130 20 0 0.33-0.68% L] =}
145 25 75 (p<0.001), TP 7 .B A 0.3%
160 20 80 7. 6-G, 8-G, 10-G, 6, 8-S, 10-S
17.5 15 85
200 10 % ‘A 1.53%, B 1.08%, CON
250 10 90 0.57% 2} % (p<0.001).
26.0 90 10 B A 0.5% % CON 19
20 % 10 pH =X 0.3-0.9%
Injection volume (uiL) 2 ar w* ,
Flow rate (mL/min) 03 2 pH 2
Column temp. (°C) 30 o vz =
Table 2. Water solubility of ginger extracts as affected by pH adjustment
Treatment DWSI (%) WAI (g/mL) TS (%) RS (%)
CON 915.35+0.10 1.35+0.04° 0.24+0.03° 0.14£0.02°
A 58.56+2.24° 1.8620.10° 30.9940.16° 21.2340.01°
B 53.440.64° 5.53+0.51° 30.8120.67° 18.75+0.21°
F-value 921,55 173.44™ 5954.82" 28,10043™

UCON, 100°C reflux for 2 h; A, water bath shaking (adjusted pH); B, water bath shaking (unadjusteded pH).
WS, water solubility index; WAL, water absorption index; TS, total sugar; RS, reducing sugar.

YAll values are mean£SD (n=3).

*Means with different small letters in the same column differ significantly by Duncan's multiple range test (p<0.05).

I p<0.001.
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Table 3. Functional component content of ginger extracts as affected by pH adjustment

Treatment TP (%) TF (%) Total (%) 6-G (%) 8-G (%) 10-G (%) 6S (%) 8-S (%) 10-S (%)

CON IA30.02  0.330.02° 0.57+0.06° 0.45+0.05° 0.0320.00° 0.00£0.00° 0.0520.00° 0.040.01 0.010.00

A 2374005 0.68£0.00° 1.5340.05° 1.2240.03" 0.090.00° 0.03£0.01°  0.06£0.00" 0.1120.00 0.0240.00

B 152£001°  037:0.01° 1.08+0.13° 0.780.09° 0.10£0.02° 0.06£0.01° 0.080.01° 0.0520.01 0.0240.00
F-value 890.94" 911.55™ 84.34™ 11707 28.79™ 4200 763" NS NS

Y Abbreviations are the same as in Table 2.

TP, total polyphenol; TE, total flavonoids; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol, 6-G, 6-gingerol; 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S, 6-shogaol;
8-S, 8-shogaol; 10-S, 10-shogaol.

YAl values are meantSD (n=3).

4)‘:J"Means with different small letters in the same column differ significantly by Duncan's multiple range test (p<0.05).
I p<0.05; 7, p<0.01; ™, p<0.001; NS, not significant.

FEXZ| A MZto| =25 4 w5} 3.48% 0.46%
= W% (p<0.001). RS 3y 1.27%
i Table 4 ) Step I 1.5-1.9
wsI g 4 9.59%, 8.23%, = % (p<0.001).
582% % 4 = % (p<0.001). Step I WSI 3+ 4 4921%,
Kim Youn(19) 3 48.08%, 4095% ¥ W
g % 31.80%, 31.19%, = % (p<0.01). WAI & ¥
A 28.38%, 28.33%, 4.38 g/mL W% (p<0.01),
2138% 3 4 =3 2
. , Kim  Lee(20) el =3 Egls =] <t a2k
ES LI 46.33%, WAI = 2 ,
44.75%, 4023% ¥ 4 & gotb ,
=% .StepI TS ¥ WSI . TS
Table 4. Water solubility content of ginger extracts as affected by treatment type and time
Treatment Time (h) IWSI (%) WAI (g/mL) TS (%) RS (%)
Stirring 2 95 81+0.29 - 50.37+0.06 0.67+0.01
Sonication 0.5 °3.23+0.84 - %0.46+0.16 °0.860.01
Reflux 2 9.59+0.17* - 13.48+(0.08" 1.2740.01
DStep 1 F-value 40327 - 831.84™ 995.79"
1 7.95:0.21° - 3.05£0.16° 1.26£0.05
Reflux
0.5 97.39+0.28%) - 3.28+0.07* 1.20£0.04
F-value 79.19" - 11.29" NS
Stirring 2 %48.08+0.91 7.10+0.95 29.53+0.69 °4,52+0.09
Sonication 0.5 °40.95+1.80 736099 ©25.08+0.71 4.1140.11
Reflux 2 49214345 °4.38+1.10 9.85+0.07* %6.93+0.26"
Step I F-value 11337 14.17" 6468 237.39™
1 45.30:0.91%® 4.06£0.41 28.980.16° 2.10+0.08
Reflux
0.5 41.58+1.58 4.30£0.89 25.74+0.48° 1210.03¢
F-value 862 NS 160.12™ 1166.34”

DStep I, stirring treatment (25°C, 2 h); sonication treatment (25°C, 0.5 h); reflux treatment (83°C, 0.5, 1, and 2 h); Step II, enzyme treatment (water bath shaking, non-adjusted
pH, water extraction, pectinex ultra SP-L (1 % enzyme on substrate 5 g), 50°C, 2 h and termamyl 120L (1 % enzyme on substrate 5 g) 100°C, 1 h).

WSI, water solubility index; WAL, water absorption index; TS, total sugar; RS, reducing sugar.

YAll values are meantSD (n=3).

*Means with different small letters in the same column (Stirring 2 h, Sonication 0.5 h, and Reflix 2 h) differ significantly by Duncan's multiple range test (p<0.05).
5"j’CMeans with different capital letters in the same column (Reflux 0.5, 1, and 2 h) differ significantly by Duncan's multiple range test (p<0.05).

9 p<0.05; ', p<0.01; ™, p<0.001; NS, not significant.
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RS WSI Zt LI 29.85%, 4921% E = s
6.93% = % (p<0.05). TS RS 2
(p<0.001). Won  (21) 29.85%, 6.93% 4 = =
g 95% gy % (p<0.001). ,
TS 1597%, 5.35% NES
Step 1 = S
Step II TS % WSLRS = 5
i o) 2 K
%% . E o 'Stepl WSl 2 FHA2| WY Mziol 7|sHE M| ;
959% 1  (71.95%) 05  (7.39%) Toble 5 Sepl TP & )
(<000 3 W . Kim - (22) 475%, 3.62%, 131% <
= = gy 3y 36 = W
ol Jung  (23)
= . 5 10 70% 24
oW, TP 3.97% ,
| Ll 5
3} Tk )
. Stepl TS 2 05 s} &4
348%, 328% 1 (3.05%) TF &
<001 % % . LRS 120127% 1.38% 2223
2 oo} = ‘;k (p<0.001). ]
Sep I WSI 2 gingerol ~ shogaol <& 6-gingerol(6-G) sk
Table 5. Functional component content of ginger extracts as affected by treatment type and time
Treatment  Time (h)  2TP (%) TF (%) Total %)  6G (4  8G (%)  10G (%) 65 (%) 8S (%)  10-S (%)
Stirring 2 1312003 °0.620.01 1480.18  0.84£0.07  0.15£001 0394010  °0.03:0.01  °0.02:0.02  °0.04x0.01
Sonication 0.5 ’3.62:006  "0.60+0.05 *357:1.09  °205:0.58  °040:0.16  "0.79£023  °0.04:0.00  ‘0.22:0.08  °0.08:0.04
Reflux 2 4755007 *138:0.14%  %6.50£0.20% 3212003 “LII0.02% 1368023 ‘023001 ‘0.19:0.01*  *0.39+0.02*
UStep 1 F-value 334308 76.60"" 4521 3732 83.09™ 18627 69620 1537" 151.12"
1 426:0.08%  1.19:0.07*® 59240295 3004007  1.0320.01® 1424026  0.16£0.01®  0.08:0.03®  0.14£0.02°
Reflux 9408£0.135 1,140,043 6.02£0.09%  3.10£0.04  0.99:0.02° 143002  0.16£0.05*  0.06:0.01®  0.29:0.04®
F-value 39.45™ 542 636" NS 55637 NS 533 50.63" 6158
Stirring 2 °0.94:001  %0.14x0.01 0.0740.00  0.07+0.00 - - -
Sonication 0.5 1052001 %0.12£0.00 °0.04£0.00  °0.040.00 - - -
Reflux 2 0.85£0.01  "0.050.01° 0.01£0.00  “0.01:0.00 - - -
Step 11 F-value 264 5025™ 217007 217.00™ - - -
1 0.8340.02  0.10£0.01* 0.01£0.00  0.010.00 - - -
Reflux 05 0.83£0.01  0.10£0.02* 0.00£0.00  0.000.00 - - -
F-value NS 7.37* NS NS - - -

D Abbreviations are the same as in Table 4.
TP, total polyphenol; TF, total flavonoids; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol; 6-G, 6-gingerol; 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S, 6-shogaol;

8-S, 8-shogaol; 10-S, 10-shogaol.
YAll values are meantSD (n=3).

*Means with different small letters in the same column (Stirring 2 h, Sonication 0.5 h, and Reflix 2 h) differ significantly by Duncan's multiple range test (p<0.05).
5’i"CMeans with different capital letters in the same column (Reflux 0.5, 1, and 2 h) differ significantly by Duncan's multiple range test (p<0.05).
0 p<0.05; ', p<0.01; ™, p<0.001; NS, not significant.
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2 6.50%, 3.21% (p<0.001) 4.75%, 1 4.26%, 0.5 4.08%
= O 44 38 3o, = = =
2t w . Jajin (24) H} (p<0.001). TE 2 1.38% =
= (1 % (p<0.05). Gingerol shogaol &
g/50 mL, 25-30°C, 60 ) 1.55%, & 4 (1 g/120 6-gingerol(6-G) 2 6.50%, 3.21%
mL, 85°C,8 ) 196% = W% (p<0.05). 6G 10-G
33 ks , Jeong  (25) A gl 8-G =
= A, 35 & %! % (p<0.001).
| TP 80% 1.2-1.5 SepI TP 0.83-085% A}
=%k, E 80% 4 2 S ) ) 0.05%
1320 =%k % (p<0.05).
%! 2} gingerol ¥ & ,
& ) z = <
Sepll TP TF 3+ 3 2
0.85%  0.05% oy
Step I o <
2 7
, MZ Xzl g2Y dH|m
. Step I Table
gingerol  shogaol & 6-gingerol(6-G) 6, 7 Step 1 WSI  851-947%
3y (p<0.001) s S H A}
9k LTS  1952.15%, RS 130-1.73% W
g ) TP TF AF %o
.Step I 8G, 10-G, 6-S, 8-S, 10-S Step I WSI  49.91-53.38%, WAI
23k 1.84-6.81 g/mL 2}
5 & ek TS 3069-38.17% A 7475% A=}
W ,RS 8.02-1389% 4 1.1-59% A=A}
Z+ TP, TF, gingerol shogaol % . Lab-scale pilot scale ¥
6-gingerol(6-G) = W g 2} %o, %
Y ) < =3
gy Step I TP 2 2} o+ (26). 1
Table 6. Water solubility and composition of ginger extracts using different extraction volume
Treatment Working volume (L) IWSI (%) WAI (g/mL) TS (%) RS (%)
0.1 99.4720.59 2.1520,02*Y 1.63+0.00°
) 1 851027 1.95+0.03° 1.73£0.02°
Step 1
35 8.84+0.95 2.1120.04 1.30:0.00°
F-value NS 3245" 859.79™
0.1 4991481 1.84 30.69+2.85° 8.02+0.82°
1 53.38+1.32 5.03 38.1742.20° 9.1240.18
Sep I 35 51.60+1.30 6.81 30.79+0.44° 13.890.07°
F-value NS NS 1220 123.34™

UStep I, reflux treatment (ethanol extraction, 83°C, 2 h); Step II, enzyme treatment (water bath shaking, non-adjusted pH, water extraction, pectinex ultra SP-L (I % enzyme
on substrate 5 g), 50°C, 2 h and termamyl 120L (1 % enzyme on substrate 5 g) 100°C, 1 h).

WS, water solubility index; WAL, water absorption index; TS, total sugar; RS, reducing sugar.

YAll values are mean£SD (n=3).

4"::Means with different small letters in the same column differ significantly by Duncan's multiple range test (p<0.05).

9% p<0.01; ™, p<0.001; NS, not significant.
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Table 7. Functional component content of ginger extracts using different extraction volume
Treatment  Working volume (L)  “TP (%) TF (%) Total (%) 6-G (%) 8-G (%) 10-G (%) 6-S (%) 8-S (%) 10-S (%)

0.1 9466009 0.570.10 530:049°  174+0.02°  0.89:0.09°  134:0.12° 073010  043:0.10  0.17+0.06
Sep 1 1 457:0.04°  0.6420.06 630016  237+0.02°  1.05:0.04°  1.60:0.04° 078005 036002  0.14£0.01
35 3412001°  0.49+0.04 549+0.04  173:0.00°  091x0.02°  147:000°  072:001 0444002  0.2120.02

F-value 41835 NS 961’ 1,395.81" 7.13° 845" NS NS NS

0.1 0.73£0.08°  0.07+0.01° 0.03+0.00°  0.03+0.00°  0.00£0.00  0.00£0.00°  0.000.00° - -
Sep I 1 075£0.06"  0.10£0.02°  0.10£0.00°  0.09£0.00°  0.00£0.00  0.01£0.00°  0.00+0.00° - 0.000.00
35 104£0.02°  0.05£001°  0.89£0.01°  0.62£0.00° 0132000  0.1120.00°  0.020.00° - 0.010.00

F-value 25.01" 1591 2043633 28,081.00™ NS 1,027.00"  25.00" - NS

Y Abbreviations are the same as in Table 6.

TP, total polyphenol; TF, total flavonoids; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol; 6-G, 6-gingerol, 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S, 6-shogaol;
8-S, 8-shogaol; 10-S, 10-shogaol.

All values are meantSD (n=3).

3)
;‘;“Means with different small letters in the same column differ significantly by Duncan's multiple range test (p<0.05).

" p<0.05; 7, p<0.01; ™, p<0.001; NS, not significant,
lab-scale o < 2 - %pﬂot scale 8 WSI WAL TS RS TP TF TIC
[) -
g a3
o 7).
StepI TP 341-466% N
At , TF 0.49-0.64% £
H 2} 23k . Gingerol %
shogaol & 530-6.30% W ,
gingerol shogaol 2} 5 4
Nagendra  (28)
(0.5%, mL/w) | 2t 01L
, cellulose (3.75%) 6r = 1L
15 | =1 35L
Fig. 2. Variability depending on different extraction scales of ginger
> extract by ethanol and enzyme treatment.
=] gt . 0.1 L, laboratory scale; B3 1 L, laboratory scale; [] 35 L, pilot-scale
SepI TP 073-104%, TF 005010% o Tt olphenc; T, T, Tomod. TIC ol inite oonen: s
W% Gingerol shogaol = 0.03-0.89% of 6, 8, 10-gingerol and 6, 8, 10-shogaol.
0.1-09% Ak , gingerol  shogaol
= % 6-G, 10-G,
6-S (p<0.01, p<0.001). e %
Step I  Step II R
% #k (Fig. 2).
2 167% oy ,
, g
. R pH
’ A % B
» L (WSD) 58.56%, 53.44% (CON) 15.35%
, , 3.5-3.8 = &
< i (p<0.001), B A 5.1%
& 7t : P FE
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131% < b SRR
36 = % (p<0.001). ¥ =
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23 , 44 = e
(p<0.001). Step 1 & 9
TP TF, =
=olxl =
+67% L
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