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Abstract

The objectives of this study were to increase the contents of functional ingredients and water soluble polysaccharides
obtained from ginger extracts using ethanol and enzymes and to determine the applicability in pilot-scale production
for the food industry. The processing of ethanol-treated extract (step I) depended on the extraction methods and
time period of extraction. The enzyme-treated extract (step II) was processed with or without pH adjustment. The
water soluble index (WSI) and total polyphenol (TP) content of the enzyme-treated extract (B) without pH adjustment
decreased by 5.1% and 0.85%, respectively, as compared with that of the pH-adjusted extract (A). For the ethanol-treated
extract processed by the reflux method, WSI of 9.59%, TP content of 4.75%, total flavonoid (TF) content of 1.38%,
and total gingerol/shogaol content of 6.50% were obtained. The total gingerol/shogaol content was higher by 3.6
times than those obtained from the extract processed by the stiming method. As the reflux extraction time increased,
WSI and the TP, TF, total gingerol/shogaol contents increased significantly. Therefore, the optimum condition for
processing the ethanol extract involved refluxing for 2 h at 83°C unadjusting the optimum pH. The variability
of analysis of the parameters depending on different extraction scales was confirmed to be within +7%. The ethanol
and enzyme based approach described in this study would be beneficial to food industries for developing functional
products and materials from ginger.
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o, g3 2 AlH B AA Sl xg S sAAx
Eafste] 20°Col] H@slHA] gl A&ttt A%
%Xé FZo AFg-¥ U872 Ethanol Supplies World
Co.(Jeonju, Korea)o|X Fiste] AF8-31%1aL, pectinex
Ultra SP-L(>3,800 PGNU/mL), termamyl 120L(120 KNU/g)

2 Novozymes(Novo Nordisk, Copenhagen, Denmark)<2] A|
F& TYst AHESETE B4 A2k R dinitrosalicylic
acid(DNS), folin-ciocalteu’s reagent, gallic acid, glucose %
catechin< Sigma-Aldrich Co.(St. Louis, MO, USA)l| A, #|

EE ETEZ  6-gingerol, 8-gingerol, 10-gingerol,
6-shogaol, 8-shogaol, 10-shogaol= Chromadex(Laguna

Hills, CA, USA)llA F-d5to] AHg-sh3it.
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Pectinex  Ultra  SP-L(Novozymes, Novo  Nordisk,
Copenhagen, Denmark)S A3l om, AR 3] 4+
Termamyl 120L(Novozymes, Novo Nordisk, Copenhagen,
Denmark) & AH-3tA T G BT A A 22
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&3 52 50 L 432 (F-50, Kobiotech, Incheon,
Korea)E ©]-&3dtod Fig. 13 Zo| a st 48412
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FEH L 40°C o|st= W7t &, FEXPP T4 X ZHX‘
60x70 cm, 27 & 12} A 3G T, vio] AR LH
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Spindler-Strasse, Goettingen, Germany) S A}-8-5to] 942 1.2
kgffem® o3t Al 22} T}ttt AAple A AR
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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

mol X SFEE =Hste] = ek AdeteE gk
(glucose equivalent, GE, g%)2°- 2 YERNATH

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

’éﬂ%‘ FE
% Z2] 9= (Total polyphenol, TP) €2 Folin-Denis'H
(15)= H3st] S5, 5 A= gallic acids
o] &3} th. & Ze}H o] =(Total flavonoid, TF) &
Zhishen ‘5(16)¢] W& MYsto] SHslolom, 5 =
ARE (+)-Cateching ©| &3ttt A7re] x| FAEQl
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)E ©]-&-ato] =4 skt 7 +4
28] FZ92 0.2 ym syringe filter(Millipore, Billetica, MA,
USA)Z o33t A& B4 A8 7 8191, G448 F59
o 54 Az2F F 2 mLe] Mege] SN F 24
Aol F2 FUF PR o3tslel BA39
N FUE 2 L2 AEALT, o 1) 2 5 T
FHe HF =71 10, 50, 100, 500, 1,000 ppme]
3o 280 nmol| A Sttt B4 2712 Table 13}
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o o

1 Rl
ﬂ‘lﬁ}m rﬁw M

mi

EAEY

AY A= 33] vbaste] 373 k= SPSS(Version
18.0, Chicago, IL, USA)E ©|&-3to] H x| e} EFHAZ
YERASITE ANOVA testS A A
o= Duncan®| 5 AHY (Fo T 5%)= ol &3kt

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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HA pH 2% frirell we ZaAe] Wil A7ke] +8&
3} EAS Bl w3 A3t Table 29 2o} @ ahxe] ¢
A} B WSI= 22t 58.56%, 53.44% = T ZT-(CON)
1535%°1 B]3led 3.5-3.84] = o2 o2 A YEhste
™ (p<0.001), FL T4 2] F B= Al |3l 5.1% F =
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Table 1. Operating condition of HPLC for 6, 8, 10 gingerol and
shogaol

Parameters Operating condition
HPLC system Nexera X2 SHIMADZU, UPLC
Detector DAD, UV, 280 nm
Column Kinetex XB.C18 100 A (1.7 pm, 150 x 2.1 mm)
. A: 0.1% acetic acid in water (V/V, %)
Mobile phase B: 0.1% acetic acid in acetonitrile (V/V, %)
Time (min) A (%) B (%)

0.5 90 10

25 60 40

45 45 55

6.0 40 60

8.0 35 65

9.5 35 65

. . 115 35 65

Gradient elution 130 20 0

145 25 75

16.0 20 80

175 15 85

20.0 10 90

250 10 90

260 90 10

29.0 90 10
Injection volume (uiL) 2
Flow rate (mL/min) 03
Column temp. (°C) 30

8t3) 2] 26 A5E (2019)

421 atel= fISIth RS= TSS9 fARE 7338 e
Rom, dAd g A 2] Be Al Hlgt] 25% SHA| VbR
ok A o2 AR E JHEdlete Ao ol B
pHO| Fxof we} A4 J3Fe won, 4 sdE =
A g pHO| Welol £ v HA 245 Yepdth &
Aol ALEH FE A pectinex Ultra SP-LE Aspergillus
aculeatus©l| X %2 polygalacturonase = 4] & A EH
= fl8l AEFFAANA 7S Bel AHgsta slem, 50°C,
pH 4.0-459 LA HAe Z4e dehddd.
Termamyl 120L-2 Bacillus licheniformise| X 21€ a
-amylase 2 90-100°C 3 =2| 1ol Fg3sl™ 93°C, pH
6.0014 22 242 JERATH1S). Pectinex #2] A7
4kl e] pHE 5.5-6.0 % =0]™, termamyl 120L 2] 7
A7; FZA] pHE 5055 AEE 54 S-S 93 34
o] pH W {lollA =LA BlojupA] eisdth ApA o2 544
215 93 pH 24 DAl A7t AlEd 9 ARE-S Bals
& = YA, dF FE= A A A B HE
= nEs B ed 3FY F dvtn FEE AT

L

EA4XE| gy MzZio| J|sME B

pH 24 f5Fo & A% F2E59] 7498 ¥gE
v w3k A3} Table 32 2t) TPE A 2.37%, B 1.52%,
CON 1.43% 2 2] Wyo| e} o4 i} 17} vrebsktt
(p<0.001). BE Adl H|3| 0.9% rastgltt. TFe
0.33-0.68%<] HLZ Azl HHd foxrt dnerH
(p<0.001), TP2] 73 &7} FAFaIITtE B Adll B3l 0.3%
A Jehgith A FAEQ 6G, 8-G, 10-G, 65, 8-S, 10-52]
gheks Fhakete] vk A3 A 1.53%, B 1.08%, CON
0.57%= A2 gl 24 zho]7F YERTHp<0.001).
B Adl| HI3l 05% 2Al Ve o1 CON thiH] 194 S7F
A pH 2% -5 wel 7544 50] 0.3-09% J =
e = A7t dEhoy, 783 wisk 5409 At
A9} BRI & O #F FEo A pH 2% 9AIE Akt
3 ZPst= Aol o v sttt AhE )

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° 1.86+0.10° 30.99:0.16" 21.230.01°
B 53.440.64° 5.53+0.51° 30.810.67° 18.75+0.21°
F-value 921.55™) 173.44™ 595482 28,10043™

lCON 100°C reflux for 2 h; A, water bath shaking (adjusted pH); B, water bath shaking (unadjusteded pH).
WSI 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).

, 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 (%) 8G (%) 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 0.020.00

B 152£001°  037:0.01° 1.08+0.13° 0.780.09° 0.10£0.02° 0.06£0.01° 0.08£0.01° 0.0520.01 0.0240.00

)]

F-value 890.94 911.55™ 84347 117.07" 28.79" 4.00™ 763" NS NS

DAbbreviations 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.
IAIl values are mearr+SD (n=3).
4;‘Means with different small letters in the same column differ significantly by Duncan's multiple range test (p<0.05).
, p<0.05; ~, p<0.01; , p<0.001; NS, not significant.

FYHE ey 4Pl +88 54 wa 348%2 289hY 046%9F Wikl Hlsle] folHow

FAAR A AZ F§3 54 ML 9L B2 UERThp<0001). RS 94 SR 127%2
4] ATHE Table 49k 2ok FYA2) @AY Sep 1ol 2&TEI mubge] vlsle] 15109 HE frelHoz
WSIE 2wz ol 9.59%, 25y e] 823%, wihge] =/ YERSTHp<0.001).

582% % SHzPgo] frol A o & = VR THp<0.001). 2] @A Step 19 WSIE $H-71871 0] 4921%,
Kim¥} Youn(19)2] &z &2 F& —TLOHAL. = wHbHo] 48.08%, ZwIlH ol 4095% = FIAHI w
F& v BASFFE 31.80%, 229FE 31.19%, Hhgo] fojd o @ A UEFTHp<0.01). WAL= S

bt 3% 28.38%, nWHEZE 28.33%, xii = ZhHol 4.38 gmLE o H o2 YA YET O M (p<0.01),
21.38% % SFEZFE0] FoHor =t Huskid olgfgt Ax 2 gFYZhHol A7te] tidFe| 83 4

t}. =3k Kim¥ Lee20)9] &1 3 WPES 2al3l guto] Ealol o] a3AdS g = UATh FEFFAF
2 AT = #%8 LR ‘%% 4633%, 2593 WA Eue AL FE& 248 F e 99, A fa
Z 44.75%, DHFEEZ 4023% 2 A F R ES0] fod o Y gEFH7F F3EA R Fol th= S onlshH,

2 =3ty B stk Step H T St R0l T8l A Q] WSI9F 9] FidS 7R A ok 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
Relux 0.5 97.39+0.28%) - 3.28+0.07* 1.20£0.04
F-value 79.19" - 11.29" NS
Stirring 2 %48.080.91 “7.1040.95 29.530.69 °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 11 F-value 133" 14.17" 64.68™ 23739
1 45.30:0.91%® 4.06£0.41 28.980.16° 2.10+0.08
Reflux
0.5 41.58+1.588 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 (I % enzyme on substrate 5 g) 100°C, 1 h).

WS, water solubﬂlty index; WAL, water absorption index; TS, total sugar; RS, reducing sugar.
IAIl values are meanSD (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).
S’A Means with different capital letters in the same column (Reflux 05 1, and 2 h) differ significantly by Duncan's multiple range test (p<0.03).

" p<0.05; 7, p<0.01; ™, p<0.001; NS, not significant.
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RS A WSI9} npa7iA] 2 S ziyio] 242t 29.85%,
6.93% = Th2 F=Hdl| Hlate] Fold o2 =A et
(p<0.001). Won 5(21) Plyg] FE9q2] oghg FZ9
ofgt Hslol|A] B4 E 95% olehE-S o]g3dle] SFte
2 223 njuele TS ke 247t 1597%, 5.35% % K.
Atk A7 Al Step 19] FAHA T Hrh B2 o] &3
Step 2] &Ax2]ol|A TSE H] &g WSI, RS7} =7 el
A& &) S Aolof] o) &= 54 24
gt Yehd ez ek

SRz o] 2] A7t w2 Step 12] WSIE 241 7H
A2 77} 9.59% = 1A17H7.95%)2F 0.5A17H(7.39%) =12+
ol H]gle] 214 (p<0.001)2.2 ¥/ YERETE Kim 5(22)
S A EejElE S 24 HAS AT Ale 42
< F= A ABd gk A ARE Brp 229 80 2709
Feo] ¥ Atky Husttt ol Y89 #F
;q;q }\]ﬂ’ %_L _Q.UH Z/H Q.DH u]% Eo] _%«

LEH =

O
O

4921% % A7) A|7to] 271 oA oz =4 Vel
th(p<0.05). TS®} RS 3 A 2412 A7t 2+t
29.85%, 693% % A] Al7to] ZIDSE foldow l-:.ﬂ
e, debd, 439 85 5 =3

THAE HA PHe SRS, T, g
%W o2 744 B uend SRz 2417 %
Rl Ak

&iﬁ

Eoﬂ
tt

Fdxe &

HH Mol J|sdE HE
FA a4

75w HgE A Ade
Table 59} 2t} A 2] DAIQI Step 19] TP= SFd7PH
°] 4.75%, =53] 3.62%, Wil 1.31% o2 e}
wom, gFzigio] wakydl vl 36l A UERTh
Jung 5(23)2] A7} A E2] W@r Al Az A7l
IOHHA 70% eSS H7tste] A2oA] 24117 Bt H A

2% 3290 TP FFe 397%2 Busgich =9,

GUE A 4 9SS Jopd Ao 4] TYREAN AT U B AES] A A BaEel e AE
B A Azt emrt 34 JEe e AL g9 I 222 S FEUeRe FE5] ofd e, 24
%= 9tk Step 19] TSE 2417k} 05412 A2l 77} 242k A Ee 3 %ﬂ 41_1 el Sl o8l & o] aaHoR
348%, 328%% 1A7F A= TE0sHO] Hlste] foa  TEE T E AoR @A Utk TFE @Rzl
(p<00n°e.2 =7 Uehedtt B3 RSE 1.20-1.27%2] W9 138%2.2 Wik Z£4m off wlstel 222,30 5= £
2 A7t wE golAol ajolx= vERA] 29k oAow E=A UEsthp<0.001). A7 A EAGREQ
A2l Aol BHE Step T19] WSIE= 247F A 2]} gingerol ¥ shogaol®] %%} 6-gingerol(6-G)2] &k 2
Table 5. Functional component content of ginger extracts as affected by treatment type and time
Treatment  Time (h) TP (%) 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*
DStep 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 1I F-value 264 5025™ 217007 217.00™ - - -
Rellix 1 0.83£002  0.10£0.01* 0.01£0.00  0.010.00 - - -
05 0.83£0.01  0.10£0.02* 0.00£0.00  0.000.00 - - -
F-value NS 7.37* NS NS - - -

"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).

SACMeams with different capital letters in the same column
, p<0.001; NS, not significant.

, p<0.05; ", p<0.01;

(Reflux 05 1, and 2 h) differ significantly by Duncan's multiple range test (p<0.05).
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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 8514027 1.9540.03° 1.73£0.02°
Step 1
35 8.84+0.95 2.1120.04° 1.300.00°
F-value NS - 3245" 859.79™
0.1 49.91+4.81 1.84 30.69+2.85° 8.02::0.82°
1 53.38£1.32 5.03 38.1742.09° 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.

All values are meantSD (n=3).

*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

A FAGT 5 A A268 A5E (2019)

Treatment Working volume (L) TP (%)  TF (%) Total (%)  6G (%) 8G (%)  10-G(%) 65 (%) 8S (%)  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™ 713" 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

l’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-shog
All values are meantSD (n=3).

aol; 10-S, 10-shogaol.

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

, p<0.05; , p<0.01; 7, p<0.001; NS, not significant.
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Fig. 2. Variability depending on different extraction scales of ginger
extract by ethanol and enzyme treatment.

0.1 L, laboratory scale; B3 1 L, laboratory scale; [] 35 L, pilot-scale

WSI, water solubility index; WAL water absorption index; TS, total sugar; RS, reducing
sugar; TP, total polyphenol; TF, total flavonoids; TIC, total indicate components; sum
of 6, 8, 10-gingerol and 6, 8, 10-shogaol.
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