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Solubilization of Polysaccharide and Functional Components by
High-pressure Enzyme Treatment from Ginger (Zingiber officinale Rosc.)
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Functional Food & Nutrition Division, National Institute of Agricultural Science (NIAS),
Rural Development Administration (RDA), Wanju 55365, Korea

Abstract

The objectives of this study were to characterize the physicochemical properties of ginger (Zingiber officinale Rosc.)
and the optimum extract processing condition to increase the solubilization efficiency of 6-gingerol and polysaccha-
rides disintegration. The physicochemical properties were investigated under high-pressure enzyme (HP) and enzyme
(WB) treatment conditions such as reaction time (1, 2, 3 h), pressure (50, 70, 100 MPa) and sample types, and cell
wall degradation enzyme (hemicellulase, cellulase, pectinase, glucosidase, etc.) The effect of high-pressure enzyme
treatment depending on sample types was significantly highest in the freeze-dried ginger powder. The optimum con-
dition for high-pressure enzyme treatment was with Pectinex Ultra SP-L (Pec) enzymes for 2 h at 50°C and 100
MPa. Water soluble indexes increased 4.6 and 3.8 times more compared to CON (15.35%) while total polyphenol
contents increased by 1.8 and 1.7 times compared to CON (1.43%). The total contents of indicator components such
as 6, 8, 10-gingerol and shogaol was 1.53%, increasing 2.7 times more compared to CON (0.57%) with a significant
difference (p<0.001). The high-pressure and enzymatic approach described in this study would be beneficial to food
industries for developing ginger functional product and materials.
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A7} (Zingiber officinale Roscoe)S AY733H(Zingiberaceae)
of &ataL wojAlof, Ik Fo Fijobr|of oA F
2 AL glom, AAIH SR teFet oJoFE AEH
7Fe= 9] AMS-E3L Uth(Priya & Subramanian, 2008).
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500 g AE-ske] 20°C W o] HASHA A3
stk A AgEaA T AREE AR &S
(celluclast 1.5L FG, pectinex Ultra SP-L, viscozyme L)<}
AR Ea aA(termamyl 120L)E Novozymes (Novo
Nordisk, Bagsvaerd, Denmark)ol| Xl %3l A}-8-3} T}
2o ALgE AleFS dinitrosalicylic acid (DNS), Folin-
Ciocalteu's reagent, gallic acid, glucose, standard fatty acid,
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methyl ester, quercetin % catechin (Sigma-Aldrich Co., St.
Louis, MO, USA), L-cysteine (Nacalai Tesque Inc., Tokyo,
Shinjuku-ku, Japan)S AH&-3lATE F714 &S 9% &
2] ¢F(AccuStandard, New Haven, CT, USA), A %A +&
¥ =E32 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol,
8-shogaol, 10-shogaol (Chromadex, Laguna Hills, CA,
USAYS AFE3HITh 2 9] Aok 9 Sul B S
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~
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°K(Sigma-Aldrich Co., St. Louis, MO, USA)S A}&-3}93 T}

M2 A2 FH

Bge © D AH HGL AR o BAL AAGT &
Zol 2 Welz Ansle] Bt o AASAT. Zejol
y7ye Aol A4 2718 W 0, B2 427 (Lyoph-
pride Series Freeze Dryer, ilShinBioBase, Dongducheon,
Gyenggi-do, Korea)9} €% 71Z7](HB-502LP, Scientific
Co., Bucheon, Gyenggi-do, Korea)E ©]-&3}o] z}z Az
SIATE AFAH A dubz o7 FEstE o] AxH (Rl
Az, 931z, 7z, Az, $470%) TolM A
Ao Aot AREA Hosi, A4 A AE &
A L AAFA A ol ARkl e EF izt T4
Az WHOE XSt AxE A Setolies 13
71(SMX-6500JS, Shinil Co., Ltd., Seoul, Yeongdeungpo-
gu, Korea)Z #3j|5le] B2 )] A|82 FH]5F5 T
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A7kl At B Als Je A Aol 83 A=
7V 7V EA et 4 712 & D(freeze-dried powder,
FDP)2 AOAC (2005)°] ®Ho g EAsdt. i
H, 2222 Micro-kjeldahl 24~
ey, A2 Soxhlet 1, X332 550°C 71213]
siyo g BAE T §aES 10004 8, e,
A, 23 g W o2 AT B, 2o
A= ProskyH (&4 o8 4 %FH)(Prosky et al. 1988),
o} :=AFS Son et al. (2012)2] W, 8]3-S Knudsen
(1986)7 Park et al. (2012)2] ¥, F712S AOAC (2005)
WS o] &35le] AT HlElT] B8 9JE Alg
=3 F42 AOAC (20054 o2 &-8-31 T}, B-Carotene,

E}9l B, (thiamin), H]E}R] C (ascorbic acid), ]2 &l (biotin)

(
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V&0l % A2 nkE 22 9 (HPLCH, HIEF B, (riboflavin)
o) Zep) AN, Niacin® AL SIS ¥4 S
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A7re w4 Az BEDP), 9% 1% EZ(hot-air dried
powder, HDP), 54 Az &g}o| X (freeze-dried slice, FDS),
A% A% &bo]2(hot-air dried slice, HDS)Z 2z} Fej®d
2 F8]319 Im et al. (2015)9] A7 AFolH AAH
100 MPa, 50°C, 2A17Fe] Ik ixlg] Z79)A pectinase
(Pectinex Ultra SP-L)E 3 7}ste] AA|sle] vl w8t}
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Fol A2 ZAL Table 19 YeRASITE A7 AxH o
F #3E 93 4= celluclast 1.5L FG (cellulase: Cel),
pectinex ultra SP-L (polygalacturonase: Pec), viscozyme L
(mixture of cellulase, hemicellulase: Vis), celluclast 1.5 FG
¢} viscozyme L& 1:1Z ZE3(Cel+Vis), pectinex ultra SP-
L3} viscozyme LS 1:1Z E3(PectVis)et &4 5TF/HE
AHg&3tA T AE sl = termamyl 120 L (a-Amylase) S
AR AL B4 Az el 2081(5 /100 mL)oY 3l
gete SFTE 7heted 9T §, 01N ?*@ME &
SN 0.1N FAF &AE o] &ste] 7 a4 FHA p

Ao AT A7 &S -] (10 cmx15 cm,

PE)el Wi, 48 *3 AR 1%(ww) FERE H7HE
71X E A AL LEsA T I E A 2] (high-pressure

enzyme treatmentt: HP)Oﬂ AHEE FHAH e a4 AAS gle)
& 100 MPa, 50°C, 2A17+e] ©d Z7oA AAstsion,
Z 2 344 2] & 2] (Chemresys Co., Gyenggi-do, Anyang,

| Prepared powder of freeze dried ginger in DDW (5 g/100 mL) |

Stirred and adjusted to pH 4.0-5.0

Y
Added enzymes for cell wall degradation (1%, w/w)
- Celluclast 1.5L FG
- Pectinex Ultra SP-L
- Viscozyme L
- Celluclast 1.5L FG + Viscozyme L
- Pectinex Ultra SP-L + Viscozyme L

Mixed in packing film
Y

Treated high-pressure (100 MPa, 50T, 2 h) |

Cooled, stirred and adjusted to pH 6.0
Y

Added enzyme for starch degradation (1%, w/w)
- Termamyl 120L

Mixed in bottle
\ 4

| Treated enzyme and inactivated enzyme of cell wall (93T, 1 h) |

Cooled

\ 2
| Centrifuged (3000 x g, 4C, 10 min) and filtered |

Fig. 1. Processing procedure of enzyme and high-pressure in
freeze-dried ginger.

Korea)s o] &3ttt Y& oA & A7) F5=2] pHE
6002 ThA] AL A& 38 421 termamyl 120 LS
1%(wiw) F=2 3 7}ste] &2 43 (WiseBath, MaXturdy,
Daihan Scientific, Wonju, Gangwon-do, Korea)oll A 1A] 7}
S 93°C 2= 7HESIAT) o] A olM HlEH Eef &
&k Al B4t sidith At a e gxTE
AT glo] a4 Hriste(Fda A E], water bath
shaking with enzyme: WB) 2/\]7 b &<t 50°C &g A
100 rpm £EE sl on, A e 24 Azle 5
stAl Akt Z4zkel A FEe2 o 34X (Whatman
No. 4, GE Healthcare Co., Bukinghamshire, England)=
7reke st th, 3,000xg, 4°C ZZ0A 1087F A&
(Labogene, Gyr01580MGR Gyrogen Co., Ltd., Daejeon,
Korea)s}3ith. ©] 7352 0.45 um syringe filter (Millipore,
Billetica, MA, USA)Z T}A] 3HH o3}ste] A4 Ajg2
AR-3HA T
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4°Ce] YAILA 240 7F HA 7 &, dalEeste] A&
e F T 45t A=EsiAth T T2 phenol
sulfuric acid¥ (Kang et al., 1998)2 ©]-8-3}5o1H, A|& 0.5
mLel 5% phenol €4 0.5 mL3} sulfuric acid 2.5 mLE 7}
sto] Etatdth. o] EFNS 3077 Ao WA g &

Table 1. Enzyme treatment conditions and enzyme information of ginger

Degradation Enzyme treatment Function pH Tem(poecr;lture ]?}ISe P(ml\;ls)g;e
Celluclast 1.5 L FG (Cel) cellulase 5.0
Pectinex Ultra pulp (Pec) polygalacturonase 4.0
Cell wall Viscozyme L (Vis) cellulase, hemicellulase, arabanase, 5.0 50 2 100
xylanase, f-glucanase
Celluclast 1.5 L FG + Viscozyme L (Cel+Vis, 1:1) - 5.0
Pectinex Ultra pulp + Viscozyme L (Pec+Vis, 1:1) - 4.5
Starch Termamyl 120 L Type L a-amylase 6.0 93 1 -
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microplate leader (Infinite M200 Pro, Seestrasse, Ménnedorf,
Switzerland)E ©]-&3}] 470 nmolA] FHEE =HH3IF S
H, AL GlucoseE ©]8-313 T}

T84 99dF T (soluble crude polysaccharide content:
SCPC) F&5 fl8ll Aol FHdE A4 2o S5
Hl gt axigel o8] 34d odiel 3 Ui
ArEaisith A% FEE eSS 7hekal A d e
de JAd=ol 1009 SHFE 7t o] v/ &
S F4 FH(SnakeSkin™ Dialysis Tubing, 3.5K MWCO,
Thermo Scientific, Rockford, IL, USA)ol| ¥o] 3d &<+ 4
oA FAEAT £ T do] AlAE 84 T RE
T4 7% gt FAE S35

“~(water absorbance index: WAI)= Anderson et al. (1970)
o) el mek Tt e Aoz Fakn:,

WSI =[(soluble solids g/5 mL) x supernatant total Vol. (mL)]
/5 gx 100
WAL (g/mL) = weight of precipitate/weight of dry solids

% S(total sugar: TSy 7 E A& A AL AME-5
phenol sulfuric acid¥ (Kang et al., 1998)2 ©]-&-5fo] =435}
Ao, A (reducing sugar: RSyS DNS H]2)H (KSFSN
2000).= FA AT 200 2 S g A7 FEE 1 mL
DNS A1 3mLE ¥ 587 S v W¥2ste] 25mL
AeEZet230 G 550 oA FFEE S ko]
Tt Sheko) AlgEle

350 = o

(glucose equivalent, GE, g%)>

= Yehf it
48 FE=22| REYE g2

% Z2] 9 S(total polyphenol: TP) =2 Folin-Denis
(Gutfinger, 1981y ¥&ste] Ssth A% 5= ImL
< 2|2 3|43 v, 84 0.1 mLel| Folin A1¢F 0.1 mL
S AHrlste] & 93 5 387 WAEI T o] E3telo
2mL®] 2% Na,CO, & A1A3] 7Fstal 1A17F 5t WX 5
750 nmel A F2 =S =46k Gallic acidE ©|-&3ke] 2t
43 REFA 02 RE F v S el
Z2}H o] =(total flavonoid: TF) L A7}7]542
S (KFDA, 2013)S " g o= 43t A%
=% 034mLol 75 1.92mLS A 718EAL 2% NaNo,

2mLE gol EF3snh o] £ 10% AICIL 0.2
mL¥} 1 M Na,CO; 134 mLE B2 A-olA] 307+ WA
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S (+)-cateching F#ate] A HFHH O RN E

off

3

S o

ol

<

- d
ol
32
v

AV %

- Hopzl

Table 2. Analytical conditions of UPLC for 6, 8, 10 gingerol
and shogaol

Parameters Analysis condition
UPLC system LC-30AD SHIMADZU
Detector DAD, UV, 280 um
Column Kinetex XB.C18 100 A (1.7 pm, 150%2.1 mm)
Mobile phase A: 0.1% acetic acid in water (V/V, %)
B: 0.1% acetic acid in acetonitrile (V/V, %)
Time (min) A (%) B (%)
0.5 90 10
2.5 60 40
45 45 55
6.0 40 60
8.0 35 65
9.5 35 65
Gradient elution 115 35 65
13.0 30 70
14.5 25 75
16.0 20 80
17.5 15 85
20.0 10 90
25.0 10 90
26.0 90 10
29.0 90 10
Injection volume (pL) 2
Flow rate (mL/min) 0.3
Column temp. (°C) 30

2mLe] WELo I 045um syringe filter (Millipore,
Billetica, MA, USA)E oJ#3to] UPLCE w4]st3itt. 6-
gingerol (6-G), 8-gingerol (8-G), 10-gingerol (10-G), 6-
shogaol (6-S), 8-shogaol (8-S), 10-shogaol (10-S) -
%z AFEshlen, 1 B4 2712 Table 29} 2ot

SZISE

AE A= 33] gt S % 4hS SPSS (Version
18.0, Chicago, IL, USA)E ©]-&3le] 2|9} FZHAR
UERA AT EAHEA (ANOVAYS: A8k fol4de] e
%) (Duncan’s multiple range
]

3 TH(p<0.05).
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gt A3}= Table 39 YERAAT. LR
2.94%, ZTW 091%, ZAH 0.36%, X35
0.61%= UEIS O™, F 2ol i 2.88%, & T2 0.25%
Z Yebtt) ol At a2 cystine 0.01%, methionine
0.01%, aspartic acid 0.17%, threonine 0.03%, serine 0.04%,
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Table 3. Proximate composition, amino acid, mineral, vitamin contents of freeze-dried ginger

Proximate composition (%) Amino acid (%) Mineral (mg/100 g) Vitamin (mg/100 g)
Composition Content Composition Content Composition Content Composition Content
Moisture 2.94+0.13 Cystine 0.01+0.00 Calcium 16.87+0.79 B-Carotene (ug/100 g) 27.74+0.69
Crude protein 0.91+0.03 Methionine 0.01+0.00 Phosphorus ~ 15.40+0.76 Thiamin 0.04+0.00
Crude fat 0.36+0.00 Aspartic acid 0.17+0.00 Iron 0.90+0.10 Riboflavin 0.07+0.01
Crude ash 0.61+0.01 Threonine 0.03+0.00 Potassium 20.23+2.68 Ascorbic acid 1.31+0.08
Total dietary fiber 2.88+0.04 Serine 0.04+0.00 Sodium 15.60+1.23 Niacin 0.43+0.04
Insoluble dietary ~ 2.33+0.02 Glutamic acid ~ 0.11+0.00 Magnesium  17.06+1.40 Biotin (ng/100 g) 1.22+0.03
Soluble dietary 0.54+0.02 Glycine 0.03+0.00 Manganese 1.37+0.05
Total sugar 0.25+0.02 Alanine 0.03+0.00 Zinc 0.23+0.03
Glucose 0.10+0.01 Valine 0.03+0.00 Copper 0.05+0.01

Fructose 0.15+0.01 Isoleucine 0.02+0.00
Maltose D Leucine 0.05+0.00
Lactose - Tyrosine 0.03+0.00
Phenylalanine ~ 0.03+0.00
Lysine 0.02+0.00
Histidine 0.01+0.00
Arginine 0.05+0.00
Proline 0.03+0.00
Tryptophan 0.01+0.00
- Not detected.

glutamic acid 0.11%, glycine 0.03%, alanine 0.03%, valine
0.03%, isoleucine 0.02%, leucine 0.05%, tyrosine 0.03%,
phenylalanine 0.03%, lysine 0.02%, histidine 0.01%, arginine
0.05%, proline 0.03%, tryptophan 0.01%= Jeong et al.
(1999)2] ZA}e} fAFsIA F71- SolM = ZE 1687
mg/100 g, 91 1540 mg/100 g, E 0.90 mg/100 g, ZF 20.23
mg/100 g, VEF 1560 mg/100 g, PF1W% 17.06 mg/100 g,
W7 1.37mg/100 g, k1 0.23 mg/100 g 2 e o,
Otunola et al. (2010)2] AT = EF Ax 23 Yol
Aot A7Ye] Zgol & A7 A% AlERT 108 A
T E=A YErsth HERRIS B-carotene 27.74 pg/100 g,
thiamin  0.04 mg/100 g, riboflavin 0.07 mg/100 g, ascorbic
acid 1.31 mg/100 g, niacin 0.43 mg/100 g, biotin 1.22 ng/100 g
OS2 RDA & NAS (2017)9] st Ao} fAletlor,
Biotin T 2to] 7} A TH AHH 02, A7 ] AR
FF Apole 7 Aol AFEHE A AA, FF,
A7, Al A g 5ol Zpolll o]F Ao s dEs
ATt

2
Zlo|A(FDS), 9% A% &
THEk A FAA AAIE G 20 A X g
23} E4 W3} A3 Table 49 2ok OdF 2 AR
A&(RPSC)S FDP 23.03%, HDP 16.93%, FDS 6.18%,

HDS 3.65% =22 FDP7} 213 (p<0.00)o2 7} =
A VEtgth 84 OdRF FRHESCPO)S £ FH
(FDP, HDP)7} &&}o|2 FE|(FDS, HDS)oll Bl&te] #2]%
(P<00DNe.Z =4 Yelgth FELSA (WS, = T
(TS)Z SHAHRS)S FDP7} Z+2}F 70.67%, 35.3%, 21.86%
2 FAH (<0002 7P =A JEh o, FEFEA
F(WADE 1.61%= 78 9HA vehd 52 Ax8d
7v aqfaaz ol ot &3 Pl 7P A A
o2 3el¥t}. Chung & Choi (1990)2] A9} Kim et
al. (1996)2] Aol Azl w2 Edvpse] v)A| -
Z WslE dngos #Ee Ax, 54 A% Bge] &

TAx £l vste] d3dos I F

Ase
SISk Aow, B4 ARLe] ZHE o)A Tl
g 540t 488 5 9 ER4 SR £83 JE0)

7] Uhehd Ao AlrHTh

I

=
EAE TS Table 59 2o & E9ds FHTP)S
FDP 2.55%, HDP 1.91%, HDS 1.07%, FDS 0.42%% FDP
7F FoA o2 7Y A UERETHp<0.001). T SEtEx
o|= SIEK(TF) 9 A] FDP7} 0.73%= tHE A5 1|5}
24338 FojHo 2 =A e THp<0.001). Jeong &
Park (2013)2 ¥ A4 A7 2E5A] EEjvs ol
1.52%2}3 B 73E991 ) Youn et al. (2016) 9% A%
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Table 4. Effect of high-pressure enzyme treatment on removal starch, crude polysaccharide and water solubility depend on sample

type
Treatment Sample  2RPSC (%) SCPC (%) WSI (%) WAI (¢/mL) TS (%) RS (%)
FDP  923.0320.51° 4.110.86° 70.67+0.42 1.61£0.12° 35334299  21.86+0.08°
HDP 16.93+0.87" 3.08+0.35 46.80+2.88 8.95E1.47°  28.96+0.25 17.41+0.33"
DHP FDS 6.18+0.34° 1.1940.19¢ 499+032¢  33.89+130° 11.9240.11¢ 3.46+0.02¢
HDS 3.65+0.11° 2.00£0.39° 17.48+0.03¢ 3.35£0.47° 12.23+0.20° 3.95£0.07°
F-value 871.23" 18.59° 1,222.56™ 659.18" 187.36™ 8,684.17"

DHP, high-pressure enzyme treatment (pectinex ultra SP-L, 100 MPa, 50°C, 2 h); FDP, freeze-dried powder; HDP, hot-air dried powder; FDS, freeze-dried

slice; HDS, hot-air dried slice.

2RPSC, removal polysaccharide and starch content; SCPC, soluble crude polysaccharide content; WSI, water solubility index; WAI, water absorbance

index; TS, total sugar; RS, reducing sugar.
dAllvalues 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).

Hk

*p<0.01, "*p<0.001.

Table S. Effect of high-pressure enzyme treatment on total polyphenol, total flavonoid, gingerol and shogaol depend on sample type

Treatment Sample  2TP (%)  TF (%)  Total (%) 6-G(%) 8G(%) 10-G(%) 6-S(%) 8S(%) 10-S (%)
FDP  ¥2.55£0.00° 0.73£0.01° 1.47+0.01° 1.18£0.01* 0.08+0.00° 0.06£0.00° 0.03£0.00° 0.11+0.00° 0.02+0.00
HDP  1.91+£0.02° 030+£0.01° 0.56+0.02° 0.49+0.02° 0.03£0.00° 0.00+£0.00° 0.01+0.00° 0.00£0.00" 0.02+0.00
DHP FDS  0.42+0.01° 0.00£0.00° 0.13£0.01° 0.09£0.01¢ 0.02+0.00° 0.00£0.00° 0.01+:0.00° 0.00+0.00° 0.010.00
HDS  1.07+0.02° 0.22+0.01° 0.28+0.03° 0.22+0.02° 0.02+0.00° 0.01£0.00° 0.00£0.00° 0.00+0.00" 0.02+0.01

Fovalue 1565933 3,714.67" 2,826.80™" 2,453.91™" 312.00™  65.00™  51.00"™" 1,156.00™  N.S

DAbbreviations are the same as in Table 4.

2TP, 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.
dAll 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).

whk

<0.001; N.S, not significant.
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Table 6. Effect of high-pressure enzyme treatment on removal starch, crude polysaccharide and water solubility depend on enzyme

type
Treatment  Enzyme 2RPSC (%) SCPC (%) WSI (%) WAI (g/mL) TS (%) RS (%)
DCON E].17+0.04¢ 3.06:£0.07 D15.35+0.10° €1.35+0.04¢ F0.24:£0.03" 60.14+0.02
Non-E 90.99+0.01° 5.33+1.53 15.90+0.41° 1.4640.07¢ 3.40+0.13¢ 0.3240.02"
Cel 22.3740.23° 3.58+1.52 64.7241.23" 2.1340.15° 41.67+1.96° 18.9040.11¢
Pec 23.03£0.51° 4.11%0.86 70.67+0.42° 1.610.12° 35.33+£2.99 21.8620.08°
HP Vis 24.12+0.23° 4.4240.15 58.81+0.59° 2.07+0.09° 42.1440.28° 26.77+1.08°
Cel+Vis  24.61+0.19° 3.80+1.34 55.91+0.85¢ 2.5440.17° 40.11+1.67° 24.63+0.02°
PectVis  23.99+0.16" 3.99+0.87 59.66+0.41° 2.16£0.07° 39.23+1.96° 25.8040.55"
F-value 5,914.85"" N.S 3,615.38™ 46.51™ 37331 1,925.02"

Non-E £1.16+0.02 6.0342.64 D16.94+0.68 €1.43+0.04 £2.9240.11 F0.400.00

Cel B15,0240.20 5.05+1.25 €54.65+2.06 A2.12+0.32 830.79+0.37 £18.93+0.30

Pec A16.90£0.32 4924117 ABs5g.5642.04 AB] 86+0.10 B30.9940.16  21.23+0.01

WB Vis P9.55+0.06 481£2.19 5956611206 B1.78+0.22 €27.83+0.22 522.74+0.24

Cel+Vis  P14.77+0.04 6.43+1.47 A59.711.49 AB| 88+0.18 36814027  *26.26+0.15

PectVis  €12.38+0.36 5.14+1.58 A60.5241.17 AB] 91£0.10 D)1.33+0.24 £19.67£0.00

F-value 3,188.42" N.S 502.78" 7.69" 12,463.04" 13,820.64™

YCON, 100°C reflex for 2 h; HP, high-pressure enzyme treatment (100 MPa, 50°C, 2 h); WB, water bath shaking with enzyme; Non-E, non-treatment
enzyme; Cel, celluclast 1.5L FG; Pec, pectinex ultra pulp; Vis, viscozyme L; Cel+Vis, celluclast 1.5L FG+viscozyme L; Pec+Vis, pectinex ultra

pulptviscozyme L (1 % enzyme on substrate 5 g).

JRPSC, removal polysaccharide and starch content; SCPC, soluble crude polysaccharide content; WSI, water solubility index; WAI, water absorbance

index; TS, total sugar; RS, reducing sugar.
dAllvalues are mean+SD (n=3).

*fMeans with different small letters in the same column (CON and HP) differ significantly by Duncan's multiple range test (p<0.05).
*Means with different capital letters in the same column (CON and WB) differ significantly by Duncan's multiple range test (p<0.05).
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»<0.001; N.S, not significant.
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Table 7. Effect of high-pressure enzyme treatment on total polyphenol, total flavonoid, gingerol and shogaol depend on enzyme type

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

YCON F1.43+0.02° £0.33£0.02° %0.57+0.06° £0.45+0.05° £0.03+0.00° °0.00:£0.00" 20.05+0.00° €0.04+0.01¢ 0.010.00°

Non-E  ¥1.07+0.027  0.25+0.01° 0.44+0.01° 0.35£0.01" 0.02£0.00° 0.02+0.00° 0.03+0.00° 0.01£0.00° 0.010.00°

Cel 1.98+0.04°  0.73+0.01°  1.12£0.03° 0.89+0.03° 0.08£0.00° 0.09£0.00° 0.04+£0.00° 0.010.00° 0.02+0.00°

Pec 2.55£0.00°  0.73£0.01°  1.47+0.01% 1.18£0.01° 0.08£0.00° 0.03+0.00° 0.05+0.00° 0.11+£0.00° 0.02+0.00°

HP  Vis 2.11£0.04°  0.71£0.01°  1.43£0.02° 1.104£0.01° 0.09£0.00° 0.04+0.00° 0.05:0.00® 0.13+0.00° 0.01=0.00%

Cel+Vis  2.18£0.05°  0.58+0.02° 1.35+0.01° 1.04+0.01° 0.08£0.00° 0.03+0.01% 0.05+0.00® 0.13+0.00° 0.02+0.00*

Pect+Vis 2.18£0.02° 0.70£0.00° 1.51£0.03* 1.15£0.01° 0.08£0.00° 0.08+0.01° 0.05+0.00 0.12+0.01° 0.04+0.01°
F-value  813.82°°  806.71"° 68740  635.55™ 25533 16325 2067 39567  13.78

Non-E  F1.76+0.02 F0.30+0.00 °0.65£0.01 P0.51£0.01 20.04+0.00 €0.01£0.00 ®0.05+0.00° €0.05£0.00  0.01:0.00

Cel B)29+£0.06 0.59+£0.03 C1.27+0.02 €0.98+0.00 €0.08+0.00 B0.03+0.00 20.05+0.00° B0.11£0.01  0.02+0.00

Pec A23740.05 B0.68+£0.00 1.53£0.05 *1.22+0.03 20.09+0.00 ®0.03£0.01 40.06£0.00° B0.11£0.00  0.02+0.00

WB  Vis D2.02+0.02 40.75+0.00 P1.45£0.02 P1.13£0.02 %0.09+0.00 “0.04+0.00 “0.06£0.00° ®0.10£0.00  0.02:0.00

Cel+Vis ©2.12£0.06  €0.66£0.01 *1.59+0.01 *1.20£0.01 *0.11£0.00 “0.04+0.00 *0.06+0.00° “0.15£0.00  0.02+0.00

PectVis ©2.1240.01 BC0.67+0.00 *1.54+0.01 *1.23£0.01 ®0.09+0.00 “0.04+0.00 *0.06+0.00° ®0.11£0.00  0.01+0.00
Fvalue 198.83™7  511.90™ 55520  520.10™" 162.75™  31.39™  13.83™°  137.24™ N.S

YAbbreviations are the same as in Table 6.

ITP, 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.
YAllvalues are meantSD (n=3).

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

ok

"p<0.05; ""p<0.001; N.S, not significant.
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Table 8. Effect of high-pressure enzyme treatment on removal starch, crude polysaccharide and water solubility depend on each

condition
Treatment Enzyme Condition  YRPSC (%)  SCPC (%)  WSI(%) WAI(g/mL) TS (%) RS (%)
1 0238+021°  2.72+0.11°  61.26+0.47° 8.40+0.41°  33.68£029  17.12+0.60°
b 2 23.03+0.51°  4.11£0.86°  70.67+0.42°  1.61£0.12° 35.3342.99  21.86+0.08"
e 3 24.64+0.46°  235£0.19°  5329+£125°  7.66+0.19° 33.86£1.74  16.34%0.09°
"p F-value 2333 9.76" 347.32" 580.80"" N.S 216.50™"
1 21.00+0.40° 3.70+0.16  58.3840.23°  7.90+0.15°  23.07+1.44° 16.75+0.54°
Peci Vi 2 23.99+0.16°  3.99+0.87  59.66£0.41°  2.16£0.07° 39.23£1.96" 25.80+0.55°
CeTVIS 3 24.78+0.51° 433065  46.81£1.50°  7.45+0.19°  20.07+0.57° 16.77+0.51°
Time F-value 81.00"" N.S 183.53™ 143186  153.07" 285.52"
(h) 1 9.73+0.48°  4.81£0.11° 52.83+1.06° 6.69+028"  16.53+0.46°  7.31£0.38°
, 2 16.90+0.32°  4.9241.17°  58.56£2.24°  1.86£0.10° 30.99+0.16* 21.23+0.01°
e 3 21784033 3.22+0.33%  41.51£0.43°  7.48+0.52° 21.28+1.36° 16.27+1.12°
WEB F-value 748.40™" 542" 107.20™ 228.04™ 235.74"" 321.30™"
1 10.40£0.18°  4.89+0.38  42.39+1.86° 7.20+023%  13.29+1.04>  7.80+0.67°
Peci Vi 2 9.55+0.06°  5.14+1.58  60.52+1.17°  1.91£0.10° 21.332024° 19.67+0.00°
CeTVIS 3 21244033 3.98£0.37  36.34+0.56° 7.64+121°  22.42+1.55  20.40+1.06°
F-value 2,620.46™ N.S 276.17°" 59.79" 6327 288.65™
45 22.85+0.70° 2.02+0.02°  63.74+1.12°  8.26+0.99° 27.35+1.22° 19.61+0.61°
w b 50 23.03£0.51°  4.11£0.86"  70.67£0.42°  1.61£0.12° 3533+2.99" 21.860.08"
e 55 20.55£0.47°  1.93£0.05°  63.90+£0.79"  7.54+0.61*  27.35+0.53° 20.46+1.25
Temperature F-value 17.85" 18.27" 64.41°" 88.71" 17.87" 594"
O 45 1627+029°  0.91£0.04°  63.84+0.60° 8.10£0.98° 24.47+1.93° 20.74+0.23
5 p 50 16.904£0.32°  4.92+41.17°  58.56£2.24°  1.86+0.10°  30.99+0.16* 21.23+0.01
w e 55 153940.32°  0.95£0.20°  55.08+1.85°  7.53+0.23" 24.62+127° 21.60+0.62
F-value 17.81" 33.47" 19.94" 103.44" 23.25" N.S
50 16.58+0.68Y  1.56+0.07°  62.52+0.67°  4.47+0.10°  30.03£0.41° 19.30+0.34°
Pressure 70 18.66+0.83°  1.21£0.03°  63.21£1.29° 3.59£0.07°  35.99+£0.25" 20.89+0.10°
HP Pec
(MPa) 100 23.03£0.51°  4.11£0.86"  70.67£0.42°  1.61+0.12°  35.33+2.99" 21.8620.08"
F-value 69.21" 30.04™ 80.74"" 645.52"" 10.50" 114.28™

YHP, high-pressure enzyme treatment; WB, water bath shaking with enzyme; Pec, pectinex ultra pulp; Pec+Vis, pectinex ultra pulp+viscozyme L (1 %

enzyme on substrate 5 ).

JRPSC, removal polysaccharide and starch content; SCPC, soluble crude polysaccharide content; WSI, water solubility index; WAI, water absorbance

index; TS, total sugar; RS, reducing sugar.
dAll values are mean+SD (n=3).

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

wokk

"p<0.05; ""p<0.01; " p<0.001; N.S, not significant.
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357e=4 HAS] G4Z Pec 152 T Ao, Ar
Table 9. Effect of high-pressure enzyme treatment on total polyphenol, total flavonoid, gingerol and shogaol depend on each
condition
Treatment Enzyme Condition 2TP (%)  TF (%)  Total(%) 6-G (%) 8-G(%) 10-G(%) 6-S(%) 8-S (%) 10-S (%)
1 92.05£0.01° 0.64+£0.00° 1.41+0.02° 1.12+£0.01° 0.08+0.00° 0.02+0.00° 0.02+£0.00 0.09+0.00° 0.08+0.01*
2 2.55+0.00° 0.73£0.01° 1.47+0.01* 1.18+0.01° 0.08+0.00° 0.06+0.00° 0.03+0.00 0.11+0.00* 0.02+0.00
Pec 3 2.12+0.09° 0.67+0.00° 1.46+0.01° 1.19+0.01* 0.09+£0.00* 0.04+0.00° 0.03+0.00 0.10+£0.00° 0.02+0.00
oep F-value  75.76™  523.00™ 16.75"  51.87™ 19.00"  37.50™ N.S 37.00™"  108.00™"
1 1.94+0.04* 0.62+£0.01° 1.20+0.01° 0.94+0.01° 0.08+0.00" 0.03+0.00 0.03+0.00° 0.11£0.00° 0.01+0.00°
PecVi 2 2.18+0.02° 0.70+0.00° 1.51+0.03* 1.15+0.01° 0.08+0.00*° 0.06£0.00 0.07+0.01* 0.12+0.01° 0.04+0.01°
COTVIS 3 210£0.07* 0.68+0.00° 1.47+0.02° 1.16£0.01* 0.09£0.00° 0.04+0.00 0.03+0.00" 0.13+0.00° 0.02+0.00"
Time F-value  16.79” 26250  196.78"" 672.17""  25.00"™ N.S 48.00™"  28.00"  37.00™
(h) 1 1.67£0.10° 0.61£0.00° 1.08+0.01° 0.88£0.01° 0.07+0.00 0.02+0.00 0.03£0.00° 0.07+0.00° 0.01£0.00
. 2 2.37£0.05° 0.68+0.00° 1.53+0.05* 1.22+0.03* 0.09£0.00 0.03£0.01 0.06£0.00° 0.11£0.00° 0.02+0.00
ce 3 1.96+0.02° 0.66+0.00" 1.35+0.01° 1.07+0.01® 0.09+0.00 0.03£0.00 0.03+0.00° 0.12+0.00° 0.01+0.00
W F-value 9031  117.00™  148.51"" 156.56™" N.S N.S 91.00™"  181.00" N.S
1 1.58+0.11°  0.60£0.00° 0.89+0.00° 0.7240.00° 0.06+0.00° 0.02+£0.00 0.02+0.00 0.06+0.00° 0.01=0.00°
., 2 2.1240.01° 0.67+0.00° 1.54+0.01* 1.23+0.01° 0.09+0.00° 0.04+0.00 0.06+0.00 0.11+0.00° 0.01+0.00
PectVis 5 1.7740.02° 0.64+£0.01° 1.37+£0.01° 0.99+0.01° 0.10+£0.00* 0.04£0.00 0.04+0.00 0.17+0.00° 0.02+0.00"
F-value  58.89™  152.00™ 7,794.25™ 8,682.00™ 133.00"" N.S N.S 871.00" 7.00"
45 2.2440.11° 0.3340.00° 1.09+0.02° 0.89+0.02° 0.07+0.01° 0.06+0.02° 0.03+0.00 0.01£0.00* 0.02+0.00
P . 50  2.55£0.00° 0.73£0.01* 1.47+0.01* 1.18+0.01° 0.08+0.00° 0.06£0.00° 0.03£0.00° 0.11+0.00° 0.02+0.00
ee 55 2.41£0.10™ 0.39+0.01° 0.98+0.06° 0.82+0.05° 0.06+0.00° 0.06£0.00° 0.02+0.00° 0.01+0.00° 0.02+0.00
Tertnper- F-value 913"  1,347.11"" 9926 100.50"°  28.00" 9.88" 33.50"  961.00" N.S
ature
(°C) 45 2.18£0.06° 0.41£0.07° 0.98+0.07° 0.81£0.06° 0.06+0.00° 0.06£0.00* 0.03£0.00° 0.01+£0.00° 0.02+0.00
WB . 50 2.37+0.05° 0.68+£0.00° 1.53+0.05° 1.22+0.03° 0.09+0.00° 0.03+0.01° 0.06+0.00° 0.11+0.00* 0.02+0.00
ce 55 236£0.08° 0.44+0.02° 1.01+0.02° 0.80+£0.02° 0.07+0.01° 0.08+£0.02* 0.03£0.00° 0.01+0.00° 0.03+0.00
F-value 8.86" 36.10™"  107.89"" 9027  21.00" 13.12"  418.50™  17.07" N.S
50  2.45+0.01° 0.39£0.00° 0.79+0.03° 0.67£0.02° 0.05+0.00° 0.05£0.01° 0.01£0.00° 0.00+0.00° 0.01+0.00
Pressure 70 2.51£0.04* 0.41£0.01° 0.85+0.03° 0.72+0.02° 0.06£0.00° 0.05+0.01° 0.01£0.00° 0.00£0.00° 0.01:£0.00
(MPa) HP Pec 100 2.55+0.00° 0.73+0.01° 1.47+0.01° 1.18+0.01° 0.08+£0.00* 0.06+0.00° 0.03+0.00* 0.01+0.00° 0.02+0.00
F-value 1126 1,572,677 1,487.82" 52,59531™" 11027 1,222.85™ 56,565.05" 2,305.06™  N.S

Abbreviations are the same as in Table 8.
ITP, 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.
dAll values are mean+SD (n=3).
“*Means with different small letters in the same column differ significantly by Duncan's multiple range test (»<0.05).
"p<0.05; “p<0.01;

p<0.001; N.S, not significant.
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