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Abstract

This study aimed to optimize the extraction conditions to improve the solubilization efficiency of functional components in ginger
pomace (GP) through enzymatic treatment. Various pretreatment methods have been evaluated, including conventional enzymatic
processing, different enzyme treatment types and concentrations, and treatment durations. The potential for mass production was
confirmed. The optimal pretreatment involved treating GP with 1% (w/w) pectinase at room temperature for 24 h. Subsequently,
extraction was performed at 50°C for 2 h to solubilize the cell wall, followed by treatment with termamyl at 93°C for 1 h to degrade
starch (GP3). The control group (CON) was extracted at 100°C for 2 h. The water solubility index (WSI) of GP3 increased two-fold,
total polyphenol content increased by 1.6 times, and total flavonoid content increased by 1.4 times compared to those of CON.
Ultra-performance liquid chromatography analysis revealed that the 6-gingerol (6-G) content of GP3 was 1.6 times higher than that
of CON. Furthermore, the WSI, 6-G content, and total functional component content were higher in the pilot-scale extracts (15 kg)
than in the lab-scale extracts (0.1 kg). These findings suggest that enzymatic pretreatment is a promising strategy for upcycling
ginger by-products into functional food ingredients.
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Table 1. Pesticides analyzed of ginger pomace

Pesticide Pesticide Pesticide Pesticide
2,6-DIPN (2,6-Diisopropylnaphthalene) Diphenylamine Procymidone Cyproconazole
Acetochlor Endosulfan Profenofos Dichlorvos
Atrazine Ethion Propiconazole Diflubenzuron
Bifenthrin Ethofumesate Prothiofos Dimethoate
Boscalid Fenitrothion Pyrimethanil Dinotefuran
Bupirimate Fenpropathrin Quinalphos Diuron
Buprofezin Fenvalerate Quintozene Famoxadone
Butachlor Fipronil Spiromesifen Flubendiamide
Carboxin Flucythrinate Tebuconazole Fludioxonoil
Chlorfenapyr Indoxacarb Tolclofos—methyl Flutriafol
Chlorothalonil lprodione Triadimefon Hexaconazole
Chlorpyrifos Isoprocarb Triadimenol Hexaflumuron
Chlorpyrifos—methyl Isoprothiolane Tri-allate Imazalil
Cyfluthrin Metalaxy! Triazophos Imidacloprid
Cyhalothrin Methidathion Trifloxystrobin Linuron
Cypermethrin Ortho—phenyl phenol Acetamiprid Lufenuron
Cyprodinil Oxadiazon Azoxystrobin Malathion
DDT Oxyfluorfen Carbaryl Mandipropamid
Deltamethrin Paclobutrazol Carbendazim Metamitron
Diazinon Permethrin Carbofuran Methamidophos
Dicofol Phenthoate Chlorantraniliprole Methiocarb
Difenoconazole Piperonyl butoxide Chlorobenzuron Methomyl
Dimethomorph Pirimiphos—methyl Clothianidin Methoxyfenozide
Diniconazole Prochloraz Cymoxanil Metominostrobin
Nitenpyram Omethoate Phenmedipham Propamocarb
Propargite Pyraclostrobin Pyridaben Pyriproxyfen
Spinosad Spirodiclofen Tebufenozide
Thiacloprid Thiamethoxam Thiabendazole
Triflumuron Tolfenpyrad Tricyclazole
| Ginger pomace | Table 2. fr;o;::inntg conditions for ginger pomace extracts under enzymatic
|
| Enzyme pretreatment: pectinase 1% (w/w), 25C, 24 h | Enzyme Enzymatic extract Conventional
! Samples pretr?;t’)mem 1%t enzym 2" enzym et
zZyme enzyme
| Enzyme treatment (1%): 50°C, 2 h, water bath |
| 50 256C P 50C,2h T 93C,1h 100C, 2 h
| Enzyme treatment (2"): termamyl 1% (w/w), 93C, 1 h, water bath | CON 0
| CON-GP1 0 0
| Enzyme inactivation: 98C, 5 min, water bath | GP1 0 0 0
! G2 0 0 0
| Centrifugation and filtration | aP3 0 0 0

Fig. 1. Optimal enzymatic treatment process of ginger pomace.
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P, pectinase 1% (w/w); T, termamyl 1% (w/w).
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Table 3. Processing conditions for ginger pomace extracts according to
pretreatment and extract conditions

Enzyme pretreatment (24 h) Extract methods

SRS erio P J;?gg;cyz M 100c, 2
GP3 0 0

GP3-1 0 0

GP3-2 0

GP3-3 0

GP3-4 0 0

GP3-5 0 0

GP3-6 0 0

GP3-7 0 0

P, pectinase 1% (w/w).
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Enzyme treatment (2")-
T,93C, 1 h

Enzyme inactivation
(98, 5 min)

Enzyme pretreatment
(P 1%, 25T, 24 h)

Enzyme treatment (1%)-
P, 50T, 2 h

Filtration

Packaging

Fig. 2. Optimal enzymatic treatment process of pilot-scale extraction of ginger pomace. P, pectinase; T, termamyl.
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Table 4. UPLC analytical conditions for ginger pomace

ltems Conditions
Column CORTECS® C18, 2.1x150 mm, 2.7 um
Mobile phase ‘A: 0.1% aqetic laci‘d in water

B: 0.1% acetic acid in acetonitrile

Detector 280 nm

Flow rate 0.30 mL/min

Injection volume 1 uL
Column temperature 30T
T Mobile phase
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 condition 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

2,633 mg/100 g, Q1 24.83 mg/100 g, ZHE 527.0 mg/100 g, T} Iul
22.85 mg/100 g, & 1.240 mg/100 g, °}1 0.540 mg/100 gO & L}
ST} Lee et al. (2014)9] 73 F-91 olsfeld £ W 3} &4
Aolle A el F71E o Aol ZE 2 Zwol 2
Ao AlgE} Zp7t oF 455, 3.68) He A YERh ole A%
o A|HA, A 8, FF, FLA7], AEATZH 59 Aol
ofgt Zio=g AlmHct. BB HEFI E(0.71 mg/100 g), HIE
B2(0.07 mg/100 g), HIEF] B6(0.09 mg/100 g), HIEFY] B12(0.29
ug/100 g) 2 HEFEZE(0.04 mg/100 g)o] HEE U

%
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Table 5. Proximate component, mineral, and vitamin contents of ginger
pomace

Proximate component (%)  Mineral (mg/100 g)  Vitamin (mg/100 g)

Component Content Component Content Component” Content

Vitamin A

224 91 D?
Carbohydrate 8 Ca 60.9 (gRE) N.D
Crude protein  1.19 Na 2.633 Vitamin D N.D.
(ug)
Crude fat 2.47 P 24.83 Vitamin E 0.71
Moisture 72.76 Cu (kg) 3.31 Vitamin B1  N.D.

Ash 1.10 Mn (kg)  66.44 Vitamin B2 0.07
Dietary fiber  10.62 K 527.0 Vitamin B6  0.09
Mg 2285 Viamin B2 4 oq
(ug)

Fe 1.240 Vitamin C  N.D.
Zn 0540 Beta~ 004

carotene
Vitamin B3 N.D.

Witamin A, retinol; Vitamin BB, pyridoxine; Vitamin C, ascorbic acid; Vitamin B3, niacin.
IN.D., not detected, below the detection limit.

4.64 log CFU/g (or mL)2] Hw#gkZ SRlstqiet. 3t 2
1.46 log CFU/g (or mL)°.& YEPtal, thatat &3/t
HEHA BT Kim et al. (20100 B A7FS A2 519
T AL giRo] 5.56 log CFU/gO 2 UEREOL; 50T oA
30, 60 Z2]o A= 1.00 log CFU/g ©]5F3, 55, 60T AH2]%
o= HEEA BAThaL Brsigint. & AFolA= A A A

g A
A9k 718 3 At 50 EAEE SR & BY(0C—930)S
o] mAES Aol 4= S Ao = Wk o] 5a4e
EHEEH A IR & 11352 4051900 (Table 1), A&
H AJE-LS metalaxyl, azoxystrobin, chlorantraniliprole 3502 Z}
0.044, 0.020, 0.020 mg/kg S e 7] HFtF31E
7|1ZR(MFDS, 2024e)= 212} 0.5, 0.05, 0.15 mg/kg O &2, A7 25
HolA A& 3% BF 7ISRAXNES HEgol ©H W2 aAE
UeR QP doll J32 gl A o= wtEr: Sa52 EolAwt
0.18 mg/kg?] o] mgo g AZH=d eyt 2|
gt &o] 7IERARI(MEDS, 2024a)= 0.1 mgkgo 2 A7 2<%
Hho] i w&7t ZIeXEe oE A UERETh ol A7 Al
Al 59, HE 55 ARSSE BEYolA e Jo s 55 Ay
o7 719 - A4t 59 @AF] 3= Bl A7 Al midE

QhAo] 2 4 9 ol At
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Table 6. Microorganisms, mycotoxin, pesticide residues, and heavy metals
of ginger pomace

Table 7. Solubilization characteristics of ginger pomace extracts based on
enzyme treatment

Component Content Food MRL" Samples wsi" WAI
Total aerobic bacteria ¢ 551 16 <4 log CON 3.74+1.00° 14.22+1.01
:5 . - -
(n=5) CON-GP1 2.86+0.13° 14.49+0.94
+ <
— Yeast & Mold 4.64+1.30 <3 log P 8024047 14.82+126
i = <
(og cfufg ~ Colforms (n=5)  1.46+0.70 <2 log GP2 8240,05° 12.60£0.33
(or mL)) (=
£. coff (n=5) 0 0 GP3 7.52+0.28° 13.70+0.24
Enterohemorrhagic i3) ns.
Escherichia coli Negative Negative Fvalue 74.602 3.065
(EHEC, n=b) WS, water solubility index; WAI, water absorption index.
) 3 PMeans with different letters within the same column are significantly different
Total aflatoxin N.D. <15 from each other at p¢0.05 by Duncan’s multiple range test.
Aftatoxin B1 ND ™ X0.001; n.s., not significant.
atoxin .D. -
Mycotoxin Aflatoxin B2 N.D. - o .
(ng/kg) Afiatoxin G D _ o] 3% $80] F7I% 2108 Helrh WAL= 12.60-14.82 I
- 3, AR 7k 212Ql Holi= gtk
Aflatoxin G2 N.D. -
i <
Ochratoxin A N.D. <15 A I‘|E| '|01| [[I‘E AN } ’_SI'E':—'.F 7|%Q—E— %,:.*%F
Pesticid Metalaxy! 0.044 0.5
reesiséftles% Azoxystrobin 0.020£0.014 0.05 A Aje] 22000 M2 A A5 Vs 9 5 avhe
ma/kg) Table 83} Zth TP g=FS CON} H 4 AYFS o 1.
(mg/k Chlorantraniliprole  0.020+0.014 05 a S FEE st AEIss
Yy Hi7HA] Z7F5191aL, TF SRS CON thH| 1.4817k7] Z7}slk= Z o
- 018500y . (Balloonflower, Z YEPETE Yoo et al. (2013)2 B2 84 A 2](protopectinase)
T is 0.2 =
Coropss 502 g v 54 Aelab) e o] vl TP, T 242 oF 14,
Heavy metal o
o o ", o 1.78) ok Stglom 2 AT vt Ak ABAE
N D . 2 gg] 7120 A= T ARSI cellulose H hemicellulose =
o (9 N'D' F43=]0] QItHCarpiat & Gibeau., 1993). o17]0] &4 A= 744
g ug V. -

YMRL, maximum residue limit.
Iotal aflatoxin, the sum of aflatoxin B1, B2, G1, and G2.
IN.D., not detected, below the limit of quantification.

SA Xa| X0 o}
a4 A 240 wE A A 083 B4 S Ak

Table 73 Ztt. WSI= g2 EH_L:rL(CON) GP19] gz
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CON tfH] GP3= 28l o] RojH o= F7logltt. A A=
£ i #2200 B AFolM e diRTET B4 (glucoamy-
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Table 8. Functional components contents of ginger pomace extracts based on enzyme treatment

Samples TP" TF 6-G 8-G 10-G 6-S 8-S 10-S Total
(mg GAE/g) (mg CE/g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
CON 1.08+0.06 0.30+0.04* 5048+4.35° 1.18+0.18° 032+0.02 0.62+0.08 0.27+0.00° N.D.? 52.05+3.13°
CON-GP1  1.21+0.07° 0.34+0.03° 57.31+0.37° 1.12+0.01° N.D. 0.23+0.08°  0.66+0.05° N.D. 58.31+0.18°
GP1 1.20+0.05° 0.33+0.01° 59.25+255° 1.88+0.08° 1.02+0.17 0.32+0.03* 0.30+0.02° N.D. 62.67+2.61°
GP2 1.2940.058° 0.27+0.02° 59.33+029° 1.04+0.10° N.D. N.D. 0.77+0.03° N.D. 61.13+0.36°
GP3 1.75+0.01 0.42+0.01° 83.61+3.38 1.27+0.03° N.D. N.D. 0.25+0.08° N.D. 86.28+0.03°

Fvalue 72,254 14.571" 54.662™" 33.243™ -5.607" 27.488" 77.802™ - 86.780™

TP, total polyphenol content; TF, total flavonoid content; GAE, gallic acid equivalent; CE, catechin equivalent; 6-G, 6-gingerol; 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S,
6-shogaol; 8-S, 8-shogaol; 10-S, 10-shogaol; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol.
IMeans with different letters within the same column are significantly different from each other at p¢0.05 by Duncan’s multiple range test.

@«

N.D., not detected.

Y X0.05; 7, X0.01; ™, X0.001.
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Table 9. Solubilization characteristics of ginger pomace extracts according
to enzyme pretreatment conditions

Samples wsl” WAI
GP3 7.52+0.28" 13.7040.24°
GP3-1 6.91+0.44° 13.29+0.88%
GP3-2 2.63+0.13° 12.58+0.40%
GP3-3 3.96+0.93° 13.62+0.12°
GP3-4 5.85+0.36 16.40+0.23°
GP3-5 5.95+0.45 16.92+0.37°
GP3-6 3.07+0.15% 11.96+0.41¢
GP3-7 7.14+0.56° 13.12+0.39%
Fvalue 453029 22.685™

"WSI, water solubility index; WAI, water absorption index.

2Means with different letters within the same column are significantly different from
each other at p{0.05 by Duncan’s multiple range test.

¥ X0.001.

Ao ojt Qi FE= ATolde M BEE TEsias
(protease, @-amylase, cellulase, pectlnase)i Agloto] F2EZ Al
23t A3}, pectinaseZ AZBIRST] 5 £E(76%) 2 F H=
S2H2.21%)0] 7 =7 UEPdthKim et al, 2007). Jo et al.
(2024)9] 2] WHo] whE A7 A 2 dlA AlmE

fdxsto] Eejuls T 34 A3 A7dEe] AEY H &
Tl]-_]_ SEl=Hl 2 At ARHE tEAT 7S 7S AP
W A 2 AR R T IS R 95 T
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Table 10. Functional components contents of ginger pomace extracts according to enzyme pretreatment conditions

Samples TP TF 6-G 8-G 10-G 6-S 8-S 10-S Total
(mg GAE/g) (mg CE/g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)  (mg/100 g)
GP3 1.756+0.01 0.42+001° 8361+338 127+0.03 N.D.? N.D. 0.25+0.08° N.D. 86.28+0.03°
GP3-1 1.16+0.05° 0.28+0.03° 47.77+1.30" 0.54+0.14 N.D. N.D. 0.15+0.03° N.D. 48.52+1.37°
GP3-2 1.20+0.07° 0.29+0.02 57.28+0.13° 0.90+0.14° N.D. N.D. 0.88+0.14% N.D. 58.66+0.67°
GP3-3 0.94+0.09° 0.25+0.02° 46.73+2.16° 0.78+0.02°  0.32+0.00  0.40+0.17  0.53+0.08™ N.D. 47.99+1.56°
GP3-4 1.41+002° 038+0.01° 46.10+5.857 0.86+0.09% N.D. N.D. 0.19+0.06° N.D. 47.14+6.01°
GP3-5 144+005° 0404004 63.01+1.71° 1.24%0.12® 0204003 071010  0.84+0.08° N.D. 65.58+1.37°
GP3-6 1.24+0.03°  0.35+0.01° 73.02+1.41° 0.94+033" N.D. 0.40+025  1.26+0.48 N.D. 75.15+2.17°
GP3-7 1.19+0.05° 0.33+0.04° 2344+817° 0.79+0.13% N.D. N.D. 0.17+0.01° N.D. 24.24+8.06°
Frael  aig™ 1648”8300 7152 5510 2891"°  12.085" - 52.617"

TP, total polyphenol content; TF, total flavonoid content; GAE, gallic acid equivalent; CE, catechin equivalent; 6-G, 6-gingerol; 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S,
6-shogaol; 8-S, 8-shogaol; 10-S, 10-shogaol; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol.
2)Means with different letters within the same column are significantly different from each other at X0.05 by Duncan’s multiple range test.

3N.D., not detected.

7 X0.01; ™, X0.001; n.s., not significant.
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Table 11. Solubilization characteristics of ginger pomace extracts based
on enzyme pretreatment time

Samples  Pretreatment time (h) SR WAI
2 8.92+0.43% 11.67+0.32°
4 8.99+0.29° 11.96+0.77°
GP3
10 8.97+0.29° 11.94+0.52°
24 7.52+0.28° 13.70+0.24°
Fvalue 12.225™ 10.180"

DWSI, water solubility index; WA, water absorption index.

IMeans with different letters within the same column are significantly different
from each other at p{0.05 by Duncan’s multiple range test.

97 ,0.01: ™, pX0.001.
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Table 12. Functional components contents of ginger pomace extracts based on enzyme pretreatment time

Samples Pretreatment TP TF 6-G 10-G 6-S 8-S 10-S Total
time () (mg GAE/g) (mg CE/g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
2 1.39+0.092 0.34+0.02° 56.17£251° 1.61£0.25 N.D.? N.D. 0.69+0.05° N.D. 57.57+3.58°
4 1.42+0.04° 0.33£0.02° 59.51+0.09° 1.28+0.08 N.D. N.D. 0.68+0.08° ND.  61.45+027%
o 10 1.39+0.02° 0.33+0.01° 62.15+1.52° 1.49+0.09 N.D. N.D. 0.63+0.06° N.D. 64.26+1.48°
24 1.75%0.01° 0.42+0.01* 83.61+3.38° 1.27+0.03 N.D. N.D. 0.25+0.08° ND.  86.28+0.03°

Fvalue 3216574 21529 64.596™ 2.794" - - 17.056" - 88.067"

TP, total polyphenol content; TF, total flavonoid content; GAE, gallic acid equivalent; CE, catechin equivalent; 6-G, 6-gingerol; 8-G, 8-gingerol; 10-G, 10-gingerol; 6-S,
6-shogaol; 8-S, 8-shogaol; 10-S, 10-shogaol; Total, sum of the 6, 8, 10 gingerol and 6, 8, 10 shogaol.
Means with different letters within the same column are significantly different from each other at £0.05 by Duncan’s multiple range test.

9N.D., not detected.
o X0.01; ™, X0.001; n.s., not significant.
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