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A study on the physicochemical properties and antioxidant activities of aged
ginger (Zingiber officinale Roscoe) during the aging process
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Abstract The physicochemical properties and antioxidant activities of aged ginger (Zingiber officinale Roscoe) were
investigated every four days during the twenty days of aging process and compared with fresh ginger. Browning intensity
and redness value were significantly increased compared to fresh ginger; however, lightness and yellow values were
significantly decreased. Total sugar content was the highest during the second step and decreased significantly after the
third step. The content of gingerol decreased with aging whereas 6-shogaol increased from 17.7 to 34.1 times the baseline.
Total phenolic and flavonoid contents were the highest during the second step and decreased in the subsequent steps. The
radical scavenging activities and reducing power were the highest during the second and third steps, respectively, and then
they gradually decreased. The antioxidant activities of aged ginger during the aging process showed a high correlation with
browning intensity, 6-shogaol, total sugar, and total phenolic content. Therefore, our study suggested that aging during the
second and third steps were effective in optimizing antioxidant activity.
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Aste] 2 grow Jehlidr) Al vkid AlES 93] dish
(@60 mmx15 mm)oll HAF3A A2 F WAA(CR 301, Minolta
Co Osaka, Japan)2 RS 273Gt ol T2 Ee] Lgk

L 98.94, azk 0.03, bate 0.10%Th

BT A SRlE ME
v E AE 2g0l TRTE 7Iet 3087 253 FE(U105,
Lab Korea, Gongju, Korea)st T3 o3}slod A|R
FE AES 1mL 5% #HlE A%k 1mL, g Gt S5mLE A+
|2 Este] 3037 A2eA ¥hgAIZl & 470 nmell M FEE
=431 tHDubois &, 1956). 31> DNSHMiller, 1959)°]
2 4719 AlEH [ mLell DNSA]C’k 3mLE 7F ¥ 100°CY]
Bogoll A 1087F WAL & WZbste] 550 nmellA] SEEE

Aotdh £ 2 AT TS glucose (Sigma-Aldrich Co.,
St. Louis, MO, USA)E XFEAZ 3o zAJek fafilel os)
b A s =

)

k) mlm

P

718 Mk
wHE AR 2g0 33 FFTE Thet] 3027
o FZdE 045 um membrane filter® 73 t- IC
(ion chromatography, 1CS-2100, Dionex, USA)Z #4135t} 2
2 Jonpac ICE-AS6 (9250 mm, Dionex)& AME3IHoH, &%
= 19“C§ ZA 3. Suppressed conductivity HE7]E ©]-8-3}
A2, suppressore MMS-ICE 11 (4 mm), ©]542 5mM9] tet-
rabutylammonium hydroxide (TBAH)S &3t 0.4 mM<] hep-
tafluorobutyric acidE 1.0 mL/min®] X2 FASIH9oH, A5 5
PFS 25 uLE sIleh 71t e {7140 Z2FEES A

3 (2020)

ZZ00M E4ste] HFEF AIZRE vlaLste] F4 st
‘ii_‘lfﬂ, d%k Ao 2R Ateith

Gingerol ¥ shogaol Mg

A7F 2 A SA7FO] gingerol ¥ shogaol FHEHS Lee &
(2012)°] WS st wilE AR 20l 80% eSS 7}
sted 20mLE A& & 2T FEILH, ol 045um
membrane filter2 3}A]# HPLC (1100 series LC system, Agi-
lent Technologies, Palo Alto, CA, USA)Z 41313t} 23 &
ProntoSIL C,; SH (4.6x250 mm, 5um), ©]57 &l acetoni-
trile?} 32} /TS ARSI gradient modeZ 60:40 (v/v)ollA]
973 (VV)&E 1 mL/min®] F&08 4087 82X AT 28 &
EE 30°C, AlRHL 20 uLE FYsIM ™, diode array detection
HAE712 282 nmollA SA3I(Y. &4 Z=EZ 24 6-, 8-, 10-
gingerol & 6-shogaol (Sigma-Aldrich Co.)2 Al&E9} 5U ZA9
Al At ARk mEk Altkettt.

& H=s ¥ E2EL0|E HH
A 2 s S F dls 2 Folin-DenisH (Gutfinger,
1981) ol WPE} ANE 5¢2 80% HIEHEE 50 mL7} HES 483k
FZAth A1EY 1 mLoll Folin-Ciocalteu Al%F 0.5
mL, 10% Na,CO, 9 1mLE Adl2 Y3 5270 T3 ﬂﬁ
Ao GAA A7 BT WEEAIA Al FRVHEE dix
3t] 760 nmo 4] microplate reader (UVM - 340, ASYS Hlstech
Gmbh, Tokyo, Japan)Z &3=E 43I th STE o= 3
& 719l A5 ImLol 10% aluminum nitrate 0.1 mL, 1M
potassium acetate 0.1 mL % 80% ethanol 43 mLE Z}EHE &%
g § Ao oA 4087F WHEAIZIA 415 mmel FEEE
AR HMoreno 5, 2000). AlF52] ¥ Hw ¥ SFEiHol=
Ho AFEHEN 27} gallic acid 2 quercetin (Sigma-Aldrich
AEe} FUsHA A5l B AFHoRNE =3It

O{'

oo N
paut
rlo

(@)
m

0.

st B £X

A7 2 & A7 sl e AlF9 8% HEke: &
AS 200 ug/mLE FA3ke] 2,2-diphenyl-1-picrylhydrazyl (DPPH),
2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) #1Z:
283} ferric-reducing antioxidant potential (FRAP)R ol <]t
g oz Zzh 24319t DPPH 2tid 2AEAL 96 well
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Table 2. Total sugar and reducing sugar contents in aged ginger
during aging process

Aging condi tions” Total sugar contents Reducing sugar contents
(mg/100 g) (mg/100 g)
Fresh 306.3+7.19° 142.7+1.38*
Step 1 367.8+1.53° 154.3£4.11°
Step 2 459.5+4.67° 226.7+1.85°
Step 3 435.0£4.39¢ 248.4+3.43¢
Step 4 395.8+5.82° 252.7+5.15%
Step 5 395.3+5.40° 257.9+1.27°

*Step 1; 80°C, 1-4 days, step 2; 75°C, 5-8 days, step 3; 70°C, 9-12
days, step 4; 80°C, 13-16 days, and step 5; 65°C, 17-20 days

All values are meantSD (n=3)

**Means with different superscripts in the same column are
significantly different at p<0.05 by Duncan’s multiple range tests.
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718 43714 =] Wsle] wE AzE Seled 4 7]
Zro] Adojglel| mEt AT FAH o R F7Fet 9™ (Shin 5,
2008), 60, 70 % 80°ColA 5047t HAE ZERe AT E
80°CollA 15 o], 70°ColME 30Y o) &4 Aol Fx=2%
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Table 1. Moisture content, browning intensity and color value of aged ginger during aging process

Hunter’s color value

. . Moisture Browning intensi
Aging conditions* content (%) in 42gO nm v L a b AE
Fresh 91.03+0.54¢ 0.295+0.016" 65.58+0.81* -2.224+0.10° 30.91+0.42" 72.53+0.86"
Step 1 89.82+0.36° 0.345+0.004"™ 48.84+0.89¢ 6.30+£0.09° 27.87+0.93¢ 56.59+0.85°
Step 2 89.64+0.54° 0.454+0.012% 45.23+1.59° 6.75+0.35¢ 27.24+0.61¢ 53.24+1.53¢
Step 3 89.16+0.46"™ 0.443+0.011°¢ 43.43+0.88" 7.80+0.28° 24.80+0.35" 50.61+0.87°
Step 4 88.50+0.65™ 0.455+0.010¢ 42.86+0.54° 7.99+0.43¢ 22.11+1.61* 48.90+1.03°
Step 5 87.82+0.44 0.471%0.001¢ 41.60+0.54° 8.88+0.08° 21.16+0.08° 47.51+0.48"

*Step 1; 80°C, 1-4 days, step 2; 75°C, 5-8 days, step 3; 70°C, 9-12 days, step 4; 80°C, 13-16 days, and step 5; 65°C, 17-20 days

All values are meantSD (n=5)

*Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range tests.
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Table 3. Organic acid contents in aged ginger during aging process

Aging Organic acids (mg/100 g)

conditions* Oxalic acid Maleic acid Citric acid Malic acid Glycolic acid Lactic acid
Fresh 198.1£17.33M 5.60+0.45% 109.2+0.69¢ 73.18+0.95% - 4.28+0.72°
Step 1 193.8+27.30 5.77+1.13% 84.33+2.15° 83.95+4.59° 2.97+2.05% 18.48+1.07°
Step 2 214.4425.16 7.5120.59° 85.5041.29" 83.4442.45 3.67+0.47" 17.00:£0.82¢
Step 3 195.6+24.69 6.37+1.16° 88.54+1.68¢ 79.56+4.23° 5.84+2.11° 14.19+2.33°
Step 4 205.2+19.44 6.40+1.23% 86.81+1.40° 81.20+3.76 6.48+2.26" 13.71x1.13°
Step 5 154.7+28.09 6.06+0.91° 68.18+1.01* 72.22+£3.21° 9.244+2.31°¢ 16.52+0.29¢

*Step 1; 80°C, 1-4 days, step 2; 75°C, 5-8 days, step 3; 70°C, 9-12 days, step 4; 80°C, 13-16 days, and step 5; 65°C, 17-20 days

All values are mean+SD (n=4)

“*Means with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range tests.

NS; not significant
-; not determined

Table 4. Gingerol and shogaol contents in aged ginger during aging process

Aging conditions* 6-Gingerol (ng/g) 8-Gingerol (ng/g) 10-Gingerol (ug/g) 6-Shogaol (ug/g)
Fresh 750.0£7.46° 121.2+1.93¢ 250.2+3.01° 11.08+2.36
Step 1 440.6+12.87" 91.45+9.48¢ 214.7+9.97° 204.4+0.86°
Step 2 435.4+8.80° 89.83+1.95¢ 204.2+3.08° 378.3+1.15
Step 3 143.2+4.26° 32.60+1.44° 92.29+4.28° 319.0+7.02°
Step 4 76.69+1.91° 21.71£1.02° 62.64+2.45" 265.6+5.50°
Step 5 41.46+4.16" 10.05+0.87* 37.96+2.83" 195.6+£5.45°

*Step 1; 80°C, 1-4 days, step 2; 75°C, 5-8 days, step 3; 70°C, 9-12 days, step 4; 80°C, 13-16 days, and step 5; 65°C, 17-20 days

All values are meantSD (n=6)

*Means with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range tests.
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7} 15472144 mg/100 g2 ofle] §7]abol] Hla) 744 B g
Foloy =4 717k A mE fox= AT Maleic
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SA7Fe] A SAE 6-, 8- 2 10-gingerol3} 6-shogaol®] &F
% H3lE 243 A= Table 494 2uh 8 AL 2 A7)
o|A 6-gingerol®] To] 7HF Wokow, ol &HA4 717e] I}
Holl Mzt fFojHor 7Haso] g A7l Hs| 54 197
ME 413%, 574 SHAME 90% o THAEE Bl 8- ¢
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2 o480l BAE Bou, 6-gingerold HISiM = HAZo] A
At}. 6-Shogaoke SAZO R SAH e wat 17.7-34.190] F7}
Fe Byom, 53] 4 AN 7Y =2 el st
Ak s 39A o]¢ fejHog Ao o), HFTHAR]
&4 STAdME As A7 visiMe 177 & 5ol

7oA gingerolZ} shogaol> w28t AJEO 2 gingerol <l
A AkslE JAAT|E Fakst &4 EZ Z A (Aeschbach 5,
1994) zingerone % shogaolZ A== EAdo] Ut} 53] pH7F
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Table S. Total phenolic and flavonoids contents in aged ginger
during aging process

Total phenolic content  Flavonoids content

Aging conditions* (GAE mg/100 g) (QE mg/100 )
Fresh 58.97+2.50% 13.23+£2.45°
Step 1 74.71£3.01° 17.04+2.94°
Step 2 83.37+1.44¢ 22.40+0.90°
Step 3 79.57+1.23° 18.60+1.02°
Step 4 75.39+1.44P 17.01£1.35°
Step 5 77.95+1.90% 17.04+1.50°

*Step 1; 80°C, 1-4 days, step 2; 75°C, 5-8 days, step 3; 70°C, 9-12
days, step 4; 80°C, 13-16 days, and step 5; 65°C, 17-20 days

All values are mean+SD (n=3)

*dMeans with different superscripts in the same column are
significantly different at p<0.05 by Duncan's multiple range tests.

7} 943 Aoz <A Aok (Dugasani 5, 2010).
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Fig. 1. Antioxidant activities in aged ginger during aging process; (A) DPPH radical scavenging activity, (B) ABTS radical scavenging
activity, and (C) reducing power. *Step 1; 80°C, 1-4 days, step 2; 75°C, 5-8 days, step 3; 70°C, 9-12 days, step 4; 80°C, 13-16 days, and step 5;
65°C, 17-20 days. All values are mean+SD (n=3). *"Means with different superscripts are significantly different at p<0.05 by Duncan’s multiple

range tests.
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Table 6. Person correlation between functional components and antioxidant activities in aged ginger during aging process

BI 6-G 8-G 10-G 6-S TS RS TPC FC DPPH  ABTS RP
BI 1 -0.861*  -0.817*  -0.798 0.777 0.834*  0.970**  0.843* 0.672 0.836%  0.959**  0.909*
6-G 1 0.983**  0.964**  -0.541 -0.560  -0.897*  -0.660 -0.310 -0.647 -0.777 -0.754
8-G 1 0.996**  -0.410 -0451  -0.890*  -0.536 -0.176 -0.524 -0.697 -0.676
10-G 1 -0.349 -0.400  -0.885*  -0.474 -0.119 -0.464 -0.659 -0.633
6-S 1 0.976*¥*  0.666  0.945** 0.937** 0.990** 0.919** 0.927**
TS 1 0.734  0.952*%*  0.945%* 0.974*%* 0.948** (.947**
RS 1 0.717 0.511 0.736 0.903*  0.874*
TPC 1 0.901*  0.969** 0.929**  0.903*
FC 1 0.902*  0.816* 0.794
DPPH 1 0.952%*  0.955%*
ABTS 1 0.982%*
RP 1

Significant at *p<0.05 and **p<0.01

BI; Browning intensity, 6-G; 6-gingerol, 8-G; 8-gingerol, 10-G; 10-gingerol, 6-S; 6-shogaol, TS; total sugar, RS; reducing sugar, TPC; total phenol
content, FC; flavonoid content, DPPH; DPPH radical scavenging activity, ABTS; ABTS radical scavenging activity, RP; reducing power.
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