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Abstract The quality characteristics of ginger powder manufactured with different numbers of
steaming and drying treatments were evaluated. The moisture content of the ginger powder ranged
from 6.51% to 7.26%, with the nine-time treatment showing the lowest and the six-time treatment
showing the highest values (p<0.001). The crude protein content ranged from 2.36% to 4.11%, with
the control being the highest and the three-times-treated being the lowest. The crude fat content
ranged from 6.85% to 7.82%, with the control being the highest and the 9-times treatment being
the lowest. Ash content was highest in the control, followed by the 6-, 3-, and 9-time steaming
treatments. The brightness and yellowness of ginger powder, according to the number of steaming
treatments, were highest in the control and decreased as the number of treatments increased. The
redness ranged from 3.63 to 7.26, with the 9-treatment showing the highest value. The steamed
ginger powder showed as increase in the antioxidant activity, the total polyphenol, total flavonoid,
DPPH radical scavenging activity, ABTS radical scavenging activity, and FRAP activity according to
the number of steaming. The results showed that the Gujeonggupo (9-times treatment) ginger powder
had lower moisture, ash, crude fat content, and pH than the control group. In terms of color, the
lightness and yellowness were low, but the redness was high, and it showed high antioxidant activity.

Keywords ginger powder, steam drying treatment, physicochemical properties, antioxidant activities

1. NE

Qe Tloret AL Azaly] 919 4 W B9 SRS A188) FrHOzkur 5, 2022), A7
o 5,000 | Relo} okelstol] AHgEIgLo, ofxlo} 27} Y] oJe) tieret WY A RS
95 R % ok 5 cjoa Walo® AElo] Yok(Komilionova, 2024). A7l 77 1R
51 AYES SolH A4 e dFT & A= 77 S718AL JleH, A= A%
2 A3} Ao, 77], 12, £5E0] AFRE 2 thKomiljonova, 2024).

S DAL AOE Bo] o|8HH, ARE AL Aol sto] Sz ol §En
AUtKSong &, 2023). T3, B2 AR o =9 LS =ol= WHOE T4, S5 Ee
Uty 53 22 AAYE Wdoto] AFstal tk(Ban 5, 2010; Chun¥} Chung, 2011; Kim 5,
2018). 371 A= A AFY 31k m2go] kS v|A 1L BA 49 #3E 7H4-2HChan
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5 2007). QM AW o] ML TRt oF EEof et
ost ot a7t S7Fe AL HAEQITHQI 5, 2010; Wang
5 2000). Q1 fJol= tY, whs, =2t 59 A=EA 2yt
2 Z7MIE WHoR Aol e 48 Yol
(Ho%} Su, 2014; In 5, 2017; Jung 5, 2012; Park 5, 2019).

ZAAE 7ol 71 SEAREY] T4 v Y
of &= vAH, Ax 7] vl 2 GAE FAHE T4,
FASEs, FAY B4 5 22 |2 5350 Bl
(Azian 5, 2004; Cheng &, 2011; Kim &, 2018; Shin &,
2020). 7 A74e] AFIA W A % FEERT S4o|
ST fko] o 0w, ool gl Hol Y BAL
Hoj= A0 YeythNam 5, 2020). 3t A 7o &
HE G317} Q182 Eal6k9l o m(Kim 5, 2021), d2|FHtE
gzalzel 43e oAe Bt ohiz Wizt nye
glatol] o5 Thal St (Song 5,

i
e
(i,
of
o[N
o
12
ol
3

B ATOINE AL ol8T AR AL W A B
Aok B

2. Mz U dt

2.1. dsye
E AFof AL A7 20233 11Y E% A (Wanju,
Jeonbuk, Korea)ollA] ZUARS FLufjslo] ALR-519ch

I

2.2. EE Aol 0| L2 Y2t F2 HE

e AL AASNT SA 3, 0405 om SR A2
T 22 AFAE719] 40°Col| A 3AIZE AR ARE 9]
851943, APE AE 60 cm H7|E o|85te] 100°C)A
302 A & 2y AE A27|(LD-918TH, Zhejiang Chubiai
Electrical Appliance Co., Wuyi, China)2] 40°CoJ|A] 34|17 A
Zsto] e S ARt dixdy S A2 S 33,
63], 93] ¥l Aoz At BE AL By
(HGR-2000, Hibell Co., Hwaseong, Korea)Z ©|-&3}o] B
2 A|R3FIL 100 mesh A= AAsto] ARE-SFTE

Ae S A g2 X A9 34S 338, 63,
= 93] vHESE A A7 299 duHdE2 AOAC
(2000) HH-Z o]&sto] FFsHUth T ETFS EFfo] 22
(JSR JSOF-150, JS Research Inc., Gongju, Korea)Z 0]-&5}0]
ZAeloich, 2R g 24 Kieldahl W& AH83l0] =
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AT}, ZAE TFS Soxhlet WHE AHBDlol, 7t AIE 2
20 95%(v/v) hexane 150 mLE d7}5l0] 8A|7F B9 &5}
Aot & FF2 3R E o]-&5to] 600°Cof|A 8AIZE Bt

A4St SLIE S A S o83 100914 S8,
W, 2 238 P A o e 4
o ME 9 47 63 W% 2459,

24. pH &

A7 BL9] pHE Lee(2023)9] AR S HYFsto] SA4/5H
At & AT B4S Z740] 108) 3454 vortex mixerZ
157 Esket & 587 A6kl YAET7](Combi 514R,
Hanil Co., Gimpo, Korea)o]A] 4°C, 1,008 xgol|A] 2027t Q4]
B84 A5 5 mLE A #slo] pH meter (Orion Research
Inc., Boston, MA, USA)ZE &A3l9tt. L& AR+ 43] HkE
4% & PP E sl

25 ME FH

TSTE A7 L0 M= petri dish(35x10 mm)of| o]
A XA (CR-400, Minolta Co., Ltd, Tokyo, Japan)S A}&-5}o]
L(lightness), a(redness) & b(yellowness) #r< =45t} Z+
AR 103] ¥ 24 7 Waghe ToAT 274 A ALgs
HE WAmo] I Lx ZE2 82.11, AME o* ZkS 585, 3+
M b* ZE 22,0300t

2.6. giits} 28 SE

2.6.1. 4% 229 oEE ==

SE A0, 3, 6, = 93T & ZotA Az AE A%
2 Zk7E 100 ol 80%(viv) olE-E 1.5 LE A7 & &R
S HAsE 65°C9] 5|9 WE(Mtops ms-265, Seoul,
Korea)Z ©]-&3t9] 3A|17F 7HA4 0= 33] &3t th Whatman
No. 2 ATA|E ARESto] A5Gt o dlg 40°C & 4Jo]
A 31A AF 5=7](NNC-1100, EYELA, Tokyo, Japan)E A}
g310] 8ol AAT F AL - 55 - Azolo] AR A4S
ATt

2.6.2. ZEYNHE & 53

ZZd 9 & T2 Folin-DenisH(Folin¥} Denis, 1912)
AgSte] 245k9nh A7F =25 1 mL9} Folin reagent 2
mLE AT He & ALoA 327 AR5t 1+
10% Na,CO; 2 mLE 7F5to] &3 & 30°Cofl A 4027 3
A3t tH2 ELISA microplate reader(Model 680, Biorad
Laboratories Inc., Hercules, CA, USA)E ©]-85}9] 760 nm9]|
A FBEE St T4 gallic acid(Sigma Co, St.
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Louis, MO, USAYS BZ2EAZ sl FZE ET7} 0-500 ug/mL
7} HEE 24 & AT ’ﬂ% 5l /\]iﬂ FTEYYE 2
T3k

2.6.3. E2LHL0|E &2 £H

FEEL0|E %P%k% Um} Kim(2007)9] WHES AR5
of S5tk A% £EE 1 mLo di-ethylene glycol 2 mL
9} 1 N NaOH 20 pLZ 0] 37°C water bathol 4 147+ £t
Y-S A|Ft}. ELISA microplate reader® 420 nmof|A] A]&9]
s =74 O]- 3!, quercetin(Sigma Co, St. Louis, MO,
USA)S EFEAZ o]8&sto] FF FX7F 0-500 pg/mL7} =
TE HAYE % ol gdto] EZatr ot ke Fal9iTt.

2.6.4. DPPH radical 215 &3

2,2-Diphenyl-1-picrylhydrazyl(DPPH) radical 4752 Blois
HR(Blois, 1958y A&St] SAsHlth 47 55 1 mL
€} 0.2 mM DPPH 1 mLE A[¥o] F3t & £9ksto] 37°C]
A 3087F YRSA|A 517 nmoJ|A] ELISA microplate readers
Argoto] SHEE S7otAT) AR 5559 DPPH radical
2SO0 (1 - AR 1T FHE / BT FHE) «
10008 AXsIIT.

2.6.5. ABTS radical 215 &3

2,2-Azino-bis-3-ethylbenzothiazoline—6-sulfonic acid(ABTS)
radical 27452 S Re 5(1999)9] S §-&ot =4
I} 7.4 mM ABTS €43} 2.6 mM potassium persulfate
|AG A x5to] LS HEE S T ABTS radical %
O|2(ABTS) AL 919 Aol 244/ B HSA 7T
13 ABTS™ 894L 734 nmol|A] 0.7-1.0+0.029] Z347} et
3 U ok SAS AR 222 0.1 mLS} ABTS'
29 09 mLE T T 37°COI 308 B HEAR. A
e AR g olsee ol8sigon], FREL ELISA
microplate readerS ARE-5}0] 734 nmof|A] 245} tt. ABTS
radical £2A5(%)2 [1 - (AbSsumple / AbSplan)] * 10022 AJAE

s

2.6.6. FRAP =4

Ferric reducing antioxidant power(FRAP) 72 Benzie?}
Strain(1996)9] W2 3-&3to] SA5I3t. Ao AN
working solution> 40 mM HCIO] &3]3t 10 mM 2,4,6-
tripyridyl-s-triazine(TPTZ)Z} 20 mM FeCl; - 6H,0, 300 mM
sodium-acetate H58(pH 3.6)= AY ZAof 247 1:10:10
o] HlEE &3t T 37°ColA 1087 WHAIH T NE 55

5 uLo] working solution 145 pLE 23tolal, FH7ES A=

696

FEE U4 %‘l‘l’"l"\——:f om A3} 272 buffers EoUTh
37°Col| A 1587 Y4k A]71 & microplate spectrophotometer
(Bpoch 2, Bio Tek Inc., Winooski, VT, USA)E AR&5}o] 593

oA FFES SHsHA

OIO o/,

2.7. EHAe/

HE A9 it 34 33] o wHE S5t A2 ghe
Z IBM SPSS 25.0 Program(IBM Co., Armonk, NY, USA)<&
o5t WA HRWAES 7519000, EALLANOVA)
I 5H9 A% (Duncan’s multiple range test)& AA|5}o]
qzza 48T 49 BAH o148 AR p<0.05).

3. Zm Y 1Y

3.1. & X R+ HE

SE A Slpof mhE A7 Ede] Lt AR WOP A=
Table 13} At} SE A= 3l5of whe A FT +2%F
2 93] Aol 6.51%2 7P WkoH, 63] Aol 7.26%
2 7P =7 vehd 23kl 7ot Zol7h A3ATH(p<0.001).
Song 5(2023) SAAZE T & Axd B9 +ETF>
0.20-8.09%=% UErged, & A7oME S AxA % A
s ‘:““"4 FEFFFo] 6.51-7.26%= Kim(2008)0] A% 2

A3l 10% ofste] sEetEE Ueri= 2ol drb#olzt

Xﬂﬂl gt H ol Sk 2w, Kim 5(2023)2 4749} A=
o] wha} 23] 2.17-4.65%S eSS Hs=d|
ol & A7 Ad%te W2 FAR ddxdd met Aol
AZ ACE AlmHh Bk 2 o)A Rl 33 A
of vlsf 63] Azo] F7FstAT7E 93] Ao thA] gt A
O = UERLEHE, 93] ol Ago] o] FofAA] gt FgE &

e, ole AL AxA7]E HgolA *“% A4, A
93} 9] gelo] 9hg % 0w, oje} ALE Ago] giof v
WLl ol ek,

23 AT 3o "= A7} B xuhdl SRS 2 36-
4.11% HY= EH_L—TLO] 4.11%=2 7P =911, 335] A3
63] A2 o= ot A7k fIglon tixato] vish A
glo] frefsHA ‘%ﬁlﬁ}(p<0.001) Kim 5(2008)2 5%
Aate] kol ool A4Sttt St9l=tl ole |
A Sols FE2 54 50l AR ol ¢ =<gste]
A WA=l 2B AY Eofl A3 opvlAte® Mgk
Ao 2L Yu 502)2 A2E Qe 244 A2
9} A AR WA 1, 3, 5, 7 B 93] SxH
7) Zato] zokmlA o] leke ZALS Ax), 2AE 7] 3
h IS 2o gy dasiged eARle

=} =
Y2 T29 ZESF

_4
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Table 1. Proximate composition of ginger powder according to the number of steam-drying treatments

Content (%) Number of steam drying treatments F-value
0 3 6 9

Moisture 6.960.097% 6.77+0.10° 7.26+0.11¢ 6.51+0.01° 39.637

Crude protein 4.11£0.01° 2.36+0.26" 2.46+0.07° 2.98+0.12° 118.48™"

Crude fat 7.82+0.06° 7.69+0.09° 7.02+0.05° 6.85+0.10° 113.69™"

Ash 8.32+0.07° 7.47+0.06* 7.75+0.09° 7.51+0.13° 57.16™

Carbohydrate" 72.79+0.15° 75.7240.16° 75.5140.15° 76.15+0.15° 306.95™"

D100 - (moisture + crude protein + crude fat + ash).
PAll values are mean+SD (n=6).

IDifferent superscripts (““) in the same row indicate significant differences by Duncan’s multiple range test (p<0.05).

™p<0.001.

A5 2ot Td g Mt stgithJang 5,
2018). & AFNA = thEFo] HIs| SE A=t A3 =
W oFgo] At AL SE HYS AAUA o] 71
off ofsf o] Tl ofo] gad Ao AJZ4E, 93
oA S7ket A2 T Aolu A 2ol ot Aew
Holu A= F57E Aot 2 o472 ST A
F7F flof % vlast] of2 gl

SE AY Sl wE AT 2L AT dF 6.85-
7.82% HYE R0l 7.82%E 7H EA UEgon, 93
A2)To] 6.85%= 7P WA YEh fefet 2folzh Il
(p<0.001). Kim 5(2008):> 14| F5320f 23t A o
F SE 57 7SS Pl Aastital sty
o, o= FAFo] Fofl EFAgH AFEjolA 7ol SJsf A
= Sy F7] v 5o AeEo] Asiintal B
ot & AFoNE FE STt STHeE AT
Fol A4t AL 54 ol A4

3E FHFS txFo] 8.32%E 7P &, tha o & 63]
A2]Tko] 7.75%, 335] A= 98] Aol 47 7.47%2%
751%2 7P 2o, 3359} 93] A 7to& Ate]7t giie
U tiztoll Bl A2l fofstAl WA UERTh(p<0.001).

SE AT o W A BT SpskE I 72.79-
76.15% HYZ o] 72.79%= 7HF Fetor, 93] A
0] 76.15%% 7V A WEh F3tol| {203 2ol 7} U

THp<0.001).

3.2 &F X2l g0 ME 4zt 229 pH

Table 2= S A | 3150 O A7 £49) pHE Yetd
Adtoltt. FI A S0 WE A7 BE9] pHE HRTo]
8.660.2 71 =911l 33] AT 7.53, 63] AT 7.64,
93] A2 7448 2ol H]o] FY5HA A YET
(p<0.001). Oh 512013)2] ARG} &2 EL] pH S
A A% 29| pHZF BAG BEET Wkt ol BA
T2 SAFOE v o TR 9fsf pH7t Rolxl Ao & A}
FHTAL SH3IH. Choi 5(2008)2] A4 ks Sk
9] pH= ArksEt SuksoA B & 08 AMJatEQlrtar
Hskgiet o]#gt pHY| $dte HlEAA 2GRS Al B4
© A= 39 £} 7R deRE] A8 4 7|3t
T 9 59 A& Wl o BAEE= F714k] Q3 AeE
AFRET St AlEd AEER e Zol7t 17l SHA
9 SR Y S AP 714kl Qg Ao g AztdEdt

3.3. ZE el F00 B2 42 220 YE

Z3 A2 o] T2 A7 Bo] A1 el AL Fig
1o] AABHGLOR, M ATHs Table 33} 2 SE A2 3
o] e A7 B2 YL tEgo] 68.592 714 BT

Table 2. pH of ginger powder according to the number of steam-drying treatments

Number of steam-drying treatments F-value
0 3 9
pH 8.66+0.01"% 7.53+0.01° 7.64+0.01° 7.44+0.01° 78,883.79™"

DAll values are meantSD (n=4).

IDifferent superscripts (*%) in the same row indicate significant differences by Duncan’s multiple range test (p<0.05).

™ p<0.001.

https://www.ekosfop.or.kr
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Fig. 1. Ginger powder by the number of steam-drying treatments.

Table 3. Color of ginger powder according to the number of steam-drying treatments

Color Number of steam drying treatments F-value

0 3 6 9
L* 68.59+0.33"% 52.78+0.17° 50.82+0.09 50.14+0.76 8,448.93"
a* 3.63+0.13° 5.54+0.03° 6.85+0.17° 7.26:0.11° 3,528.92"™
b* 33.97+0.31° 27.94+0.31° 28.330.46° 28.38+0.43° 1,123.65™

DAIl values are meantSD (n=10).

IDifferent superscripts (*%) in the same row indicate significant differences by Duncan’s multiple range test (p<0.05).

3™"p<0.001.

33], 63], 93] A9 W= 7+ 52.78, 50.82, 50.142 X
2] 3157t S71etol| whet WA UEhton Fig. 194 Yehd
HRe} Zro] A7} o] Mo] A vt WEeE HA 2o
A= A= YERTh A1 ARAIX Slgof T A7) 2o
AWML= 3.63-7.269] H9E tR2FET 93] Aol 7P
A Ut S8 e 27.94-33.97 R Hixdto] M
A vEhdlen e 7tofl Fojt Zel7t . Jun &
016y A4 & S A% 23, F2 A9 357t 5
7FEE ARETE 7SS Bk, ol AlEd] &
Aok G fElobr|ieAto] dA Y Iy Fofl §H3sto] A4
E= 29 529 Z7KMaillard®} Caramelization ¥H)E 2
M7t Z71el7] WZEo g st th(Lertittikul 5, 2007).
SE 5o B E sS4k B AR A% Z%(Nam 5, 2012)
oA B S5 AT 52 S70f whet AA S| Ak,
A= 13] A2 7E 33] A7 S7leit7t 48] A2 &
HEl= dastke Agolslon, P = F5 A238le $719
e} sk FFoE Ueget], & A7 s 4 3
Lol A= FUSH Aol L, A & AFoAE 57t
Shz Aol o 34k -9 Bii== A3 YERth Kim
5(2023)2 ZAZHA o wE A7) Mo A Pk 74.5-83.2,
AL = (0.5-2.8, A EE= 30.2-31.42 SAHAE=Y He=

698

B 3 AvpEct &0k, ANTE Ugton, ML fALS}
A YebdEd ol & AFolA A g3t Awo= <l
o]z} vehd Aoz AzhEch

34. EF Xl 20 ME Mzt 229 Stiisf 28

S A2 Slgo] g A £ P &4 =
Table 49} Zt}. S EE T 279 9 56.19 mg
GAE/gol| A 33] 2% #2]9] < 66.88 mg GAE/g, 63] =X
A2]o] AL 79.75 mg GAE/g, 93] 2% A7) 2L 80.48 mg
GAE/gP & {o5tA F7Fstqith(p<0.001). FEeHE0]=
SO ) 220] S 126.33 mg QE/g, 33] 2% 29| AL
213.41 mg QE/g, 63] X g9 7<% 231.99 mg QE/g, 93]
SE A9 A 27171 mg QE/gl =& RO|5HA F7Fotqitt
(p<0.001). DPPH radical 2452 229 AL 73.25%, 33]
Z3 Ao AL 76.21%, 63 2 A7) 9] A2 76.88%, 93]
FTE A2 HF 8450%E F5tA F7FoFATH(p<0.001).
ABTS radical 2752 YR 93.66%, 33 =X 2|9 43
2. 94.84%, 63] ZX A7|9] AL 9527%, 93] ZX H|o] 4
© 9572%2 9951 Z7151%th(p<0.001). FRAP 242
ZFL 2,824.22 mM FeSOy/g, 33] 22X 22]9] 72 3,320.00
mM FeSOy/g, 63] ZX #a]o] 7% 3,543.56 mM FeSOu/g,

https://doi.org/10.11002/fsp.2025.32.4.694
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Table 4. Antioxidant activities of ginger powder according to the number of steam-drying treatments

Antioxidant activities Number of steam-drying treatments F-value

0 3 6 9
Total polyphenol contents 56.19+3.13"2 66.88+6.17 79.75+3.53° 80.48+2.12° 248077
(mg GAE/g)
Total flavonoid contents 126.33+11.68° 213.41+11.82° 231.99+1.91° 271.71£56.07° 100.598™
(mg QE/g)
DPPH radical scavenging activities ~ 73.25+0.33" 76.210.41° 76.88+0.46° 84.50+0.77° 255.155™"
(Inhibition, %)
ABTS radical scavenging activities  93.66+0.82° 94.84+0.43° 95.27+0.64° 95.72:0.30° 694.289™"
(Inhibition, %)
FRAP 2,824.22479.93° 3,320.00+107.33 3,543.56£121.96° 3,840.00+89.27° 54.067""

(mM FeSO./g)

DAll values are mean+SD (n=10).

IDifferent superscripts (*%) in the same row indicate significant differences by Duncan’s multiple range test (p<0.05).

™p<0.001.

93] &3 A2]9] 2 3,840.00 mM FeSO,/gl.& F9J51A &
7kt th(p<0.001).

2 A A BE AR EA 4 AnolA A= A
I AZ S57t F7Hg] wet hAst 4ol S o 4
AU A A T AT A 2} vh-go] dojua,

H A2 A FASHA 4
LolojA] B2 4 A Quhl B (Wattenberg, 1980)F Hf
2 AFolA FE STt STHESE AR 24l IRt ¥
?l & stu=E Az

Song 5(2008)9] Aol AxxZ0 wE B7e] FAtst
244 34 29, FEHELO|EE= 70°C, 8 he] HERZHA,
FE s AFS 60°C, 6 he] Ax XA A Uetge
1} DPPH®} ABTS 2]zt AA5-L 70°C, 8 he] ARZANA]
7HE =4 vE Tl Buskeit) of2fjt At HERE70
uet Akt o] thEA UehgaE & o AU ook &
o] FA Al et AR} &Ado] =olsl=Hl Song &
2012y 73] 55 374 5 449 29 E4o] Ax=dZ
= 2AANA P 855 FAFHELTL EaE B gtk
Nam 5(2017)2 70| S5 HS AXHEA M2 H=3t
o] AE & oflzt A7 229 Al o] uty|xfo] {-&
E40| o] &EHAZ AR HHHTHY sH3Th

Kim 5(2016)2] @A tolA Q14He] FAt Alto] Zojiof ot
2t Sl EsREY o] AKHoR FIekRlAL, SAF Alx
g 5 FE o] WEH| wt FHEIEY ol F
7Fsti o, Lee 5(2020) 8732 S F§ 227 &oF
Aol wet EeHEoe] FEBoE ASHAY 1EAY] He
4 sekEo] AR HuA SRIEE AgH ZoE AlsH
O B1skel=t 2 AFAE X AY STt S
= 29 243 7§ E40] 7= o] et &4do] St

Q

ik

N
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Aog AlmErh

SE At A e 4 2559 Ak 24 AF(Jun
S, 20160014 SE 2% & 357} F715to) wet SEY s
ol FofstA F7FsF3AL, Kim 5(2023)2 4 Ao o
E A8 5= BT A SAS AR A QA
29 At o] wqton, FETE ot S =3
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