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ABSTRACT

This study examined the rheological properties of all-purpose flour containing ginger
powder added to bread bases at 2%, 4%, and 6%. The physical properties of the all-purpose
flour with ginger powder were tested using RVA(rapid visco analyzer), a farinogram, and
a rheofermentometer. The initial pasting temperature increased with increasing ginger powder
content, whereas the peak viscosity and the peak time decreased. According to the farinogram
test, consistency and water absorption increased with increasing ratio of ginger powder.
The p-value of the alveogram increased with increasing ginger powder content, whereas
the L and G values decreased. The fermentation time of the dough increased with increasing
ratio of ginger powder. These results suggest the potential development of this product
containing functional ingredients, such as ginger powder, based on the rheological properties
identified in this study.
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L A&

AR E def AMGE= FA=RI A7 (ginger,
Zingiber offincinale Roscoe)2 1= &#|o]A]
of &2 12 tha’t Il ofA|ofrt YAkx|o|H,
wreFdo] W2 Zingiberoideae €3} W3 do] ¢l
= Costoideae 22 F-EHT}E E3F FLFH4
o= FFo] HEHo] g7| fizol 59 w3t

R A7, S, e R Bkl Qi
A7 FAE2 gingerold shogaolel™ 7sh

1

de 7HAAL Qlof 1%, vhs, 3 53 A
AA 55 W=t AREEE $8 Aol
(Choi et al. 1995). A73ol= A%9] Fdg A
B8, ANAEE, A, &d, AR, dEAL
AE 4 7714 5ol &FEo] A o] 7hed A
2 AA 1PR9] 40~60%S AA|SHIL 9lom,
718k AE2 5, A, AEiA], dxolE 5o
e} 2po] 7k et

A7 = gingerol® 59 phenold SFES
H]Z3}9] terpennoids, flavonoids®} 22 thoF
gt phytochemicalo] 45t o|& 3lghEo] A3
&S YePdt(Huang et al. 2004; Young
et al. 2005). 7] AL B AF=E= Al
w4 AsEaol gt =2 S 7 itk
3 BEEQtHLee at al. 1992; Sheo 1999;
Jung & Park 2013; Sheo, 2017). &3t A7
FAE &gol de dEA glew, 55| 6-
gingerol ¥ 6-shogaol2 Tt 28 Y 28,
a4 SHLHE Aot 2y}, A avp Ag4
0% FrE &N AYadt 5ol A= AeE W
11537 It Cooksley 1996; Sheo 1999; Thomson
et al. 2002; Lee et al. 2011; Kim et al. 2012;
Sheo 2017).

A7d2 durd oz AigAo] FA] ehot A% &

=

227} 10T oJst= "ojAAY 20T o=
=2t = Fufjshy] a1 18T ool HH
ofslE & #7|7t A7#do] o]HTHChoi et al. 1995).
Choi et al.(1995)& °l2§t ZAIE shdstaat
A7 e F4d HEZ flsto] oAl Az
U 9 2H A2 AE 3] flote] st
A 27t FHo) A= FFE AL H,
Chung et al.(1996)2 3749 A3 SAA
P

& 9l el 7T

—-—
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&

o
),
N
N
olN
4 SLodu oo rfr oz o

93%, 25ColA 3%t curingstH A% 7]
FAHIE AR 5 AT HArskGic
3 BAR ol&stAY Aol AojA HESH
W, A% Bzt A, s A4 F84
FET S B ATELE =5
sto] 2 AR 59 FEHE ol8EH
(Kim et al. 1991). A
2E 7S 71 At (Lee 2014), 2
(Chun & Chung 2011), B73EY A/t =
Alo]Z(Chung et al. 2012), B73*HSung et al.
2003), 7% 9 AET H7F =S-Z(Hwang et
al. 2014), vk, A% 2 Ay &< J7F A
(Kim et al. 2000a), 4§73 ](Kim et al. 2000b),
AAES 2718 WHl(Han 2012), BT 37t
¥78(Han & Kim 2011) 59 F2EA0 H3t
A7t = 22y of2] ZHA] 1Al 78
ot FRAEo] Eol Aoty g AR A
w Az de] AME= SR F7lsto] W
Az 7157 AA=0] A= o] FofA|A] ettt
oA 2 AqoAs AAEDY] 7158 &
£29] 7Fs/gdo] et Ao detow AGEE
& 7t siols u Wl
AR BFELE o83t 4
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1. AEtE
2 Ao ARG A7FEEES. FE 29 A}

EgEs 1EU1nan Korea)oll A/l €5 Axsto] 4z
AlE3Rt AS Fsto] ¥ Hasio] ARSI,

AWES %Eﬂ-r(Samyang Co., Seoul, Korea),
2]A(NDsalt Co., Shinan, Korea),
Co., Seoul, Korea), °|AE(Saf-instant Yeast
Gold, Marcq, France), Baking powder(JENICO,
Seoul, Korea), £EY3(Ottogi Co., Anyang,
Korea) 2= Al BFEOA FJsto] ARE-SHIT.

AeH(Samyang

2. R4 HIZE

Aol HrtEs AEEY] Am g Z*El
< Table 13} Zo] BAZELS H7IsHA] g2
= d2d, AL AR 2, 4, %= 247}
Hl&of wet AR 2 FEsto] AR
o, o7 9| JEATES AX T GAHE &
gotlet. ARHHE 2E ARE T Wl Y
HFESE= straightHS ARSI HHS7](Model
HZ, Hobart Co. Ltd., OH, USA)°| &3&, A
2, &g, #olF T-%-H, active dry yeast, £E
4, 2, 1283 Jrt SEd

o7 38, ¥&0F 1287 HiEste] IR

2 ARRE ¥ A

e 1

Table 1. Formula for steamed gingerbread

Ginger powder content (%)
Control 2% 4% 6%
All-purpose flour (g) 100.0 98.0 96.0 94.0

Ingredients

Sugar (g) 80 80 80 80
Salt (g) 1.8 1.8 1.8 1.8
Active dry yeast (g) 2.0 2.0 2.0 2.0
Baking powder (g) 2.0 2.0 2.0 2.0
Shorting (g) 30 30 30 30

Water (mL) 60.0 60.0 60.0 60.0

A 27C Eado 2AE s
UA HOo= WSS dol T A
&= 80%ClA 308 F= LEAIZ o 120 g
o] Hi & E5iitt. 92 7tAE AAT th
dgstol uly M(12.5 x 4 x 5 cm)oll ¥ 3
8T, A5k 85% 2 W30l prooferolA] 20
B2} proofing A|AT}. Proofinge] 4 AL 7
i A2 l"‘o}—rcﬂ RS FE] AdRAFS "
710l B 164 Bt A v 5] A5 EEo
g3l A1 wo] Y3 39 52
&5t

3
AR AFRLG 2, 4, %% 242 Yol 7
= 8710 7HA 92 vE &
e EHAE oA Spectro Colorimeter(JS
555, Color Techno System Co., Tokyo, Japan)
£ A}83}lo] (L, lightness), A% (a, redness)
S A (b, yellowness)g 3%] WHEst] St
T FAHeE YERA

4. S5tk &3

35lrE= Rapid Visco Analyzer(Newport
ScientificPty. Ltd., NSW, Australia)g ©]-&5
of BAED 2, 4, %% 47 H7IRE AEE 3.5
g¥ ETtAH FAZoR %013}7{] 203] wRtst
o AgE 745k 1—‘:'1: = £E= 50C
A& HEARVAPNA kRt &, 18] oF 12T
A ASAIZIEA 95C7HA] 7HEEE B 2.5% 4
T AR & 50CE YAAI7IHA 58} Al
Z(pasting temperature), 18 =(peak viscosity),
F1-hE AZHpeak time), A3 =(holding
strength), break downZt, set back %< 3]
vhEste] Z43 & HH g2 Aol
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5. Farinogram &4

Farinogram 72 Farinogram-E(M81044,
Brabender Co., Ltd., Gelnhausen, Germany)
£ ARt AACCH(AACC 20002)°0.2 o33}
Yo] Z4stoint. A 2, 4, 6%E 22 27t

3HE 300 gOl Farinogram curve?] $%4°|
00 + 10 FU(Farinogram Unit)o| =& wj7}
A F5EE 2o 2%+ 30 + 0.2T
£ fAsHEA §H=0] Fk(consistency), S5
(water absorption), B B/ AlZKdevelopment
time), ¥F9] 9P L (stability), USH=(time to

break down), ¥=5 WA (mixing tolerance index:

i

my

&

N

MTI) ¥ farinograph quality number #< 3
5] wEalol 24,

6. Rheofermentometer &4

Rheofermentorreter £/ 5782 Rheofermentormeter
(Rheo-fermentometer, Chopin SA, Villeuneuve
La Garenne, France)S ©]-&3dl] AACCH
(AACC 2000b)ell w=t Z74sHlrh. Dough
development curvex Ti(E W BA Eo|7H4] &
Q5= A7h, Hm(dough development®] Z[tj
+9)), h(A[&o] £ W dough development?] &
o]), (Hm-h)/HmZ &75I¥ 1L, Gaseous release
£ HmUtA 348 AB9 X o), T\(tA H
Ay AR Fd| #o] 7] 4285 AR, Tx(RH:
oflA CO, 7FA7F A E7] AJZF o] A7), A
A Fo(A1+A2 ABO|A ZEA AR, CO7EA
&A% BEH(ml), CO, 7HA BR&(%)< 33
HHESto] ZA4fsto] Baghks Wtk

7. Texture =3
AAEE 2, 4, 6% Z7Fsto] = RS 3

%9} crumb softness?] WIS FARBITHA R

o] 3% HAE 712, A= 40 mm, $°] 30 mm
Z 2 o2 Rheometer(Compac-100, Sun
Scientific Co. Ltd., Tokyo, Japan)& 434
t}. oJmf ARMESE cylinder probes Z7o] 20
mmP|RL, load cell #A= 2 kg, sPi&EEE=

60 mm/minl& s}t

8
E AY9] A= SAS(Statistical Analysis

£ St & p{0.05 &4 Duncan’s multiple

range testZ o|-835to] AT HZE3IIch

= 4, 6%E H7Fsto] Mo w|R|=
IS 4% 7= Table 29 ot Y= Y
Efil= L g2 9] AP =S YEhd glo s of

Lgko] 94.94 + 0.022 7FF &%, A%
IS 2, 4, 6% J7IRE AEte 247 94.01
+ 0.03, 93.92 + 0.00, 93.61 + 0.00°.& A3
T A7rgol 7SS oA oE FAaskel
THp<0.001). °l= A7 A7FES 2dsto] A
Z3F AP (Lee 2014)7 Wi (Han 2012)9]
TFoME B7 H7Fgo] F7IErE Hart Adh
Stk 239} FARSE Aol et A7 A
HL Fol, S s YERIL QL
of I8y A7 A S Aol dojue
g, A7 ZAHIAALL Cho et al.(1996)] A+
ol 7 Hlo|AE= A% ¥ Maillard ¥HY
ascorbic acid AFSFREG0] ofsto] Aol FXIE]
1, gingerolo] 2Jsto] AA|E= Ao E YERARI
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Table 2. Color value of the all-purpose flour containing different quantities of ginger powder

Color values

Samples S - b
Control 94.94 + 0.02"° -0.09 + 0.00¢ 9.01 + 0.02¢
2% 94.61 + 0.03" 0.21 + 0.01° 10.89 + 0.03¢
4% 93.92 + 0.00° 0.50 + 0.01° 12.40 + 0.02°
6% 93.61 * 0.00 0.54 + 0.01° 13.87 + 0.01°
F-value 4779.77°"" 3801.26""" 26276.6"""

YValues are the mean =+ standard deviation(n=3).
“dMeans with the same letter in the column are not significantly different by a Duncan’s multiple range test
("""p<0.001)

o} whEhA] 7ol S A9t ok&E] Maillard 2. S5 EN
302 Qlste] AAE= ZdHEd 5ol UE & AAETS 2, 4, 6% H7151 Rapid Visco
PR Jrrt Wolxl= AoR wotHEth &2 Analyzer® 0] T3} EAS AR Ante
9] HAz(azh)et FH=(brhE 2 -0.09 + Table 3%} 2t} =279 53} 7Al2%(Initial
0.00, 9.01 £ 0.02 °|9aL, Al FME ZF pasting temp)= 65.30 * 0.14TCo]lom, A}
< AAET VMol B s RYFoR wob P RIS 2, 4, 6% A% AT 242 65.40
FAH(p<0.001). BAES 7R wHEY BFe+= + 0.00, 65.75 + 0.00, 65.50 + 0.28C= A
2 A7t RV 2 A A7Eol SUHE 7 B ko] 4% 7R 59)F <l Afol= L
AL = STl Ade Blov, & A+ A% U] ot wobint. &, tRtat v oA Ay
o tp2A FAE O] A= Hhcte FFE B AR 2 4, 6% H7F ol BA] goba] TIA]
ol 259t Han 2012). o]3t ol 2 250 JFS FA| F3t A0 7 Holth Kim et
A+= *“%l"%%_h% Ao, HH ATollAE al.2001b)2 &2 Axg AvpEds 7JEEd
WAES AHERE ZpoloflA Z7IRIgE Ao g Helt Uy 5EAS 2R A4 53} AT
= R AR H7HAE 63.5CTE YE

O

Table 3. RVA data of the all-purpose flours containing different quantities of ginger powder

Samples Imtliir::stmg Peak viscosity ;Iil:;ﬁ Breakdown  Final viscosity ~ Set back
(©) RVU Time(min.) RVU RVU RVU RVU
Control 65.30 + 0.14°Y413.29 + 7.01° 5.57 + 0.05° 213.59 + 0.47* 199.71 + 7.48* 320.09 + 1.53*106.50 + 2.01°
2% 65.40 + 0.00° 399.54 + 253557 + 0.05" 212.46 + 3.48* 187.08 + 6.01°°322.33 + 8.84109.88 + 2.31°
4% 65.75 + 0.00° 393.88 + 5.72* 5.73 + 0.00° 211.67 + 0.83* 182.21 + 4.89" 330.96 + 1.00°119.29 + 1.82°
6% 65.50 + 0.28° 327.59 + 3.77° 557 + 0.05" 165.38 + 1.94" 162.21 + 1.82°274.38 + 5.38°109.00 + 3.44°

F-value 2.98 113.88"" 741 265.56""" 16.28" 16.33" 0.74

YValues are the mean * standard deviation (n=3).
*dMeans with the same letter in the column are not significantly different by a Duncan’s range test ('p<0.051,
Tp<0.001)
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o}, o|e} & Axo] AFED 7} thERLol|A]

oAl Aol7} U] ok A} vl At
£ Bk Kim(2004)9] W%} 22 H71sio]
£ WskE 2ARRE oA 27]
SR wRo F9 71.6-77.8CEA H7RF
o] HEE FTlle ATFE HAo Axe=
72.4-71.6C& 243 F¥F= HAth. &, J7HF

of wat FoJAQl o]zt EhtA] grol &9
I3} AR EE A7HEEY] RS TA A ¢
Loa 319tk H3 Hr diRE7) 413.29 +
7.01 RVUE 7Fg =tow, A7 Baks 2 4,
6% A7FE B3] H1 Hue 77} 399.54 +
2.53, 393.88 + 5.72, 327.59 £ 3.77 RVU©]
At HIHEE= A7 B ko] St wet
2443519 Kim et al.(2001a)04 whaid gl
o] FOMISFE FIE UYL Fho] ¥ &
A& Hehfo] & AZxe} ohE 432 B

ESIRE

J3Y Im & Kim(2003)2 AU —Eroﬂ AT &
1S Yy o3tk ¥skE 4% 23 AAT &
H7Fo| Woldo| wet 1 J=7} WolHnt

i

1 sto] 2 AFATet FARE A YERich
Z79] holding strength+= 213.59 + 0.47
RVU o|3oH, WELS 2, 4, 6% 7R AEs
9] holding strength+ Z+Z} 212.46 + 3.48,
211.67 £ 0.83, 165.38 = 1.94 RVUZ
holding strength+ A72de] H7lgo] St
= gAhstdot tix29 breakdown 2
199.71 + 7.48 RVU®] Hlsto] AT 2, 4,
6% 71t AlZe2 7+ 187.08 + 6.01,
182.21 + 4.89, 162.21 + 1.82 RVUZE YEY,
B7FELe] H7bgol S7FEE breakdowngt
o] Z¥ashk= Aoz Yehdth Kim & Hwang
(2004)& 428 sourdough +E< H71sk 4

% breakdown#}2 sourdough £&9] H7I5f0]

lN

7S AL sto] 2 AT {ARE
I= UrEMi At HF A= diE27F 320.09
+ 1.53 RVU o|qlom, BTS2, 4, 6% &
7¥ek A& + 8.84, 330.96 +
1.00, 274.3 5.38 RVUZ A7 £ 4% 7t
A 7Fst o= F7Fst o, 6% X7t
AEoAE & HO& HF J=rt ﬂi'é‘}@“:} o

Z7e A7 B 2, 4% H7H AlolollA=
0] 2}o]Z HolA| ottt Set back Zd%ﬂ—
9 LIALE =T 4 Y= HAOZ set back
ol Atks AL =3Pt A doke A 9]
Sttt 8 2T set backd 106.50 +
2.01 RVU 0|11, A7ZEIS 2, 4, 6% H7Ket A
252 77} 109.88 + 2.31, 119.29 + 1.82,
109.00 + 3.44 RVUZ A7ET H7}tefo] wol
A4E set backgto] 9t EolA| = AFS B
on, 4% J7FIA P w2 e Eth
Hwang & Choi(2001)2 7280 Sx&d 3
sto] T3t E 7% AoA =Ab

ruhLo

m[n
Mo
N
N
W
[\S]
NS}
(O8]
W

(o]

+
3

pach
flo

[r
rlu

NS
B2 A7FRS 5Y4E set back@tol SV
Th sto] 2 AdAvet fARE 295 Hih
’g%, Oz‘z}xﬂ ARG ARl 42 AR A
L 49-o= set backgrS ZAAA

T A
A 5 QAT 1A g R 5

4. Farinogram £4

Ao BAED 2, 4, 6% H7IeHHS o v
9] Bk, T5&, MSFHA R, Adtk,
k=9 WA U farinograph quality number®
=243t 23= Table 49F &t} Consistencys
U0 A=E Uehle Zo=E tix4 B¢
consistency”F 501.50 + 2.12 F.U¥ o™, A7



Ba 2, 4, 6% H7MFE 42 534.50 + 3.54,
452.00 + 1.41, 387.50 + 0.71 F.U.E Yeht

00
AAET H7hgo] W55 W9 Arrt "o
© %S HEHATHp<0.01). 2HEES &
Mol H71et Park et al.(2012)2] AAFoflA 2
4 A7hgo] WolAH ¥k k7t "ozl
ol oto] AFELS H7RE 2 Aot fARE

IS UEHI. e-amylaseE &9Eol 7}
stof o219 548 AR Kim(2004)9] A

HollA ordztobA] M7H2 =29 consistency
7k Z71Bket aste] B ATt AR AL
A} Kim(2008)2 &= U& A5S 473 ¥l
= A7IsE o 2ol viste] Alase &=
WE OF A/jge] B7184S e 31
Aot HAlskle:. &
27 56.55 + 0.07, BAEE 2, 4, 6 A7t
= 22+ 55.75 + 0.07, 53.75 + 0.21, 51.95
+ 0.50% 7R d7jero] Z713to] uet &
TE2 AASHE AP BHAE Tsen (1973)2
b0 Fhg0] £ ARG ALgohH,
o] ZZo wkxo 7 H}
e 4% 27k Fold ik ozt we)
H

gol RS F2 F4 o] "rial sy

o

olo

ZE(water absorption)<

o] Z4=d. YHAZHdevelopment t1me)
2 AAET HUFgo] WoldaE WA 7

BT 2%t 4% H7HolE /-2
ARl Apol7b yEhtAl  hgtth. Hwang &
Choi(2001)2 A& =2 &9 H71stlS o
O] WAL Hj257F 19.38 2% 7 £
o, 1% 992 o 12.38°= 7 4k, gt
9] = A t27t 18.37NA =2 &
1% YA uf 14.45 07 Jobx] Hxpige
gl P Wofisto] WAl FA e 2
PR TS A7Fd Wi} vl A9E B
Farinogram®] P E(stability)olA] TR+
12.40 = 1.60& B2 2, 4, 6%
7WE 42 5.75 + 0.21, 5.40 £ 0.14, 4.40
0.0022.&, tfz+o] Hlsf| F7HEoA =
7t 25 HolFtt. Lee et al.(2004)2 tix
Toll £EYS 91 AgEo= SHE 71520
2, 4% 71 AgoA = A Halrh 9
ATHAL SHQITE ol Wehwd ZEjoldy} SFH|
do] £ 3 w5 off BAEE S5F4 #4t
° O};‘é*éi} L TAL Qe AoE wekE

AlZHtime to breakdown) &7}t

a9lo.

T

mlJ m.‘.l AN

1’

oo
-~

o|glar, Y7k

Hoo e 8o Hu

Table 4. Farinogram parameters of the all-purpose flour containing different quantities of ginger

powder
Water Development Time Tolerance Farinograph
Samples Consistency absorption tir:e Stab'ility breakdown  index (MTI) quaﬁtyp
(F.U.) (%) (min.) (min.) (sec.) (F.U) number
Control 501.50 + 2.12°Y 56,55 + 0.07° 670 £ 0.71* 1240 + 1.60° 260.00 + 4.24° 77400 + 2445 129.00 + 21.21°
2% 53450 + 354° 5575 + 007° 540 + 014> 575 £ 021° 11800 + 2.83* 397.50 + 0.71° 65.00 + 141°
4% 45200 + 1.41° 5375 + 021° 480 + 0.00° 540 + 0.14° 9050 + 0.71° 365.00 + 141° 60.50 + 0.71°
6% 387.50 + 071 5195 + 050 365 + 021° 440 + 0.00° 80.50 + 0.71¢ 33400 + 5.66° 54.00 + 2.83°
F-value  1679.00™" 114.04™ 22.83" 497" 44091 2185 21.13"

DValues are the mean + standard deviation(n=3).

“dMeans with the same letter in the column are not significantly different by a Duncan’s range test (" p<0.01,

Ak

p<0.001).
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260.00 +
P3| 7]’:TL—

4.24 sec o191, WFEE 2, 4, 6%
Z¥7+ 118.00 + 2.83, 90.50 + 0.71,
80.50 £ 0.71 sec 2= UEgth A4EES 3
754 time to breakdown kel 34314 Zot

ow, = ARoA FOHQI HolE Hth
M.T.L3F Hi277F 774.00 + 24.45 F.U. ©I}
3, AFET 2, 4, 6% H7HF= 247 397.50 +
0.71, 365.00 + 1.41, 334.00 + 5.66 F.U.2
T Hofth & AAETS UMl s
HF50] Aol oS & & A 1Eu
A7 B F7HEEE] F-ol# Q1 Afol= HolA] ¢
Q¥tt. Farinogram quality number+ 735
9] H7}eFo]l Hold<4E farinogram quality
number7} FrASFG AT A7FET 77 ] R

oJAQl Fjolt= LretA] 29ke

5. Rheofermentometer £4

AFRETS: 2, 4, 6% 71519 Rheofermentometer
ZUFEAE AR A= Table 59 2t} o
279l Hm #2 85.2 mm °|91, SHE A
T 2, 4, 6% H7H= 247 82.3, 81.0, 78.2
mm °|t}. Ty = HE2T7F 140.8 &, BT
2, 4, 6% A7= 27 151.6, 166.2, 173.1%
o] A3itt. &, ¥a FdlEolof =gk AT

6% A7Fls o 7P o Asith ol= A%
£ H7igo] WolxH vk oA %6 3§
/do] & =A] X &
IEE sk Aog wekEIch T, 3 o
Z 73.8%0] H]stoiA] AFED o] “PO}
A2 HH Dot 6% A7HollA 68.3%
2 7P 232 S Btk Park(2005)2] ok
oiA|et FFE |IHAIZE R vAe FFE
rheofermentometer® A3t Aylo]A o]l
A7HER AMESHE vk W9 f3HA7} o] Aksher
A B{EE =0 Bk59 BulE F7HAZITHL ot
k. ol¢} B2 2 AdoAE AFEDo] 7kA
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Table 5. Rheofermentometric analysis for gaseous releases of doughs containing different quantities

of ginger powder

Samples Hm" T2 T.” Total volume” CO; lost Retention
(mm) (min.) (min.) (mL) volume” (mL) volume® (mL)

Control 85.2 140.8 73.8 1,875 55 1,820

2% 82.3 151.6 71.5 1,831 63 1,768

4% 81.0 166.2 70.1 1,791 70 1,721

6% 78.2 173.1 68.3 1,716 75 1,641

YMaximum height(m) of the gaseous release curve.
YTime spent to reach Hm.

¥ Appearance time of the dough's porosity (time when the dough begins to CO,. ¥ Total volume of gaseous release

in mL (A1+A2).

9The carbon dioxide volume released by the dough during its fermentation (A2). ® The carbon dioxide volume in

mL kept in the dough at the end of the test(A1)
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1) Hardness

6. Texture
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2) Springness

A7rEdr

J4ED H7F A9 springness(BEA)E

Table 6. Changes in the hardness of the steamed bread containing different quantities of ginger

powder during storage

Hardness(g/cm?)
Samples Days
1 2 3

Control 517.20 + 19.08"® 815.54 + 5.01° 867.83 + 0.81°
2% 490.52 + 14.34° 636.45 + 3.90° 853.00 + 2.12°
4% 43920 + 2.63° 663.07 + 0.37¢ 695.31 + 1.42°
6% 557.54 £ 243 889.22 + 8.16° 996.70 + 2.58°
F-value 33817 535.56" 8.20°

DValues are the mean + standard deviation(n=3).

“dMeans with the same letter in the column are not significantly different by a Duncan's multiple range test

ok

("'p<0.05, “"p<0.01, """p<0.001)

Table 7. Changes in the springiness of the steamed bread containing different quantities of ginger

powder during storage

Springness(%)
Samples Days

1 2 3
Control 83.32 + 1.85M 63.99 + 3.98° 61.76 + 4.21°
2% 82.19 = 0.61° 62.74 + 4.12° 58.40 = 6.21°
4% 81.69 + 1.50° 59.27 £ 2.19° 55.33 + 0.13°
6% 77.58 + 1.01° 58.39 + 2.82° 5394 + 3.34°
F-value 7.09" 1.27 0.59

DValues are the mean + standard deviation(n=3).

““Means with the same letter in the column are not significantly different by a Duncan's multiple range test

("p<0.05)



66 SRXIGINEIMETISIEX| K32 15 2021

=43t A= Table 73 Zt}h gixT Ao
springness+= 83.32 + 1.85% ©]3l1, A7Eg
= 2, 4, 6% W= 44 82.19 £ 0.61,
81.69 + 1.50, 77.58 £ 1.01%= et} 87
1:n:ﬂ- 147].E‘Po] mo};q:q Sprlngness-‘:- 71/\0}L 7:1
FE BT g2} 2, 4% 7R AfololA 79
2Rl Aloli= YERAA] ettt tiE+ springness=
A% 28 A 63.99 + 3.98% AL, 3 Aoll=
61.76 + 4.21%= Yy A7 717to] Aoy o]
w2} springnesse A48t Tt. Choi & Lee
(1993)2 #54 5H Az #E3HE gt 4
AoflA] F o] WoldrE T /do] FostA
acto] 2 AP fARE 235 Btk Na et
al.(1997)= 5% Axo| = 4% 7Pt &
goll mA]= Y= AR ARoA A7 717t
ot e 9] s 7L Fuge A
o} AL 7asidt. oleh B AZkETr Ay}
A} v|S=gt As e Qi)

o~

3) Cohesiveness
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4) Gumminess

A7YET 7o W2 ko] gumminess(d
ZH)E ZARE A= Table 99 2t 2419
gumminess< 445.67 + 25.85 g °]3, A7
BkS 2, 4, 6% A71) gumminesse= Z2F 431.01
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Table 8. Changes in the cohesiveness of the steamed bread containing different quantities of

ginger powder during storage

Cohesiveness (%)

Samples Days

1 2 3
Control 66.69 + 1.78 3471 £ 0.55° 28.19 + 1.08°
2% 65.54 + 1.53° 32.10 + 1.09% 2721 + 1.26°
4% 60.39 + 2.20° 29.91 + 1.40° 25.80 + 1.60°
6% 39.51 + 1.78° 2554 + 0.52¢ 21.50 + 0.15°
F-value 94.76""" 32,517 12.99"

YValues are the mean + standard deviation.

““Means with the same letter in the column are not significantly different by a Duncan’s multiple range test

(p<0.05)
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Table 9. Changes in the gumminess of the steamed bread containing different quantities of ginger

powder during storage

Gumminess (g)

Samples Days

1 2 3
Control 445.67 + 25857 36829 + 4.35° 362.15 + 23.41°
2% 431.01 + 17.95 361.20 + 19.83 32623 + 9.90°
4% 42551 + 3.56° 358.00 £ 9.51° 27638 + 4.57°
6% 320.99 + 13.05° 290.48 + 3.54° 261.73 £ 1.83°
F-value 22.29" 20427 25.45"

DValues are the mean + standard deviation.

*dMeans with the same letter in the column are not significantly different by a Duncan’s multiple range test

(p<0.05)
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