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Quality Characteristics of Paeksulgi (Korean rice cake) Containing Various Levels of
Whey Protein Isolate Powder

Chan-Hee Kim*
Department of Food & Nutrition, Sungshin Women's University

Abstract

The effects of substituting whey protein isolate (WPI) powder for rice flour during the preparation of paeksulgi (Korean
rice cake) were evaluated by objective and subjective tests. Milk whey is drained from milk curd as a by-product of the

cheese manufacturing process. Whey protein is known as a good nutritional source and a functional material for many
processed foods. WPI contains more than 90% whey protein. The moisture content decreased gradually during storageand
the decrease was less in control than WPI powder-substituted groups. The color lightness (L) decreased significantly with

increasing WPI powder, wherease the redness (a) and yellowness (b) both increased. Texture analyses revealed that the

hardness, chewiness, gumminess, adhesiveness and fracturability of paeksulgitended to increase in proportion to the
amount of WPI powder added. Evaluation of the gelatinization of paeksulgi by amylographing revealed that the initial
pasting temperature, peak viscosity, hot pasting viscosity and breakdown was lower in samples that contained WPI powder.
However, the lowest setback value was observed in the control. The results of the sensory evaluation indicated that paeksulgi
prepared with 2% WPI powder had the highest overall acceptability. Taken together, these results suggest that WPI paeksulgi

containing 2% WPI powder has the best quality.

Key Words: whey protein isolate, paeksulgi (Koreanrice cake), texture analyses, amylographing, sensory evaluation
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<Table 1> Formula for paeksulgi added with different levels of WPI
powder

Samples
coV  w2? w-4) wW6? w8
Rice flour (g) 200 196 192 188 184

Ingredients

WPI (g) 0 4 8 12 16
Sugar (g) 20 20 20 20 20
Salt (g) 1.6 1.6 1.6 1.6 1.6
Water (mL) 30 30.41 30.82 31.24 31.65

1

'CO: packsulgi added with no WPI powder
W-2: packsulgi added with WPI powder 2%

X ;\W—4: paeksulgi added with WPI powder 4%
)

()

)

W-6: paeksulgi added with WPI powder 6%
W-8: paeksulgi added with WPI powder 8%

v

Washing rice (3 times)
|
Soaking rice for 8 hr

l

Draining for 30 min
|
Milling (2 times, 10 min)
|
Sieving (18 mesh)
| —wPpI, sugar, salt
Mixing(100 times)
| < Water
Mixing (100 times)
|

Sieving (18 mesh)

!

Steaming for 25 min
l
Cooling for 1 hr (at room temperature)

<Figure 1> Preparation procedure for paeksulgi added with differ-
ent levels of WPI powder

SMEAEE AEEH (20070l AT BAHo] wfet 2
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<Table 2> Operating conditions of texture analyzer for measuring

the texture of paeksulgi
Parameters Conditions
Sample size 6x7x2.5 cm
Probe 20 mm
Pre-test speed 5.0 mm/sec
Test speed 2.0 mm/sec
Post-test speed 5.0 mm/sec
Distance 40%
Time 3 sec
Trigger type Auto
Trigger force 10g
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SIEAL Kim & Lee(1998)9] HIW o] wa} Visco—
Amylograph(Brabender Co,, Model 802725, Germany)
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=T =
B7rstelct.

9. SAXNzZ|

Al A= SAS(Statistical Analysis System, version
8.12) programe ©]-&35}o] EAHEA] (analysis of variance,
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multiple range test)0.2 7+ A& 7+ G5 5% =
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<Table 3> Proximate composition of rice flour and WPI powder

(unit: %)
Moi Carbohydr Crude  Crude  Crude
oisture
ate protein fat ash
Rice flour  37.2 58.7 3.2 0.5 0.4
WPI 5.2 0.5 91.2 0.4 2.7
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<Table 4> Moisture content of paeksulgi added with different levels of WPI powder during storage at 20+1°C

Storage times Samples”
(days) CcO W-2 W-4 W-6 W-8
0 38.91+0.12%9) 38.50+0.19* 37.6140.24 36.75+0.25¢ 35.67+0.11¢
1 36.63+0.48" 35.93+0.07% 35.51+0.24> 34.96+0.06¢ 33.98+0.11¢
2 35.58+0.16 34.2140.25" 33.76+0.22° 32.59+0.39¢ 31.13+0.19¢
3 34.87+0.05° 32.85+0.13" 31.35+0.41° 30.83+0.09¢ 30.06+0.08¢

VSee the legend of Table 1
YEach values are mean+SD (n=3)

9n a column, means followed by the same superscript are not significantly different at the 5% level by Duncan’s multiple range test

<Table 5> Hunter's color value of paeksulgi added with different levels of WPI powder

Samples”
CO W-2 W-4 W-6 W-8
87.59+0.41%% 86.52+1.58% 86.18+0.97° 85.66+1.02° 83.09+0.38°
a -1.51+0.26° -1.45+0.18° -1.304£0.215 -1.1240.03® -0.96+0.02°
b 6.14+0.32¢ 7.03+0.354 7.93+0.23¢ 8.92+0.08" 9.91+0.31°
AE 10.3240.49¢ 11.68+0.26° 12.4240.97> 13.4140.83" 16.0940.24

VSee the legend of Table 1
DEach values are mean+SD(n=3)

9n a column, means followed by the same superscript are not significantly different at the 5% level by Duncan’s multiple range test



<Table 6> Texture characteristics analysis of paeksulgi added with different levels of WPI powder during storage at 20+1°C

Texture Storage time Samplesl)

parameters (days) CO W-2 W-4 W-6 W-8
0 1448.77+11.337%  1538.56+7.98¢ 2016.10+3.61° 3052.24+57.58"  4160.82+56.89°
Hardness 1 4655.65£65.63°  4772.51+32.96¢ 5020.91416.07¢  7159.29433.54>  10013.824+4.63"
(g/cm?) 2 7814.75+9.364 7413.43+13.96¢ 8300.97431.88°  11407.94+512.87° 13922.49+10.02°
3 9721.33+13.05¢  9299.27+18.02°  10338.74+35.62°  12887.15+12.96°  16774.31+6.03
0 860.47+7.33¢ 861.70+21.07¢ 918.71+12.91°  1713.82+5.63° 2255.84+4.09°
Chewiness 1 2885.34+14.13¢  2881.31+57.86¢ 3235.02+14.28°  5718.95+22.75  7658.02+20.68
(® 2 4852.53+34.24°  4246.72452.35¢ 4472.02+61.62¢  5946.97+59.08"  9388.52+12.98"
3 9701.78+13.41°  9206.84+5.11¢ 9370.01£19.64¢  12831.56£39.89"  16748.36£24.72°
0 895.59+9.08¢ 906.96+11.20¢ 1251.14+1.88¢ 1850.424+44.21°  2436.93+38.97°
Gumminess 1 1900.94+52.09¢  1913.35+23.25¢ 2587.46+12.96°  3487.32412.93%  4744.36+12.71°
© 2 2214.95+27.52¢  2280.45+12.59¢ 2727.61£14.66°  3671.32424.17°  5686.72+13.27°
3 9717.74+24.54%  9663.83+6.55¢ 10152.23+41.44°  12856.82+49.22°  17430.02+24.37°
0 0.61£0.02% 0.6240.01° 0.61+0.01%® 0.59+0.01° 0.59+0.01°
Cohesiveness 1 0.36+0.05° 0.4340.02° 0.43+0.04° 0.45+0.01° 0.47+0.01°
(%) 2 0.21+0.01¢ 0.3040.01° 0.32+0.01° 0.35+0.01° 0.41+0.01°
3 0.16£0.01¢ 0.20+£0.02° 0.20+0.01° 0.22+0.01% 0.23+0.01°
0 -192.89+3.09¢ -190.44+0.72 -188.2441.49 -185.36+0.65® -183.19£0.34°
Adhesiveness 1 -12.14+0.25¢ -10.66+0.48° -10.04+0.41¢ -7.01+0.18" -6.08+0.05
(@ 2 -9.15+0.12¢ -8.0140.04¢ -5.96+0.08° -2.83+0.17° -1.10+0.02°
3 -8.04+0.07¢ -7.26+0.164 -2.59+1.03¢ -1.3140.04° -0.60+0.04
0 0.97+0.04* 0.94+0.03 0.94+0.02% 0.94+0.03% 0.91+0.02"
Springiness 1 0.9140.02° 0.93+0.02° 0.89+0.02° 0.7540.04 0.6240.03¢
(%) 2 0.76+0.05 0.81:0.02 0.6940.02° 0.59+0.03¢ 0.49+0.02¢
3 0.5140.03 0.44+0.03° 0.33+0.03¢ 0.23+0.044 0.22+0.02¢
0 5.21:0.05" 4.79+0.51° 5.36+0.04" 5.64+0.03" 6.93+0.06"
Fracturability 1 6.27+0.19¢ 6.41+0.18¢ 9.14+0.03¢ 15.37+0.04° 17.81+0.10°
® 2 9.24+0.04 9.37+0.03" 12.93%0.05¢ 23.23+0.05" 25.74+0.23"
3 14.15+0.05¢ 16.72+0.07¢ 19.32+£0.04° 31.3540.31° 41.88+0.12°
0 0.41+0.02° 0.45+0.02° 0.42+0.01% 0.38+0.02¢ 0.37+0.01°
Resilience 1 0.30+0.02° 0.33+0.01° 0.33+0.02* 0.32+0.02* 0.31£0.01%
(%) 2 0.26+0.03 0.25+0.01% 0.22+0.02° 0.240.02° 0.25+0.01%
3 0.1240.01% 0.17+0.01° 0.13+0.01° 0.16£0.01° 0.11£0.02¢

VSee the legend of Table 1
2Each values are mean+SD(n=3)

9n a column, means followed by the same superscript are not significantly different at the 5% level by Duncan’s multiple range test
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o 7} WAL|E 7] o] A ekt ofzfet Az}
WPI 22 xpA| 9] BAMY, AA], AAJo] 2 o]g&|o] ul
Agrelo] apEo R 22o] AU A
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S x}om el ol 2 Alglel el $AIstA
o} x7}ako] wgqﬂ%’ ;qzl-?ﬂ—_ri e s ‘,] :xao] 1:1
AX = A= REo] odoldint. F44 (fracturability)
£ AZAFOIE BE WAL ARIIATE 29I 700]
Ao|s 0% Z7ISHA WPI 22 A7io] Bess
2 2t e} F71ske Awel walEhe moic W-2
= A 29A7HA &= controld} A 7HE W Fhs Hof
CHE WPT £ 7htol| vls Aot WiadeS 7HAH
A Tekgto] deff 27tom HAX|=t] 3o] AA & Aol
g}al AJZF=ET) Cho 5(2002)2 E1IHAl 715 A7)eFo)
WS A|ue] Balgol AHA AU 2715}
QAT A713E B9t A7 7o) o4l Aol B
A gsker Bsteiet, A% A7) YA (gumminess)
% control¥ W—27} FARSE 7HS Hof T2 WiAd7]of H]
5 O BAAURAE RCole 2 welta 42t
o) A% ST AR G Lrehfglet, WP B
O] Hrlgko] WE4E, A7 |7to] AojALE J235] 7}
SH= HzPAJL WA 7] 9] A 7to] ERISHAA Z21ATA F
Aol ohjet 7le= SIsk whl ko] 37k Yelo] =
o] 23|g TekstA Golg|AA FalS o FAAUARE
Azl AR He A oulpitiar gEn, = 2
a% A7V, AX7IZro] dojdas A79e] Jad
o] S7IRIth= Park 5(2002)9] Afeb= FARBERIIL ¥y
7V 7K WA 7)o &MY controllth TAgich
= Joung(2004)9] HI1o}= = oFAlo|Qdtt AEA
(chewiness)?] o= controld} W-2= A|ZX AT HE]
A% 19714 521421 Zpol7h §ISlar WP &8 7ol
W25 PR 1eu A% 2R R E = controlo]
71 @ek=T ol WPL 29 7F W77 Aol o
o R3] ol WA B WY 3o} He) )
2 <lefo] BeIAlchs 248 % 4 AT, Hyun 5(2005)
= Elosl Bure A71mo] H/ies Halgol Axt
ZAsFolQickal H 159t 22 (adhesiveness)2 W—22}
controlo] A2 AFolg $ATS BT WP BT A7}
ol e, ARA| AT HolHom Frlaf
Stk & AgolA] WPI 2% A7} wlle] Babo] o}
Aeke ojul TATAIO] ofe we Sugies o
sto] o TstA SAAIHEA FpQls wf FAEARE A%

o] el = AHolaky AlgEC o] Ar|do) ulSd
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) g}(sprlngmess)E control¥} W— 27]—
o9l Ajol7} gio] ZHte] werake: At At
AT ool Tk A, R4lEA, S04 5o Anjel
7R 2 AR 19 oS HEL AR oz wEkz o] &
A el SHele 4= Il WPI 23 W71es, 1
231 AR 7FASIT) o= ') 7Yl 7tEE A
s we Bhe Beths Kim (19999 472} %
Asiict. w7) A EHe] WE) 18 ARl 2
7313 2 ARoIAE A1 Bk o] Bol Ayt
Bt ol WP ke wAylo] Hslehe ol
s o] EolSol Bio] 2hasts Holeka
AZrETt, 594 (resilience) Al Ao} 217 1 A7}
A= controlo] §oA O & =2 ZrS Ho] WPL &4 H7}
w7 e ehekgto] ek kAol ek AJzkE A et

£ 24 v2A 93 AE HolA] itk &4
=74 2Y WPl 2 H7igo] ges, 1Eal ATz
O] 7]0170*& 7215 _’_.TJFQ/K-] 7(42_}-(—)] ‘ﬂ_‘g/ﬂ, H21A] 0
___7].01_(/33\_1‘__1_ _Q_Q/H lﬂ-/\'] E'_-%]/\']_‘C_i_ Zj_/_,\_o = 78]6‘}‘»9— El_Od
t}. W—27} controld} Autzx oz QAEFS H
gt 2% =2 WPL 2 H7h= 7o) il E% 5%
HoME 788 Ao AR

5. 33t E4
offE Iz o3t T3} 5442 (Table )t L}, &

SR A] -2 E (initial pasting temperature)+= control®]
69.5°C2 Kim & Yoo(2001)7} HIiI3t 79 9°CHT}= I

<Table 7> Gelatinization properties of paeksulgi added with differ-
ent levels of WPI powder

Samples1>
CO W-2 W4 W-6 W-8

Initial pasting temperature 69.599  69.5¢
4©) '

70> 70> 710

Peal(< BV,l[SjC,())Sity 380" 290° 270 270  260°
Hot P‘E‘E‘i}ii)“omy 170 150 150® 150 140P
Bre(%lf[‘}f’)wn 210" 140°  120° 120° 120°
ColdpeXiscosiy 310 270 3100 310 300°
S&;%C)k 70° 20° 400 400 4o°

YSee the legend of Table 1

DEach values are mean+SD(n=3)

9n a column, means followed by the same superscript are not
significantly different at the 5% level by Duncan’s multiple range
test



=4t WPI B HUE £ W-2+= controld} FYUsH
69.5°C o WP &% 70| Waas 257 ok
th, S3PNA = amylose @FF 9 7T FatolA o] &
AE A A= SOl IS A AR R
7F AYEFE 7FEA A BEE] 2 59 =5 2
+=THAhn 2004), webs] WPI £3-E H719to 22X 535}
NAZ=7F bzl A2 & HE2] amylose 5%&7F WPI
UE It ARG wiZe] T3F =A ARE It
I AZYEIT, AEAA] By et WEE HAEdAe] d
olvf Hetel it A AE=E Uetll= a2 = (peak
viscosity)= control®] 380 B.U.¢l HbPH W-27} 290
B.U.Z WPI 5 H7lgo] Zhees gasht AFol3)
o, E3jele] QYR UL EHGHE 05Ol 158
7F 743t k29 A W3}t (hot paste viscosity)= W-—
2, W—4, W—60] B 150 B.U.9| 53 =S Rl u}
H controlZ 170 B.U. & &2 Ho|lrh, HEYAY] 7o
Al EE ehlo] 53j01e] oPY S HHHE break
down ¥A] controle] 210 B, U 2l H]&] W—27} 140 B. U,
2 HAA3 AE Ho|HA W-4, W-6, W-82 M= 120
B.U.9| W& Hreg Hol WPL 289 H7p7t 23elo] ¢F
A& Wefigttiar AZtET 50°Co A e W2 E (cold
paste viscosity)= =3}EeS REEshY T3t o] wWzhA|
amylose wAF=0] EAREY] Kot W2 A5A%E F3f I
TAE olFo 2N F=7t S7F6HA| Hi= 2 Wit (Jung
5 2000), W—27} 270 B,U. 2 7P @& A& Hal
control, W—4, W-60] W—-2Xt} &2 310 B.U. ¢ 5¢
gt HEE Yol W-29] w3hA[Ato] 7H A AE| Qirkar
Azt DAY w3 s FHsks Al HItEA
A=rt S7Fdrs =37t o wol ZgEiohal 3sh=
setback(Choi 5 2005)9] A= control®] —70 B, U,
W-27} =20 B.U. & B¢ W-4, W-6, W—82 40 B.U.
9] Ut A=E UElo] control®] =3F =7t 7 &
NGk B2, 53k 549 A3k controldh W-2
£ v 2 amylose §5F0] W2 controlS MAE &

slojog wogrt} sl W AZE|AE wsle] 1

L control2 T} =4 AZE QAR =-3}E A E= control
et 2 27,

6. WiMY|o| s &ALt

A7Fo| WPI B8-2 2% T9= 8%7HA] Z7)ste] vl
71 AxgH & HeArE HARE Aak= (Table 8)3F
o 2 F=ol tiste] controldt W-2= AR Hsd
s HYouy WPI & HrlEfo| SRS viehEsh4]
3ot A3 YErolth 4 (whiteness)?] HE=
controld} W—27} 7} £ B2 A9 WPl 22 A
71E foF o R 7|5 o] Wolx|= AHgolqltt, o=
A7) a0 Aol ZMolalar QIx|E|o] Q7] wfEof 2%
A7) = wAd7)9] At fAksHA Holu 4% H7E5E
= Mol ¢ Fojz)7] gl ASR ), Uz AH
+(graininess)> W—2& A|9|stal= WPl 2d-& 71t
Hl-go] F7IepE ot Azl =708 F7] &9 control
of H|gte] Fto] d REgYrt, ol= Tl JEfo] =2
WPI £o] 7k -garo] 2Jsf| wA7| 7} Thdal 2 4] A2
LA = AR AZtErt, S5 (moisture)dt FETE
(softness)?] A% controld} W—-2&= SARERS XG0t
WPI #4-& H718eE fo¥oa A Yeyt, o=
WPI o] =BAT o] A7l HE9] 5315 a5t
Fo 2L HolHA L thast Al E UEld B4 24
Ao} Ut AFo R S0l Hd] w2 W7 AlE
o 2x9] 7127} F7H Ao = AkEErh, 34 (chewiness)
2 controld} W—27} 7} W2 g do] ZAAHo| oF
shHA] REg 9 WPl 28 H7iEFo] S71ee uet 7
S3g Qlsle] Zrl7 8| AtEck= duslto] Z7151ct.
Kim 5(1993)% £3] 9 HAEE Hristo] Alxst 479
o] A9 HrlFo] WEE HEAo] w3t Baskaict,
HE&rE AR E &l (flavor)= WPI 89| H7iefo] g
S5 AT WA 7)o ofst HAIAQ] 7] Sk (overall

(Table 8> Sensory evaluation of paeksulgi added with different levels of WPI powder

Samples”
Ttems
CcO W-2 W-4 W-6 W-8
Whiteness 6.4040.7072 6.20+0.67° 5.00+0.71° 3.50+0.69¢ 2.40£0.704
Graininess 2.0040.52¢ 2.40+0.824 3.50+0.71¢ 4.40+0.84° 5.50+0.71*
Moisture 5.70+0.95° 5.90+0.99" 4.20+0.79° 3.20+0.79° 1.60+0.52¢
Softness 6.00+0.82* 5.80+1.03 4.40+0.97° 3.10+0.74¢ 1.70+0.67¢
Chewiness 2.40+1.07¢ 2.204+1.03¢ 3.60+0.97¢ 5.10+0.88° 6.30+0.82°
Flavor 1.60+0.84¢ 3.00+0.67¢ 4.20+0.79¢ 5.30+0.67° 6.30+0.95
Overall acceptability 5.00+0.82" 6.00£1.05* 5.00+1.49" 3.50+1.08¢ 2.00+0.82¢

VSee the legend of Table 1
YEach values are mean+SD(n=3)

9n a column, means followed by the same superscript are not significantly different at the 5% level by Duncan’s multiple range test
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acceptability)= WPI 2 H7|efo] Bra5 Wolx|= 7
T 2ok, Ar|gol| S2dete] Hrks A FEEG
2o oJato] Hr|He] Hujel FuF F7tol| 7|ofetal HrE
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2]7] 2o 1% o]AFS H7FsE 4 ¢tk ® 3t Park &
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o] B MIFE 2% F=rt Hsirkal Yz

V. 2ok 3l A2
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o] ARt A7FEE AAlstaLar siqict, WAz 7
FFe W-27F Al 255 e A% 1Y 52t controld}
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FRom 7|7l wE R It FAReE g
Bolok, WAd7|o] M= WPI 9 H7FFo] BE4E
71 (Lgh= ArAshHA ZME (agh)et SN = (bgh= 571
AAA Q] MERHAR)= HAH O R F718koT A=,
Az, H2 9 BARAdS WPL 2 A7)
of whet 53t vide] v, S, Y A
ok Al 2 e5E A A 71759 W-2+= control
AR 3 Holoh, 33 EA4E WPl 23-& Hrieke
FABFAATE AR HQl W29} control H|aLs
o control> Z3FoH O] QPGS AN =317} wWE A
ARE= HhE w3t 18 e Wokal W-29] A= &
stol o] QFgAd WAITE wedh= A A=A HAARD =3}
%18 H&i= controlo] B]s =qkTh, o)i= T3k} wslof
Alsk= amylose §Fe] Zfo] wjQl Ao & FhpHeh, ¥
SN = WP B H7lego] S7HERE £5%, RE
A5, AP AEws Wokou AAARQI 7|3 o=
W—27} controlldth ¢t A Yelbgth, ool Aupzs
g WA7] A2A] B7FE] tigh WPT B H7t 2%7)
A3t A o7 HQlrY
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