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Effect of Added Sweet Potato Flour on the Quality Characteristics of
the Korean Traditional Steamed Rice Cake, Backsulki

Ji Hyun Lee and Byong Ki Kim*
Department of Food Engineering, Dankook University

Abstract

In order to enhance overall quality of the Backsulki, a sweet potato flour (SPF) which is rich in sugar and dietary
fiber was added into the rice flour at 0, 5, 15, and 25% (w/w, db) ratios. Quality changes of the products were
evaluated by storing at 5, 15, and 25°C for 4 days. Water binding capacity, swelling power, and solubility of the
products increased as the SPF increased. Hunter colorimetric a- and b-value increased while L value of the products
decreased as the SPF increased. Retarded retrogradation of the flour mixtures containing the SPF was shown from
the DSC thermogram as indicated by the decreased AH values. Increases in 7; and 7, values in relation with the
starch gelatinization were shown from the DSC thermogram with a temperature margin of 15-20°C as the SPF
increased. Increases in softness along with decreases in springiness and chewiness of the products were shown as
the SPF increased. It was not so much the storage temperature as the added SPF affected the final texture of the
products. Retarded growth of the total microbes of the products was noted by the added SPF during storage at 25°C
for 3 days. Regarding the above and additional sensory preference scores of the products, a 15%(w/w) level of the
SPF was suggested as optimum for the best Backsulki with improved qualities.
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& Han, 2003; Joung, 2004; Park & Jang, 2007, Hwang
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Table 1. Formula for the steamed rice cake prepared with different levels of sweet potato flour

Sweet potato

Ingredients (g)

flour (%, dry-weight basis) Rice flour” Sweet potato flour” Water” Sugar Salt
0 100.0 0 22.3 15.0 1.0
5 100.0 3.5 25.2 15.8 1.1
15 100.0 11.8 22.3 17.6 1.2
25 100.0 22.3 25.2 20.0 1.0

YBased on the moisture contents of the soaked rice flour and freeze-dried sweet potato flour at 33 and 1%, respectively.

JFinal moisture content of the mixture was adjusted to 40%.
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Soaking rice in water for 1 hr at room temp.

U
Dewatering for 30 min by standing on a strainer

U

Milling and sieving into rice flour(<40 mesh)
U

Adding sweet potato flour, sugar, and salt)
U

Sieving into fine particles(<40 mesh)
Y
Placing in a cake mold(20-cm, dia.) and steaming for 40 min
U
Standing for 10 min
Y
Cooling for 30 min at room temp.
U
Backsulki

Fig. 1. Schematic diagram for the preparation of Backsulki
(steamed rice cake) added with sweet potato flour.
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Table 2. Operating conditions of Differential Scanning
Calorimeter

Instrument : DSC-2010, TA Instruments
Pan type : Stainless steel pan
Temperature range of measurement: 30-120°C

Test speed : 10 mm/sec

Purging gas : Nitrogen gas
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Table 3. Operating conditions for the Texture Analyzer analysis

TA XT-2 Texture Analyzer,

Instrument : Stable Micro Systems

Type : TPA(Texture Profile Analysis)
Attachment : @ 5 cm, cylinder probe
Pre-test speed : 5.0 mm/s

Test speed : 1.0 mm/s

Post-test speed : 10.0 mm/s

Strain deformation : 25%
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Table 4. Proximate composition of the major raw materials
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o] Ajo] o A= AEFS BA=H ALFurE
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Sample Moisture Crude protein Crude fat Ash Carbohydrate
Rice flour(hydrated) 33.0 7.7 0.5 0.8 58.0
Sweet potato flour(freeze-dried) 1.0 1.7 0.9 2.8 93.6
Table 5. Moisture contents of steamed rice cake added with sweet potato flour
Sweet potato flour (%, dry-weight basis)
0 5 15 25
Moisture content 40.0* 40.3* 40.9* 39.9*

"Means with same letters are not significantly different at 0i=0.05 as described by Duncan's multiple range test.
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Table 6. Colorimeteric characteristics of steamed rice cake added with sweet potato flour
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Sweet potato flour

Hunter colorimetric parameters

(%, dry-weight basis) L a b AE
0 83.08+1.26° 0.32+0.00° 0.32+0.00°
5 74.92+3.03° 0.32+0.00° 0.33+0.00° 8.68
15 70.4612.23¢ 0.33+0.00° 0.34+0.00° 12.62
25 67.46+1.88¢ 0.33+0.00° 0.34+0.00° 15.62

L: lightness, a: redness, b: yellowness
AB={(ALY+(Aa)+(Ab)*} ">
MeantS.D.

aed)\ feans with different letters at each low are significantly different at a=0.05 as described by Duncan's multiple range test.

o} o9} & AL FANEZA @vE H7FeE Choi &
Kim(1992)¢] A, Wdx 75 FH7Hs Joung(2004)2]
AT, LepA] E2-S H713F Hwang & Kim(2007)2] -
ANA e 23} 73S o] st B AieA] B
T FAlEe] Aol S wet Bt o 79 1 A
S FAE A7ER w3 o] Hrt FAjse] Mz
o] o] F& glA 7]e A2 Az s HT)

AL (a)y= 0.32-0339] ®M9E BAAL, RS-0+ RS-57F
H|523k 2HS YERNI o™ RS-159)F RS-25 JA] 2] =
WS (p<0.05) WA xpo]E VERRA ekgto) RS-09)
RS-5H T T4 =& 7HS YeRfQiTh
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Z7Fsl ATk

Qo] Adt= AFuptRe] ArtEe] SIS E B
el W19 (p<0.05) WollA B=(L)ye #astar, A
(@)% FAE(b)= v S7ekH, H7F AIE Hele] a2t
74 Al el mEba] B 7] Al Fe] @elA TSl 2b
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-

=

X

Cp i)

s — | > THS (=0
TEAE, 4Ry, S
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WA AP E

W&e g gl gk A3k Table 72+ 2T} RS-5&
22 THE AFRS-0) vl FRARE] fFejHem
(p<0.05) =7H202.18—-213.68%) 3} o} LFnp7kE H
b Zhelle HT7bEol S7HESFE b2 213.68(RS-5),
218.24(RS-15), 220.65%(RS-25)2] & VEhHmaAN F2

o] of7t Frlele Aol AN Y FAAI Fol=
AR gk}, o]9} 72 Asbs Hrishe &3]
A5 4 FF olstM =3

3
Afol 44 SuAY

2ol & YERH 2102 HRlt,

90°Col| A 2] &3 (swelling power)Z} g8 ol A 2] 23]
I=(water solubility) &JA] AT/ Hr7Fefe] Bold4E
Z7kske 2SS HAth RS-02] WS 21322 RS-5
9} RS-159] &8 226 2 2287 Fo5FFE ¥ (p<0.05)
Well Al zpo] 7} gl o1} RS-25% RS-00] H3] o
(2.35)°] & (p<0.05)C.2 St Th WA 7] 2]o]4d
fr(dietary fiber)E Z7}ste] 418k Choi & Kim(1992)9]
ArAFNME FEAGE o] %S A E (wheat bran)e] ¥
f8o] 2 Zo=m ZA5o] B Apolxel vlgt AE
Ao Ry M| HHHL AR FH5aL
A& amylose®} amylopectin®] H]-& 2 Ex}gF, AEH
o] A AR EAEe] Bl wet thEL, AR

Table 7. Water binding capacity, swelling power, and water solubility of steamed rice cake added with sweet potato flour

Sweet potato flour (%, dry-weight basis) Water binding capacity (%) Swelling power at 90°C Water solubility at 9°C
0 202.18+10.62" 2.13+0.22° 1.340.14¢
5 213.68t 8.30" 2.26+0.12® 3.240.20°
15 218.24t 8.66° 2.28+0.07* 3.9+0.12°
25 220.65+£11.91° 2.3540.06° 5.840.28"

MeantS.D.

ed\feans with different letters at each low are significantly different at ®=0.05 as described by Duncan's multiple range test.
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Table 8. DSC endothermic properties of rice flour, sweet potato flour, and their mixtures after storage for 4 days at 5°C

Storage time (days) Sweet potato flour (%, dry-weight basis) T, (°C)" T, (°Cy? AH (J/g)?

0 Control (Rice flour 100%) 57.9 67.3 19.1
100 72.1 77.2 28.1

5 59.0 68.3 19.4

15 58.6 67.0 20.6

25 57.6 67.8 22.2

4 Control 41.7 47.8 11.1
100 42.8 48.8 8.4

5 433 48.6 8.4

15 41.2 46.9 8.0

25 39.8 45.1 4.5

YOnset temperature
YPeak temperature
3Enthalpy

2] AR Eeh Bdo] Avkal 4 A Slrhk(Back & Shin,
1995). 2 2 IFupyhe E3E] B tigh = A
AT RE H7Ee] SV S or Ay hE
o] A7 7R A B rH 121421 (p<0.05) &3l %= 2]
zFo]l & e &3l= 9A] amylose®} amylopectin®]
Hl& 2 22, 5 A8 ol ofste] gaFs e
53] amylopectintf] ] 71 chain®] H]&o] &2 FA50] 3
stg e 7171 71%°] A=tl(Marshall & Wadsworth,
1994) 2wk Hieoll= o8 g 21 chain®] Bl &o] H2
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% dojus E4EAS DSCE 43 A7 Table 857
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Wadsworth(1994)2] -4 el A BI% Japonica type &
o] SIEA(T, 50-65°C; T, 66-73°C) HIS=3 32 B3
Ou H #2 19.1)g2 SA = & dAFolx Bid
10.30 J/gH o} tha =2 3hS YeRlSlth

AgetzbRe] A T T2 7219 77.2°CE Shin &
Ahn(1988)2] Aol B IE 65°C 2 86-95°Ce} 2}o|=
HA=d ol 98 Avke] FFolv F4 T Aol
o)g Zlog AztAc) 9 IFur R H 3 2810/
2 & N85 vlE] 7P =2 3hg JER AT 2t
M 9 7L EFA RS GAEES AT YUk
of Wt 7,71 57.6-59.0°CAbol o] W flol N WERRAL, T=
67.0-68.3°C Atole] #g Ko A7PFHL 27 2 2.
TF7rl M SAHEAT H 3 9A] 194222 J/g2A A7+
Hoh 28 52 38 el oy At w2 53
3 32 YERR] 29ith o371 AH ghol & RS A
A7t 3ot el ¥ B duAE a7 s A

-

o Ao =

KeN
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n|at olelgt Azbe ey HErL AvERl vis A4
o] ¥ ®o} ¥4 Fx7t HEd ¢ 2 oyt 22
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A7FE7E T4 WY AR sslenrt et &
Alel Sstoll o] B2 AUA7F ag AS & 5 Uk

A wstEe 23 7M1 S T8 AREA T =gk o]
ANAAQs €@ Fx27F 52 o dehve dET Hsls &
Aol WS AMgshet], AVERe e AR
s olyg o2 =43 A= Table 83 2t}
ol W AR 79 T= 12} 7HhollM ol rroh of
1520007+ e 27kl 24 H At

BE ANEe A% 49 5 4H 3tol #Zasiiet A7
o AH 3 11.1Jgl 2N NE F 7P =2 #s By
=3t 7 Bl IAERS ¢ F ATk LR
12 33 A 7P B AH 32 BQl Zo) wle) 23}
7t Al 84)gE SAE AR F 7P 92 s
ol th& A 5S0) Hlgte] =37t 7 @ A A5
& 4 AR ZFEIIRE 5, 15, 25% 53 AR
22} 7t A S E AH 3 ZH2F 84, 8.0, 4.5 /g2 A
A7l vls)] ®Ho} W2 3hs e, H7Fe]l 7t
G52 O gho] Fadte] ATUIIREE 25% EFT A7)
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o T

e
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A Az Fd AG717F <t TPA(texture profile analysis)
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73 % (hardness)= A7717ko] ool wiet BE AR
A FAT F7HE BAoy IR HUkE B A%
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Table 9. Textural characteristics of steamed rice cake added with sweet potato flour during storage at 5°C
Textural characteristics Sweet potato flour Storage time (days)
Xt (%, dry-weight basis) 0 1 2 3 4
Hardness 0 ¥277.06° *536.86° *582.56° *804.10° *972.31*
5 ¥233.57¢ ¥256.44° ¥295.40° ¥547.13* 2447 07°
15 “176.95¢ “208.55° 226.93° “421.50° “404.10°
25 174.78¢ ¥231.91° “237.61° %408.33° ¥503.66"
Cohesiveness *0.52° ¥0.28" *0.15°¢ *0.10¢ *0.07¢
5 *0.50° *0.32° *0.14° *0.11 *0.10¢
15 0.45° 20.24° *0.14¢ ¥0.06¢ *0.05¢
25 ¥0.46° %0.25" *0.15°¢ ¥0.06* *0.06°
Springiness %0.69" *0.77* *0.65¢ *0.64° Y0.62°
5 *0.75° ¥0.71° *0.60° *0.61° *0.52¢
15 *0.73* 0.58" 70.43¢ ¥0.40¢ 0.38¢
25 *0.76" 0.62" “0.51¢ ¥0.45¢ ¥0.42¢
Chewiness 0 *100.19° *114.69° *51.11° *51.27¢ *48.99¢
5 ¥88.39° ¥58.00° ¥28.89¢ *44.14¢ 20.17¢
15 “59.08" 28.90 “12.40° 10.34% “7.56°
25 “56.08" 35.67° “14.71° ¥13.88° ¥79,73¢
Means with different letters at each low are significantly different at 0=0.05 as described by Duncan's multiple range test.
abedResults of Duncan's multiple range test for storage time.
“¥Results of Duncan's multiple range test for sweet potato ratios.
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Table 10. Textural characteristics of steamed rice cake added with sweet potato flour during storage at 15°C

Textural characteristics Sweet potato flour

Storage time (days)

(%, dry-weight basis) 0 1 2 3 4

Hardness 0 *277.06° *469.41° *519.30° *760.40° *1013.74*
5 ¥233.57° ¥242.20° ¥290.13° Y448.85* ¥415.10°

15 “176.95¢ “184.57° 226.23° Y401.49* Y401.74*

25 2174.78¢ ¥207.39° “220.60° ¥389.59° Y475.20°

Cohesiveness 0 *0.52¢ *0.49* *0.35° *0.27¢ *0.25°¢
5 *0.50° *0.46° ¥0.30¢ *0.26¢ 0.17¢

15 Y0.45" ¥0.38" ¥0.31¢ ¥0.17¢ ¥0.14¢

25 Y0.46" ¥0.34° ¥0.28° ¥0.20¢ 0.19¢

Springiness Y0.70° *0.80° *0.77%® *0.76% *0.74°
5 *0.75° *0.77° ¥0.63° ¥0.64° ¥0.58°

15 *0.73° ¥0.68* 70.55° 0.53° 70.49°

25 *0.76 ¥0.67° 70.58° 70.57° 70.529

Chewiness *100.19° *133.31% *91.91° *124.71° *153.43°
5 Y88.39* ¥77.80° ¥51.35% Y56.77° 740.34°
15 759.08° 742.13° 32.97% 738.11° 31.39%¢

25 756.08° 42.96° 24.90° Y745 .44° Y45.18°

Means with different letters at each low are significantly different at a=0.05 as described by Duncan's multiple range test.

shedResults of Duncan's multiple range test for storage time.
“WZResults of Duncan's multiple range test for sweet potato ratios.

the A7AelA B3 uish vl A 2 Tl &
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L7t GEE AFY AEe ek, ©EAdS A
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M AR B AR IAPgE e Ao

ANA7% FHgol WA F2(0°C)NA 7+
deiA e 2 AFAH 94
WY V2
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5°C A Aol A

Table 11. Textural characteristics of steamed rice cake added with sweet potato flour during storage at 25°C

=
BES

Textural characteristics Sweet potato flour

Storage time (days)

(%, dry-weight basis) 0 1 2 3 4
Hardness 0 *277.06° ¥370.88¢ v508.37¢ ¥578.80° *902.76"
5 ¥233.57¢ *237.22¢ *281.50¢ *421.77° ¥2405.36°
15 ?176.95¢ ¥177.03¢ ¥221.31° ¥395.52¢ 380.81*
25 174.78¢ 2206.18° 206.72¢ 231.55° ¥427.30°
Cohesiveness 0 *0.52° Y0.51° 037 *0.29° *0.23¢
5 *0.50° *0.47° ¥0.30° *0.27¢ ¥0.17¢
15 ¥0.45° ¥0.40° ¥0.28° ¥0.17¢ ¥0.13¢
25 ¥0.46 0.36 ¥0.31° 0.19° 0.18°
Springiness 0 ¥0.70° *0.90° *0.88° *0.85° *0.84°
5 *0.75% ¥0.784° ¥0.76™ ¥0.72° ¥0.64°
15 *0.73° 0,77 70.66° 0.57 70.56¢
25 *0.76% 0.74° 70.66° 70.58¢ 0.57¢
Chewiness 0 *100.19¢ *171.75¢ 221.1° *209.27° *288.53"
5 ¥88.39* ¥59.33¢ ¥64.98" ¥74.83° 41.40°
15 #59.08° 54,66 “46.15° “49.12* ¥33.49¢
25 “56.08" “61.24° 42.12¢ 52,79 ¥48.06°

Means with different letters at each low are significantly different at =0.05 as described by Duncan's multiple range test.

edResults of Duncan's multiple range test for storage time.
"¥2Results of Duncan's multiple range test for sweet potato ratios.
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Table 12. Sensory evaluation of steamed rice cake added with sweet potato flour

Characteristics

Sweet potato (%)

0 5 15 25

Appearance 7.00£1.91* 5.87£1.20 5.90£1.42° 5.37£1.99"

Color 7.23£1.87" 6.23£1.19° 6.07£1.62" 5.23%1.76°

Flavor 5.70£1.80" 5.50£1.55* 6.20%1.24° 6.03%+1.45°
Taste 5.63%£1.79* 6.53£1.50 6.33£1.37" 6.13£1.50™

Softness 5.60£1.81° 5.83%1.66" 6.97£1.50 5.77£1.76"

Moistness 5.60£1.89" 6.20%1.69° 6.37£1.73" 5.73%£1.57*
Overall quality 5.57£1.87" 6.57£1.41° 6.77£1.43 6.2241.32"

Mean£S.D.

®Means with different letters at each low are significantly different at «=0.05 as described by Duncan's multiple range test.
Scores: 9, like extremely; 8, like very much, 7: like moderately; 6, like slightly; 5, neither like nor dislike; 4, dislike slightly; 3, dislike moderately; 2,

dislike very much; 1, dislike extremely.
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Fig. 2. QDA profile for the sensory hedonic evaluation results of
the Backsulki (steamed rice cake) added with sweet potato

flour.
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Fig. 3. Total viable cell count of steamed rice cake added with
sweet potato flour during storage at 25°C.
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