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Quality Characteristics of Riceyeotgangjung with Added Spirulina Powder

Eun Kyoung Shim, Hyo Jin Kim, Hye Ran Kim and Mee Ree Kim'

Dept. of Food & Nutrition, Chungnam National University, Daejeon 305-764, Korea

Abstract

Riceyeotgangjung (RYG) with added spirulina was prepared with citron juice for masking of odor. Oil temperature for
puffing was found to be 220°C for frying dry rice based upon the results of expansion rate and color. RYGs with added
spirulina (1, 2, and 3%) were prepared under the above conditions, and their physicochemical and sensory properties were
examined under storage at 60°C for 15 days. Moisture content of RYG decreased proportionally with the spirulina content
and storage time. The hardness levels of the freshly made RYGs with spirulina were higher than that of control. During
storage, the hardness of the control gradually increased, but those of the RYGs with spirulina gradually decreased, although
no significant differences existed between the spirulina containing RYGs. Lightness and redness values in the Hunter color
system decreased according to the spirulina content and storage time. Yellowness value also increased with the spirulina
content and storage time. Phycocyanin and total phenolic content increased with spirulina content, but decreased with the
storage period. Sensory evaluation results showed that RYG with 2% added spirulina received the highest scores for color,
taste, overall acceptability, and intention of purchase. As a result, the optimal addition amount of spirulina to RYG is

recommended to be 2%.
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e AR 6.5 g2 petridish(50x12 mm)ol] Eo} A 2}A|(Di-
gital color measuring/difference calculation meter, Model ND-
1001 DP, Nippon Denshoku Co. LTD, Japan)Z L#K(H%=

lightness), aZk(Z M=, redness), b(BE, yellowness)= =

Table 1. Formula for Riceyeotgangjung with various concentrations of spirulina powder (2)
Added concentration (%)"  Puffed rice Spirulina Water Syrup” Citron Ginger juice”  Total weight
0 100 0 1 75 2 1 179
1 100 1 1 75 2 1 180
2 100 2 1 75 2 1 181
3 100 3 1 75 2 1 182

" Means contents of spirulina powder with 100 g of puffed rice.

? Made of sugar 30 g, corn syrup 30 g, water 15 g.
? Made from grated ginger.
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Table 2. Operating condition of texture analyzer for the
measurement of hardness

Probe 50.0 mm DIA cylinder aluminum

Force 10 kg

Deformation 50%

Test speed 0.5 mm/sec

Test cycle 1
ettt o W ARESE BFE ARe] Lk 9046, agke
0.13, bgt 3.35%00lth. 29| Feju AUH o =S 5
8 Wy Zgelel Bighs vk

5) Phycocyanin A§4~

29 Zeu A7 10 goll S/ 100 mLE ¥
7t blendingAlA 15412 mHE & 3,000 rpm o2 3083 4T
oA A Balsle] A5HS F8)A] spectrophotometer(Model
80-2088-64, Pharmacia Biotech Co. England)E A3l 620
nm, 652 nm, 562 nmel A2l FAEe] gko2 ofzfe] Ao <
al Alxketed JehAAT

C-PC(C-phycocyanin, mg/mL) : [A620—0.474(A652)]/5.34

APC(allophycocyanin, mg/mL) : [A652—0.208(A620)]/5.09

PE(phycoerythrin, mg/mL) : [AS62—2.41(PC)—0.849(APC)]/9.62
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23 Feu A o] 43 A¥= Windows SPSS 12.0
(Statistic Package for Social Science. SPSS Inc., Chicago IL,
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Fig. 1. Expansion rate of dried rice at various oil tempe-
rature.
** Bars having different letters are significantly different(p<0.05)
by the Duncan's multiple range test.
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Table 3. Changes in moisture content of Riceyeotgangjung added with different concentration of spirulina at 60°C for 15

days
Added concentration Storage period (days)
()" 0 5 10 15 Frvatue
0 43.225+0.07" 53.147+0.07"% €1.707+0.01° P0.964+0.01° 504.065
1 3.3500.02° 3.319+0.09™ 51.91020.03" 51.992+0.02° 239.859
2 43.730+0.18° 53.335+0.07™ €1.959+0.02° P1.2150.01° 150.206
3 %4.586+0.07° 53.347+0.01™ 2.058+0.05° P1.363+0.11° 431.762
F-value 37.997 1.814 20.855 60.972

All values are Mean+S.D. of three replications.

" Means contents of spirulina with 100g of puffed rice.
2) A~C

3) ab
4) NS

3 =3
2922 A g A4 713k g a0 ey A9
A} Table 49+ 2o} 292y 7}
o] Wzle B3 A, sv)et 3
Ame Z7ketgek A% 712t whet o
Bt aL, 23 ey Arbrel A e st
ek 7R} 29 e 77 ARt goll olfre
Aol A7bE A3 Fe| ot Al Alolol] AR AEHe Sl
o "ol sle Ane Zejalitin Atadc 29Ee
U 1%, 2% A7HE A% 597 A Wsp) fedos
Ao, 4% 10¢ Zee 29Fey A7t a5
o W el a9 eu Ay A% gl Awe] Ws)

Values with different letters within a row differ significantly during storage(p<0.05)
Values with different letters within a column differ significantly among concentration of spirulina(p<0.05)
Values are not significantly different by Duncan's multiple range test

£ A AAA B ol F4E AsE @l sl A
o] =go] @ Aoz Algdc)t §A3 AT AE AduH
W Kim & Kim(2001)¢] 5x7F2el A2 7122 Hrlet
F7F TR AEr) = deigths A7 Ao o
A8kt 29 Feu A7l e Aol At o
gt dukd o 2 Fhhdls A4S Bk o2 Z7H= Kim
et al(2007)°] F=3} & FEE A7} BN 3 2 B
O =3t & 325 HbEY] St vkt Aol A3
s Arrt gasivhs A Aol dAs %

J

4. AT

239 F2u H7F A7l L, a, b3k 3% A= Ta-
ble 59} 2t} A7 0 L3k gix7o] 86.7 23 Fg 1} 1%
AV} 504, 29 F21 2% B7FE7F 40,7, 29 22U 3%

Table 4. Hardness of Riceyeotgangjung added with different concentration of spirulina

Added concentration

Storage period(days)

(%)" 0 s 10 s F-value
0 2P5 385+148" $5,406.9+491° B5,454+592° *7,385.5+646" 12.79
1 27,525+680° A7,258+254" *B6,057+396% 55 044+668° 7.16
2 ONSQ 751150 NS7.3214295° NS6,758+334" %6,135+273" 129
3 410,029+431* 57,614.8+197° ©7,484+148" 5%6,383.9£299 16.32
F-value 67.65 28.24 14.41 10.81

All values are MeantS.D. of seven replications.

" Means contents of spirulina with 100g of puffed rice.
2) A~-C

3) a~d
4 NS

Values with different letters within a row differ significantly during storage(p<0.05)
Values with different letters within a column differ significantly among concentration of spirulina(p<0.05)
Values are not significantly different by Duncan's multiple range test.
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Table 5. Changes in color value

Al
=i

AEA - A -

e

HoMA o} RATHEEEE

of Riceyeotgangjung added with different concentrations of spirulina

Added concentration

Storage period(day)

(%)1) 0 p 0 s F-value
0 #86.73+0.30° #86.3140.24" 584.68+0.65" 584.54+0.26" 31.512
1 450.41+0.11° 450.72+0.54° B48.83+1.26° €43.93+0.30° 80.098
L 2 240.66+0.24° $39.76+0.58° 33.360.16° 32.56+0.21° 604.198
3 38.56+1.20" 536.80+0.24° €28.86+0.53¢ €28.39+0.31¢ 238.078

F-value 4981.444 11091.984 4461.192 35660.019
0 A-0.43+0.22" AB—0.74+0.99° 4-0.47+0.55" B—1.48+0.26 3.906
1 P—338+0.15 2.16+0.12° €—1.13£0.17° B—0.42+0.13° 677.287
a 2 P —3.64+0.08° 0.35+0.05" $-0.0740.23° €—0.40+0.09° 745.760
3 €—4.1240.16 40.02+0.13" B —1.15+0.09" A-0.32+0.78" 85.442

F-value 519.756 9.869 11.473 6.871

0 P11.83£0.28° €13.54+0.10° B16.58+0.30° 218.05+0.31° 458510
1 €15.11+0.39° $16.29+0.04° 515.81+0.49° 430.40+0.16° 2071.365
b 2 P12.65+0.08" €15.91+0.04° 423.33+0.12° 522.67+0.19° 7792.426
3 €11.34+0.22° 515.37+0.11°¢ 20.18+0.37" 219.87+0.21° 1150.686

F-value 156.727 945.501 402.231 2322.700

All values are MeantS.D. of five replications.

" Means contents of spirulina with 100g of puffed rice.
Values with different letters within a row differ significantly during storage(p<0.05).

2) A~D
3) a~d

77k 38,62 23 Fet BAAge] F7HESE folHo
2 WolAthp<0.05). Aol Z7Hs Lgte ol : 3

&= el tiz7oh 2922y 1% 7= A% S
doll Lgte] Stop ot frol# o7} glglem, v s
2% A7} 3% H7be A sl oA o= asksl
THp<0.05). AME=E U< agle Alx 2 =932y
A7bgel B 2 aha Uehlo] =4 o A
B3] folH Aol & UEhd 91%<0 05). B =S e
= bk Aol Aaet S7keke AdE vEhilt:
°]213t A¥}= Cho er al(2005)2] 23] F2|ut H7F AA A
dersdrdel Aot fAbskslnh Aok SRt 29
Fevet 2 /7S 12w Park er al(2002)0] 22
At A7k A7Ime] A9} Lee & Yoon(2008)2] hej
e 7R Ar71He] ATl Aol Audr= Lak
& SolA|aL, agk, bate] el er Flelithe Aot &
AR Ak Btk

C-phycocyanin(ug/a)
o
i

5. Phycocyanin AHA
23 F2 g ot wE Al Tsde AEI

Values with different letters within a column differ significantly among concentration of spirulina(p<0.05).

Hlete] g FAobd M 5 S A= C-PCLE Fig.
2, APC#< Fig. 3, PEZk Fig. 4} 2t} C-PC(C-phycocya-
nin)= 2322 1% H7F-7F 0.1 mg/mL, 2% A7} 0.4
mg/mL, 3% H7F71 0.7 mgmlLE ~9F2y AUt 52t 5
7V S C-PCHte] HolAle As & 4 ATk 60CellA]
A7gsh HokE wf Algto] Aastel] met sl skl

0.8

0.6

0 5 10 15
Storage Period (day)

Fig. 2. Amount of C-phycocyanin in Riceyeotgangjung
added with different concentrations of spirulina.
(M : SP 1%, A : SP 2%, @ : SP 3%)
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o}, ZF A HE 5 A Al 2 68%, 73%, 90% ‘Aot AU
3, 108 A3 Al ZF 50%, 68%, 75%7F 159 A3 Al ZF 28%,
61%, 64% ‘Fol AATE o]dd Az & uf s|FAJopd A4
© AlZro] Baghel| whet ZHaske kel AAINE 60T 59
A7 A7 C-PC kel 60% o]/do] dol 21 Fevt 27t
Aol 7154 A5 71 4 vk AlsErh APC(allophy-
cocyanin) Hg+ 23] F2u Hrleko] SV E STk S
), A7gde] Az upe} 2zte] 7FAE JYERNITE PE(phy-
coerythrin) &A] 23] F2 W& H7 15 S7181e] 0.1~0.59]
= YRS, A7dde] Aasi = C-PCet 22 Ag= |
ERf AT

ke

HS AL

s 2eUtE Arkelel A0S Az, 715 WA, ol
2, 223 T2} vhel) hshel 3 F2tE Aok e o)
275 4717 Aol 48 A A3 Table 67 2ok
718 WA A% 02 t2T7} 5022 A1 Eekow], 2
Felv A7hgel F7184% 718 WAS Al AT A%

o

1.2

0.8

l\.\.—.

0 5 10 15
Storage Period (day)

Allophycocyanin(gg/g)

0.0

Fig. 3. Amount of allophycocyanin in Riceyeotgangjung
added with different concentrations of spirulina.
(M : SP 1%, A : SP 2%, @ : SP 3%)
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Storage Period (day)

Phycoerythrin(usg/g)
o
o ¢

0.0

Fig. 4. Amount of phycoerythrin in Riceyeotgangjung added
with different concentrations of spirulina.
(M : SP 1%, A : SP 2%, @ : SP 3%)

s Fe W7k BARe B 54 893

594 dx27< 79=% 715 WS sl =2 F Uk
29 Z2eY 1% JA7FEE 5008 HEo R 7Hx]e 4= 9
o, 27 Hrbgo] BEFE Bl BrhE 2%, 3%
© %A AAske =2 HrbE ) ol 29 FeuEs
AVEFE 29 Fe e gto] 7|5 uhe F3AIA V& W
AME © AA =7 stk AlREh o]F = Ax 0
277} 2.2, 29 F2| U "I & 1.3~1.52 2392
U HAATE 3 FelF Aole itk 2y Fey uke A%
0d A9 Fey Hrtee] BE5E 7 3= o, 5
T2 3% H7b Al 488 HEoR 7xE £ lvtw ot
Fo], 2k 23 Fejuke] gro] fA]¢] 71831 Bt Aol |
T2 Qlate] gsbd Aoz AtRHETh A% 5Uofl= A9 F
2 1%} 2% H7HA = A 04 Bt 29 F2)u uhs
=4 Brista e, 29 Feu 3% H7e o BA 3

Table 6. Discriminative test of Riceyeotgangjung added
with different concentration of spirulina at 60°C for 5 days

Concentration Storage period(day)
of spirulina F-value
(%)" 0 5
0 59504117 47.940.7°  4.046
1 532409  “5.0+0.8° 0.009
R i C C
ancid 2 B6£0.8°  3.9+0.7°  0.289
odor
3 B2240.6°  “3.620.7° 1.305
F-value 39.855 141.295
0 B2240.6°  “6.9+0.7°  0.099
1 NS91.5£0.7°  M5.1+£0.7°  0.112
£f- .
0 2 B13£0.5°  %43+07° 1357
flavor
3 513+0.5° “3.940.9° 3.947
F-value 5.341 30.635
0 NS0.0+0.0¢  ™0.0+0.0° —
NS C NS c
Taste of 1 1.8+0.7 2.1£1.0°  1.046
spiru- 2 N33+1.0°  M34+14°  0.684
lina 3 NS4.840.8°  N4.5£1.4° 5122
F-value 153.131 59.152

All values are Mean+S.D.

" Means contents of spirulina with 100 g of puffed rice.

? AP Values with different letters within a row differ signifi-
cantly during storage(p<0.05).

274 yalues with different letters within a column differ signifi-
cantly among concentration of spirulina(p<0.05).

9™ Values are not significantly different by Duncan's multiple
range test.
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Table 7. Sensory evaluation of Riceyeotgangjung added
with different concentration of spirulina at 60°C for 5 days

Concentration Storage period(day) F
of spirulina
% )1) 0 5 value
0 73107 P6.5£1.3" 19.427
1 A7.4£08°  P49+13" 3429
Aii: 2 2774070 Bsexld® 12.439
3 A75£0.6°  P5.6£14°  13.99
F-value 1.900 6.359
0 A7241.0™Y Pa7+13™ 1292
1 A4£11™ 0 P49+413%  0.001
Odor 2 A78:11M  P52+1.1™ 0.018
3 A77+07™  B51413% 3558
F-value 1.894 0.954
0 A7.8+04°  P59+13° 37.87
1 *83+0.5°  P6.1£0.7  0.068
Taste 2 A8.7£0.5°  P6.7x0.6°  2.019
3 28.5£0.6°  P6.5:0.9"  1.634
F-value 15.515 5.151
0 278405  P6.6+1.3"  28.938
1 27.6+0.6"  P6.2+1.4™  9.961
Texture 2 A75+0.5°  P6.1+1.4"  15.004
3 A7.0+£04°  P57£1.6°  40.044
F-value 14.124 2.060
0 A7.8+04°  PB58+1.1°  42.845
Overall 1 282+0.5°  P%6.1+0.7° 0397
accept- 2 *8.6+0.5"  "6.8+0.7"  3.084
ability 3 A84+0.7°  Be.5E1.00 2415
F-value 12.066 7.486
0 277405 P6.4+09" 12274
Buying 1 28.1+04°  P6.2+0.6°  2.174
inten- 2 48.4+0.6" 56.9£0.7°  0.347
tion 3 482+0.7"  P6.7:0.8° 0349
F-value 10.576 5.021

All values are Mean+S.D.

" Means contents of spirulina with 100g of puffed rice.

2 A8 Values with different letters within a row differ significantly
during storage(p<0.05).

327 Values with different letters within a column differ signifi-
cantly among concentration of spirulina(p<0.05).

9N values are not significantly different by Duncan's multiple
range test.
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