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ABSTRACT

This study evaluated the quality of black rice porridge by comparing changes in the proximate components and free amino
acid contents. Three varieties of black rice were included in the study, and the factors were examined according to the variety
and germination period. On the 3™ day of germination, the protein content of Cheongpung Heukchal (CBR-3) black rice was
10.37 g/100 g, whereas the highest crude fat content at 3.44~3.46 g/100 g was obtained on the 2" and 3™ days of
germination. The highest total free amino acid increase rate was 68.38 ~588.24% obtained for Cheongpung Heukchal (CBR),
followed by 39.87~507.38% for Jindo No. 1 (JB1) and 33.03-542.84% for Jindo 2 (JB2), Thin rice gruel, half rice porridge,
and whole rice porridge were prepared to determine the morphological characteristics of the porridege. The viscosity of
germinated black rice porridge was 427~977 cP, which was lower than the non-germinated porridge (620~1313 cP). Evalua-
tion of the antioxidant activity, revealed that the ABTS radical scavenging ability of non-germinated whole rice porridge was
76.34%, and germinated porridge was 81.38%. These values differed depending on the germinated form.
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Fig. 1. Photographs of black rices.
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CBR, CheongPung HeukChal; JB1, Jindo Black Rice No. 1; JB2, Jindo Black Rice No. 2.
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Washing
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Fig. 2. Process for the preparation of pulverized black
rice during germination period.
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Fig. 3. Proximate composition of black rices during germination period.
CBR, CheongPung HeukChal; JB1, Jindo Black Rice No. 1; JB2, Jindo Black Rice No. 2.
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Fig. 4. Appearance of Cheongpung Heukchal porridge by different types of rice.
D" A-1: Non-germinated thin rice gruel, A-2: Non-germinated half rice porridge, A-3: Non-germinated whole rice porridge, B-1: Germinated
thin rice gruel, B-2: Germinated half rice porridge, B-3: Germinated whole rice porridge.
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Table 1. Amino acid content of black rices during germination period

Germination period (days)

AA CBR" JB1 JB2
0 1 2 3 0 1 2 3 0 1 2 3
_— 30.85+ 83.56+ 23728+  379.75+ 34.53+ 92.97+ 205.71+ 380.71+ 38.80+ 97.34+ 257.46+ 516.73+
1.8249 6.41° 0.55° 6.35° 1.864 451° 5.24° 20.31° 0.63¢ 2.96° 12.44° 24.39°
Trvotophan | 220%F 41.43+ 118.71+ 164.27+ 21.20+ 38.74+ 96.99+ 176.57+ 26,37+ 41.69+ 106.98+ 219.03+
fyptop 9.03¢ 1.65° 9.72° 5.08° 1.23¢ 0.67° 6.00° 10.80° 247 1.76° 7.54° 17.30°
Phenvialanine  20-36% 7731+ 239.00+ 37827+ 30.01+ 69.66+ 173.14+ 311.68+ 30.59+ 71.71+ 221.18+ 408.51+
Y 2.99¢ 8.83¢ 7.68° 17.78* 4.62¢ 5.59° 0.74° 21.28° 1.56 4.00° 6.19° 5.09°
N 13.59+ 4242+ 137.97+  223.32+ 14.97+ 32.65+ 95.61+ 198.19+ 1634+ 3571+ 131.07+ 250 314+
0.48¢ 3.20° 1.08° 2.53° 0.51¢ 1.95° 1.58° 10.53 0.50° 0.92° 4.58" 10.33*
Theeonine  —rots SIS ISGA0E 201 00 2438+ 3621 83.68+  172.85% 29.83+ 43 24 12526+ 204.11+
0.96 4.23° 1.53° 3.12° 0.77¢ 2.03° 3.25° 9.94° 0.94° 1.27° 5.51° 4.79
— 37.82+ 111.78+ 34996+  538.53+ 42.75+ 85.16+ 222 46+ 427 .83+ 43 44+ 93.52+ 208.07+ 53524+
4.60¢ 12.43¢ 6.75° 17.38* 6.53¢ 7.75¢ 4.07° 25.80° 1.014 3.28° 18.17° 10.19*
Nieltiorine 12.87+ 37.18+ 93.34+ 130.06+ 14.73+ 25.96+ 55.41+ 95.56+ 15.63+ 27 49+ 8338+ 117,30+
0.574 3.15¢ 1.31° 2.83° 1.13¢ 1.32¢ 2.68° 6.89° 037 0.17° 4.63 5.83
Lysine 4734k 7824k 20170k 28542% 4733+ 5561k 11239 21369+ 5705+ 6874 157.08+  237.66+
Y 5.08¢ 11.82¢ 13.38" 18.89° 4.59% 6.72° 2.80° 23.01° 3.13¢ 5.69° 3.60° 12.09*
EAA?
(ngke) 216.46 529.13 1,516.14  2,301.17 229.90 436.97 1,045.39 1,977.07 258.02 479.45 1,380.47 2,490.91
—— 24.02+ 46.48+ 85.67+ 126.92+ 26.19+ 48 .46+ 88.80+ 14920+ 30,14+ 54.90+ 112,70+ 193,84+
0.99¢4 3.34° 0.81° 496 0.60¢ 1.92¢ 4.07° 9.55° 1.18¢ 241° 7.67° 13.53*
o 33.40+ 4745+ 98.06:+ 133.63+ 31.63+ 39.60+ 83.86+ 157.71+ 4138+ 47.59+ 13,71+ 192.03+
Y 1.00¢ 2.47° 2.07° 221° 1.22¢ 1.35° 0.94° 9.26° 1.31¢ 1.32° 3.30° 5.81°
N, 4837+ 75.74+ 117.17+ 171.94+ 30.89+ 23.05+ 35.86+ 76.32+ 4303+ 3033+ 74,79+ 87774
Asp 1.40¢ 3.96 0.80° 2.61° 251%™ 1.70¢ 3.12° 7.69° 1.24¢ 4229 0.51° 7.11°
Glutamic acid  274% 52.39+ 20335t 359.82+ 27.43+ 36.87+ 14136+ 301.87+ 21.15+ 30.75+ 134.37+ 318.33+
3.01¢ 5.75¢ 2.50° 9.36° 1.87¢ 3.91¢ 3.42° 20.1%* 0.68° 3.20° 12.02° 7.64°
Aspataging 86.89+ 5537+ 103.08+ 179.51+ 57.34+ 20.66+ 33.25+ 56.72+ 84.20+ 30.47+ 57.81+ 76.43+
parag 2.76° 3.04¢ 0.98° 3.03° 2170 220° 0.69° 4.80° 3.32° 1.99° 1.98° 2.64°

(sz07) 0z~0I ‘(1€

Sl
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Table 1. Continued

Germination period (days)

AA CBR" JB1 JB2
0 1 2 3 0 1 2 3 0 1 2 3

Serin 22.61+ 31.52+ 64.47+ 92.60+ 15.56+ 11.67+ 23.81+ 43.61+ 2537+ 18.61+ 41.79+ 53.46+

1.574 2.84° 221° 437 1.58% 2.52¢ 1.46° 5.64° 0.28° 1.46 0.94° 3.79*

i 43.07+ 72.38+ 239.70+  391.31+ 39.97+ 35.83+ 70.84+ 142.05+ 5053+ 4050+ 130.95+ 193.82+

5.40¢ 10.62¢ 24.23° 41.28° 4.18% 5.95¢ 4.92° 19.35 2.96° 4.63 6.26° 17.32°

Arginine 73.66+ 90.91+ 182.63+  373.42+ 79.68+ 68.06+ 131.30+ 226.36+ 88.03+ 95.94+ 258,99+ 314.00+

& 3.95¢ 7.89¢ 9.78" 23.41° 3.64° 11.61¢ 0.9° 21.35% 1.44° 2.26° 10.44° 13.97°
o
Alanine 100.98+ 106.70=  235.00+  336.58+ 70.81+ 86.76+ 188.80+ 370.60+ 8131+ 80.07+ 250,10 43,88+ o
3.11¢ 8.44¢ 4.18° 6.70° 3.044 3.74° 2.77° 19.99° 1.64° 0.21° 9.52° 13.01° rfﬁ
Torosin 28.13+ 78.72+ 25334+  405.82+ 34.14% 77.27+ 197.54+ 350.89+ 35.80+ 79 45+ 230,68+ 437754 ;g
Y 2.71¢ 7.43¢ 3.72° 11.53° 3.60° 4.05° 4.67° 19.96" 1.27° 1.02° 11.88° 12.36" kv
N 30.11+ 51.07+ 116.15+ 186.38+ 29.85+ 56.68+ 131.24+ 237.65+ 33.50+ 64.40+ 150.24+ 304.51+ iz
2.46 0.2° 3.46° 2.96 0.75¢ 9.00° 8.67° 10.74 2.73¢ 3.32¢ 8.17° 25.00° @
NEAA? o
(k) 518.73 708.74 1,698.62  2,757.91 443.50 504.91 1,126.64  2,113.00 534.67 575.04 1,558.12 2,604.84 =
e
Total AA 3
(mg/kg) 735.19 1,237.87  3,214.76  5,059.08 673.4 941.88 2,172.03  4,090.07 792.69 1,054.49 2,938.59 5,095.75 #;
i
Ratio !
68.38 337.27 588.24 39.87 222.55 507.38 33.03 270.71 542.84 =
(%/0 day) £

Y CBR, CheongPung HeukChal; JBI1, Jindo Black Rice No. 1; IB2, Jindo Black Rice No. 2.

2 EAA, Essential amino acid.

% NEAA, Norn-essential amino acid.

4 All values are mean+S.D.

% Values with different superscripts in the same row are significantly different at p<0.05 by Duncan’s multiple range test.
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ot
ot
i

o Hla] =A Ytk wol 2A x| A Aspartic acid 5
| B oulmate] o] YA 0w FrastdA L,
2| oIzt Fet Snle] fejotuliqte] e &

Fhstel, ok 3R] e felohuate] folHQl

e

o]

Aspartic acid, Glutamic acid, Asparagine, Serine, Glutamine,
Arginine 5 H| Zgoln|=Ate] & dhio] 2,757.91 mg/kg.
Z fFoH o2 EOom(p<0.05), Aspartic acid, Glutamic acid,
Arginine®] o] B-245 ko] £th= Choi HC 5(1997)
o] A AFAITL U frelopr] i) ke FF5
2 Busti S v %= 237} 5,095.75 mgkel = 7Y =
Al vebstt e, ol AR Hlwste] HI SR HokE
] 333 Z(CBR) 68.38~588.24%, 2= 15(JB1) 39.87~
507.38%, %= 235(JB2) 33.03~542.84%= % %3 Z(CBR)
o] F7h&e] 7P E Al JERETHp<0.05). whebA] ol 3 A}
9] 3FSZ(CBR)°]| Aspartic acid, Glutamic acid, Arginine
5ol opu=ite] TF Bol BxEo] i, At A
Zehil A o] ghifo] 10.37+0.04%2 frelH oz &7 veht
|

= Az Al dge] BEER opet R SR A &

S]] ol of ¥ gl gn|=o] FHjo] W pH, T4
AGS B3 A3 Table 29 2k pHIF HASFE
©] F4o] AgtE(Lee GC & 2004), o} Zn| Sz} v
o} Zu]=2] pHi= Table 29} 2T}, ol Sn|59] pHE 6.44
~6.66 wh= HSIL HTo} SHSH(A) 6.21~6.262% LHE}
WYohp<0.05). Kim HJ 5(2021)°] 938 39 fan=
7Kgk En|=ld pHE 6.73~6.96 WYE VeGSO

% kst 17

=

Park HY 5(2019)& Al #3715 243 AzpelA pH7F
6.27~6.432] WAL Basle] B AFAnel FARE 7
a2 Bolvh weh, Zol o] pHYF Ho} o] pHET =
A YeREd o] dolabg ol A v Ay} ofn|iegh 2k
Ak &S, e, vluE, AolAd & Fol Wslei, a4
o] ggo] JE Ao B ARHL. AEE ol Zu|5(A)
£ 0.06~0.08%, o} & 0.08~0.10%= YJERFTHp<0.05).
LA e dhol Fojl A FE]S(B-1)°] 396.23+2.93 mg/100g,
EAZ(B-3)2 382.84+42.94 mg/100 g2 ERtom H]
oo A F2]F(A-1)°] 411.21£2.91 mg/100 g, 2=
(A-3)°] 404.52+5.04% JEFHTHp<0.05). Park HY 5(2019)
< F& Arkske FE AR F/, FAR TRV A,
7l ol whet S el thE2A doha B skl
o1, Yang YH 5(2007)& 2] 44t 2717F 25 2
Fo] gheFol Frtelithe AFA Tt fFARH AT
Mz Gl e Aer AlmHd:

oft

4. ot 5o0|x2| M

HAEE B3 23 Table 37 2t} o] FU8A &2
2ol g, =l MUV 7R 9 5 - FAlse] ugm]
5ol 9S vl Az g Hxel EAS YehdtkLee
HJ & Jurn JI 2000). 'Zol=(B)ollAl F2l5(B-1)9 =7}
426.72447.32 Pl o, H|Tol=(A) FS5(A-1)9] IA=E
620.01£52.91 cPE VEFFTHp<0.05). H]'o} Zm]S=o] o}
SH|5o] HEHT #7 Ve CH, Yang YH 5(2007)
PAA717F 2245 53l r} Folxlttal Hastg] o
Aol A& ol oA BH|E gahe] Jggoz I
AEe] Wzt 9 e EAF 5 54 wskel Alxd 59

Table 2. pH, total acidity and reducing sugar content of black rice porridge

Reducing sugar content

1) . g 0,
Sample pH Total acidity (%) (mg/100 g)
A-1 6.26+0.01%*Y 0.06+0.01° 41121291
A A-2 6.21+0.01° 0.06+0.01° 412.07£7.17
A-3 6.22+0.01° 0.08+0.01% 404.5245.04°
B-1 6.66+0.02° 0.08+0.01° 396.234+2.93*
B B-2 6.47+0.01° 0.09:+0.01%° 384.57+5.02°
B-3 6.44+0.01° 0.10+0.01* 382.84+2.94°

Y A-1: Non-germination thin rice gruel, A-2: Non-germination half rice porridge, A-3: Non-germination whole rice porridge, B-1:
Germinated thin rice gruel, B-2: Germinated half rice porridge, B-3: Germinated whole rice porridge.

2 All values are meantS.D.

3 Values with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 3. The viscosity of black rice porridge

Sample" Viscosity (cP)
A-1 620.01£52.917"
A A2 1,260.04+26.54°
A-3 1,313.37+45.15°
B-1 426.72+47.32¢
B B-2 780.03+20.08"
B-3 976.75+40.44°

Y A-1: Non-germination thin rice gruel, A-2: Non-germination
half rice porridge, A-3: Non-germination whole rice porridge,
B-1: Germinated thin rice gruel, B-2: Germinated half rice
porridge, B-3: Germinated whole rice porridge.

2 All values are meantS.D.

? Values with different superscripts in the same column are
significantly different at p<0.05 by Duncan’s multiple range
test.

5. &o} so|=5e Mz

ol of 7 gl o] PP Zm|se] AeE Hlwek 2
Table 4} 2t} H]do}l =90 W(L*)= 57.26~57.74, A4
E@*)E 0.36~0.47, FAE(b*)E 8.95~9.199] S HI o
], o} o] W (L*)= 57.53~57.98, A M E(a*)= 0.29~
0.38, ST (b*)E= 8.83~9.949 o= UERITHp<0.05).
S AZE A T FARRREH fFEEE AL, 7P o}
Yzt 7152 pH, 3o 9k &% Sol| gJale] Fo] Alwd] o
S v 4= lvkar 3k th(Kim JS & Kwak EJ 2011; Kim
MJ & Kim AJ 2017). wighr] 2 AFo| = Zujo] dlolz
sl 4 kel W3t 3 ol 3y F A ao] AfE A4

E@9)s AR vt AR Qo ARdT

Table 4. The color values of black rice porridge

HokA o} BAEREMETE

Table 5. The ABTS radical scavenging assay of black
rice porridge

Sample" ABTS radical scavenging assay (%)
A-1 70.60:£0.98)
A A2 72.88+0.57°
A-3 76.34+0.31°
B-1 75.39+0.57°
B B-2 81.38+0.48°
B-3 78.62+0.66°

Y A-1: Non-germination thin rice gruel, A-2: Non-germination
half rice porridge, A-3: Non-germination whole rice porridge,
B-1: Germinated thin rice gruel, B-2: Germinated half rice
porridge, B-3: Germinated whole rice porridge.

2 All values are mean=S.D.

9 Values with different superscripts in the same column are
significantly different at p<0.05 by Duncan’s multiple range
test.

o

gto} F0|=2| ABTS Radical 2~ &M

Zn]=2] ABTS radical 284S AW E A3} Table 5
o Zt} vjdol o] g7 aATS BRF0| 7634+
0.31%% = el om, vhd ol 2 wiaso] gtz
27%50] 81.38+0.48% % = FEHA 54 wet thE2A
EFtth(p<0.05). Lee YR 5(2007a)¥ Kim HY 5(2011)°] ¥
o] ol whel F7HE W SFER Qe ol & ¥ =
B9l gtsl eo] AA bt Haustged B A
NN = F7FH T Egh, ol So] Bdo} Sof Hlgto] 2~
5%7F O =4 el o]& ol 3yl Zuje] ok
AR 2 A Edo] AgEo] §1=F9] radical £
4 STt e F Aoz Algddh

Sample" L* a* b*
A-1 57.34+0.012% 0.47+0.02° 9.19+0.03"
A A-2 57.74+0.03° 0.36+0.01° 8.95+0.03°
A3 57.26+0.04° 0.36+0.02° 9.11+0.05*
B-1 57.98+0.02° 0.29+0.01° 8.83+0.02"
B B-2 57.53+0.01° 0.32+0.02° 8.94+0.02°
B-3 57.97+0.01° 0.38+0.01° 8.83+0.05"

Y A-1: Non-germination thin rice gruel, A-2: Non-germination half rice porridge, A-3: Non-germination whole rice porridge, B-1:
Germinated thin rice gruel, B-2: Germinated half rice porridge, B-3: Germinated whole rice porridge.

2 All values are meantS.D.

3 Values with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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%lx}(CBR-z, 3)01]%1 3.44~
, A% 2357} ol 3YxKIB2-3)
ol 1.52%= 7P =3d W, = 15IB)+ 1.26%= 7}
e S UERNRIT ol 0 At Blg)] BE S|
FTo| B2 o gsEe g JEded 1 F
AZFZZ(CBR)EFZ o] ol 3L}l 84.76£0.03% = EHr3}
| 718 S vYebstth frejotn) gl S ol 39 Ak
4 E5Z(CBR-3)°] o] W52 549
Glutamic acid, Asparagine, Serine, Glutamine, Arginine 5 Y]
grolu)alke] & dhako] 2,757.91 mgkgl®E THE A| BT
Sl vla] =4 ek e, 3 frelobr)ieite] S 71
T 13(IB1)7F 39.87~507.38%, A= 235(JB2)E 33.03~
542.84%, FZZ(CBR)S 68.38~588.24%% Z71&o| 7}
A Vet weba] 99 2 B S dud
%@3@ ‘31—3]:37,]. o].u]L.A]- -31—& 57].%0] 7].7(]— 5:0)\—1:—] 7‘:4 3E
ZHCBR) %+ & &A= JA39th 5 Axe 59| &
A B0 wg} FEF, WS BASE Alxson,
n| o] ol of F gl Zm|=o] Yo mpE ol Zm|=o] pH
= 6.44~6.66 3 B3 vdo} BnjEL 62]1~6.2602
Uebgt) dho}l 2o M w7} 427~977 cPE H]Wo} 2 620~
1313 cP Et} ¥ A=E Jeiglod, A & HEes
57.34~57.98, A E= Wol Fo] .29~ 038§ H]dlo} Zo
H|glo] frojdo g vgtomn| gy gl Whol o] 883~
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