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Amino Acid Composition of Milled and Brown Rices
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Dept. of Food Science and Nutrition, Dankook University, Seoul 140-714, Korea

Abstract

The objectives of this study were to analyze amino acid composition of brown and milled rice of five varieties
(Kwangan, Daean, Daejin, Sura, Hwaseong) and to evaluate their protein quality by several chemical scores.
The protein contents of brown rice ranged from 6.7 to 8.0% and those of milled rice ranged from 6.1 to 7.5%.
Daejin showed the highest protein contents in brown and milled rice among five rice varieties. Glx (glutamate +
glutamine), Asx (asparagine + aspartic acid), arginine, leucine and valine were dominant amino acids in brown
and milled rices and the most limiting amino acid was lysine. Ratios of essential amino acids to total amino
acids were 36.8~38.3% in brown rice and 35.8~37.7% in milled rice. Protein scores were 76.4 to 79.6 in brown
rices and 66.9 to 77.9 in milled rices, respectively. Chemical scores ranged from 60.7 to 63.2 in brown rices
and from 55.5 to 62.4 in milled rices, respectively. The first limiting amino acid was lysine, the second threonine,

and the third isoleucine in chemical scores.
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FEAEA AEAY AN BFE AP o2 Al Pt
(KA, 9 4293, FAE), d3(DA, 4 3%6%, 44
Z), 2 8(D], 4 40731, F2AF), +23 (SR, 94 427
3, A%, AN HS, 4 330%, FAE)E Aol At
4-3}l9dr}. W= Satake Grain Testing Mill(Satake Engi-
neering Co. Ltd., Tokyo, Japan)& o] &3ted 944 & A A3}
of #rl g Ab&3tgdch ¥ v]E Rice Whitening & Caking
Machine(MCM-250, Satake Engineering Co. Ltd., Tokyo,
Japan)& o]-g-3to AN 2 8% £ AL 10E 52 5h]
ol 2 ALt A8 22 B 47](Super Mill 1500,
sk 60
25 3 vk 8l

Newport Scientific, Warriewood, Australia) 2
w4l Aol A Ag-stch AP

(13)ll 2)3to] Kjeldahl® o2 A =kstoict

o= 24

A7 2F0.25 gZ 3| 8}o] ampule ol Y12 6 NHCIl 15 mLE
7he ohg No7ba2 x| 33le] Al&stA HEskedct ol &
110°C &0l A 24| 7} 7} £-3 A 7] 5 vl 5lo] Fo] 2
250 mL Wl AaZep A=A A8 £ 0.2 um membrane 2 E]
2 ojn}3}ed AccQ-Tag WH(1) L2 FEA3HA ] o} o}
v Abg B skgd o olu -2 Nova-Pak Cis(3.9X150
mm)-& AHE-slg om F9lEFe 10 L, A 2%+ 37°C, A
% 7]+ fluorescence(Ex. 250 nm, Em. 395 nm), ¢] %A
0.14 M sodium acetate(A), 60% acetonitrile(B)E gradient
oz FAstgdcl obv kAl ¥4 2718 Table 134 el
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Total amino acid®] %3 < 7} W4 22 chemical score®}
amino acid score® Z A8t thH9,15-17).

S
SAS(Statistical Analysis System) 4] 2 €S o] &3}

Table 1. HPLC gradient conditions for the measurement of
amino acid in rice

. . Flow rate Mobile phase
Time (min) )
(mL/min) A (%) B (%)
Initial 1 100 0
0 1 98 2
15 1 93 7
19 1 90 10
32 1 67 33
33 1 67 33
34 1 0 100
37 1 0 100
38 1 100 0
49 1 100 0

2Aslgdch F2£719) v+ ANOVAR ¥4 & Duncan's
multiple range test& o] &3] F2 +F p<0.05 FFl A
o8 A5k

43} ol &
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Zz(Fn], Wu])e| A Glx(glutamate +glutamine)7} A A o}
0] Ak eF 20% A= B 7} Fof o & A7 R 3(10,20)2

Table 2. Crude protein contents of brown and milled rice
(%)

Milled rice
KA DA DJ SR HS

608 690 752 664 6.78
(6.69) (7.57) (8.13) (7.03) (7.47)

Brown rice
KA DA DJ SR HS

6,70 746 793 703 746
(7.30) (8.12) (864) (7.61) (8.13)

() dry weight basis.
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Table 3. Amino acid composition of brown and milled rice (mg/g N)
Brown rice Milled rice

KA DA D] SR HS KA DA D] SR HS

Aol 071751420 471.90 509.85 480.47 537.85 511.87 512.95 516.23 483.28
sX +929.84%  +1 12° +872° 948 +2473° £1820° 2173  £3141°  4364°  £2554°
Ser 18552 18871 192,52 197.20 191.50 212.46 201.52 223.12 188.72 185.08
+10.83° +6.06° +7.371° +14.22° +5,02° +11.16®  +647™ +237° +1461°  £1457°

- 900.49 94921 964.97 950.48 965.88 100328 100572 106863 1020.28 102545
X +2895°  +3071%°  +1215° 1490 6532 +3895°  £3032°  £36.63%  £5394°  +2808
al 302.65 262.73 265.29 263.39 249 .64 267.46 242.66 281.28 238.18 267.57
v +11.63 +9.01° +1029°  +1896° 1324 +1644"  *£17.07° +4.59° +815° +13.95°
His 135.87 13368 138.46 127.21 138.46 140.24 130.56 131.34 128.23 128.04
+533° +8.22° +6.56° +4.32° +311° +8.32° +6.64° +459° +6.27° +5.27°

Thr 166.16 156.33 164.18 157.59 165.42 171.06 154.70 188.87 158.70 162.79
+8.70° +3.19 +9.70° +813° +11.01° +1076°  £10.78° +7.91° +9.86° +4.21°

Ar 44172 416.18 429.10 395.34 405.33 48412 42081 461.84 441.86 420.45
g +£737°  +2784  £3311%  £1346° +16.19% 2417 £2975°  £1851®  +37.28°  +1948°
Al 32761 322.62 28453 328.82 280.35 334.98 316.73 307.07 326.35 295.39
+20.33" *1356°  *£1529°  +1346°  *+14.44° +489°  £1897 1124  +1209%  £134%

Pro 270.41 312.01 262.53 272.62 283.94 247.98 301.90 293.07 275.64 280.83
+1456°  +1842°  +350° +474°  +£92520% +£13.99°  *1276° £1290°  +1290°  +3607

Tor 151.06 153.06 161.13 145.07 140.38 16372 178.84 176.92 165.06 171.04
¥ +7.64°" +6.86"° +9.1¢° +4.99° +8.45" +9.98* +13.80° +443 +9.95° +1.32°
Val 355.05 339.61 340.45 334.06 331.80 365.32 329.32 363.49 341.14 350.15
£426"° 1053 +14.24"  +£1007° +359" +4.89° +655° +1226° *+1783  +904®

Met 69.09 74.18 69.42 72.53 78.64 81.13 67.61 77.07 77.33 112.24
+373" +327" *48 +4.23" +5.66° +0.88" +293° +4.19° +5.29° +6.58"

Lvs 208.78 206.34 212.05 208.97 21479 212.07 183.85 210.39 204.58 200.35
; +1376°  +1133"  +898 +11.34° +1125° +6.46° +11.21° +14.8° +14.43°  £342®
le 249.99 226.99 234.42 230,97 230.02 257.67 236.53 251.61 234.59 241.60
+568" +9231° +9.10° +567° +301° +6.56° +142% 1163 +1568 +895°

Leu 405.49 410.36 41367 407.19 423.68 446.15 398.13 45195 417.04 42413
+18.12° 2717 *£1999° 1659  £2815° +6.36° +1518°  *£27.06°  £30.20" +1439™

Phe 28551 265.52 27759 268.30 276.04 281.16 268.27 294.02 27850 274.77
+10.66 +766° 1178 1363 +893° +9,00™ +638° 10520  +1496® 1211

Total 496257 493172 488221 4869.61 4856.35 520664 495402  5293.60 501243  5023.19
AA E201.41°  £16279° *18394°  +171.64° £24821*  +£19103F 123377 21513  £308.07° +183.94°
Total 187594 181300 185024  1806.84 1858.86 195479 177396 196872 1840.11 1894.08
EAA %7025  £4921° 8448  £7397°  +7561° +5324°  +£7390°  +9305° +11461™ +63.98%

EAA 3780 36.77 37.89 37.10 38.29 37.55 35.81 37.18 36.71 37.71
% +0.12° +0.22° +0.30" +0.21° +0.40° +0.36" +0.20° +0.25° +0.03° +0.11°

YAl values are meanz SE.

Values with different superscript in the same row are significantly

different by Duncan’s multiple range test at p<0.05.

P Asx: Asp+ Asn.
YGIx: Glu+Gln.

o 2]8lgd o =3 methionine &7l o4& 69.09~78.64
mg/g N, ¥elell A= 67.01~112.24 mg/g No.Z EZ 7hd
o2 gl 2ol & Byl ol thE A 7(17-19)9 methio-
nine §#e] 61~180 mg/g Nl Z3}¢} vlza] £ o, me-
thionine-> F5-of ule} & Aeol& Bl A S & & 9l
Atk 25 FEo0A dviel wio] ] ofn] Al gk Glx>
Asx>arginine>leucine>valine s=°] it} @ vl el W] 2] o}
oAt FeFet 24wl glei Ao Al A g A

< oAl 3eE2~3%)22 s #Evle} W] Ale]d] gle]
A} Apo]7b viebur] ob7] wFeoleh9). 2| FAdu o] wia]
£ leucine®] arginine®. v} ol -5 o] 9lolA & F5
 olmlnAl 3 AWM o FFE e
Choe £(19)-2 A H W99 leucine®] arginineX.t} & A
FRE iy Rudted =, ¥ dF Aol Aol el
A] leucine®} arginine?] 3Fekx}r} =X 947 wlFol AV 2
< FFoletz A A G2k Aolvf =3 A £419) FA]7}
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FE 7ol o)A 2po] & Blch 53] wlw] o A= serine,

M
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serine, glycine, threonine, arginine,

alanine, methionine §#&e] F5 7ol & AolE B}
iyl
etz o) 218 3 713} 1—}3}0:] Z+# chemical score($}

&7hE F3tod ch(Table 4). A& b2l o] & g molm| 4}
off thal) 7+ Hgropn] 4} B](A/E)-a— AzHe] A/ES} Bl aldl=
A/E chemical score(9)& EE EFZol glolA] @w|7} wnl
ok Eotom, Al 1417} o}vu] e AL % lysineo| %ith FAO
(15)%} ol 1ot 2] A/E chemical score 76 K.t} 3nl= m
T EUAR, S E A U] A Wel= oa
wrske}. A/EB] chemical scores & 7 ol 4] g=2hi] >3} u] >
Bl >k >k ol x, Win|of| A fhu >3kehy
>t >R >8] Fol ol

A=k chl Al o D o) At whE A 59 A5
4ke] zbzhe] u) &9l A/TH] chemical scores < S A 9
g o off glelA] g7}t =2 AFE Bl A 1A%
o}l o 9% A/T

o}u] -

=2 3 Z
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AR lysineo]gdtd. Kim 2] 47-(9)

Table 4. Various scores of brown and milled rices

et AR g

AR

chemical score 538.t} Gglx| =k A 14§k o}v]
sine2 2 B Ao} Fd3lgc) 2y FAO(5)S &
#]2] A/T chemical scoreol| 41 9] | 14} 8} o} ¥ %A+ isoleu-
cineo]git}. A/T chemical score’= & vl el A& 343w >zl
w>Seebed - Pk >dighy ol o, Ww el A= >
2w >ebe >3 >k f=olsdet
Protein score®} Amino acid score 3
FZo] Wulo Bt "o A
, ek 7} v e} wiv] v Fefjx] o}
G2 AgE vodoh A 1AE olvlx
T4 lysinee| Aot
2 #H7LE gl A4 chemical scored} £
ol oA = i]"‘* W, Wrlol| A = ez} 743
L ol A ekt ok gkl o
A} 9] o] 3= chemical score] £41 v o
Boloh 2E FF2 A 1A
gk opm] Ak lysineo] Sz, A 2417 ofr] Al
222 A} 3A]F obu] Ak jsoleucine®] A Th. A E-2] °d oF
a2 24 A ofmle At siElS] AA 7R E H7tslr]
913 A121e) obml 3 Ake] scoring pattern(16)} 1] kel ok
(Table 5). 4 2 & vl7} Wul woh $55h¢ich. #o] s} 9 o]

B E224 2 o2 7} scoring pattern®} B] W ofv] Ak
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Brown rice Milled rice Limiting
KA DA DJ SR HS KA DA DJ SR HS AA
A/E Chemical scorei’ 71.3 79.0 796 80.3 0.2 75.3 739 74.2 7172 735 Lys
A/T Chemical score™ 475 469 482 475 43.8 48.2 429 478 46.5 455 Lys
Protein score™ 77.3 76.4 785 774 79.6 785 69.9 779 75.8 74.2 Lys
Amino acid sore” 61.4 60.7 62.4 61.5 63.2 62.4 50.5 619 60.2 589 Lys
"A/E Chemical score: sample protein A/E” x 100
" whole egg protein A/E ’
“A/E: mg of each essential amino acid per g of total essential amino acids.
A/T Chemical score: each essenti.al amihno aciq ip sample protein X100,
the same essential amino acid in whole egg protein
" . sample protein
: X
Protein score: reference protein (FAQO, 1957) 100.
3 Amino acid score: mg of gmino .aci'd in 1 g of test protein % 100.
mg of amino acid in 1 g of reference pattern
Table 5. Scoring patterns of amino acid requirements in adults (mg A.A/g protein)
Rice Varieties His Ile Leu Lys Met+Cys Phe+Tyr Thr Val
KA 2.08 3.23 3.59 2.19 0.68 3.86 3.10 459
Brown DA 2.27 3.27 4.04 241 0.82 4.12 3.25 4.89
rice D]J 2.52 3.61 4.36 2.65 0.82 4.62 3.65 2.24
SR 2.04 3.13 3.78 2.30 0.75 3.84 3.09 453
HS 2.36 3.31 4.17 2.51 0.87 4.10 3.44 478
KA 1.94 3.02 3.58 2.02 0.73 357 2.90 4.29
Milled DA 2.05 3.16 3.63 2.04 0.69 4.07 2.98 4.38
: rice DJ 2.25 3.65 4.49 2.48 0.86 4.68 3.96 527
c SR 1.94 3.01 3.66 2.13 0.76 3.89 2.94 4.37
HS 1.98 3.16 3.80 213 1.12 3.99 3.08 4.58
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