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Characterization on Fatty Acids and Amino Acids of Quality Protein Maize Lines

Sun-Lim KimT, Beom-Young Son, Tae-Wook Jung, Hyun—Guey Moon, and Jong-Rok Son
National Institute of Crop Science, RDA Suwon 441-857, Korea

ABSTRACT This study was carried out to evaluate the
nutritional properties of quality protein maize (QPM) and
to select the elite lines for corn breeding. Two laboratory
procedures for simultaneous identification of QPM and
lysine content analysis were performed. The BC,F; lines of
KS5/QPM and KS135/QPM were analyzed with opaque-2
(02) specific SSR marker in order to differentiate the
opaque-2 carrying QPM lines from the non-opaque geno-
types. Although no significant difference in protein content,
significant differences in lipid, ash, and crude fiber con-
tents were observed. The composition of unsaturated fatty
acid of QPM lines was slightly lower than non-QPM lines,
but there was no significant difference. Sulphur-containing
amino acids such as methionine and cystine showed no
difference between QPM and non-QPM lines. However,
lysine content of QPM lines was 38% higher than that of
non-QPM lines, and the essential amino acid content of
QPM lines (28.1%) was higher compared to non-QPM
lines (27.1%).

Keywords : QPM, protein, fatty acid, amino acid, lysine

SeeE AA 3 AR SR AEL EE o
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)t Andrew er al., 1979; U.S. Grains Council, 1998-
1999; Vasal, 1999; CIMMYT, 1981; 1985; Villegas et al.,
1992; Gevers & Lake, 1992; Hallauer, 1999; Bryan &
Larkins, 2005).

2429] Hifroll & zeinolghs YE-E3)4 prolamine A
A-ehel Zl(alcohol soluble prolamin storage protein)2 S5
1A $F3-5k1L Uth(Lee et al., 1976; Lending & Larkins,
1989). S5 FA GAL oF 00% ol4fo] Higol T
Ho] glor o|5 Gulo] 60~70% A=} zein Tl ale
3l Hti(Constantinos et al., 2000). Zein Tz

mine, proline, alanine, leucined} 72 olnjl-Ato| FH3}7]

N

huj

> foo

gluta-

gk lysined} tryptophang E-35t2 A @7] Eo)(Cole-
man & Larkins, 1999) £4=4=9] FFsta 742§ H7}gol

o) A2 ele] e,

Sl ) 7 dfEA ] EARCIAY
com(HLC)E<=7}F s 22 19609 Z2xko|iar ofof
HHE [FARE opague-2(02)8) floury-2(12) (Mertz et al.,
1964; Nelson et al., 1965)2 A4 o]E& Ho|A| oM E zein2]
ggol sl il non-zein T o] FHgo] FrbE A B

A3 (Coleman & Larkins, 1999).
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E3t opaque-2 S5aE Fe £#FAT} chalky-looking
grain B3k ok} 2% Walol oFdt B4 ulEe] S
st e w2 TS HolA| grokt(Huang er al,
2004; Nelson et al., 1965; Nelson, 1969).

a2y FZ CIMMYTO A= F3l9) gREHd o
A3 gl 9ste] quality protein maize(QPM)z}
FHE A2e FY S5 AdEE, o] 2Ee
opaque-2 gene©| TSkl Qlou; Unt Z4a4aof H]S}o]
protein ¥ lysine®] ko] & Byt ozt FALTFE
oF 10% B= Z45H 7oz d#A QJJHCIMMYT, 1981;
1985; Villegas et al., 1992; Gevers & Lake, 1992; Hallauer,
1999; Bryan & Larkins, 2005). QPM 2= HLCSY ¢
A9 Bl&ol &2 SAHEE HEstar lysined] FF
< dd2 FAEHUA 59 dPAR] flintF o2 et
U A%S Adushs ZolA doixl A2 A QPM &
0] 2 19634 4 o] 4]] lysine} tryptophan
o] dFE &71H ez FIHIA opaque-2 SN 0%
Hdf drA7dE H7EcCIMMYT, 1981; 1985; Cons-
tantinos, 1997; Constantinos et al., 2000; Gevers & Lake,
1992; Hallauer, 1999; Bryan & Brian, 2005).

QPM St UHHS5d 9 opague-2 5] w3t
of yzein®] FFo] ¥ UL £3HEL HLCO vs}o
W7l ShAIRE vl g 3t lysined] HalE 2A|57] o
ol FdjA ez lysined] E4&& F7HIZITHL dHk(An-
drew et al., 1979; Hung et al., 2004; Kim et al., 2002).

STre AARLE 74 gol AujE L glew E3) of
Zz|7} ofAlof, EtelotrElrt & NI EAFae] 8 AlgFRt
=24 o] GEI QAR Haolu| Akl lysine trypto-
phano| A =]o] Q7] 7o o]& FA 08 T AL et
Aoz Eulgt EA-o] XA =1l ¢itHConstantinos, 1997;
Constantinos et al., 2000; Gevers & Lake, 1992; Hallauer,
1999; Bryan & Brian, 2005).

et QPM £5p429] WS AlAIM 02 FFAH | Al
gele 2AME 2T =+ e AR 7dET IS
ohujet "apotui bl lysinet tryptophan©] HE-E<r40f
Bj3) go] F7hE7] fiEel A2 F=, FHok ¥rl 5ol

A A% R A% Az A R olge] FH= gtk
B0k ohfzh QPM 2447} AUT Q= Fakary 94
H3t 48 FHs A OR dlste] Fom AA e L4
AERel ) F} PRt B A Z2elA AeE o] B
2718 Ao 2 A7 YrhMagnavaca et al., 1993).

uebA 2 AlEAE AT AR A} =T 9le
QPM Z420] FE/MFE AT = S5 AEAA &
ol 8751 Q= AN QPM A1F9] 033H £
Aat 9 oomie it A4S HAStel 1EH S5 A
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=
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2 specific micro-satellite marker?] wmcl0665 A}-8-8}o
QPMAF 265 non-QPMAIF 345 1 - Adsta
ol & A FAARE AL

AU E 42 A|EE test mill(Brabender, Germany)
|, A, 38, 244, obvxAl e
At 242 HESIAT. 2wAe] 42 KjeldahlE
Ao wht Kjeltec 2400 auto analyzer(Foss Tecator, Hud-
dinge, Sweden)®, ZA|Hl9] 3=k Soxtherm automatic
system(Gerhardt, Hoffmannstre, Germany), &4-3-2] 33
2 Van Soest er al.(1991)8] ¥io] wet Fibertec 2010
auto analyzer(Foss Tecator, Huddinge, Sweden)=Z
CN)¢| 5
CN-analyzer(Elementar Vario MAX, Hanan, Germany)&
o|-§3t%+=dl 100 mge] L4 EI-E tin-vesselo] Bl
combustion tubeo] AFTHOC 2 FQE|EE 3} o ther
moconductivity detector(TCD)S ©]-&5}] C& N9 of&
47t &3 CINgE A3ttt A4ite] 42 Rafael
& Mancha(1993)2] WHofl whe} 0.5 g2 EZA|ZE o meth-
anol : heptane : benzene :

fu
Eis

Y
ofi
o
2
uy)
=
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o
oX 1%
flo o

sl tt. g2 8(carbon to nitrogen ratio :

2,2-dimethoxypropane : H;SO,
(37:36:20:5:2, viviviv)E ZA|1E gHR& 718l 80°C & 7}
& &lod digestion F lipid transmethylation®| F-A]oj] o]F-0]
A 5 U=E F3Uth 7HEo] £ single phases A0l A]
Wz} & fatty acid methyl esterstcFAMEs)E 83131 )
AENRE Hstol capillary GCol F3hich At 24
o AE-H GC system> HP 6890 system FID(HP Co.,
USA)©|%l11, HP-Innowax capillary column(Cross-linked
polyethylene glycol, 0.25 um x 30 m)S A3}t B4
22 2% initial temperature 150°C, final temperature
280C2A B3 4CH 271528 31931, carrier gasZEA]
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NoE R 10 miE BeRgch 240 AYEHE Fo
inlet3} detector®] 2= ZFz 250C 9 300C7F SX|E =
E 3tgrt EF FAME mix(Cis-C2)= SupelcoAHBelle-
fonte, USA) A|&& A3t

oto|=4ike) S HESH| A A7 0.3 gofl 5 mle]
6N HCI-Z 7312 N, gasZ X A7) & 110TC oA 2447
HCIZ 7}E3)] 3 No. 2 9x 2 ojus}e] 100 mL vol-
ume flasko]| &4 Y Milli-Q water2 A-83st9ct ol&
% 2Rl & IgES AAAZIZ] f18ked 0.1% TFA
(solution T), methanol(80:20, solution II), methanol(70'30
solution III) . & Sep-pak Ci3& EA3IAZ] F A 7-gN-&
THAIA EHARE ARSI ofv|iAte] AHgEAL
Amino acid Auto-analyzer(Hitachi L-8800, Japan)& ©|-&3}
o:h;} ot Al sleko] AARS _?43}0:] ofm|iAle] T2

£ Ajnomoto-TakaraAl(Japan) Al&E2 19l3te] ARE3}STh

Zm W oy

YutdE U C/NE

Table 12 QPM 264 %3} non-QPM 344 E9] ZA4}H
33, 244, DU W ONGS tehi ol

QPM 72 non-QPM A5l Blsto] A, 23]& 9
2599 Bol SOl £o Aoz uehich T
SF2 non-QPM AlZo] thh =2 AT R C/NE
of 9lo1A= QPM A1E-°] non-QPM A g0 Hlsto] C/N&
of the & AL HoY 0|5 BEE BAH £
S wol7) et

C/NE°] QPM A 5ol tha: & 2oz vehd g2
QPM A9} S49] @il kol non-QPM A|5-of| H]
sjof S gl tha W] TER) Ao wekEelch

Qo BH YRS AYHA sHe FEHo
o

>{

=
T—
2 Ag_l?_o ekl 7L_/,\_1\] 7]‘_5,

A G SRSHBADY Y H ABIA}
glor] Aue) gere T W SEkE et B 4
BBAL 97| o] oS0} AR FUA A B &
F4el o] ol WA o} glck

o

F

4
£3] a0 FANNE Fo BAHOE SHE it
N IEYS WHF A 7] 5)ohe 73?‘;;01 i

AR Ho] o 52 54T 242

M3 G BRFES HHEFSY 4 '

2 FRTATHE =o] olRolA 1 Yom HArIHe

QFEAEo| ofFA S Mk U AR FFHL o

S WAFF Hisle] ol e B BASD oo

w2t £ H43} AA 7155 DEY
¥

AR =7t A4S 7]20| JTHKim et al., 2002).
QPMEFE U R7P7HA] 4 S(VEC)Y| 7
of

gl Wl XPAL}O] Q) A)of
7] Bl QPM &4
w2ke] oj7)7} 9o,

A Bohw 4o)3t W BA7E 9

9 VECO) ot AL ol 4 s ghe

B 4% Agolo] S ARG TURE o olfd
AU 7FEHAS FAAA R0l ST g2 A
ststel ol AEFORA VEC/H 44 8 4|z} B
Fo7 olelg ATt % 4 9l uhdel mAHT vk

QPMIl non—-QPM AH|Se| KJAtEM

Table 2= QPM 264 Z-1} non-QPM 34 AE9] x|HpAk
248 vehd Aol

AuFA O g 242220 Z|HFAF FEFL linoleic acid(C18:2)
¢} oleic acid(C18:1)7} ££& ©]& 1 palmitic acid(C16:0),

=Y U= 4 stearic acid(C18:0) T+ linolenic acid(C18:3)2] ¢=2.& &
Table 1. Comparison of chemical compositions and C/N ratio between QPM lines and non-QPM lines.
- Tiol = -
Classification Moisture ipid 2/51; iber Protein C/N ratio
(1]
QPM lines (n=26) 11.60.67 4.2+0.71 1.6+0.29 2.5+0.24 10.6+1.02 23.7+2.40
non-QPM lines (n=34) 11.7+0.45 3.3+0.52 1.3+0.27 2.3+£0.23 10.9+0.89 22.9+1.89
LSD (0.05) ns' 0.32 0.14 0.12 ns ns

"not significant
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Table 2. Comparison of fatty acid composition between QPM lines and non-QPM lines.
. . Fatty acid composition (%)
Classification T T
C16:0 C18:0 Ci18:1 Ci8:2 C18:3 SFA USFA
QPM lines (n=26)
Mean+S.D. 18.3+£2.7 0.8+0.4 27.746.3 51.6+7.2 1.7+0.4 19.1+£2.7 80.9+2.7
Range 16.1~28.4 03~1.8 9.1~454 24.4~63.9 1.2~24 16.5~28.8 71.2~83.5
non-QPM lines (n—=34)
MeantS.D. 17.7£2.2 0.7+0.2 29.0+7.8 51.0+£7.5 1.6+£0.5 18.4+2.1 81.6+2.1
Range 14.0~25.9 03~15 12.6~51.0 31.1~61.7 1.0~29 154~26.3 73.7~84.6
LSD (0.05) ns’ ns ns ns ns ns ns
'Saturated fatty acis, *Unsaturated fatty acid, *not significant
Fol &2 A2 4HA Stk QPM AE non-QPM A /2T Aor HriEe v AERE ol§E mee
T At 242 linoleic acid®] 2/Au7F 7P &3l oleic acid?] o] & Aol Aol 2T Aoz Hrt
oleic acid, palmitic acid, linolenic acid, stearic acid®] 2 1 Qo 7l&9 AlIRE AMRE HL 2457|829 A
2 AWA 2907F 22 A0 R el QPM AT A AtRAde BE T SR ohyet A, FulE 9

it 2A4eol= HEE Q5S4 4 A I3y
QPM A 59| Z-$-olli= non-QPM A Fof} vlste} Z3pAR)
Aol Blgo] 19.1%E v w31 BEIFAYE HES
80.9%= non-QPM 242429} 81.6%0°] Hjs}e] 2AH|7} W
2 Aol FAA F944-e 8t olek 2L At
£ ARAAER AHEE &5 FAY AL Holof Fo
Z71 Q&Y Aoz wdo] Hirh

Linoleic acid(18:2), linolenic acid(18:3) ¥ arachidonic
acid(20:4)e} 2-& tirE323} AHHAKpolyunsaturated fatty
acid)= UANA T A ¢z R4 K essential fatty
acids)2. 2 ol& = linolenic acid= ¥ Aol =it
AlE& XA 7]+ bioactivedt BHoj T2 2 JARES
Bl Zle 2 &} A arachidonic acid2 A== E320]7]
= Slth(Wassef, 1985).

oje} &2 YA & Wl QPM AT thEE3} A4
A€ Q] linoleic acid(18:2)9} linolenic acid(18:3)8] =4 H]
£9°] non-QPM #AFo Hl3to] thar & F¥E Btk 1
2L} Table 18] AifollA] B i= vfe} o] 2Ae] Fhge
QPM AFollA A2 Fo5HA A Yepstout A
of 4R AFAE 249 %9 QPMI} non-QPM A5
ko] FAA FoldE HolAl got o9 Aole FE A
Hrol FAolof ot Aom weHE e

S45I1BE AGHE HBW 4T B AARA A

b

2517 9=t margarine?] A|Ro= A IUS 4G}
g 4 Q)= palmitic acid®] $HFo] =L 24429 S£0|

=
>
T A7) Y&l Fadt aflez HrhEh
HZ 7] 82e(VEC) 4EQ high oil com
(HOC)o] 7=l 9l=1d] HOC+= stearic acid®} oleic acid
o o] T2 S wWAFEe] ]sto] Z7HSHT linoleic
acid®} linolenic acid®] dFego| ZHAF|=(Vieira ef al., 1997,
Thomison & Geyer, 1998) Zo=Z HIEI 9lo] FX5
QPM AFH HEo] folAe B2 A7 5 o] Fof
g Zeoz wgEoh

QPM1} non—QPME| ofo| =4t

Table 33} Fig. 12 QPM AF 3 non-QPM #§-2] o}u]
A 24& Hlag Aotk

Table 304 Hi= ve} Zro] opu| i Abxb-5-HA 7] o] 93|
HEEH 17F9(NH; AQ)) otrjieil F QPM S
arginine(9.29%), aspartic acid(8.30%), glycine(8.26%)2] <
o2 zAut £& A0R Uit WhE non-QPM S5
9] otnjiAb AL glutamic acid(9.90%), aspartic acid
(8.83%), alanine(8.42%)2 o2 U7t w2 ZoR
LFERLE QPM $4:2:9F non-QPM S5+ ofu e A Z 4]
o zpo]7} 9l & 4= Ut} 3t glutamic acid S H|F
3t 6%9] ofm|lA} glycine, alanine, leucine, lysine, histi-
dine W prolineo] A FA L2 FoTt 248|2 Zjol5 B
Atk olF otu|ieAt F 5F9] ofv|iil F, glycine, lysine,
histidine, arginine Y proline2 QPM #|59] non-QPM #|
ol wistel FoetA 2AHZE =% glutamic acide}
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Table 3. Comparison of amino acid composition between
quality protein maize (QPM) lines and non-QPM
lines.

Amino acid composition (%)

Amino acids QPM lines non-QPM lines
(n=26) (n=34)
Aspartic acid 8.30 a' 8.83 a
Threonine 6.49 a 477 a
Serine 481 a 527 a
Glutamic acid 721 b 9.90 a
Glycine 8.26 a 6.56 b
Alanine 6.08 b 842 a
Cystine 299 a 2.69 a
Valine 534 a 5.18 a
Methionine 2.19 a 2.08 a
Isoleucine 381 a 3.57 a
Leucine 449 b 7.46 a
Tyrosine 3.16 a 257 a
Phenylalanine 4.67 a 338 a
Lysine 1.02 a 0.74 b
NH; 7.59 b 10.61 a
Histidine 6.34 a 470 b
Arginine 9.29 a 579 b
Proline 7.96 a 747 a

"Numbers with the same letter in a row are not significantly
different according to DMR test (p<0.05).

Composition (%}

O AA SCAA

MMA

alanine-2 non-QPM Al-E2] 2AH|7} =2 7102 Eytth
Lysine2 &ppF BRI 24+F 3570 Aghou] it
oz d#A gled, QPM AF9 Heole 1 &
1.02%E non-QPM A& 0.74%0] u]ate] FHeFo] =3kom
non-QPM tjjH| oF 38% A&7} 71 %It Table 3, Fig. 2).
Constantinos et al.(2000)-2 QPMI} non-QPM A E9| o}
oA 248 AESE AT non-QPM A F-9] H$- 4t
Aotn| - AFS] ZAJH]&0] &1 lysine, arginine, histidine2
Zgeh= G714 ofnlieibe] 24 WlEo] Wtk QPM A}
2] Al Z(inbred ling)o] A& lysine?] §+gFo] non-QPM A&
of Hjgte] oF 2ujg = Thgo] FUHEUSS Hgh v 3l
31, Zarkadas et al.(1995)%= QPM AZ9] lysin g+2k2 flint
B ZFe dent § Sppo] Histe] F7HE QS-S Rt
BF Q= & A e 2t o] 59| Bk dAjstqich &
Tk obu g} QPM A5 2HS) 8- ofn =4kl methionine
7} cystine®] FeEFH]Eoll 3ol = non-QPM AF-of H|3}
of 1 24 vl&o] £& Zo& U=, QPM AE9
cystine3} methionine®] H|&-& 7}ZF 2.99%%} 2.19% ¢
B non-QPM A1E2] A9 cystine™ methionine 2] B|-&-&
Z+7} 2.69%9F 2.08% 2 YEFLY QPM AEo] non-QPM A

ol vjgte] F8. ofm|iqte] 2A4gulEo] thar S7h WE

OQPM lines (n=36)
non-QPM lines (n=26)

DMA

MDA AAA

Fig. 1. Comparison of amino acid composition between quality protein maize (QPM) lines and non-QPM lines. MMA
(monoamino monocarboxylic acid) : alanine, glycine, isoleucine, leucine, valine; OAA (oxy amino acid) : serine,
threonine; SCAA (sulfur containing amino acid) : cystine, methionine; MDA (monoamino dicarboxylic acid) : glutamic
acid, aspartic acid; DMA (diamino monocarboxylic acid) : lysine, arginine; AAA (Aromatic amino acid) : histidine,

phenylalanine, proline, tyrosine.
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o AMEE AUAL ¢ 5 AL

Fig. 2= o}olieAbe %-87)0) et wsak Rolc). 13
oA Hi= uje} o] AtAolu|iile] MMA(monoamino
monocarboxylic acid)7} QPM#} non-QPM A|lEofl A 1 2%
A Blgo] 7 e ACR Urhgon WS ofnjmikel
AAA(Aromatic amino acid)@} AFAJ ofu]Akel DMA(di-
amino monocarboxylic acid)&0.2 FAJH|7} =9t} olu]
1eAbe] 2H87]0] uFE QPMAET non-QPMA 9] #o|Z
£ i MMASI MDA+ non-QPMA|Zoll A 244 7F &7
UERGE dhE OAA, SCAA, DMA 2 AAA9|A+= QPM
AzolM 2407t £ AFS 2RAT

g 4=olu] = AHessential amino acid : EAA)S| 8529] ofu]
AL Z, threonine, valine, methionine, isoleucine, leucine,
phenylalanine, lysine @ tryptophans 2 Ao A= 729
otm|izite] HE HA=H QPM AF9 %% EAAL 24

A S

AN S RN IS SR I R T SR

X|gat 5ot 29 463

|7} 28.1%% T non-QPM AEL 27.1%2 Ueh} QPM
AL S447) QU WolA tha S AFAE
o 4 qleie.
q e

Quality protein maize(QPM) /47 52] S}5Hd S43}
Atk o ohedl 24€ AEs7] $I5}el KSSIQPM A
59 BC/F, ¥ KSI35/QPM #5¢] BCiF; A A TS o
AF0 2 opaque-2 specific micro-satellite marker$l umcl066
& AH85He] QPM 264155 WSl non-QPM 344 5-&
TSt} Qoinl AmE aokslw thedt 2o,

1. QPMA5-& non-QPM A F-off v]sto] zupgheko] §-9
3171(p<0.05) Z71E Qo) T AREE BAH Fol}
gl

non-QPM

20
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Fig. 2. Amino acid chromatogram of quality protein maize (QPM) and non-QPM line.



464 UHEIX|(KOREAN J. CROP SCL.), 51(5), 2006

2. QPM A53} non-QPM AE EE linoleic acid(C18:2)
9] ZAH|7} 7P =11 oleic acid(C18:1), palmitic acid
(C16:0), linolenic acid(C18:3), stearic acid(C18:0)2] &2
2 2 2H|7F =Skt

3. QPM A5 non-QPM A 5ol H|ste] Z3px|HF4EE]
Hgo] cha 3 ZESAYAE ¥ L non-QPM A Eol
ulstel 24uV} wgtoLt BAX fo4e 9t

4. QPM AE-2& non-QPM A 5ol 8|3t lysined] =4
H)-go| =1 FEF ofn|lmiKcystine, methionine)o] H]&
of ZAEAL.

5. QPM A5 Fopmiieibe] 2/gu &2 28.1% %L
non-QPM A5 27.1%2 QPM AHgo| ggFet2iel wHof
q el Aoz mus g,

[=
olg =3
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