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Variation of Proteirn Content and Amino Acid
Composition in Perilla Germplasm

Jung Il Lee*, Jin Ki Bang*, Bong Ho Lee* and Kwang Ho Kim**

ABSTRACT : To obtain the basic informations on quality improvement, seed protein and amino acid composition
were analyzed in 460 strains of perilla germplasm,

Among the tested strains, total protein content ranged from 17.9% to 28.1% with the 23.6% of varietal means.
Form the experiment, Namji, Sandong, and Eunjin were selected as high protein strains of which content was
as high as 28.1%. In protein content, collected strains from Jeonnam province showed highest, and was not
significantly different by maturity, but this characteristics showed differences by seed coat color and 1, 000 seed
weight .

The significantly negative correlation was observed between protein content and seed setting ratio. However
it was observed that significant and high positive correlation between protein and oil content.

A calibration for an Infra-Alyvzer 450 using log reflectance readings at 2208, 1982, 1940 and 1722 nm could be
used without adjustment for the measurment of the protein content in perilla with a standard deviation of
differences against micro-kjeldah! of 0.27%.

The amino acid composition of perilla was similar to the other oilseed crops, and showed a relatively high lysine
and methionine content. Further, amino acid composition of perilla seed was exellently characterized with bal
ance and higher than FAO recommendation. Major amino acids were indentified as a glutamic acid and arginine
in perilla seed protein,
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Table 1. Frequency distribution of protein content by province collected and maturity in perilla.

Protein content (%)

Group 8.0 18.1-20.0 20.1-22.0 22.1-24.0 24.1-26.0 _ 26.0€ Total
% Province
Gyunggi 0 2 6 29 25 5 67
Gangweon 0 3 11 27 20 1 62
Chungbuk 0 0 7 9 8 5 29
Chungnam 0 0 2 13 14 6 35
Jeonbuk 0 0 1 16 16 2 35
Jeonnam 0 1 2 14 22 6 45
Gyungbuk 2 4 19 32 40 5 122
Gyungnam Q Q 4 8 3 3 18
Jeju 0 0 0 4 4 0 8
Others 0 4 10 11 10 4 39
% Maturity :
Early 0 2 3 9 12 6 33
Medium 1 3 22 67 47 8 149
Late 1 9 37 107 103 23 278
Total 2 14 62 183 162 37 460
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Table 2. Variation of protein content (%) classified by province collected of perilla in Korea.

Province collected No.of var, Mean S.D c.V Max, Min, Range
Gyunggi 67 23.7 1.67 7.04 26.9 18.8 8.1
Gangweon 62 23.2 1.70 7.33 26.5 19.1 7.4
Chungbuk 29 23.7 1.94 8.19 26.3 20.5 5.8
Chungnam 35 24.2 1.48 6.10 28.0 21.0 7.0
Jeonbuk 35 23.9 1.27 5.29 26.7 22.2 4.5
Jeonnam 45 24.5 1.59 6.49 28.1 19.7 8.4
Gyungbuk 122 23.3 1.82 7.80 28.0 17.9 10.1
Gyungnam 18 23.4 1.95 3.34 28.1 20.6 7.5
Jeju 8 24.4 1.30 5.33 25.6 22.3 3.3
Others 39 22.8 2.25 9.84 27.5 18.9 8.6
Total 460 23.6 1.79 7.60 27.2 20.1 7.1
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Table 3. Variation of protein content(%) classified by maturity in perilla,

Maturity No. of var. Mean S.D C.v Max. Min. Range

Early 33 24.1 2.14 8.90 28.1 19.1 9.0

Medium 149 23.4 1.69 7.21 27.4 17.9 9.5

Late 278 23.6 1.80 7.60 28.0 17.9 10.1

Total 460 23.6 1.79 7.60 27.8 18.3 9.5
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Table 4. Frequency distribution of protein content by seed coat color and 1, 000 seed weight in perilla.

Protein content (%)

Group <18.0  18.1-20.0  20.1-22.0 22.1-24.0 24.1-26.0 __ 26.0¢ Total
3% Seed coat color
Dark brown 0 3 8 16 13 3 43
Brown 0 1 1 1 0 0 3
Gray brown 2 8 45 138 104 26 323
Gray 0 2 4 13 12 1 32
Light brown 0 0 4 15 33 7 59
¥ 1,000 seed wt., g
<2.00 0 1 6 1 2 1 11
2.01-3.00 1 6 23 95 80 10 215
3.01-4.00 0 4 24 54 62 20 164
4.01-5.00 1 1 8 18 13 5 46
5.01-6.00 0 2 1 14 4 0 21
'6.01-7.00 0 0 0 0 1 0 1
7.00< 0 0 0 1 0 1 2
Total 2 14 62 183 162 37 460
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Table 5. \ariation of protein content(%) classified by seed coat color in perlla.

Seed coat color No.of var. Mean SD Ccv Max. Min, Range
Dark brown 43 23.3 1.79 7.70 26.6 19.7 6.9
Brown 3 21.0 2.07 9.86 22.9 18.8 4.1
Gray brown 323 23.5 1.76 7.49 28.1 17.9 10.2
Gray 32 23.4 1.86 7.93 27.0 19.4 7.6
Light gray 59 24.6 1.56 6.36 28.1 20.6 7.5
Total 460 23.6 1.79 7.60 26.5 19.3 7.2
Table 6  Variation of protein content (%) classified by 1, 000 seed weight in perilla,
1,000 seed wt., g No.of var, Mean SD Ccv Max. Min, Range
<2.00 11 23.1 1.96 8.50 26.9 19.1 7.8
2.01-3.00 215 23.5 1.64 6.98 28.1 17.9 10.2
3.01-4.00 164 23.8 1.92 8.05 28.0 . 18.9 9.1
4.01-5.00 46 23.5 2.04 8.68 28.1 19.4 8.7
5.01-6.00 21 23.0 1.57 6.80 25.7 19.7 6.0
6.01-7.00 1 25.4 0.00 0.00 25.4 25.4 0.0
7.00< 2 24.7 1.06 4.30 26.1 23.9 2.2
Total 460 23.6 1.79 7.60 26.9 20.6 6.3
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Talbe 7. Correlation coefficients between protein content and other characteristics in 460 perilla germplasms.

Seed 1, 000 Protein
Characters . .
setting ratio seed wt. content
1, 000 seed wt. 0.134**
Protein content -0.181** 0.019
Qil content 0.126** -0.313** 0.254**

** :Significant at the 19 level .
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Table 8. NIR calibration data for protein content in perilla,

No. of Range R.S.D* Ko K, K, Ks K,
samples (%) (%) (2208nm) (1982nm) (1940nm) (1722nm)
33 19.7-26.7 0.27 39.9 -71.8 299.7 -186.8 -47.2

* R.S.D means residual standard deviation.

Table 9. Result of calibration checks on an Infra-Alvzer 450.

(perilla protein)

No. of Protein content(% t-test S.D.D.*
samples \Min. Max, Mean(NIR) Mean (Kjeldahl value (%)
95 17.9 27.0 22.6 22.7 0.02 N.S 0.34

* S.D.D means standard deviations of differences.
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Table 10. Essential amino acid composition of four perilla varieties.

Amino acid mg/g protein

Variety

Thr, Val. Ile. Leu. Phe. Lys. His, Arg. Met . Total
Yeupsil 4.02 5.09 3.96 7.40 5.27 3.37 2.07 11.89 2.31 45.38
Soonchang 3.91 5.25 4.11 7.45 5.58 2.53 2.53 11.98 1.86 44.63
Taegu 4.01 5.20 3.86 7.28 5.05 4.61 3.42 11.10 0.89 45.42
Namyang 4.01 5.23 4.01 7.46 5.68 3.39 2.06 12.02 0.72 44 .58
Mean 3.99 5.19 3.99 7.40 5.40 3.48 2.38 11.75 1.45 45.03
FAO 2.77 4.43 3.58 6.79 5.28 3.75 2.51 11.84 1.22 42.17
Table 11. Non-essential amino acid composition of four perilla varieties
. Amino acid mg/g protein
Variety
Asp, Ser, Glu. Pro. Gly. Ala, Tyr. Total
Yeupsil 9.47 5.38 22.13 3.37 5.21 5.15 3.9 54.62
Soonchang 9.21 5.30 23.48 3.29 5.20 5.06 3.82 55.36
Taegu 8.77 5.50 22.88 3.57 5.20 5.05 3.57 54.54
Namyang 9.40 5.56 23.32 2.95 5.18 5.18 3.84 55.43
Mean 9.21 5.44 22.95 3.30 5.20 5.11 3.79 55.00
FAO 12.09 4.62 19.38 4.62 5.92 4.13 4.14 54.90

4. ofo| B MRS SMER 2R

S AR HE olul:f MHKS ST FEEE
BEIL & 10, 11 o]l BAC A4 BRE & 10
ofl A &} ko] SFERY EEs} =R dgren], WG}
ol RELS 4&E T FAORARZRT FA
ety B4 BRES @FHte] y&ESHUE T
B2 2« FAORRAY 3o A4 54H4 #Het
ol AL2 lysined histidine Tolvt BE £
ERE dork 53 1t 2L &KEMA EZREA
A4 BEA HEGES XESEKoz FEATE
ojm| Al ML kol 2 ME ¢ Aoz 47
w REEE, B4 RES I Y+ lysine, methi-
onine o] Sl FTAsl EFHT Ak

FEpEol A MBS T 1164 & o] BEE
FAORA AR 9} ulxslglel, ofelx4al ML %E&
2859 = AL glutamic acid®} arginine
olgiet,

w =

B @B wHALERE AR 5L #
foz EAHE S8 olelx4t MRS ST BAS
o BEA RH it RETR LB @R
E dux XBe B vk 2 KBRS B
il - s

L B4 aBERe BOHE SEL RE 179%

ol & 28.1%7tx 10.2%9 BREE 3 F
g3z FH EHEL 236%9Hor KEAS 21~25%
il Smstdel & HRE ER BEAE S8 ¥
L R F, AFF, 23F F THRESL BRI
=

2. BHH SEY BRIEe 2EmRdA HE
2 BfEe] JhA o3 Bl welAd e EZRS @
gon, BEAL KA, LI0NES
Kpfgol A w2 Emmolgl+]

3 ERHE SEY REXL FEMNY AY HH
€ 333 BERE SEF VEE8L FEMA EY
MRS 2ges BEHE 283 1,000 HE Mdde
Ee S 23y FEHL Resdd &t

4. Micro-kjeldahl k3 B3 NIRZX.S &HA
H calibration BEE+x 0.27% 3k

5 B4 95 REL HHOZ micro- kjeldahl

3 NIR Aol 9% BRE 88 2R: A%
fo] Holxl gkom TFEHA Aol 0.34%E
2o F3, MTHERM Ko EAMHERR] BEs
giek
6. EEEAN 5 45EY olvlx4l ML FAO
AR Fob 2 EFHe] BESYos LE
slbeld RS RERH R/ a3A gtou
lysine # methionine & £4 Z=R7 g4k

7. 549 FE otulx AL glutamic acid &

arginine ¢Jgiv}h

AL

- 455 -



10.

1.

12.

13.

. TR

RS - TREGEE - LML

5 B X &

LB, 1954, BAM KR BN O3 FOHE, B

e, 4(1) 710,

L EEBLT. 1955, M K BUB
w0 BTN & REE O KE. BEREE
30(6) : 793-797.

. HHUL - FIEH - BRER - & 3EER. 1990. ihARS

EAESES olvl ALK REfEE. B

ez, 35(5) 1 AT

L, mERW, OFKE. 1989 E.

BESKASANY REmg o REREES o

£ sinke} sourceo] RHE 1. HREHEC] &

HREM, KE P SHe vlAE 9. @ik

k. 34(2) B : 62-63.

1984. E749 &, AcfERR 2 W

HE{P‘{#O{I o2 B NEipERmel A

BRI EERRBE23() 1 1-30

BEW - PEGL. 1988, HRIERRESH

B S0 mERE RITEER A ol A

= o33 sEfEIE 33(2) & 182-188.

. FEE - RtRs - zEgEde - WAREL. 1985. &7

o] FEEtEs EHAES AT AERR I
3 7. @@k 26(2) | 113-121.

ok i - FEEYY. 1986, S0 1E
Fol Bkl JAMWE. (LREES WK
kol HMTBHA v 3T wWER
27(4) © 320-330.

1980. fEE Riji&fE
EAY W4 BREEES KEBRPE ¥
o) el d3k. @iEaE. 25(2) - 68-75.
BokSF. 1988. B4 WAt E£ES IR
Mol HIHRE. BREA KRB 1H-HEAE
X 0 1-65.

AR - 2EE - Rfteg.
£ RFEE] BRKEN
27(3) : 213-223.

Holley, K.T. and R.O. Hammans. 1968. Strain

1986. 712 E&Y

and seasonal effects on peanut characteristics.

Univ. of Ga. Coll. of Agr. Exp. Sta. Res.
Bull. 32.
3% -4 - 299, 1986. =AY F3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26. )

27.

% 3T H
Z x4 9 4Eds.

18(4) . 225-258.

HAAR. 1975. BRERENFHHEEEETE
BERMY TEZHE. PEREMR 24,
2) :24-31.

SEE - BEF - TAK - HKRF. 1979, +2
vhe g e BfEER W vt B
of DY FE. ETASK XhHE 16
189-222.

SEHEL - S WS AR IR 1989,
FE Aol BEARFMEAE WX BES
S (BEEXGER) 32 133-147.

K - MBEES. 1937, WRHEM ORIBER
BAEOSHREICE TS HE. HIER 250)
185.

BEHHER. 1971. &4 #5241 BHREH.
B 36(8) 1 361-368.

J.C. waynne, and T.G. Isleib.
1980. Combining ability for vield, protein and oil

NSRS ER

Layrisse, A.,

of peanut lines from South American centers of
Euphytica 29 : 561-570.

ZET - e SR . fMEE. 1982,
7 Mgl £F 9 kg ulx<e 4% #t
it MEmPies ok D 19-25.

ZEIEH - HEUR - HMEE. 1989, B BE R
HES7)e #IEH ko] sinke} sourceo] =X+
ek, AgAl7lel Jert #wEE FA
S2holl v 2= od k. HfEEE 34(4) 1 390-395.
o, BEW - TRE - FMEE. 1986, =7
of mEFE RiEERS] MEMER. &
Fit 18(3) © 228-233.

., FMEE . FPERER. 1989. EE
o ERH B FraiE CEEREAT

£. 31(4) © 25-32.

] ]

diversity,

TEE - FEE - FPER
1990. SAikkr. RE Skt Fa “ERE
A", REGRLE 32(4) © AT
e, RhESE - TEE. 1989,
o} BRIERRS AR,
% 8:40-52. _
FEE. 1982. W% fElrz Rt A&ES
Eeifik el GERIER. EIESE 14 1 152-160.
FOKME - SHUAL - SHESY - SRR, 1987, Ml

=
‘89 RiRE AELA



28.

29.

30.

31.

32.

ME. ARMH 49 s as o HR
off mlx& odak. HAAEEE 20(3) 1 241-250.
Makne, V.G, and N . L. Bhale. 1987. Combining
ability analysis for yield, protein and oil in
groundnut | Indian J. Agri. Sci. 57(9) : 617-621.
Osborne, B.G., S. Douglas, T. Fearn and K.
H. Willis, 1982. The development of universal
calibrations for measurement of protein and
moisture in UK home-grown wheat by :near
-infrared reflectance analysis. J. Sci. Food
Agric. 33 736-740.

. 1983. Investigation of the performance of
an improved calibration for the determination of
protein in UK home-grown wheat by near infra-
red reflectance analysis. J. Sci. Food Agric.
34 1 1441-1443.

. 1987. Determination of maisture in white
flour, ground wheat and whole wheat by near
infrared reflectance using a single calibration. J.
Sci. Food Agric. 38 : 341-346.

, and T, Fearn, 1983. Collaborative evalu-

ation of near infrared reflectance analysis for the

33.

34.

35.

36.

37.

38.

39.

- 457 -

determination of protein, moisture and hardness
in wheat. J. Sci. Food Agric. 34 : 1011-1017.
FREE - FIEA - PN BEE. 1984, B5HE
"o EAEH T ER Y REN 2R BE#
& 26-1(/E%) | 111-117.

Véslkman, J., G. Eglinton and E. Corner. 1980.
Sterols and fatty acids of the marine diatom.
Eiddulphia sinensis 19 : 1809-1813.

WO R#E. 1951, EEaH O MEEY . T =&
OFIE. BRE 26(4) © 448-452.

WAl - 2IRE - REAR. 1972, 570 Y gl BE
@l FERETHER ARG 25 BE
of Briel vl A& . HME 11 99-103.
. Ry 1973 EAMIES) AR K
BB oM. iR, 14 1 133-137.
L1974, B9 HE o EE) o3 R
PR 2o Yol vl X of Boll AT, @IE
it 17 1 79-89.

, REUR. 1976, WEEE B Y R
E7L E9 £EEA BERIKE vl 3
. B, 18(1EH) [ 187-191.



App. 1. Protein content(%) of 460 collected local lines varieties in perilla ..

No. Line & variety Protein No. Line & variety Protein
1 Jangan 18.8 41 Jicheon 22.3
2 Mado 21.4 42 Buksam 21.4
3 Sakang 21.4 43 Seokjeok 23.2
4 Seosin 22.3 44 Yakmok 19.7
5 Namyang 25.8 45 Yeakwan 22.8
6 Sangan 23.2 46 CG 13 23.2
7 Choam 21.4 47 CG B-9 23.2
8 Bukyang 24.9 48 CG B-11 21.4
9 Suwon 23.2 49 CG B-12 20.6

10 Beebong 24.9 50 CG B-13-1 23.2
11 Songsan 21.4 51 CG B-14 24.1
12 Banwol 22.3 52 CG B-17 25.8
13 Maesong 22.3 53 Pohang 22.3
14 Paltan 22.3 54 Haedo 22.3
15 Hyangnam 23.2 55 Shinheung 23.2
16 Palan 22.3 56 Nambin 22.3
17 Jeongnam 24.1 57 Kwangsan 23.2
18 Kalsan 20.6 58 Seobang 23.2
19 Holim - 21.4 59 Bia 21.4
20 Naedang 21.4 60 Nongsung 18.7
21 Gacheon 19.7 61 Songjung 23.6
22 Dalseong 24.1 62 Jisan 21.4
23 Dongil 21.4 63 Namwon 23.2
24 Daesin 23.2 64 Woonbong 24.1
25 Samduk 20.6 65 Ayoung 24.1
26 Suseong 22.3 66 Soonchang 22.3
27 Sinmae 20.6 67 Pungsan 22.3
28 Daebong 21.4 68 Kulim 26.7
29 Sinmoo 22.3 69 Bokheung 26.7
30 Sangin 22.3 70 Woolsan 21.4
31 Taegu 17.9 71 Mugeo 22.3
32 Nohwon 23.2 72 Mipo 24.5
33 Lihyun 22.3 73 Haksung 22.8
34 Chilgok 23.2 74 Andong 23.2
35 Gasan 23.2 75 Nambu 23.2
36 Hakha 21.4 76 Noha 19.7
37 Gisan 20.6 77 Susang 20.6
38 Sinjang 22.3 78 Suha 22.3
39 Simgok 22.3 79 Angi 19.7
40 Dongmyong 22.4 80 Taewha 23.2
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No, Line & variety Protein No, Line & variety Protein
81 Namsun 17.9 121 Dangjin 24.3
82 Dosan 21.4 122 Hapbuk 26.1
83 Imdong 25.8 123 Wookang 26.6
84 Cheongsong 23.2 124 Godae 26.4
85 Bunam 25.8 125 Cheongju 24.4
86 Budong 25.8 126 Bokdae 24.0
87 Jinbo 26.7 127 Kakyung 26.3
88 Youngil 25.8 128 Kangseo 26.0
89 Ohcheon 25.8 129 Nongchon 26.1
90 Youngyang 23.2 130 Myeongam 25.3
91 Yipam 23.6 131 Mipyung 24.9
92 Yilweol 23.2 132 Kangnae 26.1
93 Sukbo 25.8 133 Nonsan 26.9
94 Kibuk 24.9 134 Kangkyung 25.2
95 Subi 24.1 135 Yeonmoo 23.1
96 Kisan 24.1 136 Chaewoon 25.2
97 Keumchon 23.2 137 Eunjin 28.0
98 Paju 24.8 138 Yangchon 23.9
99 Munsan 24.5 139 Dooma 21.0

100 Kwangtan 24.8 140 Jincheon 26.1
101 Kunnae 23.0 141 Kanumawase 1 26.2
102 Yecheon 22.8 142 " 2 26.9
103 Homyong 25.6 143 " 3 26.6
104 Jibo 23.3 144 4 4 24.4
105 Yongmun 23.0 145 Daegu 39 B-2 26.2
106 Hari 21.2 146 1 48-B-1 25.5
107 Yucheon 24.9 147 1 48-B-2 25.8
108 Gamcheon 24.0 148 Dongmyung 27.5
109 Sangri 24.2 149 Namwon (Jusang) 24.5
110 Euisung 25.0 150 + (Dong) 25.5
111 Gaum 24.0 " 151 Soonchang 17-B-1 25.0
112 Dain 23.8 152 Wooljin 23.0
113 Bongyang 23.2 153 Kisung 23.1
114 Doam 20.4 154 Andong (Nammoon) 24.0
115 Chunsan 21.1 155 Youngyang 78-B-3 23.7
116 Daejeon 22.2 156 Suwon 8 22.7
117 Gasuwon 21.8 157 Dosam 24.7
118 Yusung 23.6 158 Yecheon 33-B-1 24.1
119 Bongsan 26.3 159 " 65-B-1 26.3
120 Moksang 24.3 160 Euisung 12-B-1 23.5

— 459~



No. Line & variety Protein No. Line & variety Protein
161 Euisung 12-B-2 24.7 201 Okgu 2 24.7
162 Chungju 21.3 202 Kimje 2 22.2
163 Okdong 23.2 203 Suwong 9 19.4
164 Neongsan 24.5 204 Jinan 1 23.4
165 Jincheon 1-B-1 26.7 205 ” 2 20.6
166 Kanemawase B-1 25.1 206 Black 22.5
167 Namyang B-2 21.3 207 C-9 18.9
168 Yongin 24.3 208 B-19 18.9
169 Kimhae 25.0 209 B-36 22.3
170 Jinyoung 23.0 210 P3 19.6
171 Chuncheon 25.2 211 Chiljeon (CC) 26.0
172 1" (PY) 25.2 212 Seoksa (CC) 24.2
173 Jangsung 22.6 213 Kyodong (CC) 24.7
174 Cheongju{Naeduk2) 24.5 214 Hwacheon 2 20.4
175 Chunsung 22.4 215 Kandong 19.1
176 iz {Dongsan) 22.8 216 Sanae 23.8
177 Hupyung 24.5 217 Sabuk 22.9
178 Yongbong (K]) 25.4 218 Sindong (CS) 21.2
179 Dongho (KJ) 24.7 219 Cheongpyung (CS) 23.0
180 Hwasun 23.3 220 Youngweol (S.D) 20.2
181 Kimje 23.3 221 Suju(YW) 19.7
182 Okgu 24.7 222 Jungdong 26.0
183 Kongju 23.3 223 Cheolwon 22.6
184 Cheongyang 24.7 224 Galmal 22.4
185 Yeongi 22.1 225 Kimhwa 25.5
186 Daeduk 24 .4 226 Pyungchang 21.1
187 Bukjeju 25.3 227 Daewha (PC) 22.9
188 Seobackha 4 25.6 228 Doam (PC) 21.2
189 7" 6 25.6 229 Myungju 21.8
190 " 7 24.0 230 Jumunjin 22.7
191 Namhyesun 22.3 231 Gujung 23.4
192 Dongbyun (TG) 23.9 232 Jungsun 19.9
193 Jeomgok 24.3 233 Bukpyung 23.0
194 Suwon 10 23.0 234 Gosung 22.9
195 Seobackha 3 25.3 235 Kansung 20.6
196 7 2 24.0 236 Geojin 23.1
197 7" 1 22.8 237 Tosung 21.9
198 Wooljin 7-G-1 24.7 238 Jukwang 22.3
199 Youngyang 57-B-2 23.3 239 Kanghyun (YY) 21.4
200 Yougin 2 22.7 240 Sonyang (YY) 26.5

- 460 -



No. Line & variety Protein | No. Line & variety Protein
241 YY (seo) 22.9 281 Yeoju 24.4
242 Hyunnam 24.2 282 Pocheon 24.8
243 Hyunbuk 23.1 283 Kasan 24.7
244 Yang 3 23.4 284 Kwanin 25.2
245 noq 22.6 - 285 Yangpyung 25.1
246 YY 8 23.4 286 Kangsang 23.9
247 YY 10 25.3 287 Kaegun 22.0
248 Yang 9 23.8 288 Incheon JA 25.8
249 Yang 11 22.0 289 Songhyun 26.7
250 Wonsung 1 23.6 290 Songlim 24.7
251 Munmak 22.1 291 CG1 25.5
252 Shinlim 23.1 292 CG2 25.5
253 Samcheok 24.2 293 Weolsung 24.6
254 Dogye 24.9 294 Gampo 24.7
255 Gagok 23.2 295 Ankang 23.7
256 Damyang 23.4 296 Kuncheon 25.1
257 Goseo 23.9 297 Gandong 24.4
258 Duksan 22.9 298 Naenam 24.8
259 Munback 24.1 299 Keunnam 24.3
260 Yangkam (HS) 22.1 300 Hupo 2 24.4
261 Wujung 23.3 301 YY-Bangsan 23.6
262 Osan 22.9 302 Dong 25.2
263 Gajang 23.2 303 YY 3-B-1 23.4
264 Gasu 22.8 304 YY 4-B-2 24.7
265 Keuman 26.1 305 E-B-1 25.4
266 Dugok 23.6 306 E-B-2 25.5
267 Sekvo HS 24 .4 307 E-B-3 22.0
268 Eunge 25.9 308 Bonghwa 24.8
269 Bongdam OH 25.5 309 Myungho 21.9
270 Bibong HS 24.0 310 beopjeon 22.6
271 Taean 3 26.7 311 Sungju 26.7
272 Busan (0OS) 25.8 312 Gacheon 25.6
273 Jigods 24.7 313 Daega 25.4
274 Yangsan HS 26.6 314 Keumsu 24.6
275 Sucheong 24.3 315 Yongam 25.7
276 Cheong-hak 25.8 316 Y oungduk 24.4
277 Pyungtaek 1 24.5 317 Gangku 24.9
278 ” 3 26.9 318 Kunbok 22.0
279 Kyoha PJ 25.2 319 Geochang 24.1
280 Cheonhyun PJ 23.7 320 Gabuk 22.8
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No. Line & variety Protein No. Line & variety Protein
321 Haman 26.1 361 Kwangyang 24.2
322 Changveong 26.4 362 Bongkang 27.0
323 Namji 28.1 363 Jinsang 25.0
324 Kunbok 4 22.1 364 Boryeong 23.7
325 Yangsang 1 23.4 365 Nampo 23.7
326 1" 2 24.7 366 Buyeo 23.3
327 " 3 25.8 367 Gyuam 24.5
328 Hadong 22.3 368 Guyong 23.1
329 Gojeon 22.8 369 Seocheon 24.7
330 Gurye 24.6 370 Janghang 24 .4
331 Muncheok 26.2 371 Gisan 24.1
332 Sandong 28.1 372 Maseo 24.3
333 Yhwando 27.2 373 Masan-5C 23.4
334 Naju 27.4 374 Asan 23.2
335 Keumcheon 23.7 375 Dunpo 23.7
336 Nohan 24.3 376 Dogo 24.3
337 Jangheung 25.2 377 Sinyung-GJ 24.3
338 Kwansan-2 23.5 378 Wuseong 24.4
339 Sachon 25.4 379 Chosan-NW 23.0
340 Sumun 25.1 380 Sinjeong 24.3
341 Jangseong 25.6 381 Sangok 24.9
342 Dongha 25.5 382 Kwangchi 24.5
343 Daeduk DY 24.5 383 Gochang 23.4
344 Bongsan 23.9 384 Gosu 24.7
345 Subuk 24.9 385 Iri 23.2
346 Yongmyeon 25.2 286 Gongduk-K]J 24.5
347 JC-2 20.2 387 Kwanghwal 24.9
348 Yeongkwang 24.6 388 Keumgu 24.8
349 Baeksoo 23.2 339 Keumsan 25.1
350 Soy (ES) 22.6 390 Mankyung 23.0
351 Shinan 25.3 391 Baekgu 23.0
352 Chido 23.4 392 Baeksan 24.7
353 Docho 23.4 393 Bongnam 22.7
354 Bikeum 23.7 394 Bruyang 23.1
355 Gasan 23.9 395 Sungduk 23.3
356 Anjoa 26.7 396 Juksan 22.9
357 Amtae 25.9 397 Jinbok 23.4
358 Imja 24.2 398 Myungju 24.6
359 Hampyung 24.6 399 Cheongsun 23.8
360 Nasan 24.4 400 Pyungchang 3 23.1
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No. Line & variety Protein No, Line & variety Protein
401 Cheolwon 2 22.5 441 Baekdamsogal 20.6
402 Yeongweol-B 20.2 442 Chilgokgal 24.1
403 Samcheok-4 23.1 443 Pagyesa 24.9
404 WS-B-1 21.6 444 Kogim 24.3
405 CS-B-5 23.3 445 Chilgok B 24.2
406 Woodu-CH 25.8 446 Kimhae B-1 21.7
407 YY-B-9 24.2 447 Jinheung 24.3
408 Yanggu 20.6 443 Keumneungheuk 23.0
409 Keumchon-P] 23.2 449 Weolnam 22.8
410 YJ-B-1 22.4 450 Mudae A 21.2
411 PT Seobu 22.8 451 Chilgokheuk 22.9
412 Yeoncheon 24.9 452 Chungang 20.4
413 YP Kaegun-2 23.2 453 Cheongjaso A 19.1
414 Bibong-B-2 22.3 454 Keumneungbaek 22.4
415 PC Sanbok 23.7 455 Indo 24.7
416 Kimpo 23.6 456 Kyungsan 22.1
417 Cheongju (Kaesin) 23.8 457 Deamyungheuk 20.6
418 Kyeosan 21.1 458 Deamyvungbaek 22.3
419 Danyang B-1 23.4 459 Chilgokbaek A 24.3
420 YS-B-2 21.0 460 Yeupsildiggae 24.2
421 Wonnam 20.5

422 Okcheon KB 23.1

423 Kunbok-B-2 21.3

424 Keumneung 24.0

425 Sunnam-sung 26.1

426 Bosung 25.4

427 Wooeido 25.9

428 Nampo 1 22.3

429 v 2 22.5

430 1 B-1 22.7

431 »  B-3 22.5

432 Yeonwha 21.1

433 Jinchon 4 22.8

434 ’” 4-2 21.5

435 Hongso 20.5

436 Jeokjaso 21.4

437 Chukmyunjaso 21.6

438 Jeokyeopjaso 22.3

439 Jeokhongso 22.0

440 Taegugal 23.2
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