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Abstract - This study was conducted to characterize the amylose and protein contents of 4,948 rice landrace germplasm
using the NIRS model developed in the previous study. The average amylose content of the germplasm was 20.39% and
ranged between 3.97 and 37.13%. The amylose contents in the standard rice were 4.99, 18.63 and 20.55% in Sinseonchal,
Chucheong and Goami, respectively. The average protein content was 8.17% and ranged from 5.20 to 17.45%. Protein
contents in Sinseonchal, Chucheong and Goami were 6.824, 6.869 and 7.839%, respectively. A total of 62% germplasm
were distributed between 20.06% and 27.02% in amylose content. Germplasm of 81.60% represented protein content of
6.78-9.75%. The distinguishable ranges of amylose contents according to origin were 16.58-20.06% in Korea,
20.06-23.25% in Japan, 23.25-27.02% in North Korea, and 27.02-37.13% in China. In the protein content, approximately
30% of Chinese resources ranged from 9.75 to 17.45%, whereas less than 10% were detected in other origin accessions.
Fifty resources were selected with low and high amylose ranging from 3.97-6.66% and 30.41-37.13%, respectively.
Similarly, fifty resources were selected with low and high protein ranging from 5.20-6.09% and 13.21-17.45%,
respectively. Landraces with higher protein could be adapted to practical utilization of food sources.
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Table 1. Origin distribution of landrace germplasm used in
this study

Origin Number of Rain of
accessions accessions (%)
Korea 1,232 24.90
North Korea 1,073 21.69
Japan 942 19.04
China 581 11.74
Philippines 177 3.58
Taiwan 169 342
Sierra Leone 116 2.34
Unknown 353 7.13
The others 305 6.16
Total 4,948 100
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Table 2. Calibration equation and cross validation results for the amylose and protein content in the milled brown rice

) Lab. Data NIRS Data
Constituent N - - RSQ SEC SECV 1-VR
Min Max Mean Min Max Mean
Amylose 504 6.15 3225  19.10 1.94 36.08 19.01 0970 1.010 1.048  0.967
Protein 511 4.72 14.81 7.77 4.06 11.35 770 0983  0.158  0.163  0.982
Table 3. External validation results of NIRS equation model for the amylose and protein content in the milled brown rice
. External validation NIRS equation model
Constituent
RSQ SEP Slope N RSQ SEC Slope
Amylose 132 0.962 2.349 0.811 465 0.970 1.010 1.000
Protein 124 0.986 0.415 1.038 473 0.983 0.158 0.998
o] 243t & 7+ JREO| slekd Aol 271ske) udeF oL Table 4. Comparison of amylose content (%) in standard
7ho.@ e 7k 17 hekS ti sl 2L AAshe] 2 brown rice varieties by different methods
& oMU R AR HE8 1324 ARk A58 12440 Brown rice varieties
& AN o1, NR AUEY 24stolafobd gRes  Methods  Sinseon- L Chue o
2 4345}0] validation file2 23T 2% validation chal cheong
file tAd2. 2 WINISI I project manager (FOSS, ver, 1,50e) lodine® 6.881 11490 19731 23.246
2] monitor result 7|52 AR&3Fe] Al4HE Slope, RSQ, SEP, NIRS’ 46969:9 13 gzg 1322? 282‘;2
- +0. +0. +0. +0.
SRC 59 A vpko 2 A NIRS ol m el o)Al (OOB) 002 (£0.057) - (0.T)
Difference®  1.887 -1.604 1.098 2.698

7 AL7PsAE HEE9tHTable 3, Oh et al, 2017).

NIRS |&2d A4 F7}

7 NIRS oS5 o] A5 H7ksl] 9l =3
W PRAREO| A W o]aehA] A EiA Ve o AL
= B B2 ol 8SISiT. A tollA i o
Q125 NIRSE o} §5to] - A=) izl 9l of
S A1k Bl B lelch
12 o 2 A 6.881%, T2l 6.890%)
: 11,490%, T2l 6.260%), A (oY
Wl2l: 6,350%), JLotH|(oP U A 23,246%, TR 6. 777%)
AFE-SFTHTable 4, Table 5).
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*Mean iodine method for amylose content.

YMean near-infrared reflectance spectroscopy for amylose
content.

*Mean calculated value by subtracting NIRS amylose
content from iodine amylose content.

Table 5. Comparison of protein content (%) in standard brown
rice varieties by different methods

Brown rice varieties

Methods  Sinseon- Baeeiiniu Chu- Goami
chal g cheong
Micro
Kjeldahl” 6.890 6.260 6.350 6.777
NIRS' 6.824 6.671 6.869 7.389
(£0.097) (£0.110) (£0.097) (+0.108)
Difference®  0.066 -0.411 -0.519 -0.612

"Mean micro Kjeldahl method for protein content.
YMean near-infrared reflectance spectroscopy for protein
content.

*Mean calculated value by subtracting NIRS protein
content from micro Kjeldahl protein content.
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Fig. 1. Division of the infrared region by wavelength and wavenumber.
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Fig. 2. Schematic of relationship between stretching and bending mode in fundamental vibration.
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Fig. 3. Procedure of analyzing the data from NIR spectra with functional group absorption bands ranging NIR from MIR region.
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Fig. 5. The NIR spectra from landrace germplasm using NIRS in condition of the milled brown rice.
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find peaks 7]5-& o]-83to] AleiE v 1AL NIR A EH O
20E] 297|925 Beold AT g, 63 2tk 9] 7
8 230l smul(oh 2 Aok ol 2alelo] B312)e] 491
O-H, 0-0 2H7150] ZA5kT TuIEe] 29 N-H, amide
(CONH), C—H, C=0 21g7|S0] ZAJstt}, =ukyHo g5g-
918 nmoj|A] C—H 34} v}-S-2590], 1,444—1,546 nmojlA O-H
stretching 12} B} 2-%1%0], 1,956—1,966 nmoj|A] O—H stretching
I} O—H bending Z3H150], 2,096—2,106 nmof| 4] O—H bending
I} C-O stretching A3X50], 2,276-2,286 nme} 2,320—
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Fig. 6. The peaks separation derived from NIR spectrum shown by a rice landrace using WINISI III project manager program.

2,336 nmoJ|A] C—H stretching®} CH, Agl2lF0] Yoyt al , 2002)0] H]3f thh =2 old & A slFo|T) Table 6
(Fig. 6B), Tl A1 E-© 870-1,052 nmoj| 4] N-H 32} Hj-&- A 2|2 opd & gheF AfefjE A © 2 HE 502 4Z, Table 7

o]
2,050—2,060 nmof| A} N-H stretching} amide (CONH) 237
50], 2,056—2,068 nme} 2,176—2,186 nmoj| A C—H stretching,

amide, C=0 ARF0] YofRthFig. 60).

oluzx Wl gula NIRSA

1,506-1,518 oAl N-H stretching 13} H}SAEo], 241 op g Fref Ao 4D 0 2 HE] 5049 o n

A Ao]Tk,

bl 2] SFERO. 5 92017, 45%% 1] Bt aF2ke- 8 17%%t), T
w2 312k 6 78-9. 75%0] AFUE0] A AL 2] 81.60%= 24|
tolct, AH 2L AIRR 7} 2AFSE @] thil A Slege
5-179%0] 1L, Bt Tk 10.60%3{THLee et al,, 2013), -1}

FL

ol

uol'

U] AelE B 4,9482H49] opd 2 A 9 oA ek 2} v ZFo st A-FE Ao oJsh O‘HFﬁlt B TF
NIRS ZAA7= Fig 73+ gt} opdaA 8k 397 8.25%, BUA= Wt 315k 9.03%0] 11, oFAu] E& Muly|2
37.13%9 3L Bt Tk 20, 39%ATt opUZA 3k 20 06— 2 7-9% WA geFolth(Lee et al., 2013), ]2t ﬁo] EIES

27.02%21 AFLE0] X%xﬂ A9] 62.20%5 A8, o= ¢
gutet oFdn] 5 AH7]E91 17-20% oFd 24 $1K(Son et
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Fig. 7. Amylose (A) and protein (B) content in the rice landrace germplasm using NIRS.
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Table 6. Selection of fifty resources with low amylose contents in landrace germplasm

1310

505

IT Number Varieties Content (%) IT Number Varieties Content (%)
248050 JIN WHA 3.969 10562 Idajayuna 6.214
277148 DPKR 036S 10450 5.321 275084 DPKR 036S 10343 6.231
289125 Chichabyeo 5.431 275001  Chungbuk-Goesan-Tojong2011-99  6.234
276966 DPKR 036S 10283 5.454 7250 Hozoroi 6.249
275209 DPKR 036S 399 5.534 195434 Gyeonggigimposujip 6.257
219159 Gaeryangna 5.562 277175 DPKR 036S 11487 6.291
277147 DPKR 036S 10449 5.631 242297 Chousen Zairai Mochi 6.325
277181 DPKR 036S 11497 5.671 220679 Redchalbyeo 6.372
185741 Chalbyeo 5.679 277095 DPKR 036S 10342 6.379
275075 DPKR 036M 1333 5.712 276712 DPKR 036M 549 6.418
276956 DPKR 036M 553 5.766 275217 DPKR 036S 4090 6.435
274216 Gawichal 5.769 6397 BAEKHYANGIO 6.436
284203 K 7400-372 5.798 6653 Souhoumochi 6.478
276965 DPKR 036S 10263 5.799 9129 Hongsaekdo 6.483
113953 LU TAO 2 5.847 212581 Unnam Sujip 19 6.490
276644 DPKR 036M 2093 5.868 7251 Hozoroi 6.513
242304 C8754 5.934 284212 K 6607-665 6.531

7462 Anna 5.940 242068 Heukyeonjindo 6.544
242259 Soyourii 6.056 277156 DPKR 036S 10476 6.548
185739 Chalbyeo 6.059 113934 SHAN KIU JU 6.562

7248 Hozoroi 6.066 220678 Yechunchalbyeo 6.596

5052 Gujungdo 6.073 277349 DPKR 036S 2368 6.609
220681 Hyangmibyeo 6.121 8783 Tenjinho 6.627
275100 DPKR 036S 11662 6.124 283622 Laosjacrac14 6.659
265902 Raosjarae12 6.168 6277 Bouzu 1 6.660
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Table 7. Selection of fifty resources with high amylose contents in landrace germplasm

IT Number Varieties Content (%) IT Number Varieties Content (%)
276717 DPKR 036M 566 30.412 277326 DPKR 036S 1223 32.497
113942 TSAO LING HO 30.604 113949 WU MU SZE TAN 32.683

303 JAMUNA 30.681 6421 Takara 32.808
4804 Kairyousyu 1 30.687 113950 HAN PU CHIH 32.935
113969 HSIAO HEI TAO 30.700 4792 Gaeryang Daejang 32.941
113941 HWANG CHIAO LU TAO 30.854 155926 Basmati 5874 32.990
113977 HWA CHIEN LO KU 30.935 6403 Hansyoku 33.054
113947 PU SAN 1 31.055 4125 TN 1 33.220
113946 TWAN TSI C 31.227 114385 Chung Chang 33.430
113967 HEI TU 4 31.326 5676 Neuseu Byeo 33.551
5866 Ouyamato Nishiki 31.361 6648 Ssangbong 33.589
155925 Basmati 5854 31.373 113749 CI5476 33.763
113972 HUNG MI HO 31.456 4796 Gaeryang Aeguk 33.845
113966 CHING KAO CHAN 31.516 4802 Kairyou Oomachi 33.852
7732 OegukByeo 31.585 6420 Takara 33.909
113948 HSIN CHOW TSAO SHENG 31.628 2914 Naengdo 33.977
5079 Gwoljosi 31.705 4697 Gaori 34.022
185740 - 31.819 242295 Shaonantem 34.077
7827 Yugsibiljodo 31.833 242272 Kouhokutou 35.055
113751 CI5486 31.979 242275 Ouha 35.067
113971 KUAN YEN CHAN 32.191 266535 Pnompen seobukbu jarae 2 35.287
113965 LAO SHU YA HAO 32.229 155934 Basmati 6141 35.462
113976 YANG KU TSI 32.255 165749 Col/Bhutan/1970(Col7) 36.107
2891 LIU-TOU-TZE 32.386 2632 KATAKTARA(AUS) 36.185
7405 Jinsho-chu 1 32.406 4309 Te Tep 37.132

S, Table 9= 2|11 THal 2l S A ej - A 2 HE] 504}
U2 YFEo = FARE Ao,

Fig. 82 A2 B 4,9482 19| NIRSE o83} St P
D2 A g ol g Fkek 2ot o) )8 deF iy
& FASH= AL uhelg Ao 7 B fhek 17k 7)1
7k A 1L R ARl A S5 UrERdlct, ofd R %‘%k &

Ee= OF 10%00|M 17%7H4] FA7E SFFS7 et oF 17%001 A4 27%
7HA| AR SIS 7S BYlom, o] % 37, 13%7HA] 5 A o
Fo71E HAr. T o e oF 6.5%0114 10,0%7H4]
ot AFLTHE HAl e o] 17.5%7H4] 54T dHS 7T

obal s St hil Rezke] ARAS clopi] §)

o{t JlNI

mlm
2

oCJ‘l
;_.
(@]
N
i N
®o
=
—
q

NIRO) Slg AP W AR ohuEA B BE

BE ofuRa He 1o R BRels w S oz 7
2 7.1-13,6%= 7P 2 U5 A(Kim et al,, 1991) O}Uli
A BEF 1-2%5 HH(waxy), T-20%= AoTU 2 A, 20-25%=
tord2A(E), 25% olde AotdRAR s 7401"%
(Jeong et al, 2013; Song et al., 2008).
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Table 8. Selection of fifty resources with low protein contents in landrace germplasm

IT Number Varieties Content (%) IT Number Varieties Content (%)
283624 Bangladeshjarae6 5.201 4804 Kairyousyu 1 5.855
275023 DPKR 036M 11568 5.202 4309 Te Tep 5.858

5079 Gwoljosi 5.266 6421 Takara 5.872
9094 Homyo Jindo 5.294 299187 Korbei 5.893
2914 Naengdo 5.297 291952 KuligqiDaykat 5.905
4802 Kairyou Oomachi 5.414 276572 DPKR 036M 11579 5.912
10486 Kumamoto 1 5.431 9422 Dodo 5.919
229820 NPL-MKH-2002-67 5.450 286660 Kuliqqi 5.927
276554 DPKR 036M 1095 5.468 276686 DPKR 036M 340 5.927
4792 Gaeryang Daejang 5.490 286652 Qinablayan 5.938
5676 Neuseu Byeo 5.572 185740 - 5.943
6648 Ssangbong 5.593 6713 Seongna 5.954
5669 Nongjanguigwang 5.609 216765 Ziok Do 49 5.963
6420 Takara 5.694 235798 Yonamdo 5.976
114395 CI 5481 5.717 6551 Sandadagido 5.990
123663 Okgyeong 5.718 7405 Jinsho-chu 1 5.996
4796 Gaeryang Aeguk 5.744 286655 DinannayDaykat 6.008
7587 Yeo Byeo 5.759 276655 DPKR 036M 2137 6.014
276886 DPKR 036M 1335 5.777 242275 Ouha 6.016
10158 Kodama Nishiki 5.788 280061 Beagami 6.021
276717 DPKR 036M 566 5.815 7765 Asahi 1 6.053
6677 Ishijiromochi 5.831 6727 Sodo 6.054
6490 Fusaku Shirazu 5.833 6403 Hansyoku 6.058
7732 Oeguk Byeo 5.843 8716 Jinando 6.060
113936 HAN PU CHIH 5.850 8795 Cheonjudo 6.089

&ILol| 4] NIRS B-419] A Brslr] el Akest &l

ZFZE0] AlAZ Wz Jlofa|= Zkz) 2k x{o}mi

, 74,
 FoEs, TR HES
olt}, Kim et al (1991), Jeong et al. (2013)} Song et al.
(2008) 9] &7 |52 st} dn| #EE52] NIRS 5744k
2 FegT7he) 7Hko] B ol TS Lk
H 6% U|HE ZHwaxy), 6-9%5 S, 9-1T%5 AoPdE A,
17-219% Z7FOFU R A, 21% OAFS TolulZ Al Ha
94 gl olot g T A W UG ERal
. 4,94821Y = ZH(waxy) AFgo] 1821, =712 21¥10] 390
Y, Aopd A 2FYo] 3532HY, Z7toldE A z}lo] 1,537

A1, 10}z 2helo] 6503 lelgich, TPz Rl

)

];H_LHP/\ O]‘— ]:q

ru{n s

53.56%, Z7toPa @ 2Ho] 31,06%2 HA| AehE 4,9487¢
9] 84.62% 2|31 HTable 10),

A E ¥ ALY £
EX

41710l A #%‘JH AeHE 49487+ &
1,232, B3t QAIR] 21912 1,073, L& §AkA] 211
94279, Zt AR AL 581AH) 0 2 o] 5 21 0] A
A& AHA2] 80.3%= 2HA|5HATHTable 1), AHeE: 4,9482
L& A v|Fo] Z a7t QAR AYES g o= opdEA
9 ol gkek 545 AT B|aLskSikFig, 10).

Tt AEA) 2 ot @A BHeFe] 79 16,58-20,06% T+

QA opn 22 W B
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Table 9. Selection of fifty resources with high amylose contents in landrace germplasm

AANES) opd e gl Tl Wt iRk B AlAS

IT Number Varieties Content (%) IT Number Varieties Content (%)
114071 AO CHUI 2 13.205 349 Bai Cyue Ching Yu 14.146
114279 KEN YEN 13.225 113978 PAI JH TSAO 14.278
114080 CHIH SHEN LI 13.282 114031 HSIN NUNG JU 14.280
114138 P 152 13.305 8331 Jeokdo 14.327

8158 Ibaeksangyu 13.315 114304 PA JU 14.339
114284 HWA LO HUNG 13.324 114070 TA TSAO 14.373
4980 Gwang Tao Sue Tao 13.330 8290 Jaeraedo 14.449
113942 TSAO LING HO 13.332 114127 P 171 14.611
113974 HUNG SOH 13.390 8299 Jaeraejongna 14.622
114280 HUNG HSIEN JU 13.394 276625 DPKR 036M 1324 14.675
113937 HSIAO WU TSU TSI 13.421 276578 DPKR 036M 11626 14.773
114205 HWANG MIAO CHAN 13.533 276621 DPKR 036M 1292 14.827
276594 DPKR 036M 11758 13.581 9224 Hubyeolna 14.898
114309 YEN SHAN MA CHIU KU 13.602 114039 CHUNG CHUCH 14.964
8373 Jeonwangdo 13.641 276564 DPKR 036M 1152 15.042
104442 Reonbarae 13.673 114054 HSUNG TIENG 1 15.196
113977 HWA CHIEN LO KU 13.698 113971 KUAN YEN CHAN 15.296
276608 DPKR 036M 1180 13.782 114053 HSUNG TIENG 15.361
111013 Yukdochalbyeo 13.782 8436 Jogaeng 15.384
114283 YU TAO 13.790 8294 Jaeraejodo 15.582
113947 PU SAN 1 13.817 276588 DPKR 036M 11707 15.606
113972 HUNG MI HO 13.948 114278 TSU TA LI 15.710
276547 DPKR 036M 1075 14.010 104619 Yeomyeong(Reimei) 15.807
113495 Tadukan 14.047 114049 PI 160677 16.480
114047 Al KWOH 4 14.112 8289 Jaeraedo 17.451
40 - 18 - .
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Fig. 8. Distribution of amylose (A) and protein (B) content in the rice landrace germplasm using NIRS.
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Fig. 9. Coefficient of determination (R?=0.0012) between amylose and protein contents in the rice landrace germplasm by NIRS.

Table 10. Classification of rice landrace germplasm according to amylose content by NIRS

Rice type
Waxy Middle waxy Low amylose  Middle amylose  High amylose
(below 6%) (6-9%) (9-17%) (17-21%) (over 21%)
Number of accessions 18 390 353 1537 2,650
Ratio of accessions (%) 0.36 7.88 7.14 31.06 53.56
50 = North Korea 0 B North Korea
40 JAPAN 40 JAPAN

CHINA

Ratio of Accessions (%)

_kl

9.62-16.58 16.58-20.06 20.06-23. 25 23.25-27.02 27.02-37.13
Amylose Content (%)

397558 6.88-9.62

(A)
Fig. 10. Amylose (A) and protein (B) content in the rice

Zroll A AR H]L0] 65,90%2 THE YA A4 tH] =2
RIS LB, T ofere] 7 6.78-8.27% Tkl A AL
A4 u]80] 60.76%Tt.
= AkA] AL opHl 2 gHaFe] 79 20,06-23.25% T-
Zroll A AL H]Zo] 48 51%2 ThHE UARR] A1 oje] 714
=2 S UERHAL, 23.25-27.02% 7ol A AL H] &
0] 13.27%= th2 YA A1 ] A5 e T

3T

oA
17?]—1_._1‘
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6.62-6.78 6.78-8.27 8.27-9.75
Protein Content (%)

B)

landrace germplasm of four countries using NIRS.
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Ak
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