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Protein and Arabinoxylan Contents of Whole Grains from Wheat Genetic Resources
Cultivated in Korea

Jinwoo Yang', Jinhee Park?, Jae-Han Son', Kyeong—Hoon Kim?, Kyeong—Min Kim?, Han-Yong Jeong?, Chon-Sick Kang?,
Ji-Young Son®, Tae-Il Park®, and Changhyun Choi*'

ABSTRACT Recently, phytochemicals in whole grains have received increasing attention because the increased consumption
of whole grains and whole grain products has been associated with a reduced risk of chronic diseases. Among the phytochemicals
in whole wheat, arabinoxylan influences various physiological activities and can aid the treatment of numerous health conditions,
either directly or indirectly. In this study, 614 wheat germplasms, collected from the world, were cultivated in 2018 and harvested
in 2019 in South Korea. The qualities of these whole grains, including seed protein content, were evaluated using the NIR
spectrophotometric method, and arabinoxylan content was determined using enzymatic methods. The ash content was 0.36 to
2.80% and protein content was 7.66 to 20. The SDS-sedimentation for gluten complex ability ranged from 26.85 to 80.63 mL, and
protein content showed a high correlation with SDS-sedimentation in the germplasms. Verify the result of the enzymatic method
of arabinoxylan, the reliability of the experimental method was determined through repeatability, reproducibility, and recovery.
The average value of the 614 resources was 51.64 mg/g of whole grain, and when classified according to the country of origin, the
South Korean origin resources tended to have a higher content compared to the genetic resources of other countries. These results
are expected to be used as basic data for setting standards for whole grain quality in wheat breeding systems.

Keywords : arabinoxylan, NIR, wheat, whole grain

£|2 B2 B(whole grain)& A4 A7o] £0] H ¥ er al, 2017). 20 T gHElo] Ui Aol g o
AR AT 4= e Bt Sl Ao dEA 1 e FoHE S AA9 AollA 43F Ao o) 43}, S5
2RI ek, BREBE AN Aol 28 F S Ut A g BAL ofujahy] duken grie] Aojg
Ao 4] fi{(diatery fiber), H|E}Y](vitamines), 7] & (minerals) ol A Fliu o] ot REACR ZafjEil F
ul chokst A& EX(phytochemicals)S AA|E 25 X EItK(Tieri et al., 2020).

o 9ol $4on Y Aow nnela slevOker & Ol HlRE A2 Yo o3 YAF A B B
Liu, 2010) ¥ dA-tollA= 539 A37F i, &, 2L T ThR Al Aelgdel Hojske AR HalEar §)
ok AE Agha 2 v 9 w9l Agte] mabt Q) ﬁt‘%(SChatka et al., 2008), 53] W} T2 vy} AE9] F
= Ao g By vl QItiAlbertson ef al., 2016; Marventano 2} Qljofl = AU & A(xylose) 12| 1L OoF2fH] =2 (arabinose)
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o] ek ZAE= Aom %}aqxq 9] OEq(Lu et al., 2000), o}

S Az B AR thgRE oF 2~8%
S, Hj-3(endosperm)Q} & H-Z(aluerounlayer)
o= AA| ofepuie Azt FHEF F oF 60~70%S okl
ickHan, 2000). thx-Ee] Woj gHE ohehulAjolehe
Ao A AA=ARE "WrERo] &Sk ofgbH| A}
Azt AWEAT =3}of| JFFE mAE Aom FPA
Qlth(Biliaderis ef al., 1995). X Lo A $=&A] ofgfH]
wAllehe AT 2 Baels B wEel 4
£ =9 W9 A B f-5(gas-holding network)g BFA}
0 2R Age) e vA W) BulE F7HA7)
ﬂ?ﬂgqﬂ A tHGudmundsson et al., 1991; Kiszonas

L 2013). oleld ATE B B84 ofebu]wAl
83 AIA AW 54 NAAZI7] 1R B At
431 & Q1 tH(Courtin & Delcour, 2002; Nifio-Medina
L 2010). E3 Dho] B oA dTe &
88 e B4oz dsjo] w3l oAt

slom ol AT ANEL W
}a}ﬂuux} ghe Wrbee] by
Q= AoE BIyEI QItiLappi ef al.,
2010; Knez et al., 2014).

23 obehil A e THEA A
Ut Aol A ohefet 7154 aatr
o olef. S8 olehilmA QT
AN BT g 3y
on o] AE Fof "N &
A7 BalEal QIti(Choi ef al., 2002). o}2}H| =
S A FASN FasA 91 §
S99 2 ; EZol YAra}A A (Nitrate, NO)2| A
7EA 7131 o]ef I E Abo] E7FCl(cytokine) 2]
A Wl W Euhes TAsATE A
QIth(Mendis et al., 2016). £35] o]&|3t HY
F7he Foe) S5 Aol oot js T
L ACR AFA ool HE FAT BHOE 2
tHUmezawa, 2006). Q3 Lo A= olahu| 2}
o2 A3 e A5 Ao Yha ma)
= Hauge] webA, el thg FE ofghH| e
weld 9 Hhak Aol SloiA 7154 E FHH
Holl webA] I Bl AEHor F7hstal Qlrk(Elsaid
et al., 2020; Lee et al., 2015).

shAlek oA A W Ahele] dhat ofehuleholet
o ghol tigk A+t= S wlngt AAolm 53] sHrt

b
i)
m
<
O
lor

lr

>
N

i)

mlo Sy rlr

3

-
i)
~|
i
o
oo
}11
ﬂ

o U & rlo S o S
o &
ol

=
]

o
—

o 3:19 of
sy o
|o
i

r e

m HE

g
o ofl
[T
oo

[

10—-—'_

_O\L
0_>‘: frr
il
olN
N
U g o >
r% oX
o o
o2
i o 3
NooN fE oo R 30 12 i

rE 10
o[o

L
ok =

oZ:_\"lOIN
32 1o K

>
2

ol
o K
¥0,

0 e I
rr e
N

N
1o
oo

32
oo
ho

5 WA ofehulealzte] dake] dia ARk ue
B23 Agoltk webA of AT F3) Felq 415
T A Gl W AUSe] ek B obehu] i}l
o e vloleo]28tE B ofehulAARE 1
U AT QY AL AL o|F BEII] 17
UG EE 4TS A% /124 AR B8 9 4 9
2 Aog oy
ERTET

usinE

2 Aol AgE U A4S T B Telolq $E
614 %< 20199 S Aekatebel A2 ACHF, e
X YA SAE ALgehET) 2 ARt Aeeld B
P on, obehuliegelst 24 A] Grinder o] §3to]
B 5 ANo.SO, e, WS BiAA st F
B4 AR o] g3tk Ba) 7, Agle] o857 A7A
YARAGC) A Bt

IXe|M(Near Infrared Reflectance, NIR) 2ZHEA 7|
2 E5t U Zx =M

—_

‘jIlIO
0

T, B, o e SDS-3 i7}(sod1um dodecyl
sulfate-sedimenation value)E £43}¢c} Z o= ¥ ubzf
g =HO 9311.1-44743 nmo|Qlon, 3jHLo
5191.73} 4597.7~4134.8 nmo|glh. Th A wpa of o=
9588.8~8100.0, 7644.8~6518.6, 6001.7~5392.3 U 4960.3~
4489.7 nmol Sk, e el S4S el Aaske) w
A= 8886.8~8076.8, 7621.7~5986.3, 5361.4~4991.1 L
4505.1~4158.0 nm ©]Qith. 7+ GEL o)A ATLATE E3|
S AAIBIATHKim ef al.,
2019). A " T2 AN 2E Sl 3 g& Fstol 24
O B o] gelo] 2}
vl 7 AR 33 dkEalo] 24

Olat|icxigiat a2 2

uhaE B 0.5 g A F
ao] 100°ColA] 2 AlZF F 4
2 olg3te] Z3} A7 xylose T

1.0 M HCIZ} W/t
mL2] 1.0 M NaOH
& 29 AU

F3
B
U'L

OQ#



U QTR

ofm
o
H
2

31aF2 xylose assay kit (K-XYLOSE, Megazyme, Ireland)
£ olgst3le Xﬂ“‘ﬂ Aol wepA S 28gsHad
t}h 2347 A S YA EE] 7= o] &5lo] AL Ha)
e 5 AR —J* f& T Ao ARl o zpdz A
o] JeFe AUR A DA d A(xylose dehydrogenase)E
o]-g3to] A+ /\.4 /\PQ}J,};HoﬂAﬂ F A= NADH.J oFS

SHXE|

A AT gt 54 A 2]+ SAS program (Statistical
Analytical System V9.4, SAS Institute Inc., Carry, NC, USA)
= o]&sto] £4e AAsteH, 55 1+ 94 4
AL p <0.05 =722 ANOVA one-way Test (Duncan’s
tes) Y2l o]-g3to] EA ST ESF 2} ke A
AE 57 fl5to] Pearson’s W& ©]-85ko] p < 0.05
Srom ol Azt

Z4 I.UI

247} 9l &t

1L

&2 M(Near Infrared Reflectance, NIR) EZEA 7|
E o|8st Y EXH 2M

A2 s BAE v el d He &

4 A2del it 277t 7kt 1 % sk A
& A= B2kt olek. viskat AAby 5 sh
A4 BHEA) = TARAT FA 04 Apo]e] 7
2 F2 HAMoA feiE+= 59 -CH, -NH, -OH 2}
BAE YA Zatthel detz byl &
2E AZ3chChung & Kim, 2000). 2=
A2 ol8T HARS BAHEO] AL
ujma o o A7k B4o] Fp5al RS
A8 5 9o} TR 5 TRk SAMO] B4 B4o] A%
3t Ao dA QthMagwaza ef al., 2012; Wu et al.,
2013). 2 QoA Wol Fa B4 AL S, T 1
ol WAl el 2ALH $UBEAS Bhe) £
614 2190 thate] 2412 AN oArkFig. 1). 24 A,
s 2 614 AH-9o] Thsko] L17%9] Bghe /AT 919
om) BEBAL 0370]9I0h Ha B3 PFS AT
= AR oA $HE AAFOR T B 036%0]
on o) B8 S AT G AU T A 4
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Ul U215 2 1 e 2.80% Atk ol ek 3R] g
o] 9L njxe Qoo Fg EQk] AMejo} uj$-
DA ABAL M T Qlon EF Wr|&o] g wh
gha] eFe vkt deA 9ch(Morris ef al., 2009; Shi
et al., 2017). wjetx B 1:H§_ 3|H o] Ao} Fhepe B

A) Protein content (%)
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Fig. 1. The distribution of ash and protein content, and SDS-
sedimentation value of collected 614 wheat germplasm
determined using NIR spectrophotometric method. (A)
Protein, (B) SDS-sedimentation value, and (C) Ash.
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23t 7= F90 A8 Feole BF 55 Yo W& A Hot et T ke sk flsiAe B lee
a9 WEE 25 gl et ol 7|EE $Hol 4 ebds] AA g & BAE W FEje] A gkl o
|AI717] SlsiA= E7EE o9 FHel tigt 7% mh gk 240l 3o & Aog wekEh shARE AR S T
ol Aadt Ao g wetHch o gt 4 8L FF o] S W ARE Au7F g o] whebs, 2 A
of e} W7|&(bran) FFat 11 54 T oheE aQlo] TFolA= ol ZARS kel ThA o] HA 54
ofghol| what Fof et FE3HE flF 7|+ vhske = Uet= #1338 3 7HSDS-sedimentation value)E <+
Aol A o, QoA R =L AufEar Qle I A FFEA7E Fol 246k A7 Wbl
Aol digk A&4Q0 FEdg EA3 gojEuo|AgE e Tl F 2R A4 EAS Ues AxE
ol Fel tigt & 7|2ARE vHshe Ao] 7hs T A A7HEE B SolA BEAA JAGE ST o]
Ao g e o5 B2 Fdof i3t & FF 7= A7V =& 5 AEE AR 4 UEle AeR
= AT & e Aor wedr A A qlow, AW 54 5 o] Fulet Az Ao Hh
Y7FRE HIRT SU7HRY & e vy §AAS S AR ABdo] Sl= Ao ® defA QitkDeyong ef al.,
AAste 8% aQlo=m 11 Jhwkol uehA HEE, S 2012). JAZ7F 718 e A el A 7l E g0
23 FEEor FaEol AHgHD dntdor U TR 2685 mlo YHVE 7HAAL qlslen THY = A
AAE WrREY 22 29 S el Ao HAE QmoA +H Q1643 = 71 gh2 78.03 mIiTh.
defA lem(Kang ef al, 2010) o]«= W7]&of e © SAEA 2 2 AdS AYstar HA| 6122 ol it F
w7 ojolo] T2 Aaom s AoE AA Atk & 2 WA 47.99 mio| e,
s Wrlgol 74 olslel AEAS FASHE Thpe 7
2 RS St ool 7120 AAE WAR urh SAE 0I@S of2uliXYEH Arabinoxylan) BE £
o ZThY Sk HESIE b ACR BuED Ut W 2B
(Balandran-Quintana ef al., 2015; Barros et al., 2010; Javed 71&9] olgH| AU et BEAHL ofgju| A A TS ARA]
ef al. 2012). B ATl 614%90e] thste] 2AAN W (acidic) £AoIAH 7HERe) T F A4 2GS phioro-
B4718 o g8l Tl Sherg B ATk 10549 W glucinole} WHgele] WANIS S Fo) owige A%
Ue AT oon], EEUAL LA BT olB B olehlnAde] gE fRel S o8
(FF=4td+4, KS H 2012)0 4= H7b59] 2ok oF SFlth(Kang er al., 2013). SFA|TF G 45 ©]-§5lof xylose
ool et ARR(10.5% o1, FAROS-105%) 121 & A& T oleheAABE B PHS E40
URIE0.5% olshom TRAT 2AM BREAS  JASc4oR stel § R AL shu @ 4 ot
SO e BAT A v E VEe R 8 A4, $HE (Dodevska et al., 2013; Hu ef al., 2020). u2hA & A1)
o 10 A9 183 4RO 596 A0 vehdth AL BAE olgsle] ohehilnAdet] deke 24
£ BAT A3 A9 il Ael o il olhulmggie] gk 24N it AYEg S
TS Beel Gk ACE ekt ol WAge] 3 87] $istel A E(precision)?} H8HE(accuracy)S B}
e oefet A g 248 ozt Ao w wekE: uet sholth AEH HES oA dolla] &3 ofepniAY

Table 1. Precision and accuracy for arabinoxylan analysis by enzymatic method.

Precision Accuracy"
Parameter 5 P
Repeatability? Reproducibility Recovery (%)
Mean? 1,013.85 959.96 104.44
Standard deviation 35.29 38.00 5.20
Coefficient of variation 3.48 3.96 4.98

Y Accuracy is a measure of the closeness of the analytical result to the true value determined by analyzing a spiked sample.
? Repeatability was evaluated using five independent analyses of replicate sample performed on a given day.

» Reproducibility was evaluated using five independent analyses of replicate sample performed on different days.

Y n=5 mg/g sample on raw weight basis.



2H95%) EF=72(Arabinoxylan, Megazyme, Ireland)S A
25 o] &3tk AYULY I HPE/\Q(repeatablhty)J—}
A & A(reproducibility) & =74 ‘3}@ U=1
=3t ARE S HHE AlY

A =
HlastR o, AP 5Y ?l N, 4
sto] EE= A vasto] Aol tigt AU=E B7t
Sh s B sl 2laE(recovery)= ©l&
s Aol Hiet A& AAISHtHTable 1). 3l&2
FEdT FU MEHAS THAAL Qe ARE °]83t
of 4y ¥ 2EadS TEY S 2yl 424
+ & vlashe spiking WS OI%ﬂ‘ﬁEfﬂ, = A
o] H= IEE HolAlg 5% ofsh d o, AlFE &2
Aguii o2 I Et(Kim ef al., 2014).
I A, ‘?}5‘—*%,]— AEAdL 1,013.85 + 3529 mg/g, 18]

31 959.99 + 38.00 mg/g o= AAZEl 950 mg/go] uj-$- &
G e e S T i 24 4
=9 7]&2l oA 4 (coefficient of variation) @] 7}o] 5%
olstel 7he vehlE AL Eal AHel die Aes
3R 3 2 Qlglth Eat 3488 2A9 AT} 10444%#
2 AFE =2 golHE ¢ g

of ofefulierelghe 54 3 3

£ S Uele d3e deiidi=d o= A9l
ARESE g A0l AFd 2 A EEbAL g Av(xylose dehydrogenase)
7 ARz s Yat w750 HE AN A T
EHOE A ofefulncs) Abshl 9t AL vl
AR 52 A3e Ueidls 2oz AEthKim

et al., 1998).

|=0|I

£ 0|25t of2H| .= X}22H Arabinoxylan) EH2F 2A

E | I:-IIOIE-IHiIOI*e.}

wel £4 elajol theret ARo] THeEol i
2 waE glon, o ulgel BEols
of Aolifiel 7713 T2l WEIES el ol
©2 HIE T QrhKumar ef al., 2011). E3], Wo] 40|
Aol ARIEo] ki 2z Weh227Hp-glucan)
3} ofetul wapeleto] thef ghaElofl Ao oelH ok
(Stevenson et al., 2012). o] & o}gtH| =2} LT 2L
oFe AT viRelol WE ol 87 AFe] AR
Hojsh= Aog Hilgo| weps 1 IHETF STk
Qlth(Fadel et al., 2018; Hemdane et al., 2016). & ‘Il:rloﬂ
A 28 614 A2l deto] olatulA e Hg 2
AkaL o] & d|o| o] A3} slarAl sFGITHFig. 2). 614 A
glo] Y3 WA ofehul A eleke] B TR 5164 mee

OfatHleAtUR B2 W 33

oo

of whole grain® & Uelgon, o &g 7=
2= 3304 435 Insignia (85.98 mg/g)o| R on =
oAl =¥ 2l Chuukoku Zairai (74.90 mg/g), 24t
309%5(71.01 mg/e), WOF8E(70.66 me/g), A 2H(70.46
mg/g), $-22205(69.62 mefe) 5] AUS0] &L ofzhy
wapoleke] RS Wgali Qloith Wi, Be gake 2
L geomt =aolA 2AH yv 00-2 (9.83 mg/g)o|d]
oun o|Qoie F=of A £=HH yv 99-69 (14.55 mg/g), yv
99-73 (14.79 mg/g), yv 99-60 (14.84) S0 AYSo] ke
ofefulieatoletel ke Urerglck olelet ofehulwat
Aek et A BHEY7] vlolel S 7o) T
g AT A3 fO4E SehiA et

29 9] 7|k S47} ofhulieA)
o JHBAE 24T I A3 i A
oA Q AaAE UEhl A AT A
3 + 23} »=0.912
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Fig. 2. The distribution of arabinoxylan content of whole wheat
flour of collected 614 wheat germplasm determined
using enzymatic method.

Table 2. Correlation of ashand protein contents, SDS-sedimentation,
and arabinoxylan content in whole wheat.

Ash Protein  SDS-sedimentation

Protein 0.171 - -
SDS-sedimentation  0.110  0.912%%D -
Arabinoxylan 0.032  -0.108 -0.110

D #% means a significant correlation of p < 0.01.
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$otol MR 4 e Bl T 4 Ugich. WARY A
A7He chof o] GEFS W AoE geld glon
O FAAE AR wMe] g T A LA
R W IR 24 D 1 PP JTFL X A
o= ok QIthKang ef al., 2010). wjeba TR o] &
Sk ohlet 1 A% 54 H712 B B0l e w
A dolge Bt T 5 S Ao BEH. B3 7}
2ol A7E F3) HE olehu A dol8S B
st} ZAOlH RYEA7IE o] 83 ofetulAi At Fey
4L 95 AT B9 NIR HORE 0o AH A F
A 7L G B 2o] WaT o Wy 2
HoH BYYEAS ol§3 B FAY vlnty YAE
S T AZEBOE WE ARE HAST $19 54 dlo]
Bdlo] 2 o] QlolH §8% PHOE ol § B 5 glo
o, o ArkE ErjE A4Ue] A¥ W FFA2H] Bg

AE 0|28t ol2H| . X[2H Arabinoxylan) 2| RIAIX|
st H|m

Ao A= Al =3 Aol o o] 2t
o] O] Aol Yol 7] fJste] 614 AFUS oFAlof,
5, otlEl7t, ofzest e Aot ot T S HE i
gto] 71 zto]E AL ESF S A} v E AA|
SHATH(Table 3). 6142+ 5 YARA7F £718 Y-S &7
shole o, FWolA R Ade ALt ofAlot 147=
952, ofZ 2|7} 67]= 394k, obHl ezt 67)= 180214,
4 2070 10924, @ AlofH o 1715 4444 = 130
A 8] ofepr] = ApUghe] ke wlwsgith 1 A @
Aoty o] 17] el T4 =3H Ado] 7 =&
59.30 mg/g of whole grain®] ¥ YEeEM| oY, o]=

ERo| 57k Fo] F7bAQ) 24 W HAjo] WaF Aoz

Table 3. Comparison of arabinoxylan content according to
continental classification of wheat germplasm.

Origin Lines of Arabinoxylan .
germplasm (mg/g of whole grain)
South Korea 130 5691 + 7.84°
Asia 95 4275 £ 15.69°
Africa 39 48.99 + 9.30°
America 180 47.45 + 10.26™
Europe 109 49.11 + 8.76"
Oceania 4 59.30 + 18.65%

Y Different letters means statistical significance at p < 0.05.

B 7 g0 Rt Sold S A4S 5691
me/gO R A %S TS dErfglon obzelz of]
27 el 93 34 A9 obehlmaARe G £

AR WS BAS S AT 4 gtk WL A
9f3k obAlol A\ e] ofehu] At elRte] FaFol Wt 1 H
A7k B& BT 4 ety ol okxlol Al Yo A
Fah chape | FRA0R Qlstel F7hE 2 AR LA
AR §3 T 5 Ak o AAE B FhelH £
B A B2 oAU G W] Sldtol
I 1FEA L AT SO AT AnA
9 9 A B2 Y Aol e fAF BAE Fatol
ofehul AT ol FFS VAL FAH Ho|E w3

L 37b4el @77k Bes Aoz weHn.

i)

PRA71 o] g3 W FA FA AW =
A7 Qtoll pe] whapE, sl Te3 whuAo) EAe 3
S BAT S ggon Bt SDS-FAs} o
B JVUAS AT 9 2 T 5 A9tk G
AR BEE AAEE o, U7 §A Zol7t o
Fa51 Agoks A2 3 & 4 9dgich Bue) ofeh
wARke] S 2] Slstel BaUE ol gdtel
Hakgion, AR 437 Sfstel kA, ARy e
3 85ge Zstel Aol o 1% L AYES 3
ustgeh olF PFE BAWE o] g3l ol A
TS AT FHYAA £ L ALE A9lo] o
2 SrtolA 248 AU wastge o vay s g
S HAHT U B T 5 dglon, o)F Ba) F
U Agdo] G B 715HOR S4FS & 4 YUrk ol
3t TS B3 W A et FA W Fa Aol o
golelilo] A8 PEFOZN DEL B 171549 B 1
A 5 #8300l @ & U RO lofick
At A}
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