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Table 2 Mean (+ standard deviation) of grains physical characteristics of the triticale cultivars with one cultivar of wheat, durum wheat and rye (contral).

(mm) Grain size ails olx! oiy Sz 41,13 39 Hunter colour parameters w3, )

: s @/mh KO deSa oS )t e sy ) cashy )
it -Mw o Specific Hectoliter Thousand _ @) ) j’a’u 2 ela bbbl Moisture Cultivar
Width Diameter Length gravity kernel weight b -value a -value L*-value

3.73+0.26 2721+ 0.19 6.83 £ 0.45 132+ 0.05 79.04 £0.37 4814+ 1.28 26.03%£0.15 11.60 £ 0.26 5307 £ 054 7.84 £ 0.08 Olg s pasS
3.28+£0.22 2851 0.19 8.65+ 0.52 127+ 0.05 72291 0.63 4611+ 0.77 2158+ 054 1026 £ 0.17 49.59 + 0.50 7.25% 0.09 AY oga¥
3.32+0.28 290t 0.14 8.82 £ 0.61 123+ 0.05 69.26 £ 0.55 4515+ 1.00 2225+ 0.77 1118 £ 0.49 47821 0.36 7.21£0.10 939
296+ 0.29 287+0.28 8.68+ 0.71 118+ 0.07 64.63 £ 0.57 43.87 £ 0.70 2239+ 0.53 10.72+ 0.22 50.36 £ 0.70 7.39 % 0.04 Gy
3.07+0.28 281+0.27 8.72+ 0.61 121+£0.08 67.44 £ 0.10 4275+ 1.15 20.77 £ 0.44 9.27+0.28 52.28 + 0.26 7.34+0.13 s
285+ 0.28 287+0.29 8.77+ 0.87 130+ 0.06 71.09 £ 0.80 43.69 *+ 2.53 20.20£0.15 10.05+0.31 50.86 + 0.83 829+ 0.11 olilg>
323+ 024 2861 0.24 7.03 £ 0.44 1.27 £ 0.07 7514 £ 061 4251+ 042 22711077 1149 £ 0.42 50.07 £ 0.67 6.64 £ 0.06 P99 S
313+ 031 2831+ 0.23 819+ 0.35 127+ 0.05 71331043 4135+ 1.08 20.18 £ 0.36 9.31+ 057 5257+£0.23 8.72 £ 0.05 bl
3.02+0.30 266+ 0.21 8.91 + 0.56 123+ 0.10 67.67£0.72 38.15% 0.62 2116 £ 0.35 9.72+£ 055 5035+ 1.29 8.12+0.10 gre
296+ 0.29 262+ 0.16 7.80 £ 0.56 127+ 0.05 68.88 £ 0.04 31.78 £ 0.83 24.45 £ 0.90 11.35+ 0.60 51.44 £ 1.00 7.23%0.04 VS
261+ 0.24 236+ 0.24 7.71+ 045 125+ 0.03 69.20 £ 0.25 3169 £ 1.01 2410+ 0.64 11.34+ 0.63 51.06 £+ 0.08 7.35+0.08 Y S
3.03%0.30 239+t0.21 7.79 £ 0.60 122+ 0.06 63.88 £ 0.47 30.22 £ 0.76 2111+ 0.53 8.58 + 0.19 54.93 + 0.87 7.78 £ 0.08 Y Sy
221+022 219+ 021 7.91+ 054 122+ 0.08 6398+ 0.28 29.26 £ 0.87 21.06 £ 0.46 8.59 + 0.69 5491 £0.76 7.77 £ 0.06 $o90
2.87+0.27 2471024 7.26+0.72 127+ 0.03 64.44 £ 0.05 3003+ 173 20.92£0.50 8.55+ 0.30 54.80 £ 0.54 762+ 012 Vo SwY
241+024 220+ 0.22 7.85%0.77 127x011 7481+ 034 27711047 1821114 524+ 0.25 51.06 £ 0.90 8.72+0.19 Slogl
0.24 0.20 0.53 0.10 0.96 1.66 1.09 0.72 121 16.0 LSD (p <0.05)

ol anseis BB oals @31, LSDsys polie b lo s glas Blas gt o 50
In each column, the least significant difference with the 5% LSD values is detectable.

TNE als cagby bl 9 51,5 Ve Lails olal 32 a0 LSSV L ol Sl
The mean of traits with 3 replications, except for grain size with 10 replications and based on 14% grain moisture content.
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Table 3 Mean (+ standard deviation) of grains physical characteristics of the triticale cultivars with one cultivar of wheat, durum wheat and rye
(control) (Continued from Table 2)

(1) 351 JLamil a3 (1) &l ik a5 o5
Flour extraction rate Hardnessindex Sphericity index Cultivar
57.15+ 054 5453+ 0.71 0.60 + 0.03 Olg e poiS
59.37 + 3.15 48.93+ 0.70 0.50 = 0.01 AY u*'}-"ﬂ
54.65 * 2.63 49.55 *+ 0.69 0.50 + 0.03 995
50.62 + 0.88 4456 £ 2.8 0.48 £ 0.01 G g
5323+ 021 4539 + 1.40 0.48 %+ 0.02 s
53.05* 4.35 4382+ 141 0.47 = 0.01 sl
5329+ 1.75 4781+ 141 0.57 = 0.01 £9,99 puiS
56.26 + 0.79 4511+ 0.70 0.51+ 0.03 sblew
58.24 + 1.08 4459+ 0 0.47 % 0.02 Sl
54,75 + 258 4312 +0.70 0.50 + 0.02 VS,
5273+ 147 4255+ 0 0.47 = 0.03 Y S
4895+ 0.73 40.88 = 0.70 0.49 = 0.03 Y oSy
50.67 + 0.37 41,94+ 0.70 0.43+ 0.03 Pyge
4811+ 0.71 41.45+ 1.40 0.51 £ 0.02 ) oSy
49.28 + 4.00 38.38 + 0.69 0.44 + 0.03 Slogl>
4.62 25 0.02 LSD (p <0.05)

el i BB ool a1, LSDsy, polie b lo gime &glss Blas «ygiw ;0 50
In each column, the least significant difference with the 5% LSD values is detectable.
JNE als cugby bl o LSSV L olas .Sl
The mean of traits with 3 replications and based on 14% grain moisture content.
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Table 4 Pearson correlation coefficients between grain characteristics of the triticale cultivars.
GO s e SoJsb  pdgsa  albym  O cusby  bSH
H?‘rg“& Width 8o Length  Hectoliter TKW ‘*5"“’3 ‘5;"1"‘“5) Moisture Characteristics
e Diameter a-value  L'-value
0.774° o665 S ols
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~0.810% srf ol
a-value
B 0747::* d\ib)l}tb
TKW
0.593° - 0631° FelySe
Hectoliter
0.867" 072" b Jsbo
Length
0.756 »% 0594sae 0933m~ B 0715”; alo Cwbs
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0.684" 0.761""  0725"  0.630° 0.849™ -0.821% Al (o
Hardness index
R i n 3,1 Jlase!
0.705 0.592 0.794 - 0.659 Flour
extraction rate
0.778"* 0.659" s 2
Width
0.643° oy JBx
Specific gravity
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0.790 Sphericity
index

s Jlensl s yo o S s
“Significant at level of 0.01
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Significant at level of 0.05
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Table 5 Mean (+ standard deviation) of flour physical characteristics of the triticale cultivars with one cultivar of wheat, durum wheat and rye (control).

Hunter colour parameters  oeaw S,

Particlessizedistribution (um) (7.) wl,3 o 31ud (S) KJb sue o)
> 106 106 — 125 125-180  180- 425 425< Falling number iesth g esls gl esle Cultivar
b -value a -value L*-value
1008+ 0.74 1495+ 126 16.79 % 027 57.99+ 1.17 0.21% 001 400 +0 9.20+ 027 1.03 £ 0.07 89.90 + 0.27 SNy poiS
430% 042 3172+ 2.09 4440 + 2,04 19.11 % 049 0.58 % 0.06 223+ 14.14 823+ 035 0.97 005 8851  0.32 AY g
6.99 % 0,07 5004 + 0.42 2864+ 0.74 13.92 % 1.02 0.41% 001 8540 8.71+ 003 151+ 0.08 88.08 + 0.18 995
189+ 013 7.49%0.49 4500+ 119 4504+ 187 0.65 % 0.04 67.50 + 0.71 839+ 022 0.72+ 003 88.71 + 0.29 ooy
1224003 1023 + 0.49 3598 + 3.42 5140 + 3.96 1.33% 010 223+ 8.49 8.60% 0.14 041+ 001 90.08 + 0.30 Sy
145+ 0,07 9.35+ 053 3846+ 3.77 4983+ 4.49 0.92% 0,02 21050 + 12.02 7.93% 015 0.60% 0.02 9021+ 031 shils>
555 % 0,07 1435+ 038 4505 + 256 3447+ 293 058 % 0.03 204+ 424 954+ 021 165+ 0.07 8795+ 0.22 JORRREL s
0.36% 003 415% 010 3590 + 3.20 57.89+ 324 170 %014 230+ 12.73 951+ 031 062 + 0,01 89.67 £ 0.29 sl
281+ 016 1382+ 1.36 4493+ 024 37.60+ 141 0.67 % 001 249+ 2121 7.84+ 005 0.86% 0.02 8931+ 0.12 et
058+ 003 9.15+ 0,66 4435+ 058 4495+ 120 0.97 % 0,04 274+ 24,04 8.88 + 0.14 0.87 +0.02 89.41 * 0.15 VS
228+ 017 14.27 + 140 4105+ 208 4146+ 373 0.95+ 001 28750 + 17.68 859 + 0.48 0,61 001 90.10 + 0.37 Y5
0080 121+ 010 9.43% 081 62.41 + 3.30 26.88 + 2.43 24750 % 9.19 9.26 % 0.41 045+ 001 89.36 + 0.45 Y oSy
0.82% 0.06 375+ 027 3510+ 0.93 58.68 + 0.68 1.64 £ 0.06 400 £ 0 952+ 032 1.36 £ 0.05 8815 0.37 590
029+ 0.01 373%013 1301 + 0.27 64.80 + 0.06 18.27 + 0.38 258 + 25.46 9.04 % 0.40 055+ 0.03 90.17 + 0.38 V Sy
0.15% 001 163 £ 0.07 3442011 65.80 + 2.83 2002+ 2.86 24750 + 25.00 840+ 021 0.06% 001 88.10 + 0.24 Jogle
050 210 5.07 6.12 214 3850 0.47 0.68 0.50 LSD(p <0.05)
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In each column, the least significant difference with the 5% LSD values is detectable.
INE o] cogl,y bl g 1SS Y b Olis (Sile -

The mean of traits with 3 replications and based on 14% flour moisture content.
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Table 6 Mean (+ standard deviation) of flour chemical characteristics of the triticale cultivars with one cultivar of wheat, durum wheat and rye (control).

SDS w5 ) ey ol Sy 13 ) ) il :

Qmp (L) Ferulic gy (sl () ek sy Sca] (1) o (1) youS o)
SOd”ngCaI?gecyl Zeleny i Arabinoxylan Amylose Damaged (7.) Protein Ash Cultivar
sedimentation e ENE ] starch

8.40 £ 0.22 36.27 £ 0.18 148.88 0.94 £ 0.02 2031+ 1.18 8.39 £ 0.69 12.66 £ 0.07 0.70 £ 0.02 Ol s ‘M-\Af
5.68 £ 0.10 34.97 + 0.09 17754 1.15+ 0.04 24.09 + 2.65 8.98 = 0.08 13.10 £ 0.07 095+0 AY u.:yﬁ”
555+ 0.12 34.04 + 0.26 188.86 1.22 + 0.09 2428+ 1.44 9.52+ 0.48 1153+ 021 0.84 + 0.03 959
6.27 £ 0.32 3276+ 131 165.85 0.94 £ 0.09 2351+ 175 8.57 £ 0.60 11.59 + 0.84 085+ 0 G 53
537 £0.33 32.61 £ 0.61 125.86 0.90% 0.06 26.30 £ 0.95 7.89* 0.32 10.76 £ 0.42 0.70 £ 0.01 3 s
6.71 £ 042 3293+ 0.44 113.83 0.84 £ 0.06 2158+ 0.82 757 £ 0.45 11.06 £ 0.28 0.66 £ 0.01 ghile>
466+ 0.15 3368+ 0.44 190.72 1274012 2115 + 0.4 943+ 0.42 1125+ 0.28 0.96 + 0.01 a0 piS
5.36 = 0.33 3258+ 0.35 154.83 0.91+ 0.07 25.62 + 0.94 8.22+0.48 10.76 £ 0.21 0.72 £ 0.02 sblew
6.31+ 0.33 3413+ 0.26 134.04 0.71 £ 0.02 2467+ 1.23 8.39*+ 047 1298+ 0.14 0.76 + 0.02 gysil
4,19 + 0.66 3172+ 0.17 130.33 0.94 + 0.03 26.35 * 0.66 9.00 £ 0.33 9.96 + 0.07 0.68 + 0.01 VS
3.93+0.33 31.65* 0.09 123.72 0.94 £ 0.04 24,72 £ 2.05 844+ 0.34 9.65 £ 0.07 0.64 £ 0.01 Y S
3.02+0.18 3174+ 0.26 136.06 1.03 + 0.02 25.60 + 0.85 7.70 £ 0.56 10.84+ 0.14 0.82 £ 0.06 Y Sy
437+ 0.36 3169+ 0 205.85 125+ 0.11 17.66 £ 0.18 8.70 £ 0.86 11.00 £ 0.07 0.97 £ 0.01 P50
3.02+0.33 31.38 £ 0.09 145,57 0.95 £ 0.02 19.95+1.18 6.72+ 0.23 10.61 £ 0.35 0.79+ 0.01 VoS
207 £0.10 29.59 £ 0.09 199.99 2.22 £ 0.06 2167+ 135 9.04 £ 0.80 962+ 0 0.72 £ 0.02 Slogl>
0.70 0.94 - 0.13 2.02 112 0.65 0.05 LSD (p <0.05)

R ua.._’?h...t L}Jb W) 4:‘)| L SDsg )J.)Ln.n l) )bw ujLLt JSI..\} (g 40
In each column, the least significant difference with the 5% LSD valuesiis detectable.-
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The mean of traits with 3 replications and based on 14% flour moisture content.
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Table 7 Mean (+ standard deviation) of flour chemical characteristics of the triticale cultivars with one cultivar of wheat, durum wheat and rye (control) (Continued from Table 6).

Sl o, ] & L

iy s j) ;i (1) gy wd "“V;’;t:&? SRS LS T leye il A oy

L é.gggtry weight pmigdry " ‘;?)?Crif;io” absor ption * ) () (ml /200 gr flour) ST
(SS-bonds) (SH-groups capacity Gluten Index Dry gluten Wet Gluten (Rapid mix test)
1245+ 021 179+ 0.03 77.36 £ 3.10 72.17 £ 0.98 97.55 £ 0.69 11.47 £ 0.05 3120+ 1.03 63237+ 2.83 Oy piS
9.94 % 0.08 3.94 % 0.07 7839+ 314 79.44 + 1.95 88.64 + 4.02 9.56 * 0.39 2451+ 071 561.97 * 2.10 AY ogaT
1045+ 0.17 345+ 0.07 79.26 + 395 87.45+ 3.20 95.62 + 151 6.69 * 0.34 1910 + 1.07 48912 % 11.80 559
919+ 0.27 483+ 0.02 8243+ 033 72,06+ 0.72 96.70 + 0.99 8.19 * 0.29 2133+ 081 529.76 % 21.00 Sy
8.86 % 0.08 478+ 0.05 70.50 + 4.39 67.65 + 0.70 97.31+ 128 8.18 * 0.36 2166+ 1.29 47663 + 1954 s
856+ 013 431+ 009 74,93 + 369 67.34 £ 2.06 9534 + 378 8.07 % 001 21.90 £ 0.63 496.98 +14.10 sl
8.02 % 0.03 473%0.20 82.10 + 550 91.94+ 227 87.90 + 413 5.26 + 0.02 14.32 + 0.96 523.87 + 18.31 3550 P
9.07 007 456+ 0.09 72.20 £ 4.96 70.46 £ 2.09 86.73 £ 356 778+ 0.76 20.89 £ 1.65 49419 + 7.71 sbliw
7.44.% 0.09 498+ 0.02 77,63+ 2.05 79.04 + 219 78.36 + 4.05 11.00 + 0.03 20.76 + 0.96 53849 * 6.31 553l
895+ 007 483+ 005 7739071 74.74 £ 1.90 79.76 + 4.00 414+018 1163+ 091 44710+ 7.01 VS
9.44 % 0.08 481+ 0,08 7162+ 2.26 7430+ 0.93 79.95+ 1.22 5.60 * 0.23 15.25 % 0.79 424.06 £ 0.70 A
6.60 % 0.15 6.20 £ 0.14 69.10 + 454 64.23+0.35 1993+ 0.03 420+ 0.18 1838 + 1.05 460.54 *+ 7.66 Y Sy
8.44 % 0.08 496 % 0.05 76.73+ 391 78.95 + 144 7334+ 131 7.94 % 0.45 21.76 + 1.06 48452 * 4.19 )9
7.46 % 0.05 593+ 0.10 7287+ 143 60.12 + 0.93 46.74+ 335 416+ 0.14 14.89 £ 0.73 449.00 + 15.40 ) Sy
188+ 011 097 + 0.04 71.96 + 6.98 108.00 * 2.62 3354 £ 3.17 016+ 001 042+ 0.04 412.99 £ 550 stz

030 020 6.43 311 5.02 0.60 179 24.93 LSD (p <0.05)

ol anzeis B osds a1l LSDsgs yolie b Llo g oglas JBlas gt 2 50
In each column, the least significant difference with the 5% L SD values is detectable.
TV 05l caghy ol 5 LS5 ¥ L clio (ke
The mean of traits with 3 replications and based on 14% flour moisture content.
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Table 8 Pearson correlation coefficients between flour physical and chemical characteristics of the triticale cultivars.

: T o310l ojluil o3lusl oIl .
s 2 ) S ’ ohpegul s SB ’
Arabinoxylan  pamageq  Protein ry <106 Y+$—125 125-180 Particles 425< &%) <59 Characteristics
Ash Particles Particles Particles size Particles b*-value L -value
SHE size size size

ol olyd @lyd

Ferulic
acid starch

_ogslt SRl
a-value

0.584°  _0.826" S5 Ash

DS

0.658" 0.655" _ 0755 _0.618" 0.747**  _0.750"*

0.725%* 0679°  _0732* oMHelysiedl!
Arabinoxylan

Sl S,

0.819** 0.876"* 0.795"*  _0.890*"
Ferulic acid

i ol Li>

0578* 0.921** 0.790** 0.752** ~0.811* - 0.639" 0.865"* - 0.757
WAC

0.617° ~0587" 0.644" _0677" Of9) o
OAC

0.870" 0.762° 0.717%* _ 0.807" - 0.620° U5 w5
Zeleny-sedi

<9 ,SDS
SDS-sedi

0.586" 0.692" -0.725" -0.674"

S5 Gls

0.775™ 0.621* - 0.610°
Dry gluten

0.802"* _0941™* sl amll
Gluten Index

_0.700° _0770°*  _0785™  _0595°  0807°" 0.799" ool
SH-groups

Sl g g

0.703" 0.666" 0.705* _0.722** - 0.741*
SS-bounds

0.931%* ol o>
RMT

5 sl

0.841%*
Wet Gluten
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Table 9 Pearson correlation coefficients between flour physical and chemical characteristics of the triticale cultivars (Continued from Table 8)
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SH-groups

ol Qi
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Gluten Index
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Dry gluten Wet Gluten
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RMT
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SDS-sedi

T

Zeleny-sedi

b S
Characteristics

0.601"

ol o

0.632°

0.607

WAC

OE9) oz
OAC

0.725**

<9,SDS

0.933"*

0.844™*

0.827**

0.743**

SDS-sedi
Dry gluten

0.805**

- 0.740**

-0.837*

-0.684"

- 0.693*

Gluten Index
Jyoilgn slaog 5

-0.887** 0.636"

0.789**

SH-groups

Soetlgu 50 slodigy
SS-bounds

0.749**

0.841*455

Ob o>
RMT

0.833"*

0.689"

0.707*

P

o) el gelans )3 4l sime
“Significant at level of 0.01
I ol mhas 1o jlo cixe
Significant at level of 0.05"

Wet Gluten
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Table 10 Pearson correlation coefficients between grain characteristics and flour solvent retention capacity
characteristics of the triticale cultivars.
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Table 11 Pearson correlation coefficients between flour physical and chemical characteristics and flour solvent retention capacity
characteristics of the triticale cultivar.
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Abstract

Solvent retention capacity (SRC) provides a measure of solvent compatibility for the three functional
polymeric components of gluten proteins, damaged starch, and pentosans (arabinoxylans) which in turn
enables prediction of the functional contribution of each of these flour components. The ability to analyze
the individual functional contribution of each functional component of flour would enable end-users to
better predict overall flour functionality and obtain optimized product quality. The purpose of this study
was to evaluate the application of the SRC test in determining some of the most important characteristics
of grain and flour of 12 cultivars of hexaploid triticale and comparing them with bread wheat, durum
wheat and rye as close cultivars, as well as determining correlation coefficients were between grain and
flour characteristics of triticale. In this study, four major solvents of the SRC test including deionized
water (correlated with all flour polymer compounds), 5% lactic acid solution (correlated with glutenin
polymers properties), 5% sodium carbonate solution (correlated with damaged starch content) and sucrose
solution 50% (correlated with the arabinoxylans content) were used. According to the results, of triticale
cultivars with superior grain physical characteristics, flours with much superior physical and chemical
characteristics than those triticale cultivars were produced. During the SRC test, such flours due to the
high quality of their polymer components, had more capacity for retention of the main solvents of the SRC
test and had more favorable and high SRC profiles. Therefore, according to the results of this study, the
solvent retention capacity (SRC) test, in terms of its significant and highly correlated profiles with
parameters of other methods determining the quality of grain and flour, alone and easily in identifies
superior quality cultivars and thus gaining the product with the best quality can be used.

Keywords: Solvent retention capacity, Gluten proteins, Damaged starch, Pentosans, | ndividual
functional contribution, Optimized product quality.
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