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Introduction

The most important component of wheat proteins is gluten, and the most prominent bonds in gluten are disulfide
bonds, which bind glutenin subunits. Therefore, oxidizing and reducing agents with great effects on the thiol-disulfide
system of the dough can change the mechanical and rheological properties of the dough. Due to the positive effects of
ascorbic acid on the properties of the dough, it is used as a flour improver. To weaken the structure of the dough,
reducing agents such as cysteine-L can be used, and by adding organic acids, increasing the specific volume and
decreasing the moisture, the pH and hardness are observed in comparison with the control. This study is performed to
evaluate the effect of adding reducing compounds, vitamin C and organic acids during the conditioning of wheat and
their effect on the yield of the resulting pulp.

Materials and Methods

First, Physical properties of wheat include: specific density, colorimetry, estimation of grain length, width and
thickness, grain hardness, hectoliters, 1000-grain weight, grain moisture, degree of extraction were measured for the
tested wheat. Moisture, pH, ash, particle size, fat, protein and zeal number tests were performed on wheat flour. From
elementary cleaned and weighed wheat, 13 samples of 240 g each were weighed separately and poured into plastic
bottles. One sample was conditioned with only 30 ml of distilled water and the other 12 samples were conditioned with
the following solutions, respectively:

1- Cysteine solution at three levels of 0.25, 0.5 and 0.75% by weight

2- Citric acid solution in three levels of 0.3, 0.4 and 0.5% by weight

3. Vitamin C solution in three levels of 100, 150 and 200 ppm

4- solution of 80 ppm vitamin C and 0.1% cysteine, solution of 100 ppm vitamin C and 0.2% cysteine, solution of
120 ppm vitamin C and 0.3% cysteine

After 24 hours, the conditioned wheat samples were milled by a laboratory waltz mill, and then subsequent tests
including gluten, sulfhydryl-disulfide, glutathione, and solvent retention capacity (SRC) were performed on the
samples.

Statistical analysis was performed using SAS statistical software in a randomized complete block design. Each
measurement was performed in at least three replications and the means were compared at 95% confidence level with
the least significant difference in LSD.

Results and Discussion

The results of physical tests on wheat grain and chemical tests on flour obtained by milling the wheat samples
without adding additives during conditioning are presented in tables. The results of gluten, glutathione, sulfhydryl-
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disulfide and solvent storage capacity tests on samples of conditioned wheat flours are also presented. Based on the
results of gluten and glutathione test, it was shown that ascorbic acid is oxidizing and strengthening the dough, but
cysteine is reducing and weakening the dough. Simultaneous addition of cysteine and ascorbic acid strengthened the
dough, adding citric acid to certain level strengthened the dough as exhibited in the gluten test. However, byond that
level, weakened the dough, but in the glutathione test it was almost ineffective. The results of sulfhydryl-disulfide test
showed that increasing the amount of vitamin C at three levels of 100, 150 and 200 ppm increases the number of
disulfide bonds, although this increase was not in linear trend, which can be due to the limited number of groups of
sulfhydryl with a suitable spatial arrangement for oxidation. Accordingly, the number of sulfhydryl groups is
significantly reduced, although it does not reach zero. With the addition of reducing cysteine, the opposite trend was the
case, as the number of thiol groups increased, the number of disulfide bonds and bridges decreased. The addition of
organic acid had no significant effect on both parameters and showed that the performance of these two variables is
independent. By adding both reducing and oxidizing compounds, it was found that the oxidizing effect of vitamin C is
far greater than the reducing effect of cysteine. Regarding the solvent retention capacity test performed with 4 solvents
of deionized water, 50% sucrose, 5% sodium carbonate and 5% lactic acid, the expected results are that the addition of
cysteine has a reducing and weakening effect on the dough, adding vitamin C and cysteine + vitamin C strengthens the
dough and the addition of citric acid initially strengthens the dough, but by increasing its level weakens the dough, but
this effect is small and can beneglected . The results obtained by comparing the samples conditioned with cysteing,
vitamin C, citric acid and cysteine + vitamin C, with the sample conditioned with distilled water in some additive levels
matched the expected results, but in some cases did not.
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We pPM Joboto ¢ duoyd +/Y 5 C qolig Yo+ ppm
sobie & lojen (3,5 ABlS)) Cpdis oy /Y 9 C pelig
(65 pm laiagiél 35 Ll

alwgy 0dd by i (glpdS diges el Y cubdS jl am
&S odm Olislosl (gl (Moyd VF/D dgus )3 ugby L) dlols
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(Guzman et al., lKen g glojeS b9, b Liulesl
5 gl 1974)

Dssilgls
OF 9 Mg gy Bl oaiS clal blge S (505l
3,5 plosl (Schofield and Chen, 1995)

(SRC) Joa (5,lags caad 15
Sas5 Shgy 5 odlizel b (SRC) P oS cud b
A 4 a8 b aS(Guzman et al., 2015) by, s wlio
Wibe (Yero @5V 3gy) AACC ;I SRC il 59,

Sylel il
el 58l 51 slizal b piiS 3900 bgpte e T celbigu
ol ym 15 Pl ool JelS Soly 74k 5 )3 SAS
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1- The least significant difference
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Table 1- Physical characteristics of seeds
) ) 192 ) basiw! as 43
o903 oy JE> (Hardness "'*‘95& 09 I3 51 09 (Moisture) J ] -
- : Index)  (Hectoliter weight)  (TKW) (Degree of extraction)
(Test) (Specific density) naex . .
; (kg) (9r) () (%)
(gr/mm')
e 1.2025 1811 79.5 35 8.08 73
(M)
e Sl 0.13 0.42 3.89 3.6 0.14 3.6
(Sd)
dlal g S5y —aild (K58 s S9-Y Jgu>
Table 2- Physical characteristics of seeds- Color and dimensions
(mm) als sl G K,
a0 S pd (Seed dimensions) (Seed color)
(Sphericity ol R
(Test) factor) Ceo oo b . e L
(M) (W) (L)
S 2.47 31 6.38 10.81 25.03 53.8
Lfl\i)n) 0.57
e 0.35 0.43 0.51 0.36 0.2 0.83
JLWS 0.02
(Sd)
PNS 3,1 (oloosuds 9 (S 58 S Shg T g
Table 3- Physical and chemical characteristics of wheat flour
093! (M) 5 230 (D) owan (1) o () use 0 (7) cosb,
(Test) (Zeleny sedimentation) (Pro) (Fat) (Ash) (Moisture)
0k 21.93 13.1 0.56 11 616 89
(M)
Siro 3l
(Sd) 0.71 0.3 0.01 0.14 0.06 0.24
153 83105 - 3,1 (S 528 SS9 -F Jg
Table 4- Physical characteristics of wheat flour- particle size
o905 (5190 )0 13 4 1,3 o101
(Test) (Particles Size in percent(Maximum))
095w 106 Ul paj (49,50 106 S g9y (9,50 125 I (g, 09550 180 SJI (59, 095540 425 SJN (5,
(Under the 106 micron  (On a 106 micron (On a 125 micron sieve) (On a 180 micron (On a 425 micron
sieve) sieve) sieve) sieve)
oSSk _ -
(M) 75 sl 20 zShes 5 Sl
(Maximum 75) (Maximum 20) (Maximum 5)
Hme Bl — —
(Sd) 3.6 1.73 2.64

do Y gxe Lials cpl bl cél ials sald L oawlie j
bug gy S 3Sle p il sl (P50.05)
oms 35 gy FolS ool | oy 4 sl ygsligls
o)y sl sald dges b (gl pxe Colds badigel dad ol
O3 Sl g CLale 131 ogge S ol End

5 03bsS ulpnn ol oxiS Lol il 4

O)Ser 5 )5 bwg Voo PPM 5 VO D+ zolaw ;> g
b g easS el Jelge @il 3l eolasl (Kaur et al., 2013)
RAJ- g PBW-343 £u5 )] (¢l 5ol5 ials oy g 5el8
Gsbye 3515 il waSlal Jelse 03958 b A3 (suees 3765
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Table 5- The gluten content of wheat flour

PEVENFY S iyl o3l 5 e

(Type of wheat fiour) (Gluten index (%))  (Wet gluten(%))
(Conditf:;;cvl;t;ﬁi;?ﬂ; water) 234021 27.2 +0.3 abcd
(cin‘éﬁﬁﬁig Svﬁﬁr\?itbéﬁozsgm) 25.8+0.727 30.3+0.652
(ciéﬁfﬁefxnﬁpv%ﬁé’ ;g;) 22.9+0.36 " 286+1.12%
(ccén‘aﬁﬁﬁg Svﬁﬁr\?itbé?ojgsgm) 21.2£0.62%"  27.5:0.87%
(Sgélﬂ.igem gys?/gg);:) 20.9 +1.34¢" 25.8 +0.62 b
(é;ﬁd?{iim; C;‘; ;’5";2 ) 18.2+0.87 9" 25.1+0.65
(;)r:d?t;iem l;y:)/l;?;;) 14.2£1.04" 245 +0.62 ¢
(ch;:;ibt%r?ej w);:r: ::T:rlli ;ﬁ?dbéﬁ/o ) 48.1+05% 29.3+0.88
(C;Sigéief\}vm Z?r'.i ;ﬁdbéﬁ@ 444055  28.80.52°%"
(c::gigéiej\}vﬁ ZZ}'.E ;:db(;;;‘"%) 40.2+1.04¢ 28.1 +0.45 @cd
C(g:rfasitSignezper:té ;;Jo(jllvm(:l) g:pjgﬁ;;‘ 49.70.43° 24.5+0.55 ¢
C(g:r:itt?rig SVriT:hj xogi,m ‘iog“’p:;;')‘“ 43406 25.8 +0.43
C 1polig 120 pPM 5 00,3 0.3 s b o by putio 35 5 41.08°¢ 17 6 50,65

(Conditioned with cys 0/3 %+ vit C 120 ppm)

D)3 I ime BT 5y cdY> Syiiie puf By 5 ()10 Sixe pis il S yidie By >
«Common letters indicate lack of significance and non-common letters indicate meaningful differences.
Al o hme Glpul Sl slacl
#The number are mean * standard deviation.

90 cpl 3Sles oS ol i g cusly gel)l g0 g (o) bxe
g bl S5 9 s (2938l bl 03g o Sl e 9
lyos C el (SaiS S gl a8 05,5 jasde 0aiiSsus]
O S Sl oo sl ol 45 591 it (S8 Lol 130 ) it
5 85l Ot 2 palitns ysbay 395 10T (cloy il o 3L,
IS el oS conl sl SgpsSwlgyiad (o0 jals o L
&S Gl g U Cundg cpl Dod o palyd cadow 0 o)
@ oiehl 93 5o plojen (19381 Jlib suilsw 0 sy Sl

(Belitz et al., 1986) 395 o35 adgl 5,1 15l fy )l5e

S8 g (59— yasdd g
P dese 3 ddlsw 63 9 Jopdlgw ploxie I Job b
i p C poling Slade (il b olel cpl o sl ous &3l
.)9> ula> O )ged 4)5) L)Jl Ay W) 0.39)5] AA.OJW 8 Lglb.by)
Jopdadlaw (sboog,S dlawi Cudgiome oy Wlgi o oS Dl L 1,
@ a0 wwlS bysdlae laog)S ol I I sne S
I 558 s e 0aiS Ll Cptins 29380 b w5 youo
6> sl 5 sy S el b pRen & SlaieS 4 i

256 I sl 99581 0 039381 Joi (slaeg)S dliss py ccsduilgus



\F.Y \:’A-A:i\-e-’-.’.é)l - 0'.’.‘5)5)5 J a)l.n.{;‘a ARIRVES ‘0‘)‘.’.‘ g‘u\.ﬁ évLa.w 9 991.9 6%5}' A gl \\#

Seilgwr (65 9 J2pdudlgw (yl5m =5 Jgoa
Table 6- Amount of sulfhydryl and disulfide

P8 ol £y Sl g (63 e i uilgu (ol 0

(Type of wheat fiour) (Amount of disulfide( ™))  (Amount of sulfhydryl( "))
(Conditi)](:rf;;\llvl;triijsotsiﬂ:d water) 12.25+1.03° 0.54 £0.05
Comne it 0 100 13.44 0,87 ° 0.31£0.05 *
(cinm;;ij evifhpi?féfs?ﬁfm) 13.26 091 0.26 £0.07 f
(Cﬁnﬁ:ic? Svﬁmiféfoz’éfm) 1328+1.11% 0.150.02 '
(gg;;ﬁlir?em 5;:5/15?32) 8.74£0.61° 0.66 £0.04 °
(;;Dd?tlirmt: c;; (j)o/is);;)) 6.114047 ¢ 0.88 +0.08 "
(Sﬁﬁd?t.ﬁem iﬁﬁ’s’?};) 3.76£0.55° 1.38 £0.06 *
(ch;lod)ibt%r?ej o e it 030 ) 1212:+0.49° 0.59 +0.04
(C;Qit?oie?vﬁ e :;dbéjf%) 11.98£0.98" 0.49 £0.02 *
(cggéit?o:e?vﬁ e ;A;dbég%) 1267067 0.51+0.03
iﬁﬁftiifdpwitﬁtoy)sb;'ll «Jﬂf é ;B&p;z; 12.87£039 % 0.44 £0.04 *
iﬁfti?gdp&?h’c;’égim blo?)ij;i;; 13.41£0.76° 0.49 +0.03
C 1oy 120 PPM 5 0015 0.3 ttisas b 03 bg it 13.89 +0.47 0612002

(Conditioned with cys 0/3 %+ vit C 120 ppm)

D)3 I ime BB 5y cdY Syiiie puf By 5 (400 Gixe pis il S yidie By >
«Common letters indicate lack of significance and non-common letters indicate meaningful differences.
bl e Hlre Glyoul £ Sle Slacls
#The number are mean + standard deviation.

Doyt dloye o 81 cplply il gy b 450 L)
ke B0 b ol (g3l Sl 5,8 118 eolatal 3)50 (38
Jds 4 58 SOy dul b odds bg piie diged 3y50 10 3,0 2959
Ay e O L osd byt diged b Loy (U i 45l
31 1 a5 ol (g9 0 &S5 oyl S anl 0390 Sl o AiSyd g
3 S g Slogge (Bl o)1 5 03)556 s JSity (lislS olS
b aalie > €ily o S 3,1 ol ol e als Y
0980505 (e 292y aB)S gees Ll 3] plan jload as ob
2135 51 U5 C g oinss 53938l Slgn o3l ol bty o
sals Sie (JolS 5, ans Syge 0 U dgd e el Ol
(Kaur et al., 2013) ,Kan 5,55 Dgud 0030 yaS U o>
1y sl 5 e S S Sizg p ealal e 30

Gelisis
035 LIV Jsix ) 09bsls pliee sl osel sy s
b ol puS o8 (o)) iges 38bslS (e s ol ol ol
boodd bgpie diges (sly g canl 03g) +/% o0 bogyiie jlatio U
O (x Cawl Bl G181 VYE @ Jlade ol i
by a5 @lgy 9 43S ity |y ol 3,1 55 Lol il atalys
oA5 yrod gl Cely 4xilyd 9 WS (el Joydudlgw slemg S
OV & asliglS Jlade C poling b odds by puive diged (glp s
3 g ol odd atwlS 3o o] SusSlel gl g ol adl ialS
Iy 05sbelS 3l s C (yolisg el o0l prod Co gl cels dons
) & adiane Syguas 51 g ol o3y ials woyd Yol i b
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odol Cuwds SRC lade zulis J1dged o (390 jgom0 45 Cowl oS

sl 01 ploxl Jlo g5 (Al yoore g (32> S2lg)

P oS 4 Cwglie ouiSlal Jelgs (3953 b )8 (y
L (P<0.05) cutly (g lobins tnlS 5 il LinlS anld b duolio
Gl GBS & Cuagliio aiSlal Jolge clal 2ol
13 095elS bag LIS ply 53 Ceoglio LialS Sl (il
b o prad S bl 05 2] 155, 5 i L b dusslio
5 s 03U oloe 1 gy (lyy 31,8 gt ) oolio
ald b gl gne ol ped gy S il baigel don

x5 3,0 (9 Ul Gliwe -V g
Table 7- The amount of glutathione in wheat flour

5 3yl g9 0 Ul ol
(Type of wheat fiour) (Amount of glutathione)
e T b o g pie N
9+0.04°¢
(Conditioned with distilled water) 0.90.0
C oelzy 100 ppm L oas by o
.71+0.03 ¢
(Conditioned with vit C 100 ppm) 0 0.03
C oelzy 150 PpML oa by o
0.57 £0.04 @
(Conditioned with vit C 150 ppm)
C oelizy 200 PPM L oas b o
0.46 £0.07 @
(Conditioned with vit C 200 ppm)
2eoyd 0.25 st b ol bg puiie
1.02 +0.08 ¢
(Conditioned with cys 0/25 % )
M)boswiwba,\w]osw b
1.26 +0.07
(Conditioned with cys 0/5 %)
1.43+0.052
(Conditioned with cys 0/75 %)
20yd 0.3 S s ol b 00 g o 093+
.93+0.03 ¢
(Conditioned with citric acid 0/3 %)
duoyd 0.4 Sy dpal b 0 bg o 0.85+0.07 ©
(Conditioned with citric acid 0/4 %) DA
203 0.5 S s dpal b 0 g o 0.89 +0.04 ©
(Conditioned with citric acid 0/5 %) DR
C oyeoling 80 pPM 5 003 0.1 piancias b o by pudio 0.75 +0.05 b
(Conditioned with cys 0/1 %+ vit C 80 ppm) o
(Conditioned with cys 0/2 %+ vit C 100 ppm) DA

(Conditioned with cys 0/3 %+ vit C 120 ppm)

Dl b e MRy CdY Syilio pe By 5 ()00 re pis S S yidie By > #
«Common letters indicate lack of significance and non-common letters indicate meaningful differences.

bl e Hlre Glyoul £ . Sle Slacls
%The number are mean + standard deviation.
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Table 8- The comparison results of the average percentage of solvent retention capacity in different solvents of water, sucrose
50%, sodium carbonate 5% and lactic acid 5% and different treatments of vitamin C, cysteine and citric acid

Jos spigs ol w505, 2235 OlayS mdw s 35 sl SSY
- (Distilled (Sucrose 50 %) (Sodium carbonate A
(Treatment) water) 59%) (Lactic acid 5%)
(slate < b) o0 by e +0.45
(Conditioned with distilled 52'79 114.29 +4.11 98.84 +2.70 108.13 +3.70
water) '
(100 ppm) C iyl +0.65 . . .
(vit C 100 ppm) 85.94 112.42 +3.77 99.51 +4.42 104.87 +5.25
(200 ppm) C sl +5.59
(vit C 200 ppm) 7714 124.22 +3.75 92.50 +4.37 101.30 +3.44
7.0.25 [ptiiaw +2.31
(cys 0/25 % ) 7714 122.11 +8.90 92.66 £2.17 97.64 £4.20
70.5 (it +1.06
i 122.17 +5.7 .99 +0.62 103.18 1.
(cys 0/5 %) 79 37 5.78 96.99 +0.6 03.18 +1.30
7.0.75 o +4.26
e + + +
(cys 0/75 % ) 8050 123.64 +3.60 95.67 +0.61 99.16 +1.38
203 0.4 &S i sl +3.34
(citric acid 0/4 % ) 83.96 116.04 +0.24 99.47 +2.97 107.91 +1.74
203 0.5 & i sl +2.15
(citric acid 0/5 % ) 74.26 126.80 +1.78 91.36 +2.03 106.06 £1.98
203 0.3 < i sl +0.31 + + +
(citric acid 0/3 % ) 80.24 118.12 +1.88 96.71 +2.98 108.99 +0.29
PPM) C uoling + 0.1 s 4379
(80 ;6.65 117.29 +13.75 91.08 +2.17 101.95 +1.76
(cys 0/1 %+ vit C 80 ppm) '
pPpM) C (pooliyg + 0.2 e,
%ot B2 £2.72 +£1.01
(100 8410 122.28 +8.64 101.27 £3.19 107.93
(cys 0/2 %+ vit C 100 ppm) ' '
ppmM) C pebisg + 0.3yt 183
(120 50'27 124.00 £6.34 98.19 +2.77 107.61 +5.62

(cys 0/3 %+ vit C 120 ppm)
LSD 5% 3.51 3.41 4,92 5.48
Al o hme Glpul Sl slacl
#The number are mean + standard deviation.

o> O Jlais] pdaw )3 > xew
*Significant at level of 5%

4ST) € olng (139381 &5 Conl g0 (s g ol Ll 390 e > Bjlows glite STy 0 VS (i)l 435 @l
ol g el s § C cypolizg lazan o3g38] 5 (s0235 o 51 o3lizal doxgs >l UM 53 SRC Jliis g o o
ol 355 5 o s ol (o4 ) s gl o 5 5 (MOIRT) e gyt o PPM il L C o
iy cel o maw (il g s Cogl el bl Syt 2y s 1y Jlade oy a8 deoyd ¢ /0 Ky duu!
35 dulie ] ol jued s M L SRC g0l 1,5 Y uSike 1 osel Cnds gulis

P 5358 Lapde 0o 3958 Sgn 11 ) 45 el b i
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Table 9- Variance analysis of the results of the percentage of solvent holding capacity in different solvents of water, sucrose
50%, sodium carbonate 5% and lactic acid 5% and different treatments of vitamin C, cysteine and citric acid

o b
(Mean of squares)

NN 0jmigd &

o> 505,50

2o )05 Ol yS s 2030 5 ! SSY

(Df) (Distilled water)  (Sucrose 50 % (Sodium ca)rbonate (Lactic acid 5%)
5%

kY 2 50.09+ 8.82+ 2.81= 1.57%
(Repetition)

Sloss 11 #» 37.24 ns 59.42 " 36.91 ns 44.45
(Treatment)

las- 22 4.30 4.06 8.45 10.49

(Error)

o> O Jleis] o 53 > gmes
*Significant at level of 5%
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2l 5 Oyt x5 Lol 1L a5 5y \WY/SF 5 A\YY/VY
L oad byt aigai gl SRC a0 95 Billao (gl (905
L a8 200 WWE/YY g WWY/FY sy 4 Yoo ppm g Voo C ol
Yoo PPM gaw > C oy Cogis 51y s ogell @l
3 9 9 5L (o)blixe b 4 ] SRC s> ¢ cuisly cillas
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(HRS) o)y oo 5o pui5 )3 ol o Gil3Sl sl S 90
ol iyl (Kweon et al., 2011) o )Ken 5 (59 Lawgs UK
YY) laie Ol Mo (o) cud b a8 oy ol bl s ccal
5 (o) V) s ©luyS dopd VFA) SaSY sl (o)
Dy (do3 110) )5l
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b mle 58 9y 4 o)) CudS > il SLS 5 e 2590
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Fig. 1- The percentage of solvent storage capacity in deionized water solvent and in different treatments of vitamin C,

cysteine and citric acid
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Fig. 2- The percentage of solvent storage capacity in sucrose 50% solvent and in different treatments of vitamin C, cysteine

and citric acid
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Fig. 3- The percentage of solvent storage capacity in sodium carbonate 5% solvent and in different treatments of vitamin C,
cysteine and citric acid
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Fig. 4- The percentage of solvent storage capacity in lactic acid 5% solvent and in different treatments of vitamin C, cysteine
and citric acid
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