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Abstract

Premature-green wheat is typically obtained by early harvest when culms of wheat still appear green in color, and the wheat and its food

products have been considered as wellbeing foods. The pasting properties of prematured whole green wheat powder (WGWP), were

analyzed with a rapid viscosity analyzer (RVA), and compared with commercial flours. The RVA values of lower peak viscosity and time,

holding strength, final viscosity, as well as breakdown and setback viscosity showed that the WGWP could retard a gelatination of starch and

also delay retrogradation in bakery products, WGWP with different levels of 10, 20, 30 or 50% was added into flours for preparing bakery

product (bread, muffin and cookie), and their quality properties were evaluated. The addition of WGWP lead to a reduction in loaf volume

of bread and muffin, and bakery products containing different levels of WGWP showed the changed internal surface structure (e.g. pore size)

observed with a scanning electron microscope when compared with the control (0% WGWP). The hardness, gumminess, chewiness of bread

and muffins were increased, and cohesiveness was decreased as the WGWP content increased, but the hardness of cookies was decreased.

The bakery products added WGWP showed darker and more greenish and yellowish color than control (p{0.05). The sensory evaluation

showed that bakeries with WGWP were scored to have more greenish taste and green color (p<0.05), and muffins and cookies with WGWP

were evaluated to have more nutty and less oily taste (p(0.05).
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e ol vlske] AgASel gk A =Tl el
B S 5 1999).

olxg HIdo] 2FA o|§7tAI7F EA BHilEH, H
ABA7FEE] 20099 = AdolS gk AAWEAH (Paik
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B A ARge 54 we) F52 FAdoeln] HEEL
FY71%Y(ksan, Korea)dlA 20108 4€¥ 26d] &4+ & 20
Ao F3E Aog EH7)(HA Green Mix G, DA700-G,
FIUFOLER, 3, Korea) 2 HI5te] A8t A&
WIEFEEE 159, gALAT, M, Korea), A& L7}
FEEE 155, gAYAT, g, Korea), ARHCAH LA,
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W e R el w4 WARE 0, 10, 20, 30,
100%(w/w) HlE&2 Z33F A5 F3}E5AL Rapid Visco
Analyser (RVA, RVA-3D, Newport Scientific Inc., Warriewood,
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Australia)E o]-g3le] &3 ct. SAYHLE Tie J(2009)9]
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duk Y drbFell disl =4 27hEE 0, 10, 20, 30,
100%(w/w) H|E&Z E38E A|l59] & ke HoJd &
Z27](Infrared Moisture Determination Balance, FD-240, KETT
Electric Laboratory, Villa Park, CA, U.S,A)E o]&3dle] =43}
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Table 1, Formula for bakery products added with different levels of whole green wheat powder (Unit : @)
. Content of whole green wheat powder (%)
Ingredients
0% 10% 20% 30%
Flour 400 360 320 280
Green wheat powder 0 40 80 120
Margarine 16 16 16 16
Sugar 24 24 24 24
Bread
Yeast 8 8 8 8
Salt 8 8 8
Skim milk powder 12 12 12 12
Water 226.8 226.8 226.8 226.8
) Content of whole green wheat powder (%)
Ingredients
0% 20% 30% 50%
Flour 200 160 140 100
Green wheat powder 0 40 60 100
Butter 100 100 100 100
" Sugar 140 140 140 140
Muffin
Egg 120 120 120 120
Salt 2 2 2 2
Baking powder 25 25 25 25
Fresh cream 10 10 10 10
Flour 200 160 140 100
Green wheat powder 0 40 60 100
Butter 140 140 140 140
Cookie Sugar 100 100 100 100
Fgg 60 60 60 00
Salt 2 2 2 2
Vanilla flavor 1 1 1 1
2083+ P4 Sick. ol ALgE EEMR L, a0, bt 247} 9214, 0.05
3.48°] ATt
6. 77| M=
3 . 8. tlo[742] H|ZE<Q olMTZ=
HE (20000 w2 AF vigH|(Table DE o]&3}o] F

l% Azt g2l Fof FERA wE HE9 Age
7|2 2 Ho] AdHE e F aue R 2Xs
Al Uero] dbste] Egtelnt. MR, nhdet &, =4
W= Aol AA W& F w5718 o]8ske] 99 Xﬂeﬂ
HE3le] 7] & (10 em x 10 em x 1.2 cm)oll LAF FH3s)
of QBA 180CE 2087+ TSiTt.
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54 Wisel Ak ves gelw Wolrlel AFel A
gruigto g BAs AMAA (Colorimeter, JC801, Color
co., Tokyo, Japan)E AFg38te] A3}t 2o o
Al F7(1.3 cmE AE A @i, WIS
g Al dHs, e A% 9Hs é@ﬁ
Erulgtog iﬂtﬂ 3 Hunter L(HE), a¢+@A T/ =A%)
b(+FA e/ HAE)FhS 33] o] ¥HE FAste] I HAYS
s el Ak Me A4 A

VAL Ad®+ AV o B2 eJata] T3t

w4 kR A ol A ATEE FA
AF& 1] 7 (Scanning  Electron Microscope, Hitachi, $-4800, Tokyo,
Japan)& Fske] #FSRICt A, d, F718 70 T ¥F
)\e]oﬂ/ﬂ & F43 4, Eﬁa?ﬂiﬂ(clean Vac 8B, BioTron,
B, Korea)2 48A17F T4 Axste] 5 x 5 X 2 mm
37],% U&_ AL M (Platinum) 0.2 8027+ =331 50

= strfjste] st sitt

9. FEZ &Y
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2 Texture Analyzer (TA-XT2i, Stable Micro System, Surrey,

England)E o]-&3le] ZA3}¢t}. TPA  (Texture Profile
Analysis) HPHOo 2 2mlo ‘7§8P FA(1.3 cm)E A2 T
< 7 AW AAFL S, HEe UWHEE 3 x 3 x 2
cm 9 FU3 AV|E A} 57230}95\2‘11 FI)5 2 x 9.5 x

1.5 cm 37|19 Hujnekow el At Aol =3
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AIB standard procedure (1999)2 Y A3l ALE3F3T}
o] Table 20 AA|3H4i}.

Table 2, Operating conditions of texture analyzer for bakery products

Bread Muffin Cookie
Probe P/30R Cylinder ~ 75mm o Rounded Three Point
Probe Cylinder Probe (P/18R) Bending Rig
Pre-test speed 1mm/s 1.5mm/s 2mm/s
Test speed 1.7mm/s 1mm/s 1mm/s
Post-test speed 10mm/s 1mm/s 10mm/s
Strain 40% 70% -
Distance - - 7mm

10, ZSHAL

=4 WIRE WK WolAY AF] BERAE cfel
T AFEAR AL AN 2001FE Doz AN
Aot HrleEo 2 =A(green color), EU(greenish taste),
Shnutty taste), AHEHQl M3 % (overall preference)E
A A AE E SRR Awe Az Mol A
E(exture)9k A AL ¢ Qtelld o] FZH(mouth feeDE, ™4
I FI)= =73 oily taste)¥} 7 Z(hardness)e] H7MEES
Fohea. Audel Azme 29pS olgeel AuAel
E9% ARAES B2, Dasker] £AH KO AR
Wt 5 20008 olgste] AiE LA ol9le] d5
ol thgh H7hge o =84 or i oFFt or Wi =
e or W B, 9= or v A or vl @S or
) F5) H=WS o8t Hrlskiith

1. SAXz2

A% A= SAS(Statistical Analysis System) 9,25 o]-§3}¢]

S AAJ3}AL Duncan's multiple range testol] |3l 2z}
NEZel §relHel Gols AEH

. 2ot & 13

1. =23 54

=2 YrLRo] Hyleke] w2 Uyl 338 EXS RVA
£ olg3te BAEIth ZapiAeE, HIHE, HIHEo
oz AR, HAMNE, HFHAE, FRYIHEE 2 w3IHE
A= Table 37 2t} Z3PIAeEE 54 WIEE )
akA] @2 LI7FE7F 67.90T 0L 10%} 20009 H7r2 7t
7} 68.35C, 67.83CE hETH F942 210](p0.05)E ¢
Kot 30%sek 100%2] H7kre] B¢ 69.98C, 79.35CE A
3t 30%0] 3] = Wrkee] b dEe ks A<
NE Aog AT Ha TY 5 (2003)2] AWz}t 2o
AHE H7FsE 2o amylographell 9Jgh S3p/iAl 2%}
Zoll b3 =4 Jelgen, AdEeus Hriek Al
B 150018 H7E Al SIUNARETE ok o] s3b)
AHA€ts B3l (Kim BK % 2011)9} A28k},

S, =4 Wb Hyleke] Fhgd ulel HuHE

J;“g]

of <

mRmel o]z A7k AARE 2 PEv RS
A%e wolt AmAEE dzE 0% A7hel 245050 P
Mg Egkont, w4 WRe Yol FH84E feldo

2(p(0.05) FHaste] 100% =4 D7HF] HAFEE 874.50
o 7P v yehgth, AAREE dizTo] 933.00 P
2 7P A JEisten, 30n =4 drkgel Hrh A7RA
frol o2 (p0.05) Faste] 30%e] =4 WiEE AUl
W7t HAAAEE 647.50 P2 7Y WA UERgth sk
Hudwel ARz o] #el FrotAdEE daTol
151750 P2 7P ¥2 g uEden =4 WhE 10,
20, 30, 100% F7F>2 Z4Z; 1454.00, 1102.00, 895,00, 111.00
PR H7lko] FEEE §oH 02 (p(0.05) Faskont

Table 3. Pasting characteristics and moisture contents of flour with different levels of whole green wheat powder

) . Moisture
hol heat Peak viscosity
whoie green WRSEL pgri(ec) HS(cP)? BV(cP)’ Fv(cP)” SV(cP)” contents
powder(%) cP Time(min) (%)
0 67.90%0.07™ 2450.50+71 42" 52040.00°  933.0042546°  1517.5044596°  2525.0043253"  1592.00+7.07° 12914013
10 68351021 22045045728" 50440057  8405022.12°  1454.00550.40"  2442.00£22.63°  160150£2475 12384018
20 67.83+0.74° 1817.00+53.74° 4901004  715.000990° 110200043 84" 21455013323  143050+2333"  114610.10°
30 69.98+060°  154250+19.09° 4730007 64750719.09° 8950043818  1969.00+1838"  1321.50+071°  11.10+0.12°
100 79.35+1 48" 874.501+34.65° 4244005 7635013323 111004141 1567.0041697°  803.50416.26" 5.46+0.01°

Values are expressed as the mean * standard deviation (n=2)

““Means within the same column with different letters are significantly different (p¢0.05)

Ypasting temperature
Z)Holding strength
¥Breakdown viscocity
“Final viscosity
“Setback viscosity

S 2 F 22 83 A A 207 A 235 (2013)
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o] FHHE H=E YERJEU(EL-Dash AA T 1980), =4
A1 H7tE Qlete] dEe] I3} A dEo] AEAES
Fz Ao nEa Aoz AlgHr)

HEAE9) JEHE wst 54 dypRo] Hrlio] F7HE
FE fhacte] Hudxe FRFAEe) 22 AFS e
Wtk HEAEe} HAHE o] kel IEHEE Yo
2 A% =8t AFgg JERH I ko] 248 =31 fAl
oS ATt tiZ2Te] I EAHEE 1592.00 PR 71
E=oka, A WsRRE 10, 20, 30, 100% H7bre zbzt
160150, 1430.50, 1321.50, 803.50 P2 HA Wr}5F9] A7l
o] T/VEFE Fas oyt T 109 H7F ErHR
M FeEQd ZFol(p0.05)7F §lSth oleb 22 AFE 1]
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=24 ArERe] 7kl E}E— 7} wlolAY AF Ax F
A A= Table 49 2t} W (lightness)E YER= L3S
=4 WS 76 ?%% 2 v, F7]elA 2zt
81.46, 80.83, 771302 7} =gtout, =4 wrhwe] Al
°of T/IEFE FelHoR adkel(p0.05), 30%] 7 A
Wk 5002 H7F WET 719 13k 66.06, 64.46, 68,562
StolAIA o) g Mo FrtEE BES YERASIH o
Az Bdg 7k 72 F7](Bae HI 5 2010) L
4SS H7MsE A(Bae JS F 2010), SvlE JMEE #H7)
AKim JH 5 2010), ¥ 7HFE A7HE dl(lee HY
2011)9} 7549% FrAFSE AT
A (+, redness)2} HAE(-, greenness)E YERE agk
RE HolAY AlFolA =4 DrHRe| FrhFe]l St
TF5 agho]l SV A idoﬂ% 53] At F7)9]
SRS foFes S7RES HIAT(p.05). B+
yellowness)& UERN T bt 214 vsde] 49 0% H7hr
o Z¥z} 17.88, 32,4308 71} SEAE, =4 WybRe] 7t
Fol S7HEFE ATt SRl W, FY)e daT
o] A% bakol 41.718 7PF Eout, Wil TS E
5““‘:7} FoF g 2H2eklth(p(0.05).

71z Bl thste] Alge] Mzo] F= Azt
A ztolg AFHOZ BAG gl AERAAFF, total
color difference)s= Z+ Hlo]A g AE EF =4 UrlFeo A
7hkol STl whet AAHQl Mol Apolzp frojHow

o ro o %m
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M 2lg Fbet Hloliel MEY 22 S8 141

(p€0.05) Z7}3h= AxE VeIt
Table 4, Hunter color values of bakery products with different levels
of whole green wheat powder
whole green
Samples wheat powder L a b N
(%)
0 81461046 -387+020° 17.88+1.03" -
_ 10 76234028 42310207 23394023  7.6240.22°
reads . .
20 73234035 -4.66£017° 2587+035 1151+030"
30 66.062076"  -490+014" 26714047 17.674087
0 80831087 4914012" 3243+071" -
- 20 72835070" 518008 33.00£059"  7.95+0.69°
ulrins . B
30 68704113 -51570.00° 3359+090° 12.07+1.19"
50 64.4651.13"  5.0440.06"  33.6610.50" 16,28+1.15"
0 77131181 2114171 41714093 -
Couid 20 72274028” 1854076 35605195  875+158°
00KI1es . N N N
30 70244079 -2.674046° 35074083 10.55+0.30'
50 6856::0.28" -3.98+083°  32.99+0.11° 13.48+0,29°

Values are expressed as the mean * standard deviation (n=>3)

a-d

(p€0.05)

VAE = VALY AT AP

3. H|o|7{2| MEQ| o|Ml7=

s wWrlee] Wrle] He
WAoz B A

ol

Means within the same column with different letters are significantly different

o] pATEE FARAE
Fig. 13} 2ov] %4 wrbeel 7t
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23 Ao Jepdtd wak 2ol ol#e vehd Fig 20

/\1 lc/\ﬂ

u]7}.E
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8 S4o] Aol vEhd A 2ol, ¥4 Wrel Wb
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"o =

& ok £
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e %Ho}@l 7&4 o=
Alg . ol

So| Z7letta B (Hwang YH

F e
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oefet Avke &

o] 33} A=W Al ul=o] o) oJFRS

AARog Awto]l Hul 7H4Ag olojzl Zow y_cﬂx

Ao

Japidizel Aol Qlar, vl

]SH 8 -gluum4 ?}%kol =

l*ol Zh WA Zaka Fu)vt
Na,CO; 2 A#E R3UEE
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FEEFO| ofFofAA| ot A b2 HEdA
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Eg iRl 9FS ekl Fig 20041 54 WrRel
o] F1E5% vmlel Wb ghdke Ao veht
wa WRE Ak AW fAk B3 e o

A3} 7)o Wi FHwd dokrg 37 Fig HAME 54
WrhRe] kel $7HASE J1%e] A7)t AolA L, wE
o Aol dojuA] ke o] Fkeke BdFE e
Ay vmalgle W viEs 2719 Wy BEClEe] 27
2 I AiHeR 7 7Rt Aoyt A4 @ A
o2 petEr,

30% 50%

ot cre 5 08 10 e : Fig. 3. Micrographs of muffins with different level of
control 10% whole green wheat powder (x50).

20% 30%

20%
Fig. 1. Micrographs of breads with different level of control 0

whole green wheat powder (x50).

30% 50%

Fig. 4. Micrographs of cookies with different level of
whole green wheat powder (x50).

&~
—

=52

=4 7Rl Hrbe] W Z} wolAe AFe] A ¥
2 7% (hardness), -‘?‘Aﬂﬁ"é(fractuabﬂity), %ﬁ,ﬂ*é(springiness),
A (cohesiveness), 744 (gumminess), 23] X (chewiness) O 2.
ste] 2 ZAFE Table 5ol YeEPHRATE A v 4
=4 WS NS STkete] Avhgel M W
=2 U7 30% F7E 2Wo] 6673.81 g, 50% H7F v

&

12

fr 2 rlo b1 #e oo
fr

Control 20% 30% 50% 20824.85 gE_E 7]’% ‘1‘4_":/_]'_5']'7‘" q—]ﬂ—‘;}q— 0]9,]- Z—J;'T?T 7‘:]23,’][_
Fig. 2. Photographs of bakery products with different ye g #Ee Eaix ubdd =4 wrl2s Hr)s)
level of whole green wheat powder (A: breads, wo|7A g AEe] nEs 7)we] wdw olat whe] Huale
B—a: muffins, B—b: the upper side of muffins), I} By 7k} 7)018 Aoz AzbEh BARAe Alwel

G2 E2e) 7354 A208 A23(2013)
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Table 5, Texture characteristics of bakery products with different levels of whole green wheat powder

whole green wheat Hardness Fractuability

Samples powder (%) @ @ Springiness Cohesiveness Gumminess Chewiness
0 479.87+90.56° 20.31+1 83" 0.87+0,02° 0.54+0.01° 257.22+51.00° 249,07425.62°
Breads 10 1137464i186_06: 19486i1_42i' o,soto,osl’ 0,49J_ro,ozi’ 55/;,2()i64,89"l 441,60i4o,29"l
20 3308.69+231.45 20.824091° 0.76+0,02° 0.45+0.01" 1503.89+133.05° 1143,.89+115.52
30 6673.814326,53" 2113+1.48" 0.76+0.03" 0.46+0,03” 3071,10+263.01° 2333.78+286,01°
0 100515985146 16.89+1.95" 0.7120,04" 0.42+0.02" 4528,02:+449 50" 3212,15+166.17°
Muffins 20 18747A90i81270i' 17A93i5.36f‘ 0,64i0,00lh‘ 0.39i0,01“lh 7336,2&272,08? 4679491i139,09/1:
30 19443 85+888.94" 19.62+0.93" 0.61+0.02™ 0.36+0.01° 7065.47+367.04" 4318.26+120.42"
50 20824 85£2259.35" 17.68+0.85" 0.5740,03° 0354003 6796.98+812.41* 3084.69+572.30"
0 5204.64+360.04" 92.49+795 - - - -
, 20 4019.52+70.73" 40,38+5.16° - - - -
Cookies . be
30 3730.57+412.79 54.04+10,64 - - - -
50 1896.78+1026.55" 64.24+359 - - - -

Values are expressed as the mean * standard deviation (n=2)

“IMeans within the same column with different letters are significantly different (p(0.05)
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Aog Atmddh 3 7)o RAFEe dxwe] Ae
9249 go& 7p =AY, H7ke] FA349(40.38-64.24 ¢)
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o, Ape =4 W7ER vkl 10%0lM 30nE S7HEETE
frolHog Fletgont, male] A9 A7k 20, 30, 50%9]
A7REETRS FAQ Abols HolA] gkt

o
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5,

e

S

=4 Whwel Aol hE 7 wolAe AFel WAt
A= Table 67 2t} 2w w3 F7]9] =M (green color)
F Ful(greenish taste)= =4 Wb 7} Hl&o] T4
TE AR (E.05) SRR AL 50w H7HE
A 7.530=, Flle 300 d7kd Aelr 6952 7P
So WFE WY, 14w g AW Tl =4 o
NE Al e fold AolE WA £ glgle
(005, wHe) A% =4 WIF Ahgel S 1
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wEtar 7157 o] #Aad Aog yEidth wHe A=
(hardness)&= 54 W7be] A7} vlgo] S7HEFE o4
o2 Z7e(p0.05), S0% H7lTol 6272 7PF o}
Texture analyzer® ©]-83F Zx(hardness) ¢+ L3}t 6+
W, F7)9 AxE sow H7krol 5888 7P e AL,
20% AL 4472 7P @Fe HSFE ol Texture
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Table 6. Sensory evaluation of bakery products with different levels of whole green wheat powder

Content of whole green wheat powder (%)

Sensory characteristics

0 10 20 30
Green color 2174155 3774132 591+1.19° 7.26+1,68"
Greenish taste 2.84+2.23" 42241 40° 5.91+129" 6.95+1.87°
Bread nutty taste 4.11+2,02" 41311 37" 4,02+1.77" 425217
Texture 5.88+1 74" 5.03+1.69° 3.88+1.15° 4,1142,04°
Mouth feel 5.23+2.06" 5.43+1 44" 4224197 3.88+172
. Content of whole green wheat powder (%)
Sensory characteristics
0 20 30 50
Green color 2.07+0.76° 3.6310.83° 6254081 7.53+0.95"
Greenish taste 2514157 330+1.77° 4.69+1.47° 5751183
Muffin nutty taste 4471198 4661168 5.54+1.66" 5,78+1.97°
Oily taste 5.13+2.18" 52141 78" 404+1.48 3.60+1.56"
Hardness 2.81+1.62° 3.63+1.71 4754179 6.27+1.93"
Green color 2.08+1.06° 43941 25° 5.60+1.16° 7.1240.92"
Greenish taste 1.4120,64" 3.38+1.68° 4131171 5.9941 63"
Cookie nutty taste 4.98+2.04' 4.89+1.81° 4.42+193" 5.26+2.13"
Oily taste 5.37+1.69" 4.02£1,53 3804153 3.6311.66°
Hardness 5.3242.34" 44741697 473+174° 5.88+1 65"
Values are expressed as the mean £ standard deviation (n=32)
“IMeans within the same column with different letters are significantly different (p(0.05)
A5 A, =4 1 }_er_g H7ek weolAg] AF 9 V. 2 ¢f

#Ho 2 HAg Ho] fAmRA ] FEAC] Ues Gt
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2%k kg o] wolA g ﬂlﬁA 711*401] L2 TS T
Aog Azvet wolAE] AFe] Fu(7]E %‘Wéli)g‘r
ZATAD) Y 22 a9l FHAT) = A
Ale] H7t2 BeAA Fohd dAgomxe] =4 el A
& 7S ol&g HolAE AlF JWdo] 7sd ALR 7]
o e},

N,

Table 7. Overall preference” of bakery products used different
levels of whole green wheat powder

Content of whole green wheat powder (%)

0% 10% 20% 30%
Bread 63” 66” 88" 103°
Content of whole green wheat powder (%)
0% 20% 30% 50%
Muffin 78" 81" 76" 95"
Cookie 74" 67" 80" 99°

YEach Value means sum of scores on rank evaluation and lower
scores indicate more preference

" Means within the same column with different letters are significantly
different (p(0.05)
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