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1. Water holding capacity
2. Oil-binding capacity
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Table 1 Formulations of gluten free cookies.

millet flour substituted for rice flour (g)

Ingredients (g) 0 (Control) 15 25 50
Rice flour 100 85 75 50
millet flour 0 15 25 50
Shortening 30 30 30 30
Sugar 45 45 45 45
Egg 8 8 8 8
Baking powder 0.9 0.9 0.9 0.9
Sodium Bicarbonate 0.75 0.75 0.75 0.75
vanilla 0.375 0.375 0.375 0.375
water 20 20 20 20
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3. Water activity
4. Baking weight loss
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Table 2 Flour color parameters of heat-moisture treated millet

Moisture Temperature x a* b*
(%) (©
blank 90.27+0.3° 2.27+0.23°  12.9+0.69%
10 90 89.53+0.23°  2.13+0.46F 13.30+0.00%
110 88.20+0.40° 3.63+0.46°  14.9+0.00°
15 90 83.93+0.23®  2.40+0.00° 13.2440.10
110 88.60+0.40° 3.10+0.00°  13.83+0.10"
20 90 89.67+0.23° 2.40+0.00°  12.5+0.00°
110 88.33+0.23° 3.10+£0.00°  14.1+0.00°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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3. Water holding capacity
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Fig 2 Flour oil binding capacity of heat-moisture
treated millet

S -Y-¥

ol cdlad - -Y-y

Covlo 5 e S5 Uge @3ly 5 E{RCIN (P
T T P T S RN LS
o A PH 5 b b o s enn 05 S sy Jelse
il glacs Koo iy (A ) ol el [Ya] 5,8
Slis & liE Slse 3 Ygeme [F0] S e s 1
R I e Sl TP SRS PP
S Osk S OV s oo [N apie calin
2ol Ol T 008 WL L s 5 S8 a8l LS5
o V] S e S L s S Ly sl et
5,8 0 Soso ol Sl bl b S awlis S
Sde o g S L3 sk b (e85
EESRNCVZNEES S RGN | P RGO BN U P L A H W
Sl slaosls [Yo] A8 o s 1) cilises slac S
ooyt ek sled 0300wl Sl ol sl sl olas
LSS ol S ol U b G~
s Sl gl ashy e GG (7 Jss) ol
ol b oae e Bl S el sl 0350 51 Jeols
SRIBI LS sk w (P <r0) sy e (SS
= SVt VI CH RS RCN [P CIA
Sals T el el O3l 5l Jol 55T Kl
5l Sl oo (I L ol el rals e il
O3l 30 s b Sltie & Ylaasl oyl 03,1 31 Jool
e Clr b a3 S Sl b Sp 30T 4
A5 Lo das e a1 ol cdle O (g i
Sl et S (K3 HE) Sleosar (Y010)

14

Moisture (%)- Temperamre (©)

|
108
1.06
b
S’l 04
|
098
096
0.94
Soia 10%90¢ 10%-110¢ 15%-90¢ 15%-110¢ 20%-90¢ 20%-110¢
Fig 1 Flour water act1v1ty of heat-moisture treated
millet

R P e g e
S Sl g 2 Ses Coolr oy ol 2B
Ulge b Saxb 035 ogome 1 OF (Sobam Oliios
e Gk Byl b b 0o L [YV] les el
Gl e b [YWV] Wil e aab 5 e (eSS bl s
— Sl ek sl 03l wls Sl el 5T 5 bt 5T e
el ol WY S s il Bl 3 3 by
Casby s les bli Jl s b - ol ks o sl Ol
Susb wcdb by, Cdr S b b U
SPas o S b (b SOl edd e sladisas
S B Ol 2eS Ay dald dged 4 S (55
Loy Vv el Hled ksl @ bge s, ol
S LLE (Y USE) 55 ol S sl am s W gles 5 usb,
C b ol sl HE e b 1010) DLSes
Jlail b b ol sled b oS wmlys sl e, cde
SAE GG Bl s il Rl e T R
w8l SRl 3V s eSS JSCES ol e
Sl Sl 3l eslizal b iy 3,148 das e Ol =k o
G5 2 Psdes Cools (Wid VYe ol S ol ax 3 VY0
Er ol Lsas cools sl e
228 Gosb w Bl X Cde 4 Sl Jles by

Ca.w.)&:b

2 Sl e b eds s asbasds glacale O
baoks SH Glaes S Olosen 5 08 2 S5 (25
.Lﬁ@)‘ﬁﬁ_}ﬂd&m)éoﬂyé



YYaA J\Jjﬁ- AR 093 (/\/\o)Ls...'Z

sl sl (VAA) Ll b [Ve] el I8 5L sl
3505 Sl (53 Shee (S5 B Sl Ol5 e L (S SS
S i G 351 5 0S5 S S Jle Ol
S Sl S el e slants g s s
Vodsdr 5o e 4 by sbeedls S e SWS L
2 tms Mk a sk ol Jles oS sl Ol
A mlls AT s ol BlS 36 S8 L
5okl 05l 5 ol 3T Kl e b e
s sls pan (S e Sau p Susksy s b Jlie
2 b (S8 g falS e led (I aS(5 o5k«
R BUNS Y W5 S BV S b Il s
e Ol 3SRl L (S8 phe eddled
51 03538 Aoss 10 3 ks e lakisel 4 by
3 IS Bl e N gl el 030 Sl el
O ol a4 Ll e S 3 oy T sk
— o s oas s by 1B L s s ali
Ak sk

—oo e s &S XS 1S (YN ) 0L 5 Sl
Sy JalS s BB b 4 L b SS s ks
S adss 3 ol s 4 i b Ghlse SEasn ol s
L8] 258wl (Rl sk = Gl e 5l e e
o e oS 5l sl b by e Yoo | CiS !
L35 Lesl ((Yor) OLen 5 e ool Jsg 5 a SS
Grb Sl 5 s G Jolad o LSS s &S
s b ks Sl s s cl S5 L
skl 5 skl sl ale il gladSle LTSk
SAE s s el Jold il e S shel
Db B S S 53 s Al e s

Sl S ol il b S S i b S
V3 alis d B8 s oS culadd 5 A (B
GLaS5S 03 s (590 PSSl Llodd i 0l
Al e odas sk 4 (S8 Sla S S Al e ol S
i Ol [ ] st el cony (b s 58 ey
030l 3l Jeol 35T sl s l53l L La (S 5S
5 lodld 5 Cugby Sl 4 ol tass s eddles
3 Sl o b @3ls 5 5 pd 0 by 055 S 5
Sl Olse 5 LS ol el oo 03,1 5l Jeol

AR

boess o al 2 58 Dok G SS o 5 SO
o> 7 g e (8 LS Bl s 5 S o
53 3T Ol e Gl 5 O o e 0 g5 3 00
W3l 1Al 5 ol Sl a3 5 S e s
CECH R

Sl sds WY s s oy Sl 4 b il
el o T e S 05 Sl edsolis sy
bl LT el el Sl golaml L 5l asls ol
Sobssme 6 03l )T sb Sl sled &S sls oL
(P<+/20) sls S5 oy

Al eddslas 030 51 Jol 35T Kl mhaw gy
Sl SRl w5l Jlise a5 b bl
Sosb @y sl pme Loy 3l el sl 0550 5l Jeol
S el 3T Sl e 88 5 sk, SRIBIL &S
ol Rl Say dsb s (S5 055 S8l Ol el jles O3
st SOl sl s day 3 als s sl
Jole lassl 5V O cligs b b s @ Ll
gl SRlB L el [YE] L eas Sles o)l
Ao S8 55 fisn lsms 5, Yo 5 03l 351 Sl
5kl Al oy Sl e 53 5 edd i O Ol
Casby iGN O dlasl b b L plas)T s
b oemmen [VO] Ll 0L s 5l ooy (b s (s
(P>2/00) b ome o ssb a4 Sy ol ey il
S L35 IS (TN 0hKes 5 Slisy il ials
St 039 G VL sl T (slymmn b pladipes 3
eyl Casby Slsee b sladisad St Sl 5 A sdalie
pled oy Sl e aids Ve IS Sl ey Ll g 2 WL
Gl Gl wdsl OF Sl 4 a5 Lo Lo S8
L SRl

b —roYoy

SSIs) hols /s e Sl edd Cf s Sl
S Saslie Sl b (S8 S Gl S s o
Gop s Kol (e Ulge 4 (S pKa s
b SsS ghw [YT XV XA] cal ss 1S S
ORGPV OR[PLRICVP ES P P P (P RN
IS LS 5 e 5 g asy il sl e 4 )l

éu;}i} ﬂtﬂj&i‘”&})j’u“@dw o las



LsLauf}i)f ;;J“""" Q)J‘ FHE db.jb)—u})\f )Lm.:.? J:.';U

Q\)@J&;o}ju

5 ol gl S mie e dzdls O3 s i (2o S
o) s m YL lme s 0 e SL s i glas ]
(Y OLLan 5 soban sy b Jlis 55 55 Lol
e oy Sk ey 0] sl LS s S sl
3,1 5 O3 el 4 cl (Sas a5 ol 2alS s S S
UL s S8 e L3 a3 e 2y SU 3T 4 o

LEY] 5,05 e sSas b5l 5,1 ily3

5 i el Wl e ol oS (Sl sl s S S oy
L Vot st cpl 3 53 bS58 il s ssles
5 oddnle 03l 3l Jmol 3T Sl a2l
b 02 0 NS da SIS e s A Rl
5 mmle S (S5 D3k e Coly 5 el SIS oy
3l Sl = S ) L (Y01 0) Ol L SCes
Sl 8 Gk 6 58 gl S S S sle S
slas)l slels g gla SoS 1y miw Jltie o 5V

Table 3 Hardness, Baking weight loss and Water activity of cookie containing heat-moisture treated
millet flour

Moisture (%) Temperature (¢)  Flour (%) Hardness (N) Baking weight loss (%)  Water activity
blank 19.95+1.23Me 12.05+0.53" 0.465+0.005"
Untreated millet 15 21.01+1.45 12.20+0.11" 0.234+0.009'8
25 24.59+1.12° 12.56+0.36™ 0.231+0.001%

50 27.04+3.21°% 14.2340.15° 0.221+0.002"

10 90 15 25.18+2.94% 12.68+0.30% 0.315+0.019%
25 26.29+2.93 11.50+0.17 0.297+0.017"

50 32.32+2.51° 12.70+0.38% 0.242+0.0119

110 15 20.61+0.82" 11.94+0.3 1 0.254+0.0231

25 22.67+1.33" 13.40+0.11® 0.318+0.003

50 23.88+0.75% 12.8740.24% 0.345+0.015%

15 90 15 22.98+2.65" 12.75+0.18% 0.355+0.015¢
25 26.25+2.77% 13.10+0.12% 0.289+0.011"

50 31.91+4.07° 12.8240.72% 0.266+0.016'

110 15 22.75+1.71"¢ 13.12+0.50% 0.32840.015®

25 28.19+0.53°® 13.24+0.09%° 0.288+0.008"

50 30.72+2.96® 13.2340.13%® 0.310+0.015%

20 90 15 24.48+2 44 12.52+0.28"F 0.319+0.001°
25 25.71+1.22% 13.06:+0.29% 0.41440.006"

50 27.69+4.04 13.79+0.18% 0.325+0.014"

110 15 18.24+1.97' 12.75+0.05% 0.418+0.005"

25 19.32+1.48" 13.14+0.50%¢ 0.381+0.002¢

50 25.52+1.85% 12.78+0.14% 0.356+0.006°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Table 4 Thickness, Diameter and Spread ratio of cookie containing heat-moisture treated millet flour

Moisture (%) Temperature (c) Flour (%) Thickness (mm) Diameter (mm) Spread ratio
blank 13.65+0.85® 47.97+0.87 3.53+0.28"
Untreated millet 15 13.3940.574° 50.41+056%" 3.77+0.16™
25 12.4040.58" 51.56+0.55" 4.16+0.21°°

50 12.574+0.24" 53.39+0.67° 4.24+0.08%

10 90 15 12.7240.38% 50.22+0.81" 3.95+0.08%
25 12.28+0.60" 51.40+0.50" 4.19+0.21°°

50 12.2040.53"f 52.45+0.85% 4.30+0.22°

110 15 12.0440.46" 50.45+0.61" 4.19+0.20°°

25 12.5140.47" 52.84+0.78% 4.23+0.20®

50 12.26+0.51"F 54.2140.66" 4.43+0.20°

15 90 15 13.4240.50® 50.93+0.84¢" 3.800.19%
25 12.5640.68" 52.79+0.69% 4.22+0.30%

50 12.5940.55" 53.86+0.74® 4.28+0.18"

110 15 14.2540.65 51.28+0.59%¢ 3.58+0.20°

25 12.39+0.45" 53.07+0.63 4.28+0.18"

50 12.16+0.36"F 52.99+0.59® 4.36+0.15°

20 90 15 12.89+0.48% 50.18+0.76" 3.90+0.20¢
25 12.89+0.53% 54.17+0.64° 4.21+0.21°°

50 12.63+0.81" 53.8140.96™ 4.27+0.34°

110 15 13.06+0.50%" 52.01+0.45% 3.99+0.18°®

25 12.2140.40"F 53.01+0.64° 4.3440.19*

50 11.954+0.36" 52.53+0.86% 4.40+0.17°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different

(P<0.05)
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Table 5 color parameters of cookie containing heat-moisture treated millet flour

Moisture (%) Temperature (c) Flour (%) L* a* b*

blank 80.13+0.92° 5.37+0.23" 15.43+0.46"
Untreated millet 15 75.13+0.96" 6.70+0.40% 15.97+0.46%
25 74.27+0.67"  7.92+0.21° 16.23+0.46%

50 70.66+1.111 8.73+0.65° 16.67+0.40%"

10 90 15 77.80£0.205  5.90+0.40™¢ 15.30+0.40'
25 78.40+0.69¢ 6.03+0.46° 16.23+0.46%

50 74.47+0.72"  6.73+0.40%F 16.05+0.51%f

110 15 86.9740.46% 3.63+0.46" 17.77+0.40%

25 84.73+0.75° 5.77+0.46" 18.00+0.00

50 83.10+0.40%  6.83+0.46% 18.00£0.00°
15 90 15 78.93+0.61¢  6.83+0.46%° 16.5040..00%"
25 78.93+0.465  6.57+0.46% 17.03+0.46%

50 77.87+0.238 6.30+0.00% 16.77+0.46°"

110 15 87.37+0.23% 4.7040.007 18.00+0.00

25 84.70+1.39° 6.03+0.92¢¢ 18.27+0.46%

50 82.23+1.10° 7.33+0.40" 18.80+0.00°

20 90 15 83.90-+1.44% 6.30+0.80% 16.77+0.46°"
25 80.80+0.40° 6.16+0.23°¢ 17.03+0.46%

50 79.07+0.83¢  7.10+0.00%° 17.53+0.40%

110 15 87.47+0.35% 3.90+0.009 17.03+0.46%

25 86.57+0.92° 4.7040.80" 17.77+0.40%

50 82.87+0.57%  7.33+£0.40* 18.80+0.00°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Table 6 Sensory evaluation of cookie containing heat-moisture treated millet flour

Moisture (%) Temrzz;ature F(l(;]l;,l‘ a(}‘:)gle(;rr;r?ge Texture Aroma Taste Mouth feel acceptability
blank 4.90£0.88"  535£1.25°®  7.00£1.05%  6.50£1.18 "  6.75+1.09°  5.75+1.03%
Untreated millet 15 7.10£1.66%°  6.35£1.63°  7.20£1.147  7.05:1.50°  6.70£1.34%  6.75£1.25%
25 6.00£1.65%  6.00£221®°  520+1.14°  6.40£1.65°° 6.15+2.24 " 5.95+2.33%

50 7.30+0.67 °°  5.15£1.70°Y  6.58+1.69 "  6.10£2.33 "  5.80+£1.87 "  5.95+]1.64™

10 90 15 6.20+£1.03 ¢  5.85t1.49®  550£1.58  6.00£1.33°° 5.85+1.20°°  6.05+1.01%
25 6.00£1.63%  5.00£1.94%  555£1.46°  5.00+2.00°  5.10£1.73°  5.40£1.51°

50 5.70+1.34%  6.15£1.63°®  6.60+1.51 °°  5.70+1.64°°  5.75£1.65°°  6.05£1.61%

110 15 6.05£0.55 %  6.10£0.70°"  6.05£0.69 “*  6.40£1.17 " 6.25+0.86 “°  6.35+0.88%

25 6.50+£1.00°  5.35+1.03°®  595+1.01 "  535£0.94®  5.35:0.94°°  6.00£0.82%

50 6.80£0.95°  6.70 £0.95®  7.00£1.05®  6.05+0.83 °°  6.30£0.95®  6.30£.95™

15 90 15 6.35£1.42%  5.90+1.79°"  550£1.58"  6.25£1.81 " 6.50+1.35°  6.25+1.34%
25 6.80+£1.48°  6.75£1.32%  6.85£1.29%  6.55+1.89  6.65t1.56™  6.45+1.26™

50 7.40+1.58%  6.10£1.37°  6.50£2.08 “°  6.05£2.19°"  6.05+1.86 "  6.45+1.34%

110 15 6.50+0.85°  6.00£0.82%"  6.00+0.67 “° = 6.40+0.84°  6.08+1.03"  6.70£0.95®

25 7.00+0.82 < 700+1.05 ° 7.35£1.00°  7.10£0.88°  7.00£1.05%  7.20+1.23°

50 7.80+£1.03°  6.50+0.85°"  7.00£0.85%  6.50+0.85° 6.30£0.95°"  7.00+1.05°

20 90 15 520+1.40°  6.20£1.69®  6.30£1.95°°  6.50£1.90 “°  5.80+1.69 “°  6.10+1.85%
25 6.20+1.14 5 6.40£1.07%  6.50£1.72°°  6.30£1.42°°  5.80+1.62°°  6.10/+1.29"

50 6.05£1.50 %  6.40£1.43®  6.10£1.76 ™  6.10£1.85°°  6.00+2.00 “°  6.80+1.85%

110 15 5.40+0.97 " 6.45+0.67°  7.00£0.82%  7.00+1.05"  6.05+0.96 “°  6.08+1.03%

25 6.75+1.18 < 6.95£1.07° 7.15£1.20°  6.85£1.00™  6.05+0.90 °°  6.80+1.03%

50 6.30£0.79%  7.00£1.05°  6.25t1.01 “°  6.50+1.08 “°  6.50+£1.00°  7.00+0.94°

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
(P<0.05)
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Millet is a type of cereals with high resistancy to pest, disease, and drought which is used in the
production of gluten-free products for patients with celiac disease. Today, production and
improvement of the quality of gluten-free products for Celiac patients are one of the major challenges
in the food industry. Physical modification methods such as heat-moisture and microwave treatments
can be used to improve the performance of flour and gluten-free products in the baking industry. The
goal of this study was to investigate the effects of heat-moisture treatment at three relative humidity
(RH) levels of 10, 15, 20% at 90 and 110 °C, to improve the quality of grain millet, and different
ratios of of millet flour: rice flour (50:50, 25:75, 15:85) to be used in the formulation of gluten-free
cookie. In this regard, physicochemical characteristics of millet (moisture, fat, protein, ash, fiber),
flour (water absorption, oil absorption, color) and cookie (diameter, thickness, spread ratio, color,
texture) were investigated. The results showed that the heat-moisture treatment had a significant effect
on water holding capacity and oil absorption capacity of the samples (p<0.05), in a direct and reverse
trend, respectively. Using flour from treated seeds in the gluten-free cookie improved baking loss,
water activity, texture parameters, and sensory acceptance. By increasing heat-moisture treatment, the
amount of baking loss, water activity and hardness of cookies decreased. Heat-moisture treatment had
a significant effect (p<0.05) on the spreadability and color of the cookies. Increase in the intensity of
the treatment led to higher spreadability and darker color with high redness value The Sensory
evaluation also showed that texture scores were high for most cookies made from treated millet flour,
but the cookie obtained from the 25% replacement level of millet flour under 90 °C and 10% moisture
content had the lowest score in the texture.

Keywords: Heat-moisture treatment, Proso millet, Gluten-free cookie, Hardness

* Corresponding Author E-Mail Address: Mehran alami @ gau.ac.ir



