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1. Porso millet
2. Micronutrient
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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. Spread ratio
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1. Water activity
2. Baking weight loss


https://fsct.modares.ac.ir/article-7-22993-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-06 ]

\YA/\ Qﬂiﬁ;)‘ g\-\ 092 ‘/\va)\.mil

5o ol Gl atle o8 dmlys emen [M] aL
b il S Sl Ll s 6 bakls 5 &l
25 Skl o 1 T lad e e o5 S x5 13
TS5 B dY10) DhKes 5 pile 35110 ol
or FAS O S S a1y s 5 el
M b b canalis (glgmme 2ol L aS by 5 s S
el b MYesl el ey 5 e 5 ol o
Ogelilyder ol i o byl 3 sy 038
(b5 o 5 ol 003 Ll C b O (IS 2o k)
OLKen 5 plenli SIS L Gl s ol sl il
ol bl S5 e Of Qe e b bl 5s (YerY)
53 @by b By oS A asie oo [VY] o
Pl 35wl et gluweslel b sl O Gl ol
I sl o o aralis Sl s 3 S ol O 55 055
(Y10) 0L 5 saile [FE] 5500 ol O 355 O
CSE S SsS AS b Shs » L 2l Slogas
Gltms e abaly oS LBl 3 5 Kd S s 5 Ok
L Sosb 4 ls sms Osnllids Slhosast 5 (055,
S bl lye alS s s s Gl SRl
Coib s Of WS b il el O e
IV 5l (K ks glyims 40 iy Ol 4 Jlasl

IS SR AR

Olias oS Conl oge (63 Sas Cpl gy Ol LB
Ll o3mi Dlye fs Sozd 035 epeme L 0T ok
3 olSS il (S ekl S xie 5 (VO]
Sl Sy Aol bl € 3 spmae sl eddisy
5 S 53 s Sl Gkl el a5 OAS g
ey ba GRSea 4 iyl Oliie 53 0
3 Es St Sl Sbe,ads b s ks
o 53 i S lisn plBE S 4 e
2ol Jds § s e e s Jelse nl oy D
[ S e sl sy ol gl sal s sl
il ey 3 ekl wl Gt a s
dalg i @ R o B b il i bt
b b 55 8 e dalin ¥ dsds 3 oS shiles [YV]s s

Ol 5T doys YO 510 glacans b sk sad by, s

bl Jolowi 9 4 55 —0-Y

Mals b B s St osasT el ol glaesls
ANOVA &S 4 5 doys 90 Oluad e oo ol
Jeboed 4t A el 1SS a5 Bl Ol a5 U]
L Laslsped s 3 SAS L (bl J150p 5 5 eslizal b Lasls
A el Excel 1530 5

Couw g @w—"
5,1 3 S5hes gla S5y —\-¥

S RPRIE <O P T
Sle s g alor Sl il ulge O e B
s IYe ] bl anl b bals ple 5l Shy ool 0L
old o] atalil e osarta sdias LSS SLS S
Lol bk OF e wd b s S [M]
o3y OLES Y Jad s 03 2l oKl il e
IS b bl BT s bl o o
Solsgme sk 030 3T Sl e 1L ek e
S b S S Gosbe sl Bl (p<i/ee)
By 05 Aoy Vrr sl a4 by O (IS
s SMe Il Ll O e i b
Mo 3k Jagse 030l 35T Sl el SRl L ek g
4 s &S VY] ol Lo s 0/87 ome Ahes o s
S b S osba il Sl O0N) O30 S sl
A pleessl s 53 S cl bl Of S 5 Sl
YA 505 5,08 (ool3 (glaes sl b 5 S5l LSS a0l
o e dilon Gl slse 3p5m 53 (Shs cnl omes
ol s il e ol Sl Cou glaesysl by e et
3B o el Ds ST (MK 5 e 4 DY o
O 5 Loyls [YaX ] 8 ol Y A s B ol
G S5S SlaS! 515 e (gludss o S5y (Y
58S sesn b e 03 slasyl byl 5 ol
T35S Oal G SR L OT Dl s &S sl s

S &l gie &AEJJ:@@\O.@AS&Q J\.ALS

1. Minor millet
2. Kodo millet
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Table 2 Functional properties of flour

Sample (millet: rice) ~ Water holding capacity  oil-binding capacity

(g/100 g) (ml/g)
15:85 0.83°+0.04 2.70°+0.10
2575 0.86°+0.04 2.67°+0.12
50:50 0.93°+0.02 2.30°+0.30
100:0 1.01*+0.01 2.17°+0.06

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

(P<0.05)
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Fig 1 Cookies Water activity with different level of millet flour
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Fig 2 Cookies Baking weight loss with different level of millet flour
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Fig 3 Cookies spread ratio with different level of millet flour
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Fig 4 Cookies hardness with different level of millet flour

Table 3 Cookies Physicochemical properties with different level of millet flour

Baking . .
Treat W'atfer weight loss Thickness Diameter Spread ratio ~ Hardness (N)
activity %) (mm)
blank 047°+0.01  12.05°£053  13.65°+0.85 48.0°+0.87 3.53°£029  19.96°+123

15% millet flour  023°+£0.01  1220°+0.11 1339%0.57 504°+£0.56 3.77°£0.16 21.01°+145
25% millet flour  0.23°+£0.00 12.56°+036 1240°:0.58 516°+055 4.16°+021 2459®+1.12
50% millet flour  022%+0.00 14.23°+0.15 12.52°:028 562°+0.85 4.50°+0.10 27.04°+321

*Mean values6SD. Values in the same column followed by different superscripts are significantly different
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Fig 6 Images of gluten-free cookies made from different ratios of millet flour and rice flour. A, millet flour and rice
flour (0: 100); B, millet flour and rice flour (15:85); C, millet flour and rice flour (25:75); D, millet flour and rice
flour (50:50).

Table 4 Cookies Sensory evaluation with different level of millet flour

Color and

Treat Texture Aroma Taste Mouth feel  acceptability
appearance

blank 4.9°+0.88 535°+125 7.0®+1.05 650™:1.18 6.75°+1.09 5.75°+1.03

15% millet flour ~ 6.10°+129  670°+125 720°+1.14 730°+134 7.00°+1.05 7.15*+1.29

25% millet flour 6.00°+156 6.10°+135 640°+1.65 6.05°+2.11 530°+1.16 6.65°+1.67

50% millet flour 730°+0.67 5.15°+1.70 658°+1.69 530°+1.89 5.00°+125 545°+1.26

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

(P<0.05)
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Cookies and biscuit might be included in the list of gluten-free products for patients with celiac disease
However, most gluten-free bakery products are commercially based on pure starch, blend of maize
starch and gluten-free flour, and protein which lead to dryness and sandy state of the final product. In
this regard, there is a strong need to develop gluten-free cookies that are technologically complete as
well as economical. The main purpose of this study was to investigate the functional properties of
flours and different ratios of millet flour and rice flour (50:50, 25:75, 15:85, 0: 100) in the preparation
of gluten-free cookies. Physicochemical properties of millet grain (moisture, fat, protein, ash, and
fiber), flour (water absorption, oil absorption), and cookies (diameter, thickness, degree of expansion,
color, and stiffness) were also investigated. The results showed that replacing rice flour with higher
levels of millet flour led to an increase in water holding capacity (WHC) and decrease in oil absorption
capacity (OAC), significantly (p<0.05). Higher amounts of millet flour showed a significant linear
relation with degree of expansion in the cookies (p<0.05) and lightness (L*) of the samples decreased
due to increased protein content and Millard reaction. Moreover, higher replacement of rice flour with
millet flour in the cookies resulted in higher hardness and cooking loss but lower water activity and
lightness(L*). The highest overall accessibility rate was for a cookie containing 15% millet flour
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