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ABSTRACT: Free gluten corn biscuits were prepared from corn flour and 
partially substituted by different levels (5 , 7.5, 10, and 12.5%) of cocoa, 
turmeric and carob powder. The proximate composition, minerals content, 
physical properties and organolyptic attributes of the produced free gluten 
biscuits were evaluated. Non significant (P > 0.05) differences were noticed 
among all replacement levels of all type in density thickness and specific 
volume. While ,significant (P $ 0,051 increases in diameter, thickness and 
spread ratio were observed with cocoa and turmeric powder .Significant (P $ 
0.05) increases in fat, ash, and fiber contents were observed by increasing 
the substation levels. Carbohydrate contents of corn biscuits decreased 
significantly (P $ 0.05) at 7.5 % and 12.5 % replacement levels. Generally, 
significant (P $ 0.05) increases were observed in protein and fat content to 
replaCing corn flour with different levels of COCOa powder . Mineral contents 
(Ca, K, and Zn) of gluten free corn biscuits increased by replacing corn flour 
with carob, turmeric and cocoa powder compared to biscuits made from corn 
flour. The highest overall acceptability was recorded for the corn biscuits 
substituted with 10 % cocoa powder followed by 5% turmeric and 10% carob 
powder. 

Key words : Celiac disease, gluten free, biscuits, cocoa, turmeric, and 
carob powder. 

iNTRODUCTiON 
Celiac disease is a gluten-sensitive entheropathy with genetic, 

immunologic and environmental bass. People suffering from gluten 
mtolerance (celiac disease) are diagnosed everywhere in the word (AI
Hassany, 1975; Bitar, et al.. 1970). The prevalence of this food allergy is now 
established from 1 to 250 persons. The ingestion of cereal proteins namely 
prolamins, especially from wheat caused celiac disease which leads 10 Ihe 
mflammation of small intestine and to the mal-absorption of important 
nutrients such as calcium, Iron, folic acid and fat soluble vitamins The only 
effective treatment to avoid the disease is to keep the diet of patient free 
from gluten. As a result food containing gluten such as wheat, rye, barley, 
triticale and oats and food containing gluten derivatives as thickeners, fillers 
and binders should be avoided, (Feighery, 1999), 
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Gluten free diet means avoiding food contain wheat, rye, barley and 
possibly oats. On the other hand people can use potato, rice, corn soy or 
bean flour in their diet (Fasano et al. 2003) . 

To satisfy the demand of high quality bread. gluten free bread must have 
quality characteristics similar to those of wheat flour bread (Ylimaki et aI, 
1991).The substitution of corn flour with rice flour improved all organoleptic 
characteristics of healthy gluten free pies. Hammed et ai, (2007). 

Ahlborn et al (2005) found that the gluten free rice bread had the highest 
scores for both moistness and overall freshness, while the low protein starch 
bread had the lowest scores for both attributes. All gluten free breads were 
significantly higher in loaf volumes compared to wheat bread. Also, gluten 
free breads were brittle after two days of storage. (Moore et ai, 2004). 

Cocoa is very important ingredient in several kinds of foods, such as 
cakes, biscuits, child- foods, ice-creams and sweets. Tafuri et al (2004). 

Carob powder is an ideal cocoa substitute and sugar replacer for 
chocolate and confectionery recipes. Carob powder is a naturally sweet 
flavor product which is used to improve aroma and taste in numerous food 
products. Applications of this unique dietary fiber include baked goods, bars, 
snacks. cereals, and dairy products. Usage level varies, depending on the 
application of this product .The level ranges from 1%-5% in the finished 
product (Susan, 2004). Carob powder had an excellent water- binding 
capacity anti-caking properties, and can prolong the shelf life of the 
products. Also, this product used as texture improvement, increased flow 
ability, and enhanced coloring, quality and freshness (Linda, 2003). 

Yas;n and Ibrahim (2004) Stated that the substitution of wheat flour cake 
with carob powder improved all organoleptic characteristics significantly. 
The substitution of wheat flour with turmeric powder significantly improved 
all organoleptic characteristics of healthy crackers. Abd EI Rahim et.al. 
(2003). 

The aims of this study are to produce high quality and high nutritious 
gluten-free biscuits for people suffering from celiac disease using corn flour, 
partially substituted with different levels from cocoa, turmeric ,and carob 
powder. 

MATERIALS AND METHODS 
Materials: 

Corn flour was obtained from Egyptian - Italian corn Product Co., Ismaelia . 
Egypt. Cocoa powder: turmeric powder; carob powder, vanilla, baking 

powder and egg: were obtained from the Local market. 

Methods: 
Technological methods 
Preparation of biscuits: 

Biscuits were prepared according to the methods described by Smith, 
(1972). Briefly, shortening (150 g), and sugar (150 g) were mixed to mak 
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creamed in a Hobaret mixer for 15 min. Fresh egg (120g) we,e added and 
mixed for 3min . Five huneard grams of corn flour (or its blends) were sieved 
twice with leaving agent (8 g) and mixed for 4 min .Water (80 ml) was added 
and mixed for 12 min .Dough were sheeted 4 mm. Biscuits formed manually 
and baked at 180°C for 20 min in laboratory oven .The biscuits cooled at 
room temperature for 75 min The corn flour used in biscuits formula 
(control) was substituted by different levels ( 5, 7.5 , 10 and 12.5% ) of cocoa 
powder. turmeric and carob powder. 

Physical properties of gluten free corn biscuits: 
The diameter and thickness of six biscuits were measured by placing their 

edge to edge and by stacking one above the other To obtain the average, 
measurements were made by rearranging and re-stacking biscuits The 
average weight of six biscuits was recorded. The bulk density was calculated 
and expressed as giL (Sai-Manohar and Haridas 1997) . 

Specific volume (cm' Ig) was calculated as follows: biscuits volume (cm') 
1biscuits weight (g). 

Spread ratio was calculated as the average diameter 1 thickness A.A.C.C. 
(1995) 

Chemical Analysis methods: 
Proximate composition: 

Moisture, protein, lipids, fiber and ash were determined for raw 
materials as well as for produced biscuits according to the methods 
described by A.O.A.C. (2000). Total carbohydrate was calculated by 
differences. 

Minerals contents 
Calcium ICa); linc fln); iron (Fe) and potassium (k) were determined 

according to A.O.A.C. (2000) using The perkin Elmer 3300 (USA) atomic 
absorption spectrophotometer While Phosphor (P) content was determined 
in the digested soiution according to the method of Taussky and Shorr 
119531 

Sensory attributes of gluten free corn biscuits. 
Organoleptic characteristics were evaluated by 10 patients suffering from 

celiac disease for various quality attributes such as appearance =20 , taste 
=20, texture =15, crispincys =15, color =10, flaver =10, mouth feel =10 and 
overall acceptability POO).The panelists were asked to use control biscuits as 
basic for determining acceptance by first assigning score to it and then 
evaluating each test biscuits in comparison to the control. 

Statistical analysis:
The results were compared using the least significant difference test 

(L.S.D) at the 5% level of probability as described by waller and Duncan 
(1969). 

1575 



A.A. EL-Bedawey, FA. Mansor, A.F EL-Beltagy, G.A. Zahran and Warda Badr 

RESULTS AND DISCUSSION 
Chemical composition of raw materials 

The chemical composition and mineral content of corn flour, cocoa, 
turmeric, and carob powder are presented in Table (1). The cocoa powder 
had higher protein (14.75 %) and fat (13.27%) contents compared to other 
ingredient. The cocoa, turmeric, and carob powder contained high amounts 
of ash and fiber compared to corn flour. The lowest fat content was noticed 
in carob powder (0.77%). The highest value of total carbohydrate was 
observed in corn flour (85.95%) followed by carob pOWder, turmeric powder 
and then cocoa powder (81.79%; 74.09% and 59.80% respectively). 

Data in the same table showed the mineral contents (Fe, In, P, Ca, and K) 
of corn flour, cocoa, turmeric and carob powder. The cocoa pOWder had the 
highest amount of In (6.9 mg/100g), and P (608 mg/100g) and the lowest 
value of Fe (1.85 mg/100g) The lowest amount of phosphor content (73.3 
mgI100g). The turmeric powder contains 19.5 mg/100g Fe while, caroh 
powder and corn flour contalr1ed 7.98 and 2.23 mg/100g, respectively. The 
obtained results are in good agreement with those obtained by Abd-EI 
Rahim. et al. (2003); Yasin and Ibrahim (20041; Zahran (2005). Ayaz et al 
(2007). 

The high values of chemical composition parameters and mineral 
contents in cocoa, turmeric and carob pOWder are expected to raise the 
nutritive value of corn flour used for gluten free biscuits. 

proximate compositions of gluten free corn biscuits replaced by 
different levels of cocoa, turmeric, and carob pOWder 

The prOXimate composition of gluten free corn biscuits produced by 
replacing corn flour with different levels (5, 7.5, 10, and 12.5%) of cocoa, 
turmeric and carob powder are presented in Table (2). 
Corn biscuits formulated with different levels of carob. turmeric. and cocoa 
had sig!1!ficanUy (P :s 0.05) higher ash contents than COin biscuits. On the 
other hand. the fiber contents increased significcnUy (P ::; 0.05) by increasing 
the: substitution ieveis. VJhiie, 110n significant (P >0,05) differences were 
noticed in protein content among replacements. Significant (P ~ 0.05) 
increases in fat content of biscuits formulated with cocoa powder at level 
were noticed 10, 12.5% substitution. Non significant (P >0.05) differences 
were observed in carbohydrate contents among all replacement levels of all 
types. Except for 10, 12.5% substitution levels of cocoa powder which 
showed significant decrease. This may be due to the high amounts of fat, 
ash, and fiber in the substituted ingredients. These results are similar to 
those found bl' Abd-EI Rahim, et al. (2003): Yasin and Ibrahim (2004). 
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Data in Table (31 shows the chemical composition content of corn biscuits 
replaced by 5, 7,5,10, and 12,5% of cocoa, turmeric, and carob powder, 
Carbohydrate content of corn biscuits was significantly (P ~ 0,05 ) decreased 
at 12,5% replacement level. Replacement of corn flour at 12,5% level showed 
significant (P ~ 0,05) increase in moisture, fat. fiber, and ash contents 
compared to corn biscuits. While, non significant (P > 0,05) differences were 
observed in protein content of corn biscuits formulated with different 
substitution levels. Generally, biscuits formulated with Cocoa powder had 
higher (P ~ 0,05) protein and fat content compared to turmeric and carob 
biscuits On the other hand carob powder biscuits was significantly (P ~ 

0,05) higher in moisture, fiber and carbohydrate contents than biscuits 
formulated biscuits with cocoa and turmeric, 

Mineral content of gluten free corn biscuits replaced by 
different levels of cocoa, turmeric, and carob powder. 

Data illustrated in Table 4 indicated that the replacement of corn flour by 
different levels (5, 7.5,10, and 12,5) of cocoa and turmeric powder increased 
Zn, Ca, and K contents of corn biscuits compared to biscuits made from corn 
flour, While, the cocoa powder caused slight decreased in Fe content. 
Replacement of corn flour by carob powder increased Fe, Zn, Ca, and K 
content of corn biscuits while it caused decreased phosphor content. 

Results indicated that mineral contents increased as the level of 
supplementation increased, The high content of Ca, P, K, Fe, and Zn in 
ingredients are expected to raise the nutritive value of corn flour used for 
biscuits. These obtained results indicated that cocoa, turmeric, and carob 
powder are good sources for supplementation and suitable for enrichment 
biscuits with high minerals conlent. 

Physical properties of gluten free corn biscuits, 
Formulated by cocoa, turmeric and carob powder. Physical properties 

(weight, volume, specif!c volume, density, diameter, thickness and spread 
ratio) of gluten free corn biscuits at diffeient ieveis are presenied in Tabies 
(5 and 6),
 
The results revealed that formulated by biscuits carob at 12,5% level had the
 
highest (P ~ 0,05) weight. While, the highest volume was observed at 5%
 
replacement with cocoa ,Non significant (P > 0,05) differences were noticed
 
among all replacement levels in the diameter of corn biscuits with cocoa
 
powder, The highest increase in density was noticed at 10 % and 12,5%
 
replacement level with carob ,While, non significant (P > 0,05) differences
 
were noticed among replacement level in specific volume and thickness,
 

These results may be due to higher values of fiber content of the turmeric 
and carob compared to corn flour which cause compacted cake, Also the 
carob powder contains gum which affect on biscuits density, 
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Table (2) Proximate composition (on dry weight basis%) of gluten free corn biscuits replaced by different
 
levels of Cocoa,1 urmerlc, and Carob powder
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Vasin and Ibrahim (2004) reported that increasing the level of addition of 
carob powder (2.5, 5 and 7.5 %) to wheat flour increased specific volume. 
Which means that the higher values of specific volume the lighter cake is this 
in turn positively affects both texture and tenderness (EL- Azab, and 
Bothayna, 1997). 

Data in Table (6) showed the physical properties of corn biscuits as 
influenced by replacement with different levels and types of cocoa, turmeric 
and carob powder. Non significant (P > 0.05) differences were noticed among 
replacement levels in density. thickness and specific volume. Biscuits 
weight, volume, and spread ratio were decreased significantly (P S 0.05) at all 
levels of replacement. While significant (P S 0.05) increases in diameter, 
thickness. and spread ratio were observed with cocoa, and turmeric powder. 
Significant (P S 0.05) increase was also, noticed in weight, and density with 
carob powder. 

These results may be due to the effect of gums and high amount of fibers 
'n carob powder as compared to cocoa and turmeric powder 

Sensory properties of gluten free corn biscuits replaced by 
different levels of cocoa, turmeric and carob powder. 

Organoleptic characteristics (taste, appearance, texture, crispincys, color, 
flavor, mouth feel and overall acceptability) of gluten free corn biscuits 
formulated with different levels of cocoa, turmeric and carob powder were 
evaluated by 10 celiac patients (Tables 7 and 8). 

Replacing corn flour cocoa at 7.5 % and 10% levels ,turmeric at 5% level, 
and carob powder at 10% level showed the highest (P S 0.05) overall 
acceptability compared to other replacement. On the other hand significant 
(P S 0.05) reduction in overall acceptability was noticed in 10 and 12.5% 
turmeric and 12.5% carob powder (Table 7) . 

These results may be due to the effect of cocoa and carob powder which 
had valuated components and phenollic component caused good color of 
biscuits. (Linda, 2003 and Susan, 2004). 

Replacing of corn flour with 12.5% of cocoa, turmeric, and carob powder 
resulted in significant (P S 0.05) decrease In taste, Crispiness and overall 
acceptabiiity oj corn biscuits. Whiie, non Sl9n1ficant (P > 0.05) differences 
were nOllced among all replacement in texture, flavor, mouth fell and color 
compared to corn biSCUIts. 

Biscuits formulated by different levels of carob powder showed 
significant (P S 0,05) decrease in the appearance. Also, the taste, color, 
flavors, mouth fell and overall acceptability were lower in biscuits formulated 
turmeric powder than cocoa ,and carob powder. Whereas, Significant (P S 
0.05) increases were noticed in c';~pine," ;, and textureof biscuits formulated 
with for cocoa powder compared to turmeric and carob powder (Table 8), 

These results may be due to the effect of turmeric powder which had bad 
taste in mouth with increasing the level of replacement. 

From theabove results it could be noticed that the best quality of gluten 
free corn biSCUitS were at 10% replacement level with cocoa and carob 
powder as well as 5% replacement level with turmeric pOWder, 
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Table (7) Sensory evaluation of ~lllltell free corn biscuits replaced by different levels of cocoa turmeric. -0 
and carob powder a 

gpropertios score, Corn I Cccoa powder T~lrmcrlC powder Carob powder 
o100% : 5°/0 - j' 5",,! 10"/0 12.5% 5"'0 75% i 10% 12.5% 5% 750,<.: 10",'0 ! 125% 

, I , S" 
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' o...TastG 20 16.66bc! 17.4b i1~.3 a, 18.5 a . 17.38 _~' 18.5 a i 17.25 b; 14.5 d _!L25 e 116.5_~C_t 18.75 a i 18.~~_ a L16 16 c 

Texture 15 125dei12.9cd,1~,.15bc' 1394a 1325 bC! 135i1b 12.69 d; 9.7 9 11.5 f 12.5deI12.13 e 12.13 c 12.2 
lQ 

L c t:
Crispness 15 12.27bCI12.6ab_~:13.1abi 13.36 a +12.95 abc '12.7 abel 12.25 c )12 BBabc 10.63d~7a_bC!:'1-.-13 -d-_~1~_~3_ c l10__8~_d l1> -

=>
Color 10 8.63def 8 8bcd(~ 9 23ablg OBabcd 9.25 abc 9.6 CI B.BBedd 8.13 I 625 f 8.2 I 8.94bcdc' 8.78 def 8.6 def 

:::Flavor 10 7,84d j8.Hib~-c~813Cd.8.37abcd 8.75 a 18.4abe B.69abe~ 6.3 f i 6.25 f 87 ab 8.6abc~-8~7ab ~13 e l1> 
l1>

.\IIouth teel 10 ?75 bel8 12ab _.~ 14.l~' 8.51 a I 738 c lB.2 C1b 761 be 5.63 d 5.13 d 86 a 8.13 ab 8,9 a !863 a 
0
e;;"Overall b.' 100 82.8 f ,,85.8Be 8~ 5:5b: 9064 a 8534 cd! 88.4 b B4.64..de 73 89 h' fJ8.89 i 835 ef II 86_06 c 87.5 b 7865 9 I 

aecepta Iity "___ ~ _I __ o
Means in the same raw With different letter'" are signifIcantly different (P "0 0.051 c:: 

~. 
~ 

'" 00 Table (8): Effect of replacing "'orn flour by different levels cocoa, turmeric, and carob powder on sensory 0..."" evaluation of corn blls,~uits o 
I1l!properties score : Replacement le...'el~, L.S.D Replacement type LSD 
~ O/u' 0 %'5 %"7.5 % 10 %'125 ~~Cocoa' • 'Turmeric • 'Carob. o, 

, "0Appearance 20 17.15 bc 17.24abc 17.96 a [17 83 ab 16.462 c 0.8007 17.934 a 
, 

1747 ab 1691~_b 408896 III
Taste 20 I 16.66 a 17.466 a 18167 a 17 25 a 14.93 b 1618 17 945 a 15.375 b 17.59 a 11,5878' 

L -Cii"I ' =>Texture 15 12.5 ab 12S6i'a 12693ab 11924 b 12.306 ab l- 927 13.3767 a 11.8495 b 12.2317 b ! 0.7842!
l .. __ 0; 

Crispness 12.27 a 12.(,7 a 12.29 a 12.79 a 11.465 b 07131 13.0025 a 12.115 b 11.769 b 10.66 % 

f .~.~Color 8.63 ab 8.87 a 8.984 a 8.53 ab 8.034 b 0718 9.115 a 8.165 b 8.53 ab 0.6754 

Flavor 10 7.84 ab 8.42 a 8.47 a 7.76 ab 7.377 b I 0.745 835 a 741 b 8258 a ()692 i 
I Mouth feel 10 775 ab 8.43 a 797---;-b- 755 ab 7.099 b 10.9301 80415 a 6.683 b 8.465 a O~131 1 

--- --·t' 

Overall b." 100 82.8 a 85.;::9 a 86.13 a 84.27 a 77,487 b ; 4.422 86,546 a 78.928 b 84.165 a !; 4.4702 '
!I' 

accepta I tty
 
M-eans in the same raw with different letter's-arc significantly different (P "0 0.05)
 
Values are means of dHferent replacernE'nt level." Values are means Df dilferent replacement type
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