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ABSTRACT

Cookies were prepared by supplementing Chenopodium album flour into wheat flour at various levels (10%,
20%, 30%, 40% and 50%). Physicochemical, antioxidant and color characteristics of C. album-wheat blend
flour were studied while the cookies developed were analyzed for their physical, textural, color and sensory
properties. Peak and final viscosity of wheat flour decreased significantly (p<0.05) from 1873 to 530 cP and
2580 to 1074 cP, as the level of C. album flour increased while significant increase in pasting temperature
values were found from 69.30 to 89.65C, respectively. Similarly, a significant improvement in functional and
in-vitro antioxidant characteristics (antioxidant activity, total phenolic content, and total flavonoid content) was
observed as the proportion of C. album flour increased. Significant (p<0.05) decrease was observed in spread
ratio (7.33 to 4.84) and peak snap force (52.50 to 27.56 N) of cookies. Increasing levels of C. album flour lead
to a significant decrease in L* values (60.10 to 34.40) of cookies. The overall acceptability score of 7.25 for
cookies (50% wheat flour and 40% C. album flour) suggests their consumer acceptability. The present study
showed substantial nutritive and functional improvement by the addition of C. album flour to cookie
formulation.

Keywords: C. album, cookies, pasting properties, texture, sensory analysis.

1. INTRODUCTION

The pseudo cereals have gained more importance in current years due to their excellent nutritional value. These
pseudo cereals provide good quality protein, dietary fibre and lipids rich in unsaturated fats besides starch, one
of the important energy sources [1]. Pseudo cereals have enormous quantity of important micronutrients such as
minerals and vitamins and significant amounts of other bioactive compounds like saponins, phytosterols,

squalene, fagopyritols and polyphenols [2]. In addition, pseudo cereals seeds are also gluten-free and thus are
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currently emerging as healthy alternatives to gluten-containing grains in the gluten-free diet [3]. Baking, the
thermal processing of cereals can also result in the synthesis of substances such as some Maillard reaction
products having antioxidant properties [4]. In a previous study [1], the use of pseudo cereals as potential healthy
ingredients for improving the nutrient content of cookies was evaluated wherein results showed that the pseudo
cereals may represent feasible ingredients for the development of nutrient-rich gluten-free products. So the
nutritional benefits of these pseudo cereals were highlighted both for celiac patients as well as for the general
population.

Chenopodium album is an annual underutilized pseudo cereal of the Chenopodium genus.
Chenopodium spp. has been cultivated as leafy vegetables and as a subsidiary grain crop in different parts of
the world for centuries. The standard British name is Fat-hen and is well-known as lamb’s quarters. The
nutrient composition of Himalayan grain chenopod is much better than wheat, barley, maize and rice. The grain
is used as a staple food, consumed in the form of porridge, pudding, and also cooked with rice. The protein
quality of grain equals to that of milk and it contains high lysine, methionine and cysteine (6 g /100 g protein,
2.3 ¢ /100 g protein &1.2 g /100 g protein), respectively. Therefore, the nutritional composition of the grain,
such as total protein content, amino acid spectrum, vitamin and mineral composition have been found to be
comparable or even better than that of common cereal grains and hence the grain because of its high nutritional
qualities may possess various baking applications.

The bakery industry is one of the largest organized food industries all over the world particularly in biscuits and
cookies, which are one of the most popular products because of their convenience, ready to eat nature, and long
shelf life. Cookies are popular and widely consumed snacks all over the world for people of all ages. The major
ingredients in cookies comprise flour, sugar, and fat content. A variety of minor ingredients are also been
recommended which improve the physical characteristics and eating qualities [5]. A deficit of fibre intake in the
diet of an average consumer raised the issue of the development and production of dietary fibre-enriched
cookies as the point of interest for both producers and researchers [6]. Composite flour bakery products possess
lots of advantages, besides extending the availability of wheat flour, and they act as carriers of nutrition [7].
Thus the nutritional composition of bakery products can be improved by supplementing flour with protein rich
non-wheat flours [8], which will promote the utilization of non-wheat cereals and their by-products by the larger
segment of population. Therefore the objective of present study was to examine the effect of C. album flour on
the quality, physical and sensory characteristics of C. aloum- wheat flour blend cookies formulations.

2. MATERIAL AND METHODS

2.1 Material

The grains of C. album are not commonly available in market. Hence, the grains of C. album var. local Punjab
(V1) was locally procured. Grains were cleaned, stone milled and passed through 44 mesh sieve (355um) to
obtain a uniform size of flour and stored at 4°C in refrigeration conditions till further analysis and stored in air
tight container in refrigeration conditions at 4°C till further used. The other ingredients like wheat flour, sugar,

shortening, skim milk powder and salt were purchased from local market Sangrur, (India).
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2.2 Proximate composition

Moisture, ash and fat content of flour were determined according to Association of Official Analytical Chemists
AOAC, [9] methods. The crude fiber content was determined using the AACC, [10] methods. Carbohydrate
content was calculated by difference [11]

2.3 Functional properties

Bulk density (packed and loose) of blend flours was measured by method of Okezie and Bello [12] with slight
modifications. A weighed sample (10 g) was put in a 25 ml measuring cylinder and the volume was recorded as
the loose volume. The cylinder was then tapped repeatedly on a rubber sheet until a constant volume was
observed. The packed volume was recorded. The loose bulk density (LBD) and packed bulk densities (PBD)
were calculated as the ratio of the sample weight to the volume occupied by the sample before and after tapping.
Water absorption capacity and water solubility index of wheat and blend flours were determined as per the
method of Sharma and Gujral [13]. The oil absorption capacity was determined according to method of Lin et
al. [14]

2.4 Pasting properties

Pasting properties of blend flours were determined by Rapid Visco Analyzer (RVA Tecmaster, Perten,
Australia) using the Standard profile 1. Flour sample (3 g) was mixed with 25 ml of distilled water to make a
total of 28 g of flour suspension in the RVA sample canister. The flour suspension was held at 50°C for 1 min
and then heated to 95°C for 3 min and after that the suspension was held at 95°C for 3 min before it was
subsequently cooled to 50°C for 4 min and then held at this temperature for 2 min. RVA parameters i.e. peak
viscosity, trough viscosity, final viscosity, breakdown, set back, and pasting temperature were recorded. All the
measurements were repeated thrice.

2.5 Antioxidant activity (DPPH radical scavenging activity)

Antioxidant activity (AOA) was determined by the method of Huang et al. [15] with slight modifications. To 0.1
ml of the extract solution, 3.9 ml of DPPH solution was added and mixed followed by an incubation period of
30 min in dark at room temperature. The absorbance of the resultant mixture was taken at 515 nm and

scavenging effect of DPPH radical was calculated by the following “equation 1”:

DPFHrodicalscavengingactivity (%) = {[WB x 100 1)

2.6 Total phenolic content

Total phenolic content was analyzed using by the Folin—Ciocalteu assay as mentioned by Singleton and Rossi
[16] with some modifications. The prepared extract (0.05 ml) was mixed with 0.55 ml distilled water and 0.25-
ml of 20% Folin—Ciocalteu reagent. 0.5-ml of 0.5 M ethanolamine was added to the mixture after a period of 5
min and the resulting mixture was kept for 90 min at room temperature. The absorbance of the mixture was
measured at 760 nm against the reagent blank and expressed in units of mg GAE/qg.

2.7 Total flavonoid content

The TFC were calculated as per the procedure of Zhishen et al. [17] with slight modification. The extract
solution (0.25 ml) was mixed with 1-ml distilled water and 0.075ml of 5% sodium nitrite (w/v). After 5 min,
0.15-ml of 10% AICI; (w/v) was added to the mixture. The mixture was diluted with 0.5-ml 1 M NaOH after a
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period of 6 min, with subsequent addition of 0.5-ml distilled water. The resulting mixture was centrifuged at
5000g for 10 min at room temperature and the absorbance was determined at 510 nm against the reagent blank.
The results of TFC were expressed as mg RUE/g.

2.8 Cookie formulation and preparation

Five formulations of cookies were prepared with slight modification to standard method of AACC (10-50D)
[18] from C. album and wheat flour viz. F1 (10:90), F2 (20:80), F3 (30:70), F4 (40:60) and F5 (50:50),
respectively using the following ingredients. Flour (100 g), sodium bicarbonate (2.0 g), salt (1.5 g), skim milk
powder (10 g) shortening (50 g) sugar (45 g) and water (18 ml). Shortening and sugar were mixed to a cream,
then the mixture of flour, sodium bicarbonate and skim milk powder were added and mixed thoroughly to form
dough. The dough was kneaded, sheeted to a uniform thickness of 0.5 cm and then cut into circular shapes of 5
cm diameter. Baking was carried out at 175 "C for 10 min. Cookies prepared were cooled and stored in air tight
containers. Results of the data obtained of cookie formulations were compared with the control wheat flour
cookies.

2.8.1 Physical analysis of cookies

Diameter and thickness were measured in each cookie with a vernier calliper at two different places and the
average was calculated (for each cookie one value was considered). The average of 6 cookies for each batch was
recorded, whereas weight of cookies was determined with an electronic weighing balance. The spread ratio was
calculated by using the formula: diameter divided by height of cookies [19].

2.8.2 Texture analysis of cookies

Texture analyzer (TA-XT2i, Stable Micro Systems, UK) was used to measure the hardness of the baked cookies
in a compression mode with a sharp-blade cutting probe. The Pre-test, test, and post-test speeds were 1.5, 2, and
10 mm/s, respectively. Hardness defined as a maximum peak force, was measured with more than six cookies
per sample and reported as fracture force in N. Results are measurements of six experiments and expressed as
mean + SD values.

2.8.3 Color measurement of cookies

Surface color measurement on the basis of CIE L*, a*, b* color system was carried out by using a Hunter
Colorimeter fitted with optical sensor (Hunter Associates Laboratory Inc., Reston, VA, USA). Results are
measurements of six experiments and expressed as mean + SD values.

2.8.4 Sensory evaluation

Cookies made from wheat and C. album flours blends were evaluated for color & appearance, aroma, taste,
texture, mouth feel & overall acceptability by thirty (30) semi-trained panelists drawn within the university
community. The cookie samples were rated by using a 9-point hedonic scale (9-like extremely to 1-dislike
extremely).

2.9 Statistical analysis

Data were analyzed by Duncan's multiple range test [20] using statistical 7 (statistical _soft, TULSA, USA) and
the means which are significantly different were determined by statistical software packages at p<0.05. All the

tests were carried out in triplicates.
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3. RESULTS AND DISCUSSION

3.1 Proximate composition

The chemical compositional analysis of flour is shown in Table 1. There was no significant difference (p<0.05)
found in moisture content between C. album and wheat flour. However, the C. album flour showed significantly
higher protein, ash, fat and fiber content than wheat flour in the percentage of 13.12, 3.25, 6.50 and 13.09
0/100g, respectively. While the carbohydrate content was found higher in wheat flour (76.81 g/100g) than C.
album (54.619/100g).

3.2 Functional properties

The functional properties of wheat flour and blends are presented in Table 2. Both the packed and loose bulk
density of wheat flour decreased from 0.76 to 0.71 g/ml and 0.52 to 0.41 g/ml following the addition of C.
album four. The higher the bulk density, the denser the flour and vice-versa. Bulk density is very important in
determining the packaging requirement, material handling and application in wet processing in the food industry
[21]. The higher bulk density is desirable for greater ease of dispensability of flours. In contrast, however, low
bulk density would be an advantage in the formulation of complementary/weaning foods for infants [22]. The
water absorption and water solubility index of wheat flour increased marginally upon incorporation of C. album
flour (Table 2).This variation in water absorption may be attributed to increased levels of protein and fiber in the
blend flours. The results are in agreement with the Kiin-Kabari et al. [23] and Adebowale et al. [24] who earlier
reported that the ability of food materials to absorb water is sometimes attributed to the protein content. Water
absorption capacity is important in bulking and consistency of product as well as in baking applications [25].
Similarly oil absorption capacity of the blends increased significantly upto 30% incorporation however with
further substitution it increased marginally. This may be attributed to the higher oil holding capacity of fiber and
non-polar hydrophobic components of proteins. Eltayeb et al. [26] postulated that non-polar amino acid side
chains form hydrophobic interactions with hydrocarbon chains of lipid and thus implicates the functional
properties of flours. Oil absorption index is of importance since oil acts as flavor retainer and increase the mouth
feel of foods, improvement of palatability and extension of shelf life particularly in bakery or meat products
where fat absorptions are desired [27].

3.3 Pasting properties

Results of the pasting properties are shown in Table 3 and displayed in Figure 1. The pasting characteristics are
important in predicting the pasting behavior and ability of the flour samples. They affect texture and digestibility
as well as the end use of starchy foods and hence may influence quality and aesthetic considerations in the food
industry [28]. It was observed that with increase in proportion of C. album flour the viscosity of wheat flour
decreased progressively. Peak viscosity was found to range from 1873 to 530 cP showing the highest value for
100% wheat flour and lowest value for F5 (50% wheat flour substituted with 50% C. album flour). The decrease
in peak viscosity may be attributed to high fiber content of C. album flour and differences in protein content
which suggests that the interaction of present components like fats and protein of C. album flour with wheat
starch lowers the peak viscosity of the blends [29, 30]. Breakdown value and final viscosity decreased from 661
to 114 cP and 2580 to 1074 cP, respectively. Adebowale et al. [28] reported that the higher breakdown value

indicates the lower ability of the sample to resist heating and shear stress during cooking and vice versa. The
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final viscosity is used to determine the quality of a particular starch based sample. Shimels et al. [31] reported
that final viscosity indicates the starch aptness to form a numerous paste or gel after cooling and that less
stability of starch paste is accompanied commonly with high value of breakdown. The pasting temperature of
wheat flour increased from 69.30°C to 89.65 C with incorporation of C. album flour to wheat flour blends.
Pasting temperature gives an indication of the first detectable increase in viscosity and the paste formation. A
higher pasting temperature implies higher gelatinization, higher water binding capacity and lower swelling
property of starch owing to a high degree of association between starch granules [32]. The increase in pasting
temperature values may be due to the buffering effect of C. album flour lipid on starch which restricts the
gelatinization process and the dough rheological behavior depend on its flour composition [30].

3.4 Antioxidant activity (AOA), total phenolic and total flavonoid content

The antioxidant activity of blend flours significantly (p<0.05) increased from 4.83 to 9.87% on increasing the
level of C. album flour in the wheat flour (Table 4). This may be due to the higher antioxidant activity of C.
album flour in comparison to wheat. Similarly the TPC and TFC increased significantly (p<0.05) from 15.70 to
83.40 mg/100g and 1.99 to 3.10 mg/g as the proportion of C. album flour in the blends increased (Table 4).
Holtekjolen et al. [33] reported significant increase in total phenolic content upon replacement of wheat flour
with barley flour. Phenolic compounds are most important contributors to the antioxidant capacity of cereal
grains, and play an essential role in the prevention and control of degenerative diseases [34].

3.5 Physical analysis of cookies

Data for physical properties of cookies are summarized in Table 4. Spread ratio or diameter of cookies has long
been used to ascertain the quality of flour for developing cookies [35]. Earlier, Olapade and Adeyemo, [36]
reported that the lowest spread ratio implies better rising ability of cookies. Physical analysis of cookies
revealed higher spread ratio for wheat flour cookies (7.33), which decreased significantly (p<0.05) to lower
level (4.84) with the addition of C. album flour. Similar results were found by Sharma and Gujral, [37] in barley
blend cookies. Kaur et al. [38, Yadav et al. [39] reported decreased spread ratio of wheat flour cookies
substituted with fenugreek and buckwheat flour. This decrease in spread ratios of cookies may be attributed to
the higher protein content and increased level of fiber in C. album flour with increased numbers of hydrophilic
sites which form aggregates and compete for the limited free water in cookie dough. These hydrophilic sites
cause rapid partitioning of free water which leads to higher sugar concentrations in the water phase resulting in
higher internal dough viscosity and thus, limited cookie spread [40]. It was observed that the weight of cookies
increased from 11.93 t013.58 g with addition of C. album flour to wheat flour. This increase in weight of
cookies might be due to higher protein and fiber content of C. album flour which resulted in higher absorption
of moisture. Bake loss was calculated for each cookie as the difference between weights of cookie after baking
and cookie dough before baking. Bake loss of cookies was decreased as the incorporation of C. album flour
increased in the blends due to high water holding capacity, which may be owed to the high-protein content or
soluble and insoluble fibers present in C. album flour [41]. Weight loss could be used as an indicator of the
amount of water evaporated and porous structure developed during baking [42].

The hardness as the peak force required to break the cookies decreased significantly (p<0.05) with incorporation

of C. album flour (Table 4). The hardness of cookies was noticed to decrease from 52.50 to 27.56N, respectively
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as the level of C. album flour increased. Similar trend of results have been found in sorghum-wheat blends and
oat-wheat blends cookies [43]. Hoseney and Rogers, [44] reported that hardness of the cookies originates from
the interaction of proteins and starch by hydrogen bonding. So the strong interaction of protein (gluten) and
starch in control cookie (wheat) might have contributed to higher hardness. However due to absence of gluten
protein in C. album flour the hardness of cookies was found to decrease with subsequent supplementation of this
flour to wheat flour.
3.6 Color characteristics of flour and cookies
The color values of composite flour and cookies are depicted in Table 6. The lightness L* and b* values was
decreased significantly (p<0.05) from (62.40 to 42.20) and (24.20 to 16.11) for blend flours and from (60.10 to
34.4) and (28.03 to 24.88) for cookies as the addition of C. album flour increased in the blends. The a*value was
increased from (5.80 to 8.20) for blend flours while it varied from (6.33 to 8.64) for cookies upon inclusion of
C. album flour. The decrease in lightness/yellowness of flour as well as cookies may be owed to dark color of C.
album flour and subsequently to browning reaction which occurs during baking process. Maillard browning and
caramelization of sugar is considered to produce brown pigments during baking and hence results in the
darkening of the product [45]. These browning reactions are influenced by many factors such as water activity,
sugars, temperature, pH, and type/ratio of amino compounds [46].
3.7 Sensory analysis
The data about sensory evaluation of cookies are narrated in (Table 7). The cookies prepared were evaluated
for their color & appearance, aroma, taste, mouth feel, texture and overall acceptability. The results revealed
that sensory scores of cookies for color & appearance, aroma, taste, mouth feel, and overall acceptability
decreased. However, the cookie texture was improved significantly with incorporation of C. album flour.
Cookies prepared from C. album flour were darker in color due to presence of higher phenolic compounds and
hence showed lower scores for color as compared to wheat flour cookies. From the results, it was found that
the addition of C. album flour to wheat flour resulted in appreciable consumer scores. Although the cookies
prepared from formulation (F4) was more acceptable than other formulations.
4. CONCLUSIONS
Whole Chenopodium album flour as a good source of protein with complete amino acid profile seems to be
suitable for the preparation of cookies. Addition of C. album flour has significantly affected the pasting,
functional and bioactive/antioxidant characteristics of wheat flour. The studies on composite C. album wheat
flour cookies have indicated that incorporation of C. album flour improved the quality of cookies even at 10-
30% replacement of wheat flour. The physical properties of the C. album flour enriched cookies were affected
in a positive way by demonstrating a lesser hardness (softer eating properties), enhanced functional potential
which are desirable in cookies and was extremely liked by panelists. Thus, the study has shown a potential use
of C. album flour in the preparation of cookies as a partial replacer for wheat. It may be effective for
technological and nutritional advantages of cookies which have additional health benefits including enhanced

nutrients, and functional effect.
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Table 1, Proximate composition analysizs of flowr

* Constituents (%) Valpes

Samples C. album Wheat
Moisture 04322015 988011
Aszh 325003 0.96°+0.03
Protein 13122020 0.73%=0.15
Fat 6.30°=0.13 1.33%0.07
Crode fiber 13.09*=0 46 1272001
Carbohydrates 34.61%=1.90 76.81*=2.40

Means with different superscript in the same rows are significantly different at p<< 0.0 Valuesare means = standard deviation oftriplicates

Tahle 3, Functional properties and color characteristics of wheat-C. g/bay blend flour.

Color
Samples BD
BD (packed) WAI(g'g) WSI (%) OAC (g/'g) L+ . b*
(loose) a

Contral (100g WF) 0.76:=0.02 0.32:8.23 1.78=+0.20 4.00%0.12 2.135=0.03 6240090 5802009 24200050
F1) 0.75=0.47 0.46%0.75 1.82°=0 .48 4.84:=0.04 2.18%£0.66 55.608£0.50  5.950.06 23.20%0.16
(F2) 0.74:=0.06 045082 193030 3.670.08 2195032 5320030 6.60%0.10 21.45=020
F3) 0.733:0.96 044058 1.99:0.14 6.31°+0.39 2.25=0.83 4680044 7.10£0.06 10.81%0.30
F4) 0.72:=0.67 0425021 2.00°=0.60 6.75%=0.09 2.25=0.04 4395020 787010 17.67:++0.14
(F3) 0.713=0.34 041039 204045 6.97:=0.80 233003 42205040 8 20012 16.11=0.09

WE, wheat flour; PV, Peak viscosity; TV, Trough viscosity; BV, Breakdown viscosity; SV, Setback viscosity; FV, Final viscosity; P Temp, Pasting temperature;

P Time, Peak time F1 (90% wheat flourand 10% C. albumflovr); F2 (80% wheat flovr and 20% C_ albwm flour); F3 (70% wheat flour and 30% C. album flour);

F4 (60% wheat flour and 40% C. aldwm flowr); F3 (30% wheat flour and 30% C. album flowr). BD, bulk density; TD, true density; WAL water absorption

capacity; WSL water solubility index; OAC, oil binding capacity. Means with different superscript in the zame colomn are significantly different at

p=0.03 Valuesare means + standard deviation of triplicates
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Table 3, Pasting properties of wheat-C.album blend flour.
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Pasting parameters

Samples PV v BD 5V FV P Temp P Time
1)) ) P) ©®) C3) (c) (emin)
Control {100g WE) 1873*+8.02 12122823 661390 1368552 2580%£5.12 693010 6.00%=5.05
F1y 163100 47 10782775 3538+4 80 1778548 2856%=6.04 8715400 5536 .66
F2) 14908 06 1016%+6.82 4742 7% 192220 30 29384 08 87093372 560732
F3) 1073396 738358 33543 46 14225+7 14 2160>=6.30 2275354 5.33=6.83
F4) E215=3.67 39342 21 228208 1013°=4 .60 16064 09 B0 5534 BT 5403604
(1353 5304434 416°+3.39 11451 29 65844 45 10744280 8063302 3205303

WE, wheat flour; PV, Peak viscozity; TV, Trough vizscosity; BV, Breakdownviscosity; SV, Setback viscosity; FV, Final viscosity; P Temp, Pasting temperature;
P Time, Peak time F1 (90% wheat flourand 10% C. album flour); F2 (30% wheat flourand 20% C. albwm flour); F3 (T0% wheat flovrand 30% C. album flour):

F4 (60% wheat flour and 40% C. album flour); F3 (30% wheat flowr and 30% C. album flour) Means with different superscript in the same column are

significantly different at p<0.03 Values are means = standard deviation of triplicates

Table 4. Antioxidant activity. total phenolic and flavonoid content of wheat-C album blend flowr

Samples AOA TPC TEC
¥5) (mg'100g) (mg'g)

Control (100g WF) 4.83%=1.02 15.70%0.30 1.99%0.09
[13)] 6.245=0.47 16.30%=0.73 2.28:0.20
FD 7.85%1.06 28504082 2474037
(F3) 0.10:=0.96 3050058 2.70:=0.46
F4H 9.58%+1.67 6230121 2.80%0.50
(F3) 087134 2340300 3.10==0.80

F1(90% wheat flourand 10% C. album flour); F2 (30% wheat flour and 20% C. album flour); F3 (70% wheat flour and 30% C. album floor); F4 (60% wheat

flovrand 40% C. album flour); F3 (30% wheat flourand 50% C. album flovr). AoA, antioxidant activity; TPC and TFC, total phenolic and flavonoid content.

Means with different superscript in the same column are significantly different at p<0.03. Values are means = standard deviation of triplicates

Table 5.Physical and textural characteristics of wheat-C. album cookies

Parameters
Bake loss
Samples Weight (g) Thickness ‘T'(mm) Diameter W (mm) Spread ratio “W/T" (@100g) Hardness (V)
Control (100g WF) 11.93%0.50 7.10=0.16 32.07=1.10 733063 1833=1.10 525020 63
(138 12.42::0.97 7.24°0.64 30.11%=1.17 6.92%=0.57 17.05%1.26 43.60°=0 .48
(F2) 12744030 7.56%0.39 48.80°=0.89 645089 15.82=+0 83 3160072
(F3) 13.08==0.44 784044 4647099 5924025 1426%0.50 28.24%0 53
E4) 13332018 8.04%0.36 43722107 343050 124503 2771049
(F3) 13 380 64 8332083 40.36%0.72 4845046 11.67=0.07 27.56%0.73

F1(90%wheat flourand 10% C. album flovr); F2 (20% wheat flovr and 20% C. albwm flowr); F3 (70% wheat flour and 30% C. album flour); F4 (60% wheat

flourand 40% C. album flowr); F3 (30% wheat flovrand 30% C. album flour). Means with different superscript in the same column are significantly different at

p<0.05. Valoes are means = standard deviation (n=6)
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Table 6.Color analysis of wheat-C. albwm cookies
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Samples Colour
L* a* b*

Control (100g WF) 60.10==2.22 6.33%=0.20 2803000
F1) 49.50%=0.61 6.73=0.03 27.10%=0.15
(F2) 48.70-=0.14 7.10%0.16 26.60-=0.12
{F3) 42.10%0.25 780012 26.16%027
{F4) 3000034 8.20%=0.15 2546°0.16
F5 34 40%0.05 264011 24.882098

F1 (90% wheat flovr and 10% C. albwm flour); F2 (20% wheat flour and 20% C. albuwn flowr); F3 (70% wheat flowr and 30% C. album flour); F4 (60%

wheat flour and 40% C. album flour); F3 (30% wheat flour and 30% C. album flour).

Means with different superscript in the same column are significantly different at p<0.0F. Values are means = standard deviation (n=6§)

Table 7. Sensory analysis of wheat-C. g/pugm cookies cookies

Parameters
Samples Color & Appearance Aroma Taste Mouth feel Texture 0A
*Control (100g WE) 7.530:=0.30 7.75=0.60 7.75=0.40 7.530:=0.77 6.50%0.73 7.75:0.30
FLD 7252025 7.75=0.26 7.50=0.34 6.75%0.15 7.00=0.57 7.50%0.17
FD) 725075 7.50%=0.17 7502076 6.75%0.12 7255095 7.50%0.09
F3 7.00:=0.36 725056 7.25=0.14 6.30:=0.10 7.25%=0.26 725022
(1)) 7.00:=0.17 725088 7.25:=0.62 6.30:=0.43 7.50==0.14 723038
ED 6.73%0.09 7.00:=0.90 6.30%0.50 6.25%0.89 7.30%=032 6.50%0.89
WE, wheat flowr; OA, Overall acceptability. Means with different superscript in the same column are significantly different at p<0.0J.
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Fig. 1 Pasting characteristics of of wheat-C.album blend flour.
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Control, Wheat flour; PV, Peak viscosity; TV, Trough viscosity; BV, Breakdown viscosity; SV, Setbhack
viscosity; FV, Final viscosity; P Temp, Pasting temperature; P Time, Peak time. F1 (90% wheat flour and 10%

C. album flour); F2 (80% wheat flour and 20% C. album flour); F3 (70% wheat flour and 30% C. album flour);
F4 (60% wheat flour and 40% C. album flour); F5 (50% wheat flour and 50% C. album flour).
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