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1 Introduction
The concept of functional foods has been trending nowadays. 

Researchers and common people are also taking keen interest 
in foods of the plant origin. Chia as a novel food ingredient 
gained very much high popularity among researchers because 
of considerable functional properties. Chia (Salvia hispanica L.) 
is a member of the mint family (belonging to family Lamoaceae, 
which produce flowering annually) and has uniqueness due to 
its nutritional and therapeutic profile (Kulczyński et al., 2019). 
Word “chia” comes from the Nahuati word “chian” or chien 
meaning “oily”. It was among the elementary foods of several 
Central American civilizations and was less vital than corn and 
beans and more imperative than amaranth. Chia seeds were 
used in Mexico, Argentina and other South-Western States 
of America. Since 2009, whole seed and flour are used as an 

important food stuff in variety of products in the European 
communities (Turck et al., 2019).

Proximate composition of chia is highly valuable. Chia 
seeds approximately yields 25-40% of oil upon extraction and of 
total composition of Chia oil, linolenic and linoleic acid may be 
present up to 60% and 20%, respectively (Ali et al., 2012) with 
ratio of about 1:3 (Baker et al., 2016). Chia reported to have a 
high protein, ash, dietary fiber and fat contents ranged 15-25%, 
4-5%, 18-30%, 30-33%, respectively. Chia contains 26-41% 
carbohydrates and antioxidants (Ixtaina et al., 2008). Moreover, 
higher proportion of protein of Chia exhibits greater biological 
value with essential amino acids (Vázquez-Ovando et al., 2010). 
Cereals lack essential amino acids, such as lysine and Chia can 
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Abstract
Highly nutritional and functional properties of chia seeds would make it unique than other grains. Considering its known properties 
chia can be used as an important food ingredient. These are rich in fiber, ash, protein, polyunsaturated fatty acids (PUFA) and 
antioxidants. Higher proportion of protein having greater biological value with essential amino acids and high dietary fiber 
content prevents several metabolic disorders and obesity. It is also consist of PUFA helpful in lowering cardiovascular diseases. 
Rusks were supplemented with chia flour at a rate ranging 5 to 20% with the goal to modify the fiber content, nutritional contents 
and physicochemical properties. The obtained results were highly significant and showed increasing trend in dietary fiber and 
PUFA values. Texture values decreased significantly. Sensory evaluation showed significant (p<0.05) differences in color, flavor, 
texture and overall acceptability. Most acceptable treatment was with 5% chia flour supplementation with a mean score of 8.10. 
Hence, Chia flour-supplemented rusks up to 5% addition level could be utilized as a convenience food and vehicle of improved 
nutritional status with health beneficial bioactive compounds. Moreover, supplementation of chia flour led to improvement of 
functional properties of wheat rusks as a valuable source of dietary fiber and bioactive compounds.

Keywords: wheat; physicochemical; rheology; sensory; chia flour.

Practical Application: Chia-flour supplemented wheat products including rusks can be used as a valuable source of essential 
nutrients for various consumer groups.
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be used and added as counterpart of cereal protein in many 
cereal products. Chia being a plant source has a huge potential 
to be used as an important stuff in several food items (Iglesias-
Puig & Haros, 2013).

In the era of modernization, a thrill by consumer towards 
healthy life style regarding nutritional aspects would challenge 
the researchers for nutritious and healthier products to meet the 
consumers demand. Dietary fiber is an important constituent in 
our diet but due to several processing reasons, it would not be 
a part of recipes in products. Most of the people eat processed 
foods that contain no or minute quantities of dietary fiber and 
recently consumers’ awareness about dietary fiber benefits has 
escalated (Raju et al., 2014;  Ayerza & Coates, 2004). The main 
stuff used for bakery products production is white flour, which is 
refined and bran has been removed by milling which impart a lot 
of benefits to host. Although the products made from all-purpose 
flour confer good taste and physical properties but harmful to 
human beings owing to being deficient in essential components 
(Sahoo & Divakar, 2018). So, it has become the dire need of the 
current situation for replacement or supplementation of wheat 
flour with health beneficial components of plant-origin to make 
composite for development of healthy and nutritious products. 
By knowing that chia seed contains excellent amount of fiber 
and contains several other nutritional and bioactive compounds, 
this study was aimed at supplementation of wheat rusks with 
chia flour and evaluation of the nutritional and physicochemical 
properties of supplemented rusks as well as total phenolic content 
and radical scavenging activities.

2 Materials and methods

2.1 Formulating the composite flour

Different composite flour formulations were formulated 
using the various levels of chia seed flour and wheat flour. Four 
treatments were made as T0 (100% wheat flour), T1 (95% wheat 
flour and 5% chia flour), T2 (90% wheat flour and 10% chia 
flour), T3 (85% wheat flour and 15% chia flour), T4 (80% wheat 
flour and 20% chia flour).

2.2 Proximate analysis of composite flour

The compositional analysis of flour blends along with the 
control sample were performed for proximate estimation of 
composition. These analyses include moisture, protein, fat, ash, 
NFE and fiber following the guidelines mentioned in American 
Association of Cereal Chemists (2000).

Moisture analysis

Wheat and chia flour blends were analyzed for moisture 
content by using hot air oven according to AACC Method 
No. 44-15A (American Association of Cereal Chemists, 2000). 
5 g of sample from each treatment was weighed. Empty china 
dish along with sample were weighed and placed at 105˚C in an 
air forced draft oven till the constant weight. Moisture contents 
were calculated using the formula (Equation 1):

( ) ( ) ( )initial weight of sample g - weight of dried sample g
Moisture content %  = × 100

initial weight of sample
  (1)

Ash analysis

The ash of the blends was determined by incinerating the 
samples in muffle furnace according to the guidelines mentioned 
in AACC Method No. 08-01 (American Association of Cereal 
Chemists, 2000). Heated the weighed sample in a crucible on 
flame until it is smokeless, then crucible was placed at 550˚C 
in a muffle furnace till greyish white ash is obtained. After that 
sample containing crucible was cooled by placing in desiccator. 
Finally, ash content calculated as (Equation 2):

( ) weight of sample after ashingAsh %  = × 100
weight of  fresh sample

 (2)

Crude fat analysis

Determination of crude fat in flour blends and control 
was done using Soxhlet apparatus according to the guidelines 
mentioned in AACC Method No. 30-25 (American Association 
of Cereal Chemists, 2000). 3g moisture free sample from each 
treatment was taken in thimble of Soxhlet apparatus. Solvent 
used was n-hexane at the condensation rate of 2-3 drops/s for 
16 h to extract the fat content by giving 3-4 washings and then 
boiling the contents of the flask containing fat to remove hexane 
and get the fat (Equation 3).

( ) wt.of fresh sample-wt. of defatted sample Crude fat %  = ×100
wt. of fresh sample

 (3)

Crude fiber analysis

Samples after the extraction of fat was subjected to crude 
fiber analysis by using Fiber tech following the guidelines of 
AACC Method No. 32-10 (American Association of Cereal 
Chemists, 2000). Crude fiber content estimated by digesting 
defatted sample. In a beaker 2 g of fat free sample taken and 
200 mL 1.25% sulphuric acid was added to it up to the mark 
and boiled for 30 min. After that of filtering the beaker contents 
to make the sample acid free 2-3 washings were done with hot 
water. The sample residues were transferred into beaker and 
now the addition of 200 mL of 1.25% NaOH solution was done 
and the whole procedure was repeated again. Now the residues 
were carefully transferred to china dish and placed in oven for 
drying for 3-4 h at 100 ˚C until the constant sample weight. 
After that sample charring was done. Then placed the sample 
at 550˚C in a muffle furnace till greyish residue left. The fiber 
was calculated as (Equation 4):

( )
( )

weight loss on ignition g
Crude fiber % = × 100

Initial weight of sample g
 (4)

Crude protein analysis

Nitrogen content of the wheat and chia flour blends and 
control were measured by Kjeldhal apparatus by AACC Method 
No. 46-10 (American Association of Cereal Chemists, 2000). 
2 g of moisture free sample, 5 g of digestion mixture (K2SO4, 
CuSO4 and FeSO4) and 30 mL of conc. H2SO4 was taken in 
Kjeldhal’s flask. The whole mixture was heated at 60 °C until 
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the greenish mixture obtained. This content was diluted with 
250 mL distilled water after attaining temperature equilibrium. 
In distillation assembly, 10 mL of dilution, 10 mL of 40% NaOH 
was distilled against 4% solution of boric acid containing methyl 
red indicator. Color changed from pink to golden yellow when 
ammonia was collected in boric acid solution. Volume of 
sulphuric acid was then measured by titration of mixture against 
0.1N sulphuric acid after distillation. Using the formula crude 
protein was estimated (Equation 5 and 6).

( ) 0.0014 × volume of sulphuric acid used × volume of digested samplesNitrogen %  = ×100
wt.of sample × volume of sample taken for distillation

 (5)

Protein =% Nitrogen ×6.25  (6)

Nitrogen Free Extract (NFE)

The NFE was calculated as (Equation 7):

)NFE  (%) = 100 -  (% fat % crude fiber % protein % ash % moisture+ + + +  (7)

2.3 Rusk dough preparation

Composite flour containing chia flour and control sample 
were used to make dough with all other ingredients. The amount 
of chia flour and wheat flour varies according to the treatment plan 
for each treatment, dough was made with the following recipe;

2.4 Rheological analysis

Dough containing wheat flour and chia flour was assayed 
to study the rheological properties. Farinograph and Mixograph 
studies were performed for dough rheology determination 
according to the procedures mentioned in AACC Method No. 
54-21 and 54-40 A, respectively (American Association of Cereal 
Chemists, 2000).

Farinograph analysis

The dough rheology of blends and treatment was determined 
by Barbender Farinograph by method described in AACC Method 
No. 54-21 (American Association of Cereal Chemists, 2000). 
50 g sample was taken in bowl of instrument, dry mixing for 
1 min was continued, and then addition of water was done till 
the graph touched 500 BU line. The instrument running time 
was 20 min at 30 °C, properties of dough like water absorption, 
mixing tolerance index, dough development and dough stability 
time were recorded.

Mixograph analysis

Rheological behavior of dough with control was evaluated 
through Mixograph according to AACC Method (American 
Association of Cereal Chemists, 2000). Peak time and mixing 
tolerance were determined.

2.5 Rusk preparation

Rusk was prepared by considering the formulations described 
in Table 1, by the standard AACC Method (American Association 
of Cereal Chemists, 2000). By using a mixer ingredients mixing 

was done for dough preparation. Then dough was molded, 
panned and proofing was done at 30 °C and 85% RH for 45 min 
for optimum dough development. Then baked for 15-20 min 
at 225 °C. After that the cooling of the bread was done, again 
proofed sliced and final baking (150 °C/15 min) was done to 
obtain the crispy rusk.

2.6 Dietary fiber analysis

The total, soluble and insoluble dietary fiber content of the 
rusk supplemented with chia flour was determined.

Insoluble dietary fiber

Insoluble dietary fiber contents were determined according 
to AACC Method No. 32-07 (American Association of Cereal 
Chemists, 2000). IDF was analyzed by gelatinizing duplicate 
sample with heat stable α- amylase, for removal of protein 
and starch contents protease and amyloglucosidase were used 
for sample digestion. Filter enzyme mixture into the filtration 
flask. Preheated (at 70 °C) 10 mL of distilled water was used 
for residues washing and twice with 10 mL of 95% EtOH and 
acetone. Samples were then dried and weighed. One of the 
duplicate sample was used to analyze the protein contents while 
others used for determination ash contents.

Soluble dietary fiber

Dietary fiber contents were analyzed according to AACC 
Method No. 32-07 (American Association of Cereal Chemists, 
2000). SDF was analyzed by gelatinizing duplicate samples with 
stable heat α- amylase. After that protease and amyloglucosidase 
were used to digest the samples for removal of starch and protein 
contents through crucible filter enzyme mixture into filtration 
flask. Preheated (at 70 °C) 10 mL of distilled water was used 
for residues washing, filter and water washing was saved for 
SDF determination. In a beaker weigh combine solution of 
filtrate and water washings. After this 320 mL of preheated 
95% EtOH was added and allowed it to precipitate for 60 min 
at room temperature. After that filtrated residues were washed 
with 120 mL portion of EtOH (78% and 95%) and acetone 
then dried them and weighed. One of the duplicate sample 
was used to analyse the protein contents while others used for 
determination ash contents.

Total dietary fiber

TDF was also analyzed using the method of AACC Method 
No, 32-07 (American Association of Cereal Chemists, 2000). 

Table 1. Recipe with ingredients for formulation of rusk dough preparation.

Ingredients Quantity
Flour 300 g
Sugar 18 g

Oil 18 mL
Salt 4.5 g

Yeast 6 g
Water 170-180 mL
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TDF was analyzed by gelatinizing duplicate sample with heat 
stable α- amylase, for removal of protein and starch contents 
protease and amyloglucosidase were used for sample digestion. 
To precipitate soluble fiber, 4 volumes of preheated (60 °C) 95% 
ethanol were added. Residues were filtered, washed by using 
ethanol (95 and 78%) and acetone then dried as well as weighed. 
One of the duplicate sample was used to analyse the protein 
contents while others used for determination ash contents. 
Sample was also run with blank through entire procedure. It was 
calculated as Equation 8:

( )
 1  2 /2

     %  1 2 / 2  100
m m

Dietary fiber R R P A B
+

= + − − − ×  (8)

Whereas,

R1 =  residue weight from m1, R2 = Residue weight 2 from m2, 
m1 = sample weight 1, m2 =  sample weight 2, A = ash weight 
from R1, P = protein weight from R2, B = blank

BR1+ BR2/2-BP-BA

Whereas,

BR = blank residue, BP = blank protein from BR, BA = blank 
ash from BR2

2.7 Fatty acid profile

FA profile was determined following the guidelines described 
by the method of Association of Official Analytical Chemists 
(2005). First, lipid extraction was done and through methylation 
transformed into methyl esters. After that FA profile of prepared 
samples investigated by using gas chromatograph (GC) with a 
FID detector. Column temperature for 4 min was kept 100 °C and 
increased at 3 °C/min to 240 °C. 225 °C and 285 °C was injector’s 
and detector’s temperature respectively. An SP2560 100 m × 
0.25 mm capillary column and Helium as carrier gas were used. 
Results were noted in g of FA’s/100 g of lipids.

2.8 Physicochemical evaluation of rusk

The prepared rusk samples were analyzed for their organoleptic 
properties to determine different qualitative and quantitative 
parameters of the rusk like color and texture.

2.9 TPC and antioxidant activities determination

All samples including control and chia-flour supplemented 
rusks were analyzed for their total phenolic content (TPC) 
and antioxidant activities. All control and supplemented rusks 
samples were subjected to TPC analysis through Folin-Ciocalteau 
reagent method as per the reported method of Ameer  et  al. 
(2017). Spectrophotometer (UV-1800, Shimadzu Inst. Co., Ltd, 
Kyoto, Japan) was employed and all measurement were recorded 
spectrophotometrically at 765 nm detection wavelength and 
results were reported in terms of mg gallic acid equivalent (mg 
GAE/100 g on dry weight (DW) basis.

All samples including control and chia-flour supplemented 
rusks were analyzed for their radical scavenging activities 
and 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azinobis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) antioxidant assays 

were used according to reported method of Jiang et al. (2021). 
In case of both DPPH and ABTS-RSA’s, the spectrophotometric 
absorbance values were recorded using spectrophotometer at 
515 and 734, respectively. Furthermore, the results obtained 
from both DPPH and ABTS assays were documented in terms 
of micromole Trolox equivalents (μmol TE/g DW).

2.10 Sensory evaluation

Rusk supplemented with chia flour was analyzed for its 
sensory parameters. Sensory evaluation was carried on a 9-Points 
Hedonic Scale (Meilgaard et al., 2007).

2.11 Statistical analysis

All measurements were recorded in triplicate manner (n = 3). 
The obtained data from experiments was subjected to statistical 
analysis to find out the level of significance (analysis of variance) 
in a complete randomized design. Means were further compared 
through Tukey-HSD for significance differences at p < 0.05.

3 Results and discussion

3.1 Proximate analysis of the composite flour

Table 2 represents the calculated proximate values of the 
composite flour. Statistical analysis showed a highly significant 
results among the treatments. It was observed that moisture 
contents and NFE showed decrease in numerical values and 
rest of the statistical values of crude fat, crude protein, crude 
fiber and ash showed increasing trend by the increase in 
supplemented flour. Increasing values is a confirmation of their 
high nutritional profile. Statistical analysis in Table 2 described 
that the observed moisture contents were significant among the 
treatments. Table 2 highlighted the various observed moisture 
contents values and showed decrease in numerical values by the 
increase in supplemented flour. 12.73% was the highest value 
for moisture content by T0 among treatments containing no 
supplementation flour. Moisture value of 11.93% was recorded 
as the lowest value among treatments by T4 having highest 
supplemented flour percentage of 20%.The fat contents increased 
significantly between the treatments as the chia seeds powder 
has a high fat content in its composition. Mean values for the 
crude fat contents are shown in Table 2, which depicted that the 
crude fat values among the treatments varies between 1.77% to 
4.41%. Highest value was observed in T4 (4.42%) which contains 
80% wheat flour and 20% chia seeds flour.

3.2 Rheological analysis

The study of flow and deformities in the substances is known 
as rheology. The rheology study provide various characteristics 
of dough which further helps in suitable materials selection and 
their proportions into a number of substances.

Frinographhic parameters

Water absorption is the amount of water absorbed under 
specific interval of time.The increasing water absorption trend 
in treatments can be explained by increasing proportion of 
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dietary fiber that contains larger number of hydroxyl groups that 
results into the formation of stronger bonds with water contents. 
ANOVA for the water absorption data revealed that the water 
absorption values of the composite flour are highly significant 
among treatments, as shown in Table 3. Mean values of water 
absorption are shown in Table 3 that predicts an increasing trend 
in the water absorption ranging from 59% to 71%. Maximum 
water absorption (71%) was observed in T4 that contains 80% 
wheat flour with 20% chia seed powder. Minimum absorption 
was noticed in T0 (59%) in which no chia seed powder was 
added. The increasing water absorption trend in treatments 
can be explained by increasing proportion of dietary fiber that 
contains larger number of hydroxyl groups that results into the 
formation of stronger bonds with water contents (Rosell et al., 
2001). Chia seeds flour is the pure source of dietary fiber so this 
increasing water trend is predictable. Mean values are given 
in Table 3 that predicts an increasing trend in the treatments 
values with a range of 1.88 min to 3.55 min. The maximum 
values were obtained in T4 (3.55 min) which contains 80% wheat 
flour and 20% chia seeds powder. Lowest value was observed 
in T0 (1.88 min) in which no chia seeds powder was added. 
Dough development time is the time that shows a final point of 
the dough formation. The increase in dough development time 
with increase in chia powder may be due to decease in dough 
resistance because of more dilution values of gluten proteins 
resulted from dietary fiber addition. Fiber have ability to absorb 
more water thus prolonging dough development time. Dough 
stability is the time at which dough exhibit maximum stability. 
Mean values (Table 3) shows an increasing trend in the values 
between the treatments with increasing chia powder contents 

and it ranges from 1.89 min to 3.94 min. Highest value was 
obtained in T4 (3.94 min) whereas lowest value was observed in 
T0 (1.89) which contains no added chia seeds flour. The increasing 
trend can be explained by the increasing addition of powder 
because of its higher dilution values for dough gluten proteins. 
Mean values in Table 3 shows a difference range from 44 .00BU 
to 78.00BU. T4 (76.00BU) contained maximum value of MTI 
and T0 (44.00BU) contained minimum value for MTI as there 
was no chia seeds powder added in it.MTI is the value from 
top point of curve to the top point of the curve after five min. 
This increasing trend indicates more stability to weakening of 
dough during mixing which might be due to added fiber that 
interacts with gluten proteins. Rosell et al. (2001) and Eshak 
(2016) reported the similar findings while working on bread by 
supplementing various fiber sources. Švec et al. (2016) observed 
the similar trends of increase while making flour blends of chia.

Mixographic parameters

Mixograph studies are related with chewiness and vigorous 
properties. Mixograph analysis are simple and quite reliable. It is 
an indicator of dough properties like optimum dough development 
time, tolerance to over or under mixing. Peak time is the time 
(min) required to attain the peak value. The data introduced to 
the analysis of variance indicated a highly significant difference in 
the peak time value among the various treatments supplemented 
with chia seeds powderMixing tolerance is the measure of the 
ability of the dough to resist breakdown during mixing and 
thus it is recorded in the form of a curve. It describes stability 
to over mixing and is shown in the form of a number derived by 

Table 2. Proximate analysis of the composite flour.

Parameters (%)
Treatment

T0 T1 T2 T3 T4

Moisture 12.73 ± 0.02A 12.57 ± 0.02B 12.57 ± 0.02B 12.20 ± 0.04D 11.93 ± 0.02E

Crude fat 1.77 ± 0.03E 2.82 ± 0.02D 3.44 ± 0.05C 3.92 ± 0.03B 4.41 ± 0.01A

Crude protein 12.32 ± 0.04E 13.44 ± 0.05D 14.20 ± 0.05C 15.25 ± 0.02B 15.97 ± 0.02A

Crude fiber 0.82 ± 0.02E 2.14 ± 0.03D 3.09 ± 0.01C 3.94 ± 0.04B 4.85 ± 0.04A

Ash 0.53 ± 0.02E 0.66 ± 0.03D 0.84 ± 0.04C 0.95 ± 0.04B 1.15 ± 0.03A

NFE 71.94 ± 0.03A 69.10 ± 0.02B 67.65 ± 0.05C 64.42 ± 0.03D 62.31 ± 0.02E

T0, T1, T2, T3 and T4 are the composite flour samples with 0%, 5%, 10%, 15%and 20% chia seed flour respectively; values are expressed as mean ± SD; means with different letter 
superscript are significantly different (p < 0.05).T0: 100% wheat flour, T1: 95% wheat flour and 5% chia flour, T2: 90% wheat flour and 10% chia flour, T3: 85% wheat flour and 15% chia 
flour, T4: 80% wheat flour and 20% chia flour.

Table 3. Rheological analysis of the composite flour with farinographic and mixographic parameters.

Parameters
T0

Treatment
T1 T2 T3 T4

Farinograph WA 59 ± 0.48C 62 ± 1.00BC 65 ± 0.03ABC 68 ± 0.06AB 71 ± 0.03A

DDT 1.88 ± 0.02E 2.30 ± 0.04D 2.73 ± 0.03C 3.00 ± 0.04B 3.53 ± 0.05A

DST 1.89 ± 0.03E 2.49 ± 0.04D 3.00 ± 0.02C 3.60 ± 0.03B 3.94 ± 0.03A

MTI 44 ± 2.00D 54 ± 2.64CD 61 ± 2.09BC 66 ± 2.00B 76 ± 2.00A

Mixograph Peak time 1.95 ± 0.02E 2.08 ± 0.02D 2.55 ± 0.02C 2.75 ± 0.05B 3.00 ± 0.10A

MTI 1.57 ± 0.012E 1.75 ± 0.05D 2.13 ± 0.03C 2.33 ± 0.03B 2.67 ± 0.02A

T0, T1, T2, T3 and T4 are the composite flour samples with 0%, 5%, 10%, 15%and 20% chia seed flour respectively; values are expressed as mean ± SD; means with different letter superscript 
are significantly different (p < 0.05).WA: water absorption, DDT: dough development time, DST: dough stability, MTI: mixing tolerance. T0: 100% wheat flour, T1: 95% wheat flour and 
5% chia flour, T2: 90% wheat flour and 10% chia flour, T3: 85% wheat flour and 15% chia flour, T4: 80% wheat flour and 20% chia flour.
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comparing with a control. Mean values are given in Table 3 which 
shows a range from 1.95 min to 3.00 min. Means of peak values 
showed that T4 contained highest value (3.00 min) and lowest 
value (1.95 min) was observed in T0 which had no substituted 
chia seed powder. The values of this study fall under the results 
of Rosell et al. (2001) and who added dietary fiber in flour in 
the form of hydrocolloids and apple pomace respectively. They 
all noted the similar trend in their findings.

3.3 Dietary fibre content of supplemented rusk

Dietary fibres are analogous carbohydrates that are unable to 
metabolize in body and they excrete out from the body as such 
by increasing the faecal bulk. Dietary fiber consists of insoluble 
and soluble form. The data subjected to ANOVA revealed that 
the dietary fiber values varied, which shows increasing trend 
and highly significant among the treatments, as it is shown in 
Table 4. The maximum value of insoluble dietary fiber obtained 
is in T4 (6.92%) as it contained 80% wheat flour and 20% chia 
seed powder and minimum value observed is in T0 (0.76%) as it 
contains no added chia powder. The maximum value of soluble 
dietary fiber observed is in T4 (1.84%) as it contained 80% wheat 
flour and 20% chia flour and minimum value observed is in 
T0 (0.21%) as it contain 100% wheat flour. The maximum value 
for total dietary fiber obtained is in T4 (8.44%) and minimum 
value observed is in T0 (1.18%) as it consist of 100% wheat flour.

Chia seeds powder is fiber rich source. The values obtained 
in this study showed that addition of chia seeds in rusk increases 
the dietary fiber content of rusk, with the increasing percentage 
of chia seed addition in rusk the dietary fiber content of the 
rusk also increased. The findings of this study are in line to the 
observations of Sodchit et al. (2013) result. Romankiewicz et al. 
(2017) also observed the similar increasing values of dietary fiber 
content of the wheat based other bakery product prepared with 
added chia seeds powder.Dietary fiber (DF) refers to soluble (SDF) 
(pectin, gums and mucilage) and insoluble (IDF) (lignin, cellulose 
and hemicelluloses) type, which resists digestion in humans as 
human beings lack the enzyme to digest it. DF has important 
role in the product optimization by addition or removal from 
product according to its chemical composition and properties 

and need of the food processing operation. SDF improve food 
texture by solubilizing the water and form gel or as thickening 
agent. IDF causes firmness of food product and have tendency 
for fat absorption. Fiber gives feeling of satiety by adding bulk, 
necessary for cleansing of digestive system and responsible for 
smooth bowel movement. The seeds of chia plant contain high 
amount of dietary fiber, upon water absorption it forms gel 
this helps to retain high amount of water in the final product 
and keep the product fresh for longer time. Fibrous portion 
from chia contains higher amount of IDF and SDF comprises 
mainly mucilage, which absorbs approximately 27 times more 
water than its own weight (Muñoz & García-Manrique, 2015).

3.4 Fatty acid profile

Lipids play important role in human beings along providing 
energy gives several health benefits especially the unsaturated 
fat. The more consumption of unsaturated fat and less utilization 
of saturated fat is body need. Polyunsaturated fatty acids covers 
various health aspects as n-3 and n-6 cannot be synthesized by 
human body and should be taken up through diet for normal 
body functioning. So, due to the paramount of such fatty acids 
they were assessed in the rusk and statistical analysis represent 
highly significant increasing trend as maximum value for 
Omega-3 fatty acid obtained was in T4 (3.84%) and minimum 
value observed was in T0 (0.2%) as it consist of 100% wheat flour. 
Similarly, the maximum value for omega-6 fatty acid obtained 
was in T4 (2.07%) and minimum value observed in T0 (0.74%) 
as it consist of 100% wheat flour. The observed study values are 
in accordance to the study of Coelho & Salas-Mellado (2015) 
who noted a highly significant and varied PUFA’s result among 
the treatments in product. Venturini et al. (2019) also observed 
an increasing trend in PUFA’s on using chia oil in formulations. 
Chia is rich in PUFA (good fats have health promoting activity) 
especially omega-3 and omega-6. PUFA’s are essential in lowering 
the heart diseases. Omega-3 lower the triglyceride which causes 
arteries blockage, improve blood lipid profile and heart functions, 
reduce blood pressure and lower the risk of cancer occurrence 
and type-2 diabetes (Grancieri et al., 2019).

Table 4. Dietary fiber, fatty acid profile, color properties of chia supplemented rusks.

Parameters (%)
Treatments

T0 T1 T2 T3 T4

Dietary
fibre

ISDF 0.76 ± 0.03E 2.91 ± 0.03D 4.16 ± 0.02C 5.71 ± 0.02B 6.92 ± 0.03A

SDF 0.21 ± 0.02E 0.89 ± 0.03D 1.14 ± 0.04C 1.61 ± 0.02B 1.84 ± 0.03A

TDF 1.18 ± 0.02E 3.57 ± 0.04D 5.47 ± 0.02C 7.12 ± 0.03B 8.43 ± 0.02A

Fatty acid profile Omega-3 fatty acid 0.20 ± 0.10E 1.54 ± 0.045D 1.96 ± 0.025C 2.91 ± 0.02B 3.81 ± 0.03A

Omega-6 fatty acid 0.74 ± 0.02E 1.23 ± 0.035D 1.39 ± 0.03C 1.84 ± 0.03B 2.07 ± 0.025A

Palmitic acid 0.57 ± 0.02A 0.53 ± 0.02A 0.47 ± 0.01B 0.39 ± 0.01C 0.34 ± 0.02D

Stearic acid 0.31 ± 0.02A 1.26 ± 0.02B 1.769 ± 0.01C 0.13 ± 0.01CD 0.10 ± 0.01D

Texture & Color 
properties

Hardness 5.60 ± 0.02A 5.40 ± 0.03B 5.10 ± 0.02C 4.21 ± 0.017D 3.9 ± 0.04E

L* 71.81 ± 0.17A 67.58 ± 0.04B 63.47 ± 0.02C 61.94 ± 0.04D 59.92 ± 0.03E

a* 3.40 ± 0.01A 3.52 ± 0.02B 3.60 ± 0.03C 3.72 ± 0.02D 3.90 ± 0.04D

b* 12.94 ± 0.03A 12.12 ± 0.02B 11.55 ± 0.05C 10.82 ± 0.02D 10.06 ± 0.03E

T0, T1, T2, T3 and T4 are the rusks samples with 0%, 5%, 10%, 15%and 20% chia seed flour respectively; values are expressed as mean ± SD; means with different letter superscript are 
significantly different (p < 0.05).ISDF: insoluble dietary fiber, SDF: soluble dietary fiber, TDF: total dietary fiber.
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The analysis for unsaturated fatty acids were also documented 
as palmitic acid existed from 0.57% to 0.34%. The maximum 
value for stearic acid obtained is in T0 (0.31%) and minimum 
value observed is in T4 (0.10%) as it consist of 100% wheat flour. 
The observed values are in accordance to the study of Coelho 
& Salas-Mellado (2015). Venturini et al. (2019) also observed 
a decreasing trend in saturated fatty acids on using chia oil in 
formulations.

3.5 Texture and colour properties of supplemented rusk

Textural analysis is actually analysis related with the hardness 
of the rusk. It is usually checked via pinching method performed 
through texture analyser. All bakery items have characteristic 
textural properties. ANOVA concerned to hardness of rusk 
prepared from wheat flour and chia

powder produced a highly significant effect among various 
treatments, as given in Table 4. Mean values for textural analysis 
are given in Table 4, which is from 6.12 to 3.46among various 
treatments. The maximum hardness value obtained is 6.12 in 
T0 while a lowest textural value was observed in T4 which is 3.46.
The observations of current study are parallel to study’s results 
of Eshak (2016) who find the similar results in other products. 
Rusk colour was evaluated by placing the rusk under the photocell 
of calibrated colorimeter. Results indicated that colour value 
significantly differed due to various supplementation of chia 
seed flour in wheat flour. Degree of brightness was represented 
by ‘L*’ values, degree of redness was represented by ‘a*’ while 
degree of yellowness was represented by ‘b*’. The values decreased 
significantly (p < 0.05) among the treatments as shown in Table 3.

3.6 TPC and radical scavenging activities

TPC of the control (unsupplemented) and chia flour-
supplemented samples are depicted in Figure  1. Overall the 
TPC for all samples including control was found in range of 
76.18–129.50 mg GAE/100 DW. It was evident from the results 
that all rusks samples exhibited increasing tendency of TPC 
with corresponding rises in chia flour supplementation levels 
(Figure 1A). Lowest TPC was found in T0 (76.18 mg GAE/100 DW) 
whereas, T4 showed the highest TPC (129.50 mg GAE/100 DW). 
T2 and T3 exhibited gradual rises in TPC content as compared 
to that of control. The rising tendency with corresponding 
increases in chia supplemented flours may be ascribed to that 
fact of enriched biochemical profile of chia seed comprising of 
rich quantities of polyphenolic compounds in its composition. 
Similarly, the DPPH and ABTS-RSA’s were also evaluated for 
all supplemented and control wheat rusks samples. The DPPH-
RSA was found in range of 1.02–2.25 μm TE/g DW (Figure 1B). 
Similar to TPC, the DPPH-RSA also exhibited rising tendency in 
all supplemented samples as compared to that of control. Among 
all supplemented samples, T1 showed that lowest DPPH-RSA 
(1.64 μm TE/g DW) which was slightly higher as compared to 
that of control (1.02 μm TE/g DW). However, further rises in chia 
flour causes significant increases in DPPH-RSA of supplemented 
wheat rusks samples and T4 exhibited the highest DPPH-RSA 
(2.25 μm TE/g DW) (Figure 1B) when compared with control. 
Comparatively, there was not so much significant difference 
(p > 0.05) between DPPH-RSA of T1 and T2, however, further 

rises in chia flour caused significant increases in DPPH-RSA 
of supplemented samples. Similar to DPPH-RSA, ABTS-RSA 
was also evaluated for all samples including control. Overall, 
the ABTS-RSA was found in range from 1.6 to 2.75 μm TE/g 
DW. Among all supplemented samples, T4 exhibited the highest 
ABTS-RSA (2.75 μm TE/g DW) whereas, lowest ABTS-RSA 
was found in T1 (1.76 μm TE/g DW) (Figure 1C). Among all 
treatments in a comparative manner, T2 and T3 showed the 
comparable ABTS-RSA’s whereas further rises in chia flour 
caused concentration-dependent significant increases (p < 0.05) 
in ABTS-RSA of supplemented samples. Overall, it could be 
inferred that the chia flour supplementation enhanced the 
antioxidant potential of supplemented wheat rusks samples. 

Figure 1. Total phenolic content (TPC) (A), DPPH (B) and ABTS-RSA’s 
(C) of chia flour supplemented wheat rusk. T0: 100% wheat flour, T1: 
95% wheat flour and 5% chia flour, T2: 90% wheat flour and 10% chia 
flour, T3: 85% wheat flour and 15% chia flour, T4: 80% wheat flour and 
20% chia flour.
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The probable reasons for increases in TPC and RSA’s could be 
attributable to the possible presence of rich amounts of phenolic 
compounds in chia flour composition, such as chlorogenic acid, 
syringic acid, epicatechin, p-coumaric acid, catechin, ferulic 
acid, isoquercitrin, resveratrol, cinnamic acid and ellagic acid 
(Oliveira-Alves et al., 2017). Corresponding to results of this 
study, similar results were reported by Jiang et al. (2021) who 
prepared wheat biscuits supplemented with papaya seed and peel 
ranging from 2 to 10%. The authors reported that papaya seed 
and peel supplemented biscuit samples showed the significant 
increases in bioactive compounds and antioxidant activities in 
comparison with control (Jiang et al., 2021).

3.7 Sensory evaluation of rusk

It is the very keen part of the product analysis. It is related 
towards the likeness and dis likeness of the product. This evaluation 
was done to check the various characters of the rusk like colour, 
flavour, texture and overall acceptability. The results disclosed 
a little variation in color among treatments. Results of sensory 
parameters Mean values are indicated in Figure 2, which showed 
that color score ranges from to 8.18 to 6.82. Maximum score 
(8.18) for color was given to T0, while the lowest score (6.82) 
was observed in T4 (20% chia seed powder). Results showed 
that as amount of the chia flour increases lightness of the rusk 
decreases. The results figured out a little variation in flavour 
with the supplementation of chia flour among treatments. Mean 
values are presented in Figure  2, which showed that flavour 
score ranges from to 6..69 to 8.13 Maximum score (8.13) for 
flavour was assigned to T2 (10% chia seed flour + 90% wheat 
flour) while the lowest score (6.69) was given to T4 (20% chia 
flour + 80% wheat flour). Rusk prepared with T4 was disliked by 
the judges with respect to flavor. The results disclosed texture 
was significantly affected by chia seeds addition in treatments 
(Figure 2). It was implied from the results that texture scores vary 
from to 7.46 to 8.33. Maximum score (8.33) regarding texture 
was given to T1 while the lowest score (7.46) was assigned to T4. 
Mean values for overall acceptability are depicted in Figure 2, 
which varied from to 6.60 to 8.21. Maximum score (8.21) for 
overall acceptability was given to T0, while the lowest score (6.60) 
was given to T4. It is evident from the findings that the rusk with 

5% and 10% chia seed flour (T1, T2) is the most acceptable rusk 
with mean scores almost equal to 8.15 for overall acceptability. 
Romankiewicz et al. (2017) also observed the related trend in 
the decreasing of texture values with the increase in chia seeds 
percentage. Sayed-Ahmad et al. (2018) also noted the similar 
trend in the decrease of texture values of selected bakery product 
with the addition of chia seeds.

4 Conclusions
Chia seed (Salvia hispanica L.) as a pre-columbian crop 

originated from countries of South America, such as Guatemala 
and Mexico. It has now become popular globally because of 
its increased utilization in preparing sustainable and healthier 
diet alternatives. Chia flour is obtained in the form of fine 
powder prepared by grinding of the chia seeds. It has versatile 
nutritional profile and is usually employed for replacement of 
wheat flour and eggs during manufacturing of savory baked 
and sweet products, such as muffins, cakes, rolls, flatbread 
and bread. Shia flour contributes to the development of nutty 
flavor with slightly gummy texture in baked goods. Chia flour 
is commercially available in various forms, such as defatted chia 
seed meal, protein concentrate and whole meal. Specifically, 
the gluten-free aspect of chia flour makes it an ideal candidate 
for patients suffering from Celiac disease as replacer wheat 
flour. Chia flour can also be used for flour substitution, flavor 
enhancement, coloring, thickening agent, and to replace oil in 
products intended for vegans. In present study, chia seeds were 
grinded to flour by using a coffee grinder. The chia flour was 
supplemented at four levels (5%, 10%, 15% and 20%). All these 
treatments along with a control treatment were subjected to 
various physicochemical and rheological analysis to check various 
technological functions and sensory aspects of composite flour 
and product. Chia seeds are potential nutrients source and can 
be used in bakery products for useful purposes and a good 
source of PUFA and dietary fiber. 5% supplementation of chia 
flour recommended good for rusk preparation without affecting 
the technological attributes and quality and extremely liked by 
consumer in sensory evaluation. Rheological properties of the 
dough were also greatly affected with addition of chia seed flour. 
Supplementation of chia flour above 5% gives unacceptable 
characteristics to rusk like unpleasant aroma. The purpose of 
the current study was to highlight the chia potential as novel and 
super stuff. By knowing that chia seed contains excellent amount 
of fiber and contains several other nutritional and biochemical 
compounds, chia flour was supplemented into rusks to evaluate the 
various nutritional and technological aspects. Proximate analysis 
of composite flour revealed variations among the treatments. 
Means of crude protein, crude fat, crude fiber and ash showed 
a highly-significant trend with an increase in concentration as 
wheat flour substitution with chia seeds flour increases. Rheology 
study of chia flour supplemented composite flour revealed highly 
significant affects within treatments. Farinograph parameters 
values were highly significant with increasing trend, mean values 
for water absorption, dough development time, dough stability 
time, mixing tolerance index were 59% to 71%, 1.88 min.to 
3.53 min., 1.89 min. to 3.94 min., 44 BU to 76 BU respectively. 
Mixograph value for peak time and mixing tolerance also showed 
a significant effect with mean values of 1.95 min. to 3.00 min. 

Figure 2. Sensory properties (colour, flavour, texture, overall acceptability) 
of chia flour supplemented wheat rusk. T0: 100% wheat flour, T1: 95% 
wheat flour and 5% chia flour, T2: 90% wheat flour and 10% chia flour, 
T3: 85% wheat flour and 15% chia flour, T4: 80% wheat flour and 20% 
chia flour.
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and 1.57 BU to 2.67 BU respectively. Both parameters showed 
an increasing trend in mean values for treatments may be 
because of increase in resistance due to addition of chia seed 
flour. All parameters showed an increasing trend with addition 
of chia seeds flour. Means of insoluble dietary fiber and total 
dietary fiber showed a highly significant results with mean 
values of 0.76% to 6.92% and 1.18- 8.43% respectively. Means for 
soluble dietary fiber showed significant effect with mean values 
from 0.21% to 1.84%. Means of omega-3 and omega-6 showed 
a highly significant results with mean values of 0.20% to 3.81% 
and 0.74- 2.07% respectively. In physical analysis of rusk, the 
texture showed a highly significant results with a decreasing 
trend among treatments as the concentration of chia seed flour 
increases. Sensory evaluation was carried out for a number of 
parameters related to color, texture, and flavor and for overall 
acceptability. The score of overall acceptability varies among 
different treatments and it was observed that T1 was the most 
acceptable rusk which had 5% chia seed flour and 95% wheat flour.
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