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Abstract Effect of spinach powder on the physico-chemical,
rheological, nutritional and sensory characteristics on chapati
premixes was studied by incorporating spinach powder at
different concentrations from 1 % to 10 % based on wheat
flour. Addition of 5 % of spinach powder to wheat flour was
found to be optimum for chapati preparation. Effect of incor-
poration of spinach powder on the alveo-consistographic,
mixographic and pasting characteristics were studied. It was
observed that peak viscosity, breakdown viscosity significantly
decreases whereas, peak time, tenacity increases with the in-
crease in the concentration of spinach powder from 1 % to
10 % in chapati premixes. Addition of spinach powder also
significantly affects the textural qualities of the chapaties.
Premixes and prepared chapaties were also studied for chloro-
phyll content, total carotenoids,vitamins and minerals.

Keywords Alveograph - Colour - Minerals - Texture -
Vitamins

Introduction

The average diet in most of the Asian countries including
India is predominantly cereal based. These diets have poor
bioavailability of micronutrients leading to wide prevalence of
iron-deficiency, anaemia and vitamin ‘A’. Certain green leafy
vegetables are a rich source of [3-carotene, a precursor of
vitamin ‘A’ and grown abundantly in India. Though there
are more than 25 varieties of green leafy vegetables are
available in India, but still considered as local garden vegeta-
bles and the preference is based on the region (Premavalli
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et al. 2001). The most commonly used leafy vegetables are
spinach, fenugreek, drumstick leaves, shepu, coriander, mint,
chakota and curry leaves etc. Since these have short life,
suitable processing and preservation can prevent wastage
and increase availability in the diet during off season. In
developing countries multiple micronutrient deficiency are
more common than single deficiency and the cause for their
high prevalence is due to poor consumption and poor bio-
availability of micronutrients (Gupta and Prakash 2011).
There are food based strategies by which micronutrient status
of population can be increased. Food fortification is one of
such approach along with food production and dietary diver-
sification by which status of micronutrient in food can be
increased (Allen et al. 2006).

In India, 90 % of wheat produced is consumed in the form
of chapati and only 10 % is utilised for making biscuits,
breads, cakes and such other products (Bedekar 2001).
Chapati, a flat unleavened, hot-plate baked product prepared
from whole wheat flour by converting into dough with water
by adding other ingredients like salt and sugar according to the
taste to make chapati. Though, wheat flour is a staple food for
half of the world population, still it is not a complete diet
which lacks micronutrients. Balanced diets are not accessible
to a large population of the world, particularly those in devel-
oping countries. Among the plant foods green leafy vegeta-
bles are the cheapest and locally available food rich in
micronutrients. Traditional preparations like chapati when
prepared by incorporating with green leafy vegetables could
serve a means of enhancing nutritive value of food.

Today due to urbanisation and lack of time to prepare food,
there is a demand to have nutritious premixes which are ready
to reconstitute and ready to prepare. There are various types of
premixes like idli, dosa, jamoon premixes etc. are available in
market, chapati premix fortified with nutrient rich green leafy
vegetables are not available. Though green leafy vegetables
have been tried as value additives for different products. Singh
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and Kawatra (2006), developed different Indian traditional
snacks like pakora, vada etc. by incorporating fresh and dried
powder of amaranthus leaves. Reddy et al. (2000) developed
biscuits by using extracts of amla, drumstick and raisins.
Dachana et al. (2010) evaluated the effect of dried moringa
leaves on the rheological, microstructural, nutritional, textural
and organoleptic characteristics of cookies. Therefore, at-
tempts were made to develop chapati premixes by fortifying
wheat flour with dehydrated spinach powder and to evaluate
their effect on physico-chemical, rheological, nutritional and
sensory characteristics.

Materials and methods

Commercially available sugar powder, skimmed milk powder,
wheat, table salt, hydrogenated fat and fresh spinach leaves
were procured from local market.

Blanching

Blanching of spinach leaves was carried out according to the
method prescribed by Premavalli et al. (2001).

Physical tests and preparation of wheat flour

Test weight and thousand kernel weight, kernel length and
width of wheat were determined by using a Vernier Calliper
(ESAL, Scientific Industries, New Delhi, India) according to
AACC approved methods (2000). Wheat was ground to
400 um particle size and used for the development of chapati
premixes.

Chemical analysis

Moisture, protein, total ash and crude fibre were determined
by standard AOAC methods (1980). Chlorophyll and carot-
enoid were estimated using hexane—acetone solvent mixture
by titrometry (Ranganna 1986).

Preparation of spinach fortified chapati premixes (SFCP)

Premixes were prepared by fortifying wheat flour with
dehydrated spinach powder in the concentration of 1-10 %
on wheat flour basis. Other ingredients like sugar powder
(3.0 %), salt (2.2 %) and milk powder (2.0 %) were kept
constant for all the formulations based on whole wheat flour:
spinach powder weight basis.

Rheological characteristics of SFCP

Alveo-consistograph tests of SFCP like water absorption, dough
development time (Tpr), tenacity (P), dough extensibility (L)
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and the deformation energy (W) were conducted using
Alveograph (Alveolink NG Consistograph: Villeneuve La
Garenne, Chopin, France) following the approved AACC meth-
od (2000). The mixing characteristics of chapati premixes were
measured by using the 10 g moving mixograph (National Mfg,
Division, TMCO, Lincoln, USA). Rapid Visco Analyser 4D
(Newport Scientific Pvt Ltd, Warie Wood, Australia) was used
to measure pasting properties of flours as described by AACC
method (2000).

Preparation of spinach chapaties

Chapaties were prepared by using required amount of SFCP,
water and hydrogenated fat as per the method prescribed by
Arya et al. (1977). Control chapaties were prepared from
100 % whole wheat flour without using spinach powder.
Other ingredients which were used in the preparation of
spinach chapaties remained the same.

Sensory analysis

Organoleptic characteristics of chapaties were determined
by evaluating different attributes like colour, aroma, taste,
texture and overall acceptability (OAA) by a 25 semi trained
panel of the laboratory on a 9 point hedonic scale having a
score of 9 for extreme liking and 1 for extreme disliking
(Larmond 1977).

Colour values

The colour values in terms of L ,a and b for chapaties prepared
by using SFCP were measured using a Hunter Colour Meter
(Data Lab; Silvasa, Gujarat, India) with illuminant Dgs and
10° observer. A higher L value indicated a brighter or whiter
sample. Values of a and b indicated the red-green and yellow-
blue chromaticity respectively.

Texture profile analysis

Texture profile analysis of chapaties prepared by using SFCP
was performed using a Texture Analyser Plus (Model No.01/
TALS/LXE/UK; LLOYD Instruments, Hampshire.UK). The
bite test on chapati was carried out using the volvodke bite set
(part n0.01/2663). Ten measurements per replication were
taken for all the textural analysis.

Statistical analysis

Experiments were performed using a 2-way factorial design.
All the experiments were performed in triplicate and Analysis
of Variance were calculated using Statistica Software Version
7.0 of Stat Soft Incorporation, Tulsa OK, USA as per the
methods of Snedecor and Cochran (1968).
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Results and discussion

Wheat purchased from the local market had a test weight (75.0+
0.5 Kg hL™") which is an important predictor milling yield for
flour extraction rate, thousand kernel weight (41.4+02 g) which
describes wheat kernel composition and potential wheat extrac-
tion. Wheat with a higher thousand kernel rate should have a
greater potential for flour extraction. Average kernel length and
grain width which determine the quality and soundness of the
kernel were found to be 6.4+0.01 mm, 3.14+0.02 mm respec-
tively. The wheat flour contained 1.55 % ash, 12.25 % protein
and 1.16 % crude fibre with a falling number of 436 s. The dried
spinach powder had moisture of 4.82 %, ash 10.35 %, protein
21.25 %, crude fibre 11.32 %, iron 68.92, calcium 1,019, zinc
5.06, sodium 3,279 and potassium 1,094 mg /100 g. The total
carotenoids, total chlorophyll and vitamin ‘C’ contents in
dehydrated spinach powder were found to be 740 pg/100 g,
733 and 148 mg/100 g.

Effect of spinach powder on the alveo-consistographic
characteristics of chapati premixes

Effect of spinach on the consistograph characteristics of cha-
pati premixes are shown in Fig. 1. It is observed that water
absorption was increased with the increase in spinach from
65.0 to 77.1 %. The increase in water absorption may be
attributed to the fact that hydroxyl groups present in the fibre
structure allow more water interaction through hydrogen
bonding. Earlier, Dachana et al. (2010) and Gomez et al.
(2003) also reported addition of fiber increase water absorp-
tion in cookies and bread due to the hydroxyl groups present
in the fiber. The time required for dough development or to
reach a dough consistency equivalent to 2,200 mb pressure
(Tpr) was increased from 110 to 260 s, whereas the tolerance
(Tol) which measures the stability of the dough, decreased
with the increase in the concentration of spinach powder from
301 to 165 s. The increase in time for dough development and
decrease in stability may be attributed to the decrease in the
strength of dough due to increase in fiber content owning to
dilution and disruption of continuity of gluten. Earlier Gomez
et al. (2003) reported that time required for dough develop-
ment increases as a consequent of fiber addition to wheat
flour. Dachana et al. (2010) also reported increase in time for
dough development with the addition of increasing amount of
dehydrated moringa leaves in wheat flour for the preparation
of cookies.

The alveograph parameters also got affected significantly
(p <0.05) with the increase in spinach concentration (more
than 3 %). The tenacity (P) which gives information about the
handling characteristics of the dough capacity increases with
the increase in spinach powder from 152 to 190 mm, while
extensibility of the dough (L), a predictor of the processing
characteristics of the dough decreases from 28 to 18 mm. The
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Fig. 1 Effect of spinach powder on a consistographic characteristics and
b pasting properties of chapati premixes (n=3)

increase in P value may be attributed to the interactions
between the fiber structure and the wheat proteins due to
partial disturption of gluten resulting in the increase of tenacity
of the dough. Earlier also, Ghufran et al. (2009) and Gomez
et al. (2003) reported addition of fiber in the dough resulted in
increase in tenacity. The change in the balance of extensibility
properties of the dough is attributed to the partial disruption of
the gluten network due to the addition of spinach powder
(Shirpa et al. 2012). The baking strength (W) which is repre-
sented by the area under the curve formed during the calcula-
tion of tenacity and extensibility decreases from 150 to 101 J
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with the increase in spinach powder concentration. The de-
crease in baking strength may be attributed to the fact that with
the addition of spinach powder, the baking strength of the
dough becomes weaker due to the disturption of gluten net
work. Earlier also, Ghufran et al. (2009) reported that with the
increase in rice bran (fiber), the baking strength of the wheat
flour got decreased.

Effect of spinach powder on the mixographic characteristics
of chapati premixes

Effect of spinach powder on the mixographic characteristics is
shown in the Fig. 2. It is observed that with the increase in the
concentration of spinach powder, there was an increase in
peak time which is the measure of time taken for the dough
development. Control wheat flour had a peak time 2.25 min
and differ significantly (» <0.05) from the value 3.24 min
obtained for the wheat flour fortified with 10 % spinach
powder. The increase in mixing time may be attributed to
the toughening effect of gluten due to the presence of fibre
content and also due to the delay in the hydration and devel-
opment of gluten (Shirpa et al. 2012). The ascending and
descending slopes (% min) also get affected with the addition
of spinach powder. Fortification of wheat flour with spinach
powder results in the dilution and disruption of continuity of
gluten which results in poor dough quality as indicated by
ascending and descending slopes. The work function repre-
sented by Integral of percent*torque time, min tend to increase
significantly (p <0.05) from 56.45 to 117.80 indicating de-
crease in strength of the gluten (Ghufran et al. 2009).

Effect of spinach powder on the pasting properties of chapati
premixes

Effect of spinach powder on the pasting properties of chapati
premixes is shown in Fig. 1. It is observed that increase in the
amount of spinach powder results in the decrease in peak
viscosity, which relates to the ability of starch granule to swell
freely before their physical break down decreases from 235.01
to 190.42 RVU. The decrease in peak viscosity may be due to
the partial gelatinisation of starch and denaturation of proteins
and less water available for initial swelling of starch granule
(Yadav et al. 2008; Symons and Brennan 2004). Earlier also
Dachana et al. (2010) reported decrease in peak viscosity with
the increase in dried moringa leaves. The break down which is
highly influenced by the amylose content and a measure of
susceptibility of cooked starch granules to disintegration de-
creased significantly (p <0.05) from 54.50 to 47.10 RVU. The
set back viscosity which is a measure of the recrystallisation of
gelatinised starch during cooking and also represents the
effect of cooking and tendency to retrograde (Lee et al.
1995; Yadav et al. 2008) decreases significantly (p <0.05)
from 71.25 to 44.11 RVU. The decrease in the set back may
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be due to aggregation of amylase fractions, which leads to the
reinforcement of swollen granules and fragments by the for-
mation of bonds between and within them (Dengate and
Meredith 1984). The pasting temperature which provides an
indication of the minimum temperature required cooking a
given sample, and also it is the temperature at the onset of rise
in viscosity decreases from 85.50 to 80.05 °C.

Effect of spinach powder on the colour values of chapaties

Chapaties prepared using wheat flour fortified with different
concentrations of spinach powder and the changes in colour
values were recorded using Hunter Colour Meter and the
results are given in Table 1. It was found that with the
increase in spinach powder, there was a significant decrease
(» <0.05) in brightness (L) value from 87.86 to 68.15 and
also there was a decrease in redness in chapaties from 1.95
to 1.58. Yellowness (b) in chapaties significantly (p <0.05)
increases from 11.85 to 27.12. The increase in ‘b’ values
may be attributed to the maillard reaction between sugar
and amino acid (Yadav et al. 2009).

Effect of spinach powder on the texture profile analyis
of chapaties

Effect of spinach powder on the textural properties of
chapaties is shown in Table 1. From the Table 1, it is evident
that with the increase in spinach powder, the hardness of
chapaties was increased (p <0.05) from 6.51 to 16.52 N.
Similarly chewiness increases significantly (p <0.05) from
2.45 to 4.88 whereas, springiness and gumminess decreases
with the increase of spinach powder. Earlier, studies have also
reported that with the addition of bran, high protein, dietary
fibre, calcium and iron dilute the gluten which results in the
development of hard dough having less gumminess and
springiness with hard nature (Dachana et al. 2010). Lee et al.
(2004) also reported that addition of oat bran, increased the
hardness of cake and lowered the springiness.

Effect of spinach powder on the sensory quality of chapaties

Sensory analysis was performed to find out the suitability and
level of incorporation of spinach powder in wheat flour. The
changes in sensory scores of chapaties prepared by using
spinach powder are given in Table 1. It is clear from the data
that addition of spinach powder up to 5 % improved the
acceptability of chapaties and further increase in the concen-
tration adversely affected the texture, colour and overall ac-
ceptability. It is therefore concluded that, highly acceptable
quality chapaties can be prepared using 5 % dehydrated spin-
ach powder and addition of beyond 5 % levels of dehydrated
spinach powder significantly reduced the overall acceptance
of the chapaties.
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Nutritional characteristics of premixes and chapaties

Nutritional characteristics of premixes and chapaties contain-
ing dehydrated spinach powder are reported in Table 2.
Addition of spinach powder (1-10 %) significantly (p <0.05)
increases total carotenoids, total chlorophyll, vitamin ‘C’, iron
and calcium contents in premixes and chapaties prepared from
these premixes. Total chlorophyll increased from 20.13 to
50.32 mg/100 g; total carotenoids from 62.32 to 118.32 ng/g
and vitamin ‘C’ from 4.32 to 8.5 mg/100 g in chapati premixes.
Similarly, same trend was also observed in prepared chapaties.

The calcium content of control chapaties was 6.01 mg /100 g
and chapaties with 10 % spinach powder were 16.32 mg/100 g.
The significant increase in the calcium content is due to the
presence of higher calcium content in dehydrated spinach
powder. There was also a significant increase in magnesium
content of chapaties with incorporation of spinach powder.
However, during preparation of chapaties from premixes, there
was significant decrease (p <0.05) in total carotenoids, total
chlorophyll as well as vitamin ‘C’ contents. The degradation in
total carotenoids and vitamin ‘C’ during baking of chapati was
found to be approximately 20 and 30 % respectively. Earlier,
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Table 1 Effect of spinach powder on hunter colour values, instrumental texture and sensory quality of chapaties prepared using chapati premixes

Parameters Dried Spinach powder (%)

0 1 3 5 7 10

Hunter colour values*

Lightness (L) 87.86°+1.21 84.12°+1.02 80.87°+1.01 76.129+0.90 72.30°+0.85 68.157+0.83
Redness (a) 1.95%+0.02 1.92°+0.02 1.85°+0.01 1.72°+0.02 1.654+0.03 1.58°+0.01
Yellowness(b) 11.85°+0.41 13.26°+0.32 16.40°+0.43 19.524+0.42 21.82°+0.62 27.121+0.72
Instrumental texture*
Hardness (N) 6.51°£0.11 6.53£0.12 7.79°+0.11 9.47°+0.14 12.994+0.16 16.527£0.21
Springiness (mm) 1.18%+0.02 1.16°+0.01 1.12°+0.01 1.059+0.02 0.94°+0.01 0.857+0.02
Gumminess (N, mm) 2.62°+£0.02 2.58%+0.03 2.30°+0.01 2.019+0.01¢ 1.829+0.01° 1.647+0.02
Sensory quality**
Colour 8.3%+0.12 8.4°+0.13 8.3°40.12 8.69+0.16 8.0°+0.11 7.5'£0.12
Aroma 8.37+0.11 8.4°+0.13 8.5°+0.14 8.69+0.13 8.0°+0.12 7.4°£0.10
Taste 8.3%+0.11 8.4°+0.12 8.3°40.13 8.69+0.15 8.0°+0.11 7.3'£0.10
Texture 8.3%+0.10 8.4°+0.10 8.4°+0.12 8.54+0.15 7.9°+0.11 7.2+0.10
Overall Acceptability (OAA) 8.37+0.12 8.4°+0.13 8.4°+0.14 8.64+0.15 8.0°+0.13 7.2f+0.10

*Mean + SD (n=3)
**Mean + SD (n=15)
*Tvalues within the same row followed by different superscripts differ significantly (p<0.05)

Table 2 Effect of spinach powder on the retention of chlorophyll (mg/100 g), carotenoids (pg /g), vitamin C (mg/100 g) and minerals (mg/100 g) of
chapati premixes and chapaties prepared using premixes

Parameters Dried Spinach powder (%)*
0 1 3 5 7 10
Total chlorophyll Premix - 20.13%+0.24 28.12°+0.31 35.41°+£0.28 41.26°+0.33 50.32°+£0.35
Chapati - 16.217+0.35 22.628+0.42 26.42"+0.30 32.9240.32 39.70'+0.29
Total carotenoids Premix - 62.32°+£0.41 73.51°+0.43 90.45°+0.56 103.40%+£0.63 118.32°£0.61
Chapati - 50.121+0.36 58.418+0.40 68.12"+0.51 81.411+0.55 95.10'+0.59
Vitamin C Premix - 43%+£0.05 5.2°+0.03 6.4°£0.05 7.2940.06 8.5°+0.05
Chapati - 3.17£0.02 4.48+0.02 5.6"+0.04 6.11£0.04 6.3+£0.06
Minerals (mg/100 g)*
Calcium Premix 6.24+0.05 7.59+0.04 10.11+0.05 12.39+0.02 14.52+0.06 16.46%0.08
Chapati 6.01+0.04 7.31+0.03 9.89+0.04 12.24+0.01 14.35+0.07 16.3240.07
Iron Premix 3.92+0.01 4.87+0.02 6.20+0.03 6.92+0.02 7.51+£0.01 8.21+0.04
Chapati 3.91+0.02 4.67+0.02 6.11£0.04 6.86+0.03 7.48+0.02 8.08+0.03
Zinc Premix 2.62+0.01 2.6940.01 2.90+0.02 2.88+0.01 3.02+0.02 3.14+0.02
Chapati 2.04+0.01 2.50+0.02 2.70+0.03 2.84+0.02 2.86+0.01 2.94+0.01
Magnesium Premix 55.26+1.12 60.26+1.14 66.38+1.15 72.73+1.67 75.25+1.31 78.61£1.57
Chapati 54.95+1.15 59.01+1.13 65.07+1.37 72.13+1.58 74.16+1.54 77.26+1.68
Sodium Premix 208+4.5 310+5.2 405+5.8 510£5.7 528+6.1 570+6.2
Chapati 204+4.7 302+5.7 392+5.0 487+5.1 512+59 543£6.0
Potassium Premix 415+7.1 430+7.7 460+7.5 501+8.2 517+8.6 547+8.6
Chapati 410+7.4 422475 452+8.0 489+8.1 507+8.3 530+8.4

*Mean + SD (n=3)

#¢Values within the same row and column followed by different superscripts differ significantly (p <0.05)
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Yuan et al. (2009) studied the effect of different cooking
methods on vitamin ‘C’ and carotenoids of broccoli and re-
ported similar losses during cooking, microwave, boiling and
frying of broccoli. However, mineral contents remain almost
constant both in premixes and in chapaties (Table 2).

Conclusions

From the discussion it is evident that it is possible to utilise
small amount of dehydrated spinach powder in chapati pre-
mixes to enhance the daily intake of green leafy vegetables.
Chapaties prepared with 5 % dehydrated spinach powder were
highly nutritious and acceptable to sensory panellists. Above
the 5 % level adversely affected the quality of chapaties.
Although the level of dehydrated spinach powder incorpora-
tion is small, the increase in the nutrient content is remarkable.
Thus, dehydrated spinach powder chapaties have the potential
to serve the valuable source of calcium, iron, fibre, vitamin ‘C’
and carotenoids in the diet of the population in India and other
developing countries.
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