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RESEARCH ARTICLE
Abstract

Whole wheat flour (WWF) and straight grade flour (SGF) were fortified with partially defatted flaxseed flour (PDF)
and full fat flaxseed flour (FFF). The fortified flours were stored for a period of 60 days. Studies were conducted to
evaluate the influence of storage intervals on stability, cyanogenic glycoside (HCN) content and rheological properties
at 0, 30 and 60 days of storage. No HCN was detected in WWF samples while, its maximum concentration 0.37
and 0.44 mg/kg was found in 20% PDF and FFF fortified WWFE, respectively. The storage intervals showed non-
significant effect on the concentration of HCN among different composite flours. The peroxide value ranged from
0.82 to 0.92 mEq/kg in PDF fortified SGF composite flours, while it varied from 0.82 to 1.01 mEq/kg in FFF fortified
SGF composite flours. The mixing time decreased significantly as the level of PDF and FFF fortification increased
in SGE. Lower mixing times were recorded in both types of composite flours after 60 days of storage interval while
fresh samples exhibited the higher mixing times. Significant changes in peak height percentages of both types of

flours were observed during storage period of 60 days.
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1. Introduction

The food based approaches namely food fortification and
dietary improvement appeared to be the most sustainable,
potentially long lasting strategic measures against
micronutrient malnutrition (Hurrell, 1997). The technology
of composite flour refers to the process of amalgamation of
wheat flour with the flours of other edible plant materials.
It makes the use of local and potentially health beneficial
raw materials for the production of high quality, healthy
and economical food products for the masses. Now a day’s
interest has led to produce a wide variety of foods referred
to as functional foods and nutraceuticals because these type
of foods offer either therapeutic or preventive medicinal
health benefits in addition to provision of their basic
nutrition. Addis and Warner (1991) found that in higher
oil containing functional foods, lipid per oxidation results
in the deterioration of their nutritive value and stability.
The flavour and taste of such foods or the foods in which

these foods are added are also affected (Barlow, 1990).
The oxidative rancidity is a major cause of development
of bad odour and flavour in the foods containing higher
oil contents. Free radical formation is responsible for
that process. The by-product of rancidity process is the
development of peroxides. The measurement of peroxide
value (POV) helps to determine the level of amount of
rancidity present (Martin, 2004). The flaxseed meal or oil
can easily be incorporated into common food products
such as breads, rolls, cereals, muffins, margarines, and
salad dressings (Fitzpatrick, 2006). The mechanical and
rheological properties of the dough exert promising effect
on the overall quality of baked products (Blokshma and
Bushuk, 1988). Nature of ingredients, their proportions,
mixing time and beating conditions are responsible for the
quality of batter which finally determines the baked product
quality (Baixauli et al., 2007). The dough rheological
properties are influenced by the structure of the aggregates
and their tendency to interact with each other. Quality and
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quantity of the proteins affect the water absorption capacity
of the dough (Finney, 1984). The ash, fat, crude protein
and crude fibre full fat flaxseed flour (FFF) supplemented
whole wheat flour (WWF) was higher as compared to
plain flour, moreover the health potentials of flaxseed are
also proved in previous studies of Hussain et al. (2006,
2012, 2013). Keeping in view all the studied benefits of
flaxseed, the objective of present study is to explore the
storage stability and changes in the rheological behaviour of
flaxseed fortified wheat flour during storage. The influence
of storage period on antinutritional factors of the composite
flour was also studied.

2. Materials and methods
Raw materials

Two types of food grains were used in the study. The wheat
flour was used as a base material for the preparation of
composite flours fortified with flaxseed. The wheat variety
SH 2002 was purchased from Wheat Research Institute
(Faisalabad, Pakistan) and Chandni variety of flaxseed was
purchased from Oil Seeds Research Institute (Faisalabad,
Pakistan).

Primary treatment of raw materials

The cleaning of flaxseed and wheat grains was performed
manually to remove damaged seeds, dust particles, seeds of
other grains/crops and other impurities such as metals and
weeds. The flaxseed grains were roasted in the household
microwave oven for 2.5 minutes with 480 W output under
the operating frequency of 2,450 MHz by following the
method described by Yang et al. (2004). Flaxseed subjected
to roasting through microwave processing was divided into
two parts. Half of the roasted flaxseed grains were partially
defatted by using the screw type mechanical press.

Preparation of flours
Whole wheat flour

The WWEF for chapattis was prepared by milling the wheat
grains through pin mill locally known as China ‘chakki’
(grinder).

Straight grade flour

The wheat grains were tempered to 15.5% moisture level
and allowed to stand for 24 hours at room temperature in a
closed container in order to equilibrate moisture content in
grains. The water required to temper the wheat grains was
computed according to the expression given in Equation 1
(AACC, 2000):

Weight of water to be added =

100 - original moisture

100 —desired moisture ~ 1 x weight of wheat sample (1)

The tempered wheat grains were milled in a Quardrumate
Senior Mill (Brabender® GmbH & Co. KG, Duisburg,
Germany) to get straight grade flour (SGF) by blending
reduction and break roll flour mill streams. The milling
of wheat grain samples was carried out by following the
instructions provided in AACC (2000).

Flaxseed flour

The full fat flaxseed grains and partially defatted flaxseed
meal were milled by passing through a pin mill locally
known as China ‘chakki’ (grinder; Hosokawa Alpine,
Augsburg, Germany).

Preparation and storage of composite flours

All types of flours were passed through a 60 mesh sieve.
The composite flour were prepared by blending the WWF
and SGF with varying levels of partially defatted and full
fat flaxseed flours (4, 8, 12, 16 and 20%). All types of
composite flours were stored in tin cans for 60 days at
room temperature (2212 °C) to study the variation in quality
during storage.

Estimation of cyanogenic glycoside

Cyanogenic contents in the composite flour were
determined after 0, 30 and 60 days of storage intervals
according to the method given in AOAC (1990). The
estimation of cyanogenic glycoside (HCN) contents of
composite flours was performed by taking 20 g sample
in a Kjeldhal flask (Donghai Country AOBO Quartz
Products Co. Ltd, Jiangsu, China). The flask was given
rest for two hours after adding 200 ml water into it. After
rest, distillation was carried out and distillate was collected
in a flask containing 20 ml of 2.5% NaOH solution until
distilled to a definite volume. 8 ml of 6 M NH,OH and
2 ml of 5% potassium iodide solution were added to the
distillate. Then the whole contents were titrated against
0.02 M AgNO; solution. HCN contents of sample were
calculated according to Equation 2:

HCN (mg) = ml of 0.02 M AgNO; solution used x 1.08 (2)
Peroxide value

The peroxide value of different composite flours was
determined after 0, 30 and 60 days of storage intervals

according to the method described by Kirk and Sawyer
(1991).
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Mixographic studies

The rheological behaviour of different flour blends was
studied by running the samples through Mixograph
(National Mfg. Co., Lincoln, NE, USA) after 0 and 60
days of storage intervals according to the methods given
in AACC (2000) method no. 54-40A. The mixograph
equipped with 10 g bowl capacity was used to determine
dough development time and peak height percentage. The
dough development time from mixograms was observed
as the time from the start of the mixogram to the time
where the centre of the curve attained maximum height
while the peak height percentage described as a height of
mixogram at optimum development and was recorded as
percentage of height.

Statistical analysis

The data obtained for each parameter were subjected
to statistical analyses using Minitab statistical package
(Minitab Quality Companion 2003; Softonic International
S.A., Barcelona, Spain). The level of significance (P<0.05)
at 0.05 alpha was determined by applying analysis of
variance technique (one factor and two factor factorial
completely randomized design). Significant ranges were
further postulated using Duncan’s multiple range mean
comparison test (Steel et al., 1997).

3. Results and discussion
Cyanogenic glycosides contents of composite flours

The HCN content of different composite flours presented
in Table 1 indicated that addition of defatted flaxseed
flour (PDF) or FFF in WWF or SGF resulted in significant
increase in HCN content in all composite samples. The
non-roasted FFF contained 145.72+5.21 mg/kg of HCN
(Hussain et al., 2008). No HCN was detected in WWF
samples while, its maximum concentration 0.37 and 0.44
mg/kg was found in 20% PDF and FFF fortified WWE,
respectively. There was a similar increasing trend of HCN
concentration in SGF composite flours fortified with FFF
and PDF. It is also evident in Table 1 that the highest HCN
content (0.39 mg/kg) was found in 20% PDF fortified SGF
composite flour. The SGF composite flour fortified with 20%
FFF also possessed significantly the highest content of HCN
(0.44 mg/kg) followed by SGF fortified with 16% FFF (0.36
mg/kg). The storage intervals showed non-significant effect
on the concentration of HCN among different composite
flours. It is evident from the Table 1 that HCN content
remained statistically the same during the whole storage
period (60 days).

It has been reported that wheat flours do not contain
HCN but these are present in a high concentration in
raw flaxseed. The flaxseed flours used in the present

Storage stability of flaxseed fortified flours

Table 1. Effect of flaxseed fortification level and storage
intervals on the cyanogenic glycosides (HCN) content of
composite flours.!2

HCN (mglkg)
WWF+PDF WWF+FFF  SGF+PDF  SGF+FFF
Fortification level (%)
0 0.00f 0.00f 0.01f 0.01f
4 0.07¢ 0.073¢ 0.07¢ 0.08®
8 0.13¢ 0.15¢ 0.13¢ 0.15¢
12 0.18¢ 0.27¢ 0.19¢ 0.27¢
16 0.30° 0.35 0.32°0 0.36°
20 0.372 0.442 0.39? 0.442
Storage days
0 0.182 0.222 0.192 0.222
30 0.172 0.212 0.182 0.222
60 0.172 0.212 0.172 0.212

T Means followed by the same superscript letters in fortification level or
storage interval columns are not significantly different from each other.
2 FFF = full fat flaxseed flour; PDF = partially defatted flaxseed flour; SGF
= straight grade flour; WWF = whole wheat flour.

study were prepared from the flaxseed grains subjected
to microwave roasting before grinding. The microwave
roasting of flaxseed significantly reduced the HCN content,
thus making it fit for human consumption. The increase
in HCN contents of composite flours may be attributed
to the addition of flaxseed flour, which contributed more
HCN in the respective composite wheat flour. The HCN
contents of PDF fortified WWF and SGF were relatively
lower than compared to FFF fortified WWF and SGF
composite flours. Oomah and Mazza (1998) and Hussain
et al. (2008) demonstrated that commercial processing like
defattening and heat treatment (microwave roasting) could
help in the reduction of the HCN content in flaxseed. Feng
et al. (2003) also reported 83.2% reduction in HCN content
of flaxseed due to microwave roasting. Thus reduction of
HCN content in PDF fortified composite flours may be
due to partial defattening treatment besides microwave
roasting. The present study suggested that flaxseed must
be roasted and partially defatted in order to get maximum
reduction in HCN content.

Peroxide value

There was a non-significant effect of both treatments
(fortification levels) and storage intervals on the POV
of composite flours. The lowest POV (0.64 mEq/kg) was
recorded in 100% wheat flour and the highest (0.73 mEq/kg)
POV was recorded in 20% PDF fortified WWF composite
flour (Table 2). Similar result was recorded in the composite
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Table 2. Effect of flaxseed fortification level and storage
intervals on peroxide value of composite flours.!:2

Peroxide value (mEq/kg)
WWF+PDF WWF+FFF  SGF+PDF  SGF+FFF
Fortification level (%)
0 0.642 0.642 0.822 0.822
4 0.652 0.692 0.822 0.852
8 0.662 0.722 0.832 0.902
12 0.692 0.742 0.872 0.962
16 0.722 0.752 0.912 1.00@
20 0.732 0.782 0.922 1.018
Storage days
0 0.662 0.712 0.832 0.942
30 0.682 0.722 0.862 0.952
60 0.722 0.752 0.902 1.00@

1 Means followed by the same superscript letters in fortification level or
storage interval columns are not significantly different from each other.
2 FFF = full fat flaxseed flour; PDF = partially defatted flaxseed flour; SGF
= straight grade flour; WWF = whole wheat flour

flours fortified with FFF. The incorporation of FFF and PDF
had non-significant effect on the POV of WWF and SGF
composite flours. The onset of rancidity, which may be
predicted from POV, has not been changed by increasing
the level of flaxseed flour (PDF or FFF) in the composite
flours. The POV ranged from 0.82 to 0.92 mEq/kg in PDF
fortified SGF composite flours, while it varied from 0.82 to
1.01 mEq/kg in FFF fortified SGF composite flours.

The results in Table 2 indicate a non-significant effect
of storage intervals on the POV of different composite
flours. The POV of freshly stored composite flours (0 day)
was recorded as 0.66, 0.71, 0.81 and 0.94 mEq/kg for PDF
fortified WWE, FFF fortified WWE, PDF fortified SGF and
FFF fortified SGF composite flours, respectively. There
was a non-significant change in POV during storage up
to 60 days. The risk of fat oxidation and development of
rancidity increases if moisture content exceeds 12% (Kent
and Evers, 1994), but in the present study moisture content
of composite flours was recorded less than 12% (i.e. 8.63-
11.30% for different blends).

The results of the present study are supported by the
findings of Ratnayake et al. (1992) who reported that
whole flaxseed grains or coarsely ground, showed long-
term storage stability at room temperature and no changes
in the POV after 308 days of storage at 22 °C. Daun (2001)
also supported the storage stability of flaxseed and reported
that peroxide levels were relatively unchanged and the alpha
linolenic acid content was not affected in flaxseed packaged

in loosely closed plastic bags and protected from light when
stored in warehouse conditions at room temperatures for
20 months.

The POV of composite flours stored for 60 days was not
significantly changed by the storage intervals. The moisture
content found in composite flours was below the crucial
limits as to facilitate the onset of rancidity. The flours were
also stored in tin cans and were protected from light at room
temperature. These factors might have helped to retain
the flours stability with respect to their POV. Inclusion of
flaxseed also contributed towards the stability of composite
flours which might be due to the presence of tocopherols
that served as natural antioxidants in the composite
flour systems. The presence of tocopherol isomers like
a, B, y and 8 and their antioxidant effectiveness is well
supported by Oomah and Mazza (1997). Dessi et al. (2002)
also reported that flaxseed oil also contained sterol like
squalene (4 mg/100 g of oil) that may act as peroxy radical
scavenger in high polyunsaturated fatty acid oils to protect
it from oxidation. High content of natural antioxidant, i.e.
tocopherols, present in flaxseed might have resulted the
stability of composite flours during storage.

Mixographic studies
Peak height percentage

The highest peak height percentage, i.e. 47% was recorded
in 100% WWF (control) and there was a decreasing trend in
peak height percentage with increasing the level of PDF or
FFF in WWF (Table 3). The lowest peak height parentages
and 26.3% were recorded in whole wheat composite flours
fortified with 20% FFFE. The peak height percentage of whole
wheat composite flours fortified with 8 and 12% FFF were
found statistically at par with each other. Similarly whole

Table 3. Effect of flaxseed fortification on peak height
percentage of composite flours. "2

Fortification ~ Peak height percentage (%)

(% flaxseed

flour) WWF+PDF WWF+FFF SGF+PDF  SGF+FFF
0 47.02 47.02 58.12 58.12
4 43.8° 37.9° 53.9° 47.5°
8 40.4¢ 34.6° 48.1¢ 42.9¢

12 38.4% 33.0° 43.8¢ 39.7

16 36.1¢ 29.3¢ 38.3¢ 35.8¢

20 31.4¢8 26.3¢ B5NE 33.2¢

1 Means followed by the same superscript letters in a column are not
significantly different from each other.

2 FFF = full fat flaxseed flour; PDF = partially defatted flaxseed flour; SGF
= straight grade flour; WWF = whole wheat flour.
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wheat composite flours fortified with 12 and 16% PDF
were found to be statistically non-significant with respect
to peak height percentages.

The peak height showed similar trend with respect to
flaxseed fortified straight grade composite flours as was
found for flaxseed fortified WWF composite flour. The
higher peak height percentage was recorded for 100% SGF.
It decreased from 58.1 (100% SGF) to 37.5% (20% PDF
fortified SGF) and to 32.0% (20% FFF fortified SGF). The
peak height of flaxseed fortified SGF composite flours was
higher than the peak height percentage of flaxseed fortified
WWF composite flours.

There was a significant variation in peak height percentage
as a function of storage among different composite flours.
The results presented in Figure 1 illustrate that peak height
percentage decreased significantly as the storage period
progressed from 0 to 60 days. The peak height percentage
decreased from 42.2 to 38.9% and 35.6 to 33.8% in whole
wheat composite flours fortified with PDF and FFF,
respectively during 60 days storage of composite flours.
The peak height also decreased from 47.1 to 45.6% and
43.7 to 42% in SGF composite flours containing PDF and
EFF, respectively when tested at the end of 60 days storage.

Butt et al. (1997) reported that peak height of different
wheat varieties ranged from 43 to 65%. Similarly, Rasool
(2004) reported that incorporation of non-wheat plant
materials like cottonseeds resulted in the decrease in peak
height of composite flours. Venketeswara et al. (1985) found
that replacement of non-wheat flours with wheat flours
resulted a decrease in gluten and dough stability. Singh et al.
(2002) also showed the decrease in peak height percentage
of wheat flour added with lactic acid and fat. Gujral and
Singh (1999) concluded this decrease in peak height
percentage of flour due to the reduction of SH groups.
Koca and Anil (2007) also demonstrated a decline in the

O0days [E60days
50: . @ b a
840' 0 a b
5, 301
=]
< 20
3 101
n- <4
0 . . .

WWF+PDF WWF+FFF  SGF+PDF
Composite flours

SGF+FFF

Figure 1. Effect of storage on peak height percentage of
composite flours (FFF = full fat flaxseed flour; PDF = partially
defatted flaxseed flour; SGF = straight grade flour; WWF =
whole wheat flour). Different letters above the columns show
a significant difference between 0 and 60 days of storage.

Storage stability of flaxseed fortified flours

stability of dough by the addition of 15 and 20% flaxseed
flour in the wheat flour which is identical to the results
found in the present study. Seguchi et al. (2007) studied the
effect of size of added cellulose granule on the peak height
percentage of wheat flour and concluded that up to 154 pm
size of cellulose does not affect the peak height of flour,
while the dilution affect (decrease in gluten contents) due
to addition of beans flour up to level of 20% was considered
as the cause of decrease in peak height of composite flours
(Hallen et al., 2004). The present study suggested that due
to increase in the level of flaxseed flours (defatted or full
fat) in wheat flours (SGF and WWE), negative effect on
rheological behaviours of the composite flours. This might
be attributed to weakening of dough due to increase in
non-gluten proteins contributed by higher levels of flaxseed
flours. The high fat content contributed by flaxseed in
composite flours might be another factor that resulted in
the decline in peak height percentages of the composite
flours observed in the present study. There is a significant
decrease in peak height percentage of composite flours as a
function of storage period which might be due to proteolytic
activity of enzymes during storage as reported by Leelavathi
et al. (1988).

Mixing time

The results given in Table 4 indicate that mixing time
decrease significantly among composite flours as the
level of fortification of FFF or PDF increased in the WWF
or SGFE. The results explicated that the highest mixing
time (3.7 min.) recorded for 100% WWF (control) which
was decreased to 1.0 and 1.1 minutes in case of 20% PDF
and FFF fortified WWTF flours, respectively. The whole
wheat composite flours containing 16 and 20% FFF yielded
statistically at par mixing times i.e. 1.1. The mixing time for
flaxseed fortified SGF composite flours also followed the

Table 4. Effect of flaxseed fortification on mixing time of
composite flours. "2

Fortification  Mixing time (minutes)

(% flaxseed

flour) WWF+PDF WWF+FFF  SGF+PDF  SGF+FFF
0 S7E S7E 4,00 4,02
4 3.1P 3.1P 3.7° 3.6
8 2.8¢ 22° 3.4¢ a2

12 1.84 1.74 3.0¢ 2.6¢

16 1.2¢ i.1® 2.7¢ 2.4de

20 1.0f 1.1¢ 265 2.2¢

1 Means followed by the same superscript letters in a column are not
significantly different from each other.

2 FFF = full fat flaxseed flour; PDF = partially defatted flaxseed flour; SGF
= straight grade flour; WWF = whole wheat flour.

Quality Assurance and Safety of Crops & Foods 7 (3)

339



S. Hussain et al.

similar trend as was observed for WWF composite flours.
The higher mixing time was recorded for 100% SGEF. The
mixing time decreased significantly as the level of PDF and
FFF fortification increased in SGF. It is obvious from the
results in Table 4 that mixing time of PDF fortified SGF
decreased from 4.0 (100% SGF) to 2.5 minutes in SGF 20%
PDF fortified SGE. The SGF fortified with 16 and 20% FFF
had non-significant effect on mixing time. The flaxseed
fortified WWF composite flours possessed significantly
lower mixing time as compared to flaxseed fortified SGF
composite flours.

The results illustrated in Figure 2 depicted that mixing time
decrease as a function of storage period. The mixing time
decreased from 2.3 to 2.2 and 2.2 to 2.1 in whole wheat
composite flours fortified with PDF and FFF, respectively
during 60 days storage. The mixing time also decreased
from 3.3 to 3.1 and 3.1 to 2.9 in SGF composite flours
fortified with PDF and FFF, respectively during 60 days
storage. Lower mixing times were recorded in both types
of composite flours after 60 days of storage interval while
fresh samples exhibited the higher mixing times.

Mixing time is the time required for the curve to reach at
its full development or maximum consistency possessing
the highest peak. There is a relationship of high peak
height with strong wheat’s having long mixing time. The
mixing time of wheat variety SH-2002 has been reported
3.7 minutes by Afzal (2004) which is close to the results of
present study in which control wheat flours (WWF and
SGF) yielded 3.7 and 4.0 minutes mixing times, respectively.
The flaxseed flour fortification in wheat flour resulted in
decrease in gluten forming proteins resulting in weakening
of dough (Garden, 1993). The flaxseed fortification at 15
and 20% with wheat flour resulted in the weakening of
dough and decrease in dough development time (Koca
and Anil, 2007). Chen et al. (2003) found that replacing a
part of the wheat flour with native and modified potato as

00 days

wallll

WWF+PDF WWF+FFF SGF+PDF  SGF+FFF
Composite flours

@ 60 days

—_

Mixing time (minutes)

Figure 2. Effect of storage on mixing time of composite flours
(FFF = full fat flaxseed flour; PDF = partially defatted flaxseed
flour; SGF = straight grade flour; WWF = whole wheat flour).
Different letters above the columns show a significant difference
between 0 and 60 days of storage.

well as sweet potato starches decreased the mixing time
from 3.0 to 2.0 minutes. Dhingra and Jood (2004) also
observed a decrease in the mixing time of composite flours
due to increase in the level of soy and barley fortification.
The decrease in mixing time of composite flours found in
the present study may be due to decrease in their gluten
contents, coarser nature of flaxseed flours added to wheat
flours and weakening of protein network due to proteolytic
activity during the storage of composite flours.

4. Conclusions

Flaxseed is a good source of dietary fibre, high quality
proteins, minerals and essential fatty acids. Many studies
have proved that flaxseed can be used to have many health
benefits. The current study was planned to investigate
the storage stability of flaxseed fortified flours. The flours
are normally prepared and stored in bulk in developed
countries for a long period of time. The stability and
rheology of fortified flours with flaxseed can be a concern
by the household consumers as well as the baking industry
interested to use these flours. The outcome of the study
highlights the effect of storage on antinutritional, stability
and rheological parameters of flaxseed fortified flours.
Based on the results of present studies, it can be concluded
that flaxseed can be successfully incorporated in baked
products. The rheological properties and storage stability
are affected during storage studies of 60 days. The
antinutritional factors were reduced during the storage
of wheat flours.
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