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ABSTRACT

Kenaf seeds are underutilized source of food with good source of dietary fiber, protein, essential oil, and
phytocompounds. The objectives of this study were to determine the nutritional composition of kenaf seeds, the techno-
functional properties of kenaf seeds dietary fibre (KSDF), and sensory analysis of pan bread fortified with dietary fibre
that was extracted from kenaf seeds. Analyses showed that kenaf seeds are rich in dietary fibre (28.87 g/ 100 g), protein
(27.07 g/ 100 g), 0il (23.78 g/100 g) and mineral (5.55 g/100 g). The dietary fibre that was extracted through enzymatic
hydrolysis (KSDF (EH)) exhibited significantly (p < 0.05) greater water-binding capacity (WBC), oil-binding capacity
(OBC) and viscosity than non-enzymatic hydrolyzed kenaf seeds dietary fibre (KSDF (NEH)) and defatted kenaf seed
meal (DKSM). Different formulations of bread were prepared by replacing 10% of wheat flour with wheat bran fibre
(positive control), rice bran fibre and KSDF, with white bread unfortified with fibre as negative control. Addition of 10%
KSDF to bread formulation significantly (p < 0.05) reduced bread height, volume, specific volume, water activity and
firmness, and increased proofing time and bread surface colour. Results from the sensory evaluation of the bread samples
also showed that KSDF bread was the most acceptable in comparison to rice bran and wheat bran fortified breads. This
study shows that kenaf seed has valuable source of dietary fibre with the potential to be used as a functional ingredient
in the development of functional breads.
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ABSTRAK

Biji kenaf adalah sumber makanan yang kurang digunakan serta merupakan punca serat, protein, minyak pati dan sebatian
fito yang baik. Objektif kajian ini adalah untuk menentukan komposisi pemakanan biji kenaf, sifat tekno-fungsian
serat dietari biji kenaf (KSDF) dan analisis sensori roti pan yang diperkaya dengan serat dietari yang diekstrak daripada
biji kenaf. Analisis menunjukkan bahawa biji kenaf kaya dengan serat dietari (28.87 g/ 100 g), protein (27.07 g/ 100
g), lemak (23.78 g/ 100 g) dan mineral (5.55 g/ 100 g). Serat dietari yang diekstraksi melalui hidrolisis enzim (KSDF
(EH)) menunjukkan keupayaan mengikat air (WBC), kapasiti mengikat minyak (OBC) dan kelikatan yang lebih ketara
daripada serat dietari biji kenaf melalui hidrolisis bukan menggunakan enzim (KSDF (NEH)) dan benih kenafyang telah
dinyahlemak (DKSM). Formulasi roti yang berbeza disediakan dengan menggantikan 10% tepung gandum dengan
serat dedak gandum (kawalan positif), serat dedak beras dan KSDF, dengan roti putih yang tidak diperkaya dengan serat
sebagai kawalan negatif. Penambahan 10% KSDF ke dalam formulasi roti mengurangkan ketinggian, isi padu, isi padu
tertentu, aktiviti air, kekerasan dan waktu kenaikan doh serta warna permukaan roti secara signifikan (p<0.05). Hasil
daripada penilaian sensori sampel roti juga menunjukkan bahawa roti KSDF adalah yang paling diterima berbanding
dengan roti yang difortikasi dengan bran beras dan gandum. Kajian ini menunjukkan biji kenaf tinggi dengan serat
dietari yang berharga dengan potensi untuk digunakan sebagai ramuan berfungsi dalam penghasilan roti fungsian.

Kata kunci: Biji kenaf; jangka hayat; makanan fungsian, penilaian sensori; sifat fizikal

INTRODUCTION to World Health Organization (WHO) (2017), CVDs are first

At present, the rate of new cases of cardiovascular ~ cause of death globally where the estimation of people
diseases (CVDs) is on the rise at an alarming rate. According ~ died from CVDs each year is about 17.9 million. CVDs
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are disease related to abnormality of the blood vessels
that supply to the brain, heart and the clotting in blood
vessels (Beyer 2016; World Health Organization 2017).
WHO also stated that severe incidents of heart attacks and
stroke are due to the clotting of blood vessels to the brain
and heart and thus outlined preventive measures such as
maintaining a healthy lifestyle by consuming a balanced
diet, exercising regularly and stop smoking, as well as
investigated effectiveness of medications and therapies to
treat CVDs and colon cancer.

In order to consume a balanced diet, a healthy diet
should be rich in fibre. There are many papers that reported
on the high nutritional value of dietary fibre over the years
and it is mostly accepted that dietary fibre is related with
the prevention of various diet-related chronic (Kendall
et al. 2010; Timm & Slavin 2008). Dietary fibre give
many health values towards the consumers as it helps
in blood glucose and cholesterol reduction, improved
gut health and intestinal function as well as protection
against cardiovascular diseases and colon cancer (Dahl &
Stewart 2015). Increased consumer awareness has raised
the demand for the advancement of dietary fibre-rich food
products and brought attention to capability of dietary
fibres as a functional ingredient in food.

Kenaf plant or Hibiscus cannabinus L., belonging
to the mallow family (Malvaceae) is a plant indigenous
to subtropical and tropical regions of Africa and Asia.
It has become one of the potential industrial crops for
the commodity in Malaysia (Ayadi et al. 2017). Since
cultivation has started here since over many years
ago, the crop has garnered positive reaction among
farmers especially those who cultivated tobacco because
plantation of kenaf is more environmentally friendly
in comparison to tobacco. Widely grown since 4000
B.C. in sub-Saharan Africa (Dempsey 1975), every
different parts of kenaf has been used widely for human
consumption, animal food, handicraft making material
as well as source of fuel. Kenaf planting has been done
in many other countries like in India, Bangladesh,
Thailand, and to a small area in southeast Europe for
a long time (Saba et al. 2015). National Kenaf and Tobacco
Board (NKTB) in Malaysia is a governing body with the
goal to develop kenaf to become the country’s third
major commodity after oil palm and rubber. However,
in the kenaf industry not every parts of the plant are
fully exploited including kenaf seeds. According to Mat
Daham et al. (2015), only 30% of kenaf seeds are used
for cultivation of new plants and the rest goes to waste.

In order to minimize the wastage of kenaf seeds
that had always been misspent, intense research has been

done to fully utilize kenaf plants especially kenaf seeds’
oil and protein (Chan et al. 2013; Cheng et al. 2004;
Ghafar et al. 2013; Mariod et al. 2010; Mohamed et al.
1995; Olawepo et al. 2014). However, studies on kenaf
seeds dietary fibre (KSDF), its nutritional composition
and functional characteristics are limited. The possibilities
of using kenaf seeds as a source of dietary fibre is often
neglected because mostly kenaf is considered as a source
of fibre and feed crop. These abandoned kenaf seeds
actually have high nutritional value especially in dietary
fibre content which has been reported to be 13.6%
(Nyam et al. 2009). Thus, this research was carried out
to maximize the utilization of kenaf seeds.

In this study, kenaf seeds were used as an alternative
source of dietary fibre in bread. Extracted dietary fibre
from kenaf seeds is added into pan bread to improve its
functional and nutritional values and sensory evaluation
were carried out to assess the acceptance level compared
to other breads.

MATERIALS AND METHODS

SAMPLE PREPARATION

Kenaf seeds (variety V36) have been purchased from
the National Kenaf and Tobacco Board, Pasir Putih,
Kelantan, Malaysia by the Laboratory of Molecular and
Biomedicine, Institute of Bioscience for the study.
Kenaf seeds was prepared by washed with tap water for
10 min, rinsed twice with distilled water, and air dried
in an oven (FD 115, Fisher Scientific, Loughborough,
Leicestershire, UK) at 50 °C overnight. Using a blender
(Waring, Torrington, CT, USA) at a high speed for
approximately 2 min, dried kenaf seeds were pulverized,
then screened with a 0.5 mm sieve, and lastly packed
and stored at cool and dry conditions until further
characterization (Chan et al. 2013).

PROXIMATE ANALYSES OF KENAF SEEDS

Moisture content was determined according to AOAC
Method 934.01. Ash was examined gravimetrically by
incineration of samples in a muffle furnace for 8 h at
550 °C. The protein content was determined by using
Kjeldahl method on a Kjeltec 2200 Analyzer unit (FOSS-
Tecator AB, Hoganas, Sweden) and estimated as %
nitrogen % 6.25 (conversion factor) which is consistent
with AOAC method 978.04. Fat content was measured by
following AOAC Method 991.36 assisted by Soxtec™
2050 Auto Fat Extraction System. Digestible carbohydrate
was determined by calculation.



DETERMINATION OF TOTAL, SOLUBLE AND INSOLUBLE
DIETARY FIBRE

Analysis of dietary fibre was done using the enzymatic-
gravimetric method of AOAC 991.43. One g of defatted
kenaf seeds were gelatinized with termamyl (heat stable
alpha-amylase) at 100 °C for 1 h and then digested
with protease (60 °C, 1 h), followed by incubation with
amyloglucosidase (60 °C, 1 h) to remove protein and
starch. Insoluble dietary fibre (IDF) was filtered, and
then remnants were washed with warm distilled water.
Combined solution of filtrate and water washings were
precipitated with 4 volumes of 95% ethanol (EtOH) for
soluble dietary fibre (SDF) determination. Precipitate
was then filtered and dried. Both SDF and IDF residues
were corrected for protein, ash and blank, for the final
calculation of SDF and IDF values. Total dietary fibre
(TDF) was calculated by summation of SDF and IDF.

PREPARATION OF DEFATTED KENAF SEED MEAL (DKSM)
AND KENAF SEEDS DIETARY FIBRE (KSDF) THROUGH
NON-ENZYMATIC HYDROLYSIS METHOD (KSDF (NEH))

DKSM was prepared by removing oil contents whereas
KSDF was prepared by removing both oil and protein
contents from dried kenaf seeds that have been ground
into powder, according to the method described by Chan
et al. (2013) and Mariod et al. (2010), respectively, with
slight modification. Fifty gram of pulverized kenaf seeds
was weighed and put into 600 mL conical flask. 500 mL
of food grade n-hexane was added into the conical flask
and stirred for 1 min. The kenaf seed-solvent suspension
was ultra-sonicated for 1 h. Then, the mixture was
filtered through Whatman filter paper No. 1. The residue
(DKSM) was re-extracted twice using the same procedure,
collected and dried in an oven at 50 °C for 3 h to remove
solvent residues. Then, DKSM was passed through a 0.5
mm sieve and kept in the chiller prior to protein removal
for further extraction of dietary fibre. The protein content
was removed by suspending dry defatted kenaf seed meal
in distilled water at a 1:100 ratio. The mixture was stirred
for 1 h at room temperature while adjusting the pH at
9.0. Then, it was centrifuged at 3500 rpm for 15 min at
room temperature. The supernatant was discarded and
the pellet (KSDF) was collected in petri dish. KSDF was
dried in an oven overnight at 50 °C and kept in -20 °C
for further analysis (Chan et al. 2013).

PREPARATION OF KENAF SEEDS DIETARY FIBRE
THROUGH ENZYMATIC HYDROLYSIS METHOD (KSDF
(EH))

The extraction of total dietary fiber was prepared
according to the method described by Daou and Zhang
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(2012) with some modifications using Megazyme TDF
kit. The defatted kenaf seeds were cooked with heat-
stable a-amylase solution (4 puL/g) at 95-100 °C for 1 h
to give gelatinization, hydrolysis, and depolymerization
of starch. After a-amylase treatment, the sample was
digested with protease solution (10 pL/g) at 60 °C
for 1 h to solubilize and depolymerize proteins.
Enzymatic treatment was completed with incubation with
amyloglucosidase (20 pL/g) at 60 °C for 1 h to hydrolyze
starch fragments to glucose. After these treatments, the
sample was suspended in four volumes of 80% ethanol
(preheated at 60 °C) to precipitate defatted KSDF and
remove depolymerized protein and glucose. The
precipitate was allowed to form at room temperature for
1 h, and then centrifugation followed at 4000 rpm for 15
min. The residue was filtered through Whatman filter
paper No. 541 and washed twice with 78% ethanol, 95%
ethanol and acetone in that order. Then, the residue was
dried in a vacuum oven at 60 °C after which, DKSDF were
stored at 0 - 4 °C until further use (Daou & Zhang 2012).

TECHNO-FUNCTIONAL PROPERTIES OF KENAF SEEDS
DIETARY FIBRE AND DEFATTED KENAF SEEDS MEAL

The water binding capacity (WBC) of the extracted fibre
was determined using a method based on that of AACC
(1983) which determined WBC of dietary fibre under
external centrifugal force. Oil binding capacity (OBC)
was measured using a method adapted from Lin et al.
(1974). A four gram of sample was added to 20 mL of
corn oil in a 50 mL centrifuge tube. The content was then
stirred for 30 s every 5 min and, after 30 min, the tubes
were centrifuged at 1600 x g for 25 min. The free oil was
then decanted and the absorbed oil was then determined
by difference. The oil binding capacity was expressed as
absorbed oil per gram sample. The emulsifying capacity
of dietary fibre was measured according to the method
of Yasumatsu et al. (1972). Twenty millilitres of 7%
aqueous dispersion of the fibre was mixed with 20 mL
of corn oil and blended in a Waring blender for 5 min at
high speed. An aliquot was then centrifuged at 3000 x g
for 5 min. The percentage of total mixture that remained
emulsified after centrifugation was expressed as stability
index. The stability index of a good emulsion would be
greater than 94%, while that of a poor emulsion would
only be 50% (Wang & Kinsella 1976; Yasumatsu et al.
1972). The viscosity of the dietary fibre was determined
using the method by Frost et al. (1984). Four different
concentrations of sample slurry, namely 1%, 3%, 5%
and 7%, were prepared by slowly adding an appropriate
amount of dietary fibre preparation to distilled water
and mixing at high speed in a Waring blender for 1 min.
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The solution was allowed to sit at room temperature
for 24 h to come to equilibrium and for entrapped air
to escape before viscosity measurements were made.
The viscosity was measured using a calibrated Anton
Paar Physica RheolabQC Model CC27/Q1, probe CC27
8630 at 1550.90 1/s. The measurement was done at room
temperature (Abdul-Hamid & Luan 2000).

PRODUCTION OF HIGH FIBRE PAN BREAD FORTIFIED
WITH KENAF SEEDS DIETARY FIBRE

Baking tests were carried out by adding 10% of dietary
fibre; wheat bran fibre (WBF), rice bran fibre (RBF) and
KSDF to bread formulations with commercial white bread
as control. Breads were baked according to the standard
method for commercial bread. A simple formulation is used
to reduce additional effects of other ingredients consisting
of wheat flour, water, dry yeast, salt, sugar, and shortening
(Abdul-Hamid & Luan 2000).

MEASUREMENT OF BREAD SAMPLES VOLUME AND
SPECIFIC VOLUME

A laser volumeter (TexVol SVM-L500, Chopin, Paris,
France) was used to measure the volume of bread loaves.
The volume of the breads was measured after 2 h of
baking. Each bread sample was placed on a rotating plateau
(60 rpm). A laser beam installed on a rotating arm was
then used to measure the volume of the bread without
contact. The accuracy of volume measurement using
this equipment was estimated to be + 0.4% according to
6 repetitions with the same bread. Each data point is the
mean of 3 different breads. Specific volume (volume to
mass ratio) was calculated (Rzigue et al. 2016).

MEASUREMENT OF BREAD SAMPLES TEXTURE

The firmness or texture of 1-day old, 2-day old and 3-day
old bread was determined using a Model 5565 Instron
Universal testing instrument. The texture was measured by
adjusting the portion of the compression plunger until it
barely touched the surface of the breads at the center of the
slice. The plunger was then lowered at a constant speed
until it compressed the breads to a predetermined degree
(percentage of compression). The resulting peak force
was measured in kilograms (Abdul-Hamid & Luan 2000).

DETERMINATION OF WATER ACTIVITY (A,) IN BREAD
SAMPLES

The water activity (A ) of bread samples was measured
at 25 °C (£ 0.2 °C) using an electronic dew-point water

activity meter, Aqualab Series 3 model TE (Decagon
Devices, Pullman, Washington, USA), equipped with
a temperature-controlled system which ensure a
temperature stable sampling environment. The equipment
was calibrated with saturated salt solutions in the A
range of interest. For each determination, four or five
replicates were obtained and the average reported. In order
to speed up measurement time, bread samples in plastic
sample holders were first equilibrated at 25 °C by putting
on an electronic chilling/heating plate (Decagon Devices,
Model 40510, Pullman, Washington, USA).

MEASUREMENT OF SURFACE COLOUR OF BREAD
SAMPLES

The surface colour of bread samples was determined by
using Minolta Spectrophotometer CM-3600d (Japan).
CIE colour values (L*, a*, b*) were used. The L* value
indicates the lightness, 0-100 representing dark to light.
The a* value gives the degree of the red-green colour,
with a higher positive a* value indicating more red. The
b* value indicates the degree of the yellow-blue colour,
with a higher positive b* value indicating more yellow.

SENSORY EVALUATION OF BREAD SAMPLES

Sensory analysis of the bread samples was conducted
by 30 panelists, consisting of Faculty of Food Science
and Technology staffs and students, using a 9-point
hedonic scale for seven attributes (aroma, colour,
porosity, deformability, softness, seedy flavor, and overall
acceptability) where 9 is ‘like extremely’ and 1 is ‘dislike
extremely’. Four coded samples were served and water
was provided for rinsing between samples (Abdul-
Hamid & Luan 2000).

STATISTICAL ANALYSIS

Data collected were analyzed using the Minitab 16
Software, Minitab Pty Ltd 2010 (Sydney, Australia). The
significance of differences between control and treated
samples was evaluated using Tukey’s multiple range test
at 5% level.

RESULTS AND DISCUSSION

NUTRITIONAL COMPOSITION OF KENAF SEEDS

The nutritional composition of kenaf seeds variety V36
was reported in Table 1. As shown, kenaf seeds are a great
source of dietary fibre (28.87 g/100 g), protein (27.07
g/100 g), oil (23.78 g/100 g) and mineral (5.55 g/100 g).



In comparison to the previous findings by Nyam et al.
(2009) that used the same variety (V36), this study showed
higher amounts of protein, oil and fibre. This study
finding also in contrast with Mariod et al. (2010) that used
the same variety (V36). They reported on high protein
content (29.8%) but fibre and oil content were lower
with 11.5% and 22.6%, respectively. The difference might
be due to the different harvesting year and conditions of
the seeds during harvesting, post harvesting and storage
conditions. The high amount of protein in kenaf seed
indicate that it can also be used as an alternative source
of dietary protein. Kenaf seeds also consists of high
amount of oil with 23.78 g/100 g which is slightly higher
than kenaf seed oil reported by Mariod et al. (2010) and
Nyam et al. (2009) and recently, kenaf seed oil has been
commercialized as a nutraceutical oil because of the high
antioxidant content in the oil. The by-product from this
new industry which is defatted kenaf seeds also has high
dietary fibre content. This means that it can be use as source
of dietary fibre and a functional food ingredient.

TECHNO-FUNCTIONAL PROPERTIES OF DEFATTED
KENAF SEEDS MEAL (DKSM) AND KENAF SEEDS DIETARY
FIBRE (KSDF)

Table 2 reported the results of the water-binding capacity
(WBC) of defatted kenaf seeds meal (DKSM) and dietary
fibre were produced from defatted kenaf seeds through
enzymatic hydrolysis (KSDF(EH)) and non-enzymatic
hydrolysis (KSDF(NEH)), respectively. The WBC of
KSDF (EH) was significantly (p < 0.05) higher than
KSDF (NEH) and DKSM. KSDF (EH) showed the highest
WBC (3.55 £ 0.04 g of water/g of sample) followed
by KSDF (NEH) (3.06 = 0.02 g of water/g of sample)
and DKSM (2.07 £+ 0.05 g of water/g of sample). Water
binding capacity (WBC) or water holding properties is
the ability to absorb water and hold even after receive
external forces (Laufenberg & Schulze 2009). However,
this study showed lower water holding capacity than
those reported on pea pod (PP) fibre and broad bean pod
(BBP) which contain 4.64 and 6.98 g water/g dry sample,
respectively (Belghith Fendri et al. 2016). WBC can be
increased with the increase of the water soluble fibres
(Tan et al. 2017). The low water soluble fibres of kenaf
seed (2.87 g/100 g) might be the one of the reason on
low WBC in this study.

The KSDF (EH) shows significantly (p <0.05) higher
OBC than DKSM and KSDF (NEH) with 1.28 £0.01, 1.04
+0.05 and 0.89 = 0.02 g of 0il/g of sample, respectively,
as reported in Table 2. However, these values were lower
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as compared than those who reported on pea pod (pp)
fibre and broad bean pod (BBP) fibre that have 2.86 g oil/
dry sample and 3.39 g oil/dry sample (Belghith Fendri
et al. 2016).

The emulsifying capacity (EC) is meant as the ability
of protein solution or suspension to emulsify with oil
(Zayas 1997). Despite the low protein content, the EC
of DKSM, KSDF (EH) and KSDF (NEH) were 27.16%,
40.53% and 43.67%, respectively. The dietary fibre
has been reported to have an emulsifying activity and
emulsifying stability properties (Xie et al. 2017). In
the past few years, the addition of dietary fibre in food
products has been practice as it give good functional
properties such as emulsifying stability (Huber et
al. 2016; Park et al. 2020). The EC of KSDF might be
contributed by the Pickering emulsion (Yang et al.
2017) where the solid particles was used to stabilize
the emulsion (Chen et al. 2020). The solid particle will
accumulate at the interface of the two immiscible liquids
and stabilize the droplets against coalescence (Yang et
al. 2017). The solid particles for Pickering emulsions
can be used from food grade organic materials such as
polysaccharides particles, protein particles and lipid
particles, however, the stability of Pickering emulsion
is lower when food grade materials is used (Chen et al.
2020). Some protein are used to prepare and stabilize
the Pickering emulsions due to their amphiphilic
properties and strong surface activity (Guo 2021). The
EC of KSDF (EH) and KSDF (NEH) might be contributed
by the soluble and insoluble polysaccharide as well
as protein that help in stabilize the Pickering emulsion.

Figure 1 shows the viscosity of KSDF (EH), KSDF
(NEH) and DKSM at different concentrations. KSDF
(EH) presented significantly (p < 0.05) higher viscosity
than KSDF (NEH) and DKSM. However, all samples
exhibited low viscosity. This might due to KSDF and
DKSM contain lower amount of soluble fibre and water-
soluble fibre which were only 3%. The viscosity of
solution can be increased by the water soluble fibres
(Daou & Zhang 2014).

HIGH FIBRE PAN BREAD FORTIFIED WITH KSDF

Bread, which is a very popular staple food made from
flour, is one of the oldest functional foods believed to
have existed since the Neolithic era (Kourkouta et al.
2017) is considered as a main source of the dietary fibre.
However, the amount of dietary fibre in normal bread
is still inadequate to fulfill total dietary fibre intake
suggested by the Malaysian Recommended Nutrient
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Intakes (RNT) which is 20 to 30 g daily for all age groups in
order to prevent diet-related chronic diseases (National
Coordinating Committee on Food and Nutrition 2017).
Thus, functional and nutritional values, i.e. antioxidant
capacity, macronutrient, micronutrient, calorie, and
dietary fibre contents of this food product can be enhanced
by adding alternative dietary fibre sources to substitute
the wheat flour completely or partially (Yangilar 2013).

Table 3 shows the results of analysis on the physical
properties of the bread samples. The weight of white bread
(control) was 392.0 g. Addition of dietary fibres namely
wheat bran fibre, rice bran fibre and KSDF significantly
(p < 0.05) decreased the weight of the breads to 388.0
g, 387.0 g and 389.0 g, respectively. Proofing time of
KSDF bread was significantly (p < 0.05) higher than that
of white bread. The difference in the weights between
the three dietary fibre-fortified breads were insignificant
(p > 0.05). The addition of dietary fibres in bread
increase its functional properties, however, there are also
unfavourable effects towards the physical characteristics
of the bread like volume reduction and different in texture
(Goémez et al. 2003). The height, volume and specific
volume of bread decreased significantly (p < 0.05), and
the smallest height, volume and specific volume were
exhibited by KSDF bread. According to the study by Rubel
et al. (2015), the addition of inulin rich-carbohydrate
(IRC) in bread decrease the bread volume. This effects
might be caused by the gluten diluting effect where the gas
retention with no increment in gas production that lead
to structure destruction (Dhingra et al. 2012; Mandala
et al. 2009; Morris & Morris 2012; Nwosu et al. 2014).
Therefore, the reduction of height, volume and specific
volume in this study were due to the addition of KSDF.

The parameters for shelf-life properties of the bread
samples were water activity (A, ), moisture, texture, and
colour. The quality of baked products can be determined
on the water activity (A ), texture, and surface colour.
These attributes will determine shelf-life, quality, and
acceptability of food products. Changes in the parameters
were observed for a duration of 3 days. The results are
as presented in Table 4.

The water activity of white bread significantly (p
< 0.05) remained at the highest during the 3 days of
storage period due to lack of dietary fibre in the bread
formulation. The addition of dietary fibres significantly
(p < 0.05) decreased the water activity of the breads.
However, the water activity values of WBF bread
(0.8723), RBF bread (0.8473), and KSDF bread (0.8463)
after baking are considered high for baked products. The

differences in water activity values between all three
dictary fibre-fortified breads during the 3 day-storage
were insignificant (p > 0.05).

The moisture content of dietary-fibre fortified breads
was significantly (p < 0.05) lower than white bread after
the baking process. However, on day 2 and 3, the moisture
content of white bread decreased, that caused dietary-fibre
fortified breads to have significantly (p < 0.05) higher
moisture content. Despite that, the changes in moisture
contents of all dietary-fibre fortified breads from day 1
to day 3 were insignificant (p > 0.05).

The addition of dietary fibre into the bread
formulation causing the force required to compress the
bread decreased significantly (p < 0.05). The firmness
of the breads was found to be significantly (p < 0.05)
lowest with KSDF addition throughout the 3 days of
storage. Additionally, with increased storage time, all
bread formulations increased in firmness. This is because
more cross links are formed between starch and protein
network in the breads and make the existing linkages
even stronger (Martin & Hosney 1991). Dietary fibres
play a significant role to extend shelf-life of foods. Since
KSDF has a better WBC than wheat bran and rice bran as
mentioned earlier, choosing KSDF as a source of dietary
fibre in bread making might be more beneficial because
of its capacity to retain more water (Yangilar 2013).

The determination of colour parameters of the
surfaces of bread samples was shown in Table 5. Surface
colour of the breads had a significant effect after the
addition of dietary fibres. Bread formulations that were
added with dietary fibres were significantly (p < 0.05)
darker (lower L-values) than the white bread, with
KSDF significantly (p < 0.05) having the lowest L-value
during the 3 days of storage. Higher L-value indicates
increase in whiteness of the bread surface (Majzoobi et
al. 2011). Besides that, the dietary-fibre fortified bread
has the a* and b* values significantly (p < 0.05) higher
than the white bread. After baking, KSDF bread had a
significantly (p < 0.05) lower a* value (lesser redness)
than WBF but after 3 days of storage, KSDF bread
increased in a* value that is similar to that of WBF bread.
For yellowness, KSDF bread had significantly (p < 0.05)
lower b* value (lesser yellowness) when compared to both
WBF bread and RBF bread.

Zanoni et al. (1995) mentioned that surface colour
is a critical index to measure on baked products because
it is one of the most important sensory parameters that
influence consumers to buy baked products. During
baking, Maillard and caramelization reactions occurred as



aresult of decrease in water content which give colour to
the bread surfaces (Jacger et al. 2010). The surface colour
also refers to surface ‘browning’. Angioloni and Collar
(2012) described that the presence of dictary fibres in
bread formulations could affect the colour characteristics
of the breads. Raidi and Klein (1983) also mentioned that
there are changes on the surface colour of bread from
creamy white to dull brown or dark when the non-wheat
flour is presence in the bread dough. The decrease in
lightness of the breads fortified with dietary fibres could
be the result of water binding to the fibres, which aids
chemical reactions between reducing sugars and amino
acids (Feili 2013).

SENSORY ANALYSIS

A spider web diagram of the means of sensory evaluation
scores that show the degree of liking for four different
bread formulations is shown in Figure 2. KSDF bread
was shown having the nicest aroma as compared to
commercial white bread, WBF bread, and RBF bread.
The appearance of bread is characterized by colour
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and porosity. Although the scores are almost similar, in
terms of colour, KSDF shows the highest score (5.86) as
compared to WBF bread (5.44), and RBF bread (5.06)
which were formulated using other sources of dietary
fibre. The highest score for colour was obtained by
white bread (7.61). The porosity of KSDF bread (5.69)
was in between that of WBF bread (5.03) and RBF (6.04)
bread. Thus, appearance-wise, KSDF bread is the second
best. Deformability and softness represent the textural
characteristics of the breads. The deformability of KSDF
bread had a little higher mean score (7.50) than RBF
bread (7.30). KSDF bread had the highest mean score
(8.36) for softness, followed by white bread (7.54), rice
bran fibre bread (6.41), and wheat bran fibre read (6.03).
The scores for seedy flavor showed that white bread
(7.27) and KSDF (7.47) are nearly equal. Nevertheless,
the overall acceptability evaluation showed that KSDF
bread was the most preferred type of bread amongst
other breads with an overall score of 7.18. The addition
of KSDF into bread formulation has increased the aroma
and softness of the bread that contributed to a better
consumers’ acceptance.

TABLE 1. Proximate analysis of kenaf seeds (variety V36)

Component Nutritional content (g/100 g kenaf seeds)
Moisture 4.74+0.08
Ash 5.55+0.04
Crude protein * 27.07 £0.47
Crude fat 23.78 £ 1.35
Total dietary fibre® 28.87+£2.43
Insoluble dietary fibre 26.00 + 2.94
Soluble dietary fibre 2.87+0.51
Digestible carbohydrate © 9.99

Value are expressed as means + standard deviation

a Crude protein = N (%) x 6.25, b Total dietary fibre = Insoluble dietary fibre + Soluble dietary fibre,
¢ Digestible Carbohydrate = 100 - " (moisture + ash + protein + fat + total dietary fibre)
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TABLE 2. Comparison of water binding capacity, oil binding capacity and emulsifying capacity of three different treatments of

kenaf seeds®
Samples Water. binding Oil binding capacity =~ Emulsifying capacity
capacity (g/g)" (g2)° (7o)
DKSM 2.07*+0.05 1.04 *+0.05 27.16*+12.74
KSDF (EH) 3.55°+0.04 1.28°+0.01 40.53 £ 3.87
KSDF (NEH)® 3.06¢+0.02 0.89 ¢+ 0.02 43.67*+4.96

Values are means = standard deviation of triplicate readings. Means within a column bearing the different letters are
significantly different at 5% level as determined by the Tukey’s multiple range test DKSM — Defatted Kenaf Seeds Meal,
KSDF (EH) — Enzymatic Hydrolyzed Kenaf Seeds Dietary Fibre, KSDF (NEH) — Non-Enzymatic Hydrolyzed Kenaf Seeds
Dietary Fibre

TABLE 3. Physical properties of high fibre bread fortified with WBF, RBF, and KSDF

Parameters White bread WBF bread RBF bread KSDF
bread
Weight (g) 392.00® 388.00° 387.00° 389.00 ~°
Proofing time (s) 101.33° 129.33 107.00® 132332
Height (cm) 16.46 * 15.27° 14.40¢ 14.13 ¢
Volume (cm?) 2442.47* 2324.30° 2202.13¢  2200.70 ¢
Specific volume (cm?®/g) 6.23¢ 5.98° 5.69¢ 5.653¢

Values are means of triplicate readings. Means within a column bearing the different letters are significantly different at 5% level as determined by the Tukey’s multiple range test

TABLE 4. Shelf-life properties of high fibre bread fortified with WBF, RBF and KSDF

Parameters Day White bread WBEF bread RBF bread KSDF bread
Water activity (4,) 1 0.9116° 0.8723" 0.8473 ¢ 0.8643

2 0.8853 0.7933 0.8233° 0.8220°

3 0.9040 * 0.8773" 0.8596 0.8557°
Moisture 1 39.30 35.0° 3140 342

2 29.4¢ 35.6 ¢ 31.8¢ 33.5°

3 29.5¢ 343 31.7¢ 3320
Texture (kg) 1 94.15 1 7400 97.27+ 54.15¢

2 126.78 * 85.29°¢ 105.04 68.27 ¢

3 144.17 137.44 ¢ 161.22% 80.50 ¢

Values are means of triplicate readings. Means within a column bearing the different letters are significantly different at 5% level as determined by

the Tukey’s multiple range test
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TABLE 5. Colour parameters of the surfaces of bread samples

Parameters Day White bread WBF bread RBF bread KSDF bread
L 1 7122 66.39 65.12° 59.06 ¢
2 73.86 63.42 ¢ 67.39" 58.91°¢
3 76.04 ¢ 66.80° 65.68" 57.28°¢
a 1 -0.67¢ 1.13° -0.30° 0.80 ¢
2 -0.71¢ 1.41¢ -0.11°¢ 0.74°
3 -0.82°¢ 1.24 0.10" 1.24¢
b 1 6.01°¢ 11.37¢ 11.97¢ 9.84"
2 591°¢ 12.15° 12.14 ¢ 9.22°
3 6.51°¢ 11.85¢ 11.87¢ 10.07

Values are means of triplicate readings. Means within a column bearing the different letters are significantly different at 5% level as determined by

the Tukey’s multiple range test

Viscosity of Kenaf Seeds Dietary Fibre vs Solution concentration
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FIGURE 1. Viscosity of dietary fibres from defatted kenaf seeds (KSDF)

and defatted kenaf seeds meal (DKSM)
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Degree of Liking of Diferent Breads

Aroma

Seedy Flavour

Softness

Color

Porosity

Deformability

Commercial White Bread

10% WBF Bread

10% RBF Bread 10% KSDF Bread

FIGURE 2. Spider web diagram of the means of sensory evaluation scores. Each spoke
of the diagram represents an individual sensory attribute. The degrees of liking scores go
from lower values at the center point to higher values at the outer end of the spoke

CONCLUSION

This study showed that kenaf seeds of variety V36 have
high nutritional content. The highest nutritional component
in the kenaf seeds is dietary fibre. This agricultural by-
product can be fully utilized through the preparation of
kenaf seeds dietary fibre (KSDF). KSDF can be used in
development of functional foods due to the great potential
in food applications. Furthermore, KSDF could play an
important role in making a better quality of food products
due to its good functional properties. In this study, KSDF
was used in the formulation of high fibre bread. The
results of the present work showed that the quality of
KSDF bread is comparable to that of WBF and RBF breads.
It was also found that bread which has been fortified
with 10% KSDF was the most acceptable by the panelists
based on the seven attributes.
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