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ABSTRACT

Fat was replaced in cakes with flaxseed and okra gums at 25 up to 100%. The results indicated that the proximate
chemical composition of the replacement cakes showed a significant increase (P<0.05) in moisture as the replacement
levels of both gums increased relative to a significant lowered in fat content. The caloric value of replaced cakes with
both gums showed a significant lowered which was more pronounced in flaxseed replacement cakes rather than okra
gum cakes being 21.11 and 19.33% at 100% replacement, respectively. Replacement with both gums at different lev-
els significantly lowered the weight, volume, height and specific volume of cakes. Okra gum-replaced cakes exhibited
better physical properties than flaxseed-replaced cakes. The texture profile analysis (TPA) showed that both gums
added tenderness and resilience to the cakes up to 75% and 100% replacement which was more pronounced in okra
gum-replaced cakes rather than those replaced with flaxseed. The sensory evaluation of cakes showed that the colour
and flavour of okra gum-replaced cakes were highly acceptable up to 100% replacement level, where, the texture and
overall acceptance were accepted by the panelists up to 75%. Flaxseed gum-replaced cakes were highly accepted up
to 75% replacement levels. Both gums used in the present study were very successful in producing highly acceptable
tender cakes thus allowing production of potentially healthier food items.

Keywords: flaxseed gum, okra gum, fat replacers, bakery products, TPA, physical properties, sensory evaluation.

The health-conscious public, demands high-
quality and low-calorie products that are low in
fat and sugar. However, altering amounts of ingre-
dients to reduce caloric content may compromise
texture, mouth feel, flavour and appearance (Pong
etal., 1991 & Khalil, 1998).

INTRODUCTION

Dietary fat is a major energy source, which is
essential for growth and development, and provides
essential fatty acids needed for maintaining struc-
ture of cell membrane and for prostaglandin syn-
thesis. In addition, fat aids in the absorption of fat-

soluble vitamins and other phytoch-emicals (ADA
Reports, 2005). Fat is a major source of energy sup-
plying about 9kcal/g, while protein and carbohy-
drate supply only 4kcal/g for each (O'Brien, 2004).

As one of nutritional components of diets, fat
delivers pleasing taste, flavour and good ‘mouth-
feel” in foods. Several studies have documented
that excessive consumption of foods high in fat
leads to health problems including obesity and heart
disease (Jongbin ef al., 2010). Obesity has become
a public health concerning threating conditions. In
the countries of WHO European Region the preva-
lence of obesity has raised 3-folds since the 1980s
(WHO, 2007). Today in the United States, more
than 23 million children and adolescents are over-
weight or obese (Ogden et al., 2010).

Fat replacers are used to provide some or all
of the functional properties of fat, while providing
fewer calories than the fat being replaced, and are
used in a variety of products from baked goods to
frozen desserts. Fat replacers are most useful when
they help with calorie control and when their use
encourages the consumption of foods delivering
important nutrients (ADA Reports, 2005). Carbo-
hydrate-based fat mimetics are based on carbohy-
drate, such as cellulose, microcrystallie cellulose,
dextrin, maltodextrins, gums, fiber, and modi-
fied starch. These fat replacers can provide up to
4 kcal/g, but, because they are often mixed with
water, they typically provide only 1 to 2 kcal/g,
and, some (such as cellulose) provide zero calories.
They are used mainly as thickeners and stabilizers
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and are typically used in a variety of foods (Con-
forti & Archilla, 2001).

Other than contributing to the appearance and
aroma, shortening (fat) provides a tender and soft
texture to cakes by assisting in the entrapment of
air during creaming and in leavening action (Ka-
linga & Mishra, 2009). When shortening is com-
pletely removed from a cake formulation, volume
decreases, the crumb becomes less tender and the
cell structure becomes uneven (Kim et al., 2001).
One option is available for reducing fat in the cake
by partial replcaing of fat with fat replacers such as
carbohydrate-based fat replacers.

Flaxseed gum, which comprises about 8% of
the seed, yields L-galactose, D-xylose, L-arabinose,
L-rhamnose and D-galacturonic acid by acid hydrol-
ysis (Warrand et al.,2005). Flaxseed gum has good
water holding capacities, water binding ability with
rheological properties similar to those of guar gum
(Fedeniuk & Biliaderis, 1994). Flaxseed gum also
shows weak gel properties, so that it can be used to
replace most of the non-gelling gums for food and
non-food applications (Chen ef al., 2006).

Okra is known for its viscous mucilaginous so-
lution that results when it is crushed and extracted in
water. This solution, called okra gum, it has many
potential applications ranging from the pharmaceu-
tical field to the food industry. As for the food in-
dustry, okra gum has been used as a thickening for
soups and stews. In addition, okra gum can be used
as egg white and fat substitutes in baked and frozen
desserts (Jewkes, 2008 & McWilliams, 2012). Okra
mucilages had a good emulsifying capacity and
showed better whipping ability comparable to egg
albumin (El-Mahdy & El-Sebaiy, 1988). Okra poly-
saccharides (gums) are a random coil polysacchrides
consisting of galactose, rhamnose, and galacturonic
acid (Tomada et al., 1980). These water extracted
polysaccharides, are highly viscous solution with
slimy appearance (Ramadas & Tharanathan, 1987).

The present work was undertaken to examine
the effect of different levels of flaxseed and okra
gums on the physical, chemical, textural profile
analysis and sensory properties of cakes.

MATERIALS AND METHODS

Materials:

Wheat flour (72%extraction), sugar, egg, bak-
ing powder, vanillin and bicarbonate were pur-
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chased from the local market in Alexandria city
and butter, (Lurpak) from Oral Foods Amba, Dc-
8260 Vebe Geh, Denmark. Fresh immature pods
of okra were purchased from a local market in Al-
exandria city. Flaxseeds were obtained from Food
Technology Research Institute (FTRI), Agriculture
Research Center (ARC), Giza, Egypt.

Preparation of okra gum

Okra gum, derived by water extraction from
immature pods of the okra plant (Hibiscus escuten-
tus L.), was prepared according to the method
described by Romanchik et al.,(2002) with some
modifications as follows:

Seeds were removed from okra pods using a
knife as they contain small traces of fat. In a cov-
ered saucepan 150g okra was boiled in 474g dis-
tilled water for 15 min. The mixture was strained
to remove okra, and then cooled at room tempera-
ture, where the final measured viscosity was 136 m
pas*s (Millipascal) at 100 RPM (Spindle RV 02).
The viscosity of the final gum solution was meas-
ured using a Brookfield DV-11+Pro Viscometer.

Preparation of flaxseed gum

Flaxseed gum was extracted according to the
method described by Bhatty (1993) with some mod-
ifications. Flaxseeds were mixed with water (1:20
w/v) and stirred for 30 min. at 100°C then left for
8hr. at room temperature. The extract was separated
by filtration using glass wool. The gum solution was
then concentrated on a rotary evaporator at 40°C,
where the final measured viscosity was 46.4 m pas*s
(Millipascal) at 100 RPM (Spindle RV 02). The vis-
cosity of the final gum solution was measured using
a Brookfield DV-11+Pro Viscometer.

Cake preparation

Cakes were prepared using the method fol-
lowed by Shaltout ef al. (2004). The formulation of
cake consisted mainly of: One hundred gram flour
(72%extraction), 100g sugar, 100g butter, 100g egg,
2.5g baking powder and 3g vanillin (Table 1). The
procedure of processing was as follows: The in-
gredients (i.e. flour, baking powder, vanillin) were
weighed and sifted together. The butter and sugar
were creamed for 1min on low speed in Goldi mis-
tral (model HM301) and then they were creamed
for additional 1 min at the high speed. Eggs were
added gradually while creaming and the whole mix-
ture was creamed for additional 2 min on the high
speed. After scraping down the mixing bowel, the
batter was mixed again for 1 min at the high speed.
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Table 1: Formulations of low-fat cake prepared using fat re- Sensory evaluation

placers Eight trained panelists in Food Sci-
Replacement level ence Department, Faculty of Agricul-

Ingredient Control 25%  50% 75%  100%  ture, Saba basha, Alexandria University
were asked to judge the cakes for colour,

gm) A B A B A B A B flavour, texture and overall acceptance

Flour 100 100 100 100 100 100 100 100 100 (Mansour et al, 2003). A 5-point he-
Sugar 100 100 100 100 100 100 100 100 100  donic scale was used to rate the sensory
Butter 100 75 75 50 50 25 25 — —  properties. The 5 choices on the hedonic
Fatreplacer ~ — 25 25 50 50 75 75 100 100 scale were: like extremely, like very
Egg 100 100 100 100 100 100 100 100 100 ™Much, like moderately, dislike moder-
Baking powder 2.5 25 25 2.5 25 25 25 25 2.5 'xiyaizgktz Z:;y anﬁﬁcélhifﬁ Vliarrﬁlcsﬁ
Vanillin 3 33 3 3 3 3 3 3 did he/she likes the characteristic under

(A) low-fat cakes prepared with okra gum, (B) low fat cakes prepared with flax-

seed gum

The cake batter was immediately deposited into rec-
tangular pans (size 23.8X8.8cm, bottom diameter
4cm), and baked at 170°C £ 10°C for 25min. in pre-
heated oven. The cakes were allowed to cool for 1
hr. and were then removed from the pan. The cooled
cakes were packed in polypropylene bags at room
temperature before physical, chemical and sensory
analyses were performed. For low-fat applications,
the fat replacers(okra gum and flaxseed gum) were
added in the creaming phase to replace 25, 50, 75
and 100% of butter used in cake formula as shown
in Table (1).

Methods
Proximate chemical composition

Moisture, crude fat, crude protein (Nx5.7), and
ash were estimated according to the methods of the
AOAC (2000). Carbohydrates conten was calculat-
ed by difference and all determinations were car-
ried out in triplicate. Caloric value of products was
calculated according to the following equation:

E=4 (Total carbohydrate %+ protein %) + 9 (fat %)
Where E=Calories per 100g product.
Physical properties of cake

The pH of cake was measured according to the
method of AOAC (2000) using Micro Processor
pH Meter (HANNA instruments pH 2011). Cake
was weighed after removal from the pan. Cake vol-
ume was measured by rapeseed displacement af-
ter cooling for lhr. at room temperature (~25°C)
(AACC, 1983). The height (cm) was measured in
the center of the cake. The specific volume of each
cake was determined as the ratio of the volume to
its weight (Pong et al., 1991).

test and also to show their attitude by
checking the point that best described
their feeling about the characteristic.
After that, their ratings were given numerical values
ranging from 5(for like extremely) to 1(for dislike
extremely).

Texture profile analysis

Crumb texture was measured by a universal
testing machine (Cometech, B type, Taiwan), pro-
vided with software. An Aluminum 40 mm diam-
eter cylindrical probe was used in a “Texture Profile
Analysis” (TPA) double compression test to pen-
etrate to 50% depth, at Imm/s speed test. Firmness
(N), gumminess (N), chewiness (N), adhesiveness
(N.s), cohesiveness, springiness and resilience were
calculated from the TPA graphic. Both, springi-
ness and resilience, give information about the after
stress recovery capacity. While, the former refers as
to retarded recovery, the latter concerns instantane-
ous recovery (immediately after the first compres-
sion, while the probe goes up). Texture determina-
tions were carried out, after removing the crust, in
(40*40*30) mm-sized samples (Bourne, 2003).

Statistical analysis

Data of physical measurements, chemical
analysis and sensory evaluation of cake products
were analyzed by analysis of variance using Gen-
eral Linear Model (GLM) procedure within a pack-
age program of Statistical Analysis System (SAS
2001). Means were separated using Duncan’s
test (Duncan, 1955) at a degree of significance
(P<0.05). The factorial analysis was used to evalu-
ate the effects of fat replacer type and level on the
physical properties, proximate chemical composi-
tion and sensory characteristics of cake products.

55



Vol. 11, No. 1, pp. 53-60, 2014

Alex. J. Fd. Sci. & Technol.

RESULTS AND DISCUSSION

Proximate chemical composition and
caloric value

The proximate chemical composition and ca-
loric value of cake made with flaxseed and okra
gums as a fat replacer are shown in Table (2). Re-
sults show that the moisture content of the cakes
increased significantly as the replacement level
increased. Cakes containing okra gum at levels
ranged from 25% to 100% showed significantly
(P<0.05) higher moisture content as compared to
cakes containing flaxseed gum and the control. It
was reported by Romanchik et a/. (2002) that the
moisture content of fat-free chocolate bar cook-
ies containing okra gum and fat-free chocolate bar
cookies containing apple sauce did not differ signif-
icantly. However, both fat-free products contained
greater moisture 3 times than full fat control cook-
ies. Cakes replacement with flaxseed gum at levels
of 75% and 100% had lower fat content than those
replacement with the same level of okra gum being
(11.03, 3.40%) and (12.10, 6.54%), respectively.
It was noted that compared to the control samples,
cakes replacement with flaxseed and okra gums at
all levels exhibited lower fat content. Both types of
gum replacers used in the present study did not sig-
nificantly affect the protein and ash contents. The
apparent total carbohydrates significantly (P<0.05)
increased with elevating the fat level replacement
compared to the control samples.

Concerning the caloric value, a gradual sig-
nificant decrease was observed as the substitution

level in both types of gums increased being more
pronounced in flaxseed gum at 100% (413.63 kcal)
than okra gum at 100% (423.14 kcal) as compared
to the controls. The percentages of lowered in cal-
orie in both types of gum replacers at 100% was
21.11 and 19.33% for flaxseed and okra gums, re-
spectively. It was reported by Hussein et al. (2011)
that the calorie of cakes was significantly (P<0.05)
decreased as the fat replacer levels increased,
where the fat replacer used was artichoke at (0, 25,
50 and 75%).

Physical properties

The physical properties of cake made with
flaxseed and okra gums as a fat replacer are shown
in Table (3). The pH of both gum replacements of
final products was not significantly different from
the control. It ranged between 7.1 and 7.3 for cake
containing flaxseed gum and 7.21 and 7.24 for cake
containing okra gum. Meanwhile, it was observed
that as the proportion of flaxseed and okra gums
increased (25, 50, 75 and 100%), the cakes became
lower in weight, volume and height than did those
of the control.

The specific volume of baked cake indicates
the amount of air that can remain in the final prod-
uct. A higher gas retention and higher expansion
of the product leads to a higher specific volume
(Gomez et al., 2008). The samples with flaxseed
had significantly lower specific volume as com-
pared to that of the control (Table 3). On the other
hand, samples with okra gum had significantly
higher specific volume comparing to their control.

Table 2: Proximate chemical composition and caloric value of cake made with flaxseed and okra

gums as fat replacers

Level of replacement

Parameters % Fat type
Control 25% 50% 75% 100%
Moisture Flaxseed 18.59£1.67¢  20.57+0.43¢  28.10£0.51>  29.48+0.17*  31.94+0.51°
Okra 20.30+£0.31¢  25.22+0.41<«¢  29.00+1.00®  30.80+0.30>  37.6140.39:
Crude fat Flaxseed 25.55+0.52 21.48+0.46° 17.14+0.22¢ 11.03+0.16¢  3.40+0.21¢
Okra 25.74+0.300  20.80+0.30P 16.65+0.05¢ 12.10+£0.26¢  6.54+0.21f
Crude protein  Flaxseed 4.9740.07¢ 4.80+0.354 5.05+0.13¢ 5.00+0.22¢ 5.40+0.07bd
Okra 6.55+0.192 5.70+0.70%bc  5.9540.17 6.32+0.207 6.35+0.192
Ash Flaxseed 0.65+0.02° 0.66+0.07° 0.79+0.10° 0.69+0.07° 0.81+0.08°
Okra 1.5740.407 1.30+0.312 1.00+0.112 1.1540.33z 2.10£1.002
Carbohydrate  Flaxseed 68.82+0.15¢ 73.10+0.20¢ 77.02+0.404 83.32+0.41>  90.44+0.35¢
Okra 66.30+0.12f  72.2440.74c  76.44+0.18¢  80.51+0.35¢ 84.30+1.30°
Caloric value  Flaxseed 524.35+0.832  504.73+£2.14>  482.47+0.79¢  452.38+0.74¢  413.63+0.82f
Kcal/100g Okra 524.54+3.552  501.44+1.28> 479.39+0.37¢ 455.91+£1.88¢  423.14+4.91¢

Means in a columns or rows not sharing the same superscript are significantly different at (P<0.05).
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Table 3: Physical properties of cake made with flaxseed and okra gums as fat replacers

Level of replacement

Parameters Fat type
Control 25% 50% 75% 100%
pH Flaxseed 7.30+0.00 7.10+0.00 7.10+0.00 7.10+0.00 7.10+0.00
Okra 7.24+0.00 7.21+£0.00 7.24+0.00 7.23+0.00 7.23+0.00
Weight (g) Flaxseed 104.35+0.00¢  98.09+0.00¢ 94.75+0.00¢ 91.03+0.00¢ 93.27+0.00¢
Okra 113.17+0.00¢  107.9840.00>  104.69+0.00¢  99.06+0.00¢  98.26+0.00¢
Volume (cm®) Flaxseed 220.00+0.00>  215.00+0.00¢  203.00+0.00¢  177.00+0.00% 170.00+0.004
Okra 237.00+£0.00¢  235.00+0.00¢  232.004+0.00¢  224.00+0.002>  220.00+0.00°
Height (em)  Flaxseed 4.5040.00¢ 4.00+0.000 3.80+0.00¢ 3.40+0.00¢ 3.30+0.00¢
Okra 4.50+0.00° 4.50+0.002 3.80+0.00¢ 3.40+0.00¢ 3.30+0.00¢
Specific Flaxseed 2.1140.00¢ 2.19+0.00° 2.14+0.00¢ 1.94+0.004 1.82+0.00¢
volume (cm?/g) Okra 2.1140.00¢ 2.18+0.00° 2.22+0.007 2.26+0.002 2.24+0.002

Means in a columns or rows not sharing the same superscript are significantly different at (P<0.05).

Generally speaking, okra gum added as a fat re-
placer provided better physical properties to cakes
rather than flaxseed gum.

More specifically, as the level of replacement
increased the viscosity of the batter decreased, re-
sulting in less air bubble incorporation during mix-
ing and less air holding capacity during baking
(Vassiliki & Vassiliki, 2013).

Texture profile analysis

Texture profile analysis (TPA) is a very use-
ful technique for investigating food products where
tenderness and elasticity (resilience) are the main
textural properties of a cake and related to quality
(Vassiliki & Vassiliki, 2013). In the present study,
the TPA parameters of cakes containing flaxseed
and okra gums replacements were measured by the
texture analyzer using double compression tests
that shown in Table (4).

Hardness was defined as the maximum force
of the first compression of the product at the point
of 50% compression (1mm/s speed test). The hard-
ness or firmness values of cakes replacement with
both flaxseed and okra gums, showed a dramatic
significant (P<0.05) decrease with the increase in
replacement levels being more pronounced in cakes
replaced with okra gum than flaxseed gum. Howev-
er, cohesiveness determined from the area of work
during the second compression divided by the area
of work during the first compression (Bourne, 2002),
ranged between (0.42- 0.60) in flaxseed gum and
(0.66- 0.76) in okra gum which had higher values
than cakes replaced with flaxseed gum but no sig-
nificant differences were observed between samples
with both replacers and their controls.

Gumminess was calculated as the product of
hardness and cohesiveness, whereas chewiness is de-
fined as the energy required masticating soiled food

Table 4: Texture profile analysis of cake made with flaxseed and okra gums as fat replacers

Level of replacement

Parameters Fat type
Control 25% 50% 75% 100%
Hardness Flaxseed 4.7140.00¢ 2.65+0.00¢ 2.01+0.00f 3.33+0.00¢ 3.68+0.00°
(Firmness) Okra 3.34+0.06¢ 1.62+0.03¢ 2.57+0.02¢ 1.99+0.04f 3.11+0.01¢
Cohesiveness  Flaxseed 0.48+0.00v¢ 0.60+0.002 0.45+0.00v¢ 0.47+0.000¢ 0.42+0.00¢
Okra 0.74+0.067 0.69+0.032 0.66+0.02a 0.69+0.032 0.76+0.012
Gumminess Flaxseed 2.26+0.002 1.59+0.00¢ 0.91+0.00f 1.55+0.00¢ 1.56+0.00¢
Okra 2.16+0.067 1.06+0.03¢ 1.76+0.02° 1.28+0.034 2.31+0.022
Chewiness Flaxseed 1.41£0.00° 1.11£0.00¢ 0.55+0.00¢ 0.87+0.00¢ 0.97+0.00¢¢
Okra 1.48+0.06° 0.86+0.034 1.36+0.02° 1.03£0.05¢4 1.81£0.022
Springiness Flaxseed 0.63+0.00b«d  0.69+0.002b<d  (0.6040.00<d 0.56+0.004 0.62+0.00¢
Okra 0.77+£0.062>¢  0.85+0.032 0.74+0.022b¢  0.78+0.042  (0.80+0.012
Resilience Flaxseed 0.39£0.002b¢  0.34+0.002b<d  (0.23+0.00<d 0.20+0.004 0.37+0.00abed
Okra 0.42+0.062 0.52+0.032 0.29+0.02b«¢  0.3740.042b<d  (0.48+0.012

Means in a columns or rows not sharing the same superscript are significantly different at (P<0.05).
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Table 5: Sensory characteristics of cake made with flaxseed and okra gums as fat replacers

Level of replacement

Parameters Fat type

Control 25% 50% 75% 100%

Colour Flaxseed 4.90+0.142 4.71+0.18 4.434£0.200c  3.57+0.30b<d  3.90+0.26bd
Okra 4.004£0.4000cd  4.1440.34ebcd  4,00£0.31abed 4. 14+0.34abed 3 43+(.304
Flavour Flaxseed 4.7140.18 4.43+0.202 4.3040.302 3.90+0.34¢ 3.30+0.18°
Okra 4.14+0.342b 4.71£0.182 3.90+0.402 4.14+0.26* 3.30+0.18°
Texture Flaxseed 4.7140.18 4.43+0.202 4.30+0.4020 4.00£0.222b 3.14+0.14¢
Okra 3.90+0.340 4.57+0.20 4.00+0.222b 4.14+0.14420 2.90+0.26¢
Over all accep- Flaxseed 4.90+0.142 4.30+0.3020 4.14+0.262> 4.30+0.182 3.30+0.18¢
tance Okra 4.00+0.40> 4.57+0.20 4.14+0.2620 4.30+0.182 3.14+0.26¢

Means in a columns or rows not sharing the same superscript are significantly different at (P<0.05).

to a state of readiness for swallowing (Karaoglu &
Kotancilar, 2009) was obtained from the product of
hardness, cohesiveness and springiness. Gumminess
and chewiness values in cakes replaced with flax-
seed and okra gums exhibited a similar trend as the
hardness values as shown in Table (4). Significant
low gumminess and chewiness values were found in
all cakes as the replacement level increased in both
replacers.

Springiness was defined as the distance to which
the sample recovered in height during the time that
elapsed between the end of the first compression cy-
cle and the start of the second compression cycle.
Springiness of cakes with both gums was not signifi-
cantly different from the control. Both levels of 75%
flaxseed gum and 50% okra gum, exhibited an obvi-
ous lower values of springiness than the other levels
of both gums and the controls. The resilience (elas-
ticity) shows how well a product “fights to regain its
original position “. It is calculated as the area dur-
ing the withdrawal of the first compression, divided
by the area of the first compression. The resilience
(elasticity) shows the same trend where no signifi-
cant differences were observed between the control
cake and those containing both gums. As a matter of
fact, the resilience at 75% and 50% levels of flax-
seed and okra gums, respectively exhibited obvious
lower values than the other levels of both gums and
their controls.

These results may suggest that the gum re-
placers used in the present study coated the protein
and starch granules thus preventing hydration and
formation of a continuous gluten-starch network.
Consequently, shortening replacement enhance
the development of the crumb network, while the
replacers may further contribute to this network
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through hydrogen bonds (Zahn et al, 2010). The
results also indicate that both gums used in the pre-
sent study achieved tender and elastic properties in
the cakes even at higher levels.

Sensory analysis

Sensory evaluation of cake made with flaxseed
and okra gums as a fat replacer are presented in
Table (5). It can be observed that all samples pro-
duced containing both gums as fat replacers at all
levels showed no significant (P<0.05) differences
in colour as compared to the control and were high-
ly acceptable. As for the flavour, all cakes replaced
with both gums exhibited no significant difference
(P<0.05) as compared to their controls and was
highly acceptable up to 75% in flaxseed gum re-
placed cakes and up to 100% in okra gum replaced
cakes. The texture of cakes up to 75% replacement
levels with flaxseed and okra gums were evaluated
as highly acceptable as compared to their controls.
The overall acceptance of cakes at 100% replace-
ment were significantly (P<0.05) different from the
control and the other replacement levels with both
flaxseed and okra gums but were still highly ac-
ceptable by the panelists up to 75% replacement.

It can be concluded that flaxseed and okra
gums could be used as a successful fat replacer in
baked products especially cakes, thus allowing pro-
duction of potentially healthier food items. Thus,
it could be quite worthwhile for commercial ap-
plications of healthy food. The increase of fat re-
placement did not increase hardness of cakes, but
improve their textural properties. However, 75%
fat replacement with both flaxseed and okra gums
resulted in cakes with highly acceptable texture and
sensorial properties with lower caloric value.



Alex. J. Fd. Sci. & Technol.

Vol. 11, No. 1, pp. 53-60, 2014

REFERENCES

AACC,1983. Approved Methods of the American
Association of Cereal Chemists. Published
by the American Association of Cereal
Chemists, St. Paul, MNY, USA.

ADA Reports 2005.Position of the American Dietet-
ic Association: Fat Replacers. Journal of the
American Dietetic Association, 105: 266-275

AOAC, 2000. Association of Official Analyti-
cal Chemistry. Official Method of Analysis
(AOAC) International, 17t edition. Mary-
land U.S.A.

Bhatty, R.S. 1993. Further compositional analysis
of flax: mucilage, trypsin inhibitors and hy-
drocyanic acid. Journal of the American Oil
Chemist’s Society, 70:899-904.

Bourne, M.C. 2002. Food texture and viscosity.
Concept and Measurement, 2" ed. Academ-
ic Press. London. pp: 427.

Bourne, M.C. 2003. Food texture and viscosity:
Concept and measurement. Elsevier Press,
New York/London. pp: 1-32

Chen, H.H., Xu, S & Wang, Z. 2006. Gelation prop-
erties of flaxseed gum. Journal of Food Engi-
neering, 77:295-303.

Conforti, F.D & Archilla, L. 2001. Evaluation of a
maltodextrin gel as a partial replacement for
fat in a high-ratio white- layer cake. Interna-
tional Journal of Consumer Science, 25:238-
245.

Duncan, D. B. 1955. Multiple range and multiple F
tests. Biometrics, 11:1-42.

El-Mahdy, A.R & El-Sebaiy, L.A. 1988. Functional
characteristics of okra, taro, jew’s mallow
and fenugreek mucilages. Journal of Agricul-
ture Research Tanta University, 14: 234-248.

Fedeniuk, R.W & Biliaderis, C.G. 1994. Compo-
sition and physicochemical properties of
linseed (linum usitatissimum L.) mucilage.
Journal of Agricultural and Food Chemistry,
42:240-247.

Gomez, M., Oliete, B., Rosell, C.M. Pando, V &
Fern-ndez, E. 2008. Studies on cake quality
made of wheat-chickpea flour blends. LWT-
Food Science and Technology. 41: 1701-
1709.

Hussein, E.A., El-Beltagy, A.E & Gaafar, A.M.
2011. Production and quality evaluation of
low calorie cake. American Journal of Food

Technology, 6:827-834.

Jewkes, M.D. 2008. Fat Substitution and low-fat
cooking. Utah State University Extension,
August; Available at, http://extension.usu.
edu/duchesne/files/uploads/FCS/fat sub
sept_08.pdf.

Jongbin, L.I.M., George, E & Suyong, L.E.E. 2010.
Response to consumer demand for reduced-
fat foods; Multi- functional fat replacers.
Japan Journal of Food Engineering, 11:147-
152.

Kalinga, D & Mishra,V.K. 2009. Rheological and
physical properties of low fat cakes produced
by addition of cereal and B,-glucan concen-
trates. Journal of Food Processing and Pres-
ervation, 33:384-400.

Khalil, A.H., 1998. The influence of carbohydrate-
based fat replacers with and without emul-
sifiers on the quality characteristics of low
fat cake. Plant Foods for Human Nutrition,
52:299-313.

Karaoglu, M.M & Kotancilar, H.G. 2009. Quality
and textural behaviour of Par-baked and re-
baked cake during prolonged storage. Inter-
national Journal of Food Science and Tech-
nology, 44:93-99.

Kim, HY.L., Yeom, HW., Lim, H.S & Lim, S.T.
2001. Replacement of shortening in yellow

layer cakes by corn dextrins. Cereal chemis-
try, 78:267-271.

Mansour, E.H., Khalil, A.H & El-Soukkary, F.A.
2003. Production of low-fat cookies and their
nutritional metabolic effects in rats. Plant
Foods for Human Nutrition, 58:1-14.

McWilliams, M. 2012.Foods Experimental Per-
spectives. Upper Saddle River, NJ: Pear-
son education, Inc. Available athttp:/
research.easybib.com/research/index/
search?ft=contributor full&search=++%2
2Margaret+tMcWilliams%22 &medium=a
1l_sources&page=3.

O’Brien, R.D. 2004. Fats and Oils, Formulating and

Processing for Application. CRC Press, Boca
Raton, Florida,USA, pp: 58-176.

Ogden, Cl., Carroll, M.D., Curtin, L.R., Lamb, M.M
& Flegal, K.M. 2010. Prevalence of high
body mass index in US children and adoles-
cents, 2007-2008.Journal of the American
Medical Association, 303:242-249.

59



Vol. 11, No. 1, pp. 53-60, 2014

Alex. J. Fd. Sci. & Technol.

Pong, L., Johnson, J.M., Barbeau, W.E & Stew-
art, D.L. 1991. Evaluation of alternative fat

and sweetener systems in cupcakes. Cereal
Chemistry, 68:552-555.

Ramadas, U & Tharanathan, R. N. 1987. Functional
properties of okra mucilage. Starch/Stérke,
39: 165-167.

Romanchik-Cerpoviz,J.E., Tilmon, R.W & Baldree,
K.A. 2002. Moisture retention and consumer
acceptability of chocolate bar cookies pre-
pared with okra gum as a fat ingredient sub-
stitute. Journal of the American Dietetic As-
sociation, 102: 1301-1303.

SAS, Institute, 2001.SAS User’s guide. Statistics.
SAS Institute Inc., cary. Nc, U.S.A. Shippee,
R. L., P.E. Strake, U.Koehn, J. L. Lambert,
and R. W. Simmons, 1979. High dietary zinc
or magnesium as forced resting agents for
layinghens. Poultry Science, 58:949-954.

Shaltout, O.E., El-Sini, M.N & Sindi, L.H. 2004.
Sensory and physical evaluation of carbohy-
drate-based fat replacers in two types of fat-
reduced bakery products. 6 Int. Conference
(Ramada Hotel) for Food Industries Quality
Control, 10-12 Oct. pp: 16-43.

Tomada, M., Shimada, K., Saito, Y & Sugi, M.
1980. Okra polysacchrides structure. Chemi-
cal and Pharmaceutical Bulletin, 28: 2933-
2940.

Vassiliki, P & Vassiliki, O. 2013. The effect of fat
replacers on batter and cake properties. Jour-
nal of Food Science, 78: 1495-1502.

Warrand, J., Michaud, P., Picton, L., Muller, G.,
Courtois, B., Ralainirina, R & Courtois, J.
2005. Structural investigations of the neu-
tral polysaccharide of linum usitatissimum L.
seeds mucilage. International journal of Bio-
logical Macromolecules, 35:121-125.

WHO 2007. The Challenge of Obesity in the
WHO European Region and the Strate-
gies for Response. Copenhagen, Denmark:
World Health Organization. Available from:
http://www.euro.who.int/_data/assets/pdf
file/0010/74746/E90711.pdf. Accessed No-
vember 20, 2012.

Zahn, S., Pepke, F & Rom, H. 2010. Effect of inu-
lin as a fat replacer on texture and sensory
properties of muffins. International Journal
of Food Science and Technology, 45: 2531-
2537.

* 00 o0

OLSI 59 oo (ole S gim JO paddeia ELS @l g LA
G2l S Luld ! fauay
()6 93BN Spaarmd) s bt (Vs g E ocat Aol O baaadd| i i Lasms
Ml g damme (VLedie ataas @il
BYVER SUE TP WS (I-7 3 [BUSVEPUNTL (JVE PV JLFEXNVEVIS
A S Amela ¢ Lk Likw Ac ) 31 AdS 302 W1 pgle @ud (0

W}b VALK L}\'/_\'OQ.AC}ﬁﬁ%\,ﬁ@l&«ﬂjbmbg&yg}swwlKﬂS;‘é&h.U‘d\.\.;M|€

peg A gome B Lolsiil g AAS) ol ot 50,05 oo sb M (6 sronll (B & grme B30 ) g Ay gl L Y il
3Ly o A ol el 0B 3 5 g A ko oS ¢ ol S s ¥l e 83105 b e sk Mg 0 3G
IS 5 Lol fromas &5l OSSN 55y fanas 71+ + Iz Dl 3 Ll g I3 OIS 5 ) ST JIzas¥ o
ACI LY S SPICST DU RPT g FESJCPRCIORS [ WA PN ORI Y PRI P EYALR A FRIRY
IS Lol fanay 1z ¥l n L LS Endall ol ) S5 ¢ ol g0 e 01 S 8 bzl s o8 53] omd 5
o a3 BLT ey I S O g2l | s el (65T £l o+ OSIN 00 ooy ki) g0 210 s oy o1
L,,.;.\mu@uwjb ol oy Iz Dl 3 Lol (715 V0 Jaais A N>Vl o i SSU &g 10
O gl S plall o2l o1 521 OF e 3 53 251 OIS Lol o 0+ + Bty M0 kil 50 21 S 2555 0 9
frondll 0 33 IS ol Y e OS5y fon TV0 3 Ml i 0 SIS 5 Lacise JIisl VVO B 2
e Byl il 3 e l) oo Lagolbsiin] K6 Tl 53 g5 o g ol33 g e 1 3yl kS -1 e
60



