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Abstract: The objective of the study was to determine the effect of different formulations of palm oil/palm
stearin-based shortenings on the quality of white bread. In total, eight formulations of bread were prepared,
while those made without shortening were used as comparisons with other formulations. The fatty acid
compositions of experimental and commercial shortenings were investigated using gas chromatography (GC).
The samples of bread were tested for loaf volume, specific volume, crust colour, crumb colour and texture profile
analysis. The regression analyses showed that breads made from 100% palm stearin had the highest volume
and specific volume, but they were the least in terms of density. Tn addition, bread crusts without shortening
were observed to have lighter colour than those made with shortenings. The hardness (g), springiness (mm),
cohesiveness, gumminess (g) and chewiness (gmm) were found to range between 616.7-1430.9, 0.862-0.912,
0.699-0.759, 456.7-1084.8 and 394.7-933.4, respectively. This study demonstrated that using palm oil/palm
stearin-based shortenings in breadmaking may contribute to better quality.
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INTRODUCTION

Bread 1s a product made from grains, legumes and
tubers which are ground into meals, moistened, usually
added with a leavening agent, kneaded, made into loaves
and baked [1]. Good quality bread, however, can be
achieved by using suitable types and amount of
mgredients. Using only the basic mgredients (namely,
flour, salt, veast, sugar and water) is not enough to
produce bread of high quality [2]. As compared to other
types of baked products such as cakes and biscuits,
breads require relatively small amount of shortenings
(2-5%). Shortenings are fat which is added to bakery
products and it comprises of a mixture of oil and fat that
are hydrogenated to various degrees and is sometimes
coupled with the addition of emulsifiers and other
additives [3, 4].

The effect of shortening can be exerted by interaction
with flour and sugar, which are the two other major
compoenents of baked products [5]. Smce less shortering
is required in bread making than in other baked products,

the amount of shortening used in bread is significant
because the consumption of bread is the largest among all
the bakery products [6]. Shortemung, being insoluble in
water, prevents the cohesion of gluten strands during
mixing and hence, it gives the product its tenderness and
softness characteristics [7].

Thus, shorterung plays a very important role as a
plasticizer and it 15 closely related to the expansion of
the bread dough during the second fermentation
stage and baking processes [8]. Meanwhile, emulsifiers
(such as distilled monoglycerides (DMG) and diacetyl
tartaric acid esters of mono-and diglycerides (DATEM)
have significant effects on bakery shortening. Despite
the small amount used, the amount as low as 0.5% of
emulsifier can produce good quality bread [9]. When
DMG 1s used on its own, it 1s permitted at a level of
10% of the shortening. Likewise, DATEM and any
other ingredients which operate
diglycerides are also permitted in such a way that the
combination of the ingredients should not exceed 20% of
shortening weight [10].

like mono- and
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In order to satisfy and meet consumers’ preference,
high quality bread must at least have good volume, fresh
with attractive aroma, soft crumb, crisp and brittle crust,
low 1n density, as well as a clean colour with a long shelf
life and good taste [11]. Since the roles of shortening in
bread are to incorporate and entrap air during mixing to
umprove the volume, colour, texture, crust tenderness, as
well as to keep the quality of bread and make dough more
elastic, an appropriate amount of shortening should be
added to bread dough. Several work done previously
have shown that shortemings enhance the structure,
provide a moisture barrier and extend the shelf life of
bakery products [6, 12, 13]. Moreover, bread volume can
be increased by incorporating shortening, while a
maximum veolume 1s achieved at the incorporation of
about 6% shortening [14, 15]. The aim of the present
study was to determine the volume, specific volume,
density, as well as the colour and texture characteristics
of white bread that was made from different formulations
of refined, bleached and deodorized (RBD) palm oil/palm
stearin-based shortenings.

MATERIALS AND METHODS

Raw Materials: Commercial wheat flour (14% moisture,
13% protein and 0.55% ash contents), which was obtained
from local bekery, was used mn thus work. Sugar, salt and
dry instant yeast were purchased from a market. The
samples of refined, bleached and deodorized palm oil
(RBDPO) and RBD palm stearin, with TV of 52.3 and 31 .2,
respectively, were purchased from a local refinery located
mn Selangor, Malaysia. Meanwhile, emulsifiers of diacetyl
tartaric acid ester of mono-diglycerides (DATEM) and
distilled monoglyceride (DM@G), with IV of 40 and 105,
respectively, were purchased from Damsco Malaysia Sdn.
Bhd., a company that 1s based i1 Penang, Malaysia.

Preparation of Shortenings: Shortenings that were made
from seven blends of RBD palm o1l (RBDPO) and palm
stearm (PS) were used i the bread making experiment.
In more specific, these shortenings were blended in
100:0, 80:20, 60:40, 50:50, 40:60, 20:80 and 0:100 of the
RBDPO:PS ratios, respectively. Each blend was added
with 6.25% of DMG and 6.25% of DATEM. The
shortenings were prepared after a complete melting of
the oil at 70°C using a magnetic stirring. After that, the
shortemings obtained were stored at room temperature
(28°C) for later use in bread making.

Fatty Acid Composition: The fatty acid compositions of
the shortenings were analyzed after converting the fatty
acids mnto corresponding fatty acid methyl esters (FAME).
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Table 1: The basic formmuilations used in bread-making

Ingredients Baker’s %
Wheat flour 100.0
Shortening 4.0
Water 55.0
Ralt 1.5
Sugar (sucrose) 4.0
Dry instant yeast 1.8

All the samples were melted mn oven prior to use and 50mg
of the sample was weighed [16]. After methylation, the
composition of fatty acid was determined using
Hewlett-Packard 6890 chromatography (GC) that was
equipped with an auto injector and a flame-ionization
detector (FID) using a fused silica capillary column
(60.0m=320 pm>0.25um film thickness, 1d-BPX70) at 260°C
maximum, with Helium as the carrier gas, at a flow rate of
1.6mL/min. The injector and detector temperatures were
set at 220°C and 240°C, respectively. Meanwlle, the oven
temperature was programmed in two stages, as follows:
first from 50°C to 180°C (8°C /min) and then from 180°C to
240°C (8°C /min) [17]. Each analysis was conducted in
triplicate, with a run time of 35.6min.

Todine Value: The TVs of the samples were determined
according to the procedure described in the AOCS
method [18]. The sample (0.5g) was diluted in 20ml of
cyclohexane (in this analysis, cyclohexane was used in
place of chloroform) and 25ml of the Wijs solution (IC1)
was added to halogenate the double bonds. After placing
the bottles m the dark for 1hour, the mixtures were reacted
with 20ml of potassium iodine and 100ml distilled
water. Free T, was measured by titration with 24.9g/1
Na,S,0,.5H,O using starch (1.0g/100ml) as an indicator.
IV was calculated as cg I, adsorbed/g sample. The iodine
value of each sample was determined in triplicate.

Preparation and Baking of Dough: A straight dough
process was carried out for the preparation of the bread
samples using the formulation given in Table 1 below.
In total, seven main steps were involved in the bread
making process; these are mixing, dividing, mtermediate
proofing, moulding, final proofing, baking and cooling [2].
The ingredients were then combined in a mixer (Kenwood
Chef, KMC500) and mixed for 4 min at a low speed and
later for 6 min at a lugh speed. The whole dough was
allowed to rest for 5 min after mixing. After resting, the
dough was divided into 250g pieces and manually formed
into round balls. The dough was placed into greased
baking pans with a dimension of 32cm * 18.5¢m * 10cm
and sent for proofing for two hours. After proofing, the
dough samples were baked at 210°C for 14 minutes in
an electronic oven (SALVA Modular Deck Oven). After
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baking, the bread samples were immediately removed
from the baking pans and placed on the wire rank to let
them cool for approximately one hour at ambient
temperature before further analyses.

Measurements of the Loaf Volume, Specific Volume and
Density: The loaf volume (ml.) was measured using the
seed displacement method after cooling the bread to
room temperature for 1 hour. The specific volume and
density of the bread were determined as shown in
Eg. 1 and 2 below:

Specific volume (ml/g) =Loat vohune of bread’ Weight of bread

(1)

Density (g/ml.) = Weight of bread/ Loaf volume of bread (2)
Colour Measurements: Crumb and crust colour of the
bread  samples were  measured usmg  the
spectrophotometer (UltraScan PRQ) with D65 standard
lluminant, angle of 10° and software EasyMatchQC.
Four loaves of each sample were used to evaluate the
colour. Bread was sliced into slices with 25mm thickness
using a sharp bread knife. The results were recorded
using the International Commission on Illumination (CIE)
colour values L* (lightness), a* (redness) and b*
(vellowness) [19, 20, 21]. Each measurement was
conducted in three replicates.

Texture Profile Analyses (TPA): After 12 hours of
baking, the texture was determined using a texture
analyzer (Stable Micro System Ltd. Surrey, England, UK)
that was equipped with a 36mm radius cylinder probe
(P/36) according to the AACC standard method 74-0%
(2000). The operating conditions included load cell (5 kg),
pre-test speed (2.0mm/s), test speed (2.0mm/s), post-test
speed (2.0mm/s), trigger force (20g) and distance (10mm).
Meanwhile, the following parameters were determined:
hardness (g), maximum peak force durmg the first
compression cycle (first bite), springiness (mm), height
recovered (1.e. during the time that elapses between the
end of the first bite and the start of the second bite),
cohesiveness, ratio of the positive force area during the
second compression to that during the first compression,
gumminess (g), product of hardness x springiness and
chewiness (g mm), product of gumminess x springiness.
Later, two slices of bread (25mm in thickness for each)
were stacked on top of each other and a 25% compression
of 6.25mm compression distance was taken.

Statistical Analysis: In this study, the means and
standard deviations (SD) were calculated using MINITAB
(version 14.0, Minitab Inc.) statistical software. The
MINITAR was used to perform the one-way analysis of
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variance (ANOVA) and Tukey’s family error rate test ata
95% confidence level (P<0.05). Meanwhile, the analysis of
the Pearson correlation and the multiple regression
analysis were performed on the model.

RESULTS AND DISCUSSION

Fatty Acid Composition: Fatty acid analysis of the
samples showed that the sample containing 0% palm oil
and 100% palm stearin had that highest proportion of
palmitic acid, but with the lowest proportions of oleic and
linoleic acids which are the dominant unsaturated fatty
acids as compared to the other samples. In more specific,
saturated fatty acids mclude three types of fatty acids,
namely myristic (C14:0), palmitic (C16:0) and stearic
(C18:0) acids, while unsaturated fatty acids include two
types of fatty acids, namely oleic (C18:1) and linoleic
(C18:2) acids.

Other fatty acids were also present but in small
amounts. The major fatty acids found in the shortening
samples were palmitic and oleic acids. The detailed fatty
acid compositions (mean £+ SD) of all the samples are
presented in Table 2.

Increasing the concentration of palm stearin and
decreasing the content of palm oil in the blends gradualy
increased total palmitic acid (44.88+0.4, 48.38+0.6,
51.1741.2, 53.2440.3, 53.6240.8, 58.6240.6, 61.91+£1.06 and
47 6441 .2 for contrel, 80:20, 60:40, 50:50, 40:60, 20:80,0:100
and commercial, respectively). Meanwhile, the total oleic
acid was decreased gradually with mcreasing palm stearin
content and decreased the concentration of palm oil
(38.3+0.6, 37.19+0.4, 34.81+1.0, 33.18+0.2, 32 8840 8§,
28.7040.4, 26.24+0.9 and 39.1440.6 for control, 80:20, 60:40,
50:50, 40:60, 20:80, 0:100 and commercial, respectively).

Todine value is a measure of the unsaturation of
fat and oil. It is one of the most important parameters for
measuring the quality of olein [17]. This study has shown
that the 1odine value of the experimental shortemngs was
decreased significantly (p<0.05) with increasing palm
stearin content and vice versa (Table 2).

Determination of the Volume, Specific Volume and
Density: The effects of different shortening formulations
on the volume, specific volume and density of the bread
were investigated using the regression analysis (Table 3).
The results revealed that the volume of bread volume
was increased with increasing palm stearin. The loaf
volume provides a quantitative measurement of the
baking performance and it is therefore the most important
bread characteristics [22]. The regression equation for
the bread volume (Y)) and palm oil content (X) in the
shortening formulations was Y,=1193-313X. According to
the regression equation, when the palm oil content was
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Table 2: The compositions of fatty acid in the experimental shortenings of RBD palm oil/palm stearin blends and commercial shortenings
Fatty acid compositions (wt %6)

Shortenings Ratio of PO:PS Cl14:0 Cl6:0 C18:0 C18:1 C18:2 Todine value
Control 1.02+ 0.06* 44,88+ 0.40¢ 4.07+£0.05 38.3+ 0.600 11.68+ 0.3 52.45+0.89*
80:20 1.25+0.08° 48.38+0.60" 3.5440.20° 37.19+0.40° 9.64+0.20% 48.7+0.36"
60:40 1.17+0.04° 51.17=1.20° 3.81+0.01* 34.81+1.00° 9.04+0.30° 44.7+0.30°
50:50 1.24+0.05" 53.24+0.30° 3.83+0.100 33.18+0.20¢ 8.51+0.01° 43.6+0.367
40:60 1.25+0.03% 53.62+0.80° 3.68+0.30° 32.88+0.80¢ 8.57+0.20° 42,140,208
20:80 1.31+0.04° 58.62+0.60° 3.95+0.08® 28.70+£0.40° 7.4240.10° 37.30.90°
0:100 1.19+£ 0.01° 61.91+1.06% 4,524 0.02" 26.244 0.90 6,134 0.09° 31.22+ 0.51F
Commercial 1.15+0.06% 47.64+1.20¢ 3.86+0.2(7 39.14+0.60° 8.21+0.40% 49.8+0.002
The data were obtained from the mean value of three replications
*values are means + SD; Means with same letter within each column were not significantly different (p</0.03)
Table 3: Regression equations of white bread made from different shortening formulations
Volume (Y:) Specific volume (Y;) Density (Y3)

Model Coefficient Pvalue Coefficient Pvalue Coefficient Pvaiue
Palmoil (X) [ 1193 0.000 5.24 0.000 0.1930 0.000

L) 313 0.000 -1.36 0.000 0.0685 0.000

R? 0.70 0.71 0.7100
Table 4: Coefficients of the correlations among the quality parameters of white bread

Hardness  Crumb Crust Crumb Crust Crumb Crust Density Specific volume Volume
(2) yellowness yellowness redness redness  lightness  lightness (g/mL) (mL/g) (mL)

Volurmne (mL) 0.546% 0.203 0.089 0.271 0.228 -0.023 0.104 -0.985% 0.990+
Specific volume (mL/g) 0.553% 0.269 0.099 0.274 0.213 0.015 0.120 -0.990%
Density (g/ml.) -0.506% -0.223 -0.076 -0.220 -0.237 -0.003 -0.094
Crust lightness 0.054 0.266 0.830* 0.137 -0.502% -0.041
Crumb lightness 0.239 0.286 -0.162 0.053 -0.203
Crust redness -0.065 0147 -0.155 0.009
Crumb redness 0.231 0.517* 0.013
Crust yellowness -0.004 0.356
Crumb yellowness 0212
Hardness (g)

*Correlation is significant at p<0.05

0% and the palm stearin content was 100% m the
shortening formulation, the highest volume was obtained
with 1193 mL.

The predicted equation that was determined for
the specific volume (Y,), influenced by the palm oil
content (X,) in the shortening formulations, is shown as
Y,=5.24 -1.36X. Meanwhile, the regression equation
indicated that the highest specific volume (5.24mL/g) was
obtained when palm oil and palm stearin content were
0% and 100% m the shortening formulation, respectively.
Moreover, the regression equation of the bread density
(Y,) and palm o1l content (X) m the shortening formulation
was Y,=0.193+0.0685X. In this work, the least density
(0.19g/mL) was obtained when the palm oil and palm
stearin contents were 0% and 100% in the shortening
formulation, respectively.

Table the correlation coefficients
between the quality parameters of white bread, namely

4 presents

hardness (g), crumb yellowness, crust yellowness, crumb
redness, crust redness, crumb lightness, crust lightness,
density (g/ml.), as well as specific volume (ml./g) and
volume (mL).

In the present study, the volume, specific volume
and density were found to be significantly correlated
(p=<0.05) with the hardness of bread. In particular, the
specific volume of bread correlated most closely to the
volume and density of bread. More importantly, a positive
correlation (r=0.990, p<(.03) was found between the
volume and specific volume. In addition, a negative
correlation (r = -0.990, p<.0.05) was also found between
the specific volume and density. Likewise, the data
indicated a good correlation (p<{.05) between the
crumb vellowness and crumb redness, crust yvellowness
and crust lightness, as well as crust redness and crust
lightness. On the contrary, no significant correlation was
obtained between other parameters.
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Table 5: The texture profile analyses (TPA) of white bread made using different formulations of RBD palm oil/palm stearin-based shortenings

Hardness (g) Springiness (mm) Cohesiveness Gumminess (g) Chewiness (gmm)

Bread samples Mean SD Mean SD Mean SD Mean SD Mean SD

Control 616.7 91.0 0.863° 0.06 0.73% 0.02 456.7 75.4 394.7 73.3
80:20 695.3+ 124.2 0.906% 0.06 0.757 0.04 523.9¢ 80.1 473.1 65.9
60:40 72300 94.1 0.881°% 0.04 0.73% 0.03 53290 61.5 469.4¢ 56.3
50:50 725.3% 124.2 0.902% 0.03 0.728% 0.04 5254+ 73.2 473.8 66.0
40:60 T4 7 102.4 0.878% 0.06 0.736* 0.03 568.7* 67.1 499.7 69.1
20:80 77710 116.6 0.912¢ 0.03 0.73% 0.03 574.5¢ 90.9 524,90 87.6
0:100 945.1° 151.3 0.900% 0.04 0.69% 0.03 658.3° 92.5 5092.¢° 91.5
W.SH 1430.9¢ 133.7 0.862° 0.03 0.75% 0.03 1084.8¢ 101.8 933.4% 73.5

*within a column, the same letters are not significantly different (p=</0.05);
W.8H: without shortening

Colour Measurements: Colour is one of the most
important indicators of bread quality, as it contributes to
consumers’ preference [19, 23]. Chemical reactions, which
cause browning colour, include the Maillard reactions
and caramelization[19, 20, 24, 21]. Meanwhile, the Maillard
reaction 1s said to occur when most food, such as bread,
18 heated [24]. The colour of the bread crust and the
crumb samples that were made from the different types of
shortenings as well as the bread made without shortening
are reported m Figures 1, 2 and 3.

Yi et al. [23] stated that the most desirable crust and
crumb colours of bread samples should be golden brown
and creamy white, respectively. The mean L* values of
the bread were found to range from 55.45+2.95 to
64.86:+4.60 and from 75.18+1.40 to 77.64+2.73 for the bread
crust and crumb, respectively (Fig. 1). In more specific, the
bread crusts made without the use of any shortening were
lighter i colour as compared to those with shorterungs,
while the ones made from shortening contaming 50:50
of the PO:PS ratio had the darkest colour.

The a* values, which are indications of the red
colour m bread, for both bread crumb and crust are shown
inFigure 2. Bread made from the shortening (type 50:50)
was found to have the highest @* values for crust and the
lowest a* values for crumb. In general, bread that was
made from shortening type 50:50 was significantly
different (P<0.05) from those made with the use of
shortening type 0:100, as well as the bread made without
shortening. Meanwhile, the ighest and lowest a* values
for the crust were associated with the bread that was
made from the shortemng types 60:40 and 50:50,
respectively. The highest and lowest a* values for the
crumb were related to the bread that was made from the
shortering type 50:50 and the one that was made without
the use of any shortening. Nonetheless, the 5* values,
which mdicate vellow, did not show any significant

difference (F<0.05) between the bread types, except for
the bread that was made from shortening type 50:50 and
those without any shorteming (Fig. 3). It 1s important to
highlight that the effects of shortening type 50:50 on the
crust and crumb colours of the white bread samples were
more obvious than the other shortening types.

Texture Profile Analysis (TPA): The measurement with
the texture Profile Analysis (TPA) permits bakers to
consistently and objectively check the quality of their
bread [22]. Textural properties, such as hardness (g),
springiness (mm), gumminess (g), chewiness (gmm) and
cohesiveness of bread that was made using shortenings
of different formulations, were evaluated using the TPA
(Table 5). Data indicated that the lughest values of
hardness, cohesiveness, gumminess and chewiness were
observed for the bread samples that were made without
using any shortemngs, while the lowest values for
hardness, gumminess and chewiness were shown for
the bread samples that were added with shortening type
100:0 (control). However, the bread sample 0:100 had the
lowest value of cohesiveness.

A significant difference (p<0.05) in the texture profile
analyses of white bread was found between the bread
samples that were made using shortening of different
formulations and those that were made without the use
of any shorteming. Among the bread formulations, the
bread sample 100:0 (control) was found to be significantly
different (p<t0.05) from the bread samples with 60:40, 40:60,
20:80 and 0:100 in hardness, gumminess and chewiness.
Generally, texture 18 influenced by the concentration of
palm stearin in the shortening formulations. The values of
hardness heighten with increasing palm stearin content in
the shortening formulation. Aini and Maimon [6] reported
that the highest level of palm stearin in the shortening
formulation, the firmer the bread texture would become.
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CONCLUSIONS

These findings discussed in this article indicated that
mcreasing the concentration of palm stearmm m the
shortening formulation increased the specific volume and
loaf volume but decreased its density. In this study,
positive correlations were obtained between volume and
specific volume, while negative correlations were obtained
between density and volume as well as specific volume.
Therefore, this work has highlighted how different
formulations of shortenings interact to influence the
ultimate bread quality. As expected, bread that was made
without the use of any shortening was completely
different from all others. The main difference {rom all other
samples was their high crumb hardness. Tn particular, the
bread that was made from shortening type 50:50 turned
out to have the darkest in colour, while those made
without any shortening were the lightest. The lowest and
highest loaf volume and specific volume were shown for
the bread that was made without using any shortening
and those made using shortening type 0:100, respectively.
The TPA values showed that the textural characteristics
were affected by the presence of palm stearn in the
shortening formulations. Therefore, it can be concluded
that shortening type 50:50 can be added to the
formulations so as to obtain high quality characteristics
of bread which include high volume, low density, good
texture and golden brown crust.
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