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ABSTRACT

The objective of this study was to produce cocoa butter
substitutes (CBSs) from some vegetable oils by blending process
avoiding hydrogenation and esterification processes. The vegetable
oils used in this study were palm oil, palm olein, palm stearin, palm
kernel oil, olive oil and coconut oil as well and were mixed in
different proportions according to the presence of lauric acid (Ci2.0)
and the melting point to produce cocoa butter substitutes (CBSL1,
CBS2, CBS3, CBS4, CBS5, CBS6 and CBS7). The physico-chemical
properties (specific gravity, refractive index, color index, acid value,
peroxide value, iodine number, saponification number, and induction
period by Rancimat method) have been determined for vegetable oils
and the produced CBSs. Also, fatty acid composition was identified
by Gas liquid chromatography and solid fat content of the produced
CBSs were measured by Nuclear Magnetic Resonance (NMR). The
results indicate that all the values of melting and slip point were about
the human body temperature (37°C), specially the CBS7 and CBS5
whose melting point were (33°C and 35°C); respectively. Also CBS1
and CBS6 which had the highest values of oxidative stability. Finally,
the results of all the samples indicated their conformity with the
Egyptian standard specifications.

Key words: Blending,Cocoa butter, Cocoa butter substitutes, Melting
point, Palm oil, Solid fat content
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INTRODUCTION

Fats and oils play a vital role in the formulation and preparation
of a variety of foods. In some food industries the properties of these
products are attributed to the presence of particular fats or oils, like
icing, toppings, coatings, coffee whiteners, cheeses and imitation dairy
products. All these food products as well as certain confectionary like
chocolate require special types of oils and fats, which perform
functions that normal fats are not capable of and do one or some
functions in food industry that cannot any other fats do it like
margarines and shortening, and that can be wide used in infant's food
(milk) known as specialty fats (Henry, 2008).

The cocoa bean only contains small amounts of cocoa butter
(CB), and thus the price of CB is one of the highest among all
commercial fats and oils. As only a few countries cultivate cocoa,
supply can be unstable therefore industries are looking for Cocoa
butter alternatives to CB (Zaidul et al.,2007 and Biswas et al., 2016).

Cocoa butter is a natural and highly valued fat that contributes to
the desirable textural and sensory properties of chocolate and
confectionery products. Thanks to its unique triglyceride composition
cocoa butter is responsible for the most important qualities of
produced chocolate, namely gloss, brittleness« hardness, and rapid and
complete melting in the mouth (Joanna et al., 2015).

Cocoa butter contains three main fatty acids: palmitic, stearic
and oleic acid the saturated fatty acids, palmitic and stearic, are
predominantly found in the sn-1 and sn-3positions of the glycerol
backbone, with the unsaturated oleic acid occupying the sn-2 central
position. This distribution results in a triacylglycerol (TAG)
composition rich in di- saturated species, with 1,3-dipalmitoyl-2-
oleoyl  glycerol (POP)¢(1-palmitoyl-3-stearoyl-2-oleoylglycerol
(POSt) and 1,3-distearoyl-2-oleoyl glycerol (StOSt) being the most
abundant TAG species. This TAG composition is responsible for the
characteristic melting profile of cocoa butter, highly solid at 20° C;
sharp melting between 20 and 30°C, and complete melting by 30-35 C
this melting profile is desirable for confectionery applications. In CB,
the lauric acid (C;2) and myristic acid (Cy4) fatty acid constituents are
present as a trace or very low amounts whereas the palmitic acid (Cys),
stearic acid (Cigo) and oleic acid (Cig1) constituents are high
(Biswas et al., 2018.; Yongjun et al., 2018 and Miguel et al., 2012).
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Cocoa butter substitutes (CBSs): lauric plant fats containing
(lauric acid), chemically totally different to cocoa butter, with some
physical similarities suitable only to substitute cocoa butter to 100 %.
(Lipp and Anklam, 1998).

Currently, Egypt is importing (CBSs) of great amounts yearly.
However, they are produced by hydrogenations in the most time, so
the objective of the present study is to produce some types of cocoa
butter substitutes by using blending of some vegetable oils.

MATERIALS AND METHODS

Materials:

Cocoa butter substitute: a cocoa butter substitute delivered
from local market used in this study as a reference guide was obtained
from EI Shamadan Company for Food Industries Alexandria Egypt.

Source of palm oil, palm olein, palm stearin, palm kernel oil
and coconut oil: Refined, bleached and deodorized (RBD) palm oil,
palm olein, palm kernel oil coconut oil and palm stearin which used in
the present study were obtained from the Extracted Oils and
Derivatives Company (Arma Company), 10" of Ramadan City, Egypt.
The samples were analyzed then kept at -18 £ 2°C in deep freezer until
used.

Olive oil: Oil was extracted from the olive samples as
follows:(A): Crushing of olive fruits were performed using
experimental crusher mill.(B): (Carver) press, the pressure used was
12.000 Ib/in?, which was reached gradually. The resulting liquid phase
was put in a separator funnel and allowed to stele for 50 mins. The
upper oil layer was decanted threw dried over anhydrous sodium
sulphate then filtered through awhatman No. 1 filter paper and kept in
brown glass bottle (120ml) at -18+2°C until analysis.

Reagents:

All chemical and reagents of the analytical methods used in
present study were analytical grade purchased from El- Gamhouria
Trading Chemicals and Drugs Company, Egypt. Pure standards of
fatty acids methyl esters used in this study were obtained from Koch
light Laboratories, Ltd, England.
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Methods:
Preparation of blends:

Seven cocoa butter substitutes (CBSs) have been produces by
blending process of palm oil, palm olein, palm stearin, palm kernel
oil, olive oil and coconut oil and were prepared according to the
presence of lauric fatty acid Ciz (Lipp and Anklam, 1998). The
melting point and slip point behavior theoretically calculated then
modifying the blend ratios. The blends components mixture designs as
described in Table (1). All tested samples were individually melted at
70 + 2°C in water bath prior to blending process. A cooling unit
(Refrigerated Temperature Bath Model TC-500 serial 194042101,
USA) fixed on 5£1°C was used as well as homogenizing stirrer
(Fisher Scientific Mix Model 143, USA) was, fixed on 300 RPM. This
process take within 1 min to 3 min to get the desire texture of cocoa
butter substitutes the times was measured by calibrated stopwatch to
produce 100g of blends samples (Smith, 2001). The liquefied tested
samples were mixed in proportions ranging as follows:

Table (1): Blends percentage (%) of the investigated vegetable oils
used in producing cocoa butter substitutes (CBSs)

Blends percentage (%) of the investigated vegetable oils
CBSs Palmoil | Palm olein | Palm stearin || Palm kernel oil || Olive oil | Coconut oil
CBS51 11 0.00 KEKE] ERKE] 0.00 0.00
CB52 25.00 25.00 25.00 25.00 0.00 0.00
CB53 22.00 22.00 3400 0.00 0.00 22.00
CB54 0.00 31.00 35.00 31.00 0.00 0.00
CB55 0.00 KEKE] KEKE] 0.00 0.00 EEEE]
CB56 0.00 0.00 65.00 15.00 20.00 0.00
CBS57 0.00 0.00 22.00 0.00 10.00 65.00

Analytical methods:

The analytical methods used in the present investigation were
carried out according to the methods described in (AOAC, 2012) as
follows:

1-Physical properties:
The refractive index at (25, 40 and 60°C), specific gravity at

(25, 40 and 60°C), the slip and melting point and color index were
determined According to (AOAC, 2012).



J. Biol. Chem. Environ. Sci., 2018,13(3), 133-154 137

2. Chemical properties:

The Acid value (mg KOHY/g oil), Peroxide value (meq.O2/kg),
unsaponifiable matter (%), The Saponification value (mg KOH/ g oil),
The lodine (Io/ 100g oil) value was determined using Hanus solution
(AOAC, 2012).

The induction period measurements are carried out on the tested
samples in order to provide a quick indication of the trends in
resistance to the oxidative rancidity as well as of the shelf-life of
samples. The induction periods, as the oxidative stability index, of the
tested samples were measured by an automated Rancimat
(MetrohmUd. CH-9100 Herisau, Switzeland, model 679), comprises
of the control unit and the wet section containing 6 reaction vessels,
according to the method described by (Berrin and Feral, 2008).

The Ultra-violet absorption of the tested oils was determined
using the method described by IUPAC (1987). The conjugated diene
and triene fatty acids were determined in absorbance at 232 and 268
nm; respectively.

3. Determination of fatty acids composition:

a- Preparation of fatty acids methyl esters: Fatty acid methyl
esters were prepared from total lipid by using rapid method according
to the method of 1SO 12966-2 (2011).

b-Gas Liquid Chromatographic(GLC) of fatty acids methyl esters.

Fatty acid methyl esters were injected into (HP 6890 series GC)
apparatus provided with a DB-23 column (60m x 0.32mm X 25 um).
Carrier gas was N2 with flow rate 2.2 ml/min, splitting ratio of 1:50.
The injector temperature was 250°C and that of Flame lonization
Detector (FID) was 300°C. The temperature setting was as follows:
150°C TO 210°C at 5°C /min, and then held at 210°C for 25 min.
Peaks were identified by comparing the retention times obtained with
stander methyl esters.

4. Solid fat content: The solid fat content (SFC) of the tested
samples was determined by Nuclear Magnetic Resonance (NMR)
using a Bruker Minispec Analyzer (Model NO.120, Rheirstetten,
Germany) according to the (AOCS, 2012). The tested samples were
measured at 10, 20, 25, 30, 35, 40, 45 and 50°C.

5. Statistical analysis: Statistical analysis of data was performed
using one-way and two-way analysis of variance (ANOVA).
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Significant differences between means were determined using
Duncan's multiple rang testes (SAS, 1985).

RESULTS AND DISCUSSION

Cocoa butter is the high valued ingredient in chocolate and some
confectionery and it plays a special role according to its physical and
chemical properties which made it a unique ingredient. But because of
the shortage of supply, the high demand and the raising prices every
year it was necessary to get some specialty fats used as cocoa butter
substitutes to face these challenges. The produced cocoa butter
substitutes studied to stop on its values.

1. Physico-chemical properties of the investigated vegetable oils
used in producing cocoa butter substitutes (CBSs).
a-Physical properties:

Physical characteristics of the edible fats and oils such as
refractive index, melting point, slip point and colour play an important
role in assessing their quality and palatability, as well as the consumer
acceptability of these products. The physical characteristics of fats or
oils are dependent on the degree of unsaturation, carbon chain length,
isomeric fatty acid forms, and molecular configuration (Zaidul et al.,
2007).

The above properties were determined to ensure the compliance
of the investigated vegetable oils used with their Egyptian Standard
Specifications (2005).The specific gravity of vegetable oils used palm
oil, palm olein, palm stearin, palm kernel oil, olive oil and coconut
were 0.888, 0.8996, 0.8849, 0.8990, 0.9091 and 0.9081 respectively;
all these results are compatible with those found by (Kiritsakis et al.,
1983; Lalas, 1998 and Onwuliri et al., 2011).From the results
obtained in Table (2), it could be observed that refractive index was
determined at 60°C +1 for palm stearin, 40 C £1 for palm oil, palm
olein, palm kernel and coconut oil and 25C+1 for olive oil. The
refractive index values were ranged from 1.4473 to 1.4701 for all the
investigated samples that showed clearly the difference degree of
unsaturation. All these results agreed with (Hui. 1996; Onwuliri et
al.,, 2011 and Yap et al., 1989).The melting and slip point of the
investigated vegetable oils used in producing (CBSs) are shown in
Table (2), where palm stearin represented to have the highest values
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of melting and slip point being (53.50 - 52.00° C) respectively;
followed by palm oil (35.00 - 33.80 °C). On the other hand, coconut
oil and palm kernel oil showed melting and slip point (27.00-25.20°C)
and (23.00-21.30°C) respectively. Meanwhile the olive oil recorded
the lowest melting and slip point which were (- 4.00C and -2.20C).
The obtained data illustrate obviously that the vegetable oils used are
significantly variable in their melting and slip point which make more
choices in using in the current investigation (Jin et al., 2008; Eskin et
al., 1996 and Berger., 1996).1t could be clearly noticed that palm oil
and olive oil nearly had the same values of yellow scale which
recorded 35.00. On the other hand, palm olein and palm stearin had
the same yellow scaled 30.00. Meanwhile, the coconut oil showed
only 5.00 as yellow scale value. Also the red color was scaled for
palm oil, palm olein, palm stearin, palm kernel oil, olive oil and
coconut oil and they were 2.00, 2.20, 2.40, 1.00, 2.1 and 0.8
respectively. May be the colour of olive oil was based upon pigments
such as carotenoids and both carotenoids and chlorophyll (Grati et al.,
1999; Ayton et al., 2007 and Endo 2018).

Table (2): Physical properties of the investigated vegetable oils
used in producing cocoa butter substitutes (CBSS).

Investigated vegetable oils

Physical properties Palm | Palm | Palm | Palmkernel | Olive | Coconut | LSD
oil | olein | stearin ol oil oil p=0.08

Specific gravity at 25-40-60 °C | 0.8888 | 0.89% | 0.8849 |  0.89%0 | 0.9091 | 0.9081 0.01

Refractive index at 25-40-60 °C | 1.4559 | 14580 | 14473 | 14517 14701 | 14450 | 0.002

Melting point °C 35.00 | 2140 | 3350 23.00 4.0 27.00 0.40

Slip point °C 33.80 | 1892 | 52.00 21.30 -22 2520 0.30

yellow | 35.00 | 30.00 | 30.00 35.00 35.00 5.00 0.50

Colour Index

Red | 200 | 220 | 240 1.00 2.10 0.80 0.1

LSD determination to least significant differences test af p <0.05.
1.1. Chemical properties:

The chemical characteristics of edible lipids play an important
role in the assessing of their quality assurance, palatability and
consumer acceptability, in addition to their relation with the healthy
safe quality criteria of these fats and oils by using them. Therefore, the
chemical quality assurance criteria, including the acid value (mg
KOH/ g oil), peroxide value (meq.O,/kg), iodine value (1,/100g.o0il),
unsaponifable matter (%), oxidative stability (Induction period by
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Rancimat), conjugated diene and triene, fatty acids and saponification
value for the vegetable oils used in this investigation for producing
cocoa butter substitutes.

According to data showed in Table (3), the acid value of palm
oil, palm olein, palm stearin, palm kernel oil, olive oil and coconut oil
amounted in 0.17, 0.27, 0.16, 0.20, 0.56 and 0.33(mg KOH/g oil);
respectively. Lower acid value content of palm stearin and palm oil
may be due mainly to high content of saturated fatty acids specially
the content of palmitic acid (Cis:0) (Onwuliri et al., 2011). Whereas,
peroxide values ranged from 1.01 to 3.78 (meq O2/kg oil) are found to
be much greatly lower than that recommended values (within the
permissible values) which should not exceed 15 meq O, / kg oil as
reported by the Egyptian Standard Specifications (2005).

The iodine value is considered to be one of the most important
chemical properties for quality assurance of lipids and as a good
successful measure for changes occurs in the unsaturation degree of
their content of fatty acid profiles. The data showed in Table (3),
illustrate that the iodine value of the vegetable oils used which ranged
from (6.97 to 85.09 1,/100g oil) are variable in their characteristics
which make more choices in using in the current investigation. The
present results are approximately similar with those obtained by
(Codex Stan 210. 1999; Hui, 1996 and Onwuliri et al., 2011).

The induction period (IP), measuring the increase in the volatile
components by- products released from the oxidizing fats and oils.
According to data showed in Table (3), the markedly highest
oxidative stability was to palm stearin then much later comes palm oil
in contrast with coconut oil which was the corresponding the lowest
oxidative stability. The significant differences in the induction period
were mainly due to the different level of total saturated fatty acid not
only but also the long or short carbon chain fatty acid and rather than
tocopherol content and other antioxidant compounds for olive oil
(Hui, 1996). The specific extinction values; ultra- violet absorptions at
232 and 268 nm are taken as a good successful index for measuring
the formation degree of conjugated fatty acids dienes and trienes,
respectively (Yap et al., 1989; Allen and Hamilton 1983; Hui 1996
and Endo 2018). It could be observed that the formation extent of
conjugated fatty acid dienes were 1.142, 1.022, 1.124, 1.154, 1.323
and 1.198; respectively for palm oil, palm olein, palm stearin, palm
kernel oil, olive oil and coconut oil. Meanwhile, the formation of
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conjugated fatty acid trienes were 0.165, 0.132, 0.165, 0.170, 0.465
and 0.364; respectively (Dimitra et al., 2002).

From the tabulated data in Table (3), it could be observed that
olive oil contains the highest amount of unsaponifiable matter (%).
Meanwhile, the palm oil, palm olein and palm stearin contain the
lower. The above mentioned data are in accordance with those
reported by (Codex Stan 33, 1981; Codex Stan 210, 1999 and
Onwuliri et al., 2011).

Saponification values for all the tested vegetable oils are all in
the accepted range with (Codex Stan 33, 1981; Codex Stan 210,
1999 and Egyptian Standard Specifications 2005).

Table (3): Chemical properties of the investigated vegetable oils
used in producing cocoa butter substitutes (CBSS).

Tnvestigated vegetable oils used

chemical propeties Palm Palm Palm Palm Otive | Coconut | LSD value at
ol olein stearm | kernelol ol ol p<0.0§
Acid Value (mg KOHg oi) 0174003 | 027=0.07 | 0.1650.04 | 0.20:0.04 | 0562004 | 033004 | Q.02
Peroxide value (meq 0,/kg o) 180£0.04 | 1012004 | 1782004 | 190004 | 3782004 | 2082004 | 0.4
Todine value (1100 oil) 53755045 | 59212040 | 3540045 | 1690030 | 85.09:0.70 | 6972020 | 199
Tnduction period (br)/ 10T 2650:0.300 | 17.1020.05¢ | 42002050 | 22.50:0.30¢ | 19.29:0.50¢ | 14.10:040F) 099

Conjugated fatty acids diene at232 nm | 1.142:0.04 | 1.02220.03 | 11242004 | L15420.04 | L3230.04 | 1198003 |  0.07

Conjugated fafty acid fiene at 268 nm | 0.16520.04 | 0.1320.04 | 0.1650.04 | 0.170=0.04 | 0.4650.04 | 0364004 | 0.02

Unsponifiable matter (%) 0332003 | 0.20=0.04 | 0452004 | 0.70=0.04 | 146004 | 0912004 | 0.1

Saponification value (mg KOHg ofl) 198.11204 | 194.34045 | 194.5620.74 | 234.2320.74 | 180.24098 | 25421075 | 180

Values are £ mean SD of three estimations and LD defermination to least signifieant differences test at p0 05.

2. Fatty acids composition (%) of the investigated vegetable oils
used in producing cocoa butter substitutes (CBSs).

From the results presented in Table (4), it could be concluded
that major saturated fatty acid of palm kernel oil and coconut oil is
lauric acid (Ci2.0), which amounted in 41.24 and 45.27% respectively.
Meanwhile, it was found in neglected amount in all the other used
tested samples. Therefore palm kernel and coconut oil, (one or both) is
important to be found in all the produced CBSs which are the (lauric
plant fats containing) the main source of this fatty acid. It could be
observed that palmtic acid (Cys.0) is found to be the major saturated
fatty acid in palm oil, palm olein and palm stearin as well, where it
was 42.08, 39.06 and 59.67%; respectively. Meanwhile, higher
content of oleic fatty acid the major monounsaturated fatty acid was
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represented about 69.64% in olive oil. In contrast the lowest content
of oleic fatty acid was represented about 6.85% in coconut oil. On the
other side it was represented 41.25, 43.44 and 27.26%; respectively
for palm oil, palm olein and palm stearin (Codex Stan 33-1981 and
Codex Stan 210-1999). The date showed in Table (4), that all tested
samples had no Trans fatty acids which are very harmful to human
health (FAO, 2010).

Concerning the total saturated fatty acids (TSFAS) where shown
in Table (4), it could be remarked that the values of palm oil, palm
olein, palm stearin, palm kernel oil, olive oil and coconut oil were
48.23, 45.23, 66.80, 73.79, 17.65 and 92.15%; respectively hence the
unsaturated fatty acids were 51.68, 54.66, 33.19, 26.06, 82.10 and
7.85%; respectively.

In general, it could be concluded that coconut oil followed by
palm kernel oil and palm stearin recorded the high content of TSFAs
and low amount of TUSFAs when compared with olive oil. In
contrast, olive oil had the highest content of TUSFAs and low content
of TSFAs that also explain the melting and slip point for all tested
samples, which indicate low melting and slip point of olive oil.
Meanwhile, the highest value of melting and slip point of palm stearin
may due to the highest amount of palmitic acid (59.67%). On the other
hand, the coconut oil and palm kernel oil were lower in melting and
slip point however they contain high amount of TSFAs that maybe
due to the high amount of lauric acid the major fatty acid which is
lower in its melting and slip point characteristics. The differences in
melting point of tested samples were mainly due to the different type
and concentrations of triacylglycerols (TAG) in these lipids, Which is
constituted by a mixture of triacylglycerol molecules with large
differences of acyl chain length and degree of unsaturation, leads to
the formation of several types of crystals (Jirasubkunakorn et al.,
2007).
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Table (4): Fatty acid profile (%) of the investigated vegetable oils
used in producing cocoa butter substitutes.

Investigated vegetable oils
Fatty acid (%) Palm oil | Palm olein | Palm stearin | Palm kernel oil | Olive oil | Coconut oil

Cyo ND ND ND ND ND ND
Cs 0.00 0.00 0.00 031 ND 0.66
Cso 0.029 0.15 0.023 4.30 ND 901
Cu 0.023 0.17 0.001 331 ND 730
Cug 0.241 0.19 0.110 41.24 ND 4527
Cr 1.09 0.98 1.243 12.73 ND 16.08
Ciso 42.08 39.06 50.67 883 15.30 034
Cis1 0.166 0.22 0.023 0.03 0.57 0.00
Cirg 0.099 0.001 0.126 0.02 0.57 0.014
Ciag 4133 4.16 5.17 267 1.78 344
Cia 41.25 434 27.26 221 69.64 6.85
Cyg trans ND ND ND ND ND ND
Cisa 005 10.60 5.68 3.66 11.32 0.95
Cyg trans 0.137 ND ND ND ND ND
Ciss 0.189 0.24 0.13 0.007 082 0.05
Cua 0.34 0.37 0.40 0.14 ND 0.133
Cua 0.126 0.16 0.007 0.15 ND ND
Cao ND 0.06 0.061 0.037 ND ND
Cr ND ND ND ND ND ND
*TSFA 4823 4523 66.80 7379 17.63 0215
*#TUS.F.A 51.68 54.66 33.19 26.06 82.35 7.85

*T8FA Total saturated fatty acids.

**TUSFA Totalunsaturated fatty acids.
3.Producing cocoa butter substitutes (CBSs) by using blending
process.

For blending, certain process conditions need to be taken into
account that all components should be liquid, the agitation should be
effective without introducing too much air into the oil and to blend the
fats homogeneously, sufficient time is required. Palm mid-fraction
(PMF), which contains high concentration of POP can sometimes be
used to give a softer texture to the chocolate. (Norberg, 2006 and
Timms 2003).

a. Physico-chemical properties of the produced cocoa butter
substitutes (CBSs).

1.Physical properties of the produced cocoa butter substitutes
(CBSs).
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According to Table (5), the specific gravity of seven produced
(CBSs) where it was 0.889, 0.889, 0.889, 0.888, 0.890, 0.888 and
0.898; respectively for CBS1, CBS2, CBS3, CBS4, CBS5, CBS6 and
CBS7 c. In addition there was no significant differences were
observed between all the produced cocoa butter substitutes and the
CBS0

The refractive index at 60° C for CBS1, CBS2, CBS3, CBS4,
CBS5, CBS6 and CBS7 was 1.4515, 1.4529, 1.4503, 1.4510, 1.4512,
1.4514 and 1.4499; respectively compared with CBS0 1.4500 that
showed clearly the narrow range degree of unsaturation. All these
results agreed with (EI-Mallah and Megahed, 1998).

The melting and slip point of the produced cocoa butter
substitutes are very important to be determined, as it will specify the
aim they could be produced for using in the confectionary industry
with no harms to human body. As are shown in Table (5), all the
produced cocoa butter substitutes recorded the melting and slip point
around the human body temperature 37 C except CBS6 which were
(37.10 and 36.60°C) respectively; compared with CBSO (43.12 and
40.40°C). That may due to the high saturated fatty acids it contained
next to its fatty acid composition. On the other side, it could be
illustrated that CBS7 had the lowest values of melting and slip point
where they were (33.00and 30.89°C) respectively; however it
contained the highest amount of TSFAs. That may return to the major
saturated fatty acid (lauric acid Ci2,) wWhere was represented to be
31.11%. (Biswas et al, 2017).

From the obtained data in Table (5), it could be clearly noticed
that CBS1, CBS4, CBS6 and CBS7 had the same value of yellow
scale as they were 35.00. On the other hand CBS5 has the lowest
value of yellow scaled in 28.00. Also the red color was scaled for
CBS1, CBS2, CBS3, CBS4, CBS5, CBS6 and CBS7 and it was 1.10,
1.80, 2.40, 0.80, 1.50, 0.90 and 1.10; respectively all these results
were compared with CBSO which scaled only 3.00 for yellow scale
and 0.3 for red scale .
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Table(5):Physical properties of the produced cocoa butter
substitutes (CBSS).

Coca Butter Substittes (CB)

Physial properties 18D vahue
(B3 (Bl (B! (B3 (B34 (8% (B (857 -

Spectic gravity at 60°C | 0878001 | 0889000 | 0889001 | O389D00 | 0886000 | 0890000 | 0368000 | 0898200 | 0

Refractive indexat0°C | 143590000 | LASTS001 | L435<0001 | 1450320001 | L4S100001 | L4SI220000 | 1431420001 | 144990001 | 0003

=

Melting paiat °C G130 | 3630 30| 3690 055 | 3660045 | S00AIF | 04 | TG | B00AIE | 030

Slip point°C QA3 | W04 | 000040 | WA | B0 | BRI | 60004 | 0P| 055

Calour moo Bl 1 30 1 gl Bl Bl 045

00X il 140 4 08 130 Okl 10 00

Vialies e t mean S00f three efimations and LD determination o leas sinificant cfferences estat .05,
CBSI* s 2 covaa butter substut deivered from the local market

2. Chemical properties of the produced cocoa butter substitutes
(CBSs).

Results in Table (6), indicated that the acid value (mg KOH/qg.
oil) for CBS1, CBS2, CBS3, CBS4, CBS5, CBS6 and CBS7 was 0.20,
0.21, 0.22, 0.20, 0.26, 0.25 and 0.30; respectively compared with
CBSO0 which was 0.32 mg KOH/g oil.

The present results are found to be much greatly lower within
than that recommended (within the permissible values) for human
consumption as reported by the Egyptian Standard specifications
(2005) for edible fats and oils.

All the present results for peroxide value of tested samples are in
accordance with those found by (Hui, 1996). Also, the peroxide value
of tested fats are found to be much greatly lower than that
recommended value which should not exceed 15 meq O,/kg as
reported by the Egyptian Standard Specifications (2005).

The data showed in Table (6), also exhibited that the iodine
value for all produced samples CBS1, CBS2, CBS3, CBS4, CBS5,
CBS6 and CBS7 were 41.87, 42.21, 41.99, 47.90, 30.99, 39.87 and
23.87(1, /1009) oil; respectively compared with CBSO 4.22 (1, /100g
oil) which showed the highest values of saturated fatty acids.

Actually, higher induction period (hrs) for CBS1 and CBS6
where represented to be 34.09 and 32.99; respectively suggests their
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stronger oxidative stability when compared with CBSO which
recorded 17.23. The differences in the oxidative stability were mainly
due to the different level of total saturated fatty acids not only but also
due to the long or short carbon chain fatty acid and rather than
tocopherol content and other antioxidant compounds (Imegon, 2003).

It could be observed that the formation extent of conjugated fatty
acid dines were 1.140, 1.110, 1.113, 1.108, 1.114, 1.210 and 1.196;
respectively for CBS1, CBS2, CBS3, CBS4, CBS5, CBS6 and CBS7
Meanwhile, the formation of conjugated fatty acid trienes were 0.166,
0.158, 0.201, 0.155, 0.220, 0.220 and 0.315; respectively.

Table (6): Chemical properties of the produced cocoa butter
substitutes (CBSS).

Cocoa Butter Substitutes

Chnicd ppes .
TR o | oo oom | oow | oo | oos | oo | oy | S

Acd Valoe (mg KOHg o) | 0222000 | O0=020 | 0020 | 0002 | Q0020 | Q0026 | 00023 | 003030 | 006

Porowile valoe (meg Oy ko) | 10005 | 18003 | D600 | LSD0E | L33 | LA%0M4 | Q0005 ) DM 0N

Todine value, (100g o) R N R 1 = R D = A I

Inducion perod () A00T | (72300 | B0003F | BTD4P | BORDIF | DMORDST | BN | 0004 | 00 |09

Coo i i\ e | | s | 0 | s | s | s | o

i) m

f&"g;'i‘;f““““ﬂ T ot | 0 | o | ous | o | ool | omes | o | o
Copuoibkwatr (81 v | e | g | 0 | MG | oReM | 0B | 0B |0
Saponifeation vahe e | g | | v | oneman | s | omewe | .
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CBS0" i 2l covon e supefre il fom ocd ket

b. Fatty acids composition (%) of the produced cocoa butter
substitutes (CBSs).

From the data showed in Table (7), it could be concluded that all
the produced (CBSs) had a respective amount of lauric acid (C12,) and
the major was belonged to CBS7 which was 31.11% compared with
CBSO0 which recorded 43.58%. In contrast the minor was belonged to
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CBS6 and it was 7.68 %. Also, it could be observed that CBS6
recorded the highest major saturated fatty acid palmtic acid (C16:0),
which is represented 45.67 %. In contrast CBS7 recorded the lowest
amount 15.73%. All the other tested produced (CBSs) contained it in
respective amount. Besides, Stearic acid (Cig:0) was found in small
amount for all the tested samples compared with CBSO which
recorded the highest respective amounted in 25.06%. All the tested
CBSs contained the monounsaturated fatty acid (oleic acid Cig) in
respective amount about 31.00, 30.67, 33.20, 32.00, 24.76, 30.10 and
18.97 for CBS1, CBS2, CBS3, CBS4, CBS5, CBS6 and CBS7;
respectively. Also data showed that all the tested samples had no
Trans fatty acids which achieved the current investigation aim, when
compared with CBSO that recorded 1.39% to (Cyg:1 trans)

Concerning the total saturated fatty acids as shown in Table (7),
it could be remarked 62.15, 62.27, 60.74, 61.96, 70.67, 63.14 and
81.17%; respectively for CBS1, CBS2, CBS3, CBS4, CBS5, CBS6
and CBS7, However the total unsaturated fatty was 37.85, 37.73,
39.26, 44.65, 29.33, 36.86 and 22.83%; respectively compared with
CBSO0 which recorded the highest saturated fatty acid 98.33%.

According to the fatty acid profile it could be noticed that CBS7
remarked the highest total saturated fatty acids but the lowest melting
point 33.30°C which may be due to that the major saturated fatty acid
in its TAG structure of fat was lauric acid.
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Table (7): Fatty acid (%) profile of the produced cocoa butter
Substitutes (CBSs).

Fatty Acid Cocoa butter Substitutes (CBSs)
(%) CBS0* | CBS1 | CBS2 | CBS3 | CBS4 | CBS5 | CBS6 | CBS7
Cia ND ND | ND | ND | ND | ND | ND | ND
Csa 0.34 012 | ND | 019 | 014 | 028 | ND | 027
Cza 465 152 | 172 ] 218 | 150 | 324 | 104 | 51
Cuia 3.73 118 | 135 | 157 | 1.18 | 246 | 074 | 4.17
Ciaa 4358 | 1340 | 1386 | 1394 | 1440 | 1870 | 7.68 | 31.11
Clia 1144 | 481 | 440 | 548 | 499 | 745 | 312 | 1157
Clea 836 | 3593 | 36.58 | 35.55 | 3493 | 33.82 | 4567 | 15.73
Cle1 000 | 0166 | 0.12 | 0.12 | 0.166 | 029 | 0.11 | 037
Ci1a 0.02 0.07 | 0.08 | 0081 | 007 | 007 | 010 | 04
Clea 2506 | 401 | 377 | 200 | 403 | 420 | 439 | 887
Cle1 067 | 31.00 | 30.67 | 33.20 | 32.00 | 24.76 | 30.10 | 18.97
Crgatrans 139 ND | ND | ND | ND | ND | ND | ND
Cuea 0017 | 663 | 671 | 584 | 563 | 396 | 639 | 324
Clgatrans 0.10 009 | ND | ND | ND | ND | ND | ND
Cla 000 | 009 | 011 | 0.11 | 0.096 | 020 | 0.15 | 0.18
Cra 0.25 067 | 029 | 030 | 067 | 030 | 033 | 022
Cua ND 013 | 012 | 011 | 013 | 012 | 011 | 0.07
Cha ND 005 | 005 | ND | 005 | 006 | 005 | 0.04
Cra0 ND ND | ND | ND | ND | 005 | 001 | ND
*TSFA 9833 | 6215 | 6227 | 60.74 | 6196 | 7067 | 63.14 | 81.17
***TUSFA | 167 | 3785 | 37.73 | 3926 | 38.02 | 2933 | 36.86 | 22.83

CBS0* is a cocoa bufter substitute delivered from the local market.
*¥TSFA Total saturated fatty acids.
*¥¥ATU.SFA Total unsaturated fatty acids

c. Solid fat content (SFC) of the produced cocoa butter substitutes
(CBSs).

Solid fat content, the quantity of fat crystals in a fat or fat blend
has a great influence on the suitability of the fat or fat blend for a
particular application. The solid fat content is responsible for many
product characteristics in margarines, shortenings and fat spreads,
including their general appearance; ease of packing, spread ability,
and for sure for cocoa butter alternatives in confectionary industry, oil
oxidation and organoleptic properties (Jahurul et al., 2014). SFC (%)
versus temperature (10-50 °C) for the produces CBSs are given in
Table (8), SFC versus temperature plot generally gives not only the
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information on how hard or soft a fat is at different temperatures but
also the melting behavior of the fat.

Regarding to the solid fat content at 10°C of the produced cocoa
butter substitutes CBS1, CBS2, CBS3, CBS4, CBS5, CBS6 and
CBS7.Table (8), showed that solid fat content of CBS3, CBS4 and
CBS7 was found to be higher than found in other produced samples
that illustrated the high ability of the substitutes to be solid on low
temperature. However CBS5 and CBS7 had no solid fat content at
40°C compared with CBS0 which indicated high value of solid fats at
40°C represented in 10.01%. The CBS4 and CBS6 remarked to still
have a little solid fat content at 40°C which may cause a little waxy
mouth feel in confectionery and chocolate according to (Sonwai et al
2014 and Fiebig and Luttke 2003).

Table (8): Solid fat content (%) of the produced cocoa butter
substitutes (CBSs).

CBSs Solid fat content (%) at °C
10°C | 20°C 25°C 30°C 35°C 40°C 45°C 50°C
CBSO0* | 6523 | 4719 | 3599 2511 1933 10.01 320 012
CBS1 45 58 | 24 .80 17.14 12.69 658 022 0.00 0.00
CBS2 4938 | 23 88 1613 11.02 688 029 0.00 0.00
CBS3 6058 | 32.10 | 2289 16.86 851 029 0.00 0.00
CBS4 6821 | 41.11 29.19 19.20 11.11 0.50 0.00 0.00
CBS5 4370 | 32.70 | 20.70 10.10 3.00 0.00 0.00 0.00
CBS6 5409 | 4780 | 36.60 2720 10.80 072 0.00 0.00
CBS7 63.07 | 27.54 11.07 6.95 411 0.00 0.00 0.00
CBS0* is a cocoa butter substitute delivered from the local market
CONCLUSION

In general, it could be recomended from the results obtained,
using blending process of vegetable oils with ones rich in lauric acid
in producing CBSs. Specially, CBS7 (coconut oil 68%, palm stearin
22% and olive oil 10%) and CBS5 (palm olein 33.33%, palm stearin
33.33% and coconut oil 33.33%) which were judged to be the most
suitable oil blends for using in the manufacturing.
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