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Abstract

The objective of this study was to produce healthy cocoa butter substitutes
from extra virgin olive oil rich in omega-9 and polyphenols by blending
process with palm oil avoiding hydrogenation and esterification processes.
Oil blends, formulated by binary blends of palm oil and extra virgin olive oil
at different ratios (90:10, 80:20 and 70:30) compared with commercial cocoa
butter. The physicochemical properties (refractive index, melting and slip
point, color index, acidity, peroxide value, iodine number and induction pe-
riod by Rancimat method) have been determined for palm and olive oils and
the produced cocoa butter substitute. Also, fatty acid composition was identi-
fied by gas liquid chromatography and solid fat content of the produced co-
coa butter substitute was measured by Nuclear Magnetic Resonance (NMR)
and total polyphenols of oils and produced cocoa butter substitute were de-
termined. The results indicated that all the values of melting and slip point
were about the human body temperature (37°C), also results show a high
content of cocoa butter produced from oleic acid, as well as phenolic com-
pounds, and this leads to an increase in oxidative stability.

Keywords

Cocoa Butter, Extra Virgin Olive Oil, w-9-Fatty Acids, Polyphenols, Blending
Process

1. Introduction

The soft, yellow and edible fat derived from a cocoa bean is cacao butter often

called Theobroma oil. It is used for the processing of chocolate and certain
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points, toiletries and medications [1]. The taste and fragrance of cacao butter:
Cocoa butter, because of its distinctive physical properties, are the most costly
fat and the main component in chocolate candy goods. Cocoa butter has a small
range of melting points (27°C - 33°C), is strong, brittle and melts with a maxi-
mum feeling of cooling in the mouth [2]. Cocoa butter produces a high share of
saturated and monounsaturated oleic acid, normally found in any triglyceride.
POS, SUS, POP, with P = palmtic, O = oleic, and S = residue of stearic [3] are the
most prevalent triglycerides. Cocoa butter is cheaper and costlier than other
vegetable fats and oil owing to its unique chemical and physical properties. Ac-
cording to the 2019 Global Market Forecast, the demand for cocoa butter will
rise at a yearly growth rate of 7.3% in five years and is projected to hit USD 16.32
billion [4]. In view of the increase in consumption of chocolate products, poor
profits and low salaries at the plant, market analysts have forecasted that the
scarcity of cocoa butter would remain a persistent risk to food suppliers [5].
These researchers have therefore urged food processing companies to look to the
development of cocoa butter substitutes, an alternative from plant sources, to
substitute cocoa butter, partly or entirely, for economic and technical reasons in
food products [6]. Cocoa butter includes only amounts of caffeine and theobro-
mine, in contrast to non-fat cocoa solids. Butter of cocoa is getting more and
more competitive. Replacements were planned to be used as replacements. The
food can be labelled chocolate in the United States with 100% cocoa butter. The
EU specifies that the overall fat content of alternative fats should not reach 5%.
Substitutes for these include: almond, banana, fatty mango kernel and mango
kern fat mixture and banana oils; oils such as rapeseeds, cottons and illip oils,
and shea butter. Cocoa butter is an important ingredient in nearly all forms of
chocolates (white, dark and milk chocolate). Cocoa butter is now being taken
through this program [7] [8]. Cocoa butter is widely used by pharmaceutical
firms for physical products. As a nontoxic solid at room temperature that melts
at body temperature, it is considered an ideal base for medicinal suppositories. A
clear example of value-added goods by interesterification is the usage of inex-
pensive exchange oils in cocoa butter. This can be done with sn-1,3 specific li-
pases which catalase the integration in the sn-1,3 positions of the source oil con-
taining oleic acid in the sn-2 location of palmic acid (PA) and stearic acid (SA)
until similar composition of the TAG in cocoa butter is achieved [9].

100% olive juice is extra-virgin olive oil. The oils are produced by sufficient
maturation of the olives and by the mechanical pressing of the oil. The best
quality olive oil is extra virgin [10]. The olives have an outstanding appearance
and smell, which is free from defects and selected at full maturity and offer a fes-
tival for the senses [11]. Extra-virgin olive oil contains natural antioxidants like
olive oil polyphenols and vitamin E, which have proven capable of cholesterol
lowering, a preventive factor for heart disease, as well as a source of monounsa-
turated fatty acids [12].

Blending oils is a practical approach to boost the consistency of thermal oils.
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This will help to satisfy the taste and dietary demands of the customer in
foodstuffs [13]. In pastry products, cocoa butter has the key role to play in sup-
plying the necessary physical properties such as freezing, microstructure and
strong fat. The fat used to substitute cocoa butter could also not drastically affect
the quality of cocoa butter. The goal of this analysis was to eliminate cocoa but-
ter by combining vegetable oils (palm oil and extra virgin olive oil) to different

degrees.

2. Materials & Methods

2.1. Source of Materials

A cocoa butter substitute delivered from local market used in this study as a ref-
erence guide was exported by Overseas Company (El-Shamadan) for Food In-
dustries, Alexandria, Egypt. Refined, Bleached and Deodorized (RBD) palm oil
was obtained from the Extracted Oils and Derivatives Company (Arma Compa-
ny), 10™ of Ramadan City, Egypt. Olive oil was extracted from the olive sample
(Coratina) cultivated in farm of Horticulture Research Centre as follows:
Crushing of olive fruits were performed using experimental crusher mill, then
(Carver) press, the pressure used was 12.000 1b/in? which was reached gradually.
The resulting liquid phase was put in a separator funnel and allowed to stele for
50 min. The upper oil layer was decanted threw dried over anhydrous sodium
sulphate then filtered through a Whatman No.1 filter paper and kept in brown
glass bottle (120 mL). All chemical and reagents of the analytical methods used
in present study were analytical grade purchased from sigma-Aldrich Company
for chemicals, USA and El-Gomhoriya Trading Chemicals and Drugs Company,
Egypt. Pure standards of fatty acids methyl esters used in this study were ob-
tained from Koch light Laboratories, Ltd., England.

2.2. Preparation of Cocoa Butter Substitute

Cocoa butter substitutes have been produces by blending process of palm oil and
olive oil. The melting point and slip point behavior theoretically calculated then
modified the blend ratios. All tested blends components were individually
melted at 70°C + 2°C in water bath prior to blending process. A cooling unit
(Refrigerated Temperature Bath Model TC-500 serial 194042101, USA) fixed on
5°C + 1°C was used as well as homogenizing stirrer (Fisher Scientific Mix Model
143, USA) was, fixed on 300 rpm. This process taken within 1 min to 3 min to
get the desire texture of cocoa butter alternatives, the times were measured by
calibrated stopwatch to produce 100 g of blends samples [14]. The liquefied
tested samples were mixed in proportions ranging as follows: 1) palm oil 80:20
olive oil, 2) Palm oil 70:30 olive oil and 3) Palm oil 60:40 olive oil.

2.3. Physicochemical Properties of Oils
and Cocoa Butter Substitute

Refractive index, melting and slip points and color index, acidity, peroxide value,
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conjugated diene at 232 nm, conjugated triene at 268 nm, iodine number and
unsaponifiable matter were determined according to the method described by
A.0.C.S. 2012 [15].

2.4. Oxidative Stability of Oils and Cocoa Butter Substitute

Tests of the infusion times were conducted on the checked samples to easily
demonstrate the characteristics of oxidative rancidity tolerance as well as the
samples’ shelf life. According to the protocol outlined in [16], an automatic Ran-
cimat analysis was carried out of the collected samples (Metrohm Ud. CH-9100
Herisau, Switzerland, model 679) and the wet segment of 6 reaction vessels in
the oxidative stability index (2008).

2.5. Identification of Fatty Acids of Oils
and Cocoa Butter Substitute

Fatty acid methyl esters were prepared using quick methods in accordance with
ISO 12966-2 (2011) from total lipids. A column DB-23 (60 m to 0.32 mm daily)
(DB-25 um) was supplied with fatty acid methyl ester (HP 6890 sequence GC).
Carrier gas was N, with 2.2 mL/min flow rate, dividing ratio of 1:50. The flam-
mable Ionization Detector (FID) had a temperature between 250°C and 300°C.
The temperature was set to: 150°C to 210°C at 5°C per minute, and held for 25
minutes at 210°C. The overall retention periods were contrasted with normal

methyl esters. Peaks were established.

2.6. Solid fat Content of Oils and Cocoa Butter Substitute

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 [17]. The tested samples were measured
at 10°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C and 50°C.

2.7. Determination of Total Polyphenols

The levels of total polyphenols of palm and olive oils and cocoa butter substitute
samples were determined according to the method of [18]. Caffeic acid was

served as a standard compound for the preparation of the calibration curve.

2.8. Data Analysis

Statistical analysis was performed by using a one-way analysis of variance
(ANOVA), followed by Duncan’s test according to the procedure of using SPSS

version 17. The obtained results are expressed as mean + Standard Deviation (SD).

3. Results and Discussion

3.1. Physicochemical Properties of Palm and Olive Oils

The aim of this paper was to produce cocoa butter substitute from some vegeta-

ble oils by blending process avoiding hydrogenation or esterification processes.
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The vegetable oils used in this study were palm oil and olive oil at various con-
centrations. Figure 1 showed the physicochemical properties of palm and olive
oils used in the production of cocoa butter. From the results obtained in Figure
1(a) could be observed that refractive index was determined at 40C % 1 for palm
and olive oils. The refractive index values were 1.4556 and 1.4702 for palm and
olive oils that showed clearly the different degree of unsaturation. The melting
and slip point of the oils used in producing cocoa butter are shown in Figure
1(b) & Figure 1(c) where palm oil represented to have the highest values of
melting and slip point being (40.00°C - 42.00°C); followed by olive oil (from
—5.00°C to —6.00°C), respectively. The data in Figure 1(d) illustrated that palm
and olive oils nearly had the same values of yellow index which scaled 35.00. Al-
s0, the red color was scaled for palm olive oils were 2.10 and 2.30, respectively.

May be the color of olive oil was based upon pigments such as carotenoids and
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Figure 1. Physicochemical properties of the palm and olive oils used in producing cocoa butter Data are expressed as

mean * SD values given represent means of three determinations.
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chlorophyll. According to data showed in Figure 1(e) the acidity of palm and
olive oils amounted in 0.15 and 0.60 (mg KOH/g oil); respectively. Lower acid
value content of palm oil may be due mainly to high content of saturated fatty
acids specially the content of palmitic acid (Cis0) which makes the hydrolysis last
more times [19]. Peroxide values (Figure 1(f)) of the tested vegetable oils was
ranged from 1.00 to 2.20 (meq O,/kg oil) which found to be much greatly lower
than that recommended values (within the permissible values) which should not
exceed 15 meqO./kg oil as reported by [20].

The iodine value (I, g/100 g oil) 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 Figure 1(g), illustrated that the iodine value of
the investigated vegetable oils was ranged between 54.00 to 88.00 I, g/100 g oil.
The 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 [21]. Figure 1(h) & Figure 1(i), demonstrated that the formation extent
of conjugated fatty acids dienes of palm and olive oils were 0.50 and 0.60, re-
spectively. Meanwhile, the formations of conjugated fatty acid trienes for the
same tested vegetable oils were 0.15 and 0.20 respectively The IP was measured
by Rancimat method at 100°C for oils used in producing cocoa butter. Figure
1(j), the highest oxidative stability was to palm oil then olive oil (50.00 and 40.00
hr). The significant differences in the induction period were mainly due to the
different levels of total saturated fatty acids not only, but also the long or short
carbon chain fatty acids and rather than total polyphenols and sterols for olive
oil. Finally, Figure 1(k) it could be observed that olive oil contains the highest
amount of unsaponifiable matter (%) which recorded 1.70%, meanwhile, the
palm oil (0.31%).

3.2. Fatty Acids Composition (%) of Palm and Olive Oils

Fatty acid, including biochemical, physiological and functional functions, are
essential components of the human body. They function as the key constituents
of cell membranes as well as their position as a source of energy. In this case they
maintain the fluidity, stability, permeability of the membrane as part of the
membrane phospholipids, and therefore guarantee the passive movement across
the membrane and are intertwined intra- and intercellularly with other proteins.
The most significant fatty acid tends to be the dominant influence, the oxidative
stress, neuroprotective effects and cardiovascular defense [22] as a consequence
of their various biological functions. Table 1 shows the fatty acid composition of
fatty acids of palm and olive oils, it could be observed that palmitic acid (Cie.) is
found to be the major saturated fatty acid in palm oil (42.08%). Meanwhile,
higher content of oleic fatty acid (Cis1, omega-9) the major fatty acid it has many
health effects such as lowering cholesterol, reducing the incidence of heart disease,

was represented about 71.64% in olive oil. Also, the data showed in Table 1, that
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Table 1. Fatty acids composition (%) of the palm and olive oils.

Fatty acids Palm oil Olive oil
Cs:o 0.29 +0.02 0.00 + 0.00
Cioo 0.23 £ 0.01 0.00 + 0.00
Cizo 0.21 £ 0.01 0.01 + 0.00
Ciao 1.09 + 0.10 0.11 +0.01
Ciso 42.08 + 3.01 14.80 £ 0.99
Cie1 0.16 £ 0.01 0.07 £ 0.01
Cizo 0.10 £ 0.01 0.07 £ 0.01
Ciso 4.33 £0.15 1.78 £ 0.07
Cisa 40.25+291 71.64 + 6.51
Cisie 0.00 £ 0.00 0.00 + 0.00
Cis2 10.95+0.98 10.34 £ 0.92
Cisae 0.00 £ 0.00 0.00 + 0.00
Cis3 0.19 + 0.02 0.82 + 0.09
Caoo 0.34 £ 0.01 0.12 £ 0.02
Cao 0.16 + 0.01 0.15 £ 0.01

Data are expressed as mean * SD values given represent means of three determinations.
oils had no trans-fatty acids which are very harmful to human health [23].

3.3. Physicochemical Properties of the Produced
Cocoa Butter Substitute

Cocoa butter substitutes are traditionally performed through hydrogenation.
This process however, has always been regarded to produce trans-fatty acids that
increase the health hazards [24]. The vegetable oils used in this research were
palm and olive oils as well and were blended in different proportions according
to the melting point to produce cocoa butter substitutes.

Figure 2(a), demonstrates that the refractive index at 40 C for CBS-1, CBS-2
and CBS-3 was 1.4609, 1.4632 and 1.4665; respectively compared with CBS-C
1.4558 that showed clearly the narrow range degree of unsaturation. 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. Figure 2(a) & Figure
2(b), the produced cocoa butter substitutes recorded the melting and slip point
around the human body temperature 37 ‘C, compared with CBS-C (42.00 and
40.00°C). That may due to the high saturated fatty acids it contained next to its
fatty acid composition.

Figure 2(d), it could be clearly noticed that CBS-1, CBS-2 and CBS-3 had the
same value of yellow scale as they were 35.00. Also, the red color was scaled for
CBS-1, CBS-2 and CBS-3, it was 2.22, 2.23 and 2.26, respectively, all these results
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Figure 2. Physicochemical properties of the produced cocoa butter substitutes. Data are expressed as mean + SD val-
ues given represent means of three determinations.

were compared with CBS-C which scaled only 3.00 for yellow scale and 0.30 for
red scale.

Results in Figure 2(e), indicated that the acidity (mg KOH/g oil) for CBS-1,
CBS-2 and CBS-3, was 0.46, 0.50 and 0.62, respectively compared with CBS-C
which was 0.35 mg KOH/g oil. Also, the peroxide value of the tested fats is found
to be much greatly lower than that recommended value which should not exceed
15meq O,/kg (Figure 2(f)). The present results are found to be much greatly
lower within than that recommended (within the permissible values) for human
consumption as reported by [20] for edible fats and oils. Figure 2(g), shows that
the iodine value for all produced samples CBS-1, CBS-2 and CBS-3 was 59.50,
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64.90 and 72.40 (I,/100 g oil), respectively, compared with CBS-C 7.50 (1,/100 g
oil) which showed the highest values of saturated fatty acids. The high iodine
number of cocoa butter substitute produced due to blending with olive oil,
which is characterized by its high content of oleic acid (omega-9).

With regards to the alteration in specific extinction at 232 and 268 nm as the
measure of conjugated dienes and trienes fatty acids concentration in the tested
samples as shown in Figure 2(h) & Figure 2(i), It could be observed that the
formation extent of conjugated fatty acid dines were 0.52, 0.68 and 0.85, respec-
tively for CBS-1, CBS-2 and CBS-3 compared with CBS-C (1.00). Meanwhile, the
formations of conjugated fatty acid trienes were 0.31, 0.43 and 0. 50 compared
with CBS-C (0.30), respectively.

The induction period (IP), measuring the increase in the volatile components
by-products released from the oxidizing fats and oils. The IP was measured by
Rancimat method at 100°C for all the produced cocoa butter substitutes com-
pared to the corresponding IP of the CBS-C which delivered from local mar-
ket. The data showed in Figure 2(j), illustrated that higher induction period
(hrs) for CBS-1, CBS-2 and CBS-3 where represented to be 52.00, 47.00 and
43.00 h/100°C, respectively, suggests their stronger oxidative stability when
compared with CBS-C which recorded 35.00 h/100°C. 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 acids and ra-
ther than tocopherol content and other antioxidant compounds [25].

From the obtained data in Figure 2(k), it could be observed that the unsaponi-
fiable matter % of the produced cocoa butter substitutes CBS-1, CBS-2 and CBS-3
was 1.00%, 1.30% and 1.45%; respectively, in compared with CBS-C which was
0.10%.

3.4. Fatty Acids Composition (%) of the
Produced Cocoa Butter Substitute

From the data showed in Table 2, it could be concluded that all the produced
cocoa butter substitute had a respective amount of lauric acid (Ci»o) and the
minor was belonged to CBS-1, CBC-2 and CBC-3 which was 0.25, 0.06 and
0.04% compared with CBS-C which recorded 40.78%. Also, it could be observed
that the cocoa butter substitute recorded the highest major saturated fatty acids
palmitic acid (Ciso), which is represented 40.93%, 39.68% and 37.55%, respec-
tively. In contrast, CBS-C recorded the lowest amount 10.66%. Besides, stearic
acid (Cis0) was found in small amount for all the tested samples compared with
CBS-C which recorded the highest respective amounted in 23.06%. All the pro-
duced cocoa butter substitute contained the monounsaturated fatty acid (oleic
acid Cig1) in respective amount about 39.05%, 39.68% and 40.39% for CBS-1,
CBS-2 and CBS-3, respectively. Also, data showed that all the produced cocoa
butter substitute samples had no trans fatty acids which achieved the current in-

vestigation aim, when compared with CBS-C that recorded 1.49% to (Cis; trans).
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Table 2. Fatty acids composition (%) of cocoa butter substitutes.

Fatty acids CBS-C CBS-1 CBS-2 CBS-3
Ceo 0.24 £ 0.01 0.00 £ 0.00 0.00 + 0.00 0.00 £ 0.00
Cso 3.85+0.12 0.32 +£0.02 0.52 +0.04 0.18 £0.01
Cioo 4.23+0.23 0.28 +0.01 0.55 +0.05 0.57 £ 0.07
Cizo 40.78 + 2.41 0.25 £ 0.01 0.06 + 0.01 0.04 £ 0.01
Cuao 14.14 £ 0.73 4.71 £0.27 4.41+0.13 3.48 £0.12
Ciso 10.66 + 0.50 40.93 +2.87 39.68 +2.00 37.55+2.01
Cie 0.33 £0.10 0.17 £ 0.01 0.11 £ 0.01 0.12 £ 0.01
Cizo 0.02 £ 0.00 0.06 £ 0.01 0.09 +0.01 0.08 £ 0.01
Ciso 23.06 = 1.00 4.11 £0.15 3.7 £0.12 3.00 £0.10
Cisu 0.77 £ 0.09 39.05 + 1.98 39.66 + 1.90 43.20 £2.03
Cisat 1.49 £ 0.10 0.00 £ 0.00 0.00 + 0.00 0.00 £ 0.00
Cis2 0.01 £ 0.00 9.66 £ 0.51 9.70 £ 0.45 10.84 £ 0.91
Cisax 0.10 +0.00 0.07 +0.01 0.02 +£0.01 0.01 £ 0.00
Ciss 0.07 £ 0.00 0.28 £ 0.01 0.81 + 0.08 0.91 £ 0.06
Cao0 0.22 £ 0.01 0.68 £ 0.03 0.28 £ 0.01 0.30 £ 0.02
Ca01 0.00 +0.00 0.14 + 0.01 0.13 £0.01 0.11 £0.01

Data are expressed as mean * SD values given represent means of three determinations.

The process of blending olive oil with palm oil to produce cocoa butter led to an
increase in the proportion of monounsaturated fatty acids. Therefore, the pro-
duced cocoa butter substitute in this research is healthy because oleic acid

(omega-9) works to lower cholesterol, reduce heart diseases and atherosclerosis.

3.5. Solid Fat Content

The amount of fat crystals in a fat or fat combination has a significant influence
on the suitability of a fat or fat combination for a specific application [26]. A
significant number of product features, including their general appearance, are
responsible for solid fat, margarines, cutbacks and fat diffusion, spread ability,
and for sure for cocoa butter alternatives in confectionary industry, oil oxidation
and organoleptic properties [6].

Solid fat content (%) versus temperature (10°C - 50°C) for the produces cocoa
butter substitute is given in Figure 3, solid fat content versus temperature plot gen-
erally gives not only the information on how hard or soft a fat is at different tem-
peratures but also the melting behavior of the fat. it was observed that solid fat con-
tent decreased with increased olive oil proportion in the blend. These variations in

the solid fat content are mainly due to differences in the fatty acid contents of oils.

3.6. Total Polyphenols

Polyphenols are a key component to extra virgin olive oil, and are considered to

be one of the best health benefits within the oil. Polyphenols furnish the immune
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system, protect us from heart diseases and display anticancer activity as they act
as free radicals traps. They protect olive oil from oxidative damage and they
contribute to its superior oxidative stability among other edible oils. They also
affect its taste, giving it a distinctive bitter flavor [27], Figure 4 shows the total
polyphenols of palm and olive oils and produced cocoa butter substitute. The
results indicate a higher content of phenolic compounds in olive oil (490.00
ppm) than palm oil (40.00 ppm). All samples of cocoa butter substitute (CBS-1,
CBS-2 and CBS-3) producing by blending olive oil with palm oil were higher in
their content of phenolic compounds (95.70, 140.50 and 190.00 ppm) compared
to CBS-C (10.00 ppm). The presence of phenolic compounds in the produced
cocoa butter substitute makes it of high health and nutritional value and leads to
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Figure 3. Solid fat content of cocoa butter substitutes. Data are expressed as mean + SD
values given represent means of three determinations.
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Figure 4. Total polyphenols of oils and cocoa butter substitute. Data are expressed as
mean * SD values given represent means of three determinations.
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an increase in its shelf life.

4. Conclusion

The results recommend using extra virgin olive oil in producing healthy cocoa

butter substitute because it is characterized by a unique composition of mo-

nounsaturated fatty acids (oleic acid, omega-9) that reduce heart disease and ar-

teriosclerosis, as well as phenolic compounds that act as natural antioxidants

which contribute to the prevention of many diseases.
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