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Abstract: Chocolate products are the most important products of candy that popular with a
) : lot, ¢specially children and as  a source of energy in addition to ils high nutritional value, In
- Palm olien; g chocolate industry, many of ingredients such as cocoa, sugar, cocoa butter, fats, emulsifiers

and flavorings play an important role in product quality. This research aims to assess the fatty
replacement and its impact on the organoleptic and rheological characteristics of chocolate for
the treatment of some problems that arise during marketing thereby increasing the economic
returns of these products. Novel functional chocelate spreads were formulated by replacing
palm oil in conventional solt chocolate spread by palm olein and cotton sced oil at 25, 50, 75
and 100% levels. Physical, chemical and rheological properties such as particle size distribu-
tion, apparent viscosity, flow behavior constants and hysteresis behavior, also sensory evalua-
tion such as smoothness, meltrate, cocoa flavor and milk {lovor were measured in soft choco-
late samples. Rheological properties indicated that the lower replacement rate 25% of palin
olien was closest to the control sample and increasing the ratio of fat replacer had significant
advanse effect on rheological properties of investigated chocolate. Sensory evaluation re-
vealed that chocolate made from 25% palm olein was more accepted as conventional choco-

late.

. Particle size distri!)uﬁo
i Rheological propertic
#'Sensory evaluation;
& Chocolate

and emulsifiers). During manufacture, refining and conching de-
termine particle size and suspension consistency and viscosity, to
Chocolate is the most frequently craved food (Hill and yield specific textural and sensory qualities {Afoakwa et al

Heaten-Brown, 1994), has an uniquely attractive taste 2008a).
(Chiva, 1999) and might even be beneficial for health The physical properties, rheological behavior and sensory per-
(Serafini et al 2003). The popularity of this food appears to  ception of chocolate are influenced largely by its processing tech-
be mainly due to its potential to arouse sensory pleasure and nique. particle size distribution and ingredient composition. To
positive cmotions (Macht and Dettmer, 2006). Chocolate is enhance chocolate texture, solid particle size distribution and in-
perceived as & comfort food and has been shown to be gredient composition can be manipulated to medify physical prop-
craved and consumed during depressive moods (Macdiar- erties, rheological behavior and sensorial attributes (Afoakwa et al
mid and Hetherington, 1995). Chocolates are complex  2007). Particle size distribution and composition have been re-
multiphase systems of particulate (sugar, cocoa, certain milk ported to influence chocolate rheological properties (Servais et al
components) and continuous phases (cocoa butter, milk fat  2002). Particle size distribution influences rheology and texture
wilh specific surface area and mean particle size influencing yicld

stress, plaslic viscosily, producl spread and hardness (Afoakwa et

1. Introduction
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al 2008b). Smailer particles improve sensory properiics
(Zlegler et al 2001) but plastic viscosity and yleld stress
increass duo to changes in surfuce arew of pariicles In Contaet
with fat phase. Particle size optimizations can reduce re-
guirement for viscosity modifiers and improve process con-
trol (Afoakwa et al 2008c).

Central to sensory character is continuous phase lipid
composition, which influences mouth feel and melting prop-
erties. Chocolate triglycerides are dominated by saturated
stearic (34%) and palmetic (27%} falty acids and monoun-
saturated oleic acid (34%). Chocolates are solid at ambient
(20-25°C) and melt at oral temperature (37°C) during cou-
sumption giving a smooth suspension of particulate solids in
cocoa butter and milk fat (Beckett, 1999 and Wintefield,
2005) Differences in the sensory characters of chocolate can
be attribited to use of dilferent cocoa types, variations in
ingredient proporticns, use of milk crumb instead of milk
powder, blending techniques and processing methods. Speci-
fications depend on type of chocolate and its intended use
{Jackson, 1999).

Some vegetable futs are similar 9 cocoa butter in righye-
eride composition and such cocoit butier equivittents {CBLs)
can be added in any propoition to chocolate without causing
a significant effect on texture. Cocoa butter replacers (CBRs)
such as lavric fats, palm kernel and coconut oils, are used to
totally replace cocoa butter (Falbot, 1999). The palm olein
is increasingly becoming available in food slores as well
(Gee, 2007). The carotenes in palm olein have been demon-
strated to have the highest bioavailability among ail known
plant carotenes. palm olein has been used in many forms to
deliver its pro-vitamin (A) carotencs to children at risk. in
several cross-continental studies, The findings are consistent:
red palm oil administered even in [ow dose, protects the mal-
nourished child against vitamin A deficiency and the risk of
going blind. Moreover, carotenes are known to have several
other physiological functions, i.e. antioxidant zctivity, im-
mune function enhancements and anti-cancer activity {(Sun-
dram, 2005). Palm kernel oif (PKO) is vegarded as (ood-
prade oil that is of high quality. ls application could be
greatly extended il PKO components could be fractionated or
modified to have properties that are closer to thuse of cocon
bulter replacers (CBRs), which have a very high value in the
confectionary market ( Norulaini ec al 2004),

This study aiins to produce high quality chocolate and re-
duce the problem of hardness encountered in the consump-
tion of soft chocolate processed with palm oil and full cream
milk powder. In addition 1o investigate new ingredients to
avoid the hardness of chocolate by estimating the rheological
and sensory propetties of novel soft chocolate.

2. Materials and methods
2.1. Materials

Cocoa powder and cocea mass were oblained from
Savola Egypt Co., crystal sugar {sucrose) was purchased
from Sugar Egypt Co. The sugar had a moisture of 0.2% with
a particle size ranged Irom 0.2 0 0.75 mm. Skinumed milk
powder and tuil cream miik powder of 26% lat were sup-
plied from Al — GARAS FOOD ingredients Co. Crystal va-
nillin was supplied from N.A Thrahim Co. Palm oil {non —
fauric specialty oil based on fractionated vegetable fat) was

obtained from Leders Croklaan Co. RBD  olein  (refined
.bleached& deodorized double fractionated palm olein of low
wwling polnt} obinindd e IFBCE Edypt € Hydroginaidd
cotton seed oil was ablained from Local Egypt Co., Lecithin
which had a viscosity of 2000 - 3000 CPS was obtained from Luxc
Myer Co., while P.G.P.R (polyglycerot polyricinoleate) numeri-
cal references - EEC 476 was obtained from Palsgaard Co.

2.1.1. Preparation of chocelate samples

The following ingredients were used in the manufaciure of soft
chocolate as previously described by Melo et al (2009) and modi-
lied using paln oil, skitmmed mitk powder and P.G.P.R (polyglyc-
crol polyricinoleate). Samples were prepared by replacing part ol
the palm oil with patm olein and cotton seed oil at levels of 23, 50,
75 and 100%. The quantities of the ingredients that were presented
in all the tormulations are shown in Table (1).

Table 1. Formulation for soft chocolate by replacing palm oil with
palm olein and cotton seed oil

Ingredients % Control 25% 50% 75% |00%
Palm ol 2020 1515 1010 505 000
Sucrose 4400 4400 4400 4400 44.00
Cocoa mass 400 400 400 400 4.00
Cocoa powder 400 400 400 400 - 400
Full cream milk powder 2025 2025 2025 2025 2025
:ﬁ‘"‘ olein {or) cotion sced 4 g5c 1530 3545 2020
Skimmed milk powder 675 675 615 675 675
Vanitlin 001  06i 001 061 001
Lecithin 0.7 07 07 01 07
P.GPR 014 014 014 014 014

2.2. Methods
2.2.1. Chemical roperties

Moisture and fat contents of the raw malerials namely ful
cream milk powder, skimmed milk powder, cocoa powder and
cocoa mass as well as free fatty acids, peroxide value, jodine num-
ber and saponification value of palm oil, palm olien and cotton
seed oil were determined according to ALO.A.C.(2000).

2.2.2. Physical Propertics
2.2.2.1. Melting point
The methed given by the Egyptian Standardization Organi-
zation NO.ST (2005) was applied for measuring the melling puint
of palm oil. palim ofien and cotlon sced oil.
- 2,.2.2.2. Particle size distribution:
Particle size was determined with Laser Dilfraction Particte

Size Analyzer 2000 Ver, 5.31 (Malvern Instrunment Ltd., according
Do et al 2007).
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2.2.3. Rheological Propertics
2.2.3.1. Yiscosily

Viscoelasticity of soft chocolate was measured at zero
time and after 3 &6 months by a rotational type RV{ Rheolest
2 — Germany ), the investigated samples were iniroduced into
* 8,". The development shear stress values were measured at
shear rate from 0.333 to 1458 S as described by
Aeschiimmann and Beckett (2000). Apparent viscosity was
calculated and given with their corresponding curves, from
which the slape of the relation between shear stress and shear
rale represented the overall apparent viscosity.

Apparent viscosity ]’] = 1.\' 100
Y
Where 1= Apparcut viscosity in cp
T = shear stress {dyn / cm?)
¥ = shear rate ()

The non-Newtonian behavior index (n) and consistency
coefficient (K) were applied and tested according of the for-
mula as given by Dail and Steffe (1990).

n
t=K-y

The gab between the ascending and descending shear
stress curves that was measured by a digital planimeter
"KP- g? " reprints hysteresis area in cm?,

2.2.4. Sensory evaluation

Sensory evaluation of investigated chocolate samples was
applied according methods to Misnow et al (2004). Choco-
late spreads were evaluated by 10 trained panelists, samples
were kept at room temperature (24°C £ 2) for | h before
evaluation. Samples were served in white plastic cups; water
and bread were provided for cleaning the palate between
samples. Each panelist was asked to give a number from 1

{Extremely dislike) to 9 (Extremely iike) on the hedonic

scales for texture attributes: smoothness (sensation on tongue
and roof of mouth whilst product is melting), melt rate (rate
of disappearance in mouth) and viscosity (perecplion of
thickness / thinness of sample in mouth).

2.2.5. Statistical analysis

Analysis of variance was computed using All PC—Stat
Version 1A procedures (SAS, 1996). Differences arrange
means were cvaluated using Duncan’s multiple range test (P
< 0.05).

3. Results and discussion
3.1, Chemical parameters
Proximate chemical composition of soft chocolate con-
stituents are summarized in Table (2). Moisture content of

skimmed milk powder, full cream milk powder, cocoa pow-
der and cocoa mass were 2.97, 2.48, 3.08 and 1.30 %, respec-

tively, The Cocoa mass was found to be higher content of [at
reaching 65%. L
Table 2. Chemical properties of ingredieuts used in-soft ¢}
late’ e s

Ingredients

- Skirﬁmed milk pt;wder

Full cream milk powder T2, ._
Cocoa powdet -

Cocoa mass. Lo

Data presented in Table (3) showed chemical analysis of fat
ingredients of palm oil, palm olein and cotton seed oil. The melt-
ing point of palm olein gave the highest value (13.33°C) while, for
cotton seed oil and palm oil were 12.0 and 9.29°C, respectively.
However. ihe free fatty acid content was equal each other. Date
found that no significant differences in peroxide and saponifica-
tion values between palm oil and cotton seed oil. While, cotton
seed oil was the highest onc in iodine number (103.4).

3.2, Physical propestics of soft chocolate
3.2.1. Particle size distribution

Laser scattering analysis indicated a mono modal particle size
distribution {P.S.D) of soft chocolate (Table 4). Data of PSD gave
volume histograms (0.84 pm), specific surface area (m%g) and
mean particle diameter D{4,3] (um). PSD of 25% replacing of
palm oil with palm olein was less than control in mean particle
size (10.76 uwm), however replacing with cotton seed oil at the
same ratio was similar to control (12.52 um) as seen in Figs. 1 (a
and 1(b). Beckett (1999) concluded that largest particle size and
solids specific surface area were the two key parameters for choco-
late manufacture. The former determines chocolale coarseness and
textural characlers; the latter is associated with requirement of fat
for desirable Tlow propertics. From the oblained datn, it could be
noticed the specific surface area was sipnificantly increased as a
function of increasing of fat replacer ratio from 25 to 75% when
samples were statistically analyzed at P <(.05.

3.2.2. Rheological measurements

3.2.2,1. Apparent viscosity

It seems clearly that tested chocolate samples arc of Non New-
tonian fluids and when the measured apparent viscosity (cp) is
figured against shear rate {S'') for chocolate formulated either with
palm oil or paln olien {Fig. 2} the following trends may be con-
cluded. Values of viscosity indicated the prescuce of a noticeable
variation within samples at any given shear rate. For instance, at
shear rate 5.4 §7' the apparent viscosity was 33681cp for the con-
trol chocolate and 30717 ¢p for the sample replaced with 25%
palm olien (Table 5). The noticeable variation is a function of fat
replacement effect (Afoakwa ct al 2007).
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Fig. ¥ (b). Particle size distribution of soft chocolate ful repluced

Fig. 1 (a). Particle size distribution of soft chocolate fat replaced
with 23% cotton seed oil

with 25% paim olein
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Fig. 2. Apparent viscosity as a function of shear rate of chocolate samples made using palm olien as a replucer for palm oil
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Table 5. Appnrml viscusﬂ.y as a funcl.mu ni’shear rate of chocolate samples made using pn!m olien as a rep]nmr for pal!m
oil i i

=4

Shear Rate Cnntml o 25% Palm Olien 50% Palin Olien 75% Palm Dhen : Iﬂﬂ%Pﬂlm D!leu
0.333 183514 113604 113604 157297, 69910
0.6 _ |13915 130950 77600 106700 43650
LO = i s00RS 84390 52380 72750 e L]
1.8 56583 56583 35567 48500 21017
3.0 43650 43650 27160 37830 PR 5530
54 33681 30717 19939 29639 i
9.0 ORI L a1363 14550 25543 9700
16.2 :"1§549-_~.-_ Vol 35543 15269 674 s L e
27.0 24525 29856 15994 24525 LT TR0
48.0 227192 2399 14395 20993 : 8397
81.0 22037 24880 13862 19549 8175
145.8 19746 19746 13230 15797 LT 7BOR

—&#—Control

=25 % Cotton Seed

5.E+04 -
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a 1E+05 = 50 % Cotton Seed

= ot —8—75% Cotton Seed

3, 2.E+ 9 =@=100 % Cotton Seed |

£ 2E+05 % 5

g 1.E+D5 - '
| 2

=

Shear rate ( sce -1)

Fig. 3. Apparent viscosity as a function of shear rate of chocolate samples made using cotton seed oil as a replacer for palm oil

50% GS{} _
]5729?. :_;.__:;._.
1018s0ui

i 78570 g0,

*  C50=Cotton seed oil.
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abie 7. Flow behavior constants { k ) and ( n ) of investigated soft chocolate samples

10 %replacer -

TR Palm olein Cotton seed oil

. Samples i

el n R? K { Pas.S) n R?
0.6509 0.9570 795.21 0.6509 0.9570
0.6987 0.9732 616.20 0.6763 0.9766
0.6551 0.9516 71625 - 07074 0.9657
0.6586 0.9698 874.57 0.6668 0.9790
0.6000 0.6662 850.80 0.6645 0.9583

The available data (Fig. 3 and Table 6) also proved that
replacement palm oil with cotton seed oil with different ratios
showed apparent viscosity was 26944, 33950, 37722 and
33411 cp for 25, 50, 75 and 100% replacement al shear rale
548" comparative with control sample that was 33681 cp.
On the other hand, degree of variation within the apparent
viscosity was narrow with control after shear rate 16,2 §°
and it reflects thal there is no significant difference in these
ratios, which did not affect chocolate viscosity.

3.2.2.2. Flow behavior constants

The caleulated parameters {Qow behavior index n) and
{consistency coelficient K} for control, fal replacer with palm
olein as well as cotton seed oil sofl chocolale samples are
summarized in Table (7). Comrelation coefficient (R?) for the
regression analysis of log shear stress log shear rale data was
0.9516 indicating a strong correlation for the tested parameter
within the aforementioned chocolate samples.

The flow behavior index {n) of control and treated choco-
late samples were less than 1.0 giving a value ranged from
0.6000 to 0.7074; a pattern which indicating their strong non-
Newtonian pseudoplastic behavior. The added level of palin
olein caused high reduction in consistency coelficient (K}
from 783.88 (23% replacing) to 264.83 (F00% replucing)
Pas.§ in soft chocolate. These results confirm with those
reported by (ElHadad ec al 2011). On contrary, added level
of cotton seed okl caused increase in consisiency coelficient
from 616.20 1o 850.80 Pas. S, respectively.

3.2,2.3. liysteresis behavior

The hysteresis aren of lested sofl chocolate saunples was
given in Table (8), which was based on Figures (4 and 3).
Soft chocolate with 25% paln olein showed a hysteresis area
of 0.44 cm?, while 100% replacing showed a decremental
trend in hysteresis area to be 0.1 cm?®. However, hysteresis
area of sofl chocolate with colton seed oil replacer at 25%

was higher than the other treatments (0.48 cim). Generally,

fat reptacer showed a higher hysteresis area than control sample.
These evidences are in agreement with those obtained by Dail and

Steffe (1990).

Table 8, Hysteresis area of soft chocolale sumples rcplaced
with palm olien and cotten seed ml o

. Hystem:s area In em?
Treatments : ;
Palm okein . Cotton seed oil

Control 0.10 - 0.10
25% replacing 044 0.48
50% replacing 0.33 ‘ _ 0.17
75% replacing 0.17. - 038
100% replacing 0.1 ] 0.34

3.3. Sensory propertics

Mean scores of sensory properties of sofl chocolate Table (9)
reveal that 25% replacing is the best acceptable ratio either with
palm olien or cotton sced oil. Chocolate which were prepared with
replacing palm oil with palim olein at ratio 25% had higher scores
of cocoa Havor {9.2) which was found te be significantly higher at
p< 0.05 in comparison with all weatments. Utilization of cotton
seed oil as a fat replacer up to 30% resulted chocolate smoothness
that was significantly comparable in acceptability compared to the
cantrol. As cotton seed oil replacement increased, the chocolate
meltrate was less aceepuble, us judged by panclisis. Finally, a
high quatity functional chocolate was able to be produced by re-
placing palm oil with palm olein at 25 %4 level. These resulls are in
agreement with those mentioned by El-Hadad et al (2011) who
studed the high guality functional chocolate spread by replacing
the butter fat with red palm olein at 20% level.
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sle 9. Sensory svaluation of the sofl chocolate replacement the palm ofl with palm olein and cotton seed oil
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