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1 -Polyglycerol polyricinoleate
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Table 1- Formulation of cocoa product containing different levels of emulsion

Ingredients (%) Control Treatment 1 Treatment 2
Cocoa butter substitute 30.00 28.00 26.00
(CBS)
Sugar 47.00 47.00 47.00
Cocoa Powder 12.40 12.40 12.40
Lecithin 0.45 0.45 0.45
Skim milk powder 10.00 10.00 10.00
PGPR 0.05 0.05 0.05
Vanillin 0.10 0.10 0.10
CBS emulsion 0.00 2.00 4.00
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4- Texture profile analysis
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3 -Differential scanning calorimetry



1800 3T VY 6,05 VA o, led

C)lﬂl L;l"lb Gw‘;f}lﬁ&u

32 SIS glaes ;513 Saudly w3585 aend 612
Fasiy o&Kws Sleslid boLL S5d8, 0sel
S5 o3Il Jw 4 sems (L2 51 Physica MCR301)
s bl s Osesl s S sl 0L~
(b V) Ve G J;ﬁtj;dmjwﬁp\ﬁg;u
o 5) Ol g 3l bl glaesls LS el
i) Ol (K550 Je b (B 25 o
Szt Sy g sSms B L ools 5l (F

Al

\/E: O-0+\/E

(Y o,

S5tk CoSa Y 5 100 O Y a5 &S
5 SRy (JS) ol S5 d (L) 25
IV TGl 2 V) Gh s (U JSaly) Sty
Sty s —A-Y

3l 2SI Glaes sl 3 o CdS s sk
b odiS G me Al Ose3] Dsed gl s £ shan
S Lo« °~\i>u3)'j‘h“f. <Ll o) 5l sl
st 53 b e s S plowil izl il e L5
g;'lt'.))\ 2050 (s Lgug;}.’.) LA esls )b_; LAUL.'.)J\
Sl S s wms e S Shs i 5 JS Jels
503 Sl (3 s s e (JRSS (o 25 e
33 B Bl S S W g ege 5 ek imen
el sl asslaal alde s Y5 F Y Y O Y
A s (e ) 0 B (Cimds b)) Sl s S5
Salaly olal 50l 2 612 Q) IS 2 pdy ab s S
LYY Y] .lejf deles ¥

__ 2(PXG)

Q=5

(" akal

301

Jlasl 1y ($3lues 125 o553 53 5 ol 35,3 4503 S35
Sl a8 C3l mie (Jol> Db g 0 s 515 S
0333 sl L3 g (gilwes i8 gl 5L s G
Rl 3 W Caslie Sk oS (U5l Sy 5)

D] 435 s e JS02

by S ol g Sl -\-Y

25 Glaes sl Ky Lot 5 As s sl
LS5 sl bl bl 0 gend gol s - shave (g5l
(x5 CR-300 (o ols) eSS,y olams 31 aslid
«s (Chroma) Ly S ,axli e . Lds S (5 ,S6 3100
O galaly b ol S cble 5 plal getasolis
35 Al

Chroma = Va*? + b*2

(V dal,

S L S Olps sdiasolisa’ Lastls o) aafy 3 oS
IV b (Ll ) VY 10T Gedsdos 45 4 gas
Sy oS dms e 0l b atls 5 Wil e (Lalls e 3)
Sossdomn 5 ol 55 355 b ol @ o3Il 4 b gel
Sl aite (LIl 5,3) +)Y 0 B (Lalls D) =VYe Slof

Y4 )NA]

Aw) ol b s —V-Y
losssl 3 55 3pmse ST Ol Ol Gb3) 5okt «
Gl Sl Ol il e gl SIS
PRI PE RPN ¢85 {KH IEN TV RN P30 R PR POV JOR:
sl 8 ol gazys Y gl s (s Novasina)
Cosb Ol s il 2 ol8iis ) 3 8 (55051
3 eased Jas dald S s Tpes VL glad s

D] das o €1 o zes 53 O Olgae 5l gl

Srdy 4 3K 5 (5 S 0310 A Y

5 -Headspace



=Sl S5 L pp s S o]

OLan 5 plel cid> 3

e S5 e g5l Gl 1l s (H) O el ds s
o> ST Jald s 2 pate Suke Ll (silead
38y 2l S ey S e sk Dl s
O e V3 G ek e S Sy 5 Sty
e Gl e Cupas wls Sl Sl
gﬁw@u&.mwﬁcﬁ@b,duﬁmalﬂg
5 b aaly Sson (€ 5 b @) el an b e
adlas cpl gl yodd b Jles Je (V) K2 555 o0

IYY] s e OLES 1

il e, =G 5o Shs i e =P s

Al e S

oL Gl 3l ealaal b gile Juae -V oY
S el glaesls 50 5 oLosos csilwand sl
cobe sl S laes sl aS el
53 636 Gl Il 5l (Aoss £ 5 Y ) O ped ol i
Goledte g, 5l eslinal L s S eslinad Clze 15l 5

((clfj—;\)) ode B LSL“J?JJ}JLSJJJJ 6‘)‘.’ u_':\JwA

(¢ abal, s Jols 53 0 send gal iz o+ lass gl (556
x—a <x _<ab Sz oS gl ¥ 02 Ol ol P el e
— a<x<
triangle (x; a, b, ¢) = ’C’_-;l b<x<c G gas Sl v gie (L) O sed g0l do s 2o (S5l 45l
Cﬁb _c <_x £ sl wged gl p sk 5 M) O gl do)s Y (gl
AH
AR |
"’ AIA
= ‘o' '-4 ,/><‘><‘\\ I
\ / \\ / "0 ”,a b ve
\ / \ ,I'I »”’ ,-4 : 2 £ b
l'\ ," A )/ .--'.' ‘ - -
\ Xof fh
\/ Cocoa Product

LR

\

/

\

(Mamdani)

-
5..--.

52898

aw

W

IS T T T T

/" \ l‘\
/ \\\ x " \\

Emulsion Concentration

L PG 15 stic_Viscosity
. ~
e *4 >
. > AT & ~

Figurel- The suggested topology of the designed fuzzy logic system in this investigation
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5- If (Emulsion Concentration is L) then (AH is H) (AL is L) (Hardness is H) (Chroma is H) (aw is
L) (Plastic viscosity is L) (Overall acceptance is H)
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6- If (Emulsion Concentration is M) then (AH is M) (AL is H) (Hardness is L) (Chroma is M) (a
is M) (Plastic viscosity is M) (Overall acceptance is M)

7- If (Emulsion Concentration is H) then (AH is L) (AL is M) (Hardness is M) (Chroma is M) (aw
is H) (Plastic viscosity is H) (Overall acceptance is L)

Table 2- Triangular membership function parameters for emulsion concentration

The title of Parameters of membership functions

membership functions A b c

The first membership
function 0 0 2

Second membership
function 0 2 4

Third membership
function 0 4 4
Aelere g o poo &G Bty oot e i
. L

y 7 \<
b \/ \

Figure 2- Membership functions: a) input (emulsion concentration) and b) output variable (AL)
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Water-in-oil emulsions as a partial substitute for cocoa butter are considered
a novel approach for producing reduced-calorie cocoa products, however,
the evaluation of quality characteristics of these products using traditional
methods is time-consuming and dependent on human judgment. Therefore,
this study aimed to investigate the effect of different concentrations of water-
in-oil emulsion (0, 2, and 4% w/w) on the quality characteristics of cocoa
products including enthalpy, length changes, hardness, chroma index, water
activity, plastic viscosity, and overall acceptance, as well as designing an
intelligent model based on fuzzy logic to predict these characteristics. The
results showed that increasing emulsion concentration decreased melting
enthalpy, chroma index, and overall acceptance, while water activity and
plastic viscosity increased, and the lowest hardness was observed in the
sample containing 2% emulsion. The designed fuzzy model showed the
highest accuracy in predicting water activity (with a correlation coefficient
of 0.915) and the lowest accuracy in predicting hardness (with a correlation
coefficient of 0.753), and for other characteristics, the correlation
coefficients were within an acceptable range, indicating the appropriate
efficiency of this system in predicting the quality characteristics of cocoa
products. Finally, it can be stated that the fuzzy logic system developed in
this study provides an efficient, rapid, and reliable tool for predicting the
quality characteristics of cocoa products, which can be used as a decision
support system in quality control and formulation optimization in the
chocolate industry.
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