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Table 1 Fatty acid profile and SMP of baking-shortening samples made from Ardeh oil and Palm stearin .

. (Ardeh/PS)
Fatty acids (%) ratio
50:50 60:40 75:25
ND
C10:0 ND ooosoop 0092001
C12:0 0.08+0.00 0.56+0,04 0.360.04
C14:0 0.71+0.04 0.03£0.00 0.04+0.00
C15:0 ND 311404 23.7840.1
C16:0 37.91+00.1 0.90 £0.01 0.24+0.1
C16:1 0.29+0.1 0.0040.1 0.08+0.00
C17:0 0.05+0.00 0.040.00 0.04+0.00
C17:1 0.03+0.00 4.8740.01 4.61+0.1
C18:0 4.51+0.01 33.0640.5 34.51+0.04
c18:1 31.82+0.4 26.70:40.04 33.4740.01
C18:2 23.25+0.03 0.4140.04 0.35+0.00
C18:3 0.21+0.01 0.46£0.01 0.38+0.00
C20:0 0.24+0.01 0.18£0.00 0.19+0.01
C20:1 0.22+0.01 0.14£0.00 0.07+0.00
C22:0 0.06+0.00 0.04£0.01 ND
C22:2 0.12+0.01 0.05£0.00 0.06+0.00
C24:0 0.05+0.00 0.04£0.01 0.02+0.00
C24:1 0.05+0.00 U
0.3 0.3
Total trance 0.2 37'39 29.47
JSFA (%) 43.61 163 2.34
UFA/SFA 1.28 :
SMP("C) before 52.66°+0.305  51.4°+0.360 45°+0.000
after 48° +0.001 46° +0.001  42.3"+0.250

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; UFA: unsaturated fatty acids; PUFA:
polyunsaturated fatty acids; ND:not detected
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Table 2 Coefficients of Gompertz models describing SFC as a function of SFA (SFCysea)) and evaluation
of goodness of fit of models

Models Coefficients of Gompertz model Goodness of fit

SFCisen o b c R® P SE r MAE
39.093 3.955 24.077

0 (2.900) (1.487) (0.857) 0.981 0.1386 3.407 0.990 1.395
40.282 8.040 26.805

10 (9.966) (4.791) (2.885) 0.984 0.1276 2.991 0.992 1.469
35.848 11.168 30.103

20 (18.198) (8.223) (7.223) 0.984 0.1258 2.242 0.992 1.085
18.834 5.463 26.680

30 (0.231) (0.242) (0.139) 1.000 0.0110 0.144 1.000 0.069
11.468 5.321 29.119

40 (0.088) (0.122) (0.088) 1.000 0.0043 0.038 1.000 0.018

Abbreviations: P, Probability level of model; SE, standard error; r, Correlation coefficient between experimental and
predicted values; MAE, Mean absolute error. P value of each coefficient is written within the parenthesis
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Fig 2 The effect of Saturated Fatty Acid (SFA) on the
Solid Fat Content (SFC) of chemically interesterified
binary blends of Ardeh oil and Palm stearin
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Table3 Coefficients of Gompertz models describing solid fat content (SFC) as a function of temperature
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M mhe s esle

of chemical interesterified blends of Ardeh oil/Palm Stearin

Models Coefficients of Gompertz model Goodness of fit

SFCrn o b c R® P SE r MAE
. 49.242 -17.648 30.272

50:50 (5.377) (3.432) (2.518) 0.991 <0.0001 1.695 0.996 1.004
. 44.525 -20.770 29.076

60:40 (9.254) (6.636) (5.351) 0.979 0.0004 2.145 0.989 1.353
. 76.841 -37.801 -4.414

75:25 (44.585) (12.802)  (20.420) 0.993 <0.0001 0.904 0.997 0.578

Abbreviations: P, Probability level of model; SE, standard error; r, Correlation coefficient between experimental and
predicted values; MAE, Mean absolute error. P value of each coefficient is written within the parenthesis
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Fig 3 The effect of Temperature (°C) on the Solid Fat
Content (SFC) of chemically interesterified binary
blends of Ardeh oil and Palm stearin

Table 4 Evaluation of different models for prediction of slip melting point (SMP) of chemically
interestrified blends of Ardeh oil and palm stearin

Goodness of Fit Index

Correlation coefficients of models

proposed models

r SE MAE R f e d c b o
models
(Simple Line)
0.917 3.209 1.858 0.840 - - - 21.896 - 0.623 SMP =a(SFA) +c
0970 2.776 1324 0940 - - - -2490 3.657 -0.046 (Quadratic )SMP =a(SFA)? +b(SFA) +c
(Sigmoid function) SMP = OgFAfc
0.994 1277 0.493 0.987 - - - 19.372 3.680 47.222 1+e_( b )
(Gompertz)
_(SFAy
0.994 1241 0.485 0.988 - - - 18251 4.134 47.298 SMP=ce® °

Abbreviations: P, Probability level of model; SE, standard error; r, Correlation coefficient between experimental and
predicted values; MAE, Mean absolute error. P value of each coefficient is written within the parenthesis

R T - e R U S

Sl Olid s Sl 25l S0 el

AR

S 03 e 2Ll K Gladae eled b sl wax s L
L 5 S die Ol ol 5l Ll 505 SFA & clsSMP



by sl Lgu&:;?)}i u‘i'ij':e L;LAL;}J $olwdde

OLKen 5 (s wssy orosh e

et b o dlaly, (VAL 5 Ll [YO]

o
S S ey 8 1 Tosd Slosat (R*>0/4¢ )
L3s S 13 o3 A s rle S by
Coed pLdl e 5 Pl e S sladenl e

LY sl

S5 domsi =t

S St fly sy b 05 0 gkl sl S,
ST Gladss sl s 5 s, ol S5 oo se
Glabylrs apdp 5 Ok SVsame M5 Gk
G b sl Wb oS ea )l 855 51 el a2l 2]
@l oy ghe dr Ky Wty wlie Sl gaxeite
orate Siiph Lowlie 0000450 5 PUIPOSE)
olz s 5l (pie crust shortening) o <Y ls o s
sl

o3l Eay 2Uss glab i o3 Ll o Ao iled e
Lol (SFCmy) Les 51 b &g 4 szl WL 5 dmS
03 hH s et pames 5 (SFCrsra)) pldl o
L SFA I b Cyso ol ad il ml glab gl
GUolne oy il plonil 5008 (G oS w5 5l oslina
O Vb (St 8 5 et s aber Sl die 3
oSle 5 stk glar wdd o e s eiobesl ol
Sl €l gladie eles a5 sl 0L zaS llas glas
sl SMP 5 SFC slie o i 55 VL oL
waddle e sleldy A o, sS4 ral izl
Al iy selKans 4 5L SFC slie sty e
a3 g eSS &by ) Gl wes blas (U,
358 @l Awd g Sl L5 g0 DY s im0 oY 5o
o lagss) opd dhd ke o Sl Sl 4 xS Lo s
o gast pl o i el 0l AKELST le s,
Dby fals s Klg o odd &1 sladie G ,b 31 S

23,5 wBly fie adslslge G pme pian 5 ASTs 4 e

60
bl
L
v ¢ SMP (Exprimental )
g 10 = Predicted (Gomperiz)
E N —— Predicied (Sign oeidal)
—— Predicted ( Simple line)
10 — Predicted (Quatratic)
0
0 25 30 33 40 45

SFA (%)

Fig 4 The effect of Saturated Fatty Acid (SFA) on the
Slip melting point (SMP) of chemically
interesterified binary blends of Ardeh oil and Palm
stearin
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One of the successful processes in the production of trans-free-fats is chemical interesterification. In this
study, the effects of chemical interesterification reaction on slip melting point (SMP) and solid fat
percentage (SFC) in the blends of Ardeh oil and Palm stearin as a solid component with a weight / weight
ratio (50:50 to 60:40 and 75: 25) was investigated. The interesterification reaction was carried out at a
temperature of 70 ° C under vacuum conditions in the presence of 0.5% wt sodium methoxied catalyst. To
achieve the suitable SMP and SFC, special operations such as (heating, chilling and stirring) were
carriedon shortening. As a result, trans free shortenings were produced such as all-purpose shortening and
pie crust shortening. Modeling of SFC% of chemically interesterified binary blends of Ardeh oil and
Palm stearin was also performed using regression models. Preliminary studies showed that significant
correlation exist between SFC and temperature or saturated fatty acids (SFA) content. The SFC curve of
interesterified fats as a function of temperature (SFCy)) or SFA (SFCysra)) and the SMP as a function of
SFA (SMPssra)) had S shape and could be described using the sigmoidal Gompertz model. The presented
models can obviate the need for advanced instrumentation and can be especially helpful in development
of new fat formulations.

Keywords: Chemical interestrification, Shortening, Modeling, Gompertz
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