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Abstract Solid fat content (SFC) curve is one the most

important physical properties of fats determining their

plasticity and melting behavior. It is measured using pulsed

nuclear magnetic resonance spectroscope or differential

scanning calorimeter. However, the instruments may not be

readily available at all laboratories. As a case study, in this

research, application of empirical modeling for prediction

of the SFC curve of chemically interesterified binary

blends of fully hydrogenated soybean (FHSBO) and canola

oil (CO) was evaluated. The SFC curve of interesterified

fats as a function of temperature (SFCf(T)) or saturated fatty

acids (SFA, SFCf(SFA)) were S-shaped and could be de-

scribed using the sigmoidal Gompertz model. The SFCf(T)

models fitted the experimental data with R2s greater than

0.95 and mean absolute errors (MAE) less than 1.61 %.

The SFCf(SFA) curves could also be described using the

Gompertz model with R2s greater than 0.97 and MAEs less

than 1.18 %. Finally, a two-variable Gompertz model

considering both temperature and SFA as variables was

developed which fitted the experimental data with R2 of

0.98 and MAE of 1.00 %. To validate the final model, the

SFC curve of different blends including interesterified

FHSBO/CO/sunflower oil, palm olein/CO or palm olein/

CO/sunflower oil blends was predicted. The model could

predict the SFC of interesterified FHSBO/CO/sunflower oil

blends with correlation coefficient of 0.98 and MAE of

1.02 %. When applied for palm olein-based blends, it

predicted the SFC curves with correlation coefficient and

MAE of 0.87–0.88 and 2.6–3.5 %, respectively.
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Introduction

Interesterification has been widely used in the production

of various types of trans-free fat products [1–6]. It modifies

the physical properties of oils and fats by rearranging the

distribution of fatty acids on the glycerol backbone without

changing their fatty acid composition [7]. Upon inter-

esterification, physicochemical properties of the product

including triacylglycerol (TAG) composition, solid fat

content (SFC), melting point and crystallization behavior

of the product is changed. Accordingly, the reaction is

often monitored by TAG analysis, melting point and SFC

determination [7, 8]. The SFC defines the percentage of the

solid parts of fats at certain temperatures (generally

10–40 �C) and is measured using pulsed nuclear magnetic

resonance spectroscope (pNMR) or differential scanning

calorimeter (DSC) [9]. However, the instruments for SFC

determination or TAG analysis (high performance liquid

chromatography or high temperature gas chromatography)

may not be available at all food analysis laboratories. In

this context, prediction of SFC of interesterified fats from

their fatty acid composition (which is not altered by the

reaction, and the instrument for fatty acid composition

analysis (gas chromatography) is very common) may ob-

viate the need for advanced instrumentation.

TAG composition is the most important factor deter-

mining fat physical properties. Fatty acid distribution

within TAGs of naturally occurring oils and fats is rather

specific. Accordingly, different blends of natural oils/fats

having similar fatty acid compositions may not have

J. Farmani (&)

Department of Food Science and Technology, Faculty of

Agricultural Engineering, Sari Agricultural Sciences and Natural

Resources University, PO Box: 578, Sari, Iran

e-mail: jamshid_farmani@yahoo.com

123

Food Measure (2015) 9:281–289

DOI 10.1007/s11694-015-9233-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-015-9233-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-015-9233-8&amp;domain=pdf


similar TAG composition, and consequently, similar phy-

sical properties [9]. Upon chemical interesterification, fatty

acids are randomly re-distributed within TAGs. The reac-

tion ultimately attains equilibrium when all possible TAGs

have been formed [7]. Theoretically, separate inter-

esterification of two different fats having different TAG

composition but the same fatty acid composition will lead

to a similar TAG composition and consequently similar

physical properties. Hence, a model describing the rela-

tionship between fatty acid composition and SFC may be

helpful in prediction of the consequence of the

interesterification.

A few works focusing on modeling of SFC of inter-

esterified fats have been published until now. Augusto et al.

[10] reported that the SFC curve of fats (as a function of

temperature) could be modeled using sigmoidal functions.

Teles dos Santos, Gerbaud and Le Roux [11, 12] used a

solid–liquid equilibrium model coupled with an algorithm

for direct minimization of the Gibbs free energy function to

compute the SFC curve of vegetable oils including inter-

esterified fats. However, models described by by Teles dos

Santos, Gerbaud and Le Roux [11, 12] needs many input

data such as melting point and melting enthalpy of indi-

vidual TAGs. Empirical modeling using non-linear re-

gressions can provide a simple mathematical description of

the phenomena. Hence, as a case study, the aim of this

work was to express the SFC curve of interesterified

FHSBO and canola oil (CO) blends in relation to their fatty

acid composition and temperature using regression models.

Models presented in this work can be used as tools for

prediction of SFC of interesterified fats and may be espe-

cially useful in development of new fat formulations.

Materials and methods

Modeling and statistical analyses

The fatty acid composition and SFC data of chemically

interesterified binary blends of FHSBO/CO from our pre-

vious work was used for modeling study [5]. In addition to

the blends reported previously, the physicochemical data of

one more blend containing 45 % FHSBO and 55 % CO

(which was prepared using the same raw materials and

procedures as the other blends) was also included in the

study [13] (Table 1). In order to evaluate the correlation

between SFC, fatty acid composition and temperature,

Pearson bivariate correlation coefficients were calculated

using SPSS for Windows (IBM SPSS Statistics Ver. 21,

New York, USA). Based on the Pearson bivariate corre-

lation analysis, temperature and saturated fatty acids (SFA)

were selected as the most effective independent variables

and used for modeling of SFC of chemically interesterified

FHSBO/CO blends. SFC as a function of temperature, SFA

or both was modeled using sigmoidal Gompertz function

by SigmaPlot software ver. 12 (Systat software Inc., USA).

Goodness of fit of models including correlation coefficient

between experimental and predicted values and mean ab-

solute error of prediction was evaluated using Statistica

Ver. 10 (Stat Soft Inc., Tulsa, USA).

Experimental procedures

After description of model, several blends were chemically

interesterified and the observed SFC of the blends was

compared with that predicted by model. Chemical inter-

esterification was performed as described in our previous

works, except that interesterified fats were not washed with

ethanol [2, 3, 5]. Briefly, fat blends were interesterified

using sodium methoxide (Merck, Darmstadt, Germany,

0.5 % w/w) at 70 �C for 30 min. The catalyst was inacti-

vated by addition of 2 % (w/w) aqueous citric acid (20 %

(w/w) concentration) and mixing for an additional 15 min.

Finally, 1 % (w/w) filter aid (Celite Hyflo Super Cel filter

aid, Fisher Scientific Co., Pittsburgh, PA) was added and

the mixture filtered under vacuum through Wattman No. 4

filter paper.

Fatty acid methyl esters were prepared and identified

according to the American Oil Chemists’ Society (AOCS)

method Ce 2-66 and Ce 1e-91, respectively [14].

A Chrompack CP 9002 gas chromatograph (Middleburg,

the Netherlands) equipped with a flame ionization detector

and the capillary chromatographic column CP Sil 88

(100 m, 0.25 mm id and 0.2 lm film thickness;

Chrompack, Middleburg, the Netherlands) was used to

analyze fatty acid methyl esters. The split ratio was 1:100

and the detector and injector temperature was 250 �C. The
column was run isothermally at 175 �C, the carrier gas was
nitrogen and the column head pressure was 230 kPa.

A minispec mq 20 pulsed nuclear magnetic resonance

spectroscope (Bruker Corporation, Hamburg, Germany)

was used to measure SFC in samples at 10, 20, 25, 30, 35

and 40 �C according to AOCS Cd 16b-93 direct serial

measurement method [14].

Results and discussion

Variable selection

Generally, factors affecting the SFC of fats can be divided

into two groups: the temperature at which the fat is held

and the chemical composition of fat. Table 1 shows fatty

acid composition and SFC of blends at different tem-

peratures. To identify variables having greater correlation

with SFC of interesterified fats, Pearson correlation
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coefficients for binary combinations of SFC with tem-

perature, palmitic, stearic, oleic, linoleic, linolenic, total

unsaturated fatty acids (UFA) and total SFA were calcu-

lated (Table 2). Pearson correlation coefficient depicts the

basic relationship across two variables. The correlation

coefficient lies between -1 and ?1. If the two variables

tend to increase together, the correlation coefficient will be

positive. Conversely, if one variable tends to increase as

the other decreases, the correlation coefficient will be

negative [15]. A negative Pearson correlation coefficient

was observed between SFC and temperature (Table 2) i.e.,

as it is obvious, SFC is lower at higher temperature. This

can also be seen in Table 1 and Fig. 1.

As it can be seen in Table 1, palmitic, stearic, oleic,

linoleic and linolenic acids were the main ([97 %) fatty

acids found in blends. SFAs (variables palmitic, stearic and

total SFA) have high melting points and as it could be

expected, a significant positive correlation was observed

between individual SFAs or total SFA and SFC (Table 2).

Contrary to SFAs, oleic, linoleic, linolenic and total UFA

affected the SFC, negatively (Table 2). However, they

were strongly correlated (Pearson correlation coeffi-

cient = 1.0) with SFAs (Table 2). As the sum of fatty acid

percentages of a fat is 100, the increase or decrease in the

content of one fatty acid will influence that of the other

one. In other word, the statistical distribution of total UFA,

oleic, linoleic or linolenic acid is completely dependent to

that of total SFA, palmitic or stearic acid. This is especially

important in regression analysis, as the distribution of in-

dependent variables should not be explained by each other

[16]. Accordingly, compositional variables can be selected

from either SFAs or UFAs. SFC of fats may be described

Table 1 Fatty acid composition (percent area) and solid fat content (SFC) of chemically interesterified binary blends of fully hydrogenated

soybean (FHSBO) and canola oils (CO) [5]

Fat blends Fatty acid composition (%) SFC (%) at

P S O L Ln SFA USFA 10 �C 20 �C 25 �C 30 �C 35 �C 40 �C

FHSBO/CO

15/85 6.1 14.9 52.3 17.0 6.7 21.0 76.0 5.5 3.8 2.0 0.9 0.5 0.0

20/80 6.5 19.0 49.3 16.0 6.3 25.5 71.6 9.0 6.1 2.4 1.7 0.5 0.0

25/75 6.8 23.2 46.3 15.0 5.9 30.0 67.2 13.0 10.0 6.2 3.6 2.0 0.8

30/70 7.1 27.4 43.3 14.0 5.5 34.5 62.8 14.7 14.9 9.5 6.0 3.6 1.9

35/65 7.4 31.5 40.3 13.0 5.1 38.9 58.4 20.8 20.8 17.2 9.7 6.0 3.0

40/60 7.7 35.7 37.3 12.0 4.7 43.4 54.0 25.2 25.6 23.5 16.3 8.3 6.2

45/55 8.0 40.8 34.2 10.9 4.2 48.8 49.3 34.0 29.5 23.8 19.4 13.2 8.1

M myristic acid, P palmitic acid, S stearic acid, O oleic acid, L linoleic acid, Ln Linolenic acid, SFA saturated fatty acids (sum of palmitic and

stearic acids), USFA unsaturated fatty acids (sum of oleic, linoleic and linolenic acids)

Table 2 Pearson correlation coefficients between solid fat content (SFC) and fatty acid composition of chemically interesterified binary blends

of fully hydrogenated soybean and canola oils

SFC P S O L Ln USFA SFA T

SFC 1 0.731a 0.738a -0.733a -0.737a -0.737a -0.734a 0.738a -0.581a

P 0.731a 1 0.998a -0.999a -0.999a -0.999a -0.999a 0.998a 0.000

S 0.738a 0.998a 1 -0.997a -1.000a -1.000a -0.998a 1.000a 0.000

O -0.733a -0.999a -0.997a 1 0.999a 0.999a 1.000a -0.997a 0.000

L -0.737a -0.999a -1.000a 0.999a 1 1.000a 0.999a -1.000a 0.000

Ln -0.737a -0.999a -1.000a 0.999a 1.000a 1 0.999a -1.000a 0.000

USFA -0.734a -0.999a -0.998a 1.000a 0.999a 0.999a 1 -0.998a 0.000

SFA 0.738a 0.998a 1.000a -0.997a -1.000a -1.000a -0.998a 1 0.000

T -0.581a 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1

P palmitic acid, S stearic acid, O oleic acid, L linoleic acid, Ln linolenic acid, PUFA polyunsaturated fatty acids (sum of linoleic and linolenic

acids), USFA unsaturated fatty acids (sum of oleic, linoleic and linolenic acids), SFA saturated fatty acids (sum of palmitic and stearic acids),

T SFC measurement temperature
a Correlation was significant at the 0.01 level

Modeling of solid fat content of soybean oil and canola oil 283

123



better by SFAs [17–19]. The main SFA found in blends

was stearic acid, which ranged 15–41 % (Table 1). How-

ever, interesterified fats also contained about 7–8 % pal-

mitic acid. To take into account the effect of both fatty

acids and to simplify model, total SFA (sum of palmitic

and stearic acid) was selected as the sole independent

compositional variable.

Similar to our results, Davenel et al. [17] found both

stearic and palmitic acid to be closely correlated with SFC

at 20 �C of pork back fat. They described the SFC of pork

fat as a linear function of palmitic and stearic acid. Gläser

et al. [18] and Ospina-E et al. [19] identified a high cor-

relation between stearic acid and SFC at the assayed tem-

peratures for pork back fat. However, no report on the

effect of fatty acid composition on SFC of interesterified

fats was published.

Briefly, temperature and total SFA were selected as in-

dependent variables for modeling of SFC of chemically

interesterified fats.

Modeling of SFC as a function of temperature

Application of sigmoidal equations for modeling of SFC as a

function of temperature (SFCf(T)) has been previously

documented by Augosto et al. [10]. They found that the

SFCf(T) curve of different fat blends (including one inter-

esterified blend of FHSBO/CO) fitted the sigmoidal models

such as Gompertz, Logistic and power decay model but the

Gompertz model described it better especially at low and

high values of SFC. Although the Gompertz function is a

type of mathematical model for a time series, it has been

extensively used in different areas, describing awide number

of applications [10]. In this studywe evaluated the suitability

of Gompertz equation for expression of SFCf(T) curve of

chemically interesterified FHSBO/CO blends with varying

ratios. As it can be seen from Fig. 1, the SFCf(T) curves of

interesterified fats had a sigmoidal shape. At low tem-

peratures, the SFC tends to a maximum asymptotic value,

from which melting starts to decay the solid content. At in-

termediate temperatures, the SFC decays with an inflexion

point. Finally, at high temperatures, fat is completelymelted,

i.e., the SFC tends to aminimum asymptotic value of 0 %, as

no more solid fat is observed. Although many sigmoidal

functions are known, the Gompertz models (Eq. 1) is one of

the most used for mathematical modeling [20]. The effect of

temperature on SFC can be mathematically shown using

Gompertz model as below:

SFC ¼ ae�e
� T�c

bð Þ
ð1Þ

where, a is the upper asymptote, b sets the ordinate axis

displacement and c sets the growth rate (Y scaling).

The coefficients a, b and c for each blend were calcu-

lated using Sigmaplot software and are presented in

Table 3. The coefficients were generally significant at

p\ 0.05 and coefficient of determination (R2) of 0.95-1.00

was obtained for models. Models had generally P values

less than 0.01 (Table 3). A comparison between ex-

perimental and predicted values is shown in Fig. 1. Table 3

shows the correlation coefficient between experimental and

predicted SFCf(T) values which were generally more than

0.98. The mean absolute error of models, which is an av-

erage of the absolute errors (the difference between ex-

perimental and predicted value), ranged 0.14–1.61 %

(Table 3). This indicates that the models can predict the

SFC with low error. Totally, models described for ex-

pression of SFC as a function of temperature showed good

fitness with experimental data and can be used for pre-

diction of SFCf(T) of interesterified FHSBO/CO blends.

Modeling of SFC as a function of SFA

Contrary to the effect of temperature, the SFC of fats in-

creases with increase in SFA content. Figure 2 shows SFC

curve of interesterified fats as a function of SFA

(SFCf(SFA)). The SFCf(SFA) curve of interesterified fats also

showed a sigmoidal shape and could be modeled using

sigmoidal functions. We used the Gompertz function to

model the SFC of interesterified fats as a function of SFA

content (Eq 2).

SFC ¼ ae�e
� SFA�c

bð Þ
ð2Þ

Unlike SFCf(T) curve which starts from the upper asymp-

tote and finally reaches to the lower asymptote of zero, the

SFCf(SFA) curve starts from the lower asymptote of zero and

finally reaches to the upper limit of SFC. The coefficients a, b
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Fig. 1 Effect of temperature on solid fat content (SFC) of chemically

interesterified binary blends of fully hydrogenated soybean/canola

oils. Markers and solid lines represent experimental and predicted

SFC values, respectively
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and c and goodness of fit of Gompertz models of SFCf(SFA)

curve was calculated and are shown in Table 3. As it can be

seen all models fitted for prediction of SFCf(SFA) had high R
2

([0.97) and were significant at p\ 0.01. Coefficients of all

models except model describing SFCf(SFA) at 10 �C were

generally significant at p\ 0.05. The experimental and pre-

dicted SFCf(SFA) curve of interesterified fats are compared in

Fig. 2. Correlation coefficients of experimental and predicted

values were greater than 0.99 and mean absolute error of

models was in the range of 0.22–1.18 %.

Davenel et al. [17] reported a linear model for descrip-

tion of the effect of palmitic and stearic acids on SFC at

20 �C of pork back fat. Tough application of linear models

for expression of the effect of SFA on SFC may result in

good predictions specially in linear region of the SFCf(SFA)

curve, this may not be true as a whole. As discussed in this

study, the SFCf(SFA) curve is a S-shaped curve and sig-

moidal models can properly describe it. On the other hand,

linear models may yield negative values specially at low

SFCs (at start of the SFCf(SFA) curve or the end of the

SFCf(T) curve). Braipson-Danthine and Deroanne [21] de-

scribed the SFC of binary fat blends as a function of their

constituent base stocks using a quadratic model. However,

it should be noted that quadratic models, are not suitable

for modeling of S-shaped curves. This type of models,

though may suitably describe the intermediate part of the

curve, cannot fit the two asymptote regions of the curve.

Modeling of SFC as a function of temperature and SFA

Knowing the coefficients presented in Table 3, one may

predict the SFC of a fat blend at a given temperature or

SFA content. However, none of the models express the

combined effect of temperature and SFA on SFC. To

Table 3 Coefficients of the Gompertz model describing solid fat content (SFC) as a function of temperature (SFCf(T)) or saturated fatty

acids (SFCf(SFA)) and evaluation of fitness of model

Models Coefficients of Gompertz model (Eq. (1)) Goodness of fit

a b c R2 P SE r MAE

SFCf(T)

15/85a 6.904 (0.0048) -9.066 (0.0210) 23.833 (0.0006) 0.99 0.0007 0.24 0.996 0.14

20/80a 11.879 (0.0304) -9.429 (0.0871) 22.524 (0.0056) 0.98 0.0028 0.64 0.990 0.36

25/75a 16.744 (0.0055) -11.077 (0.0187) 25.905 (0.0009) 0.99 0.0009 0.58 0.996 0.38

30/70a 17.016 (0.0106) -8.637 (0.0828) 30.924 (0.0008) 0.95 0.0105 1.57 0.976 0.96

35/65a 22.997 (0.0030) -7.432 (0.0447) 32.834 (0.0002) 0.97 0.0062 1.84 0.984 1.16

40/60a 27.526 (0.0025) -7.183 (0.0535) 35.283 (0.0001) 0.95 0.0100 2.40 0.977 1.61

45/55a 39.511 (0.0002) -12.365 (0.0020) 34.078 (\0.0001) 1.00 0.0001 0.66 0.999 0.39

SFCf(SFA)

SFC10 546.7487 (0.6727) 58.7477 (0.2045) 108.9671 (0.2728) 0.99 \0.0001 0.97 0.997 0.66

SFC20 44.8925 (0.0009) 14.7023 (0.0016) 35.5041 (\0.0001) 1.00 \0.0001 0.67 0.998 0.48

SFC25 30.2886 (0.0066) 8.6568 (0.0395) 34.2883 (0.0001) 0.97 0.0006 1.83 0.989 1.18

SFC30 37.0895 (0.0534) 13.9474 (0.0377) 42.1529 (0.0016) 0.99 0.0001 0.96 0.994 0.62

SFC35 67.4765 (0.2040) 24.1901 (0.0271) 60.7674 (0.0096) 1.00 \0.0001 0.34 0.998 0.22

SFC40 14.3678 (0.0450) 10.7582 (0.0411) 42.4982 (0.0005) 0.99 0.0001 0.40 0.995 0.23

SFA saturated fatty acids (sum of palmitic and stearic acids), P probability level of model, SE standard error, r correlation coefficient between

experimental and predicted values, MAE Mean absolute error
a Blends of fully hydrogenated soybean oil/canola oil
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Fig. 2 Effect of saturated fatty acids (SFA) content on solid fat

content (SFC) of chemically interesterified binary blends of fully

hydrogenated soybean/canola oils. Markers and solid lines represent

experimental and predicted SFC values, respectively
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include both variables in the model, the coefficients of the

one-variable Gompertz model should be expressed as a

function of the other variable. Then by substituting the

coefficients with the corresponding function, a two-vari-

able Gompertz model will be obtained. Accordingly, the

correlation between coefficients of the SFCf(T) models and

SFA content or coefficients of SFCf(SFA) models and tem-

perature was evaluated. Figure 3 shows the scatterplot of

the coefficients of SFCf(T) models against the correspond-

ing SFA content. Good linear correlations with high R2

were found between coefficients a and c of SFCf(T) models

and SFA content (Fig. 3). However, as it can be seen from

Fig. 3, linear regression of the coefficients of SFCf(SFA)

models and temperature did not yield high R2 values. This

means that the coefficients of SFCf(SFA) models could not

be good linear functions of temperature.

The correlation between coefficients a and c of SFCf(T)

models and SFA content can be mathematically stated as

bellow:

a ¼ b0 þ b1 � SFA ð3Þ

c ¼ b00 þ b01 � SFA ð4Þ

By replacing coefficients a and c of Eq. (1) with

Eqs. (3) and (4), respectively, the final model expressing

SFC as a function of both temperature and SFA will be

obtained:

SFC ¼ ðb0 þ ðb1 � SFAÞÞe�e
�

T�ðb0
0
þðb0

1
�SFAÞÞ

b

� �
ð5Þ

The coefficients of model were obtained by non-linear

regression analysis using Sigmaplot and are presented in

Eq. (6).

SFC ¼ ð�16:363þ ð1:043� SFAÞÞe�e
� T�ð14:650þ ð0:444� SFAÞÞ

�9:072ð Þ

ð6Þ

All the coefficients were statistically significant at

p\ 0.01 and, R2 and standard error of model were 0.98

and 1.405, respectively. These show good power of the

model in prediction of SFC of interesterified FHSBO/CO

blends. Goodness of fit of model was further evaluated by

comparing experimental and predicted values. The results

are shown in Fig. 4. The correlation coefficient between

experimental and predicted SFC was 0.98. Mean absolute

error of the predicted values was 1.00 %. These are indi-

cators of the precision of the model which were very good

for Eq. (6).

To validate the model (Eq 6), it was used to predict the

SFC curve of several interesterified blends including tern-

ary blends of FHSBO/CO/sunflower oil, binary blends of

palm olein/CO, and ternary blends of palm olein/CO/sun-

flower oil. The predicted curves were then compared with

the experimental ones (Fig. 5) and evaluated for goodness

of fit. For blends composed of FHSBO, CO and sunflower

oil (Fig. 5a), the coefficients of the model fitted the ex-

perimental data very well. The model was able to predict

the SFC of ternary blends with 1.02 % mean absolute error.

High correlation coefficient (0.98) was also found between

experimental and predicted values. For interesterified bi-

nary or ternary palm olein-based blends, mean absolute

error of the model was 3.5 and 2.6 %, respectively, which

were significantly higher than that obtained for FHSBO-

based blends. The correlation coefficient between ex-

perimental and predicted values was also lower for binary

(0.87) and ternary (0.88) palm olein-based blends. The

ability of the model in good prediction of the SFC curve of

the FHSBO-based ternary blends may be due to the com-

positional similarity between ternary blends and binary

blends that were used to fit the model. As it can be seen

from Table 4, similar to binary FHSBO blends, ternary

FHSBO blends had stearic acid as main SFA. Fatty acid

y = -14.72x + 515.92 
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y = -1.20x + 53.84 
R² = 0.47 
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composition of palm olein-containing blends was more

different than FHSBO-containing blends. Contrary to

blends containing FHSBO, the main SFA in blends com-

posed of palm olein was palmitic acid which has different

melting point from stearic acid. Hence the difference in

SFA composition may explain the higher mean absolute

error of the model in prediction of the SFC curve of palm

olein-based blends.

Ospina-E et al. [19] presented a quadratic model using

temperature and stearic acid content as independent vari-

ables for expression of the SFC of pork back fat. However,

as described above and by Augosto et al. [10], quadratic

models may not suitably describe the SFC curve as the SFC

curve is a sigmoidal curve. Teles dos Santos, Gerbaud and

Le Roux [11, 12], modeled and simulated the melting

curves and chemical interesterification of vegetable oils

using a solid–liquid equilibrium model coupled with an

algorithm for direct minimization of the Gibbs free energy

function. The methodology was able to predict the SFC

curve of different chemically interesterified fats including
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binary blends of fully hydrogenated palm stearin/CO, palm

stearin/CO, palm stearin/cottonseed oil, milk fat/corn oil

with a mean absolute error of 4.13 % [11]. For inter-

esterified ternary blends of palm oil/sunflower oil/palm

kernel olein they reported a mean absolute error of 4.2 %

in SFC prediction [12]. However, the need for a lot of input

data such as melting point and melting enthalpy of TAGs

may limit its application. On the other hand the mean ab-

solute error of their model was more than that obtained in

this study (4.13–4.20 vs. 1.00–3.50 %).

Conclusions

In summary, based on the results of the current study it

could be concluded that the SFCf(T) and SFCf(SFA) curves of

chemically interesterified blends of FHSBO and CO can be

modeled using the sigmoidal Gompertz function. By some

substitutions in Gompertz model it was possible to describe

a two-variable sigmoidal function for expression of SFC as

a function of both temperature and SFA content. As dis-

cussed in this paper the model had high power in prediction

of the SFC of chemically interesterified binary blends of

FHSBO and CO or chemically interesterified FHSBO/

CO/sunflower oil blends. However, for palm olein-based

interesterified fats, predictions were with higher errors.

Another model may be needed to be fitted for prediction of

SFC curve of these kinds of blends. The results of this

study may be especially helpful in preliminary selection of

the desired fat formulation before performing any

experiment.
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