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TWO-STAGE TECHNOLOGY FOR PALM OIL
FRACTIONATION FOR PRODUCTION
OF COCOA BUTTER SUBSTITUTES

Introduction. Tropical oils, as the most important source of vegetable fats in the world, can be substitutes for expansive
conventional raw materials in manufacturing the food stuffs that meet the global trends and requirements in the food
industry.

Problem Statement is to study the possibility of two-stage fractionation of palm oil by the solvent method.

Purpose is to trial the palm oil fractionation technology for obtaining high-quality fractions of a given composition and
further production of cocoa butter substitutes on its basis.

Materials and Methods. Refined palm oil and its fractions have been studied by thermographic, chromatographic, and
standard titrimetric methods.

Results. The palm oil fractionation technology by using the dry method in two successive stages has been improved.
Cryoscopic temperatures of 22.8 °C and 8.2 °C have been identified at a cooling rate from 0.2 to 0.8 °C/min. A palm oil
fraction with a melting point of 33-39 °C, which contains 50 % of lauric acid and has a similar composition as cocoa butter
has been obtained. Using the obtained mid fraction, the mix formulas for the production of substitutes, equivalents, and
enhancers of cocoa butter have been designed.

Conclusion. The parameters of solvent palm oil fractionation for obtaining the mid fraction that meets the requirements
for cocoa butter substitutes have been established.
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A characteristic feature of the modern oil and | availability and competitive pricing of exporting
fat industry is the production of special fats with | countries, the market segment of palm oil has
given properties using technologies for their mo- | been constantly expanding.
dification. One of them is fractionation by sepa- Today, the problems related to the obtainment
rating a mixture of triacylglycerols into fractions | of fats that not only meet the requirements of re-
with different melting temperatures [1—4]. An | gulations and standards, but also can replace the
alternative to substitution of solid hydrogenated | conventional types of expensive raw materials ag-
fats in food industry is palm oil and its fractions. | gravate through a number of economic problems
Palm oil is a natural solid vegetable fat that does | our country has faced recently.
not contain cholesterol and trans isomers of fatty The technology of fractionation by separating
acids. Since various fractions and refined forms of | a mixture of triacylglycerols into fractions with
palm oil appeared in the world market, its produc- | different melting temperatures is a modern non-
tion and export has been rapidly growing. Due to | chemical method of fat modification. There are
the following types of fractionation technology:
© RADZIEVSKA, 1.G. MELNYK, O.P, and GALENKO, 0.0, 2018 | dry fractionation (in the melt), detergent fractio-
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nation (using aqueous solutions of surfactants),
and solvent fractionation (using solvents). How-
ever, the technology parameters that enable to
selectively influence the properties of resulting
fractions and to preset their properties at an opti-
mal output have not been found so far.

The purpose of this research is to clarify the ra-
tional parameters of palm oil fractionation to ob-
tain high-quality fractions of a given composition
with further production of high-value fat substi-
tutes based on them. To achieve this purpose, the
following tasks shall be solved in the given order:
+ To study the composition and yield of palm oil

fractions obtained by different methods;

+ To improve the classical technology for frac-
tionation of palm oil in the melt based on the
results of thermographic analysis;

+ To identify whether two-stage fractionation ba-
sed on the difference in melting points of palm
oil components is realizable;

+ To develop the composition of cocoa butter sub-
stitutes and to establish their compliance with
the standards.

MATERIALS AND METHODS

The research uses refined bleached deodorized
palm oil [5]. The melting temperature is meas-
ured by the pour point method in open capillary.
The fatty acid and triacylglycerol composition is
determined using Hewlett Packard HP-6890 gas
chromatograph, while the acid and peroxide in-
dexes are measured using the titrimetric method.
The organoleptic properties are studied accord-
ing to the standard methods [6]. The quantita-
tive yield of the product is counted as ratio of the
resulting fraction mass to the raw material one.
The compatibility of substitutes with natural co-
coa butter is established by the technique descri-
bed in [7].

The fractionation process is a thermochemical
reaction in which triacylglycerols with different
melting points are divided into fractions with dif-
ferent crystalline structures [3, 8—11]. The more
saturated triglycerols with high melting points
are separated from the less saturated ones by fil-
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tration as cryoscopic temperature is reached [12,
13]. Today, the normative methods for determin-
ing the cryoscopic temperature provide for the
use of a Beckmann mercury thermometer, which
enables temperature measurements with an error
less than 0.001 °C. However, this thermometer
requires careful handling, since it contains a poi-
sonous substance and is operated manually, which
can lead to additional errors.

To study the palm oil temperature behavior, the
researchers used a thermocouple based complex
for temperature measurement and record desig-
ned at the Department for Thermal and Refriger-
ating Engineering of the National University for
Food Technology. The complex consists of tempe-
rature controller with a set of T-type copper-con-
stantan thermoelectric converters (thermocoup-
les) (measurement error of, at most, 0,05 °C), ICP
i7018 gage, and ICP 17520 signal converter of RS-
485—RS-232 standard. Temperature is recorded
automatically, using NDCONUTIL v.3xx software.
The system is notable for a low lag and a high re-
producibility of measurement results.

THE MAIN PART

The fractionation can be divided into the three
consequent stages:

+ Cooling the oil through the crystallization
point for creating crystal seeds as a result of
overcooling;

+ Gradual growth of crystals and their separa-
tion from the liquid phase;

+ Separation of crystalline and liquid phases.
The composition of crystalline and liquid phas-

es and their yield depend on process parameters.

The key ones are cooling rate and temperature of

fraction separation.

Palm oil cryoscopic temperature was measured
by the thermal analysis method based on temper-
ature time dependence curves. The sample tem-
perature was derived from cooling curve when
horizontal section on the isotherm was reached.
Palm oil heated up to 50 °C was cooled at a rate
from 0.2 to 0.8 °C/min and a temperature meas-
urement frequency of 0.5—0.8 s (Fig. 1).



Radzievska, I.G. Melnyk, O.P., and Galenko, 0.0.

15 —— Thermocouple 7
—— Thermocouple 2

14
13
12
1
10

Temperature, °C

7 19 31 43 55 67 79 91 103 115 127

26 -

—— Thermocouple 7
—— Thermocouple 2

25.5
25
245
24
235
23
225 1
22
215 +

21 +

20.5 L. .
7 19 3

35 67 79 9

1 103 115 Time, s

1 43

Fig. 1. Temperature curve of palm oil cooling at a cooling rate of 0.2—0.4 °C/min: 7 — first separation stage, 2 — second
separation stage

The cryoscopic temperature was fixed at 22.8 °C
and 8.2 °C. The characteristics and chemical com-
position of fractions, degree of separation of lig-
uid and solid phases depend, primarily, on cooling
technique that determines the shape and size of
crystals. Fats and oils are crystallized in several
polymorphic forms, as a rule, o, B, and p’. The crys-
tallization rate of a-form is higher than that of p’-
form which, in its turn, is higher than that of p-form.
The rapid cooling leads to oversaturation of fatty
acids of the fractions, produces a large number of
hard-to-filter fine amorphous crystals. The grad-
ual cooling entails the formation of stable B and
f’-crystals that are easily filtered out from the liquid
phase [12, 14, 15]. Therefore, the gradual cooling
during a long while ensures a high-quality crysta-
llization and a high effectiveness of fraction se-
paration.

The established polymorphic transformation of
crystalline structures is in good agreement with
data of [1, 16, 17] obtained by the differential
scanning calorimetry method. The formation of
stable coarse crystals at a temperature of 22.8 °C
and 8.2 °C, when the heat-resistant components
are quite easily separated into individual phase
enables fractioning in two consecutive stages with a
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new product (the so-called mid fraction) obtained.
The proposed process scheme is shown in Fig. 2.

The described fractionation from melt is based
on oil cooling under controlled conditions with-
out introduction of any chemical substances. The
liquid and solid phases are separated by filtering.
The manufacturers of equipment for dry fraction-
ation [7] recommend the technique for dry sepa-
ration from melt and state that this technology
does not require any additional substances and
has the following advantages:

+ Physiologically neutral products, no risk of con-
tamination with artificial impurities;

+ A high operating reliability, the technology does
not use any flammable or explosive solvents;

+ No additional environment impact;

+ Fully computerized manufacture;

+ A high flexibility of cooling profile.

Among the disadvantages of dry fractionation
method there are a low crystallization rate, a com-
plicated separation of phases because of a high
viscosity of oil at low temperature, and mixed
crystals formed during crystallization, which as a
result of further recrystallization weep low-melt-
ing acylglycerols as liquid phase. Thus, the dry
fractionation is environment friendly modifica-
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tion of specialized fats, which does not require any

catalysts or chemically active substances and is

based on physical phenomenon of crystallization.

Table 1 shows the properties of palm oil ob-
tained by its dry fractionation under established
parameters. Both palm stearin and palm olein
meet the requirements of applicable standards in
terms of melting points [18, 19]. The most valua-
ble is the palm oil fraction with a melting point of
33—39 °C. It contains about 50% lauric acid and
can be used as raw material for cacao butter sub-
stitutes.

Natural cacao butter is used as fat base for in
confectionary (chocolate), in fragrance and phar-
maceutical industries. The interest in cacao but-
ter substitute is caused by the following factors:
+ A high price for cacao butter and its disposi-

tion towards substantial qualitative changes;

+ Instable composition and properties of cacao
butter;

+ Special conditions for heat pretreatment of ca-
cao butter and chocolate products in order to
get a stable crystalline structure;

+ Instable luster of finished chocolate products;

+ Sophisticated manufacturing process for man-
ufacture of chocolate products.

Since the second half of the 20 century, sev-
eral types of cacao butter substitutes have been
developed, with the following world classifica-
tion [20, 21]:

+ cacao butter equivalents (CBE);

+ cacao butter improvers (CBI);

+ non-lauric cacao butter replacers (CBR); and
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Fig. 2. Flowchart of two-stage palm oil fractionation by the
dry method

+ lauric cacao butter substitutes (CBS).

The cacao butter equivalents are non-hydro-
genated vegetable fats based on the same fatty
acids and the same symmetric monounsaturated
triglycerides, as CB [20, 22, 23]. This leads to
them to having also very similar physical proper-
ties and to being compatible with CB in all pro-
portions without any significant effect on the
chocolate behavior. They can be mixed in any
proportions for manufacturing chocolate blends

Table 1
Properties of Palm Qil Fractions Obtained by Two-Stage Fractionation
Palm oil fraction
St Temperature
age. of separation, Stearin Mid fraction Super-olein
of separation oC
T,,°C Yield, % ,°C Yield, % T,,°C Yield, %

1 22.8 +48 35.0 — — — —

2 8.2 — — +34 28.0 +15.0 35.0
Average value +46.5 36.5 +33 27.0 +14.75 34.5
Value as per DSTU +44—50 — +32—-37 — +13—16 —
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Table 2
Estimated Composition of Fat Mixes
Group
Ne
CBE CBI CBR CBS
1 cacao butter 80 %; mid fraction 60 %; mid fraction 100 % coconut oil 100 %
shea butter 10 %; pork fat 40 %
mid fraction 10 %
2 pork fat 80 %; olein 40 %; stearin 60 %; coconut oil 60 %;
shea butter 20 % cacao butter 60 % olive oil 40 % stearin 40 %
3 cacao butter 50 %; shea butter 40 %; palm oil 60 %;
stearin 50 % pork fat 60 % olive 0il 40 %
4 stearin 60 %; stearin 60 %;
shea butter 40 % sunflower oil 40 %
melting C 33—-36 36—45 32—41 20—44
Compatibility, % 60—85 90—95 10—20 2—5
Table 3
Organoleptic, Physical and Chemical Properties of Cacao Butter Substitutes
Standard
Property
CBE CBI CBR CBS
Taste and odor Typical for de-identified fat, flavorless and odorless
Color From white to cream
Body at a temperature:
18 °C Homogeneous, solid or soft flexible
40°C Fluidal
Transparency at a temperature 50 °C Transparent liquid
Moisture content, wt. %, at most 0.2
Acid index, mg KOH/g, at most, or <0.2 <0.3 <0.3 <0.4
Content of free fatty acids
(determined by oleic acid), at most
Peroxide index, mmole/kg, at most <0.07 <0.11 <0.11 <0.14
Fatty acid content, wt. %
Cq, — — — 1—6
(O — — — 2.0-8.0
(O 0—0.5 0—0.5 0—0.7 44—60
Coo 0.1-0.5 0.1-0.5 0.6—1.5 14—23
Cieo 24—40 15—35 12—40 6—12
(O 0—0.5 0—0.5 0.3—0.7 —
Cso 22—-35 25—60 3—14 5—22
Cie 30—-37 30—40 48—76 0—-7.0
Cs 0.1—5 0.1—4 0.4—7.0 0—1.0
Cis 0.—1.0 0.—1.0 0.1—-0.6 0—0.6
=>C,p 0.1—1.0 0.1—1 0—0.5 0—0.5
Compatibility of substitute with cacao
butter in blend, % 0—100 0—100 15—20 Incompatible

40
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[24]. The main disadvantages of cacao butter equi-
valents are low affinity to milk fat, insufficient sta-
bility at a high temperature, and disposition to-
wards fat bloom.

Unlike the CBE, the cacao butter substitutes
have physical properties similar to those of cacao
butter, but completely different fatty acid com-
position [4, 25, 26].

Based on fatty acid composition of palm oil and
its fractions their optimal blends with conventio-
nal oils, which meet requirements for cacao but-
ter substitutes have been proposed; 4 CBE for-
mulations, 3 CBI formulations, 4 non-lauric CBR
formulations, and 2 lauric CBS formulations have
been designed (Table 2).

The physical and chemical properties of cacao
butter substitutes must meet the requirements
listed in Table 3.

In terms of fatty acid composition all mentio-
ned products comply with standards [23] on the
content of saturated fatty acids and their propor-
tions to mono- and polyunsaturated acids. The
designed formulations of cacao butter substitutes
cover the whole range of mentioned groups (equi-
valents, improvers, and replacers) and comply with
requirements for compatibility with natural ca-
cao butter [23]. The substitutes that are highly
compatible with natural cacao butter are used for

confectionery glazes as main type of confection-
ery fat. The substitutes that are partially compat-
ible with natural cacao butter can be used in reci-
pes for confectionery products containing cocoa
powder and a small amount of cocoa solids. These
oils are suitable for confectionery glaze, tablets,
bars, and hollow figurines. The cocoa butter sub-
stitutes are recommended to be stored in original
packaging at a temperature under 20 °C and a
relative humidity up to 60%.

CONCLUSIONS

Process parameters for palm oil fractionation
have been elaborated. The first stage of crystalli-
zation has been established to be held at a tem-
perature of 22—23 °C for 60 min, while the sec-
ond one at a temperature of 8—9 °C for 30 min.
The cooling rate for both stages shall not exceed
0.2—0.4 °C/min. Under the mentioned condi-
tions, high-melting (melting point +46.5 °C) and
low-melting (melting point +14.75 °C) palm oil
fractions have been obtained. The properties of
these fractions correspond to those of palm stearin
and palm super-olein. The mid fraction of palm
oil with a melting point of +32—36 °C has been
extracted. It is advisable to use it for manufactur-
ing the fatty products meeting the requirements
for cacao butter substitutes.
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TEXHOJIOTTS IBOCTAJIIMHOTO ®PAKIIIOHYBAHHS ITAJTIBMOBOIT OJIIT
1A BUPOBHUIITBA SAMIHHUKIB KAKAO-MACJIA

Beryn. Outii TporiyHuX POCIUH, SIK HARO1LIbII 3HAYUME JHKEPEJIO POCIUHHUX SKUPIB Y CBITi, MOKYTh 3aMiHUTH TPaUIiiTHi
BUJIY BUCOKOBAPTICHOI 0JIiITHOI CHPOBUHU Y BUTOTOBJIEHHI XaPUOBUX POAYKTIB, 10 BiZIOBIAATUMYTH CBITOBUM CTaHIAPTaM
i BUMOTaM Xap4yoBOi rarysi.

ITocranoBka 3aBaaHHsa. BUusBUTH MOXKJIUBICTD JIBOCTa/IiHHOTO (DPAKITIOHYBAHHS I1aJIbMOBOI 0JIi1 COJIbBEHTHUM METO/IOM.

Mera. Anpobaitisi TeXHOJIOTIH (hpaKIlioHyBaHHS MaJbMOBOI OJIii 11 OTPUMAHHS BUCOKOSIKICHUX (DpaKIliil 3a[aHOr0 CKJla-
1y 3 HACTYITHUM BUPOOHUI[TBOM Ha IX OCHOBI 3aMiHHUKIB KaKa0-MacJia.

Marepiam it Metoau. PadinoBany nmaabMoBy oo Ta ii ¢pakiii gocipkeHo TepmorpadivHuMu, XxpoMaTorpahiyHuMn
Ta CTAHAAPTHUMU TUTPOMETPUYHUMUI METO/[AMH.

PesyabraT. Y1ockoHaJeHO TEXHOJIOTiO (DpaKIlionyBaHHs MAJTbMOBOI OJIi1 CyXUM METOOM JIJIs1 3[[iHCHEH S (DpaKIiony-
BaHHS [BOMA MOCIIOBHUMH CTa/IissMI. BCcTaHOBIEHO HASIBHICTD KpiocKomivHNX TeMmeparyp — 22,8 i 8,2 °C npu mBuaKOCTI
oxonomkerHs Bizx 0,2 1o 0,8 °C/xB. Oneprkano dpakiiiio TaabMOBOi 0J1ii 3 TeMTepaTypoio miasyaeHHs 33—39 °C, 1mo MicTUTh
50 % JTaypUHOBOT KMCJIOTH I 32 CBOIM CKJIAZIOM HAOJIMIKAETDCS 10 XapaKTEPUCTHK KaKao-Macsia. Po3pobiieno cxiiaj cymimeit
i3 3aCTOCYBaHHSM OJIEPIKAHOI cepeIHbOL (PPAKILT /11 BAPOOHUIITBA 3aMiHHUKIB, EKBIBAJICHTIB Ta IIOJIIIIIYBAYiB KAKa0-Maca.
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BucHoBku. BeranossieHo pexkumMu cosibBEHTHOTO (hpaKIliOHYBAHHS MAJIbMOBOI OJIii JI7IST O/IepsKaHHS CepeiHboi (ppaxiiii,
sIKQ BI/IIIOBi/Ja€ BUMOTaM 3aMiHHUKIB KaKao-MacJa.

Kuniouoegi crnoea: ppakiionyBanis, MaabMOBa OJisl, IMBUIKICTh OXOJIO/KEHHS, cepe/iis (DpaKIlisl, 3aMiHHUKU KaKao-
MacJa.

U.T. Padsuesckas, O.I1. Menvnux, O.A. [anenxo

HarnonaibHbIi yHUBEPCUTET MUIIEBBIX TEXHOJIOTHIA,
ya1. Bmaguvupcekas, 68, Kues, Ykpanna,
+380 44 287 9157, Logos2007@ukr.net

TEXHOJIOTYA IBYXCTAJANMHOTO ®PAKIIMOHNPOBAHUA ITAJTBMOBOTO MACJIA
JIJI TTIPON3BOJICTBA 3AMEHUTEJEN KAKAO-MACJIA

BBenenne. Macsia TPOIIMYECKUX PACTEHMI, Kak HanboJiee 3HAYMMbIN UCTOYHUK PACTUTEIbHBIX JKUPOB B MUPE, MOTYT
3aMEHUTH TPAIUITMOHHBIC BU/IBI IOPOTOCTOSIIETO CHIPDS MTPH IIPOU3BOJICTBE IHUIIEBBIX TPOYKTOB, OTBEYAIOINX MUPOBBIM
cTaHapTaM U TPeOOBAHUAM TIUIEBON OTPACIIHL.

ITocranoBka 3a1auu. BoIssBUTH BO3MOKHOCTb JIBYXCTAJMITHOTO (PPAKIIMOHMPOBAHUS TAJIbMOBOTO MACJIa COJIbBEHTHBIM
METO/IOM.

Ienn. Anpobarist TeXHOTOTHIT (GPAKIHOHUPOBAHNST TAIBMOBOTO MACJ/Ia IJIsT IOJIyYeHHs BBICOKOKAUeCTBEHHDIX (hpak-
1M 32/laHHOTO COCTABA € TI0CJIE/LYIONIMM TIPOU3BOJICTBOM HAa MX OCHOBE 3aMEHUTEIel KaKao-MacJa.

Marepuassi u MeToabl. PadrnrnpoBannoe naapmMoBoe Macio 1 ero Gpakiiny UCCae[oBaHbl TepMOrpaduyecKUMU, Xpo-
MaTorpamuecKUMM U CTAaHAPTHBIMUA TUTPUMETPUYECKIMU METOIAMU.

PesyabraTel. YcoBepIIEHCTBOBAHO TEXHOJIOTMIO (hPAKIIMOHMPOBAHUS NaJIbMOBOTO Macja CyXUM METOJIOM IS OCy-
niecTBACHUSA QPAKIMOHUPOBAHMS B JIBE T1OCJIE0BATEIbHBIC CTAIUU. YCTAaHOBICHO HAJIMYNE KPHOCKOIINYECKUX TeMIlepa-
typ — 22,8 °C 1 8,2 °C 1pu ckopoctu oxyakaenus ot 0,2 1o 0,8 °C/mun. [Tosryueno ¢hpakiiiio majibMOBOTO Macjia ¢ TeMIie-
parypoii miasienust 33—39 °C, kotopast cogepkut 50 % JaypuHOBON KUCIOTHI 1 10 CBOEMY COCTABY IIPUOJIMKAETCS K Xa-
PaKTepHCTUKAM Kakao-Macia. PazpaboTai coctas cMecell ¢ TpUMeHeHeM MOy IeHHON cpeHei hpaKIi i IPOU3BOCTBA
3aMeHuTeIell, SKBUBAJICHTOB 1 YIyuIInTe el Kakao-MacJa.

BoiBozbl. YcTaHOBIIEHDBI PEKUMBI COJTBBEHTHOrO (DPAaKIIMOHUPOBAHUS AJILMOBOTO MAacJja IS TIOJIy4eHUs] Cpe/iHeit
(pakium, KOTOpasi COOTBETCTBYET TPEOOBAHISIM 3aMEHHUTEIEH KaKao-MacIa.

Kntouesvie crosa: Gppakunonnpopanme, najibMOBOE MACJI0, CKOPOCTDb OXJIAKICHU, CPeHss (paKiius, 3aMeHUTEN
KaKkao-macJja.
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