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Emulsiﬁers are widely used in the food and beverage industry, especially the mixture of
mono- and diacylglycerol. They are produced from glycerolysis reaction using chemical
catalysts because of fast reaction time, high conversion of reactants and low cost. Palm
stearin is abundant and less utilized. Therefore, palm stearin is used as raw material for
the synthesis of emulsiﬁers. The goal of this project was obtained emulsiﬁer containing
high concentrations of mono- and diacylglycerol. Synthesis of emulsiﬁer was conducted
with reaction time (1 h to 12 h), catalyst concentration (1 %, 2 %, 3 %, and 4 %) (w/w) and
addition of molecular sieve (12 % (w/w) and without as control). Furthermore, products
were fractionated at various temperatures (40 ∘ C, 30 ∘ C, 20 ∘ C, and 10 ∘ C). These results
suggest that the best conditions for the synthesis of mono- and diacylglycerol from
palm stearin using NaOH catalyst in Batch stirred Tank Reactor are NaOH concentration
3 % (w/w), reaction time 6 h, molecular sieves 12 % (w/w), reaction temperature 90 ∘ C,
addition of tert-butanol as solvent 2 mL ⋅ g−1 of oil, palm stearin: glycerol molar ratio
(1 : 5), the speed of the stirrer of 400 rpm. The fractionation temperature is 30 ∘ C with
product yield is 61.43 % which contains 91.00 % ± 2.50 % and 9.00 % ± 2.50 % of monoand diacylglycerol, respectively. Characteristic of emulsiﬁers are emulsion capacity
95.55 % ± 0.71 %, emulsion stability 90.44 % ± 1.24 %, HLB value 10.25 ± 0.44, melting
point 62.67 ∘ C ± 2.52 ∘ C to 70.33 ∘ C ± 0.58 ∘ C and type of emulsion is oil in water (o/w).
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1. Introduction
The need for emulsiﬁer is increasing around 2.7 × 106 t in 2017, especially a mixture of
mono- and diacylglycerol. It is most widely used in the food industry around 70 % of
the total emulsiﬁer using [1]. The mixture of emulsiﬁer mono and diacylglycerol used in
bakery, confectionary, dairy milk, and butter because the characteristic is a stabilizer,
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emulsiﬁer, and conditioner. Apart from that, mono- and diacylglycerol are used to cosmetic product and medicine industry. It usually improves the consistency of cream and
lotion [2].
Mono- and diacylglycerol can be made from triglyceride and glycerol through glycerolysis reaction. One of triglyceride source in Indonesia is palm oil. Plantation area of
palm more increase along with increasing crude palm oil production around 15 × 106 t
in 2012 [3].
The increased production of palm oil, it is partially exported in crude palm oil. That
has a low economy value from the derivative product. Apart from that, solid palm oil
fraction or RBD palm stearin utilization is still low. Because of that, this study wants to
make mono and diacylglycerol using reﬁned, bleached, and deodorized palm stearin
and glycerol through glycerolysis reaction.
Glycerolysis is an important reaction between glycerol and triglyceride to produce
mono and diacylglycerol. The high conversion and fast reaction of glycerolysis need
catalyst [4]. There is two catalyst type, that is chemistry catalyst (heterogeneous and
homogenous) and enzymatic catalyst. From that catalyst, only chemistry catalyst is more
efﬁcient for the commercial level because of chemistry catalyst higher reactant conversion, faster reaction time and cheaper than enzymatic catalyst [5, 6].
However, the homogenous catalyst has many disadvantages; they are separation
problem catalyst after the reaction, wastewater treatment, no recycle, saponiﬁcation
can shape stable emulsion, base catalyst sensitives free fatty acid and water, cost
process is higher than cost process of using heterogenous catalyst [6]. Many studies
have used NaOH catalyst to produce monoacylglycerol. Study of Harismawati, et al.,
is using NaOH 1 % (w/w), 80 ∘ C, molar ratio oil:glycerol (1:4), co-solvent isopropanol
20 m ⋅ 10 g−1 oil, stirring speed 400 rpm (1 rpm = 1/60 Hz) and reaction time 4 h produces
reactant conversion of mono- and diacylglycerol 92.35 % [7].
While [6] explains that heterogenous catalyst has some advantages, they are environmentally friendly, no corrosive, recycle, no wastewater treatment, easy separation
catalyst after reaction, heterogenous acid catalyst can use in esteriﬁcation and interesteriﬁcation, heterogenous catalyst acid is not sensitive free fatty acid and water and
cost process is cheaper than homogenous catalyst. Macroporous resin Amberlyst-15 is a
new solid acid catalyst, most widely used in catalytic of acid reaction condition. The reaction is catalyzed, it shows high catalytic efﬁciency, cheap cost process, and non-toxic, so
it is used in general condition [8−10]. Apart from that, [11] explained Amberlyst-15 could
give a high conversion of free fatty acid is around 60.2 % in esteriﬁcation reaction free
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fatty acid of waste cooking oil. If it is compared with other heterogenous acid catalyst.
They are Amberlyst-16 and Dowex HCR-W2 just giving free fatty acid conversion 49 %.
Because of that, this study wants to use heterogenous acid catalyst Amberlyst-15 to
synthesis mono- and diacylglycerol from reﬁned, bleached and deodorized palm stearin
through glycerolysis reaction in Batch Stirrer Tank Reactor using comparative catalyst is
homogenous base catalyst NaOH. Then, the second step study is getting the best reaction condition (time reaction, catalyst concentration and adding water adsorbent). The
last step study is getting the pure product through the best fractionation temperature.

2. Materials and Methods
2.1. Materials
The main ingredient is used in this study is reﬁned, bleached and deodorized palm
stearin from PT. Sinar Mas Tbk., glycerol (Merck), t-butanol (Merck), Amberlyst-15 (SigmaAldrich), molecular sieve (Sigma-Aldrich) and NaOH (Sigma Aldrich).
The ingredient for analysis of thin layer chromatography is TLC plate (Silica Gel G60
F254 from Merck), hexane (Merck), diethyl ether (Merck), acetic acid (Merck), Coomassie
blue (Sigma), methanol (Merck) and aquadest. This study is testing capacity and stability of the emulsion. The ingredient for that analysis is aquadest and edible oil (Rose
Brand), emulsiﬁer in ice cream “Cortina” is used to compare with the product in capacity
and stability of emulsion testing. The ingredient of free fatty acid analysis is NaOH
(Sigma-Aldrich), aquadest, neutral alcohol and phenothrin indicator (Chemix Pratama).
The ingredient of hydrophilic and lipophilic balance value analysis is dimethylformamide
(DMF) and benzene (Chemix Pratama).

2.2. Methods
2.2.1. Glycerolysis reaction
The method is based method of [12] with modiﬁcation. The ﬁxed variable is stirring
speed 400 rpm, reaction temperature 90 ∘ C, molar ratio palm stearin: glycerol (1 : 5)
[5] and adding co-solvent tert-butanol 20 mL ⋅ 10 g−1 oil. Dependent variable is catalyst type NaOH 1 % (w/w) [7] and Amberlyst-15 15 % (w/w) [13], reaction time (1 h to
12 h), catalyst concentration (1 %, 2 %, 3 %, and 4 %) (w/w) and adding molecular sieve
12 % (w/w) [14] and without molecular sieve 12 % (w/w).
DOI 10.18502/kls.v4i11.3859

Page 132

UASC Life Sciences 2016

2.2.2. Catalyst deactivation
The purpose of this step is stopping glycerolysis reaction. This study, deactivation catalyst is done with adding citric acid solution 20 % (w/v) in the reaction mixture after the
temperature of reaction mixture 60 ∘ C until PH of reaction mixture neutral. This step
based on a study of [15].

2.2.3. Removal of catalyst and glycerol residue
The removal of catalyst and glycerol residue in this study is based on the method of [16]
with modiﬁcation. This method is based on the solubility of the product. The solution
of the reaction mixture is dissolved in hexane (1 : 10) w/v. Then, the solution centrifuges
2 000 rpm for 10 min (1rpm = 1/60 Hz). So, it will shape two layers. The top layer color is
transparent. It is a product, that soluble in hexane. The bottom layer color is turbid. It is a
residue of glycerol, citric acid, and catalyst (NaOH). The bottom layer is discarded, then
the top layer is evaporated using a rotary evaporator (40 ∘ C, 335 mmHg) to evaporate
hexane. The mixture of product (monoacylglycerol, diacylglycerol, free fatty acid, and
triglyceride) free hexane is stored for quantitative and qualitative analysis of the content
using Thin Layer Chromatography and fractionation process.

2.2.4. Product fractionation
Product fractionation method is based on a study of Mustafa [17] with modiﬁcation. The
method of fractionation is solvent fractionation. Triglyceride-rich of mono- and diacylglycerol is dissolved using hexane (1 : 10) w/v at 50 ∘ C. Then it is refrigerated at a certain
temperature. This study is done using a variation of fractionation temperature (40 ∘ C,
30 ∘ C, 20 ∘ C, and 10 ∘ C). Incubation at temperature 40 ∘ C to 10 ∘ C, 24 h will make
crystallization of mono- and diacylglycerol component in triglyceride, but triglyceride
and free fatty acid still dissolve in hexane. So, triglyceride and free fatty acid can be
separated using vacuum ﬁltration. Filtration paper is dried in room temperature in 12 h.
Materials on ﬁltration paper is suspected pure product of mono- and diacylglycerol.

3. Analysis
Analysis of raw materials (RBD Palm stearin and glycerol) are water content (Oven
Method, SNI 01-0018-2006) and free fatty acid content in RBD palm stearin (SNI
DOI 10.18502/kls.v4i11.3859
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01-0018-2006). Analysis of product mixture is free fatty acid content in RBD palm
stearin (SNI 01-0018-2006) and analysis of concentration mono- and diacylglycerol using
thin layer chromatography on plate G60 F254 with developers solution hexane:diethyl
ether:acetic acid 80:20:2 (v/v/v). This method is based on Fransisco et al. [18].
Based on Lopez, et al., coloring of TLC plate is done using Coomassie blue 0.02
% (w/v), it has dissolved in acetic acid:methanol:aquadest 1:3:6 (v/v/v) [19]. Developers
solution is saturated in TLC chamber for 1 h. Activating of TLC plate is heated in oven
100 ∘ C for 30 min. After that, 1μL sample is applicated on the plate using micropipet.
The distance of between spot is 15 mm. Then, Plate is incubated in TLC chamber until
developer’s solution up until line marking. After that, the plate is taken out from the
chamber and dried in room temperature.
Moreover, then, coloring of TLC plate is done with swapping TLC plate in Coomassie
blue solution 0.02 % for 1 min accompanied by shaken. Then, TLC plate is dried at
temperature room.
After TLC plate is dried, TLC plate is taken in Camag Automatic TLC Scanner III
“dummy” S/N (1 14 16) with software Camag WinCATS planar chromatography. Scanning
is done at λ = 629 nm. The wide of peak area mono- and diacylglycerol in chromatogram
described the concentration of mono and diacylglycerol.
Analysis of concentration mono- and diacylglycerol in fractionation product using
thin layer chromatography method is based on [18]. Analysis of product from the best
condition process is concentration mono- and diacylglycerol in fractionation product
using thin layer chromatography method is based on [18]. The characteristic of product
emulsiﬁcation are capacity and stability of emulsion testing is based on [20], Hydrophilic
and Lipophilic Balance value are based on [21] and melting point product using the
method of AOAC 920 157.

4. Result and Discussion
4.1. Raw material analysis
Table 1: Raw material analysis.
Analysis

Reference

Analysis Result

Water Content % (w/w)

Max.0.1 % *
Max. 0.5 % **

RBD Palm Stearin: 2.98 %
Glycerol: 2.27 %

Free fatty Acid Content % (w/w)

Max. 0.15 % *

RBD Palm Stearin: 0.30 %

*SNI 01-0021-1998
** Product information of Merck Millipore
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Based on Table 1, the water content of raw materials is higher than the maximum
water content from reference. Increasing of raw materials water content during storages
is caused adsorption of water from the atmosphere to raw materials surface [22]. Increasing of raw materials water content especially RBD palm stearin will support hydrolysis of
triglyceride produce free fatty acid. It is caused by free fatty acid content of RBD Palm
stearin increases during storage [22]. It matches with the analysis result of free fatty acid
content in RBD palm stearin from Table 1. The content of free fatty acid RBD palm stearin
is higher than RBD palm stearin commercial from reference.
Based on Fig. 1, the highest concentration of mono and diacylglycerol for heterogenous acid catalyst Amberlyst-15 in glycerolysis reaction is 16.44 % ± 1.11 % and 14.49 % ± 1.67 %
for 9 h. While The highest concentration of mono- and diacylglycerol for homogenous
base catalyst NaOH in glycerolysis reaction is 32.48 % ± 1.55 % and 42.65 % ± 1.29 %
for 6 h. NaOH catalyst produces concentration mono- and diacylglycerol is higher and
faster than Amberlyst-15.
It matches from study of Harismawati, et al. that using NaOH catalyst 1 % (w/w), 80 ∘ C,
molar ratio palm stearin:glycerol (1:4), adding co-solvent isopropanol 20 mL ⋅ 10 g−1
oil, stirring speed 400 rpm and 4 h reaction time can produce reactant conversion of
mono- and diacylglycerol 92.35 % [7]. While study result from Ulfa, using Amberlyst-15
15 % (w/w), 70 ∘ C, molar ratio oil:glycerol (1:1), adding co-solvent tert-butanol 2 : 1 (v/w) to
oil, stirring speed 400 rpm and 10 hours reaction time can produce concentration monoacylglycerol 9.87 % [13]. So, synthesis mono and diacylglycerol using heterogenous acid
catalyst Amberlyst-15 in glycerolysis reaction are lower and slower than homogenous
base catalyst NaOH.
It is caused homogenous catalyst (NaOH) have a similar phase with the reactant
phase. So, it makes increasing contact between catalyst and reactant. So the catalytic
activity increases. It makes an increasing product if it is compared with heterogenous
catalyst Amberlyst-15. Heterogenous catalyst has a different phase between catalyst and
reactant. So, it makes decreasing contact between catalyst and reactant. So, it makes
decreasing product [23]. The key factor of catalytic activity of Amberlyst-15 are crosslinking bond level, swelling catalyst capacity, pore diameter, and surface area catalyst (BET)
[11]. Based on that information, the next study will use homogenous catalyst NaOH.
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(a)

(b)
Figure 1: The effect of catalyst type amberlyst-15 15 % (w/w) and NaOH 1 % (w/w) to concentration of
monoacylglycerol (a) and diacylglycerol (b).

4.2. Determination of the best reaction time
Based on Fig. 2 showed reaction time inﬂuences of mono- and diacylglycerol concentration. Increasing reaction time will increase the concentration of mono- and diacylglycerol. Reaction time for 1 h until 6 h will increase concentration of mono and diacylglycerol
23.14 % ± 0.82 % and 34.61 % ± 0.67 % (1 h) increases become 32.48 % ± 1.55 %
and 42.65 % ± 1.29 % (6 h). However, increasing glycerolysis reaction time. That is
DOI 10.18502/kls.v4i11.3859
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Figure 2: The effect of Reaction Time (1 h to 12) to Monoacylglycerol (% MG), Diacylglycerol (% DG), Free
Fatty Acid (% FFA) and Triglyceride (% TGL) Concentration with NaOH Catalyst 1 % (w/w).

reaction time on 7 h until 12 h decreasing concentration of mono- and diacylglycerol
22.40 % ± 0.78 % and 34.04 % ± 1.12 % (7 h) decreases become 14.45 % ± 0,59 % and
27.26 % ± 2.32 % (12 h). It matches in study of Margareth [24], synthesis mono- and
diacylglycerol from Reﬁned Bleached Deodorized Palm Oil using CaO catalyst, 70 ∘ C,
molar ratio glycerol:oil (6:1) with adding co-solvent tert-butanol 3:1 (v/w) to oil, catalyst
concentration CaO 2 % (w/w), 4 h reaction time decreases concentration of mono- and
diacylglycerol from 40 % (reaction time on 3 h) become 15 %.
Glycerolysis reaction is a reversible reaction. The reaction time of glycerolysis is too
long can make hydrolysis of mono and diacylglycerol [25]. So, the concentration of
mono and diacylglycerol decreases. It is caused during glycerolysis reaction produces
water. Water can hydrolysis of mono and diacylglycerol become free fatty acid and
glycerol [26]. Furthermore, tert-butanol have vapor pressure 31 mmHg at 20 ∘ C. So, the
temperature at 90 ∘ C (glycerolysis reaction), tert-butanol change vapor phase, as a result,
the ability of tert-butanol as co-solvent decreases and makes the concentration of mono
and diacylglycerol low [25]. Based on Fig. 2, the best reaction time is 6 h.
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Figure 3: The Effect of Catalyst Concentration NaOH (1 %, 2 %, 3 %, and 4 %) (w/w) to Monoacylgylcerol (%
MG), Diacylglycerol (% DG), Free Fatty Acid (% FFA) and Triglyceride (% TGL) Concentration.

4.3. Determination of the best catalyst concentration
Based on Fig. 3, catalyst concentration NaOH in glycerolysis reaction inﬂuences to
mono- and diacylglycerol concentration. Increasing catalyst concentration makes increasing

mono-

and

diacylglycerol

concentration.

Catalyst

concentration

NaOH 1 % (w/w) produces mono and diacylglycerol concentration 25.80 % ± 0.77 %
and 40.65 % ± 0.47 % until catalyst concentration NaOH 3 % (w/w) produces mono and
diacylglycerol concentration 30.95 % ± 0.39 % and 49.23 % ± 0.14 %. It is caused the
function of the catalyst is decreasing activation energy. Increasing catalyst concentration
in solution causes reaction activation energy decreases. So that can increase collision
between the reactant molecule. It makes the product increase [27]. Increasing catalyst
concentration NaOH will increase mono and diacylglycerol concentration.
On catalyst concentration NaOH 4 % (w/w), mono and diacylglycerol concentration
decrease 20.44 % ± 0.88 % and 36.40 % ± 0.66 %. It matches with study of Harismawati
et al., synthesis of mono and diacylglycerol pseudohomogen glycerolysis reaction from
waste cooking oil with molar ratio oil : glycerol (1:4), 80 ∘ C, stirring speed 400 rpm, adding
co-solvent isopropanol to oil 2:1 (v/w), reaction time 4 h, catalyst concentration NaOH 3 %
(w/w) produces 94.35 % mono- and diacylglycerol [7]. While catalyst concentration NaOH
4 % (w/w) decreases mono and diacylglycerol become 85.30 %. It is caused catalyst
concentration too much will support saponiﬁcation reaction [28–30].
DOI 10.18502/kls.v4i11.3859
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Increasing triglyceride changes soap causes conversion of triglyceride decreases.
It makes the concentration of mono and diacylglycerol low. Based on Fig. 3, the best
catalyst concentration NaOH is 3 % (w/w).

4.4. Eﬀect of water-absorbent (molecular sieve) to concentration
of monoacylglycerol and diacylglycerol

Figure 4: The Effect Of Using Water Adsorbent (Molecular sieve 12 % (b/b)) to Monoacylglycerol (% MG),
Diacylglycerol (% DG), Free Fatty Acid (% FFA) and Triglyceride (% TGL) Concentration.

Based on Fig. 4, water adsorbent (molecular sieve 12 % (w/w)) in glycerolysis reaction
inﬂuences to mono- and diacylglycerol concentration 30.99 % ± 0.75 % and
58.90 % ± 0.43 %. If it is compared without adding water adsorbent that is
24.10 % ± 0.29 % (monoacylglycerol concentration) and 54.06 % ± 0.80 % (diacylglycerol
concentration). Molecular sieve is effectively used in esteriﬁcation reaction palmitate
fructose. Based on study of Saber et al [14] used molecular sieve 12 % (w/w) can increase
conversion 76 %, reaction time 72 h concentration of Novozym −435 10 % (w/w), 60 ∘ C,
molar ratio fructose:palmitate (1 : 6), adding co-solvent 2−methyl 2−butanol and stirring
speed 600 rpm in stirrer batch reactor.
This matter, water adsorbent is effective binding water, which is produced from glycerolysis reaction and raw materials. That is a side product of glycerolysis reaction can
support hydrolysis of mono and diacylglycerol [13]. It is supported data from Fig. 4.
That concentration of free fatty acid decrease become 0.00 % ± 0.00 % after adding
water adsorbent. If it is compared without adding water adsorbent the concentration of
DOI 10.18502/kls.v4i11.3859
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free fatty acid is 17.35 % ± 0.27 %. The free fatty acid is a side product of mono and
diacylglycerol hydrolysis.

4.5. Determination of the best fractionation temperature

Figure 5: The Effect Of Fractionation Temperature (40 ∘ C, 30 ∘ C, 20 ∘ C and 10 ∘ C) to Monoacylgylcerol (%
MG), Diacylglycerol (% DG), Free Fatty Acid (% FFA) and Triglyceride (% TGL) Concentration.

Based on Fig. 5, the best fractionation temperature can be produced the highest monoacylglycerol concentration (78.73 % ± 0.93 %) is 30 ∘ C with diacylglycerol
concentration 21.27 % ± 0.93 %, concentration of free fatty acid and triglyceride is
0.00 % ± 0.00 %. This matter shows that all of the monoacylglycerols crystallize at
30 ∘ C. It matches with the study of Mustafa [17] fractionation of high triglyceride diacylglycerol from enzymatic glycerolysis reaction from Reﬁned Bleached, and Deodorized
Palm Oil that increasing fractionation temperature makes increasing monoacylglycerol
content at 15 ∘ C. increasing monoacylglycerol content is caused less of triglyceride and
diacylglycerol because of the melting point of triglyceride and diacylglycerol lower than
monoacylglycerol. So, at this temperature triglyceride and diacylglycerol dissolves in
hexane.
This study, the highest monoacylglycerol concentration at 30 ∘ C because increasing crystallization temperature makes the size of the crystal is big. So, the crystal is
accommodated in ﬁltration paper increases. It makes solid fat content in stearin fraction
increases in coconut oil fractionation. Furthermore, critical cooling velocity inﬂuences
of fractionation effectiveness, decreasing critical cooling velocity makes big crystal. So,
DOI 10.18502/kls.v4i11.3859
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the crystal is accommodated in ﬁltration paper increases and monoacylglycerol content
in ﬁltration paper increases [32].

Figure 6: Crystal of Mono and Diacylglycerol at 30 ∘ C.

Based on Fig. 6, the temperature of 30 ∘ C has a concentration of monoacylglycerol
less 100 %. It means little of monoacylglycerol fraction dissolves in hexane. It is caused
that palm stearin has a variation of fatty acid, so it makes a variation of monoacylglycerol
melting point [33, 34]. Furthermore, the different of melting point is inﬂuenced by the
position of fatty acid, that changes hydroxyl group in the glycerol. They are between 1monoacylglycerol and 2-monoacylglycerol have different polymorphism crystal shape
1-monoacylglycerol (asymmetric monoacylglycerol). The crystal forms α polymorphism
until β’ (not stable). 2-monoacylglycerol (symmetric monoacylglycerol), its crystal forms
β polymorphism more stable [31].
Table 2: Yield of Mono and Diacylglycerol from The Best Condition Process in BSTR Yield and Concentration
of Mono and Diacylglycerol of Product from The Best Condition Process.
The weight of Fractionation
Product 30 ∘ C (g)

The weight of Raw Materials (g)
Palm Stearin

Yield (%)

46.8

61.43

28.75

Based on Table 2, the yield of synthesis mono and diacylglycerol using the best
condition process in Batch Stirrer Tank Reactor is 61.43 %. Yield is still low because the
fractionation process is not maximum.
The key factor that inﬂuences the effectiveness of fractionation are crystallization temperature, crystallization time and critical cooling velocity. Increasing temperature and
time of crystallization makes big crystal. So, increasing of the crystal is accommodated
in the ﬁltration paper, and yield will increase. Increasing critical cooling velocity makes
DOI 10.18502/kls.v4i11.3859
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small crystal. So, many crystals run out from ﬁltration paper and yield will decrease [32].
From many factors, the factor cause decreasing yield is critical cooling velocity. This
study the value of critical cooling velocity in the fractionation process is 0.925 ∘ C ⋅ min1

. Based on a study of Hariyadi [35] if we can maintain the critical cooling velocity less

from 0.125 ∘ C ⋅ min-1 . It makes increase solid fat content in stearin fraction in fractionation
process of coconut oil because decreasing of critical cooling velocity makes big crystal.
So, all of the crystal can be accommodated in ﬁltration paper, and yield will increase.

Figure 7: The concentration of Product (monoacylglycerol, diacylglycerol, free fatty acid, and triglyceride)
Synthesis Mono and Diacylglycerol from The Best Condition Process with Fractionation Process and
Without.

Based on Fig. 7, that product from the fractionation process has high purity
91.00 % ± 2.50 % (concentration of monoacylglycerol) and 9.00 % ± 2.50 % (concentration of diacylglycerol). If it is compared from the product without fractionation process.
It still contents desirable component like free fatty acid 11.17 % ± 0.72 % and triglyceride
10.71 % ± 0.57 %. It is caused the fractionation method of oil is based on differences of
melting point of triglyceride component and separation by thermomechanical. It means,
that triglyceride has a higher melting point will separate from triglyceride has a lower
melting point through crystallization partial, and then it is continued ﬁltration step. So, it
produces purity product [34, 36−37].

4.6. Emulsiﬁcation characteristics of mono and diacylglycerol
Based on Table 3, control showed emulsiﬁcation activity with emulsion capacity
38.28 % ± 1.11 %. The emulsion of control is formed from homogenization of molecule
DOI 10.18502/kls.v4i11.3859
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Table 3: The result of capacity and stability emulsion testing in control (without emulsiﬁer), emulsiﬁer
commercial and monoacylglycerol.
Sample

Emulsion Capacity (%)

Emulsion Stability (%)

Control

38.28 ± 1.11

0.00 ± 0.00

Emulsiﬁer Commercial

100 ± 0.00

100 ± 0.00

95.55 ± 0.71

90.44 ± 1.24

Monoacylglycerol

breaking from water and oil by temporary. That is evidenced after heating. The emulsion
system goes through a separation 2 layer (oil phase: top layer and water phase: bottom
layer) with emulsion stability is 0.00 % ± 0.00 %. While commercial emulsiﬁer has
good emulsiﬁcation, the emulsiﬁcation is very stable because after heating of emulsion. Emulsion system does not change. But, emulsiﬁer mono and diacylglycerol has
enough stable of emulsiﬁcation. If it is compared with commercial emulsiﬁer because
emulsion capacity 95.55 % ± 0.71 %, after heating emulsion stability decrease become
90.44 % ± 1.24 %.
Table 4: Emulsiﬁcation characteristic of mono and diacylglycerol.
Parameter

Value

Emulsion Capacity (%)

95.55 ± 0.71

Emulsion Stability (%)

90.44 ± 1.24

HLB Value

10.25 ± 0.44

Emulsion Type
Melting Point

o/w
62.67 ± 2.52∘ C – 70.33 ± 0.58 ∘ C

5. Conclusion
Glycerolysis reaction from reﬁned, bleached and deodorized Palm Stearin with glycerol
in Batch Stirrer Tank Reactor system using homogenous base catalyst NaOH is the best
catalyst because that catalyst can produce mono and diacylglycerol concentration is
higher and faster than heterogenous acid catalyst Amberlyst-15. The best glycerolysis
reaction condition in Batch Stirrer Tank Reactor system is reaction time 6 h, concentration
catalyst NaOH 3 % (w/w), using molecular sieve 12 % (w/w), 90 ∘ C, adding co-solvent tertbutanol 20 mL ⋅ 10 gr−1 oil, molar ratio oil:glycerol (1 : 5), velocity of stirrer 400 rpm. The
best fractionation temperature is 30 ∘ C. Concentration of product are 43.26 % ± 0.90 %
(monoacylglycerol), 34.46 % ± 0.41 % (diacylglycerol), 11.17 % ± 0.72 % (free fatty acid)
and 10.71 ± 0.57 % (triglyceride). After fractionation product, rendement of the product
is 61.43 % contain 91.00 ± 2.50 % monoacylglycerol dan 9.00 ± 2.50 % diacylglycerol.
Emulsiﬁcation characteristic of product mono and diacylglycerol are emulsion capacity
DOI 10.18502/kls.v4i11.3859
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95.55 ± 0.71 %, emulsion stability 90.44 % ± 1.24 %, Hydrophilic and lipophilic balance
value 10.25 ± 0.44, type of emulsion o/w and melting point 62.67 ∘ C ± 2.52 ∘ C to
70.33 ∘ C ± 0.58 ∘ C.
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