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Abstract 

The objectives of the research are to evaluate fatty acids profile, oxidative and hydrolysis 
stability of human milk fat (HMF) analog by using virgin coconut oil (VCO) and palm stearin as raw 
materials. The HMF analog was synthesized through enzymatic interesterification catalyzed by lipase 
fro m Rhizomucor miehei. The fatty acid profi les of interesterification products were monitored using 
gas chromatography. Oxidative stability test was carried out for up to 72 hours at 60°C. The peroxide 
va lue was meas ured during 0, 24, 48 and 72 hours of storage duration. Hydrolys is s tab ility test was 
held [or up to 8 days at room temperature. The free fatty acid content was monitored during 0, 2, 4, 6 
and 8 days of storage. The results showed that the resulted HMF analog having high percentage of 
palmitic acid in the sn-2 position, similar to that ofHMF. The palmitic acid content in the sn-2 position 
was around 39.71 %. The MCFAs were esterified in the sn-l and sn-3 position and the main fatty acid 
constituent was lauric acid of 39.37%. The obtained HMF analog was stable to oxidative and 
hydro lys is deterioration as indicated by the peroxide value and free fatty acid content during storage. 
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In trod uction 

Human milk is considered to be the best 
food for infants in their daily Iives However, for 
some reasons many mothers have to depend on 
infant milk formulae to feed their babies. 
Positional distribution of acyl groups bonded to 
the glycerol is significant differences between 
human milk fat (HMF) and infant milk fat 
formulae. HMF has the high percentage of 
palmitic acid (18.62-23.02%). Palmitic acid in 
HMF was predominantly located in the sn-2 
position of the triglycerides (Yuhas et aI., 2006), 
meanwhile infant formulae contained palmitic 
acid predominantly in sn-l,3 positions (Schmid 
et aI., 1998). The role of palmitic acid in the sn­
2 position of the glycerol backbone is to ease the 
digestion and absorption of the fats in the infant 
intestine. Long chain saturated fatty acids 
(LCFAs), like palmitic acid, esterified to sn-1,3 
posItIOns during the digestion, can form 
insoluble fatty acid complexes with calcium, 
rendering it unavailable (Camielli et aI., 1995). 

Lauric acid. as a member of medium chain 
fatty acids (MCFAs), which in the virgin 
coconut oil (YCO), .amounted 46.64-48.03% 
(Marina et aI., 2009). Lauric acid was found to 
increase body endogenous oxidation by changing 
the composition of the adipose tissue pool 
through altered endogenous availability. The 
capability of medium chain triglyceride (MCTs) 
to increase endogenous fat oxidation could have 
implications in the reduction of adipose tissue 
mass by increasing adipose tissue mobilization 
(Binnert, et aI., 1998; Papamandjaris, et aI., 
2000). 

Recently, much attention has been given to 
the preparation of HMF analog. To our 
knowledge, in the literature, no research was 
conducted regarding the synthesis of HMF 
analog from palm stearin and coconut oil. In the 
present work, we studied synthesis of HMF 
analog to evaluate fatty acid profile, oxidative 
and hydrolysis stability of HMF analog by using 
YCO and palm stearin as raw materials . 

Materials and methods 

Materials 

Palm stearin was purchased from a local 
palm oil plant in Bitung, North Sulawesi, 
Indonesia. YCO was extracted from fruit of 
Mapanget Tall coconut variety (11-12 months 
old) which was obtained from Kima Atas 
experimental garden in Manado. An 
immobilized lipozyme RM 1M from Rhizomucor 
miehei, porcine pancreatic lipase type II, and 
lipid standards such as trilaurin, lauric acid, and 
1,3 dipalmitin were purchased from Sigma, 
Netherland. Standard 2-monopalmitin was 
obtained from Larodan, Sweden. Silica gel F254 
plates (20x20 cm) was purchased from Merck, 
Germany. All solvents were of analytical grade 
and were purchased from Merck, Germany. 

Preparation of fatty acid methyl ester from 
coconut oil 

Potassium metoxide solution was prepared 
by dissol ving 4.2 g of potassium hydroxide in 97 
ml of methanol. This solution was added into 
300 g of YCO in 500 ml glass round vessel 
equipped with condensor and a thermometer. 
Methanolysis reaction was carried out at 50°C 
for 2 hours on a hot plate. The reaction products 
were then transferred into a separating funnel 
and allowed to separate for 2 hours. The upper 
layer, which is fatty acid methyl ester, was 
separated from the remaining glycerol in the 
lower layer. The fatty acid methyl ester was 
transferred into a clean separating funnel and 
washed 3 times with 500 ml of water while the 
glycerol was discarded. The fatty acid methyl 
ester layer was then passed through anhydrous 
sodium sulfate 3% (w/v, of fatty acid methyl 
ester) to remove any residual water. The fatty 
acids profile were then determined by gas 
chromatography. 

Hydrolysis of palm stearin to obtain high 
palmitate 2-monoglyceride 

High palmitate 2-monoglyceride was 
obtained by hydrolysis of palm stearin at 
temperature of 37°C for 42 hours in 80 
stroke/minute waterbath shaker. The condition 
was optimized in our previolls study (Karouw et 
aI., 2013). The process was conducted as follow: 
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A reaction mixture was prepared consisted of 2 g 
palm stearin, 8 ml isooctane, and 800 ml 
phospate buffer pH 6.5. Porcine pancreatic lipase 
Type II was added into the reaction mixture. The 
amount of porcine pancreatic lipase was 5% 
(w/w) of weight of palm stearin in the reaction 
mixture. Enzymatic hydrolysis reaction was 
can·ied out at temperature of 37°C for 42 hours in 
a water bath shaker with speed of 80 
strokes/minute. At the end of the reaction lipase 
was separated from reaction mixture by 
centrifugation, and the solvents were removed 
under a stream of Nz gas. Leave reaction 
products at the bottom of the flask. 

Separation of 2-monoglyceride 

The 2-mono glyceride was iso lated from 
the reaction products by TLC. The reaction 
products were dissolved in chloroform and then 
applied to TLC plates, developed in petroleum 
ether: diethyl ether: acetic acid (60:40:1, 
vo l/vol/vol) solvent. The separated spots were 
visualized by holding the plate in iodine vapor. 
The bands corresponding to 2-MAG were 
scrapped off and extracted 2 times with 5 ml of 
diethyl ether. The extract was collected into a 
test tube and the solvents was removed under a 
stream of N z gas. The amount of purified 2­
mono glyceride was estimated from the 
difference between the empty test tube weight 
and tbat with sample. 

Esterification reaction 

The purified 2-monoglycerides in the test 
tube were mixed with fatty acid methyl ester (3 
times of 2-monoglyceride estimated weight) and 
dissolved in 3 ml of hexane. Lipozyme RM 1M 
enzyme (10%) was added into the mixture to 
optImIze the enzymatic esterification 
temperature (50°C, 55°C and 60°C), time (6, 12, 
18, 24 hours) and lipase RL\!l 1M concentration 
(2.5, 5.0, 7.5, and 10.0) wt% of total. The 
optimum condition for esterification was 
repolted on our previous paper (Karouw et aI., 
20 I 2). All of the enzymatic esterification 
reactions were carried out in a waterbath shaker 
operating at 120 strokes/minute. At the end of 
the experimental reaction, lipase was separated 
from the mixture by centrifugation. Solvents in 
the supernatant containing the triglycerides was 

evaporated under nitrogen gas fl ux and the 
remaining sediment was used 
triglyceride composition analysis. 

for further 

Glicerides composition analysis 

This step consists of triglyceride 
separation, purification, preparation of fatty acid 
methyl esters, and fatty acid identification by gas 
chromatography (GC) as follows: 

TrigJycerides separation 

The sediment obtained from esterification 
reaction was dissolved in chloroform (0.1 g of 
sedimentlml of chlorofom) and then 20 )..ll of the 
solution was applied to TLC plates and 
developed in petroleum ether: diethyl ether: 
acetic acid (60:40:1, vol/vol /vol). Spots were 
then analyzed using Camag TLC-scanner. The 
relative percentage of monoglycerides (MG), 
diglycerides (DG), triglycerides (TG), and free 
fatty acids (FFA) were based on the total area of 
the spots . 

Triglycerides pu ri fication 

The bands were visualized by holding the 
plate in iodine vapor. The bands corresponding 
to TAG (having Rf corresponding to TAG 
standard) were scrapped off and extracted twice 
with diethyl ether. The solvents were removed 
under a stream of N2 gas flux. The fatty acid 
profile of the TAG were analyzed by Gc. 

Preparation of fatty acid methyl esters 

Fatty acid methyl esters of isolated TAG 
were prepared by transesterification in the 
presence of methanol and potassium chloride. A 
solution of TAG-hexane 5% was prepared by 
dissolving isolated TAG in hexane. Into the 6 
ml of TAG-hexane solution 150 ml of 2.0 N 
potassium hydroxide was added. The mixture 
was then homogenized for 5 min and centrifused 
for 5 min at 3000 rpm. The fatty acid methyl 
esters in supernatan layer were separated and the 
solvent was evaporat.ed under nitrogen gas flux. 
The fatty acid methyl esters were then analyzed 
by Gc. 

GC analysis 

A Shimadzu-GC-9AM equipped with CP­
SIL-88 column (30m x 0,30 mm id) and flame 
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ionization detector (FlD) was utilized. The 
injector and detector temperatures were 230°C, 
while column temperature was previously held at 
120°C, then programmed to 200°C at 8°C/min. 
Nitrogen was used as a gas carrier. 

Oxida tive and hydrolysis stability 

Oxidative stability was conducted 

according to Maduko et a1. (2008); and Akoh 

and Moussata (200 I). The obtained HMF was 

filled into an open test tube and placed in 

laboratory oven at temperature of 60°C. The 

sample was evaluated for its peroxide value 

during 0, 24, 48 and 72 hours of storage. The 

analysis of peroxide value was based on the 

methods of Champman and McKay (1949), as 

cited in Adnan (1980). 


Hydrolysis test was performed according 

to Akoh and Moussata (2001). The obtained 

HMF analog was filled into open test tube and 

placed in room temperature. The free fatty acid 

content was monitored during 0, 2, 4, 6 and 8 

days of storage. Free fatty acid analysis was 

done according to method of Marseno et al. 

(2008). Evaluation of free fatty acid content was 

done using standard curve of lauric acid, as this 

fatty acid was the major fatty acid in HMF 

analog. 


Results and discussion 

Effect of temperature reaction on fatty acid 

p"ofile ofHMF analog 


The fatty acid profile of HMF analog 
synthesized at various temperature (50, 55 and 
60°C) (Table I) was similar to fatty acids profile 
of the mother's milk. 

Palmitic acid was the major fatty acid in 
HMF analog (22.81-24.8%). The palmitic acid 
content in HMF analog was almost same as in 
human milk about 21.0% (Innis et aI., 1994); 
21.8% (Lien et aI., 1997) and 22,6 (Yuhas et aI., 
2006). The resulted HMF analog contained high 
percentage ofMCFAs (35.83-47.55%). 

The results of this study, therefore, suggest 
that the condition to synthesis HMF analog from 
fatty acids methyl ester and 2-monoglyceride 
using lipozyme RM 1M as biocatalyst was at 
50°C. The optimum temperature of lipozyme 
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RM IM for interesterification reaction was 
obviously dependent on the substrate in use. The 
obtained HMF analog contained high palmitic at 
sn-2 posi tion and high lauric at sn-l and sn-3 
position. 

Effect of reaction time on fatty acid profile of 
HMF analog 

Fatty acids profile of HMF analog 
synthesized on various reaction time as shown in 
Table 2. 

The results showed that percentage of 
lauric acid sl ightly increased after 6 to 18 hours 
and decreased after 18 hours. During the first 6 
to 18 hours the esterification reaction occurred, 
then after 18 hours reaction was dominated by 
hydrolysis reaction. The results indicated that 
lauric acid could be esterified successfully 
during the first 6 to 18 hours of reaction. HMF 
analog contained high percentage of palmitic 
acid (21.88-24. 11%), similarly to pamitic acid in 
mother milk (22.6%) (Yuhas et aI., 2006). 

Effect of enzyme concentra tion on fatty acids 
proftJe of HMF analog 

Fatty acid profile ofHMF analog esterified 
at various of enzyme concentration was shown in 
Table 3. The resulted HMF analog contained 
high percentage of palmitic acid around 24.33­
27.43%, almost similar to palmitic acid content 
in HMF around 22.6% (Yuhas et aI., 206). The 
MCFA content was 35.15-43.86%, higher 
compared to human milk. Maduko et a1. (2007) 
and Maduko et a1. (2008) have synthesized HMF 
analog contained medium chain fatty acid 
28.0% and 20.7%, respectively. 

According to the results, therefore, we 
consider that the condition to synthesize HMF 
analog from fatty acid methyl ester of coconut 
oil and palm stearin 2-monoglyceride catalyzed 
by Ii pozyme RJY1 1M was at 50°C for 12 hand 
enzyme concentration 10.0% (w/w). It contained 
43.86% of medium chain fatty acid and palmitic 
acid 24.33% similar to fat of mother milk. 

Fatty acid profile of HMF analog and sn-2 
position 

The HMF analog, resu lted from 
interesterification process of 2-monoglyceride 
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Table 1. Fatty acids profile ofHMF analog at various temperature through esterification 
of palmitic 2-monoglyceride and high lauric fatty acid methyl ester by Llsing 
R. miehei as biocatalys t 

Fatty acids 
50°C 

% Fatty acid 
55°C 60°C 

CIO:O 7.59±0.31a 2.91 ± 0.83 b 1.99 ± 0.29 b 
C12:0 39.96 ± 1.66 a 40.28 ± 2.06 a 33 .84 ± 0.55 a 
C14:0 10.29 :i:: 0.44 b 18.12±0.48a 15.75±0.74a 
C16:0 24.88 ± 2.59 a 24.18 ± 0.52 a 22.81 ± 0.85 a 
C18:0 3.56 ± 0 .37 a 3.46 ± 1.17 a 3.,21 ± 0.33 a 
C18:1 12.04 ± 0.50 a 8.89 ± 1.17 a 17.58 ± l.68 a 
C18:2 l.69 ± 0.07 a 2.16±0.25a 4.82 ± 0.62 a 

Note: The reaction was conducted at ratio of 2-monoglyceride:fatty (1 :3, w/w); enzyme 
concentration 10.0% (w/w) in shaker waterbath at 120 strokes/min for 24 hrs. 
Numbers followed by the same letter at the same column are not significant difference at 
5% ofDMRT. 

Table 2. Fatty acid profile ofHMF analog at various time reaction through esterification 
of palmitic 2-monoglyceride and high lauric fatty acid methyl ester by using 
R. miehei as biocatalyst 

% Fatty acid 
Fatty acid 

6h 12 h 18 h 24 h 
Cl0:0 3,00±1,46a 3,48±2,14a 2,22±1,18a 5,82 ± 0,41 a 
C12:0 31,39±0,73 a 33,06 ± 0,67 a 33,17±0,55a 32 ,57 ± 1,43 a 
C 14:0 [9,54 ± 0,01 a 20,39 ± 0,38 a 20,32 ± 0,1 3 a [9,42 ± [,22a 
C16:0 2 1,88 ± 1,86 a 22,49 ± 0,51 a 24,1 I ± 1,63 a 22,37 ± 0,28 a 
C18:0 4,74 ± 1,36 a 4, I [ ± 0,56 a 3,68 ± 0,06 a 3,33±0,16a 
C18:1 17,29::.':: [,50 a 15,2 1 ± 0, 16 a 14,52 ± 0,96 a 14,74 ± 2,54 a 
C 18:2 2,16 ± 0,20 a 1,26 ± 0,16 a 1,98 ± 0,09 a 1,75 ± 0,63 a 

Note: See Table [ for the reaction condition. 
Numbers followed by the same letter at the same column are not significant difference at 
5% ofDMRT. 

Table 3. Fatty acids profile ofHMF analog at various enzyme concentration through 
esterification of palmitic 2-monoglyceride and high lauric fatty acid methyl 
ester by using R. miehei as biocatalyst 

% Fatty acid 
Fatty acid 

2.5% 5.0% 7.5% 10.0% 

CIO:O 4.13 ± 0.40 a 3.68 ± 0.44 a 4.23 ± 1.83 a 4.49 ± 0.43 a 

C 12:0 31.02 ± 2.8 1 b 34.55 ± 2.24 ab 36.48 ± 0.65 a 39.37 ± 0.92 a 

C14:0 14.79 ± 0.52 a 15.58± 1.81 a 14.46 ± 0.23 a 16.06 ± 0.39 a 

C 16:0 27.43 ± 0.92 a 26.73 ± 1.89 a 26.74 ± 0.69 a 24.33 ± 1.59 a 

C18:0 4.38 ± 0.17 ab 3.78±0.llab 2.82 ± 1.26 b 5.37 ± 0.69 a 

C18: I 16.52 ± 0.73 a 13.78±2.28a 13.88±0.4[a 8,98 ± 0.74 b 

C18:2 1.73 ± 0.08 a 1.90 ± 0.20 a 1.39 ± 0.72 a 1.4 ± 0.11 a 

Notc: See Tab[e I for the reaction condition. 

Numbers followed by the same letter at the same column are not significant difference at 

5% ofDMRT. 
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Table 4. Fatty acid profile of human milk 
r-­

% Fatty acid 
Fatty acid 

Total Sn-2 Eosition 

CI0:0 4.49 ± 0.43 

C12:0 39.37 ± 0.92 

C14:0 16.06 ± 0.39 

C16:0 · 24.33 ± 1.59 

C18:0 5.37 ± 0.69 

C18: 1 8.98 ± 0.74 

C18:2 1.40 ± 0.11 

5.43 ± 0.87 

27.35 ± 4.99 

12.41±189 

39.71 ± 1.67 

3.24 ± 0.65 

10.49±1.13 

1.37 ± 0.49 

Note: Sinthesized by esterification ofmonogJyceride and FAME with Jipozyme RM 1M 
as biocatalyst (MG/FAl\1E=1:3 w/w; incubation was at 50°C and 10% of enzyme for 
12 hours in waterbath shaker 120 strokes/min). 
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derived from palm stearin and fatty acid methyl 
ester from coconut oi I, was found to be rich of 
MCF I\s . The fatty acid profi les of the HMF 
ana lo g compared to fatty acid of human milk fat 
are presented in Tab le 4. The palmitic acid 
content, thought to be located in the 5n-2 
position of the HMF analog, is comparable to 
that of HMF. However, oleic acid, which also 
thought to be in the sn-2 pos iti on, was noticeably 
lower than that in the HMF. The MCFA (lauric 
acid from coconut oil) was successfully 
incorporated into the triglycerides . lIyasoglu et 
al. (20 I 0) reported that HMF analog synthesized 
from tripalmitin and Neobee (the mixture of 
MCFAs contained MCFAs of23.4 g1100g. 

. These results were similar to the earlier 
report by Li et al. (2009), who reported that 
HMF substitute synthesized from butterfat, 
rapeseed oil, and soybean oil using lipozyme 
RM 1M, contained 24.5% of palmitic acid. The 
results also in line with Maduko et a!. (2008), 
who interesterified coconut oil , soy bean oi l, 
saft10wer oil, fish oil, and tripalmitin using 
lipozyme RM 1M. They obtained human fat 
analog with palmitic acid around 23 .0%. 
Kuipers et al. (2012) and Yuhas et al. (2006) 
reported that palmitic acid content in milk fat of 
breast-teeding mothers in· sub-Sahara Africa and 
the Philippines were 21.2-26.4% and 23.02%, 
respectively. 

Oxidative stability ofHMF analog 

The results showed that the peroxide value 
of resulted HMF analog has the peroxide value 
(PV) slightly increased during storage (Figure I). 
The PV of HMF analog were 1.73; 1.81; 2.27 
dan 2.37 meg/kg at storage duration of 0, 24, 48 
and 72 hours, respective ly. The PV was affected 
by the composition of fatty acid of HMF analog. 
Saturated fatty acids, having superior oxidative 
stabil ity compared to unsaturated fatty acids, 
were the major fatty ac id contained in the 
resulted HMF analog. Presumably, the peroxide 
was formed by oxidation of unsaturated fatty 
acids such as oleic and linol enic contained in 
l-IMF analog of 8.98 and 1.40%, respectively. 
Almost of these two fatty acids esterified in sn-2 
position of HMF analog. Oleic acid was more 

stable to oxidation when located in the sn-2 
position of tryglyceride (Neff et aI. , 1994). 

Hydrolysis stability of HMF analog 

An elevation of storage duration increased 
the free fatty acids content of HMF analog 
(Figure 2). Before storage (0 day) , the free fatty 
acid content of HMF analog was 0.43% and 
raised to 0.62, 0.83, 1.24 and 1. 37% during 2,4, 
6 and 8 days of storage duration, respectively. 
The results indicated that the hydrolysis 
deterioration occurred during storage of HMF 
analog. Hydrolysis deterioration of triglycerides 
was catalyzed by enzyme in the suitable water 
condition (Rosse ll, 1989; Gunstone, 1996). 

The peroxide va lue and free fatty acid 
content during storage of HMF analog were 
almost simi lar to the previous studies. Therefore, 
we conc luded that the resulted HMF analog was 
stable to oxidative and hydrolysis deterioration. 

Conclusion 

1. 	 The resulted HMF analog had high 
percentage of palmitic acid in the sn-2 . 
The palmitic acid content in the sn-2 
position was around 39.71 %. The MCFA 
was esterified in the sn-I and sn-3 
posltlOns and the main fatty acid 
constituent was lauric acid of39.37%. 

2. 	 The obtained HMF analog was stable to 
oxidative and hydrolysis deterioration 
which was indicated by the peroxide value 
and free fat ty acid content during storage. 
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