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INTRODUCTION

Santan is a Malay term for coconut milk.  Santan is derived from the 
flesh of old coconuts.  In recent years, there is high demand for coconut 
santan due to our increasing population and a higher standard of living 
among domestic consumers who prefer tastier food.  At the same time, 
there is also high demand for fresh young coconut for drinks, etc.  Thus, 
the domestic coconut production is not sufficient to fulfill both demands.  
Palm oil-based santan (hereafter referred to as palm-based santan) was 
developed as an alternative to coconut santan.  Palm-based trans fat-free 
liquid santan has been in the market since 2010.  

It has been shown that coconut 
santan contains higher fat and pro-
tein contents compared with palm-
based santan (Zaida et al., 2008).   
It has been claimed that the ap-
plication of palm-based santan in 
food formulations has some health 
benefits. However, published ar-
ticles on palm-based santan are 
very limited.  Rafidah et al. (2013) 
reported on the physical properties 
of nasi lemak cooked with palm-
based and coconut santan.

Foods that contain santan are 
perceived to be ‘rich’. Santan gives 
a unique flavour and taste to the 
food.  Among the popular local 
dishes that contain santan is nasi 
lemak (Figure 1).  Nasi lemak is a 
popular Malaysian dish normally 
taken during breakfast, which is 
rice cooked with santan and eatan 
with fried anchovies, boiled egg 
and fried chili paste. Frozen nasi 
lemak has been introduced to the 
market as a ready-to-eat meal to 
cater to the urban community with 
a busy life style, who are looking 
for rapid and convenient ways to 
serve food.  

MOISTURE CONTENT OF 
NASI LEMAK

Moisture content is an important 
criterion that has a significant ef-
fect on the freshness and qual-
ity of food. Rice is considered fully 
cooked when the final moisture 
content is in the range of 58% to 
64% (Zheng and Lan, 2007).  It 
was generally observed that the 
moisture content of nasi lemak 
increases as the ratio of santan to 
rice is increased from 1: 5 to 1.5: 5 
(Rafidah et al., 2013).  Addition of 
santan reduces relative water con-
tent because the components in 
santan which are mainly oil lower 
the water activity of cooked rice 
(El-Bassiouny and Bekheta, 2005).  

Generally, nasi lemak made 
with palm-based santan has a low-
er moisture content compared with 
that made with coconut santan, 
due to the fact that the moisture 
content of palm-based santan is 
lower than that of coconut santan.  
The moisture content for palm-
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based santan is 63.1% while for 
coconut santan, it is 65.3% (Zaida 
et al., 2008).  

OIL CONTENT OF NASI 
LEMAK

The oil content of the palm-based 
santan is 28.0% w/w while the 
coconut santan contains 19.7% 
w/w of oil.  There is a significant 
difference in the total oil content 
of these two santan.  Coconut 
santan has 8.31% less oil content 
than palm-based santan. It was 
recorded that there is only 6% to 
8% of oil present on the surface of 
the nasi lemak while the remain-
ing oil is actually absorbed by the 
rice kernel during cooking.  The oil 
content of the rice kernel of the 
nasi lemak is significantly increased 
when the quantity of santan added 
increases.  The oil content of the 
rice kernel ranges from 14% to 
24% when ratio of santan to rice is 
1: 5.  However, it ranges from 33% 
to 51% when the ratio of santan 
to rice is 2: 5.  Rice cooked without 
santan contains only 0.015% w/w 
of oil (Figure 2).

Source: Rafidah et al. (2013).

Figure 2.   Amount (%, w/w) of oil extracted from, a) surface of rice, and b) rice 
kernels of nasi lemak when using both types of santan at three different ratios of 

santan to rice (1: 5, 1.5: 5 and 2: 5).   

Figure 1. Nasi lemak.
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When white rice is boiled at 
100°C, starch gelatinisation starts 
from the outer region of the ker-
nels, where an early layer of starch 
gel is formed.  This gelatinisation 
progresses inwards towards the 
core and is sustained by the diffu-
sion of water (Riva et al., 2000).  
Most probably along with the wa-
ter, oil from santan is diffused into 
the kernels. As a result of gelatini-
sation, the volume and texture of 
the kernels are modified, and, after 
a given cooking time, both attain 
the desired level that is dictated 
mainly by sensorial requirements 
(Riva et al., 1994). 
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The fatty acid ratio of nasi 
lemak is highly influenced by the 
type of santan used in the formu-
lation.  Table 1 shows that ratios 
of monounsaturated/saturated 
(M/S), polyunsaturated/ monoun-
saturated (P/M) and polyunsatu-
rated + monounsaturated/ satu-
rated {(P+M)/S)} in all the samples.  
The ratios of various fatty acids in 
food influence lipid metabolism 
in humans. It was observed that 
palm-based santan has a higher 
M/S ratio than coconut santan.  
Thus, the M/S and P/M ratios for 
all the nasi lemak samples made 
with palm-based santan also follow 
the same trend.  Both types of san-
tan (palm-based and coconut) are 
generally comparable.  

It was also observed that palm-
based santan and nasi lemak made 
with it have a similar ratio of satu-
rated-to-unsaturated fatty acids of 
1: 1.  On the other hand, coconut 
santan and nasi lemak made with it 
have a higher saturated-to-unsatu-
rated fatty acids ratio.  Heat during 
rice cooking does not seem to alter 

the fatty acid ratios of palm-based 
and coconut santan.

WATER ACTIVITY (Aw) OF 
NASI LEMAK

The addition of santan increases the 
water activity of the rice kernels.    
It was observed that the range of 
water activity of nasi lemak is from 
0.994 to 0.998 at 25.0 ± 0.7°C.  
Water activity ranges from 0 to 1. 
Values near to 1 place nasi lemak 
in the perishable foods category. 
Theoretically, the range of water 
activity for perishable foods is 0.95 
to 1.00.  Perishable foods need to 
be handled with extra care because 
they can easily spoil due to micro-
bial contamination supported by 
high water availability. Water activ-
ity is a very useful parameter to de-
termine the possibility of microbial 
growth (Subramaniam, 2000).  As 
water activity gets higher, shelf-life 
becomes shorter. Perishable foods 
should be kept hot (>70°C), or cold 
(<5°C), to ensure they are safe for 
consumption.  

HARDNESS OF NASI LEMAK

Hardness is related to the hydra-
tion process which takes place in 
starch granules. During cooking, 
rice starch granules absorb mois-
ture and swell, resulting in the in-
crease in volume of cooked rice. 
While starch granules expand, cells 
will rupture and cause amylose to 
leach. This may affect the rice tex-
ture.  Hardness is generally related 
to the level of the amylose content.  
Generally, high amylose rice has 
high hardness and tensile values 
(Lu et al., 2009).

Cameron and Wang (2005) 
reported that the cooked rice tex-
ture has a stronger correlation with 
the amount of insoluble amylose 
than with the apparent amylose 
or leached amylose.  They con-
cluded that the higher the amount 
of leached amylose, the harder the 
final cooked rice texture. This could 
explain why rice cooked without 
santan has higher hardness values.  
Generally, as the amount of san-
tan increases, the hardness of rice 
gradually decreases.

TABLE 1.  SATURATED (S), MONOUNSATURATED (M) AND POLYUNSATURATED (P) FATTY ACIDS IN NASI LEMAK 
TOGETHER WITH M/S, P/M AND (P+M)/S RATIOS

Item
Saturated 

(S) %
Monounsaturated 

(M) %
Polyunsaturated 

(P) %
M/S P/M (P+M)/S

Palm-based santan 50.64 39.19 10.17 0.774 0.260 0.975

Coconut santan 94.69 4.6 0.71 0.049 0.154 0.056

 Nasi lemak 
(palm-based santan 1: 5) 

50.34 39.24 10.42 0.779 0.266 0.986

 Nasi lemak 
(palm-based santan 1.5: 5)

50.46 39.23 10.31 0.777 0.263 0.982

 Nasi lemak 
(palm-based santan 2: 5)

50.56 39.16 10.27 0.775 0.262 0.978

 Nasi lemak 
(coconut santan 1: 5)

92.37 6.13 1.53 0.066 0.250 0.083

 Nasi lemak 
(coconut santan 1.5: 5)

92.72 6.01 1.28 0.065 0.213 0.079

 Nasi lemak 
(coconut santan 2: 5)

94.31 4.77 0.92 0.051 0.193 0.060

Plain rice 
(without santan)

36.87 36.11 27.02 0.979 0.748 1.712

Nasi Lemak Cooked with Palm-based Santan is Comparable to that Cooked with Coconut Santan 
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According to Kaur and Singh 
(2000), the addition of fatty acids 
into food that contains starch will 
alter the physical and chemical 
properties of the food because 
starchy food will tend to form 
complexes between amylose and 
lipids.  These complexes also affect 
the hardness value.  Cameron and 
Wang (2005) reported that protein 
and crude lipid contents have 
a negative correlation with the 
hardness of cooked rice.  

STICKINESS OF NASI 
LEMAK

Stickiness is another important 
criterion when describing the 
physical characteristics of cooked 
rice.  Amylose content is not 
directly related to stickiness but 
when amylose content is high, 
stickiness tends to be low (Ayabe et 
al., 2009).  Rice without santan has 
the lowest stickiness value followed 
by nasi lemak made with palm-
based santan and that made with 

coconut santan.  The stickiness of 
rice is increased as more santan is 
added.  Thus, the amount of santan 
significantly influences stickiness.  
This applies to both types of santan 
used in making nasi lemak.  

SENSORY EVALUATION

Results from the sensory evalua-
tion shows that frozen nasi lemak 
cooked with coconut santan had 
higher scores compared to frozen 
nasi lemak made with palm-based 
santan for all attributes except for 
oiliness, hardness and stickiness, 
where they are comparable (Figure 
3).  Significant differences were ob-
served for colour, odour and overall 
taste between the samples. 

CONCLUSION

The ratio of palm-based santan to 
rice at 1: 5 is sufficient to provide 
the desired texture to nasi lemak.  
Palm-based santan has a higher 
M/S and P/M ratios compared with 

coconut santan. Nasi lemak made 
with palm-based santan is compa-
rable to that made with coconut 
santan in terms of its stickiness, oili-
ness and hardness.

REFERENCES

AYABE, S; KASAI, M; OHISHI, K 
and HATAE, K (2009).  Textural 
properties and structures of starch-
es from Indica and Japonica with 
similar amylose content. Food 
Science and Technology Research, 
15(3): 299-306.

CAMERON, D K and WANG, Y J 
(2005).  A better understanding of 
factors that affect the hardness and 
stickiness of long-grain rice. Cereal 
Chemistry, 82(2): 113-119.

El-BASSIOUNY, H M S and 
BEKHETA, M A (2005).  Effect of 
salt stress on relative water con-
tent, lipid peroxidation, polyam-
ines, amino acids and ethylene on 
two wheat cultivars. International 
Journal of Agriculture and Biology, 
7(3): 363-368.

KAUR, K and SINGH, N (2000).  
Amylose-lipid complex formation 
during cooking of rice flour. Food 
Chemistry, 71(4): 511-517. 

LU, Z H; SASAKI, T; LI, Y Y; 
YOSHIHASHI, T; LI, L T and 
KOHYAMA, K (2009).  Effect of 
amylose content and rice type 
on dynamic viscoelasticity of a 
composite rice starch gel. Food 
Hydrocolloids, 23(7): 1712-1719. 

RAFIDAH, A H; NUR IZYANI, A A 
and MISKANDAR, M S (2013).  A 
comparative study of the effects of 
processing conditions and formula-
tions on the physical and sensory 
properties of frozen nasi lemak 
made of palm-based santan and 

Figure 3.  Mean values of hardness, stickiness, oiliness, colour, odour and overall 
taste of frozen nasi lemak cooked with palm-based and coconut santan.

Coconut santan

Colour

Palm-based 
santan

Odour



11

coconut santan.  J. Oil Palm Res. 
Vol. 25(2): 1400-1410.

RIVA, M; ALBERTO SCHIRALDI, 
A and PIAZZA, L (1994). 
Characterisation of rice cook-
ing: Isothermal differential scan-
ning calorimetry investigations.  
Thermochimica Acta, 246(2): 317-
328.

RIVA, M; FESSAS, D and 
SCHIRALDI, A (2000).  Starch ret-

rogradation in cooked pasta and 
rice. Cereal Chemistry, 77(4): 433-
438.

SUBRAMANIAM, P (2000). The 
stability and shelf-life of food. 
Technology and Engineering. 
Woodhead Publishing Limited. pp: 
28.

ZAIDA, Z; SHUID, A A; WAN, R A 
I; NOR, A I and AZMAN, I (2008). 
Palm-based trans-free liquid san-

tan. MPOB Information Series No. 
391.  

ZHENG, X and LAN, Y (2007).  
Effects of drying temperature and 
moisture content on rice taste 
quality. Agricultural Engineering 
International: The CIGR E-journal, 
Vol IX.

Nasi Lemak Cooked with Palm-based Santan is Comparable to that Cooked with Coconut Santan 


