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ABSTRACT
In this study, freshly squeezed oil palm trunk sap (OPT0sap) and sap of oil palm trunk that had been stored 
for 60 days (OPT60sap) were characterised and compared with a nipa sap (Nsap) as a control sample in terms 
of their physico-chemical and functional properties. The results indicated that when the two OPT saps were 
compared, trunk storage significantly impacted the latter sap’s composition. As the storage period increased, 
the sap became darker and its sugar content increased. Further, the OPT saps showed significant amounts of 
antioxidant contents, with greater nutritional value compared to Nsap. The OPT0sap’s viscosity was found 
to be the lowest, whereas the Nsap’s was the highest, with values of 0.87 ± 0.07 mPa.s and 3.77 ± 0.09 mPa.s, 
respectively. The OPT0sap had the lowest pH, whereas Nsap had the highest. In conclusion, in comparison to 
Nsap, the OPT saps demonstrated better features in terms of antioxidant capacity and higher reducing sugar 
content. However, OPT saps had greater acidity and darker colour.
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INTRODUCTION 

Environmental pollution, production costs, and 
harmful effects on animal and human health could 
be reduced by using sustainable resources such as 
agro-based industry and agricultural waste as raw 
contents (Yunus et al., 2003).  The Malaysian Palm 
Oil Board announced that in 2013, about 5.23 million 
hectares of land were planted with oil palm, Elaeis 
guineensis (Shahirah et al., 2015). Replanting of old 
oil palm should occur every 20 to 25 years because 
of a reduction in their oil productivity as well as 
the difficulty in collecting their fruit (Goh et al., 
2011).  This implies that nearly 70 million old oil 
palm are felled in Malaysia annually; this number 
of oil palm has the potential to produce nearly 15 
million tonnes of oil palm trunks (Mumtaz et al., 
2010). As the oil palms are felled, the sugary sap 

(85.2 g litre-1 sugar) mainly  glucose,  and  followed 
by fructose, sucrose, arabinose, and galactose were 
usually ignored. This sap was studied to increase 
the sugar content when the trunk was stored 
before squeezing (Yamada et al., 2010). Previously, 
several studies had been carried out to utilise this 
sap, such as  production of ethanol and lactic acid 
bacteria (Kosugi et al., 2010), characterisation of the 
sap (Yamada et al., 2010), hydrogen production by 
bacteria (Noparat and Prasertsan, 2011) and carbon 
feedstock for bacterial growth (Lokesh et al., 2012). 
However, none of these researches use of the sap 
as an ingredient in food. The food industry could 
make good use of this sap to produce syrup since it 
contains glucose as the major sugar and significant 
amount of vitamins. Syrups are normally utilised 
as sweeteners and flavourings in the production of 
baked goods and confections (Phaichamnan et al., 
2010). Any changes in the chemical  composition of 
the sap impact the final product which uses the sap. 
Any changes in sugar content, the field and type of 
application  for the syrup will change accordingly. 
Further, the initial sugar content could impact the 
sap’s processing time into syrup.
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This study was an attempt to examine the 
chemical and physical features of oil palm trunk 
saps (OPT saps), which may have potential as a 
new, affordable, renewable product for use in the 
food industry, at two trunk’s storage times. The saps 
from freshly felled oil palm trunk  (OPT0sap) and 60 
days stored oil palm trunk were chosen (OPT60sap) 
because the sugar content were minimum at 0 
day and maximum at 60 days. The type of major 
sugar composition differs significantly at these two 
storage times as well (Yamada et al., 2010). These 
analyses were done concurrently with comparison 
with the sap of the nipa tree. Nipa sap was chosen 
as a control due to its high sugar content which 
allows it to be a source of alternative sweetener.  The 
present study aimed to characterise the OPT saps 
based on two distinct storage periods (0 day and 60 
days) and then to compare these findings with the 
characteristics of nipa sap as a control sample.

MATERIALS AND METHODS 

Chemicals and Reagents

Sucrose, fructose and glucose from Sigma (MO, 
USA) and disodium ethylenediaminetetraacetate 
acid (Ca-EDTA) were purchased from Fluka, Sigma-
Aldrich (Switzerland). In order to run the antioxidant 
analysis, ascorbic acid and Folin-Ciocalteu reagent 
were purchased from Merck (Darmstadt, Germany). 
The sodium carbonate was from R&M Chemicals 
(Selangor, Malaysia) and the Trolox and DPPH were 
purchased from Aldrich, Sigma-Aldrich (MO, USA).

Extraction of Saps

The OPT saps by were collected mechanically 
pressing the oil palm trunks, according to the 
method described by Murata et al. (2013), using  a 
hydraulic press for 0 days and 60 days respectively 
using a specially designed compression machine by 
Murata et al. (2013). The trunk used in this study 
was at 25 years of age, tenera type from Ara Kuda, 
Kedah, Malaysia. This study used OPT saps from 
two different trunk storage time. The first sap was 
obtained by squeezing freshly cut trunk (OPT0sap); 
the second sap was obtained by squeezing trunk 
which had been kept for 60 days at room temperature 
(OPT60sap). The control sample was frozen nipa sap 
(Nsap) purchased from a local seller in Pendang, 
Kedah. The saps were subjected to centrifugation at 
7000 rpm for 15 min to remove insoluble solids. All 
the collected saps were kept at -18°C prior to use.

Sugar Content Determination

Using a method developed by Bazinet et al. 
(2007), the saps’ sugar content was examined. 
This method utilised high performance liquid 

chromatography (HPLC) in conjunction with a 
refractive index (RI) detector (Waters 2414, USA). 

Colour Determination 

A Minolta Spectrophotometer CM-3500d 
(Osaka, Japan) was used to analyse the colour 
of the sap. Prior to this analysis, white and blank 
calibration were used for spectrophotometer 
calibration. A white calibration box covered a 
large target mask which was then integrated 
into the reflection settings. The prepared sap 
was placed into the sample cell (10 mm) and the 
final values were measured. The outcomes were 
displayed as L*, a* and b* colour space, as suggested 
by the Commission Internationale de I’Eclairage 
(CIELAB).

Viscosity Measurement 

A viscometer (Vibro Viscometer SV-10, Japan) 
was used to measure the viscosity of the saps. 
Samples of approximately 35 ml of each sap were 
placed in a sample holder; then, the reading was 
measured. Viscosity values are reported using 
miliPascal seconds (mPa.s).

 Total Soluble Solid Measurement 

A hand-held refractometer (ATAGO HSR-500, 
Japan) was used to measure total soluble solid of 
the sap. A sap drop was poured into the sample 
area of the refractometer. Then, the reading was 
documented. The total soluble solid values are 
reported in °Brix.

pH Determination 

A pH meter (Lab 850 SCHOTT Instruments, 
Germany) was used to measure the saps’ pH. The 
results are reported as pH values. Prior to the 
analysis, standard buffer solutions of pH 4 and pH 
7 were used to calibrate the pH meter.

Antioxidant Analysis 

Total phenolic content determination. The Folin-
Ciocalteu method (Al-Farsi et al., 2005), were 
modified to enable us to use the samples directly 
without extraction, to analyse the total phenolic 
contents of each sap. The 1 g of sap was diluted 
into 10 ml of distilled water in order to prepare the 
sample. Then, 1.5 ml of Folin-Ciocalteu reagent at 
10% concentration was mixed with 200 μl of the 
sample. The solution was set aside for 5 min; it was 
then mixed with 1.5 ml of 0.56 M sodium carbonate. 
The mixture was then stored at room temperature 
in complete darkness for 90 min before follow-
up observation. A UV visible spectrophotometer, 
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Shimadzu UV-160A (Kyoto, Japan) at 725 nm was 
used to record the absorbance. The outcome was 
reported in milligrams of gallic acid equivalent per 
100 g of syrup (GAE mg 100 g-1). The gallic acid 
standard curve was provided for concentrations of 
50, 100, 150, 200, 250 and 300 mg litre-1.

Determination of free radical scavenging activity 
and inhibition. The 2, 2- diphenyl-1-picrylhydrazyl 
(DPPH) method employed by Li and Seeram (2010) 
and Brand-Williams et al. (1995) was adopted in 
this study to measure the free radical scavenging 
activity, and the absorbance reading was measured 
by recording Trolox (vitamin E) and the standard 
curves of ascorbic acid (vitamin C). 

Statistical analysis. The data were collected in 
triplicate (n=3). Mean values were presented with 
± standard deviation. SPSS 17.0 software was used 
to conduct one-way analysis of variance (ANOVA) 
and Duncan’s Multiple-Range Test (p<0.05).

RESULTS AND DISCUSSION

Sugar Content Determination 

Three types of sugar were analysed for each sap: 
fructose, glucose and sucrose. As shown in Table 1, 
the saps’ sugar contents were significantly different 
from each other (p<0.05). The OPT saps had glucose 
as their main sugar, whereas Nsap had sucrose and 
fructose as its main sugars. 

Generally, as trunk storage time increased, there 
was an increase in the sugar content of the OPT 
saps. The sucrose, glucose and fructose contents in 
OPT0sap were found to be 26.03 ± 1.29 mg g-1, 153.24 
± 11.64 mg g-1 and 18.24 ± 8.14 mg g-1, respectively. 
These contents were found to be significantly lower 
than those of OPT60sap (p<0.05). Yamada et al. 
(2010) argue that as storage time increases to 60 days, 
there will be an increase in the sugar content of OPT 
saps. At storage stage, some natural enzymes such 
as invertase and amylase in the trunk hydrolyse the 
trunk starch (Yamada et al., 2010). It is thought that 
the starch content of felled trunks decreases because 
most of the sugar content is used for the survival of 
living cells in the trunk (Hamid, 2015). 

There was significantly more sucrose (p<0.05) 
than any other sugars in Nsap (65.48 ± 0.91 mg g-1), 
followed by fructose (71.33 ± 0.60 mg g-1). However, 
Nsap had a lower glucose content than the two OPT 
saps, at 31.34 ± 0.33 mg g-1, whereas the glucose 
content in OPT saps ranged from 153.24 ± 11.64 mg 
g-1 to 200.66 ± 20.82 mg g-1. The reason for this is that 
nipa palm’s inflorescence portion is responsible for 
storing sucrose. Studies on coconut palm indicated 
that this part of the plant contained nearly half of all 
the sugars, usually in the form of sucrose. The trace 
contents of fructose and glucose in the inflorescence 

are commonly regarded as stem (Gomes and Prado, 
2007). The same results have been found for nipa 
trees, as they both come from the Arecaceae family. 
In spite of the effect of the trunk storage on sap sugar 
content, the origin of the sap impacted the content. 
The main sugar content was identical (glucose) in 
OPT60sap and OPT0sap, since they were obtained 
from the trunk. However, Nsap demonstrated a 
different sugar trend, since the sugar was derived 
from the inflorescence. 

TABLE 1. SUGAR CONTENT OF THE SAPS

Types of sap
Sugar content, mg g-1

Sucrose Glucose Fructose

OPT0sap 26.03 ± 1.29a 153.24 ± 11.64b 18.24 ± 8.14a

OPT60sap 33.88 ± 2.86b 200.66 ± 20.82c 60.30 ± 10.44b

Nsap 65.48 ± 0.91c 31.34 ± 0.33a 71.33 ± 0.60c

Note: Values with different superscript letters within the same 	
           column show significant differences (p<0.05).
           OPT0sap - first sap; OPT060sap - second sap; Nsap - control       	
           sample.

Colour Determination 

Colour is a function of storage age and can be 
used to show the sap’s quality. The colour analysis 
of OPT60sap and OPT0sap demonstrated that they 
were similar in colour, whereas Nsap displayed a 
lighter colour (Figure 1).

Figure 1. (a) Nsap (control), (b) OPT0sap and (c) OPT60sap.

(a) (b)

(c)
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The results of the colour analysis are reported as 
L*, a* and b*, wherein L* indicates the sap’s lightness, 
which ranges from black (0) to white (100). The a* 
symbol represents colours from red to green, with 
values that range from red (+) to green (-). The b* 
symbol indicates colours from yellow to blue, with 
values that range from yellow (+) to blue (-). 

As shown in Table 2, storage time significantly 
affected the sap colours. The findings also suggested 
that colours were significantly (p<0.05) different 
from each other in all the three saps. The sap 
lightness (L*) decreased from 72.80 ± 0.17 to 68.39 ± 
1.38 for OPT0Sap and OPT60sap, respectively.

The results showed that Nsap L* had the 
maximum lightness value (78.88 ± 1.56), indicating 
that OPT60sap was darker than the other two 
samples. Nsap had the highest lightness value and it 
had the lowest amounts of a* and b* (1.84 ± 0.11 and 
8.49 ± 0.10), indicating that the white colour did not 
vary much. On the other hand, significantly higher 
amounts of a* (red) (5.88 ± 0.26) and b* (yellow) 
were observed in OPT60sap (43.55 ± 0.11). Both of 
the OPT saps were found to be yellowish, with b* 

OPT0sap, Nsap and OPT60sap. The saps’ viscosities 
were reported to be significantly different (p<0.05) 
from each other. The viscosity value was found 
to be proportional to the value of total soluble 
solid content of each sap, having the following 
correlation: R2 = 0.893 (y = 2.957x + 4.494).

OPT0sap had the lowest viscosity, at 0.87 ± 0.07 
mPa.s, while Nsap had the highest value, at 3.77 ± 0.09 
mPa.s. According to James et al. (2009), sap viscosity 
could be the result of the interaction of chemical 
compounds in the sap, which contains phytochemicals, 
sugars, and organic acids. OPT0sap, with viscosity of 
0.87 ± 0.07 mPa.s, showed the lowest amount of total 

Types of sap
Colour

L* a* b*

OPT0sap 72.88 ± 0.17b 4.29  ± 0.02b 42.22 ± 0.04b

OPT60sap 68.39 ± 1.38a 5.88 ± 0.26c 43.55 ± 0.11c

Nsap 78.88 ± 1.56c 1.84 ± 0.11a 8.49 ± 0.10a

TABLE 2. COLOUR PROPERTIES OF THE SAPS

Type of syrup

Results

Viscosity,
mPa.s

Total soluble 
solid, 
˚Brix

pH

OPT0sap 0.87 ± 0.07a 6 5.27 ± 0.01a

OPT60sap 1.96 ± 0.16b 12 5.31 ± 0.01b

Nsap 3.77 ± 0.09c 15 6.20 ± 0.02c

soluble solid content of 6 °Brix, whereas Nsap, with 
viscosity of 3.77 ± 0.09 mPa.s, demonstrated a higher 
amount of total soluble solid content of 15 °Brix. 
According to Kim (2010), the relationship between 
sugar content and viscosity is an exponentially 
increasing interaction. As the findings suggest, the 
viscosity of OPT0sap was lower (p<0.05) than that 
of OPT60sap (0.87 ± 0.07 mPa.s to 1.96 ± 0.16 mPa.s). 
This indicates that trunk storage time significantly 
affects the sap’s viscosity. 

Measurement of Total Soluble Solid Content

A sap’s total soluble solid content is generally 
computed based on its sugar content (Stuckel and 
Low, 1996). In other words, total soluble solid 
content can be shown by a sap’s total sugar. As 
demonstrated in the results presented above, the 
saps’ origin and storage time significantly influence 
the total soluble solid contents. 

There was an increase in OPT saps’ total soluble 
solid content from 6 °Brix to 12 °Brix in OPT0sap 
and OPT60sap, respectively (Table 3). This result 
suggests that when the trunk is stored, the sap’s 
chemical composition changes and trunk sugar 
concentration increases. Yamada et al. (2010) argue 

Note:	Values with different superscript alphabets within the 
same column refer to significance difference (p<0.05).

	 OPT0sap - first sap; OPT060sap - second sap; Nsap - control 
sample.

TABLE 3. DATA FOR VISCOSITY, TOTAL SOLUBLE SOLID 
AND pH OF THE SAPS

values of 43.55 ± 0.11 (OPT60sap) and 42.22 ± 0.04 
(OPT0sap). However, OPT60sap had a significantly 
darker colour (p<0.05). This dark colour is due to 
chemical activity, such as the enzymatic browning 
of phenolic compounds by polyphenol oxidase 
(Banerji et al., 2012), which usually takes place over 
the 60 days of trunk storage. Hence, it could be safely 
concluded that trunk time storage significantly 
affects the colour of OPT saps.

Viscosity Measurement 

Viscosity refers to a fluid’s resistance to flowing 
(The American Heritage, 2015). The higher the 
viscosity, the harder it is for the solution or fluid 
to flow (i.e. the fluid is thicker), since the fluid 
compounds are more concentrated (Raventós et 
al., 2007). Table 3 reveals the viscosity values of 

Note: Values with different superscript letters within the same 	
           column refer to significant difference (p<0.05). 
           OPT0sap - first sap; OPT060sap - second sap; Nsap - control       	
           sample.
           L* -  sap’s lightnness ranges from black (0) to white (100).
           a* -  colours from red (+) to green (-).
           b* - colours from yellow (+) to blue (-).	
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that during trunk storage, starch changes into 
sugars. As the cut oil palm trunk is under stressful 
conditions, such as cold stress (Maruyama et al., 
2009), water stress, and osmotic stress (Wang et al., 
2000), it starts to release certain natural enzymes, 
such as amylase, which converts the starch into 
simpler forms, like sugars (Yamada et al., 2010). 
The longer the storage time, the more enzymes the 
trunk releases; these enzymes convert more starch 
into sugars (Yamada et al., 2010). It is, thus, implied 
that trunk storage time impactssaps’ total soluble 
solid content. 

Total soluble solid content was the highest in 
Nsap (15 °Brix), since Nsap was collected from the 
inflorescence part of the oil palm. Starch in oil palm 
is stored in the trunk and is commonly dispersed 
upwards toward the stem apex (Dalibard, 1999). For 
nipa palm, the inflorescence is located in the stem 
apex; therefore, the stem apex has high amounts 
of sugar, which results in high total soluble solid 
content.

Both OPT60sap and OPT0sap were collected 
from the trunk, where the sugars are usually in 
the form of starch. The phloem and xylem are the 
origins of sap in the trunk: they are responsible for 
the transfer of carbohydrates and water from the 
leaf to other sections of the tree. Thus, compared to 
Nsap, OPT0sap and OPT60sap had lower amounts 
of total soluble solid content. It is thus implied that 
the site from which sap is collected impacts the 
overall value of the total soluble solid content: in 
the OPT saps, the total soluble solid content ranged 
from 6-12 °Brix. 

pH Determination 

The pH represents the sap’s organic acid content. 
Organic acid contains acidic features; H+ ions are 
released as organic acid dissociates in water (Theron 
and Lues, 2010). In addition, pH value shows the 
sap’s microbial contamination, because some kinds 
of acids, such as acetic acid, lactic acid, and other 
organic acids, are released through bacterial action 
(Lagacé et al., 2015). 

The saps’ pH values were found to be 
significantly different (p<0.05) from each other with 
a range from 5.27 to 6.20. The lowest pH belonged 
to the OPT0sap, while the highest belonged to Nsap. 
As shown in Table 3, the OPT0sap’s pH value was 
significantly less (p<0.05) than that of OPT60sap 
(5.31 ± 0.01). This suggests that the polysaccharides 
formed from starch hydrolysis during  storage 
of the trunk hinder the movement of the ionic 
compounds (H+) in OPT60sap, thus lowering its 
acidity (increasing its pH). It is worth mentioning 
that different types of organic acids as well as 
different concentrations led to the differences in the 
pH values in the saps (Alanazi, 2010). Similar to the 
findings reported by Kosugi et al. (2010), the present 

results showed that the OPT saps’ pH values were 
closer to neutral pH (pH 7). Furthermore, compared 
to Nsap, OPT60sap and OPT0sap had closer pH 
values, since the OPT saps contain the same kinds 
of organic acids. Literature has also demonstrated 
that nipa sap contains small amounts of acetic and 
lactic acid (Tamunaidu et al., 2013), whereas OPT 
saps possess malic and citric acid (Kosugi et al., 
2010). 

Antioxidant Analysis

Total phenolic content determination. Phenolic 
compounds commonly possess a hydroxyl group 
and an aromatic ring. These compounds are 
categorised based on their chemical structures, 
such as their arrangement or the number of 
phenolic rings. Some examples of such groups are 
flavonoids, phenolic acids, tannins, quinones, and 
lignans (Huang et al., 2009). Phenolic compounds 
are known for their anti-bacterial, antioxidant, 
and anti-mutagenic activities (Huang et al., 2009). 
Phenolic compounds in plants are related to 
metabolic activities and contribute to flavour and 
colour (Kermasha et al., 1995). The present study 
attempted to examine the influence of the origin of 
sap and storage on the phenolic compounds.

An equivalent of gallic acid was used to present 
the total phenolic content in the saps. The OPT0sap’s 
total phenolic content was 74.91 ± 1.60 mg GAE 100 
g-1. This result was significantly less (p<0.05) than 
that of OPT60sap (112.07 ± 1.33 mg GAE 100 g-1). 
As Table 4 shows, OPT saps’ total phenolic contents 
were significantly greater (p<0.05) than that of 
Nsap. This is due to the phytochemical compounds 
collected in the xylem of the plant (Li and Seeram, 
2010) from which the OPT saps were collected, 
whereas Nsap was collected from the inflorescence 
parts. Generally, the results demonstrated that the 
variations in the saps’ total phenolic content are due 
to the source and trunk storage time. Therefore, the 
same factors could account for the total phenolic 
content in the syrup products.

Determination of free radical scavenging activity 
and inhibition. The DPPH method was employed 
to determine the free radical scavenging activity. 
This study relied on two kinds of standards for 
assessing free radical scavenging activity. The saps’ 
scavenging activities were found to be: i) vitamin 
C equivalent antioxidant capacity (VCEAC), where 
ascorbic acid is regarded as the standard; and ii) 
Trolox equivalent antioxidant capacity (TEAC), 
which indicates vitamin E. Table 4 displays the 
free radical scavenging activities and percentage 
inhibition. 

As these results show, the OPT0sap’s free radical 
scavenging activities had a significantly lower value 
(p<0.05) than that of OPT60sap. This indicates that 
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as storage time increases, the value of antioxidant 
compounds rises, which in turn contributes to 
greater free radical scavenging activity. This trend 
was found to be the same for both vitamin E and 
vitamin C. Nevertheless, TEAC values were greater 
than VCEAC values, ranging from 40.81 ± 0.11 mg  
100 g-1 to 43.55 ± 0.51 mg 100 g-1 for OPT0sap and 
OPT60sap, respectively. It could be concluded that 
in the OPT, there were more vitamin E compounds 
(e.g. tocopherols) than vitamin C. Nsap had the 
lowest (p<0.05) amounts of vitamin E (18.10 ± 1.42 
mg 100 g-1) and vitamin C (11.69 ± 0.91 mg 100 g-1). 
The low activities in Nsap showed that it had lower 
antioxidant compounds, with the same trend as 
total phenolic content. The maximum amounts of 
free radical scavenging activities in OPT60sap and 
OPT0sap demonstrate that the saps collected from 
oil palm trunk could have greater nutritional value.

The free radical scavenging activities were 
also represented by the percentage inhibition. The 
standard curve showed a 50% value of inhibition 
(IC50). Vitamins E and C had IC50 of 14.28 mg TEAC 
100 g-1 and 9.41 mg VCEAC 100 g-1 respectively, 
implying that these amounts of antioxidant would 
be required in order to prevent over 50% of free 
radical activities. 

Further, the OPT60sap and OPT0sap had 
inhibition of more than 50%, with values of 86.46% 
and 80.87% respectively, thus indicating that OPT 
saps clearly had greater free radical scavenging 
activities than Nsap (35.48%). It was also found that 
the storage of trunk enhances the sap’s antioxidant 
compounds, as OPT60sap had a greater value than 
OPT0sap.

CONCLUSION

The results indicated that chemical and physical 
features of Nsap, OPT0sap and OPT60sap were 
significantly different from each other (p<0.05). 
The analysis of the two OPT saps revealed that 
trunk storage significantly impacted the saps’ 

compositions. The storage time impacted the OPT 
sap’s colour, as the sap became darker after storage. 
It was also witnessed that other compounds in the 
sap changed with trunk storage. With longer storage, 
the sugar content increases especially glucose and 
fructose, such   increase in sugar contents  improves 
the potential of OPT saps to be changed into 
syrup. Further, the OPT saps demonstrated greater 
antioxidant contents than did Nsap. In comparison 
to Nsap, the OPT saps had better qualities related to 
sugar content and antioxidant capacity.   Generally, 
oil palm trunk saps have potential to be made into 
syrup to be used as food ingredient based on the 
sugar content and antioxidant capacity. 
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           VCEAC - Vitamin C equivalent antioxidant capacity.
           TEAC - Trolox equivalent antioxidant capacity.
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