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Properties of canned mengkudu (Morinda citrifolia L.) extract 
during storage

Abstract: Storage study of mengkudu (Morinda citrifolia L.) extract was carried out to determine the effects 
of canning and storage period on pH, total polyphenol content, antioxidant activity, intensity of off-odour and 
aroma acceptance. Uncanned (control) and canned extract were stored for 0, 8, 16 and 24 weeks under room 
temperature. Results showed canning resulted in a significant (p<0.05) reduction in pH, total polyphenol content, 
antioxidant activity and off-odor intensity. However, canning also resulted in a significantly (p<0.05) higher 
aroma acceptance. pH and antioxidant activity were significantly (p<0.05) affected by storage period. However, 
for both control and canned extract, storage period did not significantly (p>0.05) affect total polyphenol content 
during 24 weeks of storage.
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Introduction

Mengkudu (Morinda citrifolia L.), originates 
from Southeast Asia such as Indonesia and Australia 
(Nelson, 2003). In 2002, mengkudu juice was accepted 
in the European Union as a novel food (European 
Commission, Scientific Committee for Food, 2002). 
In the tropics, mengkudu is much valued medicinally 
and the plant is normally cultivated for its roots, 
leaves and fruits (Mohd Zin et al., 2002). For reasons 
that mengkudu is so much valued, uses and demand of 
mengkudu is not only high in its producing countries 
but also in other countries such as United States, 
Japan and Europe (Blanco et al., 2006). 

Most mengkudu is consumed as extracts from 
its fruits although leaves, flowers, bark and roots 
were also used (Dixon et al., 1999; McClatchey, 
2002). Many studies have reported on the nutritional 
and health values of mengkudu (Dixon et al., 
1999; Saludes et al., 2002; Mohd Zin et al., 2002; 
Wang and Su, 2001; McKoy et al., 2002). Various 
methods of preservation could be applied during 
storage to ensure the shelf life stability of food. 
Heat treatment is a food preservation method that 
delivers convenience and ready-to-eat food products 
to consumers (Leonard et al., 1986; Guntensperger 
and Escher, 1994). Nevertheless, extreme processing 
to deactivate microorganism and enzymes to ensure 
the safety of product might reduce and destroy the 
nutritional values, colour, texture and taste and 

sensory quality of products as well (Leonard et al., 
1986; Kumar et al., 2001). 

Several studies have reported on the use of heat 
processing in the preparation of mengkudu extract 
such as boiling (Yang et al., 2007) and dehydration 
(Moniz, 1994). Although there are several reports on 
the use of heat during mengkudu processing, there 
are no studies carried out on the effects of canned 
mengkudu during storage on mengkudu extract. 
Canning and storage may promote undesirable 
chemical reactions in mengkudu extract that may 
affect the properties of mengkudu extract. Higher 
heating temperature during pasteurization of 
mengkudu extract has been reported to produce a 
significant reduction of clarity, viscosity and total 
polyphenol content (Maskat and Tan, 2011). 

The period during storage is an important phase 
in producing safe and quality products. Several 
studies have reported on the changes occuring during 
period of storage. Bhupinder et al. (1991) reported 
increased acidity in ready-to-serve bottle of sugar-
cane juice with increasing storage time. Jang et al. 
(2007) reported decreased total polyphenol content 
after 1 month storage of C. cassia, C. longa and 
C. rhizoma which might be due to chemical and 
enzymatic decomposition. Klimczak et al. (2007) 
also reported that total polyphenol content decreased 
during 4 months storage of local (Poznan´, Poland) 
commercial orange juice.  Due to the limited 
information regarding the effect of canning and 
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storage of mengkudu extract, this study was carried 
out to determine the effect of canning and storage 
period on pH, total polyphenol content, antioxidant 
activity and sensory evaluation. 

Materials and Methods

Sample and juice extraction
Fresh mengkudu fruits used were obtained from 

Bandar Baru Bangi, Selangor. The fruits selected 
were at maturity stage 4 (hard white fruit) (Blanco et 
al., 2006). Fruits were ripened at room temperature 
for 2-3 days before extraction. Mengkudu fruits were 
washed using tap water and cut into small pieces 
approximately 2-4 cm. The mengkudu pieces were 
blended with distilled water at a ratio of 1:1 using 
a food blender (National, Malaysia). The blended 
mengkudu was then filtered using muslin cloth and 
centrifuged (Model Sorvall HS 23, Thermo Electron 
Corporation, U.S.A) at 5000 rpm at a temperature of 
8ºC for 20 min. 

Storage of mengkudu extract
For the canning process, the mengkudu extract 

was canned in a 3-piece metal can measuring 66 
mm diameter, 92.34 mm length and 0.4 mm thick. 
The canned samples were heated at 121ºC for 36 
min. Storage was carried out for 24 weeks at room 
temperature. Samples were taken every 8 weeks and 
analyzed for pH, total polyphenol content, antioxidant 
activity and sensory evaluation. 

pH value
The pH value was measured using a pH meter 

(Model PHM 210, Radiometer Analytical, France). 
The pH meter was calibrated using pH 4 and pH 7 
buffers. Measurement of pH value was done at room 
temperature using 10 ml of samples. 

Total polyphenol content
Total polyphenol content (TPC) of the mengkudu 

extract was analysed according to AOAC (1995) using 
Folin-Ciocalteau reagent. Samples were diluted 10-
fold with distilled water. The results were expressed 
in epicatechin acid equivalent (EAE) (ppm) based on 
a standard curve of epicatechin. 

Antioxidant activity
Ferric thiocyanate method (FTC) adapted from 

Mohd Zin et al. (2002) was used. The results were 
shown as percentage (%) of antioxidant activity.

Sensory evaluation
Sensory evaluation for off-odour intensity and 

aroma acceptance was conducted using hedonic test. 

Fifty consumer panelists were used to evaluate both 
control and stored mengkudu extracts using a 9-point 
hedonic scale (Condelli et al., 2006). The anchor 
words for intensity of aroma were ‘extremely weak’ 
and ‘extremely strong’ while for the ‘acceptance of 
aroma’, the anchor words were ‘extremely dislike” 
and ‘extremely like’, representing 1- and 9-point 
scale respectively. One ml of samples were prepared 
in a 20 ml amber bottle with a screw cap and labeled 
with random 3-digit codes to prevent any visual bias. 
Panelists were instructed to open the cap and smell 
the sample to evaluate. 

Statistical analysis
For each measurement, three replications were 

performed. Data were analyzed by ANOVA and 
Duncan test using a statistical software (SAS version 
6.12). Differences were reported as significant at 
p<0.05. 

Results and Discussion

pH values
Figure 1 shows the effect of canning and 

storage period on pH value. Canned samples had a 
significantly (p<0.05) lower pH value after storage 
up to 8 weeks. Heat processing during canning may 
have contributed to the decrease in pH value. During 
fruit juice processing, changes and/or losses of certain 
compounds are likely to occur. The decreased pH 
may have been caused by chemical changes due to 
thermal degradation, Maillard reactions or oxidation 
induced by heating (Mikkelsen and Poll, 2002; Kato 
et al., 2003). Extending the storage beyond 8 weeks 
did not result in any significant difference in pH 
between both treatments. For the control sample, no 
significant changes in pH were observed up to 16 
weeks of storage. After 24 weeks of storage, control 
extract showed a significant (p<0.05) reduction in pH 
compared to 8 and 16 weeks of storage. However, 
compared to 0 week, no significant (p>0.05) difference 
was observed. pH value for canned extract showed 
a significantly (p<0.05) higher pH after storage for 
8 and 16 weeks. Storage of canned extracts for 24 
weeks did not show any significant difference when 
compared to canned extracts stored for 0, 8 and 16 
weeks. 

Total polyphenol content (TPC)
Mengkudu was reported to have a number of 

polyphenol compounds that contributed to their 
nutritional value (Wang and Su, 2001). Results 
(Figure 2) shows TPC was significantly (p<0.05) 
reduced after canning. Maskat and Tan (2010) also 
reported a decrease in TPC of mengkudu extract 
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after heat treatment. Ciou et al. (2011) reported a 
significant (p<0.05) decrease in TPC when heating 
temperature of water caltrops was increased to 50ºC 
or higher. Results also showed a significantly (p<0.05) 
lower TPC for canned samples compared to control 
samples after 16 weeks of storage. However, no 
significant difference was observed between control 
and canned samples after 8 and 24 weeks of storage. 
For both control and canned samples, no significant 
effects of storage period were observed during 24 
weeks of storage. 

This fluctuation phenomenon was also reported 
by Piljac-Zegaract et al. (2009) from their study on 
dark fruits juice during frozen storage which showed 
increasing TPC for the first 13 days followed by a 
decrease and again increase at the end of storage on 
the 29th day. Similarly, in their study of polyphenolic 
content and antioxidant activity of orange juice 
during storage, Klimczak et al. (2007) first observed 

a decrease in the TPC after 4 months in storage, 
followed by a significant increase at the end of storage 
(6 months). Vinson et al. (2001) suggested that during 
storage, some compounds are formed which reacted 
with the Folin–Ciocalteu reagent and significantly 
enhance the phenolic content. This occurred because 
the Folin-Ciocalteu reagent lacks selectivity (Escarpa 
and Gonzalez 2001) resulting in it reacting not only 
with phenols but also with other reducing compounds 
such as carotenoids, amino acids, sugars and vitamin 
C (Vinson et al. 2001).

Antioxidant activity
Effects of canning and storage period on 

antioxidant activity are shown in Figure 3. Antioxidant 
activity decreased significantly (p<0.05) for control 
extract during 24 weeks of storage compared to 0 
week. Yang et al. (2007) reported a similar reduction 
in antioxidant acitivity of mengkudu extract stored 
at room temperature for 3 months. Similar results 
showing the reduction of antioxidant activity were 
also reported by Klimczak et al. (2007) and Igual et al. 
(2010) during storage of orange juice and grapefruit 
juice, respectively. Antioxidant activity for mengkudu 
extract after canning showed no significant difference 
until 16 weeks of storage. Prolonged storage up to 
24 weeks showed a significant (p<0.05) reduction in 
antioxidant activity. 

Before storage (0 week), antioxidant activity 
was significantly (p<0.05) higher for control 
sample compared to canned samples which showed 
that canning significantly (p<0.05) reduced the 
antioxidant activity of the mengkudu extracts. Yang 
et al. (2007) in their study also reported a reduction 
in antioxidant activity of mengkudu juice as a result 
of heat treatment. Walkowiak-Tomczak (2007) in 
his study on changes in antioxidant activity of black 
chokeberry juice concentrate solutions during storage 
also reported antioxidant activity reduction with 
increased temperature. Results of this study, seems to 
suggest that the decrease in antioxidant activity of the 
mengkudu extracts may be caused by the destruction 
of polyphenols due to thermal heating. TPC showed 
a significant reduction after canning of mengkudu 
extract (Figure 2). Antioxidant activity of mengkudu 
extract showed no significant (p>0.05) differences 
between control and canned samples after 8 to 24 
weeks of storage.

Sensory evaluation
Effect of canning and storage on off-odor 

intensity is shown in Fig 4. Intensity of off-odor for 
canned extract was significantly (p<0.05) lower at 
the beginning (0 week) and after 8 weeks of storage 

Figure 1. pH of control (uncanned) and canned mengkudu extract 
stored for 24 weeks.

Figure 2. Total polyphenol of control (uncanned) and canned 
mengkudu extract stored for 24 weeks.

Figure 3. Antioxidant activity of control (uncanned) and canned 
mengkudu extract stored for 24 weeks.

a-d : means with different letters indicate a significant difference at p<0.05

a-e : means with different letters indicate a significant difference at p<0.05

a-b : means with different letters indicate a significant difference at p<0.05
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compared to control samples. Canning resulted in a 
significant (p<0.05) reduction in intensity of off-odor 
at the beginning of storage (0 week) and this effect 
was maintained until 8 weeks of storage. However, 
no significant difference in off-odour intensity was 
observed between control and canned samples after 
16 and 24 weeks of storage. 

Aroma acceptance showed a significantly 
(p<0.05) higher score for canned samples compared 
to control samples before and after 8 weeks of 
storage (Fig 5). However, no significant difference 
was observed between control and canned samples 
after 16 and 24 weeks of storage. Results showed 
that canning produced better aroma acceptance at the 
beginning and after 8 weeks of storage in tandem with 
the reduction in off-odour intensity. Consequently, 
it can be assumed that canning caused a reduction 
in off-odour intensity resulting in an increased 
aroma acceptance. However, the improved aroma 
acceptance did not last the whole period of storage 
used in this study. The observed results may be due 
to the formation of other compounds during storage 
that may change the flavor and odor of stored noni 
extract (Vinson et al., 2001). Thus, it may be possible 
that other off-odour than what initially was present 
may have developed and contributed to the results of 
aroma acceptance.

Conclusion

Canning and storage period of mengkudu extract 
have a significant (p<0.05) effect on all the properties 
of mengkudu extract evaluated. Canning resulted in a 
significant (p<0.05) reduction in pH, total polyphenol 
content, antioxidant activity and off-odor intensity. 
Canning also resulted in a significantly (p<0.05) 
higher aroma acceptance. pH, antioxidant activity 
and off-odor intensity were significantly (p<0.05) 
affected by storage period. However, for both 
control and canned extract, storage period did not 
significantly (p>0.05) affect total polyphenol content 
during 24 weeks of storage. 
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