
 

Available online freely at www.isisn.org 

Bioscience Research 
Print ISSN: 1811-9506 Online ISSN: 2218-3973 

Journal by Innovative Scientific Information & Services Network  

RESEARCH ARTICLE          BIOSCIENCE RESEARCH, 2020 17(3): 2152-2157.            OPEN ACCESS 
                                                                                         
 

Influence of holding duration and high pressure on 
Physical, Phytochemical, Enzymatic characteristics 
of Nipa Palm (Nypa fruticans) Endosperm 

Nguyen Phuoc Minh 

 
Faculty of Food Science and Technology, Thu Dau Mot University, Binh Duong Province, Vietnam  

 
*Correspondence: nguyenphuocminh@tdmu.edu.vn Received 04-08-2020, Revised: 19-09-2020, Accepted: 23-09-2020 e-
Published: 30-09-2020 

Nipa palm (Nypa fruticans) was one kind of important, abundant and underutilized tree in estuarine 
conditions akin to mangroves. There were increasing demand from health-conscious consumers for 
better food quality, improved food safety, nutritional value, freshness, and flavors. Non-thermal process 
attracted widespread attention from food industry practitioners. High pressure treatment was effectively 
commercialized as minimal non-thermal processing technology. This research evaluated the impact of 
holding duration and high pressure on physical, phytochemical and enzymatic attributes of nipa palm 
endosperm. Different values of pressure (250÷450 MPa) and holding duration (4÷20 min) were verified. 
Results showed that high pressure and holding time significantly improved firmness and chewiness, 
maintained phenolic and flavonoid content while they decreased polygalacturonase and pectinesterase 
content of nipa palm endosperm. High pressure treatment could be effectively utilized to enhance 
functional attributes of nipa palm endosperm. 
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INTRODUCTION 

Nipa palm tree was one of the important 
underutilized fruit widely inhabited in the brackish 
area of Mekong delta (Aziz A. and R. Jack, 2015). 
It is a monoecious palm found growing in brackish 
water with upright stem, trunkless with fruits found 
commonly emerging from the soil. It provided oil, 
starch and sugar. Its large amount of sap and 
potential for large amount of sugar could be used 
as sugar alternative with minerals and low 
glycaemia index (Ebana et al. 2015). Endosperm 
extract of unripe fruit exhibited the high phenolic, 
flavonoid content, and antioxidant capacity 
(Nagendra et al. 2013). Endosperm from this fruit 
was rich in carbohydrates, fibers, minerals, and 
vitamin A (Osabor et al. 2008). This plant had 
excellent anti-bacteria activity against Vibrio 
species and also on Fusarium oxysporum 
(Chaudhuri and Guha, 2010; Shamsuddin et al., 

2013). 
High pressure was an emerging non-thermal 
treatment widely implemented in food industry to 
make food safer, extend its shelf life, inactive 
pathogen and enzyme without any detrimental 
effect to physicochemical, phytochemical and 
overall acceptance of foodstuffs (Simonin et al. 
2012; Srinivas et al. 2018). It used water as 
pressure transfer medium, subjecting the interior 
and exterior of the food to even pressure to 
achieve pasteurization (Balasubramaniam et al. 
2015). Its efficacy didn’t depend on packaging 
form and volume of the food, therefore different 
volumes could be performed in the same batch 
(Srinivas et al. 2018). It operated at ambient 
temperature, reducing energy consumption 
associated with heating and subsequent cooling. 
Foodstuff was intact in bag directly contacted to 
the processing devices, preventing the cross 
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contamination after pasteurization. Moreover, the 
pressure transfer medium could be recycled after 
processing to save energy consumption it could 
be considered as a promissing friendly 
environmental processing approach (Rastogi et al 
2007). Various studies investigated to prolong 
stability and maintain physicochemical 
characteristics on purees, juices, coulis and 
sauces of fruit and vegetable (Houska et al. 2006; 
Paciulli et al. 2016; Korlepara et al. 2017). High 
pressure treatment could induce irreversible 
inactivation of browning enzymes (Bermejo-Prada 
et al. 2014; Rao et al. 2014; Chakraborty et al. 
2015). Objective of our study the impact of holding 
duration and high pressure on physical, 
phytochemical and enzymatic attributes of nipa 
palm endosperm. 
  
MATERIALS AND METHODS 

2.1 Material 
Nipa palm fruit at maturity stage was collected 

from Bac Lieu province, Vietnam. It was manually 
chopped by sharp knife to obtain edible 
endosperm. Endosperm was kept in refrigerator at 
4oC before high pressure treatment. Chemical 
reagents were all analytical grade. 

2.2 Researching method 
Nipa palm endosperm was packed in PA bag 

ready for high pressure treatment under 250÷450 
MPa within 4÷20 minutes. The treated sample 
was evaluated the firmness, chewiness, 
polygalacturonase and pectinesterase content, 
total phenolic and flavonoid content. 

2.3 Physical and enzymatic determination 
Firmness (g) and chewiness were determined 

by texture analyzer according to the method 
described by Caner et al. (2008). 
Polygalacturonase content (A/A0, %) was 
analyzed according to the method described by 
Gross (1982). Pectinesterase content (A/A0, %) 
was assayed according to the method of 

Hagerman and Austin (1986). Total phenolics 
content (mg GAE/100g) was determined 
according to the method developed by Singleton 
and Rossi (1965). Total flavonoid content (mg 
QE/100g) was measured using the aluminum 
chloride colorimetric assay described by Liu et al. 
(2008). 

2.4 Statistical analysis 
The experiments were run in triplicate with 

different groups of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by the Statgraphics 
Centurion version XVI.  
 
RESULTS AND DISCUSSION 

3.1 Effect of high pressure and holding 
duration on firmness and chewiness of nipa 
palm endosperm 

Impact of high pressure was uniform and 
mostly instantaneous throughout the nipa palm 
endosperm and, therefore independent of its 
geometry and equipment size. Firmness (g) and 
chewiness of treated nipa palm endosperm were 
presented in table 1 and 2. It’s obviously noticed 
that high pressure and holding time significantly 
increased firmness (g) and chewiness of all 
treated samples. Our results were similar to 
findings by Ng et al. (2019) in examining high 
pressure and holding time on jackfruit endosperm. 
It could be explained by the de-esterification 
induced by high pressure treatment on 
pectinesterase in nipa palm endosperm. The 
released pectinesterase induced the 
demethylation coming into contact with highly 
methylated pectin. A gel network with divalent 
ions was then created between the de-esterified 
pectin resulting in an increase in texture firmness 
(Tangwongchai et al. 2000; Oey et al. 2008). 
However, our results were contrary to theory of 
high pressure effect.  

Table 1: Effect of high pressure (MPa) and holding duration (min) on firmness (g) of nipa palm 
endosperm 

 
Pressure 

(MPa) 

Holding time (min) 

4 8 12 16 20 

250 127.41±0.23f 186.13±0.38e 207.34±0.17de 239.52±0.25d 256.16±0.11cd 

300 179.22±0.30e 204.54±0.14de 248.61±0.22d 294.37±0.13c 317.90±0.09bc 

350 201.68±0.18de 247.26±0.19d 297.54±0.15c 331.25±0.17bc 369.46±0.15b 

400 257.11±0.12cd 298.53±0.34c 336.20±0.09bc 374.82±0.24b 401.24±0.24ab 

450 298.35±0.29c 338.14±0.16bc 378.53±0.21b 403.64±0.12ab 439.70±0.18a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 
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Table 2: Effect of high pressure (MPa) and holding duration (min) on chewiness of nipa palm 
endosperm 

 
Pressure 

(MPa) 

Holding time (min) 

4 8 12 16 20 

250 47.61±0.15f 91.06±0.25e 118.43±0.09d 140.66±0.11cd 163.05±0.13c 

300 93.50±0.24e 120.08±0.07d 143.25±0.17cd 164.77±0.24c 188.12±0.25bc 

350 119.45±0.13d 145.16±0.18cd 166.04±0.24c 189.47±0.13bc 211.03±0.12b 

400 146.79±0.27cd 168.42±0.24c 190.17±0.13bc 214.24±0.09b 239.60±0.07ab 

450 170.26±0.16c 193.25±0.13bc 216.78±0.16b 241.55±0.17ab 267.36±0.13a 

Note: the values were expressed as the mean of twenty two samples; the same characters 
(denotedabove), the difference between them was not significant (α = 5%). 

 
High pressure treatment could disturb the cell 

permeability of fruits and vegetables, which 
enabled movement of water and metabolites in 
the cell.It caused cell disruption and facilitates the 
occurrence of enzymatic and non-enzymatic 
reactions in different kinds of fruits and vegetables 
such as pear, orange, pineapple, carrot, celery, 
green pepper and red pepper at pressures above 
200 MPa (Basak and Ramaswamy, 1998). 

3.2 Effect of high pressure and holding 
duration on polypolygalacturonase and 
pectinase content of nipa endosperm 

The enzymes posed serious problem of 
deterioration, unacceptable sensory and textural 
changes (Sila et al.2008). The pectinesterase 
catalyzed the demethoxylation of pectin resulting 
in the formation of demethoxylated pectin 
molecule which could create cross-link with 
divalent ions like calcium forming supramolecular 
assemblies (firming effect) and act as a substrate 
for polygalacturonase depolymerization (softening 
effect) (Hendrickx et al.1998).  

Polypolygalacturonase and pectinase content 
of treated nipa palm endosperm were presented 
in table 3 and 4. It’s obviously noticed that high 
pressure and holding time significantly decreased 
enzymatic activities of all treated samples. Our 
results were similar to findings by Ng et al. (2019) 
in examining high pressure and holding time on 
jackfruit endosperm. Polygalacturonase in cherry 
tomatoes was nearly inactivated by 500 MPa 
(Bermejo-Prada et al. 2014; Fachin et al., 2002; 
Tangwongchai et al. 2000). 600 MPa induced total 
inactivation of polygalacturonase in tomatoes 
(Shook et al. 2001). 800 MPa for 10 min induced 
up to 30% pectinesterase inactivation in tomato 
puree (Houben et al. 2012). 600 MPa induced 
50% pectinesterase activity in peach juice (Rao et 
al. 2014). Covalent bonds in flavouring agents, 
pigments and some vitamins were not affected by 
pressure. Meanwhile noncovalent bonds in 

vitamins, amino acids were highly damaged by 
pressure (Kasikci et al.2016). Enzymes were 
naturally established from proteins or amino acids. 
Enzyme inactivation was similar to protein 
denaturation (Ng et al. 2019). Therefore, this was 
reason why polygalacturonase and pectinesterase 
highly inactivated during high pressure treatment. 
Residual polygalacturonase and pectinesterase 
activities were responsible for the quality loss of 
fruit during storage. Their inactivation during high 
pressure treatment would contribute to quality 
retention of nipa palm endosperm during storage. 

3.3 Effect of high pressure and holding 
duration on total phenolic and flavonoid 
content of nipa endosperm   

Phenolics and flavonoids contained in fruits 
and vegetables received considerable attention 
due to their potential antioxidant activities (Bravo, 
1987). According to Nagendra et al. (2013), 
endosperm of unripe nipa palm fruit contained  
phenolics (135.6 ± 4.5 mg GAE/g) higher than in 
ripe fruit (8.8 ± 2.0 mg GAE/g); flavonoid content 
(68.6 ± 3.1 RE/g) content in unripe nipa palm fruit 
higher than in ripe nipa palm fruit (3.6 ± 0.4 mg 
RE/g). The total phenolics content of nipa was 
higher than acai palm (123.1 GAE/g) and date 
palm (4.8 GAE/g) (Castillo et al. 1992; Gordon et 
al. 2012). In our research, total phenolic content 
and flavonoid content were not significantly 
different before and after high pressure treatment 
(table 5 and 6). Kasikci et al. (2016) showed the 
increase of the total phenolic content to the 
release of some antioxidant components such as 
anthocyanins, amino acids and protein with 
phenolic hydroxyl group after high pressure 
treatment. Degradation of phenolics and 
anthocyanins was due to reaction of 
polygalacturonase and pectinesterase. The 
inactivation of these enzymes explained for the 
high retention of phenolics and flavonoids during 
high pressure treatment. 
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Table 3: Effect of high pressure (MPa) and holding duration (min) on polygalacturonase content 
(A/A0, %) of nipa palm endosperm 

 
Pressure 

(MPa) 

Holding time (min) 

4 8 12 16 20 

250 63.74±0.11a 61.52±0.07ab 59.37±0.08b 56.83±0.17bc 53.79±0.10c 

300 61.26±0.08ab 59.20±0.13b 56.41±0.14bc 53.33±0.20c 50.27±0.14cd 

350 59.05±0.14b 56.20±0.10bc 53.17±0.13c 50.08±0.16cd 48.34±0.09d 

400 56.13±0.22bc 53.01±0.08c 49.96±0.25cd 48.17±0.05d 46.02±0.17de 

450 52.89±0.19c 49.90±0.14cd 48.09±0.11d 45.98±0.20de 43.85±0.23e 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 4: Effect of high pressure (MPa) and holding duration (min) on pectinesterase content (A/A0, 

%) of nipa palm endosperm 
 

Pressure 
(MPa) 

Holding time (min) 

4 8 12 16 20 

250 92.17±0.20a 84.63±0.12ab 76.15±0.012b 68.33±0.12bc 60.09±0.15c 

300 84.45±0.14ab 76.04±0.07b 68.19±0.17bc 60.01±0.17c 52.13±0.12cd 

350 75.95±0.25b 68.07±0.31bc 59.54±0.22c 52.04±0.23cd 44.30±0.24d 

400 68.01±0.13bc 59.39±0.15c 51.98±0.14cd 44.15±0.14d 36.41±0.16de 

450 59.14±0.17c 51.93±0.26cd 44.07±0.09d 36.47±0.18de 28.17±0.09e 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 5: Effect of high pressure (MPa) and holding duration (min) on total phenolic content (mg 

GAE/100g) of nipa palm endosperm 
 

Pressure 
(MPa) 

Holding time (min) 

4 8 12 16 20 

250 129.83±0.19a 128.75±0.12a 127.83±0.15a 128.07±0.30a 129.42±0.14a 

300 130.05±0.14a 129.51±0.07a 128.41±0.13a 129.12±0.18a 130.71±0.10a 

350 130.36±0.23a 128.69±0.13a 129.15±0.09a 130.31±0.12a 130.42±0.09a 

400 129.75±0.17a 130.04±0.21a 129.52±0.24a 130.46±0.23a 130.29±0.27a 

450 129.68±0.08a 130.17±0.12a 130.47±0.18a 129.65±0.19a 129.86±0.13a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 
Table 6: Effect of high pressure (MPa) and holding duration (min) on total flavonoid content (mg 

QE/100g) of nipa palm endosperm 
 

Pressure 
(MPa) 

Holding time (min) 

4 8 12 16 20 

250 65.70±0.12a 66.09±0.19a 66.17±0.16a 65.94±0.15a 65.83±0.06a 

300 65.49±0.26a 65.68±0.21a 66.09±0.22a 65.71±0.07a 66.05±0.14a 

350 65.34±0.15a 65.71±0.16a 66.05±0.17a 65.84±0.19a 66.11±0.23a 

400 65.82±0.17a 65.84±0.27a 65.89±0.11a 65.72±0.21a 65.98±0.11a 

450 65.93±0.23a 65.77±0.08a 65.93±0.26a 65.67±0.12a 65.73±0.16a 

Note: the values were expressed as the mean of twenty two samples; the same characters (denoted 
above), the difference between them was not significant (α = 5%). 

 

CONCLUSION 
Nypa fruticans was a rich source of different 

phytochemical components such as alkaloids, 

cardiac glycosides, polyphenols, phlobotannins, 
saponins and anthranoids. High pressure 
treatment was a promising alternative to make 
food safer, extend shelf-life, retain original 
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qualities and healthy properties. It acquired 
consumer demand for freshness without negative 
effect as other methods. This research 
demonstrated that high pressure treatment could 
improve firmness and chewiness; retain total 
phenolic and flavonoid; inactivate 
polygalacturonase and pectinesterase. 
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