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ABSTRACT: This study was performed to spread more public awareness as well as to know 
the medicinal and nutritional values of this plant in favour of humanity. Samples of Pandanus 
amaryllifolius were collected from three different locations in Andaman and Nicobar Islands 
and investigated for their nutritional, anti-nutritional and physicochemical characteristics, as 
well as antioxidant activity and the potent component was identified using Heat Map and PCA. 
The results revealed that a good concentration of carbohydrate (608.7 mg glucose/g), phenol 
(46.7 mg GAE/g), flavonoid (20.85 mg QE/g) in the plant parts added with notable TSS (4.80 ̊  
Brix), chlorophyll (7.28 µg/g) and carotenoid (9.67µg/g) content in the leaves were ecorded. 
The antioxidant activities (80.21 % RSA) in plant parts propound potent applications in 
nutraceutical industries. The heat map and PCA illustrated that the leaf was the most potent 
plant parts than other plant parts and hence, P.amaryllifolius of Andaman and Nicobar Islands 
has potent phytochemical and antioxidant properties.

1. INTRODUCTION

P. amaryllifolius Roxb. of the Pandanaceae family 
commonly known as Pandan Wangi is a native of the 
Moluccas Islands, Indonesia. It is a short shrub of 

about 1.2-1.5 m in height and 60 – 90 cm in width with 

a stout stem, often branched low down and has 

uniquely fragranced leaves of about 80 cm long and 5 
cm wide . Flowering is rare and 
mostly male whereas, female flowers are unknown. 

The plant has aerial roots that are distinct not only in 
2growth forms but also have root caps at the apex . 

Owing to the aromatic properties of leaves, the plant is 
cultivated as a spice in tropical peninsular countries 
and in certain coastal regions of India 

. The fragrance and aroma of leaves 

are due to the presence of 2-acetyl-pyrroline (2AP) 
which is the principal aromatic compound in basmati 
and other scented rice varieties. The epidermal 
papillae are bag-like structures present under the leaf 

surface that serve as a sink for 2AP 

.

Besides, the leaves are widely used as a flavouring agent 
in Southeast Asian foods such as bakery products, 

(Wongpornchai, 2006)

(Wakte et al., 

2009; Stone, 1978)

(Buttery et al., 

1983; Wakte et al., 2007)

sweets, biryani and home cooking and natural food 
colour due to their increased chlorophyll content 

. The Pandan protein in the 
leaves is known to have magnificent potential for a 
healthy body also the Pandan leaf consists of several 
alkaloids like Norpandamarilactonine-A, -B, 
Pandamarilactone-1, Pandamarilactonine-A, -B, -C, 
Pandamarine, and Pandanamine 

. The juice extracted from the leaves is used for 
colouring cakes . The 
dried leaf powder is used for preparing traditional 
pandan-flavoured rice  and Pandan-
flavoured coconut jam called 'Kaya' in Malaysia 

. The leaves have excellent health benefits 
when used in food and hence are exploited well in the 
flavour industries .

Besides its fragrant usage, it is also used medicinally 
as a diuretic, cardio-tonic and anti-diabetic 

. Pandan contains phytochemicals viz., 
phenols, steroids, alkaloids, saponins, flavonoids, 
terpenoids, isoflavones, coumetarol, lignans, 
glycosides, carbohydrates, amino acids, and vitamins. 
It is also used as a potential natural anti-oxidant 

. This aspect brings stimulus for further 
research in this plant. The research gap identified from 
the previous studies indicated that there are no reports 
on other plant parts except the leaves and roots of P. 
amaryllifolius. Considering unravels and the health 
benefits of this plant for society, our present research 
was designed to study the nutritional, anti-nutritional, 
physicochemical factors and anti-oxidant activities of 
P. amaryllifolius collected from three geographical 
locations of Andaman and Nicobar Islands, India.

(Gurmeet and Amrita, 2016)

(Bhuyan and Sonowal, 
2021)

(Setyowati and Siemonsma, 1999)

(Yahya et al., 2011)
(Khong 

et al., 2007)

(Wakte et al., 2007)

(Wakte et 
al., 2010)

(Nor et 
al., 2008)
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2. MATERIALS AND METHODS

Sample collection

Fresh Pandan plants were collected from three 

different locations in the Andaman and Nicobar 
Islands (Table 1).

The study area map depicting the collected sample 
locations is shown in Fig. 1. The study area map was 
prepared using ArcGIS 10.8 and QGIS (v3.10) 

platform open-source GIS Software .

Extraction and phytochemical screening

The collected plants of P. amaryllifolius were washed 
in running water to get rid of the dust and foreign 
material adhered to the surface. Then the roots, stem 
and leaves were detached, cut into small pieces of 
about 5 cm, air dried under shade at room temperature, 
ground into coarse powder and methanolic extracts of 
fresh and dry samples of leaf, stem, and root were 
prepared for analysis using soxhlet apparatus in which 
about 50 g of sample powder was extracted with 1000 

(ESRI, 2021)

mL of methanol till the extracted colour in the siphon 
tube has become less intense and the extract collected 
in the flask was cooled to room temperature and 
filtered through Whatman No.1 filter paper and the 
filtrate was used for analysis 

.

Nutritional Factors

The nutritional content in P. amaryllifolius was 
analyzed using the methanolic extracts of fresh 
samples where the Total Carbohydrate Content 

, Protein Content 
 and Ascorbic acid Content 

 were determined by Sulfuric Acid – UV 
method, Bradford method and titration method 
respectively. 

Anti-nutritional Factors

Anti-nutritional factors such as total phenol content, 
total flavonoid content, total tannin content 

, total saponin content 
, total anthocyanin content  

were analysed in methanolic extracts of dry samples of 
root, stem and leaves of P. amaryllifolius. 

 Antioxidant activity

Methanolic extracts of dry samples of root, stem and 
leaves of P. amaryllifolius were subjected to 
antioxidant analysis viz., α, α-diphenyl-β-
picrylhdrazyl (DPPH) Radical Scavenging activity, 
Hydroxyl Radical Scavenging Activity (HRSA), 
Superoxide Radical Scavenging activity (SRSA) 

 2, 2' -azino-bis (3-ethylbenzothiazoline-
6-sulphonic acid) (ABTS) Free Radical Scavenging 
Activity and Ferric Reducing Antioxidant Power 
(FRAP) . 

Physicochemical factors

Physicochemical factors such as Total Chlorophylls 
, Total Carotenoid content 

, pH and Total 
 Soluble Solids (TSS)  were 

analysed in methanolic extracts of fresh samples of 
root, stem and leaves of P. amaryllifolius.

Statistical Analysis

Statistical analysis of phytochemical and antioxidant 
activities was performed where the data were analysed 
using R Studio version 4.1.1. Normally distributed 
data were expressed as Mean ±SD. The comparison 

(Abubakar and Haque, 
2020)

(Albalasmeh, 2013) (Bonjoch, N.P. 
Tamayo, 2001) (Al-Alimi 
et al., 2017)

(Kavitha 
and  Indira, 2016) (Makkar et 
al.,2007) (Ayu et al., 2018)

 (Yu
et al., 2019)

(Rajurkar et al., 2011)

 (Kavitha and  Indira , 2016)
(Lichtenthaler and Buschmann, 2001)

(Singh et al., 2001)
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Table 1: Details of Pandan Accessions collected from Andaman and Nicobar Islands

Sl. No. Accession Place of sample Island group Geographical location

number collection Latitude (N) Longitude (E) Altitude (mMSL)

1. Acc. 1 Rangat Middle Andaman 12º35´17.01´´ 92º57´32.06´´ 7

2. Acc. 2 Garacharma South Andaman 11º37´51.36´´ 92 º 44´02.82´´ 10

3. Acc. 3 Malacca Nicobar 9º10´11.14´´ 92º49´45.46´´ 6

Fig. 1. Area map depicting the location of 
P. amaryllifolius collection
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was performed using two-way ANOVA without 
repetition. The criterion for statistical significance was 
p < 0.05. Post Hoc analysis was performed when the 
ANOVA test came out significant .

Heat Map and Principal Component Analysis 
(PCA)

The heat map is a visual representation of a two-
dimensional plot, in which data is represented by 
colors and distinguished using various dendrograms. 
The colour bar in heat map indicates the amount in 
number from the highest (blue) to the lowest (red), 
intuitive to see the characteristics of different factors. 
The PCA is one of the most used multivariate analysis 
methods to reduce the number of variables in 
multivariate data sets, whilst retaining as much as 
possible of variation in the present data set. This 
reduction was achieved by taking n variables X , X ..., 1 2

X  and finding the combinations of these to produce n

principal components/factors PC , PC ..., PC , which 1 2 n

were uncorrelated. These principal components are 
also termed eigenvectors. The lack of correlation was a 
useful property as it indicated that factors were 
measuring different dimensions in the data. 
Nevertheless, factors were ordered so that the PC  1

exhibits greatest amount of variation, PC  exhibits the 2

second greatest amount of variation and so on. The 
variance (PC ) The eigenvalues reflect the quality of the 1

projection from the N-dimensional initial to a lower 
number of dimensions. The method for assessing an 
adequate number of factors/PCs is the eigenvalue - one 
criterion, also known as the Kaiser criterion, in which 
only the factors where eigenvalue >1 is retained 

. On the other hand, any factor with an eigenvalue 
of less than 1 contained less information than one of the 
original variables and so was not worth retaining. Both 
the heat map and PCA are performed using 'pheatmap' 
and 'FactoMineR & 'factoextra' packages, respectively 
in R Studio 4.1.1 .

(R Studio, 2021)

(Kaiser, 
1958)

(R Studio, 2021)

3. RESULTS AND DISCUSSION

Nutritional properties of Pandan

Among the plant parts analyzed, the root had the 

highest carbohydrate (496.67 ± 97.78 mg glucose/g) 

content, the lowest ascorbic acid (4.40 ± 0.72 mg/g) 
content and leaves had the highest protein (23.94 ± 
1.52 mg BSA/g), ascorbic acid (9.14 ± 0.78 mg/g) 

content respectively. Among the locations, highest 

carbohydrate (461.73 ± 168.98 mg glucose/g) and 

protein (24.47 ± 1.22 mg BSA/g) content was 
recorded in Acc. 2 whereas the ascorbic acid (6.65 ± 
3.05 mg/g) content was high in Acc. 1. Significantly 

highest carbohydrate content of 608.7 mg glucose/g 

was recorded in Acc. 2 root and lowest carbohydrate 

content in Acc. 2 leaves (277.1 mg glucose/g). 
Protein content was high in Acc. 1 root (25.65 mg 
BSA/g) and low in Acc. 3 root (21.95 mg BSA/g). 

The highest ascorbic acid content of about 9.99 mg/g 

was recorded in Acc. 1 leaf and lowest in Acc. 3 root 

(3.98 mg/g) (Table 2). However, this was lower than 
the carbohydrate (21.89%), protein (1.45%), and 
ascorbic acid (12.04%) content in Pandan leaf 

27powder observed by Prathiba.  Besides, the root 

(608.7 mg glucose/g) and root (9.99 mg/g) of Acc. 3 
and 1 respectively possessed comparatively high 
carbohydrates and ascorbic acid concentration 
respectively.  On the other hand, Acc. 2 possessed 

high levels of protein which was higher than the 

varied protein (0.0026-0.773g/100g) and 
carbohydrate (0.198-5.212 g/100g) concentrations 
observed by in leafy 
vegetables of Nagaland. The varied carbohydrate, 

protein and ascorbic acid concentrations could have 

a significant role in plant immunity therefore could 
be used as foliar sprays 
suggesting novel information regarding the 
application of P.amaryllifolius in crop protection 

studies.

Deb and Khruomo (2021)  

(Trouvelot et al., 2014) 
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Table 2. Nutritional properties of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05. 

Parameter Location Root Stem Leaf Mean ± SD

Carbohydrates (mg glucose/g) Acc. 1 452.80 287.90 363.30 368.00 ± 82.55

Acc. 2 608.70 499.40 277.10 461.73 ± 168.98

Acc. 3 428.50 356.40 510.20 431.70 ± 76.95

Mean ± SD 496.67 ± 97.78 381.23 ± 107.91 383.53 ± 117.86  

Protein (mg BSA/g) Acc. 1 25.65A,a 22.65C,b 22.49C,c 23.60 ± 1.78

Acc. 2 23.14B,c 24.75A,b 25.53A,a 24.47 ± 1.22

Acc. 3 21.95C,c 23.42B,b 23.80B,a 23.06 ± 0.98

Mean ± SD 23.58 ± 1.89 23.61 ± 1.06 23.94 ± 1.52  

Ascorbic acid (mg/g) Acc. 1 4.00 5.96 9.99 6.65 ± 3.05

Acc. 2 5.23 6.02 8.45 6.57 ± 1.68

Acc. 3 3.98 6.98 8.97 6.64 ± 2.51

Mean ± SD 4.40 ± 0.72 6.32 ± 0.57 9.14 ± 0.78
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Anti-nutritional properties in Pandan

The anti-nutritional factors such as phenols, 

flavonoids, tannins, saponins and anthocyanin content 
in Pandan revealed that the total tannin content 
significantly varied among the plant parts as well as 

locations whereas the total saponin content varied 

significantly among the locations. Howbeit, the total 

phenol, total flavonoid and total anthocyanin showed 
no significant difference either among the plant parts 
or the locations (Table 3). Among the plant parts, the 

leaves recorded high phenol (33.17 ± 11.74 mg 

GAE/g), tannins (2.75 ± 1.08 mg/g) and saponin (1.28 

± 0.38 mg DE/g) content whereas high flavonoid 
(17.35 ± 3.65 mg QE/g) and anthocyanin (3.43 ± 1.12 
mg CYE/100g) content was recorded in root and stem 

respectively. While comparing locations, Acc. 1 

recorded high saponin (1.27 ± 0.23 mg DE/g) and 

anthocyanin (3.43 ± 1.12 mg CYE/100g) content 
whereas Acc. 2 recorded high phenols (32.93 ± 13.1 
mg GAE/g), flavonoids (18.24 ± 2.78 mg QE/g) and 

Acc. 3 had high tannin (2.37 ± 1.08 mg/g) content 

respectively. Collectively, the phenol was high in Acc. 

2 leaves (46.7 mg GAE/g) and low in Acc. 2 stem 
(20.73 mg GAE/g). The flavonoid content was high in 
Acc. 2 root (20.85 mg QE/g) and low in Acc. 3 root 

respectively. The tannin content was significantly high 

in Acc. 3 leaves (3.58 mg/g) and low in Acc. 1 root 
(0.05 mg/g). The saponins were high in Acc. 1 leaves 
(1.52 mg DE/g) and low in Acc. 3 root (0.66 mg DE/g) 

whereas the anthocyanin content was high in Acc. 1 

stem (4.34 mg CYE/ 100 g) and low in Acc. 3 root 
(0.56 mg CYE/ 100 g) respectively.

Similar studies conducted by in P. 
amaryllifolius methanolic extracts obtained 

comparatively lower total phenol (38.12±1.49 mg 

GAE/g) and flavonoid (11.79±0.44mg QE/g) content 

and reported to have antioxidant activity in IC  value 50

of about 129.32 µg/ml DPPH and 104.31 µg/ml ABTS 
activity respectively. Generally, young leaves are rich 

in phenolic compounds whereas the root and stem are 

attributed to specific phenolic compounds like 

proanthocyanidins and quinic acid respectively 
. This ensures the potency 

of plant parts of P.amaryllifolius for desirable 

applications. However, the expression pattern of the 

related genes in phenol biosynthesis was often specific 

towards the tissue and developmental phase of the 
plant . Therefore, understanding the 
phenolic hologram of P.amaryllifolius could give 

novel information on the effect and regulation of 

phenol biosynthetic pathways. Moreover, the highest 

flavonoid content was observed in the root of Acc. 2 
(20.85 mg QE/g). Furthermore, Pandan collected from 
different locations in Malaysia had comparatively 

lower total phenol (6.72mg/g) and total flavonoid 

(1.87mg/g DW) content and possessed antioxidants as 
well as anticancer activities 

.

Quyen et al., (2020) 

(Liu et 
al., 2020; Jiang et al., 2013)

(Fathi et al., 2019)

(Ghasemzadeh and Jaafar, 
2013)

Table 3. Anti-nutritional factors of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05.

Parameter Location Root Stem Leaf Mean ± SD

Total Phenols (mg GAE/g) Acc. 1 24.31 23.06 27.19 24.85 ± 2.12

Acc. 2 31.36 20.73 46.7 32.93 ± 13.1

Acc. 3 25.51 22.09 25.63 24.41 ± 2.01

Mean ± SD 27.06 ± 3.77 21.96 ± 1.17 33.17 ± 11.74  

Total Flavonoids (mg QE/g) Acc. 1 17.64 13.86 14.63 15.38 ± 2.00

Acc. 2 20.85 15.32 18.54 18.24 ± 2.78

Acc. 3 13.56 15.42 17.59 15.52 ± 2.02

Mean ± SD 17.35 ± 3.65 14.87 ± 0.87 16.92 ± 2.04  -
C,c C,b C,aTotal Tannins (mg/g) Acc. 1 0.05 1.24 1.53 0.94 ± 0.78
B,c A,b B,aAcc. 2 0.41 2.08 3.13 1.87 ± 1.37

A,c B,b A,aAcc. 3 1.5 2.04 3.58 2.37 ± 1.08

Mean ± SD 0.65 ± 0.76 1.79 ± 0.47 2.75 ± 1.08  -
A A ATotal Saponins (mg DE/g) Acc. 1 1.08 1.20 1.52 1.27 ± 0.23
B B BAcc. 2 0.90 0.77 1.48 1.13 ± 0.74
C C CAcc. 3 0.66 0.69 0.84 0.73 ± 0.10

Mean ± SD 0.87 ± 0.54 0.89 ± 0.27 1.28 ± 0.38 - 

Total Anthocyanins Acc. 1 1.51 4.34 4.05 3.30 ± 1.56

(mg CYE/100g) Acc. 2 0.91 2.18 0.94 1.34 ± 0.72

Acc. 3 0.56 3.78 3.79 2.71 ± 1.86

Mean ± SD 0.99 ± 0.48 3.43 ± 1.12 2.93 ± 1.73 -



was performed using two-way ANOVA without 
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The heat map is a visual representation of a two-
dimensional plot, in which data is represented by 
colors and distinguished using various dendrograms. 
The colour bar in heat map indicates the amount in 
number from the highest (blue) to the lowest (red), 
intuitive to see the characteristics of different factors. 
The PCA is one of the most used multivariate analysis 
methods to reduce the number of variables in 
multivariate data sets, whilst retaining as much as 
possible of variation in the present data set. This 
reduction was achieved by taking n variables X , X ..., 1 2

X  and finding the combinations of these to produce n

principal components/factors PC , PC ..., PC , which 1 2 n

were uncorrelated. These principal components are 
also termed eigenvectors. The lack of correlation was a 
useful property as it indicated that factors were 
measuring different dimensions in the data. 
Nevertheless, factors were ordered so that the PC  1

exhibits greatest amount of variation, PC  exhibits the 2

second greatest amount of variation and so on. The 
variance (PC ) The eigenvalues reflect the quality of the 1

projection from the N-dimensional initial to a lower 
number of dimensions. The method for assessing an 
adequate number of factors/PCs is the eigenvalue - one 
criterion, also known as the Kaiser criterion, in which 
only the factors where eigenvalue >1 is retained 

. On the other hand, any factor with an eigenvalue 
of less than 1 contained less information than one of the 
original variables and so was not worth retaining. Both 
the heat map and PCA are performed using 'pheatmap' 
and 'FactoMineR & 'factoextra' packages, respectively 
in R Studio 4.1.1 .

(R Studio, 2021)

(Kaiser, 
1958)

(R Studio, 2021)

3. RESULTS AND DISCUSSION

Nutritional properties of Pandan

Among the plant parts analyzed, the root had the 

highest carbohydrate (496.67 ± 97.78 mg glucose/g) 

content, the lowest ascorbic acid (4.40 ± 0.72 mg/g) 
content and leaves had the highest protein (23.94 ± 
1.52 mg BSA/g), ascorbic acid (9.14 ± 0.78 mg/g) 

content respectively. Among the locations, highest 

carbohydrate (461.73 ± 168.98 mg glucose/g) and 

protein (24.47 ± 1.22 mg BSA/g) content was 
recorded in Acc. 2 whereas the ascorbic acid (6.65 ± 
3.05 mg/g) content was high in Acc. 1. Significantly 

highest carbohydrate content of 608.7 mg glucose/g 

was recorded in Acc. 2 root and lowest carbohydrate 

content in Acc. 2 leaves (277.1 mg glucose/g). 
Protein content was high in Acc. 1 root (25.65 mg 
BSA/g) and low in Acc. 3 root (21.95 mg BSA/g). 

The highest ascorbic acid content of about 9.99 mg/g 

was recorded in Acc. 1 leaf and lowest in Acc. 3 root 

(3.98 mg/g) (Table 2). However, this was lower than 
the carbohydrate (21.89%), protein (1.45%), and 
ascorbic acid (12.04%) content in Pandan leaf 

27powder observed by Prathiba.  Besides, the root 

(608.7 mg glucose/g) and root (9.99 mg/g) of Acc. 3 
and 1 respectively possessed comparatively high 
carbohydrates and ascorbic acid concentration 
respectively.  On the other hand, Acc. 2 possessed 

high levels of protein which was higher than the 

varied protein (0.0026-0.773g/100g) and 
carbohydrate (0.198-5.212 g/100g) concentrations 
observed by in leafy 
vegetables of Nagaland. The varied carbohydrate, 

protein and ascorbic acid concentrations could have 

a significant role in plant immunity therefore could 
be used as foliar sprays 
suggesting novel information regarding the 
application of P.amaryllifolius in crop protection 

studies.

Deb and Khruomo (2021)  

(Trouvelot et al., 2014) 
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Table 2. Nutritional properties of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05. 

Parameter Location Root Stem Leaf Mean ± SD

Carbohydrates (mg glucose/g) Acc. 1 452.80 287.90 363.30 368.00 ± 82.55

Acc. 2 608.70 499.40 277.10 461.73 ± 168.98

Acc. 3 428.50 356.40 510.20 431.70 ± 76.95

Mean ± SD 496.67 ± 97.78 381.23 ± 107.91 383.53 ± 117.86  

Protein (mg BSA/g) Acc. 1 25.65A,a 22.65C,b 22.49C,c 23.60 ± 1.78

Acc. 2 23.14B,c 24.75A,b 25.53A,a 24.47 ± 1.22

Acc. 3 21.95C,c 23.42B,b 23.80B,a 23.06 ± 0.98

Mean ± SD 23.58 ± 1.89 23.61 ± 1.06 23.94 ± 1.52  

Ascorbic acid (mg/g) Acc. 1 4.00 5.96 9.99 6.65 ± 3.05

Acc. 2 5.23 6.02 8.45 6.57 ± 1.68

Acc. 3 3.98 6.98 8.97 6.64 ± 2.51

Mean ± SD 4.40 ± 0.72 6.32 ± 0.57 9.14 ± 0.78

 

115

Anti-nutritional properties in Pandan

The anti-nutritional factors such as phenols, 

flavonoids, tannins, saponins and anthocyanin content 
in Pandan revealed that the total tannin content 
significantly varied among the plant parts as well as 

locations whereas the total saponin content varied 

significantly among the locations. Howbeit, the total 

phenol, total flavonoid and total anthocyanin showed 
no significant difference either among the plant parts 
or the locations (Table 3). Among the plant parts, the 

leaves recorded high phenol (33.17 ± 11.74 mg 

GAE/g), tannins (2.75 ± 1.08 mg/g) and saponin (1.28 

± 0.38 mg DE/g) content whereas high flavonoid 
(17.35 ± 3.65 mg QE/g) and anthocyanin (3.43 ± 1.12 
mg CYE/100g) content was recorded in root and stem 

respectively. While comparing locations, Acc. 1 

recorded high saponin (1.27 ± 0.23 mg DE/g) and 

anthocyanin (3.43 ± 1.12 mg CYE/100g) content 
whereas Acc. 2 recorded high phenols (32.93 ± 13.1 
mg GAE/g), flavonoids (18.24 ± 2.78 mg QE/g) and 

Acc. 3 had high tannin (2.37 ± 1.08 mg/g) content 

respectively. Collectively, the phenol was high in Acc. 

2 leaves (46.7 mg GAE/g) and low in Acc. 2 stem 
(20.73 mg GAE/g). The flavonoid content was high in 
Acc. 2 root (20.85 mg QE/g) and low in Acc. 3 root 

respectively. The tannin content was significantly high 

in Acc. 3 leaves (3.58 mg/g) and low in Acc. 1 root 
(0.05 mg/g). The saponins were high in Acc. 1 leaves 
(1.52 mg DE/g) and low in Acc. 3 root (0.66 mg DE/g) 

whereas the anthocyanin content was high in Acc. 1 

stem (4.34 mg CYE/ 100 g) and low in Acc. 3 root 
(0.56 mg CYE/ 100 g) respectively.

Similar studies conducted by in P. 
amaryllifolius methanolic extracts obtained 

comparatively lower total phenol (38.12±1.49 mg 

GAE/g) and flavonoid (11.79±0.44mg QE/g) content 

and reported to have antioxidant activity in IC  value 50

of about 129.32 µg/ml DPPH and 104.31 µg/ml ABTS 
activity respectively. Generally, young leaves are rich 

in phenolic compounds whereas the root and stem are 

attributed to specific phenolic compounds like 

proanthocyanidins and quinic acid respectively 
. This ensures the potency 

of plant parts of P.amaryllifolius for desirable 

applications. However, the expression pattern of the 

related genes in phenol biosynthesis was often specific 

towards the tissue and developmental phase of the 
plant . Therefore, understanding the 
phenolic hologram of P.amaryllifolius could give 

novel information on the effect and regulation of 

phenol biosynthetic pathways. Moreover, the highest 

flavonoid content was observed in the root of Acc. 2 
(20.85 mg QE/g). Furthermore, Pandan collected from 
different locations in Malaysia had comparatively 

lower total phenol (6.72mg/g) and total flavonoid 

(1.87mg/g DW) content and possessed antioxidants as 
well as anticancer activities 

.

Quyen et al., (2020) 

(Liu et 
al., 2020; Jiang et al., 2013)

(Fathi et al., 2019)

(Ghasemzadeh and Jaafar, 
2013)

Table 3. Anti-nutritional factors of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05.

Parameter Location Root Stem Leaf Mean ± SD

Total Phenols (mg GAE/g) Acc. 1 24.31 23.06 27.19 24.85 ± 2.12

Acc. 2 31.36 20.73 46.7 32.93 ± 13.1

Acc. 3 25.51 22.09 25.63 24.41 ± 2.01

Mean ± SD 27.06 ± 3.77 21.96 ± 1.17 33.17 ± 11.74  

Total Flavonoids (mg QE/g) Acc. 1 17.64 13.86 14.63 15.38 ± 2.00

Acc. 2 20.85 15.32 18.54 18.24 ± 2.78

Acc. 3 13.56 15.42 17.59 15.52 ± 2.02

Mean ± SD 17.35 ± 3.65 14.87 ± 0.87 16.92 ± 2.04  -
C,c C,b C,aTotal Tannins (mg/g) Acc. 1 0.05 1.24 1.53 0.94 ± 0.78
B,c A,b B,aAcc. 2 0.41 2.08 3.13 1.87 ± 1.37

A,c B,b A,aAcc. 3 1.5 2.04 3.58 2.37 ± 1.08

Mean ± SD 0.65 ± 0.76 1.79 ± 0.47 2.75 ± 1.08  -
A A ATotal Saponins (mg DE/g) Acc. 1 1.08 1.20 1.52 1.27 ± 0.23
B B BAcc. 2 0.90 0.77 1.48 1.13 ± 0.74
C C CAcc. 3 0.66 0.69 0.84 0.73 ± 0.10

Mean ± SD 0.87 ± 0.54 0.89 ± 0.27 1.28 ± 0.38 - 

Total Anthocyanins Acc. 1 1.51 4.34 4.05 3.30 ± 1.56

(mg CYE/100g) Acc. 2 0.91 2.18 0.94 1.34 ± 0.72

Acc. 3 0.56 3.78 3.79 2.71 ± 1.86

Mean ± SD 0.99 ± 0.48 3.43 ± 1.12 2.93 ± 1.73 -



Although, on comparing the plant parts of this study, 

strikingly, the leaves had high levels of total phenol, 
total tannin, and total saponin concentration whereas 
the root and stem recorded high levels of flavonoid and 

anthocyanin content suggesting to enhance the 

utilization of these leaves for value addition in food. 

Similarly, the high flavonoid content in the root can 
exert antimicrobial activity through different 
mechanisms such as inhibition of nucleic acid 

synthesis, disturbing the functions of the cytoplasmic 

membrane and energy metabolism . 

This claims further research on the quorum sensing 
studies of the plant and its microbiome. Further, the 
saponin levels were lesser in Acc. 3 and higher in Acc. 

1 and were straight opposite to the tannin levels 

concerning geography which opens novel studies 
rooting towards the plant's adaption to the 
environmental, genetic, climate and edaphic 
conditions. Similar variation in secondary metabolites 

were observed in Marrubium vulgare L. collected 

from two different localities of Northeast Morocco 
were reported that the variation was due to edaphic 
factors . Moreover, the 
antinutritional content of this study was on par with the 

reports of . This adds 

essence to the use P.amaryllifolius as a substitute food 
for legumes, tubers and nightshades stressing its 
significance in nutraceutical research and application.

Physicochemical factors of Pandan

The physicochemical factors varied significantly 
among plant parts as well as locations (Table 4). The 

pH was high in Acc. 3 root (6.94) and low in Acc. 1 

stem (6.22). In terms of plant parts, the pH was high in 

(Tim et al., 2005)

(Hayat et al., 2020)

Popova and Mihayloya (2019)

the root and low in the stem whereas on comparing 

locations, the pH was high in Acc. 3 (Malacca) and low 
in Acc. 1 (Rangat). Moreover, it was reported that 
there was an inverse association between the 

chlorophyll concentration and leaf apoplastic pH 

. The leaves of Acc. 1 recorded 

significantly high TSS (4.80˚Brix), total chlorophyll 
(7.28 µg/g) and carotenoid (9.67 µg/g) content. On the 
other hand, the TSS was low in the root (0.30˚Brix) of 

Acc. 1 and 3 whereas the total chlorophyll content was 

nil in the root of the three accessions respectively.  

Whilst, the carotenoid content was high in Acc. 1 
leaves and comparatively low in Acc. 3 roots (5.60 
µg/g). 

Moreover, the chlorophyll content was higher in the 

leaf than in the stem and root, and unlike chlorophyll, 

the carotenoid levels had significant variation among 

the three Accessions (Table 4) in terms of plant parts as 
well as locations. However, this variation might be due 
to environmental factors . Howbeit, the 

chlorophyll levels reflect on the photosynthetic 

efficiency of the plant . Therefore, 

this similarity in chlorophyll levels claims the 
involvement of similar plant hormones in the 
photosynthesis of P.amaryllifolius. Although, the 

mean TSS was high in the leaf (4.67 ± 0.15º Brix) and 

low in the root (0.33±0.06º Brix). TSS often 
accumulates in plant parts at water stress thereby 
reducing osmotic potential and has a pivotal role by 
serving an indicator for drought stress 

. Consequently, the reduced TSS levels in the 

root of P.amaryllifolius may be a strong indicator that 
the three accessions grown in water sufficient area. 
This was in line with who reported 

(Mengel et al., 1994)

(Li et al., 2018)

(Liu et al., 2017)

(Levy et al., 

2006)  

Singh et al., (2001) 
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Table 4. Physicochemical factors of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05.

Parameter Location Root Stem Leaf Mean ± SD

pH Acc. 1 6.70a,C 6.22c,C 6.68b,C 6.53 ± 0.27

Acc. 2 6.88a,B 6.26c,B 6.80b,B 6.65 ± 0.34

Acc. 3 6.94a,A 6.50c,A 6.85b,A 6.76 ± 0.23

Mean ± SD 6.84 ± 0.12 6.33 ± 0.15 6.78 ± 0.09 -

TSS (Brix) Acc. 1 0.30c 1.50b 4.80a 2.20 ± 2.33

Acc. 2 0.40c 1.20b 4.50a 2.03 ± 2.17

Acc. 3 0.30c 1.40b 4.70a 2.13 ± 2.29

Mean ± SD 0.33 ± 0.06 1.37 ± 0.15 4.67 ± 0.15 -
c b aTotal Chlorophyll (µg/g) Acc. 1 0.00 5.21 7.28 4.16 ± 3.75
c b aAcc. 2 0.00 5.17 6.27 3.81 ± 3.35
c b aAcc. 3 0.00 5.25 7.15 4.13 ± 3.70

Mean ± SD 0.00 ± 0.00 5.21 ± 0.04 6.90 ± 0.55 -
c,A b,A a,ACarotenoids (µg/g) Acc. 1 7.65 8.67 9.67 8.66 ± 1.01
c,B b,B a,BAcc. 2 6.70 7.72 8.72 7.71 ± 1.01
c,C b,C a,CAcc. 3 5.60 6.89 7.62 6.70 ± 1.02

Mean ± SD 6.65 ± 1.03 7.76 ± 0.89 8.67 ± 1.03 -
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that higher TSS of the common wild edible fruits were 

recorded in Andaman and Nicobar Islands. In 
addition, the presence of a significant quantity of TSS 
correlates with its sugar content which is linked to the 

development of non-structural carbohydrates and 

further phenolic compounds synthesis which leads to 

antioxidant properties .

Antioxidant activity of Pandan

Analysing the antioxidant activities like DPPH, 
Hydroxyl, Superoxide Anion, ABTS and FRAP 
activity in plant parts of P.amaryllifolius revealed that 
they don't show any significant difference among the 

plant parts as well as the locations. The DPPH activity 

was high in Acc. 3 leaves (80.21% RSA) and low in 
Acc. 2 root (45.74% RSA). This was higher than the 
DPPH (64.27%) activity of Pandan from three 

different locations in Malaysia which possessed anti-

cancer promoting activity against the MCF-7 

(Michigan Cancer Foundation-7) cell line which is the 
human breast cancer cell line, and the maximum cell 
line inhibition was achieved at 66.3% antioxidant 

activity . The HRSA 

was high in Acc. 3 root (60.00% RSA) and low in Acc. 

1 leaves (18.00% RSA) whereas the SRSA was high in 
Acc. 1 leaves (79.11% RSA) and low in Acc. 1 root 
(59.43% RSA). The ABTS activity was high in Acc. 2 

leaves (13.20% RSA) and low in Acc. 1 stem (5.09% 

RSA) whereas the highest FRAP activity of 4712.48 

µM (TE)/g DW was recorded in Acc. 1 leaves and 

(Resendez et al., 2016)

(Ghasemzadeh and Jaafar, 2013)

lowest of 1112.16 µM (TE)/g DW in Acc. 1 stem 

(Table 5). 

Higher FRAP (3257.8±53.8 mmol Fe (II)/g extract), 
ABTS (25435.2±1798.1 µmol Trolox/ g extract) and 
hydroxyl radical scavenging activity (84.4%) added 
with strong correlation between DPPH (r = 0.972),  
FRAP (r = 0.928), ABTS  (r = 0.995) and hydroxyl (r = 
0.998) radical with total flavonoid content as well as 
respective correlation coefficient of 0.900, 0.828, 
0.981, 0.970 with total phenolic content was reported 
in the methanolic extracts of leaves of  Bauhinia vahlii 

. Present study, the 
FRAP activity was higher than the observations by 

 in P. amaryllifolius 
leaves (23.16±0.23 mg TE/g DW). Further, the highest 
superoxide radical scavenging activity of 
93.91±1.37% in the methanolic extracts of the leaves 
of Blumea balsamifera antioxidant activity was 
regulated by the presence of flavonoids and 
polyphenolic compounds . As 
the plant parts of P. amaryllifolius of Andaman and 
Nicobar Islands were rich in anti-nutritional 
compounds like phenols and flavonoids, it again 
emphasizes the significance of its application in 
relevant fields.

Heat map visualization

A dendrogram-based heat map was applied to 

visualize the differences in the nutritional, anti-

nutritional, physicochemical and antioxidant factors 

(Sowndhararajan and Kang, 2013)

Thatsanasuwan et al., (2015)

(Fazilatun et al., 2004)

Table 5. Antioxidant factors of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05.

Parameter Location Root Stem Leaf Mean ± SD

DPPH (%RSA) Acc. 1 59.79 51.70 62.87 58.12 ± 5.77

Acc. 2 45.74 51.81 74.36 57.30 ± 15.08

Acc. 3 64.26 54.26 80.21 66.24 ± 13.09

Mean ± SD 56.60 ± 9.66 52.59 ± 1.44 72.48 ± 8.82 -

Hydroxyl Radical Scavenging Acc. 1 23.30 38.20 18.00 26.50 ± 10.47

 activity (%RSA) Acc. 2 34.40 35.10 50.40 39.97 ± 9.04

Acc. 3 60.00 53.30 49.10 54.13 ± 5.50

Mean ± SD 39.23 ± 18.82 42.20 ± 9.74 39.17 ± 18.34 -

Superoxide Radical Scavenging Acc. 1 59.43 67.83 79.11 68.79 ± 9.88

activity (%RSA) Acc. 2 64.36 66.85 68.84 66.68 ± 2.24

Acc. 3 64.62 63.47 69.02 65.70 ± 2.93

Mean ± SD 62.80 ± 2.92 66.05 ± 2.29 72.32 ± 5.88
C C CABTS (%RSA) Acc. 1 5.86 5.09 8.57 6.51 ± 1.83
A A AAcc. 2 11.38 12.05 13.20 12.21 ± 0.92

B B BAcc. 3 6.76 8.42 13.00 9.39 ± 3.23

Mean ± SD 8.00 ± 2.96 8.52 ± 3.48 11.59 ± 2.62 -
c b aFRAP[µM (TE)/g DW] Acc. 1 1758.29 1112.16 4712.48 2527.64 ± 1919.51
a c cAcc. 2 2710.90 1036.30 3118.48 2288.56 ± 1103.47
b a BAcc. 3 2240.13 2684.04 4701.42 3208.53 ± 1311.79

Mean ± SD 2236.44±476.32 1610.83±930.20 4177.46±917.12 -



Although, on comparing the plant parts of this study, 

strikingly, the leaves had high levels of total phenol, 
total tannin, and total saponin concentration whereas 
the root and stem recorded high levels of flavonoid and 

anthocyanin content suggesting to enhance the 

utilization of these leaves for value addition in food. 

Similarly, the high flavonoid content in the root can 
exert antimicrobial activity through different 
mechanisms such as inhibition of nucleic acid 

synthesis, disturbing the functions of the cytoplasmic 

membrane and energy metabolism . 

This claims further research on the quorum sensing 
studies of the plant and its microbiome. Further, the 
saponin levels were lesser in Acc. 3 and higher in Acc. 

1 and were straight opposite to the tannin levels 

concerning geography which opens novel studies 
rooting towards the plant's adaption to the 
environmental, genetic, climate and edaphic 
conditions. Similar variation in secondary metabolites 

were observed in Marrubium vulgare L. collected 

from two different localities of Northeast Morocco 
were reported that the variation was due to edaphic 
factors . Moreover, the 
antinutritional content of this study was on par with the 

reports of . This adds 

essence to the use P.amaryllifolius as a substitute food 
for legumes, tubers and nightshades stressing its 
significance in nutraceutical research and application.

Physicochemical factors of Pandan

The physicochemical factors varied significantly 
among plant parts as well as locations (Table 4). The 

pH was high in Acc. 3 root (6.94) and low in Acc. 1 

stem (6.22). In terms of plant parts, the pH was high in 

(Tim et al., 2005)

(Hayat et al., 2020)

Popova and Mihayloya (2019)

the root and low in the stem whereas on comparing 

locations, the pH was high in Acc. 3 (Malacca) and low 
in Acc. 1 (Rangat). Moreover, it was reported that 
there was an inverse association between the 

chlorophyll concentration and leaf apoplastic pH 

. The leaves of Acc. 1 recorded 

significantly high TSS (4.80˚Brix), total chlorophyll 
(7.28 µg/g) and carotenoid (9.67 µg/g) content. On the 
other hand, the TSS was low in the root (0.30˚Brix) of 

Acc. 1 and 3 whereas the total chlorophyll content was 

nil in the root of the three accessions respectively.  

Whilst, the carotenoid content was high in Acc. 1 
leaves and comparatively low in Acc. 3 roots (5.60 
µg/g). 

Moreover, the chlorophyll content was higher in the 

leaf than in the stem and root, and unlike chlorophyll, 

the carotenoid levels had significant variation among 

the three Accessions (Table 4) in terms of plant parts as 
well as locations. However, this variation might be due 
to environmental factors . Howbeit, the 

chlorophyll levels reflect on the photosynthetic 

efficiency of the plant . Therefore, 

this similarity in chlorophyll levels claims the 
involvement of similar plant hormones in the 
photosynthesis of P.amaryllifolius. Although, the 

mean TSS was high in the leaf (4.67 ± 0.15º Brix) and 

low in the root (0.33±0.06º Brix). TSS often 
accumulates in plant parts at water stress thereby 
reducing osmotic potential and has a pivotal role by 
serving an indicator for drought stress 

. Consequently, the reduced TSS levels in the 

root of P.amaryllifolius may be a strong indicator that 
the three accessions grown in water sufficient area. 
This was in line with who reported 

(Mengel et al., 1994)

(Li et al., 2018)

(Liu et al., 2017)

(Levy et al., 

2006)  

Singh et al., (2001) 
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Table 4. Physicochemical factors of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05.

Parameter Location Root Stem Leaf Mean ± SD

pH Acc. 1 6.70a,C 6.22c,C 6.68b,C 6.53 ± 0.27

Acc. 2 6.88a,B 6.26c,B 6.80b,B 6.65 ± 0.34

Acc. 3 6.94a,A 6.50c,A 6.85b,A 6.76 ± 0.23

Mean ± SD 6.84 ± 0.12 6.33 ± 0.15 6.78 ± 0.09 -

TSS (Brix) Acc. 1 0.30c 1.50b 4.80a 2.20 ± 2.33

Acc. 2 0.40c 1.20b 4.50a 2.03 ± 2.17

Acc. 3 0.30c 1.40b 4.70a 2.13 ± 2.29

Mean ± SD 0.33 ± 0.06 1.37 ± 0.15 4.67 ± 0.15 -
c b aTotal Chlorophyll (µg/g) Acc. 1 0.00 5.21 7.28 4.16 ± 3.75
c b aAcc. 2 0.00 5.17 6.27 3.81 ± 3.35
c b aAcc. 3 0.00 5.25 7.15 4.13 ± 3.70

Mean ± SD 0.00 ± 0.00 5.21 ± 0.04 6.90 ± 0.55 -
c,A b,A a,ACarotenoids (µg/g) Acc. 1 7.65 8.67 9.67 8.66 ± 1.01
c,B b,B a,BAcc. 2 6.70 7.72 8.72 7.71 ± 1.01
c,C b,C a,CAcc. 3 5.60 6.89 7.62 6.70 ± 1.02

Mean ± SD 6.65 ± 1.03 7.76 ± 0.89 8.67 ± 1.03 -
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that higher TSS of the common wild edible fruits were 

recorded in Andaman and Nicobar Islands. In 
addition, the presence of a significant quantity of TSS 
correlates with its sugar content which is linked to the 

development of non-structural carbohydrates and 

further phenolic compounds synthesis which leads to 

antioxidant properties .

Antioxidant activity of Pandan

Analysing the antioxidant activities like DPPH, 
Hydroxyl, Superoxide Anion, ABTS and FRAP 
activity in plant parts of P.amaryllifolius revealed that 
they don't show any significant difference among the 

plant parts as well as the locations. The DPPH activity 

was high in Acc. 3 leaves (80.21% RSA) and low in 
Acc. 2 root (45.74% RSA). This was higher than the 
DPPH (64.27%) activity of Pandan from three 

different locations in Malaysia which possessed anti-

cancer promoting activity against the MCF-7 

(Michigan Cancer Foundation-7) cell line which is the 
human breast cancer cell line, and the maximum cell 
line inhibition was achieved at 66.3% antioxidant 

activity . The HRSA 

was high in Acc. 3 root (60.00% RSA) and low in Acc. 

1 leaves (18.00% RSA) whereas the SRSA was high in 
Acc. 1 leaves (79.11% RSA) and low in Acc. 1 root 
(59.43% RSA). The ABTS activity was high in Acc. 2 

leaves (13.20% RSA) and low in Acc. 1 stem (5.09% 

RSA) whereas the highest FRAP activity of 4712.48 

µM (TE)/g DW was recorded in Acc. 1 leaves and 

(Resendez et al., 2016)

(Ghasemzadeh and Jaafar, 2013)

lowest of 1112.16 µM (TE)/g DW in Acc. 1 stem 

(Table 5). 

Higher FRAP (3257.8±53.8 mmol Fe (II)/g extract), 
ABTS (25435.2±1798.1 µmol Trolox/ g extract) and 
hydroxyl radical scavenging activity (84.4%) added 
with strong correlation between DPPH (r = 0.972),  
FRAP (r = 0.928), ABTS  (r = 0.995) and hydroxyl (r = 
0.998) radical with total flavonoid content as well as 
respective correlation coefficient of 0.900, 0.828, 
0.981, 0.970 with total phenolic content was reported 
in the methanolic extracts of leaves of  Bauhinia vahlii 

. Present study, the 
FRAP activity was higher than the observations by 

 in P. amaryllifolius 
leaves (23.16±0.23 mg TE/g DW). Further, the highest 
superoxide radical scavenging activity of 
93.91±1.37% in the methanolic extracts of the leaves 
of Blumea balsamifera antioxidant activity was 
regulated by the presence of flavonoids and 
polyphenolic compounds . As 
the plant parts of P. amaryllifolius of Andaman and 
Nicobar Islands were rich in anti-nutritional 
compounds like phenols and flavonoids, it again 
emphasizes the significance of its application in 
relevant fields.

Heat map visualization

A dendrogram-based heat map was applied to 

visualize the differences in the nutritional, anti-

nutritional, physicochemical and antioxidant factors 

(Sowndhararajan and Kang, 2013)

Thatsanasuwan et al., (2015)

(Fazilatun et al., 2004)

Table 5. Antioxidant factors of P.amaryllifolius

Note: Superscripts (a-c) in columns and (A-C) in rows represent statistical significance at p<0.05.

Parameter Location Root Stem Leaf Mean ± SD

DPPH (%RSA) Acc. 1 59.79 51.70 62.87 58.12 ± 5.77

Acc. 2 45.74 51.81 74.36 57.30 ± 15.08

Acc. 3 64.26 54.26 80.21 66.24 ± 13.09

Mean ± SD 56.60 ± 9.66 52.59 ± 1.44 72.48 ± 8.82 -

Hydroxyl Radical Scavenging Acc. 1 23.30 38.20 18.00 26.50 ± 10.47

 activity (%RSA) Acc. 2 34.40 35.10 50.40 39.97 ± 9.04

Acc. 3 60.00 53.30 49.10 54.13 ± 5.50

Mean ± SD 39.23 ± 18.82 42.20 ± 9.74 39.17 ± 18.34 -

Superoxide Radical Scavenging Acc. 1 59.43 67.83 79.11 68.79 ± 9.88

activity (%RSA) Acc. 2 64.36 66.85 68.84 66.68 ± 2.24

Acc. 3 64.62 63.47 69.02 65.70 ± 2.93

Mean ± SD 62.80 ± 2.92 66.05 ± 2.29 72.32 ± 5.88
C C CABTS (%RSA) Acc. 1 5.86 5.09 8.57 6.51 ± 1.83
A A AAcc. 2 11.38 12.05 13.20 12.21 ± 0.92

B B BAcc. 3 6.76 8.42 13.00 9.39 ± 3.23

Mean ± SD 8.00 ± 2.96 8.52 ± 3.48 11.59 ± 2.62 -
c b aFRAP[µM (TE)/g DW] Acc. 1 1758.29 1112.16 4712.48 2527.64 ± 1919.51
a c cAcc. 2 2710.90 1036.30 3118.48 2288.56 ± 1103.47
b a BAcc. 3 2240.13 2684.04 4701.42 3208.53 ± 1311.79

Mean ± SD 2236.44±476.32 1610.83±930.20 4177.46±917.12 -
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for root, leaf, and stem of Pandan at Acc. 1, Acc. 2, and 

Acc. 3 (Fig. 2). 

The blue colour indicates high values while the red 

colour indicates low values for different factors of 

Pandan. The heat map indicated that the leaf component 
of Pandan at Acc. 1, Acc. 2, and Acc. 3 is different from 
the root and stem components as it exhibited high values 
in most of the factors. Similarly, the root component at 

Acc. 1, Acc. 2, and Acc. 3 resulted in low values. The 

dendrogram connections revealed that HRSA, Phenols, 
Carbohydrates, SRSA, Chlorophyll, and Anthocyanins 
are exhibiting unique factors and are not correlated 
directly with other factors. Similarly, leaf and stem 

components at Acc. 1 and root components at the Acc. 3 

are exhibiting unique values in terms of their factors. 
Thus, the optimum component for further use and 
analysis is the leaf.

Principal Component Analysis (PCA)

PCA was applied to 17 different nutritional, anti-
nutritional, physicochemical, and antioxidant factors 

of the root, leaf, and stem of Pandan at Acc. 1, Acc. 2, 

and Acc. 3 locations. The factors analyzed were 

carbohydrates, protein, ascorbic acid, DPPH, HRSA, 

SRSA, ABTS, FRAP, phenols, flavonoids, tannins, 

saponins, anthocyanins, pH, TSS, chlorophyll, 
carotenoid (Table 6). PCA reduced the original 17 
variables into five principal components, in which 

PC1 to PC5 had eigenvalues more than one.  The first 

two eigenvalues represented 60.43% of the total 

variability in the data. Similarly, the first five 
eigenvalues represented 92.86% of the total variability 
in the data. This means, that representing the data on 

the first two axes can ensure good-quality projection 

of the initial multi-dimensional table.

The specific pattern and contribution of variables 

(factors) to the principal components can be further 
visualized with the help of a two-dimensional map of 
PCA (Fig. 3 a and b). All factors were clustered into 3 

classes: Cluster 1: TSS, ascorbic acid, saponins, 

SRSA, chlorophyll, carotenoid, anthocyanin; Cluster 

2: PH, HRSA, FRAP, tannin, DPPH, phenol; and 
Cluster 3: ABTS, protein, flavonoid, carbohydrate. 
Here, Cluster 1 factors are very important for 

representing Pandan as they are away from the centre 

(Fig. 3). 

The arrows in the biplot and the angle between the 

arrows explain the relationship/correlation between 
the variables. All the variables are positively 
correlated as they are away from the centre except for 

HRSA and protein (Fig. 3b). The greater the length of 

the arrow, the greater the influence of the variable. 

Numbers 1, 2, and 3 represent the root component at 3 
locations while 4, 5 and 6 represent the stem 
component at 3 locations, and 7, 8 and 9 represent the 

leaf component at 3 locations (Fig. 3b). Numbers 4, 5 

and 6 are placed on the lower left side quadrant 

indicating lower negative values. 
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Table 6. Eigen value analysis of the significant principal components

Parameter Dimension

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

Eigen value 6.60 3.67 2.36 1.67 1.48 0.69 0.41 0.11

Variance (%) 38.83 21.60 13.89 9.84 8.70 4.09 2.42 0.64

Cumulative variance (%) 38.83 60.43 74.32 84.16 92.86 96.95 99.36 100.00
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PCA of  phytochemical  proper t ies  in  P.  
amaryllifolius of Andaman and Nicobar Islands 
revealed that the pigments as well as the superoxide 
radical scavenging activity and saponins have been 
clustered distinctly and significantly. An analytical 
study conducted by PCA and Heat Map analysis on 
phytochemical and antioxidant activity of liverworts 
by reported a strong correlation 
between polyphenolic compound and antioxidant 
activity and added that DPPH and ABTS were 
strongly correlated with steroid and tannin content of 
the plant which reveals the significance effects of 
antinutritional compounds over antioxidant activity. 
Notably, the ascorbic acid of P. amaryllifolius has 
been clustered distinctly which shows that it has 
much more capabilities to be revealed. Strikingly, all 
the above-mentioned factors were found higher in 
leaves, other than the stem and root, which 
emphasizes the significance of P. amaryllifolius of 
Andaman and Nicobar Islands. This was further 
confirmed in the heat map that the leaves have more 
strength than that of stem and root. Further, the 
dendrogram reveals that the leaves of three locations 
are related either directly or indirectly. This insists 
that the leaves of P. amaryllifolius may have some 
promising applications and claims for further 
research in this area. 

The presence of both nutritional factors and anti-
nutritional factors highlighted that P. amaryllifolius 
has both nutritional and anti-nutritional importance. 
Also, these anti-nutritional properties can be 
suggested to include the leaves as value addition in 
the food industry and also as nutraceutical due to the 
similar anti-nutritional composition of different 
foods. Concentration-oriented studies on the relation 
between anti-nutritional compounds and anti-
oxidant properties would give extraneous 
information. The presence of chlorophyll and 
carotenoid as natural pigments in the leaves 
demonstrated to have antioxidant properties. The 
presence of a significant quantity of TSS in the 
leaves correlates with its sugar content, formation of 
non-structural carbohydrates, synthesis of phenolic 
compounds, and antioxidant properties. Statistical 
analysis by heat map and PCA revealed that the 
leaves have better potential than the stem and root. 
Further research on the pigments and antioxidant 
properties of the leaf may unravel more health 
benefits. The roots were rich in flavonoids which 
insisted the prevalence of better microbial activity 
emphasizing Quorum sensing studies. In terms of 
geographical location, the Rangat accession was 
potent compared to Garacharma and Malacca 
accessions. Further, our results concluded that P. 
amaryllifolius of Andaman and Nicobar Islands have 

Mukhia et al., (2017) 

exemplary nutritional value with antioxidant activity 
which can be further investigated for its various 
pharmacological benefits. 
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ABSTRACT: Seed origin and its relative mass may have significant impact on performance of 
the particular tree species. The present study was undertaken with the aim to understand the 
influence of seed source and seed size variation on germination and seedling growth of Parkia 
timoriana an underutilized multipurpose leguminous tree species found in North East 
India.Seeds were collected from different places of Manipur viz., Ukhrul, Senapati, 
Tamenglong, Chandel and Churchandpur. The collected seeds were then graded as large (L), 
medium (M) and small (S) on the basis of length (cm) and used for seed germination and 
seedling growth analyses. Results showed that irrespective of the seed sources and seed sizes, 
the seed germination ranged from 48.50 to 88.50% and seed of larger size performed better 
than smaller ones. Among the different seed sources, the seed collected from Ukhrul overweight 
the other counterparts in all the studied germination and growth parameters. On an average 
across the different seed sources, there was an increase of 26.11, 26.09, 25.34, 23.54, 25.93 and 
43.63% of germination percentage, germination capacity, germination energy, peak value, 
mean germination time and germination value, respectively, in large sized seeds over smaller 
ones. Similar trend of germination parameters were also noticed in the growth behaviours of 
different seed size from different seed sources. Irrespective of different seed sources, there was a 
marked significant growth increment in root length (75.69%), shoot length (101.52%), seedling 
length (145.87%) and seedling vigour (242.05%) over small seeds. Therefore, our study will 
ultimately aid in identifying the best seed source and seed size of P. timoriana for successful 
establishment of afforestation programme of this underutilized crop by enabling food security 
and rural livelihood in the North-East states of India.

1. INTRODUCTION

is one of the 

promising agroforestry tree species endemic to North-

East India and other South East Asian countries like 

Philippines, Malaysia, Thailand, Japan and Vietnam.

. It is 

commonly found in home gardens and Shifting 

agriculture lands of North East India and also reported 

in wild form in forests having an altitudinal range 

>1300 meters above sea level . 

Tree bean is a multipurpose tree species having a 

variety of uses, viz. medicine, insecticidal, pesticide,

Tree bean (Parkia. timoriana (DC.) MerrSyn.P. 

roxburghii G. Don.) of Fabaceae family (sub-family 

Momosoideae, tribe Mimoseae) 

 

In North-East India, tree bean is found in Arunachal 

Pradesh,Assam, Manipur, Meghalaya, Mizoram, 

Nagaland and Tripura (Salam et al. 2013)

(Devi & Das, 2012)

antibacterial, allopathic, human food, tanning, face 
wash and shampoo, firewood and paper pulp. The 
plant provides good economic return 

, besides, it also serves as an important dietary 
supplement as-well-as medicinal value for curing 
various ailments . Various plant parts of 
this species such as, pods, seeds, flowers, young 
shoots, are consumed by the tribals and other ethnic 
communities of North-East Indian states either in raw 
form or in various preparations such as salads and 
curries . Flowers, tender pods and 
seeds of this plant are edible and are a good source of 
proteins, fats, carbohydrates, vitamins and minerals 
compared to other legumes. In North East India, it is 
considered as the costliest vegetable fetching a market 
value up to Rs 50-70/- per pod during off-season and 
Rs. 15-20/- per pod during its peak season. However, 
due to lack of organized plantation, there is a demand-
supply imbalance of tree been in North Eastern States, 
especially in Manipur and hence, a considerable 
volume of tree being imported from Myanmar.

Like other leguminous trees, P. timoriana have hard 
coated seeds resulting into delay germination, hence  
the seeds show increase germination time and reduced 

(Rocky & Sahoo, 
2002)

 (Devi, 2011)

(Salam et al. 2013)
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