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ABSTRACT 

The physical and physiological characteristics of Sarawak pineapple were studied at 

five different stages of growth from one to five months after anthesis. Changes in fruit 

length, diameter, pulp color, pulp firmness, pH, total soluble solids, titratable acidity, 

ascorbic acid content and antioxidant activity were monitored. The Sarawak pineapple 

exhibited a sigmoid growth pattern during fruit development. The pulp firmness 

decreased while the total soluble solids increased as the fruit developed, thus improving 

its edibility and acceptability to the consumers. A reduction in pH and an increase in 

titratable acidity contributed to the distinct flavor and taste of the Sarawak pineapple. 

While ascorbic acid content reduced throughout growth and development, the overall 

antioxidant activity increased in the fruit suggesting a later period of harvesting as the 

most appropriate. The changes that occurred extrinsically as well as intrinsically suggest 

that the best time for harvesting the Sarawak pineapple is five months after anthesis.  
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INTRODUCTION 

Pineapple, botanically known as Ananas 

comosus (L.) Merr, is the leading edible 

member of the Bromeliaceae family. 

Pineapple is ranked third in the world tropical 

fruit production (De Poel et al., 2009). 

Pineapples can be consumed fresh or 

processed as condiments, sweets, savories, 

cakes, pastries, yoghurt, punches and ice 

creams (Medina and Garcia, 2005). Besides its 

vibrant tropical flavor, pineapple is also known 

for its various nutritional and health benefits. It 

contains a considerable amount of calcium, 

potassium, fiber and vitamin C. Pineapples 

possess potential anti-inflammatory and 

digestive benefits, antioxidant protection, and 

immune support as well as protection against 

macular degeneration (Joy, 2010). 

The production of pineapples in Malaysia 

increased by 44% from 288,938 metric tons in 

2001 to 416,070 metric tons in 2010 (FAO, 

2012). As reported by the Malaysian Pineapple 

Industry Board (MPIB) in 2008, cultivar Johor 

produced the highest yield of pineapple with 

143,963.00 metric tons, followed by Kelantan 

and Kedah with 8,209.60 and 1,121.17 metric 

tons, respectively. These pineapples comprise 

different varieties which include Morris, 

Sarawak, Josaphine, MD 2 and N36 (Anon, 

2010). Of these varieties, the Sarawak 

pineapple is the least studied up to date. The 

Sarawak pineapple variety is mainly 

consumed as fresh fruit, desserts, and used for 

canned products due to its sweet taste and 

crunchy texture. Unlike the other varieties, the 

Sarawak pineapple is much larger in size and 

weighs an average of 1.5 to 2.5 kilograms up 

to a maximum of 4.0 kilograms. However, the 

size of the Sarawak pineapple is highly 

dependent on the soil that it is planted on. It 

has been reported that the Sarawak pineapples 

planted on peat soil are slightly larger (average 
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of 2.3 kg) than those planted on mineral oils 

(average of 1.5 kg) (Jaman, 2009).  

In general, pineapples can be harvested at 

130-150 days after anthesis and the Sarawak 

pineapple is no exception (Sanewski and Scott, 

2000). Pineapple fruits harvested at different 

maturity stages are not of uniform quality 

(Dhar et al., 2008). Rosnah et al. (2009) 

reported that many researchers have identified 

indicators of fruit maturity based on 

measurement of size, weight or density, 

physical attributes; such as color, firmness and 

moisture content; as well as other chemical 

attributes such as starch, sugar or acid 

contents. Consumer preferences of pineapple 

may vary widely. Some consumers may base 

their preferences solely on sensory attributes 

(taste, aroma, texture and appearance) while 

others may base their preferences on 

nutritional attributes (ascorbic acid content, 

antioxidants, vitamins and minerals).  

This research aimed to study the 

physicochemical changes of the Sarawak 

pineapple (Ananas comosus L. Merr. cv. 

Sarawak) during growth and development.  

MATERIALS AND METHODS 

Plant Material 

Pineapple fruit (Ananas comosus L. Merr) at 

five different maturity stages was harvested 

from a farm in Batu Pahat, Johor. The 

pineapples under study were tagged once it 

started flowering. Fruits of different 

developmental stages at monthly intervals 

were harvested beginning from 1 to 5 months 

after anthesis. The harvesting stages were after 

anthesis as follows: Stage I (SI)= One month, 

Stage II (SII)= Two months, Stage III (SIII)= 

Three months, Stage IV (SIV)= Four months, 

and Stage V (SV)= Five months. Harvested 

pineapples were transferred to the postharvest 

laboratory for further analyses. Meteorological 

data during experimental periods were 

obtained from the Malaysian Meteorological 

Department.  

Fruit Growth (Length, Diameter, Fresh 

Weight) 

Twenty harvested fruits at each maturity 

stages were selected for growth 

measurement. Fruit length was measured 

from the base of the fruit to the base of the 

crown using a measuring tape. Fruit 

diameter was measured using a digital 

caliper (MO 34260001, 1–125 mm, Vernier, 

Japan). Fruit fresh weight was determined 

by an electronic balance (A and D GR-200).  

Physical Properties (Pulp Color, Pulp 

Firmness) 

Each fruit at different maturity stages was 

cut in half along the equatorial plane. Flesh or 

pulp color was determined using a Chroma 

Meter (CR-200, Minolta Corp., Japan) and 

expressed in chromaticity values of Lightness 

(L*), redness/greenness (a*) and 

yellowness/blueness (b*). Pulp firmness was 

determined using a fruit hardness tester 

(Fujiwara KM) and expressed in kilogram 

force (kg f).  

Chemical Properties  

Moisture Content 

Five grams of peel and pulp tissues of the 

different maturity stages of the pineapple 

were weighed using an electronic balance (A 

and D GR-200). The peel and pulp was dried 

in an oven at 100±2°C for 7 days. After one 

week, the peel and pulp were weighed 

separately, and the moisture content was 

calculated using the following equation:  

Moisture content (%)= [5 g (Fresh 

weight)–(Dried weight/5 g)]×100%.  

pH, TSS, and TA 

The pulp of each fruit of different stages was 

mashed into a paste and the pH was 

determined using a pH meter (Hanna 
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Microprocessor pH 211, Italy) at 25±2°C. 

Juice was extracted from the pineapple 

samples using a juice extractor (Philips Juice 

Extractor HR 2820, Holland) and total soluble 

solids were determined using a digital 

refractometer (Atago PR-1 digital 

refractometer, Tokyo, Japan) at 25±2°C and 

results were expressed in standard °Brix unit. 

Titratable acidity was determined as described 

by George et al. (2015). 

Ascorbic Acid Content  

The ascorbic acid content in the samples were 

determined based on the 2,6-DiChloroPhenol 

IndoPhenol (DCPIP) visual titration method 

(Ranganna, 1977). Sample paste was diluted 

with 3% metaphosphoric acid and filtered and 

the filtrate was titrated with a standardized dye 

solution (2,6-dichlorophenol indophenol and 

sodium bicarbonate) to a pink end point (color 

should persist for at least 15 seconds). The 

results obtained were expressed as milligrams 

of ascorbic acid per 100 g sample. 

Antioxidant Activity 

Preparation of Extract 

The extraction method was performed 

according to Xu et al. (2008) with minor 

modifications. Equal parts of pineapple 

sample paste were added to 80% acetone to 

purify the sample. The mixture was placed 

in a shaking incubator (Shellab Orbital 

Shaking Incubator S14, OR, USA) at 250 

rpm for 30 minutes at room temperature, and 

then centrifuged. The supernatant was used 

for the analysis of antioxidant activity. 

Total Polyphenol  

Total polyphenol content of the different 

maturity stages of the Sarawak pineapple 

fruit was determined using Folin–Ciocalteu 

assay modified to a microscale as described 

by George et al. (2015). A standard curve of 

gallic acid (y= 0.0057x, R
2
= 0.989) was 

prepared and results were reported as 

milligrams of Gallic Acid Equivalent (GAE) 

per 100 g of sample.  

DPPH Radical Scavenging Assay 

The DPPH assay is based on the method 

described by Bae and Suh (2007). A 

standard curve of ascorbic acid (y= 10.143x, 

R
2
= 0.9907) was prepared and results were 

reported as micrograms of Ascorbic Acid 

Equivalent (AAE) per g fruit sample. The 

radical scavenging activity was calculated 

accordingly: % DPPH inhibition= [Acontrol- 

(Asample/Acontrol)]×100 

Total Antioxidant Capacity  

The total antioxidant capacity of the 

different maturity stages of the Sarawak 

pineapple was measured via a 

spectrophotometric method described by 

Prieto et al. (1999). A standard curve of 

ascorbic acid (y= 0.0018x, R
2
= 0.9981) was 

prepared and results were reported as 

micrograms of Ascorbic Acid Equivalent 

(AAE) per mL fruit extract. 

Statistical Analysis 

The data obtained were subjected to 

statistical analysis using SPSS 19.0 software 

(SPSS Inc., IBM). Data were represented as 

mean values±Standard Deviation (SD). The 

significant differences between mean values of 

fruit samples were determined by Analysis Of 

Variance (one way-ANOVA) using Tukey’s 

HSD (Honestly Significant Difference) test at 

a significance level of P< 0.05.  

RESULTS AND DISCUSSION 

Fruit Growth 

Irregular meteorological conditions such 

as rainfall, air temperature, soil temperature, 
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Table 1. Meteorological conditions of different harvesting stages of Sarawak pineapple.  

Stages TR (mm) 
a
 AT (°C)

 b
 ST (°C)

 c
 ARH (%)

d
 SWC (%)

e
 

Stage I 220 ± 25
a
 28.0 ± 5

a
 29.5 ± 4

a
 79 ± 10

a
 46 ± 6

a
 

Stage II 235 ± 20
a
 26.0 ± 4

a
 28.0 ± 5

a
 74 ± 8

a
 50 ± 8

a
 

Stage III  215 ± 22
a
 27.5 ± 6

a
 29.0 ± 4

a
 80 ± 10

a
 48 ± 7

a
 

Stage IV 225 ± 25
a
 25.5 ± 5

a
 27.5 ± 5

a
 82 ± 10

a
 45 ± 7

a
 

Stage V 227 ± 20
a
 27.0 ± 4

a
 29.0 ± 4

a
 76 ± 8

a
 47 ± 6

a
 

a
 Total rainfall; 

b
 Air temperature; 

c
 Soil temperature; 

d
 Air relative humidity; 

e
 Soil water content. 

Values followed by different letters within the same column are significantly different.       

 

Figure 1. Fruit developmental of Sarawak pineapple. From left : (Stage I), (Stage II), (Stage III), 

(Stage IV), (Stage V). 

 

soil water content and relative humidity may 

affect the growth and development of fruits. 

However, there were no significant 

differences observed in the meteorological 

conditions during the period of this study. 

Therefore, meteorological conditions were 

not a factor of the growth and development 

pattern observed in this study (Table 1). The 

Sarawak pineapple exhibited a sigmoid type 

of growth pattern as measured by length, 

diameter, and fresh weight during fruit 

development (Figure 1 and 2). The growth 

pattern of the Sarawak pineapples was 

characterized by a slow growth phase at 

Stage I, which lasted for 4 weeks after 

anthesis, followed by an exponential increase 

of growth from Stage II to stage IV. The slow 

increase in fruit fresh weight, length, and 

diameter, especially during Stage I, were due 

to the low production of endogenous 

hormones such as auxins, gibberellins and 

cytokinins, which are responsible for the 

growth of fruit at young stages (Singh, 1998). 

However, there was no significant growth 

during Stage IV to stage V, which occurred 

during the 4
th
 and 5

th
 month after anthesis. 

The rapid growth of the pineapple fruits 

during Stage II may have been due to the 

production of hormones at the optimum level. 

The production of hormones decreases as the 

fruit matures (Ozga and Reinecke, 2003). 

Thus, fruit growth slowed down and became 

constant when the fruits matured during Stage 

V. The growth pattern of the Sarawak 

pineapple was similar to those observed by 

Dhar et al. (2008).  

Physical Characteristic 

Structural Changes 

The growth and development of the 

Sarawak pineapple from inflorescence to 

mature fruit resulted in a series of changes in 

its structure (Figure 3). An approximate 20  
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(a) 

 
(b) 

 
(c) 

Figure 2. Cumulative growth of Sarawak pineapple, (a) length, (b) diameter, (c) fresh 

weight of different harvesting stages. Values followed by different letters are significantly 

different (p < 0.05) (n = 20). 

 

 

Figure 3. Structural changes of the Sarawak Pineapple during growth and development. 

From left: (stage I); (stage II); (stage III); (stage IV); (stage V). 
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Figure 4. Gross morphological structure of the Sarawak Pineapple fruit. 

 Table 2. Physical properties (colour and firmness) of different harvesting stages of 

Sarawak pineapple. Values followed by different letters within the same column are 

significantly different (p < 0.05) (n = 20).  

Stages Color parameter
 a
 Pulp firmness 

L*  a* b* (kg f) 

Stage I 83.38 ± 0.08
a
 -2.80 ± 0.02

a
 18.28 ± 0.03

a
 0.92 ± 0.09

a
 

Stage II 80.56 ± 0.06
b
 -2.84 ± 0.03

a
 19.30 ± 0.05

b
 0.88 ± 0.07

a
 

Stage III 77.96 ± 0.04
c
 -2.90 ± 0.01

b
 20.25 ± 0.03

c
 0.81 ± 0.03

b
 

Stage IV 70.43 ± 0.03
d
 -3.28 ± 0.07

c
 23.44 ± 0.05

d
 0.53 ± 0.04

c
 

Stage V 67.69 ± 0.06
e
 -3.92 ± 0.04

d
 26.05 ± 0.06

e
 0.44 ± 0.06

d
 

a
 L* value of Lightness (brightness) , a*: value of Hue (Shade of colour), b*: value of chrome 

(saturation or vividness) 

fold increase in weight of the Sarawak 

pineapple was recorded which contributed to 

the changes in its structure. The increase in 

weight was similar to previous report of 

Smooth Cayenne pineapples (Krauss, 1948). 

Unlike other fruits, there was no floral 

abscission during development as the entire 

blossom developed into a fruitlet. Prominent 

structures in the mature Sarawak pineapple 

include the bract, sepal and ovary tissues 

(including the glands) (Figure 4). At stage I 

pineapples, the core makes up the majority 

of the Sarawak pineapple while the ovary, 

sepal and bract bases are not prominent. The 

shell of the pineapple was thickest at stage I 

and decreased gradually as the fruit 

developed. Enlargement was observed in the 

placenta bearing abortive ovules but far less 

proportional to that of the sepal tissue. This 

enlargement, which contributes to the 

increase in fresh weight of the fruit, is a 

result of continued growth by cellular 

division and expansion of adjacent tissues, 

especially of the septa (Bartholomew et al., 

2003). Increase in size and enlargement of 

prominent structures were most significant 

from stage I to stage IV, while minimal 

changes were observed as the fruit 

developed from stage IV to stage V.  

Color 

There was a significant change in pulp 

color of the five different maturity stages of 

the Sarawak pineapple. The pulp color 

became more intense and darker yellow as 

the fruit developed. Significant changes in 

Lightness (L*), redness/greenness (a*), as 

well as yellowness/blueness (b*) was also 

observed as the fruit developed (P≤ 0.05) 

(Table 2). An increase in the b* values of 

the pulp color was observed as the fruit 

developed, which contributed to the increase 

in the intensity of yellow color of the pulp. 

According to Purseglove (1972) the flesh of 

pineapples ranges from white to yellow, 

depending on the stage of maturity. The 
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Figure 5. Peel and Pulp moisture contents of Sarawak pineapple. Values followed by 

different letters within the same line are significantly different (p < 0.05) (n = 20). 

  

change in color from white to yellow in this 

study could be a result of biochemical 

changes such as accumulation of sugars and 

carotenoids (Okimoto, 1948).  

Pulp Firmness 

There were significant differences (P≤ 

0.05) in pulp firmness as the fruit developed 

and matured (Table 2). The pulp was firm 

with 0.88 kg f during stage I and the pulp 

firmness gradually decreased during 

development and maturation. The decrease 

in firmness was perhaps due to cell growth, 

including an increase in cell number and 

accumulation of water content during fruit 

development. A rapid reduction in pulp 

firmness was observed during stage IV to 

stage V. Previous studies have reported 

several factors that contribute to the 

softening in matured fruits prior to ripening. 

Sane et al. (2007) reported that the expansin 

genes were involved in the softening of 

mature Dwarf Cavendish banana fruits. 

Moreover, cell wall breakdown caused by 

the conversion of insoluble pectin into 

soluble forms is also a factor for loss of 

firmness (Verlent et al., 2005; Nikolic and 

Mojovic, 2007). Cell wall loosening and 

disintegration is caused by the 

depolymerization and solubilization of 

pectins, which ultimately results in fruit 

softening (Fischer and Bennett, 1991). 

Enzymatic cell wall pectin degradation is 

catalyzed by various pectinases, such as 

PectinMethylEsterase (PME) and 

PolyGalacturonase (PG) (Adams, 1991).  

Chemical Characteristics  

Moisture Content 

The moisture content of the peel and pulp 

of the Sarawak pineapple exhibited opposite 

trends during development (Figure 5). An 

increasing trend was observed in the pulp of 

the pineapple while a decreasing trend was 

observed in the peel of the fruit. A total 

decrease of up to 8% in the peel was 

observed while an increase of up to 5.5% 

was observed in the pulp as the pineapple 

developed. This phenomenon may have 

been caused by changes in the osmotic 

pressure of the fruit. Water has the tendency 

of moving from the peel to the pulp (Asiedu, 

1987). Furthermore, water is often lost from 

the peel through transpiration as the fruit 

develops.  

pH 

The pH of Sarawak pineapple decreased as 

the fruit developed (Table 3). The pH 

decreased gradually and was at the lowest at 

stage V with a mean pH of 3.88±0.18. pH is 

an internal ripeness indicator and can be 

used as a destructive measurement for 

determination of the best harvesting period 

(Vinson et al., 2010). The pH of the 

Sarawak pineapple observed in this study 

was higher than that of the pineapple 
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Table 3. Chemical changes in Sarawak pineapple during growth and development. Values 

followed by different letters within the same column are significantly different (p < 0.05) (n = 20). 

Stages pH  Total Soluble Solids (TSS, °Brix)   Titratable Acidity (%TA) 

Stage I 5.41 ± 0.22
a
 4.8 ± 0.15

a
 0.2 ± 0.09a 

Stage II 4.83 ± 0.21
b
 6.2 ± 0.23

b
 0.31 ± 0.07

b
 

Stage III 4.52 ± 0.28
b
 8.3 ± 0.37

c
 0.86 ± 0.06

c
 

Stage IV 4.08 ± 0.13
c
 10.9 ± 0.18

d
 1.23 ± 0.03

d
 

Stage V 3.88 ± 0.18
c
 12.7 ± 0.52

e
 1.44 ± 0.02

e
 

  

cultivars Cayenne, Abachi, Queen, Natal, 

and N36, whilst being lower than the Red 

Spanish cultivar (Nadzirah et al., 2013).  

Total Soluble Solids (TSSs) 

The total soluble solids content increased 

as the Sarawak pineapple developed (Table 

3). An increase of up to 2.6 times was 

observed in the total soluble solids at the 

final stage (V) of pineapples as compared to 

stage I. Previous researches suggest that 

during the development of fruits, the total 

sugar content increases progressively 

throughout maturation and ripening (Beltran 

and Macklin, 1962; Winsor et al., 1962). 

Hence, the increase in the total soluble 

solids of the Sarawak pineapple may be due 

to the increase of total sugar content which 

makes up about half of the water soluble 

portion of fruit dry matter (Davies and 

Hobson, 1981). High TSS content is a 

desirable fruit characteristic for processed 

fruit (Ercisli, 2007), which makes the 

pineapple with its considerably high TSS 

content of about 12.7 °Brix in mature fruits 

suitable for processing. Moreover, the ‘flesh 

brix’ determination is a reliable way of 

establishing the maturity and the best time of 

harvest. A minimum of 12 °Brix or 12% 

total soluble solids is required to guarantee 

consumer acceptance (Coppens 

d’Eeckenbrugge et al., 1997). The total 

soluble solids content of the pineapple 

observed in this study was higher than 

pineapple cultivars such as the Red Spanish, 

Cayenne and Abachi (Miller, 1950) while 

being lower than the Mauritius, Winter, 

Queen and Natal pineapple cultivars 

(Wijesinghe and Sarananda, 2002; Lu et al., 

2011).  

Titratable Acidity (TA) 

The titratable acidity of the pineapple 

increased as the fruits developed (Table 3). 

The titratable acidity increased from 0.2% in 

stage I to 1.44 % in stage V. Increasing trend 

of titratable acidity in the Sarawak pineapple 

as the fruit develops is in agreement with 

previous research on strawberry and mulberry 

(Mahmood et al., 2012). Tritratable acidity is 

responsible for the distinct sour taste and 

flavor of most fruits (Yamaki, 1989) and is 

often regarded as a reliable indicator to 

evaluate the overall quality of fruits (Bhat et 

al., 2011). High titratable acidity in the 

Sarawak pineapple contributes to its distinct 

sour taste and flavor. On the contrary, it is 

suggested by a previous study that, after 

maturation and as the fruit ripens, a noticeable 

decrease in titratable acidity of pineapples is 

observed (Dhar et al., 2008). This reduction of 

titratable acidity might be due to the utilization 

of these constituent acids (citric and malic 

acid) in the fruit respiratory process (Nagar, 

1994). The titratable acidity of the Sarawak 

pineapple observed in this study was higher 

than the Red Spanish, Cayenne, Abachi, 

Queen, Natal, Mauritius, Winter and the N36 

pineapple cultivars (Wijesinghe and 

Sarananda, 2002; Lu et al., 2011; Nadzirah et 

al., 2013).  

Ascorbic Acid Content 

Ascorbic acid is one of the most abundant 

antioxidants in plants and is a cofactor of 
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Figure 6: Ascorbic acid content of different maturity stages of Sarawak Pineapple. Values 

followed by different letters are significantly different (p < 0.05) (n = 20).   

  

many plant dioxygenases. Ascorbic acid is 

also known to play important regulatory 

roles indirectly throughout the entire body 

due to its involvement in the synthesis of 

hormones, hormone-releasing factors, and 

neurotransmitters (Groff et al., 1995; 

Jacoba, 1999). In this study, a significant 

decrease was observed in the ascorbic acid 

content of the different maturity stages of 

the Sarawak pineapple (Figure 6). The 

ascorbic acid content of the Sarawak 

pineapple decreased from 26.75 to 17.98 mg 

10 g
-1

 recording a loss of 32.79%. The most 

significant reduction was seen as the fruit 

developed from stage III to stage IV 

(16.99%). A decrease in ascorbic acid 

content in the Sarawak pineapple observed 

is similar to the observation in other fruits 

such as apples (Davey and Keulemans, 

2004; Davey et al., 2007). The decrease may 

be attributed to sink-source relations within 

the plant. Ascorbic acid gains access to the 

fruit through the vasculature, and diffuses 

from that point. As the fruit develops and 

matures, it is plausible that it utilizes less 

ascorbic acid. This leads to a decrease in the 

import of ascorbic acid from the plant and 

the decrease is apparent in matured fruits 

(Felicetti et al., 2010). In addition, 

Selvarajah et al. (2001) and Vilaplana et al. 

(2006) suggested that ethylene may be 

involved in the metabolism of ascorbic acid. 

This explains the loss of ascorbic acid in 

matured fruits as the production of ethylene 

increases as the fruit matures (Vanoli et al., 

2007). The ascorbic acid content of the 

matured (Stage V) pineapple observed in 

this study was higher than other pineapple 

cultivars, namely, the Red Spanish, 

Cayenne, Abachi, Queen, Natal, and the 

Winter pineapple (Lu et. al., 2011).  

Antioxidant Activity 

Phenolic compounds are one of the major 

contributors to antioxidant activity in fruits. 

Polyphenols possess several biological 

properties and exhibit anticancer, 

antioxidant, antiviral and anti-inflammatory 

actions (Alothman et al., 2009). In this 

study, a significant decrease in the total 

polyphenol content was observed as the fruit 

developed, with stage V recording the 

lowest i.e. 38.83 mg GAE 100 g
-1

 (Table 4). 

A decrease in total polyphenol content of up 

to 34.3% was observed as the Sarawak 

pineapple matured. Likewise, Wang et al. 

(2009) observed a decrease in phenolic 

compounds as the fruit developed. They 

reported that the total phenolic content in 

raspberry showed a decrease from the 5% 

green to the 100% ripe stage and concluded 

that fruits harvested at their greener stages (5 

and 20%) consistently yielded higher 

antioxidant activities and total phenolics 

than those harvested during the 50–80% 

mature stages.  
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Table 4: Antioxidant acitivity in Sarawak pineapple during growth and development. Values followed 

by different letters within the same column are significantly different (p < 0.05) (n = 20). 

 Stages Total polyphenol content  

(mg GAE 100 g
-1

) 

DPPH radical scavenging sctivity  

(µg AAE g
-1

)   

Total antioxidant capacity 

(µg AAE g
-1

) 

Stage I 64.07 ± 2.04a  5.96 ± 0.22a 187.78 ± 10.94a 

Stage II 59.42 ± 1.08
b 

 6.50 ± 0.18
b
 200.00 ± 7.84

a
 

Stage III 51.89 ± 1.16
c 

 7.85 ± 0.19
c
 242.22 ± 7.78

b
 

Stage IV 46.54 ± 1.5
d
 8.89 ± 0.20

d
 425.74 ± 14.21

c
 

Stage V 38.83 ± 1.57
e
  9.31 ± 0.17

e
 539.26 ± 14.87

d
 

 

A total increase of up to 56% in the DPPH 

radical scavenging activity was observed as 

the Sarawak pineapple developed from stage 

I to stage V, with the most significant 

increase from stage II to stage III (Table 4). 

The radical scavenging activity increased 

from 6.50 µg AAE g-
1
 in stage II to7.85 µg 

AAE g
-1

 in stage III, an increase of up to 

21%. DPPH radicals are often used in the 

investigation of natural compounds 

scavenging (Salmanian, 2014).The DPPH 

radical scavenging assay further confirms 

the antioxidant activity in the Sarawak 

pineapple.  

Total antioxidant capacity analysis was 

carried out via quantitation of antioxidant 

capacity through the formation of a 

phosphomolybdenum complex (Gupta and 

Sharma, 2006). The total antioxidant 

capacity test quantifies antioxidant capacity 

of water and fat soluble compounds 

(Nedamani, 2014). An overall increase of up 

to 1.87 times was observed from stage I 

(187.78 µg AAE g
-1

) to stage V (539.26 µg 

AAE g
-1

) in the total antioxidant capacity. 

The highest increase was observed as the 

Sarawak pineapple developed from stage III 

(242.22 µg AAE g
-1

) to stage IV (425.74 µg 

AAE g
-1

), recording an increase of 75.77%. 

Results suggest that the best harvesting 

period for the Sarawak pineapple would be 

at stage V (five months after anthesis).  

CONCLUSION 

The Sarawak pineapple exhibited a 

sigmoid type of growth pattern during fruit 

development. The pulp firmness decreased 

while the total soluble solids increased as the 

fruit developed, thus, improving its edibility 

and acceptability to the consumers. A 

reduction in pH and an increase in titratable 

acidity contributed to the distinct flavor and 

taste of the Sarawak pineapple. While 

ascorbic acid content decreased during 

growth and development, the overall 

antioxidant activity increased in the fruit, 

suggesting a later period of harvesting as the 

most appropriate. The changes that occurred 

extrinsically as well as intrinsically suggest 

that the best time for harvesting the Sarawak 

pineapple is five months after anthesis.  

ACKNOWLEDGEMENTS 

The authors would like to thank the 

University of Malaya Postgraduate Research 

Fund PG104-2013A and Lembaga 

Perindustrian Nanas Malaysia for supporting 

this research.  

REFERENCES 

1. Adams, J. B. 1991. Review: Enzyme 

Inactivation during Heat Processing of 

Food-stuffs. Int. J. Food Sci. Tech., 26(1): 

1–20. 

2. Alothman, M., Bhat, R. and Karim, A. A. 

2009. UV Radiation-induced Changes of 

Antioxidant Capacity of Fresh-cut Tropical 

Fruits. Innov. Food Sci. Emerg., 10(4): 512–

516.  

3. Anonymous. 2010. Malaysian Pineapple 

Industry Board 2010. Report of Pineapple 

Production Statistics According to Variety.  

4. Asiedu, J. J. 1987. Physicochemical 

Changes in Plantain (Musa paradisiaca) 



Physicochemical Changes in Pineapple during Growth _____________________________  

501 

during Ripening and the Effect of Degree of 

Ripeness on Drying. Trop. Sci., 27: 249–

260. 

5. Bae, S. H. and Suh, H. J. 2007. Antioxidant 

Activities of Five Different Mulberry 

Cultivars in Korea. LWT–Food Sci. 

Technol., 40(6): 955–962. 

6. Bartholomew, D. P., Paull, R. E. and 

Rohrbach, K. G. 2003. The Pineapple: 

Botany, Production and Uses. CABI 

Publishing, Wallingford, UK, PP. 1-301. 

7. Beltran, E. G. and Macklin, K. E. 1962. On 

the Chemistry of the Tomato and Tomato 

Products: A Review of the Literature (1945-

1961). Thomas J. Lipton, Hoboken, NJ. 

8. Bhat, R., Ameran, S. B., Voon, H. C., 

Karim, A. A. and Tze, L. M. 2011. Quality 

Attributes of Starfruit (Averrhoa 

carambola L.) Juice Treated with Ultraviolet 

Radiation. Food Chem., 127(2): 641–644. 

9. Coppens d’Eeckenbrugge, G., Leal, F. and 

Duval, M. F. 1997. Germplasm Resources of 

Pineapple. Hortic. Rev., 21: 133-175.  

10. Davey, M. W. and Keulemans, J. 2004. 

Determining the Potential to Breed for 

Enhanced Antioxidant Status in Malus: 

Mean Inter- and Intravarietal Fruit Vitamin 

C and Glutathione Contents at Harvest and 

Their Evolution during Storage. J. Agric. 

Food Chem., 52(26): 8031–8038. 

11. Davey, M. W., Auwerkerken, A. and 

Keulemans, J. 2007. Relationship of Apple 

Vitamin C and Antioxidant Contents to 

Harvest Date and Postharvest Pathogen 

Infection. J. Sci. Food Agric., 87(5): 802–

813. 

12. Davies, J. N. and Hobson, G. E. 1981. The 

Constituents of Tomato Fruit the Influence 

of Environment, Nutrition and Genotype. 

Crit. Rev. Food Sci. Nutr., 15(3): 205-280. 

13. De Poel, B. V., Ceusters, J. and De Proft, M. 

P. 2009. Determination of Pineapple 

(Ananas comosus, MD-2 Hybrid Cultivar) 

Plant Maturity, the Efficiency of Flowering 

Induction Agents and the Use of Activated 

Carbon. Sci. Hort., 120(1): 58–63.  

14. Dhar, M., Rahman, S. M. and Sayem, S. M. 

2008. Maturity and Post-harvest Study of 

Pineapple with Quality and Shelf-life under 

Red Soil. Int. J. Sustain. Crop Prod., 3(2): 

69-75. 

15. Ercisli, S. 2007. Chemical Composition of 

Fruits in Some Rose (Rosa spp.) Species. 

Food Chem., 104(4): 1379–1384. 

16. FAO. 2012. Pineapple Production Statistics 

2010. http://apps.fao.org 

17. Felicetti, E. and Maththeis, J. P. 2010. 

Quantification and Histochemical 

Localization of Ascorbic Acid in 

‘Delicious’, ‘Golden Delicious’, and ‘Fuji’ 

Apple Fruit during On-tree Development 

and Cold Storage. Postharvest Biol. 

Technol., 56(1): 56–63.  

18. Fischer, R. L. and Bennett, A. B. 1991. Role 

of Cell Wall Hydrolases in Fruit Ripening. 

Annu. Rev. Plant Physiol. Plant Mol. 

Biol., 42: 675–703. 

19. George, D. S., Razali, Z., Santhirasegaram, 

V. and Somasundram, C. 2015. Effects of 

Ultraviolet Light (UV-C) and Heat 

Treatment on the Quality of Fresh-cut 

Chokanan Mango and Josephine Pineapple. 

J. Food Sci., 80(2): S426-S434.  

20. Groff, J. L., Gropper, S. S. and Hunt, S. M. 

1995. The Water Soluble Vitamins Advanced 

Nutrition and Human Metabolism. West 

Publishing Company, Minneapolis, PP. 222–

231.  

21. Gupta, V. K. and Sharma, S. K. 2006. Plants 

as Natural Antioxidants. Nat. Prod. 

Radiance, 5(4): 326-334.  

22. Jacoba, R. A. 1999. Vitamin C. Modern 

Nutrition in Health and Disease. 9
th

, edition, 

Williams and Wilkins, Baltimore, PP. 467–

473.  

23. Jaman, O. 2009. Peat Soils Utilisation and 

the Performance of Crops on Peat Soils. 

Paper Presented during the Soils Course for 

Research Officers and Agriculture Officers 

at Union YES Retreat, Lundu, Sarawak. 

24. Joy, P. P. 2010. Benefits and Uses of 

Pineapple. Pineapple Research Station, 

Kerala Agricultural University, 

Vazhakulam-686 670, Muvattupuzha, 

Ernakulam District, Kerala, India. 

25. Krauss, B. H. 1948. Anatomy of the 

Vegetative Organs of the Pineapple, Ananas 

comosus (L.) Merr. I. Introduction 

Organography, the Stem, and the Lateral 

Branch or Axillary Buds. Bot. Gaz., 110(2): 

159-217.  

26. Lu, X., Sun, D., Li, Y., Shi, W. and Sun, G. 

2011. Pre- and Post-harvest Salicylic Acid 

Treatments Alleviate Internal Browning and 

Maintain Quality of Winter Pineapple Fruit. 

Sci. Hort., 130(1): 97–101.  

27. Mahmood, T., Anwar, F., Abbas, M. and 

Saari, N. 2012. Effect of Maturity on 

Phenolics (Phenolic acids and Flavonoids) 



  _______________________________________________________________ Soloman George et al. 

502 

Profile of Strawberry Cultivars and 

Mulberry Species from Pakistan. Int. J. Mol. 

Sci., 13(4): 4591-607. 

28. Medina, J. D. and Garcia, H. S. 2005. 

Pineapples. 

http://www.fao.org/es/ESC/en/20953/21038/

index.html. 

http://www.fao.org/inpho/content/compend/t

ext/ch33/AE614e01.html. Retrieved on: 

26.3.2014 

29. Miller, V. E. 1950. Physiological Studies of 

the Fruits of the Pineapple [Ananas comosus 

(L.) Merr.] with Special Reference to 

Physiological Breakdown. Plant Physiol., 

26(1): 66-75. 

30. Nadzirah, K. Z., Zainal, S., Noriham, A., 

Normah, I., Siti Roha, A. M. and Nadya, H. 

2013. Physico-chemical Properties of 

Pineapple Variety N36 Harvested and Stored 

at Different Maturity Stages. Food Res., 

20(1): 225-231.  

31. Nagar, P. K. 1994. Effect of Some Ripening 

Retardants on Fruit Softening Enzymes of 

Kinnow Mandarin Fruits. Indian J. Plant 

Physi., 37(2): 122. 

32. Nedamani, E. R., Mahoonak, A. S., 

Ghorbani, M. and Kashaninejad, M. 2014. 

Antioxidant Properties of Individual vs. 

Combined Extracts of Rosemary Leaves and 

Oak Fruit. J. Agr. Sci. Tech., 16: 1575-1586.  

33. Nikolic, M. V. and Mojovic, L. 2007. 

Hydrolysis of Apple Pectin by the 

Coordinated Activity of Pectic Enzymes. 

Food Chem., 101(1): 1–9. 

34. Okimoto, M. C. 1948. Anatomy and 

Histology of the Pineapple Inflorescence and 

Fruit. Bot. Gaz., 110(2): 217-231.  

35. Ozga, J. A. and Reinecke, D. M. 2003. 

Hormonal Interactions in Fruit 

Development. J. Plant Growth Regul., 

22(1): 73–81. 

36. Prieto, P., Pineda, M. and Aguilar, M. 1999. 

Spectrophotometric Quantitation of 

Antioxidant Capacity through the Formation 

of a Phosphomolybdenum Complex: 

Specific Application to the Determination of 

Vitamin E. Anal. Biochem., 269(2): 337–

341. 

37. Purseglove, J. W. 1972. Tropical Crops. 

Monocotyledons. Longman, London, PP. 75-

91. 

38. Ranganna, S. 1977. Chapter 5: ascorbic acid, 

in: “Manual of Analysis of Fruit and 

Vegetable Products” (Ed.): S. Ranganna, 

Tata McGrawHill Publishing Company, 

New Dehli, pp. 94–96. 

39. Rosnah, S., Wan Ramli, W., Mohd Sobri, T. 

and Osman, H., 2009. Physico-mechanical 

Properties of the Josaphine Pineapple Fruits. 

Pertanika J. Sci. Technol., 17(1): 117-123. 

40. Sadler, G. D., Murphy, P. A. 2010. pH and 

titratable acidity, in: S.S. Nielsen (Ed.), 

Food Analysis, fourth ed., Springer, New 

York, pp. 231–233. 

41. Salmanian, S., Mahonaak, A. R. S., Alami, 

M. and Ghorbani, M. 2014. Phenolic 

Content, Antiradical, Antioxidant, and 

Antibacterial Properties of Hawthorn 

(Crataegus elbursensis) Seed and Pulp 

Extract. J. Agr. Sci. Tech., 16: 343-354.   

42. Sane, V. A., Sane, A. P. and Nath, P. 2007. 

Multiple forms of α-Expansin Genes are 

Expressed during Banana Fruit Ripening and 

Development. Postharvest Biol. Technol., 

45(2): 184–192. 

43. Sanewski, G. M. 1998. The Australian 

Pineapple Fresh Market Breeding Program. 

In: Abstracts of 3
rd

 Intl. Pineapple 

Symposium, Department of Agriculture, 17-

20 November, 1998, Pattaya, Thailand, 51 

PP. 

44. Sanewski, G. and Scott, C. 2000. The 

Australian pineapple Industry. 

Subhadrabandhu, S and Chairidchai P eds, 

International Society for Horticultural 

Science, Pattaya Thaiand, pp. 53-55.   

45. Selvarajah, S., Bauchot, A. D. and John, P. 

2001. Internal Browning in Cold-stored 

Pineapples is Suppressed by a Postharvest 

Application of 1-Methylcyclopropene. 

Postharvest Biol. Technol., 23(2): 167–170. 

46. Singh, R., 1998. Fruits. National Book Trust 

of India, Green Park, New Delhi. 

47. Vanoli, M.,  Eccher Zerbini, P., Grassi, M.,  

Jacob, S., Rizzolo, A.,  Torricelli, A.,  

Spinelli, L. and Cubeddu, R. 2007. Ethylene 

Production in Nectarine Fruit of Different 

Maturity as Measured by Time-resolved 

Reflectance Spectroscopy. Advances in 

Plant Ethylene Research. Proceedings of the 

7
th

 International Symposium on the Plant 

Hormone Ethylene, Dordrecht, Netherlands, 

PP. 219-221. 

48. Verlent, I., Smout, C., Duvetter, T., 

Hendrickx, M. E. and van Loey, A. 2005. 

Effect of Temperature and Pressure on the 

Activity of Purified Tomato 

Polygalacturonase in the Presence of Pectins 

with Different Patterns of Methyl 



Physicochemical Changes in Pineapple during Growth _____________________________  

503 

Esterification. Innov. Food Sci. Emerg. 

Tech., 6(3): 293–303. 

49. Vilaplana, R., Valentines, M. C., Toivonen, 

P. and Larrigaudière, C. 2006. Antioxidant 

Potential and Peroxidative State of ‘Golden 

Smoothee’ Apples Treated with 1-

Methylcyclopropene. J. Am. Soc. Hortic. 

Sci., 131(1): 104–109. 

50. Vinson, E. L., Woods, F. M., Kemble, J. M., 

Perkins-Veazie, P., Davis, A. and Kessler, J. 

R. 2010. Use of External Indicators to 

Predict Maturity of Mini-watermelon Fruit. 

HortSci., 45(7): 1034-1037. 

51. Wang, S. Y., Chen, C. T. and Wang, C. Y. 

2009. The Influence of Light and Maturity 

on Fruit Quality and Flavonoid Content of 

Red Raspberries. Food Chem., 112(3): 676–

684.  

52. Wijesinghe, W. A. J. P. and Sarananda, K. 

H. 2002. Postharvest Quality of ‘Mauritius’ 

Pineapple and Reason for Reduced Quality. 

Int. J. Trop. Agric. Res. Ext., 5(1 and 2): 53-

56. 

53. Winsor, G. W., Davies, J. N. and Massey, D. 

M. 1962. Composition of Tomato Fruit. III. 

Juices from Whole Fruit and Locules at 

Different Stages of Ripeness. J. Sci. Food 

Agric., 13(2): 108-115. 

54. Xu, G., Liu, D., Chen, J., Ye, X., Maa, Y. 

and Shi, J. 2008. Juice Components and 

Antioxidant Capacity of Citrus Varieties 

Cultivated in China. Food Chem., 106(2): 

545-551. 

55. Yamaki, Y. T. 1989. Organic Acids in the 

Juice of Citrus Fruits. J. Jpn. Soc. Hortic. 

Sci., 58(3): 587-594. 

در  (Ananas comosus L. Merr. cv. Sarawak)تغييرات فيزيوشيميايي آناناس

  طي رشد و تكامل

  ، ز. رازالي، س. سوماسوندرامجورجد. سولومان 

  چكيده

درطي يك تا پنج ماه بعد از  Sarawakزيولوژيكي آناناس در اين پژوهش، ويژگي هاي فيزيكي و في

مرحله گلدهي بررسي شد.به اين منظور، تغييرات طول ميوه، قطر ميوه، رنگ بافت گوشت ميوه و سفتي 

)، كل جامدات محلول، كل اسيد ها، محتواي اسيد اسكوربيك و فعاليت هاي آنتي pHآن، واكنش(

) Sدر طي رشد ميوه به صورت سيگمويد ( Sarawakآناناس اكسيداني ميوه پايش شد. منحني رشد 

بود. با تكامل رشد ميوه، سفتي بافت گوشت كاهش يافت ولي كل جامدات محلول افزايش يافت و در 

) و افزايش كل pHنتيجه باعث افزايش خوش خوراكي و پسند مصرف كننده شد. با كاهش واكنش (

تقويت شد. از سوي ديگر، در طي رشد و تكامل ميوه ،  Sarawakآناناس اسيد ها، طعم و بوي ويژه 

مقدار اسكوربيك اسيد كم شد در حاليكه فعاليت هاي آنتي اكسيداني در ميوه افزايش يافت. اين امر 

حاكي از آن بود كه بهتر است ميوه دير تر برداشت شود. نتيجه اين كه با توجه به تغييرات بيروني و 

 Sarawakآناناس پژوهش مي توان گفت كه بهترين زمان براي برداشت دروني (ذاتي) ميوه در اين 

  پنج ماه پس از گلدهي و گرده افشاني است.

 
 


