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Abstract 

Recently, antioxidants derived from natural sources have gained wide interest worldwide due to their 
high medicinal values and industrial applications. Various factors have been reported to affect the 
antioxidant content in plants. This study aimed to analyze the effect of seedling size and flowering 
time on quality attributes and bioactivity of pineapple fruits, Ananas comosus L. var. Yankee. Free 
radical scavenging activities of the fruits produced from seedlings of different sizes (grades A, B and 
C), produced either through natural flowering or artificially induced flowering were investigated using 
DPPH, ABTS and FRAP assays. The methanolic extract of fruits from grade A seedlings showed the 
lowest IC50 value of ABTS radical and the highest FRAP value, indicating good scavenging activity. 
However, DPPH assays showed that fruits from grade C seedlings (either naturally produced or 
artificially induced) exhibited the highest scavenging activity against DPPH, compared to fruits from 
other seedling grades. Moreover, fruits from grade B seedlings produced from natural flowering 
showed significantly better antioxidant potential than fruits that were artificially induced. Other quality 
attributes such as fruit weight and length, total titratable acidity (TTA), amount of total soluble solid 
(TSS) and pH were also observed to be not significantly different among fruits produced from 
different seedling sizes, and their phytochemical constituents were also similar. These results 
suggested that A. comosus L. var. Yankee fruits contain various pharmacologically important 
phytoconstituents which can be further exploited for various uses. 

Keywords: Antioxidant, bioactivity, physical attributes, physicochemical analysis, secondary 
metabolites 
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INTRODUCTION 

Ananas comosus (L.) Merr. or commonly known as pineapple is 

cultivated mostly in tropical and subtropical countries as well as in 

several mild climate regions. It is recognized as the third most 

important tropical crop after banana and mango (Ogata et al., 2016). 

Pineapple is a rich source of proteolytic enzyme known as bromelain 

which is found either in the stem or fruit of the plant and is widely 

used in food industry, such as for baking, to avoid browning of apples 

(Kaur et al., 2015), as meat tenderizer (Carlier et al., 2007, Kaur et 

al., 2015)  and has also been used in the textile industry to improve 

dyeing properties of protein fibers (Kaur et al., 2015, Koh et al., 

2006). Pineapple is also reported to have therapeutic effects such as 

anti-inflammatory and analgesic activity (Sudjarwo, 2005), anti-

cancer (Chobotova et al., 2010) and promote wound healing 

(Rosenberg et al., 2004), thus making it widely used in medical and 

pharmaceutical industries (Hebbar et al., 2008).  

Pineapple is a perennial, herbaceous monocotyledon 

(d’Eeckenbrugge et al., 2011) which is mainly vegetatively 

propagated, by stem suckers, peduncle slips or fruit crowns (Carlier et 

al., 2007). The sucker is the buds at the axils of leaves that will 

elongate to form lateral branches whereas slips are the grow-out buds 

in the axils of short, modified leaves below the inflorescence (Carr, 

2014). Slips are the shoots produced on the peduncle at the base of the 

fruits whereas crowns are usually produced at the top of the fruits 

(Hepton, 2003). Seed size is one the main criteria of seed selection, 

which will affect the seed growth vigor (Shirin et al., 2008), crops 

performance (Adebisi et al., 2011), seed germination and emergence 

(Kaydan and Yagmur, 2008). These factors have therefore rendered 

seed size to be directly related to agronomical aspects in the farming 

of diverse crop species (Kaydan and Yagmur, 2008). Besides, seed 

size is widely accepted as a measure of seed quality. An increase in 

yield and vigorous seedling growth were reported in corn when bigger 

seed size was used (Enayat Gholizadeh et al., 2014). It was proposed 

that plants derived from larger seeds produced better yield due to 
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better vigor and the seeds’ ability to acquire a bigger proportion of 

plant growth factors than smaller seeds. Larger pineapple slips were 

observed to have better vegetative and productive performances 

compared to small slips, as well as showing more vigorous growth 

and producing higher yields (Reinhardt et al., 2003).  

Flowering in pineapple can occur naturally in relation to 

environmental factors such as the cooled temperature at night added 

with shortened daytime (Janick and Paull, 2008) and water content 

(Charrier, 2001) which stimulate the floral induction in a pineapple 

plant. The flowering of pineapple, however, can also be induced by 

growth regulators (Janick and Paull, 2008) under commercial 

cropping conditions. Since Ananas comosus is a strongly self-

incompatible species, pollination is unnecessary and their vegetative 

propagules are distributed either by animal or human or extreme 

environmental events such as flooding (d’Eeckenbrugge et al., 2011). 

Bromeliaceae species can be induced to flower by external treatments 

with ethylene, thus this practice is followed by commercial pineapple 

growers and farmers worldwide to achieve a synchronized flower and 

fruit development. This step is an important cultivation practice in 

pineapple farming as the fruit is of non-climacteric nature. Natural 

flowering which can occur before external ethylene-induced flowering 

produced unsynchronized flower and consequently fruit development. 

Thus, natural flowering is among the major agronomic problems 

encountered in pineapple cultivation, leading to yield losses besides 

suppressing the market supply (Van de Poel et al., 2009, Wang et al., 

2007).  

The tropical climates are the most suitable for cultivation of 

pineapple, mainly in the regions with low water availability 

(Cushman, 2005), thus causing Malaysia to become one of the most 

suitable countries for pineapple cultivation since the temperature of its 

lowlands ranges from  22°C to 33°C with the average daily 

temperature of 26.5°C (Mekhilef et al., 2012). In Malaysia, there are 

nine cultivars that are available in the market where Mauritius, 

Sarawak, Gandul, Maspine, N36 and Josapine are the mostly planted 

pineapple cultivars. Moris, Sarawak and Josapine are cultivated 

mainly for the local fresh fruit consumption whereas MD2 and N36 

are usually exported since it has a longer shelf life. At present, other 

pineapple variety such the ‘Yankee’ is growing in demand due to its 

very sweet taste and less-fibrous texture. In this study, the effect of 

seedling size on the occurrence of natural flowering in Ananas 

comosus (L.) Merr. var. Yankee was evaluated. Its effects on fruit 

quality attributes, bioactivity and phytochemical properties of the 

extracts were also investigated. 

 

EXPERIMENTAL 
 

Plant materials 
The pineapple plant, A. comosus var. Yankee used in this study 

were grown at Glami Lemi Biotechnology Research Centre, Jelebu, 

Negeri Sembilan, Malaysia using three different seedling sizes with 

planting density of 90 cm × 60 cm × 30 cm. The seedling sizes of the 

pineapple crops are divided into three grades (Grades A, B, and C) as 

described by Malaysian Pineapple Industrial Board (MPIB) (MPIB, 

2016) (Table 1).  

 
Table 1 Grade of pineapple seedlings based on size and 
measurements. 
 

Grade Size Measurement (cm) Measurement (inch) 

A Big 60 24 
B Medium 45 18 
C Small 30 12 

*Diameter of the seedlings core is between 10-15 cm. 

 

The plants were treated with two types of fertilizers; NPK (N – 

Nitrogen, P – Phosphorus, K – Potassium) granules and foliar sprays. 

NPK (15:15:15) fertilizer granules were applied at the rate of 20 g per 

plant at 1, 3, and 6 months after planting. A foliar fertilizer mix was 

sprayed two times at 1.5 months (640 g hydrated lime, 42 g copper 

sulphate, 42 g zinc sulphate and 21 g ferrous sulphate in 18 L water) 

and 4.5 months (added with 640 g urea in 18 L water) after planting. 

50 – 100 ml of foliar fertilizer mix was sprayed to each plant. 

The fruits produced from natural induction were harvested from 

June 2015 to August 2015 and stored at -80 °C until further analysis. 

Then, the pineapple plants were artificially induced to flower twice by 

using hormone ethephon on December 2015 and January 2016, 

according to MPIB guidelines (MPIB, 2016). After 3 – 4 months, 

mature fruits were harvested from March 2016 to April 2016 and kept 

in -80 °C until further analysis.    

 

Physical and physicochemical analysis 
The samples were randomly collected from the pineapple field 

and used for both physical and physicochemical analysis. The weight 

of fruit with the crown, crown and fruit (separate) were measured 

using an electronic balance. The diameter and length of the fruits were 

measured using a vernier calliper, while the diameter of the pineapple 

core was measured using a ruler. For physicochemical analysis, the 

pineapple flesh of fruits at Index 6 of ripening stage was used (MPIB, 

2016). Sample preparation for the physicochemical analysis was 

prepared according to standard procedure (Appiah et al., 2012), with 

some modifications. Briefly, 30 g of fresh fruit pulp and core of 

pineapple from three grades (A, B and C) were macerated in 90 mL 

distilled water by using laboratory blender for 2 min and filtered. The 

pH, TTA and TSS of the filtrate were measured according to the 

standard procedure described (Dadzie and Orchard, 1997, Appiah et 

al., 2012).  

 

Sample preparation  
The flesh of fruits for each grade (A, B and C) was cut and freeze-

dried. The freeze-dried fruits were subjected to solvent extraction 

using methanol. Briefly, 2 g of freeze-dried fruits were soaked in 60 

ml absolute methanol and ground using a mortar. Then, the sample 

mixture in solvent was kept on a rotary shaker at 100 rpm for 24 hours 

at room temperature (RT) followed by filtration using filter paper. The 

whole extraction procedure was repeated with the residue previously 

obtained. The filtrates were pooled and evaporated to dryness by 

using a rotary evaporator (45°C) (Kalaiselvi et al., 2012) to yield 

methanolic extract. The concentrated extract was adjusted to a 

concentration of 20 mg/ ml using absolute methanol before stored at -

20 °C until further analysis.  

For analysis of carotenoid content, 1.0 g of freeze-dried samples 

were rehydrated with 1.0 ml distilled water and soaked overnight at 

RT in 5 ml of acetone:methanol (7:3). Then, the sample mixture was 

vortexed and centrifuged at 13500 g for 2 min, where the supernatant 

was then transferred into a 50 ml graduated polypropylene centrifuge 

tubes covered with foil. The supernatant was centrifuged again at 

13500 g for 5 min to remove fine particulates. The supernatant was 

then collected and stored at 4 °C in the dark, prior to analysis. For 

extraction of carotenoids, 1:1 ratio of hexane and distilled water was 

added to the sample mixture, vortexed and centrifuged at 13500 g for 

1 min. The upper carotenoids layer was collected and dried under O2-

free nitrogen gas. Then, the vials were immediately capped, sealed 

with parafilm and stored at -80 °C until subsequent analysis. 

 

Total phenolic content  
Total phenolic content (TPC) of the extracts were quantified using 

Folin-Ciocalteu’s method according to the method described by 

Sulaiman and Ooi (2012). Folin-Ciocalteu’s reagent (25 µL) was 

added to 10 µL of methanolic extract (at six concentrations) in the 

well of a 96-well plate and incubated for 5 min at RT. Then, 25 µL of 

20% (w/v) Na2CO3 was added to the mixture, and the final volume 

was adjusted to 200 µL per well using distilled water. The absorbance 

was read at 760 nm against a blank (methanol) using a microplate 

reader after 30 min incubation at RT. The standard curve was plotted 

using gallic acid. Measurements were carried out in triplicate and the 

TPC was calculated based on the calibration curve obtained with the 

gallic acid standard. The TPC of the samples was expressed as mg of 

gallic acid equivalents (GAE) per g sample dry weight (DW).  

 

Total flavonoid content  
Total flavonoid content (TFC) of the fruit extracts were estimated 

using the aluminium chloride colorimetric method. Fruit methanolic 

extract (30 µL) was mixed with 180 µL distilled water, followed by 
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addition of 10 µL 5% NaNO3 and incubated at RT for 6 min. Then, 20 

µL of 10% AlCl3 was added, mixed well, and left to stand for further 6 

min. After that, 60 µL of 4% NaOH was added to each extract and 

incubated for 15 min at RT. The absorbance of the solution was read 

at 510 nm using a microplate reader. Measurements were carried out 

in triplicate and the TFC was calculated based on the calibration curve 

obtained with the gallic acid standard. The TFC of the samples was 

expressed as mg of gallic acid equivalents (GAE) per g sample dry 

weight (DW).  

Carotenoid content 
Quantification of carotenoid content was conducted using HPLC, 

on an Agilent 1200 series model that is comprised of micro vacuum 

degassers, a binary pump with autosampler injector, thermostatted 

column compartment and a diode array detector. Separation was done 

using HPLC column ZORBAX SB-C18 end capped (5 μm, 4.6 × 250 

mm) reverse phase column (Agilent Technologies, USA). The eluents 

used were; (A) acetonitrile:water (9:1 v/v) and (B) ethyl acetate. The 

solvent gradient used was as followed: 0-40% solvent B (0-20 min), 

40-60% solvent B (20-25 min), 60-100% solvent B (25-25.1 min), 

100% solvent B (25.1-35 min) and 100-0% solvent B (35-35.1 min) at 

a flow rate of 1.0 ml min-1. The column was allowed to re-equilibrate 

in 100% solvent A for 10 min prior to the next injection. The injection 

volume was 10 µL. The temperature of the column was kept at 20ºC. 

Carotenoid peaks were detected between the range of 350 to 550 nm. 

In this study, the fruit extracts were screened for 8 types of 

carotenoid; neoxanthin, violaxanthin, zeaxanthin, β-cryptoxanthin, α-

carotene, β-carotene, lycopene and lutein. 

Antioxidant capacities 
DPPH (2, 2-diphenyl-1-picrylhydrazyl)  

DPPH radical scavenging activity of the methanolic extracts was 

measured according to the method described by Sulaiman and Ooi 

(2012). Briefly, 150 µL DPPH solution (60 mM) was added to 50 µL 

of extract (at various concentration) in each well of the 96-well plate 

before incubation for 30 minutes at RT. As for blank, 50 µL of 

methanol was added to DPPH solution. The absorbance value was 

taken at 515 nm using a microplate reader at the end of the incubation 

period. All of the extracts were assayed in triplicate. The antioxidant 

capacity of the test extracts was expressed as IC50, which is the 

concentration necessary for 50% reduction of DPPH free radicals. 

ABTS (2, 2-azino-bis (3-ethylbenzotiazoline-6-sulfonic acid) 
ABTS scavenging activity assay was performed using the 

colorimetric method described by Chen et al. (2014) with slight 

modifications. ABTS radical cation was prepared by mixing 10 ml of 

7.4 mM ABTS solution with 10 ml 2.6 mM of K2S2O4 solution. This 

mixture was stored at RT in the dark room for 12-16 h before use. 

Prior to the assay, this mixture was diluted with double distilled water 

(ddH2O) until the absorbance was adjusted to 0.70 + 0.2 at 734 mM. 

A volume of 200 µL ABTS solution was added to 20 µL of sample. 

After incubation at RT for 30 minutes, the absorbance was measured 

at 734 nm. The assay was repeated in triplicate and the percentage of 

inhibition was calculated according to the formula:  

% inhibition = [(Ablank - Asample)/ (Ablank)] × 100 

The antioxidant capacity of the test extracts was expressed as IC50, 

which is the concentration necessary for 50% reduction of ABTS 

(Gülçin et al., 2011). 

FRAP (ferric reducing antioxidant power) 
The FRAP assay was conducted based on standard protocol 

(Benzie and Strain, 1996, Kong et al., 2012), with modifications. 

Three reagents were prepared prior to analysis; 300 mM acetate buffer 

(pH 3.6), 10 mM 2,4,6,tripyridyl-s-triazine (TPTZ) in 40 mM 

hydrochloric acid (HCl) and 20 mM iron chloride (FeCl3). FRAP 

reagent was prepared by mixing acetate buffer, TPTZ solution in 40 

mM HCL and 20 mM FeCl3 at a ratio 10:11 (v/ v/ v), respectively. 

Extract (10 µL) was added to 300 µL of FRAP reagent prior to 30 min 

incubation at 37°C. Subsequently, the absorbance was measured at 

593 nm. The FRAP values were calculated by constructing a 

calibration curve with aqueous solutions of known ferrous ion 

concentration (FeSO4.7H2O) and expressed as mmol Fe2+/100g 

sample (Müller et al., 2010). The antioxidant ability of the extract to 

reduce Fe (II)-2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) complex to Fe 

(II)-TPTZ resulting in intense blue colour is being linearly related to 

the amount of the antioxidant present (Gardner et al., 2000, Benzie 

and Strain, 1996).    

Phytochemical analysis 
The screening of other phytochemical constituents such as tannins 

and alkaloids in the fruit methanolic extracts was conducted according 

to standard method previously described (Solihah et al., 2012).  

Sensory analysis 
30 untrained panelists were involved to evaluate the organoleptic 

qualities of the ‘Yankee’ pineapple fruits produced from seedlings of 

different grades (A, B and C). Questionnaires were distributed to each 

of the panelists. Data analysis using Just-about-right (JAR) was used 

to analyze the preference of the panelists towards the samples tested, 

by calculating the frequencies of each attribute and combining 

frequencies in scale 1 with scale 2 and assuming it as the lowest 

preference, scale 3 as the middle preference, and combining 

frequencies of scale 4 with scale 5, assuming it as the highest 

preference by panelists. The data of frequencies is expressed in 

percentage of intensities of each attribute. A hedonic scale of 1-5 was 

used in the analysis to assess the panelists’ preference in 4 sensory 

attributes; flesh colour, flavor, firmness and level of acceptability. 

Statistical analysis 
All analyses were carried out in triplicate and the data was 

expressed as means + standard deviation (SD). One-way analysis of 

variance (ANOVA) followed by Duncan’s multiple range test 

(DMRT) was used to determine the significance of the differences 

between the means. Correlations were obtained by Pearson’s 

correlation coefficient (r) in bivariate linear correlation. 

RESULTS 

Physical and physicochemical analysis  
The effects of the seedling size on the physical characteristics of 

pineapple A. comosus var. Yankee fruits are depicted in Table 2. 

Seedling sizes significantly influence the physical characteristics of 

pineapple fruits except for crown weight. Based on Table 2, both 

fruits from Grade A seedlings exhibited the best quality attributes in 

terms of fruit weight, fruit length and also fruit width. However, the 

fruits produced by artificial means gave the best quality attributes in 

terms of fruit weight, fruit length and fruit width compared to the 

fruits produced through natural flowering.  

The fruit weight ranged from 200.48 g to 1441.90 g for the three 

seedling grades after flowering induction, heavier compared to fruit 

weight from natural flowering which ranged from 144.50 g to 377.33 

g. The fruit length ranged from 168.99 mm to 214.56 mm for fruits 

developed from induced flowering, longer compared to fruit length 

produced through natural flowering which ranged from 62.01 mm to 

111.04 mm. The fruits produced through induced flowering were also 

bigger with a fruit width ranging from 96.70 mm to 114.64 mm 

compared to fruits from natural flowering which ranged from 53.08 

mm to 78.38 mm.  
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Table 2 Physical characteristics of pineapple A. comosus var. Yankee fruits produced from seedlings of different grades. 

Samples 
Fruit weight 

(g) 
Fruit length 

(mm) 
Fruit width 

(mm) 
Core diameter 

(mm) 
Crown weight 

(g) 

Natural 
flowering 

A 377.33 ±     38.94 a 111.04 ± 14.11 b 78.38 ±   6.70 a 15.50 ±  3.08 a 135.17 ± 19.77 a 

B 248.25 ±    59.55 ab 89. 18 ± 16.18 b 68.21 ±   3.65 b 11.75 ±  3.77 a 82.75 ±   14.23 a 

C 144.50 ±      6.36 b 62.01 ±  2.12 a 53.08 ±   2.54 c 8.00 ±     0.00 b 143.50 ±   4.95 a 

Induced 
flowering 

A 1441.90 ± 516.84 a 214.56 ±  22.57 a 114.64 ± 9.27 a 20.99 ± 1.11 a 70.27 ±   13.91 b 

B 690.28 ± 218.28 ab 189.12 ± 34.60 b 104.00 ±    13.85 ab 19.20 ±   4.6 a 96.00 ±   48.03 ab 

C 200.48 ±   63.40 b 168.99 ± 20.55 b 96.70 ±    4.33 b 18.40 ± 3.80 a 104.80 ± 32.82 a 
* Data represent means ± SD. 
* Means followed by different letters in a column are significantly different at p<0.05, analyzed using ANOVA and Duncan’s Multiple Range test.  

Table 3 showed the physicochemical attributes of the fruits 

produced by different seedling sizes. Based on the results, the seedling 

size did not affect the physicochemical properties of the fruits since 

there is no significant variation in the data obtained. It was also shown 

that fruits from natural flowering exhibited higher TSS (total soluble 

solids) compared to fruits from induced flowering. However, the pH 

of fruits from natural flowering (for all seedling sizes) was more 

acidic compared to fruits from induced flowering. The TTA (total 

titratable acidity) was also higher in fruits from natural flowering than 

fruits from induced flowering.  

Table 3 pH, Total soluble solids (TSS), and titratable acidity (TTA) of 
pineapple A comosus var. Yankee fruits produced from seedlings of 
different grades. 

Samples pH TSS (˚Brix) 
TTA (% citric 

acid) 

Natural 
flowering 

A 3.664 ±  0.297 a  9.32 ± 1.12 b  1.72 ± 0.34 a  

B 3.687 ± 0.447 a  10.13 ± 0.85 ab  1.36 ± 0.17 a  

C 3.548 ± 0.068 a  11.70 ± 0.85 a  1.58 ± 0.01 a  

Induced 
flowering 

A 4.203 ± 0.066 a  8.80 ± 1.45 b  1.08 ± 0.14 a  

B 4.253 ± 0.200 a  10.61 ± 1.38 a  1.16 ± 0.25 a  

C 4.040 ± 0.138 b  9.58 ± 0.25 ab 1.20 ± 0.15 a  
* Data represent means ± SD. 
* Means followed by different letters in a column are significantly different at 
p<0.05, analyzed using ANOVA and Duncan’s Multiple Range test. 

Biochemical analysis  

Tables 4 and 5 showed the results of TPC, TFC, carotenoid 

content and antioxidant capacities determined by DPPH, ABTS and 

FRAP assays of pineapple A. comosus var. Yankee fruits extract 

produced from seedlings of different grades. Based on the results, the  

TPC, TFC and carotenoid content of fruits from natural flowering are 

the highest compared to fruits from induced flowering. The TPC of 

fruits from natural flowering ranged from 4.9319 mg GAE/100 g DW 

to 6.9969 mg GAE/100 g DW, whereas the TPC of fruits from 

induced flowering ranged from 3.8229 mg GAE/100 g DW to 4.5046 

mg GAE/100 g DW. Similar observations were recorded for TFC, 

where fruits from natural flowering showed higher TFC (5.5593 mg 

GAE/100 g DW to 10.4607 mg GAE/100 g DW) compared to fruits 

from induced flowering (3.6711 mg GAE/100 g DW to 6.5461 mg 

GAE/100 g DW). The extracts were also assessed for the presence of 

carotenoid compounds. Interestingly, only β-carotene was found in all 

the samples (Fig. 1), where fruits produced from Grade B seedlings 

showed the highest β-carotene in both categories (either from natural 

or induced flowering). 

Table 4 Total phenolic contents (TPC) and total flavonoid contents (TFC) and antioxidant capacities determined by DPPH, ABTS and FRAP assays 
of pineapple A. comosus var. Yankee fruits extract produced from seedlings of different grades. 

Samples 
TPC value 

(mg GAE/ 100g DW) 
TFC value 

(mg GAE/ 100g DW) 
β-carotene content  

(µg/g DW) 

Natural 
flowering 

A 6.9969 ± 0.0034
a

10.4607 ± 0.0097
a

3.41 ± 0.69 ab 

B 4.9319 ± 0.0030 
c

6.8751 ± 0.03693 b  4.09 ± 0.96 b 

C 5.8130 ± 0.0024
b

5.5593 ± 0.0231 
b

2.41 ± 1.04 ab 

Induced 
flowering 

A 4.0234 ± 0.0002
b

6.5461 ± 0.0261
b

1.36 ± 0.18 a 

B 4.5046 ± 0.0024
c

3.6711 ± 0.0356
a

2.45 ± 0.30 ab 

C 3.8229 ± 0.0023
a

6.1185 ± 0.0167
ab

1.17 ± 0.29 a 

*Data represent means ± SD. 
*Means followed by different letters in a column are significantly different at p<0.05, analyzed using ANOVA and Duncan’s Multiple Range test.  

Table 5 Total phenolic contents (TPC) and total flavonoid contents (TFC) and antioxidant capacities determined by DPPH, ABTS and FRAP assays 
of pineapple A. comosus var. Yankee fruits extract produced from seedlings of different grades. 

Samples 
DPPH, IC50

(mg/ mL) 
ABTS, IC50

  
(mg/ mL) 

FRAP
(mmol FE/ 100g DW) 

Natural 
flowering 

A 3.2428 ±  0.3740 b 3.4034 ± 0.0760
b

5.3634 ± 0.4235
a

B 5.1950 ± 0.1281 a 5.4971  ± 0.0906 
a

0.5119  ± 0.0139 
b

C 1.4162 ± 0.0768 c 4.7769 ± 0.1193
b

0.4493 ± 0.0227 
b

Induced 
flowering 

A 3.7116 ± 0.2132 b 7.2423 ± 0.5589 
a

0.2598 ± 0.0306
b

B 5.4810 ± 0.6115 a 7.3309 ± 0.0229
a

0.6708 ± 0.2141
a

C 2.7249 ± 0.0844 c 6.6261 ± 0.4203
a

0.4666 ± 0.1447
ab

*Data represent means ± SD. 
*Means followed by different letters in a column are significantly different at p<0.05, analyzed using ANOVA and Duncan’s Multiple Range test.  
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Fig. 1 An example of HPLC chromatrogram showing the presence of β-
carotenoid in methanolic extract of pineapple fruit produced from Grade 
A seedlings. 

Fruits produced from natural flowering exhibited lower IC50 than 

fruits from induced flowering, indicating better scavenging capacity 

against DPPH radical. Similarly, ABTS assay also showed lower IC50

values in fruits from natural flowering compared to fruits from 

induced flowering. On the other hand, the FRAP assay determine the 

ability of the compounds present in the extracts to reduce Fe3+ to Fe2+. 

The FRAP values ranged from to 0.4493 mmol FE/100 g DW to 

5.3634 mmol FE/100 g DW for fruits from natural flowering and 

ranged from 0.2598 mmol FE/100 g DW to 0.6708 mmol FE/100 g 

DW for fruits from induced flowering. The antioxidant capacity 

determined by FRAP assay in decreasing order is as followed: Grade 

A (NF) > Grade B (IF) > Grade B (NF) > Grade C (IF) > Grade C (IF) 

> Grade A (IF).  

In order to establish the influence of TPC, TFC, carotenoid 

content and seedling size on individual antioxidant activity, 

correlation studies were also carried out. From Table 6, correlation 

studies based on Pearson’s correlation coefficients between the 

variables showed that, TPC and TFC were strongly correlated with 

ABTS (r = 0.924 and r = 0.701), where increasing TPC and TFC in 

the fruits will significantly decrease the ABTS IC50 value (p<0.01). A 

strong correlation between TPC and TFC with FRAP (r = 0.802 and r 

= 0.731 respectively) was also observed, where increasing TPC and 

TFC in the fruits will significantly increase the FRAP values (p<0.01). 

However, the correlation between TPC and TFC with DPPH is not 

significant.  

Table 6 Pearson’s correlation coefficients between the variables. 

Variables 
Seedling 

size 
TPC TFC 

Carotenoid 
content 

Seedling 
size 

N/A 0.256 0.472* 0.172 

DPPH, IC50 0.404 -0.268 -0.180 0.251 
ABTS, IC50 -0.108 -0.924** -0.701** -0.448 

FRAP 0.524* 0.802** 0.731** 0.339 
Strength indicator: Weak (0.1 to 0.3), Moderate (0.3 to 0.5), Strong (0.5 to 1.0) 
** Correlation is significant at the 0.01 level. 
* Correlation is significant at the 0.05 level. 
N/A not available. 

On the other hand, seedling size was found to significantly affect 

TFC. In this study, a moderate correlation was observed between 

seedling size and total flavonoid content, where the increase in 

seedling size will significantly increase TFC of the fruits (p<0.05). 

Moreover, a strong correlation between seedling size and FRAP value 

was also observed, where the increase in seedling size will 

significantly increase the FRAP value of the fruits (p<0.05). However, 

no significant correlation was found between the carotenoid content 

and antioxidant activities of the fruits. 

Sensory analysis 

Fig. 2 shows the preference percentage of various sensory 

attributes of fruits derived from Grade A, Grade B and Grade C 

seedlings as evaluated by 30 panelists. Based on the results, the 

overall acceptability of pineapple fruits derived from Grade A 

seedlings is the highest (93.33%), compared to by Grade B (86.67%) 

and Grade C (60%). Similarly, fruits from Grade A seedlings also 

recorded the highest percentage of preference in terms of its flavor 

(90%) and firmness (90%), followed by Grade B (flavor: 83.33%, 

firmness: 90%) and Grade C (flavor: 36.67%, firmness: 80%). 

However, in terms of the colour of the fruit flesh, 100% of the 

respondents liked the colour of fruits from Grade A and Grade C 

seedlings, followed by Grade B (93.33%). Therefore, in general, the 

quality of fruits produced from seedlings of all grades is good and 

acceptable, as shown by the high percentage of preference and 

acceptability percentage recorded in the sensory analysis on the 

random panelists. 

Fig. 2 Percentage of sensory attributes of fruits from seedlings of 
various sizes; (a) grade A seedlings, (b) grade B seedlings and (c) 
grade C seedlings. 
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DISCUSSION 
 

Based on data analysis, seedling size was found to significantly 

influence the physical characteristics of pineapple A. comosus var 

‘Yankee’ fruits except the crown weight. Fruits from grade A 

seedlings exhibited the best quality attributes in terms of fruit weight, 

fruit length and also fruit width.  These results are in accordance to the 

data reported by Fassinou Hotegni et al. (2015), where the weight of 

the planting material influenced the average pineapple fruit weight 

and uniformity of the fruit quality. Fruits from heavy planting 

materials were heavier, have longer infructescence, shorter and 

smaller crowns compared to light planting materials. In this study, we 

also found that the fruits produced by artificial means yielded the best 

quality attributes in terms of fruit weight, fruit length and fruit width 

compared to fruits produced through natural flowering. A similar 

finding was obtained by Fassinou Hotegni et al. (2015), where 

flowering induction at optimum time was found to increase the yield 

and proportion of pineapple fruits to meet the standard of export to 

Europe.  

Seedling size gives no significant effect on the physicochemical 

properties of the fruits since there is no significant variation in the 

data obtained. These findings are in accordance with the study by 

Cunha et al. (1993), (Reinhardt et al., 2003) in which they found size 

of slips had no significant effect on the qualitative fruit quality (e. 

TSS and TTA contents) of ‘Perola’ pineapple juice. Hotegni et al. 

(2015) also reported that there was no correlation between seedling 

size and TSS in artificially induced pineapple fruits. Besides that, 

based on Pearson’s analysis, a significant moderate correlation was 

also found between seedling size and total flavonoid content of the 

fruits, indicating that fruits produced from bigger seedlings have 

higher amounts of flavonoids. The amount of polyphenols in fruits 

and vegetables are affected by various factors such as plant variety 

and species, environmental and  growing conditions, maturity stages 

and harvesting factors, as well as stresses and tissue localization 

(Tiwari et al., 2013) and (Rice-Evans and Packer, 2003).  

Pineapple is a very rich source of carotenoids, one of the most 

widespread pigments that give fruits and vegetables their colour, i.e. 

red, yellow and orange (Siddiq et al., 2012). Carotenoids can be 

divided into carotenes or xantophylls based on their chemical 

composition. In this study, only β-carotene is detected in the fruit 

samples. Based on Pearson’s correlation analysis, a strong correlation 

was observed between ABTS IC50 and carotenoid content, but the 

correlation was not significant. (Ding and Syazwani, 2015) reported 

that carotenoids and ascorbic acids contribute to antioxidant activity 

of MD2 pineapple fruits. (Kongsuwan et al., 2009) also reported 

similar observations, where the ‘Phulae’ and ‘Nanglae’ pineapple 

fruits were found to contain high levels of β-carotene, vitamin C and 

total phenolic. 

Other than carotenoids, phenolic such as flavonoids, phenolic 

acids and other polyphenolic compounds have been reported to be 

directly associated with the antioxidant activity of vegetables and 

fruits (Lu et al., 2014). They have attracted much interest due to their 

potential as antioxidants, which serves as an important indicator of 

health promoters (Meng et al., 2012). The TPC and TFC obtained in 

this study were comparatively lower compared to the TPC obtained by 

Hossain and Rahman (2011) where the TPC and TFC of pineapple 

methanolic extracts were 51.1 ± 0.2 mg caffeic acid equivalent /g FW 

and 55.2 ± 0.2 mg catechin equivalent/ g FW respectively. The 

variation reported in the TPC and TFC contents in fruit extracts may 

be due to chilling stress. A study by Shofian et al. (2011) reported that 

freeze-drying has the possibility of affecting the composition of some 

antioxidant components and antioxidant activity of the fruits. de 

Torres et al. (2010) also found 35% drop of the flavonol compounds, 

35% drop of anthocyanins beside reduction in acids amount in 

Carmenere grape skin after freeze-drying.  

The present study also compares the physicochemical and 

phytochemical properties of the fruits produced from natural 

flowering and induced flowering. The initiation of flowering in 

pineapple depends on the physiological state and nutritional reserve of 

the plant, besides day length and temperature. A minimum difference 

between day and night temperatures however is necessary to stimulate 

natural flowering (Farahani, 2016). Flowering initiation occurs at the 

terminal axis of the stem and typically, the fruit size will be highly 

correlated with plant size during flowering induction (Carr, 2014). A 

plant mush reach a minimum size before natural flowering can occur 

or in order for a plant to be easily ‘forced’ to flower using a growth 

regulator (Carr, 2014). Natural flowering is not preferred in 

commercial cultivation of pineapple because it can cause 

unsynchronized and unpredictable fruit yield. Therefore, floral 

inducers such as etephon, calcium carbide and acetylene has been 

used to induce flowering of pineapple to ensure a more controlled and 

synchronized fruiting throughout the years (Cunha, 2005).  

However, according to Hotegni et al. (2015), despite the 

advantages provided by artificial flowering induction, it could also be 

the source of poor fruit quality compared to natural flowering. For 

example, Hotegni et al. (2015) reported that artificially induced 

pineapple plants produced fruits with reduced TSS compared to fruits 

from natural flowering. Similar results were also obtained in this 

study whereby it was also found that naturally produced fruits 

exhibited higher TSS (9.32% to 11.70%) compared to TSS of fruits 

from induced flowering (8.80% to 10.61%). Other pre-harvest factors 

may also influence the TSS content, such as solar radiation, 

temperature, day length, water availability, irrigation, pruning 

techniques, fertilization regime and soil mineral content (Dorais et al., 

2008). Moreover, the antioxidant capacity (expressed in IC50) 

evaluated by DPPH-radical scavenging analysis and ABTS assay 

showed that fruits from natural flowering have significantly lower 

IC50 values, indicating better scavenging capacity than fruits from 

induced flowering. However, other factors may also affect the amount 

of bioactive compounds, such as cultivars, natural variation of fruit, 

climatic conditions or soil, fertilizer and geographical origin 

(Charoensiri et al., 2009, Kongsuwan et al., 2009).  

 

CONCLUSION 
 

Based on data analysis, it could be concluded that seedling size 

and flowering time significantly affects the physical properties of 

‘Yankee’ pineapple fruits, its TSS content and antioxidant potential. 
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