International Journal of Agriculture, Forestry and Plantation, Vol. 10 (Sept)
ISSN 2462-1757

2020

MATURITY STAGE AT HARVEST AFFECTS PHYSICOCHEMICAL QUALITY OF MS16 PINEAPPLE
Joanna Cho Lee Ying
Horticulture Research Centre, MARDI HQ
Persiaran MARDI-UPM, 43400 Serdang Selangor, Malaysia
Email: joanna@mardi.gov.my
Nurul Shamimi Abdul Ghani
Horticulture Research Centre, MARDI Pontian, KM 53,
Jalan Johor, 82000 Pontian, Johor, Malaysia
Email: nshamimi@mardi.gov.my
Norsyuhaida Ahmad Shafawi
Horticulture Research Centre, MARDI Kluang, Beg Berkunci No. 525,
86009 Kluang, Johor, Malaysia
Email: syuhaida@mardi.gov.my
Wan Mohd Reza Ikwan Wan Hussin
Horticulture Research Centre, MARDI HQ
Persiaran MARDI-UPM, 43400 Serdang Selangor, Malaysia
Email: wanreza@mardi.gov.my
Mohamad Fikkri Abdul Hamid
Horticulture Research Centre, MARDI HQ
Persiaran MARDI-UPM, 43400 Serdang Selangor, Malaysia
Email: mfikkry@mardi.gov.my
Nur Izzati Muhsin
Horticulture Research Centre, MARDI HQ
Persiaran MARDI-UPM, 43400 Serdang Selangor, Malaysia
Email: nrizzati@mardi.gov.my
Mohamad Abhar Akmal Hamid
Horticulture Research Centre, MARDI HQ
Persiaran MARDI-UPM, 43400 Serdang Selangor, Malaysia
Email: abhar@mardi.gov.my

ABSTRACT
MS16 is a new hybrid pineapple developed by MARDI tolerant to bacterial heart rot resulting from several crossings from Josapine
(a local pineapple variety) with 53-116 (Australian pineapple variety). As a new hybrid, information on the optimum maturity
stage at harvest and proper postharvest handling is imperative for adequate shelf-life and maintaining good product quality. The
objective of this study was to determine the optimum harvest maturity (day after flower induction) for MS16 pineapple. The fruits
were harvested at 125, 130, 135 and 140 day after flower induction (DAFI) and held at room temperature (25 ± 2°C) for four
days. Physicochemical quality including colour, firmness, soluble solids concentration (SSC), titratable acidity (TTA), pH, SSC /
TTA ratio and ascorbic acid (AA) content were evaluated daily. The peel colour of MS16 pineapple fruits tends to change to a
lighter green, which was observed with a significant (p<0.05) decrease in L and increased in chroma value when maturity
progressed. Pulp colour of MS16 fruits changed from light yellow to deep yellow as maturity progressed. Fruits harvested at 130
and 135 DAFI is significantly (p<0.05) sweeter (14-15 % SSC) and less acidic (pH 4.11-4.27) compared to fruits harvested at 125
DAFI. However, fruits harvested at 140 DAFI had higher translucency in the pulp and overripe off-flavours. The ascorbic acid
content, pH value and fruit firmness tend to decrease as maturity days progressed. Chemical qualities and fruit firmness of MS16
pineapples were not significantly (p>0.05) affected when held at room temperature for up to 4 days except for colour. To achieve
better eating quality, MS16 pineapple fruits are recommended to be harvested at 130-135 DAFI.
Key words: day after flower induction, hybrid pineapple, maturity, soluble solids concentration

INTRODUCTION
Pineapple (Ananas comosus L. Merr) is considered as one of the important exported fruits of Malaysia. In 2018, Malaysia pineapple
production is ranked at 19th with 322,459.52 metric ton worth RM 600,580.85 (Department of Agriculture, 2018) and is one of the
top five exporters in the world (Suhana et al., 2019). Pineapple such as Moris, N36, Sarawak, Gandul, Yankee, MD2, Josapine and
Maspine (Lasekan and Hussein, 2018) are the main pineapples varieties currently grown in Malaysia. Josapine (Chan, 2008) and
Maspine (Pauziah et al., 2013) are introduced by the Malaysian Agriculture Research and Development Institute (MARDI)
researchers in 1996 and 2005 respectively intended for fresh consumption and processing. Research on pineapple breeding and
production practices is vital to the Malaysian pineapple industry to produce better quality and competitive varieties for market
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expansion. MS16 is a new hybrid pineapple developed from Josapine (a local pineapple variety) with 53-116 (Australian pineapple
variety) with better fruit size, tolerant to bacterial heart rot, sweeter and less biting (Rozlaily et al., 2018).
Since pineapple is categorized as a non-climacteric fruit, it is recommended to be harvested when the fruit is fully matured
physiologically. Unlike climacteric fruit such as banana which can ripen when harvested at green mature stage, the sugar and acid
content of non-climacteric fruit will not increase any further after harvest (Lobo and Yahia, 2017). Harvesting time for pineapple
is usually determined by colour (peel and pulp), appearance (size, condition and shape), taste (sugar, acids), aroma, flesh
translucency, texture and fibre content (Paull and Chen, 2003). For most Malaysian pineapple, the optimum maturity stage at
harvest was developed using skin colour to determine the various stage of maturity (Ahmad Tarmizi and Pauziah, 2005). Since
MS16 is a newly introduced pineapple hybrid, information on the optimum harvest stage and proper postharvest handling is
imperative for adequate shelf-life and maintaining good product quality. Like Maspine, the skin colour for MS16 could not be used
as an indicator of maturity or ripeness as the fruit is harvested when mature green. Therefore, this study was conducted to develop
the most optimum maturity stage of MS16 for fresh consumption based on physicochemical quality.
MATERIALS AND METHODS
Fruits
Pineapple hybrid MS16 were obtained from a farmer’s plot located in Pontian, Johor, Malaysia. Flowering was induced within 10
months of planting. Fruits were harvested at 125, 130, 135 and 140 day after flower induction (DAFI) and transported to Postharvest
Complex, Serdang, Selangor after harvest within 4 h. Fruits of good quality and uniform size were selected for the storage study.
Fruits were kept at 25°C and evaluated at 1, 2, 3 and 4th day for postharvest qualities.
Fruit peel and pulp colour determination
Colour of pineapple peel and pulp (L*, C* and h°) were measured by using a portable chromameter (model CR-400 Minolta Corp.,
Osaka, Japan). The L* value ranged from 0 = black to 100 = white. The h° is an angle in a colour wheel of 360°, with 0° or 360°
representing red hue, whilst angles of 90°, 180° and 270° represent yellow, green and blue hues, respectively. Chroma (C*) is the
intensity or purity of the hue. Three measurements were made on the longitudinal position of the peel and pulp of each fruit.
Fruit firmness determination
Fruit firmness was measured using a TA-TXT2i texture analyzer (Stable Micro Systems, England) fitted with a 5mm diameter
stainless steel probe. The rate of penetration used was 2mm s-1 with a final penetration depth of 10mm and data recorded in Newtons
(N) were analysed. Three measurements were made on the longitudinal position of the fruit pulp.
Postharvest quality analysis
Soluble solids concentration (SSC) was determined using juice extracted from pulp samples using a digital refractometer (Atago,
Japan). Results were recorded in % SSC. The pH of the fruit juice was determined using a pH meter (model Hanna pH 211
microprocessor pH meter, USA). Total titratable acidity (TTA), expressed as milliequivalents of citric acid are determined based
on the method of Saradhuldat and Paull (2007). Blended pulp sample (5 g) was diluted with 20 mL distilled water and titrated with
0.1 M NaOH to the endpoint of pH 8.2. The results were expressed as % of citric acid. SSC/TTA ratio was calculated by dividing
the SSC values by TTA values for each sample. Ascorbic acid content was measured according to the method described by
Ranggana (1977). Blended pulp sample (10 g) was extracted with 100ml of 3% metaphosphoric acid (HPO3), filtered through
Whatman No. 4 filter paper. A volume of 10ml from the filtered solution was determined by titrating with 2,6-dichlorophenolindophenol to a pink endpoint that persisted for 15 s. The results were expressed as mg of ascorbic acid per 100 g fresh weight
(FW).
Statistical analysis
The experiment was conducted using a completely randomized design (CRD) with four replications. All data were subjected to
analysis of variance (ANOVA) and means separated using Duncan Multiple Range Test (DMRT) by using SAS 9.4 (SAS Institute
Inc., USA).
RESULTS AND DISCUSSION
As fruit ripened, the peel colour of MS16 turned to a lighter green, which was observed with a decrease in L* and an increase in
chroma (Table 1). There were no significant changes in hue colour indicated the fruits remained green in all maturity stages. Similar
to Maspine (Pauziah et al., 2013) and Gandul (Abdullah, 1993) pineapples, it was difficult to harvest MS16 fruit based solely on
peel colour since harvesting at breaker stage (Index 2) might lead to overripe fruits. In term of pulp colour, both lightness and hue
value decreased while chroma increased significantly from 125 to 140 DAFI (Table 1). At 125DAFI, the pulp was whitish yellow
and gradually turned to fully yellow when ripening progressed. The changes of pulp colour of MS16 fruits during ripening is
similar to other pineapple varieties such as Maspine (Pauziah et al, 2013) and MD2 (Ding and Syawani, 2016).
Firmness is one the typical indicator as ripening progressed in most fruits. Based on harvest time, firmness of MS16 fruits decreased
significantly from 125 DAFI to 140 DAFI (Table 2). During ripening process, the loosening of cell wall loosening caused texture
change from firm to soft due to the degradation of cell wall components such as hemicellulose, cellulose and pectin in pineapple
(Vidal-Valverde et al., 1982).
The chemical changes during fruit development of MS16 fruits from 125 to 140 DAFI are shown in Table 2. The results indicated
the soluble solids concentration (SSC) increased significantly when ripening progressed from 125 to 135 DAFI. Similar findings
were reported for other pineapple varieties such as Maspine (Pauziah et al, 2013), Sarawak (George et al., 2006) and MD2 (Ding
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and Syazwani, 2016). The accumulation of sugar (mainly sucrose) was suggested to be due to the high activity of the cell wall
invertase as fruit ripened (Chen and Paull, 2000). However, there is a decrease of SSC at 140 DAFI as the fruits were perceived to
be slightly overripe had higher translucency in the pulp.
As ripening stage progressed from 125 to 140 DAFI, ph value tends to increase significantly with titratable acidity showing the
opposite declining trend (Table 2). Fruits harvested at 125 DAFI is found to be sourer (pH 3.98) compared to fruits harvested at
130-140 DAFI. Titratable acidity (TTA) is measured as percentage were found to decrease significantly from 125 (0.67%) to 140
DAFI (0.56%) (Table 2). Organic acids usually decline during ripening as they are considered as reserve source of energy for
metabolic activities such as respiration or converted into sugar (Wills et al., 1998). The decrease of fruit acidity of MS16 when
approaching maturity indicate low-acid clone characteristic (Saradhuldat and Paull, 2007). Compared to high-acid clone
pineapples, low-acid clones tend to have lower acidity (low ph and higher TTA) when the fruit started to ripen. This contributed
to the increase of SSC/TTA of fruits harvested at 130 and 135 DAFI (Table 2).
Titratable acidity is a measurement to perceive tartness whereas SSC is to sweetness (Smith, 1993). By measuring the sugar to acid
ratio as SSC/TTA, it could be used as a maturity indicator during harvesting. Recommended SSC/TTA ratio of 20-40 is
recommended for fresh pineapple (Soler, 1992) while for canning industry, 8-23 is recommended (Smith, 1988). SSC/TTA ratio
were found to increase from 125 DAFI (20.36) followed by 130 DAFI (25.96) and 135 DAFI (30.88). At 140 DAFI, the fruits
were slightly overripe hence the decline of SSC/TTA ratio at 24.43 (Table 2). Higher SSC/TTA related to sweeter and less tart
fruits which is often associated with better organoleptic quality (Colaric et al., 2005).
Ascorbic acid (AA) content decrease as ripening progressed (Table 2). The initial AA content was the highest in 125 DAFI at
48.18 mg 100 g-1 FW followed by 130 DAFI (34.88 mg100 g-1 FW), 135 DAFI (31.74 mg 100 g-1 FW) and 140 DAFI (28.00
mg100 g-1 FW). Similar trend found for Maspine (Pauziah et al., 2013) and MD2 (Ding and Syazwani, 2016) pineapples with
advancement to ripening. The decrease in AA content of MS16 fruits might be associated with an increase of ascorbate activity
(Yahia et al., 2001) which coincided with the initiation of ripening as indicated of higher SSC and declining TTA.
CONCLUSION
In summary, chemical attributes such as SSC and TTA were found to be a more reliable maturity indicator compare to peel colour
for MS16 pineapple fruit. It is concluded that fruits of MS16 harvested at 130 and 135 DAFI had higher SSC and better eating
quality compared to fruits harvested 125 and 140 DAFI.
Table 1: Peel and pulp colour (L, C and h) of MS16 pineapple fruits at different maturity stages

125 DAFI
130 DAFI
135 DAFI
140 DAFI
F-sig

L
41.06±1.19a
36.28±1.34b
38.32±1.22b
36.32±1.01b
*

Peel colour
C
11.69±0.56b
10.11 ±0.62b
15.47±0.87a
14.37±0.57a
**

h
96.17±1.04a
97.55±1.26a
94.54±1.53a
95.79±1.07a
ns

L
80.03±0.52a
78.13±0.47b
79.13±0.39b
75.98±0.11b
*

Pulp colour
C
31.36±1.00c
38.37±0.70b
41.18±0.66a
40.68±0.80a
**

h
94.79±0.25a
93.28±0.24b
92.10±0.19c
93.28±0.31c
**

Holding at 25°C (H)
D1
D2
D3
D4
F-sig

43.26±0.79a
33.18±1.51b
36.48±1.62b
36.28±1.23b
**

14.04±0.71a
10.07±0.82b
1118±0.71b
11.41±1.06b
**

97.88±1.52a
99.35±1.22a
97.27±1.58a
95.64±1.41b
*

78.96±0.53a
79.62±0.57a
78.81±0.52a
79.07±0.58a
ns

34.82±1.15b
36.48±1.15b
36.38±1.12b
40.21±1.03a
*

93.51±0.23a
93.87±0.36a
93.54±0.33a
92.52±0.28b
*

Day after flower
induction (DAFI)

Mean ± S.E presented. Mean values in the same row followed by different letters (a, b, and c) indicate significant
differences (P < 0.05) using the Duncan's multiple range test.
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Table 2: Firmness, soluble solids content (SSC), titratable acidity (TTA), sugar to acid (SSC/TTA) ratio and ascorbic acid
content of MS16 fruits at different maturity stages
Day after flower
induction (DAFI)
125 DAFI
130 DAFI
135 DAFI
140 DAFI
F-sig

Firmness
(N)
10.90±0.26a
9.80±0.27b
9.18±0.23c
9.25±0.52c
**

SSC (%)

pH

TTA (%)

SSC/TTA ratio

13.26±0.46b
14.73±0.30a
15.79±0.36a
13.68±0.41b
*

3.98±0.02c
4.11±0.02b
4.27±0.01a
4.15±0.14a
*

0.67±0.02a
0.57±0.01b
0.51±0.01b
0.56±0.04b
**

20.36±1.15c
25.96±0.94b
30.88±0.97a
24.43±1.34b
**

Ascorbic acid content
(mg/100 FW)
48.18±0.96a
34.88±1.33b
31.74±2.00b
28.00±1.15c
**

Holding at 25°C (H)
D1
D2
D3
D4
F-sig

10.25±0.29
10.00±0.34
10.00±0.41
10.04±0.27
ns

14.69±0.37
13.66±0.57
14.50±0.38
15.18±0.41
ns

4.13±0.04
4.14±0.07
4.10±0.05
4.14±0.03
ns

0.61±0.03
0.65±0.03
0.60±0.03
0.57±0.02
ns

25.22±1.56
24.51±2.00
24.84±1.42
26.70±1.15
ns

35.60 ±2.17
33.93±3.01
40.02±2.31
39.02±1.92
ns

Mean ± S.E presented. Mean values in the same row followed by different letters (a, b, and c) indicate significant
differences (P < 0.05) using the Duncan's multiple range test.

ACKNOWLEDGEMENTS
The authors would like to thank the Ministry of Agriculture and Agro-based Industry Malaysia for providing the research grant (PRH405) and to the staffs from Postharvest Complex, MARDI HQ for their valuable assistance in this project.

REFERENCES
Abdullah, H. (1993). Postharvest handling of pineapple in Malaysia. In Proc. Australasian Postharvest Conference, ed. A. Story,
University of Queensland Gatton College, Brisbane. Pp 225-228.
Ahmad Tarmizi, S. & Pauziah, M. (2005). Nanas. In: Panduan Kematangan dan Penuaian Buah-buahan. Malaysia: Penerbit
MARDI. Pp 26-29.
Chan, Y.K (2008). Pineapple (Ananas comosus). In: Breeding Horticultural Crops at MARDI. Chan, Y.K, Tan, S.L. & Siti Hawa,
J. (eds), Malaysia: Penerbit MARDI. Pp 217-220.
Chen, C.C. & Paull, R.E. (2000). Sugar metabolism and pineapple flesh translucency. Journal of America Society of Horticultural
Science, 125, 558–562.
Colaric, M., Veberic, R., Stampar, F., & Hudina, M. (2005). Evaluation of peach and nectarine fruit quality and correlation between
sensory and chemical attributes. Journal of the Science of Food and Agriculture, 85, 2611-2616.
Ding, P. & Syazwani, S. (2016). Physicochemical quality, antioxidant compounds and activity of MD-2 pineapple fruit at five
ripening stages. International Food Research Journal, 23(2), 549-555.
George, S.D., Razali, Z. & Somasundram, C. (2016). Physiochemical changes during growth and development of pineapple
(Ananas comosus L. Merr. cv. Sarawak). Journal of Agriculture Science and Technology, 18(2), 491-503.
Lasekan, O. & Hussein, F.K. (2018). Classification of different pineapple varieties grown in Malaysia based on volatile
fingerprinting and sensory analysis. Chemistry Central Journal, 12, 140.
Lobo, M.G. & Yahia, E.M. (2017). Biology and postharvest physiology of pineapple. In: Handbook of Pineapple Technology
Production, Postharvest Science, Processing and Nutrition. Lobo, M.G. & Paull, R.E. (eds). UK: John Wiley & Son. Pp
39-61.
Paull, R.E. & Chen, C.C (2003) Postharvest physiology, handling and storage of pineapple. In: The pineapple: botany, production
and uses. Bartholomew, D. P., Paull, R. E. & Rohrbach, K. G. (eds). USA: CABI Publishing. Pp 253-280.
Pauziah, M., Malip, M., Norhayati, S.L., Tham, S.L. & Ibrahim, M.A. (2013). Physical properties and chemical compositions of
‘Maspine’pineapple at different stages of maturity. Acta Horticulturae, 1012, 165-170.
Ranggana, S. (1977). Manual of analysis of fruits and vegetable products. New Delhi: Tata McGraw-Hill Pub. Co. Ltd. Pp 101102.
Rozlaily, Z., Nurul Shamimi, A.G., Noorman Affendi, M., Mohd Azhar, H., Ahmad Hafiz, B., Nor Afzan, R., Noraimi, N., Mohd
Saiful Nizam, R. & Mohammad Faizul Faiz, S. (2018). L6- Nanas baharu untuk pasaran segar. Buletin Teknologi MARDI,
14, 125-132.
Saradhuldhat, P. & Paull, R. E. (2007). Pineapple organic acid metabolism and accumulation during fruit development. Scientia
Horticulturae, 112, 297–303.
Smith, L.G. (1988). Indices of physiological maturity and eating quality in Smooth Cayenne pineapples. 2. Indices of eating quality.
Queensland Journal of Agricultural and Animal Science, 45, 219–228.
Smith, L.G. (1993). Optimisation of fresh-market pineapple eating quality in Queensland. Acta Horticulturae, 334, 287–294.
Suhana, S., Joanna, C.L.Y., Wan Mohd Reza Ikhwan, W.H., Mohd Zaffrie, M.A. Nur Azlin, R. & Razali, M. (2019). Japan as a
new market for Malaysian pineapples. Food & Fertilizer Technology Center Newsletter. https://ap.fftc.org.tw/article/1658
Accessed on 13 August 2020.

87

International Journal of Agriculture, Forestry and Plantation, Vol. 10 (Sept)
ISSN 2462-1757

2020

Vidal-Valverde, C., Herranz, J., Blanco, I. and Rojas-Hidalgo, E. (1982). Dietary fiber in Spanish fruits. Journal of Food Science,
47: 1840-1845.
Wills, R., McGlasson, B., Graham, D. & Joyce, D. (1998). Physiology and biochemistry. In: Postharvest: An Introduction to the
Physiology & Handling of fruit, vegetables & ornamentals. 4th edition, Australia: University of New South Wales. Pp 3360.
Yahia, E.M., Conteras-Padilla, M. & Gonzalez-Aguilar, G. (2001). Ascorbic acid content in relation to ascorbic acid oxidase
activity and polyamine content in tomato and bell pepper fruits during development, maturation and senescence.
Lebensmittel-Wissenschaft Technologie, 34, 452-457.

88

