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Characterization studies on starch extracted from the
stem of pineapple plant (Ananas comosus) at different
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ABSTRACT

Starch is the most common carbohydrate in human diets and is contained in large amounts in potatoes, wheat,
corn, rice, and cassava. Starch granules are highly variable in their structure, and each has unique structure depend-
ing upon their botanical source. In this study, starch was isolated from the stem of pineapple plant at different growth
stages-3 months (before flowering), six months (before flowering), nine months (before flowering), 12 months (after
flowering), 15 months (after flowering), 18 months (after fruiting). X-ray diffraction (XRD) studies and scanning
electron microscopic (SEM) analysis were carried out on these samples as part of characterization studies. Results
indicate that maximum starch yield obtained from plant stem at nine months age. X-ray diffraction data revealed
this plant stem possess A-type crystals and is same in all growth stages. Size of the granules slightly increased with
growth stages and have irregular polygonal in shape. Characterization studies on starch will help assess their specific
use in both food and non-food industries.
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INTRODUCTION

The pineapple (Ananas comosus) is a tropical plant and
most economically significant plant in the Bromeli-
aceae family. Starch is the most abundant biomolecule
on earth after cellulose and the major carbohydrate
reserve in plants. Demand for native starches increased
globally as it can minimize the use of chemically modi-
fied starches. Native starches have many applications in
the food industry, pharmaceutical industry, paper mak-
ing industry, cosmetics industry, etc. X-ray diffraction
is a valuable tool for the structural elucidation of starch
granules and is used to study the crystalline properties
of starches. Starch crystallinity is due to the forma-
tion and packing of double helix between the chains of
amylopectin molecules ( Lawal, 2004, Diop et al., 2011).
Scanning electron microscopy (SEM) is a frequently
used technique for granular characterization of starches
and can be used for studying the granule morphology
more accurately than light microscopy (Chmelik et al.,
2001,Lindeboom et al., 2004). Surface characteristics of
granules have many practical applications as it influ-
ences the enzyme actions.The enzyme action on starch
granules largely determines the quality of starch-based
food products, (Kowsik and Mazumder, 2018).

Viscosity, one of the main physical properties of
starches, is influenced mainly by their granule morphol-
ogy (Kumar and Khatkar, 2017). The objective of the
study is to characterize the starch from the pineapple
plant stem at various growth stages. This study helps to
check whether there is any difference in the morphologi-
cal and crystalline structure of the starch granules with
age. The results could serve as a reference for identify-
ing starch from the stem at a particular growth stage to
choose in the specific starch industry.

MATERIAL AND METHODS

Extraction of starch: The stem was collected from the
experimental plantation at different growth stages -
three months, six months, nine months (before flower-
ing), twelve months, fifteen months (after flowering) and
eighteen months (after fruiting). It was then washed with
water and mild acid to remove soil, and other debris and
starch were extracted. The stem was then ground in a
mixer grinder with distilled water and filtered through
double-layered cheesecloth. The steps were repeated for
several times until the milkiness of the slurry disap-
peared or became minimal, centrifuged and discarded
the supernatant. The residues obtained were washed
with 60% alcohol, 0.1N NaOH, and distilled water. The
retained residues were dried at 40 °C, powdered and
passed through a standard sieve (75pm), collected and
stored in desiccators.

FIGURE 1. Pineapple plants before
flowering

FIGURE 2. Pineapple plants after
flowering

Scanning electron microscopic analysis: The surface
and structure of starch samples were characterized using
a scanning electron microscope (Carl-ZEISS Gemini
SEM 300), using a secondary electron detector with

|
S
e

FIGURE 3. Pineapple plants after
fruiting
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Table 1. Starch yield at different growth stages of 2.00 kV of acceleration ( Central Sophisticated Instru-
the pineapple plant mentation Facility (CSIF), University of Calicut, Kerala,
India).

0,
SL. No. | Age of the plant /(l)) Olf St?erh

obtaine X-ray diffraction: X-ray diffraction studies on stem
1 3months (Before flowering) | 3.93 + 0.52 starch were carried out by an X-ray diffractometer
2 6months (Before flowering) | 8.4 + 0.68 (Model-XRD- Rigaku Miniflex 600).
3 dmonths (Before flowering) | 16.03 + 084 Statistical analysis: Microsoft Office Excel 2007 and
4 12months (After flowering) | 11.56 + 0.53 OriginPro 8.0 were used to analyse the experimental
5 15months (After flowering) 11.58 + 0.44 data.
6 18months (After fruiting) 11.08 + 0.77
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FIGURE 4. X-ray diffractogram of stem starch extracted from 3
months old pineapple plant
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FIGURE 5. X-ray diffractogram of stem starch extracted from 6
months old pineapple plant

Bioscience BIOTECHNOLOGY RESEARCH COMMUNICATIONS

CHARACTERIZATION STUDIES ON STARCH EXTRACTED FROM THE STEM 62 5



Rinju R and B S Harikumaran Thampi
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FIGURE 6. X-ray diffractogram of stem starch extracted from 9 months

old pineapple plant

RESULTS AND DISCUSSION

The maximum starch yield obtained from the stem at
nine months age (before flowering stage). After that yield
decreased and then there is almost constant starch con-
tent observed. Because of shoot extension growth, uti-
lization of photosynthate increases which causes lower
carbohydrate availability for storage and starch content
will decrease (Von Fircks and Sennerby-Forsse, 1998).

Three months old plant showed peaks at 20 angles
14.91, 18.3 and 23.7 (Fig: 4), six months old plant had
peaks at 20 angles 15.25, 17.63 and 23.06 (Fig: 5), nine
months old plant showed at 14.91, 17.30 and 23.40
(Fig: 6). Starch from 12 months old plant showed major
peaks at 20 angles 15.16, 17.25 and 23.2 (Fig: 7). Fifteen
months have peaks at 14.91, 17.30 and 23.06 (Fig: 8),
18 months have 15.4, 17.26 and 23.21 (Fig: 9). There
are A, B and C type starches according to the packing
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FIGURE 7. X-ray diffractogram of stem starch extracted from 12 months

old pineapple plant
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[15 months old plant]
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FIGURE 8. X-ray diffractogram of stem starch extracted from 15 months

old pineapple plant

of amylopectin double helices. ‘A’ type starch granule
shows peaks around 15°, 17°, 18°, 20° and 23° 20 angles,
‘B’ type granules shows around 5°, 15, 17°, 20°, 22° and
24° 20 angles and C type starch has the mixture of A and
B (Zhou, Wang, Zhao, Fang, & Sun, 2010), (Nwokocha,
Nwokocha, & Williams, 2012).

‘A’ type starches are mostly found in cereal starches.
B type in the tuber and root starches and C type, which

is the mixture of A and B, found in particular root, leg-
ume, and seed starches. The packing of the helix in A
type starch is more compact and less hydrated than
B type (Wang et al., 2011) (Guimaries, Wypych, Saul,
Ramos, & Satyanarayana, 2010) (Delcour et al., 2010).
From the result obtained, it can be concluded that this
stem starch possesses ‘A’ type crystals, and it is same in
all the growth stages.
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FIGURE 9. X-ray diffractogram of stem starch extracted from 18 months

old pineapple plant
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FIGURE 10. SEM image of stem starch extracted from 3
months old pineapple plant

Fig. 10-15 shows the SEM photographs of the stem
starch at their different growth stages. The analysis
revealed that there is no uniform distribution in gran-
ule size and shape. An increasing trend was observed
in granule size with age. The shape is mainly polyhe-
dral; surfaces are smooth, and round-shaped granules
are also present. This observation is the same in all the
observed stages of plant growth. These types of granules
can be seen in the tuber and root starches (Hoover, 2001)
(Lindeboom et al., 2004).
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FIGURE 11. SEM image of stem starch extracted from 6
months old pineapple plant
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FIGURE 12. SEM image of stem starch extracted from 9
months old pineapple plant

CONCLUSION

The pineapple plant stem has a varying concentra-
tion of starches with growth and maximum starch
yield obtained at nine months age. After that the yield
decreased and then there is no considerable change in
starch content. XRD analyses revealed this stem starch
have A-type starch granules in all the growth stages.
SEM study indicates that the starch granules are irregu-
lar polygonal in shape with a smooth surface. There is
a slight increase in granule size with age. The results of
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FIGURE 13. SEM image of stem starch extracted from
12 months old pineapple plant
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FIGURE 14. SEM image of stem starch extracted from 15
months old pineapple plant

Table 2. Size of starch granules at different
growth stages

Size of the starch

Age of the plant granules (pm)

3months (Before flowering) 1-7
6months (Before flowering) 1.2-7
9months (Before flowering) 1.5-8
12months (After flowering) 2.8-7
15months (After flowering) 2.2-8.5
18months (After fruiting) 3-7

this research provide useful information about the char-
acters of pineapple plant stem starch at their different
growth stages. These data can enhance their application
in various starch industries as a substitute for commer-
cially available starches.
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