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Abstrak
Nanas varieti Gandul telah diproses menggunakan kaedah salut dan sejuk beku
bagi menghasilkan produk nanas bersalut sejuk beku. Prestasi empat jenis bahan
salut serta kesan pemprosesan terhadap ciri fiziko-kimia, zat pemakanan dan nilai
rasa produk telah dikaji. Adunan tepung dan bahan salut menyumbang pada
kandungan lemak produk bersalut sejuk beku. Produk yang bersalut reroti
mengandungi karbohidrat dan nilai tenaga yang tertinggi antara produk-produk
bersalut sejuk beku yang dihasilkan. Produk yang bersalut oatbran, wheatgerm
dan wheatbran mengandungi vitamin B1, vitamin B2, vitamin C, kalsium,
kalium, ferum dan jumlah serat dietari yang lebih tinggi daripada produk yang
bersalut reroti. Dari aspek kesihatan, nanas bersalut oatbran, wheatgerm dan
wheatbran mempunyai nilai pemakanan yang lebih daripada nanas bersalut reroti.

Abstract
Pineapple variety, Gandul was processed using coating and freezing methods in
the development of frozen coated pineapple products. The performance of four
types of coatings as well as the effect of processing on the physico-chemical,
nutritional and organoleptic properties were studied. The batter and coating
materials contributed to the fat content in the frozen coated products. Among the
frozen coated products developed, breadcrumb-coated product had the highest
carbohydrate and energy values. Oatbran, wheatgerm and wheatbran-coated
products had higher values of vitamin B1, vitamin B2, vitamin C, calcium,
potassium, iron and total dietary fibre compared to breadcrumb-coated product.
This indicated that oatbran, wheatgerm and wheatbran-coated pineapple offer
healthier benefits than breadcrumb-coated pineapple.
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Introduction
A pineapple-based product was developed
with the aim of diversifying the use of fruits
in processed products. It was also intended

to provide more variety of fruit products to
consumers of all age groups, especially as
fruits and vegetables are able to provide
many essential vitamins and minerals and
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are rich in fibre (Tee and Khatijah 2001).
The nutritional advantage of fruits and
vegetables is that they offer a high
concentration of nutrients but low calories
and fat.

A joint study of the Harvard School of
Public Health and WHO reported that the
top causes of death in 1990 was due to heart
disease and stroke. Their study postulated
that by 2020 the top causes of death would
also be due to heart disease, stroke and other
non-communicable diseases, including
cancer (Choong 1999). Previous studies
(Negri et al. 1991; Huang et al. 1994) have
demonstrated that greater fruit and vegetable
consumption is associated with reduced risk
of some types of cancer. Thus the
development of fruit-based products would
benefit the population as it would help to
increase the intake of fruits in the diet. This
is especially important as Malaysian
children’s food intake had been reported to
be low in fruits and vegetables (Zanariah et
al. 1986, 1993). The Malaysian Food-based
Dietary Guidelines under the National Plan
of Action on Nutrition has also
recommended an increase in fruit and
vegetable consumption for all Malaysians
above two years of age (Zanariah 1999).

Preliminary work was conducted with
easily available pineapple varieties such as
Sarawak, Moris and Gandul in the
development of frozen coated pineapple.
Gandul is currently the most widely grown
variety used for canning in Malaysia while
Sarawak and Moris are for fresh
consumption. It was found that the Gandul
variety was more suited for mechanisation
operations due to its uniform shape, which is
an important criterion in the selection of
materials for processing. The other two
varieties can also be used for making coated
fruit but recovery rate was lower upon
mechanical deskinning. Hence, Gandul was
chosen as the base material for this study.
Different types of coating material were
used to diversify the products as well as to
study the effect on the nutritional
composition of the product. Different

methods of cooking the product namely
baking and frying were also compared.

The main objective of the study was to
determine the performance of different
coatings and the effect of processing stages
on the physico-chemical and nutritional
properties of coated pineapple products. The
study was also to evaluate the organoleptic
acceptability of the developed products.

Materials and methods
Gandul pineapples of maturity index 1 were
obtained from a farm in Pontian, Johor. The
fruit crown and peduncle were removed and
the length, width and circumference of the
fruit were measured using a ruler and a
string. The weight was measured using a
digital weighing scale.

The skin and eyes of the fruits were
removed manually. The fruits were then cut
into rings of approximately 1 cm thickness
along the length of the fruit. The rings were
further cut into wedges of approximately
10 g each. The wedges were blanched for 2
min, soaked in 30° Brix syrup overnight,
drained, battered with a mixture of flour and
water (ratio 1:1.15 ), and then coated with
either commercial breadcrumbs, oatbran,
wheatgerm or unprocessed wheatbran.
Oatbran, wheatbran and wheatgerm were
used as coating materials due to their
nutritional benefits (Kent 1980; Bond 1981;
Storch et al. 1984; Sosuliki and Wu 1988;
Andersen et al. 1991; Klont 1999).

The products were then packed in high
density polyethylene bags, sealed and blast
frozen to -18 °C. The products were either
fried at 190 °C for 2 min in palm olein or
baked at 150 °C for 30 min in a
convectional oven for evaluation. These
cooking parameters were established in
earlier preliminary work.

The fresh pineapple as well as the
blanched and soaked pineapple were
homogenised into puree. The pH and total
soluble solids were determined using an
Orion pH meter and Atago hand held
refractometer respectively.
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Determination of colour was carried
out on the four types of coating material as
well as the fresh and processed Gandul
pineapple. Colour was measured using a
Chroma meter CR300 (Minolta Camera Co.)
based on the CIE 1976 L*a*b* colour
system. The equipment was calibrated using
a white tile for the Y, x, y values of 92.5,
0.3134 and 0.3194 respectively. For fresh
pineapple, 15 fruits were cut in half
longitudinally. Colour readings were
obtained for the top, middle and bottom
sections of the flesh for each of the 15 fruits
and the results averaged. For the processed
pineapples, colour determination was
conducted on the 15 pieces of wedges for
each type of coating material.

Samples were taken and analysed for
moisture, protein, crude fibre, fat, ash,
vitamins B1, B2, C, calcium, potassium,
iron, total dietary fibre and carotene.
Moisture, ash, fat, calcium, potassium and
iron were determined by AOAC methods
(1990). Total dietary fibre was analysed by
an accredited company Applied Chemie
Consultancy (M) Sdn. Bhd. according to the
method by AOAC (1993). Crude fibre was
determined using Tecator (1978) method,
protein by Tecator (1987) method while
vitamins B1, B2 and carotene by Tee et al.
(1996) methods. Vitamin C was determined
by FAO (1986) method. Each analysis was
carried out in duplicate on one batch of
sample. Carbohydrate was calculated by
subtracting the values of moisture, protein,
crude fibre, fat and ash, from 100. Energy
values were calculated from protein, fat and
carbohydrate results by multiplying the
values by Atwater’s factors 4, 9 and 4
respectively.

For data analyses of the above, the
SAS (Statistical Analysis System)
programme release 8.01 was used (SAS
Institute Inc. 2000). The values obtained
were tested using the t-test.

Organoleptic evaluation was carried out
on the products after 2 days of storage. Two
separate evaluations were carried out:

a) to compare baked against fried
breadcrumb-coated pineapple

b) to compare the baked products made
with the four types of coatings

The products were either fried at 190 °C for
2 min in palm olein or baked at 150 °C for
30 min in a convectional oven. The quality
attributes assessed by 25 taste panelists were
colour, texture, taste and overall
acceptability. A nine point hedonic rating
scale ranging from 1 (dislike extremely) to 9
(like extremely) was used (Larmond 1977).
The mean score of each quality attribute was
used as a measure of product acceptance. A
two-way analysis of variance (ANOVA) was
conducted for all quality attributes of the
samples to determine the significant
difference between the treatments. The
sources of variation shown to be significant
by ANOVA were further tested using least
significant difference test to estimate which
means were statistically different.

Results and discussion
Physical characteristics of fresh Gandul
pineapple are as follows: length 17.44 ± 0.86
cm, width 12.54 ± 0.63 cm, circumference
40.54 ± 1.27 cm and weight 1.60 ± 0.17 kg,
based on 25 fruits. Gandul variety has a fairly
uniform circumference over the whole fruit
length as compared to other varieties such as
Sarawak, Moris and Pernambuco which are
tapered fruits, making them unsuitable for
processing with machines as the recovery
rate is low. Abd. Shukor et al. (1998) also
reported that the Gandul variety is
recommended for processing and is
currently the most widely grown pineapple
variety for canning in Malaysia.

The composition of Gandul pineapple
was almost similar to that reported by Tee et
al. (1988) i.e. 87.8% moisture, 0.5 g protein,
0.1 g fat, 0.6 g fibre, 0.4 g ash, 10.6 g
carbohydrate and 45 kcal energy per 100 g
edible portion (Table 1). There was a
significant difference in moisture content
between fresh Gandul and blanched Gandul
but not in protein, crude fibre, fat and ash
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contents. This indicated that the short
blanching process was a mild heat treatment
that caused only a loss in moisture from the
pineapple wedges.

Upon blanching and soaking of the
pineapple in syrup, the pH of the pineapple
wedges did not change very much compared
to the fresh Gandul. However, the total
soluble solids increased significantly due to

the exchange of the higher concentration of
sugar molecules in the syrup with water in
the fruit cells during the soaking process
(Table 2). This increase in total soluble
solids indicated an increase in sweetness of
the pineapple wedges.

Frozen oatbran-coated Gandul had the
lightest colour compared to fresh Gandul
while the wheatgerm-coated had the darkest
colour. This was reflected by the L* values
obtained (Table 3). Frozen Gandul coated
with breadcrumb was more red and more
yellow than the other samples, and this was
reflected by the a* and b* values
respectively. The colour of the coated
pineapple depends on the original colour of
the coatings. This can be seen from the
L*a*b* values for the different types of
coating which are nearly the same as the
values for the different coated fruits
(Table 4).

Table 2. pH and total soluble solids of fresh and
semi-processed Gandul pineapple

Fresh Blanched and
pineapple soaked pineapple

pH 3.44  ±  0.14a 3.32 ± 0.06a

Total soluble
solids (Brix) 10.5  ±  0.58b 19.38 ± 0.48a

Mean of 4 batches consisting of 3 fruits per batch.
Means in the same row followed by the same
letter are not significantly different (p <0.05)

Table 3. Colour of fresh and processed Gandul pineapple

L* (lightness) a* (chromaticity b* (chromaticity
coordinate) coordinate)

Fresh Gandul flesh1 71.97 ±  2.41b   – 4.15 ± 0.30d  +26.41 ± 2.10b

Frozen Gandul with
breadcrumb coating2 70.55  ±  3.30b  +10.35 ± 1.12a  +36.15 ± 3.75a

Frozen Gandul with
oatbran coating2 77.76 ± 1.87a n +1.99 ± 0.27c  +16.13 ± 1.51e

Frozen Gandul with
wheatgerm coating2 61.44 ± 2.09d   +5.75 ±  0.68b +23.30 ± 2.56c

Frozen Gandul with
unprocessed wheatbran
coating2  65.91 ± 2.95c   +5.76 ±  0.67b +21.41 ± 1.66d
1Mean of 45 readings conducted on 15 fruits
2Mean of 15 pieces
Means in the same column followed by the same letter are not significantly different (p <0.05)

Table 4 . Colour of different types of coating used for processing of Gandul pineapple

Coating L* (lightness) a* (chromaticity b* (chromaticity
coordinate) coordinate)

Breadcrumb 67.06 ± 1.28 +11.56 ±  0.34 +42.90 ±  0.54
Oatbran 76.79 ±  0.87  +2.72 ±  0.28 +19.77 ±  1.65
Wheatgerm 62.17 ± 0.64  +4.52 ± 0.31 +25.83 ±  0.65
Wheatbran 70.61 ±  0.58  +5.30 ± 0.23 +22.52 ±  0.84

Mean of 15 samples
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Frozen coated pineapple
Moisture content for the four frozen coated
products ranged between 64.03% and
72.29% (Table 1). This is significantly lower
than the moisture content of both the fresh
and blanched Gandul. The lower moisture
content was due to the contributory effect of
subsequent processes following blanching
namely soaking, coating and freezing. It was
also probably due to the migration of water
molecules out of the fruit cells when the
pineapple wedges were soaked in syrup and
also partly due to the coating process
whereby drier coating material was added to
the product. The soaking process was to
improve the taste of the product.

Fat contents of frozen coated pineapple
ranged between 0.31–1.65% which were
significantly higher than the fresh or
blanched Gandul. This indicated that the
batter and coating materials contributed to
the fat content in the frozen coated products.
Compared to uncooked beef burger patty
(15.8%) (Tee et al. 1997) or commercial
uncooked chicken nuggets (30.4%) (Chuah
1998), the fat contents of these frozen
coated products were much lower. Hence,
frozen coated pineapple products could be
healthier alternatives to beef patties or
chicken nuggets as snacks. Among the
frozen coated products, wheatgerm-coated
product had the highest protein content
while the breadcrumb-coated product had
the highest carbohydrate and energy values.

Oatbran, wheatgerm and wheatbran-
coated pineapple products had higher values
of vitamin B1, vitamin B2, vitamin C,
calcium, potassium, iron and total dietary
fibre compared to breadcrumb-coated
pineapple indicating that those products
offer healthier benefits than breadcrumb-
coated pineapple (Table 5). The wheatgerm-
coated product had the highest levels of
vitamin B2, vitamin C, potassium, iron and
carotene.

All the four products are high fibre
products (containing more than 6% total
dietary fibre) based on the definition of
Codex Alimentarius draft table of conditions Ta
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for dietary fibre content for the term “high
fibre” (Codex Alimentarius Commission
2001). Wheatbran-coated product had the
highest total dietary fibre content of 31.3%.
These products can help to increase dietary
fibre intake in the diet and contribute to the
general health as fibre functions in aiding
the passage of food through the body and
ensuring the efficient elimination of natural
waste (Bond 1981). Fibre has also been
associated in epidemiological studies with a
reduction in risk in most dietary problems
including cancer, coronary disease, diabetes
and obesity such that it is now generally
accepted as a marker for a healthy diet
(Klont 1999, 2000).

Cooked coated pineapple
Fried breadcrumb-coated fruit had
significantly higher fat content than baked
breadcrumb-coated fruit (Table 1). This was
due to the oil being absorbed by the product
during frying. As a result, the energy value
of the fried breadcrumb-coated pineapple

was also the highest among the products.
Nevertheless, the fat content of the fried
product (8.0%) was still considerably lower
when compared to fried commercial chicken
nuggets (34% fat) and fried low fat chicken
nuggets (23.6–24.5% fat) which were
reported by Chuah (1998). Baked coated
pineapple contained between 0.1–1.9% fat.
Among the baked samples, wheatbran-
coated pineapple had the lowest energy
value of 151 kcal/100 g.

All the developed products were
acceptable to the sensory panelists with
mean scores for all attributes being greater
than 6 (Tables 6 and 7). Fried breadcrumb-
coated pineapple was significantly different
from baked breadcrumb-coated pineapple in
terms of colour, texture, taste and overall
acceptability (Table 6). The panelists gave
higher scores to the fried product. Baked
breadcrumb, wheatbran and wheatgerm-
coated products obtained significantly higher
overall acceptability scores compared to
oatbran-coated products.

Conclusion
The pineapple coated products are
convenient healthy snacks being high in
dietary fibre and provide most of the
vitamins and minerals. They are healthy
alternatives to meat-based nuggets and an
alternative way to introduce more fruits into
the diet especially for children. Baked
coated pineapple has lower fat content and
as such is suitable as healthy snacks for the
family.

Table 6. Average scores for colour, texture, taste
and overall acceptability of fried and baked
breadcrumb-coated pineapple

Characteristic Fried Baked
breadcrumb- breadcrumb-
coated coated

Colour 7.80 ±  0.64a 7.18  ± 0.75b
Texture 6.70 ±  0.87a 6.40 ±  0.98b
Taste 6.98 ±  0.60a 6.48 ±  0.74b
Overall
acceptability 7.14 ±  0.53a 6.64 ±  0.47b

Means in the same row with the same letter are
not significantly different (p <0.05)

Table 7. Average scores for colour, texture, taste and overall acceptability of baked
coated pineapple made with different coatings

Characteristic Wheatgerm Breadcrumb Wheatbran Oatbran

Colour 7.28 ± 0.63b 8.14 ± 0.49a 8.24  ±  0.44a 6.92 ± 0.79c
Texture 6.16 ± 0.80a 6.18 ±  0.66a 6.20  ± 0.82a 6.30 ± 0.82a
Taste 6.80 ± 0.78a 6.70  ±  0.72ab 6.54  ±  0.73ab 6.48  ±  0.70b
Overall acceptability 6.78  ±  0.54a 6.88  ±  0.42a 6.82  ±  0.45a 6.48 ±  0.51b

Means in the same row with the same letter are not significantly different (p <0.05)



236

Properties of coated Gandul pineapple

Acknowledgement
The authors thank Ms Khairol Hassan, Ms
Rosnah Othman and all who have directly or
indirectly contributed to the project
implementation. This work was funded by
IRPA grant 03-03-03-0008 from the Ministry
of Science, Technology and the
Environment, Malaysia.

References
Abd. Shukor, A.R., Faridah, A.A., Abdullah, H. and

Chan, Y.K. (1998). Pineapple. In: Tropical
and subtropical fruits. (Shaw, P.E., Chan,
H.T. and Nagy, S., ed.) p. 137–90. Florida:
Agscience, Inc.

Andersen, J.W., Norman, H.G., Deakins, D.A.,
Smith, S.F., O’Neal, D.S., Dillon, D.W. and
Oeltgen, P.R. (1991). Lipid response of
hypercholesterolemic men to oat-bran and
wheat-bran intake. Am. J. Clin. Nutr. 54:
678–83

AOAC (1990). Official methods of analysis. 15th

ed. Washington, D.C.: Association of Official
Analytical Chemists

–––– (1993). Methods of analysis for nutrition
labeling. (Sullivan D.M. and Carpenter, D.E.,
ed.) Method no. 985.29. Washington, D.C.:
AOAC International

Bond, S. (1981). Why dietary fibre spells good
health. Housecraft. Sept.: 177– 8

Choong, T.S. (1999). Re-engineering the body of
the future. Asiaweek Aug. 20 – 27

Chuah, E.C. (1998). Development of low fat
chicken nuggets. J. Trop. Agric. and Fd. Sc.
26(1): 93–8

Codex Alimentarius Commission (2001).
Guidelines for use of nutrition claims: Draft
table of conditions for nutrient contents (Part
B) dietary fibre (At step 6 of procedure).
Report of the 22nd session of the Codex
Committee on Nutrition and foods for special
dietary uses (ALINORM 01/26) ). Appendix
III p43. Codex Alimentarius Commission.
24th session, Geneva 2–7 July 2001

FAO (1986). Food analysis: Quality, adulteration
and test of identity. FAO food and nutrition
paper 14/8. 338 p. Manual of food quality
control. FAO

Huang, M.T., H., Ferraro, T. and Ho, C.T. (1994).
Cancer chemoprevention by phytochemicals
in fruits and vegetables. In: Food
phytochemicals for cancer prevention. I.
Fruits and Vegetables. (Huang, M.T. , Osawa,
T. Ho, C.T. and Rosen, R.T. , ed.). ACS

Symposium Series 546. Washington, D.C.:
American Chemical Society

Kent, N.L. (1980). Chemical composition of
cereals. In: Technology of Cereals. p. 43–73.
Oxford: Pergamon Press Ltd.

Klont, R.(1999). Fibre in focus. The world of
ingredients. Sept.: 72–6

–––– (2000). Fibre in the new millenium. The
world of food ingredients. Apr./May: 52–9

Larmond, E. (1977). Laboratory methods for
sensory evaluation of food. Ontario: Canada
Dept. of Agriculture

Negri, E., La Vechia, C., Franceschi, S., D’Avanzo,
B. and Parazzini, F. (1991). Vegetable and
fruit consumption and cancer risk.
International J. of Cancer 48: 350– 4

SAS Institute Inc. (2000). The SAS system for
windows release 8.01. Cary, North Carolina:
SAS Institute Inc.

Sosuliki, F.W. and Wu, K.K. (1988). High fibre
breads containing field pea hulls, wheat, corn
and wild oat brans. Cereal Chemistry 65:
186– 91

Storch, K. Andersen, J.W., and Young, V.R. (1984).
Oat bran muffins lower serum cholesterol of
healthy young people. Clin. Res. 32: 740A

Tecator (1978). Application note no. AN 01/78
Tecator 1978.03.15. Fibre procedure
according to the Weende method with
Fibertech system. Tecator

–––– (1987). Application note no. AN 30/87.
1987– 09– 09. Determination of Kjeldahl
nitrogen content with the Kjeltec Auto 1030
Analyzer. Tecator

Tee, E.S. and Khatijah, I. (2001). Strategies for
promoting tropical and subtropical fruits
consumption for human health. Paper
presented at the International technical and
trade seminar on tropical and subtropical
fruits, 2–6 July 2001. Kuala Lumpur.
Organiser: The International Tropical Fruits
Network

Tee, E.S., Mohd Ismail, N., Mohd Nasir, A. and
Khatijah, I. (1997). Nutrient composition of
Malaysian Foods. 4th ed. Kuala Lumpur:
Institute for Medical Research

–––– (1988). Nutrient composition of Malaysian
Foods. ASEAN food habits project. National
sub-committee on protein: food habits
research and development, Malaysia

Tee, E.S., Rajan, K., Young, S.I., Khor, S.C. and
Zakiyah, O. (1996). Laboratory procedures in
nutrient analysis of foods. Kuala Lumpur:
Div. Of Human Nutrition, Institute for
Medical Research



237

H.A. Hasimah, J. Zanariah, M.Y. Rafiah Hasanah and A. Noor Rehan

Zanariah, J. (1999). Fruit and vegetables in
Malaysian nutrition. Proc. National
Horticulture Conference. p. 719 –32, 16 –17
Nov. 1999, Kuala Lumpur. Serdang: MARDI

Zanariah, J., Mohd. Yunus, J. and Noor Rehan, A.
(1986). Food intake in selected towns and
rural areas of Malaysia. MARDI Rep. No.
106. Serdang: MARDI

Accepted for publication on 25 June 2002

–––– (1993). Food habits survey of primary school
children and quality assessment of food in
school canteens. MARDI Rep. No. 168.
Serdang: MARDI


