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Abstract. The bakery industry is growing very fast and the products
are becoming increasingly popular among consumers world-wide.
Among ready-to-eat snacks, biscuits possess several attractive features
including wider consumption base, relatively long shelf-life and
preferred eating quality. Pineapples constitute important natural and
valuable material in producing functional foods due to the presence of
several anti-oxidants and bioactive compounds. Therefore, the aim of
the present study was to investigate the nutritional composition and
sensory quality of wheat flour biscuits incorporated with pineapple
powder at the rates of 3, 5, 10, and 15% (w/w basis). The protein, fat,
total sugar, moisture and mineral contents were significantly (p<0.05)
changed during storage. Nutritional analysis indicated that biscuits
incorporated with 5% pineapple powder had a slow rate of increase in
moisture content (4.19 to 5.0%) and decreasing trend in protein (22.15
to 22.06%), fat (18.83 to 18.79%), total sugar (58.52 to 58.34%) and
mineral contents (2.212 to 1.591%) compared to other treatments during
storage. Among the treatments, the biscuits prepared with 5% pineapple
powder had the highest nutritional and sensory quality, having the
overall acceptability score of 7.7 in a 9-point hedonic scale. The shelf
life evaluation showed that these biscuits could be stored for 6 weeks at
the ambient conditions of average temperature at 30+1°C and RH at 75-
80% with acceptable quality.
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1 Introduction

Biscuits, which are leavened baked products, are one of the most delicious
foods preferred by most people. Biscuits represent the largest category of
snack item among bakery products (Pratima and Yadav, 2000). They are
stable foods and have advantages such as ready-to-eat form, wide
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consumption, long shelf life and eating quality (Siddiqui and Nasreen, 2014).
Biscuits are widely accepted and consumed by almost all profiles of
consumers in many countries and therefore offer a valuable supplementation
vehicle for nutritional improvement (Arshad et al., 2007). Currently, cookies
are prepared from composite flour or fortified with some other good sources
of nutrients (Wani et al.,2015). Modifications of basic recipes and
incorporation of new ingredients such as fibers, fat replacers, cereals other
than wheat, efc. have led to novel biscuit formulations with improved
functionality and nutritive value (Handa et al., 2012; Yadav ef al., 2012).

Fruits are produced in considerable gquantities and consumed locally, but
are seldom processed in order to add value. Fruits exhibit relatively high
metabolic activity compared with other plant derived foods such as seeds and
tubers. These metabolic activities continue after harvesting, thus making most
fruits highly perishable commodities (Offia-Olua and Ekwunife, 2015).
Therefore, there is need for diversity in commercial utilization of fruits into
different forms. There are numerous ways of utilizing and processing fruits
such as processing into juice, jams, concentrates, jellies and dehydrated
products. The introduction of fruit based composite flour is novel, as recently,
fruits and vegetables have received much attention as a source of biologically
active substances because of their anti-oxidant, anti-carcinogenic and anti-
mutagenic properties (Tortoe et al., 2014). Pineapple (Ananas comosus) is
cultivated in the tropical and subtropical regions of the world and is well
known for its attractive sensorial and nutritional characteristics. Further, it is a
good source of carotene and ascorbic acid and rich in vitamin By; it is also
containing carbohydrate, protein, fiber, calcium and iron (Ade et al., 2015).

Fresh pineapple is often expensive because of its delicate nature.
Pineapples continue to ripen at appropriate temperatures after harvesting. The
shelf life of ripe pineapple is short and limited to 4-6 days (Kadam et al.,
2012) and the average yield of processing ranges from 45-55%. Therefore, an
alternate solution is the development of a pineapple powder from pineapple
pulp as a value added ingredient for the bakery and confectionary industries
(Deliza et al., 2005). Pineapple is commonly found in Sri Lankan market and
is being consumed raw and also processed into various food products,
including jam, jellies, juices, puree, powder and nectar. Pineapple fruit is used
for the preparation of pineapple powder because of difficulty in ready
consumption as fresh due to their big size, hardy nature and also to prevent
postharvest losses. Production of biscuits incorporated with pineapple powder
lead to innovations in new product development. Therefore, the objective of
the present study was to develop pineapple powder incorporated biscuits and
to assess the physico-chemical properties and sensory attributes in the
formulated biscuits during storage at ambient conditions.
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2 Materials and Methods
2.1 Preparation of pineapple powder

Fully ripe and fresh pineapples (Variety: Mauritius) were selected, washed,
peeled and their thorny eyes were removed. They were sliced lengthwise;
each slice was cut into 2 cm thickness. The slices were dipped in to the
potassium metabisulphite solution (0.02%) for 5 minutes to prevent
discoloration. These slices were placed in a single layer on stainless steel
trays. The vacuum oven (Model DZF 6020-W, Optima, India) was pre-heated
to 70°C, and the trays were loaded. The oven temperature was maintained at
60°C. Fruit slices were dried for 12-14 h until the slices became leathery and
not sticky. The dried slices were milled using hammer mill (Model: DY-19,
Spain) and sieved into particle size of 100 um using a stainless steel double
sieve (PRO-100, China). The pineapple powder was packed and stored in a
glass bottle at ambient conditions for subsequent use in the study.

2.2 Formulation of Pineapple powder incorporated biscuit

Biscuits were prepared using creamery method for making biscuit dough
(Manley, 2011). Hydrogenated fat (Margarine 50g) and powdered sugar
(175g) were creamed together by electric beater (GHM-05, Zhejiang, China).
All-purpose flour (225 g) and baking powder (3 g) were sieved twice together.
Sieved flour was added to creamed paste. Different amount of pineapple
powder was incorporated to produce the following treatments:

T1: 3% of pineapple powder (3g pineapple powder/100g mixture)
T,: 5% of pineapple powder (5g pineapple powder/100g mixture)
Ts: 10% of pineapple powder (10g pineapple powder/100g mixture)
T,: 15% of pineapple powder (159 pineapple powder/100g mixture)

Firm dough was prepared with each mixture. The dough were rolled out to
2.5mm thickness and cut into round pieces having Scm diameter which were
placed on oiled stainless steel trays and baked in a pre-heated oven (Model:
PER 1700, China) at 150°C for 4 min to produce biscuits.

2.2 Determination of physico-chemical properties

The nutritional properties such as protein, fat, total sugar, moisture and
mineral contents of pineapple powder incorporated biscuits were analyzed
according to the standard method as described by AOAC (2002). All analyses
were carried out in triplicates.
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2.3 Evaluation of sensory attributes

Sensory evaluation was carried out using a trained panel of thirty members
consisting equal men and women. Samples of biscuit were presented to each
of the panelist and were asked to assess the taste, colour, texture, crispness,
pineapple flavour, absence of off flavour and overall acceptability using nine-
point hedonic scale with 1 representing the least score (dislike extremely) and
9 the highest score (like extremely). The sensory evaluation was carried out
either at 10 am for the morning session and at 3 pm for the afternoon session
to get accurate results. The analysis was performed for the freshly made
biscuits and at the end of the storage period.

2.4 Determination of shelf life

The pineapple biscuits were packed in laminated plastics materials
(Metabolic, MA 18240, USA) and stored at the ambient conditions of average
temperature at 30°t1°C and RH at 75-80% for 6 weeks. The biscuits were
assessed for the quality characteristics during the storage period at two week
intervals. Visual observations were made daily to evaluate the microbial
spoilage and to determine the shelf life of the biscuits.

2.5 Statistical analyses

The experiment was conducted using Completely Randomized Design,
consisting of four treatments replicated three times. Data were subjected to
Analysis of Variance (ANOVA) and means were separated using Duncan’s
Multiple Range Test at p<0.05 by using Statistical Analysis System (SAS 9.1
Version, North Carolina, USA) software statistical package. The mean scores
of the sensory evaluation were tested using analysis of variance (ANOVA)
method and differences were separated by Friedman test.

3 Results and Discussion

3.1 Nutritional composition of pineapple powder

The nutritional composition of the pineapple powder was moisture 6.07%,
titrable acidity 0.64% (as citric acid), ascorbic acid 57.2 mg/100g, total sugar
12.8%, fiber 0.47% and total soluble solids 13.2%. The values are in
accordance with Rodgers et al. (2007). According to Kadam et al. (2012)
nutritional composition of pineapple powder however depends on the variety,
maturity, size of the fruit, harvesting interval and climatic conditions of the
growing area.
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3.2 Physico-chemical characteristics of pineapple Powder incorporated biscuits

The nutritional analysis indicated that all the biscuits contained favourable
proportion of protein, fat, total sugars, moisture and mineral contents.
Substitution of pineapple powder for wheat flour improves the nutritive value
of the product. There was a decrease in protein, fat, total sugars and mineral
contents while increases in moisture level were observed in pineapple powder
incorporated biscuits during storage.

3.2.1 Protein Content

The data for changes in protein content of biscuits, during storage under
ambient condition are shown in Fig. 1. Typically, all-purpose wheat flour
contains 9.5 to 11.5% protein. According to the results, the protein content
decreased significantly (p<0.05) through the storage period. This may occur
due to interaction between reducing sugars and amino acids (maillard
reaction) and it is a major cause of quality change and degradation of
nutritional level of many foods.
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Fig. 1: Changes in protein content of pineapple powder incorporated biscuits
during Storage. (Values are means of triplicates; Vertical bars indicate the standard
errors; T1:3 g pineapple powder/100 g mixture; T,:5 g pineapple powder/100 g
mixture; T5:10 g pineapple powder/100 g mixture; T4:15 g pineapple powder/100 g
mixture)

Maillard reaction impairs with the nutritional value of protein and also this
reaction results in the loss of protein solubility and stability (Fennema, 1996).
Treatment 2 (5% pineapple powder incorporated biscuits) had a lower rate of
decreasing trends of protein from 22.15 to 22.06% compared to the other
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treatments. Various proteins present in wheat flour can undergo changes such
as protein cross-linking, protein-carbohydrate interactions and denaturing of
protein during processing (Singh, 2000).

3.2.2 Fat Content

The fat content decreased significantly (p<0.05) throughout the storage period
(Table 1). Treatment 2 (5% pineapple powder added to 100g mixture) had a
lowest rate of decreasing trend in fat than other treatments. This may be due
to low initial moisture content in the biscuits. Reduction in fat content was
due to the oxidation of unsaturated fatty acids with the atmospheric oxygen
and moisture uptake during storage (Brooker, 1998).

Table 1: Changes in Fat Content (%) of Pineapple Powder incorporated Biscuits
during Storage

Storage duration (weeks)

Treatments
0 2 4 6
T, 18.7740.07°  18.7240.08°  18.64+0.08°  18.57+0.30°
T, 18.8340.03*  18.82+0.03"  18.81+0.03"  18.79+0.03"
T, 18.8240.06*  18.80+0.03"  18.78+0.03°  18.7440.02°
T, 18.8340.03*  18.840.03" 18.76+0.03°  18.72+0.08"

Values are means of triplicates + Standard error.
Means values with the same superscript letters in the same column are not significantly
different from each other at P=5% by DMRT.

Fat and oil contribute to the tenderization of baked products through
inhibition of gluten development and starch gelatinization (Patrignani et al.,
2014). This is through a water proofing effect, possibly due to complexion
with carbohydrate and/or protein. According to O'Brien et al., (2003), the
reduction of fat content in the biscuits during storage is due to the auto-
oxidation of unsaturated fatty acids in the lipids.

3.2.3 Total Sugar Content

The total sugars content of the biscuits decreased significantly (p<0.05)
throughout the storage period (Table: 2), due to the thermal degradation of
sugars during baking and sugar polymerization during storage. Treatment 2
(5% pineapple powder added biscuits) showed reduced rate of a decreasing
trend compared to the other treatments. It had higher sugar content at the end
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of the storage period possibly due to the low moisture gain and reduced
complex reaction with sugars.

Table 2: Changes in total sugar content (%) of pineapple powder incorporated
biscuits during storage.

Storage duration (weeks)

Treatments 0 2 4 6
T, 58.34+0.08"  58.34+0.28%  58.25+0.34°  58.16+0.13¢
T, 58.5240.10"  58.52+0.23"  58.41+0.27°  58.34+0.16"
T, 58.53£0.06"  58.53+0.13°  58.36+0.13°  58.21+0.29°
T, 58.61£0.07*  58.6140.09°  58.22+0.33°  58.12+0.18"

Values are means of triplicates + Standard error.
Means values with the same superscript letters in the same column are not significantly
different from each other at P=5% by DMRT.

3.2.4 Moisture Content

The study showed that the moisture content of the biscuits significantly
(»<0.05) increased during storage (Fig. 2). Biscuits are very hygroscopic and
have an equilibrium relative humidity around 30%. Therefore, in most cases
the biscuits must be protected from the atmosphere to prevent or at least
reduce, moisture pick up from the atmosphere. Treatment 2 (5% pineapple
powder incorporated biscuits) had the lowest rate of increasing in moisture
content from 4.19 to 5.0% compared to other treatments.

The moisture gains of biscuits occurred due to water vapour transmission
from the storage environment as the biscuits are very hygroscopic and the
moisture absorption from the water vapor present in the air inside the
package. Another possibility of the moisture increase could be through air
intake from the package seal (Kumar et al., 2016). Biscuits with low moisture
content will have longer shelf life if they are stored under control conditions
such as appropriate packaging which is impervious to moisture and gasses
(Bertagnolli et al., 2014). Our results are in contrast with the findings of
Sindurani et al. (2000) who reported that the moisture content of value-added
cookies decreased during storage at ambient conditions. The different
directions of values may be due to the different packaging materials,
methodologies and conditions used for storage of cookies.
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Fig. 2: Changes in Moisture Content of Pineapple Powder incorporated Biscuits
during Storage (Values are means of triplicates; Vertical bars indicate the standard
errors; (Ty:3g pineapple powder/100g mixture; T,:5g pineapple powder/100g
mixture; T3:10g pineapple powder/100g mixture; T4:15g pineapple powder/100g
mixture)

3.2.5 Mineral Content

Mineral content decreased significantly (p<0.05) during the storage of biscuits
(Table: 3). Minerals in all treatments have undergone very little changes and
the treatment 2 (5% pineapple powder added biscuits) had a very slower rate
of decreasing trend compared to other treatments.

Table 3. Changes in Mineral Content (%) of Pineapple Powder incorporated Biscuits
during Storage

Treatments Storage duration (weeks)
0 2 4 6
T, 2.116+0.027¢  2.209+0.04°  2.060+0.025°  1.500+0.010°
T, 2.21240.032°  2.201+0.06°  2.186+0.02° 1.591+0.005°
T, 2.223+0.011°  2.205+0.03°  2.174+0.02° 1.569+0.005°
T, 2.234+0.017*°  2.230+0.01°  2.176+0.034>  1.576+0.012°

Values are means of triplicates + standard error. Means with the same superscript letters in the
same column are not significantly different from each other at P=5% by DMRT
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Mineral losses can occur by heat-induced chemical reaction between
reducing sugars and amino acids and/or proteins to form compounds that bind
minerals (Passos et al., 2013). These reaction products are more resistant to
digestion and hence capable of having their mineral-binding properties to
remain intact. Considerable amounts of some soluble minerals are dissolved
in water and leads to mineral loss during processing and storage due to
hygroscopic nature of the product.

3.3 Sensory analysis of Pineapple Powder incorporated Biscuits during Storage

The sensory scores of the pineapple biscuits during storage is shown in Fig. 3.
The results revealed that there were significant (p<0.05) differences among
the treatments on the sensory characteristics such as taste, colour, texture,
crispiness, pineapple flavour, absence of off flavor and overall acceptability at
5% significance level. Organoleptic characteristics of biscuits have slightly
changed during the storage period. This may be due to non-enzymatic
browning reaction (maillard reaction) and auto-oxidation of fats.

Pineapple

flavour
10 -

Overall
acceptability/
/ ——T1
=—=T2
Crispiness ! T3
T4

Absence of off
flavour

Texture

Fig. 3 Sensory scores of Pineapple powder incorporated Biscuits during storage
(T1:3g pineapple powder/100g mixture; T,:5g pineapple powder/100g mixture;
T;:10g pineapple powder/100g mixture; T4:15g pineapple powder/100g mixture)

The biscuits incorporated with 5% pineapple powder (T,) had the highest
overall acceptability characteristics based on the physic-chemical and
organoleptic point of view when compared to other treatments. From the
overall acceptability rating, the 5% pineapple powder added biscuits had the
highest mean value of 7.7 in a 9-point hedonic scale and no
significant(p>0.05) changes in organoleptic characters were observed up to 6
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weeks of storage in ambient condition of average temperature at 30°+1°C and
relative humidity of 75-80%. Similar results were reported by Ade et al
(2015) in which addition of 5% dried pineapple pulp is feasible in producing
nutritionally and organoleptically acceptable biscuits.

4.0 Conclusions

Incorporation of pineapple powder into wheat flour for the production of
biscuits is possible based on the physico-chemical properties and sensory
quality of the biscuits. The results revealed that the 5% pineapple powder
incorporated biscuits had the highest overall quality during the storage
compared to other treatment combinations. Therefore, the 5% pineapple
powder added biscuits could be stored for 6 weeks at the ambient condition of
30£1°C and 75-80% RH without any significant changes in quality
characteristics.
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