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ABSTRACT

Pineapple peel is packed with essential nutrients, antioxidants and other healthy compounds; however, their
popularity and empirical evidence related to health benefits are limited. Therefore, this study is designed to
formulate pineapple peel powder incorporated composite biscuits and evaluate their quality characteristics.
Initially, pineapple peel powder was prepared and its functional, chemical and nutritional evaluation were
analyzed. Then biscuits were formulated by various ratios of pineapple peel powder (0%, 5%, 7%, 10% and 12%)
and organoleptic evaluation was conducted. Based on the findings from sensory evaluation studies 7% and 10%
pineapple peel powder incorporated biscuits were selected for further studies: physical, chemical and nutritional
evaluation, along with control. According to the findings, biscuits formulated with pineapple peel powder had
better antioxidant properties and higher crude fiber, ash, sugar, potassium and ascorbic acid contents than
control biscuits. Moreover, 10% peel powder incorporated biscuit was selected as the best blend ratio using
results obtained by nutritional and sensory analysis. Additionally, storage studies showed that these biscuits can
be stored for 60 days without microbial spoilage. The present study recommended pineapple peel powder
enriched biscuits may be a better alternative product based on the results.
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INTRODUCTION either as raw or processed products such as

The most prominent fruit on earth and a
member of the Bromeliaceae family is the
pineapple (Ananas comosus L). Across the
world, it can be grown in the tropical and sub-
tropical climate zones (Dhar et al. 2008). It is
a well-known fruit due to its appealing senso-
ry and nutritional properties, containing vita-
mins, minerals, protein, carbohydrates, fiber,
flavonoids and carotenoids. Moreover, pine-
apple is one of the most popular fruit crop
farmed in Sri Lanka. According to the statis-
tics of the Department of Agriculture, Sri
Lanka, Mauritius and Kew are the most popu-
lar pineapple varieties cultivated in Sri Lanka,
while Mauritius being the most widely
grown. In Sri Lanka, pineapple is consumed

*Corresponding author: seeva@univ.jfn.ac.lk

jam, juices, jellies, puree, powder and nectar
(Thivani et al. 2016).

Pineapple peel is the main by-product of the
fruit comprising around 34.7% of the whole
fruit (Huang et al. 2011). Moreover, pineap-
ple peel has been investigated as a functional
nutritional supplement of dietary fiber, mainly
insoluble fiber, protein, polyphenols or anti-
oxidant compounds, vitamins and essential
minerals. Based on human health, fibers re-
duce the risk of diabetes, gallstone formation,
colonic cancer, issues related to obesity and
atherosclerosis. The pineapple peel powder
added advanced scientific features to the
products, including lower pH and moisture
content and increased acidity, which contrib-
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uted to the product's microbiological quality.
These outcomes are quite acceptable, because
these factors directly contribute to the keeping
quality of the product (Aparecida Damasceno
etal.2016).

The bakery industry is rapidly expanding, and
its products are becoming more popular among
individuals from every part of the world. Bis-
cuits have several appealing characteristics
among ready-to-eat snacks. They are stapled
foods with benefits such as ready-to-eat form,
widespread consumption, long shelf life and
high eating quality. Also, it is widely accepted
and consumed by nearly all consumer profiles
in many countries, making them a useful die-
tary supplement for nutritional improvement
(Arshad et al. 2007). Additionally, the utiliza-
tion of by-products from fruits and vegetables
in bakery products is considered as an innova-
tive approach, owing to the presence of their
antioxidant, anti-carcinogenic and  anti-
inflammatory properties (Thivani et al. 2016).

Moreover, several previous research studies
have focused on developing value added prod-
ucts by utilizing waste materials such as peels,
bagasse and seeds as rich sources of essential
nutrients. These studies explored various as-
pects, including the effects of Bordeaux grape
pomace (Vitis labrusca L.) on the antioxidant
and total phenolic content of cookies (Karnopp
et al. 2015), the use of orange pomace in the
formulation of gluten-free bread (O’Shea et al.
2015), the nutrient profile of cookies with gua-
va peel, formulation of blends powder using
banana peel (Martins et al. 2019), and the de-
velopment of cereal bars containing pineapple
peel flour (Aparecida Damasceno ef al. 2016).
However, only limited studies were conducted
to investigate the physical, functional, nutri-
tional and sensory analysis of bakery products
incorporated with pineapple peel powder by-
products.

On this background, the pineapple peel powder
incorporated into bakery products is considered
as the most effective way to produce healthy
value added food items using edible by-
products and also their recovery would be eco-
nomically feasible. Therefore, the objective of
this study was to develop pineapple peel pow-

der incorporated biscuits and to assess the
proximate  composition, physicochemical
properties, sensory attributes and antioxidant
properties of the formulated biscuits.

MATERIALS AND METHODS

Materials

Evenly ripen pineapple peels of Mauritius va-
riety were collected from the local juice bar
located in Kilinochchi, Sri Lanka. Peels were
collected hygienically and stored in the refrig-
erator for further usage (maximum 1 day).
Other ingredients such as wheat flour, sugar,
baking powder, margarine and corn flour were
procured from a shop in Kilinochchi.

Preparation of Pineapple Peel Powder
Pineapple peel powder was prepared with
slight modification using the method de-
scribed by Aparecida Damasceno et al.
(2016). Accurately weighed 2.76 kg of peel
was washed thoroughly using clean water for
2 to 3 times to remove any unwanted materi-
als. Then the peels were sanitized with 200
ppm sodium hypochlorite solution for 15
minutes to prevent contamination from pesti-
cides and chemicals. Peels were washed again
using clean water and cut into small pieces (2
cm x 2 cm). These small pieces of peels were
dried using a cabinet dryer at 60 C for 18
hours. After drying, the peels were ground by
using a blender, and then it was sieved using
100 um stainless sieve to obtain the pineapple
peel powder. Finally, it was stored in glass
bottles under refrigerated conditions until fur-
ther use.

Preparation of Biscuits

In order to formulate the pineapple peel pow-
der incorporated biscuits, pineapple peel pow-
der was used to partially substitute the wheat
flour dough mixture. Five treatment biscuits
were formulated by adding varying amounts
of pineapple peel powder to a control biscuit
(T1), which was prepared with 45 g wheat
flour, 3.2 g corn flour, 25 g margarine, 25 g
sugar, 1.8 g baking powder and water. Differ-
ent proportions of pineapple peel powder as
5%, 7%, 10% and 12% were added to the
dough mixture respectively, to make different
pineapple peel powder incorporated compo-
site biscuits T2, T3, T4 and T5.
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Pineapple peel powder biscuits were prepared
using the creamery method with some modifi-
cations (Man et al. 2014). The weighed in-
gredients were added and mixed to form the
dough. The dough was kneaded on a flat
working bench, and it was rolled into a sheet
and cut with a round cutter. The cut pieces of
dough were placed into a greased oven tray
and baked for 9 minutes at 180 C in a pre-
heated oven. Finally, the composite biscuits
were packed in airtight polyethylene bags and
stored in a desiccator.

Sensory Evaluation

The samples were subjected to sensory analy-
sis to evaluate consumer preference using the
5-point hedonic scale with 35 semi trained
panelists. Samples were labeled with 3-digit
numbers and presented to the panelist with
plain water. Sensory attributes of samples:
appearance, texture, color, flavor, taste and
overall acceptability were evaluated.

Analysis of Functional Properties

The functional properties which include water
and oil absorption capacity and bulk density
were analyzed by method as indicated in
Oladunjoye et al. (2021), with some modifi-
cations, while the swelling capacity was ana-
lyzed using the modified method by Siti Fa-
ridah et al. (2021). Water absorption capacity
was estimated as a percentage of water ab-
sorbed by the powder while oil absorption
capacity was calculated as a percentage of oil
absorbed by the powder.

Analysis of Physical Properties

Physical properties of the control and the two
most preferred pineapple peel powder incor-
porated composite biscuits from the sensory
analysis were evaluated. Initially, the selected
biscuits were analyzed for diameter, thick-
ness, weight, spread factor, bulk density and
water activity by following the respective
procedures described in Oladunjoye et al.
(2021). All measurements were carried out in
duplicates. The diameter and the thickness of
the biscuits were measured using a vernier
caliper in millimeters. Spread factor of bis-
cuits was determined using diameter to thick-

ness ratio of each biscuit. The weight of bis-
cuit was measured using an analytical balance.

Analysis of Chemical Properties

pH

The pH of the pineapple peel powder, control
and selected composite biscuits samples were
evaluated by following procedures. One gram
of powder and biscuit samples were taken into
test tubes. Then, 10 mL of distilled water was
added to each tube and it was stirred. Finally,
the pH of the sample was measured using a
calibrated pH meter.

Titratable Acidity

Titratable acidity of the pineapple peel pow-
der, control and selected composite biscuits
samples were evaluated by following proce-
dures. A sample of one gram was dissolved
with 10 mL of distilled water and filtered. The
filtrate was titrated with 0.1 N NaOH, using 2
drops of phenolphthalein as an indicator. The
percentage of acidity was calculated using the
following equation.

Percentage of total acidity =
0.1 X volume of NaOH (L) X 192.43 +

(3 x weight of sample) X 100 ....Eqn 01

Ascorbic acid (Vitamin C)

Ascorbic acid content of the pineapple peel
powder, control and selected composite bis-
cuits samples were evaluated by the reducing
action of ascorbic acid on the blue dyestuff
2,6 - dichlorophenol indophenol as described
in Khan et al. (2013). The ascorbic acid con-
tent was calculated as mg per 100 g/100 mL
of the sample.

Proximate Analysis

Proximate analysis was performed for pineap-
ple peel powder, control and selected compo-
site biscuits to compare the nutritional value
of each biscuit. Moisture (oven drying meth-
od), dry matter content, ash (incineration
method), total sugar, protein (Kjeldahl meth-
od), fat (continuous extraction method), crude
fiber (Ankom technology), carbohydrate
(percentage differences) and potassium con-
tent (flame photometric method) were ana-
lyzed by following procedures as stated in
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Nielsen (2010). All the analyses were carried
out in duplicates.

Analysis of Antioxidant Properties

Analysis of antioxidant properties of the pine-
apple peel powder, control and selected com-
posite biscuits samples was performed using
following procedures. Total phenolic content
present in the samples was analyzed by Folin-
ciocalteu method indicated by Noreen et al.
(2017). The absorbance of the developed col-
or was measured at 765 nm using UV-Visible
spectrophotometer (UH5300 spectrophotome-
ter, HITACHI, Japan). The total phenolic con-
tent was determined using the standard curve
and stated in terms of mg Gallic acid equiva-
lent (mg GAE) per gram of dry matter.

The estimation of total flavonoid contents was
done by following Aluminium chloride color-
imetric method as described in Zou et al.
(2004) with some alterations. The reaction
mixture was mixed and absorbance was meas-
ured at 510 nm using a UV-Visible spectro-
photometer. The flavonoid content was indi-
cated in terms of mg Catechin equivalent (mg
CE) per gram of dry matter.

Total antioxidant capacity of the sample was
determined using the colorimetric method
stated by Prieto et al. (1999). The absorbance
was measured at 695 nm against a blank using
a UV-Visible spectrophotometer. The antioxi-
dant capacity was calculated using a standard
curve of ascorbic acid and expressed as mg
Ascorbic acid equivalent antioxidant capacity
(AAE) per gram of dry matter.

Shelf-life Study of Control and Composite
Biscuits

Freshly prepared control and selected compo-
site biscuit samples were packed in a polyeth-
ylene bag and stored in ambient temperature
storage conditions (30 + 2 C). Microbial and
Visual analyses were performed at 30 days
intervals up to 60 days after storage. The total
plate count and yeast and mold count were
analyzed using procedures described in
Oladunjoye et al. (2021).

Statistical Analysis

Sensory evaluation results were analyzed us-
ing SPSS statistics (V.20) with 95% confi-
dence interval. Functional, physical, chemical
and antioxidant properties were analyzed
using a Completely Randomized Design
(CRD) using the SAS statistical package. The
significant difference was compared using
Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION

Sensory Results of Prepared Biscuits
Pineapple peel powder incorporated biscuits
were developed using different treatments
such as T1 (Control), T2 (5%), T3 (7%), T4
(10%) and T5 (12%). According to the formu-
lations, biscuits were prepared and sensory
analysis was done using 5-point hedonic scale
with 35 semi trained panelists. Mean values of
analyzed sensory attributes of biscuits pre-
pared by partially substituting wheat flour
with different percentages of pineapple peel
powder are stated in Table 1. A significant
difference (p<0.05) was observed among the
samples for all the tested sensory attributes.

Moreover, highest mean values for all the sen-
sory attributes were observed in T3 and T4
and the least mean value was observed for
color and flavor in the control sample. Simi-
larly, a previous study indicated 5% and 10%
pineapple powder incorporated biscuits had
the highest overall acceptable scores based on
their sensory perception (Thivani et al. 2016).
Additionally, higher mean scores were ob-
served for T3, T4 and T2 for the attributes of
taste. However, the overall acceptability of
the T3 and T4 got higher mean values. Ac-
cording to the sensory analysis, T3 and T4
composite biscuit samples were selected and
further analyses were carried out. The out-
comes are closely connected with the pres-
ence of texture, flavor and aroma enhancing
components in pineapple peel powder.

Functional and Chemical Properties of
Pineapple Peel Powder

The functional attributes of powders have an
advantageous role in the production of novel
products. The chemical structure of polysac-
charides and proteins in peels is highly corre-
lated with their functional properties, which
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Table 1: Mean value for sensory attributes of control and composite biscuits

T1 T2 T3 T4 TS

(Control) (5%) (7%) (10%) (12%)
Appearance 3.74+0.53" 3.63+0.42° 428+0.39° 3.84+0.56° 3.06+0.49"
Texture 3.71+£0.36° 3.82+051™ 3.98+0.24° 3.93+0.42° 3.09+0.22°
Color 2.72+£0.29° 3.96+0.56° 4.09+0.63° 3.97+0.69° 3.2+0.62°
Flavor 2.89+£0.45" 4.08+0.64° 4.17+0.27° 4.15+0.51° 3.04+0.54°
Taste 3.82+0.32° 3.96+0.62° 4.01+039° 3.97+0.58 2.64+0.56"
Overall acceptability 3.53+0.44° 345+0.51° 4.12+0.38 4.09+0.48 3.14+047°

Mean £ SD values with different letters of superscripts in the same row are significantly different.

are greatly influenced by milling, thermal
processing  extrusion cooking, and so on
(D1as et al. 2020). The findings of functional
properties of pineapple peel powder are dis-
played in Table 2. The bulk density was 0.29
gem™ while the capacities for water absorp-
tion, oil absorption and swelling were 3.95
mL/g, 0.75 mL/g, 4.39 mL/g and respectively.

Bulk density of the pineapple peel powder
obtained from this study was lower value than
the value of bulk density (0.39 + 0.01) in an-
other study (Dias et al. 2020). Similarly, wa-
ter absorption capacity, oil absorption capaci-
ty and swelling capacity of this study were
lower than the previous study. In which the
values of pineapple peel powder were 4.3 +
0.29, 1.9 £ 0.08 and 7.57 £+ 0.29 respectively.
The particle size and initial moisture level
have an impact on the bulk density. The pres-
ence of high bulk density indicates that they
are excellent for application in diet prepara-
tion while, the formulation of complementary
foods would benefit from low bulk density
(Chandra and Samsher 2013).

Additionally, the water absorption capacity
and swelling capacity of the pineapple powder
were higher than that of wheat flour (Chandra
and Samsher 2013) who reported that water
absorption capacity and swelling capacity of
the wheat flour were 1.4 and 0.17 mL/g re-
spectively. However, the oil absorption capac-
ity of the pineapple flour had lower value than
wheat flour (1.46 mL/g). Another study stated
that the oil absorption capacity of wheat flour
was 0.725 mL/g (Shad et al. 2013), which is
lower than the oil absorption capacity of pine-
apple peel powder. The maximum value of
water absorption capacity helps to prevent
water loss while applying external stress, and
also high oil absorption capacity value is po-
tentially useful in flavor retention, enhancing
the palatability and extending the shelf life of
bakery products (Dias et al. 2020).

In this study, the pineapple peel powder pre-
sented lower pH (4.5 = 0.05) which is closer
to the value of peel powder (4.6 = 0.02) found
in Aparecida Damasceno et al. (2016), but
this value is higher than that of same variety
(3.85 £ 0.01) found by Kodagoda and Marap-
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Table 2: Functional and chemical properties of pineapple peel powder at room temperature

Parameters Value
Water absorption capacity (mL/g) 3.95+0.21
Oil absorption (mL/g) 0.75 +£0.07
Swelling capacity (mL/g) 4.39 £0.04
Bulk density (g cm™) 0.29 + 0.06
pH 4.5 +0.05
Titratable acidity (citric acid %) 1.4+0.11

Values represents Mean + standard deviation af duplicate determinations.

ana (2017). The changes in the pH value are
highly correlated to the ripening stage of the
pineapples. The low pH of the sample tested
in this study indicates that there is a low risk
to product will degrade due to microbes, en-
zymes, or non-enzymatic reactions. Titratable
acidity of the flour was 1.4 + 0.11%. Howev-
er, the titratable acidity of pineapple fruit is
0.6 to 1.62 percent in Kodagoda and Marapa-
na (2017). This range may be due to differ-
ences in pineapple fruit ripening state, pineap-
ple cultivar and storage atmosphere.

Nutrient Profile of Pineapple Peel Powder

The nutrient profile of the pineapple powder
is shown in Table 3. Moisture content and
protein in the peel were 6.81 = 0.20% and 3.6
+ 0.31% respectively. Moisture value of this

study is similar to the value studied by Apare-
cida Damasceno et al. (2016), and also protein
content is similar to the value (3.52 + 0.21%)
reported by Kodagoda and Marapana (2017)
for the same variety (Mauritius).

Fat content of flour was lower in this study
(0.33 £ 0.01%), but this value is not in agree-
ment with the percentage of 1.17 + 0.08 re-
ported by Aparecida Damasceno et al. (2016).
Ash content of this study was 4.53 £ 0.03%, a
similar value when compared with the previ-
ous studies (Kodagoda and Marapana 2017)
and (Aparecida Damasceno et al. 2016). The
crude fiber content of this study was high
(20.87 = 0.36%), this value is in disagreement
with the value (4.92 £+ 0.5%) as reported by
previous study (Aparecida Damasceno et al.

Table 3: Nutrient profile of pineapple peel powder

Parameters Value
Moisture (%) 6.81 £0.20
Ash (g/100 g) 4,53 £0.03
Crude Protein (g/100 g) 3.6+0.31
Fat (g/100 g) 0.33£0.01
Crude fiber (g/100 g) 20.87 £ 0.36
Carbohydrate (g/100 g) 63.88 +0.31
Reducing sugar (g/100 g) 0.25+0.01
Non reducing sugar (g/100 g) 1.23 +£0.01
Total sugar (g/100 g) 1.48 £0.01
Ascorbic acid (mg/100 g) 4.89 + 0.04
Potassium (mg/100 g) 89.1 £0.85
Total phenolic content (mg GAE/100 g) 46 +£0.71
Flavonoid (mg CE/100 g) 74.5+0.12
Antioxidant capacity (mg AAE/100 g) 96.23 £ 0.45

Value represents Mean + standard deviation of triplicate determination.
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2016). But this value is lower than the peel of
the same variety of pineapple (42.02 = 1.07)
(Kodagoda and Marapana 2017).

Potassium content of this study was 89.1 +
0.85 mg/100 g, which is lower than the value
reported as 398.08 + 15.23 mg/100 g in pre-
vious research study (Kodagoda and Marapa-
na 2017). Lower mineral content may be de-
pending on several factors, including variety,
maturity stage, texture and conditions of soil
and type and rate of irrigation, which can
cause variations in micro and macro mineral
content in varieties of fruits (Leterme et al.
2006). Carbohydrate content of this study was
63.88 £ 0.31%, which contrasts with findings
reported by Huang ef al. (2011) who found
pineapple peel has lower carbohydrate content
of 42.3%. It is considered as a significant
point to state the differences in the physico-
chemical composition of pineapple peel pow-
der from different cultivars and soil condi-
tions (Aparecida Damasceno ef al. 2016).

Ascorbic content of this study was 4.89 =+
0.04% which is a lower value than 6.3 +
0.06% reported by Dos Santos et al. (2020).
Total sugar content and reducing sugar (RS)
content of the flour of present study were very
low (1.48 = 0.00% and 0.25 + 0.01%) com-
pared with values (18.3 + 0.00% and 3.0 +
0.2%) found by Dos Santos et al. (2020) for
the pineapple peel. During fruit maturation,
starch is hydrolyzed into glucose and fructose,

which indicates the peel has a lower RS con-
tent (Cao et al. 2013).

Total phenolic, flavonoid and antioxidant con-
tent of this study were 46 = 0.71 mg GAE,
74.5 = 0.12 mg CE and 96.23 £ 0.45 mg
AAE /100 g of dry matter, which were higher
compared with the previous study by Li ef al.
(2014), who have found total phenolic con-
tent, flavonoid and antioxidant capacity of
peel is 31.76 mg GAE and 58.51 mg CE and
3.7 mg/ 100 g of dry matter. The presence of
antioxidants helps to extend the shelf life of
bakery products and maintain their freshness
and flavor over time (Czajkowska—Gonzalez
etal 2021).

Physical and Chemical Properties of Con-
trol and Composite Biscuits

Physical and chemical properties of control
and composite biscuits are shown in Table 4.
The results showed no significant difference
in weight, diameter and thickness of the bis-
cuit samples. However, there was a significant
difference (p<0.05) between the control and
composite biscuit samples for bulk density
ranging from 0.33 - 0.36 gecm™. Bulk density
increased with the addition of pineapple peel
powder, but no significant difference between
composite samples. Moreover, a significant
difference (p<0.05) was observed in the
spread ratio of composite biscuits (Ahmad et
al. 2016).

For the pH, a significant difference was ob-
served between the control and composite bis-
cuit samples, but no significant difference
among the composite biscuit samples. This
indicates that the pineapple peel flour addition

Table 4: Physical and chemical properties control and composite biscuits

Parameters Control (0%) T3 (7%) T4 (10%)

Weight 5.07 £0.02° 5.53+£0.24" 5.18 £0.26"
Bulk Density (gem™) 0.33£0.01° 0.35+0.00° 0.36 + 0.00°
Diameter (cm) 42 +0.07° 4.26+0.07° 4.15+0.07°
Thickness (cm) 0.44 +0.01° 0.42+0.01* 0.44+0.01*
Spread ratio 9.43+£0.14° 10.24 + 0.00 9.55+0.32°
pH 6.78 + 0.02° 6.4 +0.03" 6.38 +0.16°
Titratable acidity (Citric acid %) 0.26 +0.01° 0.51 +0.01° 0.64+0.01%

Mean £ 5D values with different letters of superscripts in the same row are significantly

different.
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reduces the pH with increasing its titratable
acidity.

Nutrient Profile of Control and Composite
Biscuits

Results of the nutrient profile of biscuits are
presented in Table 5. No significant differ-
ence was observed between the samples for
crude protein, crude fat and carbohydrate.
Crude fiber of composite biscuits ranged from
9.25% - 10.19% and control samples con-
tained lower amounts than the pineapple in-
corporated biscuits. This signifies the pineap-
ple peel powder rich in fiber.

Ash, moisture, reducing sugar, potassium and
ascorbic acid contents are increased with in-
creasing the level of pineapple peel powder.
Total sugar content of pineapple peel powder
incorporated biscuits ranged from 11.68% -
12.52%, a significant difference was observed
between control and composite samples
(p<0.05), this indicating that pineapple peel
contains a significant amount of total sugar.

There was a significant difference in antioxi-
dant properties: total phenolic content, flavo-

noid content and antioxidant capacity for all
samples. During the baking process, pineapple
peel powder can release conjugated phenolic
acids, leading to substantial increase in the
amount of total phenolic content and antioxi-
dant capacity of baked products, such as bis-
cuits. Additionally, the Maillard reaction, car-
amelization and phenol oxidation may also
contribute to an increase in total antioxidant
compounds in foods (Ragaee et al. 2014).

Shelf-life of Control and Composite Bis-
cuits

Visual analysis and microbial count were
evaluated in the 30 days interval up to 60 days
after storage of control and composite biscuits
packed in the normal packaging material
(polyethylene) under room temperature condi-
tion (30 £ 0.5 C), and its results are shown in
Table 6. In the visual analysis, color, flavor
and crispiness of the control and composite
samples were remaining unchanged for up to
two months of storage period.

Microbial tests are vital in assessing the shelf
life of food products as they identify the mi-
croorganisms responsible for food spoilage.

Table 5: Nutrient profile of control and composite biscuits

Parameters Control (0%) T3 (7%) T4 (10%)
Moisture (%) 2114£0.02°  2.45+0.01° 2.83 £ 0.06"
Ash (g/100 g) 1.46 + 0.00° 1.82+0.02° 1.92 £ 0.04*
Crude Protein (g/100 g) 5.92+0.06" 6.05 +0.06" 6.13+0.06"
Fat (/100 g) 13.37+£0.5°  14.28 +0.02° 15.52 +0.4°
Crude fiber (g/100 g) 7.82+0.23° 9.25+0.09* 10.19 £ 0.56°
Carbohydrate (g/100 g) 69.3 +£1.99% 66.2 +£2.10° 63.47 +£1.36°
Reducing sugar (/100 g) 0.03£0.02°  0.14+0.02° 0.23 +0.02°
Non reducing sugar (g/100 g) 1.25+£0.04° 1.33£0.01* 1.23£0.01°
Total sugar (g/100 g) 10.42 £ 0.06° 11.68 +0.01° 12.52 +0.00°
Ascorbic acid (mg/100 g) 1.33£0.13° 3.7+0.03° 4.92+0.01°
Potassium (mg/100 g) 21.78 £0.72° 3527 +0.68" 42.48 £0.01°
Total phenolic content (mg GAE/100 g) 58.23 £0.55°¢ 185.15+2.9° 198.4 +1.13°
Flavonoid (mg CE/100 g) 257 + 1.41° 391+ 1.41° 422 +2.83°
Antioxidant capacity (mg AAE/100 g) 191.5+2.12° 274.1+1.56° 281 +1.41°

Data presented mean = 50D values with different latters of superscripts in the same row

are significantly different.
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Table 6: Total plate count and yeast and mold count of control and composite biscuits under

room storage condition

Samples Storage period Total plate count Yeast and mold
(Days) (CFU/g) (CFU/g)
Control 0 days ) | )
30 days 4.09x10 -
(100% wheat flour) 60 days 5.09x10' -
0 days - -
T3(7%) 30 days 2.09x10' -
60 days 2.81x10' -
0 days - -
T4 (10%) 30 days 2.09%10' -
60 days 2.68x10' -

According to the specification for biscuits
(Sri Lanka standard 256:2010), aerobic plate
count should be below 1 x 10° CFU/g. During
the storage period, total plate count was
slightly increased in both control and compo-
site biscuits up to 60 days of storage period
but not exceeding the limitation level. Yeast
and mold growth was not observed in all sam-
ples. In this study, the microbial count results
were satisfied by both control and composite
biscuits during storage for two months_of pe-
riod at room temperature.

CONCLUSIONS

This study found that the development of bis-
cuits from pineapple peel powder had a con-
siderable effect on the nutritional and health
benefits. The present study revealed that 7%
and 10% pineapple peel powder incorporated
biscuits were preferred among the other sam-
ples according to the sensory analysis. Based
on the nutritional analysis, 10% incorporated
biscuit was selected as the best formulation.
Moreover, this finding indicated that biscuits
produced from pineapple peel powder contain
a sufficient amount of ash, crude fiber, sugar,
potassium and ascorbic acid. In the nutrient
analysis, the values of ash, sugar, potassium
and ascorbic acid were significantly increased
with an increasing amount of pineapple peel
powder.

Moreover, the results of the antioxidant anal-
ysis indicated a significant difference between
the control and composite biscuits, since pine-

apple peel powder contains a significant
amount of antioxidant properties. Additional-
ly, shelf life study of biscuit samples was giv-
ing better sensory attributes without microbial
spoilage during two months period. Finally,
the present study created new knowledge on
the formulation of novel edible products using
pineapple peel powder.
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