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Development and Physicochemical Quality Assessment of Whey- Based
Pineapple (Ananas comosus) Beverage

M.A.L.S.S. Munasinghe and H.N.N. Dilrukshi*

ABSTRACT

The present investigation was aimed to
develop a value added whey based pineapple
beverage with acceptable sensory and
nutritional characteristics along with its
storage stability. The beverage samples were
prepared using five different proportions
(0%, 15%, 25%, 35% and 45%) of
pineapple juice in cheese whey. Amount of
sugar was fixed at 5g per 100 ml of
prepared beverage. The best formulation
was selected through sensory evaluation and
the physicochemical parameters of prepared
beverages were determined at 7 + 1°C
within 28 days of storage period. Whey
beverage with 35% pineapple juice has
scored the highest mean value (118.05) for
overall acceptability in sensory evaluation.
The storage studies were observed that total
sugar content had a non-significant effect
during storage period (p>0.05). Based on the
results of sensory analysis and storage
studies, it can be concluded that a whey
beverage combination  with  ripe
pineapple juice can be prepared
successfully by using the tested levels of,
T3 (35% pineapple juice + 65% whey)
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INTRODUCTION

With the development of world dairy
processing industry number of nutritious
byproducts which can be achieved a very
good success on the market have been
produced. Whey is one of such by-products
obtained during coagulation of milk from
cheese and paneer industry (Chavan et al.,
2015). Whey contains about 85-90% of the
total milk volume used for the preparation
of cheese, and 55% of the milk nutrients
retains in whey. The composition of liquid
whey comprises lactose (05%), water
(93%), proteins (0.85%), minerals (0.53%)
and fat (0.36%). Whey protein is present in
small quantities but they have a high
biological value (104), protein efficiency
ratio (3.6) and net protein utilization (95)
superior to other proteins such as egg, soy
and caseins of milk (Smithers, 2008).
Whey protein constitutes a-lactalbumin, -
lactoglobulin, serum albumin, caseino-
macropeptides, immune-globulins,
lactoferrin, and lysozyme which have lots
of health benefits, such as increased
immunity and anticancer  properties
(Chavan et al., 2015).
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Based on the nutritional value of whey,
number of different uses have been
reviewed (Smithers, 2008). Over the years
various attempts have been taken to
transform whey liquid in the form of food
based products such as beverages, spreads,
sauces, dry soups, cookies and other
bakery products. Dried whey is a very
suitable ‘bulking’ food ingredient due to its
bland taste compatible with many food
processing applications (Jelen, 2011).
Among these, one of the most attractive
possibilities, of whey utilization is
producing different kind of beverages
(Djuri¢ et al., 2004). The whey beverage
processing has a long history and it was
believed that producing whey drinks began
in 1970-ies (Jeli et al., 2008) and one of
the success oldest whey beverages is
Rivella from Switzerland (Jelen, 2011).
Recently commercial interest in whey
beverages has increased among modern
consumers in several European countries,
because besides being delicious whey
beverages are highly nutritious.

The most typical approach for
development of whey beverages is,
combining of whey with ripe fruit juices
which are heavily compatible with the
flavor characteristics of whey (Jelen,
2011). Several researchers have studied
about beverages consisting of whey and
fruit components such as orange, pear,
peach, apple, mango, banana, pineapple
and grapes (Djuri¢ et al., 2004, Chavan et
al.,, 2015, Dhamsaniya and Varshney,
2013 , Baljeeth et al., 2013; Bhat, 2014).
Also there have been investigations on
sensory  characteristics,  shelf life,

microbiological quality of prepared whey
based beverages (Vojnovic et al., 1993 and
Sakhale et al., 2012).

Citrus fruits and other tropical fruits
are the most frequently suggested for
combination with whey drinks, because
they have proved to be very efficient in
reducing the undesirable odor and salty-
sour flavor of fresh whey (Djuri¢ et al,
2004). Pineapple is one of the popular
tropical fruits in Sri Lanka and it is
commonly available in the market
(Selvarajah et al., 1998). Pineapple is a
rich source of vitamin A, B and C and
several minerals such as calcium,
phosphorus and iron (Hossain and
Rahman, 2011). The micronutrients
containing in pineapple reduce the risk of
occurring different types of cancer,
cardiovascular and neurological diseases
(Collins and Harrington, 2002).

However a very few studies have been
taken to develop whey based beverages
within Sri Lanka (Senarathne ez al., 2009).
It indicates that processing whey to
beverages is not that much popular within
country. Consumers may not be familiar
with these types of beverages due to lack
of any serious product development effort.
The aim of present study was to develop a
whey-based beverage which was obtained
from  cheddar  cheese  processing,
combination with ripe pineapple juice and
along with its storage study.

MATERIALS AND METHODS

Ripe pineapple was purchased by the local
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market in Gampaha, Sri Lanka. Sugar
(C12H22011), Salt (NaCl), food graded
Sodium Metabisulphite (Na2S20s) and
citric acid (Ce¢HsO7) were purchased from
JL Morison Son and Jones (Ceylon) PLC,
Sri Lanka.

Preparation of Whey

Whey was obtained during producing of
cheddar cheese in laboratory  of
Department of Livestock and Avian
Sciences, Wayamba University of Sri
Lanka. Then it was filtered through a
muslin cloth and stored at -20°C. Frozen
whey was thawed at 3°C before using.

Preparation of Pineapple Juice

The ripe pineapple was washed with
running water and hand peeled. The eyes
were removed. Then it was cut into small
pieces using a knife. Small pieces were
poured into a kitchen scale blender and
crushed well. Then pineapple juice was
filtered using a muslin cloth and it was
used for beverage preparation (Baljeet et
al., 2013).

Treatment Details

For the preparation of 100 ml beverage
following five different blends of
pineapple juice and whey were used.

To = 0% pineapple juice + 100% whey
(Control)

T1=15% pineapple juice + 85% whey

T, = 25% pineapple juice + 75% whey

T3 = 35% pineapple juice + 65% whey

T4 = 45% pineapple juice + 55% whey

Preparation of Whey Based Pineapple
Beverage (WBPB)

The WBPB samples were prepared by
adding corresponding pineapple juice:
whey ratio together with sugar (5g sugar
per 100ml of beverage) and NaCl. Then
each mixture was blended and boiled at
75°C for 10 minutes. The beverage
samples were cooled to room temperature
and the preservative (50 ppm sodium
metabisulphite) was added according to the
regulations made by the Minister of Health
in terms of section 32 of the Food Act
No0.26 of 1980 in consultation with the
Food Advisory Committee in Sri Lanka.

Adding corresponding juice: whey ratio, sugar & NaCl

Mixing & Blending

'

Boiling (75°C, 10 minutes)

'

Cooling to room temperature

'

Adding preservatives
Adjusting pH around 4.2 using citric acid
Filtering & Hot filling

Cooling & refrigerated storing (7 + 1°C)

Figurel. Flow diagram for the preparation
of whey-based pineapple beverage

The pH values of the WBPB samples were
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adjusted to 4.2 using citric acid. Then they
were filtered and filled into pasteurized
glass bottles and sealed. Finally, the
prepared beverage samples were cooled to
room temperature and stored under
refrigerated conditions (7 £ 1°C).

Physicochemical Analysis

The whey sample, pineapple juice and
beverage samples were analyzed for
different physicochemical characteristics
by applying standard methods. Total
soluble solids were determined with Hand
Held Refractometer (UK) and the values
were expressed as °Brix. Titratable acidity
was calculated in terms of lactic acid for
whey and citric acid for pineapple juice
and beverage by titrating against 0.1N
NaOH according to AOAC method
(AOAC, 2007). Protein content of whey
sample was determined by Kjeldahl
method (Kjeldahl apparatus- Buchi/
Switzerland, 2005) for nitrogen estimation,
using factor of 6.38 for conversion of
nitrogen into protein (Mariotti ez al., 2008).

Fat content of whey sample was
determined by Gerber centrifuge method
(Kleyn et al., 2001). Digital pH meter (ST
3000- Ohaus Corporation —USA) was used
for pH measurements. Specific minerals
(Ca, Mg, Zn, Cu, and Fe) of whey sample
were measured using Atomic Absorption
Spectrophotometry (AAS- Thermo
scientific - UK) as reported by Skoog et al.
(2007). The reducing sugar content and
total sugar content of pineapple juice and
beverages were determined as described by
Lane and Eynon (Lane and Eynon, 1934).

The ascorbic acid content of pineapple
juice and beverages were determined
according to a redox iodometric titration
using starch as an indicator (University of
Canterbury College of Science, 2017).

Sensory Analysis

Five different blends of beverage samples
were exposed sensory analysis using 30
untrained panelists. The beverage samples
were evaluated for appearance, color,
texture, odor, taste and overall acceptance.
The panelists were asked to record their
observations on the sensory sheet based on
Hedonic scale with five-point score values
ranging from 5: “Like Extremely” to 1:
“Dislike Extremely”.

Storage Studies

Five treatments were stored at refrigerated
temperature (7+£1°C) for 28 days because
according to the previous studies whey
beverages prepared from freshly added
fruit pulps have been stored within 28 to
45 days (Bhat, 2014). The current study
was conducted within 28 days based on the
available facilities. For the analysis, juice
samples were drawn at intervals of 4 days
and evaluated for physico-chemical
characteristics.

Statistical Analysis

The sensory data were analyzed
statistically using SAS system under
Wilcoxon rank sums and Kruskal — Wallis
test. The storage data were analyzed using
SPSS 16 software under factorial
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Completely Randomized Design at 95%
confidence level.

RESULTS AND DISCUSSION
Physicochemical Characteristics of Raw
Materials (Whey Liquid and Pineapple
Juice)

The sweet liquid cheddar cheese whey was
assessed for total solids, pH, acidity, crude
protein, fat and specific mineral content
(Ca, Mg, Fe and Zn) as shown in Table 1.
According to the results, whey showed
6.52% of total solids, 5.94 pH, 0.23%
acidity (measured as percent lactic acid),
0.98% crude protein and 0.66% of fat. Ca
(334.42 mg/L) was present in high
concentrations in whey liquid among the
tested minerals.

Table 1. Composition of whey liquid and
pineapple juice

Parameter Whey Pineapple
TSS (Brix?) 6.52 10.92
pH 5.94 3.63
Acidity (%) 0.2270 1.2243
Crude protein (%) 0.98 -
Fat (%) 0.66 -
Mineral content
(mg/L) 334.42 -
Ca 79.63 -
Mg 9.27 -
Fe 0.58 -
Zn
Ascorbic acid - 14.33
content
(mg/100g of
sample)
Reducing sugars (%) - 5.80
Total sugars (%) - 12.13

The pineapple juice showed 10.92
(Brix®) Total Soluble Solids (TSS), 1.22%

acidity (measured as percent citric acid)
and 3.63 pH which was lesser than pH of
whey. The ascorbic acid content (14.33
mg/100g of sample), reducing sugar
content (5.80%) and total sugar content
(12.13%) of pineapple juice were in
accordance with the earlier work of Baljeet
et al. (2013). Different studies have
reported that average ascorbic acid content
for pineapple varies according to the
variety. In addition to the varietal effect,
the ascorbic acid content can be affected
by additional factors, such as clone,
climatology and geographical conditions
and acidity (Lu ef al., 2014).

Effect of Different Treatment Levels on
Sensory Characteristics of Whey Based
Pineapple Beverage

The five different blends of whey and
pineapple juice were evaluated for sensory
attributes namely appearance, color,
texture, odor, taste and overall acceptance.
It was observed from Table 2 that whey
beverage with 35% pineapple juice (T3)
has scored the highest mean scores for
taste (110.53), overall acceptance (118.05)
and odor (112.13). The appearance, color
and texture of beverage samples increased
significantly when increasing the amount
of pineapple ratio used. Therefore, it was
observed that the whey beverage with 45%
pineapple juice (T4) has scored highest
mean scores for appearance, color and
texture of beverages.

The lowest mean scores for almost all
sensory attributes were obtained by control
sample (To) indicating that control has the
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lowest consumer acceptance. Also,
according to the statistical analysis effect
of five treatment levels on all sensory
characteristics were significantly different
(p<0.05). The results are in agreement with
findings of Shukla et al. (2013) and
Bhavsagar et al. (2010) where the control
sample has the lowest mean scores for all
sensory attributes in sensory analysis of
prepared pineapple flavored beverage from
Channa whey while the highest mean
scores were obtained by the sample which
was having high proportion of pineapple
juice. Finally, the present study sensory
evaluation data indicated that whey-based
beverage blending with 35 and 45 percent
pineapple juice were found to be superior
in terms of consumer preference.

—T(0 T] emT)  cmm—T3 T4
Appearance
120
Overall Color
Acceptance

Taste Texture

Odor

Figure 2. Changes in mean scores of
sensory  attributes among  different
treatments

Table 2: Changes in mean scores of sensory attributes among different treatments

Treatment Appearance Color Texture Odor Taste Overall Acceptance
To 27.17 23.50 47.68 30.70 30.83 26.20
T 65.95 65.73 73.20 65.28 61.200 60.40
T, 63.92 63.75 68.95 66.28 71.98 67.77
Ts 110.02 110.65 92.92 112.13 110.53 118.05
Ty 110.45 113.87 94.75 103.10 102.95 105.08

Effect of Different Treatment Levels and
Storage Period on Physicochemical
Characteristics of Whey Based Pineapple
Beverage

It was observed that the five different
treatment levels have affected the TSS
content of WBPB (Whey Based Pineapple
Beverage) considerably. The TSS content
of fresh WBPB samples of To (control),
T1, T2, Tz and T4 were 11.87, 12.47, 12.57,

12.60 and 12.67 Brix?® (Table 3),
respectively. It was indicated that the TSS
content has increased when the volume of
pineapple portion was increased. This
relationship was statistically confirmed
(p<0.05). Table 3 showed that the storage
period has significantly affected on the
average TSS of the beverage samples
indicating an increasing trend (p<0.05).
The highest mean TSS content was
observed at the end of 28 days, which was
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recorded as 13.20 Brix%. The reason for
increasing TSS content may be
solubilization of insoluble portion of
beverage samples due to the presence of
ascorbic acid and citric acid according to
Sethi (1992). Baljeet er al. (2013)
Dhamsaniya and Varshney (2013) and
Yadav et al. (2010) were also obtained the
similar results in case of preparing whey-
based pineapple and bottle gourd
beverage, ripe banana mixed whey
beverage and banana herbal whey
beverage.

The pH values of beverage samples
decreased gradually with the five
treatment levels (Table 3). This indicated
that by increasing pineapple juice
concentration, pH values decreased in
prepared beverages significantly (p<0.05).
Storage period significantly affected on
the average pH values of beverage
samples (p<0.05). By increasing the
storage period, the pH of all treatment
decreased. The interaction effect of
treatment levels and storage period on pH
was also significant (p<0.05).

On the other hand, the titratable acidity
increased slightly when increasing the
proportion of pineapple juice in five
beverage samples indicating that the
differences were significant (p<0.05).
The effect of storage period on titratable
acidity of beverage samples was found to
be significant and the mean value of
0.98% acidity in freshly prepared
beverages increased to 1.06% of mean
acidity after 28 days of storage period. The
interaction effect of treatment levels and

the storage period on titratable acidity was
also, significant (p<0.05).

The decrease in pH and increase in
acidity of all five treatment levels during
storage period were due to the conversion
of lactose present in whey into lactic acid.
pH and acidity of beverage samples in
current study were in agreement with the
findings of Yadav et al. (2010), where
they observed that decreasing trend in pH
as acidity level increases in whey based
banana herbal beverage in which pH
varied significantly from 5.47+0.02 to
5.01+0.01 after 20 days of storage at
refrigerated temperature. Similarly, acidity
has changed from 0.38 to 0.49 during the
entire period explaining that the reason for
pH and acidity fluctuation is due to the
production of amino and organic acids
from proteins and lactose during storage.

Production of different organic acids
due to the reactions of ascorbic acids on
proteins might be another reason for
variations in acidity and pH. Ascorbic
acid, is a reducing carbohydrate and can
react with amino acids, peptides, and
proteins hence the ascorbic acid is readily
oxidized (Frank et al., 2004). Similar
results have also been recorded by Sakhale
et al. (2012) when preparing whey-based
mango RTS (Ready to Serve) beverage
and Divya et al. (2014) when preparing
whey-based guava beverage.

It can be observed that the reducing
sugar content increased as the pineapple
juice concentration was increased from
15% to 45% in the prepared WBPB (Table
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4). The statistical analysis indicated that
there was a significant effect on reducing
sugar content from different treatment
levels (p<0.05). The reducing sugar
content of beverages increased during
storage period and it was statistically
significant (p<0.05). Also the interaction
effect of treatment levels and storage
period on reducing sugars was significant
(p<0.05). The reason for increasing
reducing sugars during storage period
might be due to the inversion or hydrolysis
of sucrose into glucose and fructose
(Aruna et al, 1997). The fruit juice
contains various non-reducing sugars
which tend to change during storage due to
various interconversion processes.
Increasing of reducing sugars could be
resulted due to  hydrolysis  of
polysaccharides into simple sugars as
reported by Singh and Mathur (1983).
They had proposed that an increase in
reducing sugar during storage may be due
to gradual conversion of non-reducing
sugar and acids into reducing sugars.
Similar results were also obtained by
Yadav et al. (2010), Divya et al. (2014)
and Dhamsaniya and Varshney (2013).

The total sugar content of freshly
prepared beverage samples of To (control),
T1, T2, Tz and T4 were 9.09, 11.13, 11.18,
11.28, 11.33 (%), respectively (Table 4).
The analysis of data reported that there
was a significant effect on titratable
acidity from different treatment levels
(p<0.05). The storage period did not
significantly affect on the total sugar
content of WBPB samples (P>0.05). The
mean total sugar value of 10.80% for

freshly prepared beverages remained same
almost after 28 days of storage period. On
the other hand, Barwal er al. (2005) have
observed a decrease in total sugar content
during storage studies of prepared RTS
whey beverage from bitter-gourd in which
storage study period (180 days) was much
higher.

The ascorbic acid content of beverages
significantly increased by increasing the
proportion of pineapple juice (Table 4).
The result seems obvious because the
pineapple fruit is considered as a good
source of vitamin C which is determined
as total ascorbic acid content (Lu et al.,
2014). The storage period also had a
significant effect on ascorbic acid content
of WBPB samples (p<0.05). The mean
ascorbic acid value of five treatments has
decreased drastically during 28 days of
storing period from 4.01 to 0.96 (mg/100g
of sample) as shown in Table 4. This could
be mainly due to the high sensitive nature
of ascorbic acid towards the storing period
(Uckiah et al., 2007) and the results were
in agreement with also the findings
reported by Baljeet et al. (2013) and
Sakhale et al. (2012).

Based on the storage study results;
TSS, pH and titratable acidity revealed
desirable ranges throughout the 28 days
for all beverage samples while the
properties which increase the overall
quality of the final WBPB sample such as
ascorbic acid content and reducing sugar
content have reached higher levels in T4
beverage sample after 28-days as
compared to other proportions.



Table 3: Effect of treatment levels (pineapple juice: whey) and storage period on TSS (Brix?), pH and Acidity (%) of whey-based
pineapple beverage

Storage TSS (Brix%) pH Acidity (%)
days Mean Mean Mean
To Tl Tz T3 T4 forB To T1 T2 T3 T4 for B To Tl Tz T3 T4 for B
0 11.87 12.47 12.57 12.60 12.67 12.43 4.26 4.23 4.23 421 417 422 0.46 097 1.03 1.20 1.26 0.98
4 12.07 12.67 12.73 12.63 12.80 12.58 4.17 4.15 412 410 403 412 0.47 0.97 105 1.20 1.27 0.99
8 12.17 12.70 12.87 12.97 12.97 12.73 4.20 4.17 415 4.13 407 414 049 101 1.08 1.231.28 1.02
12 12.37 12.83 13.07 13.07 13.10 12.87 4,14 4.08 4.09 4.06 402 4.08 051 1.02 111 125131 104
16 12.37 12.77 13.17 13.07 13.17 12.91 411 4.07 4.07 4.05 401 4.06 052 1.04 1.12 1.281.32 1.05
20 12.47 12.87 13.13 13.30 13.23 13.00 4.07 4.03 4.01 399 396 4.01 0.52 1.06 1.13 1.301.33 1.07
24 12.57 12.87 13.27 13.27 13.37 13.07 4,15 4.03 4.00 3.98 400 4.03 044 109 1.11 1.25136 1.05
28 12.67 13.13 13.37 13.37 13.47 13.20 4,13 401 3.99 398 397 401 048 110 1.13 1.251.36 1.06
Mean for 12.32 12.79 13.02 13.03 13.09 4,15 4.10 4.08 4.06 4.03 0.48 1.03 1.09 1.24131

A

CD (Critical Difference) for TSS CD for pH CD for Acidity

Treatment (A) = 0.00 Treatment (A) = 0.00 Treatment (A) = 0.00

Storage (B) = 0.00 Storage (B) = 0.00 Storage (B) = 0.00

(A*B) = 0.00 (A*B) = 0.00 (A*B) = 0.00



Table 4: Effect of treatment levels (pineapple juice: whey) and storage period on Reducing sugars, Total sugars and Ascorbic acid
content of whey-based pineapple beverage

Storage days Reducing sugars (%) Total sugars (%0) Ascorbic acid (mg/100g sample)
Mean Mean Mean
To Tl Tz T3 T4 for B To T1 T2 T3 T4 for B TO T1 T2 T3 T4 for B
0 2.57 2.61 2.68 2.70 2.76 2.67 9.0911.1311.18 11.28 11.33 10.80 1.133.524.405.285.72 4.01
4 2.58 2.632.682.732.78 2.68 9.0911.12 11.18 11.28 11.33 10.80 1.133.523.954.404.84 3.57
8 2.602.64 2.692.75 2.81 2.70 9.1011.1311.1311.29 11.38 10.81 0.882.633.083.524.37 2.90
12 2.602.62 2.712.76 2.83 2.71 9.08 11.1311.18 11.28 11.33 10.80 1.132.202.202.64352 234
16 2.612.64 2.722.79 2.86 2.72 9.0911.1311.18 11.28 11.33 10.80 0.881.321.761.76 2.64  1.67
20 2.64 2.66 2.74 2.82 2.87 2.74 9.0911.1311.18 11.28 11.33 10.80 0.66 0.881.761.322.20 1.36
24 2.652.68 2.75 2.84 2.91 277 9.0911.1311.18 11.28 11.33 10.80 0.440.881.321.321.76 1.14
28 2.66 2.69 2.78 2.86 2.92 2.78 9.0911.1311.18 11.28 11.33 10.80 0.430.471.320.881.75 0.96
Mean for A 2.612.64 2.722.78 2.84 9.0911.1311.1811.28 11.34 0.831.93 2.472.64 3.35
CD for Reducing Sugars CD for Total Sugars CD for Ascorbic Acid content
Treatment (4) = 0.00 Treatment (4) = 0.00 Treatment (4) = 0.00
Storage (B) = 0.00 Storage (B) = 0.76 Storage (B) = 0.00
(A*B) = 0.00 (A*B) = 0.00 (A*B) = 0.00

10
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beverage sample after 28-days as
compared to other proportions

CONCLUSION

From the results obtained based on the
sensory analysis and storage studies, it can
be concluded that whey beverage
combination with ripe pineapple juice can
be prepared successfully by using the
tested levels of, Ts (35% pineapple juice +
65% whey) and T4 (45% pineapple juice +
55% whey) as compared to other
proportions. Also the product can be
proved a nutritionally desirable beverage
according to the composition of whey and
pineapple juice. Whey based pineapple
beverage significantly increases acidity;
TSS and reducing sugar content and
decreases pH and ascorbic acid in all five
treatment levels with storage time.
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