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Abstract

The aim of this study was to investigate the effect of different sweeteners on the physiochemical, minerals, bioactive, and
microstructure of sand pear cubes was investigated under different blanching time (0, 2.5, and 5 min). Compared with the
unblanched sample, blanching led to a significant increase in the water activity, total soluble solids (TSS), and total sugars
of sand pear cubes. The results regarding minerals and bioactive compounds indicated that maximum retention was observed
in 2.5 min blanched samples. Meanwhile, ranking and cluster analysis showed that sweeteners had most significant effect on
all the quality attributes as compared to blanching time. The low-calorie sweeteners result in low TSS and total sugars with
high retention of bioactive compounds. Among these sweeteners aspartame, stevia, and sucralose indicated the same effect
on physico-chemical parameters, whereas stevia-based cubes had high bioactive compounds which is also confirmed by
FTIR characterization. The structural characterization revealed that the stevia-based cubes had a porous and less crystalline
surface, which was responsible for the soft texture of cubes. Hence, it was observed that stevia can be a good alternative to
reduce sugar in fruit cubes along with, high retention of bioactive compounds.
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Introduction

Confectionary products are generally prepared with white
sugar using artificial food additives (including coloring and
flavoring agent).The high rate of sugar consumption has a
negative impact on health such as obesity, diabetes, oral
plague, cardiovascular diseases etc. [1, 2]. According to
the World Health Organization, sugar consumption should
be less than 10% of the daily caloric intake. Furthermore,
increased awareness about the maintenance of good health
and tackling health problems through dietary habits has also
led to the expansion of natural food products having specific
health interests such as low sugar products with high nutri-
tional value [1, 3]. As a consequence, the food industries
are looking for new solutions to develop healthy products.
In recent years, low-calorie sweeteners become important
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affect the retention of phytocompounds and the quality of
the final product [5].
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In addition consumer satisfaction is also the major con-
cern [6]. Recently, many researchers have worked on the
development of fruit-based confectionary products using
low calorie sweeteners such as apple jam, gelatin candies
[7], velvet candy [8], mango jam [9], fruit beverage, bakery
products [10] etc. Among these products, fruit based candies
have high demand in market owing to their high acceptabil-
ity in terms of taste and nutrition,

Sand pear (Pyrus pyrifolia) is a sub-tropical fruit that
belongs to the Rosaceae family and is mainly cultivated in
Asia [11]. It is abundant in sugars, phenolic acids, flavo-
noids, minerals, vitamins, and possesses high antioxidant
activity. Due to high phytochemicals, sand pear exhibits
various health-promoting properties such as anti-inflam-
matory, anti-diabetic, anti-obesity, and prevention against
several cardiovascular and carcinogenic diseases. Sand pear
flavonoids have been proven to play a key function in the
prevention of degenerative and infectious diseases [12, 13].
However, being highly perishable with limited availability
an enormous amount of fruit is wasted hence, needs to be
preserved [14]. Few studies have been available on the val-
orization of sand pear in the development of different food
products such as wine, cubes, juice [12, 15, 16] etc. Blanch-
ing is an important step prior to the processing of fruits and
vegetables. In addition to the blanching temperature, expo-
sure time is also a crucial parameter, which directly affects
the nutritional quality of the resulted product [17].

However, no detailed study is available on effect of pro-
cessing on phytocompounds of sand pear cubes. It was
aimed to determine the effect of blanching time (0, 2.5, and
5 min) and different sweeteners (sucrose, sucralose, aspar-
tame, stevia, and sorbitol) on the physico-chemical, mineral
profile, bioactive and structural attributes of sand pear cubes
were studied. Therefore, this comprehensive study provides
a deeper understanding of the effect of blanching time and
different sweeteners on the quality of sand pear cubes.

Materials and methods

Materials

Sand pears were procured from the Department of Fruit
Science, Punjab Agricultural University, Ludhiana, India.
Sweeteners such as sucrose, aspartame, stevia, sucralose,
and sorbitol were procured from the certified store of
Ludhiana.

Preparation of syrup

Five types of syrup such as sucrose, aspartame, stevia,

sucralose, and sorbitol were prepared. The sucrose syrup
(70° Brix) was taken as control, whereas the base syrup
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for other sweeteners was prepared using sucrose (40° Brix)
and sweeteners (aspartame, stevia, sucralose, and sorbitol)
were added based on sweetness accordingly [8].

Preparation of sand pear cubes

The sand pear was cut into cubes with the cube cutter
having length 4 +0.02 cm and width 3 +0.3 cm. Peeled
cubes were blanched at 85+ 3 °C for 0 (control), 2.5 and
5 min and cubes were allowed to cool immediately in cold
water then blanched samples are dipped in prepared sugar
syrups. This process was carried out at room temperature
27 °C +2. until the equilibrium for the TSS (total solu-
ble solids) of the solution was reached. After completing
osmotic dehydration, cubes were dried by a hot air cabinet
tray dryer at 55 °C until constant moisture content [12].

Methods
Physico-chemical analysis

Water activity was measured by water activity meter
(PREAQUA LAB, Water activity analyzer, SN:
PREO000197). The TSS of sand pear cubes was measured
by a digital refractometerand data were expressed as °Brix.
The NEB index of sand pear cubes was determined by
taking 2 g of sample, which was mixed for 2 h with 25 ml
of 2% acetic acid [18]. The material was then centrifuged
for 20 min at 10,000 rpm. A UV-VIZ spectrophotometer
was used to measure the absorbance of the supernatant at
420 nm. For the determination of total sugars, 1 g of the
sample was refluxed with 80% isopropyl alcohol for 4 h.
Extracts were kept for evaporation in a boiling water bath
and the filtrate was diluted to 100 ml using distilled water.
The 1 ml from the obtained extract was diluted 10 times
for further analysis. The aliquot was placed in a test tube
and 1 ml of 5% phenol and 5 ml of concentrated sulphu-
ric acid were added. Samples were chilled in ice water
and thoroughly mixed with a vortex. The color intensity
was measured on UV-VIZ spectrophotometer at 490 nm
and the results were expressed in percentage [19]. Color
measurement was performed using a Colorimeter (Hunter
Lab) by determining the color value; L* (100 = white;
0=black), a* (positive =red; negative = green), and b*
(positive = yellow; negative =blue). For the texture anal-
ysis (TA-XT2i Texture analyzer) with a cylinder probe
(50 mm) was used to examine the texture of cubes. Pre-
test speed was 1 mm/s, test speed was 0.5 mm/s, post-test
speed was 0.5 mm/s, distance between probe and sample
was 10 mm, trigger force was 10 g, and the time between
two compressions was 4 s.
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Mineral profile

The mineral content of prepared cubes was determined using
thermo-electron inductively coupled plasma atomic emis-
sion spectrometry (ICP-AES) [20]. In a conical flask, 0.5 g
of sample was taken and 10 ml of diacid mixture (nitric
acid and perchloric acid in a 3:1 ratio) was added and left
overnight. After that, the flask was placed on a heated plate
for digestion, and the samples were digested until the white
fumes ceased evaporating. The digested samples were
diluted in double distilled water. The filtrate volume was
then increased to 25 ml with distilled water and used for
mineral analysis.

Bioactive analysis

The cube samples were extracted at 45+ 1 °C with 50 ml of
80% methanol for 4 h. After shaking, the extract was cen-
trifuged for 10 min at 6000 rpm. For further analysis, the
supernatant was collected and kept in amber colored flasks
at 4+ 1 °C for further analysis [21].

Total phenolic content

The 1 ml of extract was added in a test tube, along with
2.5 ml of F—C reagent. After mixing, 2 ml of 20% saturated
sodium carbonate was added and the mixture was left in
the dark for 15 min. The absorbance of this solution was
measured with UV-VIS spectrophotometer at 765 nm [21].
The results were expressed as gallic acid equivalent (GAE)
mg/100 g.

Flavonoid content

The 1 ml of extract was mixed with 1 ml pure methanol,
0.1 ml of 10% aluminium chloride, 0.1 ml potassium acetate
solution and 1.8 ml distilled water [22]. The absorbance of
the solution was measured at 415 nm. The flavonoids were
expressed in mg quercetin equivalent (QE) /100 g.

DPPH (2,2-diphenyl-1-picryl hydrazyl) assay

The mixture's potential to scavenge DPPH free radicals was
examined. 1 ml extract was blended with 1 ml tris buffer in
a test tube. DPPH (2 ml) was added to this mixture and incu-
bated for 30 min at room temperature in the dark. Metha-
nol was used as a control to evaluate absorbance at 517 nm
[21]. The results were expressed in trolox equivalent (TE)
umol/100 g.

Reducing power assay (RPA)

The mixture of 1 ml extract and 2.5 ml phosphate buffer,
2.5 ml of 1% potassium ferricyanide was added before incu-
bating at 50 °C for 20 min. The mixture was then mixed
with 2.5 ml of 10% trichloroacetic acid and centrifuged at
3000 rpm. Finally, 2.5 ml of supernatant solution was col-
lected and mixed with distilled water (2.5 ml) and 1 ml fer-
ric chloride (0.1%) before measuring absorbance at 700 nm
[23]. The findings were reported in mg of ascorbic acid
equivalent (AAE)/100 g.

Ferric reducing antioxidant power (FRAP) assay

The antioxidant capacity of each sample was estimated by
FRAP assay, briefly, 2.7 ml of freshly prepared FRAP rea-
gent (TPTZ, FeCl3 and acetate buffer) at 37 °C was mixed
with 1 ml of extract. The absorbance at 595 nm was deter-
mined after 30 min [21]. Aqueous solutions of known Fe(I)
concentrations were used for calibration and results were
expressed as FeSO, umol/100 g.

ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) assay

To make the ABTS radical cation, 5 ml of an ABTS solution
(7 M) was mixed with 88 ml of potassium persulfate 140 M
(final concentration: 2.45 mM). This solution was diluted
with ethanol after 16 h in the dark to get an absorbance
of 0.7 (approx.) at 734 nm. The absorbance was measured
at 743 nm in UV-VIZ spectrophotometer after 1 ml of the
sample extract was combined with 3 ml of the ABTS radi-
cal [24]. The results were expressed as Trolox equivalents
(TE) umol/100 g.

Hydroxyl radical scavenging activity (HRSA)

The hydroxyl radicals (OH) were taking 10 pl of FeCl,
(0.1 mM), 10 pl of ascorbic acid (0.1 mM), 10 pl of H,0O,
(1 mM), and 10 pl of EDTA (0.1 mM). At 37 °C for 1 h,
20 pl of the sample was treated with 10 pl of desoxyribose
(1 mM). The mixture was incubated at 100 °C for 15 min.
It was then allowed to cool to room temperature. At 532 nm
reading were noted for detection of malondialdehyde
released from the breakdown of desoxyribose. The outcome
was expressed as a percentage inhibition (%) in comparison
to a control test [25].

Anti-diabetic activity
The 1 ml of the extract in 0.02 M sodium phosphate buffer of

pH 6.9 were added to alpha amylase (0.5 mg/ml) and there-
after incubation was done for 10 min at 25 °C. Then, 1 ml
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starch solution (one percent) in sodium phosphate buffer was
added. The reaction mixture was incubated for 10 min at
25 °C and stopped with 1 ml of dinitrosalicylic acid (DNSA)
reagent. The mixture was incubated in a boiling bath for
5 min and cooled to room temperature. The reaction mix-
ture was further diluted with distilled water 10 ml and the
absorbance was measured at 540 nm. The inhibitory impact
of the extracts was determined and given as % inhibition [25]

FTIR

The prepared cubes were tested for FTIR spectra using an
Agilent Cary 630 FTIR spectrometer The FT-IR spectra of
the sand pear cubes were recorded in the range of 689 to
3559 cm™! and the peaks were compared with the standard
table provided by [26].

SEM analysis

The prepared cubes were fixed graded ethanol series
(20-100%) followed by mounting on different aluminum
stubs. These samples were coated with gold under vacuum
and then scanned under different magnifications to obtain
a clear micrograph using scanning electron micrograph
(JEOL, JSM-6510 LV, Tokyo, Japan) [12].

Statistical analysis

The data obtained was analyzed using the SPSS software.
The statistical analyses were carried out using one-way and
two-way ANOVA procedures. Statistical differences were
investigated at p <0.05.

Results and discussion

Effect of blanching time on the physico-chemical,
mineral profile, and bioactive attributes of sand
pear cubes. In order to develop the sand pear
cubes, blanching time must be optimized to retain
the texture and bioactive compounds

Effect on physico-chemical attributes

Blanching time had a very pronounced and significant
(p £0.05) effect on all the physico-chemical attributes of
sand pear cubes, as presented in Table 1. Water activity is an
important factor that affects the food product’s quality and
microbial activity, hence product stability. The water activity
of sand pear cubes varied from 0.51 to 0.68. Higher water
activity was observed in 5 min blanched samples, irrespec-
tive of the type of sweetener. Blanching time has an impact
on the cell structure of fruit such as disruption of the cell
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membrane [27] resulting in more gain of the water during
blanching hence led to increase in the water activity of the
final product [28-30]. The TSS and total sugars of sand pear
cubes were ranging from 36.33 to 65.50 °Brix and 36.17 to
52.74%, respectively. As expected the higher TSS and total
sugars value was observed in 5 min blanched samples, which
might be due to pre-treatment (blanching) as it enhances the
osmosis rate by increasing the cell membrane permeability
therefore, more absorption of the sugar during osmosis [30,
31]. Browning index, enzymatic browning is critical because
it not only deteriorates colour and reduces shelf life, but it
also has a negative impact on the quality of the cut fruits
[32]. So it is also considered an important parameter during
the processing of food products. The oxidation reaction of
phenolic compounds by polyphenol oxidase (PPO) results
in the formation of o-quinone, which is polymerized to form
the dark pigment melanin. Browning can thus be avoided
by inhibiting enzyme activity through processes such as
thermal processing [32], In the sand pear cubes, the highest
browning was found in control samples due to high enzy-
matic reactions during the drying of the sand pear cubes. On
the contrary, in the pre-treated samples blanching reduced
the oxygen content and inactiveate the enzymes, thereby
preventing the browning reaction [33, 34].

Color is a prime factor in determining the consumer
acceptability of any food product. The L*, a* and b* value
of the sand pear cubes varied between 28.07 to 44.27, 0.16
to 0.92, and 4.76 to 8.75, respectively (Table 1). In gen-
eral, the higher value of L* (brightness) and b* (yellow-
ness) coordinates, the better quality of the sand pear cubes.
A remarkable decrease was observed in L* and b* values
of the control samples, indicate the more darkening of the
cubes compared to blanched samples. These results can be
explained by the fact that enzymes are very active in control
samples, compared to their inactivation in blanched samples
as a result of heat treatment [35, 36]. Desirable qualities of
food products are generally associated with good textural
properties as texture influences the overall acceptability
of food product. The results of the texture profile analyzer
showed (Table 1) that the textural properties of cubes are
strongly dependent on the blanching time. In this study,
the hardness (N) varied from 11.58 +0.69 to 37.80+2.28,
springiness (mm) from 3.86+0.19 to 10.00+0.31, cohesive-
ness from 0.20 +0.02 to 1.04 +0.01, gumminess (N) from
8.64+0.51 to 14.74+0.72, chewiness (J) from 33.46 +2.00
to 123.89+4.95. Results for the hardness of cubes showed
that it decreased with an increase in blanching time. The
springiness is related to the elasticity of the cubes, which
increased from 3.86 to 10.00 mm with an increase in blanch-
ing time. A similar trend was observed for other parameters
such as cohesiveness, gumminess, and chewiness of the
sandy pear cubes. Several studies have reported the adverse
effects (such as loss of cell turgidity and degradation of
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samples indicated more enzymatic and oxidation reactions
during the drying of sand pear cubes; blanching at 80 °C
to 100 °C significantly reduce the polyphenol oxidase and
peroxidase activities reported by Magangana et al. (2021)
[44]. This was due to inactivation of enzymes peroxidise
and polyphenoloxidase which prevents the polyphenols by
oxidation [40, 45].

Sand pear (Pyrus pyrifolia) is rich in antioxidant com-
pounds [13]. The antioxidant activity of sand pear cubes was
assessed in terms of DPPH (2.15-3.18 umol/100 g), RPA
(74.28-123.72 mg/100 g), FRAP (1.72-2.28 umol/100 g),
ABTS (1.61-2.30 umol/100 g), HRSA (43.90-66.63%).
In this study, the total antioxidant capacity values for all
the methods were also higher in 2.5 min blanched samples
(Table 3). Better retention of antioxidant activity could be
related to the retention of phenolic acids and flavonoids in
these samples. Kaseke et al. (2020) found similar results
in blanched samples compared with controls [46]. In okra
pods blanching with hot humid air gave better retention for
phenolics, flavonoids and antioxidant activities [47]. The
authors hypothesised that higher antioxidant activity of
pomegranate seeds could be related to an increase in extract-
ability of antioxidant compounds with blanching. The anti-
diabetic activity of sand pear cubes was ranged from 14.77
to 38.53%, as expected the anti-diabetic activity of 2.5 min
blanched samples were higher than control samples. The
effect of polyphenol extract of different fruits on the inhibi-
tion of a-amylases [48]. Similarly, various studies have also
reported the inhibition of a-amylase by the polyphenolic
extracted of different fruits [49-52]. These results demon-
strate that with the effective blanching time (2.5 min), sand
pear cubes retains high bioactive compounds with the main-
tenance of texture.

Effect of sweeteners on the physico-chemical,
mineral profile, and bioactive attributes of sand
pear cubes

Effect on physico-chemical attributes

The effect of different sweeteners on the physico-chemical
attributes of cubes are presented in Table 1. In this study, it
was observed that the water activity was determined lower
in sucrose followed by aspartame, stevia, sucralose, and
sorbitol samples. This may be explained by the fact that
due to the high concentration of solute (initial concentra-
tion of sweetener); the osmosis rate of sucrose was the
highest regardless of the blanching time. The increase in
the concentration of osmotic solution increased the osmotic
pressure of the surrounding solution which, in turn, results
in higher free water loss hence lowering the water activity
of the resultant sample [53] Among the sweeteners, sorbi-
tol samples owing to the humectant effect of sorbitol as it

doesn’t easily absorb and loss moisture [54]; whereas lower
the concentration of sucralose in the osmotic solution hence
higher the water activity of sucralose samples. The trend of
TSS in the sand pear cubes was sucrose > sorbitol > aspar-
tame > stevia > sucralose which was based on the concen-
tration of sweeteners was used in osmotic solution. Results
regarding the effect of different sweeteners on the browning
index are presented in Table 1. However, incorporation of
low calorie sweeteners lowers the water activity and TSS
of the resultant product as shown in Tables 1 and 2 also
diminished the browning reactions during processing, prob-
ably due to the stability of polyphenols. Color and texture is
the important parameter of cubes and significantly affected
by the rate of osmosis of the solution [55]. Among all the
sweetener sucrose, stevia, sucralose and aspartame there is
non-significant effect on color except sorbitol. Sorbitol pos-
sessed more lightness as compared to others. Similar effect
of sorbitol on L*, a*, b* values was scene in osmo-dried
apple slices [56]. Among the sweeteners, sucrose cubes had
the highest level of hardness, whereas sorbitol cubes has the
lowest hardness. It could be owing to sorbitol's humectant
tendency, which keeps the cubes moist. The other textural
parameter such as springiness, cohesiveness, gumminess and
chewiness was significantly different. Sorbitol cubes possess
maximum springiness, cohesiveness, gumminess and chewi-
ness as compared to other samples. This could be due to the
more stickiness of sorbitol based cubes [56].

Effect on mineral profile

The mineral content was increased in the stevia sweeteners-
based cubes as compared to other sweeteners (Table 2).
Non-significant change was observed among the different
sweeteners. This may be attributed to the high mineral con-
tent in stevia [57].

The effect of incorporation of different sweeteners was
clearly observed the mineral content of sand pear cubes. The
highest mineral content was observed in the stevia based
samples as shown in Table 3. This could be attributed to the
high mineral content of stevia [57]. The more loss of miner-
als were observed in sucrose based samples may due to the
higher concentration of sucrose in osmotic solution results
in high osmotic rate [58].

Effect on bioactive attributes

Regarding the effect of sweeteners, the sand pear cubes pre-
pared using stevia had highest polyphenols would be owing
to its own bioactive compounds [57]. The sucralose and
aspartame has shown almost same effect on polyphenols
retention. Whereas least retention was observed in sorbi-
tol samples. It was found that, the concentration of osmotic
solution also affect the phenolic and flavonoids retention,
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high concentration of osmotic solution cause more leaching
of phenols as compare to low concentration [59]. Moreover,
the availability of free phenols provided by blanching treat-
ment followed by osmotic solution of high concentration
causing more osmotic stress to leach them out. Resulting
in low retention of polyphenols in cubes sample made with
5 min blanching time with syrup of 70°Brix, whereas cubes
without blanching cause degradation of polyphenolic com-
pounds due to enzymatic reactions [44]. As expected, this
was observed that cubes prepared from stevia posses high
antioxidant activity and high inhibition activity followed
by aspartame, sucralose and sucrose, sorbitol cubes posses
least antioxidant activity. It was stated that antioxidant activ-
ity depends upon heating temperature, sugar concentration
and polyphenol concentration [60]. Hence, after evaluating
the effect of sweeteners on the bioactive attributes, it was
observed that, stevia based sample possess more bioactive
compounds among all the sweeteners.

Molecular characterization

The FTIR was done for the qualitative detection of func-
tional groups present in the sand pear cubes as shown in
Fig. 1. The FTIR spectra of the cubes samples were recorded
in the range of 689 to 3559 cm™! and the peaks were com-
pared with the standard Table provided by [42]. The wave-
length at 3000-3560 cm™!, have shown the presence of inter-
molecular bonded O-H stretching which show the presence
of hydroxyl groups such as carboxylic acids and water. Sand

pear cubes prepared without blanching did not exhibit any
visible peaks at 3560-3500 cm™!, which indicates a lack
of hydroxyl O-H stretching (indicates presence of bound
phenols or unbounding of phenols not yet started) whereas;
bands at 3560-3500 cm™'are more visible with high inten-
sity when the blanching time is increased to 2.5 min.

Among sweeteners, the cubes containing sorbitol had a
high intensity peak at 3600-3200 cm™! is due to increased
hydrogen bonding of water with sorbitol molecules [56].
The bands around 2929- 2937 cm™! indicates the presence
of C-H stretching, the intensity of these bands decrease with
the increase in blanching time.

From wavelength 1237.41 to 1259.84 cm™!, the cubes
without blanching showed the highest absorption at this
peak, which indicates aliphatic C-O stretching of esters.
This stretching decreased with increase in blanching time.n-
Glucose is indicated by the absorption between 905.74 and
920.65 cm~!. With longer blanching times, it was seen
that the peak for p-glucose increased in cubes samples.
When it came to sweeteners, sucrose showed a high peak
for p-glucose. Stevia cube sample was the second-lowest
peak, behind sorbitol cubes, while sucralose cubes recorded
the second-highest peak. Increased peak for p-sucrose and
p-fructose were seen with increasing blanching times, and
the sucrose concentration in the cubes sample had the great-
est peak of all the samples. Peak values for p-sucrose and
p-fructose ranged from 864.76 to 868.46 cm™'. The trend for
remaining was, sorbitol the second highest and the sucralose
was the third and stevia was the least for this wave number.
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Fig. 1 FTIR Spectra of different sand pear cubes samples a 0 min blanched, b 2.5 min, ¢ 5 min
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Scanning electron microscopy (SEM) and arrangement of macromolecules due to blanching is

clearly visible in Fig. 2. Both control and blanched the
Morphology of control and selected sand pear cubes  sample had uneven and rough outer surface. It can be
was evaluated with SEM with the magnification  clearly seen that due to blanching cell walls deformed and
from X 100, X 300, and X 500. Alteration in the structural  structure collapsed resulting information of larger vacuoles

A . &
10pm JEOL 9/2/2022 JEOL 9/2/2022
WD 23.0mm 11:36:11

WD 23.0mm 11:18:05

e

’
10pm JEOL 9/2/2022 _ i X "
SEM WD 21.5mm 11:19:38 10pm JEOL 9/2/2022
SEM WD 19.6mm 11:37:14

Fig.2 Scanning electron micrographs of unblanched stevia candy at a x 100, b x 300, ¢x 500 magnification and 2.5 min blanched stevia candy at
dx 100, ex 300, £x 500 magnification
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(Fig. 2). Blanched sample had porous, denser surface and
had exposed open solid matrix. Blanching leads to internal
heating in product and creates a temperature difference
in inner core and surface thereby leading to formation of
micro-cracks and pores [61]. This microstructure is the
possible explanation for liberation of bound phenols and
flavonoids thereby increasing their bioavailability and con-
centration in blanched sample [36]. The number of pores
and the pores size affects the texture of cubes results in
soft texture of blanched cubes as compared to control.

Cluster analysis

Cluster analysis was performed to get the overview of
effect of treatments on the different variables and observed
that major clustering based on the sweeteners effect. Two
major cluster were found where the sorbitol possesses
different and separate attributes. A further clustering of
sucrose was observed irrespective to blanching time. How-
ever, stevia, aspartame and sucralose could not be able
to form separate cluster indicated that these sweeteners
almost possesses similar effect in terms of physico-chem-
ical and bioactive attributes.

Conclusion

The present study indicated that 2.5 min blanched sample
had lowest water activity with high retention of bioac-
tive compounds in sand pear cubes as compared control.
However, 5 min blanching time caused the destruction of
bioactive compounds with significant changes in the anti-
oxidant activity. Among sweeteners, stevia had a positive
impact on the retention of bioactive compounds, which
was also confirmed by FTIR analysis. The SEM results
indicated that blanching caused the change in cell wall
structure of cubes which results in low hardness of the
resultant sample. Thus, this sweetener could be used to
prepare fruit based cubes.
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