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Effect of Pre-processing Treatment on Physico-chemical Attributes of
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ABSTRACT

The study was to conducted to examine the effect of pre-processing treatment on flour yield, and physico-
chemical properties of unripe mature banana flour. The selected green bananas (GB) were divided into
five parts and steam blanched for 10 and 20 min with and without potassium meta-bi-sulphite. After
drying all the treatments were ground into flour and separated by 60 and 100 µm sieve size (SS). The
experiment was laid out in the completely randomized design with three replications. The results revealed
that the total GB flour yield ranged between 95.52 to 97.7%. However, increase in temperature of steam
blanching led to decrease in per cent flour yield. It was noted that steam blanching for 10 min had
superior water holding capacity and found to be at par with steam blanching for 20 min with 0.25%
potassium meta-bi-sulphite and 60 µm sieve size. Steam blanching had a positive effect on protein, fat
and mineral content. Therefore, on the basis of the present study, it was concluded that steam blanching
for 10 min with 0.25% potassium meta-bi-sulphite had superior protein content with superior physico-
chemical properties.
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INTRODUCTION

Recently, there has been an increase in the
demand for gluten-free products due to health
reasons (Saito et al., 2022). The global market
for gluten-free food is expected to expand
considerably from 2022 to 2032, from 6.7 to 14
billion U.S. dollars (Statista, 2023). The
clinical application and popularity of the gluten-
free diet escalates consumer demand to
influence the food market. This is also due to
increase in incidents of celiac disease.
Fruits are essential components of a healthy
diet due to contents of vitamins and minerals,
fiber, and beneficial non-nutrient substances
as bioactive compounds. The Indian Council
of Medical Research recommends ingestion of
at least 400 to 500 g of fruits and vegetables
per day (Salis et al. , 2021). Low fruit
consumption is one of the main risk factors
for increased mortality increasing the risk of
chronic diseases and poor health quality.
Therefore, the regular consumption of fruits

can reduce the incidence of some diseases
such as diabetes, cardiovascular and
gastrointestinal diseases as well as some types
of cancer (Aune et al., 2017; Liu et al., 2021).
However, almost one-third of all bananas
gathered is lost since the population mostly
consumes ripe bananas, and it is a climacteric
fruit. Ripe bananas are prone to mechanical
damage and are perishable during the
maturation process, which makes their
storage and transport difficult (Al-Dairi et al.,
2023). Almost 20% of banana production is not
commercialized due to size and appearance
flaws, increasing their loss (Al-Dairi et al.,
2023).
During drying process of banana, undesirable
browning reactions occur due to the presence
of polyphenol oxidase and peroxidase. These
enzymes cause undesirable browning
reactions and loss in nutritional quality (Deng
et al., 2017). Thus, inactivation of enzyme can
hinder enzymatic browning and related-
reactions, consequently, minimizing nutrient



loss and colour deterioration during processing.
Thermal blanching is widely used prior to
drying to inactivate oxidative enzymes so as
to preserve colour and nutrition of products
(Deng et al., 2017). Hot water blanching is the
most popular and commercially adopted
method as it is simple and inexpensive.
However, the soluble nutrients in materials
are blanched as dissolved or leach into water
(Xiao et al., 2017).
Therefore, processing of green bananas into
flour is of interest in view of the surplus fruits
often available year around in production
areas. This will also provide a means of
effective utilization of fruits as well as source
of gluten free flour. Therefore, the present
investigation was planned to assess the effect
of pre-processing treatment on physio-
chemical attributes of unripe mature banana
flour.

MATERIALS  AND  METHODS

The present investigation was carried out
during December 2022 to May 2023 at
Postharvest Management Laboratory, School
of Agriculture, ITM University, Gwalior. Fresh
and unripe green bananas (Musa paradisiaca
var. Grand nain) were procured from orchard
located at Anantpur District, Andhra Pradesh.
The uniform sized, insect-pests, diseases-free
and undamaged green bananas were selected
for transportation. The selected green bananas
(GB) were manually peeled and cut into 0.5 cm
thick slices. The cut slices of GB were divided
into five parts for the treatments. The slices
of GB were steam blanched for 10 min, 20 min,
10 min with 0.25%  potassium meta bi-
sulphite; 20 min with 0.25% potassium meta
bi-sulphite  (KMS). After drying all  the
treatments were ground into flour and
separated on the basis of 60 and 100 µm sieve
size (Flow chart 1). The per cent flour yield of
the sieve size (SS) was also recorded. All the
treated BF were further packed into an air tight
container and labelled for 60 µm SS as A1
(Control), A2 (10 min steam blanched), A3 (20
min steam blanched), A4 (10 min steam
blanched with 0.25%  potassium meta-
bisulphate) and A5 (20 min steam blanched with
0.25% potassium meta-bisulphate). Whereas
for 100 µm SS containers with BF were labelled
as B1 (Control), B2 (10 min steam blanched), B3
(20 minutes steam blanched), B4 (10 min steam

blanched with 0.25%  potassium meta-
bisulphate) and B5 (20 min steam blanched with
0.25% potassium meta-bisulphate).
All the treatments were analyzed for pH, total
soluble solids (TSS), titratable acidity (TA),
water holding capacity (WHC), oil holding
capacity (OHC) and swelling capacity (SC) by
using the protocols suggested by Pataiya et al.
(2023). Proximate composition viz., moisture,
ash, crude fat, crude fiber, protein,
carbohydrate (CHO) and energy were
determined according to the standard protocols
(Pataiya et al., 2023) by the calculation method.
All the analyses were done in triplicates. The
results obtained during the investigation were
statistically analyzed through analysis of
variance at 55% level of significance (Bender,
2020).

RESULTS  AND  DISCUSSION

The total GB flour yield ranged between 95.52
to 97.7% (Table 1). Whereas it was observed
that with increase in temperature of steam
blanching led to increase in per cent flour yield.
However, steam blanching for 20 min had
shown contrary results. For sieve size higher
per cent of GB flour yield was recorded for100
µm sieve size and ranged between 71.53 to
83.98%. This phenomenon was probably due
to steam with high temperature. During
processing through steam blanching coupled
with increase in time duration led into swelling
of the cell wall structure as well as adhesion
bonding between cell wall (Tabtiang et al.,
2022). This led into distraction of ce ll
component resulted into reduced flour yield per
cent.
The results of the physio-chemical properties
for 60 and 100 µm sieve size are presented
under Tables 2 and 3, respectively. The pH,
TSS, titratable acidity, water holding capacity,
oil holding capacity and swelling capacity were
noted highest for A2 (6.4), A1 (0.42 OB), A3
(0.47%), A5 (3.27 g/g), A2 (1.38 g/g) and A5
(6.637%), respectively. Whereas wide variation
was noted for 100 µm sieve size and found
maximum pH for B5 (6.40), titratable acidity for
B4 (0.55%), water holding capacity for B4 (2.33
g/g) and swelling capacity for B5 (5.71%). Steam
blanching treatment changes the structure of
cell wall, such as cellulose, hemicellulose,
pectin, etc. by degrading and loss. Thermal pre-
treatments can cause the disintegration of the
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middle lamellar layer due to depolymerization
of pectin chains contained inside it (Rinaldi et
al., 2021). The depolymerization and increase
in cell wall led into increase in void volume.

Therefore, it increased in WHC and swelling
capacity, whereas OHC was decreased.
However, it was noted that with increase in
temperature affected the TSS adversely. It was

 Unripe green bananas 
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Flow chart 1. Pre-processing treatment of green banana for flour preparation.
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also noted that this phenomenon was
decreased with increase in sieve size (Tables
2 and 3).
Moisture content ranged between 5.34 (A2) to
3.43% (A4). Whereas highest ash, fiber content
and protein were noted for A4, A1 and A5 for 60
µm sieve size, respectively (Table 4). For 100
µm sieve size ash, fat, fiber, protein,
carbohydrate and energy content ranged
between 2.46 to 3.06%, 0.34 to 1.61%, 3.35 to
4.71%, 3.27 to 4.32%, 81.54 to 83.73% and
346.61 to 351.34 Kcal/100 g, respectively (Table
5). The present study revealed that the
blanching treatment had positive effect of the
energy content for 100 µm sieve size.
Overall results revealed that steam blanching
for 10 min had superior water holding capacity
and found to be at par with steam blanching
20 min with 0.25%  potassium meta-bi-
sulphite for 60 µm sieve size. Tabtiang et al.
(2022) noted that hot water or steam pre-
treatments caused pronounced cells damage
and swelling of the cell wall region. This
destruction of cell wall might be the reason for
decrease in fiber content and increase in
protein content. Afolabi et al. (2021) conducted
study on sweet potato and found that water
blanched samples had high water absorption
capacity and swelling capacity, with

remarkable pasting characteristics. Highest
protein, mineral and fiber content was noted
for 60 µm sieve size banana flour. However,
maximum carbohydrates and energy content
were noted in 60 µm sieve size banana flour.
Other researches revealed that unripe mature
banana had high carbohydrates specially
starch content 70-80% on a dry weight basis.
Heat treatment modified the starch might also
alter its digestibility of resistant starches and
demonstrated reduced glycemic response,
reduced hunger, increased satiety parameters
and insulin sensitivity (Hoffmann et al., 2016).
Therefore, the products prepared by using
unripe banana flour with steam blanching
treatment may be used for the development of
different processed products, especially for the
patients with celiac disease. Tabtiang et al.
(2022) also noted that hot water or steam pre-
treatments had positive effect on the colour.
Similar observations were recorded in present
study also. However, sieve size also had a
positive effect on the banana flour and noted
comparatively bright colour for 100 µm sieve
size banana flour. The negative impact on
colour was attributed to heat-driven non-
enzymatic browning which was more
pronounced during hot water blanching than
during steam blanching. Additionally, a

Table 1. Per cent flour yield of pre-processed green mature banana

Treatment Total yield 60 µm SS 100 µm SS

T1–Control 95.81 16.11 79.70
T2–10 min blanching 96.02 13.57 82.45
T3–20 min blanching 95.52 24.02 71.53
T4–10 min blanching and 0.25% KMS 97.7 13.75 83.95
T5–20 min blanching and 0.25% KMS 96.33 12.35 83.98

Table 2. Physico-chemical properties of banana flour at different pre-processing treatment for 60 µm

Treatment pH TSS (°B) TA (%) WHC (g/g) OHC (g/g) SC (%)

A1 5.72 0.42 0.42 2.41 1.38 4.84
A2 6.41 0.30 0.34 2.47 1.07 6.18
A3 5.43 0.27 0.47 2.68 0.93 5.41
A4 5.32 0.33 0.42 2.63 0.95 4.963
A5 5.82 0.23 0.29 3.27 0.83 6.637
C. D. (P=0.05) 0.162 0.121 0.171 0.071 0.103 0.069

Table 3. Physico-chemical properties of banana flour at different pre-processing treatments for 100 µm

Treatment pH TSS (°B) TA (%) WHC (g/g) OHC (g/g) SC (%)

B1 6.52 0.17 0.47 2.13 0.76 3.52
B2 6.35 0.13 0.34 2.01 0.58 4.94
B3 6.27 0.27 0.29 2.05 0.57 4.53
B4 5.98 0.17 0.55 2.33 0.53 5.59
B5 6.40 0.23 0.29 2.027 0.567 5.71
C. D. (P=0.05) 0.1 N/A 0.136 0.182 N/A 0.295
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Table 5. Proximate parameters of banana flour at pre-processing treatment for sieve size 100 µg (g/100 g)

Treatment Moisture Ash Fat Fibre Protein CHO Energy
(Kcal.)

B1 7.41 2.78 0.72 3.70 3.85 81.54 348.06
B2 6.39 2.91 1.47 3.35 4.14 81.61 346.61
B3 5.72 2.46 1.59 3.58 4.32 82.13 351.34
B4 5.42 3.06 0.34 4.65 3.27 83.73 351.10
B5 5.11 2.88 1.61 4.71 3.62 82.39 346.89
C. D. (P=0.05) 0.285 N/A N/A 0.759 0.222 1.396 10.835

Dry weight basis.

Table 4. Proximate parameters of banana flour at pre-processing treatment for sieve size 60 µm (g/100 g)

Treatment Moisture Ash Fat Fibre Protein CHO Energy
(Kcal.)

A1 4.95 3.79 0.52 9.92 4.67 76.15 327.93
A2 5.34 3.79 0.43 9.27 5.19 75.97 328.58
A3 5.21 3.43 1.07 9.00 4.44 76.87 334.81
A4 3.43 4.09 1.45 9.69 5.72 75.63 338.43
A5 4.78 2.99 1.38 9.04 6.13 75.68 339.70
C. D. (P=0.05) 0.17 0.373 0.227 0.599 0.22 0.14 1.12

Dry weight basis.

negative impact of water blanching on taste,
texture, odor and appearance was observed,
being related to protein break down and
dehydration at the mushroom surface. The
results of this study showed that peeling and
blanching significantly affected the proximate
compositions, physico-chemical, anti-
nutritional properties and mineral profiles of
plantain flours (Akinjayeju et al., 2020).

CONCLUSION

The pre-processing treatment of unripe mature
banana flour with the 0.25% meta bi-sulphite
along with sieving the banana flour with 60
and 100 µm sieve had a significant effect on
physico-chemical and proximate composition
of banana flour. Among all treatments, sieve
size was inversely proportional with the
nutritional composition.
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