
 

 

 

INTRODUCTION 

 

Banana (Musa sapientum), is a quite valuable and exportable 

product among the important fruit crops of the tropical and 

sub-tropical regions of the world. It is considered 4th staple 

food after rice, corn and wheat and grown in more than 150 

countries, producing 110 million tons of banana fruit per 

annum (Sitthiya et al., 2018; Falcomer et al., 2019). Banana 

fruit is highly nutritious having much health benefits and is 

good source of readily available energy; thus considered the 

best food for sportsmen and others undergoing high physical 

activities. Its worldwide high consumption is due to its caloric 

contribution, vitamins and minerals especially potassium and 

its sensory characteristics (Maertens et al., 2012). Its demand 

in the world reaches to nearly 70% of total world fruit 

consumption (Du et al., 2017; Khushboo, 2017). The 

carbohydrates from banana on digestion provide an instant 

but long-lasting energy i.e. about 20g carbohydrate per 100g 

fresh pulp (Aurore et al., 2009). Studies have shown that 

consumption of banana may lower the risk of heart attack by 

up to 40%, maintains cell metabolism, regulates heart rhythm, 

enhances nerve and muscle excitability, and prevents cancer 

(Ding and Mozaffarian, 2006; Kumar et al., 2012; Slavin and 

Lloyd, 2012). On an average, Pakistan is producing 154,000 

tons banana from 32,000 hectare per annum since 2000 

(Muhammad et al., 2017), but this industry is running at low 

yield and less lucrative as compared to other neighboring 

banana growing countries (Azam and Shafique, 2017). In 

Pakistan, the average yield of banana since 1961 to 1990 

remained about 8.8 tons/ha, which even further dropped about 

50% (4.3 tons/ha) since 1991 to 2013, due to epidemic of 

banana bunchy top viral disease (Hyder et al., 2007; Amin et 

al., 2008; Hyder et al., 2011). Other factors contributing to 

low banana fruit yield in Pakistan are; re-planting of infected 

suckers, unavailability of healthy disease free suckers, 

multiplication of single low yield variety (Rajput et al., 2017), 

poor crop management, shortage of water and fertilizers, lack 

of skills and post-harvest losses but the most important factor 

among these is the epidemics of banana pathogens and 

unavailability of high yielding varieties compatible with 

changing climate (Ploetz 2015; Kikulwe, 2016; Muhammad 

et al., 2017; Tak et al., 2017; Tripathi et al., 2019; Varma and 
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Pakistan is growing banana on a significant area but yield and profit is low as compared to other banana producing regions of 

the world due to banana bunchy top virus (BBTV), disease infected planting material and mono cropping of low yielding 

variety (Basrai). Three banana cultivars; Pisang, NIGAB-1 and NIGAB-2 were introduced, micro-propagated and evaluated 

for yield and quality, along with locally grown variety Basrai. Two years yield data revealed that all the three introduced 

varieties gave higher yield as compared to the local variety ‘Basrai’. Maximum yield of 45.9, 45.6 tons/ha was recorded for 

NIGAB-1 followed by NIGAB-2 (42.2, 41.3 tons/ha) and Pisang (40.3, 39.1 tons/ha), while lowest 31.9 and 33.7 tons/ha was 

obtained in the control (Basrai), for the year 2017-18 and 2018-19, respectively. Results for Physico-chemical parameters 

indicated that moisture contents increased in Basrai (73.89 to 77.42%), Pisang (73.97 to 76.79%) and NIGAB-2 (74.80 to 

79.21%) from green to over-ripe stage, while in NIGAB-1 there was an increase in moisture contents from green to yellow 

with black spots (72.41, 75.18%, respectively) but it decreased at the overripe stage (73.89%). Total ash contents decreased 

while soluble solids and total sugars increased from green to over-ripe stage. Fiber (2.26 to 1.20%) and potassium (2.14 to 

1.18%) contents decreased from green to over-ripe stage in all four varieties. Sensory evaluation and yield results indicated 

that introduced NIGAB-2 and NIGAB-1 varieties were most favorite for the consumers, and farmers to lead the banana crop a 

profitable venture in Pakistan. 
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Bebber, 2019; Shah et al., 2020). Pakistan’s banana cultivated 

area lies 90% in the Sindh province and dwarf Cavendish 

variety (Basrai) ocupies 99% area under banana cultivation 

which is low yielding and possess shorter shelf life 

(Muhammad et al., 2017). Banana is climacteric fruit and 

often harvested in a mature but un-ripe condition. As the 

ripening of the fruit proceeds, many noticeable physico-

chemical changes occur in banana fruit (Farooq et al., 2018). 

During the ripening process color of banana peel changes 

along with different nutritional parameters, i.e., total soluble 

sugar content increases while titratable acidity decreases as 

ripening start and determine the maturity stages of fruit. Total 

soluble solids, ash, crude fiber, moisture, sugars and 

potassium contents are important parameters, which change 

when ripening proceeds and determine the quality of the fruit. 

Knowing the physico-chemical properties of banana fruit is 

an important attribute for handling, processing and packing 

systems. While for its acceptance, the fruit color, taste and 

flavor of fruits are considered as a quality parameter for the 

consumer’s satisfaction in all over the world that enhances 

banana export potential. Sensory profiles of the banana fruit 

have a great role on consumer’s choice for a specific variety 

and ultimately affect the sale in the local as well as the 

international markets (Mahmood and Munir, 2018). 

Therefore, along with higher banana fruit yield, the consumer 

acceptance is also an important factor for any variety 

popularization in a region. Taking into consideration the yield 

and quality of the banana fruit, the current study was 

accomplished with the objective to evaluate the introduced 

banana varieties for yield and nutritional values at various 

ripening stages along with sensorial evaluation at fully 

ripened stage. 

 

MATERIALS AND METHODS 

 

Collection and micro-propagation of germplasm: Three 

banana varieties; NIGAB-1, NIGAB-2 and Pisang, were 

collected from South China Agricultural University (SCAU), 

Guangzhou, Guangdong, China and locally grown variety 

‘Basrai’ suckers were collected from Agricultural Research 

Institute (ARI) Tandjoam Sindh. All four varieties were 

micro-propagated at tissue culture laboratory, National 

Agricultural Research Center, Islamabad, Pakistan. 

Screening of in Vitro and in vivo cultures for banana 

bunchy top virus (BBTV): Leaf samples were collected from 

each variety randomly from in vitro cultures at multiplication 

stage, at hardening and from field plantation. BBTV infected 

banana plants were sampled as positive control. DNA were 

extracted through modified CTAB protocol (Allen et al., 

2006; Hyder et al., 2007; Muhammad et al., 2017). PCR was 

conducted in thermo cycler Bio-Rad, in 10 µl reaction with 

PCR Buffer (10x) 1.0 µl, MgCl2 (25 mM) 0.9 µl, dNTP mix 

(2mM) 0.1µl, Taq (5U) 0.5µl, NP40 (1%) 1µl, DNA 3µl, 

primers (F5’-CCAAATGGAGGAGAAGGAAAG-3’ and R 

5”GCCATAGACCAAATTATTCTCCG-3’) 1µl and double 

distilled water 2.5 µl. The ampli-fication of BBTV and Actin 

primers was completed at denaturation 96oC for 3 min and 35 

cycles of denaturation at 96oC for 20 sec, annealing at 52oC 

for 20 seconds, elongation at 72oC for 40 sec and final 

elongation at 72oC for 20 min and hold at 4oC. The amplified 

PCR products were analyzed by loading 5 µl of sample mixed 

with 1µl of bromophenol blue in the wells of 1% agarose gel 

in 0.5X TAE buffer stained with 5µl ethidium bromide). Gel 

electrophoresis of samples along with 100bp DNA ladder, 

positive and negative controls was conducted at 100v, 

300mA, 50Watt and 30 minutes. The gel was visualized at gel 

documentation system and image was saved. 

Plantation of tissue cultured banana varieties at field: To 

evaluate the agronomic performance of the introduced, tissue 

cultured four varieties (NIGAB-1, NIGAB-2, Pisang and 

Basrai), 500 hardened plants of each variety were sown 

during spring 2017 and 2018, in randomized complete block 

design in pits (2 x 2 x 2ft), with plant spacing 7x7ft. The pits 

were filled with soil and well decomposed farm yard manure 

(3:1) +100g single super phosphate (18% P2O5)and 50g 

sulphate of potash (50% K2O), at the experimental field of 

Agriculture Research Institute Tandojam (23.0333° N, 

113.7167° E), Sindh, Pakistan. Normal flood irrigations were 

applied after sowing and then weekly and fortnightly 

irrigations applied during summer and winter months 

respectively. NPK applied @ 0.2, 0.07 and 0.3 Kg/plant 

respectively in 10 splits with 30 days interval. Other uniform 

agronomic practices as weeding and hoeing were also 

practiced in the experimental field. Data were collected at 

maturity for plant height (cm), leaves/ plant, days to 

flowering, number of hands, number of fingers, finger length 

(cm), bunch weight (kg) and calculated the yield (Gaidashova 

et al., 2008). Data were analyzed using the computer software 

Statistix 8.1. 

Collection of fruit samples for physico-chemical evaluation: 

Mature bunches of four banana cultivars viz; NIGAB-1, 

NIGAB-2, Pisang, and Basrai were harvested after 90 days of 

flower emergence from experimental fields from Sindh 

province of Pakistan. First two banana hands from upward of 

a bunch were cut and thoroughly washed to remove dirt and 

dried at room temperature. These hands were packed in 

cardboard box and incubated at 12°C to allow ripening for 

further studies. Five fruits were randomly selected from each 

variety at different ripening stages; green, green-yellow, 

yellow-green, yellow, and yellow with black spots and over-

ripe (Figure 3). Peel of each sample was removed, 

homogenized in blender and analyzed for its composition. 

Moisture and ash contents: The moisture and total ash 

contents were measured using the AOAC method number 

925.10 and 923.03 (AOAC, 2000). Five gram of sample 

placed in oven temperature maintained at 70+1°C for 24 hours 

up till constant weight for moisture determination and three-

gram sample was used for ash contents determination by 
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placing the samples in a muffled furnace at 550°C for 16 

hours. Final weight of crucible was measured and ash 

contents were calculated. 

 
Figure 3. Different ripening stages of Banana for Physico-

chemical analysis. 

 

Total soluble solids: Pulp of each banana variety at from 

different ripening stages were prepared and homogenized. 

Total soluble solids were estimated by AOAC method 

number 932.12 (AOAC, 2000) by putting drop of pulp on the 

prism of refractometer (ATAGO 3T) and reading observed. 

Total sugar and reducing sugars: Total sugars were 

determined by Lane and Eynon method (Kirk and Sawyer, 

1991). Twenty-gram pulp of each sample was mixed with 

ethanol and distilled water (1:1) and boiled for two hours to 

extract sugars from the sample and calculated using the 

formula; Reducing Sugar: 0.051 x 250 x 100/ sample weight 

x titer volume, 

Total sugar: 0.051 x 250 x 100/sample weight x titer volume 

x 50, where: 0.051 (Factor for Fehling solution), 250 (Final 

volume of the solution), 100 (for percentage), 50 (volume 

taken from solution A). 

Titratable acidity and crude fiber contents: Titratable acidity 

was determined by direct titration of diluted pulp with 0.1N 

NaOH using phenolphthalein as indicator and expressed as 

percent of citric acid (Ranganna, 1986) and for the crude fiber, 

three grams of each banana sample was first digested with 

0.688N H2SO4 and then with 40% NaOH solution for one 

hour. After digestion samples were filtered and washed the 

residues to remove excess alkali. Filtrate dried at 130°C for 

one hour and weighed. Then dried sample was ignited in a 

muffled furnace at 550°C for 16 hours and crude fiber 

contents calculated according to AOAC method No. 32-10.01 

(AOAC, 2000). 

Potash analysis: Potassium was quantified by flame 

photometry. Dried banana sample (0.25g) was transferred into 

a 100ml digestion flask to which 10ml of 2:1 Nitric-perchloric 

acid mixture was added until the vigorous reaction was 

completed. After the preliminary digestion, flask placed in a 

cold block digester and temperature raised to 150°C for 60 

minutes. Volatile vapors allowed to exit by placing rod in the 

funnel and temperature was raised to 235°C for 30 minutes to 

complete digestion. Then digestion flask removed from the 

block digester and allowed to cool a few minutes and distilled 

water added to make the volume 50ml. Solution was mixed 

and left undisturbed for a few hours before final potash 

calculation.  

 Sensory evaluation: The banana fruits of each variety, at 

yellow stage with black spots were taken and kept for 

sensorial evaluation at plant tissue culture lab, NARC, 

Islamabad Pakistan, using 4 points hedonic scale (Larmond, 

1977). The information contained on the performa was 4: 

extremely like; 3: moderately like; 2: neither like nor dislike; 

1: dislike. Thirty-four panelists of different ages and from 

different departments were invited to discriminate different 

attributes. Sensory evaluation was completed by judges on the 

basis of the color of the fruit, size, taste and overall 

acceptability in the fruit samples from each variety and 

recorded their observations on prescribed questionnaires. 

 

RESULTS AND DISCUSSION 

 

Plant height (cm), leaves/plant, and days to flowering: All 

four varieties showed significant difference (5% probability 

level) in plant height (cm), number of leaves per plant and 

days to flowering. Maximum plant height (291.3, 290.1cm,) 

and no. of leaves/plant (34.1, 33.3) were recorded in NIGAB-

1 followed by NIGAB-2 and Pisang with non significant 

difference. Lowest plant height (260.4, 268.7cm) and no. of 

leaves (26.7, 27.5) were recorded in Basrai and it took also 

maximum days for flowering (227.2, 230.0), while NIGAB-1 

leaded for early flowering (214.7, 215.3) followed by 

NIGAB-2 and Pisang, for the year 2017-18 & 2018-19 

respectively (Table 1). Different varieties have distinctive 

morphological characteristic and flowering time, so different 

varieties showed variable plant height and number of leaves 

and flowering time (Doamaral et al., 2015; Kumar et al., 

2016; Berilli et al., 2018). 

Number of hand & fingers: Maximum number of hands (8.8, 

8.2) and number of fingers (172.3, 169.1) were recorded in 

NIGAB-1 followed by NIGAB-2 and Pisang with no 

significant difference in number of hands (8.0, 8.0, 7.6, and 

7.6) and fingers (163.5, 162.3, 157.3 and 155.0), respectively. 

Lowest number of hands (6.1, 6.1) and number of fingers 

(139.0, 136.8), were recorded in Basrai for the year 2017-18 

& 2018-19 (Table 1 and Figure 1). It is also well established 

fact that different germplasm have significant variations in the 

yield attributes and it is an important determinantal factor for 
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varietal selection and for further propagation (Mustaffa and 

Kumar, 2012; Nyine et al., 2017). 

 
Figure 1. Showing the Number of Hands, No. of Finger, 

fingers length and bunch size of four banana 

varieties; NIGAB-1, NIGAB-2, Pisang and 

Basrai (control), compared for yield 

performance. 

 
Finger length (cm) and weight (g): Higher finger length 

(22.4, 21.4cm) and finger weight (121.31, 118.87g) was 

obtained in NIGAB-1 however there was no significant 

difference for finger length among the NIGAB-1, NIGAB-2 

and Pisang. However, Basrai (control) showed inferior yield 

parameters both for finger length (15.3, 16.0cm) and finger 

weight 104,105.87g for the both years (2017-18 and 2018-19) 

(Table 1 and Figure 1). Previous studies have reported the 

similar results for yield contributing characters of different 

varieties for introduction, selection, and for farmers and 

consumer acceptability (Ara et al., 2012; Pillay et al., 2012; 

Desta and Ortiz, 2014; Nyine et al., 2017). 

Bunch weight (kg), Yield ton/ha: Bunch weight is most 

important yield contributing factor. Bunch weight also varied 

significantly in the evaluated varieties (Table 1 & Figure 1). 

Maximum bunch weight (28.4, 26.3Kg) was recorded in 

NIGAB-1 followed by NIGAB-2 (25.2, 25.7Kg) and Pisang 

(22.6, 22.7Kg), while the lowest bunch weight obtained in 

control (Basrai) 17.3, 18.6 kg for the years 2017-18 and 2018-

19. Similar trend for yield tons/ha was observed. All four 

varieties varied significantly for the banana fruit yield. 

Maximum yield 45.9, 45.6 tons per hectare was recorded in 

NIGAB-1 followed by NIGAB-2 (42.2, 41.3 tons/ha) and 

Pisang (40.3, 39.1 tons/ha). Lowest yield (31.9, 33.7 tons/ha) 

was observed in the Basrai for the years 2017-18 & 2018-19, 

respectively. The yield of introduced and local control variety 

propagated through tissue culture was encouraging as 

compared the locally grown inferior variety from suckers, 

with low yield and lesser income. Potential yield of tissue 

cultured varieties have been reported always higher and better 

due to healthy and vigorous planting material (Nyine et al., 

2017; Kikulwe, 2016; Muhammad et al., 2017). The new 

introduced varieties showed good promising factor for higher 

yield, disease free and high economic return per unit area. 

Response against banana bunchy top virus: The healthy and 

virus (BBTV) free status of the in vitro plantlets and field 

plantation of all four varieties was confirmed through PCR 

analysis in the lab, results shown in Figure 2. The PCR 

analysis showed that all the planting material (introduced and 

local), propagated through tissue culture were free from 

BBTV infection.  

 

 
Figure 2. (2a)PCR of Banana samples with BBTV, Lane 

1&2*: NIGAB-1, Lane 3&4*: NIGAB-2, Lane5-

6*: Pisang, Lane7-8*Basrai, Lane 9: Positive 

control of BBTV, M: 100bp DNA ladder, 

(2b):.PCR with Musa Actin Primers, M: 100bp 

DNA ladder, Lane 1(+ve control), Lane2 

(Negative control water), Lane 3&4*: NIGAB-1, 

Lane 5&6*: NIGAB-2, Lane7-8*: Pisang, 

Table 1. Agronomic performance of the four banana varieties during 2017-18 & 2018-19. 
Varieties Plant height 

(cm) 

Leaves/ plant Days to 

flowering 

No. of 

Hands 

No. of 

fingers 

Finger length 

(cm) 

Finger weight 

(gm) 

Bunch weight 

(kg) 

Yield 

Tons/ha 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018-

2019 

2017-

2018 

2018- 

2019 

NIGAB-1 291.3a 290.1a 34.1a 33.3a 214.7c 215.3d 8.8a 8.2a 172.3a 169.1a 22.4a 21.4a 121.3a 118.9a 28.4a 26.3a 45.9a 45.6a 

NIGAB-2 282.8b 286.1ab 32.6ab 31.1a 221.7b 222.7b 8.0ab 8.0a 163.5b 162.3a 20.7a 20.6a 115.2ab 113.7b 25.2b 25.7a 42.2b 41.3b 

Pisang  278.2b 283.5b 29.9b 30.7a 223.3ab 224.0c 7.6b 7.63a 157.3c 155.0b 20.5a 20.1a 109.8bc 111.3b 22.6c 22.7a 40.3b 39.1b 

Basrai 

(control) 

260.4c 268.7c 26.7c 27.50b 227.2a 230.0a 6.1c 6.1b 139.0d 136.8c 15.3b 16.0b 104.0c 106.0c 17.3d 18.6b 31.9c 33.7c 

LSD (0.05) 6.3   5.5   3.03   2.98   5.23   2.55   0.92   1.01   3.83  7.10   1.96   1.67   10.1   4.5    2.1    4.0    2.8    2.4 

 

2a 2b 
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Lane9-10*Basrai *in-vitro & in-vivo 

respectively. 

Results of the Physico-chemical analysis for different quality 

parameters are discussed below; 

Moisture contents: Results of moisture contents during 

different ripening stages are given Table 2. It was observed 

that moisture contents increased from 73.89 to 77.42% for 

Basrai, 73.97 to 77.37% for Pisang, 72.41 to 73.89 and 74.80 

to 79.21% for NIGAB-1 and NIGAB-2 respectively. Almost 

similar trend was observed in all four banana cultivars tested. 

John and Marchal (1995) have observed similar trend of 

moisture increase from green to the over-ripe stage and 

mentioned that it was due to carbohydrate breakdown and 

osmotic transfer of moisture from the peel to pulp. Moreover, 

the respiratory breakdown may lead to increase the moisture 

level in the pulp (Siriboon and Banlusilp, 2004). When mean 

values of moisture for four banana cultivars were compared it 

was observed that NIGAB-2 contained maximum moisture 

(77.0%) and NIGAB-1 contained minimum moisture 

(74.07%) while no difference was observed between Basrai 

and Pisang. It showed that NIGAB-1s had maximum dry 

matter indicating firmness on ripening, which is also a good-

quality parameter. 

Total ash contents: Ash content of banana provides 

information about the presence of inorganic matter in the 

fruit. Results of ash contents on dry weight basis of four 

banana varieties at various ripening stages are given in 

Table 2. The difference between ash contents for the mean of 

different stages of NIGAB-2 (3.38%), Basrai (3.36%) and 

Pisang (3.34%) was minor while NIGAB-1 had minimum 

(3.13%) ash contents. A significant decrease was observed in 

all varieties from green stage to over-ripe stage. Ash content 

of Basrai was 3.56% at green and 3.11% at over-ripe stage, 

while the ash content of Pisang was 3.66% at green stage, 

which decreased to 2.62% at over-ripe stage. In NIGAB-1 at 

green stage, ash content was 3.45% which decreased to 2.61% 

at final ripening stage. Ash content recorded in NIGAB-2 was 

3.81% at green stage and 2.66% at over-ripe stage. Similar 

results were reported at advanced maturity stages of banana 

by some earlier studies (Tapre and Jain, 2012; Khawas et al., 

2014). 

Total soluble solids (TSS): In the ripening process total 

soluble solids of all the banana varieties increased as shown 

in Table 2. The increase in total soluble solids was more at 

advance maturity stages, i.e., Yellow green, yellow and 

yellow with black spots than at green and green-yellow 

Table 2. Physico-Chemical Characteristics of banana fruits at various ripening stages of the four banana varieties. 

Varieties Stages Moisture 

contents 

(%) 

Total Ash 

contents 

(%) 

Total 

soluble 

solids (%) 

Total 

sugar 

(%) 

Reducing 

sugar 

(%) 

Titratable 

acidity 

(%) 

Crude 

fiber (%) 

Potash 

Analysis 

(%) 

Basrai Green 73.89 3.56 03.00 00.00 00.00 0.22 2.26 1.21 

Green yellow 74.47 3.29 10.00 08.08 05.97 0.35 1.96 1.38 

Yellow green 75.35 3.36 20.00 17.07 09.99 0.57 1.76 1.25 

Yellow 75.35 3.37 20.00 17.46 11.61 0.62 1.74 1.15 

Yellow with black spots 76.07 3.49 21.00 17.96 15.62 0.32 1.67 1.18 

Overripe 77.42 3.11 21.40 19.52 15.64 0.25 1.51 1.11 

 Mean of all stages 75.43 3.36 15.90 13.35 9.81 0.39 1.82 1.21 

Pisang Green 73.97 3.66 02.00 00.00 00.00 0.25 2.76 1.04 

Green yellow 74.17 3.42 9.03 07.62 03.28 0.48 2.05 1.27 

Yellow green 75.50 3.50 17.67 16.46 09.42 0.56 2.08 1.33 

Yellow 75.50 3.44 20.00 17.13 10.57 0.56 1.83 1.20 

Yellow with black spots 76.79 3.42 21.00 17.53 14.51 0.34 1.60 1.34 

Overripe 77.37 2.62 21.20 18.99 14.53 0.27 1.41 1.21 

 Mean of all stages 75.55 3.34 15.15 12.96 8.72 0.41 1.96 1.23 

NIGAB-1 Green 72.41 3.45 3.00 00.00 00.00 0.20 2.03 2.14 

Green yellow 74.08 3.16 6.97 05.70 02.96 0.30 2.09 1.60 

Yellow green 74.08 3.28 18.00 16.91 07.47 0.57 1.70 1.34 

Yellow 74.75 3.21 20.00 17.42 09.47 0.59 1.65 1.42 

Yellow with black spots 75.18 3.07 21.00 17.57 13.38 0.36 1.45 1.52 

Overripe 73.89 2.61 21.20 18.63 13.44 0.25 1.27 1.46 

 Mean of all stages 74.07 3.13 15.03 12.71 7.79 0.38 1.70 1.58 

NIGAB-2 Green 74.80 3.81 3.03 00.00 00.00 0.24 1.75 1.35 

Green yellow 76.34 3.31 9.97 08.02 06.13 0.42 1.66 1.51 

Yellow green 76.34 3.59 17.00 16.23 07.47 0.53 1.65 1.81 

Yellow 77.06 3.46 19.00 17.14 09.37 0.53 1.48 1.65 

Yellow with black spots 78.27 3.46 19.13 17.28 12.57 0.31 1.43 1.44 

Overripe 79.21 2.66 19.80 17.56 12.62 0.25 1.20 1.34 

 Mean of all stages 77.00 3.38 14.66 12.71 8.03 0.38 1.53 1.52 

Note: The values are average of triplicate analyses. Stages mentioned in this table have been defined in figure 3. 

 



Muhammad, Hussain, Ali, Zeshan, Ali, Soomro, Kaloi, Faqir, Hyder, Sarwar, Shahid & Ali 

 1586 

stages. Total soluble solid in Basrai was increased 3.0 to 

21.40% from green stage to over-ripe stage. At green stage, 

total soluble solid in Pisang were 2.0%, which increased to 

21.20% at over-ripe stage. In case of NIGAB-1, at green stage 

total soluble solids were 3.0% which increased to 21.20% at 

final stage. Total soluble solid contents measured in NIGAB-

2 were 3.03% at green stage and 19.80% at over-ripe stage. 

Overall Basrai had highest total soluble solids (15.90%) 

followed by Pisang (15.15%) and NIGAB-1 (15.03%), while 

the least total soluble solids were observed in NIGAB-2 

(14.66%). During ripening process, degradation of starch into 

soluble sugars and movement of water in the pulp could be 

the reason of the increase in TSS and it varies in different 

varieties (Jaiswal et al., 2012; Pareek et al., 2016).  

Total sugars: Total sugars increased during ripening stages 

and increase at each stage was significant (Table 2). At green 

stage, total sugars were zero in all four tested varieties which 

increased gradually, and maximum recorded at over-ripe 

stage. The increase in conversion of starch into sugar during 

ripening is the result of increased respiration (Khawas et al., 

2014). Starch content of the fruit is broken down into sugar, 

making it sweet and provides energy for other metabolic 

processes taking place inside the fruit (Prabha and 

Bhagyalakshmi, 1998). After the climacteric change, 

respiration slows down; leading to the presence of the lower 

amount of starch (Cordenunsi and Lajolo, 1995; Waliszewski 

et al., 2003). The types of sugars present in ripened banana 

include glucose, fructose, and sucrose, of which more than 

70% of the total sugar is sucrose (Khawas et al., 2014). When 

mean values of total sugars for different varieties were 

compared, these varied significantly. The highest level of 

sugar was observed in Basrai (13.35%) followed by Pisang 

(12.96%), whereas, minimum total sugar (12.71%) was 

observed in NIGAB-2 and NIGAB-1. This increase in sugar 

contents during ripening stages could be attributed to 

hydrolysis of starch into soluble sugars in the presence of 

ripening enzymes. 

Reducing sugars: Reducing sugars were not detectable at 

green stage in any of the four banana varieties tested, but from 

green-yellow stage, a significant increase was observed and 

maximum level was achieved at advanced maturity stages, 

i.e., yellow with spots and over-ripe (Table 2). At green stage, 

reducing sugars in all analyzed varieties was zero which 

increased to 15.64% in Basrai, 14.53% in Pisang 13.44% in 

NIGAB-1 and 12.62% in NIGAB-2 at over-ripe stage. When 

the varieties were compared for reducing sugars for the mean 

of ripening stages, the highest percentage of reducing sugar 

(9.81%) was estimated in Basrai at all maturity stages 

followed by Pisang (8.72%) and NIGAB-2 (8.03%). While 

the lowest reducing sugar percentage (7.79%) was found in 

NIGAB-1. These observations are in line with the study of 

Aboua (1994), who reported that conversion of some non-

reducing sugars to reducing sugars by the inversion process is 

due to the increase in reducing sugars at maturity stages. 

Titratable acidity: The Titratable acidity of the four banana 

varieties increased when ripening started; however, it 

declined from yellow to over-ripe stage. In the Basrai at green 

stage, Titratable acidity was 0.22% which increased to 0.62% 

at yellow-green stage and then declined to 0.25% at over-ripe 

stage (Table 2). In Pisang, it increased from 0.25% to 0.56% 

from green to yellow-green stage and then declined to 0.27% 

at over-ripe stage. In NIGAB-1, it was 0.20% at green stage 

and increased up to 0.59% at yellow stage and then declined 

to 0.25% at over-ripe stage. In NIGAB-2, it was maximum 

(0.53%) at yellow green and yellow stages and at par at the 

green and over-ripe stage, i.e., 0.24 and 0.25%, respectively. 

When varieties were compared, Pisang showed highest 

acidity (0.41%) followed by Basrai (0.39%) while NIGAB-1s 

and NIGAB-2 had minimum acidity (0.38%) each. When 

ripening proceeds, the total acid content (malic, citric and 

oxalic acid) increases. Tartness in the unripe banana is mainly 

due to malic and citric acid while oxalic acid is responsible 

for astringent taste of the fruit. The decrease in Titratable 

acidity at advanced maturity stages may be due to increase in 

sugar content (Cordenunsi and Lajolo, 1995). A combination 

of sugars and acidity gives typical flavor to banana. 

Crude fiber contents: Fiber contents varied among four 

banana varieties at different ripening stages of fruit (Table 2). 

The highest fiber contents were found at green stage and 

lowest at over-ripe stage in all varieties (Table 2). Fiber 

contents in Basrai decreased from 2.26% at green stage to 

1.51% at over-ripe stage. Fiber content in NIGAB-1 was 

2.03% at green stage, which decreased to 1.27% at over-ripe. 

In NIGAB-2 fiber content was 2.03% which decreased to 

1.27% at over-ripe stage. The varieties comparison showed 

that Pisang had higher fiber content (1.96%) and it was 

followed by Basrai (1.82%) and NIGAB-1 (1.70%), while the 

lowest value was observed in NIGAB-2 (1.53%). Different 

varieties vary in crude fiber contents and may be 

recommended for different age groups according to the needs 

of body fiber intake. Lower intake of fiber in infants and pre-

school children’s nutrition is essential because higher fiber 

intake can cause irritation of the gut, reduced availability of 

vitamin and minerals (Greenfield and Southgate, 2003). 

However, high-fiber content is required in the adult diet, as it 

promotes the contraction and play role as an anti-constipation 

agent (Greenfield and Southgate, 2003). 

Potash contents: Bananas are the excellent source of 

potassium (K) and its percentage was estimated at different 

ripening stages among the four varieties as shown in Table 2. 

It is inferred from the data that NIGAB-1 had the highest 

amount of potassium (1.58%) followed by NIGAB-2 

(1.52%). The least amount was observed in locally grown 

banana variety Basrai (1.21%) while Pisang was intermediary 

(1.23%). It is evident in the results of potassium content that 

there was a gradual decline in potassium contents during 

ripening, which might be due to movement of mineral from 

pulp to peel. In the Basrai highest potassium was observed at 
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green-yellow and lowest (1.11%) at yellow with black spots 

stage. In the Pisang lowest potassium (1.04%) was recorded 

at green stage and highest (1.34%) in yellow with black spots. 

In the NIGAB-1 highest (2.14%) was recorded at green stage 

and lowest (1.34%) at yellow-green stage. In the NIGAB-2, it 

was almost same at green and at over ripened stage. Results 

are supported by the findings of Hardisson et al. (2001) and 

Adubofuor et al. (2016) who reported higher contents of 

potassium in the pulp of sweet banana and variable percentage 

at various stages and in different varieties the contents varied. 

 

SENSORY EVALUATION 

 

Color: Visual appealing of fruits is important that contribute 

for consumer attraction and the same is with banana for which 

fruit’s color is one of the important quality parameters. A 

notable difference was observed among the three introduced 

(Pisang, NIGAB-1, NIGAB-2) and locally grown cultivar 

(Basrai). The panelists rated NIGAB-2 and Pisang most 

favorite for color followed by NIGAB-1 (Table 3). 

Comparatively lower scores were given to Basrai. Belayneh 

et al. (2014) and Hardisson et al. (2001) had mentioned about 

the change in peel color at different ripening stages and its 

impact on consumer acceptability. 

Table 3. Consumer acceptability by sensory evaluations of 

banana fruit of the four varieties. 

Varieties Color Size Taste Acceptability 

Basrai 3.06 3.05 2.82 3.05 

Pisang 3.55 3.46 3.25 3.29 

NIGAB-1 3.56 3.43 3.00 3.36 

NIGAB-2 3.53 3.56 3.29 3.63 

 

Size: Fruit size is another important constituent for the 

consumer interest, and it is important for packaging and 

transportation. In the present evaluation, the panelists ranked 

the NIGAB-2 cultivar first for the size among all four banana 

varieties. It was followed by Pisang and NIGAB-1 (Table 3). 

All the newly introduced varieties (Pisang, NIGAB-1 and 

NIGAB-2), were categorized better than the locally grown 

cultivar Basrai due to their better fruit size.  

Taste: Organic acid and sugars ratio primarily contribute 

towards sense of taste recognized by taste buds. Sweet or sour 

taste is dominant components in the taste of many fruits due 

to sugars and organic acids (AOAC, 2000). The results for 

taste (Table 3) of the evaluated varieties clearly indicated that 

the cultivar ‘NIGAB-2’ was apparently considered the best 

for taste as compared to others. 

Overall acceptability: NIGAB-2 variety was found the most 

acceptable by the panelist followed by NIGAB-1 and Pisang 

while the local cultivar (Basrai) got lowest scores among the 

evaluated varieties, for the overall acceptability (Table 3). 

Basrai was agreed to be relatively inferior, however was not 

rejected by the judges for overall satisfactoriness. 

 

Conclusion: From the yield studies and proximate analysis of 

four banana cultivars, it was concluded that all three 

introduced banana cultivars (NIGAB-1, NIGAB-2 and 

Pisang) were better in yield (39 to 45 tons/ha) as compared to 

the control (Basrai; 31 to 33.67 tons/ha). Quality and sensory 

evaluation of the fruit also showed that the introduced 

varieties were at par or superior than the locally grown banana 

variety (Basrai). It is encouraging for the farmers to increase 

their farm income and it will lead to banana growing a 

profitable industry in Pakistan. 
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