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Abstract:  The effects of ripening on nutritional composition, in vitro starch digestibility and 
estimated glycemic index (GI) of banana pulp obtained from three varieties of Kluai Namwa  
banana (Mali-ong, Khao-nuan and Laong-nam) were determined. The ripening stage has no 
significant effect on the energy and carbohydrate of the bananas. Laong-nam has the lowest 
energy: 390.03±0.16 kcal/100g at the ripe stage. Rapid conversion of starch into more 
soluble sugars, mainly glucose and fructose, with ripening was observed for all varieties. 
Ripe Laong-nam has the lowest total sugars of 41.61±0.05 g/100g. A reduction in total 
dietary fibre, mainly insoluble fibre, was found for the ripe bananas of all varieties, while 
soluble fibre increases with ripening; Laong-nam gives the highest of 2.84±0.23 g/100g. The 
GI of the bananas obtained at different ripening stages is less than 55; Laong-nam has the 
lowest of 46.4. Flour and extruded snack processed from green bananas show low GI, with 
Laong-nam having the lowest value. A slow rate of starch digestion of banana pulp, flour and 
snack was observed among the varieties and was associated with their GI values. This could 
be related to the composition of resistant starch in the bananas. 
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INTRODUCTION 
 
 Bananas (Musa sp.) are one of the most important tropical fruits and are consumed 
worldwide by people of all age groups. In Thailand bananas are called ‘Kluai’; species of sapientum 
L. is commonly cultivated [1] such as Kluai Hom (AAA genome group), Kluai Khai (AA), Kluai 
Lebmuenang (AA) and Kluai Namwa (ABB), which are economically important for both domestic 
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consumption and export [2]. In particular, Kluai Namwa is the most commercially important for 
fresh consumption and utilisation in several kinds of banana products. Both green and ripe Kluai 
Namwa provide good texture suitable for food applications due to a high flour content of 26.0% at 
the green stage and complexation of non-starch polysaccharides such as pectin, cellulose and 
hemicelluloses when ripe [3-5]. More importantly, bananas are known as a healthy food choice and 
consumer demand is increasing due to their nutritional composition and antioxidant properties [6]. 
Several researchers have reported that green banana has a high resistant starch content, which can 
help improve glucose regulation in diabetes and facilitate weight control for the obese through its 
slow rate of digestibility [7-10].  
 Starch is the most common carbohydrate in the human diet. The major sources of starch 
intake worldwide are cereals (rice, wheat and maize) and root vegetables (potatoes and cassava), 
which possess properties of rapid digestion and absorption. Starch digestibility is known to vary 
among different starchy foods depending on the nature of the starch, its physical form, protein and 
lipid interaction, and the presence of anti-nutrients as well as some extrinsic factors such as enzyme 
inhibitor and food processing method [9-11]. The rate of starch digestion and absorption is a 
determinant for blood glucose response to a starchy meal. There is evidence that slowly digested 
and absorbed carbohydrates are favourable for the dietary management in metabolic disorders such 
as diabetes and hyperlipidemia [9, 12]. Studies have been carried out to assess blood glucose 
response after intake of carbohydrates from different plant sources [13, 14].  
 Glycemic index (GI) is an important measure to characterise starch digestibility [12]. The GI 
concept of classifying foods on the basis of their postprandial blood glucose response was 
introduced by Jenkins et al. [12]. GI is usually obtained by dividing the incremental postprandial 
blood glucose response of a test food by the corresponding glucose production after ingestion of a 
reference food containing an equal amount of carbohydrate. Goñi et al. [15] developed a simple in 
vitro hydrolysis procedure using three enzymes, namely pepsin, -amylase and amyloglucosidase, 
for digesting starchy foods and the rate of starch digestibility was measured. This was used to 
estimate the metabolic glycemic response to a food. The estimated GI can be calculated using the 
equation: estimated GI = 39.71 + (0.549 × hydrolysis index (HI)). Several studies on starchy foods 
for healthy consumption, such as rice and bean sprouts, have adopted this measurement for 
evaluation of GI values, which could differentiate their starch digestibility [16-18]. 
 Our previous study has shown that Kluai Namwa bananas contain the highest levels of 
resistant starch, 77.3-81.1 g /100g, as compared with other cultivars, i.e. Kluai Hom, Kluai Khai and 
Kluai Lebmuenang [4]. In Thailand Kluai Namwa is commonly grown in almost every province and 
planting areas are larger than for other bananas. There are several varieties of Kluai Namwa that can 
be eaten raw and are appropriate for processing into several kinds of food products such as dried 
banana, roasted banana, banana chips and banana desserts [2,19]. Therefore, it is of interest to 
acquire more knowledge about the nutritional and functional qualities of different varieties of Kluai 
Namwa and their suitability for processing into food products. The objective of this research is to 
determine the effects of ripening (green, green-to-yellow and ripe stages) on the nutrient 
composition, the rate of in vitro starch digestibility, and the GI of banana pulp and processed 
samples obtained from three varieties of Kluai Namwa. 
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MATERIALS AND METHODS 
 
Banana Samples and Their Preparation 
 
 Green (unripe) bananas, aged 90-120 days, from three varieties of Kluai Namwa (ABB 
genome group) [1] were collected from banana plantations. Mali-ong variety was obtained from 
Pathum Thani province, Khao-nuan variety from Nakhon Nayok province and Laong-nam variety 
from Chonburi province. Three ripening stages, i.e. green, green-to-yellow and yellow or ripe 
(Figure 1), were studied. Sampling of bananas at the green stage was done on harvesting day and 
the remaining bananas were allowed to ripen to green-to-yellow and ripe stages before sampling 
again. 
 

   
Mali-ong 

 

   
Khao-nuan 

 

   
Laong-nam 

 
Figure 1.  Three varieties of Kluai Namwa and their ripening stages 

 
For banana pulp preparation, each variety of Kluai Namwa from each ripening stage was 

peeled and sliced into 1-mm-thick pieces and kept in plastic bags at -20C until further use. For 
preparation of processed products (Figure 2), banana flour was prepared from green banana pulp of 
each variety by drying in a hot-air oven at 50°C for 8 hr and then milling and passing through a 100-
mesh sieve. Extruded banana snack was processed using a laboratory-scale cooking extruder (model 
ZE 25x33D co-rotating twin-screw extruder, Hermann Berstorff, Germany) with a 25-mm-diameter 
barrel and 3-mm-diameter die. The temperature of barrel was set at 45°, 55°, 105°, 134°, 143°, 129°, 
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and 120° C and the screw speed was 350 rpm. Samples of banana flour with 6.6% moisture were fed 
at a rate of 2.07 kg/hr with a feeding moisture rate of 2.65 kg/hr. Banana starch was prepared from 
Mali-ong pulp at green stage according to a water/alkaline extraction process as performed in our 
previous study [20]. 
 

   
 Banana flour Banana starch Banana snack 

 
Figure 2.  Kluai Namwa products 

 
Reagents and Chemicals 
 
 Hydrolytic enzymes of pancreatic -amylase (Sigma-Aldrich, 23 IU/mg, EC 3.2.1.1), pepsin 
(Merck, 2000 FIP-U/g, EC 3.4.23.1), amyloglucosidase (Boehringer, EC 3.2.1.3), and a glucose 
oxidase/peroxidase kit (Sigma-Aldrich) were used for in vitro starch digestibility tests and glucose 
determination. Other chemical agents were of analytical grade (Merck). 
 
Nutritional Composition 
 
 Banana pulp samples from three varieties of Kluai Namwa were analysed for moisture, 
protein, fat and ash using AOAC standard methods [21] and carbohydrate was calculated by the 
difference. The energy content was determined by multiplying the protein, fat and carbohydrate 
contents by the factors 4, 9 and 4 respectively and then totalling [21]. Soluble sugars were collected 
after protein precipitation and residue filtration, and then the glucose, fructose and sucrose contents 
were determined by liquid chromatography [22]. An HP 1100 chromatograph (Agilent Technol- 
ogies, Germany) was connected with a Prevail carbohydrate column (250 mm x 4.6 mm i.d., 5.0 
µm) and an ELSD 2000 ES detector. The mobile phase was composed of acetonitrile-water (3:1) 
and the flow rate was 1 mL/min. The total dietary fibre (soluble + insoluble) was determined using 
the enzymatic gravimetric method [23]. The banana sample was subjected to sequential enzymatic 
digestion by heat-stable α-amylase, protease and amyloglucosidase to remove starch and protein. 
Filtration of the enzyme digestate and residue washings were done before calculation of the soluble 
and insoluble dietary fibre values. 
 
In Vitro Starch Digestibility Test 
 
 In vitro starch digestibility was determined following the method of Goñi et al. [15] with 
slight modification. Blended banana pulp or ground sample of banana flour, starch or snack (50 mg) 
was mixed with 10 mL of HCl-KCl buffer (pH 1.5) in a tube. Then 0.2 mL of a solution containing 
pepsin (20 mg) was added and the tube was incubated for 60 min. in a shaking water bath at 40C. 
The volume of the mixture was made up to 25 mL by adding Tris–maleate buffer. Five mL of a 
Tris–maleate solution containing -amylase (3.3 IU) was then added and the mixture incubated at 
37C to hydrolyse digestible starch. An aliquot sample (1 mL) was taken every 30 min. between 0- 
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180 min. and placed in a tube at 100C to inactivate the enzyme. Then amyloglucosidase (60 L) 
was added to each aliquot sample to hydrolyse the digested starch into glucose at 60C for 45 min. 
After centrifugation (15 min. at 4500 g), the glucose content in the supernatant was measured using 
a glucose oxidase/peroxidase kit, and the digestible starch was calculated as mg of glucose × 0.9. 
The rate of starch digestibility was expressed in terms of total glucose released per 100 g of the 
sample hydrolysed at different times (0, 30, 60, 120, 160 and 180 min.) [24-26].  Reference glucose 
was determined in the same manner as the banana sample. All determinations were done in 
duplicate. 
 
Determination of Estimated GI 
 
 The kinetics of starch digestion and estimated GI of the banana samples were calculated 
according to a non-linear model [15, 24-26]. A first-order equation [C = C∞ (1- e -kt)] was applied to 
describe the kinetics of starch hydrolysis, where C is the percentage of the starch hydrolysed at 
different times (0–180 min.), C∞ is the equilibrium percentage of the starch hydrolysed after 180 
min., k is the kinetic constant and t is the time (min.) [16-17]. A digestibility curve from the 
obtained C value against hydrolysis time was plotted and the area under the curve of each banana 
sample as well as the reference glucose was calculated. The HI was obtained by dividing the area 
under the curve of each sample by the corresponding area of the reference glucose. The estimated 
GI was calculated using the equation [GI = 39.71 + (0.549 × HI)] [15, 17, 26].  
 
Statistical Analysis  
   
  The SPSS for Windows program, version 10 (SPSS Inc., USA) was used to analyse the 
results obtained from duplicate determinations. The mean ± standard deviation for each treatment 
was calculated, and analysis of variance and Duncan’s multiple range test were used to compare 
differences in the mean values at P < 0.05. 
 
RESULTS AND DISCUSSION   
 
Nutritional Composition 
  
 The nutritional composition of fresh Kluai Namwa banana pulp (Mali-ong, Khao-nuan and 
Laong-nam varieties) is shown in Tables 1-3 and the effects of the ripening stage are observed. The 
results for Mali-ong variety (Table 1) show that the ripening stage does not effect the energy value, 
whereas there is a significant decrease in the protein, fat and ash contents during ripening. On the 
other hand, total sugars, glucose and fructose significantly increase with ripening, as well as the 
carbohydrate content.  The sugars present are glucose and fructose, with no sucrose detected. The 
total dietary fibre finally decreases when fully ripe. Conversely, the soluble fibre significantly 
increases with ripening, while for the insoluble fibre the opposite result occurs. 

The nutritional composition of Khao-nuan variety is shown in Table 2. No significant 
change in the energy content with ripening is observed. A significant decrease is only found for the 
protein content upon ripening. As in the case of Mali-ong variety, there is a significant increase in 
total sugars, glucose and fructose during ripening. The trend of change in fibre content is similar to 
that for Mali-ong variety. 
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Table 1.  Energy, nutritional composition and moisture content of Kluai Namwa (Mali-ong variety) 
 

 
Ripening stage 

Green Green-to-yellow Yellow 

Energy, kcal  392.61 ± 0.75 392.92 ± 0.01 393.19 ± 0.34 
Protein 1.14 ± 0.01 a 0.98 ± 0.02 b 0.50 ± 0.00 c 

Fat  0.98 ± 0.30 a 0.85 ± 0.03 b 0.79 ± 0.01 b 
Ash  3.07 ± 0.15 a 2.83 ± 0.01 ab 2.70 ± 0.12 b 
Carbohydrate 94.81 ± 0.12 a 95.34 ± 0.06 b   96.01 ± 0.14 c 
Total Sugar   3.49 ± 0.02 a 16.32 ± 0.22 b 55.63 ± 2.76 c 
   Glucose 1.65 ± 0.02 a 7.44 ± 0.17 b 26.56 ± 1.13 c 
   Fructose 1.85 ± 0.00 a 8.88 ± 0.05 b 29.07 ± 1.64 c 
   Sucrose,  0.00 0.00 0.00 
Total dietary fibre 10.39 ± 0.01 a 11.23 ± 0.21 a 7.98 ± 0.63 b 
 Soluble fibre 1.33 ± 0.04 a  1.92 ± 0.22 b  2.13 ± 0.20 b 
 Insoluble fibre 5.12 ± 0.53 a  4.81 ± 0.12 a  3.63 ± 0.32 b 
Moisture, % 67.22 ± 0.45 67.47 ± 0.37 67.90 ± 0.06 

 
Note:  Nutritional content is in % of dry weight. Values are means of duplicate analysis. Mean values in a 
row not sharing a common superscript are significantly different at P < 0.05 by analysis of variance and 
Duncan’s multiple range test.  
 

Table 2. Energy, nutritional composition and moisture content of Kluai Namwa (Khao-nuan 
variety) 
 
 

Ripening stage 
Green Green-to-yellow Yellow 

Energy, kcal  392.83 ± 0.34 392.98 ± 0.18 393.00 ± 0.54 
Protein 5.56 ± 0.17 a 4.76 ± 0.14 b 4.73 ± 0.10 b 
Fat  0.42 ± 0.02 0.41 ± 0.04 0.35 ± 0.06 
Ash 2.32 ± 0.06 2.26 ± 0.01 2.19 ± 0.06 
Carbohydrate 91.71 ± 0.21 a 92.58 ± 0.09 b 92.73 ± 0.11 b 
Total Sugar 3.37 ± 0.03 a 25.79 ± 1.19 b 52.98 ± 0.22 c 

   Glucose 1.98 ± 0.01 a 16.37 ± 0.65 b 34.87 ± 0.26 c 
   Fructose 1.27 ± 0.00 a 9.28 ± 0.54 b 17.95 ± 0.04 c 
   Sucrose 0.12 ± 0.02  0.15 ± 0.00 0.15 ± 0.00 
Total dietary fibre 10.39 ± 0.19 a 6.96 ± 0.44 c 9.21 ± 0.12 b 
 Soluble fibre 0.76 ± 0.23 a  1.37 ± 0.01 a  2.25 ± 0.38 b 
 Insoluble fibre 9.62 ± 0.04 a  5.60 ± 0.43 c  6.95 ± 0.26 b 
Moisture, % 63.10 ± 0.09 a            65.51 ± 0.14 b 67.05 ± 0.20 c 

 
Note: Nutritional content is in % of dry weight. Values are means of duplicate analysis. Mean values in a 
row not sharing a common superscript are significantly different at P < 0.05 by analysis of variance and 
Duncan’s multiple range test.  
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Table 3. Energy, nutritional composition and moisture content of Kluai Namwa (Laong-nam 
variety). 
 

 
Ripening stage 

Green Green-to-yellow Yellow 

Energy, kcal  389.98 ± 0.47 389.29 ± 0.10 390.03 ± 0.16 
Protein 1.85 ± 0.13 1.65 ± 0.07 1.91 ± 0.15 
Fat  0.00 0.00 0.00 
Ash 2.50 ± 0.12 2.68 ± 0.03 2.49 ± 0.04 
Carbohydrate 95.65 ± 0.01  95.67 ± 0.09  95.60 ± 0.19 
Total Sugar 1.37 ± 0.00 a 20.68 ± 1.08 b 41.61 ± 0.05 c 
   Glucose 0.36 ± 0.00 a 10.79 ± 0.55 b 22.20 ± 0.01 c 
   Fructose 1.01 ± 0.00 a 9.89 ± 0.53 b 19.41 ± 0.06 c 
   Sucrose  0.00 0.00 0.00 
Total dietary fibre  12.70 ± 0.04 a 11.47 ± 0.27 b 8.40 ± 0.24 c 
 Soluble fibre 2.52 ± 0.11  2.36 ± 0.21  2.84 ± 0.23 
 Insoluble fibre 6.19 ± 0.13 a  2.30 ± 0.05 b  1.88 ± 0.11 c 
Moisture, % 66.46 ± 0.11 a 66.95 ± 0.04 b 68.32 ± 0.05 c 

 
Note:  Nutritional content is in % of dry weight. Values are means of duplicate analysis. Mean values in a 
row not sharing a common superscript are significantly different at P < 0.05 by analysis of variance and 
Duncan’s multiple range test.  
 
 The trend in energy values for the Laong-nam variety (Table 3) is similar to those for the 
other varieties, while the ripening stage does not affect the protein, fat, ash and carbohydrate 
contents. As in other varieties, significant increase in total sugars, glucose and fructose with 
ripening is observed. The changes in total, soluble and insoluble dietary fibre contents of Laong-
nam are also similar to those for the other varieties. 
 A change in carbohydrates during ripening primarily involves available carbohydrates such 
as starch being converted into more soluble sugars such as glucose, fructose and sucrose, as well as 
water at the ripe stage [8]. A study on the occurrence and transformation of banana starch indicates 
that the disappearance of the starch reserve during banana ripening appears to be relatively rapid 
because several enzymes (e.g. α-and β- amylases, α-1,4- and α-1,6-glucosidase, invertase, sucrose 
synthase and sucrose phosphate synthase) as well as the gibberellin hormones act together via more 
than one pathway [8]. Likewise, the increased moisture and total sugars with ripening are found in 
this present study. 
 Of the three varieties of Kluai Namwa at the ripe stage, Laong-nam has the lowest content of 
total sugar (41.61 ± 0.05 g/100g) and Mali-ong the highest (55.63 ± 2.76 g/100g). Mali-ong and 
Laong-nam contain glucose and fructose no sucrose. However, Cordenunsi et al. [27] reported that 
Nanicao (AAA) and Mysore (AAB) cultivars have a predominance of sucrose over glucose and 
fructose. This could be due to the activity of sucrose synthase and sucrose phosphate synthase 
which are involved in starch synthesis and breakdown during development and ripening of the 
banana fruit [28], which in turn might stem from the difference in genotype from Kluai Namwa 
variety (ABB genome), as well as in the planting location and environmental effects. 
 Some studies have shown that people on diets high in dietary fibre have reduced risks of 
certain diseases such as cancer, coronary heart disease, obesity and possibly diabetes [29-30]. 
Dietary fibre consists of non-available carbohydrates or non-starch polysaccharides resistant to 
digestion by human gastrointestinal enzymes. Soluble fibre can also reduce blood cholesterol levels, 
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thus helping to reduce the risk of heart disease [29]. Pectin is the most common soluble fraction in 
ripe bananas [5]. Ripe Kluai Namwa contains a higher level of soluble fibre compared with green 
ones. The total dietary fibre content found in this study confirms that the three banana varieties are a 
good source of dietary fibre, in accordance with the findings of Cordenunsi et al. [27].   
 
In Vitro Starch Digestibility and Estimated GI  
 
 The results of in vitro starch digestibility from the starch hydrolysis model of the three 
varieties of fresh Kluai Namwa were shown in Table 4. Mali-ong at the ripe stage has significantly 
lowest GI when compared with the other stages while Khao-nuan and Laong-nam show an opposite 
result. This seems to indicate that the ripening stage has no effect on GI values of the bananas, 
although when the three varieties are compared, Laong-nam exhibits the lowest value of 46.4 ± 0.1. 
Figure 3 shows starch hydrolysis curves of the pulp samples at different ripening stages as 
compared with the reference glucose. The curves exhibit similar kinetics of starch hydrolysis among 
the different varieties and ripening stages, although the curve of Laong-nam variety at the green 
stage appears to show the slowest starch digestion. These findings confirm that bananas have a high 
level of resistant starch, which accounts for a slow rate of starch digestibility. 
 

Table 4.  Equilibrium concentration (C∞), kinetic constant (k), hydrolysis index (HI) and estimated glycemic 
index (GI) of pulp samples from three varieties of Kluai Namwa at different ripening stages 
 

Sample C∞ k HI Estimated GI 

 Mali-ong     
 Green 19.5 ± 0.1bc 0.043 21.1 ± 0.3 b 51.3 ± 0.2b 
 Green-to-yellow 19.7 ± 0.1 bc 0.041 21.2 ± 0.2 b  51.3 ± 0.1b 
 Ripe 14.9 ± 0.2 d 0.037 15.8 ± 0.2e  48.4 ± 0.1e 
Khao-nuan      
 Green 18.8 ± 0.2 bc 0.041 20.2 ± 0.1c 50.8 ± 0.0c 
 Green-to-yellow 18.1 ± 0.4 c 0.039 19.3 ± 0.2d 50.3 ± 0.1d 
 Ripe 20.2 ± 0.5 b 0.039 21.6 ± 0.8 b 51.6 ± 0.4b 
Laong-nam     
 Green 11.6 ± 0.3e 0.035 12.2 ± 0.2g 46.4 ± 0.1g 
 Green-to-yellow 15.7 ± 0.4d 0.027 15.7 ± 0.2e 48.3 ± 0.1e 
 Ripe 12.6 ± 1.0e 0.038 13.4 ± 0.4f 47.1 ± 0.2f 
Reference glucose 98.2 ± 2.4 a 0.031 100 ± 0.0a 94.6 ± 0.0a 

 
Note:  Values are means of duplicate analysis. Mean values in a column not sharing a common superscript  
are significantly different at P < 0.05 by analysis of variance and Duncan’s multiple range test. 
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Figure 3.  Rate of in vitro starch digestibility (%) of pulp samples from three varieties of Kluai 
Namwa (ML: Mali-ong; KN: Khao-nuan; LN: Laong-nam) at different ripening stages (GR: green; 
GY: green-to-yellow; YE: yellow) compared with reference glucose 
  

For in vivo measurement, GI is usually determined by giving the subjects a test sample and 
reference glucose containing 25 g or 50 g of available carbohydrate and then collecting their blood 
samples over 2 hr. The collected blood samples are analysed for blood glucose concentrations and 
the incremental area under the glucose response curve is calculated for each test and the reference. 
The GI range is classified as low (GI = 55 or less), medium (GI = 56–69) and high (GI = 70 or 
more) [31]. Presently, measuring the rate at which carbohydrates in foods are digested in vitro has 
been increasingly used for estimating the glycemic response and is suggested as a cheaper and less 
time-consuming method for predicting the GI values of foods [16-18, 32]. An international table of 
GI and glycemic load values for 11 banana samples from different sources and at different ripening 
stages shows that their GI values range between 42-70, with most of the values being less than 55; 
hence they can be defined as a low-GI food [32]. Similarly, in the present study, the GI values 
found for the three varieties of fresh Kluai Namwa at any stage of ripening arre less than 55. It 
should be noted, however, that several nutritionists consider bananas to be a medium-GI food. 
 Table 5 shows the results of in vitro starch digestibility analysis and GI values of flour, 
starch and extruded snack processed from green bananas. Clearly, the GI values of the flour are 
much lower than that of the starch, which exhibits the highest GI value of 70.7. The GI values of the 
extruded snack are similar to those of the flour used as the main ingredient for snack production. 
The high GI value of banana starch is reflected by its rapid rate of digestion, whereas the flour and 
snack samples with lower GI both show a slower digestion rate (Figure 4). This can be explained by 
the complexation between starch and dietary fibres or non-starch polysaccharides such as pectin, 
cellulose and hemicelluloses, which can help resist digestion better than starch alone [5, 20, 33]. 
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Table 5. Equilibrium concentration (C∞), kinetic constant (k), hydrolysis index (HI) and estimated 
glycemic index (GI) of processed samples from three varieties of Kluai Namwa 
 

Sample C∞ k HI Estimated GI 

Banana flour 
 Mali-ong 23.9 ± 0.4 c 0.026 23.7 ± 0.3d 52.7 ± 0.2d 
 Khao-nuan 26.8 ± 0.6 b 0.048 29.3 ± 0.1 b 55.8 ± 0.1b 
 Laong-nam 19.5 ± 0.2 f 0.043 21.1 ± 0.3 c  51.3 ± 0.2e 
Extruded snack   
 Mali-ong 19.5 ± 0.2 f 0.041 20.8 ± 0.6e 51.1 ± 0.4e 
 Khao-nuan 22.4 ± 0.0 d 0.048 26.0 ± 2.0c 54.0 ± 1.1 c 
 Laong-nam 20.2 ± 0.2 e 0.043 21.8 ± 0.3de 51.7 ± 0.2de 
Banana starch 
 Mali-ong 51.7 ± 0.0 a 0.046 56.5 ± 0.3a 70.7 ± 0.2a 

 
Note:  Values are means of duplicate analysis. Mean values in a column not sharing a common superscript 
are significantly different at P < 0.05 by analysis of variance and Duncan’s multiple range test.  
 
 

 
Figure 4.  Rate of in vitro starch digestibility (%) of processed samples from three varieties of 
Kluai Namwa (ML: Mali-ong; KN: Khao-nuan; LN: Laong-nam) 
 
  

Foster-Powell et al. [32] indicated that the variation in GI may be due to differences in 
variety, stage of ripeness, cooking and processing methods, and length of storage. Rice and 
potatoes are notable examples, ranging from moderate to very high GI even within the same variety. 
The present study, however, shows similarly low GI values for Kluai Namwa from three different 
varieties and maturation periods. Similar results were also obtained when the bananas were 
processed into flour and snack product. 
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CONCLUSIONS   
 
 Starch in Kluai Namwa banana is degraded during ripening almost entirely into soluble 
sugars, viz. glucose and fructose. The total dietary fibre decreases with ripening while soluble fibre 
content increases. The Laong-nam variety has the lowest energy (390.03 ± 0.16 kcal/100g), the 
lowest total sugar (41.61 ± 0.05 g/100g) and the highest soluble fibre (2.84 ± 0.23 g/100g) when 
ripe. The GI values of pulp samples from Kluai Namwa of all varieties are less than 55, the green 
Laong-nam variety exhibiting the lowest GI (46.4 ± 0.1). All fresh bananas, as well as the flour and 
extruded snack processed from green bananas, exhibit similar kinetics of slow starch digestion, with 
Laong-nam at the green stage showing the slowest rate of digestion.  
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