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 New plantain hybrids plants have been developed but not much has been done on the 
post-harvest keeping quality of the fruits and how they are affected by microbial 
colonization. Hence fruits from a tetraploid hybrid PITA 2 (TMPx 548-9) obtained by 
crossing plantain varieties Obino l’Ewai and Calcutta 4 (AA) and two local triploid 
(AAB) plantain landraces Agbagba and Obino l’Ewai were subjected to various 

concentrations of acetic, sorbic and propionic acid to determine the impact of chemical 
concentration, chemical type and plantain variety on ripening and weight loss of plantain 
fruits. Analysis of titratable acidity, moisture content and total soluble solids showed that 
there were no significant differences between fruits of hybrid and local varieties. The 
longest time to ripening from harvest (24 days) was achieved with fruits of Agbagba 
treated with 3% propionic acid. However, fruits of PITA 2 hybrid treated with propionic 
and sorbic acid at 3% showed the longest green life which indicated that the chemicals 
may work better at higher concentrations. The Obino l’Ewai cultivar had the highest 

weight loss for all chemical types used. Modelling data obtained showed that plantain 
variety had the most significant effect on ripening and indicates that ripening of the fruits 
may depend on the plantain variety. It appears that weight loss of fruits from the plantain 
hybrid and local cultivars was not affected by the plantain variety, chemical type. The 
chemicals at higher concentrations may have an effect on ripening of the fruits and will 
need further investigation. 
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Introduction 

Plantain (Musa spp. AAB) is believed to have 

originated from South East Asia and it is known as an 

important staple food in West and Central Africa, Latin 

America and Asia (Norgrove and Hauser, 2015). The 

annual harvest of plantain and banana is approximately 
145 million tonnes worldwide and ranks among the 10-

top staple foods of the developing world (Ortiz and 

Swennen, 2014). The unripe fruit is usually cooked and 

eaten by people affected with diabetes (Odenigbo et al., 

2013; Famakin et al., 2016) due to its low sugar content. 

The micronutrients of plantain include potassium, L-

ascorbic acid, alpha-carotene and beta-carotene (Avallone 

et al., 2009). Plantain fruits can be eaten in a variety of 

ways and the proximate composition may be affected by 

ripening and cooking (Baiyeri et al., 2011). 
Plantains can be affected by bunchy top virus 

(Adegbola et al., 2013) and a number of diseases and 
pests primarily black sigatoka caused by Mycosphaerella 
fijiensis, Fusarium wilt, nematodes and weevils 
(Orluchukwu and Ogburia, 2014). To mitigate the 
devastating effects of these diseases new plantain hybrids 
which are resistant have been developed through different 
breeding programs around the world. These programs aim 

at achieving high yield and quality (Ortiz et al., 1997) and 
may also incorporate genetic engineering and genomics-
led breeding to enhance their effectiveness (Ortiz, 2013). 
The plant breeding programs also aim to give farmers 
improved varieties that are superior to the local cultivars. 
Tremendous progress has been made in plantain breeding 
which has led to the cultivation of new plantain hybrids 
that produced fruits that are superior to some plantain 
landraces in nutritional value (Adeniji et al., 2007). The 
breeding programs and projects have proved to impact 
positively on the enterprise of farmers and have resulted 
in increased plantain production (Faturoti et al., 2009). 
The level of progress made so far in breeding has not 
been replicated in the post-harvest storage of the fruit and 
more work needs to be done to reduce post-harvest losses 
caused by microbial colonization of the fruits after 
ripening. According to Ogundare-Akanmu et al. (2015), 
post-harvest loss is a major problem limiting the 
production of plantain. The available data on current 
production of the crops suggest that Nigeria could have 
been a leading exporter of plantain fruits if not for 
postharvest losses (Adeniyi and Ayandiji, 2014). It has 
been pointed out that losses of fruit after harvest are 

*
Corresponding Author: 

E-mail: ogueri.nwaiwu@alpha-altis.co.uk 

 



Nwaiwu and Itumoh / Turkish Journal of Agriculture - Food Science and Technology, 5(8): 950-956, 2017 

951 

 

typically less than 10% and the distance between 
production areas and the major markets affects the short 
storage life of the crop under tropical conditions (Aked et 
al., 2000). In recent years, farmers and plantain processors 
have adopted a variety of ways to reduce post-harvest 
losses. This includes processing of plantain into flours or 
snack foods like plantain chips. Passive modified 
packaging of the fruits with low density polyethylene 
sheets (Nwaiwu et al., 2003) and treating of fruits in 
chemicals like Semperfresh™ has been suggested 
(Yurdugül, 2016). The use of edible coating is now 
widespread and is believed to be an environmentally 
friendly technology that offers substantial advantages for 
shelf-life increase of many food products including fruits 
and vegetables (Valencia-Chamorro et al., 2011). 
According to Moreira et al. (2011), coatings obtained 
from generally recognized as safe (GRAS) materials, have 
the potential to reduce weight loss, respiration rate, and 
improve food appearance and integrity. Furthermore, 
chemical treatment in particular can reduce enzymatic 
browning (Mahajan et al., 2014) and can be used in 
combination with other food preservation techniques in 
order to extend the effectiveness of the food preservation 
chain. Also the chemicals can reduce, inhibit, or delay the 
growth of microorganisms on the surface of food they are 
in contact with. However, it has been explained that the 
success of edible coatings for fresh products totally 
depends on the control of internal gas composition and 
that quality criteria for fruits and vegetables coated with 
edible films must be determined carefully throughout the 
storage period (Dhall, 2013). 

From literature, new plantain hybrid fruits have not 
been tested exhaustively to determine how they will keep 
in common post-harvest storage conditions. Therefore, the 
aim of this study was to model and determine the 
significance or impact of chemical concentration, 
chemical type and plantain variety on ripening and weight 
loss of plantain hybrid fruits after chemical treatment. 

 

Materials and Methods 
 
Experimental Design and Plantain Fruit Samples 
Plantain accessions grown at the International Institute 

of Tropical Agriculture (IITA), High Rainfall Station, 
Onne, Nigeria, were used for the study. The matured 
green fruits from a tetraploid hybrid PITA 2 (TMPx 548-
9) obtained by crossing plantain varieties Obino l’Ewai 
and Calcutta 4 (AA) were studied. Two local triploid 
(AAB) plantain landraces Agbagba and Obino l’Ewai 
were also assessed for comparison. Plantain fruits were 
obtained from field plots that were used for other studies 
of post-harvest physical attributes of plantain fruit 
bunches. The design of this study was essentially a 
random analytical observational study, because plantain 
fruit bunches were chosen at random after harvest. 
Treated and untreated fruits were monitored physically 
after which changes were recorded. Plantain bunches 
were de-handed within one hour after harvest and then 
separated from the hands, washed and air dried for 1 h. 
Three fruits in three replicates from 3 batches were 
analysed for each parameter. 

 

Chemical Treatment of Plantain Fruits 

Three chemical preservatives were used namely acetic 

acid, propionic acid and sorbic acid (Sigma- Aldrich, 

Dorset, United Kingdom) and were prepared with distilled 

water. Acetic acid and propionic acid were prepared at 

different concentrations (1, 2, and 3% v/v) after which 

sorbic acid was prepared (1, 2, and 3% w/v). Plantain 

fruits harvested as described above were separated into 

single fruits before preparing water solutions as described 
by Yurdugül (2016) with modification. Instead of dipping 

fruits into a coating for a minute, they were dipped into 5 

L of the chemical mixtures making sure they were fully 

submerged. The fruits were left in the mixture for 20 min 

to leave a thin film and then brought out to air dry. 

Untreated fruits served as control. 

 

Physico-Chemical Analysis 

Plantain fruits were analysed using the post-harvest 

screening methods developed by Ferris et al. (1999) to 

determine moisture content, total soluble solids (TSS), 

days to ripening and weight loss. TSS was determined 
with a digital refractometer (Atago PR-100, Tokyo, 

Japan) while days to ripening of fruits treated with 

chemicals were determined visually using the ripening 

colour scale described. Weight loss of fruits treated with 

chemicals was observed by measuring changes in fruit 

weight on a daily basis from harvest until the fruits 

reached colour stage nine. Titratable acidity was 

determined manually as described by Dadzie and Orchard 

(1997). Titratable acidity, moisture content and TSS were 

performed on the day of harvest. 

 
Modelling and Statistical Analysis 

This was carried out using Design Expert™ software 

version 7.0.3, Statease, Minneapolis, USA (Linforth et al., 

2010). Response surface type of modelling, quadratic 

design model and historic data design were selected on 

the software. Data generated from the physicochemical 

analysis above were then imported into the software as 

historic data from Microsoft Excel™ files. Modelling 

terms were chosen by selecting, chemical concentration, 

plantain variety and chemical type as independent 

variables whereas days to ripening and weight loss were 
taken as dependent variables (responses).  Analysis of 

variance was carried out on the model for each response 

at three stages of ripening (stages 3, 6, 9) to determine 

significant modelling terms and statistical significance 

was set at (P≤0.05). Model diagnostics were performed 

after which models with adequate precision were 

determined. According to the software instructions, the 

adequate precision parameter measures the signal to noise 

ratio and a ratio greater than 4 is desirable. 

 

Results and Discussion 
 
Titratable Acidity, Moisture Content and TSS of 

Plantain 

The fruits used in this study were matured to the point 

that it was of acceptable eating quality visually (Dzomeku 

et al., 2016). The PITA 2 hybrid was chosen for this study 



Nwaiwu and Itumoh / Turkish Journal of Agriculture - Food Science and Technology, 5(8): 950-956, 2017 

952 

 

because it is resistant to black sigatoka disease (Mobambo 

et al., 1993) while the local variety Agbagba was included 

because it is associated with very big fruit weight among 

several cultivars (Baiyeri and Tenkouano 2008). The 

fruits of the other local cultivar Obino l’Ewai are smaller 

than that of Agbagba and were chosen because it is one of 

the parents of the hybrid under study. Due to some 

restrictions at the study location, the actual planting date 

of the plants that yielded the fruits used was not disclosed. 
Hence some physico-chemical qualities of the fruits were 

determined on the day of harvest in order to establish the 

quality of the fruits used for this study.  

Results (Table 1) showed that there were no 

significant differences (P>0.05) between the hybrid fruits 

and fruits of local plantain varieties which implies that the 

physico-chemical qualities of fruits tested are similar. The 

local variety Agbagba had higher titratable acid content 

(up to 20%) than the hybrid fruits whereas the hybrid 

fruits had higher (up to 6%) pulp moisture content and 

TSS than the two local cultivars. In agreement with a 

previous work, Ferris et al. (1999) found that tetraploid 
hybrid PITA 2 (TMPx 548-9) had higher TSS than the 

local cultivars Obino l’Ewai and Agbagba. Values of 

moisture content obtained were within range of other 

studies (Carvalho et al., 2009) and the general consensus 

by many investigators is that the degree of ripening or 

maturity may determine chemical composition (Emaga et 

al., 2007). In particular, harvest maturity is believed to 

affect chemical compounds abundance (El Hadi et al., 

2013).  

 

Ripening and Weight Loss of Fruits Treated With 
Chemicals 

Chemicals used in this study were chosen because 

they are known among the most active organic acids used 

in food preservation (Davidson and Taylor, 2007). Also 

they are in the FDA (2017) GRAS database where it 

shows that acetic (ID code 64-19-7), sorbic (ID 110-44-1) 

and propionic (ID 79-09-4) acids are listed as GRAS 

chemicals. The results of ripening and weight loss of 

fruits treated with chemical preservatives are shown in 

Tables 2a-2c. There was no dramatic extension of the pre-

climateric period (green life) or prevention of 
colonization of the fruits by post-harvest storage 

organisms after complete ripening or yellowing of the 

fruits. Also, no significant differences (P>0.05) were 

recorded for fruits of the local cultivars and hybrid fruits. 

Ripening progressed and took 2-3 weeks for fruits to 

reach ripening colour stage 9 when the fruits are black 

and show visible lesions of microbial colonization. The 

longest ripening days (24 days) to stage 9 was achieved 

with fruits of local cultivar Agbagba treated with 3% 

propionic acid (Table 2c). Fruits of PITA 2 hybrid treated 

with propionic and sorbic acid at 3% (Table 2c) showed 

the longest time (18 days) to complete yellowing of the 

fruits (ripening stage 6) which indicated that the 

chemicals may work better at higher concentrations.  

The number of days until complete yellowing of 

untreated plantain fruits was within the range reported by 

Baiyeri and Tenkouano (2008). It is possible the chemical 
concentrations used were not enough to totally slow down 

the ripening process and inhibit microbial colonization of 

the fruits. According to Paniagua et al. (2014), textural 

changes during fruit ripening are mainly due to the 

dissolution of the middle lamella, the reduction of cell-to-

cell adhesion and the weakening of parenchyma cell walls 

as a result of the action of cell wall modifying enzymes. 

Also fruit deterioration during ripening is accompanied by 

weight loss which may be influenced by relative humidity 

(Kader, 2013). A suitable chemical preservative has been 

defined as one that can extend storage life of fresh fruits 

and reduce decay without affecting their quality (Dhall, 
2013). For all chemical concentrations and plantain 

cultivars analysed, weight loss increased progressively 

from the day of harvest until colour stage 9. It was highest 

in the Obino l’Ewai local cultivar (Tables 2a-2c) for all 

chemical types and concentrations used. Weight loss in 

plantain has been reported by others (Sugri et al., 2010) 

and it causes faster ripening (Ferris et al., 1999) which 

may be due to increased respiration. According to 

Fonseca et al. (2002), respiration is the main process of 

deterioration of fresh produce and it is a metabolic 

process that ensures the oxidative breakdown of organic 
substrates into simple molecules. The oxidative 

breakdown in the Obino l’Ewai local cultivar may be 

worth exploring in order to gain more understanding on 

how to reduce weight loss. 

 

Modelling and Analysis of Variance 

In order to gain more insights from the ripening and 

weight loss data, modelling was carried out. This study 

was preliminary in nature and sample size was small 

hence less emphasis was laid on generation of model 

contour plots which may not give a good picture of data 
analysed. The Design Expert™ software modelling tool 

that was used in this study has been used in other studies 

(Khoshtinat et al., 2017). Overall, the modelling output 

(Table 3a-3c) showed adequate precision values of more 

than 4 in all cases which indicated a good noise to signal 

ratio. This suggests that there was little impact of post-

harvest handling and processing on the parameters 

measured. 

 

 

Table 1 Physico-chemical qualities of plantain fruits used in this study 

Cultivar Total soluble solids Titratable acidity (%) Pulp Moisture (%) 

Agbagba 3 ± 0.47 1.8 ± 0.08 66.35±0.60 

Obino l’Ewai 4.67 ± 0.46 1.37 ± 0.12 67.86±0.78 

PITA 2 5.57 ± 0.47 1.50 ± 0.16 70.46±1.01 
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Table 2a Average ripening at different ripening stage (RS) and weight loss (WL) of plantain fruits treated with 1 % 

chemical concentration at different RS 

Cultivar Chemical 
RS stage 3 

(days) 

RS stage 6 

(days) 

RS stage 9 

(days) 

WL stage 3 

(%) 

WLstage 6 

%) 

WL stage 9 

(%) 

Agbagba Acetic 4 ± 0.00 10 ± 0.43 15 ± 0.53 5.70 ± 1.51 18.4 ± 0.29 22.21 ± 0.63 

Obino l’Ewai Acetic 4 ± 0.00 6 ± 0.24 13 ± 0.32 13.9 ± 0.17 15.32 ± 0.71 16.22 ± 0.13 

PITA 2 Acetic 4 ± 0.00 12 ± 0.48 21 ± 0.41 9.95 ± 0.82 13.94 ± 0.49 18.06 ± 0.79 

Agbagba Propionic 4 ± 0.00 10 ± 0.41 19 ± 0.64 4.85 ± 0.16 15.6 ± 0.94 19.33 ± 0.74 

Obino l’Ewai Propionic 4 ± 0.00 10 ± 0.35 17 ± 0.52 11.48 ± 0.72 20.21 ± 0.84 28.01 ± 0.48 

PITA 2 Propionic 5 ± 0.00 12 ± 0.49 18 ± 0.61 8.70 ± 0.29 20.38 ± 0.76 26.34 ± 0.31 

Agbagba Sorbic 4 ± 0.00 10 ± 0.52 19 ± 0.16 5.70 ± 0.14 15.52 ± 0.71 25.22 ± 0.41 

Obino l’Ewai Sorbic 4 ± 0.00 13 ± 0.51 18 ± 0.47 12.50 ± 0.24 22.56 ± 0.26 23.66 ± 0.31 

PITA 2 Sorbic 4 ± 0.00 12 ± 0.64 22 ± 0.31 16.17 ± 0.35 21.48 ± 0.25 24.25 ± 0.35 
Agbagba Control 4 ± 0.00 10 ± 0.20 14 ± 0.41 4.34 ± 0.32 15.19 ± 0.37 22.81 ± 0.55 

Obino l’Ewai Control 4 ± 0.00 6 ± 0.06 12 ± 0.60 12.37 ± 0.06 12.38 ± 0.18 17.78 ± 0.42 

PITA 2 Control 5 ± 0.00 15 ± 0.20 19 ±0.41 9.34 ± 0.22 17.23 ± 0.18 26.65 ± 0.57 

 

Table 2b Average ripening at different ripening stage (RS) and weight loss (WL) of plantain fruits treated with 2 % 

chemical concentration at different RS 

Cultivar Chemical 
RS stage 3 

(days) 

RS stage 6 

(days) 

RS stage 9 

(days) 

WL stage 3 

(%) 

WL stage 6 

(%) 

WL stage 9 

(%) 

Agbagba Acetic 4 ± 0.00 10 ± 0.68 18 ± 0.09 6.49 ± 0.10 11.38 ± 0.86 23.11 ± 0.56 

Obino l’Ewai Acetic 4 ± 0.00 10 ± 0.73 17 ± 0.94 6.70 ± 0.14 15.63 ± 0.77 28.91 ± 0.90 

PITA 2 Acetic 4 ± 0.00 15 ± 0.72 19 ± 0.05 6.08 ± 0.43 18.81 ± 0.30 26.79 ± 0.10 

Agbagba Propionic 4 ± 0.00 10 ± 0.72 18 ± 0.45 4.14 ± 0.07 10.80 ± 0.09 19.67 ± 0.01 

Obino l’Ewai Propionic 4 ± 0.00 10 ± 0.94 17 ± 0.22 6.74 ± 0.59 15.69 ± 0.62 23.54 ± 0.73 

PITA 2 Propionic 5 ± 0.00 14 ± 0.47 21 ± 0.41 9.76 ± 0.22 17.67 ± 0.63 22.07 ± 0.44 

Agbagba Sorbic 4 ± 0.00 10 ± 0.41 22 ± 0.07 4.14 ± 0.35 10.09 ± 0.37 21.30 ± 0.11 

Obino l’Ewai Sorbic 4 ± 0.00 11 ± 0.49 17 ± 0.48 7.31 ± 0.04 17.53 ± 0.25 31.11 ± 0.08 

PITA 2 Sorbic 4 ± 0.00 15 ± 0.47 21 ± 0.94 7.07 ± 0.46 22.43 ± 0.06 27.26 ± 0.50 

Agbagba Control 4 ± 0.00 9 ± 0.74 16 ± 0.37 7.48 ± 0.25 12.23 ± 0.39 27.8 ± 0.31 

Obino l’Ewai Control 4 ± 0.00 9 ± 0.42 17 ± 0.23 9.98 ± 0.12 16.65 ± 0.31 27.16 ± 0.54 
PITA 2 Control 4 ± 0.00 14 ± 0.01 17 ± 0.21 12.03 ± 0.02 19.63 ± 0.32 28.86 ± 0.48 

 

Table 2c Average ripening at different ripening stage (RS) and weight loss (WL) of plantain fruits treated with 3 % 
chemical concentration at different RS. 

Cultivar Chemical 
RS stage 3 

(days) 

RS stage 6 

(days) 

RS stage 9 

(days) 

WL stage 3 

(%) 

WL stage 6 

(%) 

WL stage 9 

(%) 

Agbagba Acetic 4 ± 0.00 16 ± 0.44 22 ± 0.61 4.42 ± 0.26 16.22 ± 0.37 22.77 ± 0.58 
Obino l’Ewai Acetic 4 ± 0.00 12 ± 0.11 16 ± 0.47 11.4 ± 0.28 17.74 ± 0.82 23.50 ± 0.71 

PITA 2 Acetic 3 ± 0.00 13 ± 0.50 18 ± 0.06 8.46 ± 0.41 14.11 ± 0.08 20.47 ± 0.35 

Agbagba Propionic 6 ± 0.00 17 ± 0.76 24 ± 0.10 4.67 ± 0.16 15.12 ± 0.22 22.76 ± 0.11 

Obino l’Ewai Propionic 4 ± 0.00 12 ± 0.09 16 ± 0.63 12.36 ± 0.30 18.21 ± 0.38 22.52 ± 0.25 

PITA 2 Propionic 4 ± 0.00 18 ± 0.43 18 ± 0.35 7.87 ± 0.41 13.11 ± 0.42 20.11 ± 0.89 

Agbagba Sorbic 4 ± 0.00 16 ± 0.48 22 ± 0.41 5.82 ± 0.08 14.01 ± 0.25 25.32 ± 0.27 

Obino l’Ewai Sorbic 4 ± 0.00 13 ± 0.41 16 ± 0.41 8.22 ± 0.37 17.13 ± 0.04 25.67 ± 0.15 

PITA 2 Sorbic 4 ± 0.00 18 ± 0.25 22 ± 0.26 8.19 ± 0.38 18.02 ± 0.10 24.19 ± 0.69 

Agbagba Control 4 ± 0.00 15 ± 0.20 21 ± 0.63 4.74 ± 0.11 14.74 ± 0.41 25.36 ± 0.37 

Obino l’Ewai Control 4 ± 0.00 11 ± 0.21 15 ± 0.26 12.2 ± 0.46 18.71 ± 0.34 29.07 ± 0.27 

PITA 2 Control 4 ± 0.00 12 ± 0.42 16 ± 0.08 9.23 ± 0.12 13.22 ± 0.37 23.24 ± 0.12 

 

The precision was higher in ripening than weight loss 

in the green and yellow ripening stage (Table 3a-b) and 
no difference was found in the model precision value 

(Table 3c) when the fruits turned black (stage 9). This 

indicates that there was less variation in ripening and 

weight loss between local cultivars and hybrid fruits when 

the fruits turn black and are colonised by post-harvest 

spoilage organisms.  It was found that days to ripening 

response model was significant (P<0.05) whereas weight 

loss was not (P>0.05) in all stages of ripening analysed 
which indicated that the chemicals may only affect 

surface activities of the fruit and not moisture loss. In 

agreement with the adequate precision values, the days to 

ripening parameter also showed stronger associations and 

less variation than weight loss based on the R2 and 

coefficient of variation (CV) values (Table 3a-3c).  
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In Tables 3a-3c, the modelling performed showed the 

impact of chemical concentration (A), plantain variety (B) 

or chemical type (C) or a combination (AB, AC or BC) on 

the ripening and weight loss process. This was consistent 

with the overall results, and there was no significant 

(P>0.05) impact of chemical concentration, plantain 

variety, chemical type (C) or a combination on weight 

loss of plantain fruits analysed. However these variables 

had an impact on ripening and it was highest for plantain 
variety (P<0.01) in all stages of ripening. In ripening 

stage 3 (Table 3a) where the fruits were more green than 

yellow, chemical concentration (P<0.05) had more impact 

than chemical type (P>0.05) whereas at stage 6 of 

ripening (Table 3b) where the fruit were more yellow than 

green it was vice versa. When the fruits turned more black 

than yellow due to microbial colonization (Table 3c), it 

was found that all the variables had an impact (P<0.05). 

This indicates that the chemicals preservatives studied 

may facilitate the reduction of fruit surface microbial 

colonization and it its effectiveness appears to increase as 
the fruit ripen. 

 

Table 3a Analysis of variance table for days to ripening and weight loss from response surface quadratic model for 

plantain fruits treated with chemicals at stage 3 of ripening 

Source Sum of squares df Mean square F- value p-value 

Days to ripening      

Model 54.15 20 7.71 11.45 ≤.0001 

A 3.38 1 3.38 5.89 0.0283 

B 136.31 5 27.26 47.56 ≤.0001 

C 1.41 2 0.70 1.23 0.3208 

AB 7.90 5 1.58 2.76 0.0583 

AC 1.44 2 0.72 1.26 0.3120 

BC 3.04 4 0.76 1.32 0.3059 

A2 1.12 1 1.12 1.96 0.1816 

Weight loss      

Model 368.80 20 18.44 2.07 0.0778 
A 1.16 1 1.16 0.13 0.7232 

B 285.75 5 57.15 6.41 0.0522 

C 29.68 2 14.84 1.66 0.2224 

AB 23.26 5 4.65 0.52 0.7562 

AC 0.83 2 0.42 0.05 0.9546 

BC 16.52 4 4.13 0.46 0.7617 

A2 21.00 1 21.00 2.35 0.1457 
A = Chemical concentration; B = Plantain variety; C = Chemical type, Days to ripening model - R

2
 = 0.95, CV (%) = 13.98, Adequate precision  = 

11.91, Weight loss model - R
2
 = 0.73, CV = 33.84, Adequate precision  = 5.26. 

 

Table 3b Analysis of variance table for days to ripening and weight loss from response surface quadratic model for 

plantain fruits treated with chemicals at stage 6 of ripening 

Source Sum of squares df Mean square F- value p-value 

Days to ripening      

Model 280.64 20 14.03 5.31 0.0009 

A 13.50 1 13.50 5.11 0.0392 
B 148.53 5 29.71 11.23 0.0001 

C 24.67 2 12.33 4.66 0.0266 

AB 63.17 5 12.63 4.78 0.0082 

AC 10.11 2 5.06 1.91 0.1821 

BC 9.78 4 2.44 0.92 0.4757 

A2 5.56 1 5.56 2.10 0.1678 

Weight loss      

Model 247.67 20 12.38 1.00 0.5093 

A 7.32 1 7.32 0.59 0.4541 

B 95.58 5 19.12 1.54 0.2355 

C 4.40 2 2.20 0.18 0.8390 

AB 31.67 5 6.33 0.51 0.7635 

AC 25.36 2 12.68 1.02 0.3830 
BC 53.63 4 13.41 1.08 0.4000 

A2 9.45 1 9.45 0.76 0.3960 

A = Chemical concentration; B = Plantain variety; C = Chemical type, Days to ripening model - R
2
 = 0.88, CV (%) =13.40, Adequate precision = 

9.48, Weight loss model - R
2
 =0.57, CV =21.41, Adequate precision = 4.56. 
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Table 3c Analysis of variance table for days to ripening and weight loss from response surface quadratic model for 

plantain fruits treated with chemicals at stage 9 of ripening 

Source Sum of squares df Mean square F- value p-value 

Days to ripening      

Model 198.15 20 9.91 4.56 0.0022 

A 1.04 1 1.04 0.48 0.4993 

B 123.79 5 24.76 11.39 0.0001 

C 22.89 2 11.44 5.27 0.0185 

AB 32.57 5 6.51 3.00 0.4452 

AC 3.44 2 1.72 0.79 0.4708 

BC 5.11 4 1.28 0.59 0.6764 

A2 1.13 1 1.13 0.52 0.4829 

Weight loss      

Model 353.74 20 17.69 1.60 0.1780 
A 0.086 1 0.086 7.823 0.9307 

B 127.68 5 25.54 2.31 0.0957 

C 46.54 2 23.27 2.11 0.1562 

AB 78.78 5 15.76 1.43 0.2711 

AC 7.15 2 3.58 0.32 0.7284 

BC 53.67 4 13.42 1.21 0.3456 

A
2
 11.47 1 11.47 1.04 0.3243 

A = Chemical concentration; B = Plantain variety; C = Chemical type, Days to ripening model - R
2
 =0.85, CV (%) =7.86, Adequate precision = 5.86, 

Weight loss model - R
2
 =0.68, CV =13.61,  Adequate precision = 5.86 

 

 

 

The fact that plantain variety was the most significant 
model term in all stages of ripening suggests that different 

plantain cultivars may need specific chemical treatment 

during ripening. It has been emphasised that 

understanding the basis of ripening would enable the 

expansion of plantain utilization (Baiyeri et al., 2011). 

Hence, further post-harvest work with increased chemical 

concentrations needs to be carried out and other hybrids 

and local cultivars should be analysed to determine if 

there is any effect specific to new hybrids or local 

landraces. The obvious advantage for these set of 

chemicals is that they are GRAS and may not affect the 
internal metabolism of the fruit.  

 

Conclusions 

 

After chemical treatment, it appears that the chemicals 

at higher concentrations may have an effect on ripening of 

the fruits and will need further investigation. Weight loss 

of fruits from the plantain hybrid and local cultivars were 

not affected by the chemical concentration, chemical type 

and plantain variety studied.  
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