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Abstract
The objective of this work was to estimate the expectation of change in sensory properties of

fruits by analyzing the different choice criteria at purchase and consumption occasions. Bananas

were taken as a case study, evaluated with consumers from Argentina, Ecuador, and Spain. A set

of 10 digital images of bananas ranging from totally green to overly ripe were first submitted to a

trained panel to ensure there were significant differences between them on a ripening scale. These

images were then presented to 300 consumers in total from Argentina, Ecuador, and Spain. Con-

sumers assessed each image choosing between under-ripe, ok, or over-ripe; considering two

different occasions: when purchasing the bananas and when consuming the bananas in their

homes. Based on hue-angle measurements, survival analysis statistics were applied to estimate the

optimum ripening indexes (ORI). ORI for purchase occasions were lower than for home consump-

tion occasions, that is, bananas are bought greener, with the expectation that they would ripen to

the adequate stage in the period between purchase and consumption. There were also differences

between the ORI estimated over the three countries. On average, Argentine consumers preferred

riper bananas than Ecuador or Spanish consumers.

Practical applications
For certain fruits, such as bananas shown in this study, consumers consciously choose or ask for a

not totally ripe product with the expectation that it will reach optimum ripeness on the consump-

tion occasion. Retail stores should consider this fact in marketing their products providing

recommendations for consumers, such as “keep at room temperature and consume after 2 or 3

days”; or “we recommend you consume this melon today.” For the particular case of bananas, the

current commercial chart used to estimate banana maturity based on sensory appearance would

not always be adequate. This work provides a range of maturation based on consumer input, both

for purchase and home-consumption situations. These ranges could serve as a guide for retail

stores that sell bananas in different countries.

1 | INTRODUCTION

Consumer preferences within a single fruit-type and/or cultivar are

often defined by the stage of ripeness (Harper, Gunson, & Jaeger,

2003). The stages of ripeness are basically three: under-ripe, ok, and

over-ripe. Jaeger, Lund, Lau, and Harper (2003) in a preference study

of pears found consumer segments with different acceptability scores

for ripe and not-ripe samples. Crisosto and Crisosto (2001) found that

kiwifruit with a given degree of ripeness was liked by some consumers

and disliked by others. Crisosto, Crisosto, and Metheney (2003)

reported that 78% of consumers over 60 years old were willing to buy

full dark red “Brooks” cherries, while only 42% of consumers under 18
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were willing to buy cherries with the same degree of ripeness. Thus,

there is evidence over different types of fruit that if a single degree of

ripeness is chosen there will be consumers who will accept it, others

who can find it under-ripe and still others who may find it over-ripe

(Garitta, Hough, & Hulshof, 2008). In all these studies, consumers’ eval-

uated the fruits regarding consumption, and not at point of purchase.

Traditionally, consumers have been asked whether they would

consume the product or not (Garitta, Serrat, Hough, & Curia, 2006;

Hough, Garitta, & Gomez, 2006; Hough, Langohr, G�omez, & Curia,

2003). During their decision-making process, consumers rely on differ-

ent attributes before deciding whether to buy or consume a certain

food product (Ragaert, Verbeke, Devlieghere, & Debevere, 2004).

Evaluative criteria may change depending if it is at purchase or con-

sumption stage (Gardial, Clemons, Woodruff, Schumann, & Burns,

1994). This suggests that consumers might give different importance

to a certain attribute when deciding to purchase or to consume a prod-

uct. For this reason, estimated shelf life or sensory limits may vary if

consumers are asked whether they would buy a product; or if asked

whether they would consume it at their homes. This might be particu-

larly important for food products in which consumers can evaluate

ripeness when observing, touching, smelling, or even hearing the prod-

uct at purchase (Sun, Huang, Xu, & Ying, 2010). In our local fruit shop

in Argentina, when buying a melon the saleslady will ask when it is

intended to be eaten. If today then a really ripe melon will be chosen;

but if the in 3–4 days, she will choose a less ripe melon with the expec-

tation that it will be just right in 3–4 days. The criterion for evaluating

melon’s ripeness goes from softly touching the skin surface to evaluat-

ing the aroma. Pears are sometimes green and hard and sold at a

reduced price, with the claim by the saleslady that if left a few days out

of the refrigerator they will ripen and be delicious. Watermelon ripe-

ness is often evaluated by vendors and consumers by listening when

the fruit is tapped with their knuckles. Bananas, our case study, and

detailed below, are evaluated at purchase and consumption by their

appearance. Although this difference in criteria between purchase and

consumption regarding what consumers consider important in one

situation and the other are part of consumers’ every day experience,

there have been no studies that have proposed a methodology to

research and quantify the difference in criteria.

Bananas are one of the most popular fruits worldwide. They are

usually harvested green and they remain without significant changes in

peel color, texture, or composition until ripening is initiated with ethyl-

ene treatment (Dadzie & Orchard, 1997). Once this occurs the process

is irreversible and involves nonhomogeneous peel color changes and

the appearance of brown spots over the yellow background. Peel color

is considered the primary quality parameter evaluated by consumers

and it is associated with specific tastes or uses that can thus determine

acceptance or rejection. Peel color correlates well with physical–chemi-

cal parameters that take place during the ripening of bananas, including

pulp color, pH, conversion of starch into sugars, and development of

flavor (Ram�aswamy & Tung, 1989).

Banana ripening is evaluated commercially by instrumental techni-

ques (Wainwright & Hughes, 1990), and also by visual comparison of

the banana’s color with the standardized color chart shown in Figure

1a (Li, Slaughter, & Thompson, 1997; Von Loesecke, 1950).

Bagnato, Klieber, Barrett, and Sedgley (2002) considered that the

visual inspection generated reliable and reproducible results. They

defined banana’s shelf life as the number of days it took for bananas to

ripen from stage 4 (more yellow than green) to stage 7 (full yellow with

light brown flecks). They considered that consumers would reject

bananas below stage 4 as green and those above stage 7 as overripe.

There is no reference to an experimental study with consumers that

confirmed these limits. Also, it is not clear if these limits refer to pur-

chase or consumption occasions.

Consumer studies are an appropriate tool for determining a food

product’s sensory shelf life (Hough et al., 2003). Survival analysis has

been used to determine how long a certain product could be stored

before a consumer rejects the product. This methodology focuses on

the risk of the consumer’s rejection of the product, estimating the shelf

life as the time necessary to reach a fixed percentage of consumer

rejection (Hough et al., 2003). Survival analysis methodology applied to

the banana ripening chart (Figure 1a) would show that there will be

consumers who find stage 3 as appropriate and stage 6 as over-ripe. It

would be of interest to analyze the dispersion in consumer acceptabil-

ity of bananas corresponding to the suggested limits of 4 and 7 on the

standard ripening chart (Figure 1a). And, as discussed above, their crite-

ria might change depending if they are buying bananas or whether

they are about to consume one. Thus, bananas, or other fruits, do not

have inherent ripeness limits, rather these will depend on the interac-

tion of the fruit with the consumer, and this interaction will be influ-

enced by whether they are at a purchase or consumption occasion.

There are many other factors which could be taken into account

when estimating the food product’s sensory shelf life and could change

the criterion of consumer’s evaluation; an example of these is the con-

sumer’s home country. Consumers in different countries might relate

differently with products based on whether they are produced locally

and/or if it is highly consumed. L�opez Osornio et al. (2008) investigated

the optimum cooking temperatures of beef based on acceptance or

rejection data obtained from consumers from different countries and

FIGURE 1 Ripening index5 hue of the greenest bananas2 hue of the corresponding sample, corresponding to: (a) commercial banana
color chart, (b) digital images used in this study
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age groups and stated preference for degree of doneness. Country of

residence and age group had little influence on optimum cooking

temperatures. Conversely, Gim�enez et al. (2007) studied shelf life of

different brown bread formulations finding differences between

Uruguay and Spain inhabitants. For such a worldwide popular fruit

such as bananas, there have been no studies which have analyzed

differences in appearance acceptability criteria of consumers from

different countries; or whether differences regarding purchase or

consumption occasions are similar across countries.

Goncalves et al. (2007) showed that chromatic functions of

chroma and hue correlated closely with the evolution of color and

anthocyanins levels during storage of sweet cherries. Hung, Morita,

Shewfelt, Resurreccion, and Prussia (1995) determined if sensory

assessors perceived changes of golden apple color in green and yellow

hues separately or on a hue continuum from green to yellow. They

showed that assessors could detect decreasing greenness, increasing

yellowness, and color changes from green to yellow in an equal fashion.

Of all the instrumental color measurements (L*, a*, b*, hue), hue pro-

vided the best correlations with the sensory measurements. Hue (hab*)

is the attribute according to which colors have been traditionally

defined as reddish, greenish, yellowish, etc. (Arocas et al., 2013). Thus

hue would seem the most adequate choice for expressing instrumental

color changes of bananas during storage.

The objective of this work was to contrast the behavior of con-

sumers when evaluating optimal ripening of fruits considering two

different occasions: purchase and home consumption; considering

bananas as a case study. We also considered consumers from three dif-

ferent countries where bananas are popular but with different produc-

tion and import characteristics: (a) Argentina, which is a net importer

(mainly from Ecuador); (b) Ecuador which is a net producer; and (c)

Spain which both produces (Canary Island bananas) and imports.

Bananas were chosen for this study due to:

� their worldwide popularity;

� their appearance, linked to ripeness, is easily evaluated by consum-

ers; and

� as appearance is their critical ripeness index, it facilitated comparison

between countries by using digital photographs.

2 | MATERIALS AND METHODS

2.1 | Samples

Bananas (Musa Cavendish) imported from Ecuador were bought at a

local market in the city of 9 de Julio, Buenos Aires, Argentina. Two

hands with nine units in total were selected to be as close as possible

to stage 1 of the standard banana color chart (Figure 1a). They were

bought in the month of April (Southern hemisphere) and the ethylene

ripening treatment had begun.

The nine green bananas (second photograph of Figure 1b) were

stored at room temperature (22628C) to thus simulate market/home

conditions.

Garitta, Hough, and Chaves (2013) showed that sensory evaluation

of digital images of broccoli was equivalent to the sensory evaluation

of the real product; adding to this is the fact that images are widely

used to define maturity stage of bananas. Thus digital images of

bananas in nine different maturity stages were used to evaluate matu-

rity. The digital images and their calibration were done as described by

Garitta et al. (2013). The completely green banana color was taken

from the stage 1 of Figure 1a. Thus a total of 10 digital images were

used: nine corresponding to different storage times and one (the green-

est) taken from the commercial chart shown in Figure 1a. A three-digit

code was added to each image. The 10 images were chosen so as to

cover the span of the commercial chart plus images with more intense

ripening to account for consumers who like really ripe bananas and

also to ensure a sufficiently high proportion of consumers rejecting the

ripest sample of all. This high proportion of consumers rejecting the

sample with the longest storage time is recommended to avoid a high

number right-censored data which increases estimation uncertainty

(Hough, 2010). The images within the range of the commercial chart

did not match these exactly as experimentally this exact matching is

difficult.

2.2 | Instrumental color measurement

Adobe Photoshop (Adobe Systems Inc., San Jos�e, California) was used

to measure CIELAB parameters of each image. All bananas in the

bunch, that is, a total of nine as mentioned in the previous section,

were measured, excluding the voids between bananas. Parameters a*

and b* were calculated Spyridon, Siti, Kamdem, and Yam (2000). Hue

angles were calculated as follows (Lemoine, Civello, Chaves, & Martí-

nez, 2009):

hab5 arctan a � =b�ð Þ ! when a �>0 and b �>0

hab5180�1 arctan a � =b�ð Þ ! when a �<0 and b �>0

In this study, the greenest banana had a hab5 1168 and the totally

over-ripe banana had a hab5 438, that is, the hue value for the green

banana was greater than the hue value for a ripe banana. To avoid this

numerically inverse relationship with storage time, we considered that

the following ripening index (ri) which increases with ripeness, was eas-

ier to follow and interpret:

risample5 huegreenest –huesample

Where:

huegreenest: hue of the greenest sample, and

huesample: hue of a given sample.

Images in Figure 1b had ri indices of: 0, 11, 29, 31, 38, 40, 45, 51,

62, 73 (from left to right).

2.3 | Trained panel evaluation

Before presenting samples to consumers for ripeness evaluation, one

should be sure that samples could be perceived as different. Thus to

confirm that the digital images corresponded to visible changes during
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banana ripening, a panel of 10 assessors screened and trained following

the ISO 8586 (2012), measured the appearance of the images. Meas-

urements were in individual booths with the middle of the monitor

screens leveled for assessors’ eyes. Illumination was with daylight type

fluorescent light.

Two training sessions were held where assessors were familiarized

with the images and discussed how they would place them on a ripe-

ness scale: 05 completely unripe to 105 very ripe. Following this,

assessors received the 10 images on their computer screen in random-

ized order and measured the degree of ripeness on the 0–10 scale.

Measurements were done by duplicate.

2.4 | Consumer panels

As explained in the introduction section, consumers from three differ-

ent countries were chosen: Argentina, Ecuador, and Spain. In Argentina,

consumers were from the city of 9 de Julio, with 40,000 inhabitants, it

is located 250 km to the West of Buenos Aires. The ethnic origin of

the population (majority white Caucassian), the products in markets

and exposure to nationwide media is similar to the rest of Argentina. In

Spain, consumers were from Valencia, a major cosmopolitan city and in

Ecuador they were from the capital city Quito. In all three cities con-

sumers were recruited from consumer databases, and they were cho-

sen among those who named bananas in first or second place among

fruits consumed weekly. Ages were between 18 and 60 years, and

there were approximately half female.

Hough, Calle, Serrat, and Curia (2007) presented graphs which

allow estimation of the number of consumers necessary for shelf-life

estimations based on survival analysis statistics. They presented the

case of choosing an average r (see Equation 1a below), an alpha value

(Type I error) of 5%, a beta value (Type II error) of 20%, the shelf life to

be in the middle of the studied time range, and a difference between

the true shelf life and the estimated shelf life of 0.5 on a 0–6 time

scale; with these parameters the estimated number of consumers

would be 120. The limitations of our project led us to take 100 con-

sumers per country, thus a total of 300. Considering 100 instead of

120 means a slight shift in the chosen parameters, for example, a dif-

ference of 0.55 instead of 0.5; or an average r of 0.40 instead of 0.44.

Consumer testing was in sensory laboratories with individual

booths provided with computer screens. These were calibrated for all

consumers to receive similar images and positioned for the eye of the

consumer to be directed to approximately the middle of the screen.

The 10 images (Figure 1b) were presented individually with three-digit

codes in a balanced order. For each image, the consumer first

responded if he/she found the bananas under-ripe, ok, or over-ripe to

buy, and then if they found the bananas under-ripe, ok, or over-ripe to

consume in their homes.

2.5 | Statistical analysis

2.5.1 | Trained panels

Trained panel data were submitted to analysis of variance (ANOVA)

considering assessor as a random effect and samples (digital images of

Figure 1b) as fixed effects. This ANOVA was performed using Genstat

16th edition (VSN International, Hemel Hemstead, UK).

2.5.2 | Consumer panels

In fruit ripening, there are two events of interest: the fruit goes from

under-ripe to being ok and from being ok to being over-ripe. The model

used to estimate optimum ripening index (ORI) based on survival analy-

sis statistics was presented by Hough (2010).

ORI is the random variable representing ORI which follows the

cumulative distribution function F. For each ripening index (ri) there

will be two rejection functions:

Rur(ri)5 probability of a consumer (or proportion of consumers)

rejecting a banana with a ripening index> ri because it is under-ripe,

that is, Rur(ri)5 P(ORI> ri)512 F(ri)

Ror(ri)5 probability of a consumer (or proportion of consumers)

rejecting a banana with a ripening index< ri because it is over-ripe,

that is, Ror(ri)5 P(ORI< ri)5 F(ri)

Usually, survival times, or as in this case, ri’s are not normally distrib-

uted; instead their distribution is often right skewed. A log-linear model

was used:

Y5ln ðORIÞ5l1rW

where W is the error term distribution. That is, instead of the ORI, its

logarithmic transformation is modeled. Hough (2010) discussed the use

of different distributions, for example, the log-normal or the Weibull

distributions. Choosing the log-normal distribution, the functions asso-

ciated with the rejection are:

RurðriÞ512U
ln ðri2lurÞ

rur

� �
(1a)

RorðriÞ5U
ln ðri2lorÞ

ror

� �
(1b)

Where, for both events,U(.) is the cumulative normal distribution

function and mur, mor, rur, and ror are the model’s parameters.

To analyze if purchase or home consumption occasions and coun-

try of origin influenced ORI, regression models with inclusion of covari-

ates were applied (Klein & Moescheberger, 1997; Meeker & Escobar,

1998). The complete models for each event are as follows:

Model for rejection due to under-ripe:

Y5ln ðriurÞ5lur1rurW5b01b1Zph1b2Zec1b3Zsp1

b4ðZphZecÞ1b5ðZphZspÞ1rurW
(2a)

Where:

riur5 ripening index at which a consumer rejects a sample because

it is under-ripe;

b0–55 regression coefficients;

Zph50 if purchase occasion, 1 if home consumption occasion;

Zec50 if the consumer is from Argentina or Spain, 1 if consumer

is from Ecuador;
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Zsp50 if the consumer is from Argentina or Ecuador, 1 if con-

sumer is from Spain;

rur5 the shape parameter, which does not depend on the covari-

ates; and

W5 error distribution.

Model for rejection due to over-ripe:

Y5ln ðriorÞ5lor1rorW5b01b1Zph1b2Zec1b3Zsp1

b4ðZphZecÞ1b5ðZphZspÞ1rorW
(2b)

Where:

rior5 ripening index at which a consumer rejects a sample because

it is over-ripe;

b0–55 regression coefficients;

Zph50 if purchase occasion, 1 if home consumption occasion;

Zec50 if the consumer is from Argentina or Spain, 1 if consumer

is from Ecuador;

Zsp50 if the consumer is from Argentina or Ecuador, 1 if con-

sumer is from Spain;

ror5 the shape parameter, which does not depend on the covari-

ates; and

W5 error distribution.

Optimum ripening indices were obtained from the minimum of the

curve that resulted in adding the curve of rejection due to under-ripe

and the curve of rejection due to over-ripe (Hough, 2010). The formula

for calculating ORI’s confidence intervals has been published previously

(Garitta et al., 2006).

To define the distribution models that best adjusted the experi-

mental data (normal, log-normal or Weibull distributions) the log-

likelihood criterion was used (Hough, 2010).

Survival analysis calculations were performed with the TIBCO

Spotfire S1 software (TIBCO, Inc., Seattle, WA).

3 | RESULTS

3.1 | Trained panel

The trained sensory panel measured ripeness on a scale that went

from 05 completely unripe to 105 very ripe. ANOVA showed signifi-

cant differences between samples, and Fisher’s least significant differ-

ence (LSD) indicated that all samples (images) differed from each other.

Mean values and the LSD are in Table 1. These results confirmed that

the 10 images to be presented to consumers (Figure 1b) were all differ-

ent from each other on an increasing ripeness scale.

3.2 | Optimum ripening index

The consumer data from the three countries for the event “under-ripe

to ok” was best adjusted by the normal distribution for both the pur-

chase and home consumption occasions. For the “ok to over-ripe”

event the best-fitting distribution was the log-normal both for the pur-

chase and home consumption occasions.

When the covariate models, which included occasion (purchase

and home consumption) and consumer’s country of origin (Argentina,

Ecuador, and Spain), were tested following Equations 2a and 2b, main

effects and two-way interactions were significant. That is, both occa-

sion and country of origin were significant. Thus, the full model was

adopted.

Under-ripe model (Equation 2a):

lur52:4115:15Zph1ð20:32ÞZec1ð24:49ÞZsp10:86ðZphZecÞ
14:74ðZphZspÞ

r58:84

Over-ripe model (Equation 2b):

lor53:8310:15Zph1ð20:07ÞZec1ð20:13ÞZsp1ð20:03ÞðZphZecÞ
10:02ðZphZspÞ

r50:13

As the occasion X country of origin effects were significant, both

for the under-ripe (Equation 2a) and over-ripe (Equation 2b) events,

this meant that there were a total of two occasions X 3 countries X 2

events512 rejection curves. These are presented in Figure 2. For each

occasion and each country, percent rejection from both events was

added and the minimum of this resulting curve was the estimated ORI

corresponding to the chosen occasion and country. The curves result-

ing from the sum of under-ripe and over-ripe curves are also presented

in Figure 2. The estimated ORI’s and their confidence intervals are

showed in Table 2.

4 | DISCUSSION

The trained sensory panel were able discriminate among samples using

a single ripening scale. To use this scale trained assessors had to

TABLE 1 Mean sensory ripeness values measured on 0 (completely
unripe) to 10 (very ripe) scale, and Fisher’s 5% least significant
value (LSD); corresponding to images shown in Figure 1b

Image Sensory ripeness

1 0.0

2 1.8

3 2.7

4 3.6

5 5.1

6 6.1

7 7.0

8 8.1

9 9.0

10 10.0

LSD 0.23
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combine a number of visual cues into a single score. The cues (Figure

1) comprised skin color from green to yellow, spots changing in color

and size, and visual firmness of the banana skin. This type of sensory

scale, where assessors have to combine a number of descriptors into a

single score has been used successfully for other heterogeneous food

products such as broccoli (Garitta et al., 2013) and fish (Hyldig &

Green-Petersen, 2004).

As stated in the Introduction, a number of publications (Arocas

et al., 2013; Goncalves et al., 2007; Hung et al., 1995) have shown that

hue is an adequate index to follow appearance changes during fruit rip-

ening. Thus hue was chosen as the most adequate parameter for

expressing instrumental color changes of bananas during storage. The

difficulty of interpretation, in the sense that the greenest banana had

the highest hue and the ripest banana the lowest, was overcome by

introducing a ripening index obtained by subtracting a sample’s hue

from the hue of the greenest banana.

The estimated ORI depended on the occasion consumers chose

bananas. When buying bananas ORI was lower than when consuming

bananas. This was to be expected as bananas are not usually bought

daily, rather a bunch of bananas is bought to be consumed in the fol-

lowing days. If bananas at point of purchase were bought with ripening

indices corresponding to home consumption, these would be ok for

the purchase date, but would soon be over-ripe. To avoid having to dis-

pose of over-ripe bananas, consumers consciously choose them slightly

green. Does this mean that if a consumer wants to eat a banana on

purchase date he/she will eat it greener than they really like it? Not

necessarily as an organized consumer will have a few bananas from the

previous purchase to consume till the new batch are ok. Banana ripe-

ness is easily evaluated by consumers by appearance. But this decision

of consciously buying an unripe fruit can occur with the help of fruit-

shop attendants for other fruits such as melons. In local shops the cli-

ent is asked when he/she is going to eat the melon; based on the

answer, a really ripe melon is chosen or one needing a few days

storage.

Ares, Gim�enez, and G�ambaro (2008) also considered purchase and

consumption occasions in shelf-life estimation of lettuce. They found

that shelf life considering purchase occasion was lower than shelf life

in home consumption occasion. However, for lettuce the consumer

reasoning was different to bananas. When buying lettuce, consumers

look out for the optimal product, with no wilting or signs of decay.

However, if they bought lettuce a few days ago, and he/she finds the

plant slightly past the shelf life, he/she will probably consume it any-

way discarding outer leaves or spoilt spots. In the case of bananas con-

sumers consciously choose a green banana with the expectation that it

will change to optimum ripeness in the next few days.

FIGURE 2 Percent rejection versus ripening index for purchase
and home consumption occasions for consumers from each of the
three countries: (a) Argentina, (b) Ecuador and (c) Spain. Dashed
lines represent individual rejection curves for under and over ripe.

TABLE 2 Optimum ripening indices (ORI)695% confidence intervals for consumers from Argentina, Ecuador, and Spain, both for purchase
and home consumption occasions

Country Occasion
ORI6 95% confidence
intervals Total % rejection at ORI

% Rejection due to
under-ripe at ORI

% Rejection due to
over-ripe at ORI

Argentina Purchase 3661.2 8.8 6.2 2.6

Home 4261.3 8.5 5.5 3.0

Ecuador Purchase 3461.2 12.2 8.9 3.3

Home 3961.2 16.1 11.5 4.5

Spain Purchase 3161.2 8.8 6.9 1.9

Home 3961.2 16.7 10.4 5.8

6 of 8 | ELIZAGOYEN ET AL.



There were also differences in ORI between countries both for

purchase and home consumption occasions. For the purchase occasion,

Argentine consumers had an estimated ORI of 36. Figure 1a shows

that this corresponds to a totally yellow banana with a ripening index

close to position 6 of the commercial color index chart. ORI for Ecua-

dor consumers was 34, slightly lower than for Argentina and coinciding

with position 6 of the commercial color index chart. For both these

countries ORI’s for purchase occasion were close to the higher limits of

the commercial chart. For Spanish consumers, the ORI was 31, which

corresponds to an intermediate between positions 4 and 5 of the com-

mercial chart.

For home consumption occasion consumers from Ecuador and

Spain had the same ORI5 39, close to the position 7 of the commercial

chart. Argentina had a higher ORI5 42, which was beyond the higher

limit of the commercial chart (Table 2 and Figure 1b). Depending on the

consumer segment the commercial chart would not always be adequate

when estimating appropriate ripeness for home consumption occasion.

Both for purchase and home consumption occasions ORI varied

across countries, thus a universal color chart would not be valid.

Figure 2 shows that for the purchase occasion a range of ripening

index of 30–36 would produce an estimated rejection �20% for all

three countries. This range could serve as a guide to retail stores selling

bananas in different countries and/or to consumers from different

backgrounds. If the range in a particular country is not known, this rip-

ening index range for purchase occasion of 30–36 estimated over

three countries with different characteristics could be used as an initial

estimation till proper data for the particular country is produced.

Figure 2 also shows that within a ripening index range of 36–42

home consumption rejection was �20% for all three countries. This

range could be of value for shops catering for consumers who pick up

a banana as a snack to eat on their way.

Bagnato et al. (2002) defined banana’s shelf life as the number of

days it took for bananas to ripen from stage 4 (ri5 27) to stage 7 (ri5

40) of the commercial chart shown in Figure 1a. Comparing stage 4

with ORI values shown in Table 2, it is suggested that the criteria of

considering this image as the initial stage of a banana’s shelf life should

be revised as its ri527 is significantly lower than purchase occasion

ORI’s for all three countries. This study shows that stage 7 of the com-

mercial chart is an adequate image corresponding to home consump-

tion occasion, with a ri540 it is close to ORI’s of the three countries.

5 | CONCLUSIONS

The main conclusions from this work were:

1. An appearance ripening index based on hue angle was defined

which helps interpretation of appearance changes as this index

increases with increasing banana ripeness.

2. ORI for purchase occasions were lower than for home consump-

tion occasions, that is, bananas are bought greener, with the

expectation that they would ripen to the adequate stage in the

period between purchase and consumption.

3. There were differences between the ORI estimated over the three

countries. On average Argentine consumers preferred riper

bananas than Ecuador or Spanish consumers. Ranges of ripening

index values were suggested for both purchase and home con-

sumption occasions.

4. It is suggested that the criteria of considering stage 4 of the com-

mercial chart as the initial stage of a banana’s shelf life should be

revised as its ri527 is significantly lower than purchase occasion

ORI’s for all three countries.
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