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A B S T R A C T

High quality products can be produced only from high quality raw materials. The best agricultural practices that
lead to pineapple fruits of desirable quality were investigated in the present study, focusing on the quality of the
derived pasteurized juices. Physicochemical characteristics and sensory quality of the juices were determined in
relation to planting density and fertilizer formulation, namely the K2O:N ratio. Three planting densities (D1: 54
400 plants/ha, D2: 66 600 plants/ha and D3: 74 000 plants/ha) and three K2O:N ratios (E1: 0.37, E2: 1.0 and E3:
2.0) were applied in nine treatments. Fruits were harvested and processed into juice following a standardized
process. Pasteurization was applied after bottling, at 85 °C for 15min. Juices’ pH, total soluble solids, color and
density were determined. Sensory profiles were established by 14 trained panelists using the Quantitative
Descriptive Analysis (QDA) method and their acceptability was evaluated. Results showed that the lower the
planting density, the less yellow the pasteurized juice. The K2O:N ratio increased the juices’ degrees Brix from
13.1 to 14.4 and the yellow color. Pineapple fruits produced at a density of 54 400 plants/ha with a K2O:N ratio
of 1.0 (D1E2) yielded the most sweet, least acid and pasteurized juice most liked by consumers, supported by
high values of degree Brix and pH. Juices with the closest similar sensory appreciation were those obtained from
treatments D3E2 and D3E1. Pineapple farmers that furnish their products to juice processors should adopt one of
the best combinations stated in this study.

1. Introduction

Pineapple (Ananas comosus (L.) Merr.) is a perennial herbaceous
plant of the bromeliaceae family, introduced in Benin around the 17th

century (Adossou, 2012). It is the country’s third most important crop
after cotton and cashew, with an annual production of 244 207 tons in
2015 (FAOSTAT, 2015). Pineapple fruits are used primarily for fresh
consumption and juice production (Agbangba, 2016). Minor products
include dried pineapple, pineapple syrup and pineapple jam.

Producers, traders and processors in the Beninese pineapple in-
dustry face several constraints, in particular the heterogeneity of the
quality of pineapple fruits and associated competition issues in

international trade (Fassinou Hotegni et al., 2014). This heterogeneity
is related to many quality attributes, such as fruit size and degree Brix
(Fassinou Hotegni et al., 2014), and seems to be linked to agricultural
practices during cultivation (Fassinou Hotegni et al., 2012). Of these
practices, planting density and soil fertility were studied with regard to
pineapple quality. Pineapple grows easily on poor soils but yields better
on rich and fertile soils (Owureku-Asare et al., 2015). Nitrogen (N) and
potassium (K) are the two macronutrients sourced from fertilizers and
used in pineapple cultivation that have the greatest influence on yield
as well as on the organoleptic characteristics of the fruit (Spironello
et al., 2004; Hepton and Bartholomew, 2003). An increase in the ni-
trogen content of applied fertilizers leads to an increase in juice yield
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and a decrease in degree Brix, titratable acidity and vitamin C content
(Spironello et al., 2004). However, an increase in potassium increases
the degree Brix, titratable acidity and vitamin C content (Spironello
et al., 2004; Paula et al., 1991). High densities increase the titratable
acidity of pineapple fruits while the degree Brix stays low (Mustaffa,
1988).

To date, no study has quantified the effect of both planting density
and fertilizers management on the quality of pasteurized pineapple
juice. Know-how about the relation between the quality of pasteurized
juice and agricultural practices is needed to better align cultivation
practices with consumer expectations and subsequently sales.
Therefore, this study evaluated the effect of planting density and fer-
tilizer management on the physicochemical and sensorial character-
istics of pasteurized pineapple juice.

2. Material and methods

2.1. Production site and agronomic treatments

The agronomic experiment was located in Zè (latitude 6° 33 to 7° 27
north and longitude 2° 19 to 2° 26 east), a municipality of 653 km2 in
the Atlantic department in southern Benin. Annual precipitation is
1200mm with monthly temperatures ranging from 27 °C to 31 °C
(INSAE, 2004). The Atlantic department is characterized by ferrallitic
soils, according to the pedological map of Benin. This soil type has good
physical conditions, such as proper deepness, drainage, permeability,
high water-holding capacity, and a relatively good chemical composi-
tion (Fassinou Hotegni et al., 2012).

The experiment had nine agronomic treatments, consisting of
combinations of planting densities (D1: 54 400 plants/ha, D2: 66 600
plants/ha and D3: 74 000 plants/ha) and potassium-nitrogen based
fertilizer K2O:N ratios (E1: 0.37, E2: 1.0 and E3: 2.0). E1 corresponded
to 0 kg/ha of K2SO4 for all planting densities (D1, D2 and D3). E2
consisted of K2SO4 gifts of 577, 706 and 784 kg/ha for D1, D2, D3,
respectively. E3 comprised K2SO4 gifts of 1429, 1749 and 1943 kg/ha
for D1, D2 and D3, respectively. Planting density D1 and ratio E1 re-
presented farmers’ practices and were used as control. The pineapple
cultivar used in the experiment was Perolera sugarloaf. In line with
current farmers’ practices, pineapple plants were planted in a double
row bed system. Planting density was modified by varying the distance
between plants.

2.2. Production of pasteurized pineapple juice

Pineapple fruits were harvested at maturity, i.e. after 17 months in
the field, and given to experienced processors, who produced the pas-
teurized juices according to the flow chart in Fig. 1. Nine types of
pasteurized pineapple juices were produced in triplicate from the nine
treatments.

2.3. Analysis of pasteurized pineapple juice

2.3.1. Sampling
The pasteurized pineapple juices, pre-packaged in bottles of 25 cl

and 33 cl, were brought to the laboratory on the day of processing and
stored at ambient temperature (26−30 °C) until analyses. The analyses
were performed in triplicate. Three bottles were randomly selected and
the juices mixed to determine physicochemical parameters, while the
juices of five bottles randomly selected were blended for sensory eva-
luation.

2.3.2. Physicochemical analyses
The pH of the juices was measured (ISO 1842: 1991) by an elec-

tronic pH meter (Eutech, Cybernetics, Singapore). Total soluble solids
(TSS), which reflect the juices’ sweetness, were measured using a re-
fractometer (ATAGO, Co. Ltd., Japan) at 20 °C. Results were expressed

Fig. 1. Flow chart for the production of pasteurized pineapple juice.
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as degrees Brix (ISO 2173: 2003). The densities were determined with a
balance (Radwag, PS1200 R2) with 0.01 precision. Equal volumes of
100ml of juice and distilled water (i.e. the reference substance) were
weighed at identical temperature and pressure (ASTM D 1429-13:
2013). The density was subsequently calculated as follows:

Density = mass of juice / mass of water

Lightness L*, redness a*, yellowness b* and total color difference
ΔE were measured according to the standards of the International
Committee of Lighting (CIELAB, 1976), using a Chroma meter CR-410
(Konica Minolta optics, INC, Osaka, Japan). The device was calibrated
with a standard yellow plate using the D65 illuminant (Y=63.5;
x=0.416; y=0.436).

2.3.3. Sensory evaluation of the pasteurized pineapple juices
Sensory evaluation was performed according to the Quantitative

Descriptive Analysis (QDA) method (Stone and Sidel, 1993). The sen-
sory properties of the pasteurized juices were identified, described and
their intensity measured as perceived by consumers (Marangoni and
Moura, 2011). Sensory profiles were generated and acceptance was
evaluated.

2.3.4. Generation of the descriptors
Twenty five regular pineapple juice consumers and processors aged

20–63 years were recruited as candidates for the assessment of the
sensory quality of pineapple juice (ISO 11056: 1999). They determined
the sensory attributes that described aroma, taste, color and viscosity of
a representative pasteurized pineapple juice (100ml). The generated
attributes were compiled and grouped in clusters. Seven terms con-
sidered critical were consensually retained and defined in the final list
of descriptive terms, with the reference materials (standards) of each
attribute (see Table 1).

2.3.5. Selection of judges for further sensory tests
The candidates were screened on their sensitivity to two basic tastes

(sweet and acid) in triangular tests to select those with good abilities to
discriminate between samples. They were asked to taste three samples
and identify the different one (Meilgaard et al., 2006). Twenty persons
passed this pre-selection round. Next three training sessions were per-
formed using linear structured scales of 10 cm (Fig. 2) to score the in-
tensity of the descriptive terms, in which “0” meant “no intensity” and
“10” meant “extremely intense”. The reference samples were con-
sidered to have the highest intensity of “10”.

Pure pineapple juice samples with added lemon juice, overcooked
pineapple juice or water, were used during the training sessions. The
judges were served 50ml of each sample and 70ml of reference

samples. Water was provided for palate cleansing between samples. A
final selection step was carried out through tests that analyzed the
judge’s performances. Therefore, analysis of variance (ANOVA) was
performed with three factors: sample, replication, judges. Fourteen of
the candidates were finally selected as trained judges according to their
discriminatory power (Psamples<0.05), their reproducibility
(Psamples*replication ≥ 0.05), while the interaction “judges*samples”
expressed their consensus (Pjudges*samples ≥ 0.05).

2.3.6. Sensory tests on the pasteurized juices
The fourteen trained judges, then considered as panelists, evaluated

the nine pasteurized pineapple juices. The juice samples were served in
plastic cups coded with three digit numbers generated with Microsoft
Excel through the “RANDBETWEEN” function. All tests were performed
in individual booths with red light when evaluating taste and aroma,
and white light when evaluating colors and viscosity. The panelists
were asked to reevaluate the references at each session to memorize
them. Each panelist received the juices in a monadic way. The sensory
evaluation was conducted in triplicate, using a Randomized Complete
Block design with the panelists as blocks and the nine pasteurized
pineapple juices as the experimental units randomized in the blocks.

2.3.7. Sensory acceptance test
In addition to the Quantitative Descriptive Analysis, acceptance

tests were conducted for the nine juices by set of triplication. Each
panelist was asked to give his overall impression of each juice. In each
session, a five-point hedonic scale was used with the following terms:
“Dislike very much”=1, “Dislike slightly”=2, “Neither like nor dis-
like”=3, “Like slightly”=4 and “Like very much” = 5.

2.3.8. Statistical analysis
The data obtained from the physicochemical analyses, QDA and

acceptance tests were first analyzed using ANOVA with Minitab 17 to
determine significant differences between the juices. When a significant
difference (p < 0.05) was detected, Tukey's means test was applied to
evaluate the difference by paired comparisons. Planting density and
fertilizer K2O:N ratio were also considered as sources of variation to
evaluate whether they affected juice quality. A multiple block statistical
analysis, known as Common Components and Specific Weights Analysis
(CCSWA) (Hanafi et al., 2006; Qannari et al., 2001) was then used to
describe the link between the sensory descriptors and the physico-
chemical parameters.

A unidimensional approach performed in R software was finally
used to identify the most discriminative juice parameters presented as
boxplots. Besides a great variability between the box lengths, the pre-
sence of outliers showed the discriminative power of a parameter.

Table 1
Attributes, definitions, and reference standards generated by the sensory judges.

Attribute Definition Highest scale reference

Appearance
Viscosity Flow rate of the juice when it runs down along the cup wall. Extremely viscous: Baobab juice (density=1.11)
Yellow color Yellow color characteristic of pineapple fruit juice perceived as a sensation produced by

stimulation of the retina.
Extremely yellow: Smooth cayenne mature pineapple juice
with yellow color reference (†).

Brown color Brownish color characteristic of pineapple fruit juice which has been subjected to high
thermal processing for long cooking times.

Extremely brown: overcooked pineapple juice with brownish
yellow color reference (†).

Taste
Acid Taste stimulated by the presence of acid substances in the mouth. Extremely acid : lemon juice diluted in water at

concentration of 20% (v/v) with a pH of 2.86
Sweet Taste stimulated by the presence of sucrose and other substance such as sweetener. Extremely sweet : sugar solution (140 g/l) with 16.6 degree

Brix
Overcooked Bitter sensation perceived at the back of the throat after having swallowed pineapple fruit

juice that was subjected to high thermal processing for long cooking times.
Much pronounced : overcooked pineapple juice

Pineapple aroma Characteristic aroma of natural mature pineapple fruit. Much pronounced : small pieces of pineapple fruits

†Yellow sensory reference color= L: 78.76 ± 0.6; a: -5.24 ± 0.1; b: 27.68 ± 1.3; ΔE: 11.01 ± 0.8.
†Brownish yellow color reference=L: 56.93 ± 0.3; a: 8.01 ± 0.1; b: 26.6 ± 0.1 ; ΔE: 26.42 ± 0.4.
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Afterwards, the preference data were summarized and presented as bar
plots to identify the most liked juice in relation to its agronomic
treatment.

3. Results

3.1. Physicochemical characterization of the pasteurized pineapple juices

The pH, degree Brix and density of the nine pasteurized pineapple
juices are presented in Table 2. The pH of the juices varied significantly
(p < 0.05) from 4.1 to 4.2. As far as pH is concerned, only D3E1
(pH=4.22) had a significantly higher pH than D1E1 (4.11); all the
other treatments have similar pH (4.12–4.18). The administrated K2O:N
ratio significantly (p < 0.05) influenced the degree Brix of the juices,
which ranged from 13.1 to 14.4; the treatment with lowest degree Brix
was D1E1 and the treatment with highest degree Brix was D1E2. There
was no significant difference in density between the pasteurized pine-
apple juices (p > 0.05), which varied between 1.04 and 1.05.

All juices were significantly different (p < 0.05) with regards to the
color parameters a*, L*, b* and ΔE (Table 3). Lightness L* ranged from

74.4 to 79.2. Redness a* varied from negative values (-2.2) to positive
values (+ 0.6). Yellowness b* fluctuated between 7.8 and 22.2. The
total color difference “ΔE” values ranged between 15.5 and 28.2. Both
planting density and K2O:N ratio significantly influenced yellowness
and the total color difference of the juices (p < 0.05). Pasteurized
juices obtained from planting density D2 (i.e. D2E1, D2E2 and D2E3)
had a comparable total color difference “ΔE” (16.01–16.75).

3.2. Sensory profiles of the pasteurized pineapple juices

The Fig. 3 shows the scores for all seven descriptors evaluated by the
trained panelists. The panelists scored the sweet taste of all juices over
5, except for juice D1E3, which was scored 4.6. The acid taste was
scored between 1.4 and 4.1. With respect to pineapple aroma, juice
D1E3 received the lowest score (3.5) while all other scores were close to
or greater than 5. The overcooked taste attribute of the juices, known as
a consequence of a prolonged heat treatment during pasteurization, was
scored between 0.5 and 1.6.

The panelists scored the yellow color of all juices over 5, with means
ranging from 5.0 to 6.9. The brown color was scored from 0.2 to 2.7,
and viscosity from 0.4 and 1.2. Significant differences (p < 0.05) were
observed in taste, aroma, color and viscosity of the pasteurized pine-
apple juices (Table 4). The overcooked taste was not considered in the
evaluation of the agronomic treatments since it is linked to the pas-
teurization process, which takes place after harvest.

3.3. Overall characterization of the pasteurized pineapple juices

The Common Components and Specific Weights Analysis (CCSWA)
shows the relations between the sensory attributes and physicochemical
characteristics of the juices (Fig. 4). The first common component
mainly opposed juice D1E1 to juice D3E3. Juice D1E1 is characterized
by a high total color difference ΔE expressed by its high lightness L*
and positive redness a*. In contrast, juice D3E3 showed a high value for
yellowness b*. Juices D2E1, D2E2 and D2E3 appear to have descrip-
tions similar to juice D3E3, but their contribution to the common
components were low.

The second component mainly opposed juice D1E2 to juice D1E3.
Juice D1E2 is described as having a very sweet taste (ST), pineapple

Fig. 2. Linear structured intensity scale used for sensory tests.

Table 2
Physicochemical characteristics of the nine pasteurized pineapple juices.

Treatments pH degree Brix density

Juices D1E1 4.11 ± 0.03a 13.1 ± 0.27a 1.04 ± 0.01a

D1E2 4.17 ± 0.01ab 14.4 ± 0.12b 1.05 ± 0.01a

D1E3 4.18 ± 0.07ab 13.8 ± 0.34abc 1.04 ± 0.0a

D2E1 4.12 ± 0.00ab 13.5 ± 0.31ac 1.04 ± 0.01a

D2E2 4.14 ± 0.04ab 14.1 ± 0.35bc 1.04 ± 0.0a

D2E3 4.16 ± 0.05ab 14.1 ± 0.2bc 1.04 ± 0.01a

D3E1 4.22 ± 0.03b 13.7 ± 0.32abc 1.04 ± 0.01a

D3E2 4.18 ± 0.02ab 13.2 ± 0.46ac 1.04 ± 0.0a

D3E3 4.13 ± 0.03ab 13.8 ± 0.21abc 1.04 ± 0.0a

ANOVA
P-values

planting
density

0.169 0.129 0.832

K2O:N ratio 0.783 0.006** 0.626
treatment 0.03* 0.001** 0.804

Means with the same letter in a column do not significantly differ at 5 % level
by Tukey's means test.
*, **, ***Significant at P < 0.05, P < 0.01 and P < 0.001, respectively.

Table 3
L*, a*, b* and ΔE values for the nine pasteurized pineapple juices.

Treatment Lightness L* Redness a* Yellowness b* ΔE‡

Juices D1E1 79.08 ± 1.2a 0.6 ± 0.4a 7.76 ± 2.7a 28.19 ± 2.5 a

D1E2 77.43 ± 1.0ab −0.11 ± 0.3ab 12.34 ± 1.4b 23.85 ± 1.2 a

D1E3 76.94 ± 1.8ab −0.49 ± 0.6abc 16.71 ± 1.6c 19.73 ± 1.3 b

D2E1 75.13 ± 1.3b −2.18 ± 0.2d 21.25 ± 0.9de 16.22 ± 0.4 c

D2E2 74.46 ± 2.5b −0.93 ± 0.9bcd 21.04 ± 1.2de 16.75 ± 0.4 cd

D2E3 74.87 ± 1.7b −1.4 ± 0.4cd 21.47 ± 1.9de 16.01 ± 1 c

D3E1 78.24 ± 0.2ab −1.96 ± 0.2d 17.47 ± 0.6ce 18.92 ± 0.6 bd

D3E2 79.16 ± 0.4a −2.17 ± 0.1d 16.37 ± 0.9bc 19.94 ± 0.8 b

D3E3 74.36 ± 0.5b −1.51 ± 0.3cd 22.24 ± 1.2d 15.5 ± 0.8 c

ANOVA P-values Planting density 0.000*** 0.000*** 0.000*** 0.000***
K2O:N ratio 0.012* 0.864 0.000*** 0.000***
Treatments 0.001** 0.000*** 0.000*** 0.000***

Means with the same letter in a column do not significantly differ at 5 % level by Tukey's means test.
*, **, *** Significant at P < 0.05, P < 0.01 and P < 0.001, respectively.
‡ Standard yellow calibration curve plate (L=80.89; a*=1.95; b*=35.83).
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aroma (Ar) and yellow color (YC). D3E2 and D3E1 had descriptions
comparable to juice D1E2, while they showed low contributions to the
common components. Juice D1E3 is characterized by a very acid (AT)
and overcooked taste (OT), brown color (BC) and perceptible viscosity
(V). It is also characterized by a low sweet taste, pineapple aroma and
yellow color. No common relations were found for the pH, the degree
Brix and juice density.

3.4. Discriminative characteristics of the pasteurized juices

The unidimensional analysis boxplots show the parameters that
discriminate the pasteurized pineapple juices. For the physicochemical
characteristics (Fig. 5), the color parameters L*, a*, b* and ΔE showed
discriminating power to a little extent. Concerning the sensory para-
meters (Fig. 6), the acid taste, overcooked taste and brown color appear
to be very discriminative for the juices, and viscosity a little.

3.5. Sensory acceptance of the pasteurized pineapple juices

Significant differences (P < 0.05) were found for the degree of
acceptance for all pasteurized pineapple juices as evaluated by the
panelists (Fig. 7).

The pasteurized juice obtained from D1E2 received the highest
mean score (above 4.5), followed by juices D3E1 (mean score= 4.2),
D3E2 (mean score= 4.2) and D2E2 (mean score= 4.0). Juice D1E3
received the lowest mean score (below 3).

4. Discussion

4.1. Effects of the agronomic treatments on the physicochemical parameters
of the juices

The pH of the pasteurized pineapple juices varied significantly
(p < 0.05) from 4.1 to 4.2, but irrespective of planting density and
K2O:N ratio (p > 0.05). The insignificant effect of the K2O:N ratio,
expressing the effect of potassium fertilization, is not in accordance
with the findings of (Agbangba, 2016), who reported that potassium
gifts significantly decreased the pH of pasteurized pineapple juice. The
author studied the effects of mineral fertilization on the physicochem-
ical and sensorial qualities of Smooth cayenne juice. The pineapple
cultivar used (Smooth cayenne) is different from the one used in the
present study, which was Perolera Sugarloaf. The pH values (4.1–4.2)
measured in the present study were higher than reported in the lit-
erature, which range between 3.3 and 3.6 (FDA, 2007). The pineapple
variety used for this normative pH range was not specified, but is
probably Smooth cayenne as Sugarloaf just recently entered the inter-
national market.

As far as the total soluble solids are concerned, significant differ-
ences (p < 0.05) were observed between juices. The increase of the
K2O:N ratio from E1 to E2 significantly increased the degree Brix of the
juices for planting density D1 (13.1–14.4) and slightly less for planting
density D2 (13.5–14.1). This evolution of the degrees Brix agrees with

Fig. 3. Distribution of the sensory descriptors according to the mean of their intensities.

Table 4
Significant influence of the treatments on the juice’s sensorial parameters.

ANOVA P-values and significant levels

Descriptors Planting density K2O:N ratio Treatments

Sweet taste 0.114 0.35 0.015*
Acid taste 0.044* 0.000*** 0.000***
Pineapple aroma 0.412 0.115 0.037*
Yellow color 0.41 0.87 0.003**
Brown color 0.644 0.000*** 0.000***
Viscosity 0.971 0.001** 0.003**

*, **, ***Significant at P < 0.05, P < 0.01 and P < 0.001, respectively.

Fig. 4. Biplot of CCSWA performed on the 02 datasets.

C.A.K. Sanya, et al. NJAS - Wageningen Journal of Life Sciences 92 (2020) 100320

5



the results found in the study of the effects of mineral fertilization on
physicochemical and sensorial qualities of Smooth cayenne pineapple
juice in Benin (Agbangba, 2016). The author reported an increase in the
degree Brix of pineapple juice as a function of an increase in potassium
fertilization up to a dose of 9.3 g/plant at a planting density of 60 000
plants/ha. However, higher amounts decreased the degree Brix. No
significant difference was observed for the degrees Brix of the pineapple
juice at planting density D3. So, high planting densities do not affect the
total soluble solids of pineapple juice. This observation is in contrast to
the findings of many authors, who reported that high densities reduce
the total soluble solids of pineapple juice (Mustaffa, 1988; Bartholomew
et al., 2003). The degrees Brix of the nine pineapple juices are all above
10 as recommended for fruit juice without additional acids (CAC,
1981). There was no significant variation (p > 0.05) in juice density
due to planting density or the K2O:N ratio. The juice density values,
which ranged from 1.04 to 1.05, meet the international standard (1.06)
for fruit juice (FAO, 2015).

The pasteurized juices significantly differed in terms of color
(p < 0.05), which overall is the most discriminative physicochemical
parameter of the juices. Yellowness (b*) increased with the K2O:N ratio
and the planting density (7.8–22.2). This is consistent with studies re-
porting that adequate potassium nutrition is associated with fruit color
improvement in many horticultural crops (Geraldson, 1985; Kumar
et al., 2006; Ganeshamurthy et al., 2010).

Indeed, the large uptake of potassium (K) decreased the amount of
magnesium (Mg) in the plant (Turner and Barkus, 1983) and thus
promoted a high K/Mg ratio, resulting in yellow pulp in ripe fruits
(Ganeshamurthy et al., 2010). The pasteurized juices obtained from

planting density D2 (i.e. D2E1, D2E2 and D2E3) had a similar total
color difference “ΔE”, with a mean value of 16.3. Their color differ-
ences were about the lowest among all the nine pasteurized juices.
Thus, based on the yellow standard calibration used for color mea-
surement, it appears that pasteurized juices from fruits from planting
density D2 were more yellow than all other juices.

4.2. Effects of the agronomic treatments on the juices sensory characteristics

The sensorial results indicated significant differences (p < 0.05)
between all pasteurized pineapple juices in terms of sweetness and
acidity, pineapple aroma, yellow and brown colors, and apparent
viscosity. Of all descriptors, only acid taste significantly increased with
planting density and K2O:N ratio. The acid taste of juice D1E3 received
the highest average score from the panelists (4.1), although juice D1E1
was the most acid according to its pH value (pH=4.1). However, the
differences between juice D1E1 and juice D1E3 in terms of pH
(p= 0.173) and acid taste (p= 0.135) were not significant. Sensory
analysis enables the perception of differences in product quality that
may be more difficult to detect by conventional analytical methods or
through instrumental techniques (Miguel et al., 2010).

Juice D1E2 was scored as the sweetest juice, fully in accordance
with its degree Brix of 14.4, which was higher than that of all other
juices. Indeed, total soluble solids have a direct and positive influence
on the sweetness of pineapple (Appiah et al., 2012). No significant ef-
fect of planting density or K2O:N ratio was found for yellow color and
pineapple aroma (p > 0.05). Nevertheless, a past research work has
linked an increase in the amount of potassium in Smooth cayenne

Fig. 5. Boxplots of the physicochemical parameters of the nine juices.
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pineapple plants to an improvement of aroma (Agbangba, 2016).
The overcooked taste (mean score 0.5–1.6) perceived in the juices is

proof of the typical cooked flavor perception in pasteurized juices
(Ngadi et al., 2009) related to the pasteurization treatment used (85 °C
at 15min). The brown color (mean score 0.2–2.7) perceived by the
panelists for all juices can also be explained as an expression of the
effects of pasteurization using the applied method (85 °C at 15min).
Indeed, the processing of pineapple fruits into pasteurized juice is
known to lead to a brown color of the juice when temperatures reach
55 °C–95 °C (Rattanathanalerk et al., 2005; Hounhouigan et al., 2014).

4.3. Juices acceptance: consequence for practical choices

The preference results showed that, in general, all pasteurized juices
from fruits treated with K2O:N ratio E2 (= 1.0) were well accepted by
the panelists. Juice D1E2 (obtained from treatment D1: 54 400 plants/
ha and E2: 1.0) was the most liked. This is certainly due to the fact that
sweetness, yellow color and pineapple aroma are attributes that are of
utmost importance to pineapple juice consumers. Actually, both color, a
physicochemical parameter, and sensory attributes are discriminating,
which confirms that color is one of the most important factors con-
sumers take into account when purchasing a juice product (Asare,
2012). Flavor also, including taste and odor, is key in quality perception
of foods (Keast, 2009). Juices D3E2 (obtained from treatment D3: 74
000 plants/ha and E2: 1.0) and D2E2 (D2: 66 600 plants/ha, E2: 1.0)
were not significantly different from D1E2 in terms of acceptance, as is
also true for juices D3E1 (obtained from treatment D3: 74 000 plants/
ha and E1: 0.37). The least appreciated pasteurized pineapple juice
stands out as D1E3 with a mean score corresponding to a juice that is
neither liked nor disliked. This is caused by its low sweetness and
yellowness, but especially its high acidity confirming the discriminative
aspect of the acid taste.

5. Conclusion

This study was performed to evaluate the effect of three planting
densities and three fertilizer formulations on the physicochemical and
sensorial characteristics of pasteurized pineapple juice produced in
Benin. Fruits from planting density D2, just as D3, yielded the more

Fig. 6. Boxplots of the sensory data of the nine juices.

Fig. 7. Average acceptance scores for the pasteurized juices (14 panelists, 3
replications).
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yellow pasteurized juices as well as the sweetest ones. A K2O:N ratio
equal to 1.0 (E2) on average led to juices with a rich pineapple aroma,
sweetness and color. These attributes, being highly important for
pineapple juice consumers, showed that the best agronomic treatments
were D1E2, D3E2, D3E1 and D2E2. The treatment that copied current
farmer practices, namely D1E1 (planting density= 54 400 plants/ha;
K2O:N ratio equal to 0.37), yielded fruits that produced a pasteurized
juice of low quality, especially regarding the sensory attributes. Further
studies should be conducted to evaluate the effects of storage on the
quality of both the fruits and the pasteurized juices in order to conclude
on the efficacy of the best treatments.
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