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Influence of passion fruit albedo, citric acid, and the pulp/sugar ratio on the quality of
banana preserves

Influéncia do teor de albedo de maracujd, do dcido citrico e da relagdo polpa/agiicar sobre a qualidade de
doce de banana
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Abstract

The objective of this research was to evaluate the effect of the citric acid concentration, pulp/sugar ratio, and albedo concentration of the
passion fruit peel on physical, physiochemical, and sensorial characteristics of the ‘Silver’ banana preserves. A 2°factorial design and 3
repetitions in the central point were used. The albedo concentration between 0 and 3% had significant influence on the reduction of the
reducing sugars and on the decrease in titratable acidity. The increase in the pulp/sugar ratio exerted a negative effect on the pH and positive
on the titratable acidity; the acid addition reduced the non-reducing sugar level. The sensorial evaluation and purchase intention indicated
that the incorporation of a maximum of 1.5% albedo in formulations containing 50% pulp and 0.5% citric acid resulted in products with
good acceptability in comparison with the formulation in which 60% pulp and an absence of acid or albedo is utilized.
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Resumo

O objetivo desta pesquisa foi avaliar o efeito da concentragio de cido citrico, a relagio polpa/agtcar e a concentragdo de albedo da casca
de maracuja sobre caracteristicas fisicas, fisico-quimicas e sensoriais dos doces da banana ‘Prata. Utilizou-se um planejamento fatorial 2°
com 3 repeti¢des no ponto central. A concentragio de albedo entre 0 e 3% teve influéncia significativa na redu¢do dos agticares redutores e
na diminui¢do da acidez titulavel. O aumento da razao polpa/agticar exerceu um efeito negativo em relagio ao pH e positivo em relagio a
acidez titulavel, a adigao de acido teve influéncia negativa no teor dos agticares nao redutores. As andlises sensoriais e a inten¢ao de compra
indicaram que a incorporagao de 1,5% de albedo nas formulagdes contendo 50% de polpa e 0,5% de dcido citrico tiveram 6tima aceitabilidade,
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quando comparadas com a formulagdo que continha 60% de polpa e auséncia de albedo e acido citrico.

Palavras-chave: frutas; residuos; qualidade; conservagao.

1 Introduction

Brazil, the second largest world producer of banana,
is responsible for about 9.5% of the world production and
produced 6,607.000 t of bananas in 2004 and exported 188,087 t,
i.e., 2.84% of the whole production. This small participation in
the foreign market is due principally to the high loss index and
high domestic consumption of the fruit (BRASIL, 2006).

According to Giovannini (1997), Brazil loses more than
US$ 1.0 billion in fruits and vegetables annually. The losses vary
widely according to the cultivar explored and technological
level employed. A banana cultivar, for example, may reach
around 40% of loss due to its high sensitivity to physical shock
and its fast ripening, and therefore adequate for neighborhood
marketing. One of the methods to reduce such waste and
increase the income of this agribusiness is the use of the surplus
fruits or those inappropriate for “in natura” consumption for
the production of preserves, which is valuable option for the
producers because it means product placement guarantee. The

industries also benefit from it since they can use cheaper raw
material; this is not a very demanding product in terms of fruit
uniformity.

Considerable amount of passion fruit peels are also
produced as a result of the industrialization of the juice and for
being a pectin rich material, especially since they have already
been used in the production of preserves (OLIVEIRA, 2002).

Alternative uses of the albedo as a pectin source in fruit jams
have not yet been researched. Hence, the objective of this study
is to evaluate its use in the quality of ‘Silver” banana preserves.

2 Materials and methods

2.1 Preserve processing

Figure 1 illustrates the processing stages. The ‘Silver’ banana
(yellow peel and firm) and passion fruit peel were acquired from
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the local market. The banana pulp and the passion fruit peel
albedo were manually removed and triturated in an industrial
blender. In this experimental process, 11 different preserve
formulations were elaborated according to a 2*factorial design
with 3 central points (BOX; DRAPER, 1987), as shown in the
experimental design (Table 1).

The pulp and sugar mixture were previously standardized
until obtaining a homogeneous mass that was placed in an open
stainless-steel tank (Macanuda, AISI 304, SC, Brazil). The acid
was added gradually before the beginning of the concentration
process itself, and the remainder of the acid was added before
obtaining the final desired concentration, like the passion fruit
peel albedo, which was added a little before obtaining the desired
concentration. This is because adding total amount of acid at
the beginning of the process can cause disruption of pectin
chains, and fruit pectin can be affected by the acidity and the
binomial time x temperature (MEDINA, 1985). The preserves
were processed until the final soluble solids concentration of
74 °Brix, hot packed in rigid polypropylene packaging, and
stored under room temperature according to Figure 1.

Table 1. 2° Experimental design for the elaboration of ‘silver’ banana
preserves.

Assays Codified variables Real variables
X, X, X, x, (%) x,(m/m) x,(%)
1 +1 +1 +1 1 60/40 3
2 -1 -1 +1 0 40/60 3
3 +1 -1 +1 1 40/60 3
4 -1 +1 +1 0 60/40 3
5 +1 +1 -1 1 60/40 0
6 -1 +1 -1 0 60/40 0
7 +1 -1 -1 1 40/60 0
8 -1 -1 -1 0 40/60 0
9 0 0 0 0.5 50/50 1.5
10 0 0 0 0.5 50/50 1.5
11 0 0 0 0.5 50/50 1.5

x, = concentration of citric acid (%); x, = pulp/sugar ratio (m/m) and x, = Albedo
concentration (%).

2.2 Experimental design

The purpose of the design was to evaluate the influence of
three factors, the citric acid concentration, the pulp/sugar ratio,
and the albedo concentration as a pectin source (independent
variables), on the response variables pH, titratable acidity (TA),
non-reducing sugars (NRS), reducing sugars (RS), water activity
(Aw), yield (Y), firmness (FI), cohesiveness (CO), elasticity
(EL), adhesiveness (AD), and fracturabilty (FR). Using the
Statistica 5.0 software (Tulsa, Oklahoma, USA), a lineal model
was estimated including the interaction effect according to
Equation 1.

Y=B0 +Blx;+ B2x,+ B3Ix;3 + PI2x;x, + PBI3x;x5 + P23 x,%x5 + £(1)

Where Bn are the regression coefficients, Y is the response
in question, x,, x,, and x, are the codified independent variables
(citric acid concentration, pulp/sugar ratio, and albedo
concentration as pectin source) according to Table 1, and &
is the experimental error. The criterion used to accept the
proposed model was given by the high determination coeflicient
(R?) value, assumed as a value exceeding 70%, leading to the
conclusion that the model explains a high percentage of the total
variability. The coeflicient estimates’ significance was analyzed
aiming at verifying which factor better contributed to the
adjustment of the model considering a 5% level of significance.

2.3 Chemical and physicochemical p analyses

pH

The pH was determined using a digital potentiometer
(Quimis, Q-400A, SP, Brazil) calibrated with a 4.0 and a
7.0 buffer solution (ASSOCIATION..., 1992).

Titratable acidity

The titratable acidity was determined by titration with
NaOH 0,1N and expressed as an equivalent of citric acid per
100 g of sample (ASSOCIATION..., 1992).

Figure 1. Flowchart of the processing of ‘silver’ banana preservers.

268

Washing in corrente _ Sanitization Selection _ Peclin
water - (sodium hypochlorite) - - &
A \
Packa ging Brix/point Concentration Pulpin
fillinghot [~ P = - ping
A A A
Storage Albedo Pulp + sugar

Ciénc. Tecnol. Aliment., Campinas, 32(2): 267-273, abr.-jun. 2012



Silva et al.

Reducing and non-reducing sugars

The analyses were carried out using the SOMOGYI method
adapted by NELSON (ASSOCIATION..., 1992). All of the assays
were performed using a Cary 50 spectrophotometer (Varian, SP,
Brazil), with absorbance readings at 510 nm.

Water actdivity - Aw

The water activity was determined using an Aqualab
equipment (Decagon, 3TE, Device, Pullman, WA). Approximately
5 g of the sample were placed in plastic containers, and the
readings were taken at an average temperature of 25.0 °C.

Texture profile analysis (TPA)

The analyses were conducted at the Microstruture
Laboratory with a texturometer (Stable Micro Systems, TA-
XT2i, Goldaming, England) with an acrylic cylindrical flat-
bottomed probe (@ = 6 mm) and duration, distance, pre-test,
test, and post-test speeds of 5 seconds, 6 mm, 2, 1 and 4 mm/s,
respectively. The parameters analyzed were: firmness (FI),
cohesiveness (CO), elasticity (EL), adhesiveness (AD), and
fracturabilty (FR). The results were expressed as the averages
of 5 determinations.

Yield calculation
The yield of the preserves was calculated in relation to the
amount of pulp by the Equation 2.
%R = (Pfk 100)/ Pi (2)
Where:

+ % R =yield percentage of the preserves
o Pi = pulp mass (kg)
o Pf=mass of preserves after processing (kg)

o All analyses were carried out in triplicate.

Sensory analysis

The sensory analysis was conducted at the Sensory Analysis
Laboratory, and the samples were evaluated using acceptance
tests to the attributes of taste, texture, global impression, and

purchase intention. A nine point structured hedonic scale
was used according to the following hedonic ratings: 1 = I
extremely disliked and 9 = I extremely liked for the attributes
of taste, texture, and global impression. For purchase intention
a structured five point scale was used, anchored by the hedonic
ratings: 1 = I certainly would not buy and 5 =I certainly would
buy. The sensory analysis was performed with 42 non-trained
testers in individual booths, and the 11 banana preserve samples
were served in three sessions (4, 4, 3) with an interval of at least
1 hour between the sessions; all testers tasted all samples. In
order to avoid the effect that a sample can cause on the other,
the test was carried out in individual booths using disposable
50 mL plastic cups coded with three-digit numbers (STONE;
SIDEL, 2005). The results of the sensory analysis were evaluated
by multiple comparison of means using the Tukey test at 5%
(p < 0.05) using the SISVAR program (analysis system of
variance for balanced data) (FERREIRA, 1999).

3 Results and discussion

3.1 Physical and chemical analyses

The results of the physical and chemical analyses and the
yield of the formulations are summarized in Table 2.

In the full models, the non-significant coefficients were
eliminated resulting in the adjusted models with the use of
coded variables (Table 3). The adequacy of complete models can
be verified by the coefficients of determination (R*) explaining
between 70 to 98% of the total variance of responses.

The addition of the albedo had a significant influence on the
decrease of the titratable acidity (Figures 2a,b). This influence
is probably related to the acidity of the albedo, which is around
0.20%, thus contributing to the reduction of the response
(MACHADO et al., 2003).

The increase of the pulp/sugar ratio also exerted a positive
effect on the titratable acidity of the preserves (Figure 2a) and
a negative effect on the pH (Figure 3), which might have been
due to the titratable acidity of the banana pulp. The maturation
stage is one of the main factors that affect acidity, the two factors
were positively correlated over time (HEWAGE et al., 1995).
Nascimento Junior (2008) found values ranging between 0.17

Table 2. Averages of physical-chemical and physical analyses and yield of ‘silver’ banana preserves.

Responses Assays

F1 E2 E3 E5 E6 E7 E8 E9 E10 F11
Titratable acidity (g ac. Citric.100 g™") 0.8 0.4 0.53 0.36 0.84 0.47 0.57 0.3 0.57 0.58 0.575
Non-reducing sugar (g.100 g™') 28.66 30.26  27.20 27.82 13.86 21.93 23.27 46.04 28.83 29.49 31.08
Reducing sugar (g.100 g-') 13.91 2481 2413 23.61 2477 19.41 33.77 11.14  21.54  23.10 19.91
Water activity (wa) 0.66 0.699  0.733 0.687  0.678  0.731 0.703 0784 0.642  0.654 0.643
Ph 3.7 4.6 3.61 4.56 3.62 4.39 3.53 3.96 3.96 3.97 3.96
Yield (%) 60.7 7183  69.56 68.11 56 63.5 7728 8525 5941 56.96 56.96
Adhesiveness (N) 4.749 2.046 5.85 3299 2327 4538 3917  4.687 3364  3.756 3.123
Cohesiveness (N) 0.352 0.742  0.875 0.533 0542 0523 0.791 0.727  0.681 0.693 0.703
Elasticity (N) 0.938 0.91 0.954 0.946  0.96 0973 0929 0970 0967  0.959 1.255
Firmness (N) 4.628 2511 446 2.86 1.679 3232 2841 2.26 2387  2.254 2.793
Fraturabilty (N) 0.199 0.198 0.2 0199 0.197 0199 0.199  0.197 0.197  0.198 0.2
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Table 3. Regression equations with codified variables, significance and, coefficients of determination of the complete models for the responses

in the physical and physicochemical analyses and yield of ‘silver’ banana preserves.

Response Model estimator Prob > F R?
Titratable acidity (g citric ac.100 g™') 0.54 + 0.15x + 0.09x, + 0.04x,X, 0.038 0.979
Non-reducing sugar (g.100 g™') 28.043 - 4.132x - 3.704x,+4.677x X, - 3.578x X, 0.0029 0.973
Reducing sugar (g.100 g™*) 21.827 +2.201x, - 4.796x X, -3.586% X, 0.041 0.923
Water activity (wa) 0.69 0.0000 0.461
Ph 4.06 - 0.48x, 0.0000 0.969
Yield (%) 65.69 0.0000 0.661
Adhesiveness (N) 3.787 + 1.029x x, 0.005 0913
Cohesiveness (N) 0.651 0.0001 0.7
Elasticity (N) 0.978 0.0000 0.448
Firmness (N) 2.897 0.0001 0.782

X, = citric acid concentration (%); x, = pulp/sugar ratio (m/m) and x, = albedo concentration (%).

®

0.95
0.85
0.75
0.65
0.55
0.45
0.35

TA (g citric acid/100 g sample)

O 0.445 0O 0.468 0O 0.491
m 0.581

O 0.513 @ 0.536 @ 0.558
m 0.604 m 0.626 m 0.649 m 0.672 m Above

®

TA (g citric acid/100 g sample)

00395 00428 O 0460 O 0493 @ 0.525 @ 0.558
@ 0590 m 0.623 m 0.655 m 0.688 m 0.720 m Above

Figure 2. Response surfaces for titratable acidity (ta) for the ‘silver’
banana preserves. Where x, = citric acid concentration (%); x, = pulp/
sugar ratio (m/m) and x, = albedo concentration (%).
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03524 03637 03749 O 3.861 o 3973 m 4.085
@ 4197 = 4309 m4421 m 4533 m 4.645 B Above

Figure 3. Response surfaces for ph for the ‘silver’ banana preserves.
Where x, = citric acid concentration (%); x, = pulp/sugar ratio (m/m)
and x, = albedo concentration (%).

and 0.66% malic acid per 100 g of fruit at 2 and 14 days of
storage, respectively, but these values did not differ statistically
by Tukey test at the level of 5%.

The citric acid addition, as expected, increased the titratable
acidity (Figure 2b) and reduced the pH (Figure 3) of the
preserves. The titratable acidity of different formulations of the
preserve ranged from 0.3 t0 0.84 g.100 g* (Table 2). These values
remained within the range recommended by Jackix (1988),
which describes values ranging from 0.5 to 0 8%. With regard
to the pH, values ranged from 3.61 to 4.6 (Table 2); however,
a value around 3.8 would be good for the preserve. This value
affects the gel formation, enhance the natural flavor of the fruit,
and the inversion of sucrose preventing crystallization (JACKIX,
1988; NOGUEIRA; TORREZAN, 1999).

The increase in the amount of sugar and consequently the
reduction of the amount of pulp and the citric acid used in the
formulations elevated the non-reducing sugar levels (Figure 4a).
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In Figure 4b, it can be observed the effect of interaction of citric
acid (x,) and concentration of albedo (x,), which, according to
the model estimator, has a negative effect of -3.578 x x, (Table 3)
on non-reducing sugar, which may have been due to the acid
inversion of the sucrose.

With the increase of the pulp and albedo, there is a
reduction in the sucrose and, consequently, less inversion
thus reducing the glucose and fructose concentration, the
major representatives of the reducing sugars in the preserves
(Figure 5b). Studying the use of the pulp of green umbu as an

Non reducing sugars (g/100g sample)

o 27.380
m 33.650
m Above

0 22.677 0O 24.245 O 25.812
O 28.947 m 30.515 m 32.082
m 35217 m 36.784 m 38.352

Non reducing sugars (g/100g sample)

0O 18.293 0O 19.978 0 21.663 o 23.349
O 25.034 @ 26.719 m 28.405 m 30.090
m 31.775 m 33.460 m 35.146 m Above

Figure 4. Response surfaces for non-reducing sugars for the ‘silver’
banana preserves. Where x, = citric acid concentration (%); x, = pulp/

sugar ratio (m/m) and x, = albedo concentration (%).
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alternative for the production of preserves with the use ofa 1/1
polpa/sacarose proportion, Policarpo et al. (2003) determined
that the sucrose was not present in the preserves because it was
hydrolyzed in an acid medium (pH = 3.0) and under heating.
In the present study, at the end of the cooking, the sucrose
presence was higher than that of glucose, which means a lower
degree of hydrolysis in this process and which is desirable for
physical stability of the preserves. According to Jackix (1988),
the optimum percentage of inverted sugar is from 35 to 40% of
the total sugars. An excess of inverted sugars (50% of the total

Reducing sugares (g/100g sample)

0O 14.265 O 15.857 0O 17.448 O 19.039
O 20.631 @ 22.222 m 23.813 m 25.405
m 26996 m 28.587 m 30.179 m Above

Reducing sugares (g/100g sample)

O 18971 0O 19463 O 19.956 O 20.448
O 20941 @ 21433 @ 21.925 m 22418
m 22910 m 23.403 m 23.895 m Above

Figure 5. Response surfaces for reducing sugars for the silver’ banana
preserves. Where x, = citric acid concentration (%); x, = pulp/sugar
ratio (m/m) and x, = albedo concentration (%).
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solids) can result in dextrose granulation (glucose) in the gel,
and the low inversion of the sucrose can cause crystallization.

The acid helps the inversion of the sucrose into glucose
and fructose, consequently, with the increase of the acid level
there should be an increase in the reducing sugars, which can
be seen in Figure 5a.

The graph in Figure 6 is known as a saddle graph, the forms
of the level curves indicate the possible existence of a stationary
point outside of the experimental area (outlier), i.e., one of the
observations presented a reducing sugar value significantly
different from the others, which might have occurred due to
the influence of the processing which interferes in the sucrose
conversion into reducing sugars in addition to the presence of
the pectin originating from the passion fruit peel. Damiani et al.
(2008) observed that the presence of peels in the formulation of
mango jelly causes alteration in the reducing sugars according
to the amount and the degree of maturity of the added peel and
to the cooking duration. The authors highlight that the addition
of peels in the production of jellies and preserves can cause a
decrease in the conversion of sucrose into reducing sugars.

None of the studied independent variables presented
significant influence on the water activity, firmness, elasticity,
cohesiveness, and yield. Apparently, due to the high loss at the
end of the process, with residue remaining in the container,
there was a change in the yield Most of the determination
coeflicients (R*) were low; as a result, more points (axial points)
would be necessary to adjust a model of larger order (2nd
degree). However, it is observed that the increase in the albedo
concentration makes the preserves firmer. On the other hand,
the absence of albedo under less acidic conditions also leads
to a firmer preserve. Such a fact is due to the pectin present in
the albedo or the reduction of the excessive hydrolysis of non-
reducing sugars, keeping in mind that the pectic substances
are those that contribute to the invigoration of the gel. Similar
results to those of performance of the pectin in the firmness
of gels have been related in several studies (ROYER, 2006;
POLICARPO et al, 2007; CEREZAL; CASTRO; DUARTE,
2007). In other stidies, it was found that the reduction in
the pH contributed to the firmness increase of the preserves
(SOARES JUNIOR et al., 2003; MARTINS et al. 2007;
POLICARPO et al., 2003). This fact can be attributed to lower
dissociation of the free carbonyls in the pectin molecules, which
reduces the intermolecular repulsion and favors the formation of
crossed bonds, essential for the formation of the gel (ALIKONIS,
1979). According to Evangeliou, Richardson and Morris
(2001) the glucose syrup, or reducing sugars resulting from
the hydrolysis, has higher interaction with the pectin, which
favors more rigid gels obtained by intermolecular pectic bonds.

Similarly, the yield is relatively higher with the higher albedo
concentration. Among the authors that observed the factors that
influence the yield of preserves, Menezes et al. (2008) highlights
that the amount of sugar influences the yield of the preserves,
and the higher the amount of sugar present in the preserves,
the higher the yield because the sugar concentration directly
interferes in the level of soluble solids previously determined
to indicate the end of the cooking process. Albuquerque (1997),
Policarpo et al. (2003) and Martins et al. (2007) made similar
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observations stating that the gelification time is inversely
proportional to the sugar concentration. Therefore, the increase
of the addition of sugar leads to a shorter cooking time, less
water evaporation, and consequently a higher yield.

3.2 Sensory analysis

Table 4 shows the average values of the scores obtained in the
acceptance test in the sensory evaluation of the formulations for
the attributes of taste, texture, overall aspect, and purchase intent.

The results of the sensory analysis showed significant
difference (p > 0.05) between the formulations 3, 6, 7, and 9
and the formulations 5 and 8, which had the best and worst
average, respectively. The formulations 1, 2, 4, 10, and 11 did

Table 4. Average acceptance of the attributes for the formulations of
the different assays.

Assay Flavor Consistency Overall aspect
1 6.81* 6.60" 6.64<
2 7.21® 6.69" 6.93bd
3 7.36 6.33% 6.95¢
4 6.98* 5.93® 6.36%¢
5 6.43° 6.14" 6.14%
6 7.50 6.88 7.10<¢
7 7.48° 6.33% 7.05¢
8 6.45° 5.02° 5.90°
9 7.62° 7.12¢ 7.36¢

10 7.24® 6.86" 7.17<
11 7.24% 6.83 6.95"¢

Obs: Averages with the same letters in the same horizontal line are not significantly
different from one another at a 5% level of significance by the Tukey test.

Adhesiviness (N.s)

02440 0O 2.846 o 3.251 @ 3.656 m 4.062
m 4467 m 4.872 m 5277 m Above

Figure 6. Response surfaces for adhesiveness for the ‘silver’ banana
preserves. Where x, = citric acid concentration (%); x, = pulp/sugar
ratio (m/m) and x, = albedo concentration (%).
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not differ statistically from the other formulations in relation
to the attribute flavor (Table 4).

With regard to consistency, formulation 9 differs from
formulations 8 and 4. Formulations 1, 2, 3, 5, 6, 7, 10, and 11
did not differ from the others, except for formulation 8, which
showed the lowest average.

Formulation 9 reached an average of 7.36 for the attribute
overall aspect; this value differed from formulations 4, 5, and
8. The averages of the formulations 1, 2, 3, 6, 7, 9, 10, and 11
did not differ amongst themselves, especially formulation 1 that
did not differ from the others at the level of 5% significance.

With regard to intention to purchase, formulations 6 and 9
differ statistically from formulations 4, 5 and 8, with scores close
to “probably buy” in the scale used. The remaining samples were
found to be within the range set from the middle of the scale to
the point “I probably would not buy”. Among all formulations,
formulation 6 was the one with the best performance; 45.16%
of the tasters would certainly buy the product.

According to Teixeira; Meinert and Barbetta (1987), for a
product to be considered as accepted in terms of its sensorial
properties, it is necessary that it obtains an acceptability index
of at least 70%, and in this case formulations 6 and the central
points (9, 10, and 11) obtained good acceptability for all of the
analyzed attributes.

4 Conclusion

The results indicate that the albedo concentration between
0 and 3% had significant influence on the reduction of the
reducing sugars and on the decrease of the titratable acidity
due to its low acidity. The pulp/sugar ratio and the citric acid
concentration were the most relevant variables in the process
influencing the acidity, pH, and reducing and non-reducers
sugars as well as the addition of the acid.

The sensorial evaluation and purchase intention indicated
that the inclusion of a maximum 1.5% albedo in the formulations
containing 50% pulp and 0.5% citric acid resulted in products
of good acceptability in comparison with the formulation in
which 60% pulp and an absence of acid or albedo is utilized.
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