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Cupuaqu (Theobroma grandiflorum) is an Amazonian fruit with a pleasant aroma and flavor, which
offers a great economic potential. Purée of cupuagu pulp was pasteurized (70 and 90 °C), and stored
for half a year at 18 and 38 °C. The pasteurization was effective in microbial and enzyme inactivation,
and stabilization of the purée. Peroxidase enzyme was inactivated (polyphenoloxidase was not de-
tected in raw cupuagu), some cupuagu ‘fresh notes’ were lost, and the color changed slightly during
pasteurization at both temperatures. Since, except for color, no significant quality differences were
detected between samples processed at 70 °C and 90 °C, the pasteurization at 90 °C is recommended.
The parameters that changed most during storage were the color, flavor, aroma and sugars. The purée
got darker, especially at 38 °C, and the non-reducing sugars were converted into reducing sugars,
while the total sugars remained constant. The final quality was determined by the storage tempera-
ture and not by the pasteurization temperature. The total color difference, TCD®, was well modeled
by first-order reversible kinetics.
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Cupuagu (Theobroma grandiflorum) es una fruta del Amazonas con un agradable aroma y sabor que
ofrece un gran potencial econdmico. En este estudio se ha evaluado la calidad del puré de pulpa de
cupuagu pasteurizado (70 y 90 °C) y almacenado durante seis meses (18 y 38 °C). La pasteurizacitn
fue efectiva en la inactivacién de microorganismos y de enzimas, y en la estabilizacién del puré.
Durante la pasterizacién se desactivo la enzima peroxidasa, no se detecté polifenoloxidasa en el
cupuagu crudo, se perdieron algunas de las caracteristicas sensoriales de frescura, y el color cambié
ligeramente durante la pasteurizacién a 70 °C y %0 °C. No se encontraron diferencias significativas
entre la calidad de las muestras procesadas a 70 °C 0 90 °C, por lo tanto se recomienda la pasteurizacion
a 90 °C. Durante el almacenamiento los pardmetros que mds cambiaron fueron el color, aroma/sabor
vy azicares. El puré se parded especialmente a 38 °C, y los azicares no reductores se transformaron en
azucares reductores, mientras que los azucares totales permanecieron constantes. La calidad total
final se determind por la temperatura de almacenamiento y no por la temperatura de pasteurizacién.
La diferencia en el color total, TCD* se ajusté a una reaccidén de cinética de primer orden reversible.
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*To whom correspondence should be sent INTRODUCTION

(e-meail; filipa@esb.ucp.pt).
Received 23 November 1998; revised 2 March 1999,
‘Part of the work was presented in the “[I Congresso Ibero-

Americano de Engenharia de Alimentos”, 24-28 March
1998, Bahia Blanca, Argentina.

Cupuagu (Theobroma grandiflorim) is an Amazonian fruit
with a high nutritional value and good organoleptic
properties (Venturieri, 1993). Due to its characteristic
pleasant flavor and aroma, the cupuacu is well known
in this region and offers great economic potential both
in Brazil and other countries. The pulp (40% of the fruit
Food Sci Tech Inf 2000:6(1):53-58 mass) is used for the production of nectar, ice cream,
@ 2000 Aspen Publishers, Inc. milkshake, spirit, jam, yogurt, chocolate fillings, sweet
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desserts and other products. The fresh fruit is only avail-
able during four months of the year (January to May).

The preservation of the cupuagu pulp at low tem-
perature has previously been investigated (Oliveira,
1981; Miranda, 1989). However, the transformation of
the fruit pulp in a commercial stable product at ambi-
ent temperature would offer more potential due to low
cost of handling and storage. Oliveira (1981) processed
the pulp at 100 °C for 15 min and evaluated the quality
of the product during storage at 28 °C for 150 days. A
pasteurization by hot-filling was suggested by Silva and
Silva (1997) due to the low pH (~3.4) of the fruit
(Venturieri, 1993). The aim of the pasteurization pro-
cess is the destruction of microorganisms and/or inac-
tivation of enzymes that might cause deterioration of
the pulp (Gaze and Betts, 1992) during storage, although
during the pasteurization process some quality proper-
ties can be lost. The color, flavor and aroma associated
with the freshness of cupuagu are very important qual-
ity attributes because they are immediately perceived
by the consumer. Other physico-chemical properties,
such as pH, acidity, soluble solids and sugars, can be
monitored to assess the quality of the product.

Although some research to find adequate preserva-
tion methods for this fruit has been done, there is a lack
of systematization about the effect of treatment and stor-
age conditions on the final quality and safety of the
cupuagu pulp.

The main objectives of this work were to evaluate
the quality changes in canned cupuagu purée subjected
to a pasteurization process and stored for half a year.

MATERIAL AND METHODS

Samples

Cupuacu fruit (T. grandiflorum) Redondo variety was pur-
chased from a local market in Belém, Brazil. The pulp was
manually extracted, frozen and stored at =20 °C. The fro-
zen pulp (~5 kg), in 1 kg bags, was air shipped, using dry
_ice, to Portugal. The pulp was defrosted overnight at
ambient temperature before the experiments. The purée
was obtained by blending (Moulinex, turbomix2) the pulp
just before the experiment. A total of 350 thermal death
time (TDT) cans with 6 cm diameter and 0.8 cm height
(American National Can 208 x 006) were filled with ap-
proximately 12 g of purée and manually seamed (Lanico-
Maschinenbau seamer, Braunschweig, Germany).

Pasteurization and storage

Half of the cans was pasteurized by immersion in a
water bath (Braun, ThermomixB) at 70 °C for 5 min and
the other half was pasteurized using a water bath at 90
°C for 5 min. Batches of only five cans were used dur-
ing the pasteurization to avoid slight temperature de-
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cline in the water baths. The come up time (CUT) was
measured (three replicates) in both cases. After 5 min,
the cans were placed immediately in an ice slush for
rapid cooling. The canned purée was stored for 26 weeks
at 18 °C (Abalab 4500 Fitoclima, Portugal) and 38 °C
(WTB Binder, Germany). The 38 °C storage was per-
formed in order to study the worst case scenario that
could occur, for example, in a tropical country. Another
storage test using vacuum packed cupuacu purée in
transparent plastic bags (pasteurized at 90 °C for 5 min)
was also carried out at 18 °C and 38 °C, to investigate
any difference in the color behavior of cupuacu stored
in bags rather than in cans.

Quality analysis

Quality analysis was conducted before (non heated) and
immediately after the pasteurization (0 weeks), and
during storage until the end of the experiment (0, 1, 2,
4, 8, 17 and 26 weeks). Quality was measured in terms
of microorganisms (total, yeasts and molds), enzymes
(polyphenoloxidase and peroxidase), sensory evalua-
tion (aspect/flavor/aroma) and physico-chemical pa-
rameters (pH, total acidity, soluble solids, reducing/
non-reducing sugars, color). Ten cans were required to
run all the mentioned analyses except for time 0 and 26
weeks in which sensory tests were performed.

Total microorganism counts were performed at 25 °C
using PCA (plate count agar) medium after three days
incubation according to the Portuguese Standard NP
1995 (IPQ, 1982). Molds and vyeasts were counted in
Cooke Rose Bengal medium after five days incubation
at 25 °C according the Portuguese Standard NI 3277-1
(IPQ, 1987a).

Concerning enzymes, presence/absence tests for
polyphenoloxidase (PPO) and peroxidase (PFEROX) were
performed. A positive control was used in these tests. A
catechol solution 0.07 um in 0.05 M buffer (pH = 7) in the
presence of PPO enzyme turns brown (Bolin ef al., 1977;
Galeazzi and Sgarbieri, 1981). PEROX determination fol-
lowed the Portuguese standard procedure (IPQ, 1983) in
which a solution of 2% (mass/volume) of guaiacol (2-
methoxyphenol) prepared with recently distilled and ster-
ilized water and a drop of H,O, (10 volumes) changes to
a pink-salmon color if the enzyme is present.

Regarding sensory evaluation, overall quality assess-
ment (aspect/ flavor/aroma) was considered only at the
beginning and at end of storage. A triangular test
(Meilgaard el al., 1987) was performed immediately af-
ter the pasteurization in Portugal (17 panelists) and also
in Brazil with 18 judges already familiar with the prod-
uct to investigate if cupuagu purée pasteurized at 70
and 90 °C was different. After 26 weeks of storage the
sensory quality was evaluated and differences due to
pasteurization temperature (70 and 90 *C) and storage
temperature (18 and 38 °C) were assessed with simple
difference tests.
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pH was measured with a pH meter (Crison, micropH
2001: Spain). Total acidity was determined by titration
with NaOH (0.1 ~) and expressed in terms of citric acid
according to the Portuguese Standard NF 1421 method
(IPQ, 1977). Soluble solids were determined by differ-
ence between total dry residue (obtained after 4 h at 70
“C and 50 mm Hg) and insoluble dry residue according
to Portuguese Standard NP 784 (IPQ, 1970). Total /re-
ducing /non-reducing sugars were determined using
the Luff-Schoorl technique described in the Portuguese
Standard NP 1420 (IPQ, 1987b).

Color was measured by the CIE L*C*h**a*b* color
coordinates in a tristimulus colorimeter (Minolta Croma
Meter, CR 300), and by the total color difference param-
eter (TCD*). This parameter quantified the overall color
difference of a given sample (L*a*b*) when compared to
a reference sample (original non heated purée—L *a *b *)
(Minolta, 1994):

TCD*=JL*-L* F+@=-a* F+®*-b*)} (1)

The colorimeter beam diameter was 8 mm, the three
response detectors were set at (° viewing angle, and a
CIE standard illuminant C with diffuse illumination was
used. A white calibration plate was used for calibration
(L* = 98.15, C* = 1.92, h** = 93.8, a* = -0.13, b* = 1.92).
Each sample of purée (at least 1 cm depth and 2 em di-
ameter) was placed in a clear glass Petri dish for color
measurements. Measurements were made in duplicate.

Data analysis and kinetics modeling

The effects of pasteurization at 70 and 90 °C (T = pas-
teurization temperature) were evaluated by comparing
the quality parameters of non-heated and of heated
cupuagu samples. Following this, the effects of four
treatments (T_- T : 70 °C-18 °C, 90 °C-18 °C, 70 °C-38
°C, 90 °C-38 °C; T, = storage temperature) and storage
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time in all parameters measured were investigated by a
two-factor (without replication) analysis of variance
(Microsoft Excel 8.0). The TCD* color parameter was
modeled during storage using the statistical program
Stata 3.0 (Computing Resource Center, 1992).

RESULTS AND DISCUSSION

Pasteurization effect on quality

The pasteurization for 5 minutes was adequate for the
inactivation of microorganisms and enzymes. The cans
were very thin and, therefore, the purée in the can cen-
ter reached the required temperature (70 or 90 °C) after
approximately 220 s; after this the cans were maintained
for 80 s at that temperature. An identical CUT was ob-
tained when using plastic bags instead of cans. In addi-
tion to sensorial changes, the pasteurization significantly
affected the total microorganisms, yeasts and molds, the
peroxidase activity and the color (Table 1).

The original microbial load of fresh cupuagu was very
low (~10' cfu/g) due to the freezing and careful han-
dling preceding the experiment. Microorganisms were
reduced to levels <1 x 10" efu/g after pasteurization at
both temperatures. The enzyme PPO was not detected
either in fresh or pasteurized cupuagu purée. The
PEROX detected in the non-heated original cupuacu
was inactivated at both temperatures of pasteurization.
A similar result was obtained by Yen and Lin (1996)
when heating guava purée at 88-90 °C for 24 s.

Usually, the sensory quality of fresh fruit is superior
when compared with pasteurized fruit. However, the
pasteurized cupuacu purée retained a substantial part
of the original properties of the fruit and remained ac-
ceptable. No differences (1% confidence) were detected
in the flavor/aroma between the purée pasteurized at
70 and 90 °C from the triangular test performed imme-

Table 1. Quality changes in cupuagu purée induced by pasteurization at 70 or 90 °C and 26 weeks storage at 18 or

33 °C.
Tabla 1. Cambios en él puré de cupuacu inducidos por la pasterizacion a 70 0 90 °C y 26 semanas de almacenamiento
a18038°C.
Before storage After 26 weeks storage

T,=70°C T,=90°C T,=70°C T,=90°C
Quality parameter Mon-heated T,=70°C  T,=90°C T.=18°C T.=18°C T =38°C T,=38°C
Microorganisms (cfu'g) 2x10° <1 = 10" <1 = 10" <1 x10° <1 x 10" <1 x 10° <1 x 10"
Yeasts (ciuwg) 1x100 <1 = 10° =1 = 10° =1 = 107 <1 =10 =1 = 10" =1 x10°
Molds (cfu'g) 4 =10 <1 x 10" =1 = 10° 3= 10 1 =10 =1 =10 1x10
pH 33 33 3.4 3.4 3.3 36 35
Total acidity (g citric acid100g pulp) 23 22 23 1.8 1.8 1.7 1.7
Soluble solids (3&) 8.7 89 0.8 10.2 10.8 114 1.2
Reducing sugars (%) 2 2 2 8 5 B 7
Mon reducing sugars (%) £ [ B 0 2 1] 1
Total color difference (TCD*) 0.0 2.2 4.6 6.6 6.7 10.7 04
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diately after pasteurization with the Brazilian and Por-
tuguese sensory panels.

There were no significant changes provoked by the
pasteurization at 70 or 90 °C except for color. The color
of the samples changed slightly and TCD* increased.
According to the Drlange (1994) color difference classi-
fication scale (Silva and Silva, 1999), distinct color (1.5
< TCD* < 3.0) at 70 °C and a very distinct color (3.0 <
TCD* < 6.0) at 90 °C were obtained in the cupuacu purée
samples.

Since no significant sensory quality differences be-
tween pasteurization at 70 or 90 °C were noticed, a tem-
perature of 90 °C might be recommended to assure
microbial safety in case of higher initial contamination.

Storage effect on quality

After pasteurization and a long storage, the color got
darker, some more changes occurred in the flavor/
aroma and the non-reducing sugars were converted into
reducing sugars. The browning of the purée was prob-
ably non-enzymatic but due to Maillard and/or
caramelization reactions (Fennema, 1976). The purée
maintained good quality when stored at 18 °C and ac-
ceptable quality when stored at 38 °C.

The total microrganism counts did not exceed 6 x 10"
cfu/g (in almost all the cases <1 x 10" cfu/g) during the
storage at 18 or 38 °C. Concerning yeasts, all the counts
were £1x10' cfu/g and the maximum mold count was
7 x 10" cfu/g, although for most part of the analysis it
was £1x 10" cfu/g. PPO and PEROX were not detected
during the storage.

Mo sensory differences were observed between the
two pasteurization processes (70 and 90 °C) after 26
weeks storage at 18 or 38 °C. Some differences were
observed in the color/flavor/aroma of the purée stored
at 38 °C compared with the purée stored at 18 °C. Over-
all, the purée stored for 26 weeks at 18 °C retained a
substantial part of the organoleptic quality of the pas-
teurized fruit.

Time factor had a significant (5%) effect in all the
- parameters concerning physico-chemical quality and
the treatment was significant for all parameters except
for total acidity and soluble solids (Table 1). A slight
decrease in total acidity and an increase in soluble sol-
ids were observed with time. The same results were
observed with peach pulp (Askar et al., 1996). After six
months no differences were observed in terms of total
acidity and soluble solids between 18 and 38 °C.

Although the non-reducing sugars (NRS) were con-
verted into reducing sugars (RS), the total sugars re-
mained approximately constant (8%) throughout the
whole experiment (Figure 1). When heating at 70 or 90
°C for 5 min and stored at 18 or 38 °C for 26 weeks, the
NRS decreased from 6% to 0%, and the RS increased

Foob Science anp TecHnoLoGy INTERNATIONALFEBRUARY 2000 -

10

Sugars (%)
(4]

0 10 20 30
Storage time (weeks)

Figure 1. Sugar changes in cupuacu purée during six
months storage: (M) 18 °C storage; () 38 °C storage.
{—) Reducing sugars. (-—) Non-reducing sugars.

Figura 1. Cambios en los azicares del puré de cupuagu
durante los 6 meses de almacenamiento a 18 °C (W) y
38 °C (#). Azdcares reductores (—). Azlcares no
reductores (---).

from 2% to 8% (Table 1). This change was more rapid at
38 °C (four weeks) than at 18 °C (>26 weeks). Kennedy
et al. (1990) also observed that the inversion of sucrose
was enhanced at low pH (<4) and at higher storage tem-
perature. Sucrose inversion was also observed in orange
juice (Kaanane et al., 1988; Trifird et al., 1995). Babsky et
al. (1986) reported non-enzymatic browning, sucrose
inversion and total acidity decrease in apple juice con-
centrate stored for 111 days at 37 °C. At 38 °C the sugar
inversion reaction with RS formation followed a first
order reversible model (Villota and Hawkes, 1992):

X - Xf = gk = time (2)
X, - XI‘

where: X = RS or NRS (%), X, and X_are the final/equi-
librium (after some weeks) and initial (0-heated) val-
ues of RS or NRS (%), time is the storage time (weeks)
and k the reaction rate (weeks™). The value of k at 38 °C
was (1.7 weeks™. At 18 °C this model was not adequate.

Finally, the TCD* continued to increase after pasteur-
ization from approximately two weeks (at 38 °C) to five
weeks (at 18 °C) of storage; after this period it remained
constant until the end of storage (Figure 2). At this stage
the difference in color compared with the original
cupuagu was greater but still acceptable (TCD* < 12)
for both storage temperatures (Drlange, 1994). Peach
pulp behaved in the same way (Askar et al., 1996). Ibarz
and Bermejo (1991) also observed few changes in the
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Figure 2. Color changes (TCD*) in cupuagu purée with
pasteurization and during six months storage.
Experimental (symbols) versus predicted data (—). (@)
non-heated sample; (0) T =70°C, T =18°C; (A) T_=
90 °C, T,=18°C; (0) T, =90 °C, T, =38 °C; (O) 7';=
70°C, T.=38 °C.

Figura 2. Cambios del color (TCD*) del puré de cupuagu
después de la pasteurizacion y el almacenamiento
durante 6 meses. Datos experimentales (simbolos)
frente a los predichos (—). (@) muestra non procesada;
(0) T,=70°C, T,=18°C;(A) T, =90°C, T, =18 °C; ()
T,=90°C, T, =38°C;(0) T =70°C, T,=38°C.

color of concentrated pear juices stored at 20 *C for 200
days compared with the juice stored at 37 °C. Chan and
Cavaletto (1982) observed color changes with processing
and storage at ambient temperature and 38 °C for six
months in papaya and guava purées. In terms of the CIE
color coordinates (L,C hab), the pasteurization implied a
significant decrease in L*. In our work C* and b* increased
significantly during storage. Differences in a* were de-
tected between samples stored at 18 °C and 38 °C. The
same results were obtained with the cupuagu purée
packed in the plastic bags and stored at 18 °C; however
~ at 38 °C the cupuago darkened much quicker and the
kinetics were different. At this higher temperature, the

&7

bags might have some permeability to O, and besides
the non-enzymatic browning that occurred in the
canned purée, other oxidative or light induced reactions
could have taken place, affecting the kinetics. Overall,
although the T (pasteurization temperature) deter-
mined the initial color of the purée, the final color after
storage was determined only by the T (Table 1). These
results were in agreement with the sensory results.

TCD* modeling

The TCD* change during storage was also well mod-
eled with a first order reversible model {r* = 0.99). In
Equation 2, X = TCD?, and X, and X_ refer to TCD* and
TCD,*, respectively. TCD,* depended on the T, whereas
TCD,* was dependent on T, and the color change rate,
k, depended on the previous factors and the product
itself (Table 2); k was higher at higher storage tempera-
ture. Figure 2 presents the predicted versus experimen-
tal data for TCD¥. The browning of strawberry juice and
the red color loss followed the same type of kinetics
(Speers et al., 1987). The reaction rate constant, k, for red
color loss at 20, 30 and 45 °C was respectively 0.21, 0.66
and 0.84 week™. These values were comparable with
those obtained for cupuagu (Table 2), between (.22 and
1.34 weeks™. Ibarz et al. (1989) determined that the
non-enzymatic browning of pear juice followed first-
order reaction kinetics. The same result was obtained
with the kinetics of red color loss in orange juice (Trifird
et al., 1995).
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Table 2. Estimated TCD,*, TCD_* and k for the first order reversible model (Equation 2).

Tabla 2. Valores estimados de TCD,, TCD_* y k del modelo de primer orden reversible (Ecuacion 2).

T ("C) T (*C) TCD, " TCD k (week™) Residuals range
7o 18 2.0+ 03 68+03 0.22 £ 0.05 —0.50 - 0.32
a0 18 4.6+ 03 6202 0.31 £ 0.6 -0.35-036
70 38 23+09 9.5+04 1.34 £ 0.47 -0.89-1.18
20 a8 46+ 01 8.5+01 119+ 07 =0.07 - 0.21
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