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Study of the shelf-life of a mixed araca (Psidium guineensis Sw.) and marolo
(Annona crassiflora Mart.) jam

Estudo da vida 1til de geleia mista de arag¢d (Psidium guineensis Sw.) e marolo (Annona crassiflora Mart.)
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Flavio Alves da SILVA', Douglas Endrigo Perez PEREIRA?, Eduardo Valério de Barros VILAS BOAS*

Abstract

The objective of this study was to add value to araca and marolo fruits by developing jams and verifying changes in their physical, chemical,
and microbiological parameters during storage. The analyses were carried out every 2 months. From the results, it was shown that the levels
of moisture (35.89 - 26.34%), lipids (0.43 — 0.27%), sucrose (30.62 — 28.98%), total pectin (0.83 — 0.50%), soluble pectin (0.52 - 0.38%), total
phenolic compounds (180.31 - 135.52 mg.GAE 100 g™'), and organic acids (401.1 - 68.5 ug.g™' citric acid) decreased during storage. However,
the levels of protein (0.83 - 0.95%), carbohydrate (62.52 — 72.5%, calories (257,11 — 295,931 kcal), fiber (0.72 - 1.4%), total soluble sugar
(62.52 - 70.44%), reducing sugar (32.05 — 41.41%), soluble solids (68.4 - 72.18 °Brix), consistency (0.33 — 0.44 N), total antioxidant potential
(11.3 - 22.63%), and color (a* 7.56 - 9.49, and b* 8.63 - 10.49) increased during 1-year storage. The quality of the fruit jams studied was in
accordance with the microbiological standards established by the Brazilian legislation. It was concluded that the mixed araga and marolo
jam can be stored for 1 year without the addition of additives.

Keywords: savanna fruit; jam; storage; shelf-life.

Resumo

O objetivo do trabalho foi agregar valor ao ara¢a e marolo com o desenvolvimento de geleias e verificar as mudangas ocorridas em varidveis
fisicas, quimicas e microbioldgicas, durante o seu armazenamento. As anélises foram realizadas, a cada 2 meses. Pelos resultados observados,
verificou-se que os teores de umidade (35,89 — 26,34%), lipidios (0,43 - 0,27%), sacarose (30,62 — 28,98%), pectina total (0,83 - 0,50%),
pectina soluvel (0,52 - 0,38%), compostos fenolicos totais (180,31 — 135,52 mg.EAG 100 g™') e acidos organicos (401.1 - 68.5 ug.g* de acido
citrico) reduziram durante o armazenamento. Contudo os teores de proteinas (0,83 — 0,95%), carboidratos (62,52 — 72,5%), valor caldrico
(257,11 - 295,931 kcal), teores de fibras (0,72 — 1,4%), agucar soluvel total (62,52 - 70,44%), acucar redutor (32,05 — 41,41%) e sdlidos
soluveis (68,4 — 72,18 °Brix), bem como a consisténcia (0,33 - 0,44 N), o potencial antioxidante total (11,3 - 22,63%) e os pardmetros de
coloragao (a* 7,56 — 9,49 e b* 8,63 - 10,49), apresentaram ascensao durante 1 ano de estocagem. As geleias estudadas conservaram-se dentro
das normas microbiologicas estabelecidas pela legislagdo brasileira. A geleia mista de ara¢a e de marolo, portanto, pode ser armazenada por

1 ano, sem qualquer conservante quimico.
Palavras-chave: frutos dos cerrados; geleia; estocagem; vida 1itil.

1 Introduction

In the economy of dynamic markets, new product
development (NPD) is an essential factor for company survival,
especially for food companies, which frequently need to release
new products in order to remain ahead in an increasingly
aggressive market. Currently, consumers have increased their
expectations concerning product novelty and decreased their
loyalty to traditional brands making the food market even more
competitive.

One as yet little explored market possibility could be the
development of products using fruits from the savanna, which
have been consumed only by local populations during the
harvest period as feedstock.

Fruits from the Brazilian guava (Psidium guineensis Sw)
and maroleiro (Annona crassiflora Mart.) tree are an excellent
alternative since they are already consumed by humans, both
in the natural form and in the form of sweets, puddings, cakes,
breads, cookies, jams, and liqueurs (ALMEIDA, 1998). The
Brazilian guava, a native fruit known locally as ara¢a belonging
to the Myrtaceae family, bears fruit which are yellowish-white,
yellow-green, pale yellow, or yellow when ripe. The pulp is fleshy,
white, mucilaginous, sweet, slightly acidic, and very tasty and
fragrant with numerous small seeds (MANICA, 2000). On the
other hand, the Maroleiro fruit tree is a species native to the
Brazilian savanna that bears fruits known variously as marolo,
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araticum, or head-to-black, which are green in color before
ripening and pale brown when mature (LORENZI, 1998). The
flesh is slightly sweet with a pleasant aroma and can vary in color
from white to yellow. The yellow-flesh variety is more widely
accepted by the consumer market due to its more pronounced
flavor and aroma (CARVALHO, 2002).

Considering the above, the purpose of this study was to add
value to ara¢d and marolo fruits by developing a differentiated
mixed jam using these fruits and studying the physical, chemical,
and microbiological changes associated with the quality of the
jam during twelve months of storage.

2 Material and methods

Fruits from the Brazilian guava and the maroleiro tree
were harvested in 2008 in the State of Minas Gerais, Brazil.
After selection, the fruits were washed to remove surface
contamination, rinsed, and submerged in a 100 pl.L™' sodium
hypochlorite solution for 20 minutes. The araga fruits were
then drained and immediately packed and frozen (~18 °C) for
subsequent processing. The marolos were peeled, and the pulp
was packed and frozen.

A mixed araga and marolo jam, known as extra-type jam,
i.e., 50% fruit and 50% sugar, was formulated using the method
described in the jam manufacturing manual (LOPES, 1985). Six
kilograms of fruit juice (3.0 kg of each), 30 g of HMC (high
methoxyl content) pectin, 60 g of citric acid (amount needed
for the juice to reach pH 3.2), and 6.2 kg of sugar were used
forming a single batch. The araca and marolo jams were packed
into glass jars, capped, inverted for 5 minutes, cooled, packed
into cardboard boxes, and maintained at room temperature
(approximately 25 °C) in the light for 1 year. The shelf life of
the new product was monitored for one year every two months
through physical, chemical, and microbiological analysis
preparing three replicates as described below.

Moisture (105 °C), ash (incineration at 550 °C), protein
(N x 0.65), lipids, dietary fiber (enzymatic-gravimetric), pH,
total acidity, soluble solids, and soluble sugars were determined
according to Association of Official Analytical Chemists (1997)
and the results expressed as percentages. The total and soluble
pectin content was determined by a colorimetric method
according to Bitter and Muir (1962); the total carbohydrates
were determined according to Dubois et al. (1956), and the total
caloric value was estimated as the Atwater conversion values as
described by Wilson, Santos and Vieira (1982). The results were
expressed as percentage and kcal, respectively.

The minerals were determined using a Varian SpectrAA
110 atomic absorption spectrometer; wavelength, slot, and gas
mixture were calibrated specifically for each element. Atomic
absorption standard (merck), diluted with deionized water,
were used to construct calibration curves. The results were
expressed in mg.kg™.

Consistency was determined using a TAXT2 Stable Micro
System Texturometer (Texture Techologies Corp.) and expressed
in Newtons. The readings were taken at three distinct points in
each jar of jam.
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The organic acids were extracted according to
Bazimarakenga, Simard and Leurox (1995), modified by
Silva et al. (2001), and were identified and quantified by HPLC
(High Performance Liquid Chromatography) using a Shimadzu
CLASS LC 10 chromatograph equipped with a SPD-M10A UV
detector at a wavelength of 230 nm and a C-18 reverse phase
column (150 x 4.6 mm). The sample injection volume was
approximately 20 pL and water containing 0.1% phosphoric
acid at a flow rate of 1 mL/minute was used as mobile phase.
The peaks corresponding to each acid were identified from their
retention times using standard retention times for comparison.
The results were expressed in pg.g™*

The antioxidant potential was determined by the DPPH
method as described by Brand-Williams, Cuvelier and Berset
(1995) and modified by Borguini and Torres (2009). The degree
of discoloration of the DPPH radical at 517 nm by the action
of the antioxidants was measured spectrophotometrically
(Shimadzu mod. UV-1601 PC) in ethereal, alcoholic, and
aqueous extracts at a concentration 0.2 mg.mL™". The results
were expressed as DPPH discoloration/100 g.

The extraction of the alcoholic and aqueous compounds
was carried out as described by Genovese et al. (2003) for
the determination of total phenols using the Folin-Ciocalteu
reagent. The determination of phenols was described by
Zieliski and Kozowaska (2000), and the results were expressed
as mg GAE.100 g".

Color was determined using a Minolta CR-400colorimeter
by determining the CIE parameters L* a* b*. The parameter L*
indicates how light or dark the jam is with values between 0
(totally black) and 100 (totally white).

The parameter a* varies between -80 and +100, the
extremes corresponding to, green and red, respectively, and
the parameter b* varies from -50 to +70, ranging from blue
to yellow. The readings were taken at three distinct points in
each pot of jam.

The microbiological analysis for filamentous fungi and
yeasts, coliforms, and Salmonella sp. at 35 and 45 °C followed
the methodology proposed by the International Commission
on Microbiological Specifications for Foods (1983).

A simple completely randomized design (CRD) with three
replicates was used, and the influence of seven levels of the factor
time (0, 2, 4, 6, 8, 10, and 12 months) were evaluated. Each
experimental plot consisted of one jar containing 150 g of jam.

The statistical analysis was carried out with the aid of the
SISVAR software (FERREIRA, 2000) using the analysis of
variance. Polynomial regression models were selected based
on the significance of F test for each of the models tested
considering the coefficient of determination also.

3 Results and discussion

Figure 1 shows the results obtained in the proximate analysis
of the mixed araga and marolo jam.

Moisture, protein, fat, total carbohydrate content, and the
caloric value were all influenced by the factor time (p > 0.01).
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Figure 1. Proximate composition (wet basis) of mixed araga and marolo jam stored at room temperature (25 °C) in the light for 12 months.

The moisture content ranged from 35.89% (beginning
of the experiment) to 26.34% (12 months) with a drop of
approximately 27%, as shown in Figure 1. This loss can be
explained by the exchange of moisture between the inside and
outside of the glass by desorption since in the dry season the
average RH in Goiania was 27% (GOIAS, 2009). This exchange
of moisture was also emphasized in studies by Jaime (2002) to
evaluate glass packaging for storing coffee. Other factors are the
superjunction chains forming the gel, trapping the free water
and leaving it unavailable in the center (COULTATE, 2004;
ORDONEZ, 2005), the presence of fungi such as Byssochlamys
fulva, which degrades pectin (EVANGELISTA, 2000) leaving
the galacturonic acid free to bind water molecules, and to
a lesser extent, the Maillard reaction, which occurs at high
temperatures (25 °C) in high-sugar products with low pH values
using the water-free environment. This fact was also observed
by Cardoso (2008) when assessing jambo jams during storage
and by Rada-Mendoza, Olano and Villamiel (2002) when
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studying orange marmalade containing 33.4% moisture, pH
value of 3.2, protein content of 0.22%, and furosine content of
119.4 mg.100 g™ protein.

Despite the wide variation in moisture content, the
values were within the standards established by the Brazilian
legislation, which stipulates a maximum moisture content of
35% w/w for extra-type jams (BRASIL, 1978).

Considering the reduction in moisture content, other
constituents such as proteins, carbohydrates, and calories
increased since the medium became more concentrated. The
protein content ranged from 0.83 to 0.95%; the total carbohydrate
content from 62.52 to 72.5%, especially those represented by the
amount of sugar included in the jam formulation (6.3 kg of sugar
per 6.0 kg araca and marolo mixed juices), and the calories
also increased during storage reaching values from 257.1 to
295.93 kcal after 12 months of storage.

Ciénc. Tecnol. Aliment., Campinas, 32(2): 334-343, abr.-jun. 2012
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Figure 2. Average contents of total sugars (%), reducing sugars (%), sucrose (%), and soluble solids (°Brix) present in the mixed ara¢a and marolo
jam stored at room temperature (25 °C) in the light for 12 months.
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Figure 3. Average contents of fiber (%), total pectin (%) and soluble pectin (%), and consistency (N) of mixed araga and marolo jams stored at
room temperature (25 °C) in the light for 12 months.
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Unlike the the other parameters, lipid content decreased
during storage (0.43 to 0.27%), possibly due to hydrolytic
oxidation on account of the low mean pH value (3.3) (ARAUJO,
1994).

Time did not affect the ash content, which averaged
0.20%. The predominant mineral in the mixed araga and
marolo jam was potassium (1300 mg.kg™'), followed by sulfur
(200 mg.kg!), calcium (169 mg.kg™'), magnesium (105 mg.kg™),
phosphorus (43.5 mg.kg™), sodium (30 mg.kg™"), manganese
(6 mg.kg™), iron (3.2 mg.kg™), copper (1.63 mg.kg™),
zinc (87 mg.kg™), cobalt (0.02 mg.kg™'), and molybdenum
(0.01 mg.kg™).

Analyzing the predominant minerals in the mixed jam
(potassium, sulfur, calcium, and magnesium) and comparing
them with the data for the jams from the individual fruits:
araga jam (1200 mg.kg™ potassium, 200 mg.kg™ of sulfur,
200 mg.kg! calcium, and 94 mg.kg™" of magnesium) and
marolo jam (1400 mg.kg™ of potassium, 300 mg.kg™* of sulfur,
169 mg.kg™ of calcium, and 105 mg.kg™' magnesium), it seems
that all values are within the same range, respecitively, although
below the values for the recommended dietary intake (RDI)
according to Institute of Medicine (1997, 2001), whose values
are 1000 mg.day™' of calcium, 350 mg.day' of magnesium,
10 mg.day' of zinc, 8 mg.day ' of iron, 800 mg.day' of copper,
and 700 mg.day™ of phosphorus .

Time also affected (p > 0.01) the total sugars, reducing
sugars, sucrose contents, and the soluble solid contents
(Figure 2) of the mixed araga and marolo jam.

The total sugar content also increased during the 1-year
storage due to the reduction in the water content and ranged
from 62.52 to 70.44%. Throughout the experiment, the levels
of reducing sugars were higher than those of sucrose. This can
be explained by the cooking process used in the production
of the jam, during which the sucrose undergoes a process of
reversal in the acidic medium in which it is transformed partially
or completely into glucose and fructose (invert sugar). This
inversion of the sucrose is necessary to prevent crystallization,
which can occur at certain times and also during storage
(LOPES, 1985).This inversion of sucrose probably occurred
during storage due to the low pH and was influenced by the
concentration of acids such as citric, malic, and acetic acid
(OETTERER; REGITANO-d’ARCE; SPOTO, 2006) and also by
the relatively high ambient temperature (25 °C) throughout
storage.

The soluble solids content ranged from 68.40 to 72.18 °Brix
and their major component is represented by the soluble sugars
followed by the organic acids. The soluble solids content of the
mixed jam was within the values stipulated by the legislation
(BRASIL, 1978) (minimum of 68 °Brix).

The fiber, total pectin and soluble pectin contents, and
the consistency of the mixed araga and marolo jam were also
influenced by the time factor (p > 0.01), as can be seen in
Figure 3.

The fiber content increased up to the 6th month of storage
(0.72 to 1.92%) and then decreased (1.4%). The increase can
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be explained by the reduction in moisture content. The total
and soluble pectin contents showed the same behavior as the
fiber content, ie, rise followed by fall. The total pectin content
ranged from 0.83 to 1.44% (10th month) and decreased to
0.50% after 12 months of storage, whereas the soluble pectin
content increased up to the 6th month (0.52 to 1.15%), and then
decreased reaching a content of 0.389% at the end of storage. The
soluble pectin is formed of pectic acid, which, in the presence of
water, forms colloidal solutions causing an additional reduction
in the moisture content. The solubility of the pectin was 62.65%
at time zero, 86.77% after 2 months, 91.8% after four months,
87.79% after 6 months, 83.94% after 8 months, 77.7% after
10 months, and finally 76%. This breakdown of insoluble pectin
into soluble pectin can be explained by the action of fungi such
as Byssochlamys fulva, which produce pectinases that degrade
pectin (EVANGELISTA, 2000).

Consistency increased up to the 8th month of storage
(0.33 to 1.27 N) and then decreased (0.44 N). These values are
consistent with the observations made for the total and soluble
pectin contents. The initial rise of up to five times is possibly
due to the decrease in moisture content and the subsequent
reduction to the the pectin-degrading fungi. According to
Torrezan (1997), the consistency of jam is related to continuity
(pectin concentration) and stiffness (sugar and acid).

Total acidity, pH, and organic acids were influenced by
time (p > 0.01) as shown in Figure 4. The pH showed a slight
tendency to decrease up to the 6th month of storage (3.31 to
3.27) returning to the initial value by the end of the 12 months
of storage (3.33). Consequently, the total acidity followed the
opposite pattern, with a slight increase from 1.17 to 1.27%,
probably due to the accumulation of other organic acids
(shikimic, fumaric, oxalic, lactic, propionic) during storage
then returning to the original value of 1.18% at the end of the
experiment.

Vitamin C or ascorbic acid content showed a significant
decrease during storage, being detectable for 4 months but
were no longer detected until the end of the experiment (8.62 to
0 pg.g™"). The initial vitamin C loss probably occurred due
to chemical degradation involving the oxidation of ascorbic
acid to dehydroascorbic acid, and it is known that heating
increases the speed of the oxidation process (DEWANTO et al,,
2002). Another likely explanation is the degradation of
ascorbic acid due to the low moisture content and also the
consumption in the Maillard reaction (FENNEMA, 2000;
GIANNAKOUROU; TAOUKIS, 2003). Similarly, tartaric acid
was no longer detectable after 2 months of storage.

The malic acid content decreased 71.09% (205.4 to
59.4 ug.g™), citric acid 82.92% (401.1 pug.g™' to 68.5mg.g™'), and
acetic acid 27.13% (186.1 to 135.6 pg.g™') during storage. The
presence of acetic acid was probably due to the presence of fungi
that fermented the sugar turning it into alcohol and CO,. In the
presence of residual oxygen or the oxygen incorporated into the
jam, the alcohol was converted into acetic acid (SNOWDON;
OLIVER, 1996). The mixed araga and marolo jam also had
health-enhancing substances such as antioxidants. These
substances as well as the phenolic compounds were influenced
by time (p > 0.01), as shown in Figure 5.
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There was an increase in the total antioxidant substances  total antioxidant potential ranged from 11.3 to 22.63% with
(ethereal extract, ethanol extract and aqueous extract) as a maximum of 54.8%; the substances present in the ethereal
compared to the values at the brginning of the experiment  extract ranged from 1.75 to 6.41% with a maximum of 20.07%;
despite the decrease in their levels after the 8th month. The  those present in the ethanolic extract ranged from 3.82 to 5.53%
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Figure 4. Average values for pH, total acidity (%), ascorbic acid (ug.g™"), malic acid (pg.g™"), TA (ug.g™"), acetic acid (ug.g™), and citric acid (ug.g™")
in mixed araga and marolo jam stored at room temperature (25°) in the light for 12 months.
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with a maximum of 12.39%; and finally the aqueous substances  as fruits and vegetables, makes it relatively difficult to measure
ranged from 5.73 to 10.89% with a maximum of 22.35%. The = the antioxidant activity of each component separately. The
presence of various antioxidant compounds in plant tissues, such ~ different solvents confirmed the maximum solubility of
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Figure 5. Total antioxidant potential (AP), ethereal extract (EE), ethanol extract (OHE), and aqueous extract (AE), expressed as the % of
decolorization of the DPPH radical, and the phenolic compounds in the aqueous extract, ethanol extract, and total extract (mg GAE*.100 g™')
in the mixed araca and marolo jam stored at room temperature (25 °C) in the light for 12 months. *GAE: gallic acid equivalent; Standard BHT
0.05 mg.mL™" = 96.27% and 0.1 mg.mL™" = 100%.
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Figure 6. Color parameters (a* and b* values) in the mixed araga and marolo jam stored at room temperature (25 °C) in the light for 12 months

antioxidants in the sample. The use of three solvents of different
polarities, ethyl ether (2.9), ethanol (5.2), and distilled water
(9) enables the dissolution of more polar (aqueous extract),
intermediate polarity (ethanol extract), and nonpolar (ethereal
extract) compounds, according to Borguini and Torres (2009).

Typical compounds that have antioxidant activity include
the class of phenols, phenolic acids and their derivatives,
flavonoids, tocopherol, phospholipids, phytic acid, ascorbic
acid, pigments, and sterols (ROESLER et al., 2007). In addition,
Zafrilla, Ferreres and Toms-Barbern (2001) studied the effect
of the antioxidant ellagic acid during the storage of raspberry
jams (Rubus idaeus) and found that its content doubled during
processing and continued increasing after 6 months of storage.
The same could have occurred with the mixed jams since ellagic
acid is present in species from the savanna, such as marolo and
araca (SOLON et al., 2000). The increase in antioxidant capacity
may also have its origin in products from the Maillard reaction
such as amino redutonas, which also show antioxidant effects
(FENNEMA, 2000). The reduction at the end of 12 months
of storage could possibly be explained by the degradation of
anthocyanins resulting from temperatures above 20 °C (storage
was at 25 °C), according to a study by Wicklund et al. (2005)
on the antioxidant capacity and color of strawberry jam during
storage, or even due to the degradation of organic acids which
show antioxidant activity reducing reactive oxygen species, as
reported by Van den Berg et al. (2003).

With respect to the phenolic compounds, these were
found in both the ethanolic and aqueous extracts, and their
contents reduced during storage. At the beginning of the
experiment, the concentration in the ethanolic extract was
31.72 mg GAE.100 g!, but after 2 months storage, antioxidant
substances were no longer detected. The initial concentration
in the aqueous extract was 148.59 mg GAE.100 g™, peaking at
210.74 mg GAE.100 g half way through the experiment, and
then decreasing to 135.52 mg GAE.100 g'. The total phenolic
compound content showed the same behavior increasing up to
the 6th month of storage (180.31 t0 210.74 mg GAE.100 g™') and
then reducing to a final value of 135.52 mg GAE.100 g'. This
loss of phenolic compounds can be explained by their instability
at temperatures above 23 °C and close to 40 °C (temperature
conditions to which the mixed jams were submitted), as shown
by Chang et al. (2006) when evaluating the effect of storage
temperature on the stability of phenolic compounds in fruits.
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The color parameters (a* and b* values) of the mixed
araca and marolo jam were also influenced by the time factor
(p > 0.01) but the L* value was not affected during storage,
maintaining an average of 28.47. The parameters a* and b*
increased, as can be seen in Figure 6.

The values for a* ranged from 7.56 to 9.49 and for b* from
8.63 t0 10.49. These values can be explained by the occurrence of
the Maillard reaction and/or formation of hydroxymethylfurfural
(HMF) due to the oxidation of vitamin C. This dark substance,
was detected during the storage of fruit jams at 35 °C in a
study by Rada-Mendoza et al. (2004). In products with a
high concentration of sugars, the reducing sugars bind to free
amino acids or to those on the protein chains to form dark
compounds. At pH values below 5, an intermediate compound
that undergoes dehydration is formed leading to the formation
of HME This occurs during heating, i.e., during the production
of the jams, and also during storage for extended periods. Apart
from the reducing sugars, the carbonic fraction can originate
from lipid oxidation, also fuelling the Maillard reaction
(FENNEMA, 2000). Studying the stability of the color of jambo
jams stored at 25 and 35 °C for 180 days, Cardoso (2008) also
showed an increase in these parameters concluding that when
the jams were stored at a temperature of 35 °C, they suffered
amore significant influence on the development of the yellow and
red pigments as compared to storage at a temperature of 25 °C.

With respect to the microbiological aspects, there was no
growth of Salmonella sp. or coliforms at 35 or 45 °C, but there
was growth of fungi and yeasts during storage, as can be seen
in Table 1.

Fungi and yeasts are the most common microorganisms
found in products with high sugar concentrations and low
pH values, but the values were within the limits allowed by
RDC Ne. 12 of ANVISA (BRASIL, 2001), which establishes
amaximum of 10* CFU.g™ for fungi and yeasts in fruit jams. The
reduction in the counts of filamentous fungi and yeasts during
storage may have been due to the presence of antinutritional
substances in the marolo pulp, as reported by Di Stasi and
Hiruma-Lima (2002). Therefore, the results suggest the use
of proper procedures in the processing of the jams, such as
appropriate sanitization of the fruits and equipment, as well
as the effectiveness of the conservation methods used since
no preservatives were added to the mixed Brazilian guava and
marolo jam processed.
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Table 1. Average results for the microbiological assays of mixed araga
and marolo jam stored at room temperature (25 °C) in the light for
12 months.

Time  Fungiand yeasts Salmonella  Coliforms  Coliforms
(CFUg™!)! (g.25g™) 35°C 45°C

(MPN.g)? (MPN.g)
0 Absent Absent Absent Absent
2 8x10° Absent Absent Absent
4 1x 102 Absent Absent Absent
6 1x10? Absent Absent Absent
8 1x10? Absent Absent Absent
10 1x 102 Absent Absent Absent
12 1x10? Absent Absent Absent

! - CFU.g™" = colony forming units per gram. > - MPN.g™" = most probable number
per gram.

4 Conclusions

The combination of araga with marolo for the production
of jam shows overall positive results although some changes
occurred during storage in the levels of moisture, lipid, sucrose,
total pectin, and soluble pectin; phenolic compounds and
organic acids decreased, whereas the levels of protein total
carbohydrates, calories, total soluble sugar, reducing sugar, fiber,
pH value, a*, b* values, and antioxidants increased.

The L* value and ash content were not influenced by the
time factor, and the microbiological parameters were within the
standards established by the Brazilian legislation.

Therefore, mixed araga and marolo jam stored for up to 12
months can still be consumed safely.
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