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ABSTRACT

In this research factors that influence the activation of Neosartorya fischeri ascospores (heating medium,
temperature of production and age of the ascospores) were studied. The heating medium used was pineapple
and papayanectarsat different ratios (°Brix/acidity). Lower activation timeswere observed for the N. fischeri
ascosporesin pineapple and papaya nectars under the conditions of temperature and production age of 25°C
for 1 month and using ratios of the heating medium of 10 for pineapple nectar and 26 for papaya nectar. In
these cases, the activation time was 5 minutes for the pineapple nectar and 10 minutes for the papaya nectar
at 85°C. For the ascospores produced at 35°C over three months, heated in pineapple nectar at aratio of 38 and
in papaya nectar at a ratio of 66, the longest activation times of 15 and 20 minutes, respectively, were
observed. The statistical analysis showed that the factors which had the most influence in the activation time
of the ascospores were the ratio and the production temperature of ascospores.
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INTRODUCTION

The study of thermal resistant molds is important because
moldsarefrequently responsiblefor the deterioration of different
juices and nectars, mainly due to their ability to survive heat
treatments commonly applied in the nectar industry.

Ascospores of molds belonging to the genera
Neosartorya, Byssochlamys, Talaromyces and Eupenicillium
can often survive commercial thermal treatments, become
activated, grow and cause spoilage (9,13,14). The extremely
resistant species Byssochlamys fulva, Talaromyces flavus and
Neosartorya fischeri serve as standards for spore resistance
and their absence indicates the quality of sterilization
processes (6,7). It is well known that for a given increase in
temperature, the rate of destruction of microorganisms
increases faster than the rate of destruction of nutrients and
sensory components (1).

Ascospores produced by thermal resistant molds develop,
with time, a dormant state that can only be broken with a sub-
lethal thermal treatment that will allow their germination and
growth under favorable conditions. This treatment is called
activation (4,16). The pasteurization normally applied to acid
vegetal products, activates dormant ascosporesthat will initiate
the germination process, causing deterioration in the final
product (8). Mainly the genus, but also the strain, of the fungus
determineswhether heat activationiscrucial for germination or
whether it only increases the number of spores germinating if
transferred to afavorable environment (6,16). It has long been
known that thermal resistant ascospores possess a dormancy
that can be broken by heat shock. In this paper the influence of
heating medium ratio, and the age and temperature of the
ascospores production on the heat activation of N. fischeri
ascospores was investigated in papaya and pineapple nectars
asthe heating medium.
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MATERIALSAND METHODS

Fractional Experimental Planning

The combined effect of the heating medium ratio, the
temperature and the ascospores production age on the activation
timeof N. fischeri waseva uated by a2® an experimental planning,
withtriplicate at the central point. The experimentsare described
inTables 1 and 2 for pineapple and papayanectars, respectively.

The ascospores production temperatures and ages were
the same for both nectars (25°C for 1 and 3 months, 30°C for 2
monthsand 35°C for 1 and 3 months). Different heating medium
ratioswere used for each nectar (26, 46 and 66 for papaya nectar
and 10, 24 and 38 for pineapple nectar), in accordance with the
range used in the industry.

Table 1. Levels of the factors used in the experimental design
for pineapple nectar.

Factors Leve
-1 0 +1
Ascospore production temperature (°C) 25 0
Heating mediaRatio (°Brix/acidity) 0 24 33
Ascospore production age (month) 1 2 3

Table 2. Levels of the factors used in the experimental design
for papaya nectar.

Factors Level
-1 0 +1
Ascospore production temperature (°C) 25 30 35
Hesating mediaRatio (°Brix/acidity) %X 46 6
Ascospore production age (month) 1 2 3

Preparation of Ascospores

Ascospores were grown over 1 and 3 months at 25°C and
35°C and over 2 months at 30°C on Malt Extract Agar (Bialife,
SP, Br), (MEA), pH 5.4, prepared according to Pitt and Hocking
(12). Thebiomasswasfiltered through asterile gauze and washed
twice with water after centrifugation. The final suspension
obtained was diluted with enough sterile water to give a
suspension of 10° ascospores/mL. The ascospores were stored
under refrigeration in flasks containing glass beads.

Acidity deter mination of fruit nectars
For the acidity determination of fruit nectars 1%
phenolphthalein solution and 0.1 N NaOH (Nuclear, SP, Br)
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standardized with its respective correction factor were used.
The result is expressed as percentage of acidity, calculated
according to the predominant acid in the fruit which was citric
acid (m/m) for the studied nectars (12).

%Brix determination

The determination of the content of total soluble solids (°Brix)
was carried out with a refractometer (ABBE-refractometer-
Instruterm). Theresultswere expressed asgrams of total soluble
solids contained in 100 grams of sample.

Ratiodetermination (°Brix/acidity)
Once the °Brix and the acidity had been determined, the
ratio could be calculated as the relation between them.

Obtention of ratiovalues

To givethe low ratio values, firstly the °Brix of the nectars
wasfixed (12°Brix for pineapple and 13°Brix for papaya) and a
20% citric acid solution was then added to the medium until the
acidity of the medium reached 1.2 for pineapple nectar and 0.5
for papayanectar. Theratio was determined through therelation
between the °Brix and the acidity of the nectars, measured after
the addition of the citric acid. The ratio values were 10 for
pineapple nectar and 26 for papaya nectar.

To givethe high ratio values, firstly, the natural acidity of
the nectars was determined (0.5 for pineapple nectar and 0.25
for papaya nectar). A 60% sugar solution was then added to
the medium until the °Brix reached 19 for the pineapple nectar
and 18.5 for the papaya nectar. The ratio was determined
through the relation between the °Brix, adjusted by sugar
addition, and the nectar acidity. The ratios were 38 and 66 for
pineapple and papaya nectars, respectively. The ratios of 24
and 46 for pineapple and papaya, respectively, represent the
natural nectar ratios.

Deter mination of theoptimum conditionsfor theactivation of
theascospores

For the determination of the optimum conditions for the
activation of the ascospores, the temperature was kept at 85°C
(3) for the fallowing time periods: O (control), 5, 10, 15 and 20
minutes. Pineapple or papaya nectar was used as the heating
medium. The method applied was that which employs sedled
TDT tubes. For the heating, 0.2 mL of the ascospore suspension
wereaddedto 1.8 mL of pineappleor papayanectar in TDT tubes
seded with a O./GLP blowtorch. The tubes were heated in a
thermostatically controlled water bath (TE-184 + 0.1°C - Tecnal,
SP, Br) at 85°C. Each experiment was done in duplicate and the
means were expressed as average from two determinations.

Viablecounts

To determine the number of ascospores that survived, the
suspensions were diluted as needed in duplicate plates and
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pour plated using MEA (pH 5.4) containing 50 mg/L of rose
bengal. Plates were incubated at 30°C and counted after three
days. The count was expressed as CFU/mL.

RESULTSAND DISCUSSION

The optimum activation times observed for the different
treatments are presented in Table 3 for pineapple nectar and in
Table 4 for papaya nectar.

In Table 3 the influence of the factors under study on the
activation of the ascospores in pineapple nectar can be seen.
When the ratio of the heating medium was 38, the activation
timewas 10 or 15 minutes, whereaswhen theratiowas 10, it was
5 or 10 minutes.

Table 3. Activation treatments for Neosartorya fischeri in
pineapple nectar.

Ascospores Ascospores Treatment to
production production  Nectar obtain the
temperature (°C) time(months) ratio optimum
activation
0 2 24 85°C/10minutes
) 1 10 85°C/5 minutes
) 1 38  85°C/10minutes
) 3 10 85°C/5 minutes
) 3 38  85°C/10minutes
D 1 10  85°C/10minutes
b 1 38  85°C/10minutes
D 3 10  85°C/10minutes
b 3 38  85°C/15minutes

Table 4. Activation treatments for Neosartorya fischeri in
papaya nectar.

Ascospores Ascospores Treatment to
production production  Nectar obtain the
temperature (°C) time(months) ratio optimum
activation
0 2 46  85°C/10minutes
5 1 26 85°C/10minutes
5 1 66  85°C/15minutes
5 3 26 85°C/10minutes
5 3 66  85°C/15minutes
b 1 26 85°C/10minutes
b 1 66  85°C/15minutes
b 3 26 85°C/10minutes
b 3 66  85°C/20minutes

Table 5. Analysis of variance and estimate of effects for the
studied response variable activation time for pineapple and
papaya nectars.

Response variable
Factors Activationtime
Pineapple nectar Papaya nectar
Effect Vaue-p  Effect Vaue-p
(1) -T°C 3.75 0.006012 125  0.5139%
(2) —Age 125 0150044 125 051396
(3) — Ratio 3.75 0.006012 6.25 0.002342

Analyzing the results in Table 4, it can be observed that
ascospores which were produced at 35°C over 3 months and
heated with a heating medium ratio of 66 gave the longest time
for the optimum activation (85°C/20 minutes). However, when
produce at 35°C over 1 month with heating medium ratio of 26,
the lowest activation time (85°C/10 minutes) was obtai ned.

The results shown in Tables 3 and 4 were submitted to
analysis of variance and estimation of the effects through the
software Statistic 6.0. The factors are statistically significant
when p < 0.05. Table 5 presents the results of the statistical
analysisfor the response variabl e time activation of ascospores
at the different condition, for pineapple and papaya nectars.

Comparing theresults obtained for each nectar, it wasverified
that, concerning the ratio factor, the highest activstion time
increase was found for papaya nectar. The factor production
temperature caused the strongest effect in pineapple nectar.
For papaya nectar, the production temperature of the ascospores
was not significative. The age factor had no significative effect
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for both nectars. On analyzing only the ratio factor, it was
observed that the increase in the activation time resulting from
the changefrom alower to ahigher level, for the papayanectar,
was approximately 6.25%, whereas, for pineapple nectar, it was
3.25%. The same trend was noted for the temperature of
ascospore production which, for the pineapple nectar, caused
an activation timeincrease of 3.25%.

Figs. 1 and 2 present the response surface for pineapple
nectar and papaya nectar, respectively, which were established
for the time activation at 85°C, with the factors ratio versus
ascospore production temperature. It was observed that the
mold N. fischeri presented higher activation timein the heating
media which had the highest ratio value, for both nectars. This
can be explained by the fact that, in the assays carried out with
thelower ratios, theaddition of citric acid solution to the heating
mediain order to reach the desired ratio was necessary.

These results are in agreement with Splitsttoesser and
Splitsttoesser (17) who found that the activation rate of
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Figure 1. Response surface obtained for ratio versus ascospore
production temperature, for the response variable activation
timeat 85°C, for pineappl e nectar.
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Figure 2. Response surface obtained for ratio ver sus ascospore
production temperature, for the response variable activation
timeat 85°C, for papayanectar.

Byssochlamys nivea and Aspergillus (N. fischeri) ascospores
wasinfluenced by the heating medium conditions. Thetimefor
activation in the mediums with higher soluble solids
concentration waslonger in comparison with the mediumswith
lower soluble solids concentration.

Saloméo (15) studied N. fischeri ascospores produced at
30°C over 1 month and using, as the heating medium, apple
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nectar (pH 3.5 and ratio 48) and obtained the optimum activation
time of 10 minutes. This value is lower than that found in this
study for the assays carried out with ratio of 46 in papayanectar.
Since the ratios of the two heating mediums are almost the
same, there may be some influence from other factors, apart
from the heating medium and the presence of soluble solids, in
the activation of these ascospores.

It was observed, especially for papayanectar (Fig. 2), that the
longest time of ascospore production (3 months) led to anincrease
inthe activation time. Thisisin agreement with Marcolino (10),
who worked with thermal resistant N. fischeri isolates from a
grape beverage processing line (pH 3.0 and 14°Brix). Theauthor
produced ascospores at 30°C, with ages of 1 and 3 months and
drew curves of activation at 85°C for both ages. The results
showed an optimum time of activation of 10 and 25 minutes, for
1 and 3 months, respectively. The same activation effect was
studied by Baglioni (2) with N. fischeri ascospores produced
at 30°C over 1 and 3 months. The author observed that alonger
time (20 minutes) at 85°C wasrequired for the optimum activation
of the ascospores produced over 3 months in comparison with
ascospores produced over 1 month (10 minutes).

Inthisstudy the datafor the activation timesfor both nectars
showed that the longest ascospore production temperature lead
to the longest activation times. These results are in agreement
with those reported in theliterature. Delgado (5) worked with N.
fischeri ascospores produced at 30°C over 1 and 4 months,
using distilled water asthe heating medium. Theauthor observed
that older ascospores (4 months) needed alonger heat exposure
time for maximum activation of the ascospores in comparison
with younger ones (1 month). It was also noted in this study
that ascospores produced at the highest temperatures (30 and
35°C), needed longer heat exposuretimesfor optimum activation
if compared with those that were generated at the milder
temperature (25°C).

CONCLUSION

Theresults of statistical analysis showed that the N. fischeri
ascospore activation time is most influenced by the heating
medium ratio (for pineapple and papaya nectar), followed by
the ascospore production temperature (pineapple nectar). If the
medium contains significant concentrations of soluble solids,
or rather, high ratio values, the activation timefor thismold will
also increase due to the protective effect of the solids.

The obtained results are extremely important because there
islittle dataavailablein theliterature comparing different factors
concerning optimum ascospore activation of thermal resistant
molds. It is important to emphasize there are no studies
comparing the effect of different conditions of ascospores
production and the heating medium ratio on its optimum
activation. These results areimportant for further studies on the
heat resistance of this mold.
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RESUMO

Fatoresque afetam a ativagdo térmica de Neosartorya
fischeri em sucos de abacaxi e mamao

Nesta pesquisa, foram estudados fatores que influenciam a
ativacao de ascosporos do fungo termorresi stente Neosartorya
fischeri (meio de aquecimento, a temperatura de producéo e
idade dos ascOsporos). Os meios de aguecimento utilizados
foram sucos de abacaxi e de maméo, em diferentesratios (°Brix/
acidez) eatemperaturade ativagéo foi 85°C. Pdde-se observar
gue o fungo N. fischeri apresentou seus menores tempos de
ativacdo quando presentes no suco de abacaxi e no maméo,
nas condi¢des de temperatura e de idade de producgéo de 25°C
por 1 mése o ratio do meio de aguecimento de 10 parasuco de
abacaxi e de 26 para suco de mama&o. Nestes ensai 0s, 0 tempo
deativacdo foi de 5 minutos para suco de abacaxi e 10 minutos
para o suco de maméo a 85°C. Ascosporos produzidos a 35°C,
durante 3 meses e aquecidos em suco de abacaxi com ratio 38
€ em suco de mamao com ratio 66 apresentaram 0s maiores
tempos de ativacdo sendo estes de 15 a 20 minutos,
respectivamente. Através de umaandlise estatistica, verificou-
se que osfatores que maisinfluenciaram no tempo de ativacéo
dos ascosporos foram o ratio e atemperatura de producéo dos
ascOsporos.

Palavras-chave: ascosporos, ratio, Neosartorya fischeri,
ativacdo
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