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We compared the susceptibility of isolates of black aspergilli (Aspergillus
section Nigri) conidia against sodium hypochlorite and peracetic acid. The
suspension - neutralization UNE-EN1275 test was performed. Solutions of
peracetic acid of 750, 1500, 2250, 3000 and 6000 mg/L and solutions of
sodium hypochlorite of 100, 700, 1000 and 1300 mg/L were assessed. Cell
suspensions were exposed to sanitizers for 1, 5, 15 and 30 minutes at 20 °C.
Mean values of the inactivation Kinetic data were fitted to a biphasic
inactivation model with the GInaFiT macro software. The time for a 4-logo
reduction in conidia (4Dvalues) for sodium hypochlorite (700, 1000 and
1300 mg/L, pH 6 and 9) ranged from 1.1 to 28.8 minutes and for peracetic
acid (6000 mg/L) ranged from 6.2 to 14.3 minutes. The results from this
study demonstrate the need to identify contaminating flora because the
response of molds pigmented and non-pigmented molds could be different.
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INTRODUCTION

Food processing plants must be designed and equipped so
that they can perform good hygiene practices. In order to
maintain safe processing environments, food processing
plants clean and sanitize the surfaces of processing
equipments prior to and followed processing operations
(Wirtanen and Salo, 2003); under these conditions food
production will ensure a low probability of microbiological
contamination. (Brifiez et al., 2006; Lopez et al., 2002).

In general, smooth surfaces can be cleaned and
disinfected much easier than roughed and grooved surfaces
(Wildbrett, 2000). In an effort to eliminate adhered
microorganisms, food industry has raised the concentration
of chemical sanitizing agents, a fact that is unacceptable as
higher concentrations could present health risks for those
who manipulate the products; this practice also gives place
to chemical residues in the food products, raises the
production cost and the environment contamination
(Moore and Griffith, 2002).

Airborne molds, especially dark conidia, are frequently
isolated from agricultural and industrial environments.

When conditions are appropriate, they colonize surfaces,
raw materials and end products producing sensory
impairment, risks to the health of workers and consumers,
as some moulds are allergenic or produce mycotoxins.
Black aspergilli (Aspergillus section Nigri), is a highly
resistant species to sanitizing treatments. Its presence in
food processing plants complicates cleaning and
disinfection systems which lead to the need to study each
particular case of fungal contamination. The effects of
biocidal agents against bacteria and bacterial spores have
been extensively studied; however, data are still scarce and
sometimes contradictory as to their effectiveness against
molds (Manivannan, 2007; Russell et al.,, 1999). Among the
large supply of disinfectant products available, the selection
will depend on the effectiveness, safety, cost and corrosive
effect of the surfaces, (Lopez et al., 2002; Wirtanen et al,,
2001, Wirtanen and Salo, 2003). Among the most used
ones, peracetic acid (PAA) and sodium hypochlorite can be
cited. PAA decomposes to water and acetic acid, has strong
oxidizing properties, wide spectrum of action in short
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exposure time (Kitis, 2004). Because their breakdown
product leaves no toxic residues in the environment, the
Food and Drug Administration approved its use for direct
disinfection of foods like fruits and vegetables (FDA, 2001).

Sodium hypochlorite is a strong oxidizing compound of
quick action. As a powerful oxidant, is the sanitizer more
popular because of its easy schedule and low cost, but as
disadvantages its corrosive capacity and the safety
standards required for handling and storage can be
mentioned (Kitis, 2004).

The objective of this work was to compare the
susceptibility of black aspergilli (Aspergillus section Nigri)
conidia against sodium hypochlorite and peracetic acid.

MATERIAL AND METHODS
Fungal strains

Five isolates of black aspergilli (Aspergillus section Nigri)
(A1, A2, A3, A4 and A5) belonging to the mycological
culture collection of the Laboratory of Microbiology,
Department Food Engineering, Faculty of Chemical, Santa
Fe, Argentina were used. The strains had been previously
isolated from food and industrial environments in the
region. In order to perform the sanitizing treatment, molds
must be in the late exponential or in the early stationary
growth phase as in that point conidia offer higher
resistance to sanitizers (Russell et al., 1999). Growth curves
were constructed to determine the harvesting time
according to Baranyi and Roberts (1994) model, using the
software DMFIiT (DM: Dynamic Modelling 2.1). Isolates
were preserved in criovials with 0.2% agar (w/v) at 7°C
and were reactivated in MEA (MEA: malt extract agar) at 25
°C for 10 days.

Preparation of fungal propagules suspensions

Fungal propagules (conidia and hyphae residues) were
harvested at the appropriate time. The surface of the plates
were scraped and the propagules were resuspended in 5
mL Tween® 20 (polysorbate) (Alun Metraquimica SRL,
Buenos Aires, Argentina) solution at 0.1% v/v. Propagules
concentration was adjusted by using Neubauer chamber to
a value between 1x10% and 1x106 propagules/mL. Initial
concentrations of the suspensions were determined for
plate count on MEA agar.

Evaluation of antimicrobial activity

The suspension - neutralization UNE-EN1275 test was
performed. Solutions of PAA of 750, 1500, 2250, 3000 and
6000 mg/L (Peracid 15 provided by Baher Laboratories,
Santa Fe, Argentina) and solutions of sodium hypochlorite
100 g/L of 100, 700, 1000 and 1300 mg/L of (provided by
the same industries) were assessed. For the study involving
sodium hypochlorite, pH was adjusted to 6.3 + 0.2 and 9 *
0.2 with sodium hydroxide and hydrochloric acid solution

0.1 M. The PAA was adjustment at pH 4.0 £ 0.2. One
milliliter of cell suspensions was exposed to 9 mL of
sanitizers for 1, 5, 15 and 30 minutes at 20°C. Then, 1 mL of
each suspension was plated on MEA and incubated at 25°C
for 7 days. In all cases samples were processed in
duplicates, in three independent assays.

Modelling of spore inactivation

Mean values of the inactivation kinetic data were fitted to a
biphasic inactivation model (Cerf 1977) with the GInaFiT
macro (Geeraerd et al, 2005). In this model, the relation
between survival and exposure time is given by the
equation:

N/ No=f.eklt + (1-f). ekat

where N and Ny are the numbers of survivors and the
initial population, respectively, f is a constant indicating the
transition from the first phase to the second, k1 and k2 are
the inactivation rates for the two distinct phases, and t is
the exposure time. Decimal reduction values (D values)
expressing the exposure time required for a reduction of
surviving cell counts by 90% of the initial value were
estimated for the first and the second phase by D1-1In 10/k1
and D;- In 10/k2, respectively. Survival at the transition
from the first to the second inactivation phase was
estimated by Nt /No=1 - f. The root mean sum of squared
error (RMSE) values calculated by GInaFiT for each fit were
in the ranges of the coefficients of variations of the spore
counts, indicating that the biphasic model was well suited
to represent the experimental data (Geeraerd etal., 2005).

Statistical analysis

Analysis of Variance (ANOVA) with a confidence level of
95.0%, was performed for log of microbial counts
considered pH, concentration and times the independent
variables. The Statgraphics® Plus software, version 5.1
(Statistical Graphics Corporation, Warrenton, VA, USA) was
used.

RESULT
Evaluation of the antimicrobial activity

Growth curves were modeled with DMFIT program. It was
observed that fungal propagules had to be harvested after 7
days of culture (phase between ending of the exponential
growth phase and beginning of the stationary phase).
Sanitization is considered adequate if the logarithmic
reduction of fungi is at least 4 logio orders (99.99% death
efficiency) (Bloomfield and Looney, 1992; Ldpez et al,
2001; Sappers, 2001).

Among the different models available, the biphasic model
(Cerf, 1977) was the one that fitted best in our study. The
use of the biphasic model allowed a more consistent
estimation of Dj-values for the first inactivation phase
because the transition between the two phases is
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Table 1. Parameter values obtained by applying a biphasic model to the inactivation kinetics data of spores of black aspergilli

(Aspergillus section Nigri)

pH Concentration k1(1/ k2 LOG1o R2 RMSE 4D

Isolates (mg/L) f min) (1/min) (No) adjusted (min)
Sodium hypochlorite
Al pH 6.3 700 0.9684 2.55 0.51 6.15 0.9987 0.0047 11.4
Al pH9 700 0.9963 5.51 0.12 6.18 0.9872 0.0510 -
Al pH 6.3 1000 0.9983 441 0.38 6.18 0.9997 0.0014 7.4
Al pH9 1000 0.9998 7.09 0.10 6.23 0.9996 0.0013 9.6
Al pH 6.3 1300 0.9999 9.85 0.11 6.38 0.9968 0.0045 1.2
Al pH9 1300 1.0000 7.15 0.14 6.19 0.9996 0.0023 1.4
A2 pH 6.3 700 0.9929 1.98 0.45 6.20 0.9980 0.0085 9.5
A2 pH9 700 0.9940 4.43 0.14 6.26 0.9948 0.0107 28.8
A2 pH 6.3 1000 0.9997 6.88 0.27 6.23 0.9997 0.0012 3.8
A2 pH9 1000 0.9997 434 0.12 6.20 0.9991 0.0012 9
A2 pH 6.3 1300 1.0000 10.00 0.17 6.28 0.9993 0.0035 1.1
A2 pH9 1300 1.0000 5.21 0.23 6.20 0.9974 0.0155 2.0
A3 pH 6.3 700 0.9963 3.32 0.32 6.49 0.9998 0.0007 11.3
A3 pH9 700 0.9989 3.69 0.11 6.23 0.9930 0.0195 21
A3 pH 6.3 1000 0.9999 5.92 0.13 6.26 0.9874 0.0520 2.7
A3 pH9 1000 0.9998 5.18 0.18 6.49 0.9950 0.0197 3.3
A3 pH 6.3 1300 1.0000 8.63 0.07 6.26 0.9991 0.0045 1.2
A3 pH9 1300 1.0000 7.40 0.25 6.49 0.9970 0.0173 1.4
A4 pH6.3 700 0.9990 4.74 0.17 6.18 0.9941 0.0203 13.8
A4 pH9 700 0.9995 1.24 0.07 6.11 0.9886 0.0357 22.5
A4 pH 6.3 1000 0.9997 7.87 0.20 6.18 0.9939 0.0282 5.1
A4 pH9 1000 0.9996 415 0.29 6.32 0.9995 0.0022 5.3
A4 pH 6.3 1300 1.0000 9.40 0.10 6.17 0.9998 0.0013 1.1
A4 pH9 1300 0.9999 5.33 0.28 6.32 0.9987 0.0070 2.0
A5 pH 6.3 700 0.9961 2.63 0.25 6.20 0.9971 0.0130 14.7
A5 pH9 700 0.9984 5.04 0.17 6.15 0.9991 0.0028 16.2
A5 pH 6.3 1000 0.9997 7.66 0.19 6.11 0.9930 0.0308 6.3
A5 pH9 1000 0.9989 448 0.34 6.20 0.9970 0.0014 7.4
A5 pH 6.3 1300 1.0000 9.32 0.09 6.11 0.9997 0.0013 1.1
A5 pH9 1300 0.9998 7.06 0.31 6.20 0.9993 0.0034 1.8
Peracetic acid

Al pH 4 6000 0.9989 5.21 0.31 6.08 0.9999 0.0012 9.2
A2 pH 4 6000 0.9578 2.35 0.44 6.01 0.9999 0.0177 138
A3 pH 4 6000 0.9557 6.30 0.01 5.60 0.9997 0.0007 111
A4 pH 4 6000 0.9589 2.03 0.43 6.01 0.9994 0.0016 143
A5 pH 4 6000 0.9999 5.05 0.27 6.15 0.9984 0.0013 6.2

f:constant designating the transition from the first to the second phase. k1 and k: inactivation rates constants for the two distinct phases. 4D: Time to
achieve a 4 logio reduction. mg/L: parts per millon. min: minutes. RMSE: root mean sum of squared error

mathematically defined and all available experimental data
points are included in its calculation. The parameters
obtained for the inactivation kinetics are summarized in
Table 1. The results of the treatments with 100 mg/L
sodium hypochlorite at both pH assessed for 1 minute and

those of APP at 750, 1500, 2250 and 3000 mg/L were not
included in Table 1 as they were not effective.

The results of the treatments with 100 mg/L sodium
hypochlorite at both pH assessed for all times were not
included in Table 1 as they were not effective.
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The results for concentrations of APP at 750, 1500, 2250
and 3000 mg/L at all times assessed were not included in
Table 1 as they were not effective against the 5 isolates of
black aspergilli.

The 4D values for Sodium hypochlorite (700, 1000 and
1300 mg/L, pH 6 and 9) ranged from 1.1 to 28.8 minutes.
Treatment with 700 mg/L sodium hypochlorite (pH 9) was
not effective for isolate A1l. By comparing the counts of the
different isolates, after treatment with sodium
hypochlorite, no significant differences were observed
between counts after treatment for A2, A3, A4 y A5 isolates
at pH 9 for the three concentrations and three exposure
times. (ANOVA: Di1300 = 1.0000; Diooo = 0.99771 Yy P7oo =
0.9635, with a confidence level of 95%).

DISCUSSION

The data of this study with sodium hypochlorite agreed
with other reports that indicated that black aspergilli
spores are very resistant to disinfection. Orth (1998)
reported that 1000 - 5000 mg/L of sodium hypochlorite
were required for disinfecting surfaces in dairy industries.
In our study, 1300 mg/L of sodium hypochlorite was
chosen as it presented shorter decimal reduction times and
therefore easier to be applied in industrial sanitizing
operations.

Rosenzweig et al. (1983) showed that, in general, conidia
showed greatest resistance to chlorine inactivation,
followed by yeast and coliforms. The inactivation by
chlorine was influenced by pH, with inactivation (chlorine
activity) falling in the order pH 5 > 7 > 8. In our study the
values of 4D (Table 1) for the same isolate and sodium
hypochlorite concentration al both pH do not seem to be
very similar for the lower concentration, being greater at
pH 9. As the active form of the sodium hypochlorite is the
not dissociate HCIO, it seemed to be right that the 4 D
values for pH 9 were greater than those of pH 6, however,
these differences were smaller at higher sodium
hypochlorite concentration.

This implies an advantage from a practical point of view
for its application in food processing plants.

There are numerous works on sanitation processes using
PAA against molds, with controversial results. Bundgaard-
Nielsen and Nielsen (1996) reported that 0.3% solutions of
PAA (equivalent to 3000 mg/L) were ineffective as
fungicides against a variety of species of molds at 20°C.
Reductions of 1 to 1.5 logio orders were achieved by
Salomao et al. (2008) using solutions of 80 mg/L PAA
against spores of P. expansum in apples. Orth (1998)
reported that 400-2000 mg/L hot solutions of PAA were
required for disinfecting surfaces in dairy industries.

Mari et al. (2004) used 100 mg/L PAA for 1 minute in
order to disinfect surfaces contaminated with Monilia laxa
and Rhizopus stolonifer. They observed that the Efficiency of
the treatment depended on the time used. Kyanko et al.
(2010), studied the inactivating action of 500, 1000 and
3000 mg/L PAA using moulds like Alternaria alternata,

Fusarium graminearum, Aspergillus ochraceus, A. niger, A.
flavus, Penicillium roqueforti, P. expansum. They observed
that at low concentrations, the response was variable,
whereas at 3000 mg/L for 30 minutes, the inactivating
action was effective for all evaluated species except for A.
niger. Kaskova et al. (2006) studied the action of PAA at 0.1
mL/L for 5, 20 and 60 minutes with Escherichia coli,
Staphylococcus aureus, Bacillus cereus and A. niger. They
observed that such concentration was effective for the
inactivation of E. coli, S. aureus and B. cereus in 20 minutes;
but, on the other hand it was effective for A. niger at the
same concentration but during 60 minutes. In our work it
was necessary to apply a higher concentration (6000 mg/L)
in order to achieve 4D, values observed ranged from 6.2 to
14.3 minutes. It is then essential to identify contaminating
flora before designing the disinfection plan since the
response of bacteria, molds and pigmented non-pigmented
molds is different.

Conidia of black aspergilli (Aspergillus Section Nigri)
were very difficult to eradicate from industry surfaces. PAA
as sanitizer would be the most suitable one for its GRAS
status (GRAS: Generally Recognized as Safe) but it has the
disadvantage of requiring higher concentrations and
exposure times compared to sodium hypochlorite (6000
mg/L for 15 minutes regardless of the isolate to achieve a
4D reduction). We observed that treatment with sodium
hypochlorite does not require a strictly pH adjustment if its
concentration were higher than 1000 mg/L. Regarding the
choice of a sanitizer, there is no general solution and each
industry must evaluate first some issues like the nature of
the contamination, the type of surfaces and materials. It
must be taken into account that high doses of the
disinfectant of choice could cause equipment damage or
introduce undesirable odours and flavours in food.

Acknowledgement

The authors acknowledge the financial support of the
Universidad Nacional del Litoral, Santa Fe, Argentina,
CAI+D 15-92,2009-2014 Programs.

REFERENCES

Baranyi ], Roberts T (1994). A dynamic approach to
predicting bacterial growth in food. Int ] Food Microbiol
23:277-294.Crossref

Bloomfield SF, Looney E (1992). Evaluation of the
repeatability and reproducibility of European suspension
test methods for antimicrobial activity of disinfectants
and antiseptics. ] Appl Microbiol 73(1): 87-93.Crossref

Brifiez W, Roig Saqués A, Hernadndez Herrero M, Lopez
Pedemonte T (2006). Bactericidal Efficacy of peracetic
acid in combination with hydrogen peroxide against
pathogenic and not pathogenic Strain of Staphylococcus
sp.- and Escherichia coli. Food Control 17: 516 -
521.Crossref


http://dx.doi.org/10.1016/0168-1605(94)90157-0
http://dx.doi.org/10.1111/j.1365-2672.1992.tb04975.x
http://dx.doi.org/10.1016/j.foodcont.2005.02.014

Bundgaard-Nielsen K, Nielsen PV (1996). Fungicidal Effect
of 15 Disinfectants against 25 fungal Contaminants
Commonly Found in Bread and Cheese Manufacturind. ]
Food Protect 59(3): 268-275.

Cerf O (1977). Tailing of survival curves of bacterial spores.
J. Appl. Bacteriol. 42: 1-19.Crossref

DMFit Version 2.1 www.ifr.ac.uk/safety/dmfit.

F.D.A. (2001). Food and Drug Administration. Method to
Reduce/Eliminate Pathogens from fresh and fresh-cut
produce. http://www.cfsan.fda.gov/~comm/ift3-5.html
(Accessed 27 October 2004).

Geeraerd A, Valdramidis V, Van Impe JF (2005). GInaFiT, a
freeware tool to assess non-log-linear microbial survivor
curves. Int. ]. Food Microbiol. 102: 95- 105.Crossref

Kaskovd A, OndraSovicovd O, Sokol ], Vargova M,
Smirjakova S, Ondrasovic M, Chovanec M (2006).
Efficiency of Sanitary Treatment in Poultry Breeding and
Poultry Meat Processing Plant. Acta Vet Brno 75: 611-
617.Crossref

Kitis M (2004). Disinfection of wastewater with Peracetic
Acid: A review. Environ Int 30: 47- 55.Crossref

Kyanko M, Russo M, Ferniandez M, Pose G (2010).
Efectividad del Acido Peracético sobre la reduccién de la
carga de esporas de Mohos causantes de Pudricion
Poscosecha de Frutas y Hortalizas. Informacion
Tecnolégica. 21(4): 125 - 130.Crossref

Lopez-V L, Romero-R |, Ureta-V F (2001). Tratamientos de
desinfeccion de lechugas (Lactuca sativa) y frutillas
(fragaria chiloensis). ALAN 51(4): 376-381.

Lépez-V L, Romero-R ], Ureta-V F (2002). Accién germicida
in vitro de productos desinfectantes de uso en la industria
de Alimentos. ALAN 52: 74 - 76.

Manivannan G (2007). Disinfection and decontamination.

Principles applications and related issues. CRC
Press/Taylor & Francis Group. Boca Raton, FL,
USA.Crossref

Mari M, Gregori R, Donati I (2004). Postharvest control of
Monilia laxa and Rhizopus stolonifer in stone fruit by
peracetic acid. Postharvest Biol Tec 33: 319-325.Crossref

Frison et al. 69

Moore G, Griffith C (2002). A comparison of traditional and
recently developed methods for monitoring surface
hygiene within the food industry: an industry trial. Int ]
Environ Heal R 12: 317 - 329.Crossref

Orth R (1998). The importance of disinfection for the
hygiene in the dairy and beverage production. In Biodeter
Biodegr 41: 201-208.

Rosenzweig HD, Minnigh HA, Pipes WO (1983). Chlorine
Demand and Inactivation of Fungal Propagules. Appl
Environ Microbiol 45(1): 182-186.

Russell AD, Hugo WB, Ayliffe GA] (1999). Principles and
practice of disinfection, preservation, and sterilization.
Third Edition. Wiley - Blackwell Science, Oxford, United
Kingdom.

Salomao B, Massaguer PR, Aragdo GMF (2008). Isolamento
e selecdo de fungos filamentosos termorresistentes em
etapas do processo produtivo de néctar de maca. Ciéncia
e Tecnologia de Alimentos (Brasil) 28(1): 16-121.
Crossref

Sappers G (2001). Efficacy of Washing and Sanitizing
Methods for Disinfection of Fresh Fruits and Vegetable
Products. Food Technol Biotech 39(4): 305 - 311.

UNE-EN 1275 (2007). Antisépticos y desinfectantes
quimicos. Ensayo cuantitativo de suspension para la
evaluacion de la actividad fungicida o levaduricida basica
de los antisépticos y desinfectantes quimicos. Método de
ensayo y requisitos (fase 1).

Wildbrett G (2000). Limpieza y desinfeccién en la industria
alimentaria: Editorial Acribia S.A. Zaragoza, Espana.

Wirtanen G, Salo S (2003). Disinfections in food processing
- efficacy of disinfectants. Rev Environ Sci. Biotechnol.
293 - 306.Crossref

Wirtanen G, Salo S, Helander [, Mattila Sandholm T (2001).
Microbiological methods for testing disinfectant
efficiency on Pseudomonas biofilms. Colloids Surf B
Biointerfaces 20: 37 - 50. Crossref


http://dx.doi.org/10.1111/j.1365-2672.1977.tb00665.x
http://dx.doi.org/10.1016/j.ijfoodmicro.2004.11.038
http://dx.doi.org/10.2754/avb200675040611
http://dx.doi.org/10.1016/S0160-4120(03)00147-8
http://dx.doi.org/10.4067/S0718-07642010000400016
http://dx.doi.org/10.1201/9781420008456
http://dx.doi.org/10.1016/j.postharvbio.2004.02.011
http://dx.doi.org/10.1080/0960312021000056429
http://dx.doi.org/10.1590/s0101-20612008000100017
http://dx.doi.org/10.1023/B:RESB.0000040471.15700.03
http://dx.doi.org/10.1016/S0927-7765(00)00173-9

