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Summary
Postharvest diseases are a major concern for plant products, leading to considerable
postharvest losses. Colletotrichum musae is responsible for anthracnose and is also involved
in crown rot, the two main postharvest diseases of banana. The use of antimicrobial agents
such as the lactoperoxidase system (LPS) represents an interesting alternative to the use of
conventional fungicides for the control of postharvest diseases of banana. Conidial germination and fungal growth of three different strains of Colletotrichum musae originating from
Cameroon (C 52 and C 62) and Guadeloupe (C 46.12) were monitored in the presence of
LPS or Eau Activée® (an industrial derivative of LPS). In vivo studies were also conducted
on bananas preinoculated with strain C 46.12 and then subjected to a soaking treatment in
LPS and Eau Activée® solutions. However, this postharvest treatment did not show any
significant effect of the LPS or Eau Activée®. The in vitro studies showed a difference in
the behaviour of Colletotrichum musae strains subjected to LPS and Eau Activée® treatments. A highly visible inhibitory effect of LPS was observed on fungal growth of strains
C 52 and C 62. Furthermore, LPS gave better results than its industrial derivative, Eau
Activée®.
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Introduction
Disease control in banana is an essential component
of fruit quality after harvest (1). This quality is affected
by postharvest diseases, of which the most important are
anthracnose caused by Colletotrichum musae (Berk. & M.A.
Curtis) Arx, and crown rot, which can be caused by C.
musae but also by a wide fungal complex (2). Anthrac-

nose appears as lesions on the fruit due to the development of the fungus. The initially brown lesions blacken
and become covered with salmon-coloured acervuli (3).
Crown rot affects the tissues joining the fruit pedicels
with each other. When infection is severe, the rot may
reach the pedicel and ultimately the banana pulp (4).
Postharvest diseases of banana are mostly controlled in
many areas such as Windward Islands, Guadeloupe and
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Cameroon by postharvest fungicides such as bitertanol,
thiabendazole, imazalil and benomyl (1,5,6). However,
Colletotrichum musae and the fungal complex involved in
crown rot have aquired some resistance to these fungicides, necessitating doses to be increased (7–9). One current challenge is thus to find adequate treatments for
preserving the fruits in good condition while avoiding
environmental, ecological, and human health problems
associated with fungicide use. Indeed, the increases in
treatment doses can result in fungicide residues on the
marketed products (10) and thus harm consumer health.
The substitution of chemical treatments with natural treatments of vegetables or products of animal origin is less
dangerous to human health and less damaging to the
environment.
Many studies show that compounds derived from
certain plants and/or animals have an antimicrobial activity. The lactoperoxidase system (LPS) found in milk is
one such complex that has a potential in the treatment
of bacteria (11). This system is composed of three elements which are: lactoperoxidase enzyme, thiocyanate ion
and hydrogen peroxide. It is the reaction between thiocyanate and hydrogen peroxide, catalysed by lactoperoxidase that produces the most antimicrobial element of
–
the system, namely the hypothiocyanite ion (OSCN ) (12).
Inhibitory effects of this system have been shown against
a number of bacteria, fungi and viruses (11,13–15).
The purpose of this work is to study the effect of
LPS on various strains of Colletotrichum musae isolated
on infected bananas (identified and stocked in CIRAD
collection, Montpellier, France) responsible for postharvest diseases of the fruit. The industrial pilot product Catallix® 30 reproduces the reaction of LPS and produces a
continuous supply of Eau Activée® (16) able to control
the microbial flora on foodstuffs such as eggs, sausages
and cured meat, cheese, fish and poultry. It can be integrated into the production lines of these foodstuffs and
it enables the 'activation' of water treatment, thereby conferring disinfectant properties.

Materials and Methods
Lactoperoxidase system
Lactoperoxidase system (400 IU/mg) was donated
by Bio Serae Laboratories (Bram, France). Sodium percarbonate (Na2CO3·1.5 H2O2), used as a peroxide generator, and sodium thiocyanate (NaSCN) were purchased
from Sigma-Aldrich (Lyon, France).

Eau Activée® solution
–

Reagents (Activix, SCN , H2O2, coagulant) for the production of Eau Activée® were donated by TMI Europe
(Lyon, France). Essentially, Catallix® system draws on
an enzymatic reaction to create a natural antibacterial
agent. Catallix® biogenerator immobilizes and recycles a
natural enzyme in order to continuously produce Eau
Activée®, which is able to control the contamination of
food products by microorganisms.
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Microorganisms and inoculum preparation
Three different Colletotrichum musae strains obtained
from monospore cultures were used: C 52, C 62 and C
46.12. The C 52 and C 62 strains originate from Cameroon from a noncommercial banana plot and the C 46.12
strain from Guadeloupe from an intensive commercial
banana farm. These two sources were chosen due to their
different cropping systems and scale of cultivation, which
could potentially lead to different contamination levels
in the field, and therefore to various treatment effectiveness. The strains were identified by CIRAD. All the culture media were purchased from DIFCO (Illkirch, France).
Spore suspensions were chosen as inoculum. Fungal
cultures of Colletotrichum musae strains (C 52, C 62 and C
46.12) aged 7 to 10 days on potato dextrose agar were
flooded with 10 mL of saline water (9 g/L NaCl), containing 0.05 % Tween 80 to prevent conidia clumping (17).
The conidial suspension was filtered through Watmann
filter paper no. 1, and adjusted to a final concentration
of 104 conidia per mL using a Malassez cell.

Comparison of the antimicrobial activity of the LPS,
Eau Activée®, thiabendazole and chlorinated water
on conidial germination
A volume of 1 mL of 106 conidia per mL of suspension of Colletotrichum musae (C 52, C 62 and C 46.12)
was diluted in 10 mL of treatment solution: LPS (Bio Serae
Laboratories), Eau Activée® (TMI Europe), thiabendazole
(TBZ; MSD AGVET, Paris, France) or chlorinated water.
The treatment lasted 15 min for LPS (lactoperoxidase enzyme 25 mg/L, sodium thiocyanate 100 mg/L, sodium
percarbonate 50 mg/L) (18), 20 min for Eau Activée® (700
–
µM of OSCN ion) (16), 1 min for TBZ (2 mL/L) (1) and
5 min for chlorinated water (80 ppm; as per French legislation for the use of chlorinated water on foodstuffs). A
control was prepared using distilled water. To enhance
the effects of LPS and Eau Activée®, the pH of these
solutions was adjusted to 5.5 using a 0.1 M solution of
lactic acid (18). The same treatment of acidification was
applied to distilled water in order to control any pH-related action.
After treatment, 100 mL of a solution from each tube
were incubated on PDA in Petri dishes (three dishes per
treatment; DIFCO) using a sterile spreader. The dishes
were evaluated using an optical microscope (Laborlux,
Paris, France) after 4 h of incubation in an oven at 30 °C
and the count was expressed as a percentage of germinated conidia. Each treatment was repeated three times
and the experiment was repeated five times.

Evaluation of the antimicrobial activity of LPS, Eau
Activée®, TBZ and chlorinated water on fungal
growth of C. musae strains in liquid cultures
The culture medium used for these studies was potato dextrose agar (PDA). The pH was adjusted to 5.5
with phosphate buffer (0.2 M NaH2O4·H2O/Na2HPO4·
2H2O). A volume of 0.75 mL (3 %) of suspension of Colletotrichum musae (C 52, C 62, C 46.12) was used to inoculate the main culture (25 mL).
The control cultures (25 mL) contained the same substances without the LPS (lactoperoxidase 25 mg/L, so-
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dium thiocyanate 100 mg/L and sodium percarbonate 50
mg/L). The LPS system was replaced by TBZ (2 mL/L)
and chlorinated water (80 ppm) for the other two treatments.
Immediately after inoculation and the addition of
LPS reagents to the test culture, the flasks were placed
on a rotary shaker at 180 rpm and 30 °C. Samples were
collected after 0, 6 and 24 h. Fungal growth was determined by the gain in biomass of the main culture. Volumes of 5 mL of the main cultures were filtered on membranes (pore Æ=0.45 mm). These membranes were then
dried at 105 °C for 24 h and weighed on a balance to
four decimal places until a constant mass was reached
(18). Each treatment consisted of three replications and
the treatment was replicated five times.

Evaluation of crown rot control using LPS, Eau
Activée® and Baycor, under artificial inoculation of
bananas with Colletotrichum musae strain C 46.12
Inoculation of banana crowns
A total of 24 clusters, each consisting of four Cavendish dessert bananas from Guadeloupe with a ripeness
index of 1 (all green), were used. The crowns of the banana clusters were trimmed by thinly slicing off the outermost tissues, and then surface sterilised with 50 % ethanol.
After the ethanol had evaporated, the crowns were inoculated with 50 mL of the conidial suspension (104/mL).
The droplet was covered with sterile Watmann filter paper
no. 1 to prevent it from running off. The fruits were then
left at ambient temperature for 3 h.
Soaking treatments

Statistical analysis
Analysis of variance (ANOVA) tests were conducted
using the software package SPSS v. 12.0. If the analysis
of variance was found to be significant, post hoc tests were
used to identify significantly different treatments. The
method used to establish whether there was equality of
variance was the least significant difference (LSD), with
a set error risk of 5 %.

Results and Discussion
Antimicrobial effect of LPS on various Colletotrichum
musae strains
The data obtained are presented as the percentage
of conidia germinated after each treatment for each strain
of Colletotrichum musae (Fig. 1). For strain C 52, a significant inhibitory effect was observed in all the treatments
(LPS, Eau Activée®, TBZ or chlorinated water) in comparison with the control; TBZ and chlorinated water had
the greatest effect. There was 32, 28, 0 and 0 % of germination when Eau Activée®, LPS, TBZ and chlorinated
water were used, respectively, compared to 44.3 % with
distilled water (Fig. 1).
w(germinated conidia)/%
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A total of 24 clusters were soaked as follows: 6
clusters in water for 1 min; 6 clusters in Eau Activée®
(700 µM of OSCN– ion) for 20 min; 6 clusters in LPS
(lactoperoxidase enzyme 25 mg/L, sodium thiocyanate
100 mg/L, sodium percarbonate 50 mg/L) for 20 min;
and 6 clusters in Baycor 300 EC (300 g/L of bitertanol)
for 1 min. LPS and Eau Activée® were used at the same
concentrations as in the other experiments; besides we
also used Baycor, one of the most used industrial fungicides, for dipping bananas. The clusters subjected to the
same treatment were packed in a perforated polyethylene bag and stored at 13 °C for 10 days, to simulate shipping. After 10 days, ripening of bananas was artificially
induced by an ethylene treatment (1000 ppm) for 24 h at
20 °C in an airtight chamber. The fruits were then aerated and returned to 20 °C for 3 days, corresponding to
an artificial ripening stage identical to that carried out in
commercial ripening rooms.
The progression of internal lesions was then observed. The internal progression of rot was determined
by cutting the cluster crown longitudinally in two and
measuring the surface of rot spread into the crown, from
the original inoculation point. This internal necrotic surface was calculated by assuming a rectangular shape:
A=(L·b)/mm²

/1/

where L is length and b is width (19). The experiment
was repeated three times.

Fig. 1. Percentage of germination of conidia of three strains of
Colletotrichum musae (C 52, C 62 and C 46.12) after 4 h of incubation at 30 °C following the treatment with distilled water,
Eau Activée®, LPS, TBZ or chlorinated water. For each treatment, mean values followed by the same letter and number do
not differ significantly at p<0.05

For strains C 62 and C 46.12, a significant inhibitory
effect was found with TBZ and chlorinated water in comparison with the control. For strain C 62, there was 14
and 0 % germination with TBZ and chlorinated water
treatments, respectively, and for strain C 46.12, 1 and 0
% germination with the same treatments (Fig. 1). For these
two strains, the LPS and Eau Activée® treatments had
no significant effect on conidial germination (62, 61 and
55 % germination respectively for the control, Eau Activée® and LPS for strain C 62; and 53, 48 and 48 % respectively for the control, Eau Activée® and LPS for strain
C 46.12). The effectiveness of TBZ, Eau Activée® and LPS
differed among the Colletotrichum musae strains. However,
conidial germination does not systematically lead to the
expression of disease symptoms. Therefore, the subsequent growth of Colletotrichum musae conidia biomass
was measured.

Determination of biomass
The biomass at 0, 6 and 24 h was measured for Colletotrichum musae strains C 52, C 62 and C 46.12 grown
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on PDA medium, with different treatments (LPS, Eau Activée®, TBZ and chlorinated water). The results obtained
for biomass measurements after 24 h of growth are shown
in Fig. 2.
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Fig. 3. Average necrotic area of banana crowns inoculated with
Colletotrichum musae strain C 46.12 and treated with water (1
min), Eau Activée® (20 min), LPS (20 min) and Baycor (1 min).
For each treatment, mean values followed by the same letter
and number do not differ significantly at p<0.05

Treatments

Fig. 2. Biomass of three Colletotrichum musae strains treated
with distilled water, Eau Activée®, LPS, TBZ and chlorinated
water after 24 h of growth on PDA (pH=5.5) at 30 °C. For each
treatment, mean values followed by the same letter and number do not differ significantly at p<0.05

level 5 on the dessert banana ripeness colour scale. Those
treated with LPS and Baycor, on the other hand, had level
4 colouration, which demonstrates an inhibitory effect of
LPS on the peel colour change.

A difference in the behaviour of Colletotrichum musae
strains under different treatments was observed. There
was a clear inhibitory effect of LPS, TBZ and chlorinated
water on strain C 52 after 24 h of growth, but no significant effect of the Eau Activée® treatment. It is also noteworthy that a slow growth of strain C 52 was observed
in the control treatment as compared to the other two
strains. With Eau Activée® treatment, the growth remained nearly constant (around 1.50 g/L) regardless of
the strain. The ineffectiveness of this treatment may be
due to the rapid exhaustion of the active ingredient,
namely the hypothiocyanate ion in the culture medium.
An equivalent inhibitory effect was observed with
LPS, TBZ and chlorinated water treatments on strains C
52 and C 62. The LPS also had an inhibitory effect on
the growth of strain C 46.12, but this effect was less important than that of TBZ and chlorinated water treatments.
Le Nguyen et al. (18) showed that at pH=5.5, LPS
had a significant inhibitory effect on the growth of two
mango pathogens, Colletotrichum gloeosporioides and Botryodiplodia theobromae. They showed that the inhibitory
–
effect was due to OSCN ions produced by the lactoperoxidase system and not due to the hydrogen peroxide
present in the system. Popper and Knorr (20) also showed
the effect of LPS on other fungi: Rhodutorula rubra, Mucor rouxii, Aspergillus niger, Byssochlamys fulva and Saccharomyces cerevisiae. Even if the antifungal factor in the two
experiments (LPS and Eau Activée®) is hypothiocyanate
ion and the enzyme is attached to a support, antifungal
efficiency is lower.

Conclusion

Artificial inoculation of banana crowns
After 13 days of treatment, observations were made
on the banana clusters. A significant difference was observed between the Baycor treatment and all the other
treatments (Fig. 3). For the LPS treatment, the necrotic
areas found were smaller than in the control and bananas treated with Eau Activée®, but this difference was
not significant. In addition, a difference in cluster colouration was observed with each different treatment applied. Bananas treated with Eau Activée® and the control
bananas had the same colouration, corresponding to

Our experiment was carried out to examine the in
vitro effect of Eau Activée® and LPS on conidial germination and fungal growth of three different Colletotrichum
musae strains (C 52, C 62 and C 46.12). The artificial
inoculation on banana crowns was performed with the
strain C 46.12. Regarding the results, different behaviour
of the strains was observed in different treatments, and
Eau Activée® and LPS did not give the same inhibition
of the strains even though they were similar treatments
that produce the same active ion. The only difference is
in the fact that with Eau Activée® the enzyme is not in
contact with the fruit. LPS exhibited similar effectiveness to TBZ and chlorinated water for strains C 62 and
C 52.
It would be interesting to know better the mechanism of action of Eau Activée® in order to understand
why the same results were not obtained as with the LPS.
Moreover, in order to improve and increase the efficiency of LPS, coupling with other substances with antifungal potential can be considered.

Acknowledgements
The authors wish to thank the company TMI Europe
(Vaulx-en-Velin, France) for the loan of material for production of Eau Activée® and M. Lebrun for dedicated
technical help.

References
1. J. Joas, S. Malisart, Effect of the application techniques on
the effectiveness of the fungicides used in the banana postharvest, Fruits, 56 (2001) 383–394.
2. W.R. Slabaugh, M.D. Grove, Postharvest diseases of bananas and their control, Plant Dis. 66 (1982) 746–750.
3. D.S. Meredith, Studies on Gloeosporium musarum Cke. Massee
causing storage rots of Jamaican bananas. I. Anthracnose
and its chemical control, Ann. Appl. Biol. 48 (1960) 279–290.
4. I.F. Muirhead, D.R. Jones: Postharvest Diseases. In: Diseases of Bananas, Abacá and Enset, D.R. Jones (Ed.), CABI
Publishing, Wallingford, UK (2000) pp. 190–211.
5. L.E. Rippon, M. Glennie-Holmes, Postharvest dipping of
bananas, Agric. Gaz. NSW, 84 (1973) 229–231.

248

W. SAGOUA et al.: Effect of Lactoperoxidase System on C. musae, Food Technol. Biotechnol. 49 (2) 244–248 (2011)

6. U. Krauss, A. Johanson, Recent advances in the control of
crown rot of banana in the Windward Islands, Crop Prot.
19 (2000) 151–159.
7. B. Hostachy, I. Vegh, P. Leroux, E. Jacquemot, S. Foucher,
R. Pigou, Incidence of fungic problems on the quality of
bananas in Martinique (French West Indies), Phytoma, 420
(1990) 37–43.
8. A. Johanson, B. Blazquez, Fungi associated with banana
crown rot on field packed fruit from the Windward Islands
and assessment of their sensitivity to the fungicides thiabendazole, prochloraz, and imazalil, Crop Prot. 11 (1992)
79–83.
9. L. de Lapeyre de Bellaire, Distribution of thiabendazole-resistant Colletotrichum musae isolates from Guadeloupe
banana plantation, Plant Dis. 81 (1997) 1378–1383.
10. A. Veneziano, G. Vacca, S. Arana, F. De Simone, L. Rastrelli, Determination of carbendazim, thiabendazole and
thiophanate-methyl in banana (Musa acuminata) samples
imported to Italy, Food Chem. 87 (2004) 383–386.
11. A.S. Naidu: Lactoperoxidase. In: Natural Food Antimicrobial
Systems, A.S. Naidu (Ed.), CRC Press, Boca Raton, FL,
USA (2000) pp. 103–132.
12. J.M. Benoy, A.K. Essy, B. Sreekumar, M. Haridas, Thiocyanate mediated antifungal and antibacterial property of goat
milk lactoperoxidase, Life Sci. 66 (2000) 2433–2439.
13. V.M.E. Marshall, B. Reiter, Comparison of the antibacterial
activity of the hypothiocyanite anion towards Streptococcus

14.

15.

16.

17.

18.

19.

20.

lactis and Escherichia coli, J. Gen. Microbiol. 120 (1980) 513–
516.
L.M. Wolfson, S.S. Sumner, Antibacterial activity of the lactoperoxidase system: A review, J. Food Prot. 56 (1993) 887–
892.
J.N. de Wit, A.C.M. van Hooydonk, Structure, functions and
applications of lactoperoxidase in natural antimicrobial systems, Neth. Milk Dairy J. 50 (1996) 227–244.
J. Julan, Study of lactoperoxidase system for the preservation of Guadeloupe bananas, MSc Thesis, ENSIA-SIARC,
Montpellier, France (2004).
F.L. Palhano, T.T.B. Vilches, R.B. Santos, M.T.D. Orlando,
J.A. Ventura, P.M.B. Fernandes, Inactivation of Colletotrichum
gloeosporioides spores by high hydrostatic pressure combined with citral or lemongrass essential oil, Int. J. Food
Microbiol. 95 (2004) 61–66.
D.D. Le Nguyen, M.N. Ducamp, M. Dornier, D. Montet, G.
Loiseau, Effect of lactoperoxidase system against three
major causal agents of disease on mangoes, J. Food Protect.
68 (2005) 1497–1500.
L. de Lapeyre de Bellaire, M. Chillet, Y. Chiling-Charles,
Determination of banana fruit susceptibility to post-harvest diseases: Wound anthracnose, quiescent anthracnose and
crown rot, Fruit, 63 (2008) 183–186.
L. Popper, D. Knorr, Inactivation of yeast and filamentous
fungi by the lactoperoxidase–hydrogen peroxide-thiocyanate-system, Nahrung, 41 (1997) 29–33.

