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SUMMARY

Winery hygiene is a key factor to wine quality. In this work the effectiveness of four sanitising commercial products over stainless steel tanks
was evaluated at a pilot scale. To carry out the experiment a young, untreated red wine, with a very high microbial contamination was distributed
by stainless steel tanks where it stood for 70 to 80 days. After that contact time, the tanks were cleaned with an alkaline detergent and sanitised
with the four products under study in three concentrations (in triplicate). The monitoring of the process was performed by ATP bioluminescence
and traditional plate counts for yeasts, lactic acid bacteria and acetic acid bacteria. Weak correlation was found between the results obtained by
the two methodologies. Higher concentrations than the lower recommended for the two oxidising products (peroxyacetic acid and permanganate
based) were necessary in order to achieve satisfactory cleanliness. Inferior concentration than the lower recommended was necessary for the
products indicated to clean in one step, but it should be noted that in the present work a previous cleaning procedure was conducted.

RESUMO

A higienizagao da adega é um procedimento chave para a qualidade do vinho. Neste trabalho foi avaliada a eficacia de quatro produtos comer-
ciais na higienizagdo de depdsitos de aco inoxidavel, em condicdes de adega. Para a realizagdo do ensaio foi utilizado um vinho tinto jovem
ndo-tratado, com uma carga microbiana elevada, o qual foi distribuido pelos depdsitos e neles permaneceu durante 70 a 80 dias. Ap6s esse
tempo de contato, os depdsitos foram limpos com um detergente alcalino e higienizados com os quatro produtos em estudo em trés concentra-
¢Bes (em triplicado). A monitorizagdo do processo foi realizada por anélise de bioluminescéncia-ATP e por métodos tradicionais de contagem
por cultura em placa especificos para leveduras, bactérias lacticas e bactérias acéticas. Foi detectada uma fraca correlagdo entre os resultados
obtidos pelas duas metodologias. Para a obten¢do de uma limpeza satisfatoria com os dois produtos oxidantes (a base de 4cido peroxiacético e
de permanganato) foi necessaria uma concentracdo superior a minima recomendada pelo fabricante. Com os dois produtos recomendados para
a higienizacdo num s6 passo (limpeza e desinfecgdo) a concentragdo necessaria foi inferior & minima recomendada pelo fabricante, mas deve
ser salientado que o procedimento realizado incluiu uma limpeza prévia com detergente alcalino.
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INTRODUCTION colouring matter, proteins, organic acids, sugars and
microorganisms (Fugelsang and Edwards, 2007).
These complex biofouling deposits often form more
rapidly and are more tightly bound than biofilm alone
(Storgards, 2000). Chemical cleaners have been found
to be more effective in eliminating attached bacteria
from surfaces than disinfectants. Chelating agents
such as EDTA (ethylene diamine sodium tetracetate)
included in detergent formulations improve the ca-
pacity to break biofilms (Storgards, 2000). Various
antimicrobial products as well as sanitation formula-
tions are commercially available. The mechanisms of
action reflect this diversity, although depending on
the microorganism (cell morphology, physiological
status) and the events involved, include membrane
disruption, macromolecule dysfunction and metabolic
inhibition (Denyer and Stuart, 1998). The conse-
quences of the products usage, like the production

Hygiene is a primordial request in the winemaking
industry and its main goal is to remove contamina-
tion sources, to control crossed contaminations thus
avoiding the dissemination of agents harmful to
human health or wine quality. Hygienisation usually
consists of two operations, cleaning and sanitation.
Cleaning involves the removal of soil and mineral
and organic material, which may contain microor-
ganisms or promote microbial growth, from surfaces
and equipments by the use of chemical agents and
mechanical action. Sanitation refers to the reduction
of viable cell populations to acceptably low numbers.
Despite cleaning can remove 90% or more of the mi-
croorganisms, sanitation is essential to destroy them
and avoid their deposition at other locations (Simdes
2005; Fugelsang and Edwards, 2007).

Winery residues can be mineral, mainly potassium of off-flavours, material corrosion, low rinsablility,
bitartrate, and organic (originating from grape must, and ecological risk should also be taken into account
wine and microbial contamination) that may comprise (Orth, 1998; Storgards, 2000). For example, chlorine
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based sanitizers have proved to be very effective
against wine yeasts but as they are corrosive towards
stainless steel and may conduct to the production of
off-flavours its use is controversial (Fugelsang and
Edwards, 2007; Tristezza et al. 2010).

The effectiveness of sanitation procedures must
be evaluated afterwards. In order to implement an
integrated cleaning monitoring strategy, visual, non-
microbiological and microbiological methods should
be combined. An evaluation over time should also
be applied and would help recognizing problematic
areas. This strategy should ensure that if a surface is
unsatisfactory cleaned, the problem can be identified
and corrective actions can be carried out (Ogden
1993; Moore and Griffith, 2002a).

The most commonly used methods are swab-
bing followed by traditional plate counts and ATP
bioluminescence using commercial kits. But other
methods like agar contact or agar flooding methods,
direct epifluorescence microscopy (DEM), protein
detection and impedimetry can be used depending
on the facilities and the aimed objectives (Storgards,
2000; Moore and Griffith, 2002a; Moore and Griffith,
2002b; Fuster i Vals, 2006).

Swabbing techniques have the advantage to be ver-
satile, followed either by traditional plate counts or
ATP bioluminescence, as they can be used in irregular
surfaces or confined spaces. Nevertheless, Moore
and Griffith (2007) have observed that the swab
type as well as the wetting solution can influence the
number of bacteria recovered, which is usually low.
At a laboratory scale, using a single microorganism,
high correlation between ATP bioluminescence and
plate counts results, has been found, but, when that
comparison is performed at an industrial scale, with
the presence of soil and biofilms the correlation
found between results has been low (Ogden 1993;
Davidson et al., 1999; Storgards, 2000; Moore and
Griffith, 2002a; Moore and Griffith, 2002b; Chen and
Godwin, 2006; Fuster i Vals, 2006).

The major advantage of ATP bioluminescence test
to assess microbial contamination on surfaces is the
easiness to perform and quickness of results obtained
enabling immediate measures. However, it also
detects soil and not just microorganisms (Storgards
2000; Chen and Godwin, 2006; Fuster i Vals, 2006).
Another disadvantage of this methodology is that this
measurement may be affected by cleaners or sani-
tizers, and quenching or enhancement effects have
been observed, therefore residues of these products
may lead to false-negative or false-positive results,
respectively (Velazquez and Feirtag, 1997).

Plate counts have the disadvantage to use selective
culture medium/conditions of growth and the number
of injured cells, viable but not culturable is unknown
(Storgards, 2000). Whenever possible it would be ad-
visable to use different methodologies as they reveal
different aspects of surface cleanliness.
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The aim of the present work was to evaluate the ef-
ficiency of four commercial products from Diversey
on the sanitation of wine stainless steel tanks at a pilot
scale. For each product three in-use concentrations
were assayed and cleanliness was evaluated by ATP
bioluminescence, and traditional plate counts.

MATERIAL AND METHODS

Wine

A red wine (1500 L) was vinified in 2008 harvest at
INIA-Dois Portos winery and left in a stainless-steel
tank at open air in order to increase microbial con-
tamination. After 80 days the wine revealed a very
high level of microorganisms namely yeasts (includ-
ing Dekkera/Brettanomyces yeasts), lactic acid and
acetic acid bacteria (> 3000 colony forming units or
cfu/mL). This wine was equally distributed (40 L) by
36 stainless steel tanks properly cleaned and sanitised
(bioluminescence levels below 12 RLU), where stood
for 70 days.

Products

The products composition and in-use assayed con-
centration are presented in the Table I.

Tanks cleaning and sanitising

The tanks mentioned above were emptied, cleaned
and disinfected following JohnsonDiversey Portugal
instructions.

The cleaning procedure consisted of a rinse with
water, followed by cleaning with Spraygrap Liquid
V10 (Diversey; sodium hydroxide, 30 %) in a 2%
(v/v) in-use concentration and a volume of 20 mL/
dm?of tank surface. Application was performed with
a5 L sprayer during 5 minutes at winery temperature
(approx. 18 °C).

Tanks were then thoroughly rinsed with water and
sanitised with the four products in test. Sanitation
consisted of application of 20 mL/dm? of each prod-
uct with a 5 L sprayer, at the in-use concentrations
indicated at Table 1, in triplicate tanks, during 20 min
at winery temperature as represented in Figure 1. A
rinse with water finished the process.

Evaluation of the process

The efficacy of the process was evaluated by ATP-
bioluminescence by collecting samples after sanita-
tion at the wall and bottom of all the tanks. Plate
counts of yeast, lactic acid and acetic acid bacteria
were also used to evaluate the process and sampling
took place after detergent cleaning on two randomly
chosen tanks, and after sanitation, on at least one of
the triplicate tanks.

Additional controls, related with tanks cleaning,
were performed for tanks 1 to 18 consisting of: ATP
bioluminescence evaluation of all triplicate tanks



TABLE |
Composition and in-use concentration of the tested products (Diversey).
Composicéo e concentragéo utilizada dos produtos testados (Diversey).

Composition

Concentration of the compound

In-use assayed

Product in the working solution concentration
(%) (%, viv)
Pc_roxy‘acctlc acid (peracetic 15-30
acid)
(Divnagi Eorte Acetic acid 15-30 0.05: 0.10; 0.50
VT6)
Hydrogen peroxide 15-30
B s Sodium hydrogensulphate =30
(Renograp San i AR
VVs)' 0.50: 1.00; 1.50
Potassium permanganate <5
N-(3-aminopropyl)-N- -5
dodecylpropane-1,3-diamine :
(Olrncgrap Ethylene diamine sodium 5.15 0.25: 0.50: 1.00
VVa) tetracetate
Sodium hydroxide 15-30
Octenylsuccinic acid <5
5 e Nitric acid 15-30
(Divosan OSA- 5
< ) 50
VS37) _ . 0.30: 0.50; 1.00
Glycolic acid <5
Caprylic acid <5

tPowder product, assayed concentration is expressed in wi/v.

Red wine
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Fig. 1 - Schematic representation of the winery assay.

Esquema do ensaio realizado em adega.

wall after detergent cleaning; plate counts of one of
the triplicate replica tanks before and after detergent
cleaning.

ATP bioluminescence assay

The Ultrasnap ATP Swab (Hygiena, USA), which
contained a bud pre-moistened with a detergent, was
used for surface sampling. An area with 100 cm? was
thoroughly swabbed by zigzagging and rotating the
swab. Upon activation, the light emitted in the lucifer-
ase mediated reaction was measured and displayed in
relative light units (RLU) by a portable SystemSURE
Il luminometer (Hygiena, USA), according to the
manufacturer’s instructions.
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Plate counts assay

For plate counts assay, samples were collected with
a cotton swab (Copan Italia, Italy) by swabbing in
the way described for bioluminescence: an area of
the walls and bottom of the tanks totalizing 100 cm?.
The swab was vigorously agitated by vortexing in
5 mL of diluent solution (8,5 g/L sodium chloride,
1,0 g/L de tryptone, sterilized by autoclaving), 1 mL
of which was used for plate counts of the following
wine associated groups of microorganisms: yeasts,
lactic acid bacteria and acetic acid bacteria, using
membrane filtration method. The procedures recom-
mended by the “Recueil des Méthodes Internationales
d’Analyse — Analyse Microbiologique des Vins et de



Mo(ts” (OlV, 2008) were followed. The presence of
Dekkera/Brettanomyces yeasts was also evaluated by
membrane filtration of 1 mL of the above mentioned
sample, followed by incubation on DBDM (Dekkera/
Brettanomyces differencial medium) culture medium
(Stab Vida, Lda., Portugal).

RESULTS AND DISCUSSION
Renograp San

Renograp San is a product based on potassium per-
manganate which is a strong oxidant, although is not
considered to be biocide. Because of its recommend-
able application in the treatment of wooden barrels,
which lacks of suitable products, its efficacy was also
tested. The results of the evaluation of the cleanliness
of the wine tanks surface after Renograp San usage
are presented in Figure 2. Bioluminescence values
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Fig. 2 - Bioluminescence and plate count results obtained for
each tank after hygienization with Renograp San at the indicated
in-use concentrations.

Resultados de bioluminescéncia e contagens em placa obtidos apés
higieniza¢do com Renograp San, em diferentes concentragdes.

obtained were generally higher in the walls than in the
bottom of the tanks. This difference might be resultant
from the strong development of microorganisms that
occurred at the surface of the wine and to their adhe-
sion to the tanks wall, which was visible even after
wine removal (Figure 3).

Even though the highest value of bioluminescence
corresponded to the highest detection of microorgan-
isms (355 cfu/100 cm? of bacteria, mainly lactic acid
bacteria) the number of results obtained with both
methodologies is too small to establish a correlation
among them. Though there are no reference values
for the wine industry in what concerns the surface

Fig. 3 - Wine tank appearance: (a) with contaminated wine; (b)
after wine removal.

Aspecto de um depésito: (a) com o vinho contaminado; (b) apds
a remogao do vinho.
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cleanliness limit of acceptability, the high bacteria
counts (higher than 100 cfu/100 cm?) observed with
the lower concentration of product led us to consider
the surface cleanliness as unsatisfactory. Moore and
Griffith (2002a), based on previous works, have
adopted the value of 250 cfu/100 cm? as a limit for
microbial contamination of sanitized food surfaces.
Different values have been implemented by other
authors for satisfactory-unsatisfactory cleanliness
such as 1-10, 300-500 cfu/100 cm?, and values in the
middle were pointed out as acceptable (Ogden, 1993;
Fuster i Valls, 2006). Regarding bioluminescence,
the limit values adopted are also dependent upon the
apparatus system, and for example for the Biotrace
system, Moore and Griffith (2002a) established 500
RLU as cleanliness limit, and Fuster i Valls (2006)
recognized 850 RLU and 1700 RLU/100 cm? as the
lower limit and the upper limit of surface cleanliness
acceptability, respectively. In our experimental con-
ditions, according to System Sure Il manufacturer,
readings less than 10 RLU/100 cm? indicate that the
surface is considered satisfactory cleaned, readings
between 11-29 RLU/100 cm? indicate an acceptable
cleanliness and over 30 RLU/100 cm? indicate that
the surface is unsatisfactory cleaned. Analysing the
bioluminescence values obtained after Renograp San
usage, the surfaces cleanliness can be considered sat-
isfactory as only one value was higher than 10 RLU.
For the two higher in-use concentrations of Renograp
San assayed in the present work no considerable
counts of microorganisms were found (lower than 100
cfu/100 cm?), however the Dekkera/Brettanomyces
test gave positive detection for tank 34 (1.50 %).
Further analysis should be carried out as Barata and
co-authors (2008) have observed that other yeast spe-
cies can grow on DBDM culture medium and possess
some of the Dekkera/Brettanomyces characteristics,
unlike the indication given by the culture medium
manufacturer. It must be noticed that suspension
tests to evaluate fungicidal activity of Renograp San
over one strain of Dekkera bruxellensis demonstrate
efficacy at 1.00 % in-use concentration (Lonvaud
and Gervais, 2003). The results obtained showed that
in our experimental conditions Renograp San was
efficient at 1.00 % and higher in-use concentration,
which is two folds more concentrated than the lower
concentration recommended by the manufacturer.

Divosan Forte

The results of the evaluation of sanitation performed
with the oxidizing disinfectant Divosan Forte are
presented in Figure 4. For all tested product concen-
trations the bioluminescence values obtained were
very low and, moreover higher values were also found
for the tanks wall than for the tanks bottom. In this
case, there is high correlation among bioluminescence
values and yeast counts (r=0.91). In what concerns
bacteria high counts were found at the tanks sanitized
with the lower concentration of product, with 180 and
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Fig. 4 - Bioluminescence and plate count results obtained for
each tank after hygienization with Divosan Forte at the indicated
in-use concentrations.

Resultados de bioluminescéncia e contagens em placa obtidos apos
higienizagdo com Divosan Forte, em diferentes concentragoes.

250 cfu/100 cm? (exclusively lactic acid bacteria)
detected for two of the three replicates. These values
are above 100 cfu/100 cm? and as was observed for
the lowest concentration of Renograp San the cleanli-
ness was not considered acceptable.

For Divosan Forte at the two higher tested concen-
trations, zero or low levels of microorganisms were
detected, with only one tank (26) presenting 45 and
40 cfu/ 100 cm? for bacteria and yeasts, respectively.
Itis noteworthy that in a laboratorial assay performed
by Tristezza et al. (2010) a similar oxidising disin-
fectant, but with three times lower peroxyacetic acid
concentration, was effective against suspensions
(planktonic state) of wine yeasts and bacteria at in-use
concentrations of 0.16 %. However, against the same
microorganisms in biofilms higher in-use concentra-
tions were needed and could attain 1.25 % for most of
the six yeasts tested. In our experimental conditions
we can conclude that Divosan Forte applied in-use
concentrations of 0.10 % (v/v) or higher enables a
satisfactory level of cleanliness, which is three times
higher than the lower concentration recommended by
the manufacturer.

Omegrap

Omegrap presents detergent and biocide activity
due to its composition: sodium hydroxide, EDTA
and an alkylamine. The result of the evaluation of
the efficacy of Omegrap at the three tested concen-
trations is presented in the Figure 5. Variations of
bioluminescence values can be noticed, the tanks
wall tend to present higher values than the bottom.
Nevertheless all bioluminescence values were low,
bellow 15 RLU and the majority was even bellow
10 RLU, which corresponds to satisfactory surface
cleanliness. Plate counts confirm bioluminescence
results as low bacteria (mainly lactic acid bacteria)
or yeast cfu were detected. It is worth mentioning
that this product was also tested in laboratory by
Tristezza et al. (2010) and the minimum inhibitory
concentrations or minimum lethal concentrations
was 0.16-0.31 % for wine yeasts and an equal value
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Fig. 5 - Bioluminescence and plate count results obtained for
each tank after hygienization with Omegrap at the indicated in-
use concentrations.

Resultados de bioluminescéncia e contagens em placa obtidos
apo6s higienizagdo com Omegrap, em diferentes concentragoes.

of 0.02 % for wine bacteria, respectively, displaying
thus a more pronounced effect over bacteria. However
in our experimental conditions a higher number of
bacteria cfu was detected for the higher in-use product
concentrations. The mentioned authors observed that
this product was also effective in removing different
yeasts biofilms but the concentrations needed were
thirty times higher (5.00 %). It is important to remind
that in our experimental conditions this product was
used after detergent cleaning and as it was observed
by Gronholm et al. (1999) there was a lower efficacy
of the alkyl amine based disinfectant when tested
on soiled than on previously cleaned surfaces. The
values obtained in the present work, both for biolu-
minescence and plate counts, showed that Omegrap
was efficacious at all three concentrations, which
corresponds to one third of the lower recommended
concentration by the manufacturer.

Divosan OSA-N

Divosan OSA-N is an acidic detergent and disinfec-
tant for CIP (cleaning in place), recommended for the
food and beverage industries for cleaning in one step.
It is composed of nitric acid, which is a strong acid
presenting cleaning properties, and also weak acids
with biocide properties power such as octenylsuccinic
acid and caprylic acid (Lopes and Stanton, 1987). The
results obtained with Divosan OSA-N are presented
in Figure 6. In fact the majority of bioluminescence
values were under 10 RLU, indicating satisfactory
cleanliness of the surface with all product concen-
trations. Low plate counts were also found for all
assayed concentrations, never exceeding 10 cfu/100
cm?. It is noteworthy that Dekkera/Brettanomyces
test was positive for tank 15, however, as mentioned
above further tests should have been done in order
to confirm the presence of such dangerous spoiler
yeasts. Laboratory suspension tests to evaluate fun-
gicidal activity of Divosan OSA-N over one strain
of Dekkera bruxellensis revealed efficacy for the
lowest in-use concentration tested, 0.50 % (Duarte,
2009). In view of the results obtained for both bio-
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Fig. 4 - Bioluminescence and plate count results obtained for
each tank after hygienization with Divosan OSA-N at the indicated
in-use concentrations.

Resultados de bioluminescéncia e contagens em placa obtidos apos
higienizagdo com Divosan OSA-N, em diferentes concentragdes.

luminescence and plate counts, we can conclude that
Divosan OSA-N was effective in all concentrations
tested in the present conditions of assay, correspond-
ing to concentrations similar to those recommended
by the manufacturer.

Detergent cleaning procedure evaluation

The detergent cleaning procedure was initially
planned to be evaluated for two tanks randomly cho-
sen, as all the nine tanks per product were subjected
to similar procedures. Surfaces were sampled before
disinfection and plate counts of the groups of tested
microorganisms were performed. No microorganisms
were detected for any of the surfaces sampled (tanks
28, 31, 19 and 26). This was a rather puzzling result
as microorganisms were detected after disinfection.
In this way we decided to perform a more accurate
control of the tanks surface before cleaning and
disinfection.

The results obtained for tanks 1 to 18 before and after
cleaning with detergent Spraygrap are separately pre-
sented in Figures 7 and 8, corresponding to different
days of experiment (products Omegrap and Divosan
OSA-N). Despite the analogous treatment applied to
every tank presented at Figures 7 and 8, differences
between bioluminescence as well as plate count val-
ues among tanks, were observed, and were more acute
before cleaning with the detergent. Several aspects
might contribute to that variation. One could be re-
lated to the high heterogeneity associated with surface
contamination or sanitation level. In fact, Fuster i
Valls (2006), using direct epifluorescence microscopy
(DEM), verified that different microscopic fields of
stainless steel discs, with an area as small as 3 cm?,
were quite different in terms of sanitation. For each
disc, fields without microorganisms and soil, fields
with soil and fields with both soil and microorganisms
were observed. Another source of variation may be
the presence of biofilms, as microorganisms within
a biofilm are not uniformly distributed. In a biofilm
attached cells divide forming microcolonies and
produce extracellular polymeric substances forming
amatrix that stabilises the colonies (Storgards, 2000).
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On the other hand, sampling techniques can also
contribute to that variation due to the fact that it is
extremely difficult to remove attached cells quan-
titatively (Storgards, 2000). Swabbing techniques,
have been extensively studied, namely with biolu-
minescence, using commercial kits, and traditional
hygiene swabbing (followed by plate counts) using
different types of swabs and removing solutions and
generally results showed low recovery rates of in-
oculated bacteria and low reproducibility (Davidson
et al., 1999; Moore and Griffith, 2002b; Moore and
Griffith, 2007).

Observing Figures 7 and 8 high counts of micro-
organisms were detected before cleaning, mainly
lactic and acetic acid bacteria. After cleaning low
numbers of microorganisms were detected as well as
low values of bioluminescence (wall surface). Only
three tanks presented values of bioluminescence
higher than 29 RLU (can be considered dirty), 12
tanks between 11 and 29 RLU and 3 tanks presented
values lower than 11 RLU/100 cm?. These results
show that after detergent cleaning the surface seems
to present a satisfactory cleanliness either in terms
of plate counts or bioluminescence. Tristezza et al.
(2010) have verified that an alkaline powder detergent
based on sodium hydroxide (>30 %) presented mini-
mum inhibitory concentrations (MIC) varying from
0.04 to 0.63 % (in-use concentration) and minimum



lethal concentrations (MLC) varying from 0.04 to
0.31 % (in-use concentration) over wine strains of
six different yeasts species, one lactic acid and one
acetic acid bacteria. This product was also effective
in removing biofilms of different wine related yeast
species and Acetobacter aceti with concentrations
differing from 1.25 % to 5.0 %. In our experimental
conditions of assay, 2 % in-use concentration of
Spraygrap, there may be some microorganisms still
attached to the surface but that could not be removed
with the traditional swabbing and therefore low or no
microorganisms were detected by plate culture. This
hypothesis is also supported by the work of Simdes
(2005) who has observed that a Pseudomonas fluo-
rescens biofilm was more efficiently removed with
a sodium hydroxide solution three times higher than
we have assayed, however total biofilm eradication
was not achieved. Additionally, at lower concentra-
tions the sanitizers Renograp San and Divosan Forte
might have weakened the biofilm (easier removal by
traditional swabbing) but a high number of bacteria
were still viable and cultivable. To notice that bio-
luminescence, which swab was impregnated with
a detergent solution, though with low levels after
detergent cleaning was higher than after sanitation.

Taking into account all bioluminescence values
and respective plate counts obtained, low correla-
tion was found among them (yeast r=0.64; bacteria
r=0.35). Various works have been conducted in order
to estimate relations concerning these two types of
analysis and the results have been quite variable, from
good correlations to weak correlations (Ogden 1993;
Storgards, 2000; Moore and Griffith, 2002a; Moore
and Griffith, 2002b; Chen and Godwin, 2006; Fuster
i Vals, 2006). Nevertheless, at the present work we
have evaluated groups of microorganisms more often
related with wine spoilage that are recommended by
OI1V (2008) to be controlled, and it might be possible
that other microorganisms were present and contrib-
uted for higher bioluminescence values.

CONCLUSIONS

High heterogeneity was observed for surface contam-
ination and/or cleanliness, evaluated either by ATP-
bioluminescence or by plate counts. Low correlation
was also found among results obtained from both
methodologies. With these experimental conditions,
higher concentration of Renograp San (permanganate
based) and Divosan Forte (peroxyacetic acid based)
than the lower recommended by the manufacturer was
necessary in order to obtain satisfactory cleanliness.
On the contrary, for Omegrap (alkylamine based)
and Divosan OSA-N (octenil-succinic acid based)
concentrations bellow the lower recommended by
the manufacturer were needed to achieve satisfactory
cleanliness. However it is important to notice that
these products are formulations with detergent and
disinfection activity, to be used in one-step, and in
the present experiment a previous cleaning step with
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an alkaline detergent was performed.

This assay enabled to verify that the cleaning fol-
lowed by sanitising with adequate sanitizers con-
centration was effective for the cleanliness of highly
contaminated winery tanks.
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