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Influence of culture conditions on esterase activity of five psychrotrophic
Gram negative strains selected from raw Tunisian milk
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Abstract - The contamination of milk by spoilage bacteria is undesirable, particularly when Gram negative bacteria which produce
thermo-resistant protease and lipase can grow. In this work, spoilage bacteria in refrigerated raw milk were identified, using API 20NE
System. Five dominant species were found: Pseudomonas fluorescens (20%), Aeromonas hydrophila (16%), Pseudomonas cepacia
(13%), Pseudomonas putida (6%) and Chryseomonas luteola (5%). On the basis of agar diffusion assays, five strains harbouring the
strongest lipases activities were selected. It has been found that esterase activities are higher for each one. Effects of main environ-
mental and nutritional factors on the esterase activity of those psychrotrophic strains were investigated. Biomass level, pH, lactose
concentration and permanent agitation affected positively esterase activity of each strain. However, the addition of Tween 20 influ-
enced it negatively. Finally, and in order to extract information from the data sets, principal components analysis was applied to the
data sets. The first two principal components showed a clear discrimination between Pseudomonas fluorescens and Pseudomonas

cepacia.
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INTRODUCTION

The quality of raw milk and dairy products has been con-
siderably improved by refrigeration on farms and in pro-
cessing plants. Unfortunately, the current practices for
the collection and storage of raw milk favoured the
growth of psychrotrophic bacteria, able to grow at a tem-
perature below 7 °C. Pseudomonads are the most com-
mon group in raw milk at the time of spoilage. Significant
contaminations by these microorganisms occur due to
inadequately sanitised surfaces of milking, storage and
transportation equipment (Dousset et al., 1986; Aaku et
al., 2004). Besides their rapid growth ability in refrigerat-
ed milk, psychrotrophs produce heat-stable extra-cellular
proteases, lipases and phospholipases: some enzymes
can survive pasteurisation and even UHT heat treatments
(Dousset et al., 1988, Braun et al., 1999). Pseudomonas
spp. is the primary concern with regard to lipolytic degra-
dation of milk (Shah, 1994; Rahman et al., 2005). Ester-
hydrolases, including esterase and lipase, by hydrolysing
triglycerides and esterification of certain low molecular
weight fatty acids with ethanol, produce flavour defects
associated with fat breakdown in cream, butter, cheese,
and UHT products. In fact, most of the lipases retain some
of their activities after pasteurisation and even after UHT
treatment (Deeth, 2002). Proteases are associated with
bitterness in milk, jellification of UHT sterilised milk, and

* Corresponding author. E-mail: olfajamel@yahoo.fr

reduced vyields of soft cheese. Most of the proteases are
able to degrade x°, ag; and B-caseins; they are remark-
ably heat stable (Miranda and Gripon, 1986; Mc Phee and
Griffiths, 2002).

The objective of the present study is to characterise
some of the spoilage Gram negative psychrotrophs present
in raw milk on the lipolytic activities. Another goal is to
determine the effect of medium composition (concentration
of Tween 20, concentration of lactose, bacterial biomass,
concentration of potassium phosphate) and environmental
characteristics (pH, temperature of incubation, agitation) of
the most active psychrotrophic bacteria on esterase activi-
ty, by using experimental design (matrix with seven fac-
tors) and Principal Components Analysis (PCA).

MATERIALS AND METHODS

Sampling. Forty samples of refrigerated milk were
obtained from ten collection centres situated in northern
and central Tunisia during the spring period when the lac-
tation curve was at its maximum. All collection centres
have refrigerated vans between 4 and 6 °C.

Isolation and identification of Gram negative psy-
chrotrophic bacteria. Ten millilitres of each sample were
diluted with peptone water and appropriate dilutions plated
on plate count agar. The plates were incubated at 7 °C for
10 days for psychrotrophic counts (Guireaud, 1998).
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Bacterial isolates were purified by three successive
transfers on plate count agar. Two hundred and fifty-eight
(258) strains were characterised phenotypically (i.e. Gram
stain and cell morphology). The following characteristics
were determined for all Gram negative strains (181):
mobility, catalase and cytochrome C oxydase production,
oxidation/fermentative of glucose in Hugh-Leifson medium
added of 0.1% glucose, acid and gas production from glu-
cose, and H,S production, as described by Richard (1983)
and Guiraud (1998). Only oxydase positive and glucose fer-
mentation negative strains were identified by using API
20NE galleries (Biomerieux, France).

An overnight culture in nutritive broth of each identified
strain was used for studies of enzymatic activities. Plates
were incubated at 25 °C.

Production of extra-cellular lipases. The production of
extracellular lipases was determined from diffusion agar
assay on plate count agar plates that contained 0.1%
Tween 20, 0.1% Tween 80 or 0.1% tributyrin. The plates
were incubated at 25 °C for 72 h.

Lipolytic activity was shown by precipitated zone around
and under each colony (Frank, 1997). Butter fat agar con-
taining Victoria blue was used, and the enzymatic produc-
tion was detected by a clear zone (yellow) around the
colony. The production of extra-cellular phospholipase
(lecithinase) was determined on plate count agar supple-
mented with 10% egg yolk emulsion as described by Dogan
and Boor (2003); the appearance of an opaque ring, sur-
rounding lecithinase-positive colonies, was recorded after 3
days of incubation at 25 °C. Each lipolytic activity was made
in triplicate, and related to the area average (mm?2) of the
zone displayed. The most active strains were then selected.

Lipolytic activities were measured, using API ZYM gal-
leries (BioMerieux) only for selected strains.

Application of an experimental design for optimising
esterase activity culture conditions.

Experimental design. Experimental matrix 27-4 (De Meo et
al., 1985) with seven factors, two levels (+1 and -1), and

eight experiences were used to study the effects of the
main environmental and nutritional factors on the esterase
activity of each strain previously selected.

Inoculants cultures were grown on 100 ml of nutrient
broth. Flasks were incubated for 24 h. Concentration of
Tween 20, bacterial biomass, pH, temperature of incuba-
tion, agitation, phosphate potassium and lactose concen-
trations, were varied (Table 1).

The contrast was calculated by the formula:

Li = 2X| Y|/8

where L; is the contrast, X; is the sign of matrix (+ or -) and
Y; is the average of the two responses of each experience.
L; will be compared to 2 x E (E is the effect difference type)
to estimate if the factor affected or not the response:

E=\/&Vi/8)
16

where Vi is variance obtained from two responses of each
experience.
If | L | < 2 x E— the factor hasn't influenced the response.
If | Lj| > 2 x E — the factor has influenced the response
positively or negatively.

The eight experiences were made in duplicate (A and B)
for each selected strain.

Esterase assay. Extracellular esterase activity was quanti-
fied using o-naphtyl acetate (Sigma, France) as the sub-
strate according to the method described by Dupuis and
Boyaval (1993) modified as follows: 200 pl substrate (Na
derivatives 0.66 mmol.I-1, dissolved in acetone (5% v/v) in
sodium phosphate buffer (0.05 mol I, pH 7.0) were added
to 200 ul of the enzyme solution, enzymatic reaction
occurred at 30 °C for 30 and 60 min. The reaction was
stopped by the addition of 200 pl of ‘Zym A" [TRIS-hydrox-
ymethyl-aminoethane 25% (w/v), 12.5 N hydrochloric acid
11% (v/v) and sodium lauryl sulphate (SDS) 10% (w/v)].
Then the reaction was revealed with 200 pl of *ZYM B’ (Fast
Blue BB (Sigma) 0.35% (w/v) in 2-methoxy-ethanol
(Biomerieux). Absorbance was immediately determined at

TABLE 1 - Experimental matrix, with 7 parameters, 8 experiences at 2 levels, used for measuring extra-cellular esterase activity
(AOD/min/ml) of the psychrotrophic strains isolated from refrigerated raw milk

Factors Tween 20 Biomass pH Temperature KH,PO4/K,HPO,  Lactose Agitation
(%) (UFC ml-t) (°C) (1/1) (%) (%)

Levels

- 0.1 102 4 20 0.01 0.01 without

+ 1 107 7 37 0.5 0.5 with

Experiences

1 - - - + + + -

2 + - - - - + +

3 - + - - + - +

4 + + - + - - -

5 - - + + - - +

6 + - + - + - -

7 - + + - - + -

8 + + + + + + +

Contrast (L) L1 L2 L3 L4 L5 L6 L7

-: low level, +: high level.
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TABLE 2 - Lipolytic activitiy of Pseudomonas fluorescens, Pseudomonas cepacia, Pseudomonas putida, Aeromonas hydrophila and
Chryseomonas luteola using agar diffusion method

Isolates Nm + Nm + Nm + egg Nm + butter Nm + Addition
Tween 20 Tween 80  yolk emulsion victoria blue tributyrin
P. fluorescens 48 + + + + - 4+
61 + + - + + 4+
75 + + + +++ + 7+
76 + + + - - 3+
87 ++ + + - - 4+
88 + + + + - 4+
111 ++ + + +++ - 7+
126 + + + + + 5+
128 ++ + + + - 5+
133 ++ + + + - 5+
149 +++ + + + - 6+
166 + ++ + + - 5+
170 ++ ++ + + - 6+
176 ++ + + - - 4+
184 + ++ + + + 6+
196 ++ ++ + + -
214 +++ ++ + +++ - 10+
244 + ++ + + - 5+
P. cepacia 45 ++ + + + - 5+
51 + + + - - 3+
61 + + + - - 3+
116 +++ ++ + +++ - 9+
118 ++ + + - - 3+
200 + + + - - 3+
207 ++ + + +++ - 7+
211 + + ++ - - 4+
215 ++ + + +++ - 7+
219 ++ + + +++ - 7+
P. putida 117 ++ + +++ +++ - 9+
127 ++ + + ++ - 6+
144 + + + +++ - 6+
145 + + ++ + - 5+
147 ++ + + + - 5+
205 ++ + + - - 4+
A. hydrophila 46 ++ + + +++ - 7+
63 + + + - - 3+
66 ++ ++ + + - 6+
110 ++ + + + + 6+
113 + + ++ - - 4+
134 + + ++ - - 4+
174 + + + +++ - 6+
181 ++ + + +++ - 7+
188 + + + + - 4+
202 + + + +++ - 6+
203 +++ + + +++ - 8+
239 + + + +++ + 7+
246 ++ ++ ++ +++ = 9+
C. luteola 106 + + + + + 5+
236 ++ + + + - 5+
243 + + + +++ - 6+
250 +++ ++ + +++ - 9+
251 ++ + + ++ - 6+

Nm: Nutrient medium. +: < 3 mm2, ++: < 6 mm2, +++ > 6 mm2,
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540 nm by a spectrophotometer (Jenway 6350). A unit (U)
of enzyme specific activity was expressed as the change of
0.1 unit absorbance per min for 1 ml of culture.

Principal Components Analysis (PCA) of factors. The
data obtained in matrix were used to make PCA of the
seven environmental and nutritional factors for selected
strains. It is a mathematical procedure that resolves multi-
variate data (contrasts values for each strain and each fac-
tor) into orthogonal components whose linear combination
approximates the original data. These orthogonal compo-
nents, the new variables, are called loadings, and permit to
have more information about factors affected esterasic
activities of strains.

RESULTS AND DISCUSSION

Identification of psychrotrophic Gram negative bacteria
Among the 258 strains of psychrotrophic bacteria, 83 Gram
negatives, oxydase positive, glucose fermentation negative
strains were identified using API 20NE galleries.
Predominant genera were Pseudomonas (42%) and
Aeromonas (16%) that are normally associated with raw
milk. Five species were predominantly present:
Pseudomonas fluorescens (20%), Aeromonas hydrophila
(16%), Pseudomonas cepacia (13%), Pseudomonas putida
(6%) and Chryseomonas luteola (5%).

Lipolytic activities from psychrotrophic bacteria
Agar diffusion assay

The five predominant species tested on different agar
medium are illustrated in Table 2. The strains selected were
P. fluorescens (214), P. cepacia (116), P. putida (117),
Aeromonas hydrophila (246) and C. lutelola (250) which
present the highest lipolytic activity on agar medium sup-
plemented with different source of fat.

Lipolytic activities measured using API ZYM kit

The above selected strains were tested for their lipolytic
activities using API ZYM system (Table 3). Esterase,
esterase lipase and lipase enzymes were chosen to repre-
sent lipolytic activities of the five strains selected. In fact,
lipases and esterases of all kinds are part of the serine
hydrolase family (Tombs, 1995). The mode of action of
these enzymes on triglycerides is to release fatty acids and
glycerol. The free fatty acids possess undesirable flavour
characteristics, which are imparted into the milk and milk
products (Allen, 1994).

TABLE 3 - Psychrotrophic strains isolates exhibiting lipolytic
activities measured using API ZYM kit (nanomoles of
substrate hydrolysed)

Isolate Lipolytic activity
Esterase Esterase lipase Lipase
(Cq) (Ce) (Cia)
P. fluorescens 10 40 10
P. cepacia 30 30 20
P. putida 20 30 5
A. hydrophila 20 20 5
C. luteola 20 30 5

The Gram negative strains tested in this study showed
high esterase activity ranging between 20 nmol and 40
nmol. Nonetheless, P. putida, A. hydrophila and C. luteola
had low lipase activity of 5 nmol, P. fluorescens and P.
cepacia had 10 nmol and 20 nmol, respectively. The
obtained results were in agreement with previous investi-
gation (Mankai et al., 2005) reporting that negative psy-
chrotrophic strains had esterase and esterase lipase activi-

TABLE 4 - Contrasts of experimental matrix used to optimise esterase activity of Pseudomonas fluorescens, Pseudomonas cepacia,
Pseudomonas putida, Aeromonas hydrophila and Chryseomonas luteola

Factors Levels Contrasts (Lj) calculated for the experimental matrix applicated for selected strains
P. fluorescens P. cepacia P. putida A. hydrophila C. luteola

Tween 20 (g/l) + 10

-1 -0.0349 -0.0707 -0.0265 -0.052 -0.047
Biomass (CFU/ml ) + 107

- 102 0.0396 0.0484 0.0114 0.0104 0.018
pH + 7

- 4 0.0226 -0.0426 0.0418 0.0874 0.034
Temperature (°C) + 37

- 18 0.0064 -0.0065 -0.0004 0.0594 0.019
Potassium phosphate (g/I) + 5

- 0.1 -0.0085 -0.0361 0.0419 -0.0021 0.0635
Lactose (g/I) + 5

- 0.1 0.0138 -0.0064 0.0584 0.0621 0.0635
Agitation + with

- without 0.0192 0.03467 0.0251 0.0191 0.034
2 x effect difference 0.009 0.03 0.006 0.027 0.02
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ty of 20-40 nmol hydrolysed substrate, with a quasi
absence of lipase activity. The production of esterase and
esterase lipase by the respective psychrotrophic organisms
suggested that the fat component in milk would be sub-
jected to pre-manufacture lipolysis and possibly to post-
manufacture lipolysis. Hence, even if the populations of
such producing organisms are minimised or eliminated dur-
ing processing, the enzymes may survive heat treatment
and cause lipolysis (post-manufacture lipolysis) (Aaku,
2004).

Optimisation of esterase activity culture conditions
The effect of different conditions (Tween 20 concentration,
bacterial biomass, pH, temperature of incubation, agita-
tion, phosphate potassium and lactose concentration) on
extra-cellular esterase activity of the five strains previous-
ly selected by using experimental matrix is illustrated in
Table 4.

Tween 20, added to medium broth, affected esterase
activity in each strain tested negatively. On the other hand,
these strains had a great affinity with this substrate when
they were tested with the agar diffusion method. The
apparent decrease in enzyme activity in presence of Tween
20 could be due to the absorption of the hydrophobic sub-
strate, a-naphtyl acetate, and to the fat of Tween 20 as
was reported by Griffiths (1989).

Biomass concentration increased esterase activity for
all strains tested (P. fluorescens, P. cepacia, P. putida,
A. hydrophila, and C. luteola). The results obtained by
Fairbairn and Law (1986) were close to ours. Indeed,
the above mentioned researchers pointed out that the
maximum enzymatic activity was reached for a bacteri-
al concentration of 107 CFU/ml of psychrotrophs. This
bacterial count reached about 107 CFU/ml and affected
the organoleptic quality of milk, even though this milk
had been submitted heat treatment (Dogan and Boor,
2003).

In most cases (P. fluorescens, P. putida, A. hydrophila,
and C. luteola), an important esterasic activity was
obtained at pH = 7. Griffiths (1989) found that lipases was
synthesised when reaching pH = 7. In addition, enantios-
elective esterase from Pseudomonas fluorescens KCTC
1767 showed maximum activity at pH 9-10 (Ji-Heui et al.,
2004). Hence, pH around 7 is optimal for esterase of
selected strains. In fact reaction speed decreased when H*
concentration (pH) changed in the medium, because the
tri-dimensional structure of protein is modified (Tortora et
al., 2003).

Pseudomonas can grow at 37 °C (Ternstrom et al.,
1993), more over; Al-Saleh and Zahran (1999) have found
that this temperature is optimum for the growth of
Pseudomonas fluorescens RM4. However, Buchon et al.
(2000) indicate that the optimal growth temperature of
some psychrotrophic bacteria is situated between 15-20 °C.

On the other hand, either at 18 or 37 °C incubation
temperature, esterasic activities are similar. In fact, tem-
perature was shown to be an insignificant factor in the
matrix plan. The results of the present study do not seem
to concur with those of Buchon et al. (2000) who have
reported that temperature depended significantly on the
amount of production of extra-cellular enzymes (cellulase,
pectate lyase, chitinase activities,...) by psychrotrophic bac-
teria. Moreover, it was shown that the activity of proteolyt-

ic enzymes increased with temperature (Mankai et al.,
2005). However, Glgi et al. (1991) have suggested that
17.5 oC is the optimal temperature for the extra-cellular
protease of Pseudomonas fluorescens MFO.

Laurent et al. (2000) investigated production pectate
lyases and cellulases by Chryseomonas Iuteola strain
MFCLO. They suggested that Chryseomonas luteola MFCLO
cultures were grown at different temperatures (8, 11, 14,
17, 20, 24 and 28 °C) and in different media at pH 7. They
have suggested that regulated genes of these enzymes are
also complex by temperature that depends on the compo-
sition of the medium.

Concentration of 5 g/l phosphate potassium in the
medium increased esterasic activities of A. hydrophila, C.
luteola, while that of P. cepacia decreased. Moreover, phos-
phate potassium concentration did not affect esterasic
activities of P. fluorescens and P. putida. These fluctuating
results can be due to an interaction between Tween 20 and
pH, and not to a real effect of phosphate potassium.

Lactose was assessed as supplement to the medium
exerting positive effect on esterasic activities of the most
psychrotrophic strains studied. Lactose is a carbon source
which is used by bacteria. Thus, it can be concluded that
additional carbon source in the medium stimulates esterase
production, as reported by Raja Noor Zaliha et al. (2005).
They have also reported that medium containing sorbitol as
carbon source increased protease production of
Pseudomonas aeruginosa, compared to basal medium.

Agitation has increased the esterasic activities of
Pseudomonas and Aeromonas strains. In fact, these germs
are obligate aerobes; so continuous aeration is generally
required for their optimal growth and for enzyme produc-
tion (Malik et al., 1985; Griffiths, 1989).

Evaluation of the factors by PCA

A PCA was carried out on seven environmental and nutri-
tional factors for strains previously isolated. The similarity
map defined by the first two principal components took into
account 71.7% of the total variance. The first component
(PC1) by itself condensed 47.8% and the second compo-
nent (PC2) represented 23.9% of the total information.
Loading coefficients obtained from the application of PCA to
the data are shown in Table 5.

TABLE 5 - Factor loadings of principal components of seven
environmental and nutritional factors

Factor Component

PC1 (47.8%) PC2 (23.9%)

Tween 20 concentration (L1) -0.359 -0.283
Biomass level (L2) 0.922 * 0.017
pH (L3) -0.823 * 0.436
Temperature (L4) -0.684 * 0.531
Potassium phosphate -0.599 -0.757 *
concentration (L5)

Lactose concentration (L6) -0.887 * -0.373
Agitation (L7) 0.282 -0.641 *

*: high correlation between environmental and nutritional fac-
tors and principal components (Factor loadings > at 0.7)
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FIG. 1 - A PCA-scores plot of Gram negative strains comport-
ment. Pseudomonas fluorescens (Pf), Pseudomonas
cepacia (Pc), Pseudomonas putida (Pp) and Aeromonas
hydrophila (Ah), and Chryseomonas Iuteola (Cl).
Environmental and nutritional factors: biomass level
(L2), pH (L3), temperature (L4), potassium phosphate
concentration (L5), lactose concentration (L6) and agi-
tation (L7).

PC1 has shown high negative correlation with pH (L3),
temperature (L4) and lactose concentration (L6). High pos-
itive correlation was found between PC1 and biomass level
(L2). PC2 has shown high negative correlation with potas-
sium phosphate concentration (L5) and agitation (L7). A
PCA-scores plot of strains comportment is plotted in Fig. 1
for the two first PC.

Regarding PC1, Pseudomonas fluorescens and
Pseudomonas cepacia, presented negative score values,
whereas the other strains exhibited positive values. Strains
showed differences in factors having an influence on their
esterasic activities. However, Pseudomonas putida and
Aeromonas hydrophila were similarly influenced, especially
by potassium phosphate concentration.

Changes in esterasic activity of different strains were
mostly explained by PC1. Then, activities of Pseudomonas
fluorescens and Pseudomonas cepacia were explained by
low Biomass level (L2) and by high pH (L3), temperature
(L4) and lactose concentration (L6). However, esterasic
activities of Aeromonas hydrophila were explained by high
Biomass level (L2) and by low pH (L3), temperature (L4)
and lactose concentration (L6).

The strains Pseudomonas putida, Chryseomonas luteo-
la and Aeromonas hydrophila were differentiated by potas-
sium phosphate concentration (L5) and agitation (L7). The
esterasic activities of Pseudomonas putida, Chryseomonas
luteola were explained by low potassium phosphate con-
centration and agitation, and Aeromonas hydrophila was
explained by high potassium phosphate concentration and
agitation.

These results completed those obtained in Table 3. In
fact, matrix study indicated that biomass level and agita-
tion concentration affect the esterase activity of each
strain. Thus, PCA procedure demonstrates that Aeromonas

hydrophila, Pseudomonas putida and Chryseomonas luteo-
la are mostly strains affected by these factors. On the other
hand, lactose concentration increased not only esterase
activities of Aeromonas hydrophila (Table 3) but also those
of Pseudomonas putida (Fig. 1).

From Fig. 1, we can observe 3 groups: (i) Pseudomonas
fluorescens and Pseudomonas cepacia, (ii) Pseudomonas
putida and Chryseomonas luteola, (iii) Aeromonas
hydrophila.

CONCLUSION

Pseudomonads and Aeromonas are major genera of
spoilage bacteria in refrigerated raw milk. The production
of lipolytic enzymes by predominant contaminating gram
negative microorganisms was high and will also lead to
short shelf life of the product. Esterasic activity increases at
107 CFU/ml, pH = 7, with permanent agitation and 0,5% of
lactose concentration. However, the addition of 10% Tween
20 decreased esterasic activity. PCA permits to know that
esterasic activity of some strains are more affected by
some factors than others. Lastly, dairy industries need to
put at a disadvantage factors which increased lipolytic and
esterasic activities. This precaution would ameliorate the
organoleptic quality of dairy products.
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