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Determination of influential factors during sample
preparation for staphylococcal enterotoxin detection
In dairy products
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Abstract. The experimental design method was applied to the study of influential factors on sample preparation for staphylo-
coccal enterotoxin detection in cheese products. Statistical evaluation has shown only one significant factor of foodnextract ¢
position — concentration by dialysis — The levels of other factors were chosen in order to have an easy-to-use and optimal
preparation procedure before detection.
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Introduction of staphylococcal enterotoxins at a lower threshold than the
toxicity level (100 ng/ingestion) [5].
Staphylococcal food poisoning, due to enterotoxins

produced by toxinogenic strains 8faphylococcus aureus  geyveral immunological methods for the detection and
is the second bacterial food-borne illness in France aftgfantification of enterotoxins in foods have been

Salmonella ones [1-3]. developped, such as the EIA method [6] or commercial kits

Foods involved are usually rich in proteins, like dairy ancf detection.
meat products and egg mixtures.

h icrobiological i ¢ dai d None of them is sensitive enough to detect enterotoxins
The microbiological quality of dairy products must s 5 jgwer |evel than the toxicity level, in complex matrix

respect French regulation [4] and staphylococcal enterotoX|fke gairy products, because of the incomplete enterotoxins

research is engaged in dairy products, contaminated Wi action. Therefore, this step must be optimized.
Staphylococcus aurewgith more than 10cells per gramme.

If enterotoxins are present, incriminated products are

withdrawn from the market. In this present communication, several factors of the

sample preparation and extract composition before detection
Therefore, to prevent health problems, it is important t@re studied, as well as their influence and the possibilities
dispose of a reliable and sensitive method for the detectimf sample preparation optimization.
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Material and methods Defatting of extracts by chloroform

Preliminary experiments are carried out to compare two
Material ways of sample delipidation:

1. A delipidation by chloroform,
Distilled water P y

) ) 2. A delipidation by centrifugation at 4 °C.
PBS (Phosphate Buffered Saline): sodium phosphate 10 mM i o )
(Merck), sodium chloride 0.145 mM (Merck), pH = 7.4  Statistical evaluation has shown significant differences
between the two procedures. Better results, considering SEA

PBS Tween: PBS with 0.1% Tween 20 recovery, are obtained with the second option. Chloroformic
Sodium hydroxide 5 N or 1 N (Merck) delipidation of extracts is not advisable, because of a loss of

enterotoxins.
Hydrochloric acid 5 N or 1 N (Merck)
Polyethylene glycol 20000 (Merck) Acidification of food samples at pH < 4

Dialysis tubings: Spectra/Pomolecular porous regenerated 1hiS_step removes lactic caseins in cheese samples by

cellilose membranes, MWCO 6000-8000 (Poly Labo).  Precipitation by decreasing the pH below the caseins iso-
electric point (4.6). Experiments are carried out including

Staphylococcal enterotoxin A (SEA) produced and purifiedind excluding the acidification step. Interfences are observed
at CNEVA Paris and used for artificial contamination ofduring the EIA detection of non-acidified extracts.
samples: solution containing 96 ng SEA per mL PBS witlPeroxidase, an endogeneous enzyme of raw milk cheeses,
2 mg/mL BSA (Bovine Serum Albumin) and 0.02% sodiumresponsible for artefacts and false positive results on EIA,
azide. was not involved since it was not identified in the blank

) . samples analysed. Consequently, these interferences could
Experimental sample: raw milk cheese. Cheese samples @€ imputed to lactic caseins.

artificially contaminated by 0.3 ng SEA per gramme of S o .
cheese. Therefore, the acidification step is important in sample

preparation in order to avoid false positive results.

After carring out these preliminary experiments, five
Methods factors are still under study.

* Preparations of cheese samples . .
P P Experimental designs method

12.5 g of cheese are mixed with 25 mL of extraction ) ) _ ) )
solution using Ultra Turrax. The slurry is artificially The method of fractional experimental designs is applied to
contaminated by SEA solution, adjusted to M with HCl ~ study influential factors [7].

then centrifuged. The pH of the supernatant is adjusted to Centifugation speed Centrifugation is performed to

pH T ?I'ﬁ if.cl)t'z V‘:j'th NaOH,tcetnmfu%ﬁd and f||te;edt odn glasst separate different components like precipitated caseins,
wool. The Tiitered supernatant IS eithér concentratéd or NoL. \ ey proteins and milk fat. Two levels are chosen:

Concentration of extracts is carried out by dialysis in tubing
against PEG solution at 30% (30 g of PEG in 100 mL of 3130 g and 12 500 g.
distilled water) during one night at 4 °C. 2. Centifugation tempeature: The melting point of milk fat

) ] is between 29 °C and 34 °C. Two levels of temperature,
The concentrated extract is recovered and adjusted to pelow the melting point, are chosen: 4 °C and 20 °C.

2.5 mL with PBS.

3. Centifugation time Two levels are chosen: 15 min and
30 min.

 Detection of SEA in extract
4. Extraction solution
Detection of SEA is carried out by indirect double sandwich o )
EIA [6]. Results are determined by measuring absorbance at® Distilled water at a temperatuge40 °C, to obtain an
405 — 630 nm using a microtiter plate reader. Then the  €fficient dispersion of fat.
amount of SEA in extract is calculated from a SEA standard , pgs Tween. Tween 20 allows homogeneization of

curve. samples.
The absorbance reader is a MR 5000 model (Dynatech§, Concentation or no concenétion of stahylococcal

enteptoxins in etracts ly dialysis.

Preliminary experimental results Choice of variables
Seven parameters can influence the sample preparatiorhe different factors under study are designed by their
delipidation of cheese extracts by chloroform, caseimeduced centered variableg, X,, X;, X, and X; (variables
precipitation by acidification of samples to pH 4, without dimension). The value —1 represents the low level
centrifugation speed, centrifugation temperature, centrifugaf a factor, the value +1, the high level. Therefore, all
tion time, extraction solution, dialysis of extracts. factors can be treated in the same way.
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Example three factors) and interactions of a degree greater than 3 are
Variable 1: 31309 12500 g not _S|gn|_f|cant. Effects are thus designed by the following
. . relations:
centrifugation speed
L=E+Es 2)
Reduced Centered VariableX; -1 +1. L,=E,+ Ey 3
Choice of the experimental response Ls=5* B )
. ) i Ls=E;+ Eg ()
The main purpose of the study is to evaluate the influence L. —E+E.+E ©6)
of each factor on the level of SEA (ng/mL). The other one 2o T
is to consider interactions between factors. L= Ept By (7)
The experimental response is definedYbylevel of SEA L2s= Bost Bua (8)
(ng/mL) determined by EIA. The experimental matrix is described in table 1.

Strategy

The preparation procedure involves the study of five factorsF,2 esults and statistical analysis

.e. 2 = 32 experiments. In order to reduce the theoreticathe experimental matrix and the matrix of effects obtained

number of experiments from 32 to 8, the principle Ofafter realising the fractional desigfrare reported in table .
fractional experimental designs is introduced. A fractional

design 22is therefore applied in our study. The interactions

123 and 13 are chosen to design the factors 4 and sotatistical evaluation of error
4 =123 and 5 = 13. and significance of effects

The two aliases’ independent generators are the followinghe method consists in calculating the error on the effect
ones:| = 1234 etl = 135. The aliases’ dependent generatofletermination and comparing it to the effect itself. The error

| = 245 and the aliases’ generators group (GGA) 1234 IS defined by the_ variancg and the s_ta_ndard deviat_i(m.
= 135 = 245 are obtained by multiplication. In order to obtain the standard deviatiop the fractional

) design 22 was repeated several times. The average variance
EffectsLy, Ly, L, L Ls, Ly, andL,; are given by the fol- - and the average standard deviation of experimental responses

lowing sums : are defined by the following mathematical relations :
Ly = B+ Epgyt BEgs+ Ejoss (1) ]
L: effect in the fractional designh2 . (i _Ymi)zg
E: effect in the complete desigrt- 2 2 W%
According to the interpretation hypothesis of fractional o = 9
experimental designs, interactions of degree 3 (between N

Table I. Experimental matrix and matrix of effects of the fractional desfgh 2

N° Experimen X X, X3 X4 Xs Xio Xo3 | Y Standard
Speed | Temperatufe Timé Extraction Concentratjon Amount of detdqcted  devjation
solution by dialysis SEA (ng/mL) (ng/mL
1 - - - - + + + 0.5766 0.0729
2 + - - + - - + 0.1099 0.0225
3 - + - + + - - + 0.5761 0.0882
4 " + _ _ - + 0.1010 0.0311
5 - - + + - - + 0.1142 0.0480
6 + - + + - - + 0.6636 0,0756
7 - + - - - + + 0.1019 0.0287
8 + + + + + + + + 0.6026 0.0316
- 3130¢ 4 °C 15 mi PBS Tween no
+ 12 500 g 20 °C 30 mi 10, yes
Effect L, L, Ls L, Ls Ly Las
0.0135 -0.0103 | 0.0148 -0.005 0.249 -0.Jo9 -0joo8
O 0.0195
Confidence interval [-&; + 20¢] [-0.039; +0.039]
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o =JoZ (10) Only effectLg of the variableX; does not belong to the
Y Y interval [~ 0.039; + 0.039]. Thus, it is considered to be
where i = n° of experiment, significant.
j = n° of repetition, Interpretetion of the main déect E; of the \ariable X;
Y. = average response for each experiment In the fractional experimental desigfr®2the main effect,
nei is aliased with effect&,; and E,,.
n = number of repetitions for each experiment, Ls = Est+ By + B (6)
N = number of experiments. Interaction 24

The variances? and the standard deviatian on an effect

are defined by the following mathematical relations: The main effectst, and E, of factors 2 and 4 are not

significant.
2
fo s =9 (11) According to the hypothesis of fractional experimental
N designs, if two effects are poor, the effect of their

interaction is assumed to be low. Moreover, because of a
g:=+0oe . (12)  great experience of the extraction procedure, the effect of the

_ _ . . _ _interaction 24 is considered to be non significant.
A confidence interval #2; is determined in order to define

significant effects for a 95% probability level. The standardnteraction 13
deviation oz represents the experimental uncertainty calcu-

lated by the average standard deviation of effects. Any effefccording to the hypothesis previously reported, the
between +&; and -2 is assumed to be non significant. interaction of the effect 13 can be assumed to be non sig-

nificant. But data from literature [8] give a mathematical
relation between the agglutination speed of fat and the cen-
trifugation speed: an increase of the centrifugation speed
Results show that effects, L,, L, and L, of variablesX,, produces a decrease of the centrifugation time. Experiments
X,, X; et X, respectively, are included in the interval have demonstrated that the effect of the interaction 13 was
[-0.039; +0.039]. So they are considered to be non signifRot significant in the chosen experimental field. In fact, the
cant. melting point of milk fat is between 29 °C and 34 °C and

) ) _ _ . the centrifugation temperature levels chosen were 4 °C and
According to an interpretation hypothesis of the fractionabg °c These data show that the interaction 13 is not

designs, if an effect is equal to 0, each of its terms is equé‘?gnificant in the chosen experimental field.
to 0 as well.

L, =E, + Eiz= 0 i.e. E; = 0 andEg
L,=E,+E;s=0ie.E,=0andE,; =0

Ly=E;+E;=0ie.Eg=0andE;=0 E = L.
L,=E,+ Es=0ie.E,=0 andE, = 0. 0 Third condusion

Therefore the effects of the interactions of degree 2 -35, ) )
45, 15 and 25— and the main effects of the varia¥le¥,,  Factor 5 has the only influential effect on the extract

Interpretation

0 Because of conclusions previously reported, the main
effect E; is no longer aliased with the interactions 13 and
24. 1t can be written:

X, et X, —E,, E,, E, andE,~ are not significant. composition. The positive effect of this factor means that the
. i enterotoxins concentration of the extracts, by dialysis, is a
[J First condusion necessary and essential step in sample preparation, in order

Factors 1, 2, 3 and 4 and interactions of each factor with t{@ decrease the detection level of enterotoxins in dairy
factor 5 have no influence on the composition of extracts.Products.

In the same way, effects,, andL,; are considered to be
non significant because included in the interval [-0.039¢Choice of factors’ level
+ 0.039]. The interactions 12 and 34 are aliased between
themselves, just like interactions 23 and 14 (relations 7 anglfyential factor
8). '
L, = Ep+Ey=0ieE,=0andEy,=0 Factor 5: Concentration by dialysis.

Lys= Eys+ Ejy=0i.e.Exs =0 andE;,, = 0 Non influential factors

According to the hypothesis previously reported, the interThe centrifugation speed will be equal to 12 500 g, the
actions 12, 34, 23 and 14 are not significant. temperature to 4 °C, the time equal to 15 min. These levels
are chosen so as to obtain an easy-to-use procedure, an opti-
mal separation of components during centrifugation and a
The interactions 12, 34, 23 and 14 have no influence on tlgain of time. The chosen extraction solution is distilled
composition of extracts. water at a temperatute 40 °C.

0 Second corasion
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