
THE INHIBITORY EFFECTS OF VARYING WATER ACTIVITY, PH,
AND NISIN CONTENT ON STAPHYLOCOCCUS AUREUS GROWTH
AND ENTEROTOXIN A PRODUCTION IN WHIPPING CREAM
TONG WANG1,2, LU LIN2, JIE OU1, MIN CHEN3 and WEILING YAN2,4

1College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China
2Shanghai Food Research Institute, Shanghai 200235, China
3Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China

4Corresponding author.

TEL: 186-13611877596;

Fax: 186-21-64690499;

EMAIL: yanwling@tom.com

Received for Publication October 9, 2015

Accepted for Publication February 24, 2016

doi: 10.1111/jfs.12280

ABSTRACT

To determine the appropriate method to inhibit Staphylococcus aureus growth in

whipping cream, enterotoxin A-producing S. aureus strain was inoculated into

whipping cream and stored at 36 6 18C for 36 h under varying water activity (Aw),

pH, and nisin content. Duplicate samples were analyzed every 3 h to count the

number of colonies by 3M PetrifilmTM Staph Express Count Plate, and the S.

aureus enterotoxin A (SEA) was detected using ELISA kit (TecraTM). The modified

Gompertz model was used to describe the S. aureus growth in whipping cream

under various conditions. The results indicated that with the reduced Aw of

whipping cream after adding sorbitol, S. aureus growth and SEA production was

more effectively inhibited compared with other methods. Compared with the

cream with pH 5.5 or containing 0.5 g/kg nisin, SEA production appeared later in

the cream containing 7% sorbitol. The cream containing 14% and 21% sorbitol

could markedly inhibit S. aureus growth and no SEA could be detected during

36 h. The results from this study may be beneficial for cream manufacturers to

improve the safety of their products.

PRACTICAL APPLICATIONS

The purpose of this study is to find an appropriate method to inhibit

Staphylococcus aureus growth and SE production whenever the whipping cream is

contaminated with S. aureus during whipping, piping, and storage. The result

showed that the water activity of the cream reduced by adding sorbitol had better

effect against the S. aureus growth and SE production. The application of the

result may be beneficial for manufacturers to formulate whipping cream that

limit the ability of S. aureus to produce SE, thereby reducing the risk of

staphylococcal food poisoning.

INTRODUCTION

Staphylococcus aureus is an important pathogenic bacterium

that widely exists in nature including air, water, and dust. It

can also be found on the skin, mucous membranes, and

nasopharynx in 30–50% of healthy adults. S. aureus can pro-

duce various pathogenic substances, including the S. aureus

enterotoxin (SE), which plays an important role (Belay and

Rasooly 2002; Loir et al. 2003; Yi 2004). Food poisoning

caused by SE account for 33% of the total bacterial food poi-

soning cases in the U.S.A. and even up to 45% in Canada;

such events are also very common in China (Tao 2003; Alar-

con et al. 2006.)

In general, S. aureus cannot compete effectively with nor-

mal microbial flora in most fresh food. However, the heat-

ing processing during food production eliminates the

normal flora and eases S. aureus growth and SE production.

As an important material for baking foods and dessert, the

commercial whipping cream is sterilized by Ultra-High-
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Temperature (UHT) treatment before packaging. During

dessert preparation, processes including whipping, piping,

and filling of the whipping cream require manual labor,

and the final food product is stored for a particular time

period before consumption. If the cream is contaminated

with S. aureus during processing or storage, S. aureus can

easily grow and possibly produce SE. In China, there were

several food poisoning outbreaks (Chang et al. 1997; Zhang

and Ka 1997; Chuanlin 2008) involving the cream cake con-

taminated by S. aureus and more than 100 people were

poisoned in these cases, we estimated that the reported

cases probably constitute only a small percentage of the

actual number of cases of staphylococcal foodborne disease.

The literature from ICMSF also indicated that cream cakes

were considered to be closely related with staphylococcal

food poisoning outbreaks (ICMSF).

Indeed, inhibiting S. aureus growth and SE production

within the whipping cream will be beneficial. We assumed

that this can be achieved by improving the formulation of

the cream, so that whenever the cream is contaminated

with S. aureus, the growth is effectively inhibited or at least

the SE production is delayed. Thus, the safety of the whip-

ping cream and the related food products would be signifi-

cantly improved.

There have been numerous studies focusing on S. aureus

growth and SE production in different food products (Noter-

mans and van Otterdijk 1985; Anuncia et al. 1995; Vernozy-

Rozand et al. 1996; Doan and Davidson 1999); however, there

are only few studies regarding the method to inhibit S. aureus

growth and SE production in whipping cream thus far. In this

study, S. aureus strain producing S. aureus enterotoxin A

(SEA), the most common type of SE in food products (Gus-

tafson et al. 2014), was chosen to be inoculated into the whip-

ping cream, and varying of water activity (Aw), pH, and nisin

content in the whipping cream were selected to test the inhibi-

tory effects. The results from this study may be beneficial for

manufacturers to formulate whipping cream that limit the

ability of S. aureus to produce SE, thereby reducing the risk of

staphylococcal food poisoning.

MATERIALS AND METHODS

S. aureus Strain

S. aureus strain (SA14966) was preserved in Shanghai Food

Research Institute; this strain is known to produce SEA.

Whipping Cream

A 1-L packet of UHT-treated whipping cream (Anchor, New

Zealand) was purchased at a retail store. The cream product

for the study was confirmed to be bacteriologically negative

when samples were evaluated by a standard spread plate

count assay (China National Food Safety Standards GB

4789.10-2010) and was determined to be SEA-free, based on

the results of the ELISA experiment described below.

Preparation of Inoculum

The 1 mL of thawed bacteria were transferred into 50 mL of

nutrient broth, which were then grown to the desired cell

density in a thermostatic oscillation incubator at 100 rpm at

36 6 18C for 18h–20h. Single colony of S. aureus was

obtained from plate streaking, which was incubated at 36 6

18C for 24h.

Following the method of Peter and Robert (2005), a

loopful of bacteria were picked from a single colony,

transferred into Luria–Bertani broth, and incubated in a

thermostatic oscillation incubator at 100 rpm at 368C 6

18C for 18h–20h; then, the bacteria were centrifuged at

10,000 rpm at 48C for 20 min and washed with sterile

0.1 mol/L potassium phosphate buffer (pH 7) solution two

times and diluted to the desired density.

Preparation of Whipping Cream with
Varying Aw (Aw Group)

According to the viewpoint of Sloan et al. (1976), the addi-

tion of humectants is a basic step for reducing the Aw. In this

study, sorbitol was chosen as the humectant to reduce the

Aw because of its low molecular weight, high water solubility,

and compatibility with physicochemical and organoleptic

characteristics of the whipping cream.

Four whipping cream samples were prepared in the Aw

group: three contained 7 (w/w), 14 (w/w), and 21% (w/w)

sorbitol were prepared by adding sorbitol (Shanghai Leigong

Chemical Industry Co., Ltd.) and one did not contain sorbi-

tol (blank). The Aw of all samples was measured by water

activity meter (Rotronic HygroLab2). The moisture content

and technological properties of whipping cream added with

sorbitol were also tested.

Preparation of Whipping Cream with
Varying pH (pH Group)

For the whipping cream, reducing pH altered its whipping

properties and sensory characteristics. We observed that when

the pH value was lower than 5.5, the cream tended to coagu-

late and become difficult to whip. Considering the practical

application, the lowest pH value of the whipping cream in

this study was set to 5.5. Three cream samples were prepared

in the pH group: two were adjusted to pH 6.0 and 5.5 by add-

ing citric acid solution and one was maintained at the original

pH of 6.7 (blank). The pH value was measured by DELTA 320

pH meter (METTLER TOLEDO Shanghai Co., Ltd).
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Preparation of Whipping Cream with
Varying nisin Content (nisin Group)

A peptide produced by Streptococcus lactis called nisin can

inhibit most Gram-positive bacteria and is considered as a safe

and natural food preservative. According to the China National

Food Safety Standards for use of food additives (2011), the

maximum level of nisin in dairy products is 0.5 g/kg (w/w).

Three cream samples were prepared in the nisin group: two

contained 0.2 g/kg (w/w) and 0.5 g/kg (w/w) nisin prepared by

adding nisin powder (Zhejiang Silver-Elephant Bio-engineering

Co., Ltd.) and one did not contain nisin (blank).

The Inoculating and Plate Counting
of S. aureus

All the cream samples were inoculated with diluted S. aureus

cell suspension, resulting in an initial density of 4–5 log

colony-forming units (CFU)/mL. The inoculated samples

were stored at 36 6 18C for 36 h. Duplicate samples were

analyzed every 3 h to count the number of colonies by 3 M

PetrifilmTM Staph Express Count Plate. The temperature

36 6 18C was chosen in this study because this is the opti-

mum temperature for S. aureus growth, by which the opti-

mal inhibitory method could be found out effectively.

Modeling the Growth of S. aureus

The primary model is used to describe the relationship

between the microbial biomass changes with time under the

condition of specific environment or culture medium (Zwie-

tering et al. 1990; Garcia et al. 2009). The modified Gom-

pertz model was used in this study, and the results were used

to estimate the inhibitory effects. The function-modified

Gompertz model is

N tð Þ5N01A3expf2exp½l3e=Aðk2tÞ�11g

N(t) represents the population of the growth of microorgan-

isms at a particular time (logCFU/mL), N0 represents the

model fitting for the initial microbial population (logCFU/

mL), A represents the difference of maximal population and

the initial population (logCFU/mL), m represents maximal

rate [(logCFU/mL)/h], and k represents lag phase (h)

(Gibson et al. 1987).

Detection of S. aureus Enterotoxin

Samples were analyzed for the presence of SEA using a com-

mercial ELISA kit (TecraTM). To detect the presence of SEA

in the cream, 1 mL of sample was mixed with 50 mL of addi-

tive sample solution and ELISA (TecraTM) was conducted as

per the manufacturer’s instructions; the wavelength of the

plate reader was set to 405 nm using single wavelength

reader blanked with 200 mL of water. Sample wells with an

absorbance of �0.2 were considered positive.

RESULTS

The original Aw of whipping cream was 0.979. With 7, 14,

and 21% content of sorbitol in whipping cream, the Aw

decreased to 0.969, 0.950, and 0.947, respectively. With the

increasing of the sorbitol content in whipping cream,

the whipping time was slightly extended and the firmness of

the foam became little softer, but the sense properties of the

cream after whipping were totally acceptable with various

sorbitol content (Table 1).

The initial density of S. aureus in the Aw group was 5.1

logCFU/mL. With very short lag phase (k), S. aureus in the

blank sample grew fast and rapidly reached the logarithmic

phase; the population of S. aureus in the stationary phase

(A 1Y0) was above 8.1 logCFU/mL. S. aureus in the cream

containing 7% sorbitol grew slower and required a 6-h k to

reach the logarithmic phase, Compared with the blank sam-

ple, the lmax and the population in stationary phase

(A 1Y0) of the sample containing 7% sorbitol decreased by

0.1 (logCFU/mL)/h and 1 logCFU/mL, respectively (Fig.

1a,b and Table 2).

S. aureus growth in the cream containing 14% sorbitol

was very slow, and the population of S. aureus only increased

by 0.6 logCFU/mL during 36 h. Meanwhile, S. aureus growth

in the cream containing 21% sorbitol was inhibited com-

pletely, whereas the population of S. aureus decreased during

36 h. The growth of S. aureus in the above two samples could

not be fitted using the modified Gompertz model (Fig. 1c,d

and Table 2).

According to the ELISA results, S. aureus produced detect-

able SEA in the blank sample after a 9-h storage at 36 6 18C,

and the SEA was also detected in the cream sample contain-

ing 7% sorbitol after 21 h, a 12-h delay. The population of

S. aureus in the above two samples was 7.0 logCFU/mL,

TABLE 1. THE AW AND TECHNOLOGICAL PROPERTIES OF WHIPPING CREAM ADDED WITH SORBITOL

Sorbitol content (w/w) Aw Moisture content Overrun Whipping time (s)

0 0.979 58–60% 3.7–4.0 180–200

7% 0.969 55–57% 3.7–4.0 180–210

14% 0.950 52–53% 3.5–3.7 200–240

21% 0.947 49–50% 3.2–3.5 240–300
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FIG. 1. S. AUREUS GROWTH AND SEA PRODUCTION IN AW GROUP WITH NO SORBITOL (A), 7% SORBITOL (B), 14% SORBITOL (C), AND 21%

SORBITOL (D) STORED AT 36 6 18C

An absorbance (‘ with shadow) of �0.2 was considered positive and enterotoxin produced; an absorbance (‘) of �0.2 was considered

negative and no enterotoxin produced; the curved line with squares (�) shows measured viable cell counts, the curved line without squares in (a)

and (b) shows the curve modeled using the modified Gompertz model, and the curved line without squares in (c) and (d) shows the growth

trend.

TABLE 2. THE RESULTS OF THE MODELING BY MODIFIED GOMPERTZ MODEL AND TIME WHEN THE SEA COULD BE DETECTED UNDER THE

VARYING CONDITIONS

Method Level

lmax [(log

CFU/mL)/h] Y0 (log CFU/mL) k (h) A (log CFU/mL) R2

The time SEA could

be detected (h)

Aw (sorbitol content) 0% (blank) 0.254 4.799 0.569 3.304 0.962 9

7% (w/w) 0.110 5.162 6.089 2.084 0.968 21

14% (w/w) —nc —nc —nc —nc —nc nd

21% (w/w) —nc —nc —nc —nc —nc nd

pH 6.7 (blank) 0.301 4.449 0.017 3.914 0.967 12

6.0 0.268 4.499 0.560 3.178 0.992 15

5.5 0.254 4.822 6.374 2.755 0.983 18

nisin content 0 (blank) 0.301 4.645 0.016 3.686 0.961 12

0.2% 0.229 4.574 0.590 3.323 0.957 15

0.5% 0.202 4.495 0.235 3.554 0.976 18

nc, The experiment data could not fitted by Gompertz model.

nd, The enterotoxin A was not detected during 36 h.
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where the SEA could be detected. However, no SEA was

detected in both cream samples containing 14% and 21%

sorbitol during 36 h (Fig. 1).

The initial density of S. aureus in the pH group was 4.6

logCFU/mL. With very short k, S. aureus in the blank sam-

ple of pH 6.7 grew fast and rapidly reached the logarithmic

phase; the population of S. aureus in the stationary phase

(A 1Y0) was above 8.3 logCFU/mL. S. aureus in the cream

sample with pH 6.0 also grew fast as in the case of blank

sample with short k; However, the population of S. aureus in

the stationary phase (A 1Y0) decreased to 7.5 logCFU/mL.

S. aureus in the cream sample with pH 5.5 required 6-h k to

reach the logarithmic phase, whereas the population of S.

aureus in the stationary phase (A 1Y0) also decreased to 7.5

logCFU/mL. In this group, the SEA from the samples with

pH 6.7, 6.0, and 5.5 was detected after 12, 15, and18 h,

respectively, where the population of S. aureus reached 7.0–

7.5 logCFU/mL (Fig. 2e–g and Table 2).

The initial density S. aureus in the nisin group was 4.6

logCFU/mL. S. aureus growth in the blank sample was com-

pletely similar to that of the blank sample in the pH group.

Compared with the blank sample, the k of the samples con-

taining 0.2 and 0.5 g/kg nisin was slightly longer, whereas the

lmax and the population of S. aureus in the stationary phase

(A 1Y0) were almost identical. The SEA from the samples

containing 0, 0.2, and 0.5 g/kg Nisin was detected after 12,

15, and 18 h, respectively, where the population of S. aureus

reached 7.0–7.5 logCFU/mL (Fig. 3h–j and Table 2).

DISCUSSION AND CONCLUSION

In this study, the SEA could be detected in the blank samples

after 9h–12h under 36 6 18C. The varying Aw, pH, and nisin

content of the whipping cream could inhibit the growth of S.

aureus and delay the production of SEA in various degrees.

The results from Aw group showed that reduced Aw of

whipping cream after adding sorbitol can effectively inhibit

the growth of S. aureus and delay SEA production. Com-

pared with blank sample, the lag phase of the sample con-

taining 7% sorbitol was 6 h longer and SEA was detected

was after a 12-h delay. S. aureus in the sample containing

14% sorbitol grew slowly and there was no SEA detected

during 36 h. S. aureus growth was completely inhibited in

the sample containing 21% sorbitol.

The Aw of cream was reduced to 0.969, 0.950, and 0.947

with varying content of sorbitol in this study, however, we

observed that the lowest Aw in this study is still high than

0.85–0.94, which is considered the minimum Aw required

for S. aureus to produce SEA (Xu et al. 2013; Troller 1986).

An early review (Smith et al. 1983) showed that the humec-

tant employed influenced the minimal Aw requirement of S.

aureus. For example, Troller (1971) reported that minimum

Aw for SEB production was 0.98–0.99 when glycerol was

used to adjust Aw, however, when NaCl was used, the mini-

mum Aw was 0.90–0.92. Using glycerol to adjust shrimp

slurry to various water activity levels, Troller and Stinson

(1975) also found that growth of an SEA-producing strain of

FIG. 2. S. AUREUS GROWTH AND SEA PRODUCTION IN PH GROUP

WITH PH 6.7 (E), 6.0 (F), AND 5.5 (G) STORED AT 36 6 18C

An absorbance (‘ with shadow) of �0.2 was considered positive and

enterotoxin produced; an absorbance (‘) of �0.2 was considered

negative and no enterotoxin produced. The curved line with squares

(�) shows measured viable cell counts and the curved line without

squares shows the curve modeled by modified Gompertz model.
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S. aureus occurred at an Aw of 0.93, but not 0.89. These early

studies indicated that the alcohols and polyols could effec-

tively elevate the minimal Aw for S. aureus growth and SE

production. Considering the sorbitol is a kind of alcohols

like glycerol, it is logical that the S. aureus growth and SEA

production could be inhibited effectively at relative high Aw

by adding sorbitol into the cream.

The lowest pH used in this study was 5.5, and the results

indicate that the reduction of pH can inhibit S. aureus

growth in the whipping cream and delayed SEA production.

However, the inhibitory effect is not significant, possibly

because the lowest pH in this study is still higher than the

pH 4.5, which is considered the lowest pH value for inhibi-

ting S. aureus growth and SE production (Genigeorgis et al.

1971; Jarvis et al. 1973; Metzger et al. 1973; Troller and Stin-

son 1975; Carpenter and Silverman 1976; Smith et al. 1983;

Belay and Rasooly 2002).

In China, the maximum level of nisin in dairy products is

0.5 g/kg. In the nisin group, the parameters (lmax, k, and

A 1Y0) fitted from the modified Gompertz model showed

that the S. aureus growth in various nisin-containing samples

was almost identical to that in the blank sample. The result

of ELISA for detecting SEA showed that the time of SEA

detection was only delayed from 12h to 15h–18h. These

results indicated that even under the maximum concentra-

tion of nisin, S. aureus growth in the whipping cream cannot

be completely inhibited. Relevant studies (Su and Wong

1998; Huang and Zhang 2010; de Jesus Pimentel-Filho et al.

2013) show that nisin exhibits strong inhibitory effect

against S. aureus in skimmed milk but has weak effect in

whole milk. This may be because the fat in the milk inter-

feres with the inhibitory effects of nisin. For whipping

cream, higher fat content may have resulted in stronger

interference to nisin.

The minimum sorbitol level in the Aw group was 7%;

however, compared with the cream with pH 5.5 or contain-

ing 0.5 g/kg nisin (both were the maximum levels in their

respective groups), SEA production appeared later in the

cream containing 7% sorbitol. Thus, we can conclude that

the Aw of whipping cream reduced after adding sorbitol has

better inhibitory effect on S. aureus growth than other

methods, and the results also indicated that the inhibitory

effect would be more strong with higher sorbitol content.

Considering the cost and effects, 7%–14% sorbitol content

is probably the most appropriate concentration for whip-

ping cream formulation.
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FIG. 3. S. AUREUS GROWTH AND SEA PRODUCTION IN NISIN

GROUP WITH NO NISIN (H), 0.2 G/KG NISIN (I) AND 0.5 G/KG NISIN

(J) CONTENT STORED AT 36 6 18C

An absorbance (‘ with shadow) of �0.2 was considered positive and

enterotoxin produced; an absorbance (‘) of �0.2 was considered

negative and no enterotoxin produced. The curved line with squares

(�) shows measured viable cell counts and the curved line without

squares shows the curve modeled by modified Gompertz model.

INHIBITION OF STAPHYLOCOCCUS AUREUS GROWTH AND ENTEROTOXIN A IN WHIPPING CREAM T. WANG ET AL.

6 of 7 Journal of Food Safety 2017; 37: e12280; VC 2016 Wiley Periodicals, Inc.



REFERENCE

ALARCON, B., VICEDO, B., and AZNAR, R. 2006. PCR based

procedures for detection and quantification of Staphylococcus

aureus and their application in food. J. Appl. Microbiol.

100(2), 352–364.

ANUNCIA, L.L.C., LINARDI, W.R., DO CARMO, L.S. and

BERGDOLL, M.S. 1995. Production of staphylococcal entero-

toxin A in cream-filled cake. Food Microbiol. 26, 263–295.

BELAY, N. and RASOOLY, A. 2002. Staphylococcus aureus growth

and enterotoxin A production in an anaerobic environment. J.

Food Protect. 65, 199–204.

CARPENTER, D.F. and SILVERMAN, G.J. 1976. Synthesis of

staphylococcal enterotoxin A and nuclease under controlled fer-

mentor conditions. Appl. Environ. Microbiol. 31, 243–248.

CHANG, J., WU, L., and JIN, X. 1997. Eleven food poisoning out-

breaks caused birthday cream cake. Chinese J. BaoTou Med.

College. 1, 17.

CHUANLIN, L. 2008. A food poisoning outbreak caused by

Staphylococcus aureus and poisoning. Chinese Anhui Journal of

Preventive Medicine. No. 1, 53. Gen. Mol. Res. 2, 63–76.

DE JESUS PIMENTEL-FILHO, N., CUQUETTO MANTOVANI,

H., DIEZ-GONZALEZ, F. and DANTAS VANETTI, M.C. 2013.

Inhibition of Listeria and Staphylococcus aureus by Bovicin

HC5 and Nisin combination in milk. J. Agr. Sci. 5(8), 188–196.

DOAN, C.H. and DAVIDSON, P.M. 1999.Growth and production

of Enterotoxin A by Staphylococcus aureus on “home-style”

French Fries. J. Food Sci. 64(5), 913–917.

GARCIA, D., RAMOS, A.J., SANCHIS, V. and MARIN, S. 2009.

Predicting mycotoxins in foods: A review. Food Microbiol. 26,

757–769.

GB2760-2011. 2011. The ministry of health of the People’s Repub-

lic China, Beijing, 2009.

GENIGEORGIS, C., FODA, M.S., MANTIS, A. and SADLER,

W.W. 1971. Effect of sodium chloride and pH on enterotoxin C

production. Appl. Microbiol. 21, 862–866.

GIBSON, A.M., BRATCHELL, N.,ROBERTS, T.A. 1987. The effect

of sodium chloride and temperature on rate and extent of

growth of Closetridium botulinum type a in pasteurized pork

slurry. J. Appl. Bacteriol. 62(6), 479–490.

GUSTAFSON, J.E., MUTHAIYAN, A., DUPRE, J.M., RICKE, S.C.

2015. Staphylococcus aureus and understanding the factors

that impact enterotoxin production in foods: A review. Food

Control. http://dx.doi.org/10.1016/j.foodcont.2014.10.016.

HUANG, J.-M. and ZHANG, J.-M. 2010. Biosynthesis of bacterio-

cins and its mechanism of action. Inst. Microbiol. CAS. 37(10),

151921524.

ICMSF. Micro Testing in Food Safety Management. 150.157.

JARVIS, A.W., LAWRENCE, R.C., and PRITCHARD, G.G. 1973.

Production of staphylococcal enterotoxins A, B and C under

conditions of controlled pH and aeration. Infect Immun. 7,

847–854.

LOIR, L., BARON, Y., GAUTIER, M. 2003. Staphylococcus aureus

and food poisoning. Gen. Mol. Res. 2, 63–76.

METZGER, J.F., JOHNSON, A.D., COLLINS,W.S., 2nd and

MCGANN, V. 1973. Staphylococcus aureus enterotoxin B

release (excretion) under controlled conditions of fermentation.

Appl. Microbiol. 25, 770–773.

NOTERMANS, S. and VAN OTTERDIJK, R.L.M. 1985. Produc-

tion of enterotoxin A by Staphylococcus aureus in food. Inter-

national Journal of Food Microbiology. 2(3),145–149.

PETER, A.C. and ROBERT, B.B. 2005. Growth of Staphylococcus

aureus and enterotoxin production in blanched mushroom

held in salt cbrines and the possible role of chitin. Fifth Interna-

tional Conference on Mushroom Biology and Mushroom

products. Shanghai, China, 2005. Acta Edulis Fungl, 12

(Supplement).

SLOAN, A.E., WALETZKO, P.T., and LABUZA, T.P. 1976. Predic-

tion of water activity lowering ability of food humectants at

high Aw. J. Food Sci. 41, 532–535.

SMITH, J.L., BUCHANAN, R.L., PALUMBO, S.A. 1983. Effect of

food environment on staphylococcal enterotoxin synthesis: A

review. J. Food Protect. 46(6), 545–555.

SU, Y.C. and WONG, A.C. 1998. Production of staphylococcal

enterotoxin H under controlled pH and aeration. Int. J. Food

Microbiol. 39, 87–91.

TAO, G. 2003. Research advance on staphylococcus aureus entero-

toxin and its detection methods in Food. Fujian Anal. Test.

12(2), 1775–1778.

TROLLER, J.A. 1971. Effect of water activity on enterotoxin B

production and growth of Staphylococcus aureus. Appl. Micro-

biol. 21, 435–439.

TROLLER, J.A. 1986. Water relations of foodborne bacterial

pathogens-an updated review. J. Food Protect. 49, 656–670.

TROLLER, J.A. and STINSON, J.V. 1975. Influence of water activ-

ity on growth and enterotoxin formation by Staphylococcus

aureus in foods. J. Food Sci. 40, 802–804.

VERNOZY-ROZAND, C., MAZUYA, C., PREVOSTB, G., and

LAPEYREC, C. 1996. Enterotoxin production by coagulase-

negative staphylococci isolated from goats’ milk and cheese.

Food Microbiol. 30, 271–280.

XU, Z.-B., LIU, X.-C., LI, L. and LI, B. 2013. Development of

Staphylococcus aureus Enterotoxin in food-borne bacteria.

Modern Food Sci. Technol. 9, 2317–2324.

YI, L. 2004. Advancement in researches of Staphylococcus aureus

and its enterotoxin. Chinese J Health Lab Techol. 14(4),

392–394.

ZHANG, B. and KA, Y. 1997. The report of a food poisoning out-

break caused by cream cake. Chinese J. Occupat. Health. 1,

21–22.

ZWIETERING, M.H., JONGENBURGER, I., ROMBOUTS, F.M.

and VANTRIET, K. 1990. Modeling of the bacterial growth

curve. Appl. Environ. Microbiol. 56(6), 1875–1881.

T. WANG ET AL. INHIBITION OF STAPHYLOCOCCUS AUREUS GROWTH AND ENTEROTOXIN A IN WHIPPING CREAM

Journal of Food Safety 2017; 37: e12280; VC 2016 Wiley Periodicals, Inc. 7 of 7

http://dx.doi.org/10.1016/j.foodcont.2014.10.016

	l

