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Abstract

Bacilis cenews is a great safety concern for dalry industry as it |5 assoclated with incidences of food poisoning
by producing enterotodns. In the present study, growth temperature profile and enterctoedn production
potential of 144 strains of Baaiis cerews isolated from milk and dairy products were investigated. Out of them,
107 (74.3%) were able to grow at <7 °C, Presence of such a karge number of psychrotolerant/psychrotrophic
<trains in dary environment is of major concern mainly because of their potential for growth, spoilage and
teman production in chilled products. Out of 144 isolates, 134 (33%) exhibited fhaemolysis. While 98% of the
molates from milk and §3% from cheese were positive for diarrhoeal enterotoxin, all the isolates from milk
powder, ice cream, paneer and butter wera positive, The prevalence of potent producers of enterotondn among
damry isolabes poses a hegh health risk,
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Introduction al, 2010). With an increasing demand of milk

. . and dairy products, the need of extended
Endospore-forming  Dacleria ane Imporan refrigerated  storage of raw milk before
ontaminants  in dairy  industry af'l:l' processing and the application of higher
significantly affect. the quality of milk and dairy pasteurization temperatures for proionged
products. Particulary, members of Bacils (oo ife  requirements leads to  serious
cerews sens fato (5.4) are significant, as they  opo e e polerance,  adaptation  ar
are assodated with foodborne outbreaks by resistance of spores or vegetative cells to
al, 2001) as well as respensible for' decrease were previously presumed to stop growth, or
in the organoleptic quality of milk and dairy to treatments such as ultrahigh heat
products by causing spoilage, ke sweet treatment (UHT) that were *expected to
curdiing and bitterness of milk (Chen et &/, inactivate  all lning materals (Heyndricks,

2003). _ - 2011). Thus, it has become important to
Bacilus cereus may enter into the dairy characterize spore-formers in the dairy sector.
ervironment from various sources  during T bk of Tosdborre imess as

production, handling and processing, mainly increased globally, and it becomes more -
from improperty cleaned and  sanitized important in developing countries where food
equipments. The hydrophobic propeies of  proguers are  frequently exposed o

and theit resistance towards heat, contaminated environments in food processing
desiccation and disinfectants allow them to industries and temperature abuse during

atach to processing equipment and slirvive transportation and storage at retall outlets

deaning procedures (Ryu and Beuchat, 2005). (WHO, 2007). Hence, & cereus is an
Adherence to stainless steel surfaces of dalry important safety and shelf-life concern in dairy
plants can result in biofiim formation which o e 1t s associated with two types of

ran be an important reservolr for récusrent S R

contamination of mik and dairy products mmtmﬁmnnn hagrdesnelih Lt B

(Fumari and Sarkar, 2014a, 2016, Shaheen &f and the emetic type by baxin which s formed
eCorressonding author in food. The rapid onset of the emetic disease,
Ef:n?;l‘ ':'ak:ar’ﬁfrr.nbu@gmall.mm generally within 5 h after consumption of a
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meal, indicates that this is due to a town
preformed in the food, This toxin is not
nactivated during food processing or
gastrointestinal  passage due to Its high
resistance  against  heat treatments, pH
extremes  and  protechytic  degradation
(Rajkovic e al, 2008), Dlarrhoeal syndrome,
which develops B-16 h after ingestion of the
contaminated food, has been linked to Lwo
enterotondn  complexes, haemolysin BL (Hbl)
and nonhaemalytic enterotoxin (Nhe), and a
single protein, cytotoxin K (Oytk) (Lund ef al,
2000; Stenfors Amesen ef &, 2008). Although
E oeeus s mainly assodated with
gastrointestinal disorders, it is an opportunistic
human pathogen assodated with a multitude
of other infections, such as severe eye
infections, pericdentitis, necrotizing fasditis,
endocarditis, nosocomial acquired
bacteraemia, osteomyelitis, sepsis, liver
abscess, pneumoria and  meningits,
particularty in  postsurgical  patlents,
immunosuppressed  individuals,  intravenous
drug abusers and neonates (Ramarao and
Sanchis, 2013).

Since pathogenic potential of the
diffsrent 8. cereus isolates is highly variable,
from nontoxic to highly toxic strains, and toxin
expression 1§ Influenced by food components,
temperature and other environmental factors,
there i need to study toxigenic potential of
strains  within the relevant food products.
Therefore, aim of this research was to study
the growth temperature limits and enterotoxin
production potential of strains, previously
isolated from milk and dairy products.

Materials and methods

- ol

A total of 144 strains of 8. cereus, isolabed
from milk and dairy products (Kumar and
Sarkar, 2014D), were evaluated for growth

temperature fimits and production of
enterotoxins.

Growth temperature réqidremant

Growth temperature was determined by
inoculating J-broth, supplemented with 1 g I
agar, with a 24 h-old culture (Claus and
Berkeley, 1986), The tubes were Incubated at
4-55 °C, and examined after every seven days
up to 21 days for the low temperatures (4-20

al

"ty and after 5 days for the higher
temperatures (Guinebretiére ef al, 2008).

Production of haemolysin

# 24 hold nutrlent broth (HiMedia MOJ2)
culture was spotted on blood agar platf.:
contalning 50 mi defibrinated sheep blood |
blood agar base (HiMedia MB34) and
incubated for 16-18 h at 30 *C (PruB et al,
1999), The results were expressed as rabio of
dlear zone diameter to diameter of the spot.

Production of Nie enterotoxin

Enterctoxin production by the isolates was
checked by using 3M Tecra Bacillus diarrhoeal
enterctoxin  visual  Immunoassay kit (3M
Australia Pty Limited, Frenchs Forest, HS'H'!i'r
Australia). Brain heart infusion broth EHH'-'IE::I_IEE:
M210), supplemented with 10 g glucose [,
was inoculated with a 24 h-old culture,
incubated at 37 °C for 24 h and centrifuged at
7830 g for 10 min, The supernatant was used
for enterotoxin  detection as  per
manufacturer's  Instructions.  Amounts  of
produced enterctoxin were evaluated with
index values derived from the Tecra reading
scale: indices from 1 to 5 cormesponded o the

colouration  intensity. According to  the
manufacturer’s instructions, strains with an
indax of <3 were considered negative.
Results

crowth ) !

Out of 144 isolates, 74% weare able to grow at
<7 °C and 15% at 20-50 °C (Table 1).
Majority of milk (B3%) and chaese (B99%)
isolates and all the isolates from loe cream,
paneer and butter were able to grow at =7
o, B

ST— Vi

Out of 144 isolates, 93% ehibited #&
haemalysis on sheep biood agar and showed a
discontinuous haemolytic pattern (Fig. 1),
characteristic for Hbl (Table 2). Whie majority
of the Isolates from milk were weak

haemolytic, the same from rest of the
products were moderate hasmolytic.

Froduction of Nhe enferolioxn

Production of  diarrhoeal  enterotoxin
companent, Nhed, was measured using Tecra
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Baciius  diarrhoeal  enterotoxin wisual
immunoassay kit (Fig. 2). Out of 144 isolates,
g7% were positive for the production of
diarrhoeal enterotoxin  (Table  3)- While
majority of the isolates from milk, ice cream,
paneer, cheese and butter were strong
producers (colouration moex, =4-5) of Nheh
enterotoxin, only 32% of the same from milk
powder werg strong producers,

Discussion

For the growth of & ceneus isolates, different
ranges of temperature: WerE obsarved,
indicating their wide diversity and ecotype.
Majority (74%) of the strains were able o
grow at refrigeration temperature (<7 °C), the
criterion for considering those as
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Fig. 2. Diarrnoe

psychrotrophic (te Giffel et af, 1995; Frands
et af, 1998). Prasence of such a large number
of psychratropic strains in dairy emviranment IS
of major concern because of their potential for
growth, spoilage and toxin production  In
chilled products, such as milk and dairy
products {Anderson Borge et 3, 2001). Other
studies also showed pasteurized milk and
refrigerated food to  frequently  harbour
psychrotrophic strains of 5, cereus [t GIFfal &f
al, 1997; Svensson &f al, 2004). Thirty-four
percent of the isolates from milk powder were
moderate  thermotolerant (20-50 °C). This
may be attributed to adaptation or selection of
thermotolerant  strains  during  drying  and

51

Fig. 1. Haemolyss on sheep blpod Boar plate bry some
R coreus solabes.

al arterotowin produdion by soma Saciius ceveus isolates, detected by Tedora antibody test: &, negabive
panrod; by, [est; ¢, positive contnol

heating processes generally usad to make milk
powder.

Haemalysin  is @  thres-component
enterataxin produced by 8. cerews, which 's
one of the potential virulence factors in 8
cereus-mediated diarrhoea (Beecher et af,
19595}, Ninety-three percent of the B cereus
isolates exhibited Fhaemolysis, which was a
discontinuous pattern in blood agar. This is as
a result of a mutually inhibitory effect of B and
L1 components and the slow reaction bebween
the E ocomponent and the enthrooqe
membrang (Stenfors Amesen ef &, 2008).
This is in consistence with the report of &
haemolytic activity exhibited by 92% of the 8.
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Table 1. Range of growth temperatures of Saciisg corews Isolates from milk and dairy products

i Mo, of % of positive isolates
Isolates a-4[) of 740 9 10-45 o 20-50 °C
Milk 83 | 12 5 12
Milk. povdes 3z 3 0 34.6 4.4
loe cream 11 o 10 0 ]
Pruder 5 17 83 L} 1]
Butter & 100 ] 0 (1}
_Cheess 9 89 0 11 0
Table 1. Clustering of 144 Isolates of Baciiius cerews from milk and dairy products on the basis of haemolysin
production ability
Group’ 3 of isolabes
Milk Milk_powder lce cream  Paneer Cheese Butter
MNon-haemolytic 10 16 10 33 o 0
Weak haesmolytic ) | 19 = 27 56 50
Moderate hasmohtic i1 41 45 40 44 50
_trong haemaly T 8 24 18 0 0 0

Esodabes were designated &5 non-hasmolytic (1), weak (=1-1.5), moderate (>1.5-2) and strong (>2) haemolysn produces,
sxording to ratic of dameter of clear zone to that of colony spot, developed on blood agar after incubation at 30 2L

Table 3. Custering urHﬂl_lsulatﬁui Baciifus cerews from millk and dairy products on the basis of diarrhoeal

erterotoxin production ability
Group %y of isolates

Milk Milk powder Ice cream  Paneer  Cheese Butter
Non-producer 2 0 1} 0 11 0
Weak producer 38 68 45 0 0 0
Strong producer &0 32 55 100 2 100

* lsolates wisne designated as non-producers (<3), wesk praducers {3-4) and strang PrOCUCETS l:':_--hﬁ]. Indices from 1 5
{within parentheses) comespond b0 cobauration Inkensity according to the manufadurer's nstructions,

corews isolates from food ingredients and
products in Brazil (Chaves ef al, 2011).

All the isolates from milk powder, ice cream,
paneer and butter produced diarrhoaal
enterotoxin, However, 58% of the isolates
fram milk and 89% from cheese were found
positive for diarrhoeal enterotoxin, Results are
in consistence with the earller reports, where
5% of the isolates from wvarlous food
products and 74% of the isolates from dalry
production chain were Nhe positive (Moravek
et af, 2006, Svensson ef al, 2007), Semi-
quantitative production index |ndicated 58%
isolates were high producers (Index >4-5) of
Nhad, Prevalence of high producers of Nhe
among the dalry isolates ks of significance, ac
Moravek ef a/ (2006) found cytotoxidty on
Vero cells to be dominated by Nhe, indicating
a high diarrhoelc potential of the toxin,
However, an In-depth Investigation of the

-

individual and synergistic effect of toxins in
comblimation with other known wvirulent
determinants and effect of wvarious
environmental factors needs to be further
studied.

Conclusion

Majorlty of the £ cerews strains
Isolated from milk and dairy products were
able to grow at refrigeration temperature and
wera patent producers of enterctoxin Hol and
MNhe. The prevalence of potent producers of
artarotoxin among dairy Isolates having ability
to grow at refrigeration temperature indicates
high risk and public health concern.
Observations Im the present study may be
important when considering microblologlcal
criterla for & oereus in pasteurized milk and
dalry products and possibly in other foods
stored at low temperature.
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