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Abstract: Cheese shmSes , made from fresh Swiss cheese curd, were treated at 345 or 550 MPa for 10 or 30 
minutes in an isostatic press at 25 ~C. The slurries were ripened at 30 ~C for 0, 3 and 5 days . The growths 
of coliforms, yeasts and molds, starter bacteria ( Lactococci and Streptococci ) ,  non-starter lactic acid bacteria 
( Lactobacilli), and presumptive coagulase-positive Staphylococcus were determined. An electronic nose was 
used to evaluate aroma development of the cheese slurries. Commercial Swiss cheeses with different ages were 
used as aroma references. The degree of inactivation of organisms was found to be a function of pressure inten- 
sity, exposure time, type of organism, and cheese slurry pH. In general, slurries treated at a higher pressure 
and with a longer exposure time showed a greater reduction in numbers and had less out-growth of organisms 
during ripening. Coliforms, yeasts and molds were completely inactivated at the pressures and time used. 
Starter bacteria appeared to be more resistant to being inactivated by high pressure treatment and had a greater 
out-growth rate than Lactobacilli and Staphylococci. Based on canonical analysis, nineteen samples for each 
batch were assigned to three groups. In general, higher intensity of pressure or longer exposure time caused 
less aroma development in the cheese slurries. When the cheese curd was incubated overnight prior to making 
the cheese slurries, stronger slurries with stronger aroma were observed. This study provided an explanation of 
the relative importance of relationships among high pressure treatment, starter bacteria, and aroma develop- 
ment during accelerated ripening. 
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INTRODUCTION 

Due to significant  economic  advan tages ,  the 
acce le ra t ion  of  cheese  r ipening has  b e e n  the goal 
of  many  r e sea rche r s .  Kris toffersen et a l .  ( 1 9 6 7 )  
repor ted  on acce le ra ted  f lavor product ion  in a 
fresh curd  cheese  s lurry.  I n t ense ,  sharp  and  
ba l anced  c h e e s e  f lavors deve loped  within five 
days .  They  suggested that such  slurries would 
have  advan tages  over  normal ly  r ipened  mature  
cheese ,  inc luding  posi t ive f lavor  cont ro l ,  lower 
cost and  grea te r  f lexibil i ty of  supp ly .  Shanley 
and  Suther land  ( 1 9 7 5 )  p roposed  that  the most 
l ikely commerc i a l  appl ica t ion  of  the slurry tech-  
nique would be  the product ion of  differently f la-  
vored s lur r ies ,  which could be  b l ended  to pro-  
duce  any des i red  cheese  f lavor .  Abde l  Baky et 
a l .  ( 1 9 8 2 )  found that  the r ipening  per iod could 
be  r educed  f rom 4 months  to 2 months  by  adding  

cheese  slurry to cheese  mi lk  or to the cheese  
curd .  Suther land ( 1 9 7 5 )  also demons t ra ted  the 
feas ibi l i ty  of rep lac ing  the ma tu red  cheese  com-  
ponen t  of  p rocessed  c h e e s e  with b l ended  curd  
s lurr ies .  The  produc t  is used  in p rocessed  cheese  
formula t ions ,  snacks ,  c r acke r s  and  imita t ion 
dairy  p roduc t s .  Howeve r ,  the e leva ted  t empe ra -  
ture used  for r ipening  the c h e e s e  slurry would be  
expec t ed  to acce le ra te  the growth of  undes i rab le  
f lora .  A wide range  of mic roo rgan i sms ,  inc lud-  
ing non-s ta r t e r  lact ic  ac id  bac te r i a  ( N S L A B ) ,  
S taphy lococcus ,  col i forms ,  yeas ts  and  mo lds ,  

had  b e e n  repor ted  to grow in cheese  s lurr ies  
( D u l l e y ,  1976 ; Soda ,  1 9 9 3 ) .  At tempts  to con-  
trol the growth of  undes i rab le  microorgan isms  in 
chee se  slurries by  the addi t ion  of  po ta s s ium sor- 
ba te  or by heat  t rea tment  of  the slurry resul ted  in 
a lack  of  f lavor  deve lopmen t  ( G r a n d h i  et a t . ,  
1 9 7 3 ) .  
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Recently developed high-pressure technology 
is a non-thermal food processing methodology 
whereby foods are subjected to high hydrostatic 
pressure at or around room temperature. The 
treatment of foods by high pressure has been 
shown to reduce significantly the original micro- 
bial population, leading to a longer shelf-life, 
while the products retain natural taste and flavor 
(Vardag et a l . ,  1995 ; Mertens, 1994) .  Pandya 
et a l . ,  ( 1 9 9 5 ) ,  and Tauscher (1995)  reported 
on the use of high pressure to treat sauces,  
meat,  yoghurt and fruit juices.  Some researchers 
focused on the effect of high pressure on the mi- 
crobial population or on a possible modification 
of enzyme activity (Hs in  et al. , 1995 ; Nakamu- 
ra et a l . ,  1994; Homma et a l . ,  1994) .  Pres- 
sure inactivation of yeasts and molds was report- 
ed in citrus juices (Ogawa et al. , 1990) .  Juices 
pressurized at 400 MPa for 10 rain and at 40 ~ 
did not spoil during 2 - 3 months of storage. A 
population of 106 cfu/rrd of Listeria monocyto- 
genes was inactivated by exposure to 340 MPa at 
23 ~ in UHT milk and the same population of 
Vibrio parahaemolyticus was killed by exposure 
to 170 MPa within 10 min at 23 ~ in clam juice 
(Styles et al. , 1991) .  

The primary objective of this work was to in- 
vestigate the effect of high-pressure treatment on 
the inactivation rate of selected microorganisms 
in standard Swiss cheese slurries. 

MATERIALS AND METHODS 

1. Cheese slurry preparation 

Fresh curd was manufactured by a conven- 
tional Baby Swiss cheese procedure ( S o h n ,  
1996) .  The curd was removed from the fat im- 
mediately after they drained and froze. Commer- 
cial starter cultures were used for acid production 
and flavor development.  These organisms in- 
cluded Lactococcus , Streptococcus, and Lactoba- 
cillus. Two batches of Baby Swiss cheese curd 
were used in this study. Batch 1 was made at pH 
6 . 3  in our pilot plant without additional incuba- 
tion. Batch 2 was obtained fresh from the Brew- 
ster Dairy I n c . ,  Brewster, OH , and was incu- 
bated at 22 ~ overnight to decrease the pH to 
5 . 3  before making slurries. Cheese slurries were 
prepared by mixing standard curd with a 10% by 
weight sterile solution of sodium chloride to give 

a final salt in moisture (salt  concentration in the 
water phase of the cheese,  S/M) of around 5 % .  
The curd and brine were mixed in a stomached 
mixer for 3 rain, then poured into plastic bags 
(ca .  50g e a c h ) ,  and vacuum-packaged.  

2. High pressure treatment 

Cheese slurries vacuum packaged in plastic 
bags were stored and shipped overnight in wet 
ice to Oregon State University. All samples were 
warmed to ambient temperature (25  ~ ) .  They 
were pressure-treated at 345 MPa or 550 MPa for 
10 minutes or 30 minutes, respectively in an En- 
gineered Pressure Systems (Er ie ,  PA)  100 mm 
diameter by 250 mm long isostatic pressure unit, 
within 2 4 -  48 hours of vacuum packaging and 
refrigerating. 

3. Microbiological analysis 

The cheese shuries were ripened at 30 ~ 
and were analyzed at 0 ,  3 and 5 days for the 
presence of several types of microorganisms. 
Samples were assayed for colony forming units 
(c fu)  by standard pour-plate procedures with se- 
rial dilutions in 0 . 1 %  peptone water, except for 
Staphylococcus, which was obtained by surface 
plating. The cfu were counted on two petri plates 
having 3 0 -  300 colonies with a Quebec colony 
counter. M17 agar enriched with lactose was 
used to count Lactococcus and Streptococcus. Se- 
lective Lactobacillus agar in anaerobic incubation 
was used to count the starter Lactobacillus and 
adventitious non-starter Lactobacillus. No at- 
tempt was made to differentiate the injured from 
uninjured cells in this study. 

4. Chemical analysis 

The moisture and salt contents of the slurries 
were analyzed according to Standard Methods for 
the Examination of Dairy Products (Richardson,  
1985) .  The pH of curds and slurries was deter- 
mined with a Fisher Accument pH Meter (Model 
2 5 ) .  

5. Statistical analysis 

Data were analyzed using analysis of variance 
by the general linear models procedure (GLM) 
of Statistical Analysis System ( SAS, 1985 ) .  
Least Square Means was employed to separate 
the means when analysis of variance indicated a 
significant ( P < 0 . 0 5  ) effect. For statistical 
analysis purposes,  the microbial cell numbers 
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less than 10 or log 1 cfu were treated as 10 or log 
1 cfu. 

RESULTS AND DISCUSSION 

There were less than 10 coliforms in control 
and treated samples in the pH 6 . 3  slurry under 
all conditions and times of incubation. For the 
pH 5 . 3  slurry , the control had 720 cfu of colif- 
orms at 0 day and the cfu decreased to 60 after 5 
days; all treated slurries had less than 10 cfu at 
0 day and no out-growth was noted after 3 or 5 
days.  

Similar results were observed for yeasts and 
molds. Except for the control at pH 6 . 3 ,  which 
had low levels of molds and yeasts ( 13 ,  15 and 
30 molds at O, 3 and 5 days,  respect ively) ,  all 
other samples had less than 10 cfu at 0,  3 or 5 
days. 

Table 1 shows the inactivation of starter bac- 
teria, Lactobacilli, and Staphylococci after high- 
pressure treatments and before incubation ( 0  
d a y ) .  All the high-pressure treatments signifi- 
candy inactivated the three organisms ( P  < 
0 . 0 5 ) .  Among the four treatments, the effects 
of inactivation of organisms were dependent on 
intensity of pressure,  time of exposure,  type of 

organisms, and pH of the slurries. Increasing 
the pressure resulted in higher cell mortality. 
The effect of pressure was very significant for all 
three groups of organisms ( P < 0. 001 ) .  In gen- 
eral, increasing time of exposure lowered cou- 
nts. The differences between 10 rain and 30 rain 
treatments were significant for l_actobacilli ( P  < 
O. 05) and Staphylococci ( P < 0. 001 ) ,  but not 
for Starter culture numbers ( P > 0 . 0 5 ) .  Among 
those three groups of organisms, Lactobacilli 
were the most sensitive to high-pressure treat- 
ments, next were Staphylococci in pH 6 . 3  with 
respect to the reduction of cfu/g.  However,  in 
pH 5 . 3  ' s samples, Staphylococci were com- 
pletely inactivated by any high-pressure treat- 
ment. Also, at higher pressure,  the cells of 
starter cultures and Lactobacilli were reduced 
more in Batch 2 than in Batch 1. Ronner 
(1994)  found that higher pressure was needed to 
inactivate gram-positive bacteria than gram-nega- 
tive bacteria. Yeasts and molds are more sensi- 
tive to high pressure than Gram-negative bacte- 
ria. They indicated that a treatment of 200 MPa 
(2  kBar) for 10 rain sufficed to inactivate 1 to 3 
log cycles of yeasts and molds. Their results 
agree with our observations. 

Table 1 Inactivation of microorganisms by high pressure treatment ( log cfu/g)  l'z 

Organism 

Starter Lactobacilli Staphylococci 
Treatment 

Batch l Batch 2 Batch 1 Batch 2 Batch 1 Batch 2 
( p n  6 . 3 )  (pH 5 . 3 )  ( p n  6 . 3 )  ( p n  5 . 3 )  ( p n  6 . 3 )  ( p n  5 . 3 )  

Control 7 . 7  8 . 8  4 . 0  5 .1  2 .3  3 .3  

345 MPa 10 rain 7 . 0  7 . 7  3 .1  3 . 9  1.3 1 .0  

345 MPa 30 min 6 . 9  7 . 5  2 . 8  3 .8  1 .0  1 .0  

550 MPa 10 min 6 . 0  2 . 0  1 .0  1.8 1 .5  1 .0  

550 MPa 30 min 6 . 0  2 . 0  1 .0  1 .0  1 .0  1 .0  

1 Means with the same letter within a column are not significantly different ( P > 0.05) 
2Values shown as 1.0 indicate less than 10 cfu/g and indicate complete inactivation when measured directly after treatment 

During 3 and 5 days incubation ( r ipening) ,  
all three groups of organisms grew to some extent 
(Table 2 , 3  and 4 ) .  The extent of outgrowth was 
related to intensity of pressure, exposure time, 
type of organism, and pH of the s lu r r ies .  Lower 
outgrowth was found in slurries treated at higher 
pressure and longer exposure time. Growth of 
Staphylococci did not occur in the sherries treated 
with 550 MPa for 10 or 30 min. It appeared that 

higher pressures were needed to completely in- 
hibit the growth of presumptive coagulase-posi- 
t ire Staphylococci. High-pressure treatment re- 
duced outgrowth more in Batch 2 than Batch 1. 
The only exception was for the treatment with 
550 MPa for 10 min in which the starter cultures 
in Batch 2 had higher outgrowth. The similar 
growth of organisms after high-pressure treat- 
ments ( recovery)  was also observed by Metrick 
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et al. (1989)  in strained chicken. They found 
that recovery of Salmonella occurred in chicken,  
but did not occur in buffer because of its lack of 

available nutrients. Our data indicated that che- 
ese slurry might be a good medium for the recov- 
ery of microorganisms. 

T a b l e  2 G r o w t h  of  s t a r t e r  b a c t e r i a  du r ing  i n c u b a t i o n  a t  30 ~C(log gfu/g) 1 

pH of Slurry Treatment 
Incubation time (day)  

0 3 

Batch 1 Control 7 . 7  8 . 7  8 . 9  

( pH  6 . 3 )  345 MPa 10 min 7 . 0  9 .1  9 . 1  

345 MPa 30 min 6 . 9  8 . 2  9 . 1  

550 MPa 10 rain 6 . 0  8 . 5  9 . 0  

550 MPa 30 rnin 6 . 0  7 . 5  8 . 9  

Batch 2 Control 8 . 8  8 . 6  7 . 8  

(pH 5 . 3 )  345 MPa 10 rain 7 . 7  8 . 7  7 . 9  

345 MPa 30 rain 7 . 5  7 . 9  7 . 4  

550 MPa 10 rain 2 . 0  3 . 8  5 . 5  

550 MPa 30 rain 2 . 0  2 . 0  2 . 2  

1Means with the same letter within a column are not significantly different (P  > 0.05) 

T a b l e  3 Growth o f  lactobacilli d u r i n g  incubation at 30 ~C (log cfu/g) 1'2 

Incubation time (day)  
pH of Slurry Treatment 

0 3 5 

Batch 1 

( p n  6 . 3 )  

Batch 2 

( p  H 5 . 3 )  

550 MPa 10 rain 

550 MPa 30 min 

Control 4 . 0  8 . 6  8 . 8  

345 MPa 10 rain 3 . 1  8 . 7  9 .1  

345 MPa 30 re_in 2 . 8  7 . 4  8 . 9  

550 MPa 10 rain 1 . 0  7 .1  7 . 9  

550 MPa 30 rain 1 . 0  1 .0  7 . 7  

Control 5 . 1  8 . 7  8 . 7  

345 MPa 10 rain 3 . 9  8 . 3  8 . 7  

345 MPa 30 rain 3 . 8  7 . 3  8 . 2  

1.8  3 . 0  4 . 0  

1 .0  1 .0  1 .0  

1Means with the same letter within a column are not significantly different (P>0 .05)  
2Values shown as 1,0 indicate less than 10 cfu/g and indicate complete inactivation when measured directly after treatment 

Table 4 G r o w t h  of  Staphylococci d u r i n g  i ncuba t ion  a t  30 ~ ( log  cfu/g)1,5 

pH of Slurry Treatment 
Incubation time (day)  

0 3 

Batch 1 

(pH  6 . 3 )  

Batch 2 

( pH  5 . 3 )  

Control 2 . 3  6 . 4  6 . 6  

345 MPa 10 rain 1 .3  5 . 3  4 . 6  

345 MPa 30 min 1 . 0  5 . 5  5 . 2  

550 MPa 10 rnin 1 .5  2 . 5  1 .0  

550 MPa 30 rain 1 .0  1 . 0  1 .0  

Control 3 . 3  3 . 5  3 . 6  

345 MPa 10 min 1 .0  2 . 3  2 . 6  

345 MPa 30 min 1 .0  1 .3  1 . 0  

550 MPa 10 rain 1 . 0  1 .0  1 . 0  

550 MPa 30 min 1 .0  1 .0  1 . 0  

1Means with the same letter within a eohunn is not significantly different (P  > 0.05) 
2Values shown as 1.0 indicate less than 10 cfu/g and indicate complete inactivation when m ~  directly after treatment 
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The difference in pressure sensitivity of the 
organisms in Batch 1 and Batch 2 may be ex- 
plained by the difference in pH. pH is one of the 
factors affecting the inactivation rate in high-pre- 
ssure treatment ( Ronner, 1994 ) .  Pandya 
(1995) also stated that lowering pH enhanced 
the effectiveness of pressure inactivation and in- 
jury of yeast. The reaction occurring under high 
pressure involves mainly hydrogen bonds, elec- 
trostatic links and hydrophobic interactions. At 
lower pH or higher hydrogen ion concentration, 
the reaction may be promoted. Also, the lower 
pH environment may not favor the recovery or re- 
pair of stressed cells. 

CONCLUSIONS 

T h e  e v i d e n c e  p r o v i d e d  in  th i s  s t u d y  s u g g e s t s  

tha t  h i g h  p r e s s u r e  h a s  the  p o t e n t i a l  to i n a c t i v a t e  

u n d e s i r a b l e  o r g a n i s m s  ( Coliforms, Staphylococ- 

cus,  l_actobacillus, y e a s t s  a n d  m o l d s )  in  c h e e s e  

s l u r r i e s .  T h e  i n a c t i v a t i o n  r a t e  o f  s e l e c t e d  m i -  

c r o b e s  a n d  a r o m a  d e v e l o p m e n t  o f  c h e e s e  s l u r r i e s  

t r e a t e d  b y  h i g h  p r e s s u r e  is  m a i n l y  d e p e n d e n t  on  

the  i n t e n s i t y  o f  p r e s s u r e ,  e x p o s u r e  t i m e ,  a n d  

c o n d i t i o n  o f  c h e e s e  c u r d s .  U s e  o f  h y d r o s t a t i c  

p r e s s u r e  in  t h e  a c c e l e r a t i o n  o f  c h e e s e  s lu r ry  

s e e m s  f e a s i b l e .  A d d i t i o n a l  w o r k  is  n e e d e d  to 

f i nd  o p t i m a l  c o n d i t i o n s  for  m a x i m a l  a r o m a  d e v e l -  

o p m e n t  w i th  m i n i m a l  u n d e s i r a b l e  m i c r o b i a l  

g rowth  in  c h e e s e  s l u r r i e s .  
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