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SUM~IARY 

Bacteriophages were added to mllk fermented by Streptococcus raff inolactls cells 
immobillzed In calclum alglnate. Beads containing the immobilized streptococcl were used for 
f ive consecutive fermentations; pH, free cell and bacteriophage counts were estimated. Free 
ceils increased from 5 x 106 to 3 x 10' per mL of milk, over the successive fermentations. 
Addition of bacteriophages reduced the free cell count by almost 1000 after 3 fermentations, but 
a gradual increase occurred subsequently. Bacteriophages were inoculated at 100 per mL and 
gradually attained 5 x 10' per mL in the system. Rinsing of the system did not have a 
substantial Influence on free cell or phage counts. Presence of bacteriophage reduced sl ight ly 
the acidif ication rate in the system. 

Bacteriophage numeration by two layer agar method gave better results than by most 
probable number (HPN). MPN counts were greatly influenced by S. raff lnolactls inoculation level. 

INTRODUCTION 

Immobilized microorganisms have been proposed for many industrial applications (Llnko 
and Linko, 1984) including the lact ic acld bacteria (Llnko, 1985; Champagne and Boyaval, 198B). 
Whey (Roy e t a l ,  1987) and cream (Champagne and CSt~, 1987) can be fermented by immobilized 
lactic cultures. Immobilized bacteria can also be used as a continuous source of Inoculant for 
dairy fermentations. Thus ravin et al (1985) report continuous production of proplonlbacterla 
for emmenthal flavors while Pr~vost et al (1985) as well as Pr~vost and Divles (1987) have 
demonstrated that yoghurt and cheese can be manufactured by using cells released in a 
bioreactor contalnlng immobilized lact ic acid bacteria. 

Since cells are Immoblllzed, they can be used for extended periods. Thus the 
continuous use Of a given culture raises the possibi l i ty of bacteriophage contaminatlon which can 
be quite rapid In large plants (Lawrence e t a l ,  1978). Bacterlophage attack constitutes a major 
problem in the dairy Industry (Lawrence e ta  l ,  1976; Hugglns, 1984). Many precautions are taken 
to prevent bacteriophage attack (Shaw, 1983), one of them belng culture rotatlons (Huggins, 1984; 
Klaenhammer, 1984). 

Streptococci Immobillzed in calclum alginate are protected from bacteriophages 
(Steenson e_.t.t a_L1, 1987); however, free cells In the system are not. Thls populatlon can be 
signif icant (Pr~vost e..t.t a l ,  1985; Pr6vost and Dlvles, 1987) and fermentation rates could be 
affected. Therefore, immobilized systems used for the purpose of continuous inoculation could be 
vulnerable to phage contamination. S ince there has been no report of phage attack on 
propionibacterla (Gl l l l land, 1985) the process proposed by Cavln et al (1985) would appear 
unaffected. However, there are rePorts.of bacteriophage infection in yoghurt stralns (Accolas e__tt 
a l ,  1980) and mesophilic lact ic acid bacteria are very susceptible to bacteriophages (Babel, 
1976; Cogan, 1980). 
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The alm of thls work was thus to study bacteriophage development In an immobilized 
lactic acid bacteria system. We also report a comparative study of plaque and most probable 
number techniques for bacteriophage numeration. 

MATERIALS AND METHODS 

1. Media. 

Low heat sklmmllk powder was rehydrated at 11% sollds (W/w) and heated at 115~ for 
10 mln (SM medium). For most probable number (MPN) numeration of bacteriophages, 0.01% brom 
cresol purple (BCP) was added to SM. M-17 broth or agar (Bio Carr) were steri l ized at 115~ for 
20 mln. and 1 mL of ster i le 1 M CaC12 (121~ 15 mln.) was added to 100 mL of M-17 media. 
El l iker agar (Dlfco) was supplemented wlth 0.1% K~HP04 and steri l ized at 121~ for 15 mln. 
Sodium alglnate (BDH) was rehydrated at 2% solids and sterl l lzed at 121~ for 15 mln. Dllutions 
were performed in ster i le peptone (0.1%) water. 

2. Blologlcal. 
Streptococcus raff lnolact ls ~ CRA-I was malntalned on SM medium. Two transfers per week 

were performed by inoculating at 1% (V/v) and incubating at 21~ unti l  a pH of 4.7 was reached 
(approxlmately 15 hours). Cultures were maintained at 4~ between transfers. 

3. Cell Immoblllzatlon. 
One hundred mL of M-17 broth were inoculated wlth 0.1 mL of a fresh culture of S. 

ra f f l no lac t l s  CRA-1 and incubated at 22~ for 20 hours. The culture was then centrifuged at 2000 
G for  10 min. and cel ls resuspended In 11 mL of s te r l l e  peptone (0.1%) water which gave a 1.1 x 
101~ cel l  density. Five mL of cel l  concentrate were mixed to an equal amount of s te r l l e  
alglnate and added dropwtse to 0.1 M CaC12. The beads were allowed to harden for  1 h In the 
Cat12, which was then removed by decantation. They were then washed once with 10 mL of s te r i l e  
peptone (0.1%) water. Cold 5M (4~ was added to the beads which were then kept at 4~ 
overnight. 

4. Fermentations. 
One hundred mL of SM (30~ were added to the beads (obtained from 5mL of concentrated 

cell suspension) and incubated at 30~ for 2 h In a bottom baffled erlenmeyer (Bellco) under 100 
RPM agitation. In some flasks 100 bacteriophage per mL were added at the beginning of the 
fermentation. Following the fermentatlon, the milk was then removed and 100 mL of fresh SM 
added. Prior to addltlon of fresh SM, some beads were rinsed by adding 100 mL of ster i le peptone 
water, mixing for 10 seconds, and removing the peptone water prior to addition of fresh SM. 
Following thls procedure, the immobilized bacteria were used for 5 successive 2 h fermentatlons. 
Samples were taken at the end of each fermentation for pH determination, bacteriophage and free 
bacteria counts. 

5. Bacterial and phage counts. 
Free S. ra f f l no lac t l s  Cells were estimated by p!atlng on E111ker agar supplemented with 

0.1% K2HP04. This medlum did not permit mul t lp l lcat ton of our phage thus el iminating the 
posslble interference of bacteriophage present in some samples. Cell counts were as good as 
those obtatned on M-17 (samples of S. ra f f lno lac t l s  gave 125 x 106 per mL on M-l?, while E l l l ke r  
agar gave 118 x 10" per mL). 

A comparison of plaque and most' probable number (MPN) methods of phage numeration was 
performed. Plaque counts were obtained by standard two layer agar (Potter and Nelson, lg52) In 
which 0.5 mL of sample and 0.05 mL of culture were added to 5 mL of M-17 agar (with CaCI2), 

Under the new Bergey's c lass i f ica t ion (1986); formerly S. cremorls. 
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mixed, and poured over 15 mL of pre-so l td l f ted M-17 (CaClz). Lysts zones were counted fol lowlnga 
24 h lncubatlon at 30~ . In the most probable number (MPN) method, 1 mL of sample and 0.1 mL of 
cul ture were added to 10 mL of SM (wlth BCP); f i ve  tubes of each d i l u t i on  were inoculated. 
Various inoculat ion levels  were studled: 0.1 mL of fresh cul ture and ser ia l  d l lu t lons  1/10, 
1/100 and 1/1000 of the cul ture.  This permitted I n l t l a l  S. ra f f l no lac t t s  populations of 5 x 
10 *, 5 x 104 , 5 x 10 s and 5 x 10' per mL of SM (BCP). Following a 24 h Incubation at 22~ 
samples showing pH values 0.4 uni ts superior to those of controls were considered as being 
pos l t lve  fo r  phage. 

Results are the average of at least three separate t r i a l s .  

RESULTS AND DISCUSSION 

1. Bacteriophage numerat|on. 
Numeration of bacteriophages can be performed by MPN or two-layer agar (TLA) 

techniques. Although TLA general ly permlts higher recovery rates (Turner and Nelson, 1951), MPN 
occasional ly gives bet ter  resul ts (Potter and Nelson, 1952). We therefore examined which method 
was the most appropriate for our speclflc host-phage system. 

I t  was shown that Inoculation level of agar Influences results In TLA (Turner and 
Nelson, 1951). We found thls to be also the case for MPN numeratlon of bacterlophages (Figure 
1); Inoculation of 5 x 10" ~. raffinolactls per mL gave best MPN results. However TLA gave 
higher counts than a11MPN. Thus our phage stock was estlmated at 16 mlll ion per mL wlth TLA 
whlle the highest HPN tltratJon gave 8 m1111on per mL (Figure 1). We therefore opted for TLA 
numeration of our phage. 

2. Free ce l l s .  
Bacterial ce l ls  are released from the surface of the alglnate and can mul t tp ly  In the 

medium (Pr~vost and Dlvles, 1987). When no bacteriophages were added, we found 5 x 10' free 
ce l ls  per mL fo l lowing the f i r s t  fermentation and repeated use of the Immobilized ce l ls  over 5 
successlve fermentations permitted free ce l ls  to a t ta in  4 x 10' per mL (Figure 2). Rinsing of 
the system does not lower very substant ia l ly  the amount of free ce l ls  (Figure 2). Thus I t  
appears that growth occurred on the surface of the beads during repeated use of the beads which 
perm|tted higher levels of cel l  release. Our results are In agreement wl th those of Pr6vost and 
D1vles (1987) who found that  1.5 x 10' per mL free ce l ls  were obtained under steady state. 

The presence of bacteriophage |n mllk had an Important Influence ,on levels of free 
ce l ls  Inthe system (Figure 2). Af ter  3 fermentations the free cel l  count was reduced to 6 x 10 s 
per mL. Under classical fermentations, the amount of ce l ls  that survtved a bacteriophage attack 
was only 4.3 x 102 per mL (Figure 3). Thus In an Immoblllzed ce l ls  system the amount of free 
ce l ls  that fo l low a bacteriophage attack Is at least lO00 times higher. Thls could bere la ted  to 
continuous release of ce l ls  from the beads. Cells at the surface of the beads were probably 
gradual ly attacked resul t ing In reduced levels of cel l  release for  the three f i r s t  
fermentations. The gradual bu i ld  up observed during subsequent fermentations, might be related 
to establishment of a phage resistant  population. 

3. Bacteriophage growth. 
In a f ree cel l  system, bacteriophage count passed from 102 per mL to s l i g h t l y  over 10 ~ 

per mL In two hours (Figure 3). The same growth rate was observed In an immobilized cel ls  
system, Thus In the f i r s t  fermentation with Immobilized ce l ls ,  milk was also fnoculated with 102 
phages per mL which reached 107 per mL a f ter  two hours (Figure 4). Repeated use of the 
immobilized ce l l s  resulted i n  phage buildup In the system, up to 6 x 10 ~ per mL. We determined 
that approximately 3 mL of medium remained Jn the flasks fo l lowing decantation. Thus fresh 
s te r i l e  milk added to the system was contaminated at a 3% level .  Rinsing of the system permltted 
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Figure 1: Effect of culture Inoculation 
level on MPN bacteriophage count. 

Figure 3: Multlpllcatton of bacteriophage 
tn a classical free cell system. 
( 0 )  Bacteriophage 
( � 9  S. raff lnolactls 

Ftgure Z: 

( 0 )  
( e )  
( 0 )  
(11)  

Effect of bacteriophage and 
rinsing on free cell counts 
in an immobilized lactlc acid 
bacteria system used for 5 
consecutive fermentations. 

No bacteriophage, unrlnsed system. 
Bacteriophage added, unrlnsed system. 
No bacteriophage, rinsed system. 
Bacteriophage added, rlnsed system. 
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Figure 4: Effect of r insing on bacteriophage Figure S: 
counts In an Immob111zed lac t l c  acid 
bacterla system used for  5 consecu- 
t i ve  fermentations. 
( 0 )  unrlnsed. 
( 0 )  rinsed. 
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SUCCESSIVE FEPJ~NTATIONS 

Effect of bacteriophage and 
rlnsfng on ac ld l f l ca t lon  ever 5 
consecutive fementat lons. 
( 0 )  No phage, unrtnsed. 
( n )  No phage, rinsed. 
( 0 )  Phage added, unrlnsed. 
(11 )  Phage added, rlnsed. 

to s11ghtly reduce growth of phage tn the three f t r s t  fementattons, but did not show any ef fect  
subsequently to the th l rd  fementatton (Figure 4). Stnce phage mul t lp l lcat lon In a single 
fementat lon was 100,000 fold, the rtnstng level we practiced was Insuf f ic ient .  Thus, t t  would 
have requlred at least 4 rinses af ter  each fementatton to prevent phage buildup In the system. 

4. Ac ld l f l ca t lon  rates. 
Reut111zatlon of Immob111zed ce l ls  resulted In an Increase of the ac ld l f l ca t lon  rate of 

m11k (F|gure 5). Growth of bacterla occurs In alglnate gels (Ohlson eL a l ,  1979; Cavln eL a l ,  
Ig85) whlch could explaln th ls Increased ac t l v l t y .  When bacterlophages were absent a gradual 
Increase In free cel ls  occurred during repeated use of beads (Figure 2) and could also contribute 
to the hlgher ac t l v l t y .  Since rlnslng of the system dld not great ly Influence free cel l  counts 
(Figure 2), ac id i f i ca t ion  levels of rinsed and unrlnsed systems were s imi lar  (Figure 5). 
Presence of bacteriophages did reduce ac ld t f lcat lon rates (Figure 4). Although bacterta tnslde 
the gel are protected from phage (Steenson e t a_j~l 1987) free cel ls  and those on the surface of 
the beads are not. These cel ls  appear to contribute to the ac ld l f l ca t lon  rate, and the presence 
of bacterlophages s l l gh t l y  reduces the ef f lc lency of the system. Steenson et a l .  (1987) did not 
observe any reduced fementattve ac t l v t t y  tn the presence of phage. This difference might be 
related to t n l t l a l  cei l  density slnce our alglnate gels I n i t i a l l y  contalned 10 tlmes more cel ls  
than that of Steenson et a l .  (1987). We Bust also conslder the posslb111W of phage lys ln 
(v | ro lys in )  Influence. Accolas and Veaux (1983) suggested that lystn l iberated fol lowing cel l  
lys ts  could af fect  other Strains. Since small protelns can dl f fuse Into alglnate gels (Tanaka e t 
a~., 1984) I t  Is possible that v l ro lys ln  entered the alglnate gel and Influenced a c t i v i t y  of 
1mmob111zed bacteria. 
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CONCLUSION 

Since many bacteriophages In mllk can survive pasteurlzatlon, contamination of an 
immobillzed cell system appears Inevltable. Our results have shown that bacteriophages reduce 
fermentative act iv i ty of Immob111zed mesophillc lactlc acid bacteria systems. The use of such 
systems for continuous Inoculatlon of milk In cheese manufacture would appear even more 
susceptible to lysis since released cells are not protected from bacteriophages. Although this 
appears to constitute a major problem, the immobilizatlon of multlple phage unrelated strains 
might be considered. Thus one straln could be lysed by a glven phage while other strains would 

b e  unaffected. Since our results suggest that phage resistant cells could multlply in the system 
(Figure 2) the lysed strain would be replaced by a resistant variant and ac t l v l t yo f  the culture 
would increase. Cultures carrying phage would then be frequently produced. Such cultures can be 
used successfully in cheese manufacture (Stadhouders, 1986). Although act iv i ty of these cultures 
is uneven, complete fai lure is very rare. 
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