
A C T A A L I M E N T A R I A 
- - -- -- ---- - --

Vol. XI (XXXV), No. 4 

POL O N ICA 

1985 

AGNIESZKA MACIEJSKA 
BOŻENA CZARNOCKA-ROCZNIAKOWA 

UTILIZATION OF PENICILLINASE-PRODUCING MICROCOCCUS 
STRAINS IN THE TECHNOLOGY OF FERMENTED MILK PRODUCTS. 
II. EFFECT OF PENICILLINASE-PRODUCING MICROCOCCUS 
STRAINS ON THE FERMENTATIVE ACTIVITY OF 
LACTIC STARTER BACTERIA 

Institute of Food Engineering and Biotechnology, Ag.ricultural and Technical Univer
sity in Olsztyn 

Key words: Mtcrococcus, penicillinase, lactic starters. 

A stimulating effect of selected .penicillinase-producing Micrococcus 
strains on the fermentative activity of lactic acid bacteria was observed. 
The strains enabled a normal growth of lactic acid bacteria in milk con
taining 0.3-6.0 penicillin/mn'. 

INTRODUCTION 

Microoocci ,commonly oc·cU!r in milk and in milk products as epiphytic 
rnior:oflora [5, 7, 8]. Their role in fermentation processes iis oonnected with 
a stimulating effect of numerous strains on the activity of streptooooci and 
lactobacilli. Desmazeaud and Devoyod .[6) have demcmstrated the stimu
lating effect of microoocci on the growth of Streptococcus thermophilus. 
Ritter ( quoted by Desmazeaud and Devoyod [6]) found that these bacteria 
stimulate laotobacilli. Studies performed in the Department of Industrial 
Microbiology of the Technical-Agriicultural A,cademy in Olsztyn [13] con
firmed these observations and also demonstrated ithat the micrococci have 
amore profound effect ,on the aotivity of la,ctobacilli (Lactobacillus casei) 
tha.n on the activity ,of streptococci. Irt was als:o demonstirated that nume
rous Micrococcus strains stimulate propionic fermentation [ 11] and the 
biosynthesis of vitamin B12 [3]. 

A separate problem is the oocurrence ,of penicillinase-producin.g Micro-
coccus strains which •can be used to decompose penicillin remains in milk 
and make possihle the growth of lactic acid bacteria [10]. In our previous 
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studies we have selected strains demonstrating a high activity of decom
position of penicillin in milk [4]. The present study was aimed at deter
mining their effect on the fermentative activity of strept,ococci and lac
tobaciUi. 

MATERIALS AND METHODS 

Three selected Micrococcus strains were u.sed. They belong to the fol
lowing subgroups in the classific.ation system ,of_ Baird-Parker [1]: sub
grioup 1- Micrococcus sp. 51p, suągroup 2 - Micrococcus sp. 64p, sub
gr,oup 8 - Micrococcus sp. 26p. The above strains exhibit a high and 
constant activity of penicillin decompositiion, requiring 2-4 h of incuba
tion to de·oo.mpose the antibiotic present in concentrations of up to 6.0 
IU/cm3 [4]. 

Experiments were performed with six strains of lactic acid bacteria 
from the collection of the Department of Industrial Miarobiology: Lacto
bacillus casei 49, Lactobacillus helveticus 78, Lactobacillus bulgaricus 142, 
Streptococcus thermophilus 149, Streptococcus lactis 153, Streptococcus 
diacetilactis 157 .and als,o on cheese starter 06 (a mixture of cultures of 
mesophylic lactic acid streptococ-ci) and a yoghurt star.ter. The strains 
were obtained from ,the MHk Biopreparation Production Plant in Olsztyn. 

The effe,ct of the sele-cted Micrococcus strains on the fermenitative ac
tivity of lactic acid baicteria was determined in mixed cultures maintained 
on milk with and without the antib~otic addi:tion. There were two va
ri.ants of the mixed cultures with penicillin: 

- cultures with preliminary incubation of micrococci applied in order 
to deoompose penicillin (Micrococcus sp. 26p and sp. 64p at 44°C and 
Micrococcus sp. 51p at 37°C), 

- cultures simultaneously inoculated with micrococci and milk feir
men tart i on bacteria. 

The milk was inoculated with a 10/o dose of 18-h micrococci culture of 
a known cell number and a 20/o dose of lactic ba-cteria -(50/o dose in the 
case -of yoghurt starter). . 

The mixed -cultures w-ere tncubated ait 25°C (cheese starter 06), 30°C 
(Lactobacillus casei 49, Streptococcus lactis 153, Streptococcus diacetilactis 
157) and 44 °C (yoghurt startecr-, Lactobacillus helveticus 78, Lactobacillus 
bulgaricus 142 and Streptococcus thermophilus 149). The mixed cultures 
with Lbc. casei and Str. diacetilactis were maintained f.o!f 48 h and all the 
others for 24 h. A,cidification activity was determined after 2, 5, 8, 11, 14, 
24 and 48 h; afte,r 24 and 48 h the ability to produce aromartizing -oom
pounds was checked by the V-P test (cultures with heterofermentative 
streptococci of the startelI"S) [2]._ For lactic starters ,cell aictivity was als0 

determined with the reductase test acoording to Lo ber [9]. 
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RESULTS AND DISCUSSION 

CULTURES ON MILK WITHOUT PENICILLIN 

The studied Micrococcus strains stimulated the fermentative a.ctivity 
of lactic acid bacteria ,or had no effect on milk fermentation. A clearly sti
mulating effect i0f mioriococci was observed in mixed cultures with Lbc. 
helveticus and Lbc. casei (increase of milk aoid.iity by 10.50/o and 36.80/o, 
respectively). The acid.ity in mixed cultures with Streptococcus lactis, on 
the other hand, remained on the same leviel as in control. Micrococcus 
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Fig. 1. Acidity increase in milk in mixed cultures of micrococci and lactis acid 
bacteria; A:1 - Micrococcus sp. 64p, 2 - cheese starter mixed culture 06, 3 - M. sp. 
64p and cheese starter 06; B: 1 - M. sp. 5lp, 2 - LactobaciUus casei, 3 - M. sp. 
5lp and Lbc. casei; C: 1- M. sp. 5lp, 2- Lbc. helveticus, 3- M. sp. 5lp and Lbc. 
helveticus; D: 1 - M. sp. 26p, 2- yoghurt starter, 3 - M. sp. 26p and yoghurt starter 
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strains increased acidity increments in cultures of single laCJtic acid bacte
ria strains and of yoghurt microflora already in the filrst two hoUlrs of in
cubation. This effect was lacking in .the case of cheese starter 06 which 
showed diff.erenres in acidity only after 11 hours of incubaition (Fig. 1). 

Of all the studied strains only Micrococcus sp. 64p ,produced aromatiz
ing oompounds. There was no negative effeot on the production of aroma
tizing compounds by heterofermentative lactic acid strepitooocci in mixed 
cultures. The reductase test revealed that micr,ooooci stimulated the acti
vilty of yoghurt microflora. In a 24-h mixed ,culture with micrococci the 
time ,of resazurine decolourization was 45 min while in ,control this time 
was 60 min. No signifticant effect of mi,orococci on the resul·ts of the re
ductase test was observed in the remaining cu1tures in which the itime 
of resazurine decolourization was about 30 min. 

CULTURES WITH PENICILLIN 

After 3-4 h preincubation in milk containing penicillin (0.3-6.0 IU/cm8 

Micrococcus sp. 26p, sp. 64p and sp. 51p enabled a normal growth of lactic 
acid bacteria and pro.~ fermentation. The increase of acidiity in these 
cultures did not differ frrom that in ,cultures devoid of this antibiotic. In 
control cultures (without microcooci) the growth ,of 1actic acid bacteria 
was oompletely arirested in all cases of the studied antibiotic concentra
tions. The results are illustr.ated in Fłg. 2 ,on lthe example of the culture 
with 6 IU penicillin/cm• . 
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Fig. 2. Acidi ty changes in ,milk eontaini.ng penicillin (6.0 IU/om•) in mixed cuiture 
after preincubation with micrococci; A: I -Streptococcus thermophilus, 2- LaC
tobaciZZus bulgaricus, 3 - Micrococcus sp. 26p, 4- M. sp. 26p and Str. thermophilu5, 

5- M. sp. 26p and Lbc. bulgaricus; B: 1-Str. thermophilus, .2- Lbc. bulgaricUS, 
3- M. sp. 64p, 4- M. sp. 64p and Str. thermophilus, 5-M. sp .. 64p and LbC. 
bulgaricus; C: 1- M. sp. 51p, 2- M. sp. 64p, 3- cheese starter mixed cuJture 

0,6, 4 - M • sp. 64p and cheese starter 06, 5 - M. sp. 51p and cheese starter 06 
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The high activity of lactic acid bacteria ·cultured in media containing 
penioillin and microc-occi was oonfirmed by the reduotase test and, for 
heteTofennenitative streptoooci, also by the V-P test. 

W?rse ·results were obtained when the milk containing penicillin was 
inoculated with both micrococci and lactic acid bacteria. In such condi
tions the growth of lactic acid bacteria was markedly impeded. However, 
the presence of micrococci enahled these bacteria to grow at lower con
centrations of penicillin in milk (0.3-1.0 IU/cm3). The best results were ob
tained with Micrococcus sp. 51p and the cheese starter 06 in milk with 
0.3 IU perucillin per cm3 : the milk ooagulated in 11 h like in cultures 
without penioillin. When Micrococcus sp. 64p was u.sed, the coagulartion 
occurred between the 11 th and the 24th hour ,of incubation. In mixed 
cultures 'Of both these sitrains with y,oghurt starter, the coagulation of milk 
was delayed and ocCUTTed after 8-24 h (FiJg. 3). 

These observations were ·confirmed by results of the reductase test 
which demonstrated that when cheese starter was used the time of re
sazurine reduction was extended to 60 and 90 min (.as oompared with 30 
min in control) and to 160 min when youghurt starter was applied (60 min 
in control). Alrthough the activity of milk fermellltation bacteria was re-
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~ig. 3. Acidity changes in ,milk oontaining penicillin (0.3 IU/cm3) in mixed culture 
of micrococci and lactic acid bacteria (no preincubation); A: 1 - MicTococcus sp . 
51p, 2- M. sp. 64p, 3- cheese starter mixed cultU!I'e 06, 4- M. sp. 5lp and cheese 
sta,rter 06, 5 - M. sp. 64p and cheese starter 06; B: l - M. sp. 5lp, 2 - M. sp. 64p, 
3-yoghurt starter, 4- M. sp. 5lp and yoghurt starter, 5 - M. sp. 64p and yoghurt 

starter 
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duced, the presence ·of microoocci neveTtheless permitted their growth 
when the penicillin ·concentration was as high :as 3.0 IU/.cm3 (Micrococcus 
.3p. 51p) and 6.0 IU/cm3 (Micrococcus sp. 64p). 

The experiments show thait SQmultaneous inoculatłon with boith mkro
coccus and lactic acid bacteria cultures gives good results only when the 
penicillin concentration in mi1k is 1ow (0.3-1.0 IU/cm3). It thus seems 
advisable to inoculate milk with la,ctic acid ha-cterda only after the de-

,composition of penicillin by micrococci during preincubation. 
The stimulating effect of selected Micrococcus strains -on milk fermen

·tation increases their technol,o.gioal .ąpplicabiHty. lt seems •that i,t would 
-be worthwhile to use striains 26-p and 64p, with no prorteo,lytic, lilpolytic 
. and caseolytic properties, in, for example, yogurt production. It goes 
without saying that the application •of penicillinase-pr,oducing Micrococcus 
strains in milk technology d-oes not ex-cuse milk pr,oducers fr.om strictly 

-,observing the waiting period Tequiored by .antibiotic adminisitration. 
Also noteworthy is the strain 51 p with lipolytic, proteolytic and oaseo

lytic properties, and a temperature of penicillin decomposiition (30-37°C) 
that is lower than in the -remaining striains [4]. Given its bi•ochemical pTo
perities -it is possible that it can be useful in cheiese pr,oduction, ,perhaps 
even reducing the period -of cheese ripening .and improving the taste of 

~cheese. This is suggested by the studa.es ·of Robertson and PeTTy [12] who 
have considerably impr,o.ved the taste -of cheddair che-ese usin.g .a sele-cted 
Micrococcus strain. The authors explained this fact by the pr-oiteolytic 
and lipolyiic properties of the strain they studied. 

--CONCLUSION 

1. In the applied experim-ental oonditi,ons -the stimulating effect of 
Micrococcus strains •on milk fermentati-on w:as confi~med. 

2. The application of selected penicillinase-producing Micrococcus stra
ins, briefly preincubated 1in milk containing peni-cillin (0.3-6.0 IU/cm3) 

··ensures normal growrth ,of streptococci and lactic acid bacteria. 
3. The penicillinase-producing Micrococcus strains also make possible 

the development of lactic acid bacteTia in milk with lower con-centrations 
-of penicillin (0.3-1.0 IU/cm8) in cultures without preincubation. 
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MOŻLIWOŚCI WYKORZYSTANIA PENICYLINAZO-DODATNICH SZCZEPÓW 
RODZAJU MICROCOCCUS W TECHNOLOGII FERMENTOWANYCH PRODUK
TÓW MLECZARSKICH. II. WPŁYW PENICYLINAZO-DODATNICH SZCZEPÓW 
RODZAJU MICROCOCCUS NA AKTYWNOśC FERMENTACYJNĄ BAKTERII 
ZAKWASÓW MLECZARSKICH 

Instytut Inżynierii i Biotechnologii Żywności , AR-T, Olsztyn 

Streszczenie 

Stosowano penicylinazo-dodatnie szczepy rodzaju Micrococcus w hodowlach 
mieszanych z bakteriami fermentacji ,mlekowej w mleku bez antybiotyku i w mle
ku zawierającym penicylinę (0,3-6,0 j .m./cm3). Stwierdzono stymulujące działanie 

ziarenkowców na aktywność fermentacyjną bakterii mlekowych. Stosując krótką 

wstępną inkubację ziarenkowców w mleku zawierającym penicylinę uzyskano 
normalny rozwój bakterii mlekowych i właściwy przebieg fermentacji. Gorsze 
efekty uzyskiwano w hodowlach mieszanych jednocześnie szczepionych ziarenkow
cami i kulturami bakterii mlekowych. 


