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Description 

Field  of  the  Invention 

5  The  invention  relates  to  antimicrobial  compositions  in  general,  and,  more  particularly,  to  synergistic  com- 
binations  of  a  hypothiocyanate  component  and  an  antimicrobial  polypeptide  which  combinations  are  cidal 
against  gram  negative  bacteria.  Preferred  combinations  include  a  hypothiocyanate  component  composed  of 
a  peroxidase,  thiocyanate  and  peroxide  and  an  antimicrobial  polypeptide  chosen  from  the  group  consisting  of 
a  cecropin,  a  sarcotoxin,  colicin  E1,  pediocin,  a  combination  of  magainin  I  and  II  and  lantibiotics  such  as  nisin, 

10  Pep  5,  and  subtilin.  Most  preferred  is  a  composition  of  nisin,  lactoperoxidase,  peroxide  and  thiocyanate. 

Background  of  the  Invention 

The  lactoperoxidase  system  (LPS)  is  a  well  known  antimicrobial  system  and  is  composed  of  lactoperoxi- 
15  dase,  thiocyanate  and  hydrogen  peroxide.  The  system  occurs  naturally  in  milk.  Although  the  mechanism  of 

action  is  not  completely  understood,  it  is  postulated  that  the  system  catalyzes  the  oxidation  of  thiocyanate  to 
hypothiocyanate  and  that  the  active  antimicrobial  is  hypothiocyanate.  Although  LPS  is  known  to  affect  gram 
negative  organisms  such  as  Salmonella,  the  effect  has  been  shown  to  require  3  to4  hours  of  contact.  European 
Patent  Application,  Publication  No.  0  252  051,  assigned  to  EWOS  Aktieboieg,  discloses  that  the  addition  of  an 

20  acid  to  adjust  the  pH  of  the  lactoperoxidase  enzyme  in  the  dry  state  to  between  3  and  5  increases  the  storage 
stability  of  the  enzyme. 

In  PCT  application,  International  Publication  No.  WO  88/02600,  Poulsen  discloses  a  bacteriocidal  compo- 
sition  composed  of  lysozyme,  peroxidase,  a  hydrogen  peroxide  forming  enzyme  and  thiocyanate  used  for  den- 
tal  and  wound  treatment  preparations.  Lactoperoxidase  is  preferred.  The  composition  was  tested  against  Strep- 

25  tococcus,  Lactobacillus,  Bacteroides,  Flavobacterium  and  Fusobacterium;  all  gram  positive  bacteria.  Bacterial 
growth  was  reported  to  cease  upon  addition  of  the  composition. 

Nisin  is  the  best  known  polypeptide  of  the  lantibiotic  group  and  is  a  well  known,  food  acceptable,  antimi- 
crobial.  However,  although  nisin  is  widely  known  to  have  an  inhibitory  effect  on  gram-positive  bacteria.  It  is 
generally  believed  to  have  no  inhibitory  effect  on  gram-negative  bacteria.  US  Patent  Nos.  4,597,972  and 

30  4,584,199,  assigned  to  Aplin  and  Barrett,  disclose  the  use  of  2000  to  10,000  International  Units  of  nisin  to  pre- 
vent  the  outgrowth  of  spores  of  Clostridium  botulinum  in  processed  foods  and  food  products. 

Antimicrobial  compositions  which  include  synergistic  amounts  of  two  or  more  antimicrobials  have  been  re- 
ported  previously.  PCT  application,  International  Publication  No.  WO  89/12399,  assigned  to  the  Public  Health 
Research  Institute  of  the  City  of  New  York,  discloses  combinations  of  lantibiotics,  such  as  nisin,  and  a  chelating 

35  agent  provide  enhanced  activity  and  a  broader  spectrum  of  activity  on  both  gram  negative  and  gram  positive 
organisms. 

Synergistic  combinations  of  lysozyme  and  cecropins  or  sarcotoxin  have  been  reported  to  lyse  or  inhibit 
eucaryotic  cells  in  PCT  application,  International  Publication  No.  WO  89/00194,  assigned  to  the  Louisiana 
State  University  Agricultural  and  Mechanical  College.  The  disclosure  states  that  the  activity  of  a  lytic  polypep- 

40  tide  such  as  a  cecropin  or  sarcotoxin  may  be  enhanced  by  combination  with  lysozyme.  Such  synergistic  com- 
binations  may  be  used  not  only  to  lyse  or  inhibit  eucaryotes,  but  also  bacteria,  and  that  use  applications  sug- 
gested  include  use  in  food  stuffs  and  other  products  as  an  antibacterial  preservative  and  in  agricultural  appli- 
cation,  for  example,  in  a  spray  applied  in  an  effective  amount  to  crops  to  prevent  infection  by,  or  to  inhibit  plant 
pathogens. 

45  Previous  work  commonly  assigned  herein,  has  found  that  nisin  and  lysozyme  provide  a  synergistic  anti- 
microbial  combination  against  bacteria,  particularly  Listeria. 

There  have  been  no  reports  to  date  on  the  activity  of  a  combination  of  the  two  antimicrobial  systems,  lac- 
toperoxidase  and  nisin. 

The  synergistic  antimicrobial  composition  of  this  invention  has  been  found  to  be  an  effective  cidal  agent 
50  against  the  gram-negative  organisms,  such  as  Salmonella,  in  a  much  shorter  time  period  than  the  lactoper- 

oxidase  system  alone.  As  such  it  will  be  useful  to  eliminate  surface  contaminations  of  food  products  and  as  a 
disinfectant  for  food  processing  plants. 

Summary  of  the  Invention 
55 

The  invention  described  herein  provides  an  antimicrobial  composition  composed  of  an  antimicrobial  poly- 
peptide,  a  hypothiocyanate  component  and  a  buffering  component  capable  of  providing  a  pH  between  3  and 
5.  Synergistic  activity  is  seen  against  gram  negative  organisms  when  the  composition  is  applied  at  between 
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about  30  and  40  degrees  Centigrade.  A  preferred  hypothiocyanate  component  is  lactoperoxidase,  thiocyanate 
and  a  peroxide.  Also  provided  are  a  methods  of  use  and  a  method  of  producing  the  antimicrobial  composition. 
The  composition  is  particularly  useful  on  surfaces,  fresh  produce,  fish  and  meat  such  as  poultry. 

5 
Description  of  the  Invention 

The  synergistic  antimicrobial  composition  of  the  invention  is  composed  of  an  antimicrobial  polypeptide,  a 
hypothiocyanate  component,  and  a  buffering  component  capable  of  providing  a  pH  between  about  3  and  about 

10  5.  It  has  been  found  that  a  preferred  composition  (nisin,  lactoperoxidase,  thiocyanate  and  hydrogen  peroxide) 
is  capable  of  decreasing  the  viable  count  of  Salmonella  typhimurium  by  greater  than  six  logs  in  twenty  minutes. 

A  composition  was  considered  to  be  an  "effective"  antimicrobial  only  if  a  reduction  of  viable  cell  count  of 
3  logs  or  greater  was  seen  45  minutes  after  the  antimicrobial  composition  was  applied.  Testing  used  indicated 
cidal  activity  (bacterial  killing)  rather  than  static  activity.  The  concentration  of  nisin  in  the  antimicrobial  com- 

15  position,  when  used  alone,  had  limited  cidal  effect  in  the  same  amount  of  time  under  the  same  conditions  and 
the  lactoperoxidase  system  alone  provided  a  viable  count  reduction  of  only  one  log  in  the  same  amount  of  time, 
under  the  same  conditions.  Compositions  of  this  invention  were  deemed  to  be  "synergistic"  when  the  effect 
of  the  composition  in  the  same  time  frame  and  underthe  same  conditions  was  greaterthan  the  additive  effect 
of  the  components  alone. 

20  Although  the  lactoperoxidase  system  has  been  reported  to  have  an  inhibitory  effect  on  gram-negative  bac- 
teria,  the  effect  seen  with  the  addition  of  nisin  is  dramatically  greater  in  a  much  shorter  time  frame. 

COMPOSITION 

25  An  antimicrobial  polypeptide  is  defined  herein  as  a  molecule  which  may  be  a  protein  such  as  colicin  E1 
but  is  preferably  a  smaller  polypeptide  containing  between  3  and  50  amino  acids,  most  preferably  8  to  34.  Ex- 
amples  of  such  polypeptides  are  magainin  I  and  magainin  II,  cecropins,  colicin  E1,  pediocin,  sarcotoxins  and 
lantibiotics  such  as  for  example  subtilin,  epidermin,  gallidermin,  nisin  and  PEP-5.  Preferred  polypeptides  are 
magainins  and  lantibiotics;  most  preferred  is  the  lantibiotic,  nisin.  This  definition  of  antimicrobial  polypeptide 

30  does  not  include  lysozyme  which  is  an  enzyme. 
Nisin  as  used  herein  refers  to  a  purified  preparation  of  nisin  obtained  from  Sigma  Chemical  Company.  A 

purification  procedure  is  provided  in  the  Examples. 
As  used  herein  the  phrase  "hypothiocyanate  component"  is  considered  equivalent  to  hypothiocyanate  or 

a  hypothiocyanate  generating  system.  The  hypothiocyanate  component  is  defined  herein  as  any  composition 
35  which  is  capable  of  generating  the  antimicrobially  active  component  of  the  lactoperoxidase  system.  This  com- 

ponent  is  commonly  believed  to  be  hypothiocyanate.  One  system  capable  of  generating  hypothiocyanate  is 
composed  of  a  peroxidase,  thiocyanate  and  a  peroxide.  The  phrase  "lactoperoxidase  system",  as  used  herein, 
refers  to  a  combination  of  lactoperoxidase,  hydrogen  peroxide  and  thiocyanate  and  is  abbreviated  as  LPS  in 
the  tables. 

40  The  hypothiocyanate  component  may  include  any  peroxidase  provided  that  it  is  capable  of  catalyzing  the 
reaction  between  the  peroxide  and  thiocyanate.  For  example  horseradish  peroxidase,  lactoperoxidase  orchlor- 
operoxidase  may  be  used.  Lactoperoxidase  is  available  commercially  from  Sigma  Chemical  Company  and  is 
the  peroxidase  of  choice  for  food  systems  of  interest  because  of  its  natural  occurrence  in  milk. 

Any  thiocyanate  salt  may  be  used  although  common  alkali  metal  salts  such  as  sodium  and  potassium  thio- 
45  cyanates  are  preferred.  Sodium  thiocyanate  may  also  be  obtained  from  Sigma. 

The  term  "peroxide"  commonly  refers  to  hydrogen  peroxide  although  other  peroxides  with  the  same  ac- 
tivity  may  be  used.  A  peroxide  generating  system  may  also  be  used.  Peroxide  generating  systems  such  as  a 
combination  of  glucose  and  glucose  oxidase  are  well  known  in  the  art.  Although  hydrogen  peroxide  is  well 
known  to  have  some  antimicrobial  activity,  and  is  commonly  sold  in  drugstores  in  a  3%  (volume/volume) 

so  strength,  the  concentration  of  hydrogen  peroxide  needed  to  act  with  peroxidase  and  thiocyanate  to  produce 
antimicrobial  activity  is  about  one  ten  thousandth  (1/1  0000)  of  that  concentration. 

The  buffering  component  may  be  any  of  those  which  are  capable  of  providing  buffering  capacity  between 
the  pH  of  3  to  5.  Suitable  buffers  include  phosphate,  citrate  and  acetate.  As  described  in  the  Examples,  phos- 
phate  is  a  preferred  buffer.  However,  there  are  many  buffer  systems  available  which  are  well  known  to  those 

55  of  skill  in  the  art  which  may  be  used  as  long  as  there  is  no  interference  with  the  generation  of  hypothiocyanate. 
Although  the  concentration  of  the  components  of  the  antimicrobial  composition  described  herein  will  vary 

depending  on  the  application  (i.e.,  food  use,  surface  application,  surface  disinfection),  the  following  will  serve 
as  a  guide  to  useful  concentration  ranges  and  their  relation. 

For  antimicrobial  polypeptides  useful  in  the  invention,  the  lanthionines  are  generally  referred  to  in  activity 
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units  (lU/mL).  For  such  lanthionines,  the  general  range  would  be  from  500  lU/mL  to  30,000  lU/mL,  preferably 
from  2000  lU/mL  to  20,000  lU/mL  as  shown  herein  for  nisin.  Higher  concentrations  may  be  used  for  surface 
application  on  foods  where  the  concentration  applied  may  be  very  high,  although  the  actual  concentration  re- 

5  suiting  on  the  surface  of  the  food  product  is  relatively  low.  Magainins,  colicin  E1  and  other  antimicrobial  poly- 
peptides  are  referred  to  in  weight  units.  For  such  polypeptides,  between  500  ngm/mLand  10,000  ngm/mLwill 
be  generally  useful,  preferably  from  1,000  ngm/mLto  6,000  ngm/mL  Again  the  concentrations  may  be  higher 
for  surface  application. 

The  concentration  of  the  hypothiocyanate  component  generated  is  generally  defined  by  the  concentration 
10  of  thiocyanate  salt  and  peroxide.  Too  high  a  concentration  of  peroxide  may  be  deleterious  to  some  foods,  al- 

though  if  hypothiocyanate  is  to  be  generated  over  a  period  of  time,  after  the  initial  concentration  of  peroxide 
is  used  up,  addition  of  more  peroxide  may  be  desirable.  For  single  use,  concentrations  of  peroxide  are  between 
0.2  mM  and  3.0  mM,  preferably  0.5  mM.  The  thiocyanate  salt  will  range  from  0.5  mM  to  3.0  mM,  preferably 
around  1.5  mM. 

15  The  buffer  will  be  used  in  amounts  effective  to  provide  the  desired  pH  range. 

Method  of  Preparation: 

The  composition  is  prepared  by  mixing  the  ingredients  and  warming  the  pH  adjusted  mixture  to  between 
20  30  and  40  degrees  Centigrade.  This  method  is  considered  equivalent  to  mixing  antimicrobial  peptide  and  hy- 

pothiocyanate  component,  warming,  adding  a  buffer  solution  and  warming  or  adding  a  warmed  buffer  solution. 
Solutions  of  the  individual  components  prior  to  mixing  may  also  be  warmed  prior  to  mixing. 

Asynergistic  increase  in  effectiveness  of  the  ingredients  of  the  antimicrobial  composition  is  seen  between 
a  pH  of  3  and  a  pH  of  5.  Within  this  pH  range,  it  is  possible  to  use  less  nisin  than  is  required  for  a  similar  effect 

25  above  pH  5  and  less  hypothiocyanate  such  as  a  lactoperoxidase  system  than  is  required  for  a  similar  effect 
below  pH  3.  Most  of  the  work  disclosed  herein  was  done  at  a  pH  of  3.6  in  order  to  provide  a  consistent  results 
for  comparison. 

In  order  to  provide  the  most  effective  antimicrobial  system  for  short  term  effectiveness,  the  mixture  should 
be  mixed  and  heated  to  a  temperature  of  between  30  and  40°C  prior  to  use,  preferably  at  least  about  35°C. 

30  This  is  a  particularly  advantageous  temperature  for  application  to  freshly  slaughtered  poultry  because  the  com- 
position  is  brought  to  a  temperature  similarto  that  of  the  poultry  and  therefore  the  application  of  the  composition 
will  not  close  the  pores  on  the  poultry  skin  which  closing  may  effectively  protect  undesirable  bacteria  from  con- 
tact  with  the  antimicrobial  composition. 

The  antimicrobial  composition  is  most  preferably  heated  to  a  temperature  of  about  37°C  prior  to  contact 
35  with  a  contaminated  surface.  Although  the  mechanism  of  action  of  the  lactoperoxidase  system  in  combination 

with  an  antimicrobial  polypeptide,  is  not  known,  it  is  speculated  that  this  temperature  provides  for  the  gener- 
ation  of  the  active  antimicrobial  component  of  the  lactoperoxidase  system.  This  active  component  may  be  hy- 
pothiocyanate. 

In  addition  it  was  found  that  the  best  results  were  found  when  the  order  of  mixing  the  antimicrobial  com- 
40  position  components  was:  antimicrobial  polypeptide,  thiocyanate,  peroxide  and  then  peroxidase. 

In  use,  the  concentrations  of  the  components  may  be  varied  to  achieve  the  desired  effect  in  the  desired 
time  frame.  However,  it  was  found  that  with  a  pH  of  about  3.6  and  with  warming  to  about  37°C  prior  to  contact 
with  the  organisms;  there  was  a  decrease  of  six  logs  in  viable  count  of  S.  typhimurium  in  twenty  minutes  (1 
million  fold). 

45  Asynergistic  antimicrobial  solution  may  be  generated  at  the  site  of  use  by  passing  a  solution  of  thiocyanate 
and  peroxide  over  immobilized  peroxidase  to  produce  hypothiocyanate  (J.  General  Microbiology,  1980,  120, 
513-516.)  and  combining  the  hypothiocyanate  produced  with  an  antimicrobial  polypeptide  (for  example  be- 
tween  2000  lU/mLand  20,000  lU/mL  nisin)  to  produce  an  antimicrobial  solution.  The  pH  of  the  antimicrobial 
solution  may  be  adjusted  with  a  suitable  buffer  and  warmed  to  between  about  30  and  40  degrees  centigrade 

so  prior  to  application  or  the  individual  components  may  be  pH  adjusted  and  warmed. 

Application: 

The  composition  may  be  used  as  a  disinfectant  for  cleaning  surfaces  and  cooking  utensils  in  food  proc- 
55  essing  plants  and  any  area  in  which  food  is  prepared  or  served  such  as  hospitals,  nursing  homes,  restaurants, 

especially  fast  food  restaurants,  delicatessens  and  the  like.  It  may  also  be  used  as  an  antimicrobial  in  food 
products  and  would  be  particularly  useful  as  a  surface  antimicrobial  on  cheeses,  fresh  produce  such  as  fruits 
and  vegetables  and  foods  on  salad  bars  and  in  delis.  The  composition  may  be  applied  by  contacting  the  sur- 
faces  of  the  food  by  spraying,  dipping  or  the  like.  It  is  also  expected  that  the  composition  will  be  mixed  with 
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food. 
One  application  of  particular  interest  is  the  decontamination  of  freshly  slaughtered  poultry.  It  is  well  known 

that  poultry  carry  Salmonella  in  theirfecesand  on  their  skins  to  the  slaughter  house.  It  is  particularly  important 
5  to  eradicate  this  contaminant  early  in  processing.  The  freshly  slaughtered  poultry  in  the  processing  line  may 

be  sprayed  or  immersed  into  a  solution  of  the  antimicrobial  composition  prior  to  the  poultry  being  immersed  in 
the  chill  tank.  Because  of  the  short  time  to  produce  effective  bacteriocidal  action,  the  time  of  the  processing 
line  need  not  be  increased.  Ten  to  twenty  minutes  of  contact  with  the  poultry  surfaces  prior  to  immersion  in 
the  chill  tank  would  be  sufficient  to  kill  contaminating  Salmonella.  The  ingredients  of  the  composition  could  be 

10  held  in  tanks  with  an  immobilized  peroxidase  heated  to  between  30  and  40°C.  The  thiocyanate  and  hydrogen 
peroxide  would  then  be  passed  over  the  immobilized  peroxidase  providing  the  five  minute  incubation  period 
to  produce  the  active  antimicrobial.  The  hypothiocyanate  containing  solution  would  then  be  mixed  with  a  sol- 
ution  of  antimicrobial  polypeptide,  also  at  a  temperature  of  between  30  and  40°C,  and  the  resultant  antimicrobial 
solution  would  be  sprayed  on  the  poultry  as  the  carcasses  move  continuously  through  processing.  Either  or 

15  both  solutions  could  be  adjusted  to  a  pH  of  between  3  and  5. 

Description  of  the  Preferred  Embodiment 

It  has  been  found  that  the  use  of  a  synergistic  composition  composed  of  lactoperoxidase,  peroxide,  thio- 
20  cyanate  and  nisin,  provides  a  broader  spectrum  of  action  and  a  decreased  time  of  effectiveness.  The  syner- 

gistic  antimicrobial  composition  of  the  invention  provides  bacteriocidal  activity  in  gram  negatives  such  as  E. 
coli  and  Salmonella  in  less  than  about  one  hour.  Of  particular  interest  is  killing  gram  negative  food  pathogens, 
especially  Salmonella  typhimurium  and  Salmonella  enteritidis. 

Preferred  compositions  utilizing  nisin  as  the  antimicrobial  peptide  contain  between  2000  and  20,000  In- 
25  ternational  Units  per  milliliter. 

The  following  examples  disclose  preferred  embodiments  of  the  invention,  which  is  solely  defined  by  the 
claims. 

EXAMPLES 
30 

Example  One  -  Effect  of  nisin  and  hypothiocyanate  on  Salmonella  typhimurium. 

Growth  Conditions: 

35  Salmonella  typhimurium  (ATCC  14028)  was  maintained  on  an  agar  medium  containing  tryptic  soy  agar 
(Difco  Labs).  Stock  agar  slants  were  stored  at  4°C.  An  overnight  culture  of  S.  typhimurium  was  prepared  by 
inoculating  a  250  mL  flask  containing  10  mL  nutrient  broth  with  1  loop  of  culture  from  the  stock  slant  and  in- 
cubating  at  37°C  with  slow  shaking  at  25  rpm  on  a  New  Brunswick  G24  shaker.  The  overnight  grown  culture 
was  then  used  to  inoculate  fresh  nutrient  broth  (1:20  inoculation  level)  in  a  250  mLside  arm  flask.  This  flask 

40  was  then  incubated  at  37°C,  and  agitated  at  25  rpm  until  the  culture  reached  a  density  of  100  units  as  measured 
using  a  Klett-Sommerson  photometer.  This  density  corresponded  to  a  viable  cell  count  of  approximately  3  X 
108  cells  per  mL.  All  testing  was  done  on  cells  at  log  phase  growth  unless  otherwise  indicated. 

Purification  of  commercially  available  nisin. 
45 

Nisin  obtained  from  Sigma  was  purified  to  remove  impurities  consisting  primarily  of  sodium  chloride  and 
denatured  milk  solids. 

Nisin  was  dissolved  in  water  and  the  pH  adjusted  to  2.5  with  hydrochloric  acid.  The  solution  was  diafiltered 
to  remove  sodium  chloride.  The  filtrate  was  heated  to  80°  C  to  coagulate  and  precipitate  the  milk  solids;  a  filter 

so  aid  such  as  diatomaceous  earth  was  added;  and  the  filtrate  was  vacuum  filtered  to  remove  the  precipitated 
milk  solids.  Optionally  the  pH  of  the  filtrate  may  be  adjusted  to  6  before  vacuum  filtering  to  obtain  even  higher 
purity.  Preparations  obtained  in  either  manner  were  bacteriocidal  against  gram  negative  bacteria.  The  solution 
obtained  contained  purified  nisin.  The  solution  was  assayed  by  the  standard  method  and  activity  assigned  in 
that  way. 

55 
Nisin-Lactoperoxidase  System: 

An  antimicrobial  composition  of  nisin  and  a  hypothiocyanate  component  consisting  of  sodium  thiocyanate, 
hydrogen  peroxide  and  lactoperoxidase  (referred  to  herein  as  the  lactoperoxidase  system  and  abbreviated  in 
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the  tables  as  LPS)  was  prepared  by  addition  of  the  ingredients  in  the  following  order: 
Nisin  0  to  20,000  units/mL 
Sodium  thiocyanate  1.5  mM 

5  Hydrogen  peroxide  0.5  mM 
Lactoperoxidase  0.24  units/mL 
was  added  to  9  mL  of  0.2%  (w/v)  KH2P04  in  deionized  water  adjusted  to  pH  3.6  with  hydrochloric  acid  (all  con- 
centrations  are  given  for  a  final  concentration  in  10  mL  of  reaction  mixture).  Although  this  order  of  mixing  ap- 
pears  to  give  the  best  results,  it  is  not  required  to  produce  a  synergistic  antimicrobial  solution. 

10  The  system  was  incubated  for  5  minutes  at  37°C  with  gentle  agitation  (25  rpm)  followed  by  inoculation  with 
1  mL  of  the  culture  of  S.  typhimurium,  obtained  as  described  previously,  containing  1  08  cells  per  milliliter.  In- 
cubation  was  continued  at  37°C  and  samples  were  withdrawn  at  10  and  20  minute  intervals.  Serial  dilutions 
were  carried  out  in  nutrient  broth  and  viable  counts  were  obtained  following  growth  of  samples  on  nutrient  broth 
plates  with  incubation  at  37°C  for  48  hours. 

15 
Results: 

N i s i n   C o n c e n t r a t i o n   Loq10  R e d u c t i o n   in  V i a b l e   C o u n t  

20  (  u n i t s / m L )   10  m i n u t e s   20  m i n u t e s  

0  0  1 

2 , 0 0 0   0  2 . 4  

4 , 0 0 0   0  1 

6 , 0 0 0   0  2 

8 , 0 0 0   0  3 

1 0 , 0 0 0   0  3 

1 6 , 0 0 0   0  >6 

2 0 , 0 0 0   2 .8  >6 

2 , 0 0 0   n i s i n   no  LPS  0  0 

2 0 , 0 0 0   n i s i n   no  LPS  0  0 

40 
As  seen  above,  LPS  alone  provided  one  log  reduction  in  viable  count  in  20  minutes  and  between  2,000  Inter- 
national  Units  (abbreviated  "units"  herein)  nisin  alone  per  milliliter  provided  no  reduction  in  viable  count.  How- 
ever,  the  composition  of  this  invention  including  16,000  to  20,000  units  nisin  provided  greater  than  six  logs 
reduction  in  twenty  minutes  against  S.  typhimurium. 

45 
Example  Two:  Effect  of  nisin  and  hypothiocyanate  on  Salmonella  enteritidis. 

Salmonella  enteritidis  (ATCC  13076)  was  prepared  as  disclosed  in  Example  1  and  maintained  on  an  agar 
medium  containing  tryptic  soy  agar  (Difco  Labs).  The  antimicrobial  composition  containing  nisin  and  the  lac- 

50  toperoxidase  system  was  prepared  as  disclosed  in  Example  1. 

55 
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10 

Results 

Log  r e d u c t i o n   in  v i a b l e   c o u n t  
5 

10  20  30 
m i n u t e s  

2 , 0 0 0   u n i t s / m L   n i s i n  
10  +LPS  6  >6  >6 

2 0 , 0 0 0   u n i t s / m L   n i s i n   >6  >6  >6 
+LPS 

is  LPS  a l o n e   2 . 1 1   5 . 0 8   >6 

2 , 0 0 0   u n i t s / m L   n i s i n   0  2  2 . 5 5  
(no  L P S )  

2 0 , 0 0 0   u n i t s / m L   n i s i n   2 .09   2 . 2 1   2 . 5 5  
20  (no  L P S )  

Synergy  was  seen  by  increased  reduction  in  viable  count  at  10  minutes.  At  20  minutes  and  longer,  LPS 
was  so  effective  against  S.  enteritidis  that  no  synergistic  effect  was  discernible  since  the  maximum  viable  count 

25  was  108. 

Example  Three:  The  effect  of  eliminating  preincubation  from  the  preparation  of  the  antimicrobial  solution. 

A  culture  of  S.  typhimurium.  was  obtained  as  described  in  Example  1.  The  antimicrobial  composition  was 
30  also  prepared  as  described  in  Example  1.  One  set  of  samples  was  tested  as  shown  in  Example  1.  A  second 

set  was  inoculated  with  1  mL  culture  immediately  after  the  ingredients  were  added,  eliminating  preincubation. 

Results 

Log  r e d u c t i o n   in  v i a b l e   c o u n t  

P r e i n c u b a t i o n   10  20  30 

2 0 , 0 0 0   yes   0  6  >6 
u n i t s / m L   n i s i n  

+LPS  no  >6  >6  >6 

+LPS  yes  0  0  0 
no  0  2 . 1 7   6 

2 0 , 0 0 0   IU/mL  yes   0  0  0 

n i s i n  
no  0  0  0 

The  experiment  indicated  that  the  antimicrobial  composition  is  more  effective  than  would  be  expected  from 
the  additive  effects  of  the  same  amount  of  nisin  and  the  same  LPS  for  the  same  period  of  exposure,  even 

55  when  the  preincubation  was  eliminated. 

Example  Four:  The  use  of  a  combination  of  Magainin  I  and  II  as  the  antimicrobial  polypeptide. 

A  culture  of  Salmonella  typhimurium,  ATCC  14028,  was  prepared  as  described  in  Example  1.  An  antimi- 
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crobial  solution  was  prepared  using  Magainin  I  and  II  as  the  antimicrobial  polypeptide  and  the  lactoperoxidase 
system: 

The  antimicrobial  composition  was  prepared  by  addition  of  the  ingredients  in  the  following  order: 
5  magainin  I  1000  nanograms/mL 

magainin  II  1000  nanograms/mL 
Sodium  thiocyanate  1.5  mM 
Hydrogen  peroxide  0.5  mM 
Lactoperoxidase  0.24  units/mL 

10  to  9  mL  of  0.2%  (w/v)  KH2P04  in  deionized  water  adjusted  to  pH  3.6  with  hydrochloric  acid  (all  concentrations 
are  given  for  a  final  concentration  in  10  mL  of  reaction  mixture). 

The  antimicrobial  solution  was  incubated  for  5  minutes  at  37°C  with  gentle  agitation  (25  rpm)  followed  by 
inoculation  with  1  mLof  the  culture  described  previously,  containing  108  cells  per  milliliter  S.  typhimurium.  The 
solution  was  treated  and  tested  as  described  in  Example  1.  Control  solutions  of  Magainin  l/l  I  alone  were  pre- 

15  pared  by  adding  1000  nanograms/mL  magainin  I  and  1000  nanograms/mL  magainin  II  to  9  mL  of  0.2%  (w/v) 
KH2PH4  in  deionized  water  adjusted  to  pH  3.6  with  hydrochloric  acid.  The  system  was  incubated  for  5  minutes, 
treated  and  tested  as  described  previously. 

20 

25 

Results: 

30 

Log  r e d u c t i o n   in  v i a b l e   c o u n t  

20  30  40  60 
m i n u t e s  

M a g a i n i n   I,  II  1 .99  2 .10   2 .03   2 . 3 3  
+LPS 

M a g a i n i n   I,  II  0.4  0 .22   0 .36   ( 0 . 1 2 )  

LPS  1.7  0 .93   2 .20   2 . 3 6  

An  increase  in  effectiveness  over  an  effect  expected  from  the  results  of  the  use  of  the  combination  Ma- 
gainin  l/l  I  alone  or  LPS  alone,  was  seen  at  30  minutes. 

35 
Example  Five:  The  use  of  Colicin  E1  as  the  antimicrobial  polypeptide. 

A  culture  of  S.  typhimurium.  was  prepared  as  described  in  Example  1  .  An  antimicrobial  solution  containing 
colicin  E1  as  the  antimicrobial  polypeptide  and  the  lactoperoxidase  system  as  the  hypothiocyanate  component 

40  was  prepared  by  adding  (in  order): 
Colicin  E1  5000  nanograms/mL 
Sodium  thiocyanate  1.5  mM 
Hydrogen  peroxide  0.5  mM 
Lactoperoxidase  0.24  units/mL 

45  to  9  mL  of  0.2%  (w/v)  KH2P04  in  deionized  water  adjusted  to  pH  3.6  with  hydrochloric  acid  (all  concentrations 
are  given  for  a  final  concentration  in  10  mLof  reaction  mixture). 

Colicin  E1  was  added  to  9  mL  0.2%  (w/v)  KH2P04  in  deionized  water,  adjusted  to  pH  3.6  with  hydrochloric 
acid,  without  sodium  thiocyanate,  hydrogen  peroxide,  and  lactoperoxidase,  was  used  as  a  control. 

The  systems  were  incubated  at  37°C  and  tested  as  described  previously. 

55 
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Results: 

Log10  R e d u c t i o n   in  V i a b l e   C o u n t  

20  40  60 
m i n u t e s  

C o l i c i n   El  +  LPS  0 .79   6 . 5 2   6 . 5 2  

C o l i c i n   0 .12   ( 0 . 0 8 )   ( 0 . 2 6 )  

LPS  0 .74   4 . 1 8   6 . 5 2  

15 
The  results  indicate  that  with  40  minutes  exposure,  the  effect  of  the  antimicrobial  composition  was  greater  than 
the  additive  effect  of  the  individual  components. 

Example  Six:  Use  of  the  antimicrobial  composition  against  log  phase  E.  coli  and  stationary  phase  E.  coli. 
20 

E.  coli.  (log  phase) 

Escherichia  coli,  ATCC  8739,  was  maintained  on  an  agar  medium  containing  tryptic  soy  agar  (Difco  Labs). 
Stock  agar  slants  were  stored  at  4°C.  Culture  for  testing  was  obtained  as  described  in  Example  1  .  The  dilution 

25  tested  contained  a  viable  cell  count  of  approximately  9.7  x  108  CFU/mL. 
An  antimicrobial  solution  of  nisin  and  the  lactoperoxidase  system  was  prepared  and  tested  as  described 

in  Example  1.  Samples  containing  108  cells  per  milliliter  E.  coli  were  withdrawn  at  10  and  20  minutes.  The  results 
are  shown  below. 

30  Logxo  R e d u c t i o n   in  V i a b l e   C o u n t  

10  (min)  20  ( m i n )  

2 0 , 0 0 0   u n i t s / m L   n i s i n   >7  >7 
35  +LPS 

2 0 , 0 0 0   u n i t s   n i s i n   5 .37   5 . 9 1  

LPS  0  3 . 8 8  
40 

The  effect  of  the  antimicrobial  solution  containing  20,000  units  per  milliliter  nisin  at  10  minutes  than  would  be 
expected  from  the  additive  effect  of  the  nisin  or  the  lactoperoxidase  system  alone. 

45  E.  co|i  (stationary  phase) 

Escherichia  coli,  ATCC  8739,  was  maintained  on  an  agar  medium  containing  tryptic  soy  agar  (Difco  Labs). 
Stock  agar  was  prepared  as  described  in  Example  1  .  The  overnight  culture  corresponded  to  a  viable  cell  count 
of  approximately  3.8  x  109  cells  per  mL. 

so  An  antimicrobial  solution  of  nisin  and  lactoperoxidase  system  was  prepared  as  described  in  Example  1  and 
was  tested  against  samples  of  containing  109  cells  per  milliliter  E.  co[i  (stationary  phase).  Samples  were  with- 
drawn  after  10,  20,  40,  and  60  minute  intervals. 

55 
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Results: 

Log1Q  R e d u c t i o n   in  V i a b l e   C o u n t  

10  20  40  60 
m i n u t e s  

2 0 , 0 0 0   u n i t s / m L   n i s i n   0  4 . 3 2   >7  >7 
+LPS 

2 0 , 0 0 0   u n i t s / m L   n i s i n   0  0  3.1  3 . 5 4  

LPS  0  0  0  0 

The  effect  of  the  antimicrobial  solution  was  greater  than  the  effect  expected  from  either  nisin  or  LPS  alone 
even  on  stationary  phase  microorganisms. 

Claims 

1.  A  synergistic  antimicrobial  composition  comprising  of  an  antimicrobial  polypeptide,  a  hypothiocyanate 
component  and  a  buffering  component  capable  of  providing  a  pH  between  3  and  5. 

2.  The  antimicrobial  composition  of  claim  1  wherein  the  hypothiocyanate  component  is  composed  of  a  per- 
oxidase,  a  peroxide  and  a  thiocyanate. 

3.  The  antimicrobial  composition  of  claim  1  wherein  the  antimicrobial  polypeptide  is  chosen  from  the  group 
consisting  of  a  cecropin,  a  sarcotoxin,  colicin  E1,  pediocin,  a  combination  of  magainin  I  and  magainin  II 
and  a  lantibiotic. 

4.  The  antimicrobial  composition  of  claim  1  wherein  the  peroxidase  is  lactoperoxidase,  the  peroxide  is  hy- 
drogen  peroxide  and  the  thiocyanate  is  sodium  or  potassium  thiocyanate. 

5.  An  antimicrobial  composition  according  to  claim  1  composed  of  lactoperoxidase,  thiocyanate,  peroxide; 
the  improvement  comprising  the  addition  of  a  buffering  component  capable  of  providing  a  pH  from  3  to  5 
and  a  synergistic  amount  of  nisin. 

6.  The  use  of  the  antimicrobial  composition  of  claim  1  as  a  bacteriocide  against  gram  negative  organisms. 

7.  The  use  of  the  antimicrobial  composition  of  claim  1  as  a  bacteriocide  against  Salmonella  and  E  coli. 

8.  A  method  of  killing  gram-negative  organisms,  comprising  the  steps  of: 
a.  mixing  an  antimicrobial  polypeptide,  a  hypothiocyanate  component  and  a  buffering  component  ca- 
pable  of  providing  a  pH  of  between  3  and  5,  according  to  claim  1; 
b.  warming  the  mixture  to  a  temperature  of  between  30  and  40  degrees  Centigrade;  and 
d.  contacting  the  warmed  mixture  with  a  surface  contaminated  with  a  gram-negative  organism  for  a 
time  sufficient  to  kill  the  microorganisms. 

9.  A  method  of  killing  Salmonella  on  poultry,  comprising  the  steps  of: 
a.  mixing  between  2,000  lU/mL  and  20,000  lU/mL  nisin,  a  hypothiocyanate  component  and  a  buffering 
component  capable  of  providing  a  pH  of  between  3  and  5,  according  to  claim  1  ; 
b.  warming  the  mixture  to  a  temperature  of  30  and  40  degrees  centigrade  with  surfaces  of  slaughter 
fresh  poultry;  and 
c.  allowing  the  warm  mixture  to  remain  in  contact  with  the  poultry  surfaces  for  at  least  about  ten  min- 
utes. 

10.  The  method  of  claim  9  in  which  the  hypothiocyanate  component  is  a  thiocyanate,  hydrogen  peroxide  and 
lactoperoxidase  and  the  order  of  mixing  in  step  a  is: 

10 
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a.  nisin; 
b.  thiocyanate; 
c.  hydrogen  peroxide;  and 
d.  lactoperoxidase. 

11.  A  method  of  producing  a  synergistic  mixture  according  to  claim  1  of  nisin  and  a  hypothiocyanate  compo- 
nent,  comprising  the  steps  of: 

a.  passing  a  solution  of  thiocyanate  and  peroxide  at  over  immobilized  peroxidase  to  produce  hypoth- 
iocyanate; 
b.  combining  the  hypothiocyanate  produced  with  between  2000  lU/mLand  20,000  lU/mL  nisin  to  pro- 
duce  an  antimicrobial  solution; 
c.  combining  a  buffering  component  capable  of  providing  a  pH  of  between  3  to  5  with  the  antimicrobial 
solution; 
d.  warming  the  buffered  solution  to  a  temperature  of  between  30  and  40  degrees  centigrade;  and 
e.  contacting  surfaces  of  slaughter  fresh  chicken  with  the  mixture  for  between  10  and  20  minutes. 

12.  Amethod  of  killing  gram-negative  organisms  on  fresh  produce,  comprising  applying  the  antimicrobial  com- 
position  of  claim  1  at  a  temperature  of  at  least  about  35  degrees  centigrade  to  surfaces  of  fresh  produce. 

13.  Amethod  of  surface  disinfection,  comprising  contacting  a  surface  with  a  solution  of  the  antimicrobial  com- 
position  of  claim  1  at  a  temperature  of  between  about  30  and  40  degrees  centigrade  for  between  10  to 
60  minutes. 

Patentanspruche 

1.  Synergistische  antimikrobielle  Zusammensetzung,  umfassend  ein  antimikrobielles  Polypeptid,  eine  Hy- 
pothiocyanat-Komponente  und  eine  Puffer-Komponente,  die  zur  Bereitstellung  eines  pH-Wertes  zwi- 
schen  3  und  5  befahigt  ist. 

2.  Antimikrobielle  Zusammensetzung  nach  Anspruch  1,  worin  die  Hypothiocyanat-Komponente  aus  einer 
Peroxidase,  einem  Peroxid  und  einem  Thiocyanat  besteht. 

3.  Antimikrobielle  Zusammensetzung  nach  Anspruch  1  ,  worin  das  antimikrobielle  Polypeptid  aus  der  aus  ei- 
nem  Cecropin,  einem  Sarcotoxin,  Colicin  E1,  Pediocin,  einer  Kombination  aus  Magainin  I  und  Magainin 
II  und  einem  Lantibiotikum  bestehenden  Gruppe  ausgewahlt  ist. 

4.  Antimikrobielle  Zusammensetzung  nach  Anspruch  1  ,  worin  die  Peroxidase  Lactoperoxidase  ist,  das  Per- 
oxid  Hydrogenperoxid  ist  und  das  Thiocyanat  Matrium-  oder  Kaliumthiocyanat  ist. 

5.  Antimikrobielle  Zusammensetzung  nach  Anspruch  1,  bestehend  aus  Lactoperoxidase,  Thiocyanat,  Per- 
oxid,  worin  die  Verbesserung  das  Hinzufugen  einer  Puffer-Komponente,  die  zur  Bereitstellung  eines  pH- 
Wertes  von  3  bis  5  befahigt  ist,  und  einer  synergistischen  Menge  Nisin. 

6.  Verwendung  einer  antimikrobiellen  Zusammensetzung  nach  Anspruch  1  als  Bakterizid  gegen  gramnega- 
tive  Bakterien. 

7.  Verwendung  einer  antimikrobiellen  Zusammensetzung  nach  Anspruch  1  als  Bakterizid  gegen  Salmonella 
und  E.  coli. 

8.  Verfahren  zum  Abtoten  gramnegativer  Organismen,  umfassend  die  Schritte 
a.  des  Vermischens  eines  antimikrobiellen  Polypeptids,  einer  Hypothiocyanat-Komponente  und  einer 
Puffer-Komponente,  die  zur  Bereitstellung  eines  pH-Wertes  zwischen  3  und  5  befahigt  ist,  nach  An- 
spruch  1; 
b.  des  Erwarmens  der  Mischung  auf  eine  Temperatur  zwischen  30  °C  und  40  °C;  und 
c.  des  In-Beruhrung-Bringens  der  erwarmten  Mischung  mit  einer  Oberflache,  die  mit  einem  gramne- 
gativen  Organismus  verunreinigt  ist,  fur  die  Zeitdauer,  die  ausreicht,  urn  die  Mikroorganismen  abzuto- 
ten. 
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9.  Verfahren  zum  Abtoten  von  Salmonella  auf  Geflugel,  umfassend  die  Schritte 
a.  des  Vermischens  einer  Menge  zwischen  2  000  1.E./ml  und  20  000  1.E./ml  Nisin,  einer  Hypothiocyanat- 
Komponente  und  einer  Puffer-Komponente,  die  zur  Bereitstellung  eines  pH-Wertes  zwischen  3  und  5 
befahigt  ist,  nach  Anspruch  1; 
b.  des  Erwarmens  der  Mischung  auf  eine  Temperatur  zwischen  30  °C  und  40  °C  mit  den  Oberflachen 
von  schlachtfrischem  Geflugel;  und 
c.  des  Belassensderwarmen  Mischung  in  Beruhrung  mit  den  Oberflachen  des  Geflugels  fur  eine  Zeit- 
dauervon  wenigstens  etwa  zehn  Minuten. 

10.  Verfahren  nach  Anspruch  9,  worin  die  Hypothiocyanat-Komponente  aus  einem  Thiocyanat,  Hydrogenper- 
oxid  und  Lactoperoxidase  besteht  und  die  Reihenfolge  des  Vermischens  in  Schritt  a.  ist: 

a.  Nisin; 
b.  Thiocyanat; 
c.  Hydrogenperoxid;  und 
d.  Lactoperoxidase. 

11.  Verfahren  zur  Herstellung  einer  synergistischen  Mischung  nach  Anspruch  1  aus  Nisin  und  einer  Hypo- 
thiocyanat-Verbindung,  umfassend  die  Schritte 

a.  des  Leitens  einer  Losung  aus  Thiocyanat  und  Peroxid  uber  immobilisierte  Peroxidase,  urn  Hypothio- 
cyanat  zu  erzeugen; 
b.  des  Kombinierens  des  erzeugten  Hypothiocyanats  mit  einer  Menge  zwischen  2  000  I.E./ml  und  20 
000  I.E./ml  Nisin,  urn  eine  antimikrobielle  Losung  zu  erzeugen; 
c.  des  Kombinierens  einer  Puffer-Komponente,  die  zur  Bereitstellung  eines  pH-Wertes  zwischen  3  und 
5  befahigt  ist,  mit  der  antimikrobiellen  Losung; 
d.  des  Erwarmens  der  gepufferten  Losung  auf  eine  Temperatur  zwischen  30  °C  und  40  °C;  und 
e.  des  In-Beruhrung-Bringens  der  Oberflachen  von  schlachtfrischem  Geflugel  mit  dem  Gemisch  fur 
eine  Zeitdauer  zwischen  10  und  20  Minuten. 

12.  Verfahren  zum  Abtoten  gramnegativerOrganismen  auf  frischen  Produkten,  umfassend  das  Aufbringen  der 
antimikrobiellen  Zusammensetzung  nach  Anspruch  1  bei  einer  Temperatur  von  wenigstens  etwa  35  °C 
auf  Oberflachen  frischer  Produkte. 

13.  Verfahren  zur  Desinfektion  einer  Oberflache,  umfassend  das  In-Beruhrung-Bringen  einer  Oberflache  mit 
einer  Losung  der  antimikrobiellen  Zusammensetzung  nach  Anspruch  1  bei  einer  Temperatur  zwischen  et- 
wa  30  °C  und  40  °C  fur  eine  Zeitdauer  zwischen  1  0  und  60  Minuten. 

Revendications 

1.  Composition  antimicrobienne  synergique  constitute  par  un  polypeptide  antimicrobien,  un  constituant  hy- 
pothiocyanate  et  un  constituant  tampon  capable  de  donner  un  pH  compris  entre  3  et  5. 

2.  Composition  antimicrobienne  selon  la  revendication  1,  dans  laquelle  le  constituant  hypothiocyanate  est 
compose  d'une  peroxydase,  d'un  peroxyde  et  d'un  thiocyanate. 

3.  Composition  antimicrobienne  selon  la  revendication  1  ,  dans  laquelle  le  polypeptide  antimicrobien  est  choi- 
si  dans  le  groupe  constitue  par  une  cecropine,  une  sarcotoxine,  la  colicine  E1,  la  pediocine,  une  combi- 
naison  de  magainine  I  et  de  magainine  II  et  un  lantibiotique. 

4.  Composition  antimicrobienne  selon  la  revendication  1  ,  dans  laquelle  la  peroxydase  est  une  lactoperoxy- 
dase,  le  peroxyde  est  le  peroxyde  d'hydrogene  et  le  thiocyanate  est  le  thiocyanate  de  sodium  ou  de  po- 
tassium. 

5.  Composition  antimicrobienne  selon  la  revendication  1  composee  d'une  lactoperoxydase,  d'un  thiocyana- 
te,  d'un  peroxyde,  le  perfection  nement  comprenant  I'addition  d'un  constituant  tampon  capable  de  donner 
un  pH  de  3  a  5,  et  d'une  quantite  synergique  de  nisine. 

6.  Utilisation  de  la  composition  antimicrobienne  selon  la  revendication  1  comme  bactericide  contre  des  or- 
ganismes  gram  negatifs. 
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Utilisation  de  la  composition  antimicrobienne  selon  la  revendication  1  comme  bactericide  contre  Salmo- 
nella  et  E.  coli. 

Methode  pour  detruire  des  organismes  gram  negatifs,  comprenant  les  etapes  selon  lesquelles: 
a.  on  melange  un  polypeptide  antimicrobien,  un  constituant  hypothiocyanate  et  un  constituant  tampon 
capable  de  donner  un  pH  compris  entre  3  et  5,  selon  la  revendication  1; 
b.  on  chauffe  le  melange  a  une  temperature  comprise  entre  30  et  40°C;  et 
d.  on  met  le  melange  chauffe  en  contact  avec  une  surface  contaminee  par  un  organisme  gram  negatif 
pendant  un  temps  suff  isant  pour  detruire  les  microorganismes. 

Methode  pour  detruire  Salmonella  sur  de  la  volaille,  comprenant  les  etapes  selon  lesquelles: 
a.  on  melange  entre  2  000  Ul/ml  et  20  000  Ul/ml  de  nisine,  un  constituant  hypothiocyanate  et  un  cons- 
tituant  tampon  capable  de  donner  un  pH  compris  entre  3  et  5,  selon  la  revendication  1; 
b.  on  rechauffe  le  melange  a  une  temperature  comprise  entre  30  et  40  °C  avec  les  surfaces  de  volaille 
qui  vient  d'etre  abattue;  et 
c.  on  laisse  le  melange  rechauffe  rester  en  contact  avec  les  surfaces  de  la  volaille  pendant  au  moins 
dix  minutes. 

Methode  selon  la  revendication  9,  dans  laquelle  le  constituant  hypothiocyanate  est  un  thiocyanate,  du 
peroxyde  d'hydrogene  et  de  la  lactoperoxydase,  et  I'ordre  de  melange  dans  I'etape  a  est 

a.  nisine; 
b.  thiocyanate; 
c.  peroxyde  d'hydrogene;  et 
d.  lactoperoxydase. 

Methode  de  production  d'un  melange  synergique  selon  la  revendication  1  de  nisine  et  d'un  constituant 
hypothiocyanate,  comprenant  les  etapes  selon  lesquelles: 

a.  on  fait  passer  une  solution  de  thiocyanate  et  de  peroxyde  sur  de  la  peroxydase  immobilisee  pour 
produire  de  I'hypothiocyanate; 
b.  on  combine  I'hypothiocyanate  produit  avec  une  quantite  comprise  entre  2000  Ul/ml  et  20  000  Ul/ml 
de  nisine  pour  produire  une  solution  antimicrobienne; 
c.  on  combine  un  constituant  tampon  capable  de  donner  un  pH  compris  entre  3  et  5  avec  la  solution 
antimicrobienne; 
d.  on  rechauffe  la  solution  tamponnee  a  une  temperature  comprise  entre  30  et  40°C;  et 
e.  on  met  en  contact  les  surfaces  de  poulets  venant  d'etre  abattus  avec  le  melange  pendant  10  a  20 
minutes. 

Methode  de  destruction  d'organismes  gram  negatifs  sur  des  produits  frais,  comprenant  I'application  de 
la  composition  antimicrobienne  selon  la  revendication  1  a  une  temperature  d'au  moins  35°C  environ  sur 
les  surfaces  des  produits  frais. 

Methode  de  disinfection  de  surfaces,  comprenant  la  mise  en  contact  d'une  surface  avec  une  solution  de 
la  composition  antimicrobienne  selon  la  revendication  1  a  une  temperature  comprise  entre  environ  30  et 
40°C  pendant  10  a  60  minutes. 
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