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The	
  antibacterial	
  activity	
  of	
  honey	
  and	
  its	
  role	
  in	
  treating	
  diseases	
  

Disclaimer:	
  The	
  content	
  of	
  this	
  document	
  is	
  for	
  general	
  information	
  purposes	
  only	
  and	
  does	
  not	
  
constitute,	
  nor	
  does	
  it	
  intend	
  to	
  constitute,	
  medical	
  or	
  other	
  professional	
  advice. 

IN	
  BRIEF:	
  
• Honey	
  has	
  an	
  antimicrobial	
  activity	
  that	
  is	
  effective	
  against	
  all	
  types	
  of	
  bacteria	
  and	
  some	
  fungi	
  
• It	
  is	
  fully	
  effective	
  against	
  antibiotic-­‐resistant	
  strains	
  of	
  bacteria	
  (the	
  so-­‐called	
  “superbugs”)	
  
• It	
  is	
  effective	
  against	
  bacteria	
  in	
  biofilms	
  and	
  prevents	
  formation	
  of	
  biofilms	
  
• The	
   antimicrobial	
   activity	
   is	
   partly	
   due	
   to	
   the	
   high	
   sugar	
   content	
   and	
   the	
   acidity	
   of	
   honey,	
   but	
  mostly	
   to	
  

hydrogen	
  peroxide	
  formed	
  by	
  enzymic	
  activity	
  when	
  honey	
  is	
  diluted	
  
• Some	
  honeys	
   also	
  have	
   antibacterial	
   activity	
   due	
   to	
  non-­‐peroxide	
   components.	
  Manuka	
  honey	
   can	
  have	
   a	
  

high	
  level	
  of	
  this.	
  
• Some	
  honeys	
  have	
  as	
  much	
  as	
  100	
  times	
  more	
  antibacterial	
  potency	
  than	
  others	
  
• There	
  is	
  much	
  clinical	
  evidence	
  for	
  honey	
  clearing	
  infection	
  in	
  wounds	
  
• Honey	
   is	
  effective	
  only	
  when	
   in	
   localised	
  contact	
  with	
  bacteria,	
  not	
  after	
   infection	
  has	
  penetrated	
   into	
   the	
  

blood-­‐stream	
  
• The	
  antimicrobial	
  action	
  of	
  honey	
  is	
  also	
  used	
  for	
  treating	
  eye	
  infections	
  and	
  has	
  potential	
  for	
  treating	
  nasal	
  

infections,	
  gum	
  disease,	
  gastroenteritis,	
  fungal	
  infections	
  of	
  the	
  skin,	
  and	
  mastitis	
  in	
  dairy	
  cows	
  and	
  goats	
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Introduction	
  

In	
  an	
  editorial	
  in	
  the	
  Journal	
  of	
  the	
  Royal	
  Society	
  of	
  Medicine	
  in	
  19891,	
  titled	
  “Honey	
  -­‐	
  a	
  remedy	
  rediscovered”	
  the	
  view	
  
was	
  expressed	
  that	
  "The	
  therapeutic	
  potential	
  of	
  uncontaminated	
  pure	
  honey	
  is	
  grossly	
  under-­‐utilised”	
  and	
  that	
  “The	
  
time	
   has	
   now	
   come	
   for	
   conventional	
   medicine	
   to	
   lift	
   the	
   blinds	
   off	
   this	
   'traditional	
   remedy'	
   and	
   give	
   it	
   its	
   due	
  
recognition."	
  It	
  referred	
  to	
  the	
  many	
  papers	
  published	
  reporting	
  good	
  results	
  when	
  honey	
  was	
  used	
  as	
  a	
  dressing	
  on	
  
infected	
  wounds.	
  In	
  many	
  of	
  these	
  honey	
  was	
  used	
  where	
  antibiotics	
  were	
  failing	
  to	
  clear	
  the	
  infection.	
  The	
  number	
  
of	
  papers	
  published	
  on	
  the	
  use	
  of	
  honey	
  on	
  wounds	
  has	
  been	
  rapidly	
  increasing	
  in	
  more	
  recent	
  years.	
  This	
  probably	
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reflects	
   the	
   rapid	
   increase	
   in	
   the	
  problem	
  of	
  bacteria	
  developing	
   resistance	
   to	
  antibiotics.	
  This	
  article	
  describes	
   the	
  
nature	
  of	
  the	
  antimicrobial	
  activity	
  of	
  honey,	
  the	
  spectrum	
  of	
  bacterial	
  species	
  against	
  which	
  it	
  has	
  been	
  found	
  to	
  be	
  
active,	
  and	
  the	
  evidence	
  for	
  its	
  clinical	
  effectiveness	
  in	
  clearing	
  infection.	
  

History	
  

Honey	
  was	
  used	
  by	
  the	
  ancient	
  Egyptians,	
  Assyrians,	
  Chinese,	
  Greeks	
  and	
  Romans	
  to	
  treat	
  wounds	
  and	
  diseases	
  of	
  the	
  
gut2.	
  Its	
  use	
  for	
  the	
  treatment	
  of	
  diarrhoea	
  was	
  recommended	
  by	
  the	
  Muslim	
  prophet	
  Mohammed3.	
  Aristotle4	
  wrote	
  
of	
  honey	
  being	
  a	
  salve	
  for	
  wounds	
  and	
  sore	
  eyes	
  and	
  Dioscorides	
  c.50	
  AD	
  wrote	
  of	
  honey	
  being	
  “good	
  for	
  all	
  rotten	
  
and	
  hollow	
  ulcers”5.	
  

The	
  use	
  of	
  honey	
  to	
  treat	
  infections	
  has	
  continued	
  into	
  present-­‐day	
  folk-­‐medicine.	
  In	
  India,	
  lotus	
  honey	
  is	
  traditionally	
  
used	
  to	
  treat	
  eye	
  diseases6;	
  in	
  Ghana	
  to	
  treat	
  infected	
  leg	
  ulcers7;	
  in	
  Nigeria	
  to	
  treat	
  earache8;	
  in	
  Mali	
  it	
  is	
  applied	
  on	
  
the	
  spots	
  	
  of	
  measles,	
  and	
  in	
  the	
  eyes	
  in	
  measles	
  to	
  prevent	
  scarring	
  of	
  the	
  cornea9.	
  Honey	
  also	
  has	
  a	
  traditional	
  usage	
  
for	
  the	
  treatment	
  of	
  gastric	
  ulcers10.	
  Its	
  ancient	
  usage	
  to	
  treat	
  sore	
  throats	
  has	
  continued	
  into	
  the	
  traditional	
  medicine	
  
of	
  modern	
  times11.	
  	
  

Discovery	
  of	
  the	
  nature	
  of	
  the	
  antibacterial	
  activity	
  of	
  honey	
  

It	
  used	
  to	
  be	
  assumed	
  that	
  it	
  was	
  the	
  high	
  sugar	
  content	
  of	
  honey	
  that	
  was	
  responsible	
  for	
  it	
  killing	
  bacteria.	
  Sugar	
  is	
  
used	
  as	
  a	
  preservative	
  of	
  fruit	
  in	
  jam/jelly	
  conserves,	
  where	
  by	
  osmosis	
  it	
  draws	
  water	
  out	
  of	
  bacterial	
  cells	
  and	
  thus	
  
deprives	
   them	
   of	
   something	
   essential	
   for	
   life.	
   The	
   first	
   indication	
   that	
   there	
   was	
   something	
   more	
   involved	
   than	
  
osmosis	
  was	
   the	
   discovery	
   by	
   Sackett	
   in	
   191912	
   that	
   the	
   antibacterial	
   potency	
   of	
   honey	
  was	
   increased	
   rather	
   than	
  
decreased	
  by	
  dilution	
  of	
  honey	
  with	
  water,	
  an	
  observation	
  that	
  was	
  hard	
  to	
  explain.	
  Two	
  decades	
   later	
  research	
  by	
  
Dold	
  et	
  al.13	
  led	
  to	
  the	
  discovery	
  of	
  an	
  antibacterial	
  factor	
  which	
  they	
  termed	
  "inhibine".	
  This	
  term	
  was	
  widely	
  used	
  for	
  
the	
  next	
  26	
  years	
  until	
  the	
  antibacterial	
  factor	
  was	
  identified	
  as	
  hydrogen	
  peroxide	
  by	
  White	
  et	
  al.14.	
  

The	
  antibacterial	
  components	
  of	
  honey	
  

High	
  sugar	
  content	
  

The	
  osmolarity	
  of	
  honey,	
  due	
  to	
  about	
  80%	
  of	
  its	
  composition	
  being	
  sugar,	
  is	
  on	
  its	
  own	
  sufficient	
  to	
  prevent	
  growth	
  
of	
   bacteria	
   and	
   fungi.	
   Granulated	
   honey	
   is	
   a	
   saturated	
   solution	
   of	
   sugars,	
   and	
   clear	
   honey	
   is	
   a	
   super-­‐saturated	
  
solution.	
  Honey	
  with	
  a	
  high	
  water	
  content	
  can	
  spoil	
  because	
  some	
  species	
  of	
  yeasts	
  can	
  live	
  in	
  it.	
  But	
  no	
  fermentation	
  
occurs	
   if	
   the	
  water	
   content	
   is	
  below	
  17.1%15.	
   The	
  water	
   content	
  of	
  honey	
   is	
  usually	
  15-­‐21%16.	
  Bacteria	
   are	
   far	
   less	
  
tolerant	
  of	
  high	
   levels	
  of	
   sugar	
   than	
   fungi	
  are.	
  Many	
  species	
  of	
  bacteria	
  will	
  not	
   survive	
   in	
   the	
  osmolarity	
  of	
  honey	
  
diluted	
   to	
   about	
   10%	
   honey.	
   However,	
   Staphylococcus	
   aureus,	
   the	
  most	
   common	
  wound-­‐infecting	
   species,	
   has	
   an	
  
exceptionally	
  high	
  tolerance	
  of	
  osmolarity	
  and	
  will	
  survive	
  in	
  the	
  osmolarity	
  of	
  honey	
  at	
  concentrations	
  up	
  to	
  30%.	
  

There	
  have	
  been	
  many	
  reports	
  of	
  granulated	
  sugar	
  being	
  used	
  as	
  a	
  wound	
  dressing17,	
  but	
   it	
  has	
  been	
  reported	
  that	
  
infection	
  is	
  not	
  cleared	
  or	
  new	
  infection	
  gets	
  established	
  in	
  cases	
  where	
  urine	
  or	
  heavy	
  outflow	
  of	
  fluid	
  from	
  wounds	
  
dilutes	
  the	
  sugar18.	
  This	
  means	
  that	
  dressings	
  have	
  to	
  be	
  changed	
  very	
  frequently,	
  as	
  would	
  be	
  the	
  case	
  using	
  honey	
  
which	
  did	
  not	
  have	
  a	
  good	
  level	
  of	
  additional	
  antibacterial	
  components.	
  

Acidity	
  

Part	
   of	
   the	
   antibacterial	
   activity	
   of	
   honey	
   is	
   due	
   also	
   to	
   its	
   acidity	
   being	
   sufficient	
   to	
   stop	
   bacteria	
   from	
   growing.	
  
Honey	
  usually	
  has	
  a	
  pH	
  between	
  3.2	
  and	
  4.516,	
  owing	
  primarily	
  to	
  its	
  content	
  of	
  gluconolactone/gluconic	
  acid19.	
  This	
  is	
  
formed	
  by	
  the	
  action	
  of	
   the	
  enzyme	
  glucose	
  oxidase	
  which	
  bees	
  add	
  to	
  the	
  nectar	
   they	
  collect	
   to	
  make	
  honey	
  (see	
  
below).	
  	
  

But	
  the	
  concentration	
  of	
  the	
  acid	
  in	
  honey	
  is	
   low,	
  so	
  there	
  is	
  neutralisation	
  of	
  the	
  acidity	
  when	
  honey	
  is	
  mixed	
  with	
  
wound	
  fluid	
  or	
  saliva.	
  The	
  concentration	
  of	
  bicarbonate	
  in	
  the	
  fluid	
  surrounding	
  the	
  cells	
  of	
  the	
  body	
  is	
  such	
  that	
  the	
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dilution	
   of	
   an	
   average	
   honey	
  with	
   an	
   equal	
   volume	
   of	
   extracellular	
   fluid	
  would	
   raise	
   the	
   pH	
   of	
   the	
   honey	
   to	
   near	
  
neutrality	
   (pH	
   6.8).	
   This	
   means	
   that	
   where	
   honey	
   gets	
   diluted	
   by	
   body	
   fluid	
   the	
   acidity	
   of	
   honey	
   makes	
   a	
   minor	
  
contribution	
  to	
  antibacterial	
  activity.	
  

Hydrogen	
  peroxide	
  

Hydrogen	
  peroxide	
  is	
  the	
  major	
  antimicrobial	
  factor	
  in	
  most	
  honeys.	
  Adcock20	
  found	
  that	
  the	
  antibacterial	
  activity	
  of	
  
honey	
   could	
   be	
   removed	
   by	
   the	
   addition	
   of	
   catalase	
   (an	
   enzyme	
   which	
   catalyses	
   the	
   destruction	
   of	
   hydrogen	
  
peroxide).	
   White	
   et	
   al.14	
   demonstrated	
   a	
   direct	
   relationship	
   between	
   the	
   hydrogen	
   peroxide	
   produced	
   and	
   the	
  
potency	
  of	
  the	
  antibacterial	
  activity	
  of	
  various	
  honeys.	
  

The	
   hydrogen	
   peroxide	
   in	
   honey	
   is	
   produced	
   by	
   the	
   action	
   of	
   the	
   enzyme	
   glucose	
   oxidase	
   which	
   is	
   secreted	
   into	
  
collected	
  nectar	
  from	
  the	
  hypopharyngeal	
  gland	
  of	
  the	
  bees.	
  Oxygen	
  needs	
  to	
  be	
  available	
  for	
  the	
  reaction:	
  

β-­‐D-­‐glucose	
  	
  	
  +	
  	
  	
  oxygen	
  	
  	
  	
  	
  ➔	
  	
  	
  	
  	
  δ-­‐gluconolactone	
  	
  	
  +	
  	
  	
  hydrogen	
  peroxide	
  

The	
  antimicrobial	
  activity	
  from	
  hydrogen	
  peroxide	
  can	
  only	
  be	
  of	
  use	
  where	
  honey	
  is	
  exposed	
  to	
  air.	
  The	
  production	
  of	
  
hydrogen	
   peroxide	
   during	
   the	
   ripening	
   of	
   honey	
   serves	
   to	
   sterilise	
   the	
   honey	
   stored	
   in	
   the	
   comb,	
   but	
   undiluted	
  
ripened	
  honey	
  has	
  a	
  negligible	
   level	
  of	
  hydrogen	
  peroxide14,	
   21,	
   22.	
   This	
   is	
  because	
  hydrogen	
  peroxide	
   that	
  has	
  been	
  
formed	
  in	
  honey	
  disappears	
  as	
  a	
  result	
  of	
  reaction	
  with	
  other	
  components	
  of	
  the	
  honey.	
  

Glucose	
  oxidase	
  is	
  practically	
  inactive	
  in	
  full-­‐strength	
  honey.	
  It	
  becomes	
  active	
  to	
  form	
  hydrogen	
  peroxide	
  only	
  when	
  
the	
   honey	
   is	
   diluted14.	
   One	
   explanation	
   for	
   this	
   is	
   that	
   the	
   activity	
   of	
   the	
   enzyme	
   is	
   suppressed	
   by	
   the	
   low	
   pH	
   in	
  
ripened	
  honey.	
  The	
  enzyme	
  has	
  an	
  optimum	
  pH	
  of	
  6.1,	
  with	
  a	
  good	
  activity	
  from	
  pH	
  5.5	
  to	
  pH	
  8,	
  but	
  the	
  activity	
  drops	
  
off	
  sharply	
  below	
  pH	
  5.5	
  to	
  near	
  zero	
  at	
  pH	
  423.	
  Another	
  possible	
  explanation	
  is	
  that	
  that	
  enzymes	
  need	
  a	
  sufficiently	
  
high	
  level	
  of	
  free	
  water	
  to	
  be	
  active24,	
  and	
  in	
  undiluted	
  honey	
  the	
  water	
  that	
  is	
  present	
  is	
  almost	
  all	
  bound	
  up	
  on	
  the	
  
sugar	
  molecules.	
  

As	
  honey	
  is	
  diluted	
  the	
  activity	
  of	
  glucose	
  oxidase	
  increases	
  to	
  a	
  peak	
  at	
  a	
  concentration	
  around	
  30–50%	
  (v/v)	
  honey	
  
as	
   the	
   level	
  of	
   free	
  water	
   is	
   increased,	
   then	
   falls	
  again	
  as	
   the	
  enzyme	
  and	
  glucose	
  concentrations	
  are	
  decreased	
  by	
  
further	
  dilution25.	
  Honey	
  solutions	
  have	
  been	
   found	
  to	
  maintain	
  at	
   least	
  half	
  of	
   the	
  maximum	
  rate	
  of	
  generation	
  of	
  
hydrogen	
  peroxide	
  over	
  a	
  wide	
  range	
  of	
  dilution,	
  that	
  is	
  concentrations	
  of	
  honey	
  from	
  approximately	
  15%	
  (v/v)	
  to	
  67%	
  
(v/v)25.	
  

It	
  was	
  found	
  that	
  when	
  50%	
  solutions	
  of	
  honey	
  were	
  incubated,	
  hydrogen	
  peroxide	
  accumulated	
  to	
  a	
  peak	
  level	
  then	
  
the	
  concentration	
  of	
  hydrogen	
  peroxide	
  dropped.	
  It	
  dropped	
  to	
  zero	
  after	
  24–48	
  hours25.	
  This	
  is	
  probably	
  the	
  result	
  of	
  
damage	
  to	
  the	
  enzyme	
  by	
  accumulated	
  hydrogen	
  peroxide,	
  as	
  it	
  was	
  reported	
  that	
  addition	
  of	
  hydrogen	
  peroxide	
  to	
  
glucose	
  oxidase	
  isolated	
  from	
  honey	
  caused	
  a	
  significant	
  decline	
  in	
  the	
  enzyme’s	
  rate	
  of	
  reaction	
  after	
  20	
  minutes26.	
  
This	
  means	
  that	
  honey	
  in	
  which	
  the	
  antibacterial	
  activity	
  is	
  due	
  to	
  hydrogen	
  peroxide	
  has	
  antimicrobial	
  activity	
  for	
  a	
  
limited	
  time	
  once	
  it	
  has	
  been	
  diluted.	
  This	
  has	
  implications	
  for	
  the	
  use	
  of	
  such	
  honey	
  in	
  wound	
  dressings	
  which	
  are	
  not	
  
changed	
  frequently	
  –	
  the	
  honey	
  may	
  cease	
  to	
  have	
  antibacterial	
  activity	
  after	
  it	
  has	
  been	
  diluted	
  by	
  fluid	
  oozing	
  from	
  
the	
  wound.	
  

However,	
   having	
   a	
   peak	
   for	
   accumulation	
   means	
   that	
   hydrogen	
   peroxide	
   does	
   not	
   accumulate	
   to	
   levels	
   that	
   are	
  
harmful	
   to	
  body	
   tissues.	
  The	
  use	
  of	
  hydrogen	
  peroxide	
  as	
  an	
  antiseptic	
  has	
  been	
  discouraged	
  because	
   it	
   is	
   toxic	
   to	
  
wound	
   tissues27,	
   but	
   at	
   the	
   low	
   levels	
   that	
   form	
   in	
   honey	
   this	
   is	
   not	
   a	
   problem.	
   The	
   maximum	
   concentration	
   of	
  
hydrogen	
  peroxide	
  achieved	
  when	
  a	
  50%	
  solution	
  of	
  a	
  honey	
  with	
  a	
  high	
  level	
  of	
  antibacterial	
  activity	
  was	
  incubated	
  
was	
  found	
  to	
  be	
  242	
  times	
  less	
  than	
  in	
  the	
  3%	
  solution	
  of	
  hydrogen	
  peroxide	
  normally	
  used	
  as	
  an	
  antiseptic25.	
  

Hydrogen	
   peroxide	
   has	
   gone	
   out	
   of	
   common	
   use	
   as	
   an	
   antiseptic	
   also	
   because	
   it	
   causes	
   inflammation,	
   but	
   the	
  
antioxidant	
  content	
  of	
  honey	
  would	
  help	
  prevent	
  inflammation	
  being	
  caused.	
  It	
  has	
  been	
  found	
  that	
  it	
  is	
  oxidative	
  free	
  
radicals	
  formed	
  from	
  hydrogen	
  peroxide,	
  rather	
  than	
  hydrogen	
  peroxide	
  itself,	
  that	
  trigger	
  the	
  inflammatory	
  response	
  
in	
  white	
  blood	
  cells28.	
  This	
  can	
  be	
  prevented	
  by	
  antioxidants29.	
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The	
  low	
  levels	
  of	
  accumulation	
  of	
  hydrogen	
  peroxide	
  that	
  occurs	
  in	
  diluted	
  honey	
  still	
  gives	
  an	
  effective	
  antimicrobial	
  
system	
  because	
  of	
  its	
  continuous	
  production.	
  Hydrogen	
  peroxide	
  has	
  been	
  found	
  to	
  be	
  more	
  effective	
  when	
  supplied	
  
by	
  continuous	
  generation	
  by	
  glucose	
  oxidase	
   than	
  when	
  added	
   in	
  one	
  go30.	
  Bacteria	
   (Escherichia	
  coli)	
  exposed	
   to	
  a	
  
constantly	
   replenished	
   stream	
   of	
   hydrogen	
   peroxide	
   had	
   their	
   growth	
   inhibited	
   by	
   as	
   little	
   as	
   0.02–0.05	
  mmol/l	
  
hydrogen	
   peroxide31.	
   Rates	
   of	
   production	
   of	
   hydrogen	
   peroxide	
   in	
   diluted	
   honey	
   have	
   been	
   reported	
   to	
   be	
   in	
   the	
  
range	
  of	
  0–0.6	
  mmol/l/h20,	
  22,	
  25,	
  32.	
  

The	
  level	
  of	
  hydrogen	
  peroxide	
  achieved	
  in	
  diluted	
  honey	
  varies	
  from	
  honey	
  to	
  honey.	
  Some	
  floral	
  sources	
  can	
  affect	
  
the	
  enzyme	
  activity	
  that	
  gives	
  rise	
  to	
  hydrogen	
  peroxide	
  and	
  others	
  affect	
  the	
  destruction	
  of	
  hydrogen	
  peroxide	
  that	
  
has	
  formed.	
  The	
  level	
  of	
  hydrogen	
  peroxide	
  achieved	
  is	
  a	
  balance	
  between	
  the	
  rate	
  of	
  its	
  production	
  and	
  the	
  rate	
  of	
  
its	
  destruction22.	
  Catalase,	
  an	
  enzyme	
  that	
  destroys	
  hydrogen	
  peroxide,	
  has	
  been	
  shown	
  to	
  be	
  present	
  in	
  honey33.	
  It	
  
comes	
   from	
   the	
   pollen	
   and	
   nectar	
   of	
   certain	
   plants,	
   more	
   so	
   from	
   the	
   nectar34.	
   The	
   disappearance	
   of	
   hydrogen	
  
peroxide	
  added	
  to	
  honey	
  which	
  has	
  been	
  boiled	
  beforehand	
  to	
   inactivate	
  catalase	
  shows	
  that	
   loss	
  though	
  chemical	
  
reaction	
  is	
  involved	
  as	
  well	
  as	
  loss	
  through	
  destruction	
  by	
  catalase14.	
  

Extraction	
   of	
   honey	
   from	
   the	
   combs	
   and	
   processing	
   to	
   remove	
   wax	
   and	
   other	
   particles	
   requires	
   the	
   honey	
   to	
   be	
  
heated.	
  Very	
  large	
  differences	
  have	
  been	
  found	
  between	
  honeys	
  from	
  different	
  floral	
  sources	
  in	
  the	
  heat-­‐stability	
  of	
  
the	
  glucose	
  oxidase	
  in	
  them35.	
  Very	
  large	
  differences	
  are	
  also	
  seen	
  in	
  the	
  sensitivity	
  of	
  glucose	
  oxidase	
  to	
  damage	
  by	
  
exposure	
  to	
  light36,	
  particularly	
  daylight	
  and	
  the	
  light	
  from	
  fluorescent	
  tubes22.	
  

So,	
  to	
  summarise,	
  the	
  antibacterial	
  activity	
  in	
  honey	
  that	
  is	
  due	
  to	
  hydrogen	
  peroxide	
  will	
  depend	
  on	
  the	
  exposure	
  the	
  
honey	
  has	
  had	
  to	
  heat	
  and	
  light	
  in	
  its	
  processing	
  and	
  storage,	
  as	
  well	
  as	
  it	
  depending	
  on	
  the	
  floral	
  source	
  of	
  the	
  honey.	
  

Additional	
  antibacterial	
  components	
  

In	
  some	
  honeys	
  there	
  are	
  other	
  substances	
  responsible	
  for	
  antibacterial	
  activity	
  besides	
  the	
  sugar	
  content,	
  acidity	
  and	
  
hydrogen	
  peroxide.	
  Reports	
  of	
  antibacterial	
  activity	
  in	
  honey	
  that	
  is	
  stable	
  to	
  heating	
  well	
  in	
  excess	
  of	
  the	
  variation	
  in	
  
stability	
   of	
   glucose	
   oxidase	
   indicate	
   that	
   hydrogen	
   peroxide	
   is	
   not	
   the	
   only	
   antibacterial	
   factor	
   in	
   diluted	
   honey.	
  	
  
Conifer	
   honeydew	
  honey,	
  with	
   exceptionally	
   high	
   antibacterial	
   activity,	
   has	
   been	
   reported	
   to	
   contain	
   a	
   heat-­‐stable	
  
antibacterial	
  factor	
  as	
  well	
  as	
  the	
  heat-­‐sensitive	
  enzyme	
  which	
  produces	
  hydrogen	
  peroxide37.	
  There	
  have	
  been	
  many	
  
reports	
  of	
  antibacterial	
  activity	
  persisting	
  in	
  honeys	
  treated	
  with	
  catalase	
  to	
  remove	
  hydrogen	
  peroxide20,	
  32,	
  38-­‐42.	
  

The	
   bacteria-­‐destroying	
   enzyme	
   lysozyme	
   has	
   been	
   identified	
   in	
   honey,	
   with	
   higher	
   levels	
   if	
   the	
   honey	
   is	
   freshly	
  
extracted	
  from	
  the	
  comb,	
  but	
  at	
  much	
  lower	
  levels	
  in	
  older	
  samples43.	
  The	
  flavonoid	
  pinocembrin	
  has	
  been	
  identified	
  
as	
   an	
   antibacterial	
   component	
   of	
   honey,	
   but	
   at	
   a	
   level	
   only	
   1–2%	
   of	
   what	
   would	
   be	
   required	
   to	
   account	
   for	
   the	
  
observed	
   activity	
   not	
   due	
   to	
   hydrogen	
   peroxide32.	
   Some	
   phenolic	
   acid	
   components	
   of	
   manuka	
   (Leptospermum	
  
scoparium)	
  honey	
  with	
  antibacterial	
  activity	
  have	
  been	
  identified44	
  but	
  these	
  were	
  later	
  found	
  to	
  account	
  for	
  no	
  more	
  
than	
  4%	
  of	
   the	
  non-­‐peroxide	
  antibacterial	
  activity	
  of	
  diluted	
  honey45.	
   In	
  viper's	
  bugloss	
   (Echium	
  vulgare)	
  honey	
  this	
  
type	
   of	
   activity	
  was	
   accounted	
   for	
   entirely	
   by	
   its	
   content	
   of	
   1,4-­‐dihydroxybenzene45,	
   but	
   the	
   activity	
  was	
   very	
   low	
  
compared	
  with	
  that	
  of	
  manuka	
  honey38.	
  

Manuka	
  honey	
  

Manuka	
   honey,	
   produced	
   in	
   large	
   quantities	
   in	
  New	
   Zealand,	
   is	
   very	
   unusual	
   in	
   having	
   a	
   high	
   level	
   of	
   antibacterial	
  
activity	
  after	
  addition	
  of	
  catalase	
  to	
  destroy	
  hydrogen	
  peroxide.	
  There	
  are	
  several	
  reasons	
  why	
  this	
  is	
  likely	
  to	
  be	
  more	
  
effective	
  in	
  treating	
  infections	
  than	
  honey	
  with	
  antibacterial	
  activity	
  due	
  to	
  hydrogen	
  peroxide	
  is.	
  (See	
  “What’s	
  special	
  
about	
  Active	
  Manuka	
  Honey?”  http://www.academia.edu/attachments/30239537/download_file .)	
  

Variation	
  in	
  the	
  potency	
  of	
  the	
  antibacterial	
  activity	
  of	
  honey	
  

It	
  was	
  found	
  that	
  honeys	
  varied	
  in	
  the	
  potency	
  of	
  their	
  antibacterial	
  activity,	
  and	
  in	
  1955	
  the	
  term	
  “inhibine	
  number”	
  
was	
   coined	
   to	
   indicate	
   the	
   potency46.	
   The	
   “inhibine	
   number”	
   was	
   the	
   number	
   of	
   dilution	
   steps	
   a	
   honey	
   could	
   be	
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subjected	
  to	
  and	
  still	
  have	
  antibacterial	
  activity.	
  More	
  recent	
  research	
  has	
  found	
  that	
  where	
  a	
  wide	
  range	
  of	
  different	
  
honeys	
   has	
   been	
   tested	
   against	
   a	
   single	
   species	
   of	
   microorganism	
   the	
   potency	
   varies	
   much	
   more	
   than	
   that.	
   The	
  
minimum	
  inhibitory	
  concentration	
  (MIC)	
  of	
  honey	
  is	
  the	
  lowest	
  concentration	
  to	
  which	
  it	
  can	
  be	
  diluted	
  and	
  still	
  stop	
  
bacteria	
   from	
   growing.	
   The	
   MIC	
   of	
   honey	
   (with	
   the	
   concentration	
   expressed	
   as	
   %	
   honey	
   in	
   solution)	
   has	
   been	
  
reported	
  from	
  this	
  research	
  to	
  range	
  from	
  25%	
  to	
  0.25%47;	
  from	
  more	
  than	
  50%	
  to	
  1.5%48;	
  from	
  20%	
  to	
  0.6%49;	
  and	
  
from	
  50%	
  to	
  1.5%50.	
  

The	
  ancient	
  physicians	
  who	
  prescribed	
  honey	
  for	
  various	
  ailments	
  were	
  aware	
  that	
  some	
  honeys	
  were	
  better	
  others	
  
for	
  medical	
  usage:	
  Aristotle	
  c.	
  350	
  BC4,	
  discussing	
  differences	
  in	
  honeys,	
  referred	
  to	
  pale	
  honey	
  being	
  “good	
  as	
  a	
  salve	
  
for	
  sore	
  eyes	
  and	
  wounds".	
  Dioscorides	
  c.50	
  AD	
  stated	
  that	
  a	
  pale	
  yellow	
  honey	
  from	
  Attica	
  was	
  the	
  best5	
  In	
  present-­‐
day	
   traditional	
   medicine	
   in	
   some	
   countries	
   specific	
   types	
   of	
   honey	
   are	
   recognised	
   as	
   being	
   the	
   best	
   to	
   use:	
   the	
  
strawberry-­‐tree	
  honey	
  of	
  Sardinia51,	
  lotus	
  honey	
  in	
  India6	
  honey	
  from	
  the	
  Jirdin	
  valley	
  of	
  Yemen	
  (which	
  is	
  sidr	
  honey)	
  
in	
  the	
  Middle	
  East52.	
  

Generally	
   it	
   has	
   not	
   been	
   known	
   that	
   honey	
   varies	
   in	
   antibacterial	
   potency	
   and	
   that	
   there	
   should	
   therefore	
   be	
  
selection	
  of	
  honey	
  for	
  use	
  as	
  an	
  antibacterial	
  agent.	
  So	
  most	
  clinical	
  treatment	
  and	
  microbiological	
  studies	
  published	
  
have	
  been	
  done	
  with	
  honey	
  with	
  an	
  unknown	
  level	
  of	
  antimicrobial	
  activity.	
  

Spectrum	
  and	
  potency	
  of	
  the	
  antimicrobial	
  activity	
  of	
  honey	
  

There	
  have	
  been	
  many	
  reports	
  published	
  on	
  the	
  sensitivity	
  of	
  a	
  wide	
  range	
  of	
  species	
  of	
  bacteria	
  and	
  fungi	
  to	
  honey.	
  
However,	
  in	
  much	
  of	
  this	
  work	
  only	
  a	
  single	
  concentration	
  of	
  honey	
  has	
  been	
  used.	
  Sometimes	
  this	
  concentration	
  has	
  
been	
  high	
  enough	
  for	
  the	
  inhibition	
  of	
  microbial	
  growth	
  that	
  has	
  been	
  observed	
  to	
  have	
  probably	
  been	
  due	
  just	
  to	
  the	
  
osmotic	
  effect	
  of	
  the	
  sugar	
  in	
  the	
  honey.	
  Also,	
  with	
  much	
  of	
  the	
  published	
  research,	
  even	
  where	
  MIC	
  values	
  for	
  honey	
  
are	
  reported	
  the	
  honey	
  has	
  been	
  arbitrarily	
  chosen,	
  so	
  its	
  antimicrobial	
  potency	
  relative	
  to	
  that	
  of	
  other	
  honey	
  is	
  not	
  
known.	
  As	
  mentioned	
  above,	
  the	
  MIC	
  has	
  been	
  found	
  to	
  vary	
  as	
  much	
  as	
  100-­‐fold	
  between	
  different	
  honeys,	
  which	
  
means	
   that	
  much	
  of	
   the	
  published	
  data	
   is	
   not	
   a	
   useful	
   indication	
  of	
   the	
   results	
   that	
   could	
  be	
   expected	
  with	
  other	
  
honey	
  used	
  to	
  treat	
  infections.	
  

There	
  are	
  now	
  many	
  producers	
  selling	
  honey	
  which	
  has	
  the	
  potency	
  of	
  its	
  antibacterial	
  activity	
  rated	
  in	
  comparison	
  to	
  
that	
  of	
  a	
  standard	
  antiseptic,	
  phenol.	
  (See	
  http://www.academia.edu/attachments/30239604/download_file.)	
  If	
  these	
  
honeys	
   with	
   standardised	
   antibacterial	
   activity	
   are	
   used,	
   the	
   purchaser	
   can	
   relate	
   the	
   potency	
   of	
   their	
   honey	
   to	
  
research	
  results	
  published	
  for	
  honey	
  with	
  standardised	
  antibacterial	
  activity.	
  Take	
  for	
  example	
  a	
  published	
  MIC	
  for	
  a	
  
species	
  of	
  bacteria	
  that	
  was	
  found	
  to	
  be	
  4%	
  honey	
  in	
  research	
  where	
  the	
  standardised	
  honey	
  had	
  activity	
  equivalent	
  
to	
  20%	
  phenol.	
   If	
   a	
   consumer	
  bought	
  a	
   standardised	
  honey	
  which	
  had	
  activity	
   stated	
   to	
  be	
  equivalent	
   to	
  only	
  10%	
  
phenol	
  (i.e.	
  with	
  a	
  potency	
  only	
  half	
  of	
  that	
  used	
  in	
  the	
  research)	
  then	
  it	
  could	
  be	
  diluted	
  only	
  half	
  as	
  much	
  and	
  still	
  
stop	
  bacteria	
  from	
  growing	
  (i.e.	
  its	
  MIC	
  would	
  be	
  8%	
  honey).	
  

Research	
  using	
  standardised	
  honey	
  with	
  a	
  potency	
   that	
   is	
  about	
  mid-­‐range	
   for	
  honey	
   (which	
   is	
  equivalent	
   to	
  about	
  
15%	
  phenol)	
  has	
  found	
  that	
  the	
  MIC	
  for	
  bacteria	
  is	
  mostly	
  below	
  10%	
  honey.	
  That	
  means	
  that	
  even	
  if	
  the	
  honey	
  gets	
  
diluted	
  ten	
  times	
  the	
  solution	
  of	
  honey	
  will	
  still	
  have	
  enough	
  antibacterial	
  potency	
  to	
  stop	
  the	
  growth	
  of	
  bacteria.	
  If	
  a	
  
standardised	
  honey	
  were	
  purchased	
  which	
  had	
  a	
  potency	
  rated	
  as	
  equivalent	
  to	
  5%	
  phenol	
  this	
  could	
  be	
  diluted	
  only	
  
about	
   three	
   times.	
   But	
   often	
   quite	
   a	
   lot	
   of	
   dilution	
   of	
   honey	
   by	
   body	
   fluids	
   occurs	
   when	
   honey	
   is	
   used	
   to	
   treat	
  
infections,	
  and	
  there	
  are	
  other	
  reasons	
  for	
  which	
  it	
   is	
   important	
  to	
  have	
  a	
  level	
  of	
  antibacterial	
  activity	
  greater	
  than	
  
the	
  MIC.	
   (See	
   article	
   on	
   selection	
   of	
   honey:	
   http://www.academia.edu/attachments/30239728/download_file.)	
   The	
  
results	
  obtained	
  in	
  studies	
  by	
  various	
  researchers	
  on	
  the	
  sensitivity	
  of	
  various	
  species	
  of	
  bacteria	
  and	
  fungi	
  are	
  shown	
  
in	
  the	
  table	
  on	
  the	
  following	
  page.	
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Table	
  showing	
  the	
  minimum	
  inhibitory	
  concentration	
  (MIC)	
  of	
  honeys	
  (shown	
  as	
  %,	
  by	
  volume,	
  of	
  honey	
  
in	
  solution)	
  found	
  for	
  various	
  species	
  of	
  bacteria	
  and	
  fungi	
  
These	
  are	
  results	
  reported	
  in	
  research	
  studies	
  where	
  honeys	
  with	
  standardised	
  antibacterial	
  activity	
  were	
  used.	
  The	
  rating	
  of	
  the	
  
antibacterial	
   activity	
   of	
   the	
   honeys	
   used	
   is	
   shown	
   as	
   the	
   concentration	
   of	
   phenol	
   (%)	
   with	
   equivalent	
   activity	
   (see	
   “How	
   the	
  
antibacterial	
   activity	
   of	
   manuka	
   honey	
   is	
   rated”: http://www.academia.edu/attachments/30239604/download_file ).	
   For	
   the	
  
manuka	
  honeys	
  the	
  antibacterial	
  activity	
  rating	
  is	
  shown	
  as	
  “NPA”	
  (i.e.	
  the	
  special	
  “non-­‐peroxide	
  activity”	
  of	
  manuka	
  honey).	
  Most	
  
of	
  the	
  results	
  in	
  this	
  table	
  obtained	
  with	
  manuka	
  honey	
  were	
  in	
  assays	
  with	
  catalase	
  added	
  to	
  destroy	
  hydrogen	
  peroxide.	
  Where	
  
the	
   MIC	
   of	
   manuka	
   honey	
   was	
   measured	
   without	
   catalase	
   added	
   the	
   antibacterial	
   activity	
   may	
   have	
   been	
   augmented	
   with	
  
hydrogen	
  peroxide	
  produced	
  in	
  the	
  honey:	
  these	
  results	
  are	
  marked	
  with	
  an	
  asterisk.	
  Average	
  values	
  are	
  shown	
  where	
  the	
  results	
  
are	
  from	
  studies	
  where	
  there	
  were	
  multiple	
  strains/isolates	
  of	
  the	
  bacteria.	
  

Species	
  of	
  microorganism	
   MIC	
   Type	
  of	
  honey	
   Activity	
  rating	
   Reference	
  no.	
  

Antibiotic-­‐resistant	
  strains	
  of	
  bacteria:	
  

Pan-­‐resistant	
  Acinetobacter	
  baumannii	
   8*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

Burkholderia	
  cepacia	
  (multi-­‐resistant)	
   2.9	
   Manuka	
   NPA	
  13.2	
   54	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.6	
   Pasture	
   14.8	
   54	
  

ESBL	
  (extended-­‐spectrum	
  beta-­‐lactamase)	
  strains:	
  

Escherichia	
  coli	
   6.6	
   Manuka	
   NPA	
  16.5	
   55	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   6.4*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

Klebsiella	
  pneumoniae	
   6.2*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

Enterobacter	
  cloacae	
   9.2	
   Manuka	
   NPA	
  16.5	
   55	
  

Enterobacter	
  species	
   8.1	
   Manuka	
   NPA	
  16.5	
   55	
  

MRSA	
  (methicillin-­‐resistant	
  Staphylococcus	
  aureus):	
   3	
   Manuka	
   NPA	
  13.2	
   56	
  

	
  	
  	
  	
  “	
   2.98	
   Manuka	
   NPA	
  18	
   57	
  

	
  	
  	
  	
  	
  “	
   4*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

	
  	
  	
  	
  “	
   3.07	
   Pasture	
   13.7	
   57	
  

	
  	
  	
  	
  “	
   4	
   Pasture	
   14.8	
   56	
  

Multi-­‐resistant	
  Stenotrophomonas	
  maltophilia	
   14.1*	
   Manuka	
  	
   NPA	
  ≥15	
   58	
  

VRE	
  (vancomycin-­‐resistant	
  Enterococcus	
  species):	
  

Enterococcus	
  avium	
   3.83	
   Manuka	
   NPA	
  18	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5.6	
   Pasture	
   13.7	
   57	
  

Enterococcus	
  faecalis	
   4.59	
   Manuka	
   NPA	
  18	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9.43	
   Pasture	
   13.7	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (VanA/B	
  strains)	
   8*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   {George,	
  2007	
  #1729	
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Enterococcus	
  faecium	
   4.72	
   Manuka	
   NPA	
  18	
   {Cooper,	
  2002	
  #318}	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   8.33	
   Pasture	
   13.7	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (VanA/B	
  strains)	
   8*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

Enterococcus	
  raffinosus	
   4.86	
   Manuka	
   NPA	
  18	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9.0	
   Pasture	
   13.7	
   57	
  

	
  

Coagulase-­‐negative	
  Staphylococci	
  (many	
  strains	
  antibiotic-­‐resistant):	
  

Staphylococcus	
  capitis	
   3.3	
   Manuka	
   NPA	
  16.8	
   59	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.8	
   Pasture	
   17.5	
   59	
  

Staphylococcus	
  epidermidis	
   3.5	
   Manuka	
   NPA	
  16.8	
   59	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.3	
   Pasture	
   17.5	
   59	
  

Staphylococcus	
  haemolyticus	
   3.3	
   Manuka	
   NPA	
  16.8	
   59	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4.2	
   Pasture	
   17.5	
   59	
  

Staphylococcus	
  simulans	
   3	
   Manuka	
   NPA	
  16.8	
   59	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4	
   Pasture	
   17.5	
   59	
  

Staphylococcus	
  warneri	
   3.3	
   Manuka	
   NPA	
  16.8	
   59	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.5	
   Pasture	
   17.5	
   59	
  

	
  

Gram-­‐negative	
  species	
  of	
  bacteria:	
  

Enterobacter	
  cloacae	
   6*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

Escherichia	
  coli	
   5	
   Manuka	
   NPA	
  13.2	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.7	
   Manuka	
   NPA	
  13.2	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9	
   Pasture	
   14.8	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   7.1	
   Rewarewa	
   21.5	
   42	
  

Klebsiella	
  oxytoca	
   5	
   Manuka	
   NPA	
  13.2	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   8	
   Pasture	
   14.8	
   56	
  

Proteus	
  mirabilis	
   7.3	
   Manuka	
   NPA	
  13.2	
   42	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.3	
   Rewarewa	
   21.5	
   42	
  

Pseudomonas	
  aeruginosa	
   10.8	
   Manuka	
   NPA	
  13.2	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   6	
   Manuka	
   NPA	
  13.2	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   13.7*	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
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  “	
   9	
   Pasture	
   14.8	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   6.8	
   Rewarewa	
   21.5	
   42	
  

Pseudomonas	
  species	
  from	
  burns	
   9.71	
   Manuka	
   NPA	
  18	
   60	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9.0	
   Pasture	
   14.8	
   60	
  

Pseudomonas	
  species	
  from	
  wounds	
   6.9	
   Manuka	
   NPA	
  13.2	
   61	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   7.1	
   Pasture	
   14.8	
   61	
  

Serratia	
  marcescens	
   6.3	
   Manuka	
   NPA	
  13.2	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4.7	
   Rewarewa	
   21.5	
   42	
  

	
  

Gram-­‐positive	
  species	
  of	
  bacteria	
  which	
  infect	
  wounds:	
  

Enterococcus	
  faecalis	
   7	
   Manuka	
   NPA	
  13.2	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4.92	
   Manuka	
   NPA	
  18	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   8.2*	
  	
   Manuka	
   NPA	
  18	
   62	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9.66	
   Pasture	
   13.7	
   57	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9	
   Pasture	
   14.8	
   56	
  

Staphylococcus	
  aureus	
   3	
   Manuka	
   NPA	
  13.2	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   2.9	
   Manuka	
   NPA	
  13.2	
   63	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   1.8	
   Manuka	
   NPA	
  13.2	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4*	
  	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   53	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   3.8	
   Pasture	
   14.8	
   63	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5	
   Pasture	
   14.8	
   56	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4.9	
   Rewarewa	
   21.5	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5	
   Rewarewa	
   21.5	
   64	
  

Streptococcus	
  pyogenes	
   3.6	
   Manuka	
   NPA	
  13.2	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   8.5*	
   Manuka	
   NPA	
  18	
   62	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   2.6	
   Rewarewa	
   21.5	
   42	
  

Streptococcus	
  equisimilis	
   7.9*	
  	
   Manuka	
   NPA	
  18	
   62	
  

Streptococcus	
  dysgalactiae	
  subspecies	
  equisimilis	
   7.6*	
  	
   Manuka	
   NPA	
  18	
   62	
  

Streptococcus	
  porcinus	
   6.4*	
  	
   Manuka	
   NPA	
  18	
   62	
  

Bacteria	
  which	
  cause	
  gastrointestinal	
  infections:	
  

Campylobacter	
  coli	
   1.1*	
   Manuka	
   NPA	
  29.4	
   65	
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Campylobacter	
  jejuni	
   1.0*	
   Manuka	
   NPA	
  29.4	
   65	
  

Escherichia	
  coli	
   7.5	
   Manuka	
   NPA	
  16.5	
   55	
  

Helicobacter	
  pylori	
   5	
   Manuka	
   NPA	
  13.2	
   66	
  

Yersinia	
  enterocolitica	
   7.5	
   Manuka	
   NPA	
  16.5	
   55	
  

Salmonella	
  typhimurium	
   6	
   Manuka	
   NPA	
  13.2	
   42	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4.1	
   Rewarewa	
   21.5	
   42	
  

Salmonella	
  typhimurium	
  Phage	
  type	
  4	
   6.8	
   Manuka	
   NPA	
  16.5	
   55	
  

Salmonella	
  typhimurium	
  DT104	
   7.5	
   Manuka	
   NPA	
  16.5	
   55	
  

Salmonella	
  mississippi	
   8.5	
   Manuka	
   NPA	
  16.5	
   55	
  

Salmonella	
  enteritidis	
   6.8	
   Manuka	
   NPA	
  16.5	
   55	
  

Enterobacter	
  aerogenes	
   16.6	
   Manuka	
   NPA	
  16.5	
   55	
  

Enterobacter	
  cloacae	
   16.0	
   Manuka	
   NPA	
  16.5	
   55	
  

Shigella	
  flexneri	
   9.4	
   Manuka	
   NPA	
  16.5	
   55	
  

Shigella	
  sonnei	
   8.9	
   Manuka	
   NPA	
  16.5	
   55	
  

	
  

Anaerobic	
  bacteria	
  that	
  cause	
  periodontal	
  disease:	
  

Actinobacillus	
  actinomycetemcomitans 6.1	
   Manuka	
   NPA	
  15	
   67	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “ 4.8	
   Pasture	
   18.2	
   67	
  

Actinomyces	
  gerencseriae	
   7	
  	
   Manuka	
   NPA	
  15	
   67	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9	
   Pasture	
   18.2	
   67	
  

Actinomyces	
  naeslundii	
   9.1	
  	
   Manuka	
   NPA	
  15	
   67	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   4	
   Pasture	
   18.2	
   67	
  

Eikenella	
  corrodins	
   4.7	
   Manuka	
   NPA	
  15	
   67	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5.8	
   Pasture	
   18.2	
   67	
  

Fusobacterium	
  nucleatum	
   5.1	
   Manuka	
   NPA	
  15	
   67	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   6.7	
   Pasture	
   18.2	
   67	
  

Peptostreptococcus	
  micros	
   9	
   Manuka	
   NPA	
  15	
   67	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9.3	
   Pasture	
   18.2	
   67	
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Porphyromonas	
  gingivalis	
   6.2	
   Manuka	
   NPA	
  15	
   67	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   9	
   Pasture	
   18.2	
   67	
  

Veillonella	
  parvula	
   7.2	
  	
   Manuka	
   NPA	
  15	
   67	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   7	
   Pasture	
   18.2	
   67	
  

	
  

Bacteria	
  causing	
  mastitis	
  in	
  dairy	
  animals:	
  	
  

Actinomyces	
  pyogenes	
   5	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5	
   Rewarewa	
   21.5	
   64	
  

Klebsiella	
  pneumoniae	
   10	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   10	
   Rewarewa	
   21.5	
   64	
  

Nocardia	
  asteroides	
   5	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   10	
   Rewarewa	
   21.5	
   64	
  

Streptococcus	
  agalactiae	
   5	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   10	
   Rewarewa	
   21.5	
   64	
  

Streptococcus	
  dysgalactiae	
   5	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   10	
   Rewarewa	
   21.5	
   64	
  

Streptococcus	
  uberis	
   5	
   Manuka	
   NPA	
  13.2	
   64	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   10	
   Rewarewa	
   21.5	
   64	
  

	
  

Yeasts:	
  

Candida	
  albicans	
   21.8	
   Manuka	
   NPA	
  15	
   67	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   39.9	
   Manuka	
   NPA	
  ≥18	
   68	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   38.2	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   68	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   40	
   Pasture	
   18.2	
   67	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   18.5	
   Jarrah	
   30.2	
   68	
  

Candida	
  dubliniensis	
   33.4	
   Manuka	
   NPA	
  ≥18	
   68	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   34.6	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   68	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   15.4	
   Jarrah	
   30.2	
   68	
  

Candida	
  glabrata	
   40	
   Manuka	
   NPA	
  15	
   67	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   42.6	
   Manuka	
   NPA	
  ≥18	
   68	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   43.1	
   Medihoney®	
  (blend)	
   NPA	
  ≥18	
   68	
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  “	
   40	
   Pasture	
   18.2	
   67	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   29.9	
   Jarrah	
   30.2	
   68	
  

	
  

Fungi	
  which	
  cause	
  tineas:	
  

Epidermophyton	
  floccosum	
   10	
  	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   10	
   Pasture	
   14.8	
   69	
  

Microsporum	
  canis	
   25	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   15	
   Pasture	
   14.8	
   69	
  

Microsporum	
  gypseum	
   50	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   20	
   Pasture	
   14.8	
   69	
  

Trichophyton	
  mentagrophytes	
  var.	
  interdigitale	
   25	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   15	
   Pasture	
   14.8	
   69	
  

Trichophyton	
  mentagrophytes	
  var.	
  mentagrophytes	
   20	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   15	
   Pasture	
   14.8	
   69	
  

Trichophyton	
  rubrum	
   10	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   5	
   Pasture	
   14.8	
   69	
  

Trichophyton	
  tonsurans	
   25	
   Manuka	
   NPA	
  13.2	
   69	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “	
   20	
   Pasture	
   14.8	
   69	
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Antibiotic-­‐resistant	
  bacteria	
  

As	
  can	
  be	
  seen	
  in	
  the	
  table,	
  the	
  antibiotic-­‐resistant	
  strains	
  of	
  bacteria	
  that	
  have	
  been	
  studied	
  have	
  been	
  found	
  to	
  have	
  
just	
  about	
  the	
  same	
  sensitivity	
  to	
  honey	
  as	
  the	
  antibiotic-­‐sensitive	
  strains	
  of	
  the	
  same	
  species.	
  There	
  is	
  concern	
  with	
  
the	
  use	
  of	
  any	
  antibacterial	
  agent	
  that	
  strains	
  of	
  bacteria	
  will	
  develop	
  resistance	
  to	
  it	
  as	
  has	
  happened	
  with	
  antibiotics.	
  
Resistance	
  to	
  antibiotics	
  is	
  the	
  result	
  of	
  selective	
  breeding,	
  and	
  cross-­‐breeding,	
  producing	
  strains	
  of	
  bacteria	
  with	
  high	
  
levels	
   of	
   activity	
   from	
   ancient	
   genes.	
   Because	
   of	
   its	
   high	
   osmotic	
   activity	
   due	
   to	
   its	
   sugar	
   content	
   honey	
   is	
   not	
   a	
  
medium	
  in	
  which	
  bacteria	
  could	
  survive	
  and	
  thus	
  have	
  evolved	
  genes	
  for	
  resistance	
  by	
  selection	
  of	
  mutant	
  individuals	
  
with	
   genes	
   conferring	
   resistance	
   to	
   the	
   antibacterial	
   factors	
   that	
   are	
   effective	
   in	
   diluted	
   honey.	
   Studies	
   have	
   been	
  
carried	
  out	
  that	
  were	
  designed	
  to	
  select	
  for	
  resistant	
  mutants.	
  This	
  was	
  done	
  by	
  continuous	
  exposure	
  of	
  cultures	
  of	
  
bacteria	
  to	
  gradually	
   increasing	
  concentrations	
  of	
  honey	
  that	
  were	
  just	
  sub-­‐lethal.	
  Various	
  species	
  of	
  bacteria	
  which	
  
are	
  notorious	
  for	
  developing	
  resistance	
  to	
  antibiotics	
  were	
  used.	
   In	
  one	
  study	
  no	
  increased	
  resistance	
  to	
  honey	
  was	
  
developed	
  yet	
  under	
  the	
  same	
  experimental	
  conditions	
  marked	
  increases	
  in	
  resistance	
  to	
  antibiotics	
  were	
  developed70	
  
In	
  the	
  other	
  study	
  reduced	
  sensitivity	
  to	
  manuka	
  honey	
  in	
  the	
  training	
  with	
  increasing	
  concentrations	
  was	
  found,	
  but	
  
this	
  was	
  not	
  a	
  permanent	
  change.	
  Mutant	
  strains	
  resistant	
  to	
  honey	
  were	
  not	
  detected.	
  It	
  was	
  concluded	
  that	
  the	
  risk	
  
of	
  bacteria	
  developing	
  resistance	
  to	
  honey	
  will	
  be	
  low	
  if	
  high	
  concentrations	
  of	
  honey	
  are	
  maintained	
  in	
  situations	
  in	
  
the	
  body	
  where	
  it	
  is	
  used	
  clinically71.	
  

Effectiveness	
  on	
  bacteria	
  in	
  biofilms	
  

Some	
  species	
  of	
  bacteria	
  in	
  some	
  situations	
  form	
  biofilms.	
  These	
  are	
  bacteria	
  embedded	
  in	
  a	
  gel	
  composed	
  of	
  protein	
  
and/or	
  polysaccharide.	
  The	
  film	
  coats	
  the	
  surface	
  of	
  solid	
  material	
  and	
  enables	
  the	
  bacteria	
  to	
  remain	
  attached	
  to	
  the	
  
surface.	
  It	
  also	
  provides	
  protection	
  for	
  the	
  bacterial	
  cells.	
  A	
  well-­‐known	
  example	
  of	
  a	
  biofilm	
  is	
  the	
  plaque	
  which	
  forms	
  
on	
  the	
  surface	
  of	
  teeth.	
  

Biofilms	
  form	
  on	
  the	
  surface	
  of	
  open	
  wounds	
  and	
  the	
  nasal	
  sinuses.	
  The	
  protection	
  that	
  they	
  provide	
  for	
  the	
  bacterial	
  
cells	
  is	
  thought	
  to	
  decrease	
  the	
  effectiveness	
  of	
  treatment	
  with	
  antibacterial	
  agents.	
  Research	
  has	
  found	
  that	
  manuka	
  
honey	
  is	
  effective	
  against	
  bacteria	
  in	
  biofilms.	
  

A	
  33%	
  solution	
  of	
  manuka	
  honey	
  (NPA	
  28)	
  has	
  been	
  reported	
  to	
  kill	
  Staphylococcus	
  aureus	
  in	
  a	
  biofilm72.	
  Medihoney®	
  
(NPA	
  ≥18)	
  at	
  a	
   concentration	
  of	
  6%	
  has	
  been	
   reported	
   to	
  kill	
  MRSA	
  and	
  MRSE	
   (methicillin-­‐resistant	
  Staphylococcus	
  
epidermidis)	
   in	
  biofilms,	
  and	
  at	
  a	
  concentration	
  of	
  12%	
  has	
  been	
  reported	
  to	
  kill	
  Pseudomonas	
  aeruginosa	
  and	
  ESBL	
  
Klebsiella	
   pneumoniae	
   in	
   biofilms73.	
   The	
   formation	
   of	
   biofilms	
   by	
   these	
   species	
   of	
   bacteria	
   was	
   prevented	
   at	
  
concentrations	
  of	
  honey	
  half	
  of	
  these73.	
  In	
  another	
  study,	
  killing	
  of	
  Pseudomonas	
  aeruginosa	
  in	
  biofilms	
  was	
  seen	
  with	
  
40%	
  solutions	
  of	
  Medihoney®	
  but	
  a	
  20%	
  concentration	
  of	
   the	
  honey	
  was	
   less	
  effective.	
  Medihoney®	
   in	
  solution	
  at	
  a	
  
concentration	
  of	
  10%	
  was	
  found	
  to	
  cause	
  some	
  killing	
  of	
  Streptococcus	
  pyogenes	
   in	
  biofilms	
  and	
  release	
  of	
  bacterial	
  
cells,	
  decreasing	
  the	
  biomass	
  in	
  the	
  biofilm	
  by	
  72%:	
  at	
  a	
  concentration	
  of	
  20%	
  it	
  decreased	
  the	
  formation	
  of	
  biofilms	
  
by	
  90%74.	
  Manuka	
  honey	
  and	
  sidr	
  honey,	
  with	
  their	
  level	
  of	
  antibacterial	
  potency	
  not	
  stated,	
  were	
  found	
  to	
  kill	
  most	
  
strains	
  of	
  the	
  bacteria	
  when	
  biofilms	
  formed	
  by	
  Staphylococcus	
  aureus	
  and	
  Pseudomonas	
  aeruginosa	
  were	
  exposed	
  to	
  
honey	
  in	
  solution	
  at	
  a	
  concentration	
  of	
  50%75.	
  

Clinical	
  uses	
  of	
  honey	
  as	
  an	
  antimicrobial	
  agent	
  

When	
   antibiotics	
   are	
   used	
   to	
   treat	
   infections	
   the	
   usual	
   practice	
   is	
   to	
   first	
   identify	
   the	
   species	
   of	
   the	
   infecting	
  
bacterium	
   and	
   to	
   test	
   its	
   sensitivity	
   to	
   antibiotics.	
   This	
   is	
   done	
   to	
   ensure	
   that	
   an	
   antibiotic	
   that	
  may	
   be	
   used	
   for	
  
treatment	
  is	
  appropriate	
  for	
  the	
  infecting	
  species,	
  and	
  to	
  ensure	
  that	
  the	
  particular	
  strain	
  of	
  bacteria	
  is	
  not	
  resistant	
  to	
  
the	
  antibiotic.	
  This	
   is	
  not	
  necessary	
  when	
  honey	
  is	
  used.	
  The	
  very	
  broad	
  spectrum	
  of	
  antimicrobial	
  activity	
  of	
  honey	
  
and	
  the	
  absence	
  of	
  strains	
  of	
  bacteria	
  with	
  resistance	
  to	
   it	
  means	
  that	
   it	
   is	
  almost	
  certain	
  to	
  be	
  effective	
   if	
  a	
  honey	
  
with	
  an	
  appropriate	
  standardised	
  level	
  of	
  antibacterial	
  potency	
  is	
  used.	
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There	
   is	
   a	
   serious	
   and	
   increasing	
   problem	
   of	
   bacteria	
   almost	
   inevitably	
   developing	
   resistance	
   to	
   antibiotics	
  where	
  
these	
  are	
  extensively	
  used.	
  For	
  this	
  reason	
  efforts	
  are	
  being	
  made	
  to	
  decrease	
  the	
  usage	
  of	
  antibiotics.	
  The	
  low	
  chance	
  
of	
   resistance	
   to	
   honey	
   developing	
   makes	
   the	
   use	
   of	
   honey	
   an	
   attractive	
   alternative	
   for	
   control	
   of	
   infection	
   in	
  
situations	
  such	
  as	
  wounds	
  where	
  honey	
  can	
  be	
  applied.	
  For	
  example,	
  patients	
  with	
  kidney	
  failure	
  who	
  have	
  indwelling	
  
catheters	
   for	
   dialysis	
   treatment	
   have	
   a	
   risk	
   of	
   getting	
   blood-­‐stream	
   infections	
   from	
   coagulase-­‐negative	
   Staphylocci	
  
which	
  grow	
  on	
  the	
  catheters.	
  The	
  usual	
  way	
  of	
  protecting	
  patients	
  from	
  this	
  risk	
  is	
  to	
  apply	
  the	
  antibiotic	
  mupirocin,	
  
but	
   this	
   long-­‐term	
   use	
   of	
   the	
   antibiotic	
  makes	
   it	
   likely	
   that	
   strains	
   of	
   bacteria	
   resistant	
   to	
  mupirocin	
  will	
   develop.	
  
Honey	
  has	
   been	
   found	
   to	
  be	
   as	
   effective	
   as	
  mupirocin	
   in	
   preventing	
  blood-­‐stream	
   infections	
   in	
   these	
  patients	
   and	
  
removes	
  the	
  risk	
  of	
  developing	
  antibiotic-­‐resistant	
  strains	
  of	
  bacteria76.	
  

When	
  patients	
  in	
  hospitals	
  get	
  life-­‐threatening	
  infections	
  with	
  antibiotic-­‐resistant	
  bacteria	
  this	
  cross-­‐infection	
  usually	
  
gets	
   into	
   their	
   body	
   via	
   catheters	
   or	
   open	
   wounds.	
   Cross-­‐infection	
   in	
   hospitals	
   with	
   antibiotic-­‐resistant	
   strains	
   of	
  
bacteria	
  can	
  potentially	
  be	
  prevented	
  by	
  dressing	
  all	
  open	
  wounds	
  or	
  catheter	
  exit	
  sites	
  with	
  honey.	
  The	
  effectiveness	
  
of	
   honey	
   in	
   killing	
   antibiotic-­‐resistant	
   strains	
   of	
   bacteria	
   has	
   been	
  demonstrated	
  not	
   only	
   in	
   the	
   laboratory	
   studies	
  
listed	
   in	
   the	
   table	
   above	
  but	
   also	
   in	
   clinical	
   cases.	
  Honey	
  has	
   been	
   reported	
   to	
   be	
   effective	
   in	
   clearing	
   established	
  
infection	
  with	
  MRSA	
  and	
  VRE77-­‐83.	
  

The	
  major	
  usage	
  of	
  honey	
  for	
  treatment	
  of	
  infection	
  has	
  been	
  in	
  wound	
  care84,	
  but	
  there	
  increasing	
  interest	
  in	
  its	
  use	
  
to	
  treat	
  infections	
  in	
  nasal	
  sinuses72,	
  75,	
  85-­‐87.	
  Honey	
  has	
  been	
  registered	
  with	
  the	
  regulatory	
  authorities	
  in	
  Australia	
  for	
  
use	
   in	
  the	
  eyes,	
  and	
  a	
  small	
  clinical	
  trial	
  has	
  established	
   its	
  effectiveness	
   in	
  treating	
  gingivitis88.	
  The	
  publication	
  of	
  a	
  
report	
  that	
  inhalation	
  of	
  an	
  aerosol	
  of	
  a	
  60%	
  solution	
  of	
  honey	
  causes	
  no	
  adverse	
  effects89	
  has	
  raised	
  the	
  possibility	
  of	
  
using	
  honey	
  for	
  treatment	
  of	
  lung	
  infections54.	
  

There	
   is	
   a	
   large	
   amount	
   of	
   evidence	
   from	
   clinical	
   trials	
   that	
   demonstrates	
   the	
   effectiveness	
   of	
   honey	
   in	
   clearing	
  
infection	
  in	
  wounds.	
  This	
  has	
  been	
  reviewed	
  in	
  papers	
  which	
  can	
  be	
  downloaded	
  which	
  cover	
  trials	
  published	
  up	
  to	
  
2005	
   [Link:	
   http://researchcommons.waikato.ac.nz/handle/10289/229	
   ]	
   and	
   trials	
   published	
   2006–2011	
   [Link:	
  
http://hdl.handle.net/10289/6095].	
  There	
  have	
  also	
  been	
  published	
  papers	
  each	
  reporting	
  honey	
  clearing	
  infection	
  in	
  
multiple	
  cases	
  that	
  were	
  treated:	
  Fournier's	
  gangrene	
  (necrotising	
   fasciitis	
  on	
  the	
  scrotum)90;	
   large	
   infected	
  surgical	
  
wounds	
  on	
   infants,	
  not	
   responding	
   to	
  antibiotic	
   treatment91;	
  various	
   types	
  of	
  wounds	
  and	
  ulcers	
  not	
   responding	
   to	
  
antibiotic	
   treatment92;	
   broken	
   down	
   wounds	
   following	
   surgery	
   (vulvectomy)93;	
   surgical	
   wounds	
   on	
   patients	
   with	
  
immunosuppression	
  because	
  of	
  chemotherapy82;	
  broken	
  down	
  wounds	
  following	
  surgery	
  (caesarian	
  section)94.	
  

Limitations	
  to	
  usage	
  of	
  honey	
  to	
  treat	
  infections	
  

Many	
  websites	
  and	
  the	
  popular	
  literature	
  on	
  health	
  and	
  self-­‐treatment	
  of	
  ailments	
  give	
  the	
  impression	
  that	
  honey	
  can	
  
be	
  taken	
  to	
  cure	
  almost	
  anything,	
  but	
  a	
  rational	
  consideration	
  would	
  suggest	
  that	
  the	
  antimicrobial	
  activity	
  would	
  be	
  
insignificant	
  when	
  an	
  oral	
  dose	
  of	
  honey	
  becomes	
  diluted	
  after	
  absorption	
  from	
  the	
  gut	
  into	
  the	
  many	
  litres	
  of	
  fluid	
  in	
  
the	
  circulation	
  and	
  tissues	
  of	
  the	
  body.	
  Realistically,	
  the	
  potential	
  for	
  honey	
  as	
  an	
  antimicrobial	
  agent	
  in	
  medicine	
  is	
  
where	
   it	
   is	
   in	
   direct	
   contact	
   with	
   the	
   site	
   of	
   infection	
   rather	
   than	
   as	
   a	
   systemic	
   agent,	
   although	
   there	
   are	
   some	
  
situations	
   such	
   as	
   gastrointestinal	
   infections	
   or	
   mastitis	
   in	
   dairy	
   cows	
   and	
   goats	
   where	
   the	
   honey	
   could	
   remain	
  
localised	
  and	
  thus	
  not	
  become	
  too	
  dilute	
  to	
  be	
  effectively	
  antibacterial.	
  

In	
   the	
   very	
   large	
   number	
   of	
   cases	
   that	
   have	
   been	
   reported	
   of	
   treatment	
   with	
   honey	
   of	
   open	
   wounds,	
   and	
   the	
  
numerous	
   cases	
   of	
   treatment	
   of	
   the	
   eyes,	
   there	
   have	
   been	
   no	
   reports	
   of	
   adverse	
   effects	
   other	
   than	
   a	
   stinging	
  
sensation.	
   The	
   stinging	
   has	
   been	
   found	
   to	
   be	
   due	
   to	
   the	
   acidity	
   of	
   honey	
   and	
   is	
   experienced	
  most	
   when	
   there	
   is	
  
inflammation	
  present.	
  This	
  is	
  because	
  inflammation	
  sensitises	
  the	
  nerve	
  endings	
  which	
  detect	
  acidity.	
  The	
  stinging	
  can	
  
be	
   severe	
   enough	
   to	
   prevent	
   some	
   people	
   from	
   being	
   able	
   to	
   tolerate	
   honey	
   dressings	
   being	
   applied.	
   The	
   honey	
  
dressings	
  that	
  are	
  on	
  sale	
  which	
  have	
  the	
  honey	
  in	
  a	
  gel	
  or	
  covered	
  by	
  a	
  layer	
  of	
  gel	
  decrease	
  the	
  amount	
  of	
  stinging	
  
experienced	
  because	
  the	
  gel	
  slows	
  the	
  release	
  of	
  the	
  acidity	
  of	
  the	
  honey	
  into	
  the	
  body	
  tissue.	
  Applying	
  a	
  layer	
  of	
  gel	
  
to	
  a	
  wound	
  before	
  applying	
  a	
  honey	
  dressing	
  will	
  also	
  decrease	
  the	
  stinging	
  experienced.	
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