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Definitions 
For	
  the	
  purposes	
  of	
  this	
  Application	
  and	
  to	
  ensure	
  consistency	
  with	
  previous	
  terminology	
  
used	
  within	
  Proposal	
  P306	
  Addition	
  of	
  Inulin/FOS	
  &	
  GOS	
  to	
  Foods,	
  and	
  ensure	
  clarity,	
  the	
  
following	
  definitions	
  will	
  be	
  used:	
  

Aspergillus	
  niger	
   Includes	
  strains	
  known	
  under	
  the	
  names	
  Aspergillus	
  
aculeatus,	
  A.	
  awamori,	
  A.	
  ficuum,	
  A.	
  foetidus,	
  A.	
  japonicus,	
  A.	
  
phoenicis,	
  A.	
  saitor	
  and	
  A.	
  usamii.	
  

Fructan	
  	
   Polymers	
  of	
  fructose	
  
Fructo-­‐oligosaccharides	
  
(FOS)**	
  

Fructans	
  (fructose	
  polymers	
  with	
  β	
  (2→1)	
  fructosyl-­‐fructose	
  
linkages,	
  where	
  the	
  polymerisation	
  (DP)	
  is	
  less	
  than	
  or	
  equal	
  
to	
  five	
  and	
  is	
  typically	
  produced	
  from	
  enzymatic	
  
condensation	
  of	
  sucrose.	
  

Inulin	
   Those	
  fructans,	
  with	
  β	
  (2→1)	
  fructosyl-­‐fructose	
  linkages,	
  
where	
  the	
  DP	
  range	
  is	
  typically	
  between	
  2	
  and	
  60.	
  

Inulin-­‐	
  derived	
  substances	
   Used	
  to	
  collectively	
  describe	
  inulin,	
  long-­‐chain	
  inulin	
  and	
  
oligofructose.	
  This	
  term	
  does	
  not	
  include	
  those	
  fructose	
  
polymers	
  derived	
  from	
  sucrose	
  

Invertase	
  Enzyme	
  
(EC	
  3.2.1.26)	
  

Also	
  includes	
  ß-­‐fructofuranosidase	
  (EC	
  3.2.1.26)	
  

Long	
  chain	
  inulin	
   Those	
  fructans	
  with	
  β	
  (2→1)	
  fructosyl-­‐fructose	
  linkages,	
  
where	
  DP	
  range	
  is	
  typically	
  between	
  10	
  and	
  60	
  and	
  there	
  are	
  
no	
  mono-­‐or	
  disaccharides	
  present.	
  

Oligofructans	
   A	
  generic	
  term	
  inclusive	
  of	
  all	
  oligosaccharide	
  fructans	
  with	
  β	
  
(2→1)	
  fructosyl-­‐fructose	
  linkages,	
  independent	
  of	
  
categorisation	
  based	
  on	
  DP	
  

Oligofructose	
   Describes	
  those	
  fructans,	
  with	
  β	
  (2→1)	
  fructosyl-­‐fructose	
  
linkages,	
  where	
  the	
  DP	
  is	
  less	
  than	
  10	
  but	
  greater	
  than	
  or	
  
equal	
  to	
  2.	
  	
  Oligofructose	
  is	
  derived	
  from	
  inulin.	
  	
  Chicory	
  
inulin,	
  for	
  example,	
  contains	
  about	
  30%	
  oligofructose.	
  

Short	
  chain	
  fructo-­‐
oligosaccharides	
  (scFOS)**	
  

Fructans	
  (fructose	
  polymers	
  with	
  β	
  (2→1)	
  fructosyl-­‐fructose	
  
linkages,	
  where	
  the	
  DP	
  is	
  equal	
  to	
  or	
  less	
  than	
  5	
  and	
  is	
  
typically	
  produced	
  from	
  enzymatic	
  condensation	
  of	
  sucrose.	
  

	
  

**	
  for	
  the	
  purposes	
  of	
  this	
  application,	
  and	
  to	
  ensure	
  consistency	
  of	
  definition	
  with	
  Proposal	
  
306	
  Addition	
  of	
  Inulin/FOS	
  &	
  GOS	
  to	
  Food,	
  the	
  terms	
  FOS	
  and	
  scFOS	
  will	
  refer	
  to	
  the	
  same	
  
substances,	
   however	
   scFOS	
   will	
   be	
   preferably	
   used	
   to	
   ensure	
   clarity.	
   	
   This	
   is	
   not	
  
withstanding	
  the	
  more	
  widely	
  used	
  definition	
  of	
  FOS	
  referring	
  to	
  all	
   fructans	
  with	
  β	
   (2→1)	
  
fructosyl-­‐fructose	
  linkages	
  (M.	
  Roberfroid,	
  2007).	
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Abbreviations 

AE	
   Adverse	
  events	
  
	
  

GRN	
  
The	
  file	
  number	
  FDA	
  assigns	
  to	
  
a	
  GRAS	
  notice	
  

Ah	
   Hydrolyzing	
  activitiy	
  
	
  

GTC	
  
Golden	
  Technologies	
  
Company,	
  Inc.	
  	
  

ALP	
   Alkaline	
  phosphatase	
   	
   HDL	
   High	
  density	
  lipoprotein	
  
ALT	
   Alanine	
  aminotransferase	
   	
   HM	
   Human	
  Milk	
  
A.	
  niger	
   Aspergillus	
  niger	
   	
   ITF	
   Inulin-­‐type	
  fructans	
  
ARA	
   Arachidonic	
  acid	
   	
   ITT	
   Intent-­‐to-­‐treat	
  

AST	
   Aspartate	
  aminotransferase	
  
	
  

kg-­‐bw/d	
  
Kilograms	
  of	
  body	
  weight	
  per	
  
day	
  

At	
   Transfructosylating	
  activity	
  
	
  

LC-­‐PUFA	
  
Long	
  chain	
  polyunsaturated	
  
fatty	
  acids	
  	
  

ATCC	
  
American	
  Type	
  Culture	
  
Collection	
  

	
  
LDL	
   Low	
  density	
  lipoprotein	
  

CF	
   Control	
  Formula	
   	
   L/M	
   Lactulose/mannitol	
  ratio	
  
CFR	
   Code	
  of	
  Federal	
  Regulations	
   	
   MRSC	
   Mean	
  Rank	
  Stool	
  Consistency	
  

CHO	
   Chinese	
  Hamster	
  Ovary	
  
	
  

NHANES	
  
National	
  Health	
  and	
  Nutrition	
  
Examination	
  Survey	
  

DHA	
   Docosahexaenoic	
  acid	
   	
   NIP	
   Nutrition	
  Information	
  Panel	
  

DNA	
   Deoxyribonucleic	
  acid	
  
	
  

NOAEL	
  
No	
  Observed	
  Adverse	
  Effect	
  
Level	
  

DP	
   Degree	
  of	
  polymerization	
   	
   ppb	
   Parts	
  per	
  billion	
  
EC	
   Enzyme	
  Commission	
   	
   ppm	
   Parts	
  per	
  million	
  

EF	
   Experimental	
  Formula	
  
	
  

RODI	
  
Reverse	
  osmosis	
  deionized	
  
water	
  	
  

EFSA	
  
European	
  Food	
  Safety	
  
Authority	
  

	
  
SAE	
   Serious	
  adverse	
  events	
  

FCC	
   Food	
  Chemical	
  Codex	
   	
   SCFA	
   Short-­‐chain	
  fatty	
  acids	
  	
  

FDA	
   Food	
  and	
  Drug	
  Administration	
  
	
  

scFOS	
  
Short-­‐chain	
  
fructooligosaccharide	
  

FISH	
  
Fluorescent	
  in	
  Situ	
  
Hybridization	
  

	
  
SDAY	
   Study	
  Days	
  

FOS	
   Fructooligosaccharide	
   	
   SO	
   Soybean	
  Oil	
  
FOSHU	
   Food	
  for	
  Specified	
  Health	
  Use	
   	
   SWI	
   Similac	
  with	
  Iron	
  

FSANZ	
  
Food	
  Standards	
  Australia	
  New	
  
Zealand	
  

	
  
UDS	
   Unscheduled	
  DNA	
  synthesis	
  	
  

FSFYC	
  
Formulated	
  Supplementary	
  
Foods	
  for	
  Young	
  Children	
  

	
   USDA	
   United	
  States	
  Department	
  of	
  
Agriculture	
  

FSO	
  
Fish	
  oil	
  and	
  soybean	
  oil	
  
mixture	
  	
  

	
   USG	
   Urinary	
  Specific	
  Gravity	
  

FTF	
   Transfuctosylation	
   	
   	
   	
  
GF2	
   1-­‐Kestose	
   	
   	
   	
  
GF3	
   Nystose	
   	
   	
   	
  
GF4	
   Fructosyl-­‐nystose	
  	
   	
   	
   	
  
GI	
   Gastrointestinal	
   	
   	
   	
  
GOS	
   Galactooligosaccharides	
   	
   	
   	
  
GRAS	
   Generally	
  Recognized	
  as	
  Safe	
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EXECUTIVE SUMMARY 
	
  

This	
  application	
  seeks	
  permission	
  under	
  the	
  Australia	
  New	
  Zealand	
  Food	
  Standards	
  Code,	
  for	
  
the	
  optional	
  addition	
  short-­‐chain	
  fructo-­‐oligosaccharides	
  (scFOS)	
  to	
  Infant	
  Formula	
  Products	
  
(Standard	
  2.9.1),	
   Foods	
   for	
   Infants	
   (Standard	
  2.9.2),	
  and	
  Supplementary	
  Formulated	
  Foods	
  
for	
   Young	
   Children	
   (Standard	
   2.9.3	
   Division	
   4).	
   	
   This	
   application	
   proposes	
   the	
   maximum	
  
addition	
   rates	
   of	
   scFOS	
   to	
   these	
   food	
   groups	
   to	
   be	
   set	
   to	
   the	
   same	
   levels,	
   but	
   as	
   an	
  
alternative	
  to,	
  those	
  currently	
  set	
  for	
  “inulin-­‐derived	
  substances”:	
  

• Infant	
  Formula	
  products	
  	
   either	
  (a)	
  110	
  mg	
  per	
  100	
  kJ;	
  or	
  (b)	
  290	
  mg	
  per	
  100	
  kJ	
  
in	
  combination	
  with	
  galacto-­‐oligosaccharides,	
  where	
  the	
  scFOS	
  is	
  no	
  more	
  than	
  110	
  

mg	
  per	
  100	
  kJ	
  (equivalent	
  to	
  3g/L	
  of	
  formula).	
  	
  
• Foods	
  for	
  Infants	
   	
   0.8	
  g/	
  100	
  g	
  either	
  singularly	
  or	
  in	
  combination	
  with	
  galacto-­‐

oligosaccharides,	
  as	
  consumed.	
  

• Supplementary	
  formulated	
  foods	
  for	
  young	
  children	
   1.6g	
  /	
  serving.	
  

On	
   this	
   basis,	
   the	
   application	
   proposes	
   the	
   term	
   “inulin-­‐derived	
   substances”	
   be	
   replaced	
  
with	
  the	
  more	
  globally	
  recognised	
  term	
  “fructo-­‐oligosaccharides”.	
  

Furthermore,	
   this	
   application	
   seeks	
   permission	
   for	
   approval	
   of	
   a	
   new	
  microbial	
   source	
   of	
  
invertase	
  (also	
  called	
  ß-­‐fructofuranosidase)	
  (EC	
  3.2.1.26)	
  enzyme	
  from	
  a	
  natural,	
  genetically	
  
unmodified	
   strain	
   of	
   the	
   fungus	
  Aspergillus	
   niger	
   as	
   a	
   processing	
   aid	
   (enzyme)	
   (Standard	
  
1.3.3	
  Processing	
  Aids).	
  	
  This	
  specific	
  invertase	
  is	
  used	
  in	
  the	
  manufacture	
  of	
  scFOS.	
  	
  As	
  scFOS	
  
has	
  been	
  available	
  and	
  in	
  use	
  in	
  the	
  general	
  food	
  supply	
  in	
  Australia	
  and	
  New	
  Zealand	
  since	
  
prior	
   to	
  2000,	
   the	
   lack	
  of	
   inclusion	
  of	
   this	
  enzyme	
   in	
   the	
  2007	
   review	
  of	
  enzymes	
  used	
  as	
  
processing	
  aids,	
  appears	
  to	
  have	
  been	
  an	
  oversight.	
  	
  

scFOS	
  has	
  been	
  used	
  in	
  infant	
  formula	
  products	
  in	
  Japan	
  since	
  the	
  early	
  1990’s	
  and	
  today	
  is	
  
used	
   in	
   formula	
   in	
   the	
   USA	
   and	
   the	
   South	
   East	
   Asian	
   regions.	
   	
   The	
   structural,	
   safety	
   and	
  
toxicity	
  profiles	
  of	
   scFOS	
  are	
  shown	
  to	
  be	
  substantially	
  equivalent	
   to	
   that	
  of	
  oligofructose,	
  
currently	
   approved	
   within	
   the	
   Food	
   Standards	
   Code	
   for	
   use	
   in	
   Infant	
   Formula	
   Products,	
  
Foods	
  for	
  Infants,	
  and	
  Supplementary	
  Formulated	
  Foods	
  for	
  Young	
  Children.	
  	
  In	
  addition	
  the	
  
physiological	
  effects	
  of	
  the	
  two	
  substances	
  are	
  shown	
  to	
  be	
  similar.	
  

The	
   outcomes	
   of	
   published	
   and	
   unpublished	
   clinical	
   trials	
   (Abbott	
   Nutrition	
   2003	
   –	
   2009;	
  
submitted	
  under	
  confidence)	
  in	
  which	
  infants	
  were	
  fed	
  formula	
  containing	
  up	
  to	
  3.0	
  g	
  scFOS	
  
(or	
  oligofructose)/L	
  support	
  the	
  safe	
  use	
  of	
  this	
  level	
  of	
  added	
  scFOS	
  with	
  no	
  demonstrated	
  
adverse	
   effects	
   on	
   water	
   balance	
   in	
   the	
   infant	
   population.	
   	
   Results	
   from	
   studies	
   in	
   older	
  
infants	
  and	
  young	
  children	
  support	
  the	
  safe	
  use,	
  and	
  the	
  promotion	
  of	
  general	
  well-­‐being,	
  in	
  
young	
  children	
  consuming	
  of	
  3.0	
  g	
  scFOS/L	
  in	
  supplementary	
  formulated	
  foods	
  or	
  follow-­‐on	
  
formula.	
  

	
  



	
  

scFOS Application – GTC Nutrition 
September 2010 
	
  

11	
  

1. General Information on the application 

1.1 Purpose of the application 
This	
  application	
  seeks	
  permission	
  under	
  the	
  Australia	
  New	
  Zealand	
  Food	
  Standards	
  Code,	
  for	
  the	
  
optional	
   addition	
   short-­‐chain	
   fructo-­‐oligosaccharides	
   (scFOS)	
   to	
   Infant	
   Formula	
   Products	
  
(Standard	
  2.9.1),	
   Foods	
   for	
   Infants	
   (Standard	
  2.9.2),	
   and	
  Supplementary	
  Formulated	
  Foods	
   for	
  
Young	
   Children	
   (Standard	
   2.9.3	
   Division	
   4).	
   This	
   application	
   proposes	
   the	
   maximum	
   addition	
  
rates	
  of	
  scFOS	
  to	
  these	
  food	
  groups	
  to	
  be	
  set	
  to	
  the	
  same	
  levels,	
  but	
  as	
  an	
  alternative	
  to,	
  those	
  
currently	
  set	
  for	
  “inulin-­‐derived	
  substances”:	
  

• Infant	
  Formula	
  products	
  	
   either	
  (a)	
  110	
  mg	
  per	
  100	
  kJ;	
  or	
  (b)	
  290	
  mg	
  per	
  100	
  kJ	
  in	
  
combination	
  with	
  galacto-­‐oligosaccharides,	
  where	
  the	
  scFOS	
  is	
  no	
  more	
  than	
  110	
  mg	
  

per	
  100	
  kJ	
  (equivalent	
  to	
  0.3g/100ml	
  of	
  formula).	
  	
  
• Foods	
  for	
  Infants	
   	
   0.8	
  g/	
  100	
  g	
  either	
  singularly	
  or	
  in	
  combination	
  with	
  galacto-­‐

oligosaccharides,	
  as	
  consumed.	
  

• Supplementary	
  formulated	
  foods	
  for	
  young	
  children	
   1.6g	
  /	
  serving.	
  

It	
  is	
  not	
  the	
  intention	
  of	
  this	
  application	
  to	
  increase	
  the	
  total	
  level	
  of	
  allowable	
  oligosaccharides	
  
currently	
  permitted	
  in	
  the	
  product	
  groups	
  specified	
  above,	
  and	
  regulated	
  within	
  Chapter	
  2	
  Part	
  
2.9	
  Special	
  Purpose	
  Foods.	
  	
  It	
  is	
  intended	
  that	
  scFOS	
  would	
  be	
  used	
  as	
  an	
  optional	
  alternative	
  to	
  
the	
  inulin-­‐derived	
  substances,	
  not	
  incremental	
  to	
  the	
  levels	
  stipulated.	
  

Regulatory	
   approaches	
   to	
   meet	
   the	
   objectives	
   of	
   this	
   application,	
   may,	
   by	
   way	
   of	
   example,	
  
include	
  the	
  addition	
  of	
  specific	
  clauses	
   in	
  relation	
  to	
  scFOS,	
  as	
  appropriate;	
  or,	
  replacement	
  of	
  
the	
  specific	
   term	
  “inulin-­‐derived	
  substances”	
  with	
  a	
  more	
  broadly	
  defined	
   terminology	
  of	
  FOS	
  

(i.e.	
   to	
   include	
   all	
   fructans	
   with	
   β(2→1)	
   fructosyl-­‐fructose	
   linkages	
   with	
   DP≥2).	
   	
   Such	
   an	
  
approach	
   is	
   an	
   opportunity	
   to	
   realign	
   the	
   definition	
   of	
   FOS	
   with	
   that	
   which	
   is	
   globally	
   more	
  
accepted	
  and	
  recognised	
  i.e.	
  not	
  restricted	
  to	
  scFOS.	
  	
  	
  

The	
  intended	
  use	
  of	
  scFOS	
  in	
  Australia	
  and	
  New	
  Zealand	
  by	
  the	
  applicant	
  is,	
  in	
  the	
  first	
  instance,	
  
for	
  the	
  manufacture	
  of	
   infant	
  formula	
  products,	
  baby	
  foods,	
  and	
  foods	
  for	
  young	
  children.	
  It	
   is	
  
anticipated	
   that	
   some	
   of	
   those	
   products	
   may	
   be	
   manufactured	
   for	
   export.	
   A	
   number	
   of	
  
countries	
   importing	
   infant	
   formula	
   require	
   the	
   products	
   to	
   be	
   compliant	
   with	
   the	
   food	
  
standards	
  of	
  the	
  country	
  of	
  manufacture.	
  

In	
  addition,	
  this	
  application	
  seeks	
  permission	
  for	
  approval	
  of	
  a	
  new	
  microbial	
  source	
  of	
  invertase	
  
(also	
   called	
  ß-­‐fructofuranosidase)	
   (EC	
  3.2.1.26)	
  enzyme	
   from	
  a	
  natural,	
   genetically	
  unmodified	
  
strain	
   of	
   the	
   fungus	
  Aspergillus	
   niger	
  as	
   a	
   processing	
   aid	
   (enzyme)	
   (Standard	
   1.3.3	
   Processing	
  
Aids).	
  	
  This	
  specific	
  invertase	
  is	
  used	
  in	
  the	
  manufacture	
  of	
  scFOS.	
  	
  scFOS	
  has	
  been	
  commercially	
  
available	
  and	
  used	
   in	
  Australia	
  and	
  New	
  Zealand	
   since	
  prior	
   to	
  2000,	
  and	
  was	
   included	
   in	
   the	
  
1995	
  application	
  for	
  inulin	
  and	
  fructooligosaccharides	
  as	
  dietary	
  fibre	
  (Food	
  Standards	
  Australia	
  
New	
  Zealand,	
  2000).	
  	
  This	
  application	
  will	
  correct	
  what	
  appears	
  to	
  have	
  been	
  an	
  oversight	
  in	
  the	
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2007	
  review	
  of	
  enzymes	
  used	
  as	
  processing	
  aids	
  (Food	
  Standards	
  Australia	
  New	
  Zealand,	
  2007).	
  	
  
That	
   review	
   P276	
   intended	
   to	
   include	
   enzymes	
   “not	
   currently	
   used	
   in	
   Australia	
   and	
   New	
  
Zealand”,	
  and	
  given	
  the	
  history	
  of	
  use	
  and	
  availability	
  of	
  scFOS	
  as	
  ingredients	
  in	
  these	
  countries,	
  
ideally	
  the	
  Invertase	
  used	
  in	
  their	
  manufacture	
  would	
  have	
  been	
  included.	
  	
  

Invertase	
  (EC	
  3.2.1.26)	
  sourced	
  from	
  Saccharomyces	
  cerevisiae	
  is	
  currently	
  listed	
  as	
  a	
  permitted	
  
processing	
  aid	
  in	
  Standard	
  1.3.3	
  of	
  the	
  Food	
  Standards	
  Australia	
  New	
  Zealand	
  (FSANZ)	
  Code.	
  	
  

Approval	
  of	
   this	
  enzyme,	
   from	
  A.	
  niger,	
  would	
   increase	
   the	
  options	
  of	
   the	
  microbial	
   source	
  of	
  
invertase	
  enzymes	
  that	
  may	
  be	
  used	
  for	
  processing	
  aids.	
   	
  The	
  proposed	
  change	
  to	
  the	
  table	
  of	
  
Clause	
  17	
  of	
  Standard	
  1.3.3,	
  would	
  read:	
  

Enzyme	
   Source	
  

Invertase	
  
EC	
  3.2.1.26	
  

Aspergillus	
  niger	
  
Saccharomyces	
  cerevisiae	
  

	
  

Submission	
  of	
  this	
  application	
  is	
  made	
  under	
  Section	
  3.6	
  Standards	
  -­‐	
  Related	
  to	
  the	
  Composition	
  
of	
  Food	
  Products;	
  Sub-­‐section	
  3.6.2	
  Special	
  Purpose	
  Foods,	
  and	
  under	
  Section	
  3.3	
  –	
  Standards	
  
Related	
  to	
  Substances	
  Added	
  to	
  Food;	
  Sub-­‐section	
  3.3.2	
  Processing	
  Aids,	
  of	
  the	
  Food	
  Standards	
  
Australia	
  New	
  Zealand	
  Application	
  Handbook	
  (1	
  July	
  2010).	
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1.2 Justification for the application 

1.2.1 Background 

In	
   2007,	
   Proposal	
   P306	
   Addition	
   of	
   Inulin/FOS	
   &	
   GOS	
   to	
   Foods	
   was	
   initiated	
   by	
   FSANZ,	
   and	
  
resulted	
   in	
   variations	
   to	
   the	
   Food	
   Standards	
   Code	
   in	
   2008	
   permitting	
   the	
   addition	
   of	
   inulin-­‐
derived	
   substances	
   and	
  Galacto-­‐oligosaccharides	
   (GOS)	
   to	
   Infant	
   Formula	
   Products,	
   Foods	
   for	
  
Infants,	
  and	
  Formulated	
  Supplementary	
  Foods	
  for	
  Young	
  Children	
  (FSFYC)	
  up	
  to	
  specified	
  levels.	
  
At	
   the	
   time	
   of	
   the	
   Final	
   Assessment	
   Review	
   (Food	
   Standards	
   Australia	
   New	
   Zealand	
   (FSANZ),	
  
2008a)	
   specifically	
  excluded	
  scFOS	
   (FOS)	
  on	
   the	
  basis	
   that	
  at	
   that	
   time	
   there	
  was	
  “insufficient	
  
evidence	
  to	
  assess	
  either	
  the	
  safety	
  or	
  physiological	
  effects	
  of	
  FOS”.	
  	
  On	
  that	
  basis	
  the	
  addition	
  
of	
  oligofructans	
  was	
  limited	
  to	
  “inulin-­‐derived	
  substances”,	
  however	
  was	
  inclusive	
  of	
  both	
  long-­‐	
  
and	
  short-­‐chain	
  fractions.	
  	
  In	
  September	
  2008,	
  the	
  Australia	
  and	
  New	
  Zealand	
  Food	
  Regulation	
  
Ministerial	
  Council	
  (“Council”)	
  requested	
  a	
  “First	
  Review”	
  of	
  the	
  Final	
  Assessment	
  Report	
  (Food	
  
Standards	
  Australia	
  New	
  Zealand	
  (FSANZ),	
  2008b).	
  	
  The	
  primary	
  grounds	
  for	
  the	
  review	
  were	
  to	
  
address	
   matters	
   regarding	
   (a)	
   consistency	
   of	
   the	
   draft	
   variations	
   with	
   the	
   objectives	
   of	
   the	
  
legislation	
   that	
   establishes	
   FSANZ,	
   (b)	
   the	
   assurance	
   of	
   the	
   protection	
   of	
   public	
   health	
   and	
  
safety,	
   (c)	
   consistency	
   with	
   international	
   food	
   standards,	
   and	
   (d)	
   the	
   clarification	
   of	
  
enforcement	
   and	
   compliance	
   issues.	
   	
   Clarification	
   was	
   also	
   sought	
   as	
   to	
   why	
   FSANZ	
  
recommended	
   the	
   use	
   of	
   oligofructose	
   as	
   an	
   inulin-­‐derived	
   substance	
   but	
   not	
   scFOS	
   when	
  
oligofructose	
  has	
  an	
  average	
  chain	
  length	
  of	
  less	
  than	
  10	
  and	
  can	
  vary	
  from	
  a	
  DP	
  of	
  2-­‐10.	
  	
  FSANZ	
  
reiterated	
   scFOS	
   produced	
   from	
   the	
   enzymatic	
   condensation	
   of	
   sucrose	
   typically	
   had	
   a	
  more	
  
narrow	
   DP	
   (3-­‐5)	
   than	
   that	
   of	
   inulin-­‐derived	
   oligofructose,	
   and	
   furthermore	
   it	
   had	
   not	
   been	
  
sufficiently	
   studied	
   in	
   infants	
   and	
   young	
   children	
   to	
   allow	
   any	
   conclusions	
   about	
   the	
  
physiological	
   effects	
   of	
   scFOS	
   to	
   be	
   made.	
   	
   On	
   that	
   basis,	
   FSANZ	
   considered	
   there	
   was	
  
insufficient	
  data	
   to	
  support	
   the	
  addition	
  of	
   scFOS	
  to	
   infant	
   formula	
  and	
  special	
  purpose	
   foods	
  
for	
  young	
  children.	
  In	
  addition,	
  FSANZ	
  was	
  not	
  aware	
  of	
  the	
  use	
  of	
  scFOS	
  in	
  the	
  manufacture	
  of	
  
infant	
   formula	
   products,	
   infant	
   foods,	
   foods	
   for	
   young	
   children	
   or	
   the	
   general	
   food	
   supply	
   in	
  
Australia	
  or	
  New	
  Zealand,	
  and	
  hence	
  the	
  exclusion	
  of	
  scFOS	
  was	
  not	
  considered	
  problematic	
  at	
  
that	
  time.	
  	
  	
  

This	
   application	
   will	
   present	
   data	
   demonstrating	
   the	
   safety	
   and	
   efficacy	
   of	
   scFOS,	
   that	
   is	
  
functionally	
  similar	
  to	
  the	
  inulin	
  derived	
  oligofructose	
  (DP2-­‐10	
  as	
  described	
  by	
  FSANZ	
  (2008a,b),	
  
and	
   suitable	
   for	
   use	
   in	
   infant	
   formula,	
   foods	
   for	
   infants	
   and	
   special	
   purpose	
   foods	
   for	
   young	
  
children.	
  The	
  comprehensive	
  review	
  of	
  oligosaccharides	
  for	
  use	
  in	
  foods	
  for	
  infants	
  and	
  children	
  
completed	
   as	
   a	
   part	
   of	
   the	
   Final	
   Assessment	
   Review	
   (Food	
   Standards	
   Australia	
   New	
   Zealand	
  
(FSANZ),	
   2008a),	
   remains	
   relevant	
   to	
   this	
   application	
   and	
   that	
   information	
   will	
   not	
   be	
  
unnecessarily	
  duplicated	
  within	
  this	
  application.	
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1.2.2 Intended Nutrition and Technical Effect 

Inulin	
   type	
   fructose	
   polymers	
   such	
   as	
   scFOS	
   or	
   oligofructose	
   may	
   be	
   added	
   to	
   foods	
   for	
  
technological	
   reasons	
   (e.g.,	
   emulsifier,	
   thickener,	
   stabilizer,	
   and	
   sweetener),	
   or	
   nutritional	
  
reasons	
   (e.g.,	
   dietary	
   fiber,	
   prebiotic	
   effects),	
   intended	
   to	
   improve	
   stool	
   consistency.	
   	
   These	
  
substances	
  may	
  also	
  be	
  added	
  to	
   infant	
   formula	
   in	
  circumstances	
  where	
  the	
  baby	
  may	
  not	
  be	
  
ingesting	
  breast	
  milk	
  or	
   to	
   supplement	
  breast	
  milk.	
   	
  Breast	
   feeding	
   is	
   known	
   to	
  afford	
   infants	
  
significant	
   protection	
   from	
   diarrhoeal	
   diseases,	
   respiratory	
   tract	
   infections,	
   meningitis	
   and	
  
necrotizing	
   enterocolitis,	
   and	
   this	
   has	
   been	
   attributed	
   in	
   part	
   to	
   the	
   presence	
   of	
   fucosylated	
  
oligosaccharides	
   which	
   are	
   collectively	
   termed	
   glycans	
   (Morrow,	
   Ruiz-­‐Palacios,	
   Jiang,	
   &	
  
Newburg,	
  2005).	
  	
  A	
  wide	
  variety	
  of	
  oligosaccharides	
  have	
  been	
  detected	
  in	
  human	
  milk,	
  some	
  of	
  
which	
  may	
  contribute	
  to	
  the	
  anti-­‐infective	
  and	
  allergy-­‐preventive	
  properties	
  of	
  human	
  milk.	
  	
  The	
  
carbohydrates	
   in	
   greatest	
   abundance	
   in	
   human	
  milk	
   comprise	
   lactose	
   (~7%	
   of	
   the	
   milk)	
   and	
  
oligosaccharides	
   (1-­‐2%).	
   	
   Oligosaccharides	
   with	
   a	
   degree	
   of	
   polymerization	
   (DP)	
   of	
   3-­‐10	
   are	
  
found	
   in	
   human	
   milk.	
   	
   These	
   human	
   milk	
   oligosaccharides	
   account	
   for	
   the	
   third	
   largest	
  
component	
   of	
   human	
   milk,	
   with	
   the	
   peak	
   concentration	
   of	
   around	
   25	
   g/L	
   in	
   the	
   colostrum	
  
during	
  the	
  first	
  few	
  weeks	
  following	
  birth	
  and	
  decline	
  thereafter	
  in	
  normal	
  human	
  milk.	
  	
  Because	
  
of	
   the	
   presence	
   of	
   oligosaccharides	
   in	
   human	
  milk,	
   the	
   non-­‐digestible	
   substances	
   scFOS	
   and	
  
oligofructose	
  have	
  been	
  developed	
  for	
  addition	
  to	
  infant	
  formula	
  and	
  foods	
  to	
  mimic	
  the	
  effects	
  
of	
  oligosaccharides	
  that	
  occur	
  naturally	
  in	
  breast	
  milk.	
  	
  These	
  substances	
  are	
  not	
  absorbed	
  in	
  the	
  
small	
  intestine	
  and	
  reach	
  the	
  large	
  intestine	
  essentially	
  intact.	
  	
  Breastfed	
  infants	
  generally	
  have	
  
softer	
  stools	
  compared	
  with	
   formula	
   fed	
   infants	
  and	
  this	
  difference	
  may	
  be	
  due	
   in	
  part	
   to	
  the	
  
presence	
  of	
  oligosaccharides	
  in	
  breast	
  milk.	
  	
  Therefore,	
  scFOS	
  or	
  oligofructose	
  may	
  be	
  added	
  to	
  
infant	
   formula	
   to	
   provide	
   a	
   functionally	
   similar	
   component	
   breastfed	
   infants	
   routinely	
   obtain	
  
from	
  human	
  milk,	
  and	
  to	
  soften	
  stool	
  consistency.	
  

1.2.3 Intended Technological Need for the Processing Aid 

Numerous	
  enzymes	
   from	
  A.	
  niger	
   are	
  approved	
  as	
   food	
  processing	
  aids	
  by	
  FSANZ	
   in	
  Standard	
  
1.3.3,	
  however,	
  none	
  are	
   invertase	
  enzymes	
  (also	
  called	
  ß-­‐fructofuranosidase).	
   	
   Invertase	
   is	
  an	
  
endocellular	
   enzyme	
   preparation.	
   	
   The	
   specific	
   invertase	
   that	
   is	
   subject	
   of	
   this	
   application	
   is	
  
made	
  by	
  a	
  natural,	
  genetically	
  unmodified	
  strain	
  of	
  the	
  fungus	
  Aspergillus	
  niger	
  (A.	
   japonicus),	
  
and	
  is	
  used	
  to	
  make	
  short-­‐chain	
  fructooligosaccharides	
  (scFOS)	
  from	
  sucrose.	
  	
  Invertase	
  enzyme	
  
from	
  A.	
   niger	
  was	
   selected	
   for	
   the	
   production	
   of	
   scFOS	
   from	
   sucrose	
   due	
   to	
   its	
   high	
   enzyme	
  
productivity	
   and	
   its	
   stronger	
   transfructosylating	
   ability	
   compared	
  with	
   its	
   hydrolysing	
   activity	
  
(Hidaka,	
   1988).	
   	
   A.	
   niger	
   ATCC	
   20611	
   presented	
   the	
   best	
   At/Ah	
   (transfructosylating	
  
activity/hydrolyzing	
   activity)	
   ratio	
   and	
   produced	
   more	
   mycelium	
   fructosyltransferase	
   than	
  
Aspergillus	
  oryzae	
  IPT-­‐301by	
  about	
  75%	
  (Fernandez	
  et	
  al.,	
  2007).	
  

1.2.4 Safety of the Processing Aid 

It	
  is	
  important	
  to	
  take	
  into	
  consideration	
  the	
  whole	
  body	
  of	
  knowledge	
  from	
  the	
  literature	
  when	
  
testing	
  industrial	
  strains	
  for	
  any	
  possible	
  risk	
  during	
  the	
  development	
  of	
  a	
  fermentation	
  process.	
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Production	
  organisms	
   that	
   are	
   chosen	
   from	
  strains	
   that	
  have	
  been	
   in	
  use	
   for	
  many	
  years	
   and	
  
that	
   have	
   been	
   examined	
   for	
   their	
   ability	
   to	
   produce	
   known	
   toxins	
   under	
   the	
   fermentation	
  
conditions	
  are	
  the	
  safest	
  to	
  use.	
  	
  In	
  addition,	
  the	
  products	
  should	
  be	
  regularly	
  checked	
  to	
  ensure	
  
that	
  they	
  meet	
  the	
  requirements	
  of	
  the	
  health	
  authorities	
  (Schuster,	
  Dunn-­‐Coleman,	
  Frisvad,	
  &	
  
Van	
  Dijck,	
  2002).	
  	
  

1.2.4.1 Information on the pathogenicity and toxicity of the source micro-
organism 

A.	
  niger	
   is	
  generally	
   regarded	
  as	
  a	
  non-­‐pathogenic	
   fungus	
  widely	
  distributed	
   in	
  nature.	
  The	
  A.	
  
niger	
   group	
   have	
   a	
   long	
   history	
   of	
   safe	
   use	
   in	
   the	
   fermentation	
   industry.	
   In	
   addition,	
   these	
  
species	
   have	
   never	
   been	
   identified	
   to	
   be	
   the	
   primary	
   cause	
   of	
   any	
   disease	
   in	
  man.	
   	
   Sporadic	
  
toxin	
   formation	
   under	
   undefined	
   conditions	
   has	
   not	
   been	
   observed	
   under	
   controlled	
  
fermentation	
  conditions	
  (Schuster,	
  et	
  al.,	
  2002).	
  	
  	
  

Apergillus	
   species	
   have	
   been	
   used	
   for	
   decades	
   to	
   produce	
   food	
   enzymes	
   and	
   citric	
   acid.	
  	
  
Specifically,	
  A.	
  niger	
  has	
  become	
  a	
  source	
  of	
  a	
  variety	
  of	
  enzymes	
  that	
  are	
  well	
  established	
  as	
  
technical	
  aids	
  in	
  fruit	
  processing,	
  baking,	
  and	
  in	
  the	
  starch	
  and	
  food	
  industries	
  (Schuster,	
  et	
  al.,	
  
2002).	
   	
   A.	
   niger	
   is	
   generally	
   regarded	
   as	
   a	
   safe	
   organism	
   as	
   documented	
   in	
   a	
   list	
   of	
   the	
  
Berufsgenossenschaft	
   der	
   Chemischen	
   Industrie	
   (1998),	
   an	
   organization	
   responsible	
   for	
  
occupational	
  health	
  and	
  safety.	
  	
  Enzyme	
  preparations	
  from	
  A.	
  niger,	
  and	
  the	
  A.	
  niger	
  organism	
  
itself,	
  have	
  repeatedly	
  been	
  reviewed	
  and	
  accepted	
  by	
  FAO/WHO	
  experts	
   listing	
  them	
  with	
  an	
  
Acceptable	
   Daily	
   Intake	
   of	
   ‘not	
   specified’	
   (FAO/WHO,	
   1972,	
   1978,	
   1981,	
   1987,	
   1990).	
   	
   The	
  
Commission	
  of	
  the	
  European	
  Communities	
  has	
  also	
  expressed	
  the	
  opinion	
  of	
  safety	
  for	
  A.	
  niger	
  
food	
   enzymes	
   (Commission	
   of	
   the	
   European	
   Communities	
   1992).	
   	
  A.	
   niger	
   is	
   also	
   considered	
  
non-­‐pathogenic	
  and	
  non-­‐toxic	
  by	
  the	
  United	
  States	
  Food	
  and	
  Drug	
  Administration	
  (FDA)	
  (Food	
  
and	
   Drug	
   Administration,	
   1998).	
   	
   The	
   use	
   of	
   A.	
   niger	
   in	
   fermentation	
   facilities	
   is	
   unlikely	
   to	
  
increase	
  the	
  risk	
  of	
  infection	
  by	
  A.	
  niger	
  (Environmental	
  Protection	
  Agency,	
  1997).	
  

The	
  A.	
   niger	
   group	
   have	
   a	
   long	
   history	
   of	
   safe	
   use	
   in	
   the	
   fermentation	
   industry.	
   In	
   addition,	
  
these	
  species	
  have	
  never	
  been	
  identified	
  to	
  be	
  the	
  primary	
  cause	
  of	
  any	
  disease	
  in	
  man.	
  A.	
  niger	
  
has	
  only	
  been	
  able	
  to	
  colonize	
  the	
  human	
  body	
  as	
  an	
  opportunistic	
  invader	
  in	
  a	
  few	
  cases	
  and	
  in	
  
almost	
   all	
   these	
   cases	
   the	
   patients	
   have	
   a	
   history	
   of	
   severe	
   illness	
   or	
   immunosuppressive	
  
treatment.	
  	
  Sporadic	
  toxin	
  formation	
  under	
  undefined	
  conditions	
  has	
  not	
  been	
  observed	
  under	
  
controlled	
  fermentation	
  conditions	
  (Schuster,	
  et	
  al.,	
  2002).	
   	
  Oral	
  doses	
  of	
  50	
  mg/kg	
  of	
  A.	
  niger	
  
failed	
   to	
   cause	
   acute	
   toxicity	
   (Yoshizawa,	
   Tsuchiya,	
  Morooka,	
   &	
   Sawada,	
   1975).	
   	
   Humans	
   are	
  
continuosly	
   exposed	
   to	
   A.	
   niger	
   spores	
   and	
   vegetative	
   forms	
   on	
   foodstuffs	
   and	
   in	
   the	
   air	
  
(Environmental	
  Protection	
  Agency,	
  1997).	
  

A.	
  niger	
  strains	
  produce	
  a	
  series	
  of	
  secondary	
  metabolites,	
  but	
  only	
  ochratoxin	
  A	
  is	
  regarded	
  as	
  a	
  
mycotoxin.	
  Only	
  about	
  3–10%	
  of	
  the	
  strains	
  examined	
  for	
  ochratoxin	
  A	
  production	
  have	
  tested	
  
positive	
   under	
   favorable	
   conditions.	
   Thus,	
   A.	
   niger	
   has	
   a	
   low	
   frequency	
   of	
   Ochratoxin	
   A	
  
production	
   potential	
   and	
   is	
   considered	
   a	
   safe	
   production	
   organism	
   (Schuster,	
   et	
   al.,	
   2002).	
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Several	
   experimental	
   studies	
   of	
   the	
   pathogenic	
   potential	
   of	
   A.	
   niger	
   have	
   come	
   to	
   the	
  
conclusion	
  that	
  neither	
  ingestion	
  of	
  large	
  doses	
  of	
  spores	
  (Nyiredy,	
  Etter,	
  Fesüs,	
  &	
  Mayer,	
  1975)	
  
nor	
  inhalation	
  of	
  spores	
  (Bhatia	
  &	
  Mohapatra,	
  1969)induces	
  mycosis	
  in	
  experimental	
  animals.	
  A.	
  
niger	
  was	
   not	
   even	
   detected	
   in	
   the	
   digestive	
   tract	
   at	
   one	
   day	
   after	
   ingestion.	
   	
   In	
   addition,	
  
despite	
  a	
  long	
  history	
  and	
  the	
  intensive	
  nature	
  of	
  Aspergillus	
  research,	
  no	
  cases	
  of	
  A.	
  niger	
  been	
  
proven	
  to	
  produce	
  aflatoxins	
  or	
  trichotecenes	
  (Schuster,	
  et	
  al.,	
  2002).	
  	
  	
  

Although	
  workers	
  may	
  have	
   the	
   risk	
   of	
   allergic	
   hypersensitivity	
   to	
   inhaled	
   spores,	
   this	
   can	
   be	
  
handled	
  in	
  an	
  industrial	
  environment	
  by	
  minimizing	
  the	
  exposure	
  of	
  the	
  workers	
  to	
  spore	
  dust	
  
(Schuster,	
   et	
   al.,	
   2002).	
   	
   Thus,	
   it	
   is	
   concluded	
   that	
  A.	
   niger	
   is	
   a	
   safe	
   production	
   organism	
   for	
  
industrial	
  use	
  provided	
  the	
  rules	
  of	
  good	
  manufacturing	
  practice	
  are	
  observed	
  (Schuster,	
  et	
  al.,	
  
2002).	
  

1.2.4.2 Information on the genetic stability of the source micro-organism 

A.	
  niger	
  is	
  relatively	
  stable	
  to	
  spontaneous	
  mutation	
  compared	
  with	
  other	
  Aspergillus	
  species	
  
(Raper	
  &	
  Fennell,	
  1965).	
  

1.2.5 Consumer Choice Issues  

This	
  Application	
  proposes	
  an	
  extension	
  of	
  the	
  types	
  of	
  oligofructans	
  that	
  may	
  be	
  added	
  to	
  foods	
  
for	
   infants	
   and	
   young	
   children,	
   within	
   the	
   current	
   regulatory	
   limits	
   set	
   for	
   permitted	
  
oligosaccharides.	
   	
   This	
   will	
   potentially	
   result	
   in	
   new	
   products,	
   product	
   range	
   extensions,	
   or	
  
product	
   reformulations,	
   any	
   of	
   which	
   will	
   provide	
   increased	
   product	
   options	
   for	
   consumers.	
  	
  
Infants	
  and	
  young	
  children	
  have	
  varying	
  responses	
  to	
  prebiotics	
  in	
  their	
  foods,	
  mostly	
  positive.	
  	
  
However,	
   having	
   a	
   more	
   diversified	
   range	
   of	
   different	
   product	
   options	
   available	
   means	
   that	
  
those	
   infants	
   who	
   do	
   not	
   tolerate	
   one	
   type	
   of	
   prebiotic,	
   may	
   still	
   benefit	
   from	
   consuming	
  
prebiotics,	
  if	
  able	
  to	
  change	
  and	
  a	
  product	
  is	
  found	
  to	
  be	
  product	
  suitable	
  for	
  them.	
  

1.2.6 Costs and Benefits for Industry, Consumers and Government 

By	
  far	
  the	
  largest	
  volume	
  of	
  infant	
  formula	
  products	
  manufactured	
  in	
  Australia	
  and	
  New	
  Zealand	
  
is	
   for	
   export.	
   	
   Infant	
   formula	
   product,	
   manufactured	
   in	
   Australia	
   for	
   export	
   to	
   a	
   number	
   of	
  
countries	
  in	
  South	
  East	
  Asia,	
  contains	
  added	
  scFOS,	
  and	
  has	
  been	
  manufactured	
  under	
  contract	
  
to	
  Meiji	
  for	
  a	
  number	
  of	
  years.	
  	
  Approval	
  of	
  this	
  application	
  will	
  assist	
  the	
  export	
  of	
  products,	
  by	
  
enabling	
  brand	
  owners	
  to	
  globally	
  align	
  their	
  product	
  offerings,	
  and	
  continue	
  the	
  manufacture	
  
and	
   export	
   of	
   their	
   products	
   from	
   New	
   Zealand;	
   on	
   the	
   basis	
   it	
   is	
   compliant	
   with	
   local	
  
regulations.	
  	
  	
  

Incremental	
   costs	
   associated	
  with	
   the	
   addition	
   of	
   scFOS	
   to	
   infant	
   food	
  products,	
   are	
   typically	
  
reflected	
  in	
  incremental	
  price	
  increases	
  of	
  the	
  finished	
  products,	
  based	
  on	
  the	
  added	
  benefits	
  of	
  
those	
   products.	
   	
   The	
   market	
   for	
   infant	
   foods	
   is	
   typically	
   differentiated	
   into	
   standard	
   and	
  
premium	
  (GOLD),	
  with	
  the	
  premium	
  products	
  containing	
  added	
  optional	
  ingredients	
  that	
  deliver	
  
nutritional	
   benefits	
   over	
   and	
   above	
   base	
   nutrition,	
   such	
   as	
   prebiotics,	
   long	
   chain	
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polyunsaturated	
   fatty	
   acids	
   etc.	
   	
   The	
   premium	
   products	
   are	
   typically	
   priced	
   higher	
   than	
   the	
  
standard	
  product	
  offerings,	
  prebiotic-­‐supplemented	
  formula	
  reported	
  to	
  carry	
  a	
  price	
  premium	
  
of	
  15-­‐20%	
  over	
  standard	
  formula	
  in	
  supermarkets	
  (Rao,	
  Srinivasjois,	
  &	
  Patole,	
  2009).	
  

The	
   invertase	
  enzyme	
   from	
  A.	
   niger	
  was	
   specifically	
   chosen	
   for	
   the	
  production	
  of	
   scFOS	
   from	
  
sucrose	
  due	
  to	
  its	
  high	
  enzyme	
  productivity	
  and	
  its	
  stronger	
  transfructosylating	
  ability	
  compared	
  
with	
  its	
  hydrolysing	
  activity	
  (Hidaka,	
  Hirayama,	
  &	
  Sumi,	
  1988).	
  	
  In	
  addition	
  A.	
  niger	
  ATCC	
  20611	
  
produced	
   more	
   mycelium	
   fructosyltransferase	
   when	
   compared	
   with	
   Aspergillus	
   oryzae	
   IPT-­‐
301by	
  about	
  75%	
  (Fernandez,	
  et	
  al.,	
  2007).	
  	
  If	
  another	
  invertase	
  enzyme	
  were	
  used	
  to	
  produce	
  
scFOS	
  that	
  provided	
  smaller	
  yield,	
  it	
  would	
  be	
  more	
  costly	
  to	
  produce	
  scFOS,	
  and	
  the	
  increased	
  
price	
   would	
   likely	
   be	
   reflected	
   in	
   incremental	
   price	
   increases	
   of	
   the	
   finished	
   products	
   to	
  
consumers.	
  	
  	
  

This	
  application	
  will	
  not	
  result	
  in	
  any	
  additional	
  compliance	
  or	
  regulatory	
  costs	
  to	
  Government,	
  
as	
  it	
  is	
  an	
  extension	
  to	
  the	
  range	
  and	
  definition	
  of:	
  

• Prebiotic	
   substances	
   already	
   permitted	
   for	
   inclusion	
   in	
   foods	
   for	
   infants	
   and	
   young	
  
children.	
  

• Microbial	
  source	
  of	
  Invertase	
  already	
  permitted	
  as	
  a	
  processing	
  aid	
  

• Microbial	
  enzymes	
  from	
  A.	
  niger	
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2 Information to Support the Application 

2.1 Description of the substance (scFOS) 
	
  

2.1.1 Introduction 

The	
  substance	
  that	
  is	
  the	
  subject	
  of	
  this	
  application	
  is	
  short-­‐chain	
  fructooligosaccharide	
  (scFOS),	
  
also	
   referred	
   to	
   as	
   FOS	
   during	
   the	
   FSANZ	
   evaluation	
   and	
   review	
   process	
   of	
   Application	
   P306	
  
Addition	
  of	
  Inulin/FOS	
  &	
  GOS	
  to	
  Foods	
  (Food	
  Standards	
  Australia	
  New	
  Zealand	
  (FSANZ),	
  2008a,	
  
2008b).	
  	
  	
  

The	
   identity	
  of	
   scFOS	
   is	
   reviewed	
  below,	
  and	
   includes	
  a	
   current	
  description	
  of	
   the	
  production	
  
process	
   for	
   the	
   scFOS	
   (both	
   powder	
   and	
   syrup	
   forms),	
   current	
   product	
   specifications,	
   current	
  
batch	
  data,	
  and	
  storage	
  stability	
  data.	
  

2.1.2 Characteristics of scFOS 

Food-­‐grade	
  oligosaccharides	
  are	
  most	
  commonly	
  manufactured	
  by	
  enzymatic	
  processes.	
   	
  They	
  
are	
   either	
   “built	
   up”	
   from	
   simple	
   sugars,	
   such	
   as	
   sucrose	
   or	
   lactose,	
   by	
   transglycosylation	
  
reactions,	
  or	
  formed	
  by	
  controlled	
  hydrolysis	
  of	
  polysaccharides,	
  such	
  as	
  inulin,	
  starch	
  or	
  xylan	
  
(Crittenden	
   &	
   Playne,	
   1996).	
   	
   Whilst	
   the	
   terms	
   oligofructose	
   and	
   fructooligosaccharide	
   are	
  
generally	
   considered	
   to	
   be	
   synonymous	
   names	
   for	
   the	
  mixture	
   of	
   small	
   inulin	
   oligomers	
  with	
  
DPmax<10	
   (where	
   inulin	
   is	
   correctly	
   a	
   generic	
   term	
   that	
   describes	
   all	
   β(1←2)	
   linear	
   fructan	
  
molecules)	
  (Crittenden	
  &	
  Playne,	
  1996;	
  M.	
  Roberfroid,	
  2007),	
  for	
  the	
  purposes	
  of	
  this	
  document	
  
and	
  consistency	
  with	
  FSANZ	
  definitions,	
  the	
  terms	
  will	
  be	
  differentiated	
  based	
  on	
  the	
  mode	
  of	
  
manufacture.	
   	
  Roberfroid	
  (2007)	
  clearly	
   identifies	
  that	
  although	
  the	
   inulin	
  hydrolysate	
  and	
  the	
  
synthetic	
   compound	
   have	
   slight	
   differences	
   in	
   the	
   ranges	
   of	
   DP,	
   the	
   same	
   terminology	
   is	
  
appropriate	
   to	
   describe	
   both.	
   	
   scFOS	
   and	
   oligofructose	
   have	
   very	
   similar	
   physicochemical	
  
properties;	
  the	
  properties	
  of	
  the	
  two	
  substances	
  are	
  compared	
  in	
  Table	
  1.	
  

The	
   term	
  scFOS	
   is	
  used	
   to	
  describe	
   fructooligosaccharide	
   that	
   is	
  produced	
  by	
   the	
  action	
  of	
  β-­‐
fructofuranosidase	
   (EC	
   3.2.1.26)	
   from	
   Aspergillus	
   niger	
   on	
   sucrose	
   syrup	
   (the	
   enzyme	
   links	
  
additional	
   fructose	
   monomers	
   to	
   the	
   sucrose	
   molecule)(Food	
   Chemicals	
   Codex	
   (FCC)	
   7th	
   Ed.,	
  
2010b).	
   	
   scFOS	
   is	
   marketed	
   under	
   a	
   variety	
   of	
   trade	
   names,	
   including	
   Neosugar,	
   Nutraflora,	
  
Meioligo®,	
  and	
  Actilight®.	
  

Oligofructose,	
   a	
   related	
   substance,	
   refers	
   to	
   the	
   ingredient	
   that	
   is	
   produced	
   from	
   the	
   partial	
  
enzymatic	
   hydrolysis	
   of	
   inulin,	
   and	
   is	
   marketed	
   for	
   example	
   as	
   Raftilose	
   95®	
   (Beneo™)	
   or	
  
Fibrulose	
  ®	
  (Cosucra	
  Groupe	
  Warcoing)	
  (Table	
  1).	
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scFOS	
  is	
  composed	
  of	
  sucrose	
  molecules	
  (glucose-­‐fructose	
  disaccharides,	
  GF)	
  to	
  which	
  one,	
  two,	
  
or	
  three	
  additional	
   fructose	
  units	
  have	
  been	
  added	
  by	
  β-­‐2,1-­‐glycosidic	
   linkages	
  to	
  the	
  fructose	
  
unit	
  of	
  sucrose.	
  	
  The	
  components	
  that	
  comprise	
  scFOS	
  and	
  oligofructose	
  include	
  the	
  following:	
  
1-­‐kestose	
   -­‐	
   GF2	
   (α-­‐D-­‐glucopyranoside-­‐(	
   1↔2)-­‐β-­‐D-­‐fructofuranosyl-­‐(1←2)-­‐β-­‐D-­‐fructofuranosyl	
   ,	
  
nystose	
   -­‐	
   GF3	
   (α-­‐D-­‐glucopyranoside-­‐(	
   1↔2)-­‐β-­‐D-­‐fructofuranosyl-­‐(1←2)-­‐β-­‐D-­‐fructofuranosyl-­‐
(1←2)	
   β-­‐D-­‐fructofuranosyl),	
   and	
   fructosyl-­‐	
   nystose	
   -­‐	
   GF4	
   (α-­‐D-­‐glucopyranoside-­‐(1↔2)-­‐β-­‐D-­‐
fructofuranosyl-­‐(1←2)-­‐β-­‐D-­‐fructofuranosyl(1←2)-­‐β-­‐D-­‐fructofuranosyl-­‐(1←2)-­‐β-­‐D-­‐
fructofuranosyl).	
  	
  The	
  scFOS	
  ingredient,	
  which	
  is	
  the	
  subject	
  of	
  this	
  application,	
  is	
  referred	
  to	
  as	
  
the	
   GFn	
   type	
   of	
   scFOS.	
   	
   Oligofructose	
   derived	
   from	
   inulin	
   contains	
   both	
   fructose	
   chains	
   and	
  
fructose	
   chains	
  with	
   terminal	
   glucose	
   units;	
   scFOS	
   contains	
   only	
   fructose	
   chains	
  with	
   glucose	
  
end	
  units	
  (Niness	
  1999;	
  Shoaf	
  et	
  al.	
  2006).	
  	
  Raftilose	
  P95,	
  which	
  is	
  derived	
  by	
  partial	
  hydrolysis	
  
of	
   inulin,	
   is	
   comprised	
   of	
   approximately	
   75%	
   of	
   fructose-­‐only	
   chains	
   (FFn)	
   and	
   approximately	
  
25%	
  of	
  the	
  GFn	
  form	
  (Shoaf	
  et	
  al.	
  2006).	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure 1:  β(1←2) Oligosaccharides manufactured from sucrose or inulin 
(Glu=glucose; Fru=fructose) (Adapted from Crittenden and Playne, 1996) 

	
  
Figure	
  1	
  provides	
  a	
  schematic	
  summary	
  of	
  the	
  oligosaccharides	
  relevant	
  to	
  this	
  discussion	
  that	
  
are	
  manufactured	
  from	
  sucrose	
  or	
  inulin.	
  

Fructans	
   are	
   characterized	
   by	
   the	
   degree	
   of	
   polymerization	
   (DP),	
   which	
   is	
   a	
   measure	
   of	
   the	
  
number	
   of	
   fructose	
  molecules	
   or	
   saccharide	
   units	
   in	
   the	
   substance,	
   the	
   latter	
   option	
   used	
   as	
  

SUCROSE	
  
α-­‐D-­‐Glu-­‐(1→2)-­‐β-­‐D-­‐Fru	
  

INULIN	
  

α-­‐D-­‐Glu-­‐(1→2)-­‐[β-­‐D-­‐Fru-­‐(1→2)-­‐]n,	
  where	
  n	
  >10	
  
	
  

α-­‐D-­‐Glu-­‐(1→2)-­‐[β-­‐D-­‐Fru-­‐(1→2)-­‐]n,	
  where	
  n	
  =	
  2-­‐4	
  

OLIGOFRUCTANS	
  
	
  (Oligofructose,	
  Fructooligosaccharide)	
  

β-­‐D-­‐Fru-­‐(1→2)-­‐[β-­‐D-­‐Fru-­‐(1→2)-­‐]n,	
  where	
  n	
  =	
  1-­‐9,	
  and	
  

α-­‐D-­‐Glu-­‐(1→2)-­‐[β-­‐D-­‐Fru-­‐(1→2)-­‐]n,	
  where	
  n	
  =	
  2-­‐9	
  
	
  

Transfructosylation	
  by	
  β-­‐
fructofuranosidase	
  
(EC	
  3.2.1.26)	
  

Controlled	
  enzymatic	
  
hydrolysis	
  using	
  inulinase	
  
(EC	
  3.2.1.7)	
  



	
  

scFOS Application – GTC Nutrition 
September 2010 
	
  

20	
  

reference	
  for	
  this	
  application.	
  	
  The	
  DP	
  ranges	
  can	
  vary	
  for	
  different	
  fructans	
  with	
  some	
  overlap	
  
in	
  ranges.	
  	
  The	
  average	
  DP	
  for	
  scFOS	
  is	
  3.5	
  (range	
  is	
  2-­‐5)	
  and	
  for	
  oligofructose	
  is	
  4	
  to	
  5	
  (range	
  is	
  
2-­‐8)	
   and	
   both	
   substances	
   contain	
   β-­‐2,1	
   linkages	
   between	
   the	
   fructose	
   units.	
   The	
   specific	
   DP	
  
values	
  and	
  range	
  for	
  oligofructose	
  (DP<10)	
  are	
  in	
  agreement	
  with	
  the	
  more	
  general	
  definitions	
  
used	
  by	
  FSANZ	
  (Food	
  Standards	
  Australia	
  New	
  Zealand	
  (FSANZ),	
  2008a),	
  however	
  the	
  DP	
  for	
  FOS	
  
(or	
   more	
   accurately	
   scFOS)	
   is	
   best	
   described	
   as	
   DP≤5	
   based	
   on	
   manufacturers	
   information	
  
(Table	
  1).	
  	
  Further	
  technical	
  details	
  are	
  provided	
  in	
  the	
  “Nutraflora	
  Technicla	
  Booklet	
  July	
  2010”	
  
provided	
  in	
  support	
  of	
  this	
  Application.	
  

Table	
  1:	
  	
  Detailed	
  Physicochemical	
  Properties	
  of	
  scFOS	
  and	
  Oligofructose	
  

Parameter	
  
scFOS	
  

(NutraFlora)	
  
Oligofructose	
  
(Raftilose)	
  

Common	
  names	
   Fructo-­‐oligosaccharide,	
  FOS,	
  
short-­‐chain	
  FOS	
  (scFOS)	
  

Oligofructose	
  

Trade	
  names	
   Neosugar,	
  NutraFlora,	
  Meioligo;	
  
Actilight	
  

Raftilose	
  95®	
  (Beneo-­‐Orafti)	
  
Fibrulose	
  ®(Cosucra)	
  

Manufacturer	
   GTC	
  Nutrition	
  
Meiji	
  	
  

Orafti	
  
Cosucra	
  Groupe	
  Warcoing	
  

Form	
   Powder	
  or	
  syrup	
   Powder	
  

Source	
   Action	
  of	
  β-­‐fructofuranosidase	
  
(EC3.2.1.26)	
  (derived	
  from	
  
Aspergillus	
  japonicus	
  ATCC	
  
20611)	
  on	
  a	
  sucrose	
  syrup	
  

solution	
  

Partial	
  enzymatic	
  hydrolysis	
  of	
  chicory	
  
inulin	
  

Structure	
  
	
  

2,	
  3,	
  or	
  4	
  fructose	
  units	
  linked	
  
together,	
  this	
  molecule	
  is	
  linked	
  

to	
  glucose	
  

2	
  to	
  8	
  fructose	
  units	
  linked	
  together,	
  
some	
  of	
  these	
  molecules	
  are	
  
terminated	
  by	
  a	
  glucose	
  unit	
  

	
  
α-­‐Glu-­‐(1→2)-­‐[β-­‐Fru-­‐(1→2)]2-­‐4	
  

(100%)	
  

α-­‐Glu-­‐(1→2)-­‐[β-­‐Fru-­‐(1→2)]2-­‐10	
  
(~25%)	
  

β-­‐Fru-­‐(1→2)-­‐[β-­‐Fru-­‐(1→2)]1-­‐10	
  
(~75%)	
  

Bond	
  between	
  fructose	
  
units	
  

β-­‐2,1	
   β-­‐2,1	
  

Range	
  of	
  DP	
   3-­‐5	
   2-­‐10	
  

Glucose	
  +	
  fructose	
  +	
  
sucrose	
  

<	
  5%	
   <	
  6.8%	
  

Oligosaccharide	
   >	
  95%	
   ≥	
  93.2%	
  

Kestose	
  (GF2)	
   36.2	
  (30-­‐42)	
   Not	
  available	
  

Nystose	
  (GF3)	
   49.1	
  (45-­‐57)	
   Not	
  available	
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Table	
  1:	
  	
  Detailed	
  Physicochemical	
  Properties	
  of	
  scFOS	
  and	
  Oligofructose	
  
Fructosyl-­‐nystose	
  (GF4)	
   10.7	
  (5-­‐15)	
   Not	
  available	
  

Molecular	
  weight	
   Variable	
  as	
  by	
  definition	
  is	
  a	
  
mixture	
  of	
  fructans	
  (see	
  above)	
  

Typically	
  627	
  g/mol	
  

Not	
  available	
  

Solubility	
   Highly	
  (≈80%)	
  soluble	
  in	
  hot	
  &	
  
cold	
  water	
  

Almost	
  insoluble	
  in	
  most	
  organic	
  
solvents	
  (Food	
  Chemicals	
  Codex	
  

(FCC)	
  7th	
  Ed.,	
  2010b)	
  

Not	
  available	
  

Water	
  activity	
  (Nutraflora	
  
P-­‐95)	
  

0.1-­‐0.2	
   Not	
  available	
  

pH	
  (10%	
  solution)	
   5.0-­‐7.0	
   Not	
  available	
  

Calorific	
  value	
   1.5	
  kcal/g	
   Not	
  available	
  

2.1.3 Identity 

2.1.3.1 Chemical Composition 
scFOS	
   is	
   a	
   mixture	
   of	
   1-­‐fructose-­‐(1-­‐ß-­‐fructofuranosyl)n-­‐1	
   sucrose	
   oligomers;	
   n	
   may	
   vary	
  
from	
   2	
   to	
   4.	
   	
   scFOS	
   is	
   prepared	
   with	
   ß-­‐fructofuranosidase	
   derived	
   from	
   Aspergillus	
  
japonicus.	
   	
   The	
   Chemical	
   Abstracts	
   Service	
   (CAS)	
   Registry	
   Number	
   for	
  
fructooligosaccharide	
  is	
  308066-­‐66-­‐2;	
  this	
  CAS	
  No.	
  is	
  listed	
  as	
  an	
  agricultural	
  product	
  in	
  7	
  
CFR	
  205.606	
  (1-­‐1-­‐08).	
  	
  The	
  monograph	
  for	
  scFOS	
  is	
  available	
  in	
  the	
  Food	
  Chemicals	
  Codex	
  
(Food	
  Chemicals	
  Codex	
  (FCC)	
  7th	
  Ed.,	
  2010b).	
  

2.1.3.2 Common and Trade Names 

Common	
  or	
  trade	
  names	
  for	
  the	
  substance	
  that	
   is	
  the	
  subject	
  of	
  this	
  application	
   include	
  
the	
   following:	
   fructooligosaccharide,	
   FOS,	
   short-­‐chain	
   fructooligosaccharide,	
   scFOS,	
  
Neosugar,	
   NutraFlora,	
   NutraFlora®	
   P-­‐95,	
   Meioligo®,	
   and	
   Actilight®.	
   	
   Table	
   2	
   shows	
   the	
  
generic	
  name,	
  manufacturer,	
  brand	
  name	
  and	
  a	
  description	
  of	
  a	
  selection	
  of	
  some	
  of	
  the	
  
oligosaccharides	
   that	
   have	
   been	
   the	
   subject	
   of	
   published	
   research	
   in	
   relation	
   to	
   infant	
  
formula	
  products.	
  	
  	
  

Table	
  2:	
  Oligosaccharides	
  Commonly	
  Used	
  in	
  Research	
  
Generic	
  Term	
   Manufacturer	
   Brand	
  Name	
   Description	
   DP	
  

Fructo-­‐oligosaccharide	
  
(FOS)	
  

Eridania	
  
Beghin	
  Say;	
  
GTC	
  Nutrition	
  

Actilight;	
  
NutraFlora	
  

Short-­‐chain	
  
Fructooligosaccharide	
   3-­‐5	
  

Oligofructose	
   Orafti	
  
	
  

Raftilose	
  P95/	
  
Beneo	
  P95	
  

Hydrolysed	
  inulin	
  from	
  
chicory;	
  5%	
  di-­‐	
  and	
  

2-­‐10	
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Table	
  2:	
  Oligosaccharides	
  Commonly	
  Used	
  in	
  Research	
  
Generic	
  Term	
   Manufacturer	
   Brand	
  Name	
   Description	
   DP	
  

Cosucra	
   Fibrulose®	
   monosaccharides	
  

Long	
  chain	
  inulin	
   Orafti	
   Raftiline	
  HP	
   Inulin	
  from	
  chicory	
  with	
  no	
  
mono-­‐	
  or	
  disaccharides	
  

10-­‐60	
  

Inulin	
   Orafti	
  
Cosucra	
  
Sensus	
  

Raftiline	
  
Fibruline®	
  
Frutafit	
  IQ	
  

Inulin	
  from	
  chicory	
  
2-­‐60	
  

Galacto-­‐
oligosaccharides	
  (GOS)	
  

Friesland	
  
Foods	
  Domo	
  

Vivinal	
   Galacto-­‐oligosaccharides	
  
3-­‐8	
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2.1.3.3  Structure 

The	
  chemical	
  structure	
  of	
  scFOS	
  is	
  shown	
  in	
  Figure	
  2.	
  

Figure 2:  Chemical Structure of scFOS 

2.1.4 Production Process 

2.1.4.1 Active Enzyme Manufacturing Process 

2.1.4.1.1 Microbial Source of Active Enzyme 

scFOS	
  is	
  produced	
  by	
  the	
  action	
  of	
  ß-­‐fructofuranosidase	
  on	
  a	
  sucrose	
  syrup	
  solution.	
  	
  
ß-­‐fructofuranosidase	
   is	
   an	
   endocellular	
   enzyme	
   preparation	
   made	
   by	
   a	
   natural,	
  
genetically	
  unmodified	
  strain	
  of	
  the	
  fungus	
  A.	
  japonicus	
  which	
  is	
  registered	
  under	
  the	
  
American	
  Type	
  Culture	
  Collection	
  (ATCC)	
  number	
  20611.	
  

A.	
  japonicus	
  ATCC	
  20611	
  is	
  a	
  specific	
  species	
  of	
  Aspergillus	
  that	
  is	
  commonly	
  called	
  A.	
  
japonicus	
  Saito.	
   	
   It	
  was	
  originally-­‐classified	
  as	
  A.	
  niger	
  until	
  November	
  4,	
  1997	
  when	
  
ATCC	
  renamed	
  it	
  A.	
  japonicus	
  based	
  on	
  its	
  morphology	
  (ENVIRON	
  Corporation,	
  2000).	
  	
  
However,	
  within	
  FSANZ	
  Standard	
  1.3.3	
  Processing	
  Aids,	
  Clause	
  17	
  Permitted	
  Enzymes	
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of	
   Microbial	
   origin,	
   Aspergillus	
   niger	
   covers	
   a	
   wide	
   range	
   of	
   strains,	
   inclusive	
   of	
   A.	
  
japonicus.	
   	
   To	
   ensure	
   consistency	
   with	
   FSANZ	
   Standard	
   1.3.3,	
   this	
   application	
   is	
   to	
  
permit	
  the	
  use	
  of	
  Invertase	
  from	
  A.	
  niger.	
  	
  The	
  use	
  of	
  Aspergillus	
  spp.	
  ATCC	
  20611	
  to	
  
produce	
   the	
  ß-­‐fructofuranosidase	
   (EC	
  3.2.1.26)	
  used	
   in	
   the	
  production	
  of	
   scFOS	
  was	
  
described	
   in	
   detail	
   in	
   the	
   original	
   GRAS	
   application	
   in	
   the	
   USA,	
   GRN	
   44	
   (ENVIRON	
  
Corporation,	
   2000).	
   	
   This	
   application	
   to	
   permit	
   the	
   use	
   of	
   the	
  ß-­‐fructofuranosidase	
  
enzyme	
   (EC	
   3.2.1.26)	
   from	
   A.	
   niger,	
   in	
   addition	
   to	
   the	
   currently	
   permitted	
   source	
  
(Invertase	
  EC	
  3.2.1.26	
  from	
  Saccharomyces	
  cerevisiae),	
  for	
  the	
  manufacture	
  and	
  use	
  of	
  
foods	
   and	
   food	
   ingredients	
   in	
   Australia	
   and	
  New	
   Zealand	
   underpins	
   this	
   application	
  
for	
  the	
  use	
  of	
  scFOS	
  in	
  infant	
  and	
  baby	
  foods.	
  	
  

Aspergilli	
  with	
  brown	
   to	
  black-­‐shaded	
   spores	
   constitute	
   the	
  A.	
   niger	
  group	
   (Raper	
  &	
  
Fennell,	
   1965).	
   	
   Aspergilli	
   have	
   been	
   isolated	
   all	
   over	
   the	
   world.	
   A.	
   niger	
   is	
   a	
  
filamentous	
   fungus	
   that	
   grows	
   aerobically	
   on	
   organic	
   matter.	
   It	
   can	
   be	
   found,	
   in	
  
nature,	
   in	
  soil	
  and	
   litter,	
   in	
  compost	
  and	
  on	
  decaying	
  plant	
  material	
   (Schuster,	
  et	
  al.,	
  
2002).	
   	
   Reiss	
   (1986)	
   specified	
   A.	
   niger	
   grows	
   in	
   a	
   wide	
   temperature	
   range	
   (6–47°C)	
  
with	
   an	
   optimum	
   temperature	
   at	
   35–37°C.	
   	
   The	
   water	
   activity	
   limit	
   for	
   growth	
   is	
  
relatively	
  high	
  compared	
  with	
  other	
  Aspergillus	
  species	
  at	
  0.88.	
   	
  However,	
  A.	
  niger	
   is	
  
found	
  with	
  a	
  higher	
  frequency	
  in	
  warm	
  and	
  humid	
  places.	
  	
  A.	
  niger	
  is	
  also	
  able	
  to	
  grow	
  
over	
   an	
   extremely	
   wide	
   pH	
   range:	
   1.4–9.8.	
   	
   In	
   addition,	
   the	
   profuse	
   production	
   of	
  
conidiospores,	
  which	
  are	
  distributed	
  via	
  the	
  air,	
  assure	
  the	
  ubiquitous	
  occurrence	
  of	
  A.	
  
niger	
  in	
  nature	
  (Rippel-­‐Baldes	
  1955).	
  

Aspergillus	
  species	
  are	
  commonly	
  used	
  in	
  food	
  production	
  and	
  are	
  approved	
  by	
  FSANZ	
  
(Standard	
  1.3.3,	
  Clause	
  17)	
  and	
  the	
  Food	
  and	
  Drug	
  Administration	
  (FDA)	
  for	
  a	
  variety	
  

of	
  uses.	
  	
  The	
  Aspergillus	
  niger	
  group	
  covers	
  strains	
  known	
  under	
  the	
  names	
  Aspergillus	
  
aculeatus,	
  A.	
  awamori	
  ,	
  A.	
  ficuum,	
  A.	
  foetidus,	
  A.	
  japonicus,	
  A.	
  phoenicis,	
  A.	
  saitor	
  and	
  
A.	
  usamii	
  	
  	
  (Food	
  Standards	
  Australia	
  New	
  Zealand	
  Code,	
  2009).	
  	
  All	
  A.	
  niger	
  approved	
  
enzymes	
  are	
  listed	
  in	
  Table	
  3.	
  

Table	
  3:	
  	
  A.	
  niger	
  Derived	
  Enzymes	
  Approved	
  by	
  FSANZ	
  
	
  ENZYME	
  FROM	
  A.	
  NIGER1	
   	
  	
  EC	
  NUMBER	
  
	
  	
  α–Amylase	
  	
   	
  	
  EC	
  3.2.1.1	
  
	
  	
  α–Arabinofuranosidase	
  	
  	
   	
  	
  EC	
  3.2.1.55	
  
	
  	
  Asparaginase	
  	
   	
  	
  EC	
  3.5.1.1	
  
	
  	
  Carboxyl	
  proteinase	
  	
   	
  	
  EC	
  3.4.23.6	
  
	
  	
  Catalase	
  	
   	
  	
  EC	
  1.11.1.6	
  
	
  	
  Cellulase	
  	
   	
  	
  EC	
  3.2.1.4	
  
	
  	
  Chymosin	
  	
   	
  	
  EC	
  3.4.23.4	
  
	
  	
  Endo-­‐arabinase	
  	
   	
  	
  EC	
  3.2.1.99	
  
	
  	
  α-­‐Galactosidase	
  	
  	
   	
  	
  EC	
  3.2.1.22	
  
	
  	
  β-­‐Galactosidase	
  	
   	
  	
  EC	
  3.2.1.23	
  
β-­‐Glucanase	
   EC	
  3.2.1.6	
  
Glucoamylase	
   EC	
  3.2.1.3	
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Table	
  3:	
  	
  A.	
  niger	
  Derived	
  Enzymes	
  Approved	
  by	
  FSANZ	
  
Glucose	
  oxidase	
   EC	
  1.1.3.4	
  
α-­‐Glucosidase	
   EC	
  3.2.1.20	
  
β-­‐Glucosidase	
   EC	
  3.2.1.21	
  
Hemicellulase	
  endo-­‐1,3-­‐β-­‐xylanase	
   EC	
  3.2.1.32	
  
Hemicellulase	
  endo-­‐1,4-­‐β-­‐xylanase	
   EC	
  3.2.1.8	
  
Hemicellulase	
  multicomponent	
  enzyme	
   EC	
  3.2.1.78	
  
Hexose	
  oxidase	
   EC	
  1.1.3.5	
  
Inulinase	
   EC	
  3.2.1.7	
  
Lipase,	
  triacylglycerol	
   EC	
  3.1.1.3	
  
Lysophospholipase	
   EC	
  3.1.1.5	
  
Pectin	
  lyase	
   EC	
  4.2.2.10	
  
Pectinesterase	
   EC	
  3.1.1.11	
  
Phospholipase	
  A1	
  	
   EC	
  3.1.1.32	
  
Phospholipase	
  A2	
   EC	
  3.1.1.4	
  
3-­‐Phytase	
   EC	
  3.1.3.8	
  
4-­‐Phytase	
   EC	
  3.1.3.26	
  
Polygalacturonase	
  or	
  Pectinase	
  multicomponent	
  
enzyme	
  

EC	
  3.2.1.15	
  

Transglucosidase	
   EC	
  2.4.1.24	
  
	
  1Aspergillus	
  niger	
  group	
  covers	
  strains	
  known	
  under	
  the	
  names	
  Aspergillus	
  aculeatus,	
  	
  
A.	
  awamori	
  ,	
  A.	
  ficuum,	
  A.	
  foetidus,	
  A.	
  japonicus,	
  A.	
  phoenicis,	
  A.	
  saitor	
  and	
  A.	
  usamii.	
  	
  

Aspergillus	
   niger	
   is	
   considered	
   non-­‐pathogenic	
   and	
   non-­‐toxic	
   by	
   FDA	
   (FDA	
   1998,	
   as	
  
cited	
   in	
   ENVIRON	
   2000).	
   	
   A.	
   niger	
   is	
   used	
   in	
   the	
   production	
   of	
   numerous	
   GRAS	
  
ingredients	
   including	
   glucono	
   delta-­‐lactone	
   (21	
   CFR	
   §184.1318),	
   chymosin	
   (21	
   CFR	
  
§184.1685),	
  food-­‐grade	
  citric	
  acid	
  (21	
  CFR	
  §173.280),	
  and	
  carbohydrase	
  and	
  cellulase	
  
for	
   use	
   in	
   clam	
   and	
   shrimp	
   processing	
   (21	
   CFR	
   §173.120).	
   	
  A.	
   oryzae	
   is	
   used	
   in	
   the	
  
production	
  of	
  α-­‐amylase	
  (EC	
  3.2.1.1),	
  which	
  is	
  a	
  GRAS	
  ingredient	
  that	
  can	
  be	
  used	
  in	
  
the	
  production	
  of	
   cereal	
   flours	
   (21	
  CFR	
  §137.105,	
   21	
  CFR	
  §137.200).	
   	
   In	
   the	
  1960’s,	
  
FDA	
   authored	
   an	
   advisory	
   opinion	
   determining	
   that	
   carbohydrase	
   and	
   protease	
  
enzymes	
   produced	
   by	
   A.	
   oryzae	
   are	
   considered	
   GRAS	
   ingredients	
   (Food	
   and	
   Drug	
  
Administration	
  (FDA),	
  1998).	
  

Aspergillus	
   species	
   are	
   used	
   in	
   the	
   production	
   of	
   several	
   food	
   ingredients	
   recently	
  
determined	
  to	
  be	
  GRAS,	
  and	
  a	
  wide	
  range	
   is	
  permitted	
  under	
  FSANZ	
  Standard	
  1.3.3,	
  
Clause	
  17.	
  	
  For	
  example,	
  asparaginase	
  enzyme	
  preparation	
  from	
  A.	
  niger	
  (EC	
  3.5.1.1)	
  is	
  
GRAS	
   (GRN	
   214)	
   for	
   use	
   in	
   breads,	
   other	
   cereal	
   based	
   products	
   and	
   potato	
   based	
  
products	
   (Food	
   and	
   Drug	
   Administration	
   (FDA),	
   2007b).	
   Asparaginase	
   enzyme	
  
preparation	
  from	
  A.	
  oryzae	
  (EC	
  3.5.1.1)	
  is	
  GRAS	
  (GRN	
  201)	
  for	
  similar	
  uses	
  (Food	
  and	
  
Drug	
  Administration	
  (FDA),	
  2006b).	
   	
  Lipase	
  enzyme	
  (EC	
  3.1.1.3)	
  preparations	
  from	
  A.	
  
oryzae	
   (EC	
   3.1.1.3)	
   (GRN	
   113)	
   (Food	
   and	
   Drug	
   Administration	
   (FDA),	
   2003),	
   and	
   A.	
  
niger	
   (GRN	
   111)	
   (Food	
   and	
   Drug	
   Administration	
   (FDA),	
   2002),	
   are	
   GRAS	
   for	
   use	
   in	
  
dairy-­‐based	
  flavouring	
  preparations,	
  cheeses,	
  liquid	
  and	
  dried	
  egg	
  whites,	
  bread,	
  flour,	
  
bakery	
   products	
   not	
   subject	
   to	
   a	
   standard	
   of	
   identity,	
   modified	
   triglycerides,	
  



	
  

scFOS Application – GTC Nutrition 
September 2010 
	
  

26	
  

hydrolyzed	
  lecithin,	
  edible	
  fats	
  and	
  oils,	
  and	
  modified	
  egg.	
  	
  A.	
  niger	
  and	
  A.	
  oryzae	
  are	
  
used	
   in	
  the	
  production	
  of	
  various	
  GRAS	
  enzyme	
  preparations	
  when	
  encoding	
  a	
  gene	
  
from	
   other	
   species	
   (for	
   example,	
   GRN	
   183,	
   GRN	
   158	
   and	
   GRN	
   142	
   (Food	
   and	
   Drug	
  
Administration	
  (FDA),	
  2004,	
  2005,	
  2006a),	
  respectively).	
  	
  

The	
   use	
   of	
  Aspergillus	
   spp.	
   ATCC	
   20611	
   to	
   produce	
   ß-­‐fructofuranosidase	
   (invertase)	
  
used	
   in	
   the	
   production	
   of	
   scFOS,	
   is	
   well	
   documented	
   (Nishizawa,	
   Nakajima,	
   &	
  
Nabetani,	
   2001).	
   	
   Yanai	
   et	
   al.	
   (2001)	
   have	
   also	
   reported	
   on	
   the	
   characteristics	
   of	
   an	
  
extracellular	
   fructofuranosidase	
   from	
   A.	
   niger	
   ATCC	
   20611.	
   	
   The	
   transfructosylation	
  
(FTF)	
   activity	
   of	
   this	
   enzyme	
  was	
   increased	
   compared	
  with	
   other	
   known	
  Aspergillus	
  
invertases.	
  This	
  strain	
  was	
  later	
  reclassified	
  as	
  Aspergillus	
  japonicus	
  ATCC	
  20611	
  (Yanai,	
  
Nakane,	
  Kawate,	
  &	
  Hirayama,	
  2001)	
  

2.1.4.1.2 Production of Active Enzyme 

The	
   ß-­‐fructofuranosidase	
   enzyme	
   (EC	
   3.2.1.26)	
   of	
   A.	
   niger,	
   specifically	
   A.	
   japonicus	
  
ATCC	
  20611	
  used	
   in	
   the	
  production	
  of	
   scFOS	
   is	
  manufactured	
  by	
  Meiji	
   Seika	
  Kaisha,	
  
Ltd.	
   	
   The	
   active	
   enzyme	
   is	
  manufactured	
   by	
  Meiji	
   Seika	
   Kaisha	
   Ltd.,	
   and	
   is	
   used	
   by	
  
Meiji	
  Seika,	
  GTC	
  Nutrition	
  and	
  Beghin	
  Meiji	
  to	
  produce	
  scFOS.	
  	
  The	
  enzyme	
  is	
  subject	
  
to	
  several	
  quality	
  control	
  tests	
  that	
  are	
  detailed	
  below.	
  	
  

Methods	
   to	
   produce,	
   purify	
   and	
   characterise	
   the	
   properties	
   of	
   the	
   ß-­‐
fructofuranosidase	
   (invertase)	
   enzyme	
   have	
   been	
   described	
   in	
   detail	
   (Hidaka,	
   et	
   al.,	
  
1988;	
  Hirayama,	
  Sumi,	
  &	
  Hidaka,	
  1989).	
  	
  The	
  enzyme	
  preparation	
  process	
  is	
  patented	
  
in	
  numerous	
  countries,	
   including	
  but	
  not	
  exclusively	
   Japan,	
  USA,	
  Germany,	
  Denmark,	
  
France,	
   Great	
   Britain,	
   and	
   the	
   Netherlands.	
   	
   The	
   fermentation	
   method	
   starts	
   with	
  
sterilisation	
  of	
  the	
  culture	
  media	
  and	
  introduction	
  into	
  the	
  batch	
  of	
  lyophilised	
  spores.	
  	
  
The	
   fermentation	
   process	
   is	
   temperature	
   controlled	
   and	
   lasts	
   for	
   about	
   150	
   hours.	
  	
  
The	
  enzyme	
  preparation	
   is	
  then	
  concentrated	
  by	
  filtration	
  and	
  cryodessication	
  of	
  the	
  
liquid	
  enzyme	
  preparation.	
   	
  The	
  process	
   flow	
  diagram	
   for	
   the	
  general	
  manufacturing	
  
process	
  is	
  shown	
  below	
  in	
  Figure	
  3,	
  with	
  further	
  specific	
  details	
  as	
  provided	
  in	
  original	
  
manufacturing	
  technical	
  reports	
  in	
  Appendix	
  IV.	
  

Samples	
  of	
  the	
  ß-­‐fructofuranosidase	
  enzyme	
  are	
  tested	
  for	
  proximate	
  analyses,	
  heavy	
  
metals,	
  microbiological	
  contamination,	
  mycotoxins	
  and	
  enzyme	
  activity.	
  	
  These	
  results	
  
are	
   reported	
   in	
   Certificates	
   of	
   Analysis	
   (CoA),	
   which	
   are	
   discussed	
   here.	
   	
   Copies	
   of	
  
CoA’s	
   from1989-­‐1993	
   are	
   included	
   for	
   reference	
   in	
   Appendix	
   Va,	
   and	
   more	
   recent	
  
examples	
  (2010)	
  are	
  provided	
  in	
  the	
  A1055	
  Supporting	
  Document	
  File	
  submitted.	
  	
  The	
  
enzyme	
  is	
  tested	
  for	
  heavy	
  metals	
  as	
  lead,	
  as	
  well	
  as	
  arsenic	
  (as	
  As2O3),	
  lead,	
  cadmium	
  
and	
  mercury	
  individually.	
  	
  The	
  maximum	
  heavy	
  metal	
  and	
  lead	
  levels	
  reported	
  in	
  the	
  
Certificate	
  of	
  Analysis	
   from	
  6	
   July	
  1990	
   is	
  9.6	
  ppm	
  and	
  0.25	
  ppm,	
   respectively.	
   	
   The	
  
enzyme	
   is	
   tested	
   for	
   microbiological	
   contamination,	
   including	
   aerobic	
   plate	
   count,	
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coliforms,	
   E.	
   coli,	
   coagulase	
   positive	
   Staphylococci,	
   salmonella,	
   and	
   sulfite	
   reducing	
  
anaerobic	
   spores.	
   	
   The	
   enzyme	
   is	
   tested	
   for	
   enzymatic	
   activities	
   including	
   fructose-­‐
transferring	
   activity,	
   and	
   activities	
   of	
   other	
   enzymes	
   such	
   as	
   amylase,	
   protease	
   and	
  
lipase.	
   	
   The	
   transfer	
   of	
   fructose	
   units	
   is	
   the	
   desired	
   enzymatic	
   activity,	
   and	
   ranges	
  
from	
  1.02	
  x	
  106	
  to	
  1.12	
  x	
  106	
  unit/g.	
  	
  One	
  unit	
  of	
  enzyme	
  preparation	
  is	
  defined	
  as	
  the	
  
amount	
  required	
  to	
  produce	
  one	
  micromole	
  (1	
  µmol)	
  of	
  GF2	
  (1-­‐ketose)	
  per	
  hour	
  from	
  
a	
  10	
  percent	
  (weight/volume)	
  sucrose	
  solution	
  at	
  a	
  temperature	
  of	
  40	
  °C.	
  	
  The	
  other	
  
enzyme	
   activities	
   (amylase,	
   protease	
   and	
   lipase)	
   are	
   present	
   at	
   relatively	
   low	
   levels	
  
and	
   considered	
   insignificant	
   in	
   the	
   final	
   product.	
   	
   Test	
   results	
   for	
   incidental	
   residual	
  
enzymes	
  are	
  provided	
  in	
  Table	
  1	
  of	
  Appendix	
  III.	
   	
  The	
  methodology	
  to	
  determine	
  the	
  
invertase	
  enzyme	
  activity	
  is	
  also	
  provided	
  in	
  Appendix	
  III.	
  	
  The	
  methodology	
  described	
  
in	
   Appendix	
   III	
   remains	
   in	
   use	
   by	
  manufacturers	
   of	
   the	
   enzyme	
   (Meiji	
   Seika	
   Kaisha	
  
Ltd).	
   	
   Samples	
  of	
   the	
  ß-­‐fructofuranosidase	
  enzyme	
  are	
   screened	
   for	
  mycotoxins.	
   	
  As	
  
reported	
   in	
  GRN	
  44	
  (ENVIRON	
  Corporation,	
  2000),	
  analyses	
  of	
  samples	
  conducted	
   in	
  
1989	
  and	
  1990	
  revealed	
  no	
  detectable	
  levels	
  of	
  aflatoxin	
  B1,	
  B2,	
  G1,	
  or	
  G2	
  (at	
  a	
  limit	
  of	
  
detection	
   of	
   5	
   ppb)	
   or	
   sterigmatocystin	
   (at	
   a	
   limit	
   of	
   detection	
   of	
   50	
   ppb).	
   	
   More	
  
recent	
  mycotoxin	
   screens	
   conducted	
   on	
   samples	
   of	
   ß-­‐fructofuranosidase	
   enzyme	
   in	
  
September	
   and	
   October	
   of	
   2005	
   indicate	
   that	
   there	
   were	
   no	
   detectable	
   levels	
   of	
  
aflatoxin	
   B1,	
   B2,	
   G1,	
   or	
   G2	
   (at	
   a	
   limit	
   of	
   detection	
   of	
   5	
   ppb),	
   or	
   sterigmatocystin	
   or	
  
ochratoxin	
  A	
   (at	
   a	
   limit	
   of	
   detection	
   of	
   0.05	
   ppm). Quality	
   information	
   and	
   analysis	
  
certificates	
  on	
  the	
  enzyme	
  preparation	
  can	
  be	
  found	
  in	
  Appendices	
  V	
  and	
  VI.	
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Figure 3:  Process Flow Diagram for the Manufacture of ß-fructofuranosidase 

	
  

2.1.4.2 β-fructofuranosidase Enzyme Preparation Specification 

Storage	
  of	
  the	
  enzyme	
  preparation	
  at	
  <5°C	
  (cold	
  room	
  or	
  refrigerator)	
  is	
  required.	
  

Item	
   Specification	
  
Colour	
   Pale	
  brown	
  powder	
  
Odour	
   Characteristic	
  odour	
  
Form	
   Powder	
  
Appearance	
   Free	
  from	
  visible	
  contamination	
  
Assay	
  (activity)	
   >800,000	
  U/g	
  
pH	
   6.0-­‐7.0	
  (1g/100ml)	
  
Loss	
  on	
  drying	
   Maximum	
  7%	
  (1g,	
  105°C,	
  2	
  hrs,	
  <3mmHg)	
  
Particle	
  size	
   JP#18	
  Pass:	
  more	
  than	
  90%	
  
Heavy	
  Metals	
  (as	
  Pb)	
   <5ppm	
  
Microbiological	
   	
  
Total	
  Viable	
  Count	
  (including	
  yeasts	
  &	
  molds)	
   <1,000/g	
  

Coliforms	
   <30cfu/g	
  
E.coli	
   Not	
  detected	
  /25g	
  

Salmonella	
  	
   Not	
  detected	
  /25g	
  
Mycotoxins	
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Aflatoxin	
  B1	
   <5	
  ppm	
  
Aflatoxin	
  B2	
   <5	
  ppm	
  
Aflatoxin	
  G1	
   <5	
  ppm	
  
Aflatoxin	
  G2	
   <5	
  ppm	
  

Sterimatocystin	
   <0.05	
  ppm	
  
	
  

The	
   β-­‐fructofuranosidase	
   enzyme	
   preparation,	
   is	
   manufactured	
   by	
   Meiji	
   Seika	
   Kaisha	
   Ltd.,	
  
according	
  to	
  Good	
  Manufacturing	
  Practice	
  (GMP).	
  

The	
  enzyme	
  preparation	
  meets	
   the	
   Joint	
  Expert	
  Committee	
  on	
  Food	
  Additives	
   (JECFA)	
   criteria	
  
for	
   enzyme	
   preparations	
   from	
   microbial	
   sources	
   (Food	
   and	
   Agriculture	
   Organization	
   of	
   the	
  
United	
  Nations,	
  2006;	
  Food	
  and	
  Agriculture	
  Organization	
  of	
  the	
  United	
  Nations	
  &	
  World	
  Health	
  
Organization,	
  2009).	
  	
  

Additionally	
   the	
   enzyme	
   preparation	
   also	
   conforms	
   to	
   the	
   criteria	
   specified	
   in	
   the	
   Food	
  
Chemicals	
  Codex	
  fro	
  microbially-­‐derived	
  enzyme	
  preparations	
  (Food	
  Chemicals	
  Codex	
  (FCC)	
  7th	
  
Ed.,	
  2010a).	
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2.1.4.3 Enzyme Preparation Allergen Statement 

The	
  following	
  statement	
  is	
  provided	
  by	
  the	
  manufacturer	
  	
  (Meiji	
  Seika	
  Kaisha	
  Ltd)	
  of	
  the	
  β-­‐
fructofuranosidase	
  enzyme	
  preparation,	
  used	
  in	
  the	
  manufacture	
  of	
  scFOS.	
  	
  A	
  digital	
  copy	
  is	
  also	
  
provided	
  in	
  the	
  A1055	
  Supporting	
  Documents	
  file	
  submitted	
  in	
  support	
  of	
  this	
  Application.	
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2.1.4.4 scFOS Manufacturing Process 

Commercial	
  production	
  of	
   scFOS	
   is	
  based	
  on	
  action	
  of	
   the	
  enzyme	
  ß-­‐fructofuranosidase	
  
(EC	
  3.2.1.26),	
  derived	
  from	
  A.	
  niger	
  ATCC	
  20611	
  (specifically	
  A.	
  japonicus	
  ATCC	
  20611),	
  on	
  
sucrose.	
   	
   The	
   general	
   process	
   flow	
   is	
   outlined	
   in	
   Figure	
  4.	
   	
   The	
  enzyme	
  acts	
   as	
   both	
   an	
  
invertase	
  on	
  sucrose	
  molecules	
  and	
  a	
  fructosyltransferase	
  between	
  sucrose	
  molecules	
  and	
  
fructofuranosyl-­‐sucrose	
   molecules	
   (i.e.,	
   comprised	
   of	
   fructose	
   chains	
   with	
   a	
   terminal	
  
glucose).	
  	
  The	
  invertase	
  activity	
  cleaves	
  sucrose	
  into	
  glucose	
  (G)	
  and	
  fructose	
  (F)	
  subunits.	
  	
  
The	
   fructofuranosidase	
  activity	
   transfers	
   the	
   fructose	
  subunit	
   from	
  sucrose	
   to	
  a	
  growing	
  
fructose	
   chain	
   to	
   yield	
   1-­‐kestose	
   (GF2),	
   nystose	
   (GF3),	
   and	
   fructosyl-­‐nystose	
   (GF4)	
  
molecules.	
  	
  	
  

The	
  enzyme	
  acts	
  as	
  an	
  invertase:	
  
Sucrose	
  	
   	
   	
   	
   =	
  Glucose	
  (G)	
  +	
  Fructose	
  (F)	
  
And	
  as	
  a	
  fructosylytransferase:	
  
Sucrose	
  (GF)	
  +	
  Sucrose	
  (GF)	
   =	
  1-­‐kestose	
  (GF2)	
  +	
  Glucose	
  
GF2	
  +	
  Sucrose	
  (GF)	
   	
   	
   =	
  nystose	
  (GF3)	
  +	
  Glucose	
  
GF3	
  +	
  Sucrose	
  (GF)	
   	
   	
   =	
  fructosyl-­‐nytose	
  (GF4)	
  +	
  Glucose	
  

In	
  summary:	
  
GFn-­‐1	
  +	
  GF	
   	
   	
   =	
  GFn	
  +	
  Glucose	
  (n	
  =	
  2,	
  3,	
  4)	
  

The	
  enzyme	
  reaction	
   is	
   followed	
  by	
  purification	
  steps	
  and	
  concentration	
  of	
   the	
   reaction	
  
product.	
   	
   No	
   enzyme	
   or	
   A.	
   niger	
   is	
   present	
   in	
   the	
   final	
   scFOS	
   product	
   as	
   shown	
   by	
   a	
  
negative	
  test	
  for	
  protein	
  on	
  each	
  lot.	
  	
  Furthermore,	
  scFOS	
  is	
  not	
  produced	
  in	
  Australia	
  or	
  
New	
  Zealand.	
  

The	
   only	
   raw	
   material	
   used	
   in	
   the	
   production	
   of	
   scFOS	
   is	
   sucrose.	
   	
   All	
   process	
   aids,	
  
including	
  the	
  invertase	
  enzyme,	
  used	
  in	
  the	
  production	
  are	
  food	
  grade.	
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Figure 4:  General Production Process of NutraFlora Powder, NutraFlora Syrup and 
NutraFlora G Syrup  
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2.1.5 Finished Product Specifications 

Specifications	
  and	
  stability	
  data	
  are	
  presented	
  for	
  the	
  Canadian-­‐produced	
  powder	
  form,	
  
NutraFlora	
   P-­‐95,	
   to	
   illustrate	
   the	
   general	
   characteristics	
   of	
   NutraFlora	
   products.	
   	
   The	
  
syrup	
   form	
   of	
   NutraFlora	
   has	
   the	
   same	
   product	
   specifications	
   on	
   a	
   dry	
   basis,	
   with	
   a	
  
higher	
   moisture	
   content	
   (~30%)	
   and	
   shorter	
   shelf	
   life	
   (~3	
   months).	
   	
   Each	
   batch	
   of	
  
NutraFlora	
  P-­‐95	
  is	
  analyzed	
  for	
  specific	
  performance	
  and	
  quality	
  parameters.	
   	
  The	
  final	
  
product	
   is	
   analyzed	
   for	
   GF2,	
   GF3,	
   GF4,	
   ash,	
   moisture,	
   and	
   several	
   heavy	
   metal	
   and	
  
microbiological	
   contaminants.	
   	
  The	
   final	
  product	
   is	
  also	
  screened	
   for	
  protein	
  using	
   the	
  
Kjeldahl	
   method	
   to	
   ensure	
   there	
   is	
   no	
   remaining	
   detectable	
   enzyme.	
   	
   The	
   product	
  
specification	
  is	
  provided	
  in	
  Table	
  4.	
  	
  

A	
   sample	
   of	
   NutraFlora	
   P-­‐95	
   was	
   screened	
   for	
   the	
   presence	
   of	
   organophosphate,	
  
chlorinated	
  and	
  n-­‐methyl	
  carbamate	
  pesticides.	
  	
  At	
  the	
  limits	
  of	
  detection,	
  no	
  pesticides	
  
tested	
  for	
  were	
  detected.	
  
GTC	
  Nutrition	
  conducted	
  a	
  stability	
  study	
  to	
  determine	
  the	
  shelf	
  life	
  of	
  NutraFlora	
  P-­‐95.	
  	
  
Three	
  batches	
  of	
  NutraFlora	
  P-­‐95	
  were	
  stored	
   for	
   two	
  years,	
   from	
  September	
  2006	
   to	
  
October	
  2008.	
  	
  The	
  batches	
  were	
  analyzed	
  for	
  moisture,	
  pH,	
  glucose,	
  fructose,	
  sucrose,	
  
GF2,	
   GF3,	
   GF4	
   and	
   total	
   scFOS	
   at	
   intervals	
   of	
   approximately	
   every	
   three	
  months.	
   	
   The	
  
total	
   pH,	
   glucose,	
   fructose,	
   sucrose,	
   and	
   scFOS	
   and	
   its	
   components	
   were	
   stable	
  
throughout	
   the	
   study	
   and	
   remained	
   within	
   specifications.	
   	
   The	
   moisture	
   content	
  
increased	
  slightly	
  during	
  the	
  course	
  of	
  the	
  study	
  in	
  all	
  batches.	
   	
  The	
  last	
  sample	
  of	
  one	
  
batch	
  was	
  outside	
  of	
  specification,	
  with	
  a	
  moisture	
  content	
  of	
  5.1%	
  (the	
  specification	
  is	
  
5.0%)	
  (GTC	
  Nutrition	
  2008).	
  	
  As	
  stated	
  on	
  the	
  product	
  specification	
  sheet,	
  NutraFlora	
  P-­‐
95	
  has	
  a	
  two	
  year	
  minimum	
  shelf	
  life	
  from	
  date	
  of	
  manufacture	
  when	
  sealed	
  and	
  stored	
  
under	
  cool,	
  dry	
  conditions	
  (25°C	
  and	
  33%	
  relative	
  humidity).	
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Table	
  4:	
  	
  Nutraflora	
  P-­‐95	
  Manufacturing	
  Specification	
  

Parameters	
   Specification	
   Units	
   Method	
  of	
  Analysis	
  

Macrocomponents	
   	
   	
   	
  

	
  	
  	
  Glucose+Fructose+Sucrose	
   ≤ 5	
   %,	
  db	
   In-­‐house	
  HPLC	
  method	
  

	
  	
  	
  Fructooligosaccharides	
   ≥ 95	
   %,	
  db	
   Total	
  of	
  GF	
  

	
  	
  	
  Protein	
  
<0.5%	
  	
  

%	
  w/w	
  as	
  -­‐
is	
  

GTC	
  CPC-­‐SMA	
  No	
  P60	
  (digestion	
  by	
  
Kjeldahl	
  method)	
  

	
  	
  	
  Ash	
  
≤ 0.1	
   %	
  w/w	
  

GTC	
  CPC-­‐SMA	
  No	
  A92	
  
(conductivity)	
  

	
  	
  	
  Moisture	
  
≤ 5	
   %	
  

USP	
  <921>	
  Water	
  Determination	
  
(KF)	
  

Heavy	
  Metals	
   	
   	
   	
  

	
   Arsenic	
  (as	
  As2O3)	
   ≤0.1	
   ppm	
   ICP-­‐MS	
  

	
   Cadmium	
  (Cd)	
   ≤0.01	
   ppm	
   ICP-­‐MS	
  
	
   Lead	
  (Pb)	
   ʺ″ 0.05	
   ppm	
   ICP-­‐MS	
  

	
   Mercury	
  (Hg)	
   ʺ″ 0.01	
   ppm	
   ICP-­‐MS	
  

Microbiological	
  Components	
   	
   	
   	
  

	
  	
  	
  Enterobacteriaceae	
   <3	
   cfu/g	
   CMMEF	
  4th	
  Edition	
  
	
  	
  	
  Anaerobic	
  Thermophilic	
  Spores	
   ≤	
  100	
   cfu/g	
   CMMEF	
  4th	
  Edition	
  

	
  	
  	
  Aerobic	
  Thermophilic	
  Spores	
   ≤	
  100	
   cfu/g	
   CMMEF	
  4th	
  Edition	
  

	
  	
  	
  Anaerobic	
  Mesophilic	
  Spores	
   ≤300	
   cfu/g	
   CMMEF	
  4th	
  Edition	
  

	
  	
  	
  Aerobic	
  Mesophilic	
  Spores	
   ≤300	
   cfu/g	
   CMMEF	
  4th	
  Edition	
  

Abbreviations:	
   	
  

	
  	
  db	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Dry	
  basis	
   	
  
	
  	
  w/w	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Weight	
  for	
  weight	
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2.1.6 Allergen Statement 

The	
  following	
  allergen	
  statement	
  for	
  NutraFlora	
  P-­‐95	
  scFOS	
  is	
  issued	
  by	
  GTC	
  Nutrition	
  for	
  
commercial	
  use.	
  	
  A	
  digital	
  copy	
  is	
  provided	
  in	
  the	
  supporting	
  documents	
  file	
  to	
  this	
  Application	
  

Revision: August 2007 
Supercedes: June 2006 

Page 1 of 1                                                                                                                                                           Version: 002 

 
NutraFlora® P-95, PIN 111001 

Allergen Statement 
 

Present in Other Products 
Manufactured on  

Allergens 
Present 
in the 

Product Same 
Line 

Same Plant 

Wheat containing gluten, which include but are not limited to wheat, rye, barley, oats, spelt and 
buckwheat, their hybridized strains, and products of these. Corn, rice, sorghum, flax and products 
of these are NOT included. 

NO NO NO 

Crustaceans, Shellfish, and products of these, which include but are not limited to shrimp, 
prawns, crab, lobster, and crayfish. 

NO NO NO 

Mollusks and products of these, which include but are not limited to oysters, clams, scallops, 
and mussels. 

NO NO NO 

Eggs and egg products. NO NO NO 
Fish and fish products. NO NO NO 
Peanuts and products of these. Highly refined (refined, bleached and deodorized), peanut oil is 
NOT included. 

NO NO NO 

Soybeans and products of these, which include but are not limited to hydrolyzed vegetable 
protein and lecithin. Highly refined soybean oil is NOT included. 

NO NO NO 

Sesame Seeds and products of these. NO NO NO 
Milk and milk products, which include but are not limited to lactose, whey, casein and caseinates. NO NO NO 
Tree nuts and nut products, which include but are not limited to almonds, Brazil nuts, pecans, 
cashews, chestnuts, hazelnuts (filberts), pine nuts, pistachios, macadamia nuts, hickory nuts and 
walnuts. 

NO NO NO 

Sulphites in concentrations of 10 mg/kg (10 ppm) or more, measured as total sulphur dioxide. 
Sulphiting agents include but are not limited to sulphur dioxide, sodium sulphite, sodium and 
potassium bisulphite, and sodium and potassium metabisulphite. 

NO NO YES 

 

Plant Source Yes No Plant Source Ingredient(s) 
Hydrolyzed Plant Protein     
Starch & Modified Starches    
Flour     
Gluten    
Fat & Oil Products    

 

FOOD INTOLERANT MATERIAL SOURCE 
 Yes No  Yes No 
Bananas   Monosodium Glutamate (MSG)   
Carmine/Cochineal   Mustard   
Celery   Orange   
Cherries   Pear   
Cinnamon   Raspberries   
Corn   Strawberries   

Grapefruit   
Sulphites - in concentrations of 10 mg/kg (10 ppm) or 
more, measured as total sulphur dioxide. 

  

Lactose   Sunset Yellow – FD&C #6 – E110   
Lemons   Tartrazine – FD&C Yellow #5 –E102   

 

Dietary Lifestyle:      Suitable for Vegetarians     Suitable for Vegans 
 

FOOD & SAFETY INFORMATION 
   HACCP program in place    An effective GMP program 

   Non-accredited HACCP program 
   Comply to government guidelines for pesticides,   
      antibiotics and heavy metals 

   An effective procedure to avoid cross- contamination of allergens    Allergy education program for employees    
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2.1.7 Analytical Methodology 

Specific	
   methods	
   for	
   the	
   detection	
   and	
   quantitative	
   measurement	
   of	
   total	
   scFOS	
   have	
  
been	
  developed	
  (Institute	
  of	
  Medicine	
  of	
  the	
  National	
  Academies,	
  2003;	
  Ouarné,	
  Guibert,	
  
Brown,	
  &	
  Bornet,	
  1999).	
  	
  The	
  method	
  has	
  been	
  used	
  to	
  analyse	
  scFOS	
  in	
  infant	
  and	
  follow-­‐
on	
  formulas.	
  

The	
  HPLC	
  method	
  is	
  similar	
  to	
  AOAC	
  method	
  997.08	
  (fructan	
  analysis),	
  which	
  is	
  based	
  on	
  
the	
  determination	
  of	
  glucose	
  and	
   fructose	
   released	
  by	
  enzymatic	
  hydrolysis	
  of	
   scFOS	
  by	
  
invertase.	
  	
  Corrections	
  are	
  made	
  for	
  sucrose,	
  free	
  fructose,	
  and	
  free	
  glucose	
  in	
  the	
  sample.	
  	
  	
  

Identification	
  and	
  assay	
  procedures	
  and	
  criteria	
  are	
  also	
  provided	
  in	
  the	
  scFOS	
  monograph	
  
of	
  the	
  Food	
  Chemicals	
  Codex	
  (Food	
  Chemicals	
  Codex	
  (FCC)	
  7th	
  Ed.,	
  2010b).	
  

2.1.8 Stability of scFOS In Products 

Based	
  on	
  data	
  accumulated	
  during	
   the	
  product	
  development	
  of	
   infant	
   formula	
  products	
  
and	
  foods	
  for	
  young	
  children	
  containing	
  scFOS,	
  compared	
  to	
  oligofructose,	
  scFOS	
  is	
  more	
  
compatible	
   with	
   processing	
   in	
   that	
   the	
   ingredient	
   withstands	
   heat	
   better	
   and	
   is	
   more	
  
stable	
  and	
  undergoes	
  less	
  Maillard	
  browning.	
  	
  Technical	
  data	
  is	
  	
  provided	
  in	
  the	
  NutraFlora	
  
Technical	
   Booklet	
   submitted	
   in	
   the	
   A1055	
   Supporting	
   Documents	
   file	
   in	
   support	
   of	
   this	
  
application.	
  

In	
   the	
   United	
   States,	
   Abbott	
   Nutrition	
   markets	
   Similac®	
   Go	
   &	
   Grow®	
   Soy-­‐Based	
   Infant	
  
Formula	
  Powder	
   for	
   infants	
  9-­‐24	
  months	
  of	
   age,	
   containing	
   scFOS	
   (2.2	
  g/L)	
   and	
  Similac®	
  
Sensitive®	
   Isomil	
   Soy™	
   Infant	
   Formula	
   Powder	
   for	
   infants	
   0-­‐12	
   months	
   with	
   scFOS	
   (2.1	
  
g/L).	
   	
   The	
   scFOS	
   has	
   proven	
   to	
   be	
   stable	
   in	
   both	
   of	
   these	
   products	
   and	
  within	
   desired	
  
specifications	
   over	
   the	
   shelf-­‐life	
   of	
   the	
   product.	
   	
   Additionally,	
   PediaSure®	
   with	
   Fiber	
  
(currently	
  on	
  market)	
  containing	
  1.0	
  g	
  scFOS/8	
  fl.oz.	
  serving	
  has	
  also	
  demonstrated	
  proven	
  
stability	
  over	
  the	
  shelf-­‐life.	
  

2.1.9 In vitro Fermentation Properties of Oligofructans 

The	
   physiological	
   benefits	
   of	
   adding	
   oligosaccharides	
   to	
   foods,	
   including	
   infant	
   formula	
  
products	
  and	
  foods	
  for	
  infants,	
  is	
  due	
  to	
  the	
  prebiotic	
  properties,	
  specifically	
  the	
  selected	
  
stimulation	
   of	
   bacterial	
   growth	
   in	
   the	
   large	
   intestine	
   and	
   the	
   modulation	
   of	
   bowel	
  
function	
  through	
  fermentation	
  of	
  the	
  selected	
  oligosaccharides	
  (Gibson,	
  Probert,	
  Van	
  Loo,	
  
Rastall,	
   &	
   Roberfroid,	
   2004;	
   Hernot	
   et	
   al.,	
   2009).	
   	
   	
   The	
   fermentation	
   properties	
   of	
  
oligosaccharides	
   are	
   of	
   interest	
   particularly,	
   as	
   in	
   addition	
   to	
   the	
   beneficial	
   effects	
  
(production	
  of	
  short	
  chain	
  fatty	
  acids	
   (SCFA)),	
   the	
   inevitable	
  production	
  of	
  gases	
  has	
  the	
  
potential	
   to	
  be	
   the	
   source	
  of	
   adverse	
   side	
  effects	
   such	
  as	
  discomfort	
  due	
   to	
  meteorism	
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and	
   bloating	
   (Cummings,	
   Macfarlane,	
   &	
   Englyst,	
   2001).	
   	
   Therefore	
   there	
   is	
   a	
   need	
   to	
  
optimise	
  SCFA	
  production	
  whilst	
  minimising	
  gas	
  production.	
  

In	
  a	
  comprehensive	
  study,	
  using	
  human	
  faecal	
  inoculum	
  in	
  an	
  in	
  vitro	
  fermentation	
  model,	
  
Hernot	
  et	
  al.	
   (2009)	
   investigated	
   the	
   fermentation	
  profiles,	
   gas	
  production	
  volumes	
  and	
  
rates,	
   and	
   microbiota	
   modulation	
   of	
   a	
   wide	
   range	
   of	
   oligosaccharide	
   compounds,	
  
including	
   scFOS,	
   oligofructose	
   and	
   galactooligosaccharides,	
   with	
   the	
   objective	
   of	
  
determining	
   those	
   oligosaccharides	
   that	
   produce	
   the	
   least	
   gas,	
   whilst	
  maintaining	
   SCFA	
  
production	
   and	
   beneficial	
   effects	
   on	
   the	
   microbiota.	
   	
   The	
   oligofructan	
   samples	
   were	
  
loosely	
   grouped	
   according	
   to	
   DP;	
   short	
   chain	
   (Nutraflora	
   scFOS	
   (GTC)),	
   medium	
   chain	
  
(Beneo	
  P95	
  (Orafti)	
  and	
  Frutalose	
  L90	
  (Sensus)),	
  and	
  long	
  chain	
  	
  (Inulin	
  and	
  Beneo	
  HP	
  &	
  ST	
  
(Orafti)).	
  	
  	
  The	
  galactooligosaccharide	
  (Vivinal	
  GOS)	
  used,	
  was	
  classified	
  as	
  a	
  medium	
  chain	
  
oligosaccharide.	
   	
   The	
  authors	
   acknowledge	
   that	
  whilst	
   the	
   in	
   vitro	
   fermentation	
  profiles	
  
for	
   oligosaccharides	
   do	
   not	
   take	
   into	
   account	
   possible	
   adaptation	
   of	
   human	
  microflora	
  
after	
   prolonged	
   exposure	
   to	
   prebiotic	
   oligosaccharides,	
   the	
   model	
   is	
   a	
   useful	
   tool	
   to	
  
predict	
  fermentation	
  patterns	
  in	
  vivo	
  (Hernot,	
  et	
  al.,	
  2009).	
  	
  The	
  advantage	
  of	
  the	
  in	
  vitro	
  
model	
   is,	
   it	
   is	
   standardised	
   and,	
   enables	
   a	
   comparative	
   analytical	
   study	
   of	
   multiple	
  
prebiotic	
  substances,	
  not	
  be	
  feasible	
  in	
  vivo.	
  	
  

Using	
   this	
   standardised	
   in	
   vitro	
  model,	
   the	
   fermentation	
   performance	
  of	
   the	
   short-­‐	
   and	
  
medium-­‐	
   chain	
   oligosaccharides	
   (scFOS,	
   oligofructose	
   and	
   GOS)	
   was	
   shown	
   to	
   be	
  
consistently	
   different	
   to	
   that	
   of	
   the	
   longer	
   chain	
  oligosaccharides	
   (Hernot,	
   et	
   al.,	
   2009).	
  	
  
Rates	
  of	
  gas	
  production	
  were	
  similar	
  for	
  Nutraflora	
  scFOS,	
  Beneo	
  P95	
  and	
  the	
  Vivinal	
  GOS.	
  	
  
This	
   group	
   of	
   oligosaccharides	
   consistently	
   produced	
   the	
   highest	
   rates	
   of	
   total	
   gas	
  
production,	
   compared	
   to	
   the	
   longer	
   chain	
  products.	
   	
  Within	
   this	
   group	
  of	
   products,	
   the	
  
GOS	
  produced	
  a	
  slightly	
  smaller	
  total	
  gas	
  volume	
  over	
  a	
  12	
  hour	
  fermentation	
  period,	
  than	
  
the	
  oligofructans	
  of	
   similar	
   chain	
   length.	
   	
   Fermentation	
  of	
   the	
   short-­‐	
  and	
  medium	
  chain	
  
oligofructans	
   (Nutraflora,	
  Beneo	
  P95	
  and	
  Frutalose	
  P90)	
  and	
   the	
  Vivinal	
  GOS	
   resulted	
   in	
  
the	
   highest	
   (P<0.05)	
   production	
   of	
   SCFA	
   at	
   all	
   time	
   points	
   (Hernot,	
   et	
   al.,	
   2009).	
   	
   The	
  
largest	
   increase	
   in	
  bifidobacteria	
  was	
   from	
   the	
   fermentation	
  of	
   the	
   short-­‐	
   and	
  medium-­‐	
  
chain	
   oligosaccharides	
   (Vivinal	
   GOS,	
   Beneo	
   P95	
   and	
   Nutraflora	
   scFOS)	
   all	
   with	
   DP<	
   10,	
  
further	
   demonstrating	
   their	
   substantially	
   equivalent	
   performance	
   in	
   relation	
   to	
  
fermentation	
  properties	
  and	
  the	
  modulation	
  of	
  microbiota.	
  	
  This	
  result	
  is	
  consistent	
  with	
  
earlier	
  work	
  by	
  Roberfroid	
  and	
  colleagues,	
  who	
  reported	
  short	
  chain	
  oligosaccharides	
  (DP	
  
2-­‐10)	
  promote	
  the	
  growth	
  of	
  bifidobacteria	
  by	
  almost	
  an	
  order	
  of	
  magnitude,	
  compared	
  
to	
  higher	
  DP	
  oligosaccharides	
  (DP>10)	
  (M.	
  B.	
  Roberfroid,	
  Van	
  Loo,	
  &	
  Gibson,	
  1998).	
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2.2 Oligosaccharides in Infant Nutrition 

A	
  detailed	
  review	
  of	
  the	
  role	
  of	
  oligosaccharides	
  in	
  infant	
  nutrition,	
  and	
  a	
  detailed	
  analysis	
  of	
  the	
  
intakes	
   of	
   oligosaccharides	
   was	
   included	
   in	
   the	
   Final	
   Assessment	
   Report	
   of	
   Application	
   P306	
  
Addition	
  of	
  Inulin/FOS	
  	
  &	
  GOS	
  to	
  Foods	
  (Food	
  Standards	
  Australia	
  New	
  Zealand	
  (FSANZ),	
  2008a),	
  
and	
   it	
   is	
  not	
   the	
   intention	
  of	
   this	
  application	
   to	
   repeat	
   that	
   review.	
   	
  The	
   intent	
  of	
   the	
   following	
  
overview	
   is	
   to	
   provide	
   a	
   brief	
   perspective	
   for	
   the	
   potential	
   contribution	
   of	
   scFOS	
   to	
   infant	
  
nutrition.	
  

2.2.1 Introduction 

In	
   the	
   first	
  months	
   of	
   life,	
   infants	
   are	
   exposed	
   exclusively	
   to	
   the	
   components	
   in	
   human	
  
milk,	
   infant	
   formula,	
   or	
   a	
   combination	
   of	
   human	
  milk	
   and	
   infant	
   formula.	
   	
   Human	
  milk	
  
does	
  not	
  contain	
  ß-­‐	
  2,1	
   fructans;	
   it	
  does,	
  however,	
  contain	
  a	
  high	
  concentration	
  of	
  non-­‐
digestible	
  oligosaccharides.	
  	
  After	
  the	
  introduction	
  of	
  weaning	
  foods	
  at	
  approximately	
  4	
  to	
  
6	
  months	
  of	
  life,	
  infants	
  are	
  exposed	
  to	
  the	
  vast	
  array	
  of	
  components	
  naturally	
  present	
  in	
  
foods,	
   including	
  ß-­‐2,1	
   fructans,	
   as	
  well	
   as	
  unique	
   ingredients	
   that	
   are	
  used	
   in	
   the	
   foods	
  
they	
  consume.	
  

Infants	
   in	
   Japan	
   and	
   Europe	
   have	
   been	
   exposed	
   to	
   oligosaccharides	
   including	
   scFOS,	
  
galacto-­‐oligosaccharide,	
   and	
   long	
   chain-­‐inulin,	
   in	
   infant	
   formula	
   for	
   many	
   years	
  
(Veereman,	
  2007;	
  Yamamoto	
  &	
  Yonekubo,	
  1993).	
  	
  FOS	
  has	
  recently	
  been	
  added	
  to	
  follow-­‐
on	
   formulas	
   in	
   the	
   U.S.,	
   and	
   other	
   oligosaccharides,	
   namely	
   GOS,	
   have	
   recently	
   been	
  
added	
   to	
   infant	
   formulas.	
   	
   scFOS,	
   oligofructose,	
   and	
   inulin	
   are	
   all	
   added	
   to	
  many	
   baby	
  
foods	
  in	
  the	
  U.S.,	
  and	
  may	
  also	
  be	
  added	
  to	
  foods	
  for	
  the	
  general	
  population	
  that	
  infants	
  
consume.	
  

2.2.2 Oligosaccharides in Human Milk 

Human	
   milk	
   is	
   regarded	
   as	
   the	
   preferred	
   source	
   of	
   nutrition	
   for	
   infant	
   feeding.	
   	
   The	
  
American	
  Academy	
  of	
  Pediatrics	
  encourages	
  exclusive	
  use	
  of	
  human	
  milk	
  during	
  the	
  first	
  
six	
  months	
  of	
  life,	
  and	
  in	
  combination	
  with	
  solid	
  foods	
  from	
  about	
  six	
  months	
  through	
  the	
  
first	
   year	
   of	
   life	
   and	
  beyond	
   as	
   determined	
  by	
  mother	
   and	
   child	
   (American	
  Academy	
  of	
  
Pediatrics,	
  2005).	
  

Human	
   milk	
   is	
   a	
   complex	
   substance	
   consisting	
   of	
   thousands	
   of	
   constituents	
   such	
   as	
  
hormones,	
   immune	
   factors,	
   and	
   live	
   cells	
   in	
   addition	
   to	
   macronutrients,	
   vitamins,	
   and	
  
minerals	
   (Picciano,	
   2001).	
   	
   The	
   concentration	
   of	
   oligosaccharides	
   in	
   human	
   milk	
   is	
  
approximately	
  7-­‐13	
  g/L,	
  making	
  oligosaccharides	
   the	
   third	
   largest	
   solid	
   constituent	
  after	
  
lactose	
   and	
   fat	
   (Boehm	
  &	
   Stahl,	
   2007).	
   	
   Human	
  milk	
   oligosaccharides	
   are	
   complex	
   and	
  
diverse	
  structures,	
  and	
  have	
  a	
  DP	
  range	
  of	
  3-­‐10.	
  	
  Estimates	
  of	
  the	
  number	
  of	
  unique	
  oligo-­‐	
  
and	
   polysaccharide	
   structures	
   in	
   human	
   milk	
   range	
   from	
   more	
   than	
   200	
   to	
   over	
   1000	
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(Boehm	
   et	
   al.,	
   2005).	
   	
   The	
   core	
   oligosaccharide	
   structure	
   is	
   characterized	
   by	
   the	
  
attachment	
  of	
  galactose	
  and	
  N-­‐acetylglucosamine	
  to	
  lactose	
  in	
  ß-­‐glycosidic	
  linkages,	
  while	
  
D-­‐glucose,	
  D-­‐galactose,	
  N-­‐acetylglucosamine,	
  L-­‐fucose,	
  and	
  sialic	
  acid	
  (N-­‐acetyl	
  neuraminic	
  
acid)	
  represent	
  the	
  key	
  monomers	
  in	
  human	
  milk	
  oligosaccharides	
  (Boehm	
  &	
  Moro,	
  2008).	
  	
  
Human	
  milk	
  does	
  not	
  contain	
  β-­‐2,1	
  fructans.	
  	
  Exclusively	
  breastfed	
  infants,	
  therefore,	
  have	
  
not	
  historically	
  been	
  exposed	
  to	
  these	
  specific	
  oligosaccharides,	
  however,	
  consumption	
  of	
  
total	
   oligosaccharides	
   is	
   roughly	
   in	
   the	
   range	
   of	
   5	
   to	
   10	
   g	
   per	
   day,	
   assuming	
   typical	
  
concentrations	
  in	
  human	
  milk	
  and	
  an	
  approximate	
  human	
  milk	
   intake	
  of	
  750	
  mL	
  per	
  day	
  
(Raiten,	
  Talbot,	
  &	
  Waters,	
  1998).	
  

	
  

2.2.3 Naturally Occurring Sources of β-2,1 Fructans 

Natural	
   sources	
   of	
   linear	
   β-­‐2,1	
   fructans	
   are	
   found	
   in	
   more	
   than	
   36,000	
   plant	
   species	
  
(Niness,	
  1999),	
   including	
  many	
   foods	
  which	
  are	
  commonplace	
   in	
  contemporary	
  Western	
  
diets	
  (Van	
  Loo,	
  Coussement,	
  De	
  Leenheer,	
  Hoebregs,	
  &	
  Smits,	
  1995).	
  	
  Levels	
  of	
  inulin	
  (DP	
  
predominantly	
   2	
   –	
   60),	
   and	
   oligofructose	
   (DP	
   2	
   –	
   10),	
   a	
   subset	
   of	
   inulin,	
   have	
   been	
  
quantified	
  in	
  artichokes,	
  asparagus,	
  bananas,	
  garlic,	
  leeks,	
  onions,	
  wheat,	
  rye,	
  barley,	
  and	
  
other	
  foods	
  (Van	
  Loo,	
  et	
  al.,	
  1995).	
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2.3 Safety of scFOS and Oligofructose 

2.3.1 Introduction 

scFOS	
  is	
  marketed	
  and	
  sold	
  under	
  the	
  trade	
  names	
  NutraFlora,	
  Meioligo,	
  and	
  Actilight	
  for	
  
use	
  as	
  a	
  prebiotic	
  in	
  a	
  variety	
  of	
  food	
  products	
  around	
  the	
  world	
  (e.g.,	
  yogurt,	
  baby	
  food,	
  
ice	
   cream,	
   cereals,	
   milk,	
   muffins).	
   	
   NutraFlora	
   is	
   the	
   same	
   substance	
   as	
   Neosugar,	
  
originally	
  developed	
  by	
  Meiji	
  Seika	
  Kaisha	
  Ltd.,	
  and	
  is	
  manufactured	
  by	
  GTC	
  Nutrition.	
  	
  In	
  
the	
  USA,	
   scFOS	
  has	
  GRAS	
   status	
   for	
   use	
   in	
   a	
   variety	
  of	
   foods,	
   including	
  baby	
   foods,	
   but	
  
excluding	
  meat	
   and	
  poultry	
  products	
   and	
   infant	
   formula	
   (Food	
  and	
  Drug	
  Administration	
  
(FDA),	
   2000,	
   2007a);	
   however,	
   follow-­‐on	
   formula	
   for	
   infants	
   with	
   added	
  
fructooligosaccharide	
  were	
  available	
   in	
   the	
  USA	
   in	
  2008	
  (PBM	
  Products	
  2008).	
  There	
  are	
  
other	
  commercially	
  available	
  forms	
  of	
  oligosaccharides,	
  including	
  inulin	
  and	
  oligofructose	
  
(e.g.,	
   Raftilose	
   95,	
   BeneoTM)	
   that	
   have	
   similar	
   safety	
   profiles.	
   	
   Historically,	
   these	
  
fructooligosaccharide	
   substances	
  have	
  been	
   referred	
   to	
   interchangeably	
   in	
   the	
   scientific	
  
literature	
  and	
  the	
  available	
  toxicological	
  studies	
  on	
  all	
  of	
  these	
  substances	
  have	
  been	
  used	
  
to	
  substantiate	
  safety	
  because	
  they	
  are	
  so	
  structurally	
  similar	
  and	
  all	
  have	
  been	
  shown	
  to	
  
have	
  similar	
  physiological	
  effects.	
  

Safety	
  studies	
  conducted	
  on	
  scFOS	
  (Neosugar)	
  and	
  oligofructose	
  (Raftilose)	
  are	
  included	
  in	
  
this	
   application,	
   in	
   addition	
   to	
   a	
   brief	
   overview	
   of	
   the	
   metabolism	
   and	
   physiological	
  
properties	
   of	
   scFOS	
   in	
   the	
   gastrointestinal	
   tract.	
   Because	
   of	
   the	
   potential	
   for	
   confusion	
  
regarding	
  nomenclature	
  of	
  oligosaccharide	
  substances,	
  the	
  specific	
  test	
  material	
  is	
  clearly	
  
identified	
   and	
   the	
   studies	
   are	
   grouped	
   by	
   test	
   material	
   (e.g.,	
   scFOS	
   -­‐	
   Neosugar,	
   or	
  
Oligofructose	
  -­‐	
  Raftilose).	
   	
   Importantly,	
   there	
  do	
  not	
  appear	
  to	
  be	
  any	
  differences	
   in	
  the	
  
safety	
  profiles	
  of	
  these	
  two	
  oligosaccharides.	
   	
  Although	
  many	
  of	
  the	
  toxicological	
  studies	
  
conducted	
  with	
  scFOS	
  or	
  oligofructose	
  were	
  conducted	
  with	
  young	
  experimental	
  animals,	
  
they	
  were	
  not	
  designed	
  to	
  specifically	
  evaluate	
  the	
  effects	
  of	
  scFOS	
  in	
  infants	
  and	
  children.	
  

2.3.2 Metabolism and Physiological Properties of scFOS in the 
Gastrointestinal Tract 

FOS	
  belongs	
  to	
  a	
  class	
  of	
  carbohydrates	
  known	
  as	
  fructans	
  that	
  consist	
  of	
  linear	
  chains	
  of	
  
β-­‐2,1	
   linked	
   D-­‐fructofuranose	
   units	
   with	
   a	
   terminal	
   glucose	
   moiety.	
   	
   The	
   physiologic	
  
effects	
  of	
  scFOS	
  are	
  similar	
  to	
  those	
  of	
  a	
  dietary	
  fiber	
  and	
  include	
  resistance	
  to	
  digestion	
  
by	
   endogenous	
   enzymes,	
   fermentation	
   by	
   colonic	
  microflora,	
   shortened	
   gastrointestinal	
  
transit	
   time,	
   increased	
   faecal	
   weight,	
   reduction	
   of	
   faecal	
   pH,	
   predictable	
   reduction	
   in	
  
caloric	
  value,	
   reduction	
  of	
  plasma	
  cholesterol	
  and	
  triglycerides,	
  and	
  reduction	
   in	
  glucose	
  
absorption.	
   	
   In	
   vitro	
  and	
   in	
   vivo	
  studies	
   in	
  animals	
  and	
  humans	
  have	
  demonstrated	
   that	
  
scFOS	
   is	
   not	
   digested	
   by	
   the	
   digestive	
   enzymes	
   of	
   the	
   alimentary	
   canal;	
   it	
   passes	
  
unchanged	
   into	
   the	
   colon	
   where	
   it	
   is	
   subsequently	
   hydrolyzed	
   and	
   fermented	
   by	
   the	
  
microflora.	
  	
  Results	
  from	
  studies	
  in	
  humans	
  indicate	
  that	
  approximately	
  89%	
  of	
  undigested	
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scFOS	
   is	
   fermented	
  by	
   the	
  microflora	
   into	
   gasses,	
   short-­‐chain	
   fatty	
   acids	
   (SCFA)	
   and	
  H2,	
  
and	
  0.12%	
  of	
  ingested	
  scFOS	
  is	
  recovered	
  unchanged	
  in	
  the	
  urine;	
  none	
  is	
  recovered	
  in	
  the	
  
faeces1	
   (Molis	
   et	
   al.,	
   1996).	
   	
   The	
   SCFA	
   production	
   is	
   predominantly	
   acetic	
   acid,	
   while	
  
propionic	
   and	
   butyric	
   acids	
   are	
   generated	
   in	
   smaller	
   amounts;	
   the	
   H2	
   produced	
   is	
  
absorbed	
  and	
  expired	
   in	
   the	
  breath.	
   	
  Comparable	
   results	
   regarding	
  non-­‐digestibility	
   and	
  
fermentation	
   products	
   have	
   been	
   reported	
   for	
   oligofructose2	
   (Alles	
   et	
   al.,	
   1996;	
  Niness,	
  
1999).	
  	
  

Permeability	
   refers	
   to	
   the	
  ability	
  of	
   the	
   intestinal	
   epithelium	
  or	
  any	
  membrane	
   to	
  allow	
  
molecules	
  to	
  pass	
  through	
  it	
  by	
  non-­‐mediated	
  (passive)	
  diffusion	
  (Travis	
  &	
  Menzies,	
  1992).	
  
The	
   gut	
   of	
   a	
   newborn	
   infant,	
   especially	
   a	
   pre-­‐term	
   infant,	
   is	
   permeable	
   to	
  
macromolecules,	
   such	
   as	
   intact	
   sugars	
   and	
   proteins	
   (Weaver,	
   KLaker,	
   &	
   Nelson,	
   1984).	
  	
  
This	
  period	
  of	
  permeability	
  is	
  followed	
  by	
  a	
  period	
  of	
  considerably	
  reduced	
  movement	
  of	
  
macromolecules,	
   which	
   has	
   been	
   termed	
   “gut	
   closure,”	
   and	
   is	
   considered	
   to	
   represent	
  
intestinal	
   maturation	
   in	
   the	
   infant	
   (Axelsson	
   et	
   al.,	
   1989).	
   	
   Increased	
   intestinal	
  
permeability	
  in	
  the	
  infant	
  can	
  have	
  beneficial	
  effects,	
  such	
  as	
  the	
  ability	
  to	
  take	
  up	
  larger	
  
nutritional	
   molecules,	
   as	
   well	
   as	
   the	
   development	
   of	
   systemic	
   immune	
   tolerance.	
  	
  
However,	
  this	
  increased	
  permeability	
  can	
  also	
  have	
  deleterious	
  effects,	
  such	
  as	
  increased	
  
uptake	
   of	
   infectious	
   agents	
   leading	
   to	
   the	
   development	
   of	
   infection,	
   inflammation,	
   and	
  
systemic	
   hypersensitivity	
   (Insoft,	
   Sanderson,	
  &	
  Walker,	
   1996).	
   	
   Intestinal	
   permeability	
   is	
  
assessed	
   noninvasively	
   in	
   vivo	
   by	
   measuring	
   urinary	
   excretion	
   of	
   orally	
   administered	
  
nondigestible	
  test	
  substances,	
  typically	
  a	
  disaccharide	
  and	
  a	
  monosaccharide.	
  	
  Lactulose	
  is	
  
the	
   most	
   widely	
   used	
   disaccharide	
   probe	
   for	
   intestinal	
   permeability	
   studies	
   while	
   L-­‐
rhamnose	
  and	
  mannitol	
  are	
  commonly	
  used	
  monosaccharides	
  (Bjarnason,	
  MacPherson,	
  &	
  
Hollander,	
  1995).	
  	
  Mannitol	
  theoretically	
  enters	
  the	
  cell	
  through	
  the	
  hydrophilic	
  portion	
  of	
  
the	
   cell	
  membrane,	
  whereas	
   lactulose	
   passes	
   through	
   the	
   tight	
   junctions	
   and	
   extrusion	
  
zones	
  of	
  the	
  intervillous	
  spaces.	
  	
  Consequently,	
  the	
  loss	
  of	
  mucosal	
  integrity	
  should	
  cause	
  
increased	
   lactulose	
   absorption,	
   while	
   the	
   loss	
   of	
   these	
   absorptive	
   areas	
   decreases	
   the	
  
absorption	
  of	
  mannitol	
  (Fleming,	
  Kapembwa,	
  Laker,	
  Levin,	
  &	
  Griffin,	
  1990).	
  	
  With	
  respect	
  
to	
   infant	
   intestinal	
   development,	
   in	
   general,	
   lactulose/mannitol	
   (L/M)	
   urinary	
   ratios	
   are	
  
highest	
  in	
  the	
  first	
  days	
  of	
  life,	
  and	
  then	
  rapidly	
  decrease	
  (Colomé	
  et	
  al.,	
  2007).	
  	
  In	
  a	
  single	
  
oral	
   load	
   study	
   conducted	
   to	
   evaluate	
   intestinal	
   permeability	
   as	
   a	
   marker	
   of	
   intestinal	
  
epithelial	
   integrity	
   in	
   breast-­‐fed	
   or	
   formula-­‐fed	
   infants	
   (with	
   or	
   without	
   prebiotics,	
  
nucleotides,	
   or	
   long-­‐chain	
   polyunsaturated	
   fatty	
   acids	
   -­‐	
   LC-­‐PUFA),	
   Colomé	
   et	
   al.	
   (2007)	
  
reported	
   that	
   formula-­‐fed	
   infants	
  had	
  urinary	
   L/M	
   ratios	
   in	
   the	
   range	
  of	
   0.268	
   to	
  0.341	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  	
  	
  Study	
  subjects	
  in	
  the	
  Molis	
  et	
  al.	
  study	
  were	
  administered	
  20	
  g/day	
  Actilight	
  (Eridania-­‐Beghin-­‐Say,	
  Paris),	
  
which	
  consists	
  of	
  44%	
  1-­‐kestose	
  (GF2),	
  46%	
  nystose	
  (GF3),	
  and	
  10%	
  1-­‐fructose-­‐β-­‐fructofuranosyl	
  nystose	
  
(GF4)	
  

2	
  	
  	
  Study	
  subjects	
  in	
  the	
  Alles	
  et	
  al.	
  study	
  were	
  administered	
  5	
  or	
  15	
  g/day	
  Raftilose	
  95  
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and	
   breast-­‐fed	
   infants	
   had	
   a	
   mean	
   L/M	
   ratio	
   of	
   0.313).	
   	
   No	
   significant	
   difference	
   was	
  
found	
  in	
  the	
  intestinal	
  permeability	
  between	
  breast-­‐fed	
  and	
  standard	
  cow’s	
  milk	
  formula	
  
fed	
  infants	
  or	
  in	
  infants	
  fed	
  the	
  formulas	
  containing	
  prebiotics,	
  LC-­‐PUFA,	
  or	
  nucleotides.	
  

Mineral	
  bioavailability	
  could	
  be	
  influenced	
  by	
  several	
  factors	
  in	
  the	
  diet,	
  the	
  magnitude	
  of	
  
which	
   depends	
   on	
   inhibitors	
   and	
   promoters	
   contained	
   in	
   a	
   meal,	
   and	
   hence	
   the	
   diet	
  
composition	
   (Lobo,	
   Filho,	
   Alvares,	
   Cocato,	
   &	
   Colli,	
   2009).	
   	
   Oligofructose,	
   inulin,	
   and	
  
galactooligosaccharides	
  are	
  the	
  most	
   investigated	
  dietary	
  non-­‐digestible	
  oligosaccharides	
  
with	
  respect	
  to	
  their	
  effects	
  on	
  mineral	
  bioavailability	
  (Kruger,	
  Gallaher,	
  &	
  Schollum,	
  2003;	
  
Lobo,	
   et	
   al.,	
   2009;	
   Scholz-­‐Ahrens	
  &	
  Schrezenmeir,	
   2007).	
   	
  Data	
   from	
  animal	
   and	
  human	
  
studies	
   show	
  that	
  β-­‐2,1	
   fructans	
  do	
  not	
  negatively	
  affect	
  mineral	
  absorption	
  or	
  balance.	
  	
  
Investigators	
   have	
   reported	
   that	
   scFOS	
   ingestion	
   decreases	
   faecal	
   excretion,	
   increases	
  
apparent	
   absorption,	
   increases	
   retention	
   and	
   increases	
   urinary	
   calcium	
   (Ca)	
   excretion,	
  
while	
   other	
   studies	
   have	
   reported	
   increased	
   absorption,	
   increased	
   or	
   no	
   change	
   in	
  
retention,	
  increased	
  urinary	
  excretion	
  and	
  decreased	
  faecal	
  excretion	
  of	
  magnesium	
  (Mg)	
  
with	
   scFOS	
   ingestion	
   	
   (Baba	
   et	
   al.,	
   1996;	
   Delzenne,	
   Aertssens,	
   Verplaetse,	
   Roccaro,	
   &	
  
Roberfroid,	
   1995;	
   A	
   Ohta,	
   Baba,	
   Takizawa,	
   &	
   Adachi,	
   1994;	
   Atsutane	
   Ohta	
   et	
   al.,	
   1995;	
  
Atsutane	
  Ohta,	
  Ohtsuki,	
  Baba,	
  Hirayama,	
  &	
  Adachi,	
  1998;	
  A	
  Ohta	
  et	
  al.,	
  1995;	
  A	
  Ohta	
  et	
  
al.,	
   1994;	
   A	
   Ohta,	
   Osakabe,	
   Yamada,	
   Saito,	
   &	
   Hidaka,	
   1993).	
   	
   Ohta	
   et	
   al.	
   (1993,	
   1998)	
  
showed	
   that	
   the	
   effect	
   of	
   scFOS	
   on	
   apparent	
   absorption	
   of	
   Ca	
   and	
   Mg	
   was	
   dose	
  
dependent.	
   	
   In	
   order	
   to	
   study	
   the	
   effects	
   of	
   an	
   oligofructose	
   (Raftilose	
   95)	
   on	
   nutrient	
  
digestion	
  in	
  both	
  weanling	
  and	
  growing	
  pigs,	
  weanling	
  pigs	
  were	
  fed	
  diets	
  containing	
  1%	
  
or	
   4%	
   Raftilose	
   95	
   for	
   up	
   to	
   27	
   days	
   and	
   growing	
   pigs	
   diets	
   containing	
   0.4%	
   or	
   0.8%	
  
Raftilose	
   95	
   for	
   47	
   days	
   (Houdijk	
   et	
   al.,	
   1999).	
   	
   Results	
   in	
   the	
  weanling	
   group	
   indicated	
  
there	
  was	
   an	
   increase	
   in	
   nitrogen	
   excretion,	
   but	
   no	
   change	
   in	
   the	
   ileal	
   digestion	
   of	
   Ca,	
  
potassium	
  (K),	
  Mg,	
  iron	
  (Fe),	
  copper	
  (Cu),	
  or	
  zinc	
  (Zn)	
  in	
  the	
  treated	
  group.	
  	
  There	
  was	
  also	
  
a	
   decrease	
   in	
   the	
   ileal	
   digestion	
   of	
   nonstarch	
   carbohydrates	
   and	
   an	
   increase	
   in	
   the	
  
digestion	
   of	
   hemicellulose	
   and	
   cellulose	
   in	
   the	
   treated	
   groups.	
   	
   The	
   authors	
   concluded	
  
that	
  dietary	
  Raftilose	
  95	
  did	
  not	
  affect	
  nutrient	
  digestion	
  in	
  growing	
  and	
  weanling	
  pigs.	
  	
  A	
  
study	
  by	
  Wolf	
  et	
  al.	
  (1998)	
  was	
  conducted	
  to	
  evaluate	
  the	
  effect	
  of	
  FOS3	
  incorporated	
  at	
  
several	
  dietary	
  concentrations	
  (0,	
  1,	
  3	
  and	
  5	
  g/100	
  g	
  food	
  -­‐1,	
  3,	
  5%)	
  on	
  apparent	
  mineral	
  
digestion	
  and	
  balance	
  in	
  growing	
  rats	
  (5	
  wks	
  old).	
  	
  The	
  primary	
  objective	
  was	
  to	
  determine	
  
the	
  dose	
   response	
  effect	
  of	
   FOS	
  on	
  apparent	
  digestion	
  and	
  balance	
  of	
   several	
  minerals,	
  
including	
   Ca,	
   P,	
  Mg,	
   Na,	
   Cl,	
   K,	
   Cu,	
   Fe,	
  Mn,	
   and	
   Zn.	
   	
   There	
  was	
   a	
   statistically	
   significant	
  
increase	
  in	
  Mg	
  absorption	
  as	
  FOS	
  concentration	
  in	
  the	
  diet	
  increased	
  (an	
  apparent	
  10.6%	
  
increase	
   in	
   Mg	
   absorption	
   for	
   rats	
   consuming	
   5%	
   FOS	
   as	
   compared	
   to	
   control	
   rats).	
  	
  
Copper	
  absorption	
  was	
  decreased	
  by	
  approximately	
  40%	
  in	
  animals	
  fed	
  3	
  or	
  5%	
  FOS.	
  	
  The	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3   Source	
  of	
  >95%	
  FOS	
  was	
  “Golden	
  Technologies	
  Company	
  Inc.	
  Westminster,	
  CO;	
  no	
  other	
  information	
  provided	
  about	
  
FOS	
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decreased	
  Cu	
  absorption	
  may	
  be	
  explained	
  by	
  an	
  increase	
  in	
  faecal	
  microbial	
  mass	
  which	
  
would	
   contain	
   a	
   relatively	
   significant	
   amount	
   of	
   Cu	
  or	
   by	
   an	
   increase	
   in	
   hepatic	
   bile	
   Cu	
  
excretion.	
   	
   With	
   the	
   exception	
   of	
   Mg	
   and	
   Cu,	
   there	
   was	
   no	
   effect	
   of	
   FOS	
   on	
   mineral	
  
absorption	
  and	
  balance	
  of	
  the	
  other	
  evaluated	
  minerals	
  in	
  the	
  growing	
  rats	
  (Wolf,	
  Firkins,	
  
&	
  Zhang,	
  1998).	
  

A	
  recent	
  study	
  by	
  Lobo	
  et	
  al.	
  (2009)	
  was	
  conducted	
  to	
  evaluate	
  the	
  effects	
  of	
  dietary	
  lipid	
  
composition	
   and	
   oligofructose	
   on	
  mineral	
   bioavailability	
   in	
   growing	
  Wistar	
  male	
   rats	
   (6	
  
wks	
  old).	
  	
  The	
  rats	
  were	
  provided	
  diets	
  ad	
  libitum	
  containing	
  four	
  different	
  treatments	
  for	
  
15	
   days,	
   including	
   2	
   groups	
   of	
   6	
   rats	
   that	
   received	
   10.87%	
   Raftilose	
   Synergy4	
   	
   –	
  
“oligofructose”	
  (with	
  15%	
  soybean	
  oil	
  (SO)	
  or	
  11.5%	
  fish	
  oil	
  and	
  3.5%	
  soybean	
  oil	
  mixture	
  
(FSO))	
   in	
   their	
  diet.	
   	
  Two	
  groups	
  of	
  control	
   rats	
   received	
  either	
  SO	
  or	
  FSO	
  alone	
   in	
   their	
  
diets.	
  	
  Food	
  consumption	
  was	
  measured	
  daily	
  and	
  body	
  weight	
  was	
  recorded	
  every	
  48	
  hr;	
  
after	
   15	
  days,	
   the	
   liver	
   and	
   caecum	
  with	
   its	
   contents	
  were	
   removed	
  and	
  weighed.	
   	
   The	
  
hind	
  limbs	
  and	
  bones	
  were	
  harvested	
  and	
  stored	
  for	
  mineral	
  analysis.	
   	
  Apparent	
  mineral	
  
absorption	
  and	
  balance	
  were	
  calculated	
  for	
  Ca,	
  Mg,	
  Cu,	
  Fe,	
  and	
  Zn.	
  	
  A	
  significant	
  decrease	
  
in	
  total	
  food	
  intake	
  and	
  body	
  weight	
  gain	
  was	
  observed	
  in	
  rats	
  administered	
  oligofructose	
  
in	
   their	
   diets	
  with	
   SO	
  or	
   FSO	
  as	
   compared	
  with	
   controls.	
   	
   The	
  body	
  weight	
   for	
   the	
   four	
  
treatment	
  groups	
  were	
  as	
  follows:	
  SO	
  -­‐	
  85.2g;	
  SO/ITF	
  –	
  72.9g;	
  FSO	
  –	
  88g;	
  FSO/ITF	
  –	
  80.6g	
  
(the	
   two	
   ITF	
   groups	
   were	
   significantly	
   lower	
   than	
   the	
   SO	
   or	
   FSO	
   alone	
   groups).	
  	
  
Oligofructose	
  administration	
  was	
  associated	
  with	
  an	
  enlargement	
  of	
  the	
  caecum	
  (wall	
  and	
  
contents),	
  a	
  significant	
  decrease	
  in	
  caecal	
  content	
  pH,	
  and	
  a	
  significant	
  increase	
  in	
  faecal	
  
water	
   content	
   as	
   compared	
   to	
   controls	
   fed	
   SO	
   or	
   FSO.	
   	
   Loose	
   stools	
   were	
   observed	
   in	
  
some	
  of	
  the	
  rats	
  in	
  the	
  FSO	
  and	
  oligofructose	
  group	
  within	
  the	
  first	
  5	
  days	
  (number	
  of	
  rats	
  
not	
  reported);	
  however,	
  consistency	
  returned	
  to	
  normal	
  during	
  subsequent	
  days.	
  	
  Dietary	
  
supplementation	
  with	
  10%	
  Raftilose	
  Synergy	
  for	
  15	
  d	
  resulted	
   in	
  statistically	
  significantly	
  
higher	
   intestinal	
   absorption	
  of	
   some	
  macrominerals	
   (Ca	
  and	
  Mg)	
  and	
  microminerals	
   (Cu	
  
and	
  Zn)	
   in	
  growing	
  rats	
  and	
  these	
  effects	
  were	
  reflected	
   in	
  statistically	
  significant	
  higher	
  
bone	
   mineral	
   content	
   (Ca,	
   Zn)	
   and	
   bone	
   strength	
   when	
   FSO	
   and/or	
   SO	
   were	
   co-­‐
administered	
  in	
  the	
  diet.	
  	
  The	
  investigators	
  concluded	
  that	
  dietary	
  lipid	
  composition	
  may	
  
influence	
   the	
  effects	
  of	
   inulin-­‐type	
   fructans	
  on	
  mineral	
   bioavailability	
   and	
   that	
   a	
  dietary	
  
combination	
   of	
   inulin-­‐type	
   fructans	
   and	
   lipids	
   might	
   be	
   useful	
   in	
   maintaining	
   skeletal	
  
integrity	
  and	
  improving	
  bone	
  health.	
  

The	
  available	
  data	
  on	
  the	
  effects	
  of	
  scFOS	
  on	
  mineral	
  absorption	
  and	
  balance	
  support	
  the	
  
safe	
  use	
  of	
  scFOS	
  in	
  infant	
  formula	
  at	
  the	
  anticipated	
  exposure	
  levels.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4	
  	
  Raftilose	
  Synergy	
  is	
  a	
  1:1	
  mixture	
  of	
  oligofructose	
  (degree	
  of	
  polymerization	
  [DP]	
  ranging	
  between	
  2	
  and	
  8,	
  with	
  a	
  DP	
  
average	
  of	
  4)	
  and	
  high-­‐performance	
  inulin	
  (DP	
  ranges	
  between	
  10	
  and	
  65,	
  with	
  a	
  DP	
  average	
  of	
  25),	
  which	
  is	
  obtained	
  
by	
  physically	
  removing	
  the	
  lower-­‐DP	
  fraction	
  from	
  the	
  native	
  inulin,	
  Orafti	
  Active	
  Food	
  International,	
  Tienen,	
  Belgium. 
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2.3.3 Safety Toxicological Studies 

Much	
  of	
  the	
  information	
  regarding	
  toxicological	
  studies	
  with	
  scFOS	
  comes	
  from	
  a	
  review	
  
in	
  which	
  the	
  safety	
  of	
  inulin,	
  oligofructose,	
  and	
  scFOS	
  were	
  evaluated	
  (Carabin	
  &	
  Flamm,	
  
1999).	
   	
   The	
   authors	
   concluded	
   that	
   results	
   from	
   toxicological	
   studies	
   on	
   inulin-­‐type	
  
fructans	
   have	
   not	
   shown	
   evidence	
   of	
   mortality,	
   morbidity,	
   target	
   organ	
   toxicity,	
  
reproductive	
   or	
   developmental	
   toxicity,	
   mutagenicity	
   or	
   carcinogenicity.	
   	
   Inulin,	
  
oligofructose,	
  and	
  scFOS	
  are	
  chemically	
   similar	
  entities	
  demonstrating	
   similar	
  nutritional	
  
properties.	
  	
  According	
  to	
  Carabin	
  and	
  Flamm	
  (1999),	
  given	
  the	
  chemical	
  and	
  physiological	
  
similarities	
   of	
   inulin,	
   oligofructose,	
   and	
   scFOS,	
   the	
   toxicological	
   studies	
   performed	
   with	
  
scFOS	
   and	
   their	
   results	
   are	
   predictive	
   of	
   the	
   effects	
   of	
   inulin	
   and	
   oligofructose	
   in	
  
demonstrating	
  safety.	
   	
  Most	
  of	
   the	
  studies	
  reviewed	
  by	
  Carabin	
  and	
  Flamm	
  (1999)	
  were	
  
conducted	
   with	
   Neosugar,	
   which	
   is	
   a	
   mixture	
   of	
   fructooligosaccharides	
   consisting	
   of	
  
approximately	
  28%	
  1-­‐kestose,	
  60%	
  nystose,	
  and	
  12%	
  l-­‐fructose-­‐β-­‐fructofuranosyl	
  nystose	
  
(Tokunaga,	
  Oku,	
  &	
  Hosoya,	
  1989).	
   	
  Neosugar	
  has	
   the	
   same	
  chemical	
   structure	
  as	
   inulin,	
  
but	
   has	
   shorter	
   chain	
   length	
   (up	
   to	
   four	
   fructose	
   units)	
   and	
   is	
   produced	
   by	
   enzymatic	
  
synthesis	
  from	
  sucrose	
  using	
  fungal	
  fructosyltransferase.	
  

Standard	
   toxicology	
   studies	
   conducted	
   on	
   Neosugar	
   include	
   a	
   genotoxicity	
   battery,	
  
developmental	
  studies,	
  a	
  subchronic	
  study,	
  and	
  a	
  carcinogenicity	
  study.	
  	
  These	
  studies	
  are	
  
briefly	
  described	
  below	
  and	
  summarized	
  in	
  Table	
  5	
  and	
  Table	
  7.	
  	
  No	
  specific	
  safety	
  issues	
  
were	
   identified	
   in	
   these	
   studies.	
   	
   Results	
   from	
   subchronic	
   and	
   carcinogenicity	
   studies	
   in	
  
rats	
  demonstrate	
  that	
  there	
  are	
  no	
  significant	
  adverse	
  effects	
  up	
  to	
  2,170	
  mg/kg/day	
  for	
  
Neosugar	
   (Clevenger	
   et	
   al.,	
   1988;	
   Tokunaga,	
   Oku,	
   &	
   Hosoya,	
   1986).	
   	
   The	
   No	
   Observed	
  
Adverse	
  Effect	
  Level	
   (NOAEL)	
   for	
  chronic	
  administration	
  of	
  Neosugar	
   is	
  2,170	
  mg/kg/day	
  
and	
  the	
  only	
  effect	
  noted	
  was	
  the	
  occurrence	
  of	
  soft	
  stools	
  or	
  diarrhoea	
  after	
  ingestion	
  of	
  
large	
  quantities	
  of	
  Neosugar	
  (more	
  than	
  5	
  percent	
  in	
  the	
  diet	
  of	
  rats).	
  

A	
   few	
   studies	
   have	
   been	
   conducted	
   to	
   evaluate	
   the	
   tolerability	
   and	
   toxicity	
   of	
  
oligofructose	
  since	
  the	
  Carabin	
  and	
  Flamm	
  review	
  was	
  published	
  and	
  they	
  are	
  summarized	
  
below.	
  	
  Four	
  studies	
  were	
  conducted	
  with	
  Raftilose	
  95,	
  including	
  two	
  toxicological	
  studies	
  
that	
   assessed	
   the	
   safety	
   -­‐	
   an	
   in	
   vitro	
  mutagenicity	
   and	
   an	
   in	
   vivo	
   13-­‐week	
   study	
   in	
   rats	
  
(Boyle	
  et	
  al.,	
  2008).	
  	
  Two	
  studies	
  have	
  been	
  conducted	
  to	
  evaluate	
  the	
  effects	
  of	
  Raftilose	
  
95	
  on	
  faecal	
  attributes,	
   including	
  an	
   in	
  vivo	
  study	
  in	
  dogs	
  conducted	
  to	
  evaluate	
  nutrient	
  
digestibility,	
   stool	
   quality,	
   and	
   faecal	
   protein	
   catabolites	
   (Propst,	
   Flickinger,	
   Bauer,	
  
Merchen,	
  &	
   Fahey,	
   2003)	
   and	
   an	
   in	
   vivo	
   2-­‐week	
   study	
   in	
  weanling	
   pigs	
   to	
   evaluate	
   the	
  
effects	
   of	
   various	
   infant	
   formulas,	
   including	
   Raftilose	
   95,	
   on	
   faecal	
   attributes,	
   including	
  
stool	
  consistency,	
  colour,	
  odour,	
  dry	
  matter,	
  organic	
  matter,	
  pH,	
  and	
  certain	
  biochemical	
  
components	
  (Barry	
  et	
  al.,	
  2008).	
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The	
  studies	
  that	
  have	
  been	
  conducted	
  on	
  scFOS	
  (Neosugar)	
  or	
  other	
  sources	
  of	
  scFOS,	
  or	
  
oligofructose	
   (Raftilose	
   95)	
   are	
   described	
   below	
   in	
   separate	
   sections	
   to	
   avoid	
   confusion	
  
about	
   the	
   test	
   material	
   that	
   was	
   evaluated	
   in	
   each	
   study.	
   	
   The	
   studies	
   are	
   also	
  
summarized	
  in	
  Table	
  5,	
  Table	
  6,	
  Table	
  7	
  and	
  Table	
  8.	
  

2.3.3.1 In Vitro Toxicological Studies 

2.3.3.1.1 In Vitro Toxicological Studies with scFOS (Neosugar) 

An	
  Ames	
  assay	
  with	
  Salmonella	
  typhimurium	
  strains	
  TA	
  1535,	
  TA	
  1537,	
  TA	
  1538,	
  
TA	
  98,	
  and	
  TA	
  100,	
  and	
  an	
  Escherichia	
  coli	
  WP2	
  uvrA	
  assay	
  were	
  conducted	
  with	
  
Neosugar	
   at	
   concentrations	
   of	
   50	
   to	
   5,000	
   μg/plate	
   (Clevenger,	
   et	
   al.,	
   1988)5.	
  	
  
There	
  was	
   no	
   increase	
   in	
   the	
   frequency	
   of	
  mutations	
   per	
   plate	
   in	
   any	
   bacterial	
  
strain	
   with	
   or	
   without	
   metabolic	
   activation	
   compared	
   to	
   controls.	
   Therefore,	
  
under	
   the	
   conditions	
   of	
   both	
   of	
   these	
   assays,	
   scFOS	
   did	
   not	
   possess	
  mutagenic	
  
activity.	
  	
  In	
  a	
  mammalian	
  cell	
  mutation	
  assay,	
  mouse	
  lymphoma	
  L5178Y	
  cells	
  were	
  
exposed	
   to	
   2,000	
   to	
   5,000	
   μg/ml	
   of	
   Neosugar	
   for	
   3	
   hours	
   in	
   the	
   presence	
   or	
  
absence	
   of	
   an	
  Aroclor-­‐induced	
   rat	
   liver	
  microsomal	
  metabolic	
   activation	
   system	
  
(Clevenger,	
  et	
  al.,	
  1988).	
  	
  Treatment	
  with	
  Neosugar	
  did	
  not	
  produce	
  an	
  increase	
  in	
  
the	
  mutation	
  frequency	
  either	
  with	
  or	
  without	
  metabolic	
  activation.	
  

In	
   an	
   assay	
   of	
   DNA	
   damage	
   assessed	
   by	
   unscheduled	
   DNA	
   synthesis	
   (UDS)	
   in	
  
which	
   HeLa	
   S3	
   epithelioid	
   cells	
   were	
   treated	
   with	
   Neosugar	
   at	
   concentrations	
  
ranging	
  from	
  25	
  to	
  51,200	
  μg/ml,	
  the	
  percentage	
  of	
  cells	
  undergoing	
  DNA	
  repair	
  
was	
  quantified	
  in	
  the	
  presence	
  and	
  absence	
  of	
  metabolic	
  activation	
  (Clevenger,	
  et	
  
al.,	
  1988).	
  	
  In	
  the	
  first	
  of	
  two	
  experiments,	
  UDS	
  was	
  significantly	
  increased	
  at	
  the	
  
1,600	
   μg/ml	
   dose	
   level,	
   without	
   metabolic	
   activation.	
   	
   However,	
   the	
   single	
  
positive	
  result	
  occurred	
  only	
  at	
  one	
  dose	
  level	
  and	
  no	
  dose	
  response	
  was	
  evident.	
  	
  
Importantly,	
  no	
  significant	
  increase	
  was	
  observed	
  at	
  any	
  concentration	
  either	
  with	
  
or	
  without	
  metabolic	
  activation	
  in	
  a	
  repeat	
  test.	
  	
  As	
  shown	
  in	
  Table	
  5,	
  in	
  all	
  three	
  
in	
  vitro	
  assays,	
  Neosugar	
  did	
  not	
  possess	
  genotoxic	
  potential	
  under	
  the	
  conditions	
  
of	
  the	
  tests.	
  

	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5   Source	
  of	
  Neosugar	
  was	
  Meiji	
  Seiki	
  Kaisha,	
  Ltd.;	
  no	
  other	
  information	
  provided	
  about	
  chemical	
  composition 
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Table	
  5:	
  	
  In	
  Vitro	
  Toxicological	
  Studies	
  with	
  scFOS	
  	
  
Reference	
   Test	
  Material	
   Study	
  Design	
   Findings	
  

Clevenger	
  et	
  al.	
  
1988	
  

Neosugara	
   Ames	
  Assay	
  with	
  Salmonella	
  
typhimurium	
  strains	
  TA	
  98,	
  TA	
  100,	
  TA	
  
1535,	
  TA	
  1537,	
  and	
  TA	
  1538,	
  and	
  an	
  
Escherichia	
  coli	
  WP2	
  uvrA	
  assay	
  in	
  the	
  
presence	
  or	
  absence	
  of	
  an	
  Aroclor-­‐
induced	
  rat	
  liver	
  microsomal	
  
metabolic	
  activation	
  system	
  at	
  
concentrations	
  of	
  50	
  to	
  5,000	
  μg/plate	
  

There	
  was	
  no	
  increase	
  in	
  the	
  
frequency	
  of	
  mutations	
  per	
  
plate	
  in	
  any	
  bacterial	
  strain	
  
with	
  or	
  without	
  metabolic	
  
activation	
  compared	
  to	
  
controls	
  

Clevenger	
  et	
  al.	
  
1988	
  

Neosugar	
   Mammalian	
  cell	
  mutation	
  assay	
  with	
  
mouse	
  lymphoma	
  L5178Y	
  cells	
  at	
  
concentrations	
  of	
  2,000	
  to	
  5,000	
  
μg/ml	
  for	
  3	
  hours	
  in	
  the	
  presence	
  or	
  
absence	
  of	
  an	
  Aroclor-­‐induced	
  rat	
  
liver	
  microsomal	
  metabolic	
  activation	
  
system	
  

No	
  increase	
  in	
  the	
  mutation	
  
frequency	
  either	
  with	
  or	
  
without	
  metabolic	
  activation	
  

Clevenger	
  et	
  al.	
  
1988	
  

Neosugar	
   Unscheduled	
  DNA	
  synthesis	
  assay	
  
with	
  HeLa	
  S3	
  epithelioid	
  cells	
  treated	
  
with	
  Neosugar	
  at	
  concentrations	
  of	
  25	
  
to	
  51,200	
  μg/ml	
  in	
  the	
  presence	
  or	
  
absence	
  of	
  an	
  Aroclor-­‐induced	
  rat	
  
liver	
  microsomal	
  metabolic	
  activation	
  
system	
  

In	
  the	
  first	
  of	
  two	
  assays,	
  UDS	
  
significantly	
  increased	
  at	
  
1,600	
  μg/ml,	
  without	
  
metabolic	
  activation	
  (no	
  dose	
  
response).	
  	
  No	
  increase	
  
observed	
  at	
  any	
  
concentration	
  either	
  with	
  or	
  
without	
  metabolic	
  activation	
  
in	
  a	
  repeat	
  test.	
  

aNeosugar	
  from	
  Meiji	
  Seika	
  Kaisha	
  Ltd,	
  Japan;	
  no	
  other	
  information	
  about	
  chemical	
  composition	
  provided	
  by	
  
Clevenger	
  et	
  al.	
  1988.	
  
	
  

2.3.3.1.2 In Vitro Toxicological Studies with Oligofructose (Raftilose 95)  

An	
   in	
  vitro	
   study	
  was	
  conducted	
  to	
  evaluate	
   the	
  ability	
  of	
  Raftilose	
  95	
   to	
   induce	
  
reverse	
   mutations	
   in	
   S.	
   typhimurium	
   tester	
   strains	
   TA98,	
   TA100,	
   TA1535,	
   and	
  
TA1537,	
  and	
  in	
  E.	
  coli	
   tester	
  strain	
  WP2	
  uvrA	
  in	
  the	
  presence	
  and	
  absence	
  of	
  rat	
  
liver	
  S9	
  activation	
  (Boyle,	
  et	
  al.,	
  2008)6.	
  	
  Five	
  dose	
  levels	
  were	
  evaluated	
  (100,	
  333,	
  
1,000,	
  3,333,	
  and	
  5,000	
  μg/plate)	
  in	
  triplicate.	
  	
  Raftilose	
  did	
  not	
  induce	
  a	
  positive	
  
response	
   at	
   levels	
   up	
   to	
   5,000	
   μg/plate	
   in	
   the	
   presence	
   and	
   absence	
   of	
   S9	
  
activation	
  with	
  any	
  of	
  the	
  tester	
  strains	
  used.	
  

The	
  clastogenic	
  potential	
  of	
  Raftilose	
  95	
  was	
  evaluated	
  based	
  upon	
   its	
  ability	
   to	
  
induce	
  chromosome	
  aberrations	
  in	
  Chinese	
  hamster	
  ovary	
  (CHO)	
  cells	
  in	
  both	
  the	
  
absence	
   and	
  presence	
   of	
   an	
  Aroclor-­‐induced	
   S9	
   activation	
   system	
   (Boyle,	
   et	
   al.,	
  
2008).	
  	
  Doses	
  tested	
  included	
  313,	
  625,	
  1,250,	
  2,500,	
  and	
  5,000	
  μg/mL	
  and	
  in	
  the	
  
non-­‐activated	
  test	
  system,	
  treatment	
  was	
  for	
  4	
  h	
  and	
  for	
  20	
  h;	
  in	
  the	
  S9	
  activated	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6  Raftilose	
  95;	
  Orafti,	
  Tienen,	
  Belgium	
  is	
  derived	
  from	
  chicory	
  root	
  inulin	
  by	
  enzymatic	
  hydrolysis;	
  contained	
  95%	
  dry	
  
matter,	
  and	
  composed	
  of	
  glucose	
  and	
  fructose	
  (0.1%),	
  sucrose	
  (5.6%)	
  and	
  oligofructose	
  (94.3%) 
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test	
  system,	
  treatment	
  time	
  was	
  for	
  4	
  h.	
  	
  A	
  confirmatory	
  assay	
  was	
  conducted	
  by	
  
exposing	
  CHO	
  cells	
  to	
  Raftilose	
  at	
  dose	
  levels	
  of	
  1,250,	
  2,500,	
  or	
  5,000	
  μg/mL,	
  and	
  
to	
   positive	
   and	
   solvent	
   controls	
   continuously	
   for	
   20	
   h	
   in	
   the	
   absence	
   of	
   S9	
  
activation	
  only.	
  	
  The	
  clastogenic	
  potential	
  of	
  Raftilose	
  was	
  measured	
  by	
  its	
  ability	
  
to	
   increase	
  structural	
  aberrations	
   in	
  a	
  dose–responsive	
  manner	
  compared	
  to	
  the	
  
solvent	
   control	
   group.	
   	
   Raftilose	
   was	
   also	
   evaluated	
   for	
   its	
   ability	
   to	
   induce	
  
numerical	
   chromosome	
   aberrations.	
   	
   In	
   the	
   initial	
   and	
   confirmatory	
   assay	
   there	
  
was	
   no	
   toxicity	
   observed	
   at	
   any	
   dose	
   level	
   tested	
   in	
   both	
   the	
   absence	
   and	
  
presence	
  of	
  S9	
  activation	
  as	
  measured	
  by	
  a	
  >50%	
  reduction	
  in	
  cell	
  growth	
  relative	
  
to	
   the	
   solvent	
   control.	
   	
   The	
  dose	
   levels	
   selected	
   for	
   evaluation	
  of	
   chromosomal	
  
aberrations	
   in	
   all	
   treatment	
   groups	
   of	
   the	
   initial	
   assay	
   were	
   1,250,	
   2,500,	
   and	
  
5,000	
   μg/mL.	
   No	
   statistically	
   significant	
   increases	
   in	
   structural	
   or	
   numerical	
  
chromosome	
   aberrations,	
   relative	
   to	
   the	
   solvent	
   control,	
   were	
   observed	
   in	
   the	
  
non-­‐activated	
  or	
  S9	
  activated	
  groups,	
  regardless	
  of	
  dose	
  level.	
  

As	
   shown	
   in	
   Table	
   6,	
   Raftilose	
   95	
   did	
   not	
   induce	
   any	
   positive	
   responses	
   in	
   the	
  
Ames	
   test,	
   and	
   the	
   in	
   vitro	
   chromosomal	
   aberration	
   test	
   showed	
  no	
   clastogenic	
  
effects.	
   	
   In	
   several	
   studies	
   cited	
   by	
   Boyle	
   et	
   al.	
   (2008),	
   various	
  
fructooligosaccharides	
   do	
   not	
   have	
   any	
   genotoxic	
   or	
   carcinogenic	
   effects	
  
(Crittenden	
  &	
   Playne,	
   1996;	
  Delzenne,	
   2003;	
   Spiegel,	
   Rose,	
   Karabell,	
   Frankos,	
  &	
  
Schmitt,	
  1994).	
   	
   In	
  humans	
  and	
  animals,	
  dietary	
  oligosaccharides	
  suppress	
  faecal	
  
activities	
   of	
   carcinogen-­‐metabolizing	
   enzymes	
   (Boyle,	
   et	
   al.,	
   2008).	
   	
   Colonic	
  
butyrate	
   generated	
   from	
  oligofructose	
   fermentation	
  may	
   also	
   be	
  Antimutagenic	
  
(Kaur	
  &	
  Gupta,	
  2002;	
  Kleessen,	
  Hartmann,	
  &	
  Blaut,	
  2001).	
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Table	
  6:	
  	
  In	
  Vitro	
  Toxicological	
  Studies	
  with	
  Oligofructose	
  
Reference	
   Test	
  Material	
   Study	
  Design	
   Findings	
  

Boyle	
  et	
  al.	
  
2008	
  

	
  

Raftilose	
  95a	
   Ames	
  Assay	
  with	
  Salmonella	
  
typhimurium	
  strains	
  TA	
  98,	
  TA	
  100,	
  TA	
  
1535,	
  and	
  TA	
  1537	
  and	
  E.	
  coli	
  tester	
  
strain	
  WP2	
  uvrA	
  in	
  the	
  presence	
  and	
  
absence	
  of	
  rat	
  liver	
  S9	
  activation	
  at	
  
concentrations	
  of	
  100	
  to	
  
5,000	
  μg/plate	
  

No	
  positive	
  responses	
  with	
  or	
  
without	
  metabolic	
  activation	
  

Clastogenic	
  potential	
  evaluated	
  using	
  
Chinese	
  hamster	
  ovary	
  cells	
  in	
  the	
  
presence	
  or	
  absence	
  of	
  Aroclor-­‐
induced	
  S9	
  at	
  concentrations	
  of	
  1,250	
  
to	
  5,000	
  μg/ml.	
  	
  Cells	
  were	
  also	
  
evaluated	
  for	
  numerical	
  chromosome	
  
aberrations.	
  

No	
  positive	
  responses	
  with	
  or	
  
without	
  metabolic	
  activation;	
  
no	
  numerical	
  chromosome	
  
aberrations	
  

aRaftilose	
  95	
  from	
  Orafti,	
  Tienen,	
  Belgium	
  –	
  derived	
  from	
  chicory	
  root	
  inulin	
  by	
  enzymatic	
  hydrolysis;	
  contained	
  95%	
  dry	
  
matter,	
  and	
  composed	
  of	
  glucose	
  and	
  fructose	
  (0.1%),	
  sucrose	
  (5.6%)	
  and	
  oligofructose	
  (94.3%)	
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2.3.3.2 In Vivo Toxicological Studies 

2.3.3.2.1 In Vivo Toxicological Studies with scFOS (Neosugar) 

Takeda	
  and	
  Niizato	
   (1982a)	
  conducted	
  an	
  acute	
  single	
  dose	
  study	
  and	
   three	
  6-­‐week	
  
studies	
   of	
   scFOS	
   (Neosugar).	
   	
   In	
   the	
   acute	
   study,	
   Neosugar7	
   was	
   administered	
   by	
  
gavage	
   to	
   4-­‐week-­‐old	
   male	
   and	
   female	
   JcL-­‐IcR	
   mice	
   and	
   6-­‐week-­‐old	
   male	
   and	
   10-­‐
week-­‐old	
   female	
  Sprague-­‐Dawley	
  rats	
   in	
   four	
  groups	
  of	
  6	
   (a	
   total	
  of	
  24	
  male	
  and	
  24	
  
female	
  mice	
   and	
   24	
  male	
   and	
   24	
   female	
   rats).	
   	
   No	
   deaths,	
   gross	
   abnormalities,	
   or	
  
changes	
   in	
   body	
  weight	
  were	
  observed	
   in	
  mice	
   given	
   single	
   oral	
   doses	
   of	
   3,	
   6,	
   or	
   9	
  
g/kg	
  Neosugar	
  and	
  were	
  observed	
  for	
  7	
  days.	
  	
  The	
  LD50	
  was	
  determined	
  to	
  be	
  greater	
  
than	
  9	
  g/kg	
  bodyweight	
  in	
  mice	
  and	
  rats	
  (Takeda	
  &	
  Niizato,	
  1982a).	
  

In	
   a	
   6-­‐week	
   gavage	
   study,	
   groups	
   of	
   18	
   8-­‐week-­‐old	
   male	
   Wistar	
   rats	
   were	
  
administered	
   daily	
   doses	
   of	
   1.5,	
   3,	
   and	
   4.5	
   g/kg	
   Neosugar	
   or	
   Neosugar	
   G8,	
   while	
  
sucrose	
   and	
   glucose	
   were	
   the	
   control	
   substances	
   (Takeda	
   &	
   Niizato,	
   1982b).	
  	
  
Neosugar	
   G	
   contains	
   a	
   higher	
   percentage	
   of	
   glucose	
   than	
   Neosugar,	
   so	
   it	
   is	
   not	
  
relevant	
  to	
  this	
  safety	
  assessment.	
  	
  On	
  the	
  2nd,	
  4th,	
  and	
  6th	
  weeks,	
  blood	
  samples	
  were	
  
obtained	
   from	
  6	
  animals	
   in	
  each	
  group.	
   	
  At	
  sacrifice,	
   liver,	
  pancreas,	
  adrenal	
  glands,	
  
kidneys,	
   brain,	
   cerebellum,	
   heart,	
   lungs,	
   spleen,	
   pituitary	
   gland,	
   and	
   testes	
   were	
  
removed	
  and	
  evaluated	
   for	
  histopathology.	
   	
   There	
  were	
  no	
  abnormalities	
  or	
  deaths	
  
during	
  the	
  study.	
  	
  A	
  slight	
  non-­‐significant	
  decrease	
  in	
  body	
  weight	
  was	
  observed	
  in	
  the	
  
3	
   and	
   4.5	
   g/kg	
   Neosugar	
   groups	
   compared	
   to	
   controls.	
   	
   No	
   consistent,	
   treatment-­‐
related	
   changes	
   were	
   seen	
   in	
   clinical	
   chemistries.	
   	
   Distension	
   of	
   the	
   caecum	
   was	
  
observed	
   in	
   4	
   rats	
   in	
   the	
   4.5	
   g/kg	
   Neosugar	
   treatment	
   group	
   at	
   4	
   weeks.	
   	
   It	
   was	
  
concluded	
   that	
   there	
   was	
   no	
   treatment-­‐related	
   toxicity	
   at	
   doses	
   up	
   to	
   4.5	
   g/kg	
  
Neosugar	
  for	
  6	
  weeks.	
  

A	
  6-­‐week	
   feeding	
  study	
  was	
  conducted	
  with	
  groups	
  of	
  18	
  6-­‐7	
  week-­‐old	
  Male	
  Wistar	
  
rats	
  	
  that	
  were	
  administered	
  5	
  or	
  10%	
  Neosugar,	
  5	
  or	
  10%	
  Neosugar	
  G,	
  or	
  one	
  of	
  three	
  
control	
   saccharides	
   (sucrose,	
   glucose,	
   or	
   sorbitol)	
   in	
   their	
   diet	
  ad	
   libitum	
   (Takeda	
  &	
  
Niizato,	
   1982b).	
   	
   Blood	
   samples	
   were	
   collected	
   at	
   the	
   2nd,	
   4th,	
   and	
   6th	
   weeks	
   and	
  
immediately	
  after	
  collection	
  of	
  blood	
  samples,	
   the	
   liver,	
  adrenal,	
  and	
  pancreas	
  were	
  
removed	
   from	
  some	
  animals.	
   	
  At	
   sacrifice	
   (6th	
  week),	
   kidney,	
   cerebrum,	
  cerebellum,	
  
heart,	
   lung,	
   spleen,	
   and	
   testes	
   were	
   also	
   obtained	
   and	
   examined	
   histologically.	
  	
  
Results	
   revealed	
   no	
   treatment-­‐related	
   abnormalities	
   or	
   deaths.	
   	
   The	
   sorbitol	
   and	
  
Neosugar	
  groups	
  had	
  lower	
  body	
  weights	
  in	
  the	
  1st	
  to	
  5th	
  week,	
  but	
  the	
  growth	
  trends	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
7  The	
  composition	
  of	
  the	
  Neosugar	
  in	
  the	
  Takeda	
  and	
  Niizato	
  1982a	
  and	
  1982b	
  studies	
  was	
  trace	
  of	
  GF,	
  
30.9%GF2,	
  55%	
  GF3	
  and	
  14.1%	
  GF4	
  -­‐	
  from	
  Meiji	
  Seika	
  Kaisha	
  Ltd.	
  

8	
  	
  The	
  composition	
  of	
  the	
  Neosugar	
  G	
  in	
  the	
  Takeda	
  and	
  Niizato	
  1982b	
  and	
  1984	
  studies	
  was	
  38%GF,	
  11%	
  
sucrose,	
  21%	
  GF2,	
  24%	
  GF3	
  and	
  6%	
  GF4	
  -­‐	
  from	
  Meiji	
  Seika	
  Kaisha	
  Ltd.	
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near	
   completion	
   of	
   the	
   study	
   were	
   similar	
   to	
   controls.	
   	
   Cholesterol	
   levels	
   of	
   the	
  
Neosugar	
  and	
  Neosugar	
  G	
  groups	
  were	
  lower	
  than	
  control	
  groups	
  (no	
  information	
  on	
  
statistical	
   significance	
   provided).	
   	
   There	
   were	
   no	
   significant	
   treatment-­‐related	
  
microscopic	
  findings.	
  	
  Diarrhoea	
  was	
  observed	
  in	
  rats	
  in	
  the	
  sorbitol	
  control	
  group	
  on	
  
day	
  3	
  and	
   in	
  rats	
   treated	
  with	
  Neosugar	
  on	
  about	
  day	
  10	
   (no	
  additional	
   information	
  
was	
  provided	
  such	
  as	
  number	
  of	
  rats,	
  dose	
  group,	
  duration	
  of	
  effect).	
   	
  Distension	
  of	
  
the	
  caecum	
  was	
  reported	
  in	
  the	
  Neosugar	
  and	
  sorbitol	
  control	
  groups	
  at	
  2	
  weeks	
  and	
  
in	
   the	
   Neosugar,	
   Neosugar	
   G,	
   and	
   sorbitol	
   control	
   groups	
   at	
   6	
   weeks	
   (no	
   other	
  
information	
  was	
  provided).	
   	
  The	
   investigators	
  concluded	
   that	
   the	
  caecum	
  distension	
  
was	
  not	
   treatment	
   related	
  because	
   the	
   effect	
  was	
  observed	
   in	
   the	
   controls.	
   	
   It	
  was	
  
concluded	
   that	
   there	
   was	
   no	
   treatment-­‐related	
   toxicity	
   at	
   doses	
   of	
   up	
   to	
   10%	
  
Neosugar	
  in	
  the	
  diet	
  for	
  6	
  weeks.	
  

An	
   8-­‐week	
   study	
   was	
   conducted	
   with	
   rats	
   to	
   determine	
   the	
   effect	
   of	
   Neosugar	
   on	
  
body	
  weight	
  gain,	
  organ	
  weight,	
  serum	
  lipids,	
  faecal	
  excretion	
  and	
  intestinal	
  function	
  
(Tokunaga,	
   et	
   al.,	
   1986).	
   	
   Groups	
   of	
   6	
   Male	
   Wistar	
   rats	
   (6-­‐8	
   wks	
   old)	
   were	
  
administered	
   either	
   10	
   or	
   20%	
   Neosugar9	
   (approximately	
   6	
   and	
   13	
   g/kg/day,	
  
respectively)	
   in	
   their	
   diets.	
   	
   Rats	
   developed	
   diarrhoea	
   after	
   starting	
   the	
   Neosugar-­‐
containing	
   diets,	
   but	
   this	
   was	
   not	
   observed	
   after	
   2	
   to	
   3	
   weeks.	
   	
   After	
   6	
   weeks	
   of	
  
treatment,	
   the	
  body	
  weight	
   gain	
  of	
   the	
   group	
   receiving	
   the	
  20%	
  Neosugar	
  diet	
  was	
  
statistically	
  significantly	
  lower	
  compared	
  to	
  the	
  control	
  group;	
  however,	
  there	
  was	
  no	
  
significant	
   effect	
   on	
   body	
  weight	
   gain	
   in	
   the	
   10%	
  Neosugar	
   diet	
   group.	
   	
   Daily	
   food	
  
intake	
  was	
  similar	
  in	
  control	
  and	
  Neosugar-­‐fed	
  groups.	
  	
  Rats	
  in	
  both	
  treatment	
  groups	
  
exhibited	
  a	
  statistically	
  significant	
  increase	
  in	
  both	
  wet	
  weight	
  and	
  the	
  ratio	
  of	
  caecum	
  
to	
  colon	
  weights.	
   	
  A	
  greater	
  effect	
  was	
  observed	
   in	
  the	
  caecum	
  than	
   in	
  the	
  colon	
  of	
  
rats	
   in	
   the	
   20%	
   Neosugar	
   group.	
   	
   The	
   wet	
   weight	
   of	
   the	
   small	
   intestine	
   was	
  
statistically	
  significantly	
   increased	
  in	
  20%	
  Neosugar	
  group	
  but	
  not	
  the	
  10%	
  Neosugar	
  
group.	
  	
  No	
  significant	
  increases	
  in	
  liver	
  or	
  kidney	
  weight	
  were	
  observed	
  and	
  faecal	
  wet	
  
weight	
  was	
  also	
  statistically	
  significantly	
   increased	
   in	
  both	
  treatment	
  groups.	
   	
  Serum	
  
cholesterol	
   levels	
   were	
   slightly	
   but	
   not	
   statistically	
   significantly	
   reduced	
   in	
   the	
   20%	
  
Neosugar	
   group.	
   	
   In	
   addition,	
   the	
   serum	
   triacylglycerol	
   levels	
   were	
   statistically	
  
significantly	
   decreased	
   by	
  Neosugar	
   intake	
   in	
   both	
   groups	
   (however,	
   the	
   effect	
  was	
  
greater	
   in	
   the	
   20%	
   group).	
   	
   Faecal	
   excretion	
   of	
   sterol	
   is	
   increased	
   significantly	
   by	
  
chronic	
  intake	
  of	
  dietary	
  fiber	
  through	
  the	
  inhibition	
  of	
  intestinal	
  cholesterol	
  and	
  bile	
  
acid	
  absorption.	
   	
  A	
  statistically	
  significant	
  increase	
  in	
  excretion	
  of	
  neutral	
  sterols	
  and	
  
acidic	
  sterols	
  was	
  seen	
  in	
  both	
  treatment	
  groups.	
  	
  The	
  concentration	
  of	
  volatile	
  fatty	
  
acids	
   per	
   gram	
   of	
   wet	
   faeces	
   greatly	
   increased	
   in	
   rats	
   fed	
   both	
   dose	
   levels	
   of	
  
Neosugar;	
   the	
   greatest	
   increase	
  was	
   in	
   acetic	
   acid,	
   followed	
  by	
  propionic	
   acid.	
   	
   The	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
9 The	
  composition	
  of	
  the	
  Neosugar	
  from	
  Meiji	
  Seika	
  Kaisha	
  Ltd.	
  was	
  28%	
  GF2,	
  60%	
  GF3	
  and	
  12%	
  GF4	
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results	
   of	
   this	
   study	
   suggest	
   that	
  Neosugar	
   is	
   not	
   fully	
   utilized	
   by	
   rats	
   as	
   an	
   energy	
  
source	
  and	
  that	
  the	
  indigestible	
  or	
  unabsorbable	
  nature	
  of	
  scFOS	
  produced	
  diarrhoea	
  
and	
   a	
   bulking	
   effect	
   in	
   the	
   intestinal	
   lumen.	
   	
   The	
   faecal	
   volume	
  was	
   increased	
   and	
  
intestinal	
   transit	
   time	
   was	
   shortened,	
   similar	
   to	
   actions	
   of	
   a	
   dietary	
   fiber.	
   	
   In	
  
conclusion,	
  no	
  adverse	
  effects	
  of	
  up	
  to	
  20%	
  (13	
  g/kg/day)	
  Neosugar	
  in	
  the	
  diet	
  were	
  
observed	
   in	
   rats.	
   	
   The	
   diarrhoea	
   observed	
   in	
   rats	
   fed	
   the	
   10	
   or	
   20%	
   diets	
   stopped	
  
within	
  2-­‐3	
  weeks.	
  

In	
  a	
  chronic/carcinogenicity	
  study	
  in	
  Fischer	
  344	
  rats	
  (50/sex/group),	
  Neosugar10	
  was	
  
administered	
  in	
  diets	
  at	
  concentrations	
  of	
  0,	
  8,000,	
  20,000,	
  or	
  50,000	
  ppm	
  (equivalent	
  
to	
  approximately	
  341,	
  854,	
  and	
  2,170	
  mg/kg/day,	
  respectively,	
  for	
  male	
  rats	
  and	
  419,	
  
1,045,	
  and	
  2,664	
  mg/kg/day,	
  respectively,	
  for	
  female	
  rats)	
  for	
  104	
  weeks	
  (Clevenger,	
  
et	
   al.,	
   1988).	
   	
   No	
   dose-­‐related	
   effects	
   were	
   noted	
   on	
   survival,	
   growth,	
   food	
  
consumption,	
   feed	
   efficiency,	
   hematology	
   parameters,	
   blood	
   chemistry	
   parameters,	
  
organ	
  weights,	
   and	
   non-­‐neoplastic	
   lesions.	
   	
   The	
   incidence	
   of	
   rare	
   and	
   spontaneous	
  
tumours	
   was	
   comparable	
   between	
   control	
   and	
   Neosugar	
   treated	
   groups	
   with	
   the	
  
exception	
  of	
  pituitary	
  adenomas	
  in	
  male	
  rats.	
  	
  The	
  increased	
  incidence	
  of	
  this	
  tumour	
  
was	
   not	
   considered	
   to	
   be	
   treatment-­‐related,	
   however,	
   because	
   the	
   incidence	
   in	
   all	
  
groups	
  was	
  within	
  the	
  historical	
  control	
  range	
  of	
  this	
  spontaneous	
  tumour	
  and	
  there	
  
was	
  only	
  equivocal	
  evidence	
  of	
  a	
  dose-­‐response	
  trend.	
   	
  The	
  Cochran-­‐Armitage	
  trend	
  
test	
   indicated	
   a	
   significant	
   trend	
   but	
   logistic	
   regression	
   analysis	
   indicated	
   no	
   dose-­‐
response	
  relationship.	
  	
  Non-­‐neoplastic	
  lesions	
  common	
  in	
  aging	
  rats	
  were	
  observed	
  in	
  
all	
  groups,	
   including	
  controls.	
   	
  Neosugar	
  did	
  not	
  affect	
  the	
  severity	
  of	
   lesions.	
   	
  Renal	
  
protein	
   casts	
   of	
  moderate	
   severity	
  were	
   found	
   in	
   0,	
   4,	
   7,	
   and	
   6	
   rats	
   in	
   the	
   control,	
  
8,000,	
  20,000,	
  or	
  50,000	
  ppm	
  groups.	
   	
  This	
   finding	
   lacked	
  biological	
   significance	
  and	
  
relevance	
   to	
   the	
   safety	
   assessment	
   of	
   Neosugar,	
   as	
   renal	
   protein	
   casts	
   are	
   not	
  
uncommon	
  in	
  older	
  male	
  rats	
  and	
  there	
  was	
  no	
  dose-­‐response	
  for	
  this	
  finding.	
  	
  For	
  all	
  
other	
  non-­‐neoplastic	
  lesions	
  with	
  differences	
  from	
  control	
  values,	
  a	
  comparison	
  to	
  the	
  
historical	
  control	
  incidence	
  revealed	
  that	
  the	
  various	
  lesions	
  were	
  common	
  and	
  highly	
  
variable	
  in	
  incidence	
  in	
  aging	
  Fischer	
  344	
  rats.	
  	
  Consideration	
  of	
  the	
  absence	
  of	
  dose-­‐
related	
  effects	
  and	
  similar	
   findings	
   in	
  historical	
  control	
  animals	
   led	
  to	
  the	
  conclusion	
  
that	
  treatment	
  with	
  Neosugar	
  did	
  not	
  affect	
  the	
  incidence	
  of	
  non-­‐neoplastic	
  lesions.	
  

	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
10	
  The	
  composition	
  of	
  Neosugar	
  evaluated	
  in	
  the	
  Clevenger	
  et	
  al.	
  1988	
  study	
  was	
  37%	
  GF2,	
  51%	
  GF3,	
  12%	
  GF4	
  
from	
  Mie	
  Kariyo	
  Co,	
  Japan	
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Table	
  7:	
  	
  In	
  Vivo	
  Toxicological	
  Studies	
  with	
  scFOS	
  
Reference	
   Test	
  Material	
   Study	
  Design	
   Findings	
  

Takeda	
  and	
  
Niizato	
  
1982a	
  	
  

Neosugar	
   Single	
  dose	
  of	
  3,	
  6,	
  or	
  9	
  g/kg	
  administered	
  by	
  
gavage	
  to	
  4-­‐week-­‐old	
  male	
  and	
  female	
  JcL-­‐IcR	
  
mice	
  and	
  6-­‐week-­‐old	
  male	
  and	
  10-­‐week-­‐old	
  
female	
  Sprague-­‐Dawley	
  rats	
  in	
  four	
  groups	
  of	
  6	
  
(a	
  total	
  of	
  24	
  male	
  and	
  24	
  female	
  mice	
  and	
  24	
  
male	
  and	
  24	
  female	
  rats).	
  	
  

	
  

No	
  deaths,	
  gross	
  abnormalities,	
  or	
  
changes	
  in	
  body	
  weight	
  were	
  
observed	
  in	
  mice	
  that	
  were	
  observed	
  
for	
  7	
  days.	
  The	
  LD50	
  was	
  determined	
  
to	
  be	
  greater	
  than	
  9	
  g/kg	
  bodyweight	
  
in	
  mice	
  and	
  rats.	
  

Takeda	
  and	
  
Niizato	
  
1982b	
  

Neosugar	
  	
   6-­‐week	
  gavage	
  study	
  -­‐	
  groups	
  of	
  18	
  8-­‐week	
  old	
  
male	
  Wistar	
  rats	
  administered	
  daily	
  doses	
  of	
  
1.5,	
  3,	
  and	
  4.5	
  g/kg	
  Neosugar	
  or	
  Neosugar	
  G;	
  
sucrose	
  and	
  glucose	
  were	
  the	
  control	
  
substances.	
  	
  On	
  the	
  2nd,	
  4th,	
  and	
  6th	
  weeks,	
  
blood	
  samples	
  obtained	
  from	
  6	
  animals	
  in	
  each	
  
group.	
  	
  At	
  sacrifice,	
  liver,	
  pancreas,	
  adrenal	
  
glands,	
  kidneys,	
  brain,	
  cerebellum,	
  heart,	
  lungs,	
  
spleen,	
  pituitary	
  gland,	
  and	
  testes	
  were	
  
removed	
  and	
  evaluated	
  for	
  histopathology.	
  	
  	
  

No	
  abnormalities	
  or	
  deaths	
  during	
  the	
  
study.	
  	
  Slight	
  decrease	
  in	
  body	
  weight	
  
in	
  the	
  3	
  and	
  4.5	
  g/kg	
  groups	
  compared	
  
to	
  controls.	
  	
  No	
  consistent,	
  treatment-­‐
related	
  changes	
  in	
  clinical	
  chemistries.	
  	
  
Distension	
  of	
  the	
  caecum	
  in	
  4	
  rats	
  in	
  
the	
  4.5	
  g/kg	
  Neosugar	
  treatment	
  
group	
  at	
  4	
  weeks.	
  	
  	
  

	
  

No	
  treatment-­‐related	
  toxicity	
  at	
  doses	
  
up	
  to	
  4.5	
  g/kg	
  for	
  6	
  wks.	
  

	
  

Takeda	
  and	
  
Niizato	
  
1982b	
  

Neosugar	
  	
  

	
  

6-­‐wk	
  feeding	
  study	
  with	
  groups	
  of	
  18	
  male	
  
Wistar	
  rats	
  (ages	
  6-­‐7	
  weeks)	
  administered	
  5	
  or	
  
10%	
  Neosugar,	
  5	
  or10%	
  Neosugar	
  G,	
  or	
  one	
  of	
  
three	
  control	
  saccharides	
  (sucrose,	
  glucose,	
  or	
  
sorbitol)	
  in	
  their	
  diet	
  ad	
  libitum.	
  	
  	
  Blood	
  
samples	
  were	
  collected	
  at	
  the	
  2nd,	
  4th,	
  and	
  6th	
  
weeks;	
  immediately	
  after	
  collection	
  of	
  blood	
  
samples,	
  liver,	
  adrenal,	
  and	
  pancreas	
  were	
  
removed	
  from	
  some	
  animals.	
  	
  At	
  sacrifice	
  at	
  6	
  
weeks,	
  kidney,	
  cerebrum,	
  cerebellum,	
  hear,	
  
lung,	
  spleen,	
  and	
  testes	
  were	
  obtained	
  and	
  
examined	
  histologically.	
  	
  	
  

	
  

No	
  treatment-­‐related	
  toxicity	
  at	
  doses	
  
of	
  up	
  to	
  10%	
  in	
  the	
  diet	
  for	
  6	
  weeks.	
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Table	
  7:	
  	
  In	
  Vivo	
  Toxicological	
  Studies	
  with	
  scFOS	
  
Reference	
   Test	
  Material	
   Study	
  Design	
   Findings	
  

Tokunaga	
  et	
  
al.	
  1986	
  

Neosugar	
   8-­‐week	
  study	
  with	
  6	
  male	
  Wistar	
  rats	
  per	
  group	
  
(6-­‐8	
  wks	
  old)	
  to	
  determine	
  the	
  effect	
  of	
  
Neosugar	
  on	
  body	
  weight	
  gain,	
  organ	
  weight,	
  
serum	
  lipids,	
  faecal	
  excretion	
  and	
  intestinal	
  
function.	
  	
  Rats	
  were	
  administered	
  either	
  10	
  or	
  
20%	
  Neosugar	
  (approximately	
  6	
  and	
  13	
  
g/kg/day,	
  respectively)	
  in	
  their	
  diets.	
  

Rats	
  developed	
  diarrhoea	
  after	
  
starting	
  the	
  Neosugar-­‐containing	
  
diets,	
  but	
  this	
  was	
  not	
  observed	
  after	
  
2	
  to	
  3	
  weeks.	
  	
  After	
  6	
  weeks	
  of	
  
treatment,	
  the	
  body	
  weight	
  gain	
  of	
  
the	
  20%	
  group	
  stat.	
  significantly	
  lower	
  
than	
  control	
  group;	
  no	
  significant	
  
effect	
  on	
  body	
  weight	
  gain	
  in	
  the	
  10%	
  
group.	
  	
  Daily	
  food	
  intake	
  similar	
  in	
  
control	
  and	
  Neosugar-­‐fed	
  groups.	
  	
  
Rats	
  in	
  both	
  treatment	
  groups	
  
exhibited	
  a	
  statistically	
  significant	
  
increase	
  in	
  both	
  wet	
  weight	
  and	
  the	
  
ratio	
  of	
  caecum	
  to	
  colon	
  weights.	
  	
  
Weight	
  of	
  the	
  small	
  intestine	
  was	
  stat.	
  
significantly	
  increased	
  in	
  20%	
  
Neosugar	
  group.	
  No	
  significant	
  
increases	
  in	
  liver	
  or	
  kidney	
  weight	
  
were	
  observed.	
  	
  Faecal	
  wet	
  weight	
  
stat.	
  significantly	
  increased	
  in	
  both	
  
treatment	
  groups.	
  	
  Serum	
  cholesterol	
  
levels	
  slightly	
  reduced	
  in	
  the	
  20%	
  
group.	
  	
  Triacylglycerol	
  levels	
  stat.	
  
significantly	
  decreased	
  in	
  both	
  groups.	
  	
  
Concluded	
  no	
  adverse	
  effects	
  of	
  up	
  to	
  
20%	
  (13	
  g/kg/day)	
  Neosugar	
  in	
  the	
  
diet	
  observed	
  in	
  rats.	
  

Clevenger	
  et	
  
al.	
  1988	
  

Neosugar	
   Carcinogenicity	
  study	
  in	
  Fischer	
  344	
  male	
  and	
  
female	
  rats	
  (50/group)	
  treated	
  with	
  dietary	
  
concentrations	
  of	
  0,	
  8,000,	
  20,000,	
  or	
  50,000	
  
ppm	
  (equivalent	
  to	
  approximately	
  341,	
  854,	
  
and	
  2,170	
  mg/kg/day,	
  respectively,	
  for	
  male	
  
rats	
  and	
  419,	
  1,045,	
  and	
  2,664	
  mg/kg/day,	
  
respectively,	
  for	
  female	
  rats)	
  for	
  104	
  weeks.	
  	
  	
  

No	
  effects	
  on	
  survival,	
  growth,	
  food	
  
consumption,	
  feed	
  efficiency,	
  
haematology	
  parameters,	
  blood	
  
chemistry	
  parameters,	
  organ	
  weights,	
  
and	
  non-­‐neoplastic	
  lesions.	
  	
  The	
  
incidence	
  of	
  rare	
  and	
  spontaneous	
  
tumours	
  was	
  comparable	
  between	
  
control	
  and	
  treated	
  groups	
  with	
  the	
  
exception	
  of	
  pituitary	
  adenomas	
  in	
  
male	
  rats.	
  	
  The	
  increased	
  incidence	
  of	
  
this	
  tumour	
  was	
  not	
  considered	
  to	
  be	
  
treatment-­‐related	
  because	
  the	
  
incidence	
  in	
  all	
  groups	
  was	
  within	
  the	
  
historical	
  control	
  range	
  of	
  this	
  
spontaneous	
  tumour.	
  

The	
  composition	
  of	
  the	
  Neosugar	
  in	
  the	
  Takeda	
  and	
  Niizato	
  1982a	
  and	
  1982b	
  studies	
  was	
  trace	
  of	
  GF,	
  30.9%GF2,	
  55%	
  G3	
  and	
  14.1%	
  GF4	
  -­‐	
  
from	
  Meiji	
  Seika	
  Kaisha	
  Ltd.	
  
The	
  composition	
  of	
  the	
  Neosugar	
  in	
  the	
  Tokunaga	
  et	
  al.	
  1986	
  study	
  was	
  28%GF2,	
  60%	
  GF3	
  and	
  12%	
  GF4	
  -­‐	
  from	
  Meiji	
  Seika	
  Kaisha	
  Ltd	
  
The	
  composition	
  of	
  the	
  Neosugar	
  in	
  the	
  Clevenger	
  et	
  al.	
  1988	
  study	
  was	
  37%	
  GF2,	
  51%	
  GF3,	
  and	
  12%	
  GF4	
  from	
  Meiji	
  Seika	
  Kaisha	
  Ltd	
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2.3.3.2.2 In Vivo Toxicological Studies with Oligofructose (Raftilose) 

Developmental	
  and	
  reproductive	
  toxicity	
  of	
  Raftilose11	
  was	
  investigated	
  rats	
  treated	
  
with	
  dietary	
  concentrations	
  of	
  up	
  to	
  20%	
  (Henquin,	
  1988;	
  Sleet	
  &	
  Brightwell,	
  1990)12.	
  	
  
Henquin	
  (1988)	
  reported	
  the	
  results	
  of	
  a	
  developmental	
  toxicity	
  study	
  in	
  12	
  pregnant	
  
Wistar	
  rats	
  fed	
  a	
  diet	
  containing	
  20%	
  Raftilose	
  during	
  gestational	
  days	
  1-­‐21	
  and	
  
throughout	
  lactation.	
  	
  They	
  concluded	
  that	
  a	
  diet	
  containing	
  20%	
  Raftilose	
  has	
  no	
  
significant	
  effects	
  on	
  the	
  course	
  of	
  pregnancy	
  in	
  rats	
  or	
  on	
  the	
  development	
  of	
  the	
  
foetuses	
  and	
  newborns.	
  	
  In	
  the	
  study	
  by	
  Sleet	
  and	
  Brightwell	
  (1990),	
  pregnant	
  rats	
  
were	
  pre-­‐treated	
  with	
  4.75%	
  Raftilose	
  in	
  the	
  diet	
  on	
  days	
  0	
  to	
  6	
  postcoitum,	
  were	
  
then	
  fed	
  5,	
  10,	
  or	
  20%	
  Raftilose	
  from	
  day	
  6	
  to	
  day	
  15	
  postcoitum,	
  and	
  were	
  sacrificed	
  
on	
  day	
  20.	
  	
  No	
  diarrhoea	
  was	
  observed	
  in	
  any	
  of	
  the	
  test	
  animals	
  and	
  no	
  deaths	
  were	
  
recorded.	
  	
  Treatment	
  with	
  Raftilose	
  had	
  no	
  effect	
  on	
  the	
  number	
  of	
  pups/litter,	
  sex	
  
ratio,	
  or	
  viability	
  of	
  embryos	
  and	
  foetuses.	
  	
  Litter	
  and	
  foetal	
  weights	
  were	
  not	
  
reduced;	
  foetal	
  weight	
  of	
  the	
  20%	
  dose	
  group	
  was	
  statistically	
  significantly	
  greater	
  
than	
  that	
  of	
  the	
  controls.	
  	
  Structural	
  development	
  of	
  the	
  foetuses	
  was	
  unremarkable.	
  	
  
The	
  investigators	
  concluded	
  that	
  dietary	
  supplementation	
  with	
  Raftilose	
  at	
  
concentrations	
  up	
  to	
  20%	
  did	
  not	
  negatively	
  affect	
  the	
  pregnancy	
  outcome	
  or	
  in	
  utero	
  
development	
  of	
  rats.	
  

A	
  13-­‐week	
  dietary	
  study	
  was	
  conducted	
  by	
  Boyle	
  et	
  al.	
  (2008)	
  to	
  evaluate	
  the	
  safety	
  of	
  
Raftilose	
  95	
  in	
  Sprague	
  Dawley	
  rats13.	
  	
  Groups	
  of	
  40	
  male	
  and	
  female	
  7-­‐week	
  old	
  rats	
  
were	
  administered	
  test	
  diets	
  that	
  contained	
  0,	
  0.55,	
  1.65,	
  4.96,	
  or	
  9.91%	
  Raftilose	
  ad	
  
libitum.	
  	
  All	
  rats	
  were	
  observed	
  for	
  mortality,	
  gross	
  motor	
  and	
  behavioural	
  activity	
  and	
  
changes	
  in	
  appearance.	
  	
  Food	
  consumption	
  and	
  body	
  weight	
  were	
  measure	
  daily	
  from	
  
week	
  -­‐1	
  to	
  week	
  13.	
  	
  Water	
  consumption	
  was	
  measured	
  daily	
  for	
  3	
  consecutive	
  days	
  
during	
  weeks	
  1,	
  6,	
  and	
  12.	
  	
  Blood	
  samples	
  were	
  obtained	
  during	
  weeks	
  -­‐1,	
  1,	
  6,	
  and	
  13	
  
to	
   measure	
   several	
   clinical	
   chemistry	
   and	
   haematological	
   parameters.	
   	
   Complete	
  
necropsies	
   were	
   performed	
   and	
   representative	
   samples	
   from	
   each	
   animal’s	
   organs	
  
and	
   tissues	
  were	
   evaluated	
   histologically.	
   	
   The	
   bifidobacterial	
   content	
   of	
   the	
   faecal	
  
samples	
  was	
  also	
  determined.	
   	
   Food	
  consumption	
  was	
  significantly	
   lower	
   in	
  animals	
  
fed	
  the	
  two	
  highest	
  doses;	
  there	
  were	
  no	
  toxicologically	
  relevant	
  clinical	
  observations	
  
or	
  changes	
  in	
  haematological	
  parameters;	
  total,	
  HDL,	
  and	
  LDL	
  cholesterol	
  levels	
  were	
  
significantly	
  lower	
  at	
  several	
  time	
  points	
  in	
  animals	
  fed	
  Raftilose,	
  particularly	
  in	
  male	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
11 Carabin	
  and	
  Flamm	
  (1999)	
  refer	
  to	
  the	
  test	
  substance	
  as	
  FOS,	
  however,	
  it	
  appears	
  that	
  the	
  studies	
  were	
  likely	
  
conducted	
  with	
  oligofructose	
  (Raftilose).	
  

12	
  These	
  are	
  internal	
  unpublished	
  studies:	
  	
  Henquin,	
  J.	
  C.	
  (1988).	
  Reproduction	
  Toxicity:	
  Study	
  on	
  the	
  Influence	
  of	
  	
  
Fructooligosaccharides	
  on	
  the	
  Development	
  of	
  Fetal	
  and	
  Post-­‐natal	
  Rat.	
  	
  Raffinerie	
  Tirlemontoise	
  Internal	
  Report.	
  

	
  	
  	
  	
  	
  Sleet	
  R.	
  and	
  J.	
  Brightwell.	
  	
  (1990).	
  FS-­‐Teratology	
  Study	
  in	
  Rats.	
  Raffinerie	
  Tirlemontoise	
  Internal	
  Report.	
  
13	
  Raftilose	
  95	
  (Orafti,	
  Tienen,	
  Belgium)	
  was	
  composed	
  of	
  glucose	
  and	
  fructose	
  (0.1%),	
  sucrose	
  (5.6%)	
  and	
  oligofructose	
  
(94.3%)	
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rats	
   fed	
   the	
   highest	
   levels.	
   	
   Lipid-­‐lowering	
   effects	
   of	
   oligofructose	
   have	
   been	
  
demonstrated	
  in	
  animals	
  and	
  humans	
  by	
  several	
  investigators	
  (Beylot,	
  2005).	
  	
  Boyle	
  et	
  
al.	
  (2008)	
  concluded,	
  that	
  the	
  NOAEL	
  for	
  oligofructose	
  in	
  the	
  diet	
  is	
  9.91%.	
  

Propst	
   et	
   al.	
   (2003)	
   conducted	
   a	
   study	
   to	
   evaluate	
   the	
   effects	
   of	
   oligofructose	
   and	
  
inulin	
   on	
   nutrient	
   digestibility,	
   stool	
   quality,	
   and	
   faecal	
   protein	
   catabolites	
   in	
   adult	
  
dogs14.	
   	
  Dogs	
  were	
  administered	
  gelatine	
  capsules	
  with	
  doses	
  of	
  1.5,	
  3,	
  or	
  4.5	
  g/day	
  
for	
   98	
   days,	
   to	
   achieve	
   doses	
   equivalent	
   to	
   dietary	
   concentrations	
   of	
   0,	
   0.3,	
   0.6,	
   or	
  
0.9%	
  Raftilose.	
   	
   Supplementation	
   of	
   Raftilose	
   in	
   dogs	
   resulted	
   in	
   positive	
   effects	
   on	
  
indices	
   known	
   to	
   be	
   associated	
   with	
   gut	
   health	
   (e.g.,	
   nutrient	
   digestibility,	
   stool	
  
quality)	
   in	
   dogs	
   consuming	
   a	
   meat-­‐based	
   diet.	
   	
   No	
   decreases	
   in	
   ileal	
   nutrient	
  
digestibility	
   or	
   negative	
   effects	
   on	
   faecal	
   volume	
   or	
   faecal	
   score	
   resulted	
   from	
  
treatment	
   with	
   Raftilose.	
   	
   The	
   authors	
   concluded	
   that	
   beneficial	
   effects	
   were	
  
observed	
   in	
  dogs	
  administered	
  a	
  dose	
  of	
  Raftilose	
  equivalent	
  to	
  0.9%	
   in	
  the	
  diet;	
  no	
  
adverse	
  effects	
  were	
  reported.	
  

Barry	
  et	
  al.	
  (2008)	
  conducted	
  a	
  study	
  to	
  evaluate	
  the	
  effects	
  of	
  ingredients	
  of	
  several	
  
commercially	
   available	
   infant	
   formulas	
  on	
   faecal	
   characteristics	
   in	
   7-­‐9	
  weanling	
  pigs	
  
(14-­‐17	
  days	
  old)	
  per	
  group.	
  	
  Dietary	
  treatments	
  included	
  a	
  whey-­‐dominant	
  powdered	
  
diet	
  with	
   α-­‐lactalbumin	
   and	
   3.0	
   g/L	
   Raftilose	
   95	
   (also	
   known	
   as	
   “Beneo®”)	
   that	
  was	
  
provided	
   for	
   2	
   weeks	
   ad	
   libitum	
   after	
   reconstitution	
   with	
   water.	
   	
   The	
   faecal	
  
characteristics	
  and	
  biochemical	
  parameters	
  that	
  were	
  evaluated	
  included	
  consistency,	
  
colour,	
  odour,	
  dry	
  matter,	
  organic	
  matter,	
  pH,	
  biogenic	
  amines,	
  short	
  and	
  branched-­‐
chain	
   fatty	
  acids,	
  phenols,	
   indoles,	
   and	
  ammonia.	
   	
   There	
  were	
  no	
  differences	
   in	
   the	
  
faecal	
   characteristics	
   between	
   the	
  piglets	
   that	
   ingested	
   formula	
   containing	
  Raftilose	
  
or	
   the	
   control	
   (whey	
   formula)	
   piglets.	
   	
   The	
   authors	
   concluded	
   that	
   faecal	
   attributes	
  
observed	
   in	
   the	
   piglets	
   were	
   consistent	
   with	
   normal,	
   healthy	
   gut	
   function.	
   	
   Faecal	
  
consistencies	
   were	
   similar	
   among	
   all	
   groups	
   with	
   piglets	
   from	
   all	
   treatments	
  
producing	
  faeces	
  with	
  an	
  average	
  score	
  of	
  soft	
  (faecal	
  dry	
  matter	
  at	
  day	
  14	
  was	
  35.5%	
  
in	
   the	
  whey	
   control	
   group	
   compared	
   to	
   38.2%	
   in	
   the	
  Raftilose	
   treated	
   group).	
   	
   The	
  
authors	
   concluded	
   that	
   the	
   use	
   of	
   an	
   infant	
   formula	
   with	
   the	
   addition	
   of	
   Raftilose	
  
would	
   produce	
   faecal	
   consistencies	
   and	
   attributes	
   similar	
   to	
   formulas	
   currently	
  
available	
   to	
   consumers,	
   and	
  would	
   result	
   in	
   normal,	
   healthy	
   gut	
   function	
   in	
   human	
  
infants.	
  

	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
14	
  	
  Oligofructose	
  -­‐	
  	
  Raftilose	
  P95	
  (Orafti,	
  Tienen,	
  Belgium),	
  and	
  inulin	
  (Raftiline	
  HPF;	
  Orafti)	
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Table	
  8:	
  	
  In	
  Vivo	
  Toxicological	
  Studies	
  with	
  Raftilose	
  

Reference	
   Test	
  
Material	
  

Study	
  Design	
   Findings	
  

Henquin	
  1988	
  

(unpublished	
  
study;	
  described	
  
in	
  Carabin	
  and	
  
Flamm	
  1999)	
  

Raftilose*	
  

	
  

Developmental	
  and	
  reproductive	
  toxicity	
  of	
  
Raftilose	
  with	
  12	
  pregnant	
  Wistar	
  rats	
  treated	
  
with	
  a	
  dietary	
  concentration	
  of	
  20%	
  during	
  
gestational	
  days	
  1-­‐21	
  and	
  throughout	
  lactation	
  

Diet	
  containing	
  20%	
  Raftilose	
  had	
  
no	
  significant	
  effects	
  on	
  the	
  course	
  
of	
  pregnancy	
  in	
  rats	
  or	
  on	
  the	
  
development	
  of	
  the	
  foetuses	
  and	
  
newborns.	
  

Sleet	
  and	
  
Brightwell	
  1990	
  
(unpublished	
  
study;	
  described	
  
in	
  Carabin	
  and	
  
Flamm	
  1999)	
  

Raftilose*	
  

 
	
  

Developmental	
  and	
  reproductive	
  toxicity	
  with	
  
pregnant	
  Crl	
  CD	
  (SD)	
  BR	
  rats	
  pre-­‐treated	
  with	
  
4.75%	
  Raftilose	
  in	
  the	
  diet	
  on	
  days	
  0	
  to	
  6	
  
postcoitum	
  and	
  then	
  fed	
  5,	
  10,	
  or	
  20%	
  Raftilose	
  
from	
  day	
  6	
  to	
  day	
  15	
  postcoitum	
  and	
  sacrificed	
  
on	
  day	
  20.	
  	
  

No	
  diarrhoea	
  was	
  observed	
  in	
  any	
  
of	
  the	
  test	
  animals	
  and	
  no	
  deaths.	
  
No	
  effect	
  on	
  number	
  of	
  pups/litter,	
  
sex	
  ratio,	
  and	
  viability	
  of	
  both	
  the	
  
embryo	
  and	
  foetus.	
  	
  Litter	
  and	
  
foetal	
  weights	
  were	
  not	
  reduced;	
  
foetal	
  weight	
  of	
  the	
  20%	
  dose	
  
group	
  was	
  statistically	
  greater	
  than	
  
controls.	
  	
  Structural	
  development	
  
of	
  the	
  foetuses	
  was	
  unremarkable.	
  
Dietary	
  supplementation	
  with	
  
Raftilose	
  at	
  concentrations	
  up	
  to	
  
20%	
  did	
  not	
  negatively	
  affect	
  the	
  
pregnancy	
  outcome	
  or	
  in	
  utero	
  
development	
  of	
  rats.	
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Table	
  8:	
  	
  In	
  Vivo	
  Toxicological	
  Studies	
  with	
  Raftilose	
  

Reference	
   Test	
  
Material	
  

Study	
  Design	
   Findings	
  

Boyle	
  et	
  al.	
  2008	
   Raftilose	
  95	
   13-­‐week	
  dietary	
  study	
  to	
  evaluate	
  the	
  safety	
  of	
  
Raftilose	
  95	
  in	
  SD	
  rats.	
  	
  Groups	
  of	
  40	
  male	
  and	
  
female	
  7-­‐week	
  old	
  rats	
  were	
  administered	
  test	
  
diets	
  that	
  contained	
  0,	
  0.55,	
  1.65,	
  4.96,	
  or	
  
9.91%.	
  	
  All	
  rats	
  were	
  observed	
  for	
  mortality,	
  
gross	
  motor	
  and	
  behavioural	
  activity,	
  and	
  
changes	
  in	
  appearance.	
  	
  Food	
  consumption	
  and	
  
body	
  weight	
  were	
  measure	
  daily	
  from	
  week	
  -­‐1	
  
to	
  week	
  13.	
  	
  Water	
  consumption	
  was	
  measured	
  
daily	
  for	
  3	
  consecutive	
  days	
  during	
  weeks	
  1,	
  6,	
  
and	
  12.	
  	
  Blood	
  samples	
  were	
  obtained	
  during	
  
weeks	
  -­‐1,	
  1,	
  6,	
  and	
  13	
  to	
  measure	
  several	
  
clinical	
  chemistry	
  and	
  haematological	
  
parameters.	
  	
  Complete	
  necropsies	
  were	
  
performed	
  and	
  representative	
  samples	
  from	
  
each	
  animal’s	
  organs	
  and	
  tissues	
  were	
  
evaluated	
  histologically.	
  	
  The	
  bifidobacterial	
  
content	
  of	
  the	
  faecal	
  samples	
  was	
  also	
  
determined.	
  

Food	
  consumption	
  significantly	
  
lower	
  in	
  animals	
  fed	
  highest	
  2	
  
doses;	
  there	
  were	
  no	
  
toxicologically	
  relevant	
  clinical	
  
observations	
  or	
  changes	
  in	
  
haematological	
  parameters;	
  total,	
  
HDL,	
  and	
  LDL	
  cholesterol	
  levels	
  
were	
  significantly	
  lower	
  at	
  several	
  
time	
  points	
  treated	
  groups,	
  esp.	
  
male	
  rats	
  fed	
  the	
  highest	
  2	
  doses.	
  	
  
Concluded,	
  that	
  the	
  NOAEL	
  is	
  
9.91%.	
  

	
  

Propst	
  et	
  al.	
  
2003	
  

Raftilose	
   3-­‐month	
  study	
  to	
  evaluate	
  the	
  effects	
  of	
  
Raftilose	
  and	
  inulin	
  on	
  nutrient	
  digestibility,	
  
stool	
  quality,	
  and	
  faecal	
  protein	
  catabolites	
  in	
  
adult	
  dogs.	
  	
  Dogs	
  were	
  administered	
  gelatine	
  
capsules	
  with	
  doses	
  of	
  1.5,	
  3,	
  or	
  4.5	
  g/day,	
  to	
  
achieve	
  dietary	
  concentrations	
  equivalent	
  to	
  0,	
  
0.3,	
  0.6,	
  or	
  0.9%	
  Raftilose	
  in	
  the	
  diet	
  for	
  98	
  
days.	
  	
  	
  

	
  

Treatment	
  resulted	
  in	
  positive	
  
effects	
  on	
  indices	
  known	
  to	
  be	
  
associated	
  with	
  gut	
  health	
  in	
  dogs	
  
consuming	
  a	
  meat-­‐based	
  diet.	
  	
  No	
  
decreases	
  in	
  ileal	
  nutrient	
  
digestibility	
  or	
  negative	
  effects	
  on	
  
faecal	
  volume	
  or	
  faecal	
  score.	
  
Concluded	
  that	
  beneficial	
  effects	
  
observed	
  in	
  dogs	
  administered	
  the	
  
dose	
  of	
  Raftilose	
  equivalent	
  to	
  
0.9%	
  in	
  the	
  diet;	
  no	
  adverse	
  effects	
  
were	
  reported.	
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Table	
  8:	
  	
  In	
  Vivo	
  Toxicological	
  Studies	
  with	
  Raftilose	
  

Reference	
   Test	
  
Material	
  

Study	
  Design	
   Findings	
  

Barry	
  et	
  al.	
  2008	
   Raftilose	
   2-­‐week	
  study	
  to	
  evaluate	
  the	
  effects	
  of	
  
ingredients	
  of	
  several	
  commercially	
  available	
  
infant	
  formulas	
  on	
  faecal	
  characteristics	
  in	
  7-­‐9	
  
weanling	
  pigs	
  (14-­‐17	
  days	
  old)	
  per	
  group.	
  	
  
Dietary	
  treatments	
  included	
  a	
  whey-­‐dominant	
  
powdered	
  diet	
  with	
  α-­‐lactalbumin	
  and	
  3.0	
  g/L	
  
Raftilose	
  95	
  provided	
  ad	
  libitum.	
  	
  Faecal	
  
characteristics	
  and	
  biochemical	
  parameters	
  that	
  
were	
  evaluated	
  included	
  consistency,	
  colour,	
  
odour,	
  dry	
  matter,	
  organic	
  matter,	
  pH,	
  biogenic	
  
amines,	
  short	
  and	
  branched-­‐chain	
  fatty	
  acids,	
  
phenols,	
  indoles,	
  and	
  ammonia.	
  	
  	
  

No	
  differences	
  in	
  the	
  faecal	
  
characteristics	
  between	
  the	
  piglets	
  
that	
  ingested	
  formula	
  containing	
  
Raftilose	
  or	
  the	
  control	
  (whey	
  
formula)	
  piglets	
  and	
  healthy	
  gut	
  
function	
  were	
  attained	
  in	
  the	
  
weanling	
  piglets	
  consuming	
  the	
  
experimental	
  treatments.	
  	
  Faecal	
  
consistencies	
  were	
  similar	
  among	
  
all	
  groups	
  with	
  piglets	
  from	
  all	
  
treatments	
  producing	
  faeces	
  with	
  
an	
  average	
  score	
  of	
  soft.	
  	
  Faecal	
  
attributes	
  were	
  consistent	
  with	
  
normal	
  health	
  gut	
  function	
  in	
  
piglets.	
  

	
  

2.3.3.2.3 In Vivo Studies with Other Sources of FOS 
Anthony	
  et	
  al.	
  (2006)	
  conducted	
  a	
  90-­‐day	
  oral	
  gavage	
  study	
  with	
  6-­‐week-­‐old	
  male	
  and	
  
female	
   rats	
   treated	
   with	
   reverse	
   osmosis	
   deionised	
   water	
   (RODI),	
   2,500	
   or	
   5,000	
  
mg/kg	
   bw/day	
   Vivinal®	
   GOS	
   syrup	
   (45%	
   GOS),	
   or	
   with	
   FOS	
   as	
   a	
   reference	
   control	
  
(Mead	
  Johnson	
  Nutritionals	
  –	
  no	
  other	
  information	
  about	
  the	
  formulation	
  or	
  source	
  of	
  
FOS	
  available).	
  	
  The	
  FOS	
  reference	
  control	
  was	
  a	
  mixture	
  of	
  70%	
  w/v	
  FOS	
  and	
  30%	
  w/v	
  
lactose	
  and	
  glucose	
  mixed	
  with	
  water.	
  	
  Although	
  the	
  dose	
  level	
  was	
  not	
  provided	
  for	
  
FOS,	
  the	
  dose	
  volume	
  was	
  7.8	
  ml/kg	
  bw,	
  similar	
  to	
  the	
  dose	
  volume	
  of	
  the	
  high	
  dose	
  
GOS	
  group	
  at	
  5,000	
  mg/kg/day	
  (the	
  dose	
  volume	
  of	
  the	
  low	
  dose	
  GOS	
  group	
  was	
  3.9	
  
ml/kg	
  bw).	
   	
  Therefore,	
  the	
  dose	
  of	
  FOS	
  was	
   likely	
  5,000	
  mg/kg	
  bw/day	
   in	
  this	
  study.	
  	
  
Body	
  weights	
  and	
  food	
  consumption	
  were	
  recorded	
  on	
  day	
  1	
  and	
  weekly	
  thereafter.	
  	
  
Clinical	
   chemistry	
   and	
   haematological	
   parameters	
   were	
   evaluated	
   along	
   with	
  
urinalysis	
  on	
  day	
  90.	
  	
  Gross	
  necropsies	
  were	
  conducted	
  and	
  organ	
  weights	
  recorded	
  at	
  
the	
  end	
  of	
  the	
  study.	
  	
  Mean	
  food	
  consumption	
  of	
  the	
  FOS	
  control	
  group	
  and	
  the	
  high	
  
dose	
  GOS	
  group	
  was	
  significantly	
  lower	
  than	
  the	
  RODI	
  control	
  group.	
  	
  The	
  occasional	
  
statistically	
   significant	
   haematological	
   and	
   clinical	
   chemistry	
   evaluations	
   (e.g.,	
  mean	
  
eosinophil	
   value	
   for	
   the	
   FOS	
   control	
   group	
  was	
  higher	
   than	
  RODI	
   control	
   and	
  mean	
  
glucose	
  value	
  was	
  statistically	
  lower	
  for	
  the	
  FOS	
  control	
  males	
  compared	
  to	
  the	
  RODI	
  
water	
   control	
   group)	
  were	
   considered	
  minor,	
   inconsistent,	
   not	
   related	
   to	
   dose,	
   and	
  
within	
  the	
  intra-­‐laboratory	
  historical	
  control	
  values.	
  	
  The	
  NOAEL	
  for	
  GOS	
  was	
  reported	
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to	
   be	
   5,000	
  mg/kg	
   bw/day	
   (the	
   highest	
   dose	
   tested).	
   	
   Although	
   this	
   study	
  was	
   not	
  
designed	
  to	
  specifically	
  evaluate	
  the	
  effects	
  of	
  FOS,	
  the	
  results	
  provide	
  support	
  for	
  a	
  
lack	
   of	
   adverse	
   effects	
   associated	
   with	
   FOS	
   and	
   a	
   possible	
   NOAEL	
   of	
   5,000	
   mg/kg	
  
bw/day	
  (Anthony,	
  Merriman,	
  &	
  Heimbach,	
  2006).	
  

2.3.3.3 Effects of scFOS or Oligofructose on Intestinal Barrier 
Function 

In	
   contrast	
   to	
   the	
   potentially	
   protective	
   effects	
   on	
   faecal	
   microflora	
   in	
   animals	
   and	
  
humans	
  consuming	
  β-­‐2-­‐fructans	
  observed	
  in	
  many	
  studies,	
  a	
  single	
  group	
  of	
  investigators	
  
have	
  reported	
  an	
   increased	
  risk	
   for	
  translocation	
  of	
  Salmonella	
   in	
   inoculated	
  Wistar	
  rats	
  
consuming	
  Raftilose	
  95	
  or	
  long	
  chain	
  inulin	
  (Frutafit®,	
  Sensus)	
  in	
  combination	
  with	
  a	
  low-­‐
calcium	
   diet	
   (Bovee-­‐Oudenhoven,	
   Ten	
   Bruggencate,	
   Lettink-­‐Wissink,	
   &	
   van	
   der	
   Meer,	
  
2003;	
   Ten	
   Bruggencate,	
   Bovee-­‐Oudenhoven,	
   Lettink-­‐Wissink,	
   Katan,	
   &	
   van	
   der	
   Meer,	
  
2004;	
   Ten	
   Bruggencate,	
   Bovee-­‐Oudenhoven,	
   Lettink-­‐Wissink,	
   &	
   Van	
   der	
   Meer,	
   2003,	
  
2005).	
   	
   Groups	
   of	
   8	
   rats	
  were	
   fed	
   restricted	
   diets	
   containing	
   3	
   g/100	
   g	
   chow	
   (3%)	
   or	
   6	
  
g/100	
  g	
  (6%)	
  of	
  Raftilose	
  for	
  2	
  weeks.	
  	
  After	
  2	
  weeks,	
  the	
  rats	
  were	
  orally	
  inoculated	
  with	
  
the	
   pathogen	
   Salmonella	
   enteriditis	
   and	
   after	
   9	
   days,	
   the	
   rats	
   were	
   euthanized.	
  	
  
Treatment	
  with	
  Raftilose	
  was	
  associated	
  with	
   faecal	
  water	
  cytotoxicity	
  as	
   tested	
   in	
  vitro	
  
with	
  a	
  suspension	
  of	
  red	
  blood	
  cells,	
  and	
  faecal	
  mucin	
  and	
  urinary	
  excretion	
  of	
  nitrate	
  and	
  
nitrite	
  were	
  increased	
  in	
  rats	
  consuming	
  the	
  β-­‐2-­‐fructans	
  and	
  low	
  calcium	
  diets	
  (20	
  or	
  30	
  
mmol	
  CaHPO4	
   .2H2O/kg	
  diet).	
   	
   In	
  animals	
  consuming	
  higher	
   levels	
  of	
  calcium	
  (100	
  mmol	
  
CaHPO4	
   .2H2O/kg	
  diet),	
   however,	
   these	
   effects	
  were	
  not	
  observed	
   (Ten	
  Bruggencate,	
   et	
  
al.,	
  2004).	
   	
   In	
  a	
  subsequent	
  study	
  (Ten	
  Bruggencate,	
  et	
  al.,	
  2005),	
   intestinal	
  permeability	
  
was	
   observed	
   to	
   decrease	
   in	
   animals	
   consuming	
   a	
   low-­‐calcium	
   diet	
   and	
   Raftilose.	
   	
   The	
  
effects	
  of	
  Raftilose	
  or	
   inulin	
  on	
   intestinal	
  permeability	
  and	
  bacterial	
   translocation	
   in	
  rats	
  
reported	
   by	
   Ten	
   Bruggencate	
   appear	
   to	
   be	
   related	
   to	
   the	
   low	
   calcium	
   diets	
   (Guarner,	
  
2007).	
  	
  

The	
  same	
  investigators	
  also	
  examined	
  measures	
  of	
  intestinal	
  barrier	
  function	
  in	
  34	
  healthy	
  
men	
  consuming	
  20	
  g	
  Raftilose	
  95	
  in	
  combination	
  with	
  diets	
  containing	
  approximately	
  300	
  
mg	
   calcium	
   (a	
   low	
   calcium	
  diet)	
   (Ten	
  Bruggencate,	
   Bovee-­‐Oudenhoven,	
   Lettink-­‐Wissink,	
  
Katan,	
  &	
  van	
  der	
  Meer,	
  2006).	
  	
  In	
  this	
  placebo-­‐controlled	
  crossover	
  study,	
  Raftilose	
  had	
  no	
  
effects	
   on	
   faecal	
   water	
   toxicity	
   or	
   intestinal	
   permeability.	
   	
   The	
   authors	
   concluded	
   that	
  
consumption	
  of	
  Raftilose	
   increased	
   flatulence	
  and	
   intestinal	
  bloating	
  and	
  doubled	
   faecal	
  
mucin	
   excretion,	
   indicating	
   mucosal	
   irritation.	
   	
   However,	
   Raftilose	
   did	
   not	
   affect	
   the	
  
cytotoxicity	
   of	
   faecal	
   water	
   and	
   intestinal	
   permeability	
   and	
   the	
   increase	
   in	
   mucin	
  
excretion	
   suggests	
   mucosal	
   irritation	
   in	
   humans,	
   but	
   the	
   overall	
   effects	
   were	
   more	
  
moderate	
  than	
  those	
  in	
  rats	
  (Ten	
  Bruggencate,	
  et	
  al.,	
  2006).	
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These	
  studies	
  should	
  be	
  carefully	
  evaluated,	
  as	
  there	
  are	
  some	
  methodological	
   issues	
  to	
  
consider	
  when	
  drawing	
  conclusions	
  about	
  the	
  reported	
   findings.	
   	
  Ten	
  Bruggencate	
  et	
  al.	
  
(2005)	
  stated	
  “caution	
  must	
  be	
  exercised	
  when	
  extrapolating	
  findings	
  from	
  these	
  animal	
  
experiments	
  to	
  humans	
  because	
  the	
   intestinal	
  permeability	
  of	
  rats	
   is	
  higher	
  than	
  that	
  of	
  
humans.”	
  	
  In	
  addition,	
  cytotoxicity	
  of	
  faecal	
  water	
  is	
  usually	
  tested	
  in	
  vitro	
  using	
  intestinal	
  
epithelial	
  cells	
  rather	
  than	
  red	
  blood	
  cells,	
  which	
  may	
  be	
  too	
  susceptible	
  to	
  changes	
  in	
  pH	
  
by	
  SCFA,	
  whereas	
  intestinal	
  epithelial	
  cells	
  normally	
  use	
  organic	
  acids	
  as	
  an	
  energy	
  source	
  
(Guarner,	
  2007).	
  	
  Translocation	
  of	
  gut	
  bacteria	
  is	
  normally	
  demonstrated	
  by	
  the	
  detection	
  
of	
   viable	
   bacteria	
   in	
   mesenteric	
   lymph	
   nodes	
   rather	
   than	
   by	
   the	
   urinary	
   excretion	
   of	
  
nitrites	
   and	
   nitrates.	
   	
   Faecal	
   mucin	
   excretion	
   is	
   not	
   necessarily	
   a	
   marker	
   of	
   mucosal	
  
irritation;	
  mucins	
  are	
  secreted	
  in	
  response	
  to	
   irritation	
  as	
  a	
  repair	
  mechanism,	
  but	
  other	
  
functions	
  of	
  mucins	
  are	
  lubrication	
  to	
  improve	
  transit	
  and	
  nutrition	
  of	
  commensal	
  bacteria	
  
(Hooper,	
   Midtvedt,	
   &	
   Gordon,	
   2002).	
   	
   Fibres	
   increase	
   mucin	
   secretion	
   for	
   lubrication	
  
purposes,	
  and	
  this	
  is	
  not	
  associated	
  with	
  a	
  deranged	
  barrier	
  function,	
  but,	
  on	
  the	
  contrary,	
  
deficiency	
  of	
  dietary	
  fiber	
  results	
   in	
  colonic	
  mucosal	
   fragility	
   (Strugala,	
  Allen,	
  Dettmar,	
  &	
  
Pearson,	
  2003).	
  

Based	
   on	
   these	
   studies,	
   the	
   available	
   evidence	
   in	
   humans	
   does	
   not	
   indicate	
   that	
  
consumption	
  of	
   inulin	
  or	
  Raftilose	
  as	
  part	
  of	
  a	
  balanced	
  diet	
  has	
  any	
  adverse	
  effects	
  on	
  
intestinal	
   permeability,	
   faecal	
   water	
   cytotoxicity,	
   faecal	
   ALP	
   activity,	
   the	
   faecal	
  
concentration	
  of	
  mucin-­‐type	
  oligosaccharides,	
  or	
  presents	
  an	
   increased	
  risk	
   for	
  bacterial	
  
translocation	
  in	
  humans.	
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2.4 Clinical Studies of scFOS or Oligofructose Fed to 
Infants and Toddlers 

 
One	
  of	
  the	
  primary	
  reasons	
  given	
  by	
  FSANZ	
  for	
  the	
  exclusion	
  of	
  scFOS	
  in	
  Application	
  P306	
  (Food	
  
Standards	
   Australia	
   New	
   Zealand	
   (FSANZ),	
   2008a,	
   2008b)	
   was	
   scFOS	
   had	
   not	
   been	
   sufficiently	
  
studied	
   in	
   infants	
   and	
   young	
   children	
   to	
   allow	
   any	
   conclusions	
   to	
   be	
   made	
   regarding	
   the	
  
physiological	
  effects	
  of	
  scFOS.	
   	
   	
  Furthermore	
  FSANZ	
  expressed	
  concerns	
   related	
  to	
   the	
  potential	
  
for	
  adverse	
  effects	
  on	
  water	
  balance,	
  based	
  on	
  concerns	
  raised	
  previously	
  during	
  early	
  reviews	
  in	
  
the	
   EU	
   (Scientific	
   Committee	
   on	
   Food,	
   2001a,	
   2001b;	
   Scientific	
   Panel	
   on	
   Dietetic	
   Products	
  
Nutrition	
   and	
   Allergies,	
   2004).	
   	
   Those	
   issues	
   raised	
   by	
   the	
   EU	
   committees	
   related	
   to	
   both	
  
categories	
  of	
  resistant	
  short	
  chain	
  oligofructans,	
  scFOS	
  and	
  oligofructose,	
  and	
  did	
  not	
  differentiate	
  
between	
   the	
   two	
   compounds.	
   	
   The	
   2008	
   FSANZ	
   review	
   found	
   that	
   there	
  was	
   sufficient	
   data	
   to	
  
address	
   the	
   concerns	
   regarding	
  water	
  balance	
   for	
  oligofructose,	
   but	
  not	
   scFOS	
   (Food	
  Standards	
  
Australia	
  New	
  Zealand	
  (FSANZ),	
  2008a,	
  2008b).	
  
	
  
This	
   section	
   will	
   present	
   a	
   number	
   of	
   clinical	
   trials,	
   which	
   have	
   been	
   conducted	
   to	
   assess	
   the	
  
suitability	
  and	
  potential	
  benefits	
  of	
  scFOS	
  or	
  oligofructose	
  (which	
  are	
  substantially	
  equivalent)	
   in	
  
the	
  diets	
  of	
   infants	
  and	
  toddlers;	
  findings	
  from	
  many	
  of	
  these	
  studies	
  have	
  been	
  reported	
  in	
  the	
  
peer-­‐reviewed,	
   published	
   literature.	
   	
   In	
   Japan,	
   scFOS	
   has	
   been,	
   and	
   continues	
   to	
   be	
   used	
  
extensively	
   in	
   infant	
   formula	
  and	
   foods	
   for	
   young	
  children,	
   for	
  many	
  years,	
  with	
   the	
  acceptable	
  
intake	
  level	
  of	
  4.2	
  g	
  scFOS/day	
  determined	
  for	
  infants	
  less	
  than	
  one	
  year	
  of	
  age	
  based	
  primarily	
  on	
  
published	
   safety	
   and	
   tolerance	
   information	
   from	
   a	
   large	
   nationwide	
   survey	
   of	
   infants	
   in	
   Japan	
  
(Yamamoto	
   &	
   Yonekubo,	
   1993).	
   	
   In	
   that	
   survey	
   of	
   20,742	
   infants	
   (up	
   to	
   4.5	
   months	
   of	
   age),	
  
physical	
   growth,	
   nutritional	
   intake,	
   faecal	
   properties	
   and	
   general	
   health	
   parameters	
   for	
   both	
  
breast	
  milk-­‐	
  and	
  infant	
  formula-­‐fed	
  infants	
  were	
  reported.	
  	
  No	
  adverse	
  effects	
  were	
  reported	
  for	
  
any	
  of	
  the	
  health	
  parameters	
  surveyed.	
  	
  Based	
  on	
  the	
  concentration	
  of	
  scFOS	
  in	
  infant	
  formula	
  in	
  
Japan	
  at	
  the	
  time	
  of	
  the	
  survey	
  (3.2	
  g	
  scFOS/L),	
   infants	
  were	
  estimated	
  to	
  consume	
  a	
  mean	
  and	
  
90th	
   percentile	
   intake	
   of	
   3.0	
   and	
   4.2	
   g/day	
   of	
   scFOS,	
   respectively.	
   	
   A	
   systematic	
   review	
   of	
  
randomized	
   controlled	
   trials	
   evaluating	
   the	
   efficacy	
   and	
   safety	
   of	
   prebiotic	
   supplementation	
   in	
  
full-­‐term	
   infants	
   (Rao,	
   et	
   al.,	
   2009),	
   made	
   no	
   differentiation	
   of	
   the	
   oligofructan	
   types	
   in	
   the	
  
selection	
   criteria,	
   including	
   the	
   2006	
   study	
   of	
   Bettler	
   and	
   Euler	
   (oligofructose	
   supplemented)	
  
alongside	
  other	
  prebiotics.	
   	
  The	
  conclusion	
  of	
  Rao	
  et.	
  al	
  (2009)	
  was	
  that	
  prebiotic	
  supplemented	
  
formula	
   is	
  well	
   tolerated	
  by	
   term	
  neonates,	
  and	
   that	
   it	
   results	
   in	
  beneficial	
   changes	
   to	
  bacterial	
  
microflora,	
   and	
   stool	
   consistency	
   that	
   is	
   similar	
   to	
   those	
   of	
   breastfed	
   infants,	
  without	
   affecting	
  
weight	
  gain.	
  	
  Several	
  recent	
  reviews	
  of	
  the	
  roles	
  of	
  prebiotics	
  in	
  infant	
  formula	
  recognise	
  scFOS	
  as	
  
one	
  of	
  the	
  range	
  of	
  prebiotics	
  substances	
  suitable	
  for	
  purpose	
  (Braegger	
  et	
  al.,	
  2011;	
  Sherman	
  et	
  
al.,	
  2009)	
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In	
  addition	
  to	
  currently	
  published	
  studies,	
  Abbott	
  Laboratories	
  also	
  has	
  conducted	
  several	
  clinical	
  
studies	
  in	
  which	
  scFOS	
  was	
  added	
  to	
  infant	
  formula	
  or	
  milk-­‐based	
  beverages	
  for	
  older	
  infants	
  and	
  
toddlers.	
   	
   These	
   studies	
   have	
   used	
   commercially	
   available	
   oligosaccharide	
   ingredients	
   including	
  
scFOS	
  or	
  oligofructose,	
  which	
  are	
  listed	
  in	
  Table	
  1	
  
	
  
9.	
  	
  Results	
  from	
  this	
  combined	
  body	
  of	
  research	
  on	
  these	
  ingredients	
  provide	
  information	
  that	
  can	
  
be	
  used	
  to	
  assess	
  the	
  suitability	
  of	
  adding	
  scFOS	
  to	
  infant	
  formula	
  and	
  follow-­‐on	
  formula.	
  Details	
  
of	
  these	
  studies,	
  whilst	
  submitted	
  as	
  Confidential	
  Information	
  at	
  the	
  time	
  of	
  this	
  application,	
  are	
  
intended	
  for	
  submission	
  for	
  publication	
  in	
  peer-­‐reviewed	
  journals,	
  and	
  conference	
  presentations	
  
(Lasekan	
   et	
   al.,	
   2010)	
   in	
   2011	
   and	
   beyond,	
   at	
   which	
   time	
   the	
   published	
   information	
   becomes	
  
public.	
  	
  	
  

 

2.4.1 scFOS or Oligofructose in Infant Formula 

Several	
   studies	
   have	
   been	
   conducted	
   in	
   which	
   the	
   effects	
   of	
   scFOS	
   or	
   oligofructose	
   in	
  
infant	
   formula	
   have	
   been	
   examined	
   in	
   the	
   first	
   weeks	
   or	
  months	
   of	
   life.	
   	
   Measures	
   of	
  
faecal	
   microflora	
   and	
   stool	
   characteristics	
   in	
   these	
   studies	
   provide	
   information	
   on	
   the	
  
potential	
  benefits	
  of	
  ingestion,	
  while	
  measures	
  of	
  growth,	
  tolerance,	
  adverse	
  events,	
  and	
  
clinical	
  chemistries	
  provide	
  evidence	
  regarding	
  the	
  suitability	
  of	
  scFOS	
  or	
  oligofructose	
  in	
  
infant	
  formula	
  consumed	
  as	
  a	
  sole	
  source	
  of	
  nutrition	
  during	
  the	
  first	
  months	
  of	
  life.	
  

2.4.1.1 Abbott Nutrition Studies of scFOS in Infant Formula 

Clinical	
   trials	
  have	
  been	
  conducted	
  by	
  Abbott	
  Nutrition	
   (USA)	
   to	
  assess	
   the	
  suitability	
  
and	
  efficacy	
  of	
  scFOS	
   in	
   infant	
   formula	
  provided	
  as	
  a	
  sole	
  source	
  of	
  nutrition	
  to	
  term	
  
infants	
  within	
  their	
  first	
  four	
  months	
  of	
  life	
  (Table	
  9).	
  Measures	
  of	
  faecal	
  microflora	
  and	
  
stool	
   characteristics	
   in	
   these	
  studies	
  provide	
   information	
  on	
   the	
  potential	
  benefits	
  of	
  
ingestion,	
   while	
   measures	
   of	
   growth,	
   tolerance,	
   adverse	
   events,	
   and	
   clinical	
  
chemistries	
   provide	
   evidence	
   regarding	
   the	
   suitability	
   of	
   scFOS	
   or	
   oligofructose	
   in	
  
infant	
  formula	
  consumed	
  as	
  a	
  sole	
  source	
  of	
  nutrition	
  during	
  the	
  first	
  months	
  of	
  life.	
  

The	
   source	
   of	
   the	
   scFOS	
   used	
   in	
   each	
   of	
   the	
   studies	
  was	
  GTC	
  Nutrition’s	
   NutraFlora	
  
P95,	
  which	
  is	
  produced	
  from	
  the	
  enzymatic	
  activity	
  of	
  fructosyltransferase	
  on	
  sucrose.	
  	
  
The	
  studies	
  include	
  a	
  two-­‐week	
  feeding	
  intervention	
  to	
  assess	
  the	
  tolerance	
  of	
  formula	
  
containing	
  scFOS	
  and	
  a	
  16-­‐week	
  study	
  to	
  assess	
  growth	
  of	
  infants	
  consuming	
  formula	
  
containing	
   scFOS	
   (Abbott	
   Laboratories,	
  2011d),	
   a	
  4-­‐week	
   study	
   to	
  examine	
  effects	
  of	
  
the	
  scFOS-­‐supplemented	
  formula	
  on	
  faecal	
  microbiology	
  (main	
  study	
  details	
  submitted	
  
under	
   Confidence),	
   and	
   a	
   35-­‐day	
   trial	
   to	
   assess	
   the	
   comparative	
   gastrointestinal	
  
tolerance	
   of	
   soy-­‐based	
   infant	
   formula	
   containing	
   scFOS	
   (Abbott	
   Laboratories,	
   2011a;	
  
Lasekan,	
  et	
  al.,	
  2010).	
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Across	
   all	
   trials	
   conducted	
   by	
   Abbott,	
   where	
   possible,	
   measures	
   were	
   standardised.	
  	
  
For	
  example	
  the	
  ranking	
  and	
  scoring	
  system	
  for	
  stool	
  consistency	
  was	
  calculated	
  as	
  the	
  
mean	
   rank	
   stool	
   consistency	
   (MRSC).	
   The	
   mean	
   rank	
   stool	
   consistency	
   (MRSC)	
   is	
  
calculated	
  for	
  each	
  infant	
  for	
  each	
  day	
  by	
  assigning	
  a	
  numerical	
  value	
  (rank)	
  to	
  each	
  of	
  
the	
   consistencies:	
   watery=1;	
   loose/mushy=2;	
   soft=3;	
   formed=4;	
   and	
   hard=5,	
  
multiplying	
  the	
  number	
  of	
  stools	
  of	
  each	
  consistency	
  with	
  the	
  numerical	
  values,	
  taking	
  
the	
   sum	
   and	
   dividing	
   by	
   the	
   total	
   number	
   of	
   stools.	
   The	
   average	
   of	
   the	
   daily	
  mean	
  
ranks	
   are	
   computed	
   to	
   find	
   the	
  MRSC	
   for	
   the	
   feeding	
  period.	
   The	
  median	
  MRSC	
   is	
   a	
  
summary	
  statistic	
  representative	
  of	
  the	
  feeding	
  group.	
  The	
  median	
  MRSC	
  for	
  a	
  feeding	
  
group	
   is	
   found	
  by	
   taking	
   the	
  middle	
  ordered	
  value	
  of	
   the	
  MRSC	
  of	
   the	
   infants	
   in	
   the	
  
group.	
  	
  	
  

Abbott	
   Nutrition	
   follows	
   the	
   guidance	
   developed	
   by	
   the	
   American	
   Academy	
   of	
  
Pediatrics	
   for	
   the	
   clinical	
   testing	
   of	
   Infant	
   Formulas	
   with	
   Respect	
   to	
   Nutritional	
  
Suitability	
   for	
   Term	
   Infants.	
   	
   Based	
   on	
   early	
   studies	
   of	
   infant	
   growth,	
   “the	
   standard	
  
deviation	
  of	
  gain	
  in	
  weight	
  on	
  sex-­‐specific	
  and	
  formula-­‐specific	
  basis	
  for	
  a	
  3-­‐1/2	
  -­‐month	
  
interval	
   beginning	
   during	
   the	
   first	
   month	
   of	
   life	
   is	
   about	
   4.5	
   g/day.	
   	
   The	
   number	
   of	
  
subjects	
  of	
  a	
  specified	
  sex	
  needed	
  in	
  each	
  of	
  two	
  groups	
  to	
  detect	
  a	
  3	
  g/day	
  difference	
  
in	
  weight	
  gain	
  (p	
  <	
  0.05)	
  with	
  a	
  power	
  of	
  0.8	
  in	
  a	
  one-­‐	
  tailed	
  test	
  is	
  therefore	
  28.	
  If	
  both	
  
sexes	
  are	
  studied,	
   it	
  will,	
  of	
  course,	
  be	
  necessary	
  to	
  take	
   into	
  account	
  the	
  sex-­‐related	
  
difference	
  in	
  rate	
  of	
  gain”	
  (Nelson,	
  Rogers,	
  Ziegler,	
  &	
  Fomon,	
  1989;	
  USFDA	
  Department	
  
of	
  Health	
  and	
  Human	
  Services,	
  1988).	
  

When	
   exclusively	
   breast-­‐fed	
   infants	
   are	
   enrolled	
   into	
   a	
   clinical	
   trial,	
   no	
   distinction	
   is	
  
made	
  on	
  how	
   the	
   infant	
   is	
   fed	
  human	
  milk	
   (breast	
   versus	
  bottle).	
   	
   Furthermore,	
   the	
  
studies	
   did	
   not	
   consider	
   if	
   infants	
   were	
   firstborns.	
   	
   Beginning	
  with	
   the	
   first	
   feeding,	
  
parent(s)	
   were	
   asked	
   to	
   complete	
   a	
   Dietary	
   Intake	
   and	
   Stool	
   Record	
   and	
   record	
   for	
  
each	
  day	
  until	
   the	
  next	
   scheduled	
   visit.	
   	
   At	
   each	
   study	
   visit,	
   study	
  personnel	
   provide	
  
verbal	
   instructions	
  on	
  how	
  to	
  complete	
  the	
   forms,	
  which	
  contain	
  written	
   instructions	
  
and	
   descriptions	
   of	
   stool	
   categories.	
   	
   In	
   addition,	
   they	
   are	
   instructed	
   to	
   record	
  
characteristics	
   (consistency,	
   colour,	
   and	
   frequency)	
  of	
   their	
   infant’s	
   stools,	
   volume	
  of	
  
formula	
  consumed	
  at	
  each	
   feeding,	
  and	
   incidence	
  of	
   spit-­‐up	
  and	
  vomiting	
  associated	
  
with	
   feedings.	
   	
   The	
   study	
  personnel	
   review	
  completed	
   forms	
  at	
  each	
   study	
  visit	
  with	
  
the	
  parent(s).	
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2.4.1.1.1 Effects of Infant Formula Containing scFOS on Tolerance 
and Faecal Microbiota During 2 Weeks of Ingestion 
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G/:%++%+:!-+1!/+1!2,!'7/!%+'/06/+'%2+!E/0%21B!,-/5-9!-+1!80%+/!*-3E9/*!./0/!5299/5'/1!
,20! -+-9(*%*! 2,! 3%502,920-! -+1! *5>?$B! 0/*E/5'%6/9(<! ! I'! '7/! /+1! 2,! '7/! *'81(B! G9221!
*-3E9/*! ./0/! 5299/5'/1! ,023! -! *8G*-3E9/! 2,! %+,-+'*! ,20! -+-9(*%*! 2,! *5>?$B! -9-+%+/!
-3%+2'0-+*,/0-*/! HIAQKB! -+1! -*E-0'-'/! -3%+2'0-+*,/0-*/! HI$QK<! ! L+! G2'7! 80%+/! -+1!
G9221B!*5>?$!.-*!-**/**/1!-*!F/'2*/!HR>JK!-+1!+(*'2*/!HR>CK<!!Q7028:728'!'7/!G-*/9%+/!
-+1! %+'/06/+'%2+!E/0%21*B!E-0/+'*!F/E'!1-%9(! 0/5201*!2,! ,20389-! %+'-F/B! *'229!E-''/0+*!
H,0/S8/+5(B! 52+*%*'/+5(B! :-*B! 2120B! *'0-%+%+:B! 52920KB! -+1! %+5%1/+5/! 2,! *E%')8E! -+1!
623%'%+:<!

I! '2'-9! 2,! "C! %+,-+'*! /+'/0/1! '7/! %+'/06/+'%2+! E/0%21B! .%'7! JJ! %+,-+'*! %+! '7/! ;<=! :!
*5>?$@A! :028EB! JD! %+,-+'*! %+! '7/! C<D! :! *5>?$@A! :028EB! -+1! J;! %+,-+'*! %+! '7/! 52+'029!
:028E<!!I99!%+,-+'*!./0/!,899!'/03B!.%'7!-!3/-+!:/*'-'%2+-9!-:/!2,!MD!.//F*!E/0!:028E<!!
L+,-+'*!%+!'7/!C<D!:!*5>?$@A!:028E!./0/!291/0!-'!*'81(!/+'0(!HMT!N!C!1-(*K!6/0*8*!%+,-+'*!
%+!'7/!;<=!:!*5>?$@A!:028E!HM;!N!C!1-(*K!20!52+'029!:028E!HCT!N!J!1-(*K<!!Q7/0/!./0/!+2!
1%,,/0/+5/*! %+! 2'7/0! 1/32:0-E7%5! 6-0%-G9/*! -'! *'81(! /+'0(<! ! Q7/! E02E20'%2+! 2,!
'0/-'3/+'!,-%980/*!1%1!+2'!1%,,/0!*%:+%,%5-+'9(!-32+:!'7/!:028E*U!;!2,!J;!%+,-+'*! %+!'7/!
52+'029!:028E!7-1!623%'!20!*E%'!8E!.%'7!/6/0(!,//1%+:!-+1!*'229*!./0/!.-'/0(V!J!2,!;T!
%+,-+'*! H/&5981%+:! '7/! C! E02'2529! ,-%980/*K! %+! '7/! ;<=! :! *5>?$@A! :028E! /&E/0%/+5/1!
%+'29/0-+5/!2+! '7/! *'81(! ,20389-! H/&5/**%6/!1%-0072/-! ,20! M! 1-(*! -+1!./%:7'! 92**B! 20!
.-'/0(! *'229*! .%'7! /-57! ,//1%+:KB! -+1! M! 2,! JD! %+,-+'*! %+! '7/! C<D! :! *5>?$@A! :028E!
/&E/0%/+5/1! %+'29/0-+5/!2+! '7/!*'81(! ,20389-! H;! %+,-+'!.-*!:-**(B! ,8**(!-+1!0/W/5'/1!
,20389-V!-+1!E-0/+'*!2,!C! %+,-+'*!523E9-%+/1!2,! %+,-+'!1%-0072/-B!,8**%+/**B!/&5/**%6/!
*E%'!8E!-+1!623%'%+:K<! !I99! %+,-+'*! %3E026/1!.7/+! '7/(!./0/! *.%'57/1! '2! '7/! 52+'029!
,20389-B!$OL<!

X/-*80/*!2,! %+,-+'!:02.'7B! ,20389-! %+'-F/B!-+1! '29/0-+5/!-0/!*72.+! %+!Q-G9/!;D!-+1!
Q-G9/! ;;<! ! Q7/! ,0/S8/+5(! 2,! ,//1%+:*! -+1! '7/! -6/0-:/! ,20389-! %+'-F/! E/0! 1-(! ./0/!
*%3%9-0! -32+:! '7/! '70//! :028E*! 180%+:! '7/! %+'/06/+'%2+! E/0%21<! ! Y2983/! -+1! 5-920%5!
%+'-F/!G-*/1!2+!G21(!./%:7'!1%1!+2'!1%,,/0!G/'.//+!'7/!,20389-!:028E*!.7/+!-1W8*'/1!
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,20!:/+1/0!H1-'-!+2'!*72.+K<!!Q7/0/!./0/!+2!1%,,/0/+5/*!-32+:!'7/!:028E*!%+!-6/0-:/!
./%:7'B!./%:7'!:-%+!E/0!1-(B!./%:7'!4)*520/*!H1-'-!+2'!*72.+KB!20!E/05/+'!57-+:/!,023!
G-*/9%+/! %+! +83G/0! 2,! ,//1%+:*! .%'7! *E%'! 8E! 20! 623%'<! ! $'229! 52+*%*'/+5(! .-*! *2,'/0!
180%+:! '7/! ,//1%+:! E/0%21! 523E-0/1! '2! G-*/9%+/! %+! -99! ,20389-! :028E*<! ! $'229!
52+*%*'/+5(B! ,0/S8/+5(B! -+1! E0/123%+-+'! 52+*%*'/+5(! ./0/! 523E-0-G9/! G/'.//+! -99!
:028E*B! -*!./0/! 529280! -+1! E/05/+'! 2,! *'229*!.%'7! *'0-%+%+:B! 21280B! 20! :-*! H1-'-! +2'!
*72.+K<!

Z/*89'*!2,!E9-*3-!-+-9(*%*!2,!9%6/0!/+4(3/*!-+1!80%+-0(!-+-9(*%*!2,!*5>?$!-0/!*72.+!%+!
Q-G9/!;J<!!X/-+!E9-*3-!52+5/+'0-'%2+*!2,!I$Q!-+1!IAQ!./0/!+203-9!-+1!1%1!+2'!1%,,/0!
-32+:! '7/! ,20389-!:028E*<! ! >2992.%+:! 52+*83E'%2+!2,! '7/!;<=!:! *5>?$@A! ,20389-! ,20!
'.2!.//F*B!R>J!.-*!1/'/5'/1!%+!M!2,!"!*-3E9/*!-+1!R>C!.-*!1/'/5'/1!%+!=!2,!"!*-3E9/*B!
.7%9/!-99!80%+/!*-3E9/*!5299/5'/1!,023!%+,-+'*!52+*83%+:!C<D!:!*5>?$@A!./0/!,28+1!'2!
52+'-%+!'7/!29%:2*-557-0%1/*<! !Q7/!52+5/+'0-'%2+!2,!R>C! '/+1/1!'2!G/!7%:7/0!'7-+!'7/!
52+5/+'0-'%2+!2,!R>J!H1-'-!+2'!*72.+KB!-+1!%+,-+'*!52+*83%+:!,20389-!52+'-%+%+:!C<D!:!
*5>?$@A! '/+1/1! '2! 7-6/! 7%:7/0! 52+5/+'0-'%2+*! 2,! '7/! 29%:2*-557-0%1/*! '7-+! %+,-+'*!
52+*83%+:!'7/!,20389-!.%'7!;<=!:!*5>?$@A<!!Q7/!29%:2*-557-0%1/*!./0/!+2'!1/'/5'/1!%+!
80%+/! *-3E9/*! 5299/5'/1! ,023! %+,-+'*! E0%20! '2! 52+*83E'%2+! 2,! '7/! *5>?$)52+'-%+%+:!
,20389-*B!20!,023!%+,-+'*!52+*83%+:!'7/!52+'029!,20389-<!![/'2+/*!./0/!+2'!1/'/5'/1!
%+!80%+/!,023!-+(!%+,-+'*!G/,20/!20!-,'/0!'7/!,//1%+:!E/0%21<!

Q7/0/! ./0/! +2! *%:+%,%5-+'! 1%,,/0/+5/*! %+! ,-/5-9! G%,%12G-5'/0%-! 528+'*! -32+:! '7/!
,20389-!:028E*!-,'/0!'7/!J).//F!,//1%+:!E/0%21<!!>-/5-9!592*'0%1%-!528+'*!1/50/-*/1!%+!
'7/!E2E89-'%2+!2,!%+,-+'*!,/1!,20389-!52+'-%+%+:!;<=!:!*5>?$@A!-*!523E-0/1!'2!%+,-+'*!
,/1!'7/!*5>?$),0//!,20389-<!

Z/*89'*! ,023! '7%*! *'81(! %+1%5-'/! '7-'! ,20389-! 52+'-%+%+:! ;<=! 20! C<D! :! *5>?$@A! .-*!
*8%'-G9/! ,20! %+,-+'*! 26/0! '7/! E/0%21! 2,! %+'/06/+'%2+<! ! Q7/! -11%'%2+! 2,! *5>?$! 1%1! +2'!
-,,/5'!'7/!E02E20'%2+!2,!'0/-'3/+'!,-%980/*B!,20389-!%+'-F/!20!./%:7'!:-%+*<!!I99!%+,-+'*!
7-1!922*/0!*'229*!180%+:!'7/!%+'/06/+'%2+!E/0%21B!.%'7!#M!'2!T"\!2,!E-0/+'*!%1/+'%,(%+:!
'7/! %+,-+']*!E0/123%+-+'!*'229!52+*%*'/+5(!-*!.-'/0(!20! 922*/<! !Q7%*!28'523/!3-(!G/!
-''0%G8'/1!'2!'7/!.7/()/+0%57/1!,20389-!8*/1!%+!'7/!*'81(B!-*!2'7/0!%+6/*'%:-'20*!7-6/!
0/E20'/1! '7-'! %+,-+'*! 52+*83%+:! -! .7/()E0/123%+-+'! ,20389-! 7-6/! 320/! .-'/0(!
*'229*! -*! 523E-0/1! '2! %+,-+'*! 52+*83%+:! -! 5-*/%+)E0/123%+-+'! ,20389-! H^-00%*2+B!
R0-6/0B! Y-0:-*B! _780/99-B! `! a-89/B! ;T#bV! X-9-5-3-+B! IGG28*(B! _022F/B! `! c-8(2FB!
;T#=K<! !Q7/0/!./0/!+2!1%,,/0/+5/*!-32+:!,20389-!:028E*! %+!'7/!57-+:/! %+!E/05/+'!2,!
,//1%+:*!.%'7!*E%')8E!,023!G-*/9%+/!HEdD<D=K<!Q7/!*//3%+:!1%,,/0/+5/*!2G*/06/1!180%+:!
'7/! *'81(! E/0%21! H;C\! ,20! 52+'029! 6*! J=\! ,20! '7/! C<D! :! *5>?$@AK! -0/! -5'8-99(! -90/-1(!
E0/*/+'! -'! G-*/9%+/! H#\! ,20! 52+'029! 6*! ;b\! ,20! '7/! C<D! :! *5>?$@AKB! .7%57! E/0*%*'/1!
'7028:728'! '7/! *'81(<! ! R%6/+! '7/! -G*/+5/! 2,! -! 12*/)0/*E2+*/! '2! '7/! *5>?$)
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*8EE9/3/+'/1!,20389-*B!%'!%*!8+59/-0!'7-'!'7/!*E%')8E!,2992.%+:!,//1%+:*!/&E/0%/+5/1!%+!
'7%*!:028E!5-+!G/!-''0%G8'/1!*29/9(! '2!'7/!-11%'%2+!2,!*5>?$<! !I9'728:7!'7/!1%,,/0/+5/!
-32+:!:028E*!.-*!+2'!*'-'%*'%5-99(!*%:+%,%5-+'B!-!7%:7/0!+83G/0!2,! %+,-+'*! %+!'7/!C<D!:!
*5>?$@A!:028E!/&%'/1!'7/!*'81(!18/!'2!,20389-!%+'29/0-+5/<!!!

L+!*833-0(B!'7/!.7/()/+0%57/1!,20389-!8*/1!%+!'7%*!*'81(!52+,28+1*!%+'/0E0/'-'%2+!2,!
'7/! /,,/5'*! 2,! '7/! *5>?$)52+'-%+%+:! ,20389-*! 2+! *'229! 52+*%*'/+5(<! ! X/-*80/*! 2,!
:02.'7B! ,20389-! %+'-F/B! -+1! 2'7/0! %+1%5-'20*! 2,! '29/0-+5/B! 72./6/0B! *8::/*'! '7-'! -!
.7/()/+0%57/1!,20389-!52+'-%+%+:!8E!'2!C<D!:!*5>?$@A!%*!*8%'-G9/!,20!32*'!%+,-+'*<!!!

2.4.1.1.2 Effects of Infant Formula Containing scFOS on Growth, 
Tolerance and Faecal Microbiota During the First 16 
Weeks of Life 

>2992.%+:! 523E9/'%2+! 2,! '7/! J).//F! '29/0-+5/! -+1! /,,%5-5(! *'81(B! IGG2''! c8'0%'%2+!
52+185'/1!-!52+'0299/1B!G9%+1/1B!389'%)5/+'0/B!0-+123%4/1!*'81(!'2!-**/**!'7/!/,,/5'*!2,!
,20389-! 52+'-%+%+:! C<D! :! *5>?$@A! 2+! '7/! :02.'7B! '29/0-+5/! -+1! ,-/5-9! 3%502G%2'-! 2,!
%+,-+'*!180%+:!'7/!,%0*'!;"!.//F*!2,!9%,/!HIGG2''!A-G20-'20%/*B!JD;;1K<!!L+!'7%*!*'81(B!;DJ!
,20389-),/1B!'/03!%+,-+'*!-:/*!;!'2!#!HN!CK!1-(*!./0/!0-+123%4/1!'2!52+*83/!-!,20389-!
.%'7!C<D!:!*5>?$@A!H+e=DK!20!-!52+'029!,20389-!H+e=JK!180%+:!'7/!*'81(!E/0%21<!!P-*/1 2+!
IGG2''! c8'0%'%2+]*! 59%+%5-9! /&E/0%/+5/B! -! *-3E9/! *%4/! 2,! =D! E/0! :028E! .-*! 0/S8%0/1! '2!
1/'/5'!-!1%,,/0/+5/!2,!C!:@1-(!%+!./%:7'!:-%+!G/'.//+!'7/!'.2!:028E*!2,! %+,-+'*!.%'7!-!
E2./0! 2,! #D\! %+! -! '.2)'-%9/1! '/*'! -**83%+:! -! *'-+1-01! 1/6%-'%2+! 2,! =<C! :@1-(B!
%+520E20-'%+:! '7/! */&)0/9-'/1! 1%,,/0/+5/! %+! 0-'/! 2,! :-%+<! ! ! I! E-0-99/9! -03! 2,! J=! %+,-+'*!
0/5/%6%+:!783-+!3%9F!-*!'7/!E0%3-0(!,//1%+:!,023!G%0'7!'2!;"!.//F*!2,!-:/!.-*!,2992./1<!!
O/%:7'B!9/+:'7B!-+1!7/-1!5%0583,/0/+5/!./0/!3/-*80/1!-'!*'81(!/+'0(!-+1!-'!6%*%'*!-'!MB!
#B!;JB!-+1!;"!.//F*!2,!-:/<!!L+!-11%'%2+!'2!'7/!:02.'7!3/-*80/*B!'7/!%+6/*'%:-'20!-+1@20!
E0%3-0(!5-0/!E7(*%5%-+!-9*2!-**/**/1!'7/!*'-'8*!2,!/-57!%+,-+']*!7/-9'7!180%+:!/-57!2,,%5/!
6%*%'<!!a0%20!'2!'7/!,280!*'81(!6%*%'*B!E-0/+'*!F/E'!1/'-%9/1!C)1-(!0/5201*!2,!%+,-+'*]!1%/'-0(!
%+'-F/B!*'229!E-''/0+*!H+83G/0B!529280B!52+*%*'/+5(KB!-+1!%+5%1/+5/!2,!*E%')8E!-+1!623%'!
2+!,203*!E026%1/1!G(!'7/!*'81(!E/0*2++/9<!!a-0/+'*!./0/!E026%1/1!.0%''/+!:8%1/9%+/*!,20!
523E9/'%2+!2,! '7/!0/5201*B!-*!./99!-*!523E9/'/!6/0G-9! %+*'085'%2+*<! !I'!/-57!6%*%'B! *'229!
*-3E9/*! ./0/! 5299/5'/1! ,20! -+-9(*%*! 2,! -+-/02G%5! 3%502,920-B! -+1! 80%+/! *-3E9/*! ./0/!
5299/5'/1!,20!3/-*80/3/+'!2,!F/'2+/*<!!f0%+/!*-3E9/*!./0/!-9*2!5299/5'/1!180%+:!'7/!;J)
.//F!6%*%'!,20!-+-9(*%*!2,!'7/!%+1%5-+@50/-'%+%+/!0-'%2!-+1!G%9%08G%+<!!g80%+:!'7/!M)!-+1!;")
.//F! *'81(!6%*%'*B!G9221! *-3E9/*!./0/!10-.+! ,20! */083!-+-9(*%*!2,! 9%6/0!/+4(3/*! HIAQ!
-+1!I$QKB!*5>?$B!-+1!5729/*'/029<!!Q7/!E0%3-0(!*'81(!6-0%-G9/!.-*!:02.'7B!-*!-**/**/1!G(!
3/-*80/*! 2,! ./%:7'B! 9/+:'7B! -+1! 7/-1! 5%0583,/0/+5/<! ! Q7/! */52+1-0(! *'81(! 6-0%-G9/*!
%+5981/1!,20389-!%+'-F/B!,20389-!'29/0-+5/B!*'229!3%502,920-!-*!-**/**/1!8*%+:!*'-+1-01!
3%502G%292:%5-9! '/57+%S8/*B! -+1! */083!-+1!80%+/!G%257/3%*'0%/*<! ! Q7/!3/-+! 0-+F! *'229!
52+*%*'/+5(! HXZ$_K! %*! 5-9589-'/1! ,20!/-57! %+,-+'! ,20! /-57!1-(!G(!-**%:+%+:!-!+83/0%5-9!
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6-98/!H0-+FK!'2!/-57!2,!'7/!52+*%*'/+5%/*U!.-'/0(!;V! 922*/@38*7(!JV!*2,'!CV!,203/1!MV!

-+1! 7-01!=B!389'%E9(%+:! '7/! +83G/0! 2,! *'229*! 2,! /-57! 52+*%*'/+5(!.%'7! '7/! +83/0%5-9!
6-98/*B! '-F%+:! '7/! *83!-+1!1%6%1%+:!G(! '7/! '2'-9! +83G/0!2,! *'229*<! Q7/! -6/0-:/!2,! '7/!
1-%9(!3/-+!0-+F!%*!523E8'/1!'2!,%+1!'7/!XZ$_!,20!'7/!,//1%+:!E/0%21<!Q7/!3/1%-+!XZ$_!
%*! -! *833-0(! *'-'%*'%5! 0/E0/*/+'-'%6/! 2,! '7/! ,//1%+:! :028E<! Q7/! 3/1%-+! XZ$_! ,20! -!
,//1%+:!:028E!%*!,28+1!G(!'-F%+:!'7/!3%119/!201/0/1!6-98/!2,!'7/!XZ$_!2,!'7/!%+,-+'*!%+!
'7/!:028E<!!!

I!'2'-9!2,!TC!%+,-+'*!523E9/'/1!'7/!*'81(U!C"!%+!'7/!*5>?$!:028EB!CM!%+!'7/!52+'029!:028EB!
-+1!JC!%+!'7/!783-+!3%9F!:028E<!!Q7/0/!./0/!;M!'0/-'3/+'!,-%980/*!%+!'7/!*'81(!H*5>?$!e!
#V!52+'029!e!"KB!.%'7!+2!*'-'%*'%5-9!1%,,/0/+5/!%+!'7/!+83G/0!2,!'0/-'3/+'!,-%980/*!G/'.//+!
'7/! ,20389-! :028E*<! ! Z/-*2+*! ,20! '0/-'3/+'! ,-%980/! %+5981/1! *(3E'23*! 2,! 3%9F!
%+'29/0-+5/!H*5>?$!e!MV!52+'029!e!JKB!529%5!H*5>?$!e!;KB!1%-0072/-!20!.-'/0(!*'229*!H*5>?$!e!
;V!52+'029!e!JKB!52+*'%E-'%2+!H*5>?$!e!;V!52+'029!e!JKB!-+1!:-**%+/**!H*5>?$!e!;K<!!I!'2'-9!2,!
JD!E02'2529!,-%980/*!.-*!0/E20'/1!H*5>?$!e!"B!52+'029!e!;JB!^X!e!JK<!!Z/-*2+*!,20!E02'2529!
,-%980/!%+5981/1U!3%**/1!6%*%'*!H*5>?$!e!MB!52+'029!e!bB!^X!e!;KB!0/326/1!G(!%+6/*'%:-'20!
G/,20/! *'81(! ,20389-! .-*! *'-0'/1! H*5>?$! e! ;B! 52+'029! e! CBKB! 0/326/1! G(! %+6/*'%:-'20!
G/5-8*/!2,! ,/6/0! H52+'029! e!;KB! 0/326/1!G(!E-0/+'*!18/! '2! ,-%980/! '2! :02.!+203-99(! %+!
-G*/+5/!2,!-+(!20:-+%5!*(3E'23!20!2'7/0!52+1%'%2+!H*5>?$!e!;KB!52+*83/1!2'7/0!,221*!
H52+'029!e!;KB!20!8+-G9/!'2!5299/5'!,-/5-9!*E/5%3/+*!H^X!e!;K<!

X/-*80/*!2,! %+,-+'!:02.'7!-+1! ,20389-! %+'-F/!-0/!*72.+! %+!Q-G9/!;C!-+1!3/-*80/*!2,!
E-0/+')0/E20'/1! '29/0-+5/! -0/! *72.+! %+! Q-G9/! ;M<! ! Q7/0/! ./0/! +2! 1%,,/0/+5/*! -32+:!
:028E*! %+! -6/0-:/!./%:7'B! 9/+:'7! 20! 7/-1! 5%0583,/0/+5/!3/-*80/*V! ./%:7'B! 9/+:'7B! 20!
7/-1! 5%0583,/0/+5/! :-%+*! E/0! 1-(! H1-'-! +2'! *72.+KV! 20! ./%:7'B! 9/+:'7B! 20! 7/-1!
5%0583,/0/+5/!4)*520/*<! !Q7/!1-%9(! ,0/S8/+5(!-+1!62983/!2,! ,20389-!52+*83/1!1%1!+2'!
1%,,/0! G/'.//+! '7/! ,20389-! :028E*B! '728:7! '7028:7! .//F! #! 2,! '7/! *'81(B! %+,-+'*!
52+*83%+:!783-+!3%9F! ,/1!320/! ,0/S8/+'9(! '7-+! %+,-+'*! 52+*83%+:! ,20389-<! ! Y2983/!
-+1! 5-920%5! %+'-F/! G-*/1! 2+! G21(! ./%:7'! 1%1! +2'! 1%,,/0! G/'.//+! '7/! ,20389-! :028E*!
.7/+!-1W8*'/1!,20!:/+1/0!H1-'-!+2'!*72.+K<!!Q7/0/!.-*!+2!1%,,/0/+5/!%+!'7/!E/05/+'-:/!
2,!,//1%+:*!.%'7!*E%'!8E!20!623%'!-502**!'7/!,//1%+:!:028E*<!!g-%9(!*'229!,0/S8/+5(!-32+:!
,//1%+:!:028E*!.-*!+2'!1%,,/0/+'!/&5/E'!-'!.//F!MB!.7/+!%+,-+'*!,/1!/%'7/0!2,!'7/!*'81(!
,20389-*! 7-1! ,/./0! *'229*! E/0! 1-(! '7-+! %+,-+'*! 52+*83%+:! 783-+! 3%9F<! ! >2992.%+:!
%+:/*'%2+!2,!'7/!,20389-!,20!-EE02&%3-'/9(!M!.//F*B!%+,-+'*!52+*83%+:!,20389-!.%'7!C<D!
:!*5>?$@A!7-1!*2,'/0!*'229*!H-**/**/1!G(!3/-+!0-+F!52+*%*'/+5(K!'7-+!%+,-+'*!52+*83%+:!
'7/!52+'029!,20389-<!!Q7/0/!./0/!+2!1%,,/0/+5/*!-502**!'7/!,20389-!:028E*!%+!3/-+!0-+F!
*'229!52+*%*'/+5(!HXZ$_K!180%+:!'7/!0/3-%+1/0!2,!'7/!*'81(B!'728:7!%+,-+'*!,/1!,20389-*!
7-1!,%03/0!*'229*!'7-+!%+,-+'*!,/1!783-+!3%9F!-'!.//F*!MB!#B!-+1!;J<!!hO-'/0(i!.-*!'7/!
E0/123%+-+'!*'229!52+*%*'/+5(!0/E20'/1!%+!'7/!32+'79(!1%-0%/*!G(!;D!'2!JC\!2,!E-0/+'*!
2,!%+,-+'*!,/1!'7/!*5>?$)*8EE9/3/+'/1!,20389-!20!783-+!3%9FB!.7%9/!D!'2!#\!2,!%+,-+'*!
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,/1!'7/!52+'029!,20389-!7-1!-!E0/123%+-+'!*'229!52+*%*'/+5(!1/*50%G/1!-*!.-'/0(<! !Q7/!
783-+!3%9F!:028E!7-1!-!*%:+%,%5-+'9(!92./0!3/1%-+!XZ$_!'7-+!'7/!,20389-!,/1!:028E*!-'!
1-(! J#B! 1-(! ="B! -+1! 1-(! #M! HIc?YI! 2+! 0-+F/1! 1-'-V! EjD<D=K! HQ-G9/! ;=K<! ! I9*2B! '7/!
*8EE9/3/+'/1! ,20389-! :028E! 7-1! -! *%:+%,%5-+'9(! 92./0! 3/1%-+! XZ$_! '7-+! '7/! +2+)
*8EE9/3/+'/1!H52+'029K!:028E!-'!1-(!J#!HIc?YI!2+!0-+F/1!1-'-V!EjD<D=K<!!>20!'7%*!*'81(B!
*'-'%*'%5-9!-+-9(*/*!./0/!+2'!523E9/'/1!2+!'7/!E0/123%+-+'!*'229!52+*%*'/+5%/*!0/E20'/1!
,023!'7/!E-0/+'!1%-0%/*<!^2./6/0B!'7/!3/1%-+!XZ$_!-+1!E0/123%+-+'!*'229!52+*%*'/+5(!
28'523/*!-0/!7%:79(! 5200/9-'/1! *2!32*'! 9%F/9(!1%,,/0/+5/*! %+!3/1%-+!XZ$_!.%99! -9*2!G/!
0/,9/5'/1!-*!1%,,/0/+5/*! %+!E0/123%+-+'! *'229! 52+*%*'/+5(<! L+!:/+/0-9B! '7/!E0/123%+-+'!
52+*%*'/+5(!1%*'0%G8'%2+!%*!*7%,'/1!'2.-01!922*/0!*'229*!,20!'7/!^X!:028E!0/9-'%6/!'2!'7/!
*8EE9/3/+'/1! :028E! kCb\! H.-'/0(! -+1! 922*/K! ,20! '7/! *8EE9/3/+'/1! :028EB! -+1! =#\!
H.-'/0(!-+1!922*/K!,20!'7/!^X!,/1!:028E!-'!.//F!;l<!Q7/0/!-9*2!./0/!+2!1%,,/0/+5/*! %+!
'7/!E/05/+'!2,!*'229*!.%'7!*'0-%+%+:!20!10(+/**!H1-'-!+2'!*72.+K<!

Z/*89'*! ,023! '7/! -**/**3/+'*! 2,! E9-*3-! -+1! 80%+/! -0/! *72.+! %+! Q-G9/! ;=<! ! a9-*3-!
52+5/+'0-'%2+*! 2,! I$Q! -+1! IAQ! ./0/! +203-9! -+1! 1%1! +2'! 1%,,/0! G/'.//+! '7/! ,20389-!
:028E*<! L+,-+'*! ,/1!783-+!3%9F!7-1!7%:7/0!I$QB!IAQ!-+1!5729/*'/029!-5'%6%'(! '7-+!G2'7!
,20389-!,/1!:028E*B!72./6/0!-99!6-98/*!./0/!.%'7%+!'7/!+203-9!0-+:/*!,20!%+,-+'*<! !Q7/!
92./0! 5729/*'/029! 9/6/9*! %+! '7/! ,20389-! ,/1! %+,-+'*! 5-+! G/! /&E/5'/1! -*! '7/! ,20389-!
E026%1/! 92./0! 9/6/9*! 2,! 1%/'-0(! 5729/*'/029! '7-+! 12/*! 783-+!3%9F<! ! R>J! -+1! R>C!./0/!
1/'/5'/1! %+! -EE02&%3-'/9(! CD! '2! #D\! 2,! 80%+/! *-3E9/*! ,023! %+,-+'*! 52+*83%+:! '7/!
*5>?$)*8EE9/3/+'/1!,20389-<!!Q7/!29%:2*-557-0%1/*!./0/!1/'/5'/1!%+!80%+/!,023!;!%+,-+'!
,/1!'7/!52+'029! ,20389-!-'!.//F!#! HR>JKB!-+1!2+/! %+,-+'! ,/1!783-+!3%9F!-'!*'81(!/+'0(!
HR>J!-+1!R>CK<!!R>J!-+1!R>C!./0/!+2'!1/'/5'/1!%+!-+(!E9-*3-!*-3E9/*!H1-'-!+2'!*72.+KB!
-+1!F/'2+/*!./0/!+2'!1/'/5'/1!%+!-+(!80%+/!*-3E9/*<!

>-/5-9! G%,%12G-5'/0%-B! 592*'0%1%-B! -+1! !"# $%&&%'%()! 528+'*! ./0/! *%3%9-0! -32+:! ,20389-!
:028E*! -'! -99! '%3/!E2%+'*<! ! I'!.//F*! #B! ;JB! -+1!;"B! 9-5'2G-5%99%! 528+'*! -+1! 5292+%4-'%2+!
0-'/*!./0/! *%:+%,%5-+'9(!7%:7/0! %+! '7/! *5>?$! ,20389-! :028E! '7-+! %+! '7/! 52+'029! ,20389-!
:028E<!

Z/*89'*! ,023!'7%*! *'81(! %+1%5-'/! '7-'!-+! %+,-+'! ,20389-!52+'-%+%+:!C<D!:! *5>?$@A! %*!./99!
'29/0-'/1<!!I9'728:7!'7/!*'81(!.-*!+2'!-1/S8-'/9(!E2./0/1!'2!1/'/5'!:02.'7!1%,,/0/+5/*!
HI3/0%5-+! I5-1/3(! 2,! a/1%-'0%5*B! ;TT#KB! '7/! 0/*89'*! ,023! 389'%E9/! -+'702E23/'0%5!
3/-*80/*! -**/**/1! %+! '7%*! '0%-9! *8::/*'! '7-'! ,20389-! 52+'-%+%+:! 8E! '2! C<D! :! *5>?$@A!
*8EE20'*!+203-9!%+,-+'!:02.'7!%+!'7/!,%0*'!M!32+'7*!2,!9%,/<!!Q7/!-11%'%2+!2,!*5>?$!'2!'7/!
,20389-! 0/*89'/1! %+! *2,'/0! *'229*! 523E-0/1! '2! '7/! 52+'029! ,20389-B! G8'! '7%*! 1%,,/0/+5/!
.-*! *'-'%*'%5-99(! *%:+%,%5-+'! 2+9(! -'! M! .//F*<! ! ?6/0-99B! %+,-+'*! 52+*83%+:! 783-+! 3%9F!
'/+1/1!'2!7-6/!*9%:7'9(!*2,'/0!-+1!320/!,0/S8/+'!*'229*!'7-+!%+,-+'*!52+*83%+:!/%'7/0!2,!
'7/!,20389-*<!!Q7/!*5>?$)52+'-%+%+:!,20389-!7-1!+2!-16/0*/!/,,/5'*!2+!E9-*3-!9/6/9*!2,!
9%6/0!/+4(3/*!-+1!5729/*'/029B!20!80%+/!'2'-9!G%9%08G%+<!!m8-+'%,%-G9/!-328+'*!2,!R>J!-+1!
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R>C! ./0/! 1/'/5'/1! %+! 80%+/! ,023! %+,-+'*! 52+*83%+:! '7/! *5>?$)52+'-%+%+:! ,20389-B!
'728:7!+2+/!.-*!1/'/5'/1!%+!G9221<!!Q7/!,%+1%+:!2,!6/0(!*3-99!-328+'*!2,!*5>?$!%+!80%+/!
%*! 52+*%*'/+'! .%'7! '7/! D<;J\! 2,! %+:/*'/1! *5>?$! '7-'! .-*! 0/526/0/1! 8+57-+:/1! %+! '7/!
80%+/! 2,! -189'*! HX29%*B! /'! -9<B! ;TT"K<! ! >%+1%+:*! ,023! '7%*! *'81(! '7/0/,20/! %+1%5-'/! '7-'!
,20389-!52+'-%+%+:!C<D!:!*5>?$@A!%*!*8%'-G9/!,20!%+,-+'*!-*!-!*29/!*2805/!2,!+8'0%'%2+!%+!'7/!
,%0*'!32+'7*!2,!9%,/<!

2.4.1.1.3 Comparative Gastrointestinal Tolerance of Soy-based 
Infant Formulas Containing scFOS in Healthy Term Infants 

I! 0-+123%4/1B! 128G9/)G9%+1B!389'%)5/+'/0B! E-0-99/9! ,//1%+:! '0%-9! HIGG2''! A-G20-'20%/*B!
JD;;-V!A-*/F-+B!/'!-9<B!JD;DK!.-*!52+185'/1!'2!-**/**!'7/!523E-0-'%6/!:-*'02%+'/*'%+-9!
'29/0-+5/!2,!*2()G-*/1!%+,-+'!,20389-!.%'7!-+1!.%'728'!*5>?$!%+!7/-9'7(!'/03!%+,-+'*<!!
R02.'7B! '29/0-+5/! -+1! '7/! 255800/+5/! 2,! -16/0*/! /6/+'*! ./0/! 592*/9(! 32+%'20/1!
'7028:728'!'7/!*'81(<!!

L+,-+'*! D)#! 1-(*! 2,! -:/! ./0/! 0-+123%4/1! '2! 2+/! 2,! '7/! *'81(! ,20389-*B! %+5981%+:! -!
52+'029!,20389-!-+1!'.2!2'7/0!*2()G-*/1!/&E/0%3/+'-9!,20389-*!.%'7!*5>?$!.%'7!Hn>;K!
-+1!.%'728'!Hn>JK!*8502*/<!!Q7/!/&E/0%3/+'-9!,20389-*!./0/!*8EE9/3/+'/1!.%'7!*5>?$!
Hc8'0->920-!>?$V!RQ_V!R291/+B!_?K! '2!E026%1/!J<=!:@A!-+1!./0/! ,/1! ,20!C=!1-(*<! !Q7/!
*'81(! .-*! E/0,203/1! %+! -55201-+5/! .%'7! '7/! E02'2529B! R221! _9%+%5-9! a0-5'%5/B! >gI!
0/:89-'%2+*!:26/0+%+:!59%+%5-9!*'81(!52+185'B!-+1!'7/!/'7%5-9!E0%+5%E9/*!'7-'!7-6/!'7/%0!
20%:%+!%+!'7/!g/59-0-'%2+!2,!^/9*%+F%<!

Q7/!E0%3-0(!28'523/!2,!'7/!*'81(!.-*!3/-+!0-+F!*'229!52+*%*'/+5(!HXZ$_K!26/0!*'81(!
1-(*! H$gIoK! ;)C=<! ! Q7/!XZ$_! %*! 5-9589-'/1! G(! -**%:+%+:! -! *520/! ,20! *'229! 52+*%*'/+5(!
H;e.-'/0(B! Je! 922*/@38*7(B! Ce! *2,'B! Me! ,203/1B! =e7-01KB! '-F%+:! -! 1-%9(! 3/-+B! '7/+!
523E8'%+:! '7/! -6/0-:/! 2,! 3/-+*! 26/0! '7/! E/0%21! ,20! /-57! %+,-+'<! ! Q7/! XZ$_! .-*!
*'-'%*'%5-99(! -+-9(*/1! 8*%+:! Ic?YI!.%'7! *'81(! 5/+'0/! -+1! ,20389-! :028E! H,//1%+:K! %+!
'7/! 321/9<! ! I+! -1W8*'3/+'! .-*! 3-1/! '2! '7/! -9E7-! 9/6/9! ,20! 389'%E9/! 523E-0%*2+*!
-32+:!'7/!,//1%+:!:028E*!8*%+:!^293]*!*'/E!12.+!E025/180/<! !Q7/!*'81(!1/*%:+!-9*2!
%+5981/1!2'7/0!3/-*80/*!2,! '29/0-+5/! %+5981%+:! *'229! E-''/0+*! -+1! *E%')8E!-**25%-'/1!
.%'7!,//1%+:*<!!I+'702E23/'0%5!3/-*80/3/+'*!./0/!5299/5'/1!-'!'7/!'70//!*'81(!6%*%'*<!

?+/! 1/,%5%/+5(! 5%'/1! G(! '7/! n802E/-+! >221! $-,/'(! I8'720%'(! Hn802E/-+! >221! $-,/'(!
I8'720%'(! Hn>$IKB! JDDMK! %+! '7/%0! 0/6%/.!2,! E0/6%28*! *'81%/*! '7-'! ,/1! >?$! '2! %+,-+'*! %+!
%+,-+'! ,20389-!.-*! '7-'! '7/! *'81%/*! 1%1! +2'!32+%'20!.-'/0! G-9-+5/! H/<:<B! n89/0! /'! -9<!
JDD=K<! !Q7/!F/(!52+5/0+!0/9-'/1!'2!'7/!E2'/+'%-9! %3E-5'!2+!7(10-'%2+!*'-'8*!%*!0/9-'/1!
'2!'7/!E02185'%2+!2,!/&5/**!*2,'!20!.-'/0(!*'229*!8E2+!%+'02185'%2+!2,!-!+2+)1%:/*'%G9/!
29%:2*-557-0%1/! %+:0/1%/+'! %+! '7/! %+,-+'! 1%/'<! !O7%9*'! ,203-9! E7(*%5%-+! -**/**3/+'! 2,!
.-'/0!G-9-+5/!.-*!+2'!12+/!%+!'7/!/-09%/0!IGG2''!*'81%/*!HIGG2''!A-G20-'20%/*B!;TTC-B!
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;TTCGB!JDD=KB!-99!%+,-+'*!%+!'72*/!/-09(!*'81%/*!./0/!'72028:79(!/&-3%+/1!G(!E7(*%5%-+*!
'0-%+/1! '2! %1/+'%,(! *%:+*! 2,! 1/7(10-'%2+<! >80'7/0320/B! %+,-+'*! ./0/! ./%:7/1!
'7028:728'!'7/*/!*'81%/*B!-+1!./%:7'!%*!-!6/0(!2GW/5'%6/!3/-*80/!2,!7(10-'%2+!*'-'8*<  
P-*/1!2+!'7/!52+5/0+*!0-%*/1!G(!n>$IB!3/-*80/*!./0/!'-F/+!%+!'7/!JDDT!IGG2''!*'81(!
'2! *E/5%,%5-99(! -110/**! 7(10-'%2+! *'-'8*<! >203-9! E7(*%5%-+! -**/**3/+'! 2,! %+,-+'!
7(10-'%2+! *'-'8*! .-*! 523E9/'/1! -'! '.2! *'81(! 6%*%'*B! %+5981%+:! '7/! 3/-*80/3/+'! 2,!
80%+/!*E/5%,%5!:0-6%'(!Hf$RK<!

?+/!78+10/1!+%+/'(),%6/!'/03!%+,-+'*!./0/!/+0299/1<!!Q7/!0/*89'%+:!LQQ!:028E!52+*%*'/1!
2,!;##!%+,-+'*!.%'7!;#"!%+,-+'*!/6-98-G9/!-'!$gIo;B!;MJ!%+,-+'*!/6-98-G9/!2+!$gIo;MB!
-+1!;JD!%+,-+'*!/6-98-G9/!2+!$gIoC=<!!Q7/0/!./0/!+2!*%:+%,%5-+'!1%,,/0/+5/*!-32+:!'7/!
:028E*!%+!*'81(!523E9/'%2+!0-'/*!20!E0/3-'80/!1%*52+'%+8-'%2+!2,!*'81(!,20389-<!

Q7/0/!./0/!+2!1%,,/0/+5/*!%+!XZ$_!-32+:!'7/!:028E*<!!I6/0-:/!XZ$_!%+!'7/!/6-98-G9/!
E2E89-'%2+!,023!/+0293/+'!'2!$gIo!C=!.-*!J<"!N!D<;!%+!'7/!52+'029!:028EB!J<b!N!D<;!%+!
'7/! n>;! :028EB! -+1! J<=! N! D<;! %+! '7/! n>J! :028E<! ! Q7/0/! -9*2! ./0/! +2! *%:+%,%5-+'!
1%,,/0/+5/*! %+!'7/!-6/0-:/!+83G/0!2,!*'229*!-+1!E/05/+'-:/*!2,! ,//1%+:*!.%'7!*E%')8E!
-+1@20! 623%'! -32+:! '7/! ,20389-! :028E*<! ! Q7/0/! ./0/! +2! 1%,,/0/+5/*! %+! :02.'7!
3/-*80/*!-32+:!'7/!:028E*<!!!

Q7/0/!./0/! +2! *%:+%,%5-+'! 1%,,/0/+5/*! %+! E7(*%5%-+! -**/**3/+'! 2,! 7(10-'%2+! *'-'8*! 20!
f$R<!!?+/!%+,-+'B!%+!'7/!n>J!:028EB!7-1!-+!/9/6-'/1!f$R!6-98/!2,!;<DC##!Hd;<DCDK!-'!;MB!
G8'!+2'!C=!1-(*!2,!-:/<!!Q7/!%+,-+'!7-1!+2!0/E20'/1!InB!$InB!1%-0072/-B!20!.-'/0(!*'229*!
-+1!523E9/'/1!'7/!*'81(!2+!'7/!*'81(!,20389-<! !Q7/0/!./0/!+2!*'-'%*'%5-9!1%,,/0/+5/*!
-32+:! '7/! ,20389-! :028E*! %+! %+5%1/+5/! 2,! In*! -+1! $In*! -+1!3/-*80/*! 2,! 7(10-'%2+!
*'-'8*<! ! I9'728:7! +2'! *'-'%*'%5-99(! *%:+%,%5-+'B! '7/0/! ./0/! b! E-0/+'-9! 0/E20'*! 2,! 922*/!
.-'/0(! *'229*! %+! '7/! n>;! :028E! 523E-0/1! '2! J! %+! '7/! n>J! -+1! M! %+! '7/! _>! :028E*<!!
g/*E%'/!'7/!+83G/0!2,!E-0/+'-9!0/E20'*!%+!'7/!n>;!:028EB!'7/!7(10-'%2+!*'-'8*!-+1!f$R!
%+!'7/*/!*8GW/5'*!./0/!+203-9<!!!!

P-*/1!2+!'7/!0/*89'*!2,! '7%*!59%+%5-9! '0%-9B! '7/0/!./0/!+2!1%,,/0/+5/*! %+!:-*'02%+'/*'%+-9!
'29/0-+5/! 2,! '7/! %+,-+'! ,20389-*! '7-'!./0/! *8EE9/3/+'/1!.%'7! *5>?$! 523E-0/1! '2! -!
,20389-!.%'728'!*5>?$<!!
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2.4.1.2 Other Studies of scFOS in Infant Formula 
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>(.'>&-56I&@! -.+5(.//&,@! ,.%F/&VF/6+,@! (*+,.<6'&,! 5(6*/?! ! J8&! 6+;*+5'! 7&(&! ;&,!

&S-/%'6I&/)!.+&!.;!9!5(6*/!;.(<%/*'!12!>(.F6.56-@!2!')+F6.56-!-.<F6+*56.+'4!%>!5.!58&!*0&!

.;! #W! 7&&E'?! ! D*;&5)! *+,! 5./&(*+-&! 7&(&! *''&''&,! F*'&,! .+! 7&6085! 0*6+! ,%(6+0! 58&!

5(&*5<&+5!>&(6.,!1>(6<*()!.%5-.<&4!*'!7&//!*'!(&-%<F&+5!/&+058@!8&*,!-6(-%<;&(&+-&@!

,60&'56I&!5./&(*+-&@!*+,!*,I&('&!&I&+5'! 1'&-.+,*()!.%5-.<&'4@!786-8!7&(&!&I*/%*5&,!

*5!2@!9@!"@!#2@!#W@!*+,!X2!7E!.;!*0&?!G%(6+0!58&!5(&*5<&+5!>&(6.,@!,6;;&(&+-&! 6+!<&*+!

7&6085!0*6+!F&57&&+!-.+5(./!*+,!'5%,)! ;.(<%/*!0(.%>'! 6+!F.58! 58&! 6+5&+56.+V5.V5(&*5!

*+,! >&(V>(.5.-./! >.>%/*56.+'!7&(&!76586+! 58&! >(&,&;6+&,! &K%6I*/&+-&! F.%+,*(6&'! .;!

YA?Z! 0M,@! 6+,6-*56+0! &K%6I*/&+5! 7&6085! 0*6+?! D&-.+,*()! .%5-.<&'! ,6,! +.5! '8.7!

'60+6;6-*+5! ,6;;&(&+-&'! F&57&&+! 0(.%>'! ,%(6+0! 58&! 5(&*5<&+5! >&(6.,?! J8&! '5%,)!

-.+-/%,&,!6+;*+5'!;&,!;.(<%/*'!-.+5*6+6+0!>(.F6.56-'!.(!')+F6.56-'!1$CDM'-BCD4!'8.7!*!

'6<6/*(! (*5&! 6+! 7&6085! 0*6+! -.<>*(&,! 7658! 58.'&! ;&,! *! -.+5(./! ;.(<%/*! *+,! 5./&(*5&!

58&'&!;.(<%/*'!7&//!1U8.%(*K%6@!&5!*/?@!233"4?!

2.4.2 Oligofructose or Oligofructose + Inulin in Infant Formula 

L! /6<65&,!+%<F&(!.;! '5%,6&'!8*I&!F&&+!-.+,%-5&,! 5.!*''&''! 58&!'%65*F6/65)!*+,!>.5&+56*/!

F&+&;65'!.;!*,,6+0!./60.;(%-5.'&!,&(6I&,!;(.<!6+%/6+!5.!;.(<%/*!;.(!5&(<!6+;*+5'!76586+!58&!

;6('5! A! <.+58'! .;! /6;&! 1P&55/&(! Q! [%/&(@! 233W\! [%/&(@! ]65-8&//@! ^/6+&@! Q! _6-E&(6+0@! 233X4@!

6+;*+5'!F&57&&+!*>>(.S6<*5&/)!A?X!*+,!W?X!<.+58'!.;!/6;&!1P(%+'&(@!B60%&(.*@!&5!*/?@!233W4@!

*+,! >(&5&(<! 6+;*+5'! 76586+! 58&! ;6('5! 7&&E! .;! /6;&! 1^*>6E6! &5! */?@! 233:4?! ! J8&! &;;&-5'! .;!

;.(<%/*!-.+5*6+6+0!*!-.<F6+*56.+!.;!./60.;(%-5.'&!*+,!/-V6+%/6+!.+!;*&-*/!<6-(.;/.(*!6+!58&!
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9!7&&E'!.;!/6;&!6+!5&(<!6+;*+5'!*/'.!8*I&!F&&+!&S*<6+&,!11`&&(&<*+Va*%5&('!&5!*/?@!233"4@!

*'!-65&,!6+!BDLNb!233"*@F4?!

[%/&(! *+,! -.//&*0%&'! 1233X4! -.+,%-5&,! *! '5%,)! 5.! *''&''! 58&! &;;&-5'! .;! ./60.;(%-5.'&!

1c*;56/.'&d! _ZX@! C(*;56\! 6,&+56;6&,! 6+! 58&! '5%,)! *'! BCD4! 6+! 6+;*+5! ;.(<%/*! .+! ;*&-*/!

<6-(.F6.5*?!!O&*/58)!5&(<!6+;*+5'!(*+06+0!6+!*0&!;(.<!3?X!5.!#?X!<.+58'!7&(&!&+(.//&,!6+!

58&!'5%,)?! ! R+! 586'! -(.''.I&(! '5%,)@! 6+;*+5'!7&(&! ;&,!*!78&)V>(&,.<6+*+5! 6+;*+5! ;.(<%/*!

-.+5*6+6+0!&658&(!#?X!0!./60.;(%-5.'&!MT!1+eAW4!.(!A?3!0!./60.;(%-5.'&!MT!1+eA94!;.(!*!>&(6.,!

.;!.+&!7&&E@!*+,!*//!6+;*+5'!7&(&!;&,!;.(<%/*!7658!+.!*,,&,!./60.;(%-5.'&!*+.58&(!7&&E?!!

L!7&&EV/.+0!7*'8.%5!>&(6.,!>(&-&,&,!*+,!;.//.7&,!&*-8!'5%,)!>&(6.,?! !L!>*(*//&/!0(.%>!

.;! 6+;*+5'! ;&,! 8%<*+! <6/E! 1+e#:4! 7*'! 6+-/%,&,! 6+! 58&! *+*/)'6'?! ! B.(<%/*! 6+5*E&@! '5../!

;(&K%&+-)@!'5../!'6=&@!'5../!-.+'6'5&+-)@!*+,!'5../!-./.(!7&(&!(&-.(,&,!F)!58&!>*(&+5!;.(!*!

29V8.%(! >&(6.,! F&;.(&! &*-8! 7&&E/)! I6'65?! ! L5! &*-8! I6'65@! 58&! >*(&+5! .(! 0%*(,6*+! 7*'!

K%&'56.+&,!*F.%5!>.''6F/&!*,I&('&!&I&+5'?!

N.!,6;;&(&+-&'! 6+!0(.758!(*5&@!7&6085!.(!8&6085!7&(&!.F'&(I&,!*<.+0!58&!0(.%>'!*5!58&!

&+,!.;!58&!5(6*/?!!L,I&('&!&I&+5'!7&(&!,.-%<&+5&,!;.(!58&!&+56(&!XV7&&E!,%(*56.+!.;!58&!

'5%,)?! ! J8&! 6+I&'560*5.('! +.5&,! 58*5! 58&(&! 7*'! +.! '5*56'56-*//)! '60+6;6-*+5! ,6;;&(&+-&! 6+!

6+;*+5!,(.>.%5! (*5&'!F&57&&+! 58&!8%<*+!<6/EV;&,!0(.%>!*+,!&658&(!.;! 58&!./60.;(%-5.'&!

0(.%>'?! ! G%(6+0! 58&! 7&&E! .;! ./60.;(%-5.'&! '%>>/&<&+5*56.+@! 6+;*+5'! 6+! F.58! 5(&*5<&+5!

0(.%>'! &S>&(6&+-&,! <.(&! &I&+5'! .;! ;/*5%/&+-&@! '>65V%>@! *+,! /..'&(! '5../'@! *+,! 58&!

6+-6,&+-&! .;! &I&+5'! 7*'! /.7&(! 6+! 58&! #?X! 0! ./60.;(%-5.'&! 0(.%>! 58*+! 6+! 58&! A?3! 0!

./60.;(%-5.'&!0(.%>?!!J8&!6+I&'560*5.('!(&>.(5&,!58*5!'5../!;(&K%&+-)!,&-(&*'&,!6+!58&!/.7!

,.'&! 0(.%>! ;.//.76+0! 58&! >&(6.,! .;! ./60.;(%-5.'&! 6+0&'56.+! *'! -.<>*(&,! 5.! 58&! >(&V!

./60.;(%-5.'&!>&(6.,@!786/&!;(&K%&+-)!6+-(&*'&,!6+!58&!8608!,.'&!0(.%>?!!D5../!-.+'6'5&+-)!

-8*+0&,! <6+6<*//)! 6+! 58&! /.7! ,.'&! 0(.%>! *;5&(! ./60.;(%-5.'&! '%>>/&<&+5*56.+@! 786/&!

-.+'6'5&+-)!7*'!'.;5&(!6+!58&!8608!,.'&!0(.%>?!!T..'&!'5../'!*+,!.I&(5!,6*((8.&*!7&(&!+.5!

(&>.(5&,! ;.(! *+)! 6+;*+5'?! ! D*56';*-56.+! (*56+0'! ;.(! ;.(<%/*! *--&>5*F6/65)! *+,! 5./&(*F6/65)!

,&-/6+&,!*5! 58&!I6'65! *;5&(!./60.;(%-5.'&! '%>>/&<&+5*56.+\!W:f!7&(&! '*56';6&,! 6+! 58&! /.7V

,.'&!0(.%>!I'?!XZf!6+!58&!8608V,.'&!0(.%>?!!G&5*6/'!(&0*(,6+0!;.(<%/*!6+5*E&@!'5../!-./.(@!

*+,! '5../! '6=&! 7&(&! +.5! >(&'&+5&,?! ! L5! F*'&/6+&@! 58&! 6+;*+5'! ;&,! ./60.;(%-5.'&! 8*,!

'60+6;6-*+5/)! 8608&(! -.%+5'! .;! &+5&(.-.--6! *+,! F*-5&(.6,&'! -.<>*(&,! 5.! /&I&/'! 6+! 6+;*+5'!

;&,!8%<*+!<6/E\!*//!.58&(!<6-(..(0*+6'<!-.%+5'!7&(&!'6<6/*(!*-(.''! 58&! ;&&,6+0!0(.%>'?!!

L;5&(! '%>>/&<&+5*56.+@! <&*+! F6;6,.F*-5&(6*! -.%+5'! 7&(&! 0(&*5&(! 6+! 58&! #?X! 0!

./60.;(%-5.'&MT! 0(.%>! 58*+! 6+! &658&(! 58&! 8%<*+V<6/E! .(! A?3! 0! ./60.;(%-5.'&! MT! 0(.%>?!!

[+5&(.-.--6!*+,!-/.'5(6,6*!-.%+5'!;.(!F.58!./60.;(%-5.'&!0(.%>'!7&(&!8608&(!-.<>*(&,!5.!

58&! 8%<*+! <6/EV;&,! 6+;*+5'! *5! 58&! &+,! .;! '%>>/&<&+5*56.+?! ! D&I&+! ,*)'! *;5&(! 58&!

-.+-/%'6.+! .;! '%>>/&<&+5*56.+@! +.! '60+6;6-*+5! ,6;;&(&+-&'! 6+! F6;6,.F*-5&(6*! /&I&/'! *<.+0!

58&! 0(.%>'! (&<*6+&,?! ! T&I&/'! .;! &+5&(.-.--6! *+,! F*-5&(.6,&'@! 8.7&I&(@! 7&(&! 8608&(!

-.<>*(&,!5.!8%<*+!<6/EV;&,! 6+;*+5'!*5! 586'!'*<&!56<&!>.6+5?! !U/.'5(6,6*! /&I&/'!(&<*6+&,!
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8608&(! ;.(! 58&!#?X!0!./60.;(%-5.'&!MT!0(.%>!-.<>*(&,!5.!58&!8%<*+!<6/E! 6+;*+5'@!F%5!58&!

,6;;&(&+-&!7*'!0.+&!6+!58&!A!0!./60.;(%-5.'&!MT!0(.%>?!

P&55/&(! *+,! [%/&(! 1233W4! &S*<6+&,! 58&! 0(.758@! -/6+6-*/! -8&<6'5(6&'@! *+,! *,I&('&! &I&+5!

.--%((&+-&!.;!8&*/58)! 5&(<! 6+;*+5'! -.+'%<6+0! ;.(<%/*! '%>>/&<&+5&,!7658!./60.;(%-5.'&!

1c*;56/.'&d!_ZX@!C(*;56\!6,&+56;6&,!6+!58&!'5%,)!*'!BCD4!.I&(!*!#2V7&&E!>&(6.,?!!R+!586'!'5%,)@!

6+;*+5'!%>!5.!#9!,*)'!.;!*0&!7&(&!(*+,.<6=&,!5.!(&-&6I&!#?X!0!./60.;(%-5.'&!MT!1+eZ"4@!A?3!

0! ./60.;(%-5.'&! MT! 1+e#3#4@! .(! *! -.+5(./! ;.(<%/*! 7658! +.! *,,&,! ./60.;(%-5.'&! 1+eZ"4?!!

]&*'%(&'!.;!0(.758!7&(&!-.//&-5&,!*5!F*'&/6+&!*+,!*5!9V7&&E!6+5&(I*/'!,%(6+0!58&!'5%,)?!!

L,I&('&! &I&+5'! *+,! 6+;*+5'H! *--&>5*+-&! *+,! 5./&(*+-&! .;! 58&! ;.(<%/*!7&(&! (&-.(,&,! *5!

'5%,)!I6'65'!,%(6+0!7&&E'!9@!"@!*+,!#2@!*+,!;(.<!5&/&>8.+&!6+K%6(6&'!,%(6+0!7&&E'!2@!W@!*+,!

#3?!!U/6+6-*/!-8&<6'5(6&'!1*/F%<6+@!F/..,!%(&*!+65(.0&+@!-*/-6%<@!<*0+&'6%<@!>8.'>8.(%'@!

-(&*56+6+&@! 5(60/)-&(6,&'@! /.7V,&+'65)! /6>.>(.5&6+@! *+,! -8./&'5&(./4! 7&(&! *''&''&,! *5!

F*'&/6+&!*+,!*5!7&&E!#2?!!L!5.5*/!.;!2#2!6+;*+5'!-.<>/&5&,!58&!'5%,)!1W:f!.;!58&!-.+5(./!

0(.%>@!*+,!:Af!.;!&*-8!./60.;(%-5.'&!0(.%>4?!

R+;*+5'! 6+! &*-8! .;! 58&! 58(&&! ;.(<%/*! 0(.%>'! 8*,! +.(<*/! 7&6085@! /&+058! *+,! 8&*,!

-6(-%<;&(&+-&! 0*6+'! ,%(6+0! 58&! '5%,)?! ! R+;*+5'! 6+! 58&! #?X! 0! ./60.;(%-5.'&! MT! 0(.%>!7&(&!

'8.(5&(! .+! *I&(*0&! 58*+! 6+;*+5'! 6+! 58&! -.+5(./! ;.(<%/*! 0(.%>! *5! 7&&E! "@! 58.%08! *//!

<&*'%(&<&+5'! 7&(&! 76586+! +.(<*/! (*+0&?! ! J8&! A?3! 0! ./60.;(%-5.'&! MT! 0(.%>! 8*,! ;&7&(!

;.(<%/*V(&/*5&,!*,I&('&!&I&+5'!58*+!58&!.58&(!;.(<%/*!0(.%>'@!*+,!58&!#?X!0!./60.;(%-5.'&!

MT! 0(.%>!8*,! '/6085/)!<.(&! *,I&('&! &I&+5'! 58*+! 58&! -.+5(./! 0(.%>?! ! J8&!<*g.(65)! .;! 58&!

*,I&('&!&I&+5'!7&(&!,&'-(6F&,!*'!<6/,!*+,!(&'./I&,!7658.%5!5(&*5<&+5?!!J8&!6+I&'560*5.('!

(&>.(5&,!+.!,6;;&(&+-&'! 6+! 58&! 6+-6,&+-&!.;!,6*((8.&*@! /..'&! '5../'@!,&8),(*56.+@!*//&(06-!

(&*-56.+@! .(! ;/*5%/&+-&?! ! U.+'56>*56.+!7*'! /&''! ;(&K%&+5! 6+! 58&! 0(.%>! 58*5! (&-&6I&,!A?3! 0!

./60.;(%-5.'&MT! 786/&! I.<656+0! 7*'! <.(&! -.<<.+! *<.+0! 58&! 0(.%>! (&-&6I6+0! #?X! 0!

./60.;(%-5.'&MT@! F%5! +&658&(! 7*'! '60+6;6-*+5! ;.(! &I&+5'! -.+'6,&(&,! F)! 58&! >(6+-6>*/!

6+I&'560*5.('! 5.! F&! ;.(<%/*! (&/*5&,?! ! B.(<%/*! *--&>5*F6/65)!7*'! '6<6/*(! *<.+0! 58&! 58(&&!

0(.%>'@! 7658! >&(-&+5! '*56';*-56.+! (*+06+0! ;(.<! ""! 5.! #33f! 58(.%08.%5! 58&! '5%,)?! ! J8&!

6+I&'560*5.('! +.5&,! 58*5! 58&! <.'5! -.<<.+! (&*'.+'! ;.(! ,6'-.+56+%*56.+! 7&(&! '6<6/*(!

*<.+0!58&!A!'5%,)!0(.%>'?! ! R+!*,,656.+@!58&!+%<F&(!.;! 6+;*+5'!,6'-.+56+%6+0!58&!;.(<%/*!

,%&! 5.! *,I&('&! &I&+5'! 7*'! '6<6/*(! *-(.''! 58&! A! ;.(<%/*! 0(.%>'?! ! D&(%<! <&*'%(&'! .;!

>(.5&6+'@!<6+&(*/'@!*+,!/6>6,'!,6,!+.5!,6;;&(!*<.+0!58&!;.(<%/*!0(.%>'!*5!58&!-.<>/&56.+!

.;! 58&! '5%,)?! ! P*'&,! %>.+! 58&! '5%,)! ;6+,6+0'@! 58&! 6+I&'560*5.('! -.+-/%,&,! 58*5! &658&(!

./60.;(%-5.'&!V-.+5*6+6+0!;.(<%/*!6'!h'*;&!*+,!'%>>.(5'!+.(<*/!6+;*+5!0(.758?i!

P(%+'&(! *+,! -.//&*0%&'! 1233W*4! -.+,%-5&,! *! #AV7&&E! '5%,)! 5.! &I*/%*5&! &;;6-*-)! .;!

./60.;(%-5.'&! 1c*;56/.'&! _ZX@! C(*;56\! 6,&+56;6&,! 6+! 58&! '5%,)! *'! BCD4! '%>>/&<&+5*56.+! 6+!

<.,%/*56+0! 58&! -.<>.'656.+! .;! 58&! ;*&-*/!<6-(.F6.5*?! ! N6+&5)! 6+;*+5'! *>>(.S6<*5&/)! A?X!

<.+58'! ./,! 7&(&! (*+,.<6=&,! 5.! (&-&6I&! ;.(<%/*!7658! 2! 0! ./60.;(%-5.'&MT@! T*-5.F*-6//%'!
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g.8+'.++6!T*#@!.(!+.!*,,&,!-.<>.+&+5'?! !L+.58&(!2W!6+;*+5'!7&(&!F(&*'5;&,!58(.%08.%5!

58&!'5%,)?! !].58&('! (&06'5&(&,! ;.(<%/*!*+,! ;..,! 6+5*E&!*+,!>.''6F/&!*''.-6*5&,!*,I&('&!

(&*-56.+'! 6+! *! '5*+,*(,6=&,! ,6&5! (&-.(,?! ! J8&(&! 7&(&! +.! ,6;;&(&+-&'! 6+! ,(.>! .%5! (*5&'!

*<.+0! 58&!9!0(.%>'@!*+,!+.!7658,(*7*/'!7&(&!*''.-6*5&,!7658!*,I&('&! (&*-56.+'! 5.! 58&!

;.(<%/*'?! ! J8&! +%<F&(! .;! *,I&('&! &I&+5'! >&(! 6+;*+5@! 6+-/%,6+0! ,6*((8.&*/! &>6'.,&'@!7*'!

+.5! '60+6;6-*+5/)! ,6;;&(&+5! F&57&&+! 58&! ;.%(! 0(.%>'?! ! N.! ,6;;&(&+-&'! 7&(&! .F'&(I&,! 6+!

7&6085@! 8&6085@!7&6085! ;.(!8&6085@!7&6085! ;.(! *0&!*+,!8&6085! ;.(! *0&! =V'-.(&'!,%(6+0! 58&!

'5%,)?! !J8&!*I&(*0&!;.(<%/*! 6+5*E&!7*'!'6<6/*(!*<.+0!58&!0(.%>'@!*+,!*//! ;.(<%/*'!7&(&!

7&//! 5./&(*5&,?! !U%/5%(&!<&58.,'!'8.7!+.!&;;&-5!.;!./60.;(%-5.'&!V'%>>/&<&+5&,!;.(<%/*!

.+! ;*&-*/! F6;6,.F*-5&(6*@! &+5&(.F*-5&(6*@! U?! >&(;(6+0&+'@! U?! 86'5./)56-%<@! F*-5&(.6,&'@! .(!

&+5&(.-.--6!-.<>*(&,!5.!58&!-.+5(./!;.(<%/*\!(&'%/5'!.;!*!;/%.(&'-&+5!6+!'65%!8)F(6,6'*56.+!

1BRDO4!*+*/)'6'!*/'.!'8.7&,!+.!&;;&-5!.;!58&!;.(<%/*'!.+!;*&-*/!F6;6,.F*-5&(6*?!

^*>6E6! *+,! -.//&*0%&'! 1233:4! *''&''&,! <&*'%(&'! .;! 0(.758@! '5../! -8*(*-5&(6'56-'@! *+,!

;*&-*/! ;/.(*! -.<>.'656.+! 6+! AW! >(&5&(<! 6+;*+5'! -.+'%<6+0! ;.(<%/*!7658! *,,&,! hBCDi! 19!

0MT4!*+,!23!>(&5&(<!6+;*+5'!-.+'%<6+0!;.(<%/*!7658!9!0!<*/5.,&S5(6+MT?!!J8&!hBCDi!%'&,!

6+! 58&! '5%,)!7*'! 6,&+56;6&,!*'! 6+%/6+!>(.,%-&,!F)!>*(56*/! &+=)<*56-!8),(./)'6'!.;! -86-.()!

6+%/6+@!786-8!6'!>(&'%<*F/)!*+!./60.;(%-5.'&?! !L//! 6+;*+5'!7&(&!8&*/58)@!&S-/%'6I&/)!F.55/&V

;&,!*+,!&+(.//&,!6+!58&!'5%,)!76586+!#9!,*)'!.;!*0&?!!G*6/)!(&-.(,'!.;!;.(<%/*!6+5*E&@!'5../!

;(&K%&+-)@! '6=&@! -.+'6'5&+-)! '-.(&@! *+,!-./.%(!7&(&!<*6+5*6+&,?! !$(.758!<&*'%(&<&+5'!

7&(&! 5*E&+! *5! F*'&/6+&! *+,! '5%,)! ,*)'! :! *+,! #9?! ! B*&-*/! '*<>/&'! 7&(&! */'.! 5*E&+! *5!

F*'&/6+&!*+,!*5!'5%,)!,*)!:?!!a&6085!0*6+!*+,!*(<!-6(-%<;&(&+-&!0(.758!,%(6+0!58&!'5%,)!

7*'!'5*56'56-*//)!8608&(!6+!58&!-.+5(./!0(.%>!-.<>*(&,!5.!58&!./60.;(%-5.'&!0(.%>@!58.%08!

/&+058! 0*6+! *+,! 8&*,! 0(.758! ,%(6+0! 58&! '5%,)! ,6,! +.5! ,6;;&(! F&57&&+! 0(.%>'?! ! D5../!

;(&K%&+-)!7*'!'60+6;6-*+5/)!8608&(! 6+!58&!./60.;(%-5.'&!0(.%>@!786/&!'5../!-.+'6'5&+-)!,6,!

+.5!,6;;&(!F&57&&+!58&!;&&,6+0!0(.%>'?!!P.58!;.(<%/*'!7&(&!(&>.(5&,!5.!F&!7&//!5./&(*5&,?!!

P)! ,*)! :! .;! 58&! '5%,)@! 6+;*+5'! 6+! 58&! ./60.;(%-5.'&! 0(.%>! 8*,! 8608&(! ;*&-*/! -.%+5'! .;!

F6;6,.F*-5&(6*!*+,!F*-5&(.6,&'!*+,!/.7&(!-.%+5'!.;![?!-./6!*+,!&+5&(.-.--6!*'!-.<>*(&,!5.!

58&!-.+5(./!0(.%>?!

P&+&.! C(*;56! (&-&+5/)! *''&''&,! 58&! 0(.758@! 5./&(*+-&@! *+,! ;*&-*/! <6-(.;/.(*! .;! *!

>.>%/*56.+! .;! +&7F.(+! 6+;*+5'! -.+'%<6+0! ;.(<%/*! 7658! *,,&,! >(&F6.56-'@! 6+-/%,6+0!

./60.;(%-5.'&@!.I&(!*!>&(6.,!.;!9!7&&E'\!;6+,6+0'!;(.<!58&!5(6*/!7&(&!>(&'&+5&,!6+!*F'5(*-5!

;.(<!*+,!*,,656.+*/!,&5*6/'!7&(&!'%<<*(6=&,!F)!BDLNb!1`&&(&<*+Va*%5&('@!&5!*/?@!233"4?!!

R+!586'!'5%,)@!6+;*+5'!*>>(.S6<*5&/)!9!5.!X!,*)'!.;!/6;&!7&(&!(*+,.<6=&,!5.!-.+'%<&!6+;*+5!

;.(<%/*!7658!2!0!./60.;(%-5.'&!j!2!0! /-V6+%/6+MT! 1+e234@!9!0!./60.;(%-5.'&!j!9!0! /-V6+%/6+MT!

1+e234@!"!0!$CD!j! /-V6+%/6+! 1Zk#4MT! 1+e234@!.(!*! -.+5(./! ;.(<%/*!7658!+.!*,,&,!>(&F6.56-'!

1+e234\! *! 0(.%>! .;! 2W! 6+;*+5'! ;&,! 8%<*+! <6/E! '&(I&,! *'! *! (&;&(&+-&! -.+5(./?! ! J8&! #k#!

-.<F6+*56.+! .;! ./60.;(%-5.'&! *+,! /-V6+%/6+! 6' >(.,%-&,! F)! C(*;56! *+,! (&;&((&,! 5.! *'!
D)+&(0)#?!!B*&-*/!'*<>/&'!7&(&!-.//&-5&,!.+!,*)'!#@!2!*+,!A\!#2@!#A!*+,!#9\!*+,!2W@!2:!*+,!
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2"! *+,! 58&+! *I&(*0&,! 5.! (&>(&'&+5! 7&&E! #@! 7&&E! 2! *+,! 7&&E! 9! .;! '%>>/&<&+5*56.+@!

(&'>&-56I&/)?! ! R+;.(<*56.+! .+! (&0%(065*56.+! .;! ;.(<%/*@! '5../! ;(&K%&+-)@! *+,! '5../!

-.+'6'5&+-)!7*'! (&-.(,&,! 6+! '5%,)!,6*(6&'! 1;(&K%&+-)!.;! &+5(6&'!7*'!+.5! '>&-6;6&,4?! ! J8&!

6+;*+5'!;&,!*+,!0(&7!+.(<*//)!,%(6+0!58&!'5%,)@!*+,!<&*'%(&'!.;!7&6085@!8&6085@!*+,!;..,!

6+5*E&! 7&(&! -.<>*(*F/&! *-(.''! 58&! ;.(<%/*! 0(.%>'?! ! N.! '&(6.%'! *,I&('&! &I&+5'! 7&(&!

.F'&(I&,?!!`.<656+0!*+,!-()6+0!7&(&!'6<6/*(!6+!*//!0(.%>'!*+,!-.+'6,&(&,!5.!F&!/.7?!!L5!58&!

&+,!.;!58&!9V7&&E!;&&,6+0!>&(6.,@!<&*+!'5../!;(&K%&+-)!.;!6+;*+5'!-.+'%<6+0!58&!-.+5(./!

;.(<%/*!.(!&658&(!.;!58&!;.(<%/*'!-.+5*6+6+0!"!0!>(&F6.56-'MT!,&-(&*'&,!'60+6;6-*+5/)!;(.<!*!

<&*+! .;! *>>(.S6<*5&/)! 2?"! 5.! 2?#! 56<&'! >&(! ,*)?! ! ]&*+! '5../! ;(&K%&+-)! .;! 6+;*+5'!

-.+'%<6+0! 9! 0! D)+&(0)#MT! 7*'! +.5! '60+6;6-*+5/)! ,6;;&(&+5! ;(.<! 58&! F*'&/6+&! I*/%&?! ! J8&!

<&*+!'5../!;(&K%&+-)!.;!6+;*+5'!-.+'%<6+0!8%<*+!<6/E!7*'!*>>(.S6<*5&/)!2?"!>&(!,*)!*5!

F*'&/6+&! *+,! *>>(.S6<*5&/)! 9M,*)! *5! 58&! &+,! .;! 58&! '5%,)?! ! R+;*+5'! -.+'%<6+0! 58&!

'%>>/&<&+5&,! ;.(<%/*'!8*,! '60+6;6-*+5/)! '.;5&(! '5../'! *5!7&&E!2@! *+,! 58&! -.+'6'5&+-)!*5!

7&&E!9!7*'!*>>(.S6<*5&/)!<6,!7*)!F&57&&+!I*/%&'! ;(.<!F(&*'5V;&,! 6+;*+5'! *+,! 6+;*+5'!

78.!(&-&6I&,!58&!-.+5(./!;.(<%/*?!!J8&!'5../!-.+'6'5&+-)!.;!6+;*+5'!;&,!58&!-.+5(./!;.(<%/*!

7*'! '60+6;6-*+5/)! 8*(,&(! *5! 7&&E'! 2! *+,! 9! *'! -.<>*(&,! 5.! 7&&E! #! I*/%&'?! ! R+;*+5'!

-.+'%<6+0! 8%<*+!<6/E! (&>.(5&,/)! 8*,!<.(&! 7*5&()! '5../'?! ! J8&! -.%+5'! .;! 5.5*/! ;*&-*/!

F*-5&(6*! 6+-(&*'&,! 6+! *//! ;.(<%/*! 0(.%>'! 7658! *,,&,! >(&F6.56-'@! 786/&! -.%+5'! 7&(&!

%+-8*+0&,! 6+! 58&! -.+5(./! 0(.%>?! ! J8&! '%>>/&<&+5&,! ;.(<%/*'! 8*,! +.! &;;&-5'! .+! ;*&-*/!

-.%+5'!.;!/*-5.F*-6//6@!F*-5&(.6,&'!*+,!-/.'5(6,6*!.I&(!56<&!.(!*-(.''!,*)'?!!R+!F.58!58&!"!0!

D)+&(0)#MT!*+,!"!0!$CDj/-V6+%/6+MT!0(.%>'@!;*&-*/!F6;6,.F*-5&(6*!-.%+5'!*5!7&&E'!2!*+,!9!

7&(&!8608&(! 58*+!-.%+5'!*5!7&&E!3j?! !B*&-*/!F6;6,.F*-5&(6*!-.%+5'! 6+! 58&!9!0!D)+&(0)#MT!

0(.%>!*+,!58&!-.+5(./!0(.%>!,6,!+.5!-8*+0&!'60+6;6-*+5/)?!

CI&(*//@!58&!'5%,)!*%58.('!-.+-/%,&,!58*5!;.(<%/*!'%>>/&<&+5*56.+!7658!58&!D)+&(0)#!*+,!

$CDkBCD!7&(&!7&//!5./&(*5&,!*+,!/&,!5.!*+!6+-(&*'&!6+!;*&-*/!F6;6,.F*-5&(6*?! !J8&(&!7&(&!

+.!*>>*(&+5!*,I&('&!&;;&-5'!*5!%>!5.!"!0!D)+&(0)#MT!.(!"!0!$CDj/-V6+%/6+MT?!

2.4.3 scFOS or Oligofructose in Follow-On Formula or Weaning 
Foods 

'-BCD@! ./60.;(%-5.'&@! .(! -.<F6+*56.+'! .;! ./60.;(%-5.'&! *+,! /-V6+%/6+! 8*I&!F&&+! *,,&,! 5.!

58&! ,6&5'! .;! ./,&(! 6+;*+5'! *+,! 5.,,/&('! 5.! *''&''! 58&! &;;&-5'! .;! 58&! +.+V,60&'56F/&!

6+0(&,6&+5! .+! *! I*(6&5)! .;! &+,>.6+5'! 6+-/%,6+0! 58&! -.<>.'656.+! .;! ;*&-*/! <6-(.;/.(*@!

>(&I*/&+-&! .;! ,6*((8.&*@! 0&+&(*/! 7&//VF&6+0@! (&'>.+'&! 5.! I*--6+*56.+'@! 0*'5(.6+5&'56+*/!

&;;&-5'@!5./&(*+-&@!*+,!0(.758!1J*F/&!#Z4?!!LFF.55!T*F.(*5.(6&'!-.+,%-5&,!*!'5%,)!6+!786-8!

'-BCD!7*'!*,,&,!5.!<6/EVF*'&,!F&I&(*0&'!;&,!5.!-86/,(&+!*>>(.S6<*5&/)!#3!5.!29!<.+58'!

.;!*0&?! !C58&(! 6+I&'560*5.('!8*I&!&S*<6+&,!58&!&;;&-5'!.;!./60.;(%-5.'&!.(!*!-.<F6+*56.+!

.;! ./60.;(%-5.'&! *+,! 6+%/6+! 6+! ;.//.7V.+! ;.(<%/*'! .(! 7&*+6+0! ;..,'! ;.(! ./,&(! 6+;*+5'! .(!

5.,,/&('?!!R+!*//!.;!58&'&!'5%,6&'@!58&!'-BCD!.(!./60.;(%-5.'&V-.+5*6+6+0!;..,!7*'!-.+'%<&,!
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6+! *,,656.+! 5.! '5*+,*(,! ;.(<%/*! .(! 5)>6-*/! 7&*+6+0! ;..,'?! ! c&'%/5'! ;(.<! 58&'&! '5%,6&'!

>(.I6,&! *,,656.+*/! 6+;.(<*56.+! .+! 58&! '%65*F6/65)! *+,! >.5&+56*/! F&+&;65'! .;! '-BCD! .(!

./60.;(%-5.'&!*'!>*(5!.;!*!7&*+6+0!,6&5?!

2.4.3.1 Effects of Milk-Based Beverage with scFOS on Incidence and 
Severity of Diarrhoea in Toddlers  

L'! *! -.+5(6F%56.+! 5.! &I6,&+-&! 5.! '%>>.(5! 58&! %'&! *+,! &;;6-*-)! .;! '-BCD! 6+! >(.,%-5'!

'%65*F/&! ;.(! J.,,/&('@!LFF.55!N%5(656.+! -.+,%-5&,!*! (*+,.<6=&,@! F/6+,&,@! -.+5(.//&,!

'5%,)! 5.! *''&''! 58&! &;;6-*-)! .;! *!<6/EVF*'&,! F&I&(*0&! '%>>/&<&+5&,!7658! '-BCD! .+!

6+-6,&+-&! *+,! ,6*((8.&*! 6+! 5.,,/&('! 1LFF.55! T*F.(*5.(6&'@! 23##F4?! J86'! '5%,)! 6'! */'.!

58&! '%Fg&-5! .;!lD! _*5&+5! X@"2:@X2W! hl'&!.;! R+,60&'56F/&!C/60.'*--8*(6,&'! 5.! _(&I&+5!

$*'5(.6+5&'56+*/! R+;&-56.+'! *+,! c&,%-&!G%(*56.+! .;! G6*((8&*! 6+! O%<*+'i! 1G.8+*/&E@!

C'5(.<@!O6/5)@!Q!T&76'!U&+5&(@!#ZZ"4?!

J8&! '5%,)! 7*'! -/6+6-*/! 5(6*/! .;! 2"A! -86/,(&+! *0&'! #3! 5.! 29! <.+58'! *5! '5%,)! &+5()!

*55&+,6+0!,*)!-*(&!6+!D*+56*0.@!U86/&!1J*F/&!#W4?!!G%(6+0!*!#WV7&&E!>&(6.,@!58&!-86/,(&+!

7&(&! *''60+&,! 5.! -.+'%<&! *!<6/EVF*'&,! F&I&(*0&!7658! *>>(.S6<*5&/)! A?9! 0! '-BCDMT!

1+e#AZ4!.(!58&!<6/EVF*'&,!F&I&(*0&!7658!+.!*,,&,!'-BCD!1+e#994?!!P.58!58&!5(&*5<&+5!

*+,! -.+5(./! F&I&(*0&'! -.+5*6+&,! *,,&,! +%-/&.56,&'@! *+,! 58&! F&I&(*0&'!7&(&! ;&,!!"#
$%&%'()!*'!58&!-86/,H'!'./&!'.%(-&!.;!<6/E!F&I&(*0&'?!!U86/,(&+!7&(&!&+-.%(*0&,!5.!,(6+E!

*!<6+6<%<!.;!X33!<T!.;!58&!<6/E!F&I&(*0&'!&*-8!,*)!*5!,*)!-*(&!*+,!*5!8.<&?!!D./6,!

;..,'!7&(&!>&(<655&,?! !L5!'5%,)!&+5()@!-86/,(&+!7&(&!<.+65.(&,!-/.'&/)! ;.(!,6*((8.&*!

*+,! .58&(! '60+6;6-*+5!<&,6-*/! 6//+&''&'?! ! c&'&*(-8! +%('&'! I6'65&,! 58&! ,*)! -*(&! -&+5&(!

7&&E/)! 5.! &+'%(&! '5%,)! -.<>/6*+-&! *+,! 6,&+56;)! &>6'.,&'! .;! ,6*((8.&*! *+,! .58&(!

6//+&''?! ! L5! 7&&E'! #@! 9@! "@! #2@! *+,! #W! .;! 58&! '5%,)@! 58&! -86/,(&+! 7&(&! &I*/%*5&,! ;.(!

<&*'%(&'! .;! 5./&(*+-&@! 0(.758@! *+,! ;*&-*/! <6-(.F6.5*?! ! G*)! -*(&! -&+5&(! 7.(E&('!

(&-.(,&,! '5%,)! ;&&,6+0! 6+5*E&\! .--%((&+-&'! .;! '5.<*-8! -(*<>'! *+,! I.<656+0!

*''.-6*5&,!7658!;&&,6+0'\!'5../!;(&K%&+-)@!-.+'6'5&+-)@!*+,!-8*(*-5&(6'56-'\!58&!*<.%+5!

.;! 0*'\! *+,! -.+'56>*56.+! ;.(! &*-8! -86/,! .+! &*-8! ,*)! .;! *55&+,*+-&! *5! 58&! ,*)! -*(&!

-&+5&(?! ! _*(&+5'!<*6+5*6+&,! (&-.(,'! .;! 58&! '*<&! 5./&(*+-&! I*(6*F/&'@! *'!7&//! *'!<6/E!

6+5*E&@!,%(6+0!58&!A!,*)'!>(6.(!5.!&*-8!'5%,)!I6'65?! !a&6085!*+,!/&+058!7&(&!<&*'%(&,!

*5! &+5()@! *+,! *5! 58&! 7&&E! "! *+,! 7&&E! #W! I6'65'?! ! B*&-*/! '*<>/&'! 7&(&! -.//&-5&,! *5!

F*'&/6+&@!*5!7&&E!#W@!*+,!*5!.+&!*,,656.+*/!'5%,)!I6'65!,%(6+0!58&!5(6*/!;.(!,&5&(<6+*56.+!

.;! ;*&-*/! /*-5.F*-6//6@! F6;6,.F*-5&(6*@! (.5*I6(%'@! *+,! *$+,'-%"%()# "%..%/%$0?! ! B*&-*/!
'>&-6<&+'!*/'.!7&(&!-.//&-5&,!;(.<!-86/,(&+!76586+!57.!,*)'!.;!58&!'5*(5!.;!*+!&>6'.,&!

.;!,6*((8.&*!*+,!*+*/)=&,!;.(!;*&-*/!>*58.0&+'?!

G%(6+0! 57.! >8*'&'@! *! 5.5*/! .;! 292! -86/,(&+! -.<>/&5&,! 58&! '5%,)k! ##"! 6+! 58&! '-BCD!

0(.%>@! *+,! #29! 6+! 58&! -.+5(./! 0(.%>?! ! L! '%<<*()! .;! 58&! '*<>/&! >.>%/*56.+! *+,!

<&*'%(&'!.;!6+;*+5!0(.758!6'!>(&'&+5&,!6+!J*F/&!U#:?!!J8&(&!7&(&!A!5(&*5<&+5!;*6/%(&'!
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6+!58&!'-BCD!0(.%>!*+,!W!6+!58&!-.+5(./!0(.%>?!!J8&!+%<F&(!.;!>(.5.-./!;*6/%(&'!6+!58&!

'-BCD!*+,!-.+5(./!0(.%>'!7*'!#"!*+,!#9@!(&'>&-56I&/)?!!]&*'%(&'!.;!7&6085!*+,!/&+058!

7&(&!-.<>*(*F/&!6+!58&!57.!;&&,6+0!0(.%>'!58(.%08.%5!58&!'5%,)!*+,!+.(<*/!6+!F.58!

0(.%>'?! ! U86/,(&+! 6+! 58&! '-BCD! 0(.%>! 8*,! 0(&*5&(! 7&6085! 0*6+'! 58*+! -86/,(&+! 6+! 58&!

-.+5(./!0(.%>@!58.%08!58&!0*6+'!7&(&!+.5!'5*56'56-*//)!,6;;&(&+5?!!!

L! '%<<*()! .;! 58&! <6/EVF*'&,! F&I&(*0&! 6+5*E&@! 5./&(*+-&! <&*'%(&'@! *+,! '5../!

-8*(*-5&(6'56-'! 6'! '8.7+! 6+! J*F/&! U#"?! ! J8&(&! 7&(&! +.! ,6;;&(&+-&'! F&57&&+! ;&&,6+0!

0(.%>'!6+!I./%<&!.(!;(&K%&+-)!.;!<6/E!6+5*E&?!!J8&!*I&(*0&!6+5*E&!.;!'-BCD!F)!-86/,(&+!

6+! 58&! '-BCDV-.+5*6+6+0! <6/E! F&I&(*0&'! 7*'! *>>(.S6<*5&/)! 2?X! 0! >&(! ,*)! *5! &*-8!

*''&''<&+5?! ! J8&(&! */'.! 7&(&! +.! ,6;;&(&+-&'! F&57&&+! 0(.%>'! 6+! 6+-6,&+-&! *+,!

;(&K%&+-)!.;!'5.<*-8!-(*<>'!*+,M.(!I.<656+0!7658!;&&,6+0'?!!U86/,(&+!-.+'%<6+0!58&!

'-BCDV-.+5*6+6+0!<6/E!8*,!*! /.7&(!<&*+! (*+E! '5../! -.+'6'5&+-)! 16?&?@! '.;5&(! '5../'4!*5!

7&&E! #! *'! -.<>*(&,! 5.! 58&! -.+5(./! <6/E! 0(.%>@! *+,! *! 8608&(! >&(-&+5*0&! .;! 7*5&()!

'5../'!.(!'5../'!58*5!7&(&!&658&(!7*5&()!.(!/..'&?!!J8&(&!7&(&!+.!,6;;&(&+-&'!F&57&&+!

0(.%>'! 6+!<&*+!(*+E!'5../!-.+'6'5&+-)!*5!F*'&/6+&!.(!7&&E'!9@!"@!#2@!.(!#W?! !U86/,(&+!

-.+'%<6+0!58&!'-BCDV'%>>/&<&+5&,!<6/E!8*,!*!0(&*5&(!6+-(&*'&!6+!,&5&-5*F/&!/&I&/'!.;!

;*&-*/!F6;6,.F*-5&(6*!*'!-.<>*(&,!5.!-86/,(&+!-.+'%<6+0!58&!-.+5(./!<6/E@!58.%08!58&!

F&I&(*0&'! 8*,! +.! &;;&-5'! .+! ;*&-*/! -.%+5'! .;! T*-5.F*-6//%'! '>>?! ! J8&! 6+-6,&+-&! .;!

,6*((8.&*!,6,!+.5!,6;;&(!F&57&&+! 58&! '-BCD!*+,! -.+5(./! 0(.%>'?! !U86/,(&+! -.+'%<6+0!

<6/E! 7658! *,,&,! '-BCD@! 8.7&I&(@! 8*,! *! '8.(5&(! <&*+! ,%(*56.+! .;! *-%5&! ,6*((8.&*!

&>6'.,&'! 1A?Z#! I'?! 9?""! ,*)'@! >e3?3AW4@! /.7&(! 6+-6,&+-&! .;! .5656'! <&,6*! 1#:! .;! #A#!

-86/,(&+!I'?!AA!.(!#A9!-86/,(&+@!>e3?32A4@!*+,!;&7&(!-.%('&'!.;!*+56F6.56-'!5.!5(&*5!.5656'!

<&,6*!1>e3?3AZ@!(&/*56I&!(6'E!.;!3?X3#4?!
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!"#$%&'()&*+,-.%/&01&/234*&.5&30$$06745&3089,$"&08&:%"5.5;&300-/&
<%1%8%52%&

=+8."$&
$02"+.05>&

!%/+&*,#/+"52%&"5-&?0/%&&
!8%"+9%5+&
?,8"+.05&

<%/,$+/&01&@5;%/+.05A 

#$%%&''!
()%&*)'&*+,-.!
/011%2!
3&45)6,7.!,'!
)68.!199":!

;&<<6,*-.!10=/>!?&!
@A6'+B,5',*.!B&5'*&66,<.!
*)5<&?+C,<.!'*+)6!
!
$<<,<!'&!?+67=%)-,<!%,D,*)E,!
#F+'4!5AB6,&'+<,-:G!

• H8I!E!-BJKLM(!#5N1H9:!
O)PP*&Q+?)',6R!/8I!EM<S!

• T&5'*&6!?+67!#5N1>>:!
!
L&A*B,G!UA'*)J6&*)!-BJKL!#V;T!
UA'*+'+&5:!

!

1W!F7! V*&F'4G!
=U&!<+XX,*,5B,!+5!F,+E4'.!6,5E'4.!&*!F,+E4'!E)+5M<8!
;&6,*)5B,G!
=U&!<+XX,*,5B,!+5!5A?%,*!&X!X,,<+5E-M<!&*!?,<+)5!D&6A?,!B&5-A?,<8!
=U&!<+XX,*,5B,!+5!+5B+<,5B,!)5<!X*,YA,5BR!&X!-'&?)B4!B*)?P-!)5<M&*!D&?+'+5E8!
=L&X',*!-'&&6-!)'!F,,7!1!)5<!4+E4,*!P,*B,5'!&X!F)',*R!)5<!F)',*R!&*!6&&-,!-'&&6-2!B&?P)*)%6,!
-'&&6!B&5-+-',5BR!)'!F,,7-!>.!".!1/!)5<!W8!
3*&P&A'-G!
=H!'*,)'?,5'!X)+6A*,-!+5!'4,!-BJKL!E*&AP2!W!+5!'4,!B&5'*&6!E*&AP!Z!)66!+5'&6,*)5B,!&X!-'A<R!<+,'8!
@+B*&%+&6&E+B)6!3)')G!
=V*,)',*!+5B*,)-,!+5!<,',B'+&5!&X!X),B)6!%+X+<&%)B',*+)2!5&!B4)5E,!+5!6)B'&%)B+66+8!
K'4,*![5<P&+5'-G!
=(&F,*!*+-7!X&*!<+)**4&,).!-4&*',*!<A*)'+&5!&X!<+)**4&,).!6&F,*!+5B+<,5B,!&X!&'+'+-!?,<+).!
X,F,*!B&A*-,-!&X!)5'+%+&'+B-!'&!'*,)'!&'+'+-!?,<+)8!

!

!

!

!

!
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!"#$%&'B)&?./C0/.+.05&"5-&;806+D&01&.51"5+/&%580$$%-&.5&'(76%%E&/+,-F&01&9.$E7#"/%-&#%G%8";%&6.+D&"--%-&/234*&

& 3%%-.5;&H80,C&

& I05+80$&J%G%8";%& /234*&J%G%8";%'&

[5*&66,<!OB&?P6,',<S! 1>>!
O1/>S!

1H9!
O11"S!

;*,)'?,5'!X)+6A*,-! W! H!

\*&'&B&6!X)+6A*,-! 1>! 1"!

! @,)5!]!L[@!

^,+E4'!)'G!#E:! ! !

_)-,6+5,! 10.91>!]!1/0! 10.9HW!]!1H>!

@+<P&+5'! 11.>/"!]!1/`! 11.>H`!]!1HW!

L'A<R!,5<! 11.`IW!]!1H1! 11.`"W!]!1I1!

^,+E4'!E)+5!)'G!#EM<)R:! ! !

@+<P&+5'! `8"!]!08W! 98W!]!08W!

L'A<R!,5<!! I8`!]!08W! W8>!]!08W!

(,5E'4!)'G!#B?:! ! !

_)-,6+5,! `98W!]!08>! `989!]!08>!

@+<P&+5'! "18W!]!08>! "18H!]!08>!

L'A<R!,5<! "H81!]!08>! "H80!]!08>!

1!_,D,*)E,!B&5')+5,<!H8>!E!-BJKLM(8!

a,X,*,5B,G!!#$%%&''!()%&*)'&*+,-.!/011%:!
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!"#$%&'K)&3%%-.5;&/+"+./+.2/L&+0$%8"52%&"5-&/+00$&2D"8"2+%8./+.2/&01&2D.$-8%5&.5&'(76%%E&/+,-F&01&9.$E7#"/%-&#%G%8";%&6.+D&"--%-&/234*&
& :%%E&'& :%%E&M& :%%E&K& :%%E&'N& :%%E&'(&

\)*)?,',*! T&5'*&6! -BJKL! T&5'*&6! -BJKL! T&5'*&6! -BJKL! T&5'*&6! -BJKL! T&5'*&6! -BJKL!

J,,<+5E!D&6A?,.!?(M<! `HW!]!1`! `10!]!1`! `1H!]!1`! `I`!]!1"! ``0!]!1`! `H0!]!19! `>I!]!1`! `>I!]!19! `I0!]!1"! `WW!]!1"!

J,,<+5E!X*,YA,5BR.!U&8M<! H8I!]!081! H8>!]!081! H8>!]!081! H8I!]!081! H8W!]!081! H8I!]!081! H8I!]!081! H8W!]!081! H8I!]!081! H8W!]!081!

;&6,*)5B,!=!b!X,,<+5E-!F+'4!

L'&?)B4!B*)?P-! 1/8>!]!/8/! 1H8>!]!/8>! 108H!]!/81! 108I!]!/80! 981!]!/81! W89!]!18"! >8I!]!18>! >81!]!18H! 089!]!08`! I8>!]!>80!

c&?+'! 089!]!08>! 08H!]!08/! 08/!]!081! 08H!]!081! 08/!]!08/! 08I!]!08/! 08/!]!081! 180!]!08>! 08/!]!08/! 08/!]!08/!

L'&?)B4!B*)?P-!d!D&?+'! 1H8H!]!/8/! 1H8`!]!/8H! 108I!]!/81! 108"!]!/80! 98H!]!/81! `8H!]!18"! >8W!]!18>! I80!]!18>! 181!]!180! I8W!]!>80!

L'&&6!B4)*)B',*+-'+B-!
UA?%,*!&X!-'&&6-M<.!
?,<+)5!

/80! /8/! /80! /80! /80! 18`! /80! /80! /80! 18`!

UA?%,*!&X!-'&&6-M<! /80!]!081! /8/!]!081! 189!]!081! /80!]!081! /8/!]!081! 189!]!081! /81!]!081! 189!]!081! 189!]!081! 18`!]!081!

T&5-+-',5BR!

@,)5! H8/!]!081)! H80!]!081%! H8/!]!081! H8H!]!081! H8H!]!081! H8H!]!081! H8>!]!081! H8>!]!081! H8>!]!081! H8I!]!081!

@,<+)5!! H8/! H80! H81! H8/! H8H! H8H! H8>! H8H! H8I! H8W!

!!!\*,<&?+5)5'.!b!!

^)',*R! I8`!]!18>)! 108W!]!/80%! I81!]!18H! >8H!]!180! 189!]!08"! >8>!]!18/! /8`!]!089! /8/!]!08"! /8/!]!08"! 18H!]!08I!

(&&-,M@A-4R! 1H8W!]!/80! 1W8I!]!/80! 1H89!]!/80! 1H8/!]!/81! 1W8/!]!/8/! 108"!]!189! 108/!]!18`! 118>!]!189! 1>8/!]!/8>! "8`!]!18W!

L&X'! >H8"!]!H81! >08`!]!H80! >/89!]!H8H! H98H!]!H8/! H`8I!]!H80! H`8W!]!H8H! H98I!]!H81! HI8W!]!H8/! HH8H!]!H80! HI8"!]!H81!

J&*?,<! HH80!]!H81! /`8W!]!180! H`8/!]!H8I! H980!]!/89! H98>!]!H8/! >18"!]!H8H! >18"!]!H8>! >>8`!]!H8/! >H80!]!189! >W8/!]!H8>!

e)*<! >80!]!18H! H8`!]!180! /89!]!08"! >80!]!18/! >89!]!18H! I8I!]18>! I8W!]!18H! I8W!]!18I! `80!]!189! W8`!]!18W!

^)',*R!&*!6&&-,M?A-4R! 198>!]!/8>)! /`81!]!/8`%! 1980!]!/8>! 1`8>!]!/8>! 1"8/!]!/8>! 1I8/!]!/8H! 1/89!]!/80! 1H8W!]!/81! 1>8/!]!/8>! 1080!]!18`!
1!_,D,*)E,!B&5')+5,<!H8>!E!-BJKLM(8!
/!c)6A,-!F+'4!<+XX,*,5'!-AP,*-B*+P'-!)*,!-+E5+X+B)5'6R!<+XX,*,5'!)'!'4,!Pf080I8!
a,X,*,5B,G!!#$%%&''!()%&*)'&*+,-.!/011%:!
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2.4.3.2 Oligofructose or Inulin in Follow-On Formula or Weaning Foods 

$%&'()%! *'+! ,-..)*/&)(! 0122345! *.(-! ,-'+&,6)+! *! 789)):! 6%;*.! -<! #72! ,=;.+%)'!#! 6-! 1!
>)*%(!-<! */)!9=-!=*+! ?&(6! ,-@A.)6)+!#!9)):!-<! *@-B;,;..;'! 6%)*6@)'6C! ! D=)! 6-++.)%(!
%),);E)+!@-%)! 6=*'!F22!@GH+*>!-<!);6=)%!*! (6*'+*%+! <-%@&.*! 0'I335!-%! <-%@&.*!9;6=!
7C#F!/!-.;/-<%&,6-()!*'+!#C7F!/!;'&.;'HG!0'I3J5C!!K'/)(6;-'!-<!*6!.)*(6!1C1F!/!A)%!+*>!-<!
6=)! -.;/-<%&,6-()! *'+! ;'&.;'! ,-@4;'*6;-'! ;'! ;'<*'6! <-%@&.*! =*+! '-! )<<),6! -'!
/*(6%-;'6)(6;'*.! (>@A6-@(! ;',.&+;'/! ;',;+)',)! -<! <.*6&.)',)L! %)(6.)((')((L! ,%*@A;'/!
A*;'L!,%>;'/L!E-@;6;'/!-%!)A;(-+)(!-<!+;*%%=-)*!-E)%!6=)!789)):!A)%;-+C!!D=)!6%)*6@)'6!
<-%@&.*!=*+!'-!)<<),6!-'!+*;.>!(6--.!<%)M&)',>!-%!,-'(;(6)',>C! !N;/=)%!.)E).(!-<!<*),*.!
4;<;+-4*,6)%;*!9)%)!<-&'+!;'!6=)!6%)*6@)'6!/%-&A!,-@A*%)+!6-!6=)!,-'6%-.!/%-&A!*<6)%!
#!9)):!-<! A%)4;-6;,! *+@;';(6%*6;-'! 6=-&/=! 6=;(! +;<<)%)',)!9*(! /-')!4>!9)):! 7C! ! D=)!
6%)*6@)'6!=*+!'-!)<<),6!-'!.)E).(!-<!<*),*.!!"#$%&'!0$%&'()%L!O-66).*'+L!)6!*.CL!12235C!

P&//*'!*'+!,-..)*/&)(!012275!%),%&;6)+!;'<*'6(!<%-@!*!,-@@&';6>!9;6=!*!=;/=!4&%+)'!
-<! /*(6%-;'6)(6;'*.! ;'<),6;-'(! ;'! Q)%&! 6-! *(()((! 6=)! ;@A*,6! -<! -.;/-<%&,6-()! ;'! ;'<*'6!
,)%)*.! 09;6=! -%! 9;6=-&6! *++)+! R;',5! -'! 6=)! A%)E*.)',)! -<! +;*%%=-)*! ;'! 69-! 6%;*.(C!!
K'<*'6(! 3! 6-! #1! @-'6=(! -<! */)! 9)%)! %*'+-@;R)+! 6-! ,-'(&@)! ;'<*'6! ,)%)*.! 9;6=! -%!
9;6=-&6!*++)+!-.;/-<%&,6-()!02CFF!/H#F!/!,)%)*.5! <-%!*!A)%;-+!-<!3!@-'6=(!0P&//*'!)6!
*.CL! 12275C! !S! (6*'+*%+! ,)%)*.!9*(!&()+! ;'! 6=)! <;%(6! 6%;*.L! *'+!*! R;',8<-%6;<;)+! ,)%)*.! 0#!
@/H#F!/!,)%)*.5!9*(!&()+!;'!6=)!(),-'+C!!K'!)*,=!6%;*.L!;'<*'6(!;'!6=)!-.;/-<%&,6-()!/%-&A!
,-'(&@)+!-'!*E)%*/)!2C3T!/!-.;/-<%&,6-()H+*>C! !U-!+;<<)%)',)(!;'!+*;.>!,)%)*.! ;'6*:)(!
9)%)!-4()%E)+!4)69))'!6=)!,-'6%-.!*'+!-.;/-<%&,6-()!/%-&A(L!*'+!/%-96=!A*%*@)6)%(!
;',.&+;'/!9);/=6!*'+!=);/=6!9)%)!,-@A*%*4.)!4)69))'!<))+;'/!/%-&A(C! !U-!+%-A-&6(!
9)%)!%)A-%6)+!6-!4)!%).*6)+!6-!6=)!-.;/-<%&,6-()!(&AA.)@)'6*6;-'C!!D=)!6%)*6@)'6!=*+!
'-!)<<),6!-'!+;*%%=-)*!A%)E*.)',)L!'&@4)%!-<!=-(A;6*.;R*6;-'(L!E;(;6(!6-!6=)!.-,*.!,.;';,L!
&()!-<!*'6;4;-6;,(L!-%!;@@&')!%)(A-'()!6-!*'!;'<.&)'R*!;@@&';R*6;-'C!

K'!*!@&.6;,)'6)%L!%*'+-@;R)+L!,-'6%-..)+!6%;*.L!$)66.)%!*'+!,-..)*/&)(!012235!)B*@;')+!
6=)!)<<),6(!-<!<-%@&.*!,-'6*;';'/!(')'*%+,$-./'01#&,$-'2!0A%-4;-6;,5!-%!*!,-@4;'*6;-'!-<!
("#&,$-'2!*'+!#CF!/!-.;/-<%&,6-()HG!;'!6-++.)%(!#1!6-!7J!@-'6=(!-.+C!!P&%;'/!6=)!J89)):!
(6&+>L! 6=)%)! 9*(! '-! +;<<)%)',)! *,%-((! <-%@&.*! /%-&A(! ;'! 6=)! '&@4)%! *'+! :;'+(! -<!
<-%@&.*8%).*6)+! *+E)%()! )E)'6(! ;',.&+;'/! /*(6%-;'6)(6;'*.! *+E)%()! )E)'6(C! ! V-%@&.*!
*,,)A6*',)! 9*(! (;@;.*%! *,%-((! /%-&A(C! ! W)*'! 4-+>! 9);/=6(! ;',%)*()+! (;@;.*%.>! <-%!
)*,=!<-%@&.*!/%-&AC!!D=)%)!9*(!*'!;',%)*()+!<%)M&)',>!-<!+)6),6;-'!-<!("#&,$-'2!;'!6=)!
(>'4;-6;,! /%-&A! ,-@A*%)+! 6-! 6=)! ,-'6%-.! /%-&A! *6! +*>! T! *'+! +*>! 1X! ,-@A*%)+! 6-!
,-'6%-.L!4&6!'-!+;<<)%)',)!,-@A*%)+!6-!6=)!A%-4;-6;,!/%-&AC!!U-!(;/';<;,*'6!+;<<)%)',)(!
9)%)!<-&'+!<-%!<*),*.!,-',)'6%*6;-'(!-<!4;<;+-4*,6)%;*L!4*,6)%-;+)(L!(6%)A6-,-,,;L!*'+!
.*,6-4*,;..;! ;'! 6=)! (>'4;-6;,!/%-&A!,-@A*%)+! 6-! 6=)!-6=)%! <-%@&.*!/%-&A(C! !Y.-(6%;+;*!
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,-&'6(!9)%)!/%)*6)%!;'!6=)!(>'4;-6;,!/%-&A!,-@A*%)+!6-!6=)!A%-4;-6;,!/%-&AL!4&6!6=)!
(*@)!*(!6=)!,-'6%-.!/%-&A!*6!+*>!1XC!

K'!*'-6=)%!(6&+>L!W--%)!*'+!,-..)*/&)(!012275!%*'+-@;R)+!F3!;'<*'6(L!#38J1!9)):(!-<!
*/)L! 6-! %),);E)! 2CTF! /! -.;/-<%&,6-()! 0;+)'6;<;)+! ;'! 6=)! (6&+>! *(! VZ[\! *((&@)+! 6-! 4)!
-.;/-<%&,6-()!4*()+!-'!]))%)@*'!122T5!-%!@*.6-+)B6%;'H1F!/!()%E;'/!-<!,)%)*.! <-%!*!
A)%;-+!-<!J!9)):(C!!D=)!*E)%*/)!+*;.>!;'6*:)!-<!-.;/-<%&,6-()!<%-@!6=)!,)%)*.!9*(!#C2F!
/L!9;6=! (-@)! ;'<*'6(! ,-'(&@;'/!&A! 6-!7!/!-.;/-<%&,6-()H+*>! <%-@!6=;(! (-&%,)C! ! [6--.!
<%)M&)',>!;',%)*()+!;'!6=)!-.;/-<%&,6-()8(&AA.)@)'6)+!;'<*'6(!*'+!(6--.(!9)%)!(-<6)%L!
4&6! '-! +;*%%=-)*! 9*(! %)A-%6)+C! ! S++;6;-'*..>L! 6=)%)! 9)%)! '-! +;<<)%)',)( 4)69))'!
/%-&A(!;'!,%>;'/L!(A;66;'/8&AL!-%!,-.;,C!!D=)%)!9)%)!'-!%)A-%6)+!()%;-&(!*+E)%()!)E)'6(!
-%!*!+;<<)%)',)! ;'!'-'8()%;-&(!*+E)%()!)E)'6(!4)69))'!/%-&A(C! !U-!+;<<)%)',)(!9)%)!
<-&'+! <-%! (6--.! ANC! ! Y=*'/)(! ;'! 9);/=6! *'+! .)'/6=! 9)%)! (;@;.*%! 4)69))'! /%-&A(!
0W--%)!)6!*.CL!12275C!

 
[**E)+%*!*'+!,-..)*/&)(!0[**E)+%*!^!D(,=)%';*L!1221\![**E)+%*!)6!*.CL!#"""\!D(,=)%';*!
)6!*.CL!#"""5!*.(-!)B*@;')+!6=)!)<<),6(!-<!*++;'/!-.;/-<%&,6-()!6-!;'<*'6!,)%)*.(C!!K'!6=;(!
3!@-'6=! (6&+>L! #J2! ;'<*'6(! J81J!@-'6=(! -<! */)!9)%)! %*'+-@;R)+! 6-! %),);E)! ,)%)*.!
9;6=!-%!9;6=-&6!2CFF!/!-.;/-<%&,6-()H#F!/!,)%)*.C! !SE)%*/)!-.;/-<%&,6-()! ;'6*:)! <%-@!
6=)!,)%)*.!9*(!#C#!/H+*>C!!D=)!,)%)*.!9*(!%)A-%6)+!6-!4)!9)..!6-.)%*6)+C!!Z.;/-<%&,6-()!
;'6*:)! =*+! '-! )<<),6! -'! <%)M&)',>! -<! %)A-%6)+! +;*%%=-)*L! (6--.! <%)M&)',>L! (6--.!
,-'(;(6)',>L! +;*A)%! %*(=! -%! <.*6&.)',)C! ! D=)! ;'<*'6(! ;'! 6=)! -.;/-<%&,6-()! /%-&A! =*+!
;@A%-E)+! OK! (6*6&(! 9;6=! +),%)*()+! 4-9).! @-E)@)'6! +;(,-@<-%6L! E-@;6;'/L!
%)/&%/;6*6;-'L!*'+!+;*%%=-)*!()E)%;6>C!!Z.;/-<%&,6-()!;'6*:)!%)(&.6)+!;'!'-%@*.!/%-96=!
*'+!9*(! *((-,;*6)+!9;6=! *! .-9)%! ;',;+)',)! -<! <)4%;.)! )E)'6(L! %&''>! '-()L! *'6;4;-6;,!
&()L!@)+;,*.! *66)'6;-'! ()):;'/L! *'+!+*>,*%)! *4()'6));(@C! ! $*()+!-'! 6=);%! %)()*%,=L!
6=)()!(6&+>!;'E)(6;/*6-%(!,-',.&+)+!6=*6!;'<*'6(!*'+!>-&'/!,=;.+%)'!,*'!,-'(&@)!&A!
6-! 2CX! /! -.;/-<%&,6-()H:/! 4-+>! 9);/=6! A)%! +*>! 9;6=-&6! )BA)%;)',;'/! *'>! *+E)%()!
/*(6%-;'6)(6;'*.!)<<),6(C!!D=)!;'E)(6;/*6-%(!*.(-!'-6)+!6=*6!+).;E)%>!-<!6=)!-.;/-<%&,6-()!
;'!*!()@;8(-.;+!<--+!0;C)CL!,)%)*.5!@*>!=*E)!,-'6%;4&6)+!6-!6=)!6-.)%*',)!-<!6=)()!.)E).(!
-<!-.;/-<%&,6-()C!

_*.;/-%*8P&A%;)6!*'+!,-..)*/&)(!0122T5!%*'+-@;R)+!7F!;'<*'6(!*'+!6-++.)%(!*/)(!T!6-!
#"!@-'6=(!6-!,-'(&@)!*!(&AA.)@)'6!A%-E;+;'/!1!/!-.;/-<%&,6-()!-%!1!/!@*.6-+)B6%;'!
;'! <--+!-%! 4)E)%*/)! )*,=!+*>! <-%! *! A)%;-+! -<! 7!9)):(C! ! D=)! -.;/-<%&,6-()!9*(!9)..8
6-.)%*6)+L! *'+!=*+!'-!)<<),6!-'! <))+;'/! %)<&(*.L! *4+-@;'*.!A*;'L! *'+! <%)M&)',>!*'+!
,-'(;(6)',>! -<! (6--.(C! ! D=)! '&@4)%! -<! ;'<),6;-&(! +;()*()(! %)M&;%;'/! *'6;4;-6;,!
6%)*6@)'6L! )A;(-+)(! -<! <.*6&.)',)L! +;*%%=-)*L! E-@;6;'/L! *'+! <)E)%!9)%)! .-9)%! ;'! 6=)!
VZ[!/%-&A!,-@A*%)+! 6-! 6=)!,-'6%-.!/%-&AC! !S..! (&4?),6(! %)A-%6)+.>!)B=;4;6)+!'-%@*.!
/%-96=C!!V*),*.!4;<;+-4*,6)%;*!,-&'6(!6)'+)+!6-!;',%)*()!;'!6=)!-.;/-<%&,6-()!/%-&A!*(!
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,-@A*%)+!6-!6=)!,-'6%-.!/%-&AL!9=;.)!,.-(6%;+;*!,-&'6(!+),%)*()+C!!Z.;/-<%&,6-()!=*+!
'-!)<<),6(!-'! <*),*.!)'6)%-,-,,;L! )'6)%-4*,6)%;*!-%!4*,6)%-;+)(! 0_*.;/-%*8P&A%;)6!)6!
*.CL!122T5!C!

K'! *'! K'+-')(;*'! 4*()+! (6&+>L! X8@-'6=! -.+! ;'<*'6(! ,-'(&@;'/! ,)%)*.! 9;6=! *++)+!
-.;/-<%&,6-()!`! ;'&.;'! ;'!*!T2a72!,-@4;'*6;-'! 0#!/H1F!/! ;'<*'6!,)%)*.5!=*+!=;/=)%! K/O!
*'6;4-+>!.)E).(!6=*'!;'<*'6(!,-'(&@;'/!*!,-'6%-.!,)%)*.L!*'+!@;.+!%)*,6;-'(!*<6)%!6=)!
@)*(.)(!E*,,;'*6;-'!0)C/CL!<)E)%L!%&''>!'-()5!9)%)!@-%)!-<6)'!-4()%E)+!0V;%@*'(>*=L!
Q%*@;6*L! Y*%%;)! V*((.)%L! N*(,=:)L! ^! G;':8S@(6)%L! 12225C! ! D=)! ;'E)(6;/*6-%(! *.(-!
%)A-%6)+!'-!+;<<)%)',)!4)69))'!/%-&A(!;'!/%-96=!-%!-E)%*..!=)*.6=!(6*6&(C!

 

2.4.4 Summary of Studies of scFOS or Oligofructose in Infant 
Formula, Follow-On Formula, or Weaning Foods 

S!(6&+>!%)A-%6;'/!6=)!=)*.6=!)<<),6(!-<!(,VZ[!,-'(&@A6;-'!<%-@!;'<*'6!<-%@&.*!4>!;'<*'6(!
;'! b*A*'! %)E)*.)+! 6=*6! 6=)! .)E).! -<! (,VZ[! ;'! ;'<*'6! <-%@&.*! 07C1! /! (,VZ[HG5! 9*(! 9)..!
6-.)%*6)+! *'+! =*+! '-! *+E)%()! )<<),6(! -'! =)*.6=! 0c*@*@-6-! ^! c-'):&4-L! #""75C! ! D=)!
)(6;@*6)+! @)*'! *'+! "26=! A)%,)'6;.)! ,-'(&@A6;-'! .)E).(! -<! (,VZ[! <%-@! ;'<*'6! <-%@&.*!
9)%)! 7C2! *'+! JC1! /! (,VZ[H+*>L! %)(A),6;E).>C! ! [;',)! 6=*6! 6;@)L! 6=)! )<<),6(! (,VZ[! -%!
-.;/-<%&,6-()! ;'! ;'<*'6! <-%@&.*! -'! ;'<*'6! /%-96=L! 6-.)%*',)L! (6--.! ,=*%*,6)%;(6;,(L! *'+!
<*),*.!@;,%-<.-%*! =*E)!4))'! *(()(()+! ;'! (6&+;)(! +)6*;.)+! ;'! 6=)!A&4.;(=)+! .;6)%*6&%)! *'+!
(6&+;)(!,-'+&,6)+!4>!S44-66!G*4-%*6-%;)(C!!K'<*'6(!9)%)!<)+!(,VZ[!-%!-.;/-<%&,6-()!&A!6-!*!
'-@;'*.! ,-',)'6%*6;-'!-<!7C2!/HG! ;'! 6)%@! ;'<*'6! <-%@&.*! <-%!A)%;-+(!-<!#! 6-!#3!9)):(! ;'!
()E)'!(6&+;)(C!!K'!*'-6=)%!(6&+>!6=)!)<<),6(!-<!JC2!/!-.;/-<%&,6-()HG!;'!<-%@&.*!<-%!A%)6)%@!
;'<*'6(!9*(!*(()(()+!<-%!1!9)):(C!!d)(&.6(!<%-@!6=)()!6%;*.(!A%-E;+)!*++;6;-'*.!)E;+)',)!6-!
)E*.&*6)!6=)!(*<)6>!*'+!(&;6*4;.;6>!-<!(,VZ[!;'!;'<*'6!<-%@&.*!*'+!<-..-98-'!<-%@&.*C!!Z')!
*++;6;-'*.!(6&+>!9*(!,-'+&,6)+!6-!)B*@;')!6=)!)<<),6(!-<!*!,-@4;'*6;-'!-<!-.;/-<%&,6-()!
*'+! .,8;'&.;'\! %)(&.6(! <%-@! 6=;(! (6&+>! 6=)%)<-%)! A%-E;+)! (&AA-%6;E)! )E;+)',)! -<! 6=)!
(&;6*4;.;6>!-<!-.;/-<%&,6-()!;'!<-%@&.*!<-%!6)%@!;'<*'6(C!

(,VZ[!*'+!-.;/-<%&,6-()!*.(-!=*E)!4))'!*++)+!6-!<-..-98-'!<-%@&.*!-%!9)*';'/!<--+(!6-!
*(()((! 6=)! )<<),6(! -<! 6=)! -.;/-(*,,=*%;+)(! -'! <*),*.! @;,%-<.-%*L! ;',;+)',)! -<! +;*%%=-)*L!
6-.)%*',)L!*'+!/)')%*.!9)..84);'/C!!K'!-')!(6&+>L!-.+)%!;'<*'6(!*'+!6-++.)%(!,-'(&@)+!*'!
*E)%*/)! -<! 1CF! /! (,VZ[H+*>! <-%! #3!9)):(C! ! Z.+)%! ;'<*'6(! *'+! 6-++.)%(! ,-'(&@)+! ;'! 6=)!
%*'/)!-<!2CT!6-!#C#!/!*++)+!-.;/-<%&,6-()H+*>!<-%!*!A)%;-+!-<!3!@-'6=(!;'!69-!(6&+;)(L!*'+!
;'!-6=)%! (6&+;)(! ;'<*'6(! ,-'(&@)+! ;'! 6=)! %*'/)!-<!#! 6-!1!/!*++)+!-.;/-<%&,6-()!+*;.>! <-%!
A)%;-+(!-<!7!-%!J!9)):(C!!W)*(&%)(!-<!6-.)%*',)L!/%-96=L!<--+!;'6*:)L!*'+!*+E)%()!)E)'6(!
;'!6=)()!(6&+;)(!A%-E;+)!;'<-%@*6;-'!6-!+)6)%@;')!6=)!*AA%-A%;*6)')((!-<!*++;'/!(,VZ[!6-!
<-..-98-'! <-%@&.*C! ! d)(&.6(! <%-@! 69-! *++;6;-'*.! (6&+;)(! ;'! 9=;,=! >-&'/! ,=;.+%)'!
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,-'(&@;'/! *! ,-@4;'*6;-'! -<! -.;/-<%&,6-()! *'+! .,8;'&.;'! ;'! <-..-98-'! <-%@&.*! A%-E;+)!
,-%%-4-%*6;E)!)E;+)',)C!
!
S'6=%-A-@)6%;,! +*6*! ,-..),6)+! ;'! (6&+;)(! -<! ;'<*'6(! ,-'(&@;'/! <-%@&.*! (&AA.)@)'6)+!
9;6=!(,VZ[!-%!-.;/-<%&,6-()! ;'!6=)!<;%(6!@-'6=(!-<! .;<)! ;'+;,*6)!6=*6!6=)!<-%@&.*(!(&AA-%6!
'-%@*.!/%-96=C!!D=)!/%-96=!-<!6)%@!;'<*'6(!,-'(&@;'/!&A!6-!7C2!/!(,VZ[HG!+&%;'/!6=)!<;%(6!
#3! 9)):(! -<! .;<)! 9*(! ,-@A*%*4.)! 6-! 6=)! /%-96=! -<! ;'<*'6(! ,-'(&@;'/! =&@*'! @;.:! -%!
<-%@&.*! 9;6=-&6! 6=)! *++)+! (,VZ[! 0S44-66! G*4-%*6-%;)(L! 1227! 8! 122"5C! ! d)(&.6(! <%-@! *!
(6&+>! +)(;/')+! 6-! *(()((! /%-96=! *.(-! +)@-'(6%*6)! 6=*6! ;'<*'6(! ,-'(&@;'/! &A! 6-! 7C2! /!
-.;/-<%&,6-()HG! -E)%! *! A)%;-+! -<! #1!9)):(! 04)/;'';'/!9;6=;'! 6=)! <;%(6! 69-!9)):(! -<! .;<)5!
)B=;4;6!'-%@*.! /%-96=! 0$)66.)%!^!e&.)%L! 12235C! !W)*(&%)(!-<! /%-96=!*.(-!9)%)! ,-..),6)+!
-E)%! A)%;-+(! -<! #L! 1L! J! -%! #7! 9)):(! ;'! (@*..)%! 6%;*.(! ;'! 9=;,=! &A! 6-! 7C2! /! (,VZ[! -%!
-.;/-<%&,6-()HG!-%!&A!6-!XC2!/!-.;/-<%&,6-()!`!.,8;'&.;'HG!9*(!*++)+!6-!;'<*'6!<-%@&.*!*'+!
6=)! %)(&.6(! (&//)(6! 6=*6! 6=)! (&AA.)@)'6)+! <-%@&.*(! (&AA-%6! '-%@*.! /%-96=C!!
S'6=%-A-@)6%;,!@)*(&%)(!-<!-.+)%!;'<*'6(!*'+!6-++.)%(!,-'(&@;'/!(,VZ[!-%!-.;/-<%&,6-()!
*.(-!;'+;,*6)!6=*6!6=)!(&AA.)@)'6)+!<-%@&.*(!-%!9)*';'/!<--+(!(&AA-%6!'-%@*.!/%-96=C!
!
W)*(&%)(! -<! ()%&@! @*%:)%(! -<! A%-6);'! (6*6&(L! @;')%*.! (6*6&(L! :;+')>! <&',6;-'L! .;E)%!
<&',6;-'L! *'+! .;A;+(! 9)%)! 9;6=;'! '-%@*.! %*'/)(! ;'! 6=)! /%-96=! (6&+;)(L! *'+! A%-E;+)!
*++;6;-'*.! )E;+)',)! -<! 6=)! (*<)6>! -<! 6=)! (,VZ[! *'+! -.;/-<%&,6-()! ;'/%)+;)'6(! ;'! <-%@&.*!
0$)66.)%!^!e&.)%L!12235C!
!
D=)!6-.)%*',)!-<!(,VZ[!*'+!-.;/-<%&,6-()!;'!<-%@&.*!9*(!,*%)<&..>!@-';6-%)+!;'!(6&+;)(!6-!
*(()((! 6=)! (&;6*4;.;6>! -<! 6=)! ;'/%)+;)'6(! ;'! <-%@&.*C! ! W)*(&%)(! -<! 6-.)%*',)! ;',.&+)+!
-,,&%%)',)!-<!*+E)%()!)E)'6(L!<-%@&.*!;'6*:)!*'+!*,,)A6*4;.;6>L!-,,&%%)',)!-<!(A;6!&A!*'+!
E-@;6;'/L!*'+!(6--.!,=*%*,6)%;(6;,(C!!S!(&@@*%>!-<!6=)!6-.)%*',)!)'+A-;'6(!,-..),6)+!;'!6=)!
(6&+;)(!-<!(,VZ[!-%!-.;/-<%&,6-()!;'!;'<*'6!<-%@&.*!;(!A%)()'6)+!;'!D*4.)!"C!
!
S,%-((!*..!(6&+;)(!;'!;'<*'6(!9;6=;'!6=)!<;%(6!7!6-!J!@-'6=(!-<!.;<)L!6=)%)!9)%)!'-!(;/';<;,*'6!
+;<<)%)',)(!*@-'/!<))+;'/!/%-&A(! ;'!A*%6;,;A*'6!+%-A-&6!%*6)(!-%!*+E)%()!)E)'6!%)A-%6(C!!
K'<*'6(! )BA)%;)',)+! ;',%)*()+! (A;68&A! +&%;'/! *! 9)):! -<! ,-'(&@;'/! <-%@&.*! 9;6=! *++)+!
-.;/-<%&,6-()! 0e&.)%! )6! *.C! 122F5L! 6=-&/=! <-%@&.*(! ,-'6*;';'/! 7C2! /! (,VZ[HG! -%! 7C2! /!
-.;/-<%&,6-()HG! 9)%)! '-6! *((-,;*6)+! 9;6=! @-%)! (A;68&A! -%! E-@;6;'/! ;'! .-'/)%! (6&+;)(!
0S44-66! G*4-%*6-%;)(L! 1227! 8! 122"\! $)66.)%! ^! e&.)%L! 12235C! ! D=)! *++;6;-'! -<! &A! 6-! 7C2! /!
(,VZ[HG! -%! 7C2! /! -.;/-<%&,6-()HG! ;'<*'6! <-%@&.*! =*+! '-! )<<),6! -'! <%)M&)',>! -<! <-%@&.*!
<))+;'/(!*'+! 6=)! 6-6*.! ;'6*:)!-<! <-%@&.*!*(!,-@A*%)+! 6-! ;'6*:)!-<!*!,-@A*%*4.)!,-'6%-.!
<-%@&.*C!
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W)*(&%)(!-<!9*6)%!4*.*',)!;'!;'<*'6(!*%)!4*()+!-'!+)6)%@;';'/!9*6)%!;'6*:)!0;'!<))+5!*'+!
9*6)%! .-(()(!0&%;'*%>L!<*),*.L!)E*A-%*6;E)!*'+!;',;+)'6*.!0)C/C!E-@;655!0$)%/@*''L!f;)/.)%L!
^!V-@-'L!#"TJ\!f;)/.)%!^!V-@-'L!#"T#5L!*'+!@*>! ;',.&+)!@)*(&%)(!-<!-(@-.*.;6>! 0<))+!
*'+! &%;')5C! ! S! '&@4)%! -<! 6=)()! @)*(&%)(! *%)! %)A-%6)+! ;'! 6=)()! (6&+;)(! *'+! A%-E;+)!
)E;+)',)! -<! '-! *+E)%()! )<<),6(! -'! 9*6)%! 4*.*',)! ;'! =)*.6=>! ;'<*'6(C! ! D=;(! ;(! <&%6=)%!
(&AA-%6)+!4>!6=)!@-(6!%),)'6!(6&+>!9;6=!(,VZ[!0S44-66!G*4-%*6-%;)(L!1227!8!122"5L!9=;,=!
(A),;<;,*..>!*++%)(()+!@)*(&%)(!-<!9*6)%!4*.*',)L!;',.&+;'/!&%;'*%>!(A),;<;,!/%*E;6>C!!D=)()!
<;'+;'/(!*%)!(;@;.*%!6-!6=-()!%),)'6.>!%)A-%6)+!0V*'*%-!)6!*.CL!122"5!<-%!<-%@&.*!,-'6*;';'/!
OZ[!-<! (;@;.*%!PQ! *6! F/HGL!9=)%)! '-! )E;+)',)! -<! *+E)%()! )<<),6(! -'!9*6)%! 4*.*',)!9*(!
<-&'+C!

W)*'!(6--.!,-'(;(6)',>!9*(!@-';6-%)+!;'!(6&+;)(L!6>A;,*..>!4>!@)*'(!-<!%*':;'/!6=)!(6--.!
,-'(;(6)',>!-'!*!J8!-%!F8A-;'6!(,*.)!*6!().),6)+!6;@)(!+&%;'/!6=)!(6&+>C!!Q*%)'6(!9)%)!/;E)'!
*! (6--.! +;*%>!9;6=! +)<;';6;-'(! -<! 6=)! (6--.! ,-'(;(6)',>! %*':;'/(L! *'+! ;'(6%&,6)+! 4>! (6&+>!
A)%(-'').! -'!=-9! 6-! %),-%+! (6--.! ,-'(;(6)',>C! ! K'<*'6(! ,-'(&@;'/!7! /! (,VZ[HG! ;'! ;'<*'6!
<-%@&.*! =*+! (-<6)%! (6--.(! *<6)%! J! 9)):(! 0S44-66! G*4-%*6-%;)(L! 1227! 8! 122"5C! ! [6--.(!
4),*@)!(-<6)%!<-..-9;'/!*!9)):!-<!<-%@&.*!9;6=!7C2!/!-.;/-<%&,6-()HG!0e&.)%L!)6!*.CL!122F5L!
*'+! ;'<*'6(! ,-'(&@;'/! <-%@&.*!9;6=! 7C2! /! -.;/-<%&,6-()HG! )BA)%;)',)+! .)((! ,-'(6;A*6;-'!
6=*'! ;'<*'6(! ,-'(&@;'/! <-%@&.*! 9;6=! #CF! /! -.;/-<%&,6-()HG! -%! '-! *++)+! -.;/-<%&,6-()!
0$)66.)%!^!e&.)%L!12235C! ! K'<*'6(!,-'(&@;'/! <-%@&.*!,-'6*;';'/!);6=)%!J!-%!X!/HG!-<!*!#a#!
,-@4;'*6;-'! -<! -.;/-<%&,6-()! *'+! .,8;'&.;'! 0[>')%/>#5! =*+! (-<6)%! (6--.(! 6=*'! ;'<*'6(!
,-'(&@;'/!<-%@&.*!9;6=!'-!*++)+!A%)4;-6;,(!0]))%)@*'8_*&6)%(L!)6!*.CL!122X5C!!K'!-6=)%!
(6&+;)(L!=-9)E)%L!6=)!*++;6;-'!-<!(,VZ[!-%!-.;/-<%&,6-()!6-!;'<*'6!<-%@&.*!=*+!'-!)<<),6!-'!
(6--.!,-'(;(6)',>!0S44-66!G*4-%*6-%;)(L!1227!8!122"\!g*A;:;L!)6!*.CL!122T5C!

D=)! -,,&%%)',)! -<! +;*%%=-)*! 9*(! @-';6-%)+! ;'! (6&+;)(! 6-! +)6)%@;')! ;<! *++;6;-'! -<! 6=)!
-.;/-(*,,=*%;+)!9*(! 6-.)%*6)+C! ! K'! '-! (6&+>!9*(! 6=)! -,,&%%)',)! -<! +;*%%=-)*! -%!9*6)%>!
(6--.(!(;/';<;,*'6.>!=;/=)%!*@-'/!;'<*'6(!,-'(&@;'/!(,VZ[8!-%!-.;/-<%&,6-()8(&AA.)@)'6)+!
;'<*'6! <-%@&.*(! *(! ,-@A*%)+! 6-! ;'<*'6(! ,-'(&@;'/! ,-'6%-.! <-%@&.*(L! -%! =&@*'! @;.:C!!
D=%-&/=-&6!)B6)'+)+!A)%;-+(!-<!@-';6-%;'/!;'!6=)()!(6&+;)(!0;C)CL!#1L!#7!-%!#3!9)):(5L!'-!
,-',)%'(!%)/*%+;'/!9*6)%!4*.*',)!;'!6=)!;'<*'6(!9)%)!'-6)+C!
!
[6--.! <%)M&)',>! ;',%)*()+! *<6)%! -')! 9)):! -<! ,-'(&@;'/! <-%@&.*! 9;6=! 7C2! /!
-.;/-<%&,6-()HGL!9=;.)! <%)M&)',>!+),%)*()+! <-..-9;'/!,-'(&@A6;-'!-<! <-%@&.*!9;6=!#CF!/!
-.;/-<%&,6-()HG!0e&.)%L!)6!*.CL!122F5C!![6--.!<%)M&)',>!*.(-!;',%)*()+!;'!;'<*'6(!,-'(&@;'/!7!
/!(,VZ[!*++)+!6-!<-%@&.*!A)%!+*>!*(!,-@A*%)+!6-!;'<*'6(!,-'(&@;'/!#!/!.*,6-()!0O&)(%>L!
)6!*.CL!12225L!*'+!;'!A%)6)%@!;'<*'6(!,-'(&@;'/!J!/!-.;/-<%&,6-()HG!<-%@&.*!*(!,-@A*%)+!
6-!;'<*'6(!,-'(&@;'/!<-%@&.*!9;6=!J!/!@*.6-+)B6%;'HG!0g*A;:;L!)6!*.CL!122T5C! !D=)!*++;6;-'!
-<!J!/![>')%/>#HG!6-!<-%@&.*!=*+!'-!)<<),6!-'!(6--.!<%)M&)',>!-E)%!*!J!9)):!A)%;-+L!9=;.)!
*++;6;-'!-<!);6=)%!X!/![>')%/>#!-%!X!/!OZ[`.,8;'&.;'HG!9*(!*((-,;*6)+!9;6=!+),%)*()+!(6--.!
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<%)M&)',>! 0]))%)@*'8_*&6)%(L! )6! *.CL! 122X5C! ! K'! -6=)%! (6&+;)(L! 6=)! *++;6;-'! -<!
*AA%-B;@*6).>!#CFL!1!-%!7!/!(,VZ[HG!6-!<-%@&.*!=*+!'-!)<<),6!-'!(6--.!<%)M&)',>! ;'!6)%@!
;'<*'6(!0S44-66!G*4-%*6-%;)(L!1227!8!122"5C!
!
K'<*'6(!,-'(&@;'/!;'<*'6!<-%@&.*!-%!*!,-@4;'*6;-'!-<!=&@*'!@;.:!*'+!;'<*'6!<-%@&.*!=*E)!
=*%+)%! *'+! <)9)%! (6--.(! 6=*'! ;'<*'6(! <)+! )B,.&(;E).>! =&@*'! @;.:! 0S.*%,-'L! D%)((.)%L!
W&.E*')>L!G*@L!^!Y-@)%L!1221\!G.->+!)6!*.CL!#"""5C!![-@)!(6&+;)(!=*E)!%)A-%6)+!6=*6!6=)!
*++;6;-'! -<! (,VZ[! -%! -.;/-<%&,6-()! 6-! <-%@&.*! %)(&.6(! ;'! (-<6)%! (6--.(L! 9=;,=! *%)! @-%)!
(;@;.*%!6-!6=-()!-<!*!4%)*(6<)+!;'<*'6C!!S!(6--.!(-<6)';'/!)<<),6!=*(!4))'!%)A-%6)+!<-%!-6=)%!
-.;/-(*,,=*%;+)(! *++)+! 6-! ;'<*'6! <-%@&.*C! ! $)'! )6! *.C! 0122J5! -4()%E)+! (-<6)%! (6--.(! ;'!
;'<*'6(! ,-'(&@;'/! <-%@&.*! 9;6=! 1CJ! /! /*.*,6-8-.;/-(*,,=*%;+)(! 0OZ[5! *++)+! A)%! .;6)%!
<-%@&.*!0$)'!)6!*.CL!122J5C!!V-%@&.*(!,-'6*;';'/!&A!6-!XC2!/HG!-<!*!,-@4;'*6;-'!-<!OZ[!*'+!
.-'/8,=*;'! ;'&.;'! *.(-! =*E)!4))'! *((-,;*6)+!9;6=! (-<6)%! (6--.(! *(! ,-@A*%)+! 6-! *! ,-'6%-.!
<-%@&.*!;'!*!+-()8+)A)'+)'6!@*'')%!0W-%-!)6!*.CL!1223\!W-%-!)6!*.CL!12215C!
!
d)(&.6(! <%-@! (6&+;)(! ;'! -.+)%! ,=;.+%)'! A%-E;+)! *++;6;-'*.! (&AA-%6! <-%! *! (6--.! (-<6)';'/!
)<<),6!-<!*++)+!(,VZ[!*'+!6-.)%*',)!-<!;'6*:)(!-<!*AA%-B;@*6).>!1!-%!@-%)!/%*@(!A)%!+*>C!!
Z.+)%!;'<*'6(!*'+!6-++.)%(!,-'(&@)+!*'!*E)%*/)!-<!1CF!/!(,VZ[H+*>!<-%!#3!9)):(!<%-@!*!
@;.:84*()+!4)E)%*/)!,-'6*;';'/!*AA%-B;@*6).>!7CJ!/!(,VZ[HG\!6=)!*++;6;-'!-<!(,VZ[!6-!6=)!
+;)6!9*(!9)..86-.)%*6)+L!*'+!,=;.+%)'!9)%)!*6! .-9)%!%;(:!<-%!+;*%%=-)*!*'+!)BA)%;)',)+!*!
(=-%6)%!+&%*6;-'!-<!+;*%%=-)*!0S44-66!G*4-%*6-%;)(L!1227!8!122"5C!!Y=;.+%)'!,-'(&@;'/!1!/!
-.;/-<%&,6-()H+*>! *(! *! (&AA.)@)'6! ;'! <--+! -%! 4)E)%*/)(! =*+! .)((! <.*6&.)',)L! +;*%%=-)*L!
E-@;6;'/!*'+! <)E)%! 0_*.;/-%*8P&A%;)6L! )6! *.CL! 122T5C! !P*;.>! ;'6*:)!-<! *AA%-B;@*6).>!#C#! /!
-.;/-<%&,6-()!9*(! *((-,;*6)+!9;6=! .)((! ()E)%)! +;*%%=-)*.! )A;(-+)(! *'+! .)((! *4()'6));(@!
<%-@!+*>,*%)!0[**E)+%*!^!D(,=)%';*L!12215C!!Y=%-';,*..>!,-'(6;A*6)+!,=;.+%)'!1!6-!F!>)*%(!
-.+!=*+!(-<6)%!(6--.(!*<6)%!,-'(&@;'/!2C3!/H:/H49!()%E;'/!-<!(,VZ[!0S44-66!G*4-%*6-%;)(L!
1227! 8! 122"5L! 9=;.)! ,=;.+%)'! */)(! #28#7! %)A-%6)+.>! 6-.)%*6)+! &A! 6-! "! /! -.;/-<%&,6-()!
,-'(&@)+!-'!*! (;'/.)!-,,*(;-'! 0&'A&4.;(=)+!+*6*!*(! ,;6)+! ;'!Y*%*4;'!*'+!V.*@@!#"""5C!!
d)(&.6(!<%-@!6=)()!(6&+;)(!;'+;,*6)!6=*6!(,VZ[!-%!-.;/-<%&,6-()!@*>!(&AA-%6!6=)!9)..84);'/!
-<!-.+)%!;'<*'6(!*'+!6-++.)%(C!
!
D=)! *E*;.*4.)! )E;+)',)! (&//)(6(! 6=*6! (,VZ[! -%! -.;/-<%&,6-()! ;'! ;'<*'6! <-%@&.*! =*(! '-!
,-'(;(6)'6! -%! .;66.)! )<<),6! -'! <),*.! @;,%-<.-%*! &'+)%! 6=)! (6&+;)+! ,-'+;6;-'(! -<! &()C!!
Y-'(&@A6;-'!-<!&A! 6-!7!/! (,VZ[HG!-%!7!/! (,VZ[H+*>!=*(!'-6!4))'! <-&'+! 6-! ,-'(;(6)'6.>!
*<<),6! <),*.! 4;<;+-4*,6)%;*! -%! .*,6-4*,;..;! ,-&'6(! ;'! 6)%@! ;'<*'6(! ;'! ()E)%*.! (6&+;)(! 4*()+!
&A-'! *'*.>()(! 9;6=! @;,%-4;-.-/;,*.! 6),=';M&)(! 0S44-66! G*4-%*6-%;)(L! 1227! 8! 122"\!
$%&'()%L! V;/&)%-*L! )6! *.CL! 1223\! e&.)%L! )6! *.CL! 122F\! O&)(%>L! )6! *.CL! 12225L! -%! @-.),&.*%!
6),=';M&)(! 0$%&'()%L! O-66).*'+L! )6! *.CL! 12235C! ! V*),*.! 4;<;+-4*,6)%;*! ,-&'6(! ;'! A%)6)%@!
;'<*'6(!,-'(&@;'/!J!/!-.;/-<%&,6-()HG! <-%!1!9)):(L!=-9)E)%L!9)%)!=;/=)%! 6=*'!,-&'6(! ;'!
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;'<*'6(!,-'(&@;'/!*!,-'6%-.!<-%@&.*!0g*A;:;L!)6!*.CL!122T5L!*'+!<),*.!.*,6-4*,;..;!,-&'6(!*'+!
,-.-';R*6;-'! %*6)(!9)%)! (;/';<;,*'6.>!=;/=)%!*@-'/! ;'<*'6(! ,-'(&@;'/!7!/! (,VZ[HG! ;'<*'6!
<-%@&.*!*(!,-@A*%)+!6-!;'<*'6(!,-'(&@;'/!*!,-'6%-.!<-%@&.*!0S44-66!G*4-%*6-%;)(L!1227!8!
122"5C!!K'!A)+;*6%;,!(6&+;)(!6=)!*++;6;-'!-<!(,VZ[!-%!-.;/-<%&,6-()!*.(-!=*(!'-6!4))'!<-&'+!
6-!=*E)!*!,-'(;(6)'6!)<<),6!-'!6=)!%)+&,6;-'!-<!<*),*.!)'6)%-A*6=-/)'(!(&,=!*(!3"#*'))'$'&.!
0S44-66!G*4-%*6-%;)(L!1227!8!122"\!$%&'()%L!V;/&)%-*L!)6!*.CL!1223\!e&.)%L!)6!*.CL!122F5C!

2.4.5 scFOS and Laxation in Children 

Y=%-';,!,=;.+=--+!,-'(6;A*6;-'!;'!-')!-<!6=)!@-(6!,-@@-'!A*()+;*6%;,!,-'+;6;-'(!0N>@*'!
)6!*.CL!1223\!c-&(()<L! G*'/()+)%L!])%/*L!W-')(L!^!d-(=L!122F5C! !e(6;@*6)(! (&//)(6!&A! 6-!
#2h! -<! ,=;.+%)'! (&<<)%! <%-@! ,=%-';,! ,-'(6;A*6;-'L! *.6=-&/=! -'.>! *4-&6! 7h! ()):!@)+;,*.!
*+E;,)! 0d-@*L! S+*@;+;(L! U;:-.*%*L! Y-'(6*'6-A-&.-(L! ^! W)((*%;6*:;(L! #"""5C! ! Y=%-';,!
,-'(6;A*6;-'! *<<),6(! M&*.;6>! -<! .;<)C! ! Y=%-';,! (6--.! %)6)'6;-'! @*>! %)(&.6! ;'! %),&%%)'6!
*4+-@;'*.! A*;'L! &%;'*%>! 6%*,6! A*6=-.-/>L! *'+! <*),*.! (-;.;'/! ;'! ,=;.+%)'L! %)(&.6;'/! ;'!
A(>,-(-,;*.!+;<<;,&.6;)(!*.-'/!9;6=! 6=)!A=>(;,*.! 6%*&@*!0c-&(()<L!)6!*.CL!122F5C! !Y=;.+=--+!
,-'(6;A*6;-'! ;(! 6>A;,*..>! 6%)*6)+! 9;6=! *! ,-@4;'*6;-'! -<! 6-;.)6! 6%*;';'/! *'+! -%*.! .*B*6;E)(!
0$)::*.;L! $-'/)%(L! ]*'! +)'! $)%/L! G;)@L! ^! $)'';'/*L! 122T\! US[QONSU! Y-'(6;A*6;-'!
O&;+).;')!Y-@@;66))L!12235L!*'+!9=;.(6! <;4%)!=*(!-<6)'!4))'! ;@A.;,*6)+! ;'! 6=)!,*&()L! ;6(!
&()! *(! *! 6%)*6@)'6! ;(! -<6)'! .;@;6)+! +&)! 6-! A*.*6*4;.;6>! ;((&)(C! ! ! V%&,6*'(! (&,=! *(! (,VZ[L!
(=*%)!@*'>!-<!6=)!(*@)!A=>(;-.-/;,*.!A%-A)%6;)(!*(!<;4%)!*'+!=*E)!9)..!+-,&@)'6)+!(6--.!
(-<6)';'/! )<<),6(! ;'! *+&.6! =&@*'(! 9=)'! *+@;';(6)%)+! *6! 2CX/H:/849H+*>! 0S44-66!
G*4-%*6-%;)(L!12##,5C!

D=)!-4?),6;E)!-<!*!(6&+>!,-'+&,6)+!4>!S44-66!G*4-%*6-%;)(!0S44-66!G*4-%*6-%;)(L!12##,5!6-!
;'E)(6;/*6)!6=)!)<<;,*,>!-<!(,VZ[!*(!*!6%)*6@)'6!-A6;-'!<-%!,=;.+=--+!,-'(6;A*6;-'L!9*(!6-!
+)6)%@;')! 6=)! +-()! -<! (,VZ[! *6! 9=;,=! F2h! -<! ,=;.+%)'! 9;6=! *! =;(6-%>! -<! (;@A.)!
,-'(6;A*6;-'!A%-+&,)+!*!(6--.!9;6=!A&++;'/8.;:)!-%!9*6)%>!,-'(;(6)',>C!!V;<6>8<;E)!,=;.+%)'!
0*/)+! 18F! >)*%(5! 9)%)! )'%-..)+! ;'6-! *! +-&4.)8@*(:)+L! 69-! /%-&AL! A.*,)4-! ,-'6%-..)+L!
A*%*..).L!@&.6;8,)'6%)L!*,&6)!+-(*/)!6;6%*6;-'!(6&+>C!D=)!,=;.+%)'!9)%)!%*'+-@.>!*((;/')+!
;'!*!7a1!<*(=;-'!6-!%),);E)!);6=)%!(,VZ[!-%!(&,%-()!*<6)%!4.-,:;'/!-'!()BC!V-..-9;'/!*!78+!
4*().;')!A)%;-+L!)*,=!,=;.+!%),);E)+!2C1!/H:/!4-+>!9);/=6!-<!(,VZ[!-%!(&,%-()!-',)!+*;.>!*6!
4%)*:<*(6C!D=)!+-()!9*(!;',%)*()+!;'!2C1!/H:/H+!;',%)@)'6(!)E)%>!-6=)%!+*>!?&(6!&'6;.!)*,=!
,=;.+! A%-+&,)+! *! A&++;'/8.;:)! -%! 9*6)%>! (6--.C! D=)! @*B;@&@! A-((;4.)! +-(*/)! 9*(! 2CX!
/H:/H+C!Q*%)'6(!%),-%+)+!4-9).!<&',6;-'!*'+!(&4?),6;E)!6-.)%*',)C!!

S'!;'6)'686-86%)*6!*'*.>(;(!-<!6=)!+*6*!;'+;,*6)+!6=*6!6=)!)<<),6;E)!+-()!-<!(,VZ[!9*(!2CT"!
/H:/H+!0"Fh!YK!-<!2CFX!6-!#C#1!/H:/H+5C!D=)!@;';@&@!+-()!*6!9=;,=!(6--.!,-'(;(6)',>!-<!
6=)!(,VZ[!/%-&A!(-<6)')+!6-!*!/%)*6)%!)B6)'6!0Q!I!2C22J5!<%-@!4*().;')!,-@A*%)+!9;6=!6=)!
(&,%-()!/%-&A!-,,&%%)+!*6!6=)!2C3!/H:/H+!+-()C!N-9)E)%L!*+@;';(6%*6;-'!-<!(,VZ[!+;+!'-6!
,=*'/)! 0Q! i! 2C2F5! 6=)! <%)M&)',>! -<! 4-9).! @-E)@)'6(! <%-@! 4*().;')! ,-@A*%)+! 9;6=!
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(&,%-()!%)/*%+.)((!-<!+-()C![;@;.*%!%)(&.6(!9)%)!-46*;')+!9=)'!+*6*!9)%)!*'*.>R)+!<%-@!
-'.>!(&4?),6(!+))@)+!6-!4)!A%-6-,-.!)E*.&*4.)C!!

D=)! (6&+>! ,-',.&+)+! (,VZ[! 9*(! )<<),6;E)! *6! (-<6)';'/! (6--.(! ;'! ,=;.+%)'! *6! *! +-()!
,-@A*%*4.)! 6-! 6=*6! %)A-%6)+! <-%! *+&.6(! 9;6=-&6! *<<),6;'/! 6=)! <%)M&)',>! -<! 4-9).!
@-E)@)'6!0S44-66!G*4-%*6-%;)(L!12##,5C!

2.4.6 Conclusions of Safety and Clinical Studies 

D=)! %)(&.6(! -<! 6-B;,-.-/;,*.! (6&+;)(! ;'+;,*6)! 6=*6! <%&,6--.;/-(*,,=*%;+)(! (&,=! *(! (,VZ[!
0U)-(&/*%5! *'+! -.;/-<%&,6-()! 0d*<6;.-()! "F5! *%)! '-6! @&6*/)';,L! 6)%*6-/)';,L! -%!
,*%,;'-/)';,L!*'+!+-!'-6!A%-+&,)!(;/';<;,*'6!*+E)%()!)<<),6(!;'!*';@*.(!<-..-9;'/!*,&6)!-%!
,=%-';,!*+@;';(6%*6;-'!-<!&A!6-!12!A)%,)'6!012h5!;'!6=)!+;)6C!D=)!)<<),6(!6=*6!9)%)!'-6)+!
;'!6-B;,-.-/;,*.!(6&+;)(!0;C)CL! ;',%)*()+!9);/=6!-<!6=)!(@*..! ;'6)(6;')(L!,*),&@L!*'+!,-.-'5!
*%)!,-'(;(6)'6!9;6=!6=)!/*(6%-;'6)(6;'*.!,=*'/)(!,*&()+!4>!;'/)(6;-'!-<!=;/=!.)E).(!-<!*'>!
'-'8+;/)(6;4.)! @*6)%;*.C! ! N&@*'! 6-.)%*',)! 6-! 6=)! ,-'(&@A6;-'! -<! (,VZ[! =*(! 4))'!
)(6*4.;(=)+!;'!*!'&@4)%!-<!,.;';,*.!6%;*.(!*'+!(6&+>!%)(&.6(!;'+;,*6)!6=*6!(,VZ[L!;'/)(6)+!*6!
&A! 6-! 12! /H+*>! ;'! *+&.6(L! *AA)*%(! 6-! 4)! (*<)! *'+!9)..! 6-.)%*6)+C! ! S! (6&+>! %)A-%6;'/! 6=)!
)<<),6(! -<! (,VZ[! ,-'(&@A6;-'! 4>! ;'<*'6(! ;'! b*A*'! %)E)*.)+! 6=*6! 7C1! /! (,VZ[HG! ;'<*'6!
<-%@&.*! ;(! 9)..! 6-.)%*6)+! *'+! =*(! '-! *+E)%()! )<<),6(! 4*()+! -'! @)*(&%)(! -<! A=>(;,*.!
/%-96=L! '&6%;6;-'*.! ;'6*:)L! <*),*.! A%-A)%6;)(L! *'+! /)')%*.! =)*.6=! A*%*@)6)%(C!!
V&%6=)%@-%)L!%)(&.6(!<%-@!A&4.;(=)+!*'+!&'A&4.;(=)+!,.;';,*.!6%;*.(! ;'!9=;,=!;'<*'6(!9)%)!
<)+!<-%@&.*!,-'6*;';'/!&A!6-!7C2!/!(,VZ[!0-%!-.;/-<%&,6-()5HG!*.(-!(&AA-%6!6=)!(*<)!&()!-<!
6=;(! .)E).! -<! *++)+! (,VZ[! 9;6=! '-! +)@-'(6%*6)+! )<<),6! -'! 9*6)%! 4*.*',)! ;'! 6=)! ;'<*'6!
A-A&.*6;-'C!!d)(&.6(!<%-@!(6&+;)(!;'!-.+)%!;'<*'6(!*'+!>-&'/!,=;.+%)'!*.(-!(&AA-%6!6=)!(*<)!
&()!-<!7C2!/!(,VZ[HG!;'!>-&'/!,=;.+%)'!,-'(&@;'/!6=)!(,VZ[!;'!(&AA.)@)'6*%>!<-%@&.*6)+!
<--+(!-%!<-..-98-'!<-%@&.*L!*'+!&A!6-!2CX!./849H+*>!9=)'!&()+!<-%!6=)%*A)&6;,!A&%A-()(!
*(!*!.*B*6;E)!*/)'6C!
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"#$%&!'()!!*+,,#-.!/0!"/%&-#12&!3145/6178!61!*7+46&8!/0!910#178!:/18+,61;!82<=*!/-!=%6;/0-+27/8&!61!910#17!</-,+%#'!!

!!
*>/-7?:>#61!<-+27//%6;/8#22>#-64&8! =%6;/0-+27/8&!

! :%6162#%!"-6#%8!:/14+27&4!$.!@$$/77!A#$/-#7/-6&8!'((B!?!CDD(! ! ! !

E&0&-&12&!
F+&8-.!
&7!#%G!
CDDD!

H@$$/77!
A#$/-#7/-6&8I!

CD''4J!

@$$/77!A#$/-#7/-6&8!
H,#61!4#7#!8+$,677&4!
+14&-!:/1064&176#%67.J!

H@$$/77!
A#$/-#7/-6&8I!

CD''4J!

H@$$/77!A#$/-#7/-6&8I!
CD''#J!

3+%&-!&7!#%G!
CDDK!

L&77%&-!M!3+%&-!
CDDN!

L-+18&-I!
<6;+&-/#!"#!
$%G!CDDN!

#$$%&'(!)*+,-&.'! /!01! /!01! 2!01! 34!01! 5!01! 3!01! 3/!01! 36!01!

).7$!.8!79#:;!.+!

.<&(.8+*9-.7$!

3=!/=!.+!6!

(>%!

3?5!

(>@!
6?A!(>@! /?A!(>@! 6?A!(>@! 6?A!(>@! /?5!(>@! /?5!(>@!

3?5!

(>@!

6?A!

(>@!

3?5!

(>@!
6?A!(>@! /?A!(>@!

;-*%B!C,7$!8.+D*<,!

E.-!

7F$9&8&$%!

GH$BI$'+&9H$%!

8.+D*<,!

J&<1IC,7$%!!

8.+D*<,!

;&D&<,9!0&-H!

K+.'!LMCC.--N!

;.B!

8.+D*<,!

0&-H!

7*9+.7$!

;.B!

8.+D*<,!

0&-H.*-!

7*9+.7$!

;I/4O!P.<%!

LGB$-H!

E*-+&-&.'N!

;I/4O!P.<%!

LGB$-H!

E*-+&-&.'N!

E,'!/O!

LE$7-<$N!

M',<B-&9!7,DF<$!

7&Q$! 33!.+!3/!

LRRN!

3"!

LRRN!
/A!LRRN!

3S!

9.DF<$-$%!

/6!

9.DF<$-$%!

5A!$'+.<<$%=!

64!9.DF<$-$%!

4T!

$'+.<<$%=!

55!

9.DF<$-$%!

46!

$'+.<<$%=!

52!

9.DF<$-$%!

/S!

LRRN!

6A!

LRRN!

"S!

LKUUN!

3A3!

LKUUN!
6/!LKUUN!

;-..<!

VH,+,9-$+&7-&97!
! ! ! ! ! ! ! ! ! ! ! !

;-..<!8+$W*$'9B!! !!!&'!6!

(>%,B!
E;! E;! E;! E;! E;! E;! E;! X"Y!6! X!Y! II2! II! II!

;-..<!

9.'7&7-$'9B!L"!

&'%&9,-$7!7.8-$+!

7-..<7N!

II! E;! E;! X"Y! X"Y! E;!X"!,-!%/SY! E;! E;! E;! "! II! II! II!
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!!
*>/-7?:>#61!<-+27//%6;/8#22>#-64&8! =%6;/0-+27/8&!

! :%6162#%!"-6#%8!:/14+27&4!$.!@$$/77!A#$/-#7/-6&8!'((B!?!CDD(! ! ! !

E&0&-&12&!
F+&8-.!
&7!#%G!
CDDD!

H@$$/77!
A#$/-#7/-6&8I!

CD''4J!

@$$/77!A#$/-#7/-6&8!
H,#61!4#7#!8+$,677&4!
+14&-!:/1064&176#%67.J!

H@$$/77!
A#$/-#7/-6&8I!

CD''4J!

H@$$/77!A#$/-#7/-6&8I!
CD''#J!

3+%&-!&7!#%G!
CDDK!

L&77%&-!M!3+%&-!
CDDN!

L-+18&-I!
<6;+&-/#!"#!
$%G!CDDN!

)&,++H.$,! II! E;5! E;5! E;! X"Y5! E;5! E;! E;! E.!&'9&%$'-7! E;! E;! E;!

#<,-*<$'9$! II! E;! E;! II! II! II! E;! E;! !! !! E;! E;! II!

:-H$+!-.<$+,'9$!D$,7*+$7! ! ! ! ! ! ! ! ! ! ! !

ZD$7&7>[.D&-&'(! II! E;! E;! II! II! E;! E;! E;! II! II! !E;! E;! II!

;F&-I*F7! II! E;! E;! X"Y4! E;4! E;! E;! E;! !! !! II! II! II!

#.+D*<,!&'-,1$!
! ! ! ! !

!

!
! ! ! ! ! ! !

#+$W*$'9B!! II! E;! E;! E;! E;! E;! E;! E;! II! II! II! II! II!

\*,'-&-B! II! E;! E;! E;! X!Y! E;! E;! E;! II! II! II! II! E;!

#.+D*<,!

7,-&78,9-&.'!
II! II! II! X!Y! X!Y! II! E;! E;! X"!Y! X"!Y! E;! E;! II!

)+.F.*-7! ! ! ! ! ! ! ! ! ! ! !

U.-,<!%+.F.*-!

+,-$! II!

5>//!

[7?!

3>/3!

2>/A![7?!

3>/3!
E;! E;!

32>5A![7?!

3S>5/!
3/>42! ">4/! S>64! 2>62!

/4>"S!

[7?!

6/>"S!

/T>3A3!

[7?!

6/>"S!

3/>6/![7?!

3A>66!

)&88$+$'9$7!&'!!!

%+.F.*-7! II!
E;! E;! E;! E;! E;! E;! E;! E;! E;! E;! E;! E;!
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"#$%&!'()!!*+,,#-.!/0!"/%&-#12&!3145/6178!61!*7+46&8!/0!910#178!:/18+,61;!82<=*!/-!=%6;/0-+27/8&!61!910#17!</-,+%#'!!

!!
*>/-7?:>#61!<-+27//%6;/8#22>#-64&8! =%6;/0-+27/8&!

! :%6162#%!"-6#%8!:/14+27&4!$.!@$$/77!A#$/-#7/-6&8!'((B!?!CDD(! ! ! !

E&0&-&12&!
F+&8-.!
&7!#%G!
CDDD!

H@$$/77!
A#$/-#7/-6&8I!

CD''4J!

@$$/77!A#$/-#7/-6&8!
H,#61!4#7#!8+$,677&4!
+14&-!:/1064&176#%67.J!

H@$$/77!
A#$/-#7/-6&8I!

CD''4J!

H@$$/77!A#$/-#7/-6&8I!
CD''#J!

3+%&-!&7!#%G!
CDDK!

L&77%&-!M!3+%&-!
CDDN!

L-+18&-I!
<6;+&-/#!"#!
$%G!CDDN!

]$,7.'7!8.+!
%+.F.*-7!

II! ^.D&-&'(!.+!7F&-!
*F=!%&,++H.$,=!
0,-$+B!7-..<7=!
8*77&'$77=!
&'9+$,7$%!7-..<!
8+$W*$'9B=!,'%!
0$&(H-!<.77=!
F+.-.9.<![&.<,-&.'!

!M%[$+7$!$[$'-7=!
8.+D*<,!&'-.<$+,'9$=!
F+.-.9.<![&.<,-&.'!
!!

V.<&9=!
%&,++H.$,=!
0,-$+B!7-..<7=!
9.'7-&F,-&.'=!
(,77&'$77=!
F+.-.9.<!
[&.<,-&.'=!D&<1!
&'-.<$+,'9$!

M%[$+7$!$[$'-7=!
&'-.<$+,'9$!

M%[$+7$!
$[$'-7!L6!,'%!
3=!
+$7F$9-&[$<BN=!
<.77!-.!8.<<.0I
*F=!F+.-.9.<!
[&.<,-&.'!

!M%[$+7$!$[$'-7!
L3S!,'%!32=!
+$7F$9-&[$<BN=!
8,&<*+$!-.!+$-*+'=!
F+.-.9.<!
[&.<,-&.'=!
FHB7&9&,'>8,D&<B!
+$W*$7-!

!K<<'$77=!
,'-&C&.-&9!
*7$=!
[.<*'-,+B!
0&-H%+,0,<!
.+!'.'I
9.DF<&,'9$_!
'.!,%[$+7$!
+$,9-&.'7!-.!
8.+D*<,7!!

'!!V.DF,+$%!-.!9.'-+.<!8.+D*<,=!7&('&8&9,'9$!$[,<*,-$%!,-!F!`!A?A5!<$[$<!

C!!M',<B-&9,<<B!%$-$+D&'$%!9.'9$'-+,-&.'7!.8!79#:;!&'!-H$!8.+D*<,7!0$+$!/?2!,'%!6?2!(!79#:;>@=!+$7F$9-&[$<B?!
B!!X!!Y!&'%&9,-$7!7&('&8&9,'9$!<$[$<!'.-!F+$7$'-$%!!
O!!II!'.!%,-,!,[,&<,C<$!
K!!),-,!F+$7$'-$%!8.+!F$+9$'-!0,-$+B!7-..<7_!'.!%,-,!,[,&<,C<$!8.+!%&,++H.$,!
N!!;F&-I*F!,'%![.D&-&'(!0$+$!9.'7&%$+$%!-H$!7,D$!&'!-H&7!7-*%B!
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3 Dietary Exposure 
!

3.1.   Target Populations 

%&'(! ')*+)*',)! ,-! *&'(! .//0'1.*',)! '(! -,2! *&+! /+23'((',)! -,2! *&+! .44'*',)! ,-! (1567! *,! 8)-.)*!

5,2390.! :2,491*(! ;7*.)4.24! $<=<">?! 5,,4(! -,2! 8)-.)*(! ;7*.)4.24! $<=<@>! .)4! 79//0+3+)*.2A!

5,2390.*+4!5,,4(! -,2!B,9)C!D&'042+)!;7*.)4.24!$<=<@!E'F'(',)!G>?!H&'1&!(/+1'-'1.00A!1,F+2! *&+!

.C+!2.)C+(!,-!I'2*&!*,!"$!3,)*&(?!.)4!"!*,!@!A+.2(<!!8*!'(!+)F'(.C+4!*&.*!*&+!.44'*',)!,-!(1567!*,!

,*&+2! -,,4(! -,2! C+)+2.0! 1,)(93/*',)?! (&,904! '*! I+! 2+J9'2+4?! H,904! I+! /+23'**+4! 9)4+2! *&+!

C+)+2.0!-,,4!2+C90.*',)(?!('3'0.2!*,!')90')K4+2'F+4!(9I(*.)1+(!-,2!*&.*!/92/,(+<!

!

3.2 Dietary Intake in Infants and Young Children 

3.2.1 Estimated Intake of scFOS from the Proposed Use in 
Formula in Australia and New Zealand 

E+*.'0+4!4'+*.2A!3,4+00')C!H.(!1,3/0+*+4!*,!4+*+23')+!*&+!I.(+0')+!4'+*.2A!+L/,(92+!

,-! ')-.)*(!.)4!A,9)C!1&'042+)! ')!M9(*2.0'.!.)4!N+H!O+.0.)4!*,!,0'C,(.11&.2'4+(! ')!*&+!

5').0! P+F'+H! ,-! M//0'1.*',)! :@#Q<! ! %&.*! 4'+*.2A! +L/,(92+! 4.*.! &.(! I++)! 9(+4! *,!

4+*+23')+!*&+!+(*'3.*+4!3+.)!.)4!=R*&!/+21+)*'0+!4'+*.2A!')*.S+(!,-!.00!,0'C,-291*.)(!

.)4!T67! ')!*&+!*.2C+*!/,/90.*',)<! !%&+!3.L'393!0+F+0!,-!(1567!/2,/,(+4!H'*&')!*&'(!

.//0'1.*',)! '(!*&+!(.3+!0+F+0!.(! '(!1922+)*0A!.00,H+4!')!*&+!5,,4!P+C90.*',)(<! !6)!*&.*!

I.('(! *&+2+! '(!),!1&.)C+!*,!*&+!4'+*.2A! ')*.S+!+(*'3.*+(! -,2! *&+!.C+!C2,9/(! -2,3!*&.*!

/2+F',9(0A!1.0190.*+4<!!M!(933.2A!,-!*&,(+!')*.S+(!'(!(&,H)!')!%.I0+!$#!.)4!%.I0+!$"<!!

%,!/2,F'4+!1,3/.2.*'F+!')-,23.*',)?!+(*'3.*+4!')*.S+(!I.(+4!,)!.!0,H+2!.44'*',)!2.*+!

;$<RCUV!F+2(9(!*&+!/2,/,(+4!@<#CUV!,-!*&'(!.//0'1.*',)>!.2+!/2,F'4+4<!
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"#$%&!'()!!*+,-.#,&/!.&#0!/-&,#12!-0,#3&!45!#%%!4%-645178,#0+!#0/!9:;!541!"#$%&'()!#0/!*(+,-,.(!,**(**$('.*!541!<7+,1#%-#!#0/!=&>!?&#%#0/!
@4@7%#,-40!6147@+!
!A4@7%#,-40!
6147@+!

<6&! B(,C!
@&18&0,-%&!

$4/2!
>&-6C,!

*+,-.#,&/!
&0&162!

1&D7-1&.&0,!

*+,-.#,&/!
-0,#3&!45!
541.7%#E!

F4.$-0&/!#++&++.&0,! ;&@#1#,&!#++&++.&0,!

:%-645178,#0+!#0/!9:;!
#+!,4,#%!$#+&/!40!

.#G-.7.!@&1.-,,&/!
8408&0,1#,-40+!!

:%-645178,#0+!40%2!$#+&/!
40!.#G-.7.!

@&1.-,,&/8408&0,1#,-40+!!

9:;!40%2!$#+&/!40!
.#G-.7.!@&1.-,,&/!

8408&0,1#,-40+!

!! !! H36I! H3JK36!
$>K/#2I!

H.LK/#2I! !M&#0!H6K/#2I!

          /,*(0&'(! 1,2&$3$!
"#$%&'()!

/,*(0&'(! 1,2&$3$! /,*(0&'(! 1,2&$3$!

%&'()*+,*!! $!
-./(0'!

123! $3$! 4##! #!! 123! #!! 523! !#! 1!

6!
-./(0'!

426! $$7! 737! 7! 623! 3! 721! "! 7!

"!89*)! !621! !$37! 357!! :! "#23! 7! 12$! "! 7!

;9<!=9*+*/>!! $!
-./(0'!

123! $3$! 4##! #!! 123! #!! 523! !#! 1!

"?$!
89*)'!

!621! !;%! 54#!! ":! "625! "5! "524! 7! :!

@!A/9)B8!C./(9/(!.D!C.<E'!-,+F!G*'9>!,/D*/(!D.)-&+*!H!5:3!FIJ"##!B!
;%!;.(!*KK+,C*G+9!
!
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!
"#$%&!'N)!!*+,-.#,&/!OB,C!@&18&0,-%&!/-&,#12!-0,#3&!45!4%-645178,#0+!#0/!9:;!541!"#$%&'()!#0/!*(+,-,.&!#++&++.&0,+!541!<7+,1#%-#!#0/!=&>!

?&#%#0/!@4@7%#,-40!6147@+!
!A4@7%#,-40!
6147@+!

<6&! B(,C!
@&18&0,-%&!

$4/2!
>&-6C,!

*+,-.#,&/!
&0&162!

1&D7-1&.&0,!

*+,-.#,&/!
-0,#3&!45!
541.7%#E!

F4.$-0&/!#++&++.&0,! ;&@#1#,&!#++&++.&0,!
:%-645178,#0+!#0/!9:;!

#+!,4,#%!$#+&/!40!
.#G-.7.!@&1.-,,&/!

8408&0,1#,-40+!!

:%-645178,#0+!40%2!
$#+&/!40!.#G-.7.!

@&1.-,,&/!
8408&0,1#,-40+!!

9:;!40%2!$#+&/!40!
.#G-.7.!@&1.-,,&/!

8408&0,1#,-40+!

!! !! H36I! H3JK36!
$>K/#2I!

H.LK/#2I! OB,C!@&18&0,-%&!H6K/#2I!

          /,*(0&'(! 1,2&$3$!
"#$%&'()!

/,*(0&'(! 1,2&$3$! /,*(0&'(! 1,2&$3$!

%&'()*+,*!! $!
-./(0'!

123! $3$! 4##! #! "12#! #! 12#! #! "1!

6!
-./(0'!

426! $$7! 737! "5! 5$27! 6! "32#! $! "3!

"!89*)! !621! !$37! 357!! ":! 512#! "3! "724! 3! "5!

;9<!=9*+*/>!! $!
-./(0'!

123! $3$! 4##! #! "12#! #! 12#! #! "1!

"?$!
89*)'!

!621! !;%! 54#!! 35! 342#! $"! $5! "5! "4!

@!A/9)B8!C./(9/(!.D!C.<E'!-,+F!G*'9>!,/D*/(!D.)-&+*!H!5:3!FIJ"##!B!
;%!;.(!*KK+,C*G+9!
!
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3.2.2 Estimated Intake of scFOS from the Proposed Use in 
Formula in the USA 

%&'()*'+&!,-!.,'+/'(*0!(/'*1+&!,-!&2345!6+&70'(/8!-6,)!*99('(,/!,-!&2345!',!(/-*/'!-,6)70*&!*/9!
-,00,:;,/!-,6)70*&!*'!'<+!.6,.,&+9!0+=+0&!,-!7&+!:+6+!2*0270*'+9!7&(/8!-,,9!2,/&7).'(,/!9*'*!
6+.,6'+9!(/!'<+!>/('+9!5'*'+&!?+.*6')+/'!,-!@+*0'<!*/9!@7)*/!5+6=(2+A&!B##C;B##D!E*'(,/*0!
@+*0'<!*/9!E7'6('(,/!%F*)(/*'(,/!576=+G!HE@IE%5JK!!L<(&!:*&!*0&,!'<+!&,762+!,-!2,/&7).'(,/!
9*'*! 7&+9! ',! +&'()*'+! (/'*1+&! ,-! /*'76*00G! ,22766(/8! ,0(8,&*22<*6(9+&! */9! &2345! *99+9! ',!
-,,9&K!

L<+! E@IE%5! 9*'*! &+'! .6,=(9+&! /*'(,/*00G! 6+.6+&+/'*'(=+! /7'6('(,/! */9! <+*0'<! 9*'*! */9!
.6+=*0+/2+!+&'()*'+&! -,6!/7'6('(,/!*/9!<+*0'<! &'*'7&!)+*&76+&! (/! '<+!>/('+9!5'*'+&! HE*'(,/*0!
M+/'+6! -,6! @+*0'<! 5'*'(&'(2&! HEM@5JN! B##OJK! ! I&! .*6'! ,-! '<+! +F*)(/*'(,/! 2,).,/+/'N! '6*(/+9!
9(+'*6G! (/'+6=(+:+6&! 2,00+2'! 9+'*(0+9! (/-,6)*'(,/! ,/! *00! -,,9&! */9! P+=+6*8+&! 2,/&7)+9! PG!
6+&.,/9+/'&! (/! '<+! .6+=(,7&! BD! <,76! '()+! .+6(,9! H)(9/(8<'! ',!)(9/(8<'JK! ! I! &+2,/9! 9(+'*6G!
6+2*00!:*&!*9)(/(&'+6+9!PG!'+0+.<,/+!C!',!"#!9*G&!*-'+6!'<+!-(6&'!9(+'*6G!(/'+6=(+:N!P7'!/,'!,/!
'<+! &*)+! 9*G! ,-! '<+! :++1! *&! '<+! -(6&'! (/'+6=(+:K! ! I! ','*0! ,-! QN#DC! 6+&.,/9+/'&! .6,=(9+9!
2,).0+'+!9(+'*6G!(/'*1+&!-,6!'<+!?*G!"!6+2*00N!*/9!RNC$D!,-!'<+!(/9(=(97*0&!.6,=(9+9!*!2,).0+'+!
?*G! B! 6+2*00K! ! S6,FG! (/'+6=(+:&! :+6+! 2,/972'+9! -,6! 6+&.,/9+/'&! 0+&&! '<*/! &(F! G+*6&! ,-! *8+K!!
>&(/8! '<+! 0(&'! ,-! -,,9! 2,9+&! */9! '<+! E@IE%5! B##C;B##D! 9(+'*6G! 6+2*00! 9*'*! -(0+&! -6,)!
(/9(=(97*0&! :('<! ':,! 2,).0+'+! 9*G&! ,-! 9(+'*6G! 6+2*00N! %ETUV4E! +&'()*'+9! )+*/! */9! Q#'<!
.+62+/'(0+!B;9*G!*=+6*8+!(/'*1+&!,-!&2345!-6,)!/*'76*00G!,22766(/8!&,762+&N!+F(&'(/8!WVI5!7&+&N!
*/9!'<+!.6,.,&+9!(/'+/9+9!7&+!(/!(/-*/'!-,6)70*&!*/9!-,00,:;,/!-,6)70*&K!

L<+! -,,9!2,9+&! -,6! (/-*/'! -,6)70*&!6+.,6'+9!PG!E@IE%5!6+&.,/9+/'&!*6+! (9+/'(-(+9!PG!P6*/9!
/*)+!*/9!-,6)!H+K8KN!.6+.*6+9!-6,)!.,:9+6!,6!6+*9G;',;-++9JK! !I00!-,6)70*&!:+6+!(/2079+9!(/!
'<+!+&'()*'+&!,-! (/'*1+K! !X+!*&&7)+9! '<*'! '<+! ','*0! *),7/'!,-! (/-*/'! -,6)70*! 2,/&7)+9!PG!
E@IE%5! .*6'(2(.*/'&! (&! 6+.6+&+/'*'(=+! ,-! '<+! ','*0! *),7/'! ,-! &2345;&7..0+)+/'+9! (/-*/'!
-,6)70*!,6! -,00,:;,/! -,6)70*!:<(2<!:,709!P+! 2,/&7)+9!PG! (/-*/'&!,-! 2,).*6*P0+!*8+&N! */9!
'<*'! '<+! 2,/2+/'6*'(,/! ,-! &2345! HBK$! 8! .+6! Y! -,6)70*J! (&! '<+! &*)+! (/! *00! -,6)70*&K! ! S,'+/'(*0!
(/'*1+&!,-!&2345!-6,)!P*2186,7/9!&,762+&N!+F(&'(/8!WVI5!7&+&N!*/9!'<+!(/'+/9+9!7&+!(/!(/-*/'!
-,6)70*&! */9! -,00,:;,/! -,6)70*&! :+6+! 2*0270*'+9! -,6! '<6++! &7P.,.70*'(,/&! ,-! (/-*/'&! H#!
'<6,78<! $! ),/'<&N! O! '<6,78<! R! ),/'<&N! */9! Q! '<6,78<! ""! ),/'<&J! :<,! 2,/&7)+9! (/-*/'!
-,6)70*&! */9! :<,! 9(9! /,'! P6+*&'-++9K! ! L<+! B;9*G! *=+6*8+! (/'*1+&! 6+.6+&+/'! '<+! +&'()*'+9!
'<+,6+'(2*0!(/'*1+&!,-!&2345!H*/9!'<+!6+0*'+9!&7P&'*/2+N!,0(8,-672',&+J!-6,)!/*'76*00G!,22766(/8!
&,762+&N!+F(&'(/8!WVI5!7&+&N! '<+!.6,.,&+9!7&+&! (/! (/-*/'!*/9! -,00,:;,/! -,6)70*N!*/9! -6,)!*00!
&,762+&! 2,)P(/+9! ,/! +*2<! ,-! '<+! ':,! 9*G&! ,-! 6+2*00! 9(=(9+9! PG! ':,! H(K+KN! HU/'*1+?*G! "! Z!
U/'*1+?*G! BJ[BJK! ! L<+! +&'()*'+&! :+6+! 8+/+6*'+9! 7&(/8! &76=+G! &*).0+! :+(8<'&! ',! *9\7&'! -,6!
9(--+6+/2+&! (/! 6+.6+&+/'*'(,/! ,-! &7P.,.70*'(,/&]! 6+&70'&! '<+6+-,6+! *6+! 6+.6+&+/'*'(=+! ,-! '<+!

>K5K!.,.70*'(,/. 
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%&'()*'+&!,-! &2345! (/'*1+! -6,)! (/-*/'! -,6)70*!*/9! -,00,:;,/! -,6)70*!P*&+9!,/!'<+!.6,.,&+9!
7&+&!,-!'<+! (/86+9(+/'!*6+!.6+&+/'+9!(/!L*P0+!BBK! !I&!&<,:/N! (/-*/'&! (/!'<+!-(6&'!&(F!),/'<&!,-!
0(-+!*6+!+&'()*'+9!',!2,/&7)+!'<+!<(8<+&'! 0+=+0&!,-!&2345! -6,)!'<+!.6,.,&+9!7&+!,-!&2345! (/!
(/-*/'! -,6)70*K! !L<+!)+*/!+&'()*'+9! (/'*1+&!,-! &2345! -6,)!-,6)70*!PG! -,6)70*!2,/&7)+6&!#!
'<6,78<!$!),/'<&N!O!'<6,78<!R!),/'<&N!*/9!Q!'<6,78<!""!),/'<&!,-!*8+!*6+!BKDN!BK"N!*/9!"KR!
8[9*GN!6+&.+2'(=+0GK! !L<+!+&'()*'+9!Q#'<!.+62+/'(0+! (/'*1+&!,-!&2345!-6,)!-,6)70*!PG!-,6)70*!
2,/&7)+6&!#!'<6,78<!$!),/'<&N!O!'<6,78<!R!),/'<&N!*/9!Q!'<6,78<!""!),/'<&!,-!*8+!*6+!CK"N!
BKRN!*/9!BK^!8[9*GN!6+&.+2'(=+0GK! !
!

"#$%&!''(!!)*+,-#+&.!'/0#1!23&4#5&!67+#8&!9:!*;<=>!:49-!?49@9*&.!A*&!9:!'BC!5!
*;<=>DE!,7!67:#7+!<94-F%#!#7.!<9%%9G/97!<94-F%#!

I8+!W6,7.*!
&2345!U/'*1+!

8[9*G! 8[18!P:[9*G!

_+*/! Q#'<!S+62+/'(0+! _+*/! Q#'<!S+62+/'(0+!

#!;!$!),/'<&!
H/!`!"#"J!

BKD! CK"! #KD#! #K$^!

O!;!R!),/'<&!
H/!`!ROJP!

BK"! BKR! #KBO! #KCR!

Q!;!""!),/'<&!
H/!`!RBJ!

"KR! BK^! #KB#! #KBR!

!!?*'*!&,762+a!EM@5!HB##OJ!
*!5*).0+!.,.70*'(,/!0()('+9!',!(/-*/'&!:<,!2,/&7)+9!(/-*/'!,6!-,00,:;,/!-,6)70*K!
P!I!P,9G:+(8<'!:*&!/,'!*=*(0*P0+!-,6!,/+!(/-*/'!(/!'<+!O!b!R!),!86,7.]!+&'()*'+&!,-!(/'*1+!(/!8[18!P:[9*G!

P*&+9!,/!R$!(/-*/'&K!!

 
%&'()*'+&!,-!,0(8,-672',&+!(/'*1+!-6,)!/*'76*00G!,22766(/8!&,762+&N!'<+,6+'(2*0!(/'*1+&!,-!&2345!
-6,)! 2766+/'! >5! WVI5! &,762+&N! +&'()*'+&! ,-! &2345! -6,)! '<+! .6,.,&+9! 7&+&! (/! -,6)70*N! */9!
'<+,6+'(2*0!+&'()*'+&!,-!','*0!.,'+/'(*0!+F.,&76+&!',!,0(8,-672',&+!*/9!&2345!-6,)!*00!&,762+&!
2,)P(/+9!*6+!&<,:/!(/!L*P0+!BCK!
!
L<+!+&'()*'+&!,-!.,'+/'(*0!&2345!(/'*1+!PG!(/-*/'&!:+6+!P*&+9!,/!'<+!&76=+G!.,.70*'(,/!,-!/,/;
P6+*&'-++9(/8!(/-*/'&K!!L<+!G,7/8+&'!(/-*/'&!H(K+KN!.6(,6!',!(/'6,972'(,/!,-!:+*/(/8!-,,9&J!(/!'<+!
&*).0+!.,.70*'(,/!'<+6+-,6+!*6+!.6+&7)*P0G!2,/&7)(/8!,/0G!(/-*/'!-,6)70*K!!L<+!(/'*1+&!,-!
&2345!PG!(/-*/'&!2,/&7)(/8!*!2,)P(/*'(,/!,-!<7)*/!)(01!*/9!-,6)70*!:,709!0(1+0G!P+!0,:+6!
'<*/!'<+!+&'()*'+&!,-!&2345!(/'*1+!P*&+9!,/!'<+!.,.70*'(,/!,-!+F207&(=+0G!-,6)70*!-+9!(/-*/'&K!
!
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"#$%&!'H(!!"I&94&+,;#%!'/0#1!23&4#5&!67+#8&!9:!*;<=>!:49-!J#;8549F7.!>9F4;&*K!)L,*+,75!MN2>!
A*&*K!#7.!?49@9*&.!A*&!,7!67:#7+!<94-F%#!#7.!<9%%9G/97!<94-F%#!

25&!M49F@a! <=>!>9F4;&!

*;<=>!67+#8&!

5D.#1! 5D85!$GD.#1!

O&#7!
PQ+I!

?&4;&7+,%&! O&#7!
PQ+I!

?&4;&7+,%&!

!
#!;!$!),/'<&!
H/!`!"#"J!
!!

c*2186,7/92! d#K#$! #K"! #K#"! #K#"!
%F(&'(/8!>5!WVI5!7&+&! #KD! "K#! #K#O! #K"D!

S6,.,&+9!7&+!(/!(/-*/'[-,00,:;,/!-,6)70*9! BKD! CK"! #KD#! #K$^!

L,'*0!&2345!(/'*1+! BKR! DKO! #KD^! #KD^!

O!;!R!),/'<&!
H/!`!ROJ!P!
!!!
!!

c*2186,7/9! #KB! #KD! #K#B! #K#$!

%F(&'(/8!>5!WVI5!7&+&! "KC! BKC! #K"$! #KBO!

S6,.,&+9!7&+!(/!(/-*/'[-,00,:;,/!-,6)70*! BK"! BKR! #KBO! #KCR!
L,'*0!&2345!(/'*1+! CK$! DK^! #KDC! #KDC!

Q!;!""!),/'<&!
H/!`!RBJ!
!!
!!

c*2186,7/9! #K$! "K"! #K#$! #K""!

%F(&'(/8!>5!WVI5!7&+&! BKO! DKO! #KB^! #KD^!
S6,.,&+9!7&+!(/!(/-*/'[-,00,:;,/!-,6)70*! "KR! BK^! #KB#! #KBR!

L,'*0!&2345!(/'*1+! DKQ! ^KB! #K$B! #K$B!
?*'*!&,762+a!EM@5!HB##OJ!
*!5*).0+!.,.70*'(,/!0()('+9!',!(/-*/'&!:<,!2,/&7)+9!(/-*/'!,6!-,00,:;,/!-,6)70*K!
P!I!P,9G:+(8<'!:*&!/,'!*=*(0*P0+!-,6!,/+!(/-*/'!(/!'<+!O!b!R!),!86,7.]!+&'()*'+&!,-!(/'*1+!(/!8[18!P:[9*G!P*&+9!,/!R$!
(/-*/'&K!
2!U/'*1+!,-!,0(8,-672',&+!-6,)!/*'76*00G!,22766(/8!&,762+&K!
9!I&&7)+9!BK$!8!&2345[Y!-,6)70*K!

!
!

!

! !
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3.3 Use of scFOS in Infant Formula, Foods for Infants 
and Foods for Young Children 

3.3.1 International Regulatory Status of Short Chain Fructo-
oligosaccharides in Foods 

V+870*',6G! P,9(+&! (/! '<+! %76,.+*/! >/(,/! */9! I7&'6*0(*[E+:! e+*0*/9! <*=+! 9+=+0,.+9!
&.+2(-(2! ,.(/(,/&! ,6! 6+870*'(,/&! 6+8*69(/8! '<+! 7&+! ,-! 345! (/! (/-*/'! -,6)70*K! ! L<+&+!
&'*'+)+/'&!,6!6+870*'(,/&!*6+!0(&'+9!(/!L*P0+!BD!*/9!9+&26(P+9!P+0,:K!U/!'<+!>5I!'<+!&'*'7&!
,-! (/86+9(+/'&! (&! P*&+9! ,/! /,'(-(2*'(,/! 7/9+6! '<+!>5!WVI5! &G&'+)! */9! -,6! (/-*/'! -,6)70*!
&7P&+f7+/'!2,).0(*/2+!:('<!B"!M3V!"#O!U/-*/'!3,6)70*!g7*0('G!M,/'6,0!S6,2+976+&!*/9!B"!
M3V! "#^! U/-*/'! 3,6)70*N! :<(2<! (/2079+! 6+f7(6+)+/'&! -,6! .6+)*61+'! *&&+&&)+/'! .6(,6! ',!
6+-,6)70*'(,/!*/9! '<+!*99('(,/!,-!/+:! (/86+9(+/'&K! U/-,6)*'(,/! -,6! '<+!>5I! (&! (/2079+9! (/!
'<+!'*P0+!-,6!2,).*6(&,/K!!I!&()(0*6!&G&'+)!,-!WVI5!*/9!.6+)*61+'!*..6,=*0!(&!6+f7(6+9!(/!
M*/*9*K! !I! &()(0*6! &G&'+)! (&! 6+f7(6+9! (/!M*/*9*K!X<+6+!*..6,.6(*'+! 6+870*'(,/&! -,6! (/70(/!
*/9! W45! *6+! (/2079+9! (/! '<+! &7))*6G! '*P0+N! *&! '<+&+! /,/;9(8+&'(P0+! 2*6P,<G96*'+&! *6+!
-6+f7+/'0G!7&+9!(/!2,)P(/*'(,/!(/!-,,9&!-,6!(/-*/'&N!2<(096+/N!*/9!*970'&K!!L<(&!&+2'(,/!(&!/,'!
*!2,).6+<+/&(=+!6+=(+:!,-!*00!'<+!:,609:(9+!6+870*'(,/&!,6!87(9+0(/+&!-,6!'<+&+!(/86+9(+/'&K!

U/! h*.*/N! &2345! <*&! P++/! .+6)(''+9! -,6! 7&+! (/! (/-*/'! -,6)70*! &(/2+! '<+! +*60G! "QQ#A&!
Hi*)*),',!j!i,/+17P,N!"QQCJN!:('<!/,!0()('*'(,/K!

I! /7)P+6! ,-! 9+=+0,.(/8! 2,7/'6(+&N! P,'<! (/! I&(*! */9! ,'<+6! .*6'&! ,-! '<+!:,609N! 9+-*70'! ',!
M4?%k! I0()+/'*6(7&! 5'*/9*69&K! ! L<+! M4?%k! 5'*/9*69&! H!"#$%& '()*& +,-./0.& 12345& ,66+7&
'()*8)28&9:2&;*9)*(&<:2=>?)&)*8&<:2=>?)@&9:2&'A3BC)?&D38CB)?&E>2A:@3@&;*(3*838&9:2&;*9)*(@!
*/9!!"#$%&'()*&.FG-.0/+&'()*8)28&9:2&<:??:H->A&<:2=>?)J!(/2079+!20*7&+&!-,6!'<+!*99('(,/!
,-!l4.'(,/*0! U/86+9(+/'&mK! !L<+&+! (/86+9(+/'&!)*G!P+!*99+9!,/!'<+!P*&(&! '<+G!*6+!&7('*P0+!
-,6!7&+!(/!'<+!.6,972'N!*6+!&2(+/'(-(2*00G!&<,:/!',!P+!+--(2*2(,7&!*/9!*6+!.6+&+/'!*'!&7--(2(+/'!
0+=+0&!',!+/&76+!'<+!(/'+/9+9!+--+2'&!*6+!*2<(+=+9K!!4/!'<(&!P*&(&!'<+!7&+!,-!&2345!:,709!P+!
=(+:+9!*&!.+6)(&&(P0+!(/!'<,&+!2,7/'6(+&!9+-*70'(/8!',!'<+!M4?%k!&'*/9*69K!

L<6,78<,7'!=*6(,7&!2,7/'6(+&N!,0(8,&*22<*6(9+&!*6+! 6+-+66+9! ',!PG!=*6(,7&! '+6)&N! (/2079(/8!
-672',,0(8,&*22<*6(9+!H345JN!&<,6';2<*(/!-672',,0(8,&*22<*6(9+!H&2345JN!,0(8,-672',&+N!(/70(/N!
0,/8;2<*(/! (/70(/!H02;(/70(/J!*/9!<(8<!),0+270*6!:+(8<'!,0(8,-672',&+K! !L<+&+!'+6)&!<*=+!/,!
&'*/9*69! 9+-(/('(,/&N! */9! &,)+! ,-! '<+! '+6)&! *6+! 7&+9! (/'+62<*/8+*P0G! ',! 9+&26(P+!
&7P&'*/2+&! '<*'! =*6G! &7P&'*/'(*00G! (/! 2<*(/! 0+/8'<! H_K! V,P+6-6,(9N! B##^JK! ! c+2*7&+! ,-! '<(&!
/,)+/20*'76+! (&&7+N! '<+6+!)*G!P+! &,)+! 2,/-7&(,/!*P,7'!:<*'! &.+2(-(2! (/86+9(+/'! =*6(,7&!
,.(/(,/&N!87(9+0(/+&N!,6!6+870*'(,/&!*6+!(/'+/9+9!-,6!(/!&,)+!2*&+&K!

!

!

!
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"#$%&!'R(!!<99.!2..,+,3&!N&5F%#+,97*!:94!<=>K!67F%,7K!#7.!M=>!
S9F7+41! >F$*+#7;&!! 2@@493&.!A*&*! O#L,-F-!A*&!

E&3&%!
N&:&4&7;&!

>5I! &2345!

HE7'6*-0,6*N!
I2'(0(8<'N!
_+(,0(8,N!
E+,&78*6J!

U/-*/'!j!3,00,:;,/!
3,6)70*!H#;"B!
),/'<&J!

BK$8[Y! I&!)*61+'+9!

L,990+6!H"B;BD!),J!
-,,9&!!

"!8[&=8!! 3?I!B###N!B##^!

!

W+/+6*0!-,,9!&7..0G! "!8[&=8!!

U/70(/!H367'*-('J! c*PG!-,,9&! "!8[&=8! 3?I!B##CPN!B##R*!

!W+/+6*0!-,,9!&7..0G! ";"$n!

W45!HT(=(/*0J! L+6)!(/-*/'!-,6)70*! $!8[Y! 3?I!B##RP!

c*PG!-,,9&! ";C!8[&=8!

W+/+6*0!-,,9!&7..0G!! C;^K$!8[&=8!

W45!HWLMJ! L+6)!(/-*/'!-,6)70*!j!
-,00,:;,/!3,6)70*!

^KB!8[Y! H3,,9!*/9!?678!
I9)(/(&'6*'(,/!H3?IJN!
B##QPJ!

c*PGN!(/-*/'!j!',990+6!
-,,9&!

#KRO;"KBR!8[&=8! H3,,9!*/9!?678!
I9)(/(&'6*'(,/!H3?IJN!
B##Q*J!

W+/+6*0!-,,9!&7..0G!! "KBR!8[&=8! H3,,9!*/9!?678!
I9)(/(&'6*'(,/!H3?IJN!
B##Q*J!

%K>K! 345*! E,'!(/!(/-*/'!-,6)70*! EI! 52(+/'(-(2!M,))(''++!
,/!3,,9!B##C]!%35I!
B##D!

3,00,:;,/!-,6)70*! I&!+&'*P0(&<+9!
PG!8+/+6*00G!
*22+.'+9!
&2(+/'(-(2!9*'*!

M,))(&&(,/!?(6+2'(=+!
B##O["D"[%M!HI6'(20+!
OJ!

YM;(/70(/!*/9!W45!! U/-*/'!-,6)70*! R!8[Y!,-!Q#a"#!
)(F'76+!,-!W45!
*/9!YM;(/70(/!

M,))(&&(,/!?(6+2'(=+!
B##O["D"[%M!HI//+F!U!
HQJ!*/9!I//+F!UU!H^J!3,00,:;,/!-,6)70*!
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"#$%&!'R(!!<99.!2..,+,3&!N&5F%#+,97*!:94!<=>K!67F%,7K!#7.!M=>!
S9F7+41! >F$*+#7;&!! 2@@493&.!A*&*! O#L,-F-!A*&!

E&3&%!
N&:&4&7;&!

I7&'6*0(*[E+:!
e+*0*/9!

&2345P!

!

E,'!(/!(/-*/'!-,6)70*! EI! 35IEe!B##R*NP!

U/70(/!9+6(=+9!
&7P&'*/2+&P!

W+/+6*0!-,,9!&7..0G! E,!&.+2(-(2!0()('&!

U/70(/!9+6(=+9!
&7P&'*/2+&!
*/9[,6!W45N!
&(/870*60G!,6!
2,)P(/+9N!(/!*/G!
6*'(,!

U/-*/'!*/9!-,00,:;,/!
-,6)70*!

C!8[Y!

U/-*/'!-,,9&! #KR!8["##!8!

3,6)70*'+9!
&7..0+)+/'*6G!-,,9&!

"KO!8[&=8!HR!8[YJ!

*!!E,!9(--+6+/'(*'(,/!P+':++/!&2345!*/9!,0(8,-672',&+K!

PK35IEe!7&+&!'<+!'+6)!345!',!9+&26(P+!-672',&+!.,0G)+6&!:('<!*=+6*8+!?SdD!'<*'!*6+!'G.(2*00G!.6,972+9!-6,)!+/oG)*'(2!
2,/9+/&*'(,/!,-!&726,&+]!9+-(/+&!(/70(/!9+6(=+9!&7P&'*/2+&!*&!*!)(F'76+!,-!.,0G)+6&!,-!-672',&+!*/9!(/2079+&!(/70(/N!0,/8;2<*(/!
(/70(/!*/9!,0(8,-672',&+N!P7'!9,+&!/,'!(/2079+!-672',&+!.,0G)+6&!+/oG)*'(2*00G!.6,972+9!-6,)!&726,&+!PG!+/oG)*'(2!*2'(,/]!*/9!
9+-(/+&!W45!*&!*!)(F'76+!,-!'<,&+!&7P&'*/2+&!.6,972+9!-6,)!0*2',&+!PG!+/oG)*'(2!*2'(,/K!

 

3.3.2 Use of scFOS in Infant Formula, Foods for Infants and Foods 
for young Children 

!

_+(\(!.(,/++6+9!'<+!7&+!,-!&2345!(/!(/-*/'!-,6)70*!976(/8!'<+!+*60G!"QQ#A&!*/9!',9*G!(/!h*.*/!('!
(&! :(9+0G! 7&+9! Hi*)*),',! j! i,/+17P,! H"QQCJJ! (/! .6,972'&! -,6! (/-*/'&! */9! G,7/8! 2<(096+/K!!
_+(\(!)*/7-*2'76+&! (/-*/'!-,6)70*! (/!h*.*/N!*/9!7/9+6!2,/'6*2'! (/!I7&'6*0(*K! !L<+!)*61+'&!-,6!
_+(\(! /7'6('(,/*0! .6,972'&! (/2079+! h*.*/N! S*1(&'*/N! M<(/*N! T(+'/*)N! j! L*(:*/! H3(876+! D! */9!
3(876+!$JK!
!<''.a[[:::K)+(/G7K2,K\.[+/80(&<['67&'[(/9+FK<')0!!H*22+&&+9!"^!42',P+6!B##QJK!

Figure 5: Meiji nutritional products for export. 
!
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S6,972'&!-,6!&*0+!(/!h*.*/!'<*'!*6+!1/,:/!',!2,/'*(/!&2345!(/2079+a!

• _+(\(!@,<,+)(!H(/-*/'!-,6)70*!-,6!(/-*/'&!7.!',!Q!),/'<&J!:('<!CKB8!&2345![0('6+!

• _+(\(!_(0-G!H(/-*/'!-,6)70*!-,6!(/-*/'&!:('<!2,:&!)(01!*00+68GJ!

• _+(\(!5'+.!H-,00,:;,/!-,6)70*!-,6!(/-*/'&!Q!),/'<&!*/9!,=+6J!

!

Figure 6:  Meiji Hohoemi, Milfy and Step Infant Formula Products 
!

U/!5.*(/!c0+)(0!S07&!I%!H-,00,:;,/!-,6)70*!-,6!(/-*/'&!O!),/'<&!*/9!,09+6J!*/9!E*'76!B!H-,00,:;
,/!-,6)70*!-,6!(/-*/'&!D!),/'<&!*/9!,09+6J!P,'<!2,/'*(/!&2345K!

U/!'<+!>/('+9!5'*'+&N!IPP,''!E7'6('(,/!)*61+'&!5()(0*2p!W,!j!W6,:p!5,G;c*&+9!U/-*/'!3,6)70*!
S,:9+6!-,6!(/-*/'&!Q;BD!),/'<&!,-!*8+N!2,/'*(/(/8!&2345!HBKB!8[YJ!*/9!5()(0*2p!5+/&('(=+p!U&,)(0!
5,Gq!U/-*/'!3,6)70*!S,:9+6!-,6!(/-*/'&!#;"B!),/'<&!:('<!&2345!HBK"!8[YJ!HIPP,''!Y*P,6*',6(+&N!
B#"#JK!!E7'6*30,6*!(&!*0&,!*99+9!',!)+9(2*0!-,,9&!-,6!2<(096+/!*=*(0*P0+!(/!'<+!>5I!*/9!M*/*9*K!!
T('*0!h6Kq!*/9!S+9(*576+p!%/'+6*0!3,6)70*!X('<!3(P+6!*/9!&2345p!*6+!+/'+6*0!.6,972'&!9+&(8/+9!
-,6! &,0+;&,762+! ,6! &7..0+)+/'*0! /7'6('(,/! -,6! 2<(096+/! *8+&! "! ',! "C! G+*6&! HIPP,''! E7'6('(,/N!
B##QJK! ! %*2<! .6,972'! 2,/'*(/&! C! ;! D! 8! &2345[YN! */9! +*2<! .6,972'! <*&! *! 2*0,6(2! 9+/&('G! ,-! "!
12*0[)YK!
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Figure 7: Similac® Sensitive® Isomil Soy™ Infant Formula Pack and Nutrition Information Panel 
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Figure 8: Similac® Go & Grow® Pack and Nutrition Information Panel 
!

!

!

!
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!

Figure 9: Similac® Go & Grow Pack and Nutritional Information Panel
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$%&'! ()! *+,! -.$/! 012! 34'567*&! 89)6:97*64,! 9)5! &,%%! 14(;+*! 1,;())();&! .'<! 0,5(9*4(7! =4()>!

?@(;64,!AB/!9!4,95<C*'C54()>!&633%,8,)*!&3,7(9%%<! :'486%9*,5!*'!8,,*!*+,!)6*4(*(')9%!),,5&!':!

7+(%54,)! D+'! 89<! E,! 9%%,4;(7! *'! 7'DF&! 8(%>! 34'*,()! '4! %97*'&,C()*'%,49)*/! 7')*9()();! &7@G.H!

?012!04'567*&/!IJ"JBH!!K*!7')*9()&!9!*'*9%!':!L;!5(,*94<!:(E4,!3,4!ILM8N!?O!:%H!'PB!&,4Q,H!

      Figure 10: Bright Beginnings Soy Pediatric Drink 
!

&7@G.!(&!9)!();4,5(,)*!()!9!)68E,4!':!:''5&!:'4!():9)*&!9)5!7+(%54,)!94'6)5!*+,!D'4%5/!D(*+!9!

&,%,7*(')!':!,R983%,&!&68894(&,5!()!S9E%,!I#/!9)5!34'567*!397>!(89;,&!&+'D)!()!$33,)5(R!"H!

"#$%&!'()!!*+,-./01!2,+!342#401!#4-!5,.46!/73%-+&4!/,40#34346!1/89:!346+&-3&40!
"5;&!,2!*+,-./0! <,.40+5! *+,-./01!=4+3/7&-!>307!1/89:!?"+#-&!4#@&1)!

A.0+#8%,+#B!C&3,%36,B!D/03%3670E!
C#4.2#/0.+&+!

F42#40!<&+&#%! .39()! 1%,Q(*!0%6&!?():9)*!7,4,9%!D(*+'6*!;%6*,)B! N9E'49*'4('&!G45,&9!

! .39()! T,4'!19E<!?():9)*!7,4,9%&!I!*<3,&!C!!O!U,4,9%,&!

7')!2(,%!9)5!26%*(7,4,9%,&B!

T,4'!

! .39()! .9)*64(!.9)5'P!?():9)*!7,4,9%B! V6*4(*(')!9)5!.9)*W!

! @49)7,! 2'5(%97!='67,64!X,%'6*W,!?():9)*!7,4,9%B! .'%5(%97!

G#$5!8,,-!*.+&&! -.$! 1,,7+!V6*!E9E<!:''5!?$33%,/!19)9)9/!U944'*/!

Y!.D,,*!0'*9*'!:%9Q'64&B!

1,,7+!V6*!

G#$5!H,67.+0! -.$! T'4(P')! G4;9)(7! 19E<! Z';64*! [! 'P! 763&!

?0,97+/!0,94/!9)5!X9)(%%9!:%9Q'64&B!

\+(*,!\9Q,!

C&-3/#%! A.0+303,4!

I!H,.46!<73%-+&4!

-.$!! 0,5(9.64,!Y!X(*9%!]4! $EE'**!V6*4(*(')!

! U9)959! 0,5(9.64,! $EE'**!V6*4(*(')!

<73%-+&4J1!<&+&#%1! -.$! \(%5!06::&!?&,Q,49%!:%9Q'64&B! 194E949^&!19>,4<!

! -.$! _9*();!`(;+*!a(5&/!06::,5!U'7'9!U,4,9%! .9:,D9<!

! -.$! _9*();!`(;+*!a(5&/!S'9&*,5!GF&/!! .9:,D9<!

! -.$! _9*();!`(;+*!a(5&/!@46(*<!`();%,*&!U,4,9%! .9:,D9<!

! -.$! 2')>,<E49()&!G9*8,9%! .+4><!NNU!

3.3.3 Use of scFOS in the General Food Supply 

3.3.3.1 Australia and New Zealand 

K)!V,D!b,9%9)5!9)5!$6&*49%(9!&7@G.!(&!9Q9(%9E%,!D(*+()!*+,!;,),49%!:''5!&633%<!9&!&633%,8,)*&H!!

S+,&,!34'567*&!94,!9Q9(%9E%,!*+4'6;+!4,*9(%!'6*%,*&!9)5!')C%(),!9)5!94,!&'%5!9&!E,();!&6(*9E%,!

:'4!7+(%54,)!9)5!956%*&H!!
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.,Q,49%!)6*4(*(')9%!*<3,!5(,*94<!&633%,8,)*94<!:''5&!9Q9(%9E%,!()!$6&*49%(9!89<!9%&'!7')*9()!

&7@G.!?@(;64,!"JBH!!@'4!,R983%,/!*+,!_)&64,!0655();!49);,!?L;!&7@G.d!['P!?"I#;B!&,4Q();B!9)5!

_)4(7+!0%6&!E,Q,49;,&!?"L;!&7@G.d%(*4,B!:4'8!$EE'**!N9E'49*'4(,&/!9Q9(%9E%,!34(894(%<!*+4'6;+!

+'&3(*9%&/!9)5!*'!9!%(8(*,5!,R*,)*!:4'8!3+94897(,&H!

!

!

 
Figure 11: Examples of supplements and food-type supplements available in Australia and New 
Zealand containing scFOS 

3.3.3.2 Rest of the World 

S+,!6&,!':!&7@G.!9&!9!34,E('*(7!();4,5(,)*!()!9!D(5,!49);,!':!:''5!34'567*&!:'4!'%5,4!7+(%54,)!

9)5! 956%*&! (&! &*,95(%<! ()74,9&();! 94'6)5! *+,! D'4%5H! ! $! &68894<! ':! &,%,7*,5! 933%(79*(')&/!

4,34,&,)*();!34'567*&!*+9*!89<!3'&&(E%<!9%&'!E,!7')&68,5!E<!<'6);!7+(%54,)/!(&!&68894(&,5!()!

S9E%,!IcH!!K*!(&!(83497*(79%!*'!&68894(&,!9%%!*+,!34'567*&!9Q9(%9E%,!;%'E9%%</!+'D,Q,4!955(*(')9%!

():'489*(')! 9)5! 34'567*&! 7')*9()();! &7@G.! 79)! E,! :'6)5! ')! *+,! V6*49@%'49! D,E&(*,! ?eSU!

V6*4(*(')/!IJJABH!

K)! ]939)/! @G.! ?()7%65();B! &7@G.! +9&! E,,)! ()7%65,5! ()! *+,! 9334'Q,5! @G.T-! %(&*! ':! :6)7*(')9%!

();4,5(,)*&!:'4!9!)68E,4!':!<,94&!?U+'D/!IJJIf!G+989/!K>,59/!Y!2'4(<989/!IJJcBH!!e(Q,)!*+,!

5'8()9)7,! ':! 2,(g(! D(*+()! *+,! ]939),&,! :''5! ()56&*4</! &7@G.! (&! '),! ':! *+,! >,<! ();4,5(,)*&!

&'647,&!':!'%(;':467*9)&!:'4!:6)7*(')9%!34,E('*(7!();4,5(,)*!9)5!&633%,8,)*!6&,H!!

"#$%&!'K)!!:&%&/0&-!2,,-1!/,40#34346!1/89:!

<%#11!,2!*+,-./0! <,.40+5! *+,-./01!=4+3/7&-!>307!1/89:!?"+#-&!
4#@&1)!A.0+#8%,+#B!C&3,%36,B!D/03%3670E!

C#4.2#/0.+&+!

C&-3/#%!A.0+303,4! -.$/! U9)959!

Y!]939)!

_)&64,/!Q94('6&!:%9Q'64&!

!

$EE'**!V6*4(*(')!

! -.$/! U9)959!

Y!]939)!

_)&64,!0%6&/!Q94('6&!:%9Q'64&!

!

$EE'**!V6*4(*(')!

! -.$! Y!

U9)959!

e%67,4)9/!Q94('6&!:%9Q'64&!

!

$EE'**!V6*4(*(')!

<.%0.+&-!L#3+5! -.$! T'4(P')!G4;9)(7! N'DC:9*!1%,)5,5!Z';+64*!

c! 'P! 763&! C! 1%6,E,44</! N,8')/! 0,97+/!

`9&3E,44</! .*49DE,44</! 9)5! .*49DE,44<!

\+(*,!\9Q,!
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"#$%&!'K)!!:&%&/0&-!2,,-1!/,40#34346!1/89:!

<%#11!,2!*+,-./0! <,.40+5! *+,-./01!=4+3/7&-!>307!1/89:!?"+#-&!
4#@&1)!A.0+#8%,+#B!C&3,%36,B!D/03%3670E!

C#4.2#/0.+&+!

19)9)9!

! -.$! T'4(P')! G4;9)(7! @9*C@4,,/! @46(*C')C*+,C

E'**'8! Z';+64*! c! 'P! 763&! C! 1%6,E,44</!

U+,44</! 0,97+/! `9&3E,44</! .*49DE,44</!

2(R,5!1,44<!

\+(*,!\9Q,!

! -.$! T'4(P')! G4;9)(7! \+'%,! 2(%>! Z';+64*!

X9)(%%9!LI!'P!*6E&!

\+(*,!\9Q,!

! -.$! T'4(P')! G4;9)(7! @9*! @4,,! Z';+64*! LI! 'P!

*6E&H!0%9()!9)5!X9)(%%9!

\+(*,!\9Q,!

! -.$! 1,),@KS! )'):9*! <';+64*! ['P! 763&! C!

1%6,E,44</! `9&3E,44</! .*49DE,44</! 9)5!

'*+,4!:%9Q'64&!

\9%894*!

! -.$! _9*();! 4(;+*! Z';+64*! [! 'P! 763&! Q94('6&!

:%9Q'64&!

.9:,D9<!

! 2,R(7'! 29&96!Z';+64*!E,Q,49;,! 29&96!

<&+&#%! -.$! 06::()&/!26%*(;49()! 194E949^&!19>,4<!

G#M&+5! -.$! =,!\9:,%E9>>,4&!:4'P,)!39)79>,&!9)5!

D9::%,&!C!1%6,E,44</!$33%,!U())98')/!

.,Q,)!e49()/!G9*!149)/!,*7H 

=,\9:,%E9>>,4&!

8+,N&4!L&11&+01! -.$! ]6%(,^&!G4;9)(7!%'D!:9*!Z';+64*!194&! G4,;')!K7,!U4,98!

! -.$! _9*();!`(;+*!X9)(%%9!K7,!U4,98!U63&! .9:,D9<!

! U'%'8E(9! 2(8'^&!.'<!@4'P,)!=,&&,4*! 2(8'^&!

G&O&+#6&1! -.$! X(*9&'<!0%6&/!.'<!1,Q,49;,!h!3%9()!:%9Q'64! X(*9&'<!

! -.$! V6X(8!! V6X(8!

! -.$! V9>,5!]6(7,!?Q94('6&!:%9Q'64&B! 0,3&(7'!

K)!955(*(')!*'!:''5&!&7@G.!?V6*49@%'49B!(&!D(5,%<!9Q9(%9E%,!*'!*+,!;,),49%!36E%(7!()!5(,*94<!

&633%,8,)*&!?@(;64,!""BH!!

!

Figure 12:  Examples of supplements available in the USA containing scFOS  

0(7*'4(9%!,R983%,&!':!Q94('6&!34'567*&!:4'8!94'6)5!*+,!D'4%5/!7')*9()();!&7@G.!94,!34'Q(5,5!()!

$33,)5(R! K/! 9)5! ,R983%,&! ':! 34'567*! ():'489*(')! E4'7+64,&! :'48! *+,! -.$! ()! $33,)5(R! KKH!!

S+,&,!,R983%,&!34'Q(5,5!D(*+!*+,!()*,)*!':!5,8')&*49*();!&9:,!9)5!,R*,)&(Q,!6&,!':!&7@G.H!!$&!

*+,&,! ,R983%,&! 94,! :4'8! '6*&(5,! $6&*49%(9! 9)5!V,D! b,9%9)5/! *+,! (89;,&!89<! )'*!8,,*! *+,!

$6&*49%(9! V,D! b,9%9)5! @''5! .*9)5945&! 7'5,! ()! 4,%9*(')! *'! %9E,%%();! ,*7H! ! S+,! (89;,&! 9)5!

34'567*!4,34,&,)*9*(')&!9&!5,3(7*,5/!94,!)'*!()*,)5,5!:'4!6&,!()!$6&*49%(9!'4!V,D!b,9%9)5H!
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4. Information related to impact on the food 
industry 

4.1 Projected cost to the food industry 
0,48(&&(')! :'4! *+,! '3*(')9%! 955(*(')! ':! &7@G.! *'! K):9)*! @'486%9! 04'567*&/! @''5&! :'4! K):9)*&/!

9)5! @.@ZU! (&! )'*! 9)*(7(39*,5! *'! +9Q,! 9)<!89g'4! (8397*! ')! *+,!894>,*! :'4! *+,&,! 34'567*&! ()!

$6&*49%(9!9)5!V,D!b,9%9)5H!!0'&&(E%,!'6*7'8,&!':!*+,!3,48(&&(')!*'!955!&7@G.!89<!()7%65,!*+,!

4,:'486%9*(')!':!&'8,!,R(&*();!(*,8&/!'4!*+,!%96)7+!':!&'8,!),D!34'567*&H!!!

S+,! 894>,*! :'4! K):9)*! @'486%9! 04'567*&! ()! $6&*49%(9! 9)5! V,D! b,9%9)5! (&! &,;8,)*,5! ()*'!

&*9)5945! :'486%9/! 34,8(68! :'486%9! 9)5! &89%%! Q'%68,&! ':! &3,7(9%(&,5! :'486%9! ?,H;H! :'4!

8,*9E'%(7/! (886)'%';(79%/! 4,)9%/! +,39*(7! 9)5! 89%9E&'43*(Q,! 7')5(*(')&BH! ! S+,! 955(*(')! ':!

();4,5(,)*&! &67+! 9&! '%(;'&977+94(5,&/! %');C7+9()! 3'%<6)&9*649*,5! :9**<! 97(5&! ,*7H! (&! *<3(79%%<!

%(8(*,5! *'! *+,!34,8(68!9)5! &3,7(9%(&,5! :'486%9&! 56,! *'! *+,! 955,5! 7'&*! ':!89)6:97*64,! 9)5!

+(;+,4! 7'&*! ':! 34'567*! 9*! *+,! 3'()*! ':! &9%,! 56,! *'! *+,! ()7%6&(')! ':! *+'&,! ();4,5(,)*&H! ! S+,!

955(*(')!':!&7@G.!*'! ():9)*!:'486%9!D(%%!)'*!+9Q,!9)<!&(;)(:(79)*! (8397*!')!*+,!894>,*!&(P,!'4!

&*467*64,/!+'D,Q,4!89<!6%*(89*,%<!,R*,)5!7')&68,4!7+'(7,!'3*(')&! *+4'6;+!*+,! ()*4'567*(')!

':!),D/!'4!4,:'486%9*(')!':!,R(&*();!34'567*!'::,4();&H!

.(8(%94%<!*+,!),D!34'567*&!()!*+,!79*,;'4<!':!@''5&!:'4!K):9)*&!9)5!@.@ZU!89<!E,!5,Q,%'3,5!'4!

4,:'486%9*,5/! ,R39)5();! 7')&68,4! '3*(')&H! ! S+,4,! 94,! ()74,8,)*9%! 89)6:97*64();! 7'&*&!

9&&'7(9*,5!D(*+!*+,!955(*(')!':!*+,!&7@G.!9&!9)!();4,5(,)*/!D+(7+!D'6%5!*<3(79%%<!E,!39&&,5!')!

*'!*+,!7')&68,4H!

4.2 Impact on international trade 
S+,!3,48(**,5!955(*(')!':!&7@G.!*'!K):9)*!@'486%9!04'567*&/!@''5&!:'4!K):9)*&/!9)5!@.@ZU!D(%%!

+9Q,!9!3'&(*(Q,!,::,7*!')!()*,4)9*(')9%!*495,H!K*!D(%%!4,8'Q,!7644,)*!7')&*49()*&!*'!*+,!,R3'4*!':!

*+,&,! 34'567*&! *'! 7'6)*4(,&! 4,i6(4();! 7'83%(9)7,! *'! %'79%! 4,;6%9*(')&! ()! *+,! 7'6)*4<! ':!

89)6:97*64,/! *+6&! 3,48(**();! ),D! 89)6:97*64,! :'4! ()74,9&,5! ,R3'4*! '33'4*6)(*(,&H!!

@64*+,48'4,/! (*! D(%%! 9%%'D! 89)6:97*64,4&! 9)5! E49)5! 'D),4&! *'! 97i6(4,! U,4*(:(79*,&! ':! @4,,!

S495,!:'48!96*+'4(*(,&! ()!$6&*49%(9!9)5!V,D!b,9%9)5! ()!4,;945!*'!*+,!34'567*&!89)6:97*64,5!

:'4! ,R3'4*/! 9)5! 4,8'Q,! *+,! ),,5! :'4! 958()(&*49*(Q,! 34'7,&&,&! 7644,)*%<! 4,i6(4,5! *'! ,)9E%,!

,R3'4*H!
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8,#-4('4&52$<?"B/!"ACIcH!
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1g94)9&')/! KH/! 2970+,4&')/! $H/! Y! T'%%9)5,4/! =H! ?"AA#BH! K)*,&*()9%! 3,48,9E(%(*<j! 9)! 'Q,4Q(,DH!

X)5',(#*'#,(+(0.2$<LY?#B/!"#ccC"#O"H!
1',+8/!eH/!Y!2'4'/!eH! ?IJJOBH!.*467*649%!9)5!@6)7*(')9%!$&3,7*&!':!04,E('*(7&!-&,5! ()! K):9)*!

V6*4(*(')H!H(B,*)+$(%$GB',4'4(*2$<KY?AB/!"O"O.C"OIOH!
1',+8/!eH/!Y!.*9+%/!1H!?IJJMBH!G%(;'&977+94(5,&!:4'8!8(%>H!H(B,*)+$(%$GB',4'4(*2$<KY??L!.633%!IBB/!

O[M.CO[A.H!

1',+8/! eH/! .*9+%/! 1H/! ],%()>/! ]H/! a)'%/! ]H/! 2()(,%%'/! XH! NH/! Y! 2'4'/! eH! _H! ?IJJ#BH! 04,E('*(7!

794E'+<549*,&!()!+689)!8(%>!9)5!:'486%9&H!:&')$8)#/4)',4&)2$JM?.633%H![[AB/!"OCI"H!
1'Q,,CG65,)+'Q,)/! KH!2H! ]H/! S,)! 146;;,)79*,/! .H! ]H!2H/! N,**()>C\(&&()>/!2H! NH! eH/! Y! Q9)! 5,4!

2,,4/! `H! ?IJJLBH! =(,*94<! :467*'C'%(;'&977+94(5,&! 9)5! %97*6%'&,! ()+(E(*! ()*,&*()9%!

7'%')(&9*(')!E6*!&*(86%9*,!*49)&%'79*(')!':!.9%8'),%%9!()!49*&H!XB'2$R=?""B/!"#MIC"#MOH!
1'<%,/!@H!eH/!\4,))/!]H!2H/!294&+/!1H!1H/!$)5,4&')/!\H!KH/!$);,%'&9)*'/!@H!$H/!27U94*),</!$H!NH/!,*!

9%H! ?IJJOBH! .9:,*<!':! '%(;':467*'&,j! "L!D,,>! 49*! &*65<! 9)5! 4*$ E4',(!86*9;,)(7(*<H!@((/$
7"#345',.$)*/$!(W4&(+(0.2$MQ?AB/!L"LICL"LAH!

149,;;,4/! UH/! U+8(,%,D&>9/! $H/! =,7&(/! SH/! a'%97,>/! .H/!2(+9*&7+/!\H/!2'4,)'/! NH/! ,*! 9%H! ?IJ""BH!

.633%,8,)*9*(')! ':! K):9)*! @'486%9! \(*+! 04'E('*(7&! 9)5d'4! 04,E('*(7&j! $! .<&*,89*(7!

`,Q(,D! 9)5!U'88,)*! E<! *+,! _.0eT$V!U'88(**,,! ')!V6*4(*(')H! H(B,*)+$ (%$ 8#/4)',4&$
X)5',(#*'#,(+(0.$ )*/$ GB',4'4(*2$ R=?IB/! ILOCI#J!

I"JH"JAMd20eH"JAJE"J"L,L"O":E"JAA,"JOJH!

146)&,4/! GH/! @(;6,4'9/! eH/! e'**,%9)5/! 2H/! T9&7+>,C1,7+,4/! _H/! 29;%('%9/! UH/! `'7+9*/! @H/! ,*! 9%H!

?IJJcBH! _::,7*&! ':! 34'E('*(7! '4! 34,E('*(7! &633%,8,)*,5! 8(%>! :'486%9&! ')! :,79%!

8(74'E('*9!7'83'&(*(')!':!():9)*&H!:54)$8)&4%4&$H(B,*)+$(%$7+4*4&)+$GB',4'4(*2$<R?LB/!LcOC
LMcH!

146)&,4/!GH/!e'**,%9)5/!2H/!U467+,*/!.H/!@(;6,4'9/!eH/!e944(5'/!=H/!Y!.*,,)+'6*/!0H!?IJJcBH!_::,7*!

':! 9! 2(%>! @'486%9! \(*+! 04,E('*(7&! ')! *+,! K)*,&*()9%! 2(74'E('*9! ':! K):9)*&! $:*,4! 9)!

$)*(E('*(7!S4,9*8,)*H!8#/4)',4&$C#5#),&"2$RJ?LB/![#"C[#cH!
U949E()/!KH!eH/!Y!@%988/!\H!eH!?"AAABH!_Q9%69*(')!':!.9:,*<!':!K)6%()!9)5!G%(;':467*'&,!9&!=(,*94<!

@(E,4!C#0B+)'(,.$!(W4&(+(0.$)*/$8"),3)&(+(0.2$KL?LB/!IcOCIOIH!
U+'649i6(/!]H!0H/!e49*+D'+%/!=H/!N9E96),/!]H!2H/!T9&7',*/!]H!2H/!5,!2')*;'%:(,4/!KH/!N,7%9(4,/!2H/!

,*! 9%H! ?IJJOBH! $&&,&&8,)*! ':! *+,! &9:,*</! *'%,49)7,/! 9)5! 34'*,7*(Q,! ,::,7*! 9;9()&*!

5(944+,9! ':! ():9)*! :'486%9&! 7')*9()();! 8(R*64,&! ':! 34'E('*(7&! '4! 34'E('*(7&! 9)5!
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34,E('*(7&! ()!9!49)5'8(P,5!7')*4'%%,5!*4(9%H!!"#$:3#,4&)*$H(B,*)+$(%$7+4*4&)+$GB',4'4(*2$
YZ?#B/!"Lc#C"LMLH!

U+'D/! ]H! ?IJJIBH! 04'E('*(7&! 9)5! 34,E('*(7&j! $! E4(,:! 'Q,4Q(,DH! H(B,*)+$ (%$ C#*)+$ GB',4'4(*$ [$ '"#$
(%%4&4)+$ \(B,*)+$ (%$ '"#$ 7(B*&4+$ (*$ C#*)+$ GB',4'4(*$ (%$ '"#$ G)'4(*)+$ P4/*#.$ @(B*/)'4(*2$
<=?IB/!McCOcH!

U%,Q,);,4/! 2H! =H/! S64)E6%%/! TH/! K)'6,/! 2H/! _)'8'*'/! ]H/! $%%,)/! NH/! Y! T,)5,4&')/! ]H! _H! ?"AOOBH!

S'R(7'%';(79%!,Q9%69*(')!':!V,'&6;94j!;,)'*'R(7(*</!794()';,)(7(*</!9)5!7+4')(7!*'R(7(*<H!

H(B,*)+$(%$'"#$:3#,4&)*$7(++#0#$(%$!(W4&(+(0.2$Z/!c[LCccIH!
U'%'8W/! eH/! .(,449/! UH/! 1%9&7'/! ]H/! e947(9/!2H! XH/! X9%Q,45,/! _H/! Y! .p)7+,P/! _H! ?IJJMBH! K)*,&*()9%!

3,48,9E(%(*<!()!5(::,4,)*!:,,5();&!()!():9)7<H!:&')$8#/4)',4&)2$JQ?"B/!cACMIH!
U4(**,)5,)/! `H/! Y! 0%9<),/! 2H! ?"AAcBH! 04'567*(')/! 34'3,4*(,&! 9)5! 933%(79*(')! ':! :''5;495,!

'%(;'&977+94(5,&H!!,#*/5$4*$@((/$U&4#*&#$)*/$!#&"*(+(0.2$Z?""B/!L#LCLc"H!
U688();&/! ]H! TH/! 297:94%9),/! eH! SH/! Y! _);%<&*/! TH! VH! ?IJJ"BH! 04,E('*(7! 5(;,&*(')! 9)5!

:,48,)*9*(')H!:3#,4&)*$H(B,*)+$(%$7+4*4&)+$GB',4'4(*2$ZK?IB/!["#.C[IJH!
=,%P,)),/!VH!2H!?IJJLBH!G%(;'&977+94(5,&j!&*9*,!':!*+,!94*H!8,(&##/4*05$(%$'"#$GB',4'4(*$U(&4#'.2$

Q=?"B/!"MMC"OLH!
=,%P,)),/!VH!2H/!$,4*&&,)&/! ]H/!X,43%9,*&,/!TH/!`'7794'/!2H/!Y!`'E,4:4'(5/!2H! ?"AA#BH!_::,7*!':!

:,48,)*9E%,!:467*'C'%(;'&977+94(5,&!')!8(),49%/!)(*4';,)!9)5!,),4;<!5(;,&*(Q,!E9%9)7,!

()!49*&H!F4%#$U&4#*&#52$RZ?"MB/!"#MAC"#OMH!
='+)9%,>/!2H!KH!TH/!G&*4'8/!aH!2H/!T(%*</!2H!=H/!Y!N,D(&!U,)*,4H!?"AAOBH!-)(*,5!.*9*,&!09*,)*!V'H!

#/OIM/#Icj!-&,!':! K)5(;,&*(E%,!G%(;'&977+94(5,&! *'! 04,Q,)*!e9&*4'()*,&*()9%! K):,7*(')&!

9)5!`,567,!=649*(')!':!=(944+,9!()!T689)&H!

=6;;9)/! UH/! 0,))</! 2H! _H/! T(EE,45/! 0H/! e(%/! $H/! T6939<9/! $H/! U''3,4/! $H/! ,*! 9%H! ?IJJLBH!

G%(;':467*'&,C&633%,8,)*,5! ():9)*! 7,4,9%j! I! 49)5'8(P,5/! E%()5,5/! 7'886)(*<CE9&,5!

*4(9%&!()!0,46Q(9)!():9)*&H!:3#,4&)*$H(B,*)+$(%$7+4*4&)+$GB',4'4(*2$ZZ?[B/!ALMCA[IH!
_VXK`GV! U'43'49*(')H! ?IJJJBH! e,),49%%<! `,7';)(P,5! 9&! .9:,! V'*(:(79*(')! :'4! .+'4*CU+9()!

@467*''%(;'&977+94(5,H!04,394,5!:'4!eSU!V6*4(*(')!U'839)</!e'%5,)/!U'%'495'H!

_)Q(4')8,)*9%! 04'*,7*(')! $;,)7<H! ?"AAMBH! :5A#,04++B5$ *40#,! :()9%! 4(&>! 9&&,&&8,)*H! ! 1('%';<!

04';498!-)5,4!S'R(7!.6E&*9)7,&!U')*4'%!$7*!S.U$BH!!!`,*4(,Q,5!""!]9)694</!IJ"J/!:4'8!

+*3jdd+**3jddDDDH,39H;'QdE('*,7+q46%,d36E&d:49d:49JJcH+*8!

_6%,4/! $H! `H/! 2(*7+,%%/! =H! aH/! a%(),/! `H/! Y! 0(7>,4();/! NH! aH! ?IJJ#BH! 04,E('*(7! _::,7*! G:! @467*'C

G%(;'&977+94(5,!.633%,8,)*,5!S,48!K):9)*!@'486%9!9*!SD'!U')7,)*49*(')&!U'8394,5!

D(*+!-)&633%,8,)*,5!@'486%9!9)5!T689)!2(%>H!H(B,*)+$(%$8#/4)',4&$X)5',(#*'#,(+(0.$
)*/$GB',4'4(*2$ML?IB/!"#MC"c[H!

_64'3,9)! @''5! .9:,*<! $6*+'4(*<! ?_@.$BH! ?IJJ[BH! G3()(')! ':! *+,! .7(,)*(:(7! 09),%! ')! =(,*,*(7!

04'567*&/! V6*4(*(')! 9)5! $%%,4;(,&! ')! 9! 4,i6,&*! :4'8! *+,! U'88(&&(')! 4,%9*();! *'! *+,!

&9:,*<!9)5!&6(*9E(%(*<!:'4!394*(76%94!)6*4(*(')9%!6&,!E<!():9)*&!':!:467*''%(;'&977+94(5,&!

()!():9)*!:'486%9,!9)5!:'%%'DC')!:'486%9,!?`,i6,&*!Vr!_@.$CsCIJJLCJIJB!$5'3*,5!')!

"A!@,E4694<!IJJ[H!!"#$;@U:$H(B,*)+2$K</!"C""H!
@9)94'/!.H/!294*,)/!1H/!19;)9/!`H/!X(;(/!XH/!@9E4(&/!UH/!0,t9Cs6()*9)9/!NH/!,*!9%H! ?IJJABH!e9%97*'C

'%(;'&977+94(5,&! $4,! 1(:(5';,)(7! 9)5! .9:,! 9*! \,9)();j! $! ='6E%,CE%()5! `9)5'8(P,5!

26%*(7,)*,4!.*65<H!H(B,*)+$(%$8#/4)',4&$X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$MY?"B/!OICOOH!
@$Gd\TGH!?"AMIBH!UA#&4%4&)'4(*5$%(,$'"#$4/#*'4'.$)*/$AB,4'.$(%$5(3#$#*].3#5$)*/$&#,')4*$('"#,$

)//4'4E#5?$ $ <R'"$ C#A(,'$ (%$ '"#$ H(4*'$ @:I^_`I$ ;WA#,'$ 7(334''##$ (*$ @((/$ ://4'4E#5?!
`'8,j! @''5! 9)5! $;4(76%*649%! G4;9)(&9*(')! ':! *+,! -)(*,5! V9*(')&/! \'4%5! T,9%*+!

G4;9)(&9*(')H!

@$Gd\TGH!?"AMOBH!UA#&4%4&)'4(*5$%(,$'"#$4/#*'4'.$)*/$AB,4'.$(%$5(3#$#*].3#5$)*/$&#,')4*$('"#,$
)//4'4E#5?$ $ !"#$ ==*/$ N##'4*0$ (%$ '"#$ H(4*'$ @:I^_`I$ ;WA#,'$ 7(334''##$ (*$ @((/$
://4'4E#5?! `'8,j! @''5! 9)5! $;4(76%*649%! G4;9)(&9*(')! ':! *+,! -)(*,5! V9*(')&/! \'4%5!

T,9%*+!G4;9)(&9*(')H!
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@$Gd\TGH!?"AO"BH!UA#&4%4&)'4(*5$%(,$'"#$4/#*'4'.$)*/$AB,4'.$(%$5(3#$#*].3#5$)*/$&#,')4*$('"#,$
)//4'4E#5?$ $ !"#$ =R'"$ N##'4*0$ (%$ '"#$ H(4*'$ @:I^_`I$ ;WA#,'$ 7(334''##$ (*$ @((/$
://4'4E#5?! `'8,j! @''5! 9)5! $;4(76%*649%! G4;9)(&9*(')! ':! *+,! -)(*,5! V9*(')&/! \'4%5!

T,9%*+!G4;9)(&9*(')H!

@$Gd\TGH!?"AOMBH!UA#&4%4&)'4(*5$%(,$'"#$4/#*'4'.$)*/$AB,4'.$(%$5(3#$#*].3#5$)*/$&#,')4*$('"#,$
)//4'4E#5?$ $ !"#$ K<5'$ N##'4*0$ (%$ '"#$ H(4*'$ @:I^_`I$ ;WA#,'$ 7(334''##$ (*$ @((/$
://4'4E#5?! `'8,j! @''5! 9)5! $;4(76%*649%! G4;9)(&9*(')! ':! *+,! -)(*,5! V9*(')&/! \'4%5!

T,9%*+!G4;9)(&9*(')H!

@$Gd\TGH!?"AAJBH!UA#&4%4&)'4(*5$%(,$'"#$4/#*'4'.$)*/$AB,4'.$(%$5(3#$#*].3#5$)*/$&#,')4*$('"#,$
)//4'4E#5?$ $ !"#$ KR'"$ N##'4*0$ (%$ '"#$ H(4*'$ @:I^_`I$ ;WA#,'$ 7(334''##$ (*$ @((/$
://4'4E#5?! `'8,j! @''5! 9)5! $;4(76%*649%! G4;9)(&9*(')! ':! *+,! -)(*,5! V9*(')&/! \'4%5!

T,9%*+!G4;9)(&9*(')H!

@,4)9)5,P/!`H!UH/!G**')(/!UH!$H/!59!.(%Q9/!_H!.H/!29*&6E949/!`H!2H!.H/!U94*,4/!]H!2H/!29;'&&(/!NH!`H/!,*!

9%H! ?IJJMBH! .74,,)();!':!uC:467*':649)'&(59&,C34'567();!8(74''4;9)(&8&!9)5!,::,7*!':!

3T!9)5!*,83,49*64,!')!,)P<89*(7!49*,H!:AA+4#/$N4&,(-4(+(0.$)*/$T4('#&"*(+(0.2$ZR?"B/!
OMCALH!

@(489)&<9+/! $H/! 0498(*9/! eH! =H/! U944(,! @9&&%,4/! $H! NH/! T9&7+>,/! @H/! Y! N()>C$8&*,4/! TH! ?IJJJBH!

K834'Q,5! +68'49%! (886),! 4,&3')&,! *'! 8,9&%,&! Q977(),! ()! ():9)*&! 4,7,(Q();! 7,4,9%!

D(*+! :467*''%(;'&977+94(5,&H! H(B,*)+$ (%$ 8#/4)',4&$ X)5',(#*'#,(+(0.$ )*/$ GB',4'4(*2$
K<?.633%!IB/!."L[H!

@%,8();/! .H! UH/! a93,8ED9/!2H! .H/! N9>,4/!2H! @H/! N,Q()/!eH! _H/!Y!e4(::()/!eH! _H! ?"AAJBH!`93(5!9)5!

&(86%*9),'6&! 5,*,48()9*(')! ':! %97*6%'&,! 9)5!89))(*'%! ()! 64(),/! E<!T0NU!D(*+! 36%&,5!

983,4'8,*4(7! 5,*,7*(')/! :'4! 6&,! ()! &*65(,&! ':! ()*,&*()9%! 3,48,9E(%(*<H! 7+4*4&)+$
7"#345',.2$KQ?#B/!MAMCMAAH!

@''5! 9)5! $;4(76%*64,!G4;9)(P9*(')! ':! *+,!-)(*,5!V9*(')&H! ?IJJcBH! e,),49%! .3,7(:(79*(')&! 9)5!

U')&(5,49*(')&!:'4!_)P<8,!04,3949*(')&!

6&,5!()!@''5!04'7,&&();H!`'8,j!@''5!9)5!$;4(76%*64,!G4;9)(P9*(')!':!*+,!-)(*,5!V9*(')&H!

@''5!9)5!$;4(76%*64,!G4;9)(P9*(')!':!*+,!-)(*,5!V9*(')&/!Y!\'4%5!T,9%*+!G4;9)(P9*(')H!?IJJABH!

04()7(3%,&! `,%9*,5! *'! .3,7(:(7! e4'63&! ':! .6E&*9)7,&H! K)! \TG! ?_5HB/! 8,4*&4A+#5$ )*/$
N#'"(/5$ %(,$ '"#$ C45S$ :55#553#*'$ (%$ 7"#34&)+5$ 4*$ @((/5! ?33H! AC"OBH! .*6**;94*j!
\(&&,)7+9:*%(7+,!X,4%9;&;,&,%%&7+9:*!8ETH!

@''5! 9)5! =46;! $58()(&*49*(')H! ?"AAOBH! 8),'4)+$ +45'$ (%$ 34&,((,0)*4535$ )*/$ 34&,(-4)+9/#,4E#/$
4*0,#/4#*'5$'")'$),#$B5#/$4*$%((/5?$$:5$&4'#/$4*$X#*#,)++.$C#&(0*45#/$)5$U)%#$G('4%4&)'4(*$
%(,$U"(,'97")4*$@,B&'((+40(5)&&"),4/#$6;GaVCIG$7(,A?$=LLL>j!U,)*,4!:'4!@''5!.9:,*<!Y!
$33%(,5!V6*4(*(')H!G::(7,!':!04,894>,*!$334'Q9%H!

@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?"AAOBH! 8),'4)+$ +45'$ (%$ 34&,((,0)*4535$ )*/$ 34&,(-4)+9
/#,4E#/$4*0,#/4#*'5$'")'$),#$B5#/$4*$%((/5?$7#*'#,$%(,$@((/$U)%#'.$b$:AA+4#/$GB',4'4(*?$
I%%4&#$(%$8,#3),S#'$:AA,(E)+?$$:5$&4'#/$4*$X#*#,)++.$C#&(0*45#/$)5$U)%#$G('4%4&)'4(*$%(,$
U"(,'97")4*$@,B&'((+40(5)&&"),4/#$6;GaVCIG$7(,A?$=LLL>H!

@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?IJJJBH! $;,)7<! 4,&3')&,! N,**,4! e`$.! V'*(7,! V'H! e`V!

JJJ[[! ?@467*''%(;'&977+94(5,B! II!V'Q,8E,4! IJJJH! U,)*,4! :'4! @''5! .9:,*<!Y! $33%(,5!

V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%/H! ! ! `,*4(,Q,5! LJ! V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#["IIH+*8!

@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?IJJIBH! $;,)7<! 4,&3')&,! N,**,4! e`$.! V'*(7,! V'H! e`V!

JJJ"""!?N(39&,!,)P<8,!34,3949*(')!:4'8!:5A#,04++B5$*40#,B!IJ!=,7,8E,4!IJJIH!U,)*,4!

:'4! @''5! .9:,*<! Y! $33%(,5! V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%/H! ! ! `,*4(,Q,5! LJ!

V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#LAIIH+*8!
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@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?IJJLBH! $;,)7<! 4,&3')&,! N,**,4! e`$.! V'*(7,! V'H! e`V!

JJJ""L!?N(39&,!,)P<8,!34,3949*(')!:4'8!:5A#,04++B5$(,.])#B!IM!]9)694<!IJJLH!U,)*,4!
:'4! @''5! .9:,*<! Y! $33%(,5! V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%/H! ! ! `,*4(,Q,5! LJ!

V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#LAIcH+*8!

@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?IJJ[BH! $;,)7<! 4,&3')&,! N,**,4! e`$.! V'*(7,! V'H! e`V!

JJJ"[I! ?0+'&3+'%(39&,! ,)P<8,! 34,3949*(')! :4'8! :5A#,04++B5$ (,.])#! ,R34,&&();! *+,!
;,),! ,)7'5();! 9! 3+'&3+'%(39&,!$"! :4'8!@B5),4B3$ E#*#*)'B3B! IL! ]6),! IJJ[H! U,)*,4!

:'4! @''5! .9:,*<! Y! $33%(,5! V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%/H! ! ! `,*4(,Q,5! LJ!

V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#LAMIH+*8!

@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?IJJ#BH! $;,)7<! 4,&3')&,! N,**,4! e`$.! V'*(7,! V'H! e`V!

JJJ"#O! ?N(39&,! 34,3949*(')! :4'8! :5A#,04++B5$ *40#,! ,R34,&&();! *+,! ;,),! ,)7'5();! 9!
%(39&,! :4'8! 7)*/4/)$ )*'),'4&)B! "c! 2947+! IJJ#H! U,)*,4! :'4! @''5! .9:,*<! Y! $33%(,5!

V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%/H! ! ! `,*4(,Q,5! LJ! V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#[LAIH+*8!

@''5!9)5!=46;!$58()(&*49*(')! ?@=$BH! ?IJJc9BH!$;,)7<! 4,&3')&,! N,**,4!e`$.!V'*(7,!V'H!e`V!

JJJ"OL! ?0+'&3+'%(39&,! $I! ,)P<8,! 34,3949*(')! :4'8! :5A#,04++B5$ *40#,! ,R34,&&();! 9!
;,),! ,)7'5();! 9! 3'47(),! 3+'&3+'%(39&,! $IB! ""!29<! IJJcH! U,)*,4! :'4! @''5! .9:,*<!Y!

$33%(,5!V6*4(*(')H!G::(7,!':!04,894>,*!$334'Q9%/H!!!`,*4(,Q,5!LJ!V'Q,8E,4/!IJJA/!:4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#[cLOH+*8!

@''5!9)5!=46;!$58()(&*49*(')! ?@=$BH! ?IJJcEBH!$;,)7<! 4,&3')&,! N,**,4!e`$.!V'*(7,!V'H!e`V!

JJJIJ"! ?$&3949;()9&,! ,)P<8,! 34,3949*(')! :4'8! :5A#,04++B5$ (,.])#! ,R34,&&();! *+,!
9&3949;()9&,! ;,),! :4'8! :?$ (,.])#B! I[! V'Q,8E,4! IJJcH! U,)*,4! :'4! @''5! .9:,*<! Y!

$33%(,5!V6*4(*(')H!G::(7,!':!04,894>,*!$334'Q9%/H!!!`,*4(,Q,5!LJ!V'Q,8E,4/!IJJA/!:4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#LcALH+*8!

@''5! 9)5! =46;! $58()(&*49*(')! ?@=$BH! ?IJJM9BH! :0#*&.$ ://4'4(*)+$ 7(,,#5A(*5#$ F#''#,$ XC:U$
G('4&#$G(?$XCG$LLLMM$6@,B&'((+40(5)&&"),4/#>2$<$HB*#$=LLZ?$7#*'#,$ %(,$@((/$U)%#'.$b$
:AA+4#/$ GB',4'4(*?$ I%%4&#$ (%$ 8,#3),S#'$ :AA,(E)+H! `,*4(,Q,5! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#[[JJH+*8H!

@''5!9)5!=46;!$58()(&*49*(')! ?@=$BH! ?IJJMEBH!$;,)7<! 4,&3')&,! N,**,4!e`$.!V'*(7,!V'H!e`V!

JJJI"[! ?$&3949;()9&,! ,)P<8,! 34,3949*(')! :4'8! :5A#,04++B5$ *40#,! ,R34,&&();! *+,!
9&3949;()9&,! ;,),! :4'8!:?$ *40#,B! "I!2947+! IJJMH! U,)*,4! :'4! @''5! .9:,*<! Y! $33%(,5!

V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%/H! ! ! `,*4(,Q,5! LJ! V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"#LOcJH+*8!

@''5!9)5!=46;!$58()(&*49*(')! ?@=$BH! ?IJJA9BH!$;,)7<! 4,&3')&,! N,**,4!e`$.!V'*(7,!V'H!e`V!

JJIO#!?e9%97*''%(;'&977+94(5,B!J[!.,3*,8E,4!IJJAH!U,)*,4!:'4!@''5!.9:,*<!Y!$33%(,5!

V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%H! ! ! `,*4(,Q,5! LJ! V'Q,8E,4/! IJJA/! :4'8!

+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"O#cOAH+*8!

@''5!9)5!=46;!$58()(&*49*(')! ?@=$BH! ?IJJAEBH!$;,)7<! 4,&3')&,! N,**,4!e`$.!V'*(7,!V'H!e`V!

JJIOc!?e9%97*''%(;'&977+94(5,B!J[!.,3*,8E,4!IJJAH!U,)*,4!:'4!@''5!.9:,*<!Y!$33%(,5!

V6*4(*(')H! G::(7,! ':! 04,894>,*! $334'Q9%H! ! ! `,*4(,Q,5! LJ! V'Q,8E,4/! IJJA/! :4'8!
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+**3jddDDDH:59H;'Qd@''5d@''5K);4,5(,)*&097>9;();de,),49%%<`,7';)(P,59&.9:,e`$.

de`$.N(&*();&d678"Oc"#OH+*8!

@''5!U+,8(79%&!U'5,R!?@UUB!M
*+
!_5H!?IJ"J9BH!_)P<8,!04,3949*(')&2!LIICLIMH!

@''5!U+,8(79%&!U'5,R!?@UUB!M
*+
!_5H!?IJ"JEBH!@467*''%(;'&977+94(5,&/!&+'4*!7+9()!?2')';493+B2!

["IC["LH!

@''5! .*9)5945&! $6&*49%(9! V,D! b,9%9)5H! ?IJJJBH! :=ZZ$ V*B+4*$ )*/$ @,B&'((+40(5)&&"),4/#5$ )5$
D4#'),.$ @4-,#?$ @B++$ :55#553#*'$ C#A(,'$ )*/$ C#0B+)'(,.$ V3A)&'$ :55#553#*'j! @''5!
.*9)5945&!$6&*49%(9!V,D!b,9%9)5H!

@''5!.*9)5945&!$6&*49%(9!V,D!b,9%9)5H!?IJJMBH!8=ZQ$C#E4#1$(%$8,(&#554*0$:4/5$6;*].3#5>?$@4*)+$
:55#553#*'$C#A(,'$@''5!.*9)5945&!$6&*49%(9!V,D!b,9%9)5H!

@''5! .*9)5945&! $6&*49%(9! V,D! b,9%9)5! ?@.$VbBH! ?IJJO9BH! @4*)+$ :55#553#*'$ C#A(,'$ 8,(A(5)+$
8KLQ$ ://4'4(*$ (%$ V*B+4*^@IU$ b$ XIU$ '($ @((/H! U9)E,449/! $6&*49%(9j! @''5! .*9)5945&!
$6&*49%(9! V,D! b,9%9)5!

+**3jddDDDH:''5&*9)5945&H;'QH96d:''5&*9)5945&d34'3'&9%&d34'3'&9%3LJc955(*(')LcL

AH7:8H!

@''5! .*9)5945&! $6&*49%(9!V,D! b,9%9)5! ?@.$VbBH! ?IJJOEBH! @4,5'$ C#E4#1$ C#A(,'?$ 8,(A(5)+$ 8KLQ$
://4'4(*$ (%$ V*B+4*^@IU$b$XIU$ '($ @((/H! U9)E,449/! $6&*49%(9j! @''5! .*9)5945&! $6&*49%(9!
V,D! b,9%9)5!

+**3jddDDDH:''5&*9)5945&H;'QH96d:''5&*9)5945&d34'3'&9%&d34'3'&9%3LJc955(*(')LcL

AH7:8H!

e(E&')/! eH! `H/! 04'E,4*/! TH!2H/! X9)! N''/! ]H/! `9&*9%%/! `H! $H/! Y! `'E,4:4'(5/!2H! 1H! ?IJJ[BH! =(,*94<!

8'56%9*(')! ':! *+,! +689)! 7'%')(7! 8(74'E('*9j! 6359*();! *+,! 7')7,3*! ':! 34,E('*(7&!

GB',4'4(*$C#5#),&"$C#E4#152$<Z?IB/!I#ACIM#H!
eSU! V6*4(*(')H! ?IJJABH! V6*49@%'49H! ! ! `,*4(,Q,5! LJ! V'Q,8E,4/! IJJA/! :4'8!

+**3jdd)6*49:%'49H7'8d()5,RH3+3!

e694),4/!@H!?IJJMBH!.*65(,&!D(*+!()6%()C*<3,!:467*9)&!')!()*,&*()9%!():,7*(')&/!3,48,9E(%(*</!9)5!

():%9889*(')H!H(B,*)+$(%$GB',4'4(*2$<KZ?""!.633%B/!I#cO.CI#M".H!
e6,&4</! 0H! `H/! 1'59)&>(/! TH/! S'8&(*/! _H/! Y! $,&7+%(89))/! ]H! 2H! ?IJJJBH! _::,7*! ':! L! 5'&,&! ':!

:467*''%(;'&977+94(5,&! ()! ():9)*&H! H(B,*)+$(%$8#/4)',4&$X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$
K<?.633%H!IB/!.I#IH!

T944(&')/! eH! eH/! e49Q,4/! _H! ]H/! X94;9&/!2H/! U+64,%%9/! TH! `H/! Y! 096%,/! UH! NH! ?"AOMBH! e4'D*+! 9)5!

95(3'&(*<! ':! *,48! ():9)*&! :,5! D+,<C34,5'8()9)*! '4! 79&,()C34,5'8()9)*! :'486%9&! '4!

+689)!8(%>H!H(B,*)+$(%$8#/4)',4&$X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$Q?#B/!MLACM[MH!
T,)i6()/! ]H!UH! ?"AOOBH!C#A,(/B&'4(*$!(W4&4'.[$ U'B/.$(*$ '"#$ V*%+B#*&#$(%$@,B&'((+40(5)&&"),4/#5$

(*$ '"#$ D#E#+(A3#*'$ (%$ @#')+$ )*/$ 8(5'9*)')+$ C)'$ ?K)*,4)9%! `,3'4*B! `9::(),4(,!
S(4%,8')*'(&,H!

T,4)'*/!=H!UH/!1'(%,96/!SH!\H/!196,4/!NH!NH/!2(55,%E'&/!KH!.H/!2643+</!2H!`H/!.D9)&')/!aH!.H/!,*!9%H!

?IJJABH! K)! X(*4'! @,48,)*9*(')! 04':(%,&/! e9&! 04'567*(')! `9*,&/! 9)5! 2(74'E('*9!

2'56%9*(')! 9&! $::,7*,5! E<! U,4*9()! @467*9)&/! e9%97*''%(;'&977+94(5,&/! 9)5!

0'%<5,R*4'&,H!H(B,*)+$(%$:0,4&B+'B,)+$)*/$@((/$7"#345',.2$RZ?[B/!"L#[C"Lc"H!
T(59>9/!TH/!T(49<989/!2H/!Y!.68(/!VH! ?"AOOBH!$! :467*''%(;'&977+94(5,C34'567();!,)P<8,!:4'8!

:5A#,04++B5$*40#,$!$SUU!IJc""H!:0,4&B+'B,)+$)*/$T4(+(04&)+$7"#345',.2$R=?#B/!""O"C""OMH!
T(49<989/! 2H/! .68(/! VH/! Y! T(59>9/! TH! ?"AOABH! 064(:(79*(')! 9)5! 34'3,4*(,&! ':! 9! :467*'C

'%(;'&977+94(5,&! 34'567();! h:467*':649)'&(59&,! :4'8! :5A#,04++B5$ *40#,! $SU! IJc""H!
:0,4&B+'B,)+$)*/$T4(+(04&)+$7"#345',.2$RK?LB/!ccMCcMLH!

T''3,4/!NH!XH/!2(5*Q,5*/!SH/!Y!e'45')/! ]H! KH! ?IJJIBH!T'D!+'&*C8(74'E(9%! ()*,497*(')&!&+93,!*+,!

)6*4(,)*!,)Q(4')8,)*!':!*+,!89889%(9)!()*,&*(),H!:**B)+$C#E4#1$(%$GB',4'4(*2$==/!IOLC
LJMH!
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T'65(g>/! ]H! eH/! 1'&7+/!2H!\H/! S988();9/! .H/! X,4&*,;,)/!2H!\H/! 1,4,)39&/! _H! 1H/! Y! a)''3/! TH!

?"AAABH!$3394,)*! (%,9%!9)5!*'*9%C*497*!)6*4(,)*!5(;,&*(')!E<!3(;&!9&!9::,7*,5!E<!5(,*94<!

)')5(;,&*(E%,!'%(;'&977+94(5,&H!H(B,*)+$(%$:*43)+$U&4#*&#2$ZZ?"B/!"[OC"#OH!
T<89)/!0H!_H/!2(%%9/!0H!]H/!1,))();9/!2H!$H/!=9Q(5&')/!eH!0H/!@%,(&+,4/!=H!@H/!Y!S98()(96/!]H!?IJJcBH!

U+(%5+''5! :6)7*(')9%! ;9&*4'()*,&*()9%! 5(&'45,4&j! ),')9*,d*'55%,4H! X)5',(#*'#,(+(0.2$
<KL?#B/!"#"AC"#IcH!

K)&':*/!`H!2H/!.9)5,4&')/!KH!`H/!Y!\9%>,4/!\H!$H!?"AAcBH!=,Q,%'38,)*!':!(886),!:6)7*(')!()!*+,!

()*,&*(),! 9)5! (*&! 4'%,! ()! ),')9*9%! 5(&,9&,&H! 8#/4)',4&$ 7+4*4&5$ (%$ G(,'"$ :3#,4&)2$ MK?IB/!
##"C#M"H!

K)&*(*6*,! ':!2,5(7(),! ':! *+,!V9*(')9%! $795,8(,&H! ?IJJLBH! @467*''%(;'&977+94(5,&/! .+'4*! U+9()!

@((/$7"#34&)+5$7(/#W$@4,5'$UBAA+#3#*'$'($'"#$@4%'"$;/4'4(*!?33H!OCABH!
a93(>(/! $H/! U'&*9%'&/! UH/! G(>')'8(5'6/! UH/! S4(9)*9:<%%(5'6/! $H/! N'6>9*'6/! _H/! Y! 0,4*4'+(%'6/! XH!

?IJJMBH! S+,! ,::,7*! ':! 9! :467*'C'%(;'&977+94(5,! &633%,8,)*,5! :'486%9! ')! ;6*! :%'49! ':!

34,*,48!():9)*&H!;),+.$`B3)*$D#E#+(A3#*'2$YR?#B/!LL#CLLAH!
a964/!VH/!Y!e63*9/!$H!aH!?IJJIBH!$33%(79*(')&!':!()6%()!9)5!'%(;':467*'&,!()!+,9%*+!9)5!)6*4(*(')H!

H(B,*)+$(%$T4(5&4#*&#52$=Z?MB/!MJLCM"[H!
a%,,&&,)/!1H/!T94*89))/!NH/!Y!1%96*/!2H!?IJJ"BH!G%(;':467*'&,!9)5!%');C7+9()!()6%()j!():%6,)7,!')!

*+,!;6*!8(74'E(9%!,7'%';<!':!49*&!9&&'7(9*,5!D(*+!9!+689)!:9,79%!:%'49H!T,4'45"$H(B,*)+$(%$
GB',4'4(*2$YQ?JIB/!IA"CLJJH!

a46;,4/!2H/!e9%%9+,4/! 1H!\H/!Y! .7+'%%68/! NH!2H! ?IJJLBH! 1('9Q9(%9E(%(*<! ':! 79%7(68! (&! ,i6(Q9%,)*!

:4'8!8(%>!:'4*(:(,5!D(*+!,(*+,4!79%7(68!794E')9*,!'4!8(%>!79%7(68!()!;4'D();!89%,!49*&H!

GB',4'4(*$C#5#),&"2$=K?AB/!"IAAC"ILMH!
N9&,>9)/! ]H! 1H/! $7'&*9/! .H/! $%E4,7+*/! =H/! 19;;&/! eH/! $EE'**! V6*4(*(')/! Y! $EE'**! N9E'49*'4(,&H!

?IJ"JBH!e9&*4'()*,&*()9%!?eKB!*'%,49)7,!9)5!+<549*(')!&*9*6&!':!),DE'4)!():9)*&!:,5!&'<C

E9&,5! ():9)*! :'486%9&! D(*+! &633%,8,)*9%! :467*''%(;'&977+94(5,&! ?@G.BH! J'"$
V*'#,*)'4(*)+$U.3A(54B3$(*$'"#$C(+#$(%$U(.$ 4*$`#)+'"$8,(3('4(*$)*/$7",(*4&$D45#)5#$
8,#E#*'4(*$ )*/$ !,#)'3#*'$ 67)A4'(+$ `4+'(*2$ _)5"4*0'(*$ D7$ 6<Q9<J$ I&'(-#,$ =L<L>>$
68(5'#,>H!

N%'<5/!1H/!T9%*,4/!`H!]H/!a67+9)/!2H!]H/!19;;&/!eH!_H/!`<9)/!$H!.H/!Y!29&'4/!2H!NH!?"AAABH!@'486%9!

S'%,49)7,!()!0'&*E4,9&*:,5!9)5!_R7%6&(Q,%<!@'486%9C:,5!K):9)*&H!8#/4)',4&52$<LK?"B/!,MH!
N'E'/!$H!`H/!@(%+'/!]H!2H/!$%Q94,&/!_H!0H/!U'79*'/!2H!NH/!Y!U'%%(/!UH! ?IJJABH!_::,7*&!':!5(,*94<! %(3(5!

7'83'&(*(')! 9)5! ()6%()C*<3,! :467*9)&! ')! 8(),49%! E('9Q9(%9E(%(*<! ()! ;4'D();! 49*&H!

GB',4'4(*2$=R?IB/!I"cCII#H!
29%97989)/!_H!_H/!$EE'6&</!@H!aH/!U4''>,/!=H/!Y!V96<'>/!eH! ]H! ?"AO#BH!_::,7*!':!34'*,()!&'647,!

9)5! (4')! 7')*,)*! ':! ():9)*! :'486%9! ')! &*''%! 7+9497*,4(&*(7&H! H(B,*)+$ (%$ 8#/4)',4&$
X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$M?#B/!MM"CMMLH!

2'%(&/!UH/!@%'64(,/!1H/!G694),/!@H/!e9(%();/!2H/!N94*(;6,/!.H/!e6(E,4*/!$H/!,*!9%H! ?"AAcBH!=(;,&*(')/!

,R74,*(')/! 9)5! ,),4;<! Q9%6,! ':! :467*''%(;'&977+94(5,&! ()! +,9%*+<! +689)&H! :3#,4&)*$
H(B,*)+$(%$7+4*4&)+$GB',4'4(*2$QM?LB/!LI[CLIOH!

2''4,/!VH/!U+9'/!UH/!Z9);/!NHC0H/!.*'48/!TH/!G%(Q9CT,8>,4/!2H/!Y!.99Q,549/!]H!2H!?IJJLBH!_::,7*&!

':!:467*'C'%(;'&977+94(5,C&633%,8,)*,5!():9)*!7,4,9%j!9!5'6E%,CE%()5/!49)5'8(&,5!*4(9%H!

T,4'45"$H(B,*)+$(%$GB',4'4(*2$JL?LB/!#O"C#OMH!
2'4'/! eH/! $4&%9)';%6/! .H/! .*9+%/! 1H/! ],%(),>/! ]H/! \9+)/! -H/! Y! 1',+8/! eH! ?IJJcBH! $! 8(R*64,! ':!

34,E('*(7!'%(;'&977+94(5,&!4,567,&!*+,!()7(5,)7,!':!9*'3(7!5,489*(*(&!564();!*+,!:(4&*!&(R!

8')*+&!':!9;,H!:,&"4E#5$(%$D45#)5#$4*$7"4+/"((/2$J<?"JB/!O"[CO"AH!
2'4'/!eH/!2()'%(/! KH/!2'&79/!2H/! @9)94'/! .H/! ],%(),>/! ]H/! .*9+%/! 1H/! ,*! 9%H! ?IJJIBH!='&9;,C4,%9*,5!

E(:(5';,)(7!,::,7*&!':!;9%97*'C!9)5! :467*''%(;'&977+94(5,&! ()! :'486%9C:,5! *,48! ():9)*&H!

H(B,*)+$(%$8#/4)',4&$X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$KM?LB/!IA"!C!IA#H!
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2'44'D/! $H! NH/! `6(PC09%97('&/! eH!2H/! ](9);/! mH/! Y! V,DE64;/! =H! .H! ?IJJ#BH! T689)C2(%>! e%<79)&!

S+9*! K)+(E(*! 09*+';,)! 1()5();! 04'*,7*! 14,9&*C:,,5();! K):9)*&! 9;9()&*! K):,7*('6&!

=(944+,9H!H(B,*)+$(%$GB',4'4(*2$<KR?#B/!"LJ[C"LJMH!
V$.0eT$V! U')&*(39*(')! e6(5,%(),! U'88(**,,H! ?IJJcBH! _Q9%69*(')! 9)5! S4,9*8,)*! ':!

U')&*(39*(')!()!K):9)*&!9)5!U+(%54,)j!`,7'88,)59*(')&!':!*+,!V'4*+!$8,4(79)!.'7(,*<!

:'4! 0,5(9*4(7! e9&*4',)*,4'%';</! T,39*'%';<! 9)5! V6*4(*(')H! H(B,*)+$ (%$ 8#/4)',4&$
X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$MK?LB/!,"C,"LH!

V9*(')9%!U,)*,4!:'4!T,9%*+!.*9*(&*(7&! ?VUT.BH! ?IJJcBH!IJJLCIJJ[!V9*(')9%!T,9%*+!9)5!V6*4(*(')!

_R98()9*(')!.64Q,<!=9*9H!-.!=,394*8,)*!':!T,9%*+!9)5!T689)!.,4Q(7,&/!U,)*,4&! :'4!

=(&,9&,! U')*4'%! 9)5! 04,Q,)*(')H! H! ! ! `,*4(,Q,5! O! =,7,8E,4/! IJJA/! :4'8!

+**3jddDDDH757H;'Qd)7+&d)+9),&d)+9),&IJJLCIJJ[d)+9),&JLqJ[H+*8!

V,%&')/!.H!_H/!`';,4&/!`H!`H/!b(,;%,4/!_H!_H/!Y!@'8')/!.H!]H!?"AOABH!e9()!()!D,(;+*!9)5!%,);*+!564();!

,94%<!():9)7<H!;),+.$`B3)*$D#E#+(A3#*'2$<J?[B/!IILCILAH!
V(),&&/! aH! `H! ?"AAABH! K)6%()! 9)5! G%(;':467*'&,j! \+9*! $4,! S+,<v! H(B,*)+$ (%$ GB',4'4(*2$ <=J?MB/!

"[JI.C"[Jc.H!

V(&+(P9D9/!aH/!V9>9g(89/!2H/!Y!V9E,*9)(/!TH! ?IJJ"BH!a(),*(7!&*65<!')!*49)&:467*'&<%9*(')!E<!wC

:467*':649)'&(59&,!:4'8!$&3,4;(%%6&!)(;,4!$SUU!IJc""!9)5!9Q9(%9E(%(*<!':!9!8,8E49),!

4,97*'4!:'4!:467*''%(;'&977+94(5,!34'567*(')H!@((/$U&4#*&#$)*/$!#&"*(+(0.$Z?"B/!LAC[[H!
V<(4,5</!KH/!_**,4/!NH/!@,&x&/!KH/!Y!29<,4/!eH!?"AM#BH!S+,!:9*,!':!8'6%5!y&3'4,&z!()!*+,!5(;,&*(Q,!

*497*!':!7+(7>&H!:&')$a#'#,4*),4)$:&)/#34)#$U&4#*'4),B3$`B*0),4&)#2$=R/!"ILC"IOH!
G+989/! TH/! K>,59/! TH/! Y!2'4(<989/! TH! ?IJJcBH! T,9%*+! :''5&! 9)5! :''5&!D(*+! +,9%*+! 7%9(8&! ()!

]939)H!!(W4&(+(0.2$==<?"B/!A#C"""H!
G+*9/!$H/! 19E9/! .H/! S9>(P9D9/! SH/!Y!$597+(/! SH! ?"AA[BH! _::,7*&! ':! :467*''%(;'&977+94(5,&!')! *+,!

9E&'43*(')!':!89;),&(68!()!*+,!89;),&(68C5,:(7(,)*!49*!8'5,%H!H(B,*)+$(%$GB',4'4(*)+$
U&4#*&#$)*/$a4')34*(+(0.$6!(S.(>2$ML?IB/!"M"C"OJH!

G+*9/! $H/! G+*&6>(/! 2H/! 19E9/! .H/! $597+(/! SH/! .9>9*9/! SH/! Y! .9>9;67+(/! _H! ?"AA#BH! U9%7(68! 9)5!

29;),&(68! $E&'43*(')! :4'8! *+,! U'%')! 9)5! `,7*68! $4,! K)74,9&,5! ()! `9*&! @,5!

@467*''%(;'&977+94(5,&H!H(B,*)+$(%$GB',4'4(*2$<=R?AB/!I["MCI[I[H!
G+*9/! $H/! G+*&6>(/! 2H/! 19E9/! .H/! T(49<989/! 2H/! Y! $597+(/! SH! ?"AAOBH! U'8394(&')! ':! *+,!

)6*4(*(')9%! ,::,7*&! ':! :467*'C'%(;'&977+94(5,&! ':! 5(::,4,)*! &6;94! 7+9()! %,);*+! ()! 49*&H!

GB',4'4(*$C#5#),&"2$<Y?"B/!"JAC"IJH!
G+*9/! $H/! G+*&6>(/! 2H/! 19E9/! .H/! S9>(P9D9/! SH/! $597+(/! SH/! Y! a(8649/! .H! ?"AA#BH! _::,7*&! ':!

:467*''%(;'&977+94(5,&! ')! *+,! 9E&'43*(')! ':! (4')/! 79%7(68! 9)5! 89;),&(68! ()! (4')C

5,:(7(,)*! 9),8(7! 49*&H! H(B,*)+$ (%$GB',4'4(*)+$ U&4#*&#$ )*/$a4')34*(+(0.$ 6!(S.(>2$ M<?LB/!
IO"CIA"H!

G+*9/! $H/! G+*6>(/! 2H/! S9>(P9D9/! SH/! K)9E9/! TH/! $597+(/! SH/! Y! a(8649/! .H! ?"AA[BH! _::,7*&! ':!

:467*''%(;'&977+94(5,&!')!*+,!9E&'43*(')!':!89;),&(68!9)5!79%7(68!E<!7,7,7*'8(P,5!

49*&H!V*'#,*)'4(*)+$H(B,*)+$%(,$a4')34*$)*/$GB',4'4(*$C#5#),&"$QM?[B/!L"cCLILH!
G+*9/! $H/! G&9>9E,/! VH/! Z98959/! aH/! .9(*'/! ZH/! Y! T(59>9/! TH! ?"AALBH! _::,7*&! ':!

:467*''%(;'&977+94(5,&! 9)5! '*+,4! &977+94(5,&! ')! U9/! 2;! 9)5! 0! 9E&'43*(')! ()! 49*&!!

H(B,*)+$(%$H)A)*#5#$U(&4#'.$(%$GB',4'4(*$)*/$@((/$U&4#*&#$6H)A)*>2$MQ?IB/!"ILC"IAH!
G694)W/! @H/! e6(E,4*/! $H/! 14'D)/! =H/! Y! 1'4),*/! @H! `H! ?"AAABH! $! .,)&(*(Q,! 9)5! `,34'567(E%,!

$)9%<*(79%!2,*+'5!*'!2,9&64,!@467*''%(;'&977+94(5,&!()!@''5!04'567*&H!K)!.H!.6);&''!

U+'/!NH!04'&><!Y!2H!=4,+,4!?_5&HB/!7(3A+#W$7),-("./,)'#5$4*$@((/5!?33H!"A"CIJIBH!V,D!
Z'4>j!2947,%!=,>>,4!K)7H!

012! 04'567*&H! ?IJ"JBH! 012! 04'567*&j! G64! 04'567*&H! ! ! `,*4(,Q,5! "J! $6;6&*/! IJ"J/! :4'8!

+**3jddDDDHE4(;+*E,;())();&H7'8d34'567*C&'<C3,5(9*4(7C54()>H9&3R!

0(77(9)'/!2H!@H!?IJJ"BH!V6*4(,)*!7'83'&(*(')!':!+689)!8(%>H!8#/4)',4&$7+4*4&5$(%$G(,'"$:3#,4&)2$
MY?"B/!#LCcMH!
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04'3&*/!_H! NH/! @%(7>();,4/!_H!$H/!196,4/! NH! NH/!2,47+,)/!VH!`H/!Y!@9+,</!eH!UH/! ]4H! ?IJJLBH!$!5'&,C

4,&3')&,! ,R3,4(8,)*! ,Q9%69*();! *+,! ,::,7*&! ':! '%(;':467*'&,! 9)5! ()6%()! ')! )6*4(,)*!

5(;,&*(E(%(*</! &*''%!i69%(*</!9)5! :,79%!34'*,()!79*9E'%(*,&! ()!+,9%*+<!956%*!5';&H! H?$:*43$
U&4?2$Y<?"IB/!LJ#MCLJccH!

`9(*,)/!=H! ]H/! S9%E'*/! ]H!2H/!Y!\9*,4&/! ]H!TH! ?"AAOBH!_R,76*(Q,!.68894<! :'4! *+,! ?N.`GB!`,3'4*j!

$&&,&&8,)*! ':! V6*4(,)*! `,i6(4,8,)*&! :'4! K):9)*! @'486%9&H! H(B,*)+$ (%$ GB',4'4(*2$
<=Y?""B/!.633%,8,)*9%!=9*9H!

`9'/!.H/!.4()(Q9&g'(&/!`H/!Y!09*'%,/!.H!?IJJABH!04,E('*(7!.633%,8,)*9*(')!()!@6%%C*,48!V,')9*,&j!$!

.<&*,89*(7! `,Q(,D! ':! `9)5'8(P,5! U')*4'%%,5! S4(9%&H! :,&"4E#5$ (%$ 8#/4)',4&5$ )*/$
:/(+#5&#*'$N#/4&4*#2$<QK?OB/!M##CMc[H!

`93,4/!aH!1H/!Y!@,)),%%/!=H!KH!?"Ac#BH!!"#$0#*B5$:5A#,04++B5H!19%*(8'4,j!\(%%(98&!9)5!\(%>()&H!

`'E,4:4'(5/!2H! ?IJJMBH! 04,E('*(7&j! S+,! U')7,3*! `,Q(&(*,5H! H(B,*)+$ (%$ GB',4'4(*2$ <KZ?LB/! OLJ.C
OLMH!

`'E,4:4'(5/!2H!1H/!X9)!N''/!]H!$H!_H/!Y!e(E&')/!eH!`H! ?"AAOBH!S+,!1(:(5';,)(7!V9*64,!':!U+(7'4<!

K)6%()!9)5!K*&!T<54'%<&(&!04'567*&H!H(B,*)+$(%$GB',4'4(*2$<=Y?"B/!""C"AH!
`'89/! _H/! $598(5(&/!=H/!V(>'%949/! `H/! U')&*9)*'3'6%'&/!$H/!Y!2,&&94(*9>(&/! ]H! ?"AAABH!=(,*! 9)5!

U+4')(7! U')&*(39*(')! ()! U+(%54,)j! S+,! `'%,! ':! @(E,4H! H(B,*)+$ (%$ 8#/4)',4&$
X)5',(#*'#,(+(0.$)*/$GB',4'4(*2$=Y/!"cAC"M[H!

.99Q,549/!]H!2H/!Y!S&7+,4)(9/!$H! ?IJJIBH!T689)!.*65(,&!D(*+!04'E('*(7&!9)5!04,E('*(7&j!7%()(79%!

(83%(79*(')&H!T,4'45"$H(B,*)+$(%$GB',4'4(*2$YZ?.633%,8,)*!IB/!.I["C.I[cH!

.99Q,549/!]H!2H/!S&7+,4)(9/!$H/!2''4,/!VH/!$E(CT9))9/!$H/!U'%,**9/!@H/!_8,)+(&,4/!UH/!,*!9%H!?"AAABH!

e9&*4'C()*,&*()9%! @6)7*(')! ()! K):9)*&! U')&68();! 9!\,9)();! @''5! .633%,8,)*,5!D(*+!

G%(;':467*'&,/! 9! 04,E('*(7H! H(B,*)+$ (%$ 8#/4)',4&$X)5',(#*'#,(+(0.$ )*/$GB',4'4(*2$ =J?[B/!
#"LH!

.7+'%PC$+4,)&/! aH! _H/! Y! .7+4,P,)8,(4/! ]H! ?IJJMBH! K)6%()! 9)5! G%(;':467*'&,! 9)5! 2(),49%!

2,*9E'%(&8j! S+,! _Q(5,)7,! :4'8! $)(89%! S4(9%&H! H(B,*)+$ (%$ GB',4'4(*2$ <KZ?""B/! I#"L.C
I#ILH!

.7+6&*,4/! _H/! =6))CU'%,89)/! VH/! @4(&Q95/! ]H! UH/! Y! X9)! =(g7>/! 0H! \H! ?IJJIBH! G)! *+,! &9:,*<! ':!

$&3,4;(%%6&!)(;,4CC9!4,Q(,DH!:AA+4#/$N4&,(-4(+(0.$)*/$T4('#&"*(+(0.2$RJ?[C#B/![IcC[L#H!
.7(,)*(:(7!U'88(**,,!')!@''5H!?IJJ"9BH!://4'4(*)+$5')'#3#*'$(*$'"#$B5#$(%$,#545')*'$5"(,'$&")4*$

&),-("./,)'#5$ 6(+40(%,B&'(5#$ )*/$ (+40(0)+)&'(5#>$ 4*$ 4*%)*'$ %(,3B+)#$ )*/$ %(++(19(*$
%(,3B+)#!?V'H!.U@dU.dV-SdK@d[M@()9%BH!146&&,%&j!_64'3,9)!U'88(&&(')H!

.7(,)*(:(7! U'88(**,,! ')! @''5H! ?IJJ"EBH! U')'#3#*'$ (*$ '"#$ B5#$ (%$ ,#545')*'$ 5"(,'$ &")4*$
&),-("./,)'#5$ 6(+40(%,B&'(5#$ )*/$ (+40(0)+)&'(5#>$ 4*$ 4*%)*'$ %(,3B+)#$ )*/$ %(++(19(*$
%(,3B+)#!?V'H!.U@dU.dV-SdK@dL#!@()9%Bj!_64'3,9)!U'88(&&(')H!

.7(,)*(:(7! 09),%! ')!=(,*,*(7! 04'567*&!V6*4(*(')! 9)5!$%%,4;(,&H! ?IJJ[BH!G3()(')!':! *+,! .7(,)*(:(7!

09),%!')!=(,*,*(7!04'567*&/!V6*4(*(')!9)5!$%%,4;(,&!')!9!4,i6,&*!:4'8!*+,!U'88(&&(')!

4,%9*();! *'! *+,! &9:,*<! 9)5! &6(*9E(%(*<! :'4! 394*(76%94! )6*4(*(')9%! 6&,! E<! ():9)*&! ':!

:467*''%(;'&977+94(5,&! ()! ():9)*! :'486%9,! 9)5! :'%%'DC')! :'486%9,H! !"#$ ;@U:$ H(B,*)+2$
K</!"C""H!

.+,489)/!0H!2H/!U9E9)9/!2H/!e(E&')/!eH!`H/!a'%,*P>'/!1H!XH/!V,6/!]H/!X,,4,89)C\96*,4&/!eH/!,*!9%H!

?IJJABH! 0'*,)*(9%! `'%,&! 9)5! U%()(79%! -*(%(*<! ':! 04,E('*(7&! ()! V,DE'4)&/! K):9)*&/! 9)5!

U+(%54,)j!04'7,,5();&!:4'8!9!e%'E9%!04,E('*(7!.688(*!2,,*();/!V,D!Z'4>!U(*</!]6),!IMC

IO/!IJJOH!!"#$H(B,*)+$(%$8#/4)',4&52$<RR?#B/!.c"C.MJH!
.%,,*/! `H/! Y! 14(;+*D,%%/! ]H! ?"AAJBH! @U9!#,)'(+(0.$ U'B/.$ 4*$ C)'5?j! ?K)*,4)9%! `,3'4*B! `9::(),4(,!

S(4%,8')*'(&,H!

.3(,;,%/!]H!_H/!`'&,/!`H!]H/!a949E,%%/!0H/!@49)>'&/!XH!TH/!Y!.7+8(**/!=H!@H!?"AA[BH!.9:,*<!9)5!E,),:(*&!

':!:467*''%(;'&977+94(5,&!9&!:''5!();4,5(,)*&H!@((/$!#&"*(+(0.2$MY?""B/!O#COAH!
.*46;9%9/! XH/! $%%,)/! $H/! =,**894/! 0H! \H/! Y! 0,94&')/! ]H! 0H! ?IJJLBH! U'%')(7! 867()j! 8,*+'5&! ':!

8,9&64();!8676&!*+(7>),&&H!8,(&##/4*05$(%$'"#$GB',4'4(*$U(&4#'.2$Q=?"B/!ILMCI[LH!
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S9>,59/! -H/! Y!V((P9*'/! SH! ?"AOI9BH! $76*,! S'R(7(*<! .*65<! ':! V,'&6;94H! ! @()9%! 4,3'4*! ':! 9! &*65<!

7')567*,5!()!*+,!0+94897'%';<!9)5!S'R(7'%'';<!N9E'49*'4(,&/!2,(g(!.,(>9!a9(&+9!N*5H!"!

V'Q,8E,4!C!IJ!=,7,8E,4!"AO"H!

S9>,59/!-H/!Y!V((P9*'/!SH!?"AOIEBH!.6E976*,!S'R(7(*<!.*65<!':!V,'&6;94H!!@()9%!4,3'4*!':!9!&*65<!

7')567*,5! ()! *+,!0+94897'%';<!9)5!S'R(7'%'';<!N9E'49*'4(,&/!2,(g(! .,(>9!a9(&+9!N*5H!

"#!]9)694<!C!LJ!$34(%!"AOIH!

S,)!146;;,)79*,/!.H!]H!2H/!1'Q,,CG65,)+'Q,)/!KH!2H!]H/!N,**()>C\(&&()>/!2H!NH!eH/!a9*9)/!2H!1H/!Y!

Q9)!5,4!2,,4/!`H!?IJJ[BH!=(,*94<!:467*'C'%(;'&977+94(5,&!9)5!()6%()!5,74,9&,!4,&(&*9)7,!

':!49*&!*'!&9%8'),%%9j!34'*,7*(Q,!4'%,!':!79%7(68H!XB'2$RK?[B/!#LJC#L#H!
S,)!146;;,)79*,/!.H!]H!2H/!1'Q,,CG65,)+'Q,)/!KH!2H!]H/!N,**()>C\(&&()>/!2H!NH!eH/!a9*9)/!2H!1H/!Y!

Q9)! 5,4! 2,,4/! `H! ?IJJcBH! =(,*94<! @467*''%(;'&977+94(5,&! $::,7*! K)*,&*()9%! 1944(,4!

@6)7*(')!()!T,9%*+<!2,)H!H(B,*)+$(%$GB',4'4(*2$<KQ?"B/!MJCM[H!
S,)! 146;;,)79*,/! .H! ]H!2H/! 1'Q,,CG65,)+'Q,)/! KH!2H! ]H/! N,**()>C\(&&()>/!2H! NH! eH/! Y! X9)! 5,4!

2,,4/! `H! ?IJJLBH! =(,*94<! @467*'CG%(;'&977+94(5,&! ='&,C=,3,)5,)*%<! K)74,9&,!

S49)&%'79*(')!':!.9%8'),%%9!()!`9*&H!H(B,*)+$(%$GB',4'4(*2$<KK?MB/!IL"LCIL"OH!
S,)! 146;;,)79*,/! .H! ]H!2H/! 1'Q,,CG65,)+'Q,)/! KH!2H! ]H/! N,**()>C\(&&()>/!2H! NH! eH/! Y! X9)! 5,4!

2,,4/! `H! ?IJJ#BH! =(,*94<! @467*''%(;'&977+94(5,&! K)74,9&,! K)*,&*()9%! 0,48,9E(%(*<! ()!

`9*&H!H(B,*)+$(%$GB',4'4(*2$<KR?[B/!OLMCO[IH!
S'>6)9;9/! SH/! G>6/! SH/! Y! T'&'<9/! VH! ?"AOcBH! K):%6,)7,! ':! U+4')(7! K)*9>,! ':! V,D! .D,,*,),4!

@467*''%(;'&977+94(5,!?V,'&6;94B!')!e4'D*+!9)5!e9&*4'()*,&*()9%!@6)7*(')H!H(B,*)+$(%$
GB',4'4(*)+$U&4#*&#$)*/$a4')34*(+(0.2$K=?"B/!"""C"I"H!

S'>6)9;9/! SH/! G>6/! SH/! Y! T'&'<9/! VH! ?"AOABH! -*(%(P9*(')! 9)5! _R74,*(')! ':! 9! V,D! .D,,*,),4/!

@467*''%(;'&977+94(5,!?V,'&6;94B/!()!`9*&H!H(B,*)+$(%$GB',4'4(*2$<<J?[B/!##LC##AH!
S49Q(&/!.H/!Y!2,)P(,&/!KH!?"AAIBH!K)*,&*()9%!0,48,9E(%(*<j!:6)7*(')9%!9&&,&&8,)*!9)5!&(;)(:(79)7,H!

7+4*4&)+$U&4#*&#$6F(*/(*>2$Y=?#B/![M"C[OOH!
S&7+,4)(9/!$H/!2''4,/!VH/!$E(CT9))9/!$H/!Z'%>,)/!`H!TH/!U'%,**9/!@H/!_8,)+(&,4/!UH/!,*!9%H!?"AAABH!

_::,7*&! ':! N');CS,48! U')&683*(')! ':! 9! \,9)();! @''5! .633%,8,)*,5! \(*+!

G%(;':467*'&,/! 9! 04,E('*(7/! G)! e,),49%! K):9)*! T,9%*+! .*9*6&H! H(B,*)+$ (%$ 8#/4)',4&$
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Infant Cereal 

    

     
Pureed Baby Food   
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Cultured Dairy 
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Kid’s Cereals 
 

  

      

     



!

scFOS Application – GTC Nutrition          
September 2010 

! !
!

Q!

!

Frozen Dairy 
 

   
 

Beverages & Bakery 
 

   
 

Medical Nutritional Products 
 

 



!

scFOS Application – GTC Nutrition          
September 2010 

! !
!

Q(!

Appendix II:  Product Information  

!



!

scFOS Application – GTC Nutrition          
September 2010 

! !
!

Q((!

!



!

scFOS Application – GTC Nutrition          
September 2010 

! !
!

Q(((!

!



!

scFOS Application – GTC Nutrition          
September 2010 

! !
!

(R!

!



!

scFOS Application – GTC Nutrition          
September 2010 

! !
!

R!



!

scFOS Application – GTC Nutrition  
September 2010 

"#!

!

!



!

scFOS Application – GTC Nutrition  
September 2010 

"##!

!

!

!

!



!

scFOS Application – GTC Nutrition  
August 2010 

! ! !
!

"###!

Appendix III:  Microbial Study of the Enzyme 
Preparation  
!

Note:  Original reports as reproduced were marked Confidential at the time of 
publication, and the type was unable to be removed.  These documents are 
purposefully included in this Public document. 
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Appendix IV:  Manufacturing Process of the Enzyme 
Preparation  
!

Note:  Original reports as reproduced were marked Confidential at the time of 
publication, and the type was unable to be removed.  These documents are 
purposefully included in this Public document. 
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!

5.3- Maximum amount of enzyme preparation to be used in the production 
of scFOS  
 

Not more than 0.5 g of enzyme preparation per kg of sucrose. 
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Appendix V:  Quality Controls of the Enzyme 
Preparation  

 

a. Enzyme preparation specification  

b. In production controls and final checks of the enzyme preparation 

c. Raw materials specifications 

d. Typical results from manufacturing lots  

!

Note:  Original reports as reproduced were marked Confidential at the time of 
publication, and the type was unable to be removed.  These documents are 
purposefully included in this Public document. 
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Appendix VI:  Experimental Results and Analysis 
Certificates of the Enzyme Preparation  
 

Appendix VI-1 Reports of Japan Food Research Laboratories Studies
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Appendix VI-2 Report of INSERM U87 Study 
!

/23(1,&!4-$2,($#1)2!)5!6-1312$(!7-.2*&!8.%)-#!

Note:  Original reports as reproduced were marked Confidential at the time of 
publication, and the type was unable to be removed.  These documents are 
purposefully included in this Public document. 
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