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B. Name and Address of Notifier: 
Mr. Ramesh Kumar Verma 
Manager - IPR 
Tata Chemicals Limited- Innovation Centre 
Survey No 3 15, Hi ssa No 1-14, 
Ambedveth (V), Paud road, Mulsbj 
Pune-41 2 111 
INDIA 

Phone No: 020-66549710 
Fax No: 020-66549735 
Email: rkvcrma@tatachemicals.com 

C. Common or usual name of the GRAS substance: 

The co mmo n name of the substance of thi s GRAS assessment is fru cto-oligosaccharides 
(FOS) or oligofructose. FOS for food uses wi ll be marketed as standardized sy rup and 
powder. 

D. Conditions of use: 

Fructo-oligosaccharides (FOS) are intended for use in food categories such as Acidophilus 
Milk; Analogs and Substitutes for Meat, Poultry or Fi sh; Bars; Breakfast Cereals; Beverages 
and Juices; Cakes; Cheese; Cream; Confectionery; Cookies; Crackers; Dessert Toppings and 
Fillings; Hard candy; Ice cream; Infant Follow-On formula ( not in infant formula); Jams and 
Jellies; Milk, flavored and unflavored; Milk, evaporated and condensed; Muffins and Quick 
Bread; Sauces, Gravies. and Condiments; Snacks; Sorbet and Sherbet; Soup; Toddler Foods 
( 12-24 mo nths); and Yogurt (all food ca tegories mentioned in GRN 44 and in additional 
correspondence of June I , 2007 be tween GTC Nutrition and FDA) at use levels of 0.4-6.7 %. 
FOS is not intended fo r use in meat and poultry products that come under USDA jurisdiction 
and in infant formula. 

E. Basis for GRAS Determination: 

In accordance with 21 CFR I70.30, FOS has been determined to be Generally Recognized 
As Safe (GRAS ) based on scien tific procedures. A comprehensive search of the sc ientific 
literature was utHized for thi s determination. T here exists sufficient qualitative and 
quantitative scientific evidence, including human and animal data to determine safety-in-use 
for FOS. In recent years, FOS has been the subj ect of three GRAS notifications (GRN 537; 
GRN 392; and GRN 44). Among these notices, the GRAS notice GRN 392 was for a fructan 
oligosaccharide that includes FOS and inulin. Of the three GRAS notices, two (GRN 537 and 
GRN 392) were submitted for uses of the ingredient in infant formula. In response to all of 
these notices, FDA did not question the conclusions that the use of FOS is GRAS under the 
conditi ons of use described in th e notices. The safety determination of FOS fo r the present 
GRAS assessment is based on the totality of available scientific evidence that includes 
human observatio ns and a variety of preclinical and clinical studies. An Expert Panel was 
assembled to evaluate the health aspects of FOS. The Expert Pane l unanjmously concluded 
that, based on the available safety-related information, the estimated daily intake, if ingested 
daily over a lifetime, under the indented uses discussed in thi s dossier, FOS is safe. 
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F. Availability of Information: 

The data and info rmation that forms the basis of FOS GRAS detem1i nation will be avai labl e 
at the above mentioned Tata Chemicals Limited address in India as well as at the following 
address in the USA: 

Madhu G. Soni, PhD, FACN, FATS 
Soni & Associates Inc., 
749 46th Square, 
Vero Beach FL, 32968 
Phone: (772) 299-0746; E-mail: sonim@helbouth.net; msoni @ sonia!>\ociatc~.nct 

D. Detailed I nformation About the Identity of t he GRAS Substance: 

FOS is deri ved from a process that involves the bi otran sfo rmati o n of suc rose (cane sugar) by 
the action of the micro bia l, cell bound enzyme P-fructofura nosidase/fructosyltran sfe rase from 
a wild strain of dimorp hic fun gus, Aureobasidium pullulans. Addi tionally, Pachysolen 
tannophilus (yeast) is also used in the production process to remove the reducing sugars to 
improve the purity. 

A. Synonyms and Trad e Nam e: 

FOS ; Oligofructose; short-c hain fructo -oli gosacc haride (scFOS or FOS), aJso referred to 
as Neosugar. The systemati c name of all f ructan s, includi ng scFOS , is [a-D
glucopyranoside-(1-2)-1-P-D-fructofuranosyl-[( 1-2)-P-D-fruc tofuranosyl] 0 • 

The subject of th is GRAS assess ment will be marketed under the trade name 
FOSSENCE™ . 

B. Physical Characteristi cs 

Colorless to lig ht yellow syrup and whi te color powder 

C. Chemical Abstract Registry (CAS) Nu mber 

The CAS Registry Number for fructo-oligosaccharide is 308066-66-2. 

D. Chemical Formula and Molecular Weight 

Fructooligosaccharides (FOS) are a mixture of oli gosaccharides consisting of a sucrose 
molec ule (glu cose - fru ctose di saccharide, GF I ) linked to one (GF2), or two (GF3) or 
three (GF4) additional fructose units added by P2- l glycosidic li nkages to the fructose 
unit of the sucrose. Fruc tan s can have degrees of polymeri zation ( the number of fructose 
o r glucose residues) rangin g from 2 to over 60. Short chain FOS consists entirely of 
molecules with deg rees of polymeri zation between 3 and 5. consisting of 2 to 4 fructose 
resid ues and a single terminaJ glucose resid ue. FOS, the subj ec t of present GRAS dossier, 
primari ly consists of 3 different molecules, eac h contai ning a term inal glucose residue 
and 2, 3, or 4 f ructose residues, des ignated as GF2, GF3, and GF4, also called as 1-kestose, 
ny stose. and fructofura nosylnystose, respectively. 

E . Structure 

The molecular formu la for all fr uctans is C6H 1 J05(C6H 1 005)nOH. The formulas of 
its three co mponents are: 1-kestose-C 18H320J 6 , nystose-C24H4202J. and 
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fructofuranosylnystose-C30H52026. The molecular weight (MW) of scFOS is 700, 
representing the average of the molecular weigh ts of its 3 components (505, 666, and 
828, respectively), which are present at approximately 44%, 42%, and 8%, respectively. 
The structural formu las of 1-kestose, nystose, and fructofuranosylnystose are shown in 
Figure I. 

1-Kestose Nystose 1F - Fructofuranosylnystose 

Figure 1. Structural Formulas of FOS components 1-Kestose, Nystose, and F ructofuranosylnystose 

F. Food Grade Specifications 

Food grade specifications of FOS hav e been estab lished by Tata Chemical Limited. FOS will 
be marketed in the U.S. in the fo nn of syrup and powder. The specifications for FOS are 
presented in Table I. To demonstrate con forma nce with the food-grade specifications, Tata 
Chemicals analyzed several batches of FOS . Ana lytical results from five non -consecutive 
lots (Table I ) suggest that FOS is consistently manufactured to meet the standard 
specifications. In addition to thi s fo ur additional lots were analyzed at an indepe ndent lab and 
the fi ndings support the standard specifications established. The speci fication parameters 
comprise physical appearance, purity, and FOS distribution, as well as limjts for potentjal 
chemical and microbiological impurities, and contaminants. Aflatox in s- B I , B2, G J and G2 
were analyzed from four batches and the levels were found to be below limits of detection of 
I J..lg/kg for each of the specific aflatoxins. The subject of this GRAS determination, FOS, is 
substanti ally equivalent to the FOS that was the subject of GRAS no ti fied substances 
reviewed by the FDA with out any questions [including GRN 537 (lngredio n, 2014) and GRN 
44 (GTC Nutrition, 2000)]. 

Tata Chemicals Ltd Page 4 of55 FOS- GRAS 

000006 



1. Physical and C hemical Specifications of FOS 

Parameters Specification Batch No. 

Description 

Colorless Lo 
sunshine 
yellow color 
syrupy liquid. 

  

Colorless 
syrupy 
liquid. 

  

Light yellow 
color syrupy 
liquid. 

  
Sunshine 
yellow color 
syrupy 
liquid. 

  

Light yellow 
color syrupy 
liquid . 

  

Light yellow 
color syrupy 
liquid. 

Moisture Content ::! 25% 2 1.6 2 1.6 2 1.6 22.6 23.4 

BRIX > 75° 78 77 78 77 77 

Ash ::: 0.1 % 0.02 <0.01 <0.01 <0.01 <0.0 1 

Composition (Dry basis) 
FOS 95.0±2.0% 94.4 1 95.03 94. 13 94.6 1 93.29 

GF2 Informative 43.52 35.03 37.7 1 37. 16 42.16 

GF3 lnfom1ative 4 1.72 48.55 45.77 46.32 44.89 

CF4 
Other su2ars 

Informative 
5.0 ±2.0% 

7.88 
5.59 

11 .09 
4.97 

10.84 
5.87 

10.76 
5.39 

6.2 
6.71 

Heavy metals* 

Pb ::: lppm BDL BDL BDL BDL BDL 

As ::! 0.2ppm BDL BDL BDL BDL BDL 

Hg ::: I ppm BDL BDL BDL BDL BDL 

Cd ::: I ppm BDL BDL BDL BDL BDL 

Microbial Analysis 

Standard plate 
count 

::: 300 cfu/g < 10 cfu/g < JO cfulg < 10 cfu/g < 10 cfu/g < 10 cfu/g 

Yeast Count ::: 20 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cftllg 

Mould Count ::: 20 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g 

Enterobacteriaceae ::! 3 MPN/g ::: 3 MPN/g ::! 3 MPN/g ::: 3MPN/g ::! 3 MPN/g ::: 3 MPN/g 

Escltericllia coli 

Salmonella sp 

Shigella sp 

Should be 
Absent 
Should be 
Absent 
Should be 
Absent 

AbscnLII Og 

AbscnLIIOOg 

AbsenLIIOg 

AbsenLIIOg 

AbsenLIJOOg 

AbsenLII Og 

AbsenLI IOg 

Absenll l OOg 

AbsenLIIOg 

AbsenLIIOg 

Absenlll OOg 

AbsenLII Og 

AbsenLIIOg 

Absenlll OOg 

AbsenLIIOg 

BDL =Below detection limits- *Detection limit for individual heavy metals is <0.005 mg/kg. 

.... 

G. Production Process: 

Tata Chemicals Limited developed a novel and patented process for the manufacture of ~95% 
purity fructo-oligo accharides (FOS) or oligofructose, by using a consortium of microorganisms 
(Aureobasidium pu/Lulans and Pachysolen tannophilus) . The process comprises the 
biotransformation of sucrose (cane sugar) by the action of a microbial, cell bound enzyme P
fructofuranosidase/fructosyltransferase from a wi ld strain of dimorphic fungus, A. pullulans. 
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Another microorgani sm, a yeast culture P. tannophilus, is used to remove redu cin g sugars, that 
are produced during the co nversion of sucrose to FOS. 

The production process ofFOS is carried out in five maj or steps: 

1. 	 Upstream Process: Microbial ferme ntati on for micro bial biomass generatio n. 

2. 	 Biotransformation: Con versio n of sucrose to ol igofructose/fructo-oli gosaccharides. 

3. 	 Downstream process: Purification of oli gofructose/fructo-ol igosaccharides. 

4. 	 Spray drying: For the preparation of powder form , pasteurized FOS is s ubjected to spray 

drying. 

5. 	 Pasteurization and Packaging: Pasteuri zation to kill microbial co ntam inan ts and fillin g 

of final co ncentrated FOS solution in con tainers. 

1. 	 Upstream Process: Microbial ferme ntations are carri ed o ut for the generati o n of mic robial 
biomass: In the first step of FOS production both the microbial c ultures; Aureobasidium 
puf/ulans and Pachysolen tannophilus are generated by a fermentation technique as 
described below. 

a. 	 Generation of Aureobasidium pullulans biomass: Fo r the production of Aureobasidium 
pullulans biomass, the fo llowing food grade media components are used and a seed 
culture is inocul ated to produce a large amount of bi omass, w hich hold s the enzyme 
Fructosyltransferase in its cell membrane. At the end of the fermentatio n, cells are 
harvested by asimp le fi ltratio n technique and stored at -20 °C as a source of the e nzyme. 

Growth media for Aureobasidium pullulans fermentation: 

S.N Media Components 
I S ucrose 
2 Yeast Ex tract 
3 Di-Potassium Hydrogen Phosphate 

( K2HP04) 
4 Potassium Di-hyd rogen Phosphate (KH2P04) 
5 Sodium Chloride (NaCI) 
6 Magnesium Sulfate Hepta-Hydrate. (MgS04.7H20) 

b. 	 Generation of Pachysolen tannophilus biomass: Pachysolen tannophilus biomass is 
simil arly generated by fermentation usin g thefood grade media composi tio n below. At 
the end of the fermentation, cell s are separated by centrifugation and used immediately in 
the biotransformation ste p for th e onlin e removal of generated reducing sugars; Glucose 
and Fructose. 

Growth media for Pachysolen tamwphilus fermentation: 

S.N Media 
1 Glucose 
2 Malt Extract 
3 Yeast Extract 
4 Peptone 
5 Anti foam 
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2. 	 Biotransformation: Co nversio n of sucrose to fructo-oligosaccharides: In the second step, 
the ge nerated bio mass of microbial cultures; Aureobasidium p ullulans and Pachysolen 
tannophilus are mixed in a suitable proportio n with pas teuri zed sucrose solutio n in a 
bioreactor a nd the reactio n is carri ed out at a suitabl e pH, te mperature, aerati o n & agitatio n 
conditio ns. The progress of the reactio n is mo nito red by mo nitoring the product fo rmation 
by anal ysis with HPLC. The reactio n is te rmin ated afte r co mpl e te con versio n of suc rose to 
FOS and at the same time redu cing sugars are mainta ined in the ra nge of 2-5 % o f to ta l FOS. 
At the e nd of the reactio n, 50 % of th e pro duc t is separated fro m the bio mass with the help of 
membrane filtration system . The pro duct is collected in the separate tank a nd th e separated 
cell mass are pumped back to the bio reacto r. The reactor is again sup plied with 50 % o f 
fres h sucrose solutio n and the reactio n is aga in initiated fo r the second round of 
biotransfo rmation. 

All the operati o ns of bio tra nsfo rmation are carri ed out und er the steril e co nditi o ns. By thi s 
way, 10- 15 bi o transform ation cycles are carried o ut with the he lp of same mjc ro bja J bio mass. 

3. 	 Downstream process: Purificatio n of fructo-oligosaccharides: Collected dilute FOS 
solu tio n in the biotransforma tio n ste p is further subj ected to vari ous dow nstream processing 
steps for the purificati o n and concentration purpose as mentioned belo w: 

a) Activated carbon treatment: Acti vated carbon treatme nt is carri ed o ut to remove color 
and organi c impurities generated durin g the bio transfo rmatio n process. In thi s process 
activated carbon is added in to the FOS solutio n and the mixture is stirred fo r th e 3-4 hours 
a nd then the activ ated carbon is separated fro m the FOS soluti o n by the he lp of filtrati o n. 
w ith candl e t ype filter . 

b) Ion exchange resin treatment: Resin treatment is carri ed o ut by using approved ion 
exchange resin s fo r th e removal of colo r and ash compone nts. There are two types of the 
res ins, C atio n a nd Ani o n th at are used fo r the trea tment. Cati on and Anio n resins are fill ed in 
separate columns and regenerated with acid and alkali treatment. respecti vely. Th e FOS 
solutio n collected after carbo n treatment is passed fro m the column in a tandem manner. 

c) Filtration and Clarification: Filtrati on and Clarifi catio n is carri ed out to remove 
unwanted precipitates and fines o f the resins generated during the resin treatm ent and 
particles carri ed fo rm the activ ated carbo n treatment step. The collected FOS soluti o n after 
resin treatment is passed thro ugh 0. 2 micro n filte r and c larified. 

d) Evaporation and concentration: Evaporatio n a nd concentrati o n is carri ed out to remove 
the water conte nt of the dilute FOS soluti o n collected after the filtration and clarification 
steps. The concentratio n is mainl y carried o ut with the he lp o f fo rced circ ular evaporato r 
(FCE) at lo w temperature to make a FOS soluti o n o f 75-80 bri x. 

e) Pasteurization: The concen trated; 75-80 bri x FOS solutio n is finall y paste uri zed at 80°C 
and pac kaged. 

4. 	 Spray drying: Fo r the preparati o n of powder fo rm, paste uri zed FOS is subj ected to spray 
dryin g. 

5. 	 Packaging: Filling o f fin al concentrated FOS soluti on in containe rs: The concentrated 
pasteuri zed FOS soluti o n is fin ally filtered thro ugh 50 - 100 micron filter a nd pac kaged 
asepti call y in clean HDP containers and sealed. 
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Cultming cells ofAureobasidium spin a growth Culturing cells ofPacbysolen spin a growth 
medium medium 

Microbial consortlwn : Separating Aureobasidium spand 
 
Pachysolen sp from their growth mediums and mixing the two 
 

Add microbial consortium to sugar substrate 

Obtain ~ 95% FOS 

All the processing aids used in the manufacturing process for FOS such as hydrochloric acid, 
sodium hydroxide, and activated carbo n. are suitable, food grade, and a re used in accordance 
with current good manufac turing practices .. Hydrochl oric acid and sodium hydroxide are GRAS 
for use in food producti o n, limited only by current Good Manufacturing Practice (2 1 CFR 
§182.1057 a nd §184. 1631, respectively). Food-grade activated carbon is an unli sted GRAS 
substance with a lo ng hi story of safe use in food process ing. The resins and mic rofilt ration used 
are in compliance with FDA guidelines. 

In the food industry, both microorganis ms are used in the production of food in gredients. 
Aureobasidium pullulan is used in the production of pullulan. while Pachysolen tannophilus 
(yeast) has been reported for the produc tion of ethanol. Aureobasidium pul/u/an, used in the 
production of FOS is registered with the Microbial Type Culture Collection and Gene Bank 
(MTCC) unde r the number MTCC 5490, whi le Pachysolen tannophilus is 99% a ligned to P. 
tannophi/us strain NRRL Y- 2460. 

Figure 2. Manufacturing Process of FOS 

In an extensive analysis of FOS by e mploying Quadrupole-Time of Fli ght mass 
spectroph otom etry, Tata Chemicals identified the FOS along with mono and di saccharide in the 
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product manufactured as described above. The findings f ro m these e xperiments demo nstrate the 
compositio n of product and support the specifications. 

ill.Summary of the Basis for the Notifier's Determination that FOS is GRAS 

An indepe ndent pa nel of recognized experts, qualified by the ir scientific training and re levant 
natio nal and internatio nal ex perience to evaluate the safety of food and food ingredie nts, was 
requ ested by Tata Chemicals Limjted to detem1ine the Ge neraJl y Recog nized As Safe (GRAS) 
statu s of FOS. The E xpert Pane l consisted of the follo win g indi viduals : Professor Douglas L. 
Archer, Ph.D. (University o f Fl orid a and Retired FDA Depu ty Directo r, C FS AN); R obert L. 
M artin, Ph.D. (Retired FDA Deputy Director of DBGNR/OFAS); and M adhusudan G. Soru, 
PhD, FACN, FATS (Food Ing redie nt Safety Co nsulta nt). Gi ven Dr. Archer's background in 
micro bio logy, he was also assig ned to specificall y review the safety aspects related to the use of 
mic roorga nisms, A ureobasidium pullulans and Pachysolen tannophilus (yeast). 

A comprehensive search of the scientific databases for safety a nd toxicity info nnati on o n FOS 
was co nducted thro ugh A ugust 201 5. Additio nally, safety and regul ato ry evaluatio ns by nati onal 
and in ternationa l agenc ies were also searc hed and considered for the present assess ment. The 
Expert Panel also reviewed a ll access ibl e inform ati o n in the GRAS No ti ces on FOS th at are in 
FDA's public inve ntory. 

B ased o n a criti cal eval uatjo n of the pertine nt data and inform atio n summarized herein , and 
e mpl oying scie ntific procedures, the Expert Pane l members have individua ll y and collecti vely 
determined that the additi o n of FOS to the foods [s uch as Acido philus Milk; Ana logs and 
Substitutes fo r M eat, Po ultry or Fish; Bars; Breakfast Cereals; Beverages a nd Juices; C akes; 
Cheese; Cre am ; Co nfectio nery; Cooki es; Crackers; Dessert To ppings and Fillings; Hard candy; 
Ice cream; Infant Fo ll ow-On formul a ( not in infa nt fo rmula); Jams and Je lli es; Milk, flavo red 
and unfl avo red; Milk, evaporated and condensed ; Muffins and Quic k Bread ; Sauces, Grav ies, 
a nd Co ndiments ; S nacks; Sorbet and S herbet; Soup ; Toddler Foods (1 2-24 mo nth s); and Yogurt 
(all foo d categories me nti o ned in GRN 44 and in addi tional correspo nde nce of June I , 2007 
between GTC Nu tri tion and FDA) at use levels of0.4-6.7%], when no t o th erwise precluded by a 
Standard of Identity, meetin g the specifi catio n cited above and manufac tured in accordance with 
c urrent Good Manufacturing Practice, is Ge nera lly Recognized As Safe (GRAS ) under the 
co nditi o ns of intend ed use, as specified herein. 

In arri ving a t thi s decision that FOS is GRAS , th e Expert Pa nelists re lied upo n th e co nclu sio ns 
that neither FOS no r any of its constitue nts pose any tox icological hazard s or safety concerns at 
the inte nd ed use levels, as we ll as o n pu bli shed toxi cology studies and oth er a rticles re lating to 
the safety of the produ ct. It is also the opinio n of the E xpert Pane lists th at oth er qualifi ed and 
competent scienti sts, reviewing the same publicly available toxicological and safety info rm atio n, 
would reach the same co nclusio n. The GRAS Panel did not prepare a separ ate report o r 
statement, but re viewed the entire GRAS dossier. 

FOS was th e subj ect o f three GRAS notifi cati o ns (GRN 537 ; GRN 392; a nd GRN 44) to th e 
FDA for use as a fo od ingredi ent. The safety info rmatio n and othe r re levant inforn1atio n are 
hereby inco rporated by re ference in to thi s doc ume nt and was co nsidered in evaluating th e GRA S 
statu s of Tata Chemical s Limited 's proposed use of FOS. A synopsis of the pertinent in fonnati o n 
in these doc uments is presented be low. 

Tata Chemicals Ltd Page 9 of 55 FOS- GRAS 

000 01 1 



IV. Basis for a Concl usion that FOS is GRAS for its Intended Use 

TABLE OF CONTENT 

1. EXECUTIVE SUMMARY ............. .......................................................................... .......... ... 11 
 

1.1. Backgroun_d .......................................................................................................................... 11 
 

1.2. Description, Manufacturing Process and Specifications .........•........•........•..........•.....•.•... 11 
 

1.3. Natural Occurrence .................................................. .... ................... .............. .. .................... 12 
 

1.4. Current Uses .......................................................... .... ........................................................... 12 
 

1.5. lntended Use Levels and Food Categories ......................................................................... 13 
 

1.5.1. Estimated Daily Intake from the Intended Uses ............................................................ 14 
 

2. DATA PERTAINING TO SAFETY ..................................................................................... 15 
 

2.1. Preamble ........ ... .................................................................................................. .... .............. IS 
 

2.2. GRAS Notices on FOS ......................................................................................................... 16 
 

2.2.1. GRN 44- November 22, 2000 ..................................................................... ..................... 16 
 

2.2.2. GRN 392- May 7, 2012 ...................................................................................................... 17 
 

2.2.3. GRN 537- February 5, 2015 ............................................................................................. 17 
 

2.3. EFSA ................. ....................................... ................ .......................................... ................... 18 
 

2.4. FSANZ ...... .. ................ ........................ ............................... ............................... ... ... .............. 19 
 

2.5. Recent Safety Publications .................................................................................................. 19 
 

2.5.1. Summary of Recent Safety Studies ................................................................................. 20 
 

2.5.1.1. Metabolism ..................................................................................................................... 20 
 

2.5.1.2. Animal and Other Studies............................................................................................. 20 
 

2.5.1.3. Human Studies ............................................................................................................... 20 
 

2.6. Identity and Safety of Microorgan isms .............................................................................. 21 
 

3. SUMMARY AND DISCUSSION .......................................................................................... 22 
 

4. CONCLUSION ....................... ................................................................................................ 25 
 

5. REFERENCES..................................................................................................... ......... .......... 26 
 

7. A.PPENDIX I ........................................................................................................................... 29 
 

8. APPENDIX ll.......................................................................................................................... 34 
 

Tata Chemicals Ltd Page 10 of 55 FOS- GRAS 

000012 



DETERMINATION OF THE GENERALLY RECOGNIZED AS SAFE (GRAS) 
 
STATUS OF FRUCTO-OLIGOSACCHARIDES AS FOOD INGREDIENT 
 

1. EXECUTIVE SUMMARY 

At the request of Tata Chemicals Limited, a comprehensive search of the scientific 
literature for safety and toxicity information on FOS was conducted through by Soni & 
Associates Inc .. to determine the Generally Recognized As Safe (GRAS) status of FOS as a food 
ingredient. Tata Chemicals Limited intends to use FOS as a food ingredient in Acidophilus Milk; 
Analogs and Substitutes for Meat, Poultry or Fish; Bars; Breakfast Cereals; Beverages and 
Juices; Cakes; C heese; Cream; Confectionery; Cookies; Crackers; Dessert Toppings and Fillings; 
Hard candy; Ice cream; Infant Follow-On formula (not in infant formula); Jams and Jelli es; Milk, 
flavored and unflavored; Milk, evaporated and condensed; Muffins and Quick Bread; Sauces, 
Gravies, and Condiments; Snacks; Sorbet and Sherbet; Soup; Toddler Foods ( 12-24 months); 
and Yogurt (all food categories mentioned in GRN 44 and in additional correspondence of June 
I , 2007 between GTC Nutrition and FDA) at use levels of 0.4-6.7%. The exposure from added 
FOS in the proposed food uses at level s up to 20 g/day in the general population and at levels up 
to 4.2 g/day in infants less th an one year of age (from the proposed uses in infant follow-on 
formula) is considered as safe. As described below, the weigh t of evidence clearl y supports the 
safety and GRAS statu s of FOS, when produced in accordance with cGMP to food-grade 
specifications, for its intended use. No studi es were identified showing any adverse effects when 
thi s amount of FOS is added to the diet. 

1.1. Background 

In recent years, fructo-ol igosaccharides (FOS) have received considerable attention for 
their potential health benefits. FOS occurs naturally in many plants (Mitsuoka et al. 1987, 
Spiegel et al. 1994, Tashiro et al. 1992) and has been shown to exhibit beneficial health effects 
by stimulating the growth of bifidobacteria in the human colon (Gibson and Roberfroid 1995, 
Hidaka et al. 1986, Tomomatsu, 1994). The health benefits derived from the colonic 
fermentation of FOS in humans are weJI documented (Gibson and Roberfroid 1995). FOS have a 
number of interesting properties, includ ing a low sweetness intensity. They are also low calorie, 
non-cariogenic and are considered as sol ubl e dietary fiber. Additionally, FOS has been claimed 
for phys iological effects such as improved mineral absorption and decreased levels of serum 
cholesterol, triacylglycerol s and phospholipids (Sabater-Molina et al., 2009). Because of their 
prebiotic effects, currently FOS are increasingly included in food products and infant formulas. 
Their consumption increases fecal bolus and the freque ncy of deposition s, and may help reduce 
constipation. Furthermore, FOS can improve food taste and texture. Given the potential health 
benefits of FOS , Tata Chemjcal Limited intends to use it as a food ingredient in selected food 
categories. 

1.2. Description, Manufacturing Process and Specifications 

As described earlier, the subject of thi s GRAS determination , FOS is colorless to 
sunshine yellow color syrupy liquid completely soluble in water, practically odorless wi th a 
slight sweet taste. It is produced by enzymatic biotransformation of sucrose by the action of 
microbial , ceJI bound enzyme ~-fructofuranosidase/fructosyltransferase from Aureobasidium 
pullulans. Another yeast culture Pachysolen tannophilus is used to remove reducing sugars, that 
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is produced during the conversio n of sucrose to fructo-o li gosaccharides. The enzyme acts as an 
invertase on sucrose, yielding fructose and glucose. The enzyme also acts as a 
fructosyltransferase between sucrose and a fru c tofuranosyl-sucrose molecule (i.e., a molecule 
co mprised of fructose chai ns with a terminal glucose), yielding GF2, GF3, and GF4. Both the 
microorganisms used in the production of FOS are no n-toxigeni c and non-pathogenic. FOS is a 
mixture composed of fructose c hains with a termi nal glucose uni t. The number of fructose units 
varies from two to fou r. The first fructose unit that is attached to gl ucose is joined by an a- I - I' 
glycosidic linkage. The remaining fructose uni ts are joined to the first fructose unit in a chain by 
~-2- I glycosidic linkages. T he identity and specifications of FOS hav e been full y deve loped (see 
Section m. Food grade specifi catio ns of FOS are presented in Table I. The manufacturing 
process is summarized in Figure 2. 

1.3. Natural Occurrence 

Fructo-oli gosaccharides (FOS) occur naturally in plants and is co mm only consumed by 
humans in foods. It occu rs in a number of plants such as onions, Jerusalem artichokes, bananas, 
lettuce, asparagus, rye, garlic and wheat (rough and bran form s) (GTC Nutrition, 2000; Bornet et 
al. , 2002). Some grains and cereals, such as wheat and barley, a lso contai n FOS (Campbell et al., 
1997). The Jerusalem artichoke and its relative yacon 1 together with the Blue Agave plant have 
been reported to contain the highest concentrations of FOS of cultured plants. Campbell et al. 
( 1997a) extensively analyzed and characterized the naturally occurring FOS levels in a variety of 
plants. Of the 25 samples ana lyzed for FOS content, 20 showed detectable levels of FOS. In 
these sa mples, the FOS co ntent ranged from 0.1-0.2 mg/g fo r most (12/20) of the fruits. The 
highest FOS con tent was fo und in ripe bananas, whic h contained 2.0 mg/g FOS. Of the 40 
vegetable samples analyzed, 16 did not contai n FOS. An additional 6 vegetables contained 0.1 or 
0.2 mglg FOS, while the remaining 16 vegetables co ntain ed from 0.3 to 58.4 mglg FOS. 

The avai lable information suggests that human s consu me FOS on a daily bas is following 
ingestion of pl ants that naturally contain FOS. An estimate of FOS intake from commonly 
consumed plants was provided in GRN 44 (GTC Nutrition. 2000). For thi s analysis, data 
prov ided by Cam pbell et al. ( 1997) for the content of FOS was used along with food intake data 
available fo r the U.S. population from the 1994-96 United States Department of Agriculture's 
(USDA) Continuing Survey of Food Intakes by Individuals (CSFJI). Based on the foods included 
in the analysis reported by Campbell et al. ( 1997), the mean FOS intake for adults in the U.S. 
was estim ated as 114 mg/day. For adul ts, an upper bound estim ate of dail y FOS intake, based on 
the 901

h percenti le food intake was determi ned as 248 mglday. The food types that contributed 
the most to FOS consumption were o nions, bananas. lettuce, and wheat (in rough and bran 
forms). 

1.4. Current Uses 

FOS and other prebiotic ingredients are increasi ngly being recogni zed as useful dietary 
tool s for the modulation of th e colonic microflora toward a healthy ba lance. FOS represents only 
a frac tion of the inulin class of carbohydrates known as fru cta ns. This c lass includes different 
chain length polymers such as inulin , oligofructose and FOS. T hus, inulin is a composite 
oligosaccharide that contai ns several FOS molecules. These polymers are c hemicall y similar 

1 The yac6n is a species of perennial daisy traditionally grown in the nonhern and central Andes from Colombia to 
nonhern Argentina for its crisp, sweet-tasting, tuberous roots. 
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entities and share the same basic structure of ~ (2- 1) linked fructosyl units, sometimes ending 
with a gl ucosyl unit. As a ll these frac tion s are mixtures of mol ecules that differ only in chain 
le ngth, they can be described by their range and average degree of polymerization. Various terms 
describing fructans have been used inte rchangeably in the published literature. Currently, there 
are several commercial sources of FOS , inulin, and ol igofructose. These products are sold and 
consumed as fat replace ments and sugar substitutes for use in a variety of foods such dairy 
products, candies and chocolates. spreads. baked goo ds and breakfast cereal s, meat products, ice 
cream and frozen yogurt (GTC Nutrition , 2000). In the U.S., FOS is sold as a nutritional 
supplement at recom mended doses of up to 4 to 8 g/day to promote th e growth of bifidobacteria, 
and as an ingred ient in nutritional supplement liquids as a source of di etary fiber. 

Based o n infonnation from FDA 's GRAS Noti ce lnventorl website as of Apri l 28,2015. 
the agency has received three notices o n FOS and provided " no questions" letters to all of the 
notifiers. In May 01, 2000, GTC Nutrition Company submitted GRAS notification (GRN 44) to 
FDA for use of FOS in different food ca tegories (GTC Nutrition 2000). On November 22, 2000, 
FDA issued " no question s" letter for thi s GRAS noti ce (FDA, 2000). Subsequently, two GRAS 
notifications were submitted to FDA for use of FOS in infant formulas by: Pfizer Nutrition 
(20 11 ; GRN 392) and by Ingredion lncorporated (20 14; GRN 537). Both these finn s received a 
"no questions" letter from FDA (FDA, 2011, 2015). A closely related oligosaccharide, ga lacto
oligosaccharide, has also been detennined to be GRAS for use in a variety of foods in nine 
GRAS notifications to the FDA. All these GRAS notices are available at FDA 's G RAS Notice 
Inventory. 

1.5. Intended Use Levels and Food Categories 

FOS is intended for use in the sa me foods and at identi cal use levels mention ed in the 
GRN 44 and in the su bseq uent additio na l correspondence Jetter of June I , 2007 for GRAS noti ce 
44. There are no new food uses proposed by Tata Chemicals for FOS. The substance mention ed 
in GRN 44 (GTC Nutrition , 2000) has been reported to contain~ 95% FOS , whkh is similar to 
the subject of this GRAS determinati o n. Thus, Tata Chemicals Limited intends to use FOS as a 
food ingredient in Acidophi lus Milk; Analogs and Substitutes for Meat, Poultry o r Fi sh; Bars; 
Breakfast Cereals; Beverages and Juices; Cakes; Cheese; Cream; Confectionery; Cookies; 
Crackers; Dessert Toppings and Fi llings; Hard candy; Ice cream; Infant Follow-On formula (not 
in infant fom10la); Jams and Jell ies; Milk, flavored and unflavored; Milk. evaporated and 
conde nsed; Muffins and Quick Bread; Sauces, Gravies, and Condiments; Snacks; Sorbet and 
Sherbet; Soup; Toddler Foods ( 12-24 months); and Yogurt (aiJ food categories mentioned in 
GRN 44 and in additional correspondence of June I , 2007 between GTC Nutrition and FDA) at 
use level s of 0.4-6.7%. The food categories and th e intended use levels of FOS described in 
GRN 44 additional correspondence are summarized in Table 2. In the January 26, 2007 letter to 
FDA, GTC Nutrition mentioned that the maxi mum daily intake of FOS, when used in food s, 
beverages and supplements, for the general population, one year of age or greater, is 20 g and 4.2 
g fo r infants less than one year of age (from the proposed uses in infant fol low-on formula) in 
accordance to good manufacturing practices. 

2Acccssible at: hup://www.accessda!a.fda.gov/scripL~/fcnlfcnNavigalion.cfm?rp!=grasLisling&displayAII=lrue. 
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Table 2 T yp1.caI U se LevesI of F t r 'des*rue o-o tgosacchan 
Level of Use perFood Category Standard Serving Size 

ServinR (percent) 

Acidophilus Milk 240 millilite rs (ml) 0.4 

Analogs and Substitutes 
15-85 grams (g) 1.2-6.7 

for Meal , Poultry or Fish 
Bars 1.4-2.5 

Breakfast Cereals 

40-70 g 
40-55 g 1.8-2.5 

Beverages a nd Juices 240 ml 0.4 

Cakes 55 g 1.8 

Cheese 30-11 0 g 0.9-3.3 

Cream 15-30 g 3.3-6.7 

Con feel i onery 40 g 2.5 

Cookies 30 g 3.3 

Cracke rs 15-30 g 3.3-6.7 
Dessert Toppings and 

30 g 3.3
Fillings 
Hard candy 6.7 

Ice cream 
15 g 

68 g 1.5 
Infant Foods ** 7-60 g 0.4-3.6 
(0-12 months) 
Jams and Jellies 20 g 5.0 
Milk, navored and 

240 ml 0.4 
unnavored 
Milk, evaporated and 

30 ml 2.6-3. 1 
conde nsed 
Mu ffins and Quick Bread 50-55 g 1.8-2.0 
Sauces, Gravies, and 

30- 125 g 0.8-3.3 
Condiments 
Snacks 30 g 3.3 
Sorbet and Sherbet 85 g 1.2 

Soup 245 g 0.4 
Toddle r Foods 

15-125 g 0.8-6.7 
(1 2-24 months) 
Yogurt 225 ml 0.4 

..
Adapted from GRN 44 Addit iOnal Con·espondence (FDA. 2007) 
· use levels may be diffe rent from the inte nded use in the origi nal notice. 
..T his catego ry excludes infant formula. 

1.5.1. Estimated Daily Intake from the Intended Uses 

As indicated above, FOS is intended for use in the same foods and at identical levels of 
addition as notified by GTC Nutrition in GRN 44 and in the subsequent correspondence. The 
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intended food use categories and use levels of FOS are presented in T able 2. The intended use of 
FOS in the same foods and at the same levels as those in GRN 44 is not expected to noticeably 
affect the intake of FOS in the overall di et of the publi c from introductio n into the market by 
another supplier who will have to compete in essentially the same markets and foods. B ased o n a 
statistical anal ysis of potential dietary intake, in the GRN 44 no tice it was estimated that dietary 
exposure to FOS from its intended use as a bu lking agent would range from approx imately 3.1 to 
12.8 g/person/day at the 90111 percentile consu mpti on level. Subsequentl y in 2007, GTC Nutritio n 
informed FDA of their determination th at the add iti on of FOS is GRAS for use in foods in 
general , excluding meat and poultry products and in fant formula. at levels up to 20 g/day in the 
general populatio n and at levels up to 4.2 g/day in infants less than one year of age (from the 
proposed uses in infant follow-on formula). The revised dietary analysis with the incJusion of 
add iti onal food categori es was not questioned by FDA in its response letter of June I, 2007 
(FDA, 2007). 

2. DATA PERTAINING TO SAFETY 

2.1. Preamble 

In a series of safety evaluations by national and international regu latory agencies such as 
FDA, EFSA (SCF) and FSANZ, the FOS have been reviewed and demonstrated to be safe fo r 
use as ingredient in food, including in fant formula. In several published experi mental studies and 
rev iew articles, the toxicity potentials of FOS have been summari zed. These studies include 
metabolic (in vitro and in vivo) experiments, short- and long-term tox icity in experimental 
animals, as well as human clinical studies. The currently marketed FOS products are 
manufactured using sucrose as a startin g material that is converted to FOS using ~
fructofuran osidase enzymes obtained from different non-toxigenic strai ns of bacteria. Given the 
use of similar manufacturing processes, the differences between various FOS products would be 
limited to minor variations in the co mpositional distribution of the g lucose-fructose 
disaccharides (FOS), and to differences in the residual levels of other sugars. This also suggests 
that the safety in fonnation on FOS products can be interchangeably used. This assumption is 
consistent with the SCF (200 1 a; 2001 b) and FSANZ (2008) regulatory opi nions for the use of 
FOS in traditional food products and infan t fonnulas. Additionally, FDA also did not question 
such an assumptio n. However, it should be noted that in the ir evaluation SCF and FSANZ 
primarily considered the high molecular weight FOS. 

In recent years, as the new safety-related data and addi tio nal uses for FOS have been 
requested, the regulatory agencies, particul arly FDA, have also updated their eval uations. The 
majority of th ese studi es are described in the 20 14 FDA notifi cation on small chai n FOS 
(lngredion, 2014). FDA did not question the acceptabili ty and suitabi lity of the avai lable 
evidence to support the proposed uses described in the three GRAS notices and replied to all 
these notifications the agency received with recognition of th e notifi ers request and a statement 
that they had no questio ns regarding the conclus io ns that the FOS is GRAS for th e intended 
applications. Given the similarity between the FDA notices and the subject of present GRAS 
assessment, it is instructive to review the informatio n presented in these documents on FOS from 
a safety perspective. In the fo ll owing section, an attempt has been made to present the re levan t 
safety-related data of FOS to support its intake from the intended uses described in this dossier. 
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2.2. GRAS Notices on FOS 

2.2.1. GRN 44- November 22,2000 

In 2000, GTC Nutrition Company (GTC Nutri tion, 2000) determined that small chai n 
FOS manufactured by the enzymatic treatment of sucrose is GRAS for use as a bulking agent. In 
the initial notice to FDA, GTC Nutrition intended to use its FOS in Acidophil is Milk, Bars, Baby 
Foods, Beverages, Biscuits, Cakes, Confectionary, Cookies, Crackers, Flavored and Unflavored 
Milks, Hard Candy, Ice Cream, Jams and Jellies, Muffins, Ready-to-Eat-Cereals, Sorbet and 
Sherbet, Soup and Yogurt at use leve ls of 0.1-15.4% (GRN 44). In the GRAS notice, GTC 
estimated that the 90th percentile intake of naturally occurring FOS is up to 250 mg/day and that 
the 90th percentile intake of FOS from GTC Nutritio ns' intended uses would be 12.8 g/day. 
Subsequently, in 2007, GTC informed FDA that it had determined that the addition of FOS to 
foods in general, including infant and toddler foods but excluding infant formula, at leve ls 
resulting in intakes up to 20 g/day in the general population and up to 4.2 g/day in infan ts less 
than one year of age (from the proposed uses in infant fo llow-on formula), is also GRAS. FDA 
had no questions regarding th is conclusion (FDA 2007b). 

In thi s GRAS notice, GTC Nutrition (2000) described FOS as a mixture composed of 
fructose chains with a terminal glucose unit. The number of fructose units varyed from 2-4. The 
first fructose unit that is attached to glucose is joined by an a lph a I -1' glycosidi c linkage. The 
remaining fructose units are joined to the first fr uctose unit in a chain by beta 2- I glycosidic 
linkages. The FOS that is the subject o f GRAS dossier was manufactured from suc rose syrup by 
the action of the fungal e nzyme P-fructofuranosidase. The enzyme acts as an in vertase on 
sucrose, yielding fructose and glucose. The e nzyme also acts as a fructosyltransferase between 
sucrose and a fructofuranosyl-sucrose molecule (i.e .. a molecule comprised of fructose chains 
with a terminal glucose), yielding GF2, GF3, and GF4. 

Based on published studies, which were condu cted with FOS or related o ligosaccharides, 
GTC Nutrition (2000) concluded that FOS is virtual ly unabsorbed and undigested by endogenous 
enzymes. alth ough a very small amount is hydrolyzed by stomach acid and absorbed into the 
body as fructose and glucose. Approximately 89% of the undigested FOS was reported to pass 
unchanged into the colon where it is fermented by microflora into gases and short-chai n 
carboxylic acids (predominantly acetic acid, while propionic and butyric acids are generated in 
smaller amounts). GTC Nutrition descri bed additional studi es conducted with FOS. The 
publi shed animal studies included acute studi~s in rats and mice, 6-week feeding studies in rats, a 
teratogenicity study in rats, and a chronic bioassay in rats. In addition to these published studies. 
GTC also included an unpubli shed 90-day feeding study in rats. Additional publi shed studies 
included mutagenicity studies, studies describin g phys iological o r systemic effects of fructo
oligosaccharide, and human studies. 

The FDA reviewed the notice and responded to the notifier that, based on the information 
provided in the notification , as we ll as other information avai lable to the FDA, the agency has no 
questions at thi s time regarding the conclusion that FOS is GRAS under the intended conditions 
of use. In a subsequent additional correspondence letter for GRN 44, the agency reiterated that 
on the basis of information provided by GTC Nutriti on in GRN 000044, the supplement dated 
J anuary 26, 2007, and other information available to FDA, the agency has no questions regardin g 
the inte nded uses (including use in additional food categori es) of FOS as GRAS ingredient. 
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2.2.2. GRN 392- May 7, 2012 

This GRAS notice by Pfi zer Nutrition and BENEO-Orafti relates to the use of 
oligofructose as an ingredient in milk-based term infant formu la powder at a maximum level of 3 
g/L of formula as consumed (Pfizer, 20 II ; FDA 2012). The subject of thi s GRAS notice was 
described as a member of a group of compounds designated as fruc tan oligosaccharides, whjch 
also inc ludes FOS and inul.in. Fructan oligosaccharides are described as predominately line ar 
chains of fructose linked in a ~-(2-1) configuration with a potential for branching and typically 
possess a terminal glucose moiety. Individual fructan products may be di stinguished by their 
source, method of production, or degree of polymerization (DP-the number of fructose or 
glucose res idues in the chain). Inulin is a naturally occu rrin g fructan with a DP ranging from 2 to 
60. Inulin can be enzymatically hydrolyzed to produce FOS or oligofructose. FOS generall y 
refers to fructans with a DP < 10. Ol igofructose refers to fructans with a DP of< 10 and more 
specifically with > 25% of the molecules having a DP ~ 5 and < 75% with a DP ~ 4. The 
oligofructose that is the subject of GRN 000392 has a DP generally in the range of 2 to 8 and 
predominantly (90%) in the range of 3 to 6 (Pfi zer, 2011 ). 

The notifier summarized published st udies to support the safety-in -use of the 
oligofructose product. Some studies were conducted with FOS in general, whil e other studies 
were conducted with t he notifier's specific oligofructose product. The studies were conducted in 
animal models as well as in human infants and adults. The metabolism studies of oligofructose in 
humans as well as anima ls consistently show that nearly all ingested o ligofructose reach the 
colon intact where they are alm ost entirely fermented by the colonic bacteria. The kinetics of 
bacterial fermentation is inversely proportional to the degree of polymerization of the fructan. 
Safety studies conducted in animal model s included acute toxicity studies, 4-6 week-long 
toxicity studies, subchronic toxicity s tudies, chronic toxicity and carcinogenicity studies, 
reproductive and developmental toxicity studies, and genotoxicity and mutagenicity studies in 
vitro. The notifier noted that very large doses of fructans may result in cecal enlargement, which 
was considered to be a trophic effect and not a toxic effect. The notifier stated that no consistent, 
statistically significant, dose-dependent effects were reported in anima l studies. The notifier 
further stated that the studies demonstrate that oligofructose is safe to co nsume, and there is no 
evidence of toxicity, carcinogen icity, mutagenicity or clastogenicity. Add itionall y, several 
studies conducted in a total of 2800 human in fants fed fr uctans alone or fructa ns combined with 
galactooligosaccharides for varying periods of time were summarized (Pfizer, 2011 ). 

Based on the totality of the available evidence, the notifier concluded thal studies 
conducted in human infants demonstrate th at fructans are safe to consum e for healthy term 
infants and th at the addition of oligosaccharides to infant formu la does not pose any li kelihood of 
harm; thus, the intended use of the oligofructose in infant formula is GRAS. The FDA reviewed 
the notice and responded to the notifier that, based on the information provided in the 
notification , as well as other information available to the FDA, the agency has no questions at 
this time regarding the conclusion that oligofructose is GRAS under the intended conditions of 
use (FDA, 2012). 

2.2.3. GRN 537- February 5, 2015 

In thi s recent GRAS notice, Ingredion Incorporated infonned FDA that FOS is GRAS, 
through scie ntific procedu res, for use as an ingredient in term infant formu las at use levels up to 
400 mg/1 00 ml in starter for mul a (as consumed) and 500 mg/1 00 ml in follow-on formula (as 
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consumed) (lngredion, 2014). T he FOS that is the subject of GRAS notice is derived from 
sucrose and is a fructan oligosaccharide. In particular, thi s FOS is described as being made up of 
lin ear chains of fructose uni ts tenned GF2, GF3 , and GF4 linked by p (2- 1) fructosyl-fructose 
linkages with a terminal glu cose residue. This FOS is manu fact ured by dissolving granul ar 
sucrose in water, the n adding P-fructofuranosidase enzyme preparation produced by Aspergillus 
japonicus. The specificatio n and compositional analys is for thi s FOS, in c luded total FOS content 
of> 95%, with com ponent limits for GF2 (> 30.0%), GF3 (> 45.0%), and GF4 (> 5.0%). The 
90th percentile intake of FOS was estimated a~ 828 mg/kg bw/day from starter formula within the 
first month of life and about 800 mg/kg bw/day from the fo llow-on formula thereafter (Ingredion, 
20 14). 

The notifier di scussed published studies supporting the safety of FOS and other fructans. 
Ingredion (2014) noted th at studies condu cted in Wistar rats a nd in humans. as well as an in vitro 
stud y, demonstrated that FOS, like oth er f ructans, is not hydrolyzed by intestinal e nzymes, is 
fermented by gut microbiota, and is not absorbed. Additional studies such as acute, subacute, 
subchronic, chronic, and developmental toxi cologica l studi es conduc ted in multiple anim al 
models (including neonatal piglets) wi th FOS and other fructan s did not reveal treatment-related 
adverse effects at the highest ex pos ures. In subchronic and chroni c feed ing studi es condu cted in 
rats, the hi ghest overall exposures of FOS at 4680 mg/kg bw/day. and at 2170 mg/kg bw/day did 
not reveal any adverse effects. In vitro studies and studi es conducted in anim als showed that 
exposu re to scFOS and other fructa ns did not reveal carcinogenic ity, mu tagenici ty, or 
clastogenicity potenti a ls. lngred ion (20 14) also di sc ussed published studies condu cted with 
infants given formu las or infant foods that were suppl emented with FOS or other fructan s. Based 
o n the totality o f the evidence, lng redion (20 14) concluded that the in tended use of FOS in term 
infant formulas is GRAS. In a response letter to the noti fier on February 5, 2015, FDA stated that 
the agency has no questions regarding the concl usion th at FOS is GRAS under th e intended 
conditi o ns of use (FDA , 20 15). 

2.3. EFSA 

The European Scientific Committee o n Food (SCF) reviewed th e use of GOS pl us 
fructans (large molecul ar weight FOS) as an ingredi ent for add iti on to infant fo rmula, and 
concluded that the inclu sion of up to 8 giL of a co mbination of 90% GOS and I0% high 
molecular weight ol igofructosyl-saccharose (FOS, inulin-derived substances) to infant fonnula 
and follow-on formula is safe (SCF, 2003). The agency also noted that it was not practical to 
develop specifications for the use of these products in traditi onal food products or infant fonnula, 
and a generi c approval of the use of these products has been g ranted. The Committee concluded 
th at it has no major co ncerns on the inclusion of up to 0.8 g/1 00 mL of a co mbination of 90% 
oligogalactosyl-lactose and 10% high molecular we ight oligofructosy l-saccharose to infant 
fonnula and foJiow-on formula (SCF, 200 I a). Subsequently, the Commi ttee reviewed additional 
data from four clinical studi es and concluded that the add iti o nal information made available, in 
particul ar with respect to growth and markers of water balance, does not provide any indication 
of adverse effects from the use of a formu la wi th up to 0.8 g/100 mL of a combination of 90% 
oligogalactosyl- lactose and I0% hi gh molecular we ight oligofructosyl-saccharose. 

In reviewing an app lication for the use of 300 mg o ligofructose/1 00 ml in infant formula, 
the European Food Safety Authority (2004) concluded that there was an in creased prevalence of 
adverse effects, including loose stools, in infants fed formula wi th added FOS ; as no measures 
were made to demonstrate satisfactory water balance, th e possibility of increased ri sk of 
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dehyd ration cannot be excluded, rai sing concerns with respect to the safety of such formulas; and 
there is no evidence of benefits to infants from the addition of FOS to infan t formu la at the 
conditions specified by the manufacturer while there are reasons for safety concerns. These 
concerns rai sed by EFSA have been extensively reviewed and negated, including in GRN 392 
and 537. While the concern expressed by EFSA regardi ng water ba lance must be addressed, two 
other aspects of the conclusion are less central to evaluating the safety of the intended addition of 
scFOS to infant formu la. The increased prevalence of loose stool s is regarded as a beneficial 
effect of the formula s upplemented with fructan s in that infants receiving these formulas 
exhibited stooling performance more closely matching that of breastfed infants than did infants 
receiving control formulas without fructans. EFSA (2004) appears to have interpreted loose, 
poorly formed, or watery stools as reported by a parent as being equivalent to clinically 
diagnosed diarrhea. Other studies in infants did not reveal diarrhea. The absence of statistically 
significant long-term benefit in short-te1m studies of scFOS or other fructans does not bear upon 
the safety of the formula. FSANZ considered a co ncern raised by EFSA relating to water 
balance. The avai lable evidence that oligofructose and inulin are fermented by colonic 
microflora in formula fed infants, reduces the concern that water balance could be adversely 
affected by an increase in osmotic potential due to undigested inu lin-derived substances in the 
colon. Furthermore, as discussed below, in a more recent evaluation FSANZ did not note any 
safety concern of the use of short chain FOS in infant formula. 

2.4. FSANZ 

Food Standards Australia New Zealand (FSANZ , 20 13) also reviewed the safety of the 
addition of FOS to infant formula and follow-on formula. Following its assessment, the agency 
issued a report approving the optional addition of FOS produced from sucrose by action of the 
enzyme P-fructofuranosidase as an alternative to inulin-derived substances to infant formula 
products. In granting this approval, FSANZ concluded that FOS is technologically suited to its 
proposed use and complies with international specifications. No public health and safety iss ues 
were identified with the proposed use of P- fructofuranosidase from A. niger as a processing aid, 
and an ADI " not specifi ed" is considered appropriate. Results of laboratory animal studies 
confirmed that FOS has no identifiable hazard at concentrations likely to be encountered under 
Good Manufacturing Practice, and digestion of FOS was equivalent to inulin-derived substa nces 
in an in vitro model of human colonic ferme ntation, producing comparable levels of short-chain 
fatty acids and gas. Also, no adverse effects o n growth, hydration status, nutrient intake, 
frequency and nature of adverse events, gastroi ntesti nal intolerance, stool consistency and 
frequency, or fecal flora were observed in studies conducted in healthy infants or you ng chi ldren 
at amounts of FOS up to 3.0 g/L for periods ranging from I week to approx imately 3 months. 

2.5. Recent Safety P ublications 

A literature search of recent publications from scientific databases such as PubMed and 
Texline was conducted on FOS to determine whether any additional or new publications 
appeared during the past one year since the submi ssion of the GRAS notice GRN 537 (GTC 
Nutrition, 20 I 4; FDA, 20 15). The literature search di d not reveal any significant new safety
related studies. Hence, all data and information used in support of this GRAS affirmation is the 
same as that presented in previous GRNs 44, 392. and 537, and the data made available to EFSA 
and FSANZ. Some of the pertinent information related to the safety, primarily from recent 
publications is summarized in the following sections. 
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2.5.1. Summary of Recent Safety Studies 

2.5.1.1. Metabolism 

Several non-digestible ol igosaccharides and polysaccharides have been shown to act as 
prebiotic compounds, of which inulin, FOS and GOS are presently most widely used in food. As 
described in the above GRAS notices and regulatory assessments, pharmacokinetic studies of 
FOS demonstrate that FOS is not hydrolyzed by human sali vary or pancreatic enzymes and 
passes undigested and unabsorbed to the co lon where it is fermented by colonic microflora to 
short-chain fatty acids, carbon dioxide, methane and hydrogen gases. The unfermented dietary 
FOS is excreted in the feces. 

Sivieri et al. (2014) stud ied the prebiotic effect of FOS in the simulator of the human 
intestinal microbial ecosystem (SHIME® model). The mode l was used to study the effect of 
FOS on the fermentation pattern of the colon microbiota. Initially, an inoculum prepared from 
human feces was introduced into the reactor vessel and stabi li zed over 2 weeks using a culture 
medium. This stabili zation period was followed by a 2-week control period during which the 
microbiota was monitored. The microbiota was then subjected to a 4-week treatment period by 
adding 5 g/day FOS to vesse l one (the "stomach" compartment). A signifi cant increase in the 
Lactobacillus spp. and Bifidobacterium spp. populations was observed during the treatment 
period. Overall microbial commu nity was changed in the ascending colon compartment of the 
SHIME reactor. FOS induced an increase of the SCFA concentration during the treatment period, 
main ly due to significant increased levels of acetic and butyric acids. However, ammonium 
concentrations increased duri ng the sa me period. Thi s study indicates the usefulness of in vitro 
methods that si mul ate the colon region as part of research towards the improvement of human 
health. 

2.5.1.2. Anim al and Other Studies 

A search of the sciemific databases including PubM ed, TexLine, for recent animal 
stud ies of FOS did not reveal any new publications. The avai lable safety related an imal studies 
with FOS described in the FDA GRAS notices and also summarized in the EFSA and FSANZ 
reports are included Appendix I. 

2.5.1.3. Human Studies 

The available human stud ies with FOS are described in the FDA GRAS notices. 
Additionally, these studies are also su mmari zed in the EFSA and FSANZ reports. Some of the 
safety related and relevant stud ies conducted in hea lthy indi vid uals are included Appendix n. In 
a recent study, Ripoll et al. (20 15) investigated the effect of FOS on digestive tolerance and 
growth parameters in infants up to 10 months of age. In this randomized, conlro ll ed, double 
blind study, 75 formu la-fed health y infants were included at the age of 4 mon ths and received 
either a placebo or FOS supp lemented formul a for six months. Fecal poliovirus s lgA after 
vaccination and bifid obacteri a concentration, height, weight and digestive tolerance were 
monitored. No signjficanl differences were observed between the grou ps for the evo lution of 
poliov irus slgA concentration com pared to baseline after I and 2 months of supplementation. A 
significant increase in bifidobacteri a co unt was noted after I month of FOS supplementation, but 
was no longer sign ificant after 2 months. Tolerance and growth parameters were similar in both 
the groups . The results of this study show lhat a follow-on milk formula supplemented with FOS 
modu lates intestinal mi crobiota via an increase of fecal bifidobacteria concentration, while no 
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effect on slgA concentrations was noted . FOS additio n elicited normal digestive tolerance and 
normal growth suggesting it can be used safely at 5 giL in infants after 4 mo nths of age. 

In a nother study, Lasekan et at (20 15) evaluated the effects of soy-based infa nt formulas 
conta ining supplemental FOS . A randomized, double-bl ind , 28 day paralle l feeding tria l 
compared gastroi ntestinal (GI) tolerance and hydration in health y term newbom infants fed 
either a commercialized soy formula (with history of safe use) containing sucrose as 20% of to ta l 
carbohydrate, no supple me ntal short-chai n FOS (scFOS) and no mi xed caro te noids (lutein, 
lycopene, beta-carotene) as a control (CF. n =62 infants) or o ne of two experi mental soy-based 
formulas, EFt (n = 64) and EF2 (n = 62) containing short c hain FOS (2.5 giL) and mixed 
carotenoids. EFt differed from EF2 by containing sucrose. No sig nificant stud y group 
differences in stud y completi on rates (CF =8 1, EFI =86, &amp; EF2 =87%), growth, mean 
rank stool cons istency, stool freque ncy, formula intake, spit-up/vomjt, and safety measures 
(urine specific gravity, USG; hyd ration status and adverse events) were noted. The findings from 
thi s study suggested that term infants fed soy-based fom1ulas supplemented with FOS and mjxed 
carotenoids, with or with out sucrose in the first 35 days of infancy demonstrated good tolerance 
and hydration comparable to the control soy-based formula with history of safe use. 

2.6. Identity and Safety of Microorganisms 

As mentioned earl ier, FOS, the subject of present GRAS assessment, is produced by 
using a consortium of microorganisms. The process involves the biotransformation of sucrose by 
the actio n of a microbial, cell bound enzyme ~-fructofuranosidase/fructosyl transferase from a 
wild strain of dimorphi c fungu s, Aureobasidium pullulans. Another microorganism, a yeast 
culture Pachysolen tamzophilus. is used to remove reducing sugars that are produced during the 
conversion of sucrose to FOS. 

The characteristics of A. pullulans, as well as the development, safety, a nd identi ty of the 
produc tio n strain has been established. A. pullulans the "black yeast," is a ubiquitous 
polymorphic fungu s th at can be found in lake water, o n leaves and wood, as well as in used 
cosmetics and on foods such as fruits, cereals, to matoes, and c heese. The fungus contai ns 
multiple life forms (pol ymorphic) incl uding blastospores, hyphae, ch lamydospores. and swollen 
cells. The chl amydospores and swollen cells are considered resting form s. The fun gus produces a 
green melanin which turns black over time. The fungus also produces the polysaccharide 
pullulan, which is currentl y used in industrial applications such as a coating for pill tablets, 
cosmetics. food s, and dissolvable breath fresheners. 

The production strain, A. pullulans MTCC 5490, was subjected to gene tic identification 
by 16S ribosomal RNA gene. partial sequence for confirmation. A. pullulans strain MTCC 5490 
is mai ntai ned in the Micro bial Type C ulture Collectio n and Ge ne Bank. The phylogenetic tree 
based o n 16S rRNA and as compared to other re lated species and designates was developed for A. 
pull ulan. 

As a me mber of the phyllosphe re community and a com mo n biofi lm member on painted 
surfaces and shower curtai ns, A. pullulans is inha led and ingested with fresh fruits and 
vegetables on a daily bas is. Prior to the mid- 1980's, the species was associated occasionally with 
superficial infections in humans, but many of these reports have been considered questionable 
(McGinni s, 1980). Early cl inical studies either fa iled to establi sh a pathogenic association or the 
taxonomic procedures failed to di sting uish th ei r isolates from Exophialia spp. In the past severa l 
decades there have been a few additio nal reports (Salkin et al., 1986) o n the pathogenicity of A. 
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pullulans for seriously immunocompromi sed patients, a phenomenon that is co nsidered possi ble 
for most fungi includi ng the baker's yeast Saccharomyces cerevisiae. The available information 
reveals far more reports associating this beneficial and safe indu strial yeast with various disease 
sy ndrom es than the rare associations indicated for A. pullulans. Host debilitation is by far the 
primary factor in the opportunistic or adventitious involvement of saprobic fungi with humans . 
Nevertheless, the available evidence for the past three decades with yeasts and moulds in 
environmental, industrial and clinical settings, the involvement of A. pullulans with any adverse 
human health related problems is extremely rare. 

The publi shed literature revealed two case reports in which A. pullulans has been 
described as an opportuni stic organism. However, both of reports concluded that severe host 
debilitation is by far the primary factor in the opportunistic or adventitious involvement of A. 
pullulans with h uman s. The first case report, described opportunistic infection of the spleen 
caused by A. pullulans (Salkin et al., 1986). The mold A. pullulans was isolated on several 
nutrient media from a splenic abscess in a patient with di sseminated lymphoma. Exam ination of 
stai ned smears and paraffin sections revealed fungal structures characteristic of th is orga nism. 
Thi s is the first reported assoc iation of A. pullulans with an opportunistic visceral infection. In 
another case report, Hawkes et al. (2005) reported a case of A. pullulans fun gemia with invasi ve 
infection in an infant. The authors reviewed the previously reported 23 cases of human infection 
from the literature . This infant case is also, the first case of docum ented invasive pulmonary 
infection and the f irst patient with a recently repaired cardiac lesion as the identified ri sk factor. 

The other microorgani sm used in the productio n of FOS, P. tannophilus is a rare yeast 
isolated by Boidin and Adzet in 1957. P. tannophilus was the first yeast shown to co nvert xylose 
directly to ethanol. It ferments glucose, mannose, xylose, galactose, and even glycerol to ethanol. 
On the basis of colony charac teri stics, morphological and biochemical characteristics, the 
microorganism used in the production of FOS has been confirmed as P. tannophilus. The P. 
tannophilus used in the FOS producti on was also subj ected to ge notypic ana lysis using 
consensus/ universal oligos, the -1.8 kb 18S rONA fra gment from isolated gDNA, was ampli fied 
using Taq DNA Polymerase and sequence data was aligned and analyzed for finding the closest 
homologou s microbes. It was fou nd to be 99% aligned to P. tannophilus strain NRRL Y- 2460. 
The carbohydrate utili zati o n as well as ~-galactosidase activity of this strain has been confim1ed. 
There are no reports in the medical literature of P. tannophilus causi ng harm in humans as a 
pathogen or opportunist. 

The manufacture of FOS involves ex tensive purification steps such as activated carbon 
filtration, ion -exchange and chromatography separation stages that are intended to remove any 
pote ntial metaboli c impurities produced durin g fermentation. 

3. SUMMARY AND DISCUSSION 

Tata Chemicals Limited intends to market fructo-oli gosaccharides (FOS) as ingredients 
for use in food and beverages. The products will be marketed unde r trade name xxx. The 
manufacturing process of FOS involves the biotransformation of sucrose by the action of a 
microbial , cell bound enzyme ~-fructofuranosidase/fructosyltransferase from Aureobasidium 
pullulans, while another microorgani sm, Pa chysolen tann ophilus, is used to remove reducing 
sugars, produced duri ng the conversion of sucrose to FOS. The FOS are prepared using raw 
material s and processi ng aids that are food-g rade and comply with applicable U.S. federa l 
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regulation s. The FOS is manufactured accordin g to cGMP and Tara Chemi cals has established 
food grade specifications for its FOS. Tata c hemicals' FOS is composed of sucrose molecules 
(glucose-fructose di saccharides, GF) to which one, two, or three additional fructose units have 
been added by p2-1 glycosidic linkages to the fru ctose unit of sucrose. 

At prese nt FOS is used in a variety of foods such as Acidophilus Milk; Analogs and 
Substitutes for Meat, Po ultry o r Fish; Bars; Breakfast Cereals; Beverages and Juices; Cakes; 
Cheese; Cream; Confectionery; Cookies; Crackers; Dessert Toppings and Fillings; Hard candy; 
Ice cream; Infant Follow-On formula (not in infan t for mul a); J ams and Jellies; Milk, flavored 
and unflavored; Milk, evaporated and conden sed; Muffins and Quick Bread; Sauces, Gravies, 
and Condi ments; Snacks; Sorbet and Sherbet; Soup; T oddler Foods ( 12-24 mo nth s); and Yogurt 
at use levels of 0.4-6.7%. These food categories and use levels are described in GRN 44 
additional correspondence. The maximum daily intake of FOS , when used in food s, beverages 
and suppl e ments, for the general population. o ne year of age or greate r, was determined as 20g 
and 4 .2 g for infants less than one year of age (from the proposed uses in infant follow-on 
formula) in accordance to good manufacturing practices. Tara Chemicals Limited intends to use 
FOS in the same foods and at identical level s to those mentioned in the GRN 44. 

There is suffi c ient qu alitative and quantitative scientific evidence to determine the safety
in-use of FOS in the above mentioned food applicatio ns. FOS products have been used in food 
for over 15 years with no evidence of adverse e ffects related to the safety of its use. FOS has 
been the subject of three GRAS no tices to FDA. In these submi ss ions, use of FOS in specified 
food categories was determined to result in levels of up to 20 g/person/day. In response to three 
separate GRAS notifications on FOS (GRN 44; GRN 392; and GRN 537), FDA did not questio n 
th e safety of FOS for the specified fo od uses. The subj ect of this present GRAS determination is 
substantially equivalent to the FOS that has been the subject of FDA GRAS notified substances. 
The use of a similar manufacturing process in the preparatio n of the FOS that is the subject of 
thi s GRAS assessment and those that has been the subject of FDA notificatio ns suggests that the 
differences between various FOS products would be limited to minor vari ations in the 
compositi onal di stribu tion of the FOS oligo mers, and to differences in the res idual level s of other 
sugars. These observations also sugges t that the safety inf01mation on FOS products can be 
interchangeably used. 

The available metabolism related information of FOS demon strate that FOS is not 
digested by hum an gastric juice or pancreatic enzymes and passes undigested and unabsorbed to 
the colon where it is fermented by colonic microtlora to short-chain fatty acids, carbon dioxide, 
methane and hydrogen gases. Any unfermented dietary FOS wi ll be excreted in the feces. 
Several publ ished stud ies of FOS are described in the GRAS notices submitted to FDA. In safety 
studies such as acute, subacute, subchronic, chro nic, and developmental toxicological. conducted 
in multiple animal models (including neonatal piglets) with FOS and other fru c tan s no treatment
related adverse e ffects at the highest exposures were noted. In subchronic and chro nic feeding 
studies cond ucted in rats, the hi ghest overall exposures of FOS at 4680 mg/kg bw/day, and at 
2 170 mg/kg bw/day, respectively, did not reveal adverse effects. In published studies conducted 
with infants that were given formul as or infant foods supplemented with FOS o r other fructans, 
no signifi cant adverse effec ts were reported. 

The FDA responses to GRAS notifications on FOS indicate that the agency is satj sfied 
with the safety-in-u se of FOS at use level s up to 20 g/perso n/day. Additio nally, FSANZ also 
completed safety evaluation of FOS and did not raise any safety concerns for the uses of FOS in 
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infant formul a. Recent studies that appeared subsequent to the most recent FDA GRAS 
notificatio n al so did no t reveal any signifi cant findings that affect the safety co nclu sion from the 
GRAS notices. The safety dete rmination of FOS is based on th e totality of avail able evidence, 
including cun·ent approved uses, in vitro and in vi vo metabolism studi es, and a variety of animal 
studies and human studies that supports th e safety-in-u se of FOS. 

In s ummary, on the basis of scientific procedures\ exposure from diet and current uses, 
the consumpti o n of FOS derived from sucrose as a food ingredie nt at use levels rangin g from 0.4 
to 6.7% in certain spec ified foods resulting in a daily intake of up to 20 g/day in the general 
populati o n and at levels up to 4.2 g/day in infants who use fo llow-on formula is considered as 
safe. The proposed uses are compatibl e with curren t regulation s, i.e. , FOS is used in Acidophilus 
Milk; Analogs and Substitutes for Meat, Poultry o r Fi sh; Bars; Breakfast Cere als; Beverages and 
Jui ces; Cakes; Cheese; Cream; Confectio nery; Cookies; Crackers; Dessert T oppings and Fillings; 
Hard candy; Ice cream; Infant Follow-On formula (not in infant formula); Jams and Je llies; Milk, 
flavored and unflavored ; Milk, evaporated and conde nsed; Muffins and Quick Bread; Sauces, 
Gravies, and Condim ents; Snacks; Sorbet and Sherbet; Soup; Toddler Foods ( 12-24 month s); 
and Yogurt at use levels of 0.4-6.7% (all food categories me ntioned in GRN 44 additional 
correspondence) at levels ran gi ng from 0.4 to 6.7% when no t otherwise precl uded by a Standard 
of Identity, and is produced according to current good manufacturing practi ces (cGMP). 

3 2 1 CFR §170.3 Definitions. (h) Scientific procedures include those human, animal, analytical, and other scientific 
studies, whether published or unpublished, appropriate to establish the safety of a substance. 
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CONCLUSION 

Based on a critical evaluation of the publicly available data summarized herein, the 
Expert Panel members whose signatures appear below, have individually and collectively 
concluded that fructo-oligosaccharides (FOS), meeting the specifications cited above, and when 
used as a food ingredient in selected food products [Acidophilus Milk; Analogs and Substitutes 
for Meat, Poultry or Fish; Bars; Breakfast Cereals; Beverages and Juices; Cakes; Cheese; Cream; 
Confectionery; Cookies; Crackers; Dessert Toppings and Fillings; Hard candy; Ice cream; Infant 
Follow-On formula (not in infant formula); Jams and Jellies; Milk, flavored and unflavored; 
Milk, evaporated and condensed; Muffins and Quick Bread; Sauces, Gravies, and Condiments; 
Snacks; Sorbet and Sherbet; Soup; Toddler Foods (12-24 months); and Yogurt at use levels of 
0.4-6.7%], when not otherwise precluded by a Standard of Identity as described in this dossier 
and resulting in intake of up to 20 g/day in the general population and at levels up to 4.2 g/day in 
infants less than one year of age is Generally Recognized As Safe (GRAS). 

It is also our opinion that other qualified and competent scientists reviewing the same 
publicly available toxicological and safety information would reach the same conclusion. 
Therefore, we have also concluded that fructo-oligosaccharides (FOS), when used as described, 
is GRAS, based on scientific procedures. 
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¥;17 I '2-()J.( 

Date 

Robert L. Martin, Ph.D. 

Madhusudan G. Soni, Ph.D., F.A.C.N., F.A.T.S. Date 

Tata Chemicals Ltd PagelS of 55 

  

  

  

(b) (6) 

(b) (6) 

(b) (6) 



5. REFERENCES 

Bom et, F.R., B ro uns, F. , T ashiro, Y., Du villier, V., 2002. Nutriti o nal aspects of sho rt-chain 
fructooligosaccharides: natural occurrence, chemj stry, ph ys iology and health implicatio ns . 
Dig. Liver Dis. 34(Suppl 2):S 111-120 . 

C ampbell. J .M., Baue r, L.L.. Fahey, G.C., Hogarth, A.J. C., Wolf, B.W. , Hunter, D.E .. 1997a. 
Selected fruc tooligosaccharide ( 1-kestose, nystose, and IF-B-fTuctofura nosylnystose) 
compositi on of foods and feeds. J. Agric. Food Sc i. 45(8):3076-3082. 

C ampbell , J .M. , Fahey, G.C. Jr. , Wolf, B.W ., 1997 b. Selected indigestible oligosacchar ides 
affect large bo we l mass, cecal and fecal sho rt-cha in fatty acids, pH and mi crotlora in rats. J. 
Nutr. 127( I): 130-136. 

FDA. 2000. Agency Response Letter GRAS No tice No. GR N 000044 (Fructooligosaccharide). 
November 22, 2000. Avail able at: 
http://ww w .fda.gov/Food/lng redi e ntsPackagingLabeli ng/G RA S/Noticelnve ntory/u cm 154 122 
.htm. Site visited o n Apri l 30,201 5. 

FDA. 2007. Agenc y Add iti onal Co rres pondence Letter: GRAS Notice No. GRN 000044 
(Fructooligosaccharid e). June 1, 2007. Avail able at: 
hltp://www .fda. gov/Food/lngredientsPackagi n gLabeli ng/G RAS/Noticel nve nto ry/ucm 154400 
.h tm. Site vis ited on Apri l 30, 201 5 . 

FDA. 2015 . Agency Respo nse Letter GRAS No tice No. GRN 000537 (Fructool igosaccharide). 
Fe bruar y 5, 201 5. A va il able at: 
http: //www. fda.gov/Food/lngredie ntsPac kagingLabelin g/GRAS/No ticelnve ntory/ucm440653 . 
Site visited o n Apri l 30. 201 5. 

FDA. 20 12 . Agency Respo nse Letter GRAS No tice No. GRN 000392 (Oiigofructose). May 7. 
20 12 . Avail able at: 
hltp: //www. fda.gov/Food/Ingredien tsPackag ingLabe ling/GRAS/No ti cei nve mory/uc m307720 
.htm. Site visited o n April 30, 20 15. 

FSANZ. 2008 . Addi tio n of Inulin!FOS & GOS to Food: Final Assessment Repo rt: Proposal 
P306. Food Standards Austra lia New Zealand (FSANZ); Canberra, Au stralia. Available at: 
http://w ww.foodstandards.gov.au/code/proposals/doc uments/P306%20FOS%20_ %20GOS% 
20FAR%20FINALv2. pdf. Site visited on April 30, 2015 . 

Food Standards Australia New Zeal and (FSANZ). 201 3. Approval report- application A 1055, 
short chain fructo-o ligosaccharides . May 23, 20 13. 

Gibson, G. R. , Ro berfroid , M. B., 1995. Dietary mod ulatio n of the hum a n colo nic microbi ota: 
introduc ing the concept of pre biotics. J. Nutr. 125: 140 1- J4 12. 

GTC Nutritio n, 2000. Fructo-oligosaccharides. G RN No. 44. Av ail able o nline: 
http: //www. fda. gov / Food/ Ingred ien Ls Packagi ngLa be l ing/G RAS/No ticelnve n tmy/ucm26 1587 
Site visited o n Apri l 30 , 2015. 

00002 8 
Ta ta Chemicals Ltd Page 26 of 55 FOS- GRAS 



Hawkes, M. , Renni e, R., Sand, C., Vaudry, W., 2005 . Aureobasidium pullulans infection: 
fungemia in an infant and a review of human case. Di agn. Microbiol. Infect. Di s. 5 1 :209-2 13. 

Hidaka, H. , Eida, T ., Takizawa, T. , Tokanaga, T., Tashiro, Y. , 1986. Effects of 
fructol igosaccharides on intestinal flora and human health. Bifidobact. Mi crotl ora 5:37-50. 

Ingredi on Corporation, 2014. Fructo-oligosaccharides. GRN No. 537. Available onli ne: 
http://www. fda.gov /Food/ ln gred i entsP ackagi n gLabel in g/G RAS/Noti celn ve n tory/U CM4 2289 
~. Site visited o n April 30, 2015. 

Lasekan , J. , Baggs, G., Acosta, S., Mackey, A. , 2015. Soy protein-based infant formulas with 
suppl emental fructooli gosaccharides: Gastrointestina l tolerance and hydration status in 
newborn infants. Nutrients 7(4):3022-3037. 

McGi nn is, M., 1980, Laboratory Handbook of Medical M ycology. Academic Press Inc. , N.Y., 
USA. 

Mitsuoka, T., Hidaka, H. , E ida T .. 1987, Effects of fructo-oligosaccharides on intestinal 
microtlora. Di e Nahrung 3 1:427-436. 

Pfi zer Nutrition, 201 1. Oligofructise. GRN No. 392. Avai lable onl ine: 
http://ww w. fda .gov/Food/In gredien tsPackagingLabeling/G RAS/Noticel nve ntory/ucm277 11 2. 
Site visited on April 30,2015. 

Ripoll , C., Chappuis, E ., Respo ndek, F. , Wanger, A. , Gottarand, F. , 20 15. scFOS supplemented 
follow-on formula in healthy infants: Impact o n vaccine specifi c faecal secretory IGA 
response, faecal bifidobacteria, growth and digestive to lerance. Biactive Carb. Dietary Fiber 
5(2): 169-178. 

Sabater-Molin a, M. , La rqu e, E., T orrella, F., Zamora, S. , 2009. Di etary fructooligosaccharides 
and potential be nefits on health. J. Physiol. Bioche m. 65(3):315-28. 

Salki n, I. F. , Martinez, J. A. , & Ke mna, M. E., 1986. Opportuni stic infection of the spleen caused 
by Aureobasidium pul/u/ans. J. Clin. Microbia l. 23(5):828-83 1. 

SCF. 2003. Report of the Scie ntifi c Committee o n Food (SCF) on the R ev ision of Essential 
Requirements of Infan t Form ulae and Follow-o n Fonnul ae (adopted on 4 A pril 2003) . 
SCF/CS/NUT/IF/65 Final. Available at: http://ec.europa.eu/food/fs/sc/scf/out 199 _e n.pdf. Site 
visited o n Apri l 30,2015. 

Sivieri, K. , Mo rales, M.L. , Saad, S.M., Adorno, M.A. , Sakamoto , I.K., Rossi, E.A., 20 14. 
Prebiotic effect of fructooligosaccharide in the si mulator of the hu man intesti nal microbial 
ecosystem (S HIME® model). J . Med. Food. 17(8):894-901. 

Spiegel, J. E., Rose, R., Karabell , P., Frankos, V. H., Schmi tt D. F. , 1994. Safety and be nefits of 
fructooligosaccharides as food ingred ients. Food Technol. 48:85-89. 

Tata Chemica ls Ltd Page 27 of 55 FOS- GRAS 

00 00 29 



Tashiro , Y., Eida, T. , Hidaka, H. , 1992. Di stribution and quantification of fructootigosaccharides 
in food materials. Sci . Rep. Meiji Sejka Kaisha 31:35-40. 

Tomomatsu, H., 1994. Health effects of oligosaccharides. Food Techno!. 48:61-65. 

000030 
 
Tata C hemicals Ltd Page 28 of55 FOS· GRAS 



changes in body weight o f 
stration o f scFOS to rats in 

re nces in body weight gain 
abnormalities were seen in 

f scFOS to rats in this study 

nsistent treatment-related 
Animals receiving 3 or 4.5 
BW compared to the 
observed in the rats 
Histopathology revealed no 
urred in any of the scFOS-

tered scFOS was 4500 

6. APPENDIX I 
 

AnimaJ Toxicity Studies of Frucro-oligosaccharides* (Compl ete r efer ences provided at the end of Appendix II) 
 

Reference 
Dose& 

Duration of 
Feeding 

Study 
Design & 
Objective 

Animal Model 
Source & 

Description of 
Test Article 

Fiodjngs 

Aeute OnlTozldty 

Takeda Single Ac ute o ral 48 6-week-old scFOS There were no deaths and no abno nnalities or 
and gavage doses toxicity study male and 10 a nimals of eithe r sex. The LD50 fo r o ral admini 
Niizato of 0,3.6,or of scFOS week-old this study was > 9000 mglkg bw. 
( 1982) 9 g scFOS/ fe male Sprag ue 
[acute rat kg bw Daw ley rats (6 
stud vl rats/sex/ dose) 

Takeda Single Acute o ral 48 4-week-old scFOS No deaths occurred and the re were no di ffe 
and gavage doses toxicity s tudy male and fe male between the test a nd the co ntrol a nimals. No 
Niizato of0,3.6,or of scFOS JcL-IcR mice (6 either sex. The LD50 for o ral administratio n o 
(1982) 9 g scFOS/ mice/sex/dose) was > 9000 mglkg bw. 
[acute kg bw 

mo use 

Sobaeate OnJ Tcmldty 

Takeda 0. 1.5, 3, o r S ubac ute Seventy-two sc FOS T he re were no deaths o r abno nnalities and no co 
and 4.5 glkg oral to xicity 6-7-week-o ld dj ffere nccs we re o bserved in blood chemistries. 
Nii zato bw/ day fo r study of male Wistar g scFOS/ kg bw/day showed a s light increase in 
( 1982) six weeks scFOS rats ( 18 

rats/dose) 

conrro ls. A slight swelling of the appendix was 
receiving scFOS; no t seen in the other groups. 
abnonnalities. No treatment-related toxjcity occ 
treated g ro ups. T he NOAE L fo r orally admini s 
mglkg bw/day. 
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ormalities were observed. 
weights in weeks I -5. B ody 
the same as those of the 

xhibited diarrhea on day 2 
was a reduction in 

ght hepatic necrosis and 
and degeneration of the 

lated specimens from all 
in all groups. Oral 
ody weight. lowered 

changes in the kidneys 
served in isolated cao;es; 
ol groups. The effects 
t as severe in the scFOS-

e lower caloric content of 
n in body weight gain. 

er tOxicity than the sugars 
as I 0% of the diet. The 
equi valent to 7500 mg/kg 

o difference in weight gain 
ntaining 10% scFOS. The 
in signilicantly reduced 

ghts of the liver or kidneys. 

ose-dependent significant 
. Wet weight o f the small 
rats recei ving20% scFOS or 
ts ofprebiotic ingestion were 
transit Lime. Glucomannan 
effects. Ingestion of 
ficant dose-dependent 
o f both neutral and acidic 
ingestion, as was that o f 
gestion of both scFOS and 
st few days of feeding, but 

tion of scFOS at I 0% or 
mg/kg bw/day). The 

OS was due to its not being 
indicated. 

Takeda 5 or 10% Subacute 108 6-7-week scFOS No deaths occurred and no treatment-related abn 
and dietary oral toxicity old male Wistar The sorbitol and scFOS groups had lower body 

Niizato concemrati o stud y o f rats ( 18 weight gains in the latter part o f the study were 

( 1982) 

[2nd sub-

n for 6 
weeks 

scFOS and 
sorbitol 

rats/treat
men !Idose) 

control groups. A nimals in the sorbitol group e 
and those in the scFOS group on day I0. There 
cholesterol in animals in the scFOS groups. Sli 

acute rat infiltration of round cells as well as renal changes 
stud y] proximal tubular epithelial cells were seen in iso 

groups. Isolated cases of Ca deposits were seen 
administrati on o f scFOS resulted in decreased b 
cholesterol , and swelling ofthe appendix. Ad verse 
and liver and Ca deposits in the cortex were ob 
however, these were also prevalent in the contr 
observed in the proximal renal tubules were no 
treated animal s as in those recei ving sucr ose. Th 
scFOS was thought to contribute to the reducti o 
There was no evidence o f scFOS being o f high 
used as controls even at concentrations as high 
NOAEL in this study was 10%, approximately 
bw/day. 

T okunaga 
et al. 
( 1986) 

0, 10, or 20% 
dietary 
concentratio 
n for 4-6 
weeks 

Safety and 
metabolic 
handling of 
scFOS or 
gluco
man nan 

24 male Wistar 
rats (40-50 g (6 
rats/dose) 

scFOS Feed intake was similar in all feed ing groups. N 
between co ntrol rats and those recei ving diets co 
diets with 20% scFOS or gluco mannan resulted 
weight gain. Diet had no effec t on absolute wei 

Ingestion o f scFOS or glucomannan produced d 
increases in the weights of the cec um and colon 
intestine was also significantly increased i n the 
gluco mann an. Significant dose-dependent effec 
seen in increased fecal weight and shortened Gl 
was more potent than scFOS in producing these 
prcbiotics had no effect on cholesterol but si gni 
decreases in T AG concentration. The excretion 
sterols was si gnificantly enhanced by prebioLic 
SCFA, especially aceti c and propionic acids. In 
g luco mannan resulted in diarrhea during lhe fir 
U1ere was no evidence of toxicity seen from inges 
20% (equivalent to approximately 7500 and 15000 
reduction in body weight gain seen with 20% scF 
full v utilized as an ener'!;Y source. NOAEL not0 

0 
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rved during the study. There 
weight gain in male or 
groups did not differ 
lerance test ineilher latency 

nces were seen in 
the test and control groups, 
bserved in the c linical 
in the postprandial state, in 
decreased serum TA G, but 

ysis revealed no significant 
ed no treatment-related 

ve weights of the Gltract 
roups due to enlargement of 

d no effects besides 
of epithelial cells. There was 
gofructose group. T hese 
tremely high dose level 
r yacon flour oral toxicity 
oligofructose/kg bw/day. 

higher levels ofol igofructose. 
y weights were lower, 

ats receiving the highest 
o significant test-article-

or coagulation. A 
lh absolute and relative cecal 
ted histopatho logy. T here 
athological di fferences. Total 
stically significantly higher 

Bifidobactcria population 
chers concluded that the 

ncentration. the highest level 
day in males and females. 

SabcllnB o..IToxlclty 

Genta et 0,340,or Subchronic 60 3-month-o ld Y acon root N o mortality and no signs of toxi city were obse 
al. (2005) 6800 mg 

flour/ kg b w/ 
day 
providing 0. 
188,or 
3760 mg 
oligofructos 
e/ kg bw/day 
for 4 momhs 

oral tox ici ty 
(feeding) of 
flour from 
yacon root 
contai ning 
ol igofructose 

male and female 
W istar rats ( I 0 
rats/sex/ dose) 

flour 
containing 
55.3% 
oligofructose 

were no signs of GI effec ts. N o effects on body 
female rats, nor in feed consumption. The three 
significantl y in their responses to the glucose to 
or maximum glucose concentration. N o di ffere 
hematological or coagulati on outco mes across 
nor were any effec ts attributable to treatment o 
chemi stries. A significant difference was noted 
whi ch the rats recei vi ng o ligofructose ex hibited 
no differences in cholesterol or glucose. U rinal 
di fferences among the groups. N ecropsy reveal 
abnormalities except that both absolute and relati 
were increased i n both sexes in Lhe high-dose g 
the cecum. Histopathological ex amination showe 
increased cecal hypertro phy and increased si ze 
no sign of cell tumefacti on, in Lhe hi gh-dose oli 
effects were regarded as trophi c effects o f th e ex 
rather than ev idence of tox icity . T he NOAEL fo 
was 6800 mg/kg b w/day. equivalent to 3760 mg 

Boyle et 0, 0.55. 1.65, Oral tox ic ity M ale and female Oligo fructose Feed intake was significantly lowe r in rats fed 
al. (2008) 4.96. or 

9.9 1% 
dietary 
concentrati o 
n (high doses 
= 4680 and 
5720 mg/kg 
bw/day for 
M&F. 
respecti vel y 
) for 13 
weeks 

( feeding) 
stud y of 
oligofructose 

7-week-old 
Sprague-Dawlcy 
CD® rats (male 
weights 19 1-287 
g: female 
weights 155-197 
g); 20 
rats/sex/dose 

especially during the first hal f of the study. Bod 
reaching statistical significance only for male r 
dose. No significant clinica l obser vations and n 
related differences in hemato logy, bi ochemistry, 
significant dose-related increase was seen i n bo 
weights of both sexes. but there was no associa 
was no ot11er significant organ-weight or hi stop 
fecal bacteri a populations were slightly but stati 
in rats fed the two higher doses of oligo fructose. 
changes were statistically significa nt. The resear 
NOAELof oligofructose was 9.91% dietary co 
tested . equi valent to 4680 and 5720 mg/kg b w/ 
respecti vel y. 

CbloalcOnl Toxldty 
c:> 
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and females but was not 
feed intake. body weight 

weights, or any hematology 
C l in male rats. Male rats 

elevated levels of blood 
in the high-dose group 

differ between test groups 
were similar to those 

acid in the low- and mid-
changes were 

was 50.000 ppm, the highest 
bw/day for males and 2664 
neoplastic lesions (e.g., 
leukemias. and pituitary 

and controls, with the 
incidence of pituitary 

dose groups was 20, 
of pituitary adenomas 

from I to 49%. While the 
range for all male rats. the 
and 50.000 ppm) was 

Cochran-Armitage chi-
but logistic regression 

overall equi vocal result. In the 
pituitary adenomas was 
of pituitary adenomas in 

that scFOS is not 

Clevenger Combined 100 4-week scFOS 0, 0.8, 2 .0%, Some mortality wa~ observed in all groups of males 
etal. 104-week old male and and 5.0% considered treatment-related. scFOS did not affect 
( 1988) chronic 

toxicity and 
carcino
genicity 
study of 
scFOS 

female 
Fisc her 344 
rats 
(12-13 
rats/ 
sex/dos 
e) 

dietary 
concemration 
(eq uivalent to 
0, 341 . 854. 
and 2 170 
mg/kg bw/day 
for male rats 
and0,419. 
1045,and 
2664 mglkg 
bw/day for 
female rats 
for 2 years 

gain, feed conversion efficiency, absolute organ 
outcomes. There were slight elevations ofNa and 
in the mid-dose scFOS group ex hibited slightly 
glucose and creat inine but creatinine levels in males 
decreased. Other outcomes did not significantl y 
and controls. In females, all blood chemistry outcomes 
of the contro ls except for a slight elevation of uric 
dose groups. No test-article-related macro- or microscopic 
found in either males or females. The NOAEL 
concentrati on tested, equivalent to 2170 mglkg 
mglkg bw/day for females. Similar numbers of 
pheochromocytomas, thyroid C- cell adenomas, 
adenomas) occurred in scFOS- treated animals 
exception of pituitary adenomas. In male rats, the 
adenomas for the 0-, 8000-. 20,000-, and 50,000-ppm 
26, 38. and 44%, respectively. The historic incidence 
in F-344 male rats from tbe test laboratory ranges 
incidence of this tumor was well within historical 
incidence in the two highest dose groups (20.000 
significantly greater than the incidence in controls. 
square indicated a dose-response trend (p =0.007), 
analysis showed no trend (p =0.51 ), giving an 
female rats, a negative trend in the incidence of 
recorded. lt was concluded that higher incidence 
males was not treatment related. The results indicate 
carcinogenic . 

..........Taldty 
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but produced a 
perhaps because 

intake of food for this 
sof1er stools in the second 

not affected despite the 
the nursing period, a 

the test group, which maybe 
lactating mothers. The 

oligo fructose has no 
rats aJld on the development 

Day 0- 6 or during Thy 6 
in any ofthe test 

concentration of 

Beginning on Day 8, 
three oligofructose groups 
weight gain than the 
From Day II to the end 

were similar for all 
remained below tl~ 
sex ratio, and viability 

ligofructose. Litter and fetal 
t11e fetal weight of t11e 
controls. Structural 

The only treatment-related 
dams. only seen in the 20% 
that oligofructosc at dietary 
effectS oradversely affect 

of the rat. 

Henquin 20% dietary Develop 19 female 01 igofructose Oligofructose had no effect on the number of pregnancies 
( 1988) concenlratio 

n from day I 
to day 21 of 
gestation 

mental 
toxicity study 
ofoligo
fructose 

Wistar ralS with 
copula tion 
plugs (12 
test, 17 control) 

reduction in body weight gain of the pregnant ralS, 
oligofructose has a lower caloric value, decreased 
group, or diarrhea observed in the first week and 
and third weeks. Fetus and newborn weights were 
reduction in body weight gain in pregnant rats. During 
growth delay was observed for the male pups in 
indicative of the restricted nutritional status of the 
researchers concluded that a diet containing 20% 
significant effects on the course of pregnancy in 
oftheir fetuses and newborns. 

Sleet and 
Brightwell 
( 1990) 

4.75% 
dietary 
concentratio 
n from post 
coitum dayO 
to 6, then 0. 
5. 10, or 20% 
dietary 
concentratio 
n to day 15 

Study of 
maternal and 
develop
mental 
toxicity of 
oligofructose 

-I 00 pregnant 
female Crl CD 
(SD)BR 
Sprague Dawley 
rats ( -24 
rats/dose) 

Oligofructose No treatment-related effects were observed during 
- 15. There was no monality and no diarrhea observed 
animals. Oligofructosc administered at a dietary 

4.75 % during Day 0~6 did not affect body weights. 
body weight was reduced dose-dependently in all 
relative to the controls. The 5% group had a lower 
controls while the 10 and 20% groups lost weight. 
of the study. the body weight and body weight change 
groups except the 20 %-oligofructose group, which 
controls. At necropsy, the number ofpups per litter, 
of both embryo and fetus were not affected by o 
weights were not significantly differentexcept that 
20% group was significantly greater than that ofthe 
development of the fetuses was unremarkable. 
effect was slightly lowered body weights of the 
oligofructose-group. The researchers concluded 
concentrations up to 20% does not cause adverse 
the pregnancy outcome or in utero development 

- -·----·-·----·····--·-·------··-·---·-·-·----·-·-------·--

*Adapted from GRN 495 and other published studies 

0 
<=:> 
0 
0 
~ 

~ 
Tata Chemicals Ltd Page 33 of 55 FOS- GRAS 



s 

doses; r=0.307 between dose 
found in fecal pH or in the 

or enterobacteria. The frequency 
differ between the control group 
of bloating was significantly 
but not at the higher doses of 

by any volunteer. The 
is bifidogenic and well tolerated 

relationship was 

of the groups in fecal pH or 
spp., Lactobacillus 

frequency. Increased 
groups receiving scFOS. soy 

rch, or GOS. Long-chain 
lactulose were not found to 

in flatus, bloating. and 
no differences among the 
reported in any of the 

7. APPENDIX ll 
 

Summary of Available Studies of F ructo-oligosaccbarides in Healthy Ad ults* 
 

Reference 
Study Design 

and Objective 
Subjects 

Source and 
Characteristics of 

Test arti cle 

Dose and 
Duration Result 

acros 
Bouhnik et Randomized, 40 apparently scFOS 0, 2.5, Bifidobacteria counts increased at all 
at. (2006) double-blind. 

placebo
conlro lled trial to 
study the dose-
response 
relationship 
between scFOS 
ingestion and 
bi fidogenesis 

healthy adults 
( 18M and 22F) 
aged 20±1.3 
years 

5.0. 7.5, 
or I 0.0 g/day for 
7 days 

and response. There were no differences 
numbersof lactobacilli, bacteroides, 
of symptoms of intolerance did not 
and any scFOS group. The severity 
higher at doses of 2.5 and 5.0 g/day, 
7.5 or I 0.0 g/day. No diarrhea was reported 
researchers concluded that ·•scFOS 
in healthy volunteers ... and a dose-response 
demonstrated from 2.5 to 10 g/day." 

Bouhnik et Prospective, 64 healthy men scFOS, soyoligo 0 or I 0 g/day for There were no differences seen in any 
al. (2004) randomized. and women (aged saccharides. GOS, 7 days coums of total anaerobic bacteria, Bacteroides 
Part I parallel-group, 

placebo-
controlled. double-
blind dose-
response study of 
bi fidogenic 
activity of long-
chain inulin and 
scFOS 

18-54 years with a 
mean age of 30 
years) 

long-chain inulin 
from chicory, or 
type III resistant 
starch, isomalto
oligo
saccharides. or 
lactu lose 

spp., or enterobacteria, nor in stool 
bifidobacteria counts were seen in the 
oligosaccharides, type m resistant sta 
inulin. isomaltooligosaccharides, and 
be bifidogenic. All groups had increases 
abdominal pain; however, there were 
different treatments. Diarrhea was not 
groups. 
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were seen in stool 
anaerobic bacteria. 

., or enterobacteria. All 
, but a dose-response effect 

treatments produced Gl side 
across treatments. 

the groups. 

observed in any group. 
receiving 0 or 2.5 g 
receiving larger doses of 

Flatus was reported frequently 
than the other groups, but no 

ups. The researchers 
l and well-tolerated dose of 

in colonic 
consuming their usual diet:· 

pH or total anaerobic counts, 
during scFOS feeding, 
days after cessation. P-
scFOS ingestion. returning to 

activity levels and bile 
no differences observed in stool 

concluded that ingestion 
and produced signilicant 

t effects. 

Bouhnik et Prospective. 136 healthy men scFOS, soyoligo 0, 2.5, As in phase I, no significant differences 
al. (2004) randomized. and women (aged saccharides. type 5.0. 7.5, frequency, fecal pH, or counts of total 

Part 2 parallel-group, 
placebo
controlled, double-
blind dose-
response study of 
bifidogenic 
activity of scFOS 

18-54 years with a 
mean age of 30 
years) 

rn resistant 
starch. or GOS 

or I 0 g/day for 7 
days 

Bacteroides spp., Lactobacillus spp 
treatments were significantly bifidogenjc 
was significant onl y for scFOS. All 
effects: however. there were no differences 
Diarrhea was not reported in any of 

Bouhnik et 0, 2.5. 5, Open-label dose 40 healthy adults scFOS There was no increase in total anaerobes 
al. ( 1999) IO,or20 

glday for 7 days 
response study of 
bifidogenesis to 
scFOS 

( 18 males and 22 
females aged 18 
to 47 years; mean 
age= 29.6 years) 

Bilidobacteria did not increase in groups 
scFOS/day, but increased in all 3 groups 
scFOS; the correlation was r =0.53. 
by those receiving 20 g scFOS/day 
other GI symptom differed among gro 
concluded that "I 0 g/day [is] the optima 
scFOS which leads to a significant increase 
bitidobacteria in healthy volunteers 

Bouhnik et 0 orl2.5 Prospccti ve, 20 healthy adults scFOS Imake of scFOS had no effect on fecal 
al. (1996) g/day for 12 days randomized. 

double-blind, 
placebo-controlled 
study of the effects 
ofscFOS on 
micro- biota and 
stooling 

( I 0 of each sex) 
aged 22-39 years 

but bitidobacteria numbers increased 
returning to baseline levels within 12 
fructosidaseactivity increased during 
bac;eline within 12 days, but other enzyme 
acids were not affected. There were 
weights or in lipid content. The researchers 
of 12.5 scFOS/day was well tolerated 
bilidogenesis but no other significan 
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bifidobacteria increased 
but counts of aerobes did not 

constant through the 
and glycocholic 

significantly. The researchers 
fecal flora in a manner 

activities of some reductive 
digestive or health problems. 

absorption of copper but 
selenium. The ingestion of I 0 

no adverse effects were noted. 

at4, 6. and 8 hours after 
drinks (canned liquid malt 
powder malt drink in the 2nd 

Buddington 4 glday Open-label sllldy 12 apparently scFOS Counts of both total anaerobes and 
et al. (1996) for 25 days of lhe effect of healthy adults (6 significantly with ingestion of scFOS, 

scFOS on ofeach sex) aged change. Nitroreductase activity remained 
intestinal 20-34 years period of scFOS intake, but bolh ~-glucuronidase 
microbiota and acid hydroxylase activities decreased 
reductive enzymes concluded that "4 g [scFOS] alters lhe 

perceived as beneficial by decreasing 
enzymes." There were no reports of 

Ducros et al. 0 or 5 g/day for 4 Prospective, I I women aged scFOS Intake of scFOS significantly improved 
(2005) days. randomized, 53-70 years had no effect on absorption of zinc or 

then 0 or double-blind, ( mean= 59 g scFOS/day was well tolerated and 
I 0 glday for the placebo-controlled years) 
rest of 5 weeks crossover study of 

the effect of 
scFOS on mineral 
absorp- ti on in 
postmeno-pausal 
women 

Fukushima et 0 or 1.9 g single 2 randomi7.ed. 8 apparently scFOS Urinary calcium was significantly increased 
al. (2002) dose in the I st double-blind, healthy females ingestion with bolh scFOS-containing 

Part I study and 0 or placebo- aged 20.9±0.6 drink in the I st study and a dehydrated 
1.5 g single dose controlled, years in the I st study). No adverse effects were reported. 
in the 2"<1'study crossover trials of study; 5 

the effect of 
scFOS on calcium 
absorption 

apparently 
healthy females 
aged 21.4±0.9 
years in the 2nd 
Sllldy 
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d in clinical chemistry or 
, ALP, GGT. AMY, uric 

phorus, iron, TC, 1-IDL-
and white blood cell 

MCH , MCHC, platelet 
vity, pH, urobilinogen. 
cose. occult blood). or in the 
al with no indication of 

daily intakes of about 15 and 30 
ody weight or deviations from the 
lues (glucose. BUN. creatinine, 

, globulin. ALP, lactate 
, sodium, potassium, chloride. 

aceta te, isobutyrate. and 
her among volunteers ingesting 

in propionate or butyrate, fecal 
nsumption of scFOS increased 
rance of the scFOS-containing 
ausea, cramping, distension. 
n were similar across all groups 
of partic ipant-days. Flatus was 

nsuming 30 g scFOS/day, but 
e fi rst 4 days. The researchers 
te that tscFOS] does not 
es. is well tolerated particularly at 
as a bifidogenic factor when 

oduct." 

Fukushima ct 5.7 and Open-label studies 9 appare ntly scFOS No ab normal c hanges were observe 
al. (2002) 4 .5 glday fo r 7 o f the 2 d rinks healthy adults (6 hemato logy (to ta l protein, AST , ALT 
Part 2 days used in Part I to 

assess safe ty 
males and 3 
fe males) 
consuming the 
canned drink; 
10 adults (7 
males and 3 
females) 
consuming the 
powder-type 
drink 

acid , BUN, creatinine, c alc ium, phos 
c ho lestero l. neutral lipid, g lucose, red 
counts. he moglobin. he matocrit. MCV. 
coun t), o r in urinalys is (specifi c gra 
bilirubin, keto ne bo dies, pro te in, g lu 
c lini cal interview. Stoolin g was no rm 
di arrhea. 

Garleb e t a l. 0, 5. o r Rando mized , 27 appare ntly scFOS The low a nd hi gh scFOS g ro ups had 
( 19 96) 10 giL fo r do uble-blind, health y male g scFOS. There was no c hange in b 

14 days co ntro lled study 
o f the e ffect o f 
the additi on o f 
scFOS to e ntera l 
feedin g fo nnulas 

college students nonnal range o f blood c he mistry va 
bilirubin, TC. T AG, pro te in. a lbumin 
d ehydrogenase, ALT, AST , calc ium 
iro n, phospho rus. and GGT). Fecal 
isovalerate concentra tio ns were hig 
scFOS, but the re were no differe nces 
pH. o r fecal pe rcent dry maucr. Co 
fecal bifidobacteria le ve ls. T he to le 
formul a was good. Complaints o f n 
vo miting, d iarrhea , a nd regurgitat io 
and were present o n fe we r tha n 5% 
re po rted mo re freque ntl y by those co 
most complai nts occurred during th 
conc luded that "these results indica 
compro mi seserum c he mistry pro fil 
an intake o f 15 gld and wo uld ser ve 
inco rporated into a liquid ente ra l pr 
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s after scFOS ingestion 
that scFOS undergoes 

were no symptoms of 
on hunger or satiety. No 

effect on blood glucose or 
of the substance. No 

d significanLiy. as well as fecal 
No adverse effects were 

Hess ct al. 0. IO,or Randomized. 20 apparently scFOS Breath H2 measured at 0 and 4 hour 
(20 11 ) 16 g/day taken in 

2 doses 
over 24 hours 

double-blind, 
controlled 
crossover study of 
the effect of 
scFOS on hunger 
and satiety 

healthy adults 
aged 18-64 
years ( I 0 men 
aged 28±2 years 
and 10 women 
aged 28±4 
years) 

increased dose-dependently, indicating 
fermenLation within 4 hours. There 
intolerance and no consistent effects 
adverse effects were reported. 

Hidaka et 25 g in a sin gle Open-label No informati on scFOS scFOS ingestion did not have an 
al. ( 1986) dose stud y of the was gi ven insulin. indicating the nondigestibility 
Part I effect of scFOS 

ingestion on 
blood glucose 
and insulin 

regarding the 
number. sex, or 
age of subjects 

adverse effects were reported. 

Hidaka et 8 g/day Open-label Healthy adults scFOS Fecal bilidobacteria counts increase 
al. ( 1986) for 2 mo nths study of the (no further SCFA and urinary phenol and p-cresol. 
Part 2 effect of scFOS 

ingestion on 
microbiota 

informatjon was 
reported) 

reported. 

<::> 
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or complained of any adverse 
or body weight were not 

ntions did not cause significant 
r insulin. total or HDL 
, lipoproteina, or TAG 

nsulin binding to erythrocytes or 
l hepatic glucose production 

than after sucrose. The 
of 20 g scFOS/ day "'had no 
on healthy adults." 

creted in stools, and less than 
tine. indicating that the portion 

fermented by colonic microbiota. 
in the urine. scFOS appeared 
es aller ingestion and 

s. T he estimated energy valucof 
Gl symptoms were reported 

periods. 

hut no other side effects 
ed that ' 'This study provides 
. . . safe.' ' 

Luoet 0 o r 20 g/day fo r Prospecti ve. T wel ve 19-32 scFOS None o f the participants dro p ped o ut 
a l. 4 week s rando mi zed. year- o ld males effects. Energy intak es. proxi mates, 
( 1996) do uble-blind 

crossover stud y o f 
the ef fects of 
scFOS o n hepatic 
g lucose 
producti on, 
insulin- mediated 
g lucose 
metabolism , 
er y throcyte insulin 
binding, and b lood 
lipids 

( mean age= 24) affected by the diet. Dietary interve 
changes in fasting plasma glucose o 
c ho l estero l, apo li po protein A - 1 orB 

concentra ti ons orc hange the mean i 
apparent recepto r artinit y. M ean basa 
was si gnificantly l owe r after sc FO S 
researchers co ncl uded that 4 week s 
detectable adverse metabolic effec t" 

M o lis et 5 g/day at fi rst. Open-label Si x health y scFOS N one of the ingested scFOS was ex 
al. ( 1996) in - c reased over 

3 days to 20. 1 
g/d ay fo r 8 days 

study o f the 
digesti o n and 
exc retio n o f 
scFOS 

adults. 3 of each 
sex. aged 20-27 
years 

II % was absorbed in the sm all intes 
reaching the col o n was co mp letel y 
Onl y 0. 12% o f scFOS was recovered 
in the distal ileum within 30-60 minut 
continued to be recovered for 8 hour 
the tested scFOS was 2.3 kca l/g. N o 
d uring ei ther the placebo or scFOS 

Ohta et aJ. 9 g in a sing le Open- label stud y I 0 apparentl y scFOS T wo men repo rted inc reased flatus, 
( 1999) dose o f the safet y of healthy men were reported. T he author s conclud 
Pan I tabl ets 

containing 
scFOS 

aged 37± 10 
years 

strong evidence that our tabl ets are 

0 
0 
0 
0 
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higher at2. 6, and 8 hours after 
by scFOS rather than sucrose 
significantly higher at all time 

in urine volume or 
e. or deoxypyridinoline relative 
ed that "Calcium absorption 
ementary effects of the calcium 

effects were reponed. 

administration of either 10 or 20 
quantity and more quickly after 
t I 00 minutes vs. 180 minutes). 
after ingestion of 20 g scFOS or 

FOS is not hydrolyzed by 
scFOS reached the large 

by intestinal microbes."' This 
that many of the volunteers 
natus, distention, and 

20 g scFOS and after 20 g, but 
re reported after ingestion of I 0 

a beneficial effect on markers of 
cant additional effect. No 

g scFOS occurred at 3 hours; 

er the curve was affected by 12 
The breath tests of scFOS 

g that no absorption was 
15 g scFOS/day had 

did the five taking sucrose, but 

Ohta et al. 0 or 3 gin a Randomized. 10 apparently scFOS Calcium excreti on was significant l y 
( 1999) single dose double-blind, healthy men ingestion when it was accompanied 

Pan 2 placebo-co mrolled 
crossover study of 
the effect of 
scFOS on calcium 
absorption and 
excretion 

aged 37± 10 
years 

and lhe calcium/creatinine ratio was 
points. There were no significant differences 
levels of hydroxyproline, pyridinolin 
to creatinine. The researchers conclud 
was sti mulated and the calc ium suppl 
tablets were improved."" No adverse 

Oku and 10 or Open-label 38 apparently scFOS (and No H2 was detected in breath after 
Nakamura 20 g in a single crossover study of healthy adults (9 GOS andiMO) g IMO. H 2 was seen in greater 
(2003) dose differences in 

digestibility of 
scFOS and other 
oligosaccharides 

men and 29 
women) aged 
23.7±6.6 years 

ingesti on of scFOS than GOS (a 
Breath H2 was twice as abundant 
GOS than after I 0 
g. The reseachers concluded that "sc 
intestinal enzymes and ... almost all 
intestine where they were fermented 
conclusion was supported by the fact 
showed abdominal sympto ms such as 
borborygmi after ingestion of I 0 or 
no t 10 g, GOS. No Gl symptoms we 
or20 g lMO. 

Slevin et 3.6 g/day for 24 Randomi zed. 300 non scFOS While the calcium supplement had 
al. (20 14) mo nths double-blind, 

placebo-controlled 
trial of effects of 
Ca 
supplementation 
w/ or w/o scFOS 

osteoporo tic 
postmenopausal 
women 

bone tumover, scFOS had no signifi 
adverse effects were reported. 

Stone 0 or 15 g/day for Randomized 15 healthy adults scFOS Peak excretion of H 2 following l 0 
Dorshow 12 days double-blind. aged 2 1-65 neither the peak nor the tota l area und 
and Levitt placebo- days consumption of scFOS or sucrose. 
( 1987) controlled study 

to test the e ffect 
o f scFOS on 
breath hydrogen 
excretion 

and lactu lose were similar, suggestin 
occurring. The I 0 volunteers who consumed 
significantly greater flatulence than 
no o ther adverse effects were reported. 

<::> 
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ary excretion with scFOS 
ificantly dif ferent, nor were 

5-d ihydroxyvitamin D 
ted that scFOS intake may 

en in late post-menopause. 

8±0.2 g/day o f both scFOS and 
magnesium absorption by 12.3%, 

oth plasma and urine magnesium. 
tion of moderate doses o f 

esium absorption and status in 
se effects were reported. 

y significant increases in 
fold increases among those 
pecti vely. The increased counts 
e 2-week follow-up. A ll three 

antly increased frequency of 
l , with no apparent dose effect. 

y raised total urinary calcium and 
and longer after ingestion. The 
n of scFOS enhances 
effects were reported. 

T ahiri et 0 or I 0 g/day for Prospect ive, I 2 healthy scFOS The mean calcium absorpti on and urin 
al. (2003) 5 week s randomized. 

double-blind, 
crossover study of 
the effect of 
scFOS on calcium 
absorpti on in 
postmenopausal 
women. 

postmenopausal 
women aged 50
70 years (mean 
=59.8 years) 

treatment and placebo were no t sign 
plasma parath yroid hormone or 1.2 
concentrations. The researchers sugges 
improve calcium absorption by wom 
N o ad verse effects were reported. 

Tahi ri et 0 or 5 g/day for Randomized, I I apparentl y scFOS The women consumed a mean o f 9. 
al. (2001 ) the f irst 4 days. 

then 0 or 
10 g/day 
for 3 1 days 

double-blind, 
placebo-co ntrolled 
crossover trial of 
the effect o f 
scFOS on 
magnesium 
absorp ti on and 
excreti on 

healthy 
postmenopausal 
women age 59±6 
years 

sucrose. scFO S ingestion increased 
which resulted in higher level s of b 
The researchers concl uded that ''inges 
scFOS did improve intestinal magn 
postmenopausal women." No ad ver 

T okunaga et I. 3. or 5 Open-label 27 apparentl y scFOS All three groups sho wed statisticall 
al. ( 1993) g/day for 2 weeks study o f the 

effect o f scFOS 
on the intestina l 
mi crobio ta 

heallhy adulL~ 

(21 males aged 
36.8±9.0 years 
and 6 females 
aged 25.2±3.3 
years) 

bi fidobacteri a, w ith 2.5-, 3.2. and 4
recei ving I , 3, or 5 g scFOS/day . res 
o f b ifidobacteri a disappeared over th 
groups also had statistically signific 
defecati on and softening of the stoo 
No adverse effects reported. 

Uenishi et 0 or 3.0 g in a Randomized. 8 wo men aged scFOS ~2~pt ion of scFOS si gnificantl 
al. (2002) si ngle dose double-b lind 20-22 years Ca ratio measured 4 hours 

Part l crossover stud y of 
the effect of 
scFOS on calcium 
absorption in 
young women 

( mean = 
20.5±0.8 years) 

researchers concluded that "additio 
absorption of calcium." N o adverse 

--··
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for biochemistry (total 
AMY, uric acid, BUN, 
TC, HDL cholesterol. neutral 

(leucocyte count. erythrocyte 
MCV, MCH, MCHC, and 
gravity. pH, urobilinogen, 

and occult blood). No 
was no diarrhea. The 

in the health status of 
symptoms, inquiry by the 

children or adults, who 
weeks. The test drink used 
the range of condition of 

(36 days) increase in calcium 
to scFOS intake. Long-term 

T he authors stated 
lead to an increased number of 

Uenishi et 3.0 g/day for 13 Open-label 26 apparently scFOS No change was observed in mean values 
al. (2002) weeks study of the healthy adults protein, AST, ALT, GPT. ALP, GGT, 

Part2 safety of scFOS 
in adults and 
children 

aged 31.8±7.5 
years and 15 
children aged 
6.0±2.6 years 

creatinine, calcium, phosphorus. iron, 
fat. and blood glucose), hematology 
count, hemoglobin, hematocrit value, 
platelet count), or urinalysis (specific 
bilirubin, ketone bodies. protein, sugar, 
adverse events were reported and there 
researchers concluded. "Adverse changes 
subjects were notobserved in subjective 
doctor and blood examination for either 
ingested the test drink for 13 successive 
thus did not have adverse effects within 
this study.'' 

van den 0 or I 0 g/day for Randomized, 14 healthy 12 scFOS No short-term (8 days) or long-term 
Heuvel et 36 days double-blind, 14-ycar-old girls absorption was observed in response 
al. (2009) placebo-controlled 

crossover trial of 
the effect of 
scFOS on calcium 
absorption 

(mean age= 
13±1 years) with 
chronically low 
calcium intake 

magnesium absorption increased significantly. 
that "consumption of scFOS did not 
adverse events as compared to the controltrcatmenl." 

0 
0 
0 
0 
~ 
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bacterial counts; the 
anaerobes. Smaller 

and lactobacilli were 
decrease was seen 

s concluded that the 
lhe diet with [scFOS] 

of bacterial groups 
and 

reported. 

resulted in increased flatulence. 
frequency, stool pH, 

were reported. Oligofructose 
manner, reaching statistical 

15 g. No traces of the ingested 
the stOol samples and no 

of SCFA. The researchers 
to the diet is fully metabolized in 

were reported other than 

Williams et 4 g/day Open-label I 0 apparently scFOS Nine of the 10 individuals showed increased 
al. (1994) for 14 days study of the 

effect of scFOS 
on the intestinal 
microbiota 

healthy adults, 5 
of each sex. aged 
20-40 years 

largest change was the increase in total 
increases in total aerobes. bifidobacteria, 
statistically significant. whi le a nonsignificant 
in Enterobacteriaceae. The researcher 
findings '"demonstrate that supplementing 
selectively encourages the proliferation 
perceived as being beneficial (e.g., bifidobacteria 
lactobacilli).'" No adverse effects were 

~--~ 
Alles et 5 or 15 g/day for Balanced multiple 24 non-smoking Oligofructose Ingestion of 15 g oligofructose/day 
al. ( 1996) 7 days each crossover trial 

using an 
orthogonal Latin-
square design to 
investigate the 
metabolic fate of 
two different 
level s of 
oligo fructose 

non -overwei ght 
healthy males 
aged 19-28 years 
(mean= 
22.1 years) 

from chicory No other differences in GJ effects, defecation 
stool form, or stoo l wet/dry weight 
increased breath H2 in a dose-dependent 
significance only at a daily dose of 
oligofructose were detected in any of 
effects were observed on concentrations 
concluded that oligofructose added 
the large intestine. No adverse effects 
increased natulence at the high dose. 

0 
0 
0 
Q 

~ 
~ 
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habits, fecal pH, bile acid output, 
tolerance tests obtained the 

urve. Plasma TC and TAG were 
fecal concentration of lactic 

lowered counts of total 
the proportion ofbifidobacteria. 

nificant effect on total 
and lactobacilli were 

in bifidobacteria included 
synbiotic and other 

concluded that 
significant beneficial 

of elderly individuals with no 

the absorption and 
balance of magnesium, iron, 

No adverse effects were 

dose-dependent increases in stool 
ncentration increased while K 
in fecal osmolarity. Little 
until intake reached 160 g/day, 

was excreted. about 40% as 
e researchers concluded that a 

the level of diarrhea induction 
volume in 
oportional to the osmotic force 
n though all or the majority of the 

No adverse effects were 

0 
0 
0 
0 
~ 
~ 

Brighenti et 0 or 9 g/day for 4 Randomized 12 healthy, Chicory-derived No changes in body weight. dietary 
al. 1999 weeks si ngle-b lind. 

placebo-controlled 
crossover study of 
the effect of inulin 
on blood lipids 
and the colonic 
ecosystem 

normolipidemic 
young men with 
a mean age of 
23.3 years 

inulin or SCFA were observed. The glucose 
same incremental areas under the c 
lowered by ingestion of inulin. while 
acid and breath H 2 increased. I nulin 
facultati ve anaerobes and increa<;ed 
No adverse effects were reponed. 

B artosc h et al. 0 or Randomized 18 healthy elderl y I: I combination The synbio ti c imervention had no sig 
(2005) 6 g/day double-blind, women aged 63 of long-chain bacterial counts, but both bifidobacteria 

for 4 weeks placebo-
controlled trial of 
the effect of a 
synbiotic on gut 
bacteria in healthy 
elderly people 

90 years (mean 
age 
=72 years) 

inulin and 
oligofruc tose 
from c~~ory and 
3.5xl0 cfu 
each of B. 
b(fidnm BB-02 
and B. lactis BL
0 1 

increased significantly. The increase 
both thespecies admi nistered in the 
bifidobacterial species. The researchers 
administration of the synbio tic provided 
modification o f the gut microbiome 
apparent adverse effects. 

Coudray et al. In- creasing dose Randomized cross 9 healthy young Inulin derived Ingesti on of inulin significant l y increased 
( 1997) for 14 days. 

then 40 g/day for 
12 days 

over srudy to 
investi gate the 
effect of inulin on 
mineral absorption 

men, average age 
of 2 1.5 years 

from chicory balance of calcium. Absorption and 
and zinc were not significantly altered. 
reported. 

C lausen et al. EscaJ- ating dose Randomized cross 12 healthy adults Oligofructose Oligofructose produced significant 
( 1998) of20. 40. over sllldy to (4M. 8F) aged from chicory weights. Fecal pH decreased. Na co 

80,and 
160 g for 
3 days each 

assess the 
induction of 
diarrhea by 
ingestion of 
oligofructose 

27-56 years decreased, but there was no change 
oligofructose appeared in the feces 
when about 20% of the ingested dose 
the free monosaccharide fructose. Th 
laxation effect was shown. reaching 
at large doses. Furthermore, ''Fecal 
carbohydrate-induced diarrhea is pr 
of the malabsorbed saccharide. eve 
saccharide is degraded by co lonic bacteria.·· 
reported ot her than the laxation efrecLc;. 
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in defecation frequency and 
in excretion of water, dry mass 
of microbial nitrogen, 

between diets were not 
y of inulin approached 

of inulin was 1.2 kcaVg. No 

significantly increased satiety 
energy intake as compared to 
problems. Minor Gleffects 

reduced activity ofP-
None of the 

t or fecal dry mass. The 
in P-glucuronidase 

health implications. 

tly reduced proteolytic 
had smaller but still 

of these effects were 
2-week washout periods. No 
the interventions. 

0 
<:::::> 
c 
e 
~ 
-...} 

Castiglia- Increasing dose Randomized 9 healthy young Chicory inulin lnulin induced significant increases 
Delavaud et al. for 14 days, parallel-group, men (average stool weight resulting from increases 
( 1998) then 50 g/day for Latin-square age of and microbial mass. After deduction 

12 days design to study 21.5 years) differences in feca l nitrogen excretion 
fermentati on significantly different. The fermentabilit 
of inulin 100%. The calcu lated energy co ntent 

adverse e ffects were reported. 

Cani et al. 0 or 16 g/day for Randomized 10 healthy Cligofructose Lngestion of 16 g oligofmctose/ day 

2006 2 weeks single-bli nded, individuals (5M and from chicory and reduced breakfast, lunch. and total 

placebo- SF aged 2 1-39 the placebo. There were few tolerance 
controlled, years with a mean reported disappeared after Day 3. 
crossover study to of27.2 years) 

assess the effects 
of oligofructose on 
satiety and energy 
intake in humans 

D e Preter et al. 20 g/day Randomized 53 healthy adults I: I blend of long Oligofructose-enriched inulin significantly 
(2008) for 4 weeks with double-blind. (28M and 25F aged chain inulin glucuronidase. but not that of P-glucosidase. 

and 4 weeks placebo-controlled 19 and oligofructose interventions affected total feca l outpu 
without probiotics crossover trial of 

pre-, pro-, and 

26 years, mean 
= 22 years) 

from chicory: S. 
bou/ardi. B. breve 

researchers concluded that the reduction 
activity is beneficial and may have important 

synbiotic effects and L. casei Noadverse effects were reported. 
on i ntesti naI 
bacterial enzyme 
activity 

De Preter et al. 0 or 10 g/day for 4 Randomized 20 healthy young I: l blend of long OUgofructose-erlriciled inulin significan 
(2007) weeks with and 4 double-blind, adults ( I 0 of chain inulin activity in the colon. while both probiotics 

weeks witJ1out placebo-controlled each sex. mean and o ligofructose statistically significant effects. Both 
probiotics crossover trial to age= 21 years) from chicory; B. temporary and disappeared over the 

study prebiotic, breve and L. casei adverse effects were reported due to 
probiotic, and 
synbiotic effects 
on colonic 
nitrogen- protein 
metabolism in 
healthy humans 

-~--~- - -····- ------- ----····-·-
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intakes. body weights, plasma 
fatly acids, or TAG between 

placebo groups. There was a 
LDL. Lipid and cholesterol 

groups and no differences 
of key regulatory genes 

effects were observed from 
for 6 months. 

or p-cresol or affected enzyme 
from baseline. but P-

in the inulin group at 
of SCFA, especially 

increases were seen in 
and GI discomfort. No 

bifidobacteriaconcentrations 
and fusobacteria decreased 

Gram-positive cocci 
inulin; however, total bacterial 

and dry matter. nitrogen, energy 
significantly with both substrates, 
affected. No adverse effects 

g/day of either inulin or 

LDL, or TAG. Bifidobacteria 
and decreased again during 

counts were not changed. 
Mild flatulence and 

were no complaints about nausea 

Forcheron and 0 or 10 g/day for 6 Randomized 17 healthy adults I: I blend of long- There were no differences in dietary 
Beylot (2007) months double-blind, 

placebo-
controlled 
investigation of 
fructans and lipid-
lowering in adults 

chain inulin 
and oligofructose 
from chicory 

glucose, insulin, glucagon, nonesterified 
the oligofructose-enriched inulin and 
nonsignificant reduction in TC and 
synthesis rates were nor different between 
were seen in messenger RNA concentrations 
of cho lesterol synthesis. No adverse 
ingestion of 10 g long-chain inulin+FOS/day 

Grasten et at. 0 or 15 g/day for Randomized 14 healthy adults Chicory inulin There was no effect on fecal phenol 
(2003) 4 days double-blind. 

parallel-group 
study of the 
effects of inulin 
on the metabolic 
activity of 
intestinal 
microbiota 

(3M and II F) 
with mean age = 
34 years 

activity when measured as change 
glucuronidase was significantly lower 
termination. Inulin increased concentrations 
acetate and propionate. Non-significant 
defecation frequency, stool softness, 
increase was seen in diarrhea. 

Gibson et at. 0 or 15 g/day for Randomized 8 healthy Oligofructose or Both oligofructose and inulin increased 
( 1995) 15 days single-blind, 

parallel-group 
study of the 
effects of 
oligofructose or 
inulin on colonic 
microbiota and 
colonic function 

volunteers (7M, IF 
aged 21 to48 
years; mean age 
=33.6 years) 

inulin from 
chicory 

in s10ols. while bacteroides. clostridia, 
when volunteers were fed oligofructose. 
decreased when volunteerss were fed 
counts were not different. Fecal wet 
excretion. and breath H2 increased 
but SCFA and breath C H4 were not 

were reported due to ingestion of 15 
oligofructose. 

Kruse et 0 or 22 Non-randomized II healthy Inulin from No effect was seen on TC, HDL or 
at. (1999) 34 g/day 

for 64 days 
cross-over swdy 
of the effects of 
inulin on 
bi fidogencsis 

volunteers (6M 
and SF) aged 26
53 years 

chicory roots counts increased during the inulin phase 
the control phase. but total bacteria 
Concentrations ofSCFA were unaffected. 
bloating lessened over time. There 
or diarrhea. 

c.::> 
0 
~ 
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~ 
(X) 

Tata Ch emicals Ltd Page 46 of 55 FOS- GRAS 



in imake of total energy 
er, fructose, or cholesterol. No 

insulin, g lucagon, TC. or 
ncentrations were significantly 
epatic lipogenesis was also 

lestero l synthesis was not 
ue messenger RNA 

y after inulin ingestion. Ingestion 
ny reported adverseeffects. 

, lactobacilli, and eubacteriain 
ere were no differences 

es, bacteroides, coli forms. or 
opically nom1al in all 

on had no effect on markers 
day o f prebiotic supplement was 
ed an increao;e in flatulence and 

d laxation. 

significant increase in 
numbers o f total anaerobes. 

or C. perfringens. Bacterial 
er significantly from each other. 

y. defecation frequency 
fects were infrequent and mild. 
fructose functions as a 
to cause significant intestinal 
reported. 

rved in dietary intakes. nor in 
o l, or TAG concentrations. 
there was significant Gl 
r symptoms was reported, but 

Letexier et 0 or I0 g/day for Randomized 8 health y 23-32 Inulin from There were no significant differences 
al. (2003) 6 weeks double-blind, 

placebo-
controlled 
crossover study of 
the effect of 
inulin on hepatic 
lipo- genesi s and 
TAG levels 

year-o ld 
vo lunteers, 4 of 
each sex 

chicory intake, fat, carbohydrate, protein. fib 
differences in blood levels of glucose, 
HDL and LDL cholesterol. TAG co 
lowered b y consumption of inulin. H 
significantl y lower after inulin. Cho 
different and none of the adipose tiss 
concentrati ons changed significantl 
o f 10 g inulin/ day did not produce a 

Langlands et 15 g/day Open-label study 14 health y but I : I combination Increases were noted in bifidobacteria 
al. (2004) for 2 weeks o f the ef fect of 

inulin+FOS on 
the bacterial 
micro- biome and 
epi thelial cell 
proliferation 
markers 

high-cancer ri sk 
prc-colonoscopy 
pati ents (8M 
and 6F 
aged 35-72 years: 
mean age 
=59 years) 

of oligofructose 
and long-chain 
inulin from 
chicory 

both the proximal and distal co lon. Th 
observed in total aerobes or anaerob 
clostridia. The mucosa was macrosc 
participants and prebiotic supplementati 
o f epithelial cell proliferati on. 15 g/ 
well tolerated, but all patients report 
some repo rted mild bloating or increase 

Menne et al. 
(2000) 

0 or 8 g/day for 
up to 5 weeks 

Randomized 
single-blinded, 
crossover study to 
assess the 
bifidogenic effect 
of oligofructose 

8 health y adults 
(SF and 3M ) aged 
20
50 years 

Chieory-deri ved 
oligofructose 

Oligo fructose ingesti on resulted in a 
bifidobacteria w ith no change in the 
lactobacilli , bacteroides. coli forms, 
counts at 2 and 5 weeks did not di ff 
Fecal pH levels decreased signilicantl 
increased 12%. and reported side-ef 
The researchers concluded that oligo 
bifidogenic prebioti c and is unlikel y 
discom fort. No adverse effec ts were 

Pedersen et al. 0 or 14.4 Randomized 72 health y Inulin from No significant differences were obse 
( 1997) g/day for 4 weeks do uble-blind 

crossover study of 
the effect of inulin 
on blood lipids 
and Gl discomfort 

normolipidemi c 
women aged 20
36 years 

chicory plasma T C. HDL- or L DL-cholester 
During the inulin -ingestion peri od, 
discomfort from flatulence and othe 
no serious adverse effects. 

--
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in inulin showed significant 
Lp(a), and TC/HDL ratio 

esteroVHDL ratio differed 
concluded that the 

cant effects on the lipid profile 
in bowel habits was recorded 

stration oflong-chain inulin 

rise in H2 after lactulose 
times for both shorter-

to I 05 minutes. with long-
onger transit time than 

increac;ed in proporuon to 
symptoms after fructan 
dose and decrea')ing chain 
were reported. 

sorbed at any dose. Traces 
were detected in the urineof 

Extensive fermentation was 
dose-dependent breath H2. 
145 minutes after a 20-g dose to 
even at 20 g. had little effect 
was no apparent interference of 
Only mjld natulence was 

pain was reported. 

tly increased 
at pretest or after sucrose 

eached a maximum after II days 
within 2 weeks after 

ctose. Increases in numbers of 
and decreases in coli forms 

concluded that oligofructose 
adverse effects were reported. 

Russo et al. 0 or II g/day for Randomized 22 healthy men L ong-chain inulin The period of ingest ion of long-cha 
(2008) 5 weeks double-blind, 

placebo-comrolled 
cross-over study 
of the effect of 
long- chain inulin 
on lipid profile 
and lipoprotein(a) 

with a mean age 
of 18.8 ±0.7 

from chicor y improvement in levels of HDL, TAG. 
compared to baseline, but only chol 
signiticantly from placebo. The researchers 
inter vention exerts "sl ight but signifi 
and Lp(a) concentration." No change 
and no GI side effects related to admini 
were reported. 

Rumessen and 10. 20, or Randomized 5 healthy men Long-chain All participants showed a significant 
Gudrnand 30 g in single single-blind and 5 women chicory inulin or challenge. A veragc orocecaltransit 

Hoyer ( 1998) doses crossover study of 
the inrestinal 
transport and 
fermentation of 
long-chain inulin 
and oligofructose 

aged 18-25 
years 

oligofructose and 
longer-chain fructans ranged from 30 
chain inulin having a signjficantl y l 
o ligofructose. 
Breath H2 and venous acetate production 
increasing fructan dose. Abdominal 
ingestion increased with increasing 
leng th , but no other adverse effects 

Rumessen ct 5, 10. or Open-label study 8 healthy adults Inulin with a high Inulin was apparently completely unab 
al. ( 1990) 20 g in single 

doses 
of intestin al 
handling of inulin 
with a rugh 
proportion of 
FOS and its 
effects on blood 
glucose. insulin, 
and C- peptide 

(6M and 2F) 
aged 23-33 
years 

proportion of FOS 
from Jerusal em 
artichokes 

(less than I % of th e administered dose) 
onl y one participant after a 20-g dose. 
indicated by significantly increased 
Orocecal transir limes ranged from 
270 minutes after a 5-g dose. Inulin. 
on blood glucose and insulin. There 
oligofructose with starch absorption. 
reported. No diarrhea or abdom inal 

R ao (2001) 0 or 
5 g/day 
for 3 weeks 

Non-randomized 
placebo
co ntro lled 
crossover study of 
the effect of 
oligofruc tose on 
the fecal 
microbiota 

4 healthy men 
and 4 women 
aged 24-48 years 
(mean age 
=28 years) 

Oligofructose 
from chicory 

Ingestion of5 g oligofructose/day significan 
bilidobacteria numbers over those present 
ingestion. Bilidobacteria numbers r 
of ingestion and declined to near baseline 
termination of ingestion of oligofru 
bacteroides and tota l anaerobic bacteria 
were also obser ved. The researchers 
has a prebiotic effect at low doses. No 

~ 

~ 

~ 

~ 
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frequency but had no effect on 
esulted in no overall change in 

butyrate decreased. Fecal 
g oligofructose intake than during 

ere seen in fecal ALP activity or 
n. indicating no dif ference in 
of 30 g o ligofructose/day had no 

er, fecal ALP activity. or fecal 
harides in volunteers 

ed in calcium. There was no 
is. Side effects except natulence 
tose and placebo periods. 

in the numbers o f total 
spp. or Lactobaci1111s spp. but 

cantly during ingestion o f 
ed to pre-treatment levels 

ent. No changes were observed 
consistency. Reports of GI 

al pain. and bloating increased 
r adverse effects were reported. 

re reportedly more common 
Oligo fructose ingestion increased 

cin and lactic acid and 
lactobacilli. Oligofructose d id 

ater and had no effect on 
hers speculated that the increased 

ctose-induced mucosal irritation 
ction of organic acids in the 

nize that the artificia.llow-
dietary calcium restriction led to 
ve resulted in mucosal irritation. 

Scholtens et 0 or 25- Randomi zed 12 vo lunteers (6 Oligofructose Oligofructose increased defecation 
al. (2006a) 30 g/day double-blind. men and 6 from chicory consistency. Oligofructose intake r 

for 2 weeks placebo 
controlled, 
crossover trial to 
evaluate the effect 
of oligofructose 
on fecal water 
cyto toxicity in 
healthy adults 
w ith adequate 
calcium status 

women) aged 
18-35 years; 
mean age =2 1 .4 
years 

SCFA leve l. but acetate increased and 
water cytotoxicity was lower durin 
the control peri od. N o differences w 
0 -linked oligosaccharide producti o 
fecal mucin content. Consumption 
effect on the cytotoxicity o f fecal wat 
concentration o f mucin-type o ligosacc 
consuming a nom1al diet unrestrict 
indication o r intestinal epithelio lys 
did not differ between the o ligofruc 

Tuohy et 0 o r 6.6 g Randomized 3 1 healt.hy adults Inulin (not further N o significant differences were found 
al. (200 1) inulin/day and 3.4 

g guar gum/day for 
2 1 days 

double-blind, 
placebo-comro lled 
crossover study of 
the prebioti c 
effects of inulin 
and guar gum 

( 14M and 17F aged 
18
50 years) 

described; 
identi lied as FOS 
in the article) + 
partiall y 
hydrolyzed guar 
gum 

bacteri a, Bacteroides spp, Clostridium 
Bifidobacteritml spp increased signifi 
inulin+guar gum. Bifidobacteria return 
within 7 days of cessatio n of treatm 
in fecal pH or in stool frequency or 
effects such as flatulence. abdomin 
during prebiotic ingesti on. No othe 

T en 0 or 20 g/day for Randomized 34 healthy men Oligo fructose F latulence and intestinal bloating we 
Bruggencate 2 weeks double-blind. aged 18-55 fro m chicory during oligofructose consumption. 
et al. (2006) placebo-

controlled, cross
over study o f the 
effect of 
oligofructose on 
gut barrier 
function in healthy 
men 

years fecal wet weight and excretio n o f mu 
increased counts of bilidobacleria and 
not affect the cytotoxicity of fecal w 
intestinal permeabi)jty. The researc 
excretion of mucin reflected oligofru 
in humans caused by the rapid produ 
proximal colon. They did not recog 
calciun1 environment created by the 
poor buffering capacity th at may ha 

Cl 
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weigh~ transit time, colonic 
other than acetic acid, which 

of inulin and GOS, and 
Breath H2 was 

diet than the control. Inulin 
concentration of fecal 

lowered P-glucuronidasc 
in blood lipids. All 

no significant differences 

ly higher during the 
the control period. All 
no apparent tolerance issues. 

between treatments. 

in ei ther iron or calcium 
that 15 g/day inulin, 

on iron and calcium absorption 
completed the study with no 

adverseeffects. 

van Dokkum 0 or 15 g/day for Randomized 12 healthy men Chicory inulin or The treatments had no effect on fecal 
et al. ( 1999) 3 weeks double-blind, 

diet- contro lled 
study of the effect 
of inulin, 
oligofructose, or 
GOS on large-
bowel function, 
blood lipid 

(mean age = 23 
years) 

oligofructose function, or concentrations of SCFA 
was significantly higher during ingestion 
valerie acid, higher with inulin ingestion. 

significantly higher on the oligofructose 
and oligofructose signi tic anti y lowered 
deoxycholic acid and inulin and GOS 
activity. There were no significant differences 
volunteers completed the study with 

van den 0 or 15 g/day for Randomized 12 healthy male Oligofructose Calcium absorption was significant 
Heuvel et 9 days double-blind. adolescents aged from chicory oligofructose treatment than during 
al. (1999) placebo

co mro lied, 
crossover study of 
the effect of 
oligofructose on 
calcium absorption 
in healthy male 
adolescents 

14-16 years 
(mean age 
= 15.3 years) 

volunteers completed the study with 
Reports ofGI complaints did not differ 

van den 0 or 15 g/day for Randomized 12 healthy men Chicory inulin or There were no significant differences 
H euvel et 3 weeks double-blind, aged 20-30 oligofructose absorption. The researchers concluded 
al. (1998) 

-

placebo-
controlled, 
crossover study of 
the effect of inulin, 
oligofructose. and 
GOS on absorption 
of iron and 
calcium in healthy 
men 

years oligofructose, or GOS had no effect 
in young healthy men. All participants 
reported difficulties and with no reported 

*Adapted from GRN 495 and other published stud1es 
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