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INTRODUCTION TO PROBIOTICS

Definition

Although currently there is no regulated definition of “probiotics”, Attune Foods supports
and adheres to the definition put forth by the Food and Agriculture Organization (FAO) of
the United Nations, the World Health Organization (WHO), and the International
Probiotics Association (IPA) as:

Probiotics are “live microorganisms which when administered in adequate
amounts confer a health benefit on the host”*

It is important to note that a particular bacterium only qualifies as a “probiotic” to
the extent that its effects have been scientifically substantiated and
documented?, preferably through published, peer-reviewed human clinical trials. It
is also worthwhile noting that while probiotics are “live cultures”, the vast majority
of live cultures are not probiotics. An “adequate amount”, as referred to in the
FAO/WHO definition, is generally regarded in the academic and scientific
communities as the same dose administered at the same interval as in the clinical
trials that support the benefits attributed to a probiotic strain.

Nomenclature (Kingdom, Phylum, Class, Order, Family, Genus, Species, Strain)

Probiotics are specific strains of a particular species of bacteria. This is an
important distinction to the extent that many species are commonly mistaken as
probiotics, whereas only a very small number of strains of a particular species
actually qualify for the definition. For example, there are scores of different strains
of the widely known species, Lactobacillus acidophilus, but only a handful of
strains, including Lactobacillus acidophilus NCFM, are defined as probiotics.

! www.fao.org/es/ESN/Probio/probio.htm
2 http://internationalprobiotics.org/consumers.aspx
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SELECTION OF ATTUNE FOODS’ PROBIOTICS

Attune Foods is at the forefront of utilizing the most efficacious, researched, and
stable probiotics in products that not only act as efficient delivery mechanisms for
daily wellness, but also are healthy, convenient, and great tasting. This requires
ongoing research, development, and rigorous evaluation of the efficacy and
stability of candidate strains.

Demonstrated Efficacy

The first filter through which a candidate strain is passed is the degree to which its
health benefits have been substantiated. In this regard we evaluate 1) the quantity
of published, peer-reviewed clinical trials for a strain, 2) the quality of the research
and the design of the trials, and 3) the depth of the trial’s results and conclusions.

attune

Gold Standard

*Double-blind, placebo-controlled
=Statistically meaningful results
sIndependent, duplicative results

Quantity of Published, Peer-Reviewed, Clinical Trails
& Quality of the Publishing Joumal

Quality of Research & Design

Demonstrated Stability
There are two primary factors that negatively influence the viability of all probiotics:

increasing temperatures and increasing water activity (which can be thought of
as the amount of water in a certain volume). As such, it is imperative to understand
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how individual strains react under varying conditions, including the manufacturing
environment, the chemistry of the product, and the expected conditions in the
supply chain, in order to ensure that an efficacious product can be delivered to the
consumer.

Thus, the second filer through which a candidate strain is passed is the degree to
which it remains stable in our products over time. This involves a two-part process
that begins with inclusion of the candidate strain in sample products manufactured
in a laboratory setting. Two batches of the resulting samples are maintained at 4-5
degrees and 23-25 degrees Celsius. Beginning at time zero and monthly
thereafter, the sample batches are sent to a laboratory for enumeration of viable
cells.

If a candidate strain demonstrates stability over a sufficient period of time (see
Figure 1) in products manufactured in the laboratory, the candidate strain is then
evaluated in real-time manufacturing. The testing process is similar to that for
samples manufactured in a laboratory, except that samples are sent to two
laboratories that are independent of one another. Only in the event that
enumeration results are duplicated within a high degree of confidence does a
candidate strain then qualify for inclusion in Attune Foods’ products.

Figure 1: Actual Stability Data for Lactobacillus acidophilus NCFM?

Lactobacillus acidophilus NCFM - Attune Chocolate Crisp Wellness Bar
maintained at 4 degrees C (39 degrees F)
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® From enumeration results performed on bench top samples of Attune Chocolate Crisp Probiotic Wellness
bars, in conjunction with Danisco USA Inc.

Attune Foods White Paper — September 10, 2008 3



alive inside

ATTUNE FOODS’ PROBIOTIC STRAINS

Our Strains

Attune Foods includes a blend of three different Kosher and GRAS certified
probiotic strains that were selected based on their superior clinical efficacy and
safety as well as demonstrated stability in our bars. These include:

Delivering an Effective Dose

We dose our bars to ensure that every bar delivers a minimum of 8.5 billion colony
forming units (CFUs) throughout the shelf life of the bar and that each strain is
dosed at the same or greater quantity as they were administered in
successful clinical trials.

To further ensure that our products deliver an efficacious dose of probiotics
throughout the shelf life of the bar, we've chosen ingredients (chocolate and yogurt
coating) that have relatively low water activities. More importantly, we’'ve chosen to
maintain our products in a refrigerated environment (33 to 42 degrees F)
throughout the entire supply chain. This affords us better environmental control of
the product, eliminates the potentially extreme variances in temperature in a non-
refrigerated supply chain, and ultimately allows us to deliver an efficacious dose of
probiotics to our consumers.

Efficacy & Benefits

The Lactobacillus acidophilus NCFM and Bifidobacterium lactis HNO19 are among
the most extensively studied strains of probiotics in the world and were selected
for their ability to thrive in our bars and for their supporting clinical data, which is
robust in terms of both the quality of the underlying research and the positive effect
that they have demonstrated on human health.

Specifically, the NCFM strain has been shown to confer outstanding benefits
related gut health?, given in part to its unique ability to survive passage through
the gastrointestinal tract and to adhere to intestinal mucosa. The HNO19 strain has
been shown to improve immune function® and may be linked to a risk reduction
of some types of enteritis and non-gastro-intestinal diseases.
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*Partial list of publications relating to NCFM

1. Altermann E., W.M. Russell, M.A. Azcarate-Peril, R. Barrangou, B.L. Buck, O.
McAuliffe, N. Souther, A. Dobson, T. Duong, M. Callanan, S. Lick, A. Hamrick, R. Cano
and T.R. Klaenhammer. 2005. Complete genome sequence of the probiotic lactic acid
bacterium Lactobacillus acidophilus NCFM®. Proc Natl Acad Sci USA. 2005 102(11):
3906-12.

2. Barrangou R., E. Altermann, R. Hutkins, R. Cano and T.R. Klaenhammer. 2003.
Functional and comparative genomic analyses of an operon involved in
fructooligosaccharide utilization by Lactobacillus acidophilus. Proc Natl Acad Sci USA.
100:8957-8962.

3. Azcarate-Peril M.A., E. Altermann, R.L. Hoover-Fitzula, R.J. Cano and T.R.
Klaenhammer. 2004. Identification and inactivation of genetic loci involved with
Lactobacillus acidophilus acid tolerance. Appl. Environ. Microbiol. 70(9):5315-22.

4. Wagner R., T. Warner, L. Robert, J. Farmer and E. Balish. 1997. Colonization of
congenitally immunodeficient mice with probiotic bacteria. Infect. Immun. 65: 3345-3351.
5. Sui J., S. Leighton, F. Busta and L. Brady. 2002. 16s ribosomal DNA analysis of the
fecal lactobacilli composition on human subjects consuming a probiotic strain
Lactobacillus acidophilus NCFM®. 2002. J. Appl. Microbiol. 93: 907-912.

6. Varcoe J., C. Zook, J. Sui, S. Leighton, F. Busta and L. Brady. 2002. Variable
response to exogenous Lactobacillus acidophilus NCFM® consumed in different delivery
vehicles. J. Appl. Microbiol. 93: 900-906.

7. Greene J.D. and T.R. Klaenhammer. 1994. Factors involved in adherence of
lactobacilli to human Caco-2 cells. Appl. Environ. Microbiol. 60: 4487-4494

8. Kleeman, E.G. and T.R. Klaenhammer. 1982. Adherence of Lactobacillus

species to human fetal intestinal cells. J. Dairy Sci. 65:2063-2069.

9. Wagner R.D., C. Pierson, T. Warner, M. Dohnalek, J. Farmer, L. Roberts et al.
Biotheraputic effects of probiotic bacteria on candidiasis in immunodeficient mice. Infect
Immun 1997; 65(10):4165-4172.

10. Wagner R.D., C. Pierson, T. Warner, M. Dohnalek, M. Hilty and E. Balish. Probiotic
effects of feeding heat-killed Lactobacillus acidophilus and Lactobacillus casei to
Candida albicans-colonized immunodeficient mice. J Food Prot 2000; 63(5):638-644.
11. Goldin B.R., S.L. Gorbach. The effect of oral administration on Lactobacillus

and antibiotics on intestinal bacterial activity and chemical induction of large bowel
tumors. Dev Indust Microbiol 1984; 25:139-150.

12. Goldin B.R., L. Swenson, J. Dwyer, M. Sexton, S.L. Gorbach. Effect of diet and
Lactobacillus acidophilus supplements on human fecal bacterial enzymes. J Natl Cancer
Inst 1980; 64(2):255-261.

13. Goldin B.R. and S.L. Gorbach. The effect of milk and Lactobacillus feeding on
human intestinal bacterial enzyme activity. Am J Clin Nutr 1984; 39:756-761.

14. Goldin B.R. and S.L. Gorbach. Effect of Lactobacillus acidophilus dietary
supplements on 1,2-dimethylhydrazine dihydrochloride-induced intestinal cancer in rats.
J Natl Cancer Inst 1980; 64(2):263-265.

15. Goldin B.G. and S.L. Gorbach. Alterations in fecal microflora enzymes related to diet,
age, Lactobacillus supplements, and dimethylhydrazine. Cancer 1977; 40:2421-2426.
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16. Goldin B.R. and S.L. Gorbach. Alterations of the intestinal microflora by diet, oral
antibiotics, and Lactobacillus: decreased production of free amines from aromatic nitro
compounds, azo dyes, and glucuronides. J Nat Cancer Inst 1984; 73(3):689-695.

17. Rao C., M.E. Sanders, C. Indranie, B. Simi and B.S. Reddy. Prevention of colonic
preneoplastic lesions by the probiotic Lactobacillus acidophilus NCFM® in F344 rats. Int
J Oncol 1999; 14:939-944.

18. Varcoe J.J., G. Krejcarek, F. Busta and L. Brady. Prophylactic feeding of
Lactobacillus acidophilus NCFM® to mice attenuates overt colonic hyperplasia. J Food
Prot 2003; 66(3):457-465.

19. Nielsen J.W. and S.E. Gilliland. The lactose hydrolyzing enzyme from Lactobacillus
acidophilus. Cult Dairy Prod 1992; 27(1):20-27.

20. Kim H.S. and S.E. Gilliland. Lactobacillus acidophilus as a dietary adjunct for milk to
aid lactose digestion in humans. J Dairy Science 1983; 66(5):959-966.

21. Montes R.G., T.M. Bayless, J.M. Saavedra and J.A. Perman. Effect of milks
inoculated with Lactobacillus acidophilus or a yogurt starter culture in lactose-
maldigesting children. J Dairy Sci 1995; 78:1657-1664.

22. Simenhoff M. L., S.R. Dunn, G.P. Zollner, M.E.D. Fitzpatrick, S.M. Emery, W.E.
Sandine, and J. W. Ayres. 1996. Biomodulation of the toxic and nutritional effects of
small bowel bacterial overgrowth in end-stage kidney disease using freeze-dried
Lactobacillus acidophilus. Mineral and Electrolyte Metab. 22:92-96.

23. Dunn S.R., M.L. Simenhoff, K.E. Ahmed, W.J. Gaughan, B.O. Eltayeb, M.-E.

D. Fitzpatrick, S.M. Emery, J. W. Ayres and K.E. Holt. 1998. Effect of oral admin-
istration of freeze-dried Lactobacillus acidophilus on small bowel bacterial

overgrowth in patients with end stage kidney disease: reducing uremic toxins and
improving nutrition. Int. Dairy J. 8:545-553.

24. Tejada-Simon M.V., J.H. Lee, Z. Ustunol, J.J. Pestka. Ingestion of yogurt
containing Lactobacillus acidophilus and Bifidobacterium to potentiate immuno
globulin A responses to cholera toxin in mice. J Dairy Sci 1999; 82:649-660.

25. Kaplan, Handan and R. W. Hutkins. 2000. Fermentation of fructooligosac-
charides by lactic acid bacteria and bifidobacteria. Appl. Environ. Microbiol.
66:2682-2684.

*Partial list of publications relating to HN019

1. Arunachalam, K., H. S. Gill, and R. K. Chandra. 2000. Enhancement of natural
immune function by dietary consumption of Bifidobacterium lactis (HNO19). Eur. J. Clin.
Nutr. 54:263-267.

2. Chiang, B. L., Y. H. Sheih, L. H. Wang, C. K. Liao, and H. S. Gill. 2000. Enhancing
immunity by dietary consumption of a probiotic lactic acid bacterium (Bifidobacterium
lactis HNO19): optimization and definition of cellular immune responses. Eur. J. Clin.
Nutr. 54:849-855.

3. Gill, H., K. J. Rutherfurd, and M. L. Cross. 2001. Dietary probiotic supplementation
enhances natural killer cell activity in the elderly: an investigation of age-related
immunological changes. J. Clin. Immunol. 21:264-271.

4. Gill, H., K. J. Rutherfurd, M. L. Cross, and P. K. Gopal. 2001. Enhancement of
immunity in the elderly by dietary supplementation with the probiotic Bifidobacterium
lactis HNO19. Am. J. Clin. Nutr. 74:833-839.

Attune Foods White Paper — September 10, 2008 6



alive inside

5. Gill, H. S. 1999. Potential of using dietary lactic acid bacteria for enhancement of
immunity. Dialogue 32:6-11.

6. Gill, H. S., A. J. Darragh, and M. L. Cross. 2001. Optimizing immunity and gut function
in the elderly. J. Nutr. Health Aging 5:80-91.

7. Gill, H. S., K. J. Rutherfurd, J. Prasad, and P. K. Gopal. 2000. Enhancement of natural
and acquired immunity by Lactobacillus rhamnosus (HNO0O1), Lactobacillus acidophilus
(HNO17) and Bifidobacterium lactis (HNO19). Br. J. Nutr. 83:167-176.

8. Gopal, P., J. Prasad, and H. S. Gill. 2003. Effects of the consumption of
Bifidobacterium lactis HNO19 (DR10TM) and galacto-oligosaccharides on the microflora
of the gastrointestinal tract in human subjects. Nutr. Res. 23:1313-1328.

9. Gopal, P. K., J. Prasad, J. Smart, and H. S. Gill. 2001. In vitro adherence

properties of Lactobacillus rhamnosus DR20 and Bifidobacterium lactis DR10

strains and their antagonistic activity against an enterotoxigenic Escherichia coli.

Int. J. Food Microbiol. 67:207-216.

10. Ouwehand, A. C. and S. Philipp. 2004. Bifidobacterium lactis HNO19; the good taste
of health. Agrofood Ind. Hi-Tech 15:10-12.

11. Prasad, J., H. Gill, J. Smart, and P. K. Gopal. 1998. Selection and characterisation of
Lactobacillus and Bifidobacterium strains for use as probiotics. Int. Dairy J. 8:993-1002.
12. Sazawal, S., U. Dhingra, A. Sarkar, P. Dhingra, S. Deb, D. Marwah, V. P. Menon, J.
Kumar, and R. E. Black. 2004. Efficacy of milk fortified with a probiotic Bifidobacterium
lactis (DR-10™) and prebiotic galacto-oligosaccharides in prevention of morbidity and on
nutritional status. Asia Pac. J. Clin. Nutr. 13:S28.

13. Shu, Q. and H. S. Gill. 2001. A dietary probiotic (Bifidobacterium lactis 019) reduces
the severity of Escherichia coli 0157:H7 infection in mice. Med. Microbiol. Immunol.
189:147-152.

14. Shu, Q., H. Lin, K. J. Rutherfurd, S. G. Fenwick, J. Prasad, P. K. Gopal, and H. S.
Gill. 2000. Dietary Bifidobacterium lactis (HN0O19) enhances resistance to oral
Salmonella typhimurium infection in mice. Microbiol. Immunol. 44:213-222.

15. Shu, Q., F. Qu, and H. S. Gill. 2001. Probiotic treatment using Bifidobacterium

lactis HNO19 reduces weanling diarrhea associated with rotavirus and Escherichia

coli infection in a piglet model. J. Ped. Gastroenterol. Nutr. 33:171-177.

16. Shu, Q., F. Qu, K. Lin, K. J. Rutherfurd, J. Zhou, and H. S. Gill. 1999.
Bifidobacterium lactis HN019 enhances host immunity and resistance to gastrointestinal
pathogens, p. 858-861. In A. C. J. Tuijtelaars, R. A. Samson, F. M. Rombouts, and S.
Notermans (eds.), Food microbiology and food safety into the next millenium.
Foundation Food Micro ‘99, Wagenigen, the Netherlands.

17. Shu, Q., J. S. Zhou, K. J. Rutherfurd, M. J. Britles, J. Prasad, P. K. Gopal, and

H. Gill. 1999. Probiotic lactic acid bacteria (Lactobacillus acidophilus HNO17,
Lactobacillus rhamnosus HNOO1 and Bifidobacterium lactis HN019) have no

adverse effects on the health of mice. Int. Dairy J. 9:831-836.

18. Zhou,J.S.; Gill,H.S. 2005 Immunostimulatory probiotic Lactobacillus rhamnosus
HNOO1 and Bifidobacterium lactis HN0O19 do not induce pathological inflammation in
mouse model of experimental autoimmune thyroiditis. Int.J.Food Microbiol. 103:97-104
19. Zhou, J. S., P. K. Gopal, and H. S. Gill. 2001. Potential probiotic lactic acid bacteria
Lactobacillus rhamnosus (HNOO1), Lactobacillus acidophilus (HNO17) and
Bifidobacterium lactis (HNO19) do not degrade gastric mucin in vitro. Int. J. Food
Microbiol. 63:81-90.
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20. Zhou, J. S., C. J. Pillidge, P. K. Gopal, and H. S. Gill. 2005. Antibiotic susceptibility
profiles of new probiotic Lactobacillus and Bifidobacterium strains. Int. J. Food Microbiol.
98:211-217.

21. Zhou, J. S., Q. Shu, K. J. Rutherfurd, J. Prasad, M. J. Britles, P. K. Gopal, and H. S.
Gill. 2000. Safety assessment of potential probiotic lactic acid bacteria strains
Lactobacillus rhamnosus HNOO1, Lb. acidophilus HNO17, and Bifidobacterium lactis
HNO019 in BALB/c mice. Int. J. Food Microbiol. 56:87-96.

22. Zhou, J. S., Q. Shu, K. J. Rutherfurd, J. Prasad, P. K. Gopal, and H. Gill. 2000.
Acute oral toxicity and bacterial translocation studies on potentially probiotic

strains of lactic acid bacteria. Food Chem. Toxicol. 38:153-161.
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