Short Chain Fructo-Oligosaccharide
Vs Inulin and longer chain FOS

Why cannot you ignore
Short Chain FOS in your
formulation?
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Health, wellness and nutrition is the latest trend catching up across the world. Increased awareness
of a healthy diet and the focus on prevention of chronic health conditions in media has resulted in
the consumer becoming health conscious. While reduced salt and sugar has taken centerstage,
latest research on the health benefits of the modification of the ‘gut microbiome’ has caught
significant attention. Hence, prebiotic dietary fibers are now set to be the next wave.

The most important prebiotic dietary fibre that has been shown to produce significant health
benefits is FOS (the fructo-oligosaccharides).

FOS is called a dietary fibre since it does not get digested in the intestine. When it reaches the colon
undigested, it is subject to fermentation by the bacteria present in the colon thereby producing short
chain fatty acids. These decrease the pH in the gut, slowing down the growth of pathogenic bacteria,
while selectively encouraging the growth of probiotic bacteria. Supplementation of FOS has been
shown to increase the number of beneficial bacteria like Bifidobacterium and Lactobacillus and a
decrease in the load of pathogenic bacteria "'

What are Short Chain Fructo-Oligosaccharides (scFOS) and Inulin

Fructo-oligosaccharides and Inulin are made of Glucose and Fructose linkages (oligomers of
fructose (Fn) with one terminal glucose (G) moiety found at the non-reducing end of the chain).

The major difference between Short-chain fructooligosaccharide (scFOS) and Inulin is its polymer
chain length. The words fructooligosaccharide and inulin are often used in the singular, but each
substance actually consists of a range of glucose and fructose with different lengths
Fructo-oligosaccharides are found naturally in common foods like asparagus, artichokes, onions,
honey, rye wheat, sugar cane, Chicory etc. (Becker et al. 1977; Shiomi and Izawa 1980; Darbyshire
and Henry 19871).

ScFOS (short chain FOS) is a 100% soluble
fiber produced from Cane sugar via an
enzymatic process or fermentation. Chicory,
Jerusalem artichoke and dahlia also contain
substantial quantity but the FOS has a high

degree of polymerization (DP), making the | @—®®®® : ! LongChain FOS Il
Irucio-tiligosacchha.r(ijde ! z;zs) IoQg |' chain O—PEPPEPE®E--®FE -
ructooligosaccharides (lc or inulin.
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In general,

e Fructose is a monosaccharide and is the main type of sugar in fruit.
e Short chain FOS are fructans with a short chain length (3- 5 fructose molecules).
e Long chain FOS are fructans with a long chain length (2-10 fructose molecules).

o Inulin is fructans with a very long chain length (10- 60 fructose molecules)
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Why is chain length important? - Degree of Polymerization (DP)

Chain length of fructans or degree of polymerization plays an important role in determining the
prebiotic effect and is an important factor in determining physiological effects (Perrin et al, 2002).
The DP (chain length) of scFOS is between 3 and 5 while that for Inulin ranges from 2 to 60 (Kathy R.
Niness, 1999).

Being shorter in the length, scFOS is fermented readily when compared to longer chain inulin leading
to a determining factor in bifidobacterium metabolism of scFOS and thus production of the short
chain fatty acids and more probiotic growth (Perrin et al, 2002; Bouhnik et al. 1996).

Metabolism of short chain FOS and Inulin

The scFOS and Inulin are not digested in the
stomach and on reaching colon, they are
metabolized completely by the colonic microflora,
through fermentation, leading to production of Short
chain fatty acids (SCFA) and gases (C02, H2,
methane) (Bornet et al, 1994, Hosoya, et al 1998 &
Bouhnik et al, 2004).

Potentially it has beneficial effects through selective
stimulation on growth of good bacteria (e.g.
bifidobacteria and lactobacilli) in the colon, thereby
improving the gut health (Gibson & Roberfroid, 1995).

a
Bifidogenic effect |——> H', CO,, lactate, SCFAs
(pH reduction)

Similarities and Differences between Short chain FOS and Inulin
Fermentation Site: Short chain FOS ferments readily in the gut

The short chain FOS, owing to its short chain length are mostly fermented in the initial part of the
colon (proximal colon) and Inulin, due to longer chain length in later part of the colon (distal colon).
Thus scFOS are rapidly fermented in colon when compared to the longer chains forms (Jennifer et al,
2011). Thereby increased production of bifidobacteria and consequently increased synthesis of SCFA
(Bouhnik et al, 1996). Inulin alone may not increase the good bacteria growth as whole, however in a
longer time span. Therefore, for a steady bacterial growth and metabolite production, a combination
of scFOS and inulin could be an appropriate measure to support human health by an overall good
bacterial growth.

Prebiotic Index : Short chain FOS has a higher Pl

= Prebiotic Index (PI) is “the increase in the absolute

” number of bifidobacteria expressed divided by the
daily dose of prebiotic ingested” (Roberfroid, 2007).
A greater Pl is indicative of a better beneficial
bacterial growth in the gut.

Pl

0.5

-0.5

O S I S
9 & &
Q N

In an in vitro study (Ghoddusi et al. 2007), the Pl of
scFOS was approximately 2.5 which was higher than

that reported for inulin or any other fiber studied in the experiment.

Prebiotic Index score Short chain FOS Inulin
Pl score at 8 hrs 1 Below 0
Pl score at 24 hours 2.5 <1
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When a combination of scFOS and Inulin was tested for the PI score, there was an increase in the
score, indicating a better growth of beneficial bacteria with the combination compared to Inulin
alone (Figure 3) (Ghoddusi et al. 2007). It was evident that in applications, even a partial
replacement of inulin with scFOS could provide an improvement in the Pl score and thus a possible
improved health benefit.

Short Chain Fatty Acid Production (SCFA): Short chain FOS leads to acute SCFA

Both Short chain FOS and inulin fibers are not digested / metabolized in the digestive tract and are
fermented in the colon. The colonic fermentation of the two fibers leads to production of SCFA
(butyrate, acetate, and propionate) which are known to have varied health benefits.

Butyric acid inhibits liver cholesterol

synthesis and provides a source of  **7 R - _—
energy for human colon epithelial 121 n

cells. Propionic acid helps to inhibit £ "

the fatty acid synthesis in liver, 004- g ™1

thereby  lowering the rates of ' 041 ‘ i I ‘ |
triacylglycerol secretion. Acetate is ?y SESESITESE 838 pe QDEJSEEL %!@
involved in the control of hepatic — «° <edteverid g8 &5 LTSS N
cholesterol synthesis and it reduces vy o

the rate of cholesterol synthesis (Wong et al 2006). A study

reported that the short chain FOS are rapidly fermented by microbes In the colon and have better
effects on growth of bifidobacteria (beneficial microbes) when compared to inulin (Stewart et
al.2008; Kolida et al, 2002). In an in-vitro study (Scott et al. 2013), scFOS showed better
bifidobacteria growth than the high performance inulin at 24hrs (Figure 4). Short SCFA of acetate,
propionate, and butyrate are produced quickly with scFOS compared to the IcFOS. Similar results
were documented on the rate of FOS fermentation in another study where it was higher for scFOS
compared to IcFOS during 0 to 4 hours for production of the SCFAs (Maria et al and sucrose, 2008).
ScFOS showed higher SCFA production at 12 & 24hr time duration compared to the multiple
resistance starch in another study (which are similar to the complex structure of inulin) (Erickson et
al 2018).

In applications where 100% usage of inulin is present, a partial replacement of inulin with scFOS
could improve SCFA production compared to inulin alone. A combination may provide a constant or
steady state of SCFA production in 24hours duration (Maria et al, 2008).

Gas Production: Short chain FOS has Lower gas volume production

30 Due to the colonic fermentation, there is production of
- gasses that may lead to gastric intolerance. Fermentable
£ 1 fibers have a varied production of the gases (majorly C02
2" and H2). It may be mentioned that higher the gas
. m H H production, more could be the gastric
" intolerance/disturbance.  Since  scFOS is  rapidly
= &£ 06 o o o - fo)d &L \w\ 5 . . . .

MR~ g fermented and the fermentation site is the proximal

(Early part) colon, in acute phase scFOS may produce gas
rapidly than inulin. In a study, even though scFOS produced gas rapidly than other long chain fibers,
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the total gas volume production with scFOS in 32hrs was found to be lower than inulin, isomalt and
polydextrose. However, when these long chain fibers were combined with scFOS, all showed lower
gas production (Figure 5) (Ghoddusi et al. 2007). The study showed that scFOS when combined with
inulin and or other long chain fibers, an additional gain may be observed on the reduction of
discomforts due to excessive gas production.

pH Reduction in gut environment keeps away pathogenic bacteria

The reduction in high pH values in colon plays an important role for gut health. Increases in SCFAs
result in decreased pH, which indirectly influences the composition of the colonic microflora (eg,
reduces potentially pathogenic clostridia when pH is more acidic), decreases solubility of bile acids,
increases absorption of minerals (indirectly) (Younes et al. 1996; Demigne et al. 1999), and reduces
the ammonia absorption (Roberfroid, 2005; Vince et al.1978; Jackson,1983; Jenkins et al. 1987).

A decreased colonic pH increases the availability of calcium for binding to free bile acids and fatty
acids (Wargovich et al. 1984). The reduced colonic pH due to accumulation of SCFAs decreases the
solubility of free bile acids, which may decrease the potential tumor promoter activity of secondary
bile acids (Grubben et al. 2001). In other words, a reduced colonic pH possibly helps to reduce in
colonic cancer cell proliferation.

A study showed that scFOS maintaining the colonic pH between the range of 5.5 to 5.8 in 4 - 24hr
duration. However, other fibers similar to inulin such as polydextrose and resistant starches showed
higher pH (6.3) until 12hrs and afterwards reduced to 5.9 at 24 hr (Erickson et al. 2018). Another
study (Hernott et al. 2009) showed that the scFOS and other IcFOS /inulin are good at reduction in
pH than inulin (Table 2).

Furthermore, FOS + Inulin combination also showed reduced pH levels than the inulin alone model.
These studies clearly show that scFOS could be better than inulin and other complex fibers in terms
of pH reduction, consequently leading to improved gut health benefits.

Fiber pH change
0 hr 4h 8h 12h
scFOS (<5 DP) 6.52 -1.20 -1.41 -1.32
LcFOS (2-8DP) 6.47 -1.29 -1.35 -1.23
Inulin ( 223DP) 6.51 -0.45 -0.85 -0.90
Inulin +FOS 6.48 -0.88 -1.25 -1.21
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Mineral Absorption

In the presence of SCFA in the large intestine, there is a rise in cecal blood flow, (Kvietys et al.
1981) that have trophic effects on epithelial cell proliferation, decrease the cecal pH (Younes et al.
1996; Le Blay et al. 1999), and increase the trans cellular passage of minerals (Trinidad et al. 1996
and Trinidad 1999). The acidic cecal pH leads to greater solubilization of minerals (magnesium) so
that the biologically available mineral concentration is increased (Lutz et al. 1991; Remesy et al.
1992) and improved mineral (calcium) absorption through an exchange of intracellular H+ for Ca2 +
in the distal colon (Younes et al. 1996; Demigne et al. 1999). The SCFA and pH function benefits of
scFOS and inulin were discussed in previous sections, thereby the increased SCFA production and
reduced pH rate might contribute to increase mineral absorption in the hindgut.

Physical properties of scFOS and Inulin

Short chain FOS is superior and/or equal to that of inulin properties (Table 1). For example, inulin
has been used for formulating a low fat table spread that has a creamy, fat-like mouth feel with no
added sweetness. Conversely, scFOS have better sweet profile than inulin and which could enhance
the overall flavour profile particularly with the development of low calorie foods without
compromising the sweet profile.

Functional Properties
Chemical Structure
Molecular weight

Degree of polymerization
Calorific value

Linkages

Solubility

Form

Appearance

Viscosity

Sweetness

Functionality in foods
Synergism

Prebiotic Effect

Heat Stability

pH (10% W/v)

Flavour enhancement
and bitter note masking
ability

Shelf life (powder grade)

High performance Inulin

GFn (10 £ n <60)

DPn 21-26 - Mn 2499

25

1.4

B(2,1) linkages

2.5% (w/v)

Power and liquid

White powder / Liquid transparent
2-4 mPa.s(5% in water at 10°C)

None

Fat replacer

Synergy with gelling agents
Moderate

Between 135 and 195°C
5to7

No

24 months

Short chain FOS

GFn(2<n<5)

DPn 4 -5 - Mn 624-679;

4

1.5

B(2,1) linkages

>75% (w/v) — Readily soluble
Power and liquid

White powder / Liquid transparent
<1mPa.s (5% in water at 10°C

40% that of sucrose (Higher
grades)

Sugar Replacer

Synergy with gelling agents

High

120°C

4to7

Yes (Tata has filed a patent where
Fossence, short chain FOS is used

to mask the bittern notes of
Fenugreek extract)

24 months

Application of scFOS and Inulin
Taste and Calorie Content

scFOS is sweeter than inulin and therefore, without compromising the sweetness profile of a
product, sugar replacement can be achieved in a food application. In general, scFOS/FOS is widely
used for flavour enhancement and inulin is known for mouth feel enhancement. Therefore, scFOS and
inulin combination would provide both benefits. Both scFOS and inulin are low calorie therefore the
food application scope may be broader. In addition, both the fibers are low calorie and help to
promote a lower rise in post-meal blood glucose when it replaces sugars in foods and beverages as
like scFOS since both are contains unavailable carbohydrates. Therefore for better low calorie
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products for diabetes platform can be developed by adding the scFOS along with inulin products.
Both the fibers health benefits are summarized in Table 3.

Health benefits scFOS IcFOS
Prebiotic effect v v
Fiber effect \ )
Acute SCFA production \'} X
Easy digestion 0-4hrs >4hr
Tolerability 15g/day 15g/day
Non-cariogenic Vv V'
Low glycemic effect V (Zero Gl) v
Low Calories (kcal) 1.5 1.4
Weight management v v
Mineral absorption v '
Increase satiety Vv Vv
Gut health v \

Key comparison aspects between scFOS and Inulin

e Short chain FOS is sweeter than the IcFOS such as inulin. Thereby, any sugar replacement concept
product can be used instead of inulin kind of IcFOS (Bornet et al, 1994).

e Short chain FOS are easily fermented by microbes and particularly have better effects on
bifidobacteria when compared to inulin and sucrose. (Stewart et al.2008 & Kolida et al, 2002)

o Better rate of Short chain fatty acids (SCFA) production similar to inulin.

e Both Short chain FOS and Inulin are low calorie ingredient and possible for easy replacement.
e Short chain FOS is better on pH reduction that leads to crowding out of pathogenic bacteria
e Short chain FOS has a higher Prebiotic index than Inulin

e Short chain FOS leads to lower volume of gas production compared to longer chain Inulin..

Short chain FOS + Inulin combination would provide additional benefits, without compromising each
fiber's own benefits.

Summary

Conclusively, scFOS have additional interesting nutritional and functional attributes than inulin
without compromising the inulin's own benefits. Today's consumer's demands the foods that taste
great are fatand/or calorie-reduced, and they are interested in foods that provide added health
benefits in acute phase. Therefore, scFOS can be used a valuable alternate and /or partial
replacement for inulin in products. To be specific, for any energy conscious concept without
compromising the sweet profile and to meet the acute demand on SCFA production for metabolic
health benefits, short chain FOS is the best choice than long chain FOS or inulin.
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