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From: Paula R. Trumbo, PhD, Team Leader, Nutrition Science Review Team,

@ Nutrition Programs Staff, Office of Nutrition and Food Labeling, Center for
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Supplement Facts Labels” (Docket No. FDA-2012-N-1210)

Subject:  Scientific Review of the Beneficial Physiological Effects of Non-digestible
Carbohydrates for Meeting the FDA Definition of Dietary Fiber.

The purpose of this memorandum is to provide a summary of the scientific review of
certain isolated or synthetic non-digestible carbohydrates that we determined provide
beneficial physiological effects to human health and describe the process we used to
review the scientific evidence concerning such effects.

I. General Process for Reviewing the Scientific Evidence

We identified and reviewed all of the publically available studies on numerous specific
individual isolated or synthetic non-digestible carbohydrates. For five of these
carbohydrates (i.e., cellulose, guar gum, hydroxypropylmethylcellulose, locust bean gum,
and pectin), we determined that the scientific evidence supports a beneficial physiological
effect to human health. Thus, these five non-digestible carbohydrates meet the dietary
fiber definition, and are listed as dietary fibers in 21 CFR 101.9 (c)(6)(i). The listed
dietary fibers also include B-glucan soluble fiber and psyllium husk dietary fiber, which
are each the subject of an authorized health claim.

The scientific evidence we reviewed for the other isolated or synthetic non-digestible
carbohydrates was inconsistent (e.g., some studies showed a benefit, while other studies
showed no benefit), or insufficient (e.g., there was no replication of findings). We did
not make a determination about whether these isolated or synthetic non-digestible
carbohydrates are dietary fibers. We intend to include the scientific evidence for these
other non-digestible carbohydrates in a Federal Register notice and seek comment on
whether there are additional studies available on the beneficial physiological effects to
human health from these carbohydrates that we should consider.
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For purposes of our reviews, although an isolated or synthetic non-digestible
carbohydrate may provide more than one beneficial physiological effect to human health,
only one beneficial physiological effect is necessary to meet the dietary fiber definition.
Therefore, if a beneficial physiological effect was demonstrated, then we did not need to
consider other beneficial physiological effects for that isolated or synthetic non-digestible
carbohydrate. Further, information on the Nutrition and Supplement Facts labels is
intended for the general healthy population rather than individuals with chronic diseases.
The general healthy populatlon includes individuals who are at increased risk (e.g.,
hypercholesterolemia') of a disease (e.g., cardiovascular disease). Therefore, for each
isolated or synthetic non-digestible carbohydrate, we only considered studies that
included human subjects that did not have a disease that was relevant to the physiological
endpoint being evaluated. For example, studies involving human subjects with diabetes
were not considered in the evaluation of an isolated or synthetic non-digestible
carbohydrate and its effect on blood glucose levels. Further, we evaluated human studies
that were designed to evaluate the physiological effect of an individual isolated or
synthetic non-digestible carbohydrate, rather than studies that evaluated a mixture of
these non-digestible carbohydrates. It was also important that the studies provided an
appropriate control group and statistical analysis so that it was possible to ascertain
whether an effect on the physiological endpoint (e.g., change in blood cholesterol level)
was due to the isolated or synthetic non-digestible carbohydrate or due to unrelated and
uncontrolled extraneous factors of the study.

When evaluating the strength of the scientific evidence for the role of foods/nutrients in
health-related outcomes, such as physiological beneficial effects to human health, we
considered various scientific issues that are generally accepted in the scientific
community for conducting scientific reviews, such as the type, number and size of the
studies, whether limited evidence showing an effect has been replicated, and whether the
findings are consistent in showing a statistically significant effect (P < 0.05) on the
health-related endpoint being evaluated. Such an approach is generally recognized and
consistent with other approaches used in nutrition scientific reviews (FDA, 2009; AHRQ,
2014).

! Hypercholesterolemia is defined as having total blood cholesterol levels greater than 200 mg/dL and/or
LDL cholesterol levels greater than 130 mg/dL.



II. Science Review for Cellulose
Background

Cellulose is a linear homopolymer of B-(1-4) linked glucose units (IOM, 2001). Cellulose
is the main structural component of the cell wall of most plants and therefore is present in
vegetables, fruits, and cereals. Cellulose is not digested by human enzymes nor fermented
by the colonic microflora.

Bowel Function

Beneficial physiological effects to human health, such as improved laxation/bowel
function (elimination of fecal waste), are evaluated by measuring transit time of food in
the intestinal tract and rate of defecation (e.g., stools per day) (Topping, 2007). While
fiber intake can increase fecal bulk, an increase in fecal weight does not necessarily
equate with improved bowel function (i.e., laxation) (IOM, 2002). Therefore, fecal
weight was not used to evaluate improved bowel function.

Eleven human studies were identified that evaluated the relationship between cellulose
consumption and laxation. Scientific conclusions could not be drawn from three studies
(Fleming et al., 1983; Raymond et al., 1977; Stephen et al., 1986) for one or more of the
following reasons: 1) a mixture of nondigestible carbohydrates, including cellulose, was
provided and therefore the effect of cellulose per se on bowel function could not be
evaluated and 2) statistical comparisons between the cellulose and the control group were
not conducted and therefore the effect of cellulose on laxation could not be compared to
the control group.

Behall et al. (1987)

Eleven US men consumed a basal diet with and without (control) 7.5 g cellulose/1,000
calories for 4 weeks each. There was no significant difference in average bowel transit
times (26.7 versus 24.2 hours) (P > 0.05) between the control and cellulose diet, as well
as frequency of defecation (7.4 versus 9.0 stools/8 days).

Danjo et al. (2008)

In Japan, 15 women with normal defecation were provided an experimental diet (16.7
g/day of dietary fiber), followed by the experimental diet containing 4 and 8 g/day of
cellulose for 1 week each. In this study, no significant difference was observed for
defecation rate (bowel movements per day) between the experimental diet and the 4 or 8
g/day of cellulose diets.




Eastwood et al. (1973)

Four healthy Scottish men consumed a control diet and the control diet that provided 16
g/day cellulose for three weeks each. This study showed that there was no si gnificant
difference in intestinal transit time (hours) between the two diets.

Hillman et al. (1983)

In a randomized cross-over design, consisting of two periods of 4 weeks, cellulose >
g/day) was added or not added (control) to the diets (approximately 21 g/day of dietary
fiber) of 10 healthy men and women living in New Zealand. This study showed that the
consumption of cellulose resulted in a significant decrease in transit time (40.4 versus
55.3 hours) (P <0.01).

Park and Jhon (2009)

Eight healthy Korean women received a dietary fiber-free diet (control) and a diet
containing 25 g/day of cellulose with each diet segment lasting 6 days. The frequency of
bowel movements was significantly higher when cellulose was consumed (5.6 stools/6
days) compared to the control (4.3 stools/6 days) (P < 0.05).

Slavin and Marlett (1980)

Seven healthy US women consumed a low-fiber diet (9.6 g/day) (control) and the same
diet to which 16 g/day of cellulose was added for approximately 30 days each. The mean
transit time was significantly shorter when cellulose was consumed compared to the
control (102 versus 62.8 hours) (P < 0.05). Furthermore, there was a si gnificant increase
in the average frequency of defecation with cellulose consumption compared to the
control (1.1 versus 0.85 per day) (P < 0.02).

Spiller et al. (1980)

US healthy men and women were fed low-fiber diets for two weeks, followed by 3 weeks
on the same diet plus either 14 g/day cellulose (n=10) or sucrose (n=10) (control). In this
study, diets excluded whole grain products, legumes, raw vegetables, and raw fruits that
would contain dietary fiber. There was a significant decrease in transit time when
cellulose was consumed compared to the control (2.6 versus 4.8 days) (P < 0.05).

Wrick et al. (1983)

This study provided a diet with and without (control) added cellulose for at least 2 weeks
to 24 US men. The mean transit time was significantly shorter when cellulose was added
to the diet compared to the control (P < 0.0005). Furthermore, the average laxation rate
(stools per week) was significantly greater with cellulose (6.9) compared to the control
(5.2) (P <0.0005). A positive correlation was observed between an increase in the



amount of cellulose consumed and laxation rate. Increasing cellulose intake from
approximately 5 to 30 g/week increased the number of stools per week from 4 to 9, as
well as increased fecal output (g/week).

Strength of the Scientific Evidence

The strength of the total body of publicly available evidence was evaluated by
considering the number of studies and number of subjects per group, whether the body of
scientific evidence supports a beneficial physiological effect to human health for the U.S.
population, whether study results supporting the beneficial physiological effect have been
replicated (Wilson, 1990), and the overall consistency of the findings (Hill, 1965; AHRQ,
2002) of the evidence from which scientific conclusions could be drawn. Based on this
evidence, FDA determined whether the findings concluded that there is a beneficial
physiological effect of a non-digestible carbohydrate to human health and therefore meets
the agency’s definition of dietary fiber.

The strength of the evidence supports cellulose in improving laxation/bowel function
with three of five studies showing increased frequency of bowel movements and four of
six studies showing reduced transit time. The largest study (Wrick et al., 1983) that
showed a decrease in transit time and increased frequency of bowel movements with
cellulose intake also demonstrated a dose-response relationship between cellulose intake
and frequency of defecation. Based on the above studies from which scientific
conclusions could be drawn, cellulose meets the definition for dietary fiber.

III. Science Review for Guar Gum
Background

As a food ingredient, guar gum is obtained from the maceration of the seed of the guar
plant Cyamopsis tetragonoloba or Cyamopsis psoraloides. Guar gum is added to foods as
an emulsifier, formulation aid, thickener, and firming agent (21 CFR 184.1339). Guar
gum consists of mannose and galactose, is hydrophilic and with gel-forming properties
(IOM, 2002). Therefore, guar gum is considered a soluble non-digestible carbohydrate.

Blood Cholesterol Levels

Beneficial health effects, such as reduced risk of heart disease, are associated with the
reduction of blood total and low-density lipoprotein (LDL) cholesterol levels. Therefore,
these biomarkers were used for evaluating the beneficial physiological effects of
attenuation of blood cholesterol levels.

Thirty seven studies were identified that evaluated the relationship between guar gum
consumption and blood cholesterol levels. Scientific conclusions could not be drawn
from 21 of these studies (Botha et al., 1981; Castro et al., 2007; Fuessl et al., 1987; Gatti
et al., 1984; Haskell et al., 1992; Hunnighake et al., 1994; Jenkins et al., 1975; Jenkins et
al. 1979; Jenkins et al., 1980; Jensen et al., 1993; Jensen et al., 1997; Johansen 1981:




Khan et al., 1981; Knopp et al., 1999; Mclvor et al., 1986; Niemi et al., 1988: Penagini et
al., 1986; Salenius et al. (1995); Smith and Holm, 1982; Spiller et al., 1991; Tai et al.,
1999) for one or more of the following reasons: 1) a mixture of non-digestible
carbohydrates, including guar gum, was provided and therefore the physiological effect
of guar gum per se could not be evaluated, 2) an appropriate control was not provided
and therefore it was not possible to ascertain whether changes in blood cholesterol levels were
due to guar gum or due to unrelated and uncontrolled extraneous factors, 3) statistical
comparisons between the guar gum and the control group were not conducted and
therefore the effect of guar gum on lowering blood cholesterol levels could not be
compared to the control group, 4) the study was conducted in human subjects that had a
disease that was relevant to the physiological endpoint being evaluated, and 5) the study
was not conducted long enough to evaluate the effect of guar gum on fasting blood
cholesterol levels.”

Aro et al. (1981)

Dietary supplementation of a granulated guar gum (21 g/day in 3 divided doses at the
main meals) were compared with a placebo response during 3 months in a double-blind,
cross over study on 11 type 2 diabetic, hypercholesterolemic Finnish subjects. Serum
total and LDL cholesterol levels were significantly lower with guar gum consumption
compared to the placebo (P < 0.02).

Aro et al. (1984)

Fourteen Finnish men with hypercholesterolemia received supplements containing guar
gum (15 g/day) or a placebo for 12 weeks in a double-blind, cross-over trial. After 6
weeks of taking the supplements, there was a significant reduction in total cholesterol (P
<0.01) and LDL cholesterol (P < 0.05) for those taking guar gum. This reduction was no
longer significant after 12 weeks.

Blake et al. (1997)

In a randomized, double-blind crossover of two 3-week feeding periods, wheat bread
with and without (control) guar (6% weight) was provided to 11 hypercholesterolemic
English men and women. This study showed that guar gum significantly reduced total
and LDL cholesterol levels compared to the control (P < 0.001).

Bosello et al. (1984)
Twelve Italian hypercholesterolemic men and women were provided a flavored guar gum

formulation (16 g/day) that was consumed for 2 months before and after consuming diets
without the guar gum formulation (control). Total cholesterol levels were significantly

? Three weeks is considered to be the minimum duration for evaluating the effect of a dietary intervention
on fasting blood cholesterol concentration (Kris-Etherton et al. (1997)).



lower when guar gum was consumed compared to the control phases (P < 0.05). Guar
gum consumption had no effect on LDL cholesterol levels when compared to the control.

Chuang et al. (1992)

In a randomized, double-blind cross-over study conducted in Taiwan, 16 men and
women with type 2 diabetes and normal or slightly elevated (borderline) blood
cholesterol levels received a placebo and guar gum (15 g/day) for 4 weeks each. After
this time period, there was no significant difference in total or LDL cholesterol levels
between the placebo and guar gum (P > 0.05).

Ebeling et al. (1988)

In a randomized, double-blind, crossover intervention conducted in Finland, nine type 1
diabetic subjects with normal blood cholesterol levels consumed their usual diet that
contained either guar gum (5 grams) or a placebo before or with meals four times daily
for 4 weeks each. Serum LDL cholesterol levels were reduced significantly after
consuming the guar gum diet compared to the placebo (P < 0.05).

Kondo et al. (2004)

Eleven Japanese hypercholesterolemic men consumed yogurt with or without 6 g of
partially hydrolyzed guar gum in a crossover design study. Shortly after consuming the
yogurt, postprandial blood cholesterol was measured. The addition of guar gum to yogurt
has no significant effect on postprandial cholesterol levels (P > 0.05).

Landin et al. (1992)

A double-blind, placebo-controlled, crossover study was carried out on 25 healthy
Swedish men with slightly elevated blood cholesterol levels to test the effect of 30 g/day
of guar gum for 3 weeks on fasting blood cholesterol levels. Total cholesterol levels were
significantly lower when guar gum was consumed compared to the placebo, and with a
significant net reduction of 0.6 mmol/L (P < 0.001).

Makkonen et al. (1993)

In a double-blind, placebo-controlled parallel study conducted in Finland, menopausal
hypercholesterolemic women (15 per group) consumed 15 g/day of guar gum or a
placebo for 6 months. No significant difference between the guar gum and placebo was
observed for fasting total blood cholesterol levels after 3 and 6 months (P > 0.05).

Pasman et al. (1997)

After weight-loss from consuming an energy-restricted diet, obese Belgian women (10-
11 per group) with slightly high blood cholesterol levels, on a weight maintenance diet,
consumed 0 or 20 g/day guar gum. After 14 months on the weight maintenance diets,




blood cholesterol levels were measured. No significant difference in total or LDL
cholesterol levels was observed between the control subjects and subjects who had
consumed 80% or 50-80% of the supplemental amount of guar gum.

Simons et al. (1982)

In a placebo-controlled, single-blind study, 17 Australian hypercholesterolemic men and
women consumed 18 g/day of guar gum or a placebo control with a typically-consumed
cholesterol-lowering diet. After 3 months on these diets, there was a significant reduction
in plasma total cholesterol concentration with guar gum consumption compared to the
control (P <0.001).

Superko et al. (1988)

Fifty US men with moderately elevated blood cholesterol levels were randomized to
receive various forms of guar gum (15 g/day) or a placebo, along with their diet. After 5
weeks of consumption, guar gum significantly reduced total cholesterol levels (P =
0.029) but not LDL cholesterol levels (P = 0.073).

Turner et al. (1990)

In a double-blind placebo-controlled crossover study, 9 Finnish men and women with
hypercholesterolemia consumed 0 or 30 g/day of guar gum along with their meals for 6
weeks each. After the 6 week intervention the mean total cholesterol concentrations were
10.1 and 9.1 mmol/L for the placebo and guar gum treatments, respectively, which were
significantly different (P < 0.05). There was no significant difference, however, for LDL-
cholesterol (P < 0.06)

Uusitupa et al. (1989)

In Finland, 39 men and women with type 2 diabetes and high blood cholesterol levels
were randomly allocated in an intervention where they received 5 g of guar gum or a
placebo (wheat flour) three times per day for 3 months, along with their diet.
Consumption of guar gum resulted in a significant reduction in serum total cholesterol
when compared to the placebo (P < 0.05).

Uusitupa et al. (1990)

Nine Finnish patients with type 2 diabetes and high blood cholesterol levels participated
in a randomized double-blind controlled crossover study to evaluate the effect the
inclusion of 15 g/day on serum cholesterol levels. After 4 weeks on each intervention,
serum total cholesterol was significantly lower with guar gum consumption compared to
the control (P < 0.05).

Vuorinen-Markkola et al. (1992)



The effect of guar gum on blood cholesterol levels in 17 mildly hypercholesterolemic
Finnish men and women with type 2 diabetes was examined in a randomized, double-
blind study. Either 5 g guar gum or a placebo (wheat flour) four times daily was
consumed with their diets for 6 weeks each. The reduction in total and LDL cholesterol
levels in the guar gum group was significantly greater (P < 0.01) than in the placebo
group.

Strength of the Evidence

The strength of the total body of publicly available evidence was evaluated by
considering the number of studies and number of subjects per group, whether the body of
scientific evidence supports a beneficial physiological effect to human health for the U.S.
population, whether study results supporting the beneficial physiological effect have been
replicated (Wilson, 1990), and the overall consistency of the findings (Hill, 1965; AHRQ,
2002) of the evidence from which scientific conclusions could be drawn. Based on this
evidence, FDA determined whether the findings concluded that there is a beneficial
physiological effect of a non-digestible carbohydrate to human health and therefore meets
the agency’s definition of dietary fiber.

The strength of the evidence supports guar gum in reducing blood cholesterol levels with
12 of 16 studies showing a reduction in total and/or cholesterol levels. Based on the
above studies from which scientific conclusions could be drawn, guar gum meets the
definition for dietary fiber.




IV. Science Review for Locust Bean Gum

Background

Locust bean gum (LBG) (also called carob bean gum) is primarily the macerated
endosperm of the seed of the locust (carob) bean tree Ceratonia silique (Linne), a
leguminous evergreen tree, with lesser quantities in the seed coat and germ (21 CFR
184.184.1343). The seeds are dehusked, followed by milling and screening of the
endosperm (native carob bean gum) (Dakia et al., 2007). LBG is added to a variety of
foods either as an emulsifier, stabilizer, or thickener.

Blood Cholesterol Levels

Beneficial health effects, such as reduced risk of heart disease, are associated with the
reduction of blood total and low-density lipoprotein (LDL) cholesterol levels. Therefore,
these biomarkers were used for evaluating the beneficial physiological effects of
attenuation of blood cholesterol levels.

Nine studies were identified that evaluated the relationship between LBG consumption
and blood cholesterol levels. Scientific conclusions could not be drawn from four of these
studies (Haskell et al., 1992; Jensen et al., 1993; Jensen et al., 1997; Zunft et al., 2001)
for one or more of the following reasons: 1) a mixture non-digestible carbohydrates,
including LBG, was provided and therefore the physiological effect of LBG per se could
not be evaluated, 2) the study was not conducted long enough to evaluate the effect of
LBG on fasting blood cholesterol levels, and 3) a control group was not included and
therefore it was not possible to ascertain whether changes in blood cholesterol levels
were due to LBG or due to unrelated and uncontrolled extraneous factors.

Behall et al. (1984)

Twelve US men (mean total cholesterol, 196 mg/dL) were provided a low-fiber basal diet
for 20 weeks followed by the diet with added LBG (0.75 g/100 calories, or 19 to 27
g/day) for 4 weeks. Consumption of LBG significantly reduced total cholesterol levels
(169 mg/dL) compared to the basal diet (196 mg/dL) (P < 0.05).

Behall et al. (1987)

Eleven US men consumed a basal diet with a rotating menu that contained or did not
contain (control) 7.5 g LBG/1,000 calories for 4 weeks each. Consuming locust bean gum
resulted in a significantly lower total cholesterol level (169 mg/dL) compared to the
control (210 mg/dL) (P < 0.05).

* Three weeks is considered to be the minimum duration for evaluating the effect of a dietary intervention
on fasting blood cholesterol concentration (Kris-Etherton et al. (1997)).



Ruiz-Roso et al. (2010)

In a double-blind randomized, placebo-controlled study, 88 Spanish
hypercholesterolemic (total cholesterol, 200 to 299 mg/dL) men and women consumed
either 4 g twice a day carob fiber or a placebo for 4 weeks. Compared to the placebo,
serum total cholesterol and LDL cholesterol levels were significantly lower (P < 0.001)
when the carob fiber was consumed.

Zavoral et al. (1983)

This study evaluated US subjects with familial hypercholesterolemia, as well as 10
healthy subjects. Familial hypercholesterolemia is a genetic condition, resulting in very
high blood cholesterol levels, and may not necessarily reflect the response by the general
population. Therefore, only the evidence for healthy subjects was evaluated. Identical
food products, with and without LBG (10 to 25 g/day) were provided in a cross-over
design for up to 8 weeks. This study showed that, compared to the control, LBG
significantly lowered total (11%) and LDL (6%) cholesterol (P < 0.001) in the healthy
subjects.

Zunft et al. (2003)

Fifty-eight German men and women with hypercholesterolemia (total cholesterol, 261
mg/dL; LDL cholesterol, 171 mg/dL) participated in a randomized, double-blind, placebo
controlled parallel study. Subjects consumed specific foods containing added LBG (carob
fiber) for 6 weeks. Compared to the control, total and LDL cholesterol levels were
significantly reduced (P < 0.01).

Strength of the Evidence

The strength of the total body of publicly available evidence was evaluated by
considering the number of studies and number of subjects per group, whether the body of
scientific evidence supports a beneficial physiological effect to human health for the U.S.
population, whether study results supporting the beneficial physiological effect have been
replicated (Wilson, 1990), and the overall consistency of the findings (Hill, 1965; AHRQ,
2002) of the evidence from which scientific conclusions could be drawn. Based on this
evidence, FDA determined whether the findings concluded that there is a beneficial
physiological effect of a non-digestible carbohydrate to human health and therefore meets
the agency’s definition of dietary fiber.

The strength of the evidence supports a beneficial physiological effect of LBG (carob
gum fiber) on attenuation of blood cholesterol levels with the five available studies
showing a reduction in total and/or LDL cholesterol. Based on these studies, from which
scientific conclusions could be drawn, LBG (carob gum fiber) meets the definition for
dietary fiber.




V. Science Review for Pectin

Background

Pectins are present in the cells walls and intracellular tissues of fruits and vegetables
(IOM, 2001). Fruits contain the most pectins representing 15-20% of the dietary fiber in
vegetables, legumes and nuts. Pectins are a group of complex, high molecular weight
polysaccharides found in plants and composed chiefly of partially methylated
polygalacturonic acid units. Portions of the carboxyl group occur as methyl esters, and
the remaining carboxyl groups exist in the form of the free acid or its ammonium,
potassium, or sodium salts, and in some types as the acid amide. Pectins that are used as
food additives are the high-ester pectins, low-ester pectins, amidated pectins, pectinic
acids, and pectinates (21 CFR 184.1588).

Blood Cholesterol Levels

Beneficial health effects, such as reduced risk of heart disease, are associated with the
reduction of blood total and low-density lipoprotein (LDL) cholesterol levels. Therefore,
these biomarkers were used for evaluating the beneficial physiological effects of
attenuation of blood cholesterol levels.

Twenty one studies were identified that evaluated the relationship between pectin
consumption and blood cholesterol levels. Scientific conclusions could not be drawn
from 16 of these studies (Bell et al., 1990; Cerda et al., 1988; Davidson et al., 1998;
Durrington et al., 1976; Haskell et al., 1992; Hunninghake et al., 1994; Jenkins et al.,
1975; Jensen et al., 1997; Judd and Truswell, 1982; Kay and Truswell, 1977; Knopp et
al., 1999; Miettinen and Tarpil, 1977; Palmer and Dixon, 1966; Schwab et al., 2006;
Sitori et al., 2012; Veldman et al., 1997) for one or more of the following reasons: 1) a
mixture of non-digestible carbohydrates, including pectin, was provided and therefore the
physiological effect of pectin per se could not be evaluated 2) a control group was not
included or an inappropriate control group was used and therefore it was not possible to
ascertain whether changes in blood cholesterol levels were due to pectin or due to unrelated and
uncontrolled extraneous factors, 3) statistical comparisons to the control group were not
conducted and therefore the effect of pectin in lowering blood cholesterol levels could
not be compared to the control group, and 4) the study was not conducted long enough to
evaluate the effect of pectin on fasting blood cholesterol levels.”

Brouns et al. (2012)

In the Netherlands, a cross-over study was conducted in 30 hypercholesterolemic men
and women in which experimental diets provided 15 g/day of citrus pectin, apple pectin
or cellulose (control) for four weeks. Compared to the control, both sources of pectin

“Three weeks is considered to be the minimum duration for evaluating the effect of a dietary intervention
on fasting blood cholesterol concentration (Kris-Etherton et al. (1997)).



resulted in a significant reduction in blood total and LDL cholesterol levels (P <0.05).
The significant reduction was observed for those pectins that a high proportion of methyl
esters (high-methoxyl pectins).

Challen et al. (1983)

Six healthy English men took part in a randomized cross-over study that included
consuming a diet with and without 36 g pectin for 3 weeks each. Total cholesterol levels
were significantly lower with pectin consumption (5.18 mmol/L) compared to the control
(5.73 mmol/L) (P < 0.25).

Hillman et al., 1985

An eight-week randomized cross-over study conducted in New Zealand provided 10
healthy normocholesterolemic men and women highly methoxylated pectin (12 g/day)
supplemented to their diets for 4 weeks. There was no significant change in blood total
cholesterol levels (5.4 versus 5.1 mmol/L) with pectin supplementation compared to the
control (without pectin supplementation).

Stasse-Wolthuis et al. (1980)

Under strict dietary control, Dutch normocholesterolemic men and women consumed a
low-fiber diet (15 g/day) supplemented with (n=15) or without (control, n=16) citrus
pectin (9 g/day) for up to 5 weeks. Citrus pectin was added to desserts. After 5 weeks on
the diets, serum total cholesterol levels were significantly reduced (0.34 mmol/L) with
the addition of pectin to the diets (P < 0.01).

Vargo et al. (1985)

The diets of ten US healthy men and women were supplemented with 15 g/day of citrus
pectin. There was a significant reduction (P < 0.05) in serum total cholesterol levels after
3 weeks of supplementation with pectin (168 versus 206 mg/dL).

Strength of the Evidence

The strength of the total body of publicly available evidence was evaluated by
considering the number of studies and number of subjects per group, whether the body of
scientific evidence supports a beneficial physiological effect to human health for the U.S.
population, whether study results supporting the beneficial physiological effect have been
replicated (Wilson, 1990), and the overall consistency of the findings (Hill, 1965; AHRQ,
2002) of the evidence from which scientific conclusions could be drawn. Based on this
evidence, FDA determined whether the findings concluded that there is a beneficial
physiological effect of a non-digestible carbohydrate to human health and therefore meets
the agency’s definition of dietary fiber.




The strength of the evidence supports pectin in reducing blood cholesterol levels with
four of five studies showing reduced total and/or LDL cholesterol levels. The largest
studies showed that pectin isolated from different sources (apple and citrus) lowered total
and/or LDL cholesterol levels (Brouns et al., 2012; Stasse-Wolthuis et al., 1980. Based
on the above studies from which scientific conclusions could be drawn, pectin meets the
definition for dietary fiber.



VI. Science Review for Hydroxypropylmethylcellulose
Background

HPMC is a propylene glycol ether of methylcellulose containing methoxyl groups and
hydroxypropyl groups (FDA GRAS Notification No. 213). HPMC is a gum that has
multiple technical effects, including use as a film former, stabilizer, and thickener.

Blood Cholesterol Levels

Beneficial health effects, such as reduced risk of heart disease, are associated with the
reduction of blood total and low-density lipoprotein (LDL) cholesterol levels. Therefore,
these biomarkers were used for evaluating the beneficial physiological effects of
attenuation of blood cholesterol levels.

Six studies were identified that evaluated the relationship between HPMC consumption
and blood cholesterol levels. Scientific conclusions could not be drawn from three studies
(Dressman et al., 1993; Maki et al., 2000; Swidan et al., 1996) because 1) an appropriate
control was not provided and therefore it was not possible to ascertain whether changes in
blood cholesterol levels were due to HPMC or due to unrelated and uncontrolled
extraneous factors, or 2) the study was not conducted for a sufficient duration for
measuring fasting blood cholesterol levels.’

Maki et al. (1999)

Hypercholesterolemic men and women (1 = 36 to 41 per treatment) participated in a
randomized, double-blind, placebo-controlled parallel study in the United States. The
subjects were provided either a placebo (microcrystalline cellulose) or 2.5, 5.0 or 7.5
g/day high-viscosity HPMC in an orange drink, along with their diet, for 6 weeks. After
the 6 week period, a significant reduction in total and LDL cholesterol was observed with
consumption of 5 or 7.5 g/day HPMC (P < 0.05)

Maki et al. (2009)

In a randomized, double-blind crossover study, 13 hypercholesterolemic US men and
women on statin therapy received 5 g/day (2.5 g twice daily) HPMC in lemonade or a
control, along with their diets, for 4 weeks each. After the 4 week intervention, total and
LDL cholesterol levels were significantly reduced when compared to the control (P =
0.003 and 0.009, respectively).

Reppas et al. (2009)

In a randomized, double-blind, placebo-controlled parallel study, hypercholesterolemic
US men and women (n = 10 to 20 per group) consumed a placebo, 5 or 15 g/day ultra-

* Three weeks is considered to be the minimum duration for evaluating the effect of a dietary intervention
on fasting blood cholesterol concentration (Kris-Etherton et al. (1997).




high viscosity HPMC in a hot chocolate drink with breakfast and in sugar-molasses
cookies with lunch and dinner for 8 weeks. Total and LDL cholesterol levels were
significantly lower when consuming 5 or 15 g/day ultra-high HPMC. Furthermore, total
(£ =0.01) and LDL (P=0.002) cholesterol levels were significantly lower after
consuming 15 g/day HPMC compared to 5 g/day HPMC.

Strength of the Evidence

The strength of the total body of publicly available evidence was evaluated by
considering the number of studies and number of subjects per group, whether the body of
scientific evidence supports a beneficial physiological effect to human health for the U.S.
population, whether study results supporting the beneficial physiological effect have been
replicated (Wilson, 1990), and the overall consistency of the findings (Hill, 1965; AHRQ,
2002) of the evidence from which scientific conclusions could be drawn. Based on this
evidence, FDA determined whether the findings concluded that there is a beneficial
physiological effect of a non-digestible carbohydrate to human health and therefore meets
the agency’s definition of dietary fiber.

The strength of the evidence supports HPMC in reducing blood cholesterol levels with
the 3 available studies showing a reduction in total and LDL cholesterol levels. Based on
the above studies from which scientific conclusions could be drawn, HPMC meets the
definition for dietary fiber.
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