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Abstract
The prevalence of obesity in industrialized societies has become markedly elevated. In contrast,
model organism research shows that reducing caloric intake below ad libitum levels provides many
health and longevity benefits. Despite these benefits, few people are willing and able to reduce caloric
intake over prolonged periods. Prior research suggests that mannooligosaccharide (MOS or Mannan)
supplementation can increase lifespan of some livestock and in rodents can reduce visceral fat without
reducing caloric intake. Hence, we tested the effect of MOS supplementation as a possible calorie
restriction mimetic in mice. C57Bl/6J male mice were fed a high-fat “western” type diet with or
without 1% MOS (by weight) supplementation (n=24/group) from 8 to 20 weeks of age. Animals
were housed individually and provided 95% of ad libitum food intake throughout the study. Body
weight was measured weekly and body composition (lean and fat mass) measured non-invasively
every 3 weeks. Individual fat depot weights were acquired by dissection at study completion.
Supplementation of a high-fat diet with 1% MOS tended to reduce total food intake (mean±s.d.;
CON: 293.69±10.53g, MOS: 288.10±11.82g; p=0.09) during the study. Moreover, MOS
supplementation had no significant effect on final body weight (CON: 25.21±2.31g, MOS: 25.28
±1.49g; p=0.91), total fat (CON: 4.72±0.90g, MOS: 4.82±0.83g; p=0.69) or visceral fat (CON: 1.048
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±0.276g, MOS: 1.004±0.247g; p=0.57). Contrary to previous research, MOS supplementation had
no discernable effect on body weight gain or composition during this 12-week study, challenging
the potential use of MOS as a calorie restriction mimetic or body composition enhancer.
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Introduction
The prevalence of obesity in industrialized nations has risen. Obesity contributes to many health
problems and impairs longevity (1,2). Coincident with research aimed at understanding the
genetic and molecular basis of this growing epidemic, nutritionists are seeking alternative
methods to reduce adiposity as current obesity treatments do not appear to work for all
individuals and, with the exception of surgery, are only of modest efficacy, and often associated
with unacceptable side-effects (3,4).

Calorie restriction (CR) has been shown to provide many health benefits since its description
over 70 years ago (5,6). CR remains the most reproducible intervention to increase lifespan in
laboratory organisms, while delaying or preventing many of the age-related diseases that
develop in the ad libitum fed state (7). Although the exact mechanism of CR’s benefit remains
unclear, reduced adiposity, particularly visceral adiposity, may play a role in aging and CR-
induced extension of lifespan (8,9). Observational and randomized controlled trials in humans
have provided promising preliminary results suggesting a CR dietary intervention might also
have beneficial effects in humans were it implementable (10,11). Yet a widely noted limitation
of CR as a potential intervention in humans is the low likelihood that humans would accept
and be able to adhere to a diet that requires a significant reduction in caloric intake throughout
life. Many, if not most, of the rodent studies of CR implement a 30% or greater reduction of
calories (12,13). Less severe restriction is suggested to provide benefits proportional to the
amount of restriction (14). A substance or intervention that allowed normal food intake while
reproducing some of the benefits associated with CR – referred to as a CR ‘mimetic’ (CRM)
– would therefore be of great utility (15,16).

Recent studies suggest mannanoligosaccharides (MOS) may be such a compound. MOS
supplementation reduced mortality rate in livestock studies (17). Laboratory studies have
reported reduced fat absorption, resulting in reduced weight and visceral fat while maintaining
normal food intake in rodents and humans (18–22). Fiber-like compounds have been observed
to produce a variety of beneficial effects and the ability to add them to existing dietary
components makes them attractive candidates for general supplementation, particularly if these
mimic the effects of reduced calorie intake.

Mannan is a mannose-based polysaccharide found in many plants – coffee, certain beans, etc.
– as well as in yeast cell walls (23). Glucomannans, isolated from konjac mannan, have been
used in Asia for centuries as a thickening agent (24). Because mammals do not possess the
enzymes necessary to cleave the β-1,4 linked sugar residues of the mannan backbone, these
polymers are believed to pass through the upper gastro-intestinal (GI) tract undigested and
encounter some amount of hydrolysis and uptake by bacteria in the colon, where mannan and
MOS are proposed to selectively enhance the bifidobacteria species (25–30). Glucomannan
supplementation promotes weight loss in overweight and obese individuals, purportedly
through the fiber-fill effect and reduced fat uptake of through the GI tract (31). Non-digestible
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oligosaccharides and soluble fibers are likewise reported to alter the uptake of various minerals
from the intestine, promoting bone health and maintenance in animal models (32–34).

The purpose of this study was to evaluate the effect of a purified MOS supplemented diet on
body weight and composition in a mouse model, to see if we could replicate results showing
decreased visceral fat as a result of MOS consumption, despite similar food intake, thereby
supporting the potential of MOS as a CR mimetic.

Methods
Animals

Six week-old male C57Bl/6J mice were acquired from The Jackson Laboratory. Mice were
singly housed in polycarbonate, standard mouse cages with filter tops, containing ~200 grams
of sterilized Beta ChipR bedding (NEPCO, Warrensburg, NY) and an iso-BLOX Enrichment
Square (#6060 – Harlan/Teklad, Madison, WI). Mice were acclimated to the University of
Alabama at Birmingham (UAB) animal facilities (specific pathogen free conditions with
sentinel monitoring) for one week after arrival. Mice were maintained at 22±2°C with a 12:12
light:dark cycle throughout the study. Body weights were measured weekly to the nearest 0.01
gram until study completion.

Diet
At seven weeks of age, all mice we given ad libitum (AL) access to the control high-fat (western
type) diet manufactured by Bio-serv, Inc. (Frenchtown, NJ, USA) (for diet composition see
Table 1). At eight weeks of age, mice were divided into two groups and either continued with
the high-fat western type diet (control – CON, n=24) or were alternatively placed on the high-
fat diet supplemented with 1% MOS (#KL903 – 95% purity, Wuhan Kaili Medical & Sanitary
Products, Co., LTD, Wuhan, China) by weight (MOS, n=24) (Table 1). Additional purity and
chemical composition of the MOS is described in the online Supplementary Material
(www.nature.com/obesity). One gram precision, dustless food pellets (BioServ) were divided
to improve accessibility using the available feeding apparatus. In a 4-week pre-study
experiment, food intake was not significantly different between the high-fat control and MOS
supplemented diets (p=0.15, data not shown). Combined total daily intake per animal was used
to determine the 95% food allotment (3.74g/mouse per day) for the 12-week study. Both the
CON and MOS groups were fed daily at 1600 hrs (2 hrs before lights out) during the 12-week
study (8–20 weeks of age). Food intake was monitored daily and any remaining amounts of
the 95% allotment were recorded to the nearest 0.01 gram and discarded.

Body Composition Measures
In vivo body composition measures of lean and fat mass were determined by Quantitative
Magnetic Resonance (QMR, EchoMRI 3-in-1, Echo Medical System, Houston, TX USA) at
baseline (age 8 weeks) and every 3rd week thereafter (age 11, 14, 17 and 20 weeks). Dual-
energy x-ray absorption (DXA, GE Lunar PIXImus, Lunar, Madison, WI) measures of bone
mineral density (BMD – grams/cm2), bone mineral content (BMC – grams) and area (cm2)
were also obtained for a subset of mice (12/group) at baseline (8 weeks of age) and the end of
the study (20 weeks of age). BMD, BMC and area were analyzed using PIXImus software
version 1.45. At the completion of the study, animal carcasses were dissected and individual
fat pads (inguinal white adipose tissue – IWAT, dorsal subcutaneous – SWAT, gonadal –
GWAT, retroperitoneal – RWAT, mesenteric – MWAT, and interscapular brown adipose
tissue – IBAT) measured for wet weight to the nearest 0.001 grams. All procedures were
performed in accordance with Institutional Animal Care and Use Committee at UAB.
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Statistics
Data were analyzed with SAS 9.1 statistical software (SAS Institute, Cary, NC, USA). Food
intake, body weight, fat mass, lean mass and % fat were analyzed with a group by time repeated
measures analysis of variance (ANOVA). A post-hoc Bonferroni adjustment was used for
multiple comparisons in body weight and food intake. Group differences between CON and
MOS for total food intake, final body weight, final body composition, BMD, BMC, bone area
and fat pad weights were determined by Student t-test. Results were considered significant
when p≤0.05 (two-tailed).

Results
Food Intake and Body Weight

As seen in figure 1.A., total food intake (grams/mouse) was lower in the MOS group, but the
difference was not statistically significant between groups (mean±s.d.: CON=293.69±10.53g,
MOS=288.10±11.82g; p=0.09). Weekly food intake was significantly different between the
groups at week 8 (p<0.01) after applying Bonferroni correction for multiple comparisons (Fig.
1.A.). Likewise, final body weight was not significantly different between the 2 groups (CON:
25.21±2.31g, MOS: 25.28±1.49g; p=0.91) or at any week during the study (Fig. 1.B.).

Body Composition
In vivo body composition analysis revealed that total body fat and lean mass were not
significantly different between CON and MOS supplemented animals (Fig. 2.A.&B.).
Similarly, calculated percentage fat was not significantly different between the 2 groups (Fig.
2.C.) There were no significant differences between CON and MOS groups for any dissected
fat pad weights, visceral fat (GWAT+RWAT+MWAT: p=0.566) or total fat pad mass
(p=0.667; Fig. 2.D.). Bone mineral density, bone mineral content and area were also not
significantly different between the groups (CON vs. MOS (mean±s.d.), p-value: BMD=0.0431
±0.0018 vs. 0.0439±0.0014, p=0.26; BMC=0.348±0.032 vs. 0.354±0.017, p=0.57; Area=8.10
±0.52 vs. 8.08±0.20, p=0.90).

Discussion
Although MOS supplementation has been reported to reduce body weight gain, body fat and
visceral adipose tissue (18–22), this was not observed in the current study. Specifically, there
were no significant differences in body weight, total body fat or individual fat depots in male
C57Bl/6J mice when fed a high-fat diet supplemented with 1% MOS. There are several aspects
of this study that contrast with previous reports. This study utilized a purified MOS compound
of measured chemical structure and substance. Previous studies have utilized a coffee-based
MOS, derived from a galactomannan (18–22). Although the konjac-derived MOS used in this
study has a different composition of monosaccharides constituents (mannose and glucose), the
similar chemical structures of the mannan backbones should retain the undigestible β-1,4
glycoside linkages and produce similar fiber-like metabolic effects based on the proposed
mechanism of action of MOS. However, the different monosaccharide composition of the MOS
oligos was not directly tested and cannot be excluded as a contributor to the difference in
observed results. Additionally, the purity of the MOS used in previous studies has not been
disclosed. The amount used in this study should provide at least an equivalent amount of MOS
in the diet that has been previously demonstrated as beneficial in mice (20).

Another point of contrast regards the mice used. This study utilized male C57Bl/6J strain,
contrasted with the ICR female mice previously reported (20), raising the possibility that sex
or strain differences contribute to the difference in results. However, C57Bl/6J mice are

Smith et al. Page 4

Obesity (Silver Spring). Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



commonly used for diet-induced obesity conditions, as well as CR studies, and should serve
as a useful model for this type of analysis.

Of particular note, an earlier study utilized a higher fat diet (63% of calories from fat) that was
not reported to contain any fiber (20), compared with the normal fiber percentage (5% by
weight) included in rodent diets. In contrast, the additional 1% MOS supplementation in this
study provided a relative fiber increase of only 20% (from 5 g/100g diet to 6g/100g). This, in
combination with a lower fat content in the current study (45% vs. 63%), may reduce any basic
fiber effects previously observed. However, the results presented here should be relevant to
more “normal” diets that contain at least some amount of fiber.

The food allotment of 95% AL was chosen to reduce variability in food intake values between
animals and across groups in order to better assess the influence of MOS supplementation in
the absence of confounding differences in food intake amounts (12). This was of particular
interest in assessing the future use of MOS as a CR mimetic. Although increased food intake
would not be measurable with this feeding paradigm, previous research reported significantly
reduced body weight and body fat despite greater food intake with MOS supplementation
(20). Therefore, any potential effect on body weight or body fat reduction would be larger when
increased food intake is not permitted. In addition, multiple mice in both the CON and MOS
groups did not fully consume their daily allotment during the progression of the study,
suggesting compensatory feeding was not elevated with MOS supplementation or stimulated
with advancing age and increasing body weight.

Despite the lack of a significant difference in body weight (Fig. 1.B.), MOS is proposed to
reduce body fat accumulation that could be offset by gains in lean mass (20). However, body
composition was measured every three weeks during the study and no significant differences
were observed with MOS supplementation (Fig. 2). MOS supplementation has also been
reported to selectively reduce visceral adipose depots (18, 21, 22). To address the potential that
visceral adipose depots had been reduced while other depots increased, resulting in no
difference in body weight or total body fat, individual fat pads were dissected and wet weights
measured. There were no significant differences in individual, visceral or total fat pad weights
(Fig. 2.D.), dismissing the possibility that MOS supplementation had selectively altered fat
accumulation in this study. In addition to lean and fat, no significant differences were observed
in the amount or density of bone between the groups. Although other types of non-digestible
oligosaccharides have been shown to increase mineral absorption and promote bone production
(32, 34), the MOS utilized in the current study did not.

During the study the mice seemed to tolerate the MOS supplementation, gaining similar
amounts of body weight as the control group, with no adverse events observed. However, the
lack of any reduction in body weight, body fat or visceral fat challenges the potential use of
MOS as a CR mimetic or body composition enhancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Food intake and body weight. A) Weekly food intake (grams/mouse) by group (CON: n=24;
MOS: n=24) during the 12 week study with inset showing total food intake (grams/mouse) by
group (mean±s.d.). B) Body weight (grams/mouse) by group (CON: n=24; MOS: n=24) during
the 12 week study. * denotes significance at p<0.01.
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Figure 2.
Body composition and individual fat depot mass. A) Lean mass (in grams) (p-value: wk 3=0.17,
wk 6=0.59, wk 9=0.73, wk 12=0.70) B) fat mass (in grams) (p-value: wk 3=0.81, wk 6=0.63,
wk 9=0.85, wk 12=0.69) and C) percent fat (fat mass/body weight) by group (CON: n=24;
MOS: n=24) measured by QMR every 3 weeks until study completion (mean±s.d.). D)
Dissected wet weight (mean±s.d.) of fat depots (IWAT = inguinal white adipose tissue, SWAT
= subcutaneous WAT, GWAT = gonadal WAT, RWAT = retroperitoneal WAT, MWAT =
mesenteric WAT, IBAT = interscapular brown adipose tissue) by group (CON: n=24; MOS:
n=24) (IWAT: p=0.945; SWAT: p=0.670; GWAT: p=0.483; RWAT: p=0.666; MWAT:
p=0.722; IBAT: p=0.713).
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Table 1

Diet Description – Control and MOS diet composition and macronutrient content with calculated relative
macronutrient caloric values.

Ingredients Control (gm/kg) 1% MOS (gm/kg)

Dextrates 433.906 423.856

Casein 200.00 200.00

Sucrose 32.58 32.58

Soybean Oil 20.00 20.00

Hydr. Vegetable Oil 213.33 213.33

Fiber (Cellulose BW 200) 50.00 50.00

Vitamin Mix 10.00 10.00

L-Cystine 3.00 3.00

Choline Bitartrate 2.50 2.50

t-BHQ 0.014 0.014

MOS - 10.50

Flowing Agents Added Added

Calculated Values % grams % kcal % grams % kcal

Carbohydrate 45.9 39.4 45.9 39.4

Protein 18.0 15.5 18.0 15.5

Fat 23.3 45.1 23.3 45.1

Fiber 5.0 - 5.0 -

Ash 2.8 - 2.8 -

Moisture <5.0 - <5.0 -

Energy (kcal/gm) 4.653 4.653
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