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Effect of short-term ingestion of konjac glucomannan on
serum cholesterol in healthy men1’2

Anders Arvill and Lennart Bodin

ABSTRACT The effects of the soluble fiber konjac gluco-
mannan (GM) on serum cholesterol concentrations were inves-

tigated in 63 healthy men in a double-blind crossover, placebo-

controlled study. After a 2-wk baseline period, the subjects

were given 3.9 g GM or placebo daily for 4 wk. After a

washout period of 2 wk, crossover took place, followed by

another 4 wk of treatment. The subjects were encouraged not to

change their ordinary diets or general lifestyle during the

investigation. GM fibers reduced total cholesterol (TC) con-
centrations by 10% (P < 0.0001), low-density-lipoprotein cho-

lesterol (LDL-C) concentrations by 7.2% (P < 0.007), triglyc-

enides by 23% (P < 0.03), and systolic blood pressure by 2.5%

(P < 0.02). High-density-lipopnotein cholesterol (HDL-C) and

the ratio of LDL-C to HDL-C did not change significantly. No
change in diastolic blood pressure or body weight was ob-

served. No adverse effects were observed. The results of this

study show that GM is an effective cholesterol-lowering

dietary adjunct. Am J Clin Nutr 1995;61:585-9

KEY WORDS Glucomannan, cholesterol, triglycerides, di-
etary fiber

Introduction

More than 50% of the population in most Western countries
have cholesterol values >5.17 mmolfL and are, consequently,

in the opinion of some experts, in need of treatment (1-5). The

cornerstone of the treatment program for hypercholesterolemia

consists of dietary changes toward a low-fat, low-cholesterol

diet that is rich in dietary fiber (3). Partly because of cost,

pharmacological treatment should be reserved for cases of

hypercholesterolemia not responding satisfactorily to dietary

changes. The long-term safety, however, of cholesterol-lower-
ing drugs is not firmly established. In view of this, a dietary
fiber with significant cholesterol-lowering effects, either as a

dietary adjunct or as a natural component of the diet, has a

large potential role in lowering cholesterol in the general pop-

ulation. A diet rich in fiber has been shown to lower plasma
cholesterol by 10-15% in several studies (6-9). The nature of
the dietary fiber is important. Water-soluble fibers such as

pectins, gums, and mixed-linked 13 1,3- and 1,4-D-glucans are

capable of significantly lowering the plasma cholesterol con-

centration (9). However, one study suggested that the intrinsic

cholesterol-lowering effect of oat bran was small (10). Gluco-

mannan is a dietary fiber obtained from the tubers of Amor-

phophallus konjac. Konjac flour (‘�80% glucomannan) has

traditionally been used as the chief ingredient of edible kony-

aku (konjac jelly). Purified glucomannan (now available under

the name of PROPOL A, Shimizu Chemical Corporation, Hi-
roshima, Japan), is a polysaccharide consisting of repeating

units of f3-D-glucose and /3-D-mannose joined together in a

chain by 1,4 linkages (11-15).

The aim of the present study was to examine the hypocho-

lesterolemic effect of supplementing the usual diets of normo-

cholesterolemic or hypercholestenolemic but otherwise healthy
men with glucomannan. We wanted to investigate whether
glucomannan had any intrinsic cholesterol-lowening effect as a

dietary adjunct. The subjects were, therefore, specifically in-

structed to keep their diet and physical activity unchanged

throughout the study.

Subjects and methods

Subjects

Seventy male subjects with serum cholesterol values > 6.3
mmol/L (at screening) and aged between 25 and 65 y were

selected from a group of “�‘500 subjects responding to a local
newspaper advertisement. Subjects being treated for hypercho-
lesterolemia and subjects with secondary causes of hyperlipid-
emia such as diabetes mellitus, hypothyroidism, or renal dis-

ease were excluded from the study.

After a 2-wk baseline period, the 70 subjects were randomly

divided into two groups. The study then consisted of two 4-wk
treatment periods, with a double-blind, placebo-controlled
crossover design. There was a 2-wk washout period between

the treatment periods. The subjects were given identical gelatin
capsules, each capsule containing 0.43 g glucomannan (active)

or cornstarch (placebo) in addition to 66 mg lactose and 10 mg
magnesium stearate. Three capsules were taken three times
daily one-half hour before meals (total daily amount 3.9 g
glucomannan) with a glass of water. Compliance with the
dosage regimen was monitored by interview and by counting
the capsules left at the end of each treatment period. The

subjects were also independently interviewed about their food

intake and physical activity during the trial, at the start and end
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‘ x ± SD; range in parentheses.

of each period (four times), by the same person. No attempt

however was made to describe the exact amount and compo-
sition of each individual meal.

From the original group, seven subjects were excluded dur-

ing the study: one died, one had perforated appendicitis, one
drastically reduced his food intake, two admitted taking addi-

tional cholestenol-lowering medicine, and two failed to com-

plete the trial. Sixty-three subjects completed the 10-wk pro-

tocol. Baseline data for the group are shown in Table 1. The
study was approved by the Medical Research Ethical Commit-
tee of Orebro, Sweden.

Measurements

Measurements were made at the beginning of the baseline

period and at the end of period 1 (baseline-period 1), and the

beginning and end of period 2 (washout-period 2). Body
weight, blood pressure, and blood samples were thus taken four
times during the study. Blood samples were collected after a

12-h overnight fast. Serum total cholesterol (TC) was deter-

mined enzymatically with a high-performance kit (Boehnnger

Mannheim, Mannheim, Germany), high-density-lipoprotein

cholesterol (HDL-C) with the same kit after selective precipi-
tation of the apo B-containing lipoproteins with manganese

chloride and hepanin, and triglyceride concentrations with an

enzymatic colorimetnic method (Boehnnger Mannheim). Low-

density-lipoprotein cholesterol (LDL-C) was calculated by us-

ing the following formula:

LDL-C=[(TC)-(HCL-C)-(TG/2.2)]

The upper limit of triglycerides for use in this formula was set

at 4.6 mmol/L (16). The intraassay and interassay CVs were,
respectively, 1.2% and 1.9% for TC, 1.9% and 4.1% for tn-

glycenides, and 3.5% and 4.7% for HDL-C. The following were

also determined on each of the testing occasions: serum con-
centrations of creatinine, bilirubin, glutamyltransfenase, aspar-

tate aminotransferase (ASAT), and alanine aminotransferase

(ALAT).

Statistical analysis

The data were analyzed as a 2 X 2 crossover design by using
a sequence of two-sample t tests, according to Jones and

Kenward (17). Baseline and period 1, as well as washout and
period 2, measurements were used. The testing sequence
started by testing for first-order carryover effects, then second-
order carryover effects, and finally for treatment effects con-

TABLE 1

Baseline characteristics at start of treatment’

Value (n = 63)

Age (y) 47 ± 8.2 (26-62)

Weight (kg) 90 ± 12.8 (65-128)

Height (cm) 177 ± 6.9 (158-194)
Systolic blood pressure (mm Hg) 140 ± 17.6(110-190)

Diastolic blood pressure (mm Hg) 85 ± 10.2 (70-110)

Total cholesterol (mmol/L) 6.7 ± 1.0 (5.2-12.0)

LDL cholesterol (mmol/L) 4.5 ± 1.3 (3.2-5.9)

HDL cholesterol (mmol/L) 1.2 ± 0.3 (0.7-2.4)

Triglycerides (mmollL) 2.2 ± 1.7 (0.7-11.9)

ditional on the outcome of the preceding test. If carryover

effects were not verified, the test for treatment effect was based
on contrasting period 1 and period 2 measurements. In the

presence of carryover effects the treatment analysis was based

on the comparison of baseline and period 1 measurements.
Figures 1 and 2 describe the two ways of analysis. The figures
illustrate the mean values for TC and triglycerides over the four

time points that measurements were taken; baseline, end of
period 1 , end of washout period, and end of period 2. The mean
values at the four time points are represented by A, B, C, and

D for group 1 and a, b, c, and d for group 2. Group 1 started
with the treatment followed by placebo; in group 2 the order

was reversed. The analysis of triglycerides represents a case of
no carryover effect and the analysis of TC a case with a
suspected carryover effect. In the case of no carryover effect, a

point estimate of the treatment effect is given by [(B - D) -

(b - d)J/2, for triglyceride [(2.54 - 3.47) - (2.28 - 2.18)]/2

or -0.51. For those measurements for which a carryover effect
cannot be rejected, the point estimate is [(B - A) - (b - a)],
which results in [(6.51 - 6.93) - (6.76 - 6.51)], or -0.67 for

TC. In Tables 2 and 3 these estimates are given together with

95% CIs, P values in the test for no treatment effect, and a
percentage difference calculated as the effect estimate divided

by the mean of the baseline values for the two groups.

Results

A possible carryover effect was found in the analysis of

cholesterol, LDL-C, and HDL-C. Therefore, point estimates
and CIs for these outcomes were calculated only from period 1

and baseline readings (Table 2). For other outcomes there was
no suggestion of carryover effects. Hence, the specific feature

of the design could be fully used in the estimation of
the treatment effect, ie, data from both periods were used
(Table 3).

Four weeks of ingestion of GM fibers reduced TC concen-

trations by 10.0% (P < 0.0001), LDL-C concentrations by

7.2% (P < 0.007), triglycerides by 23% (P < 0.03), and

systolic blood pressure by 2.5% (P < 0.02). HDL-C and the

ratio of LDL-C to HDL-C were not significantly different from

baseline. No change in diastolic blood pressure or body weight
was observed. No adverse effects were observed.

6.3 . 3.3

FIGURE 1. Mean values for total serum cholesterol for group 1

(treatment/placebo) and group 2 (placebo/treatment) for four time points: 1,

baseline; 2, period 1; 3, washout; and 4, period 2.
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FIGURE 2. Mean values for triglycerides for group 1 (treatment!

placebo) and group 2 (placebo/treatment) for four time points: 1, baseline;

2, period 1; 3, washout; and 4, period 2.

Discussion

The cholesterol-lowering effect of glucomannan fiber re-

ported in this study is 10% after 4 wk of treatment, a remark-

able reduction considering the relatively small doses used and

the short time of treatment. The study design allowed for

inclusion of different concentrations of serum cholesterol, as

well as of mild to moderate obesity and hypertension. Men

between 25 and 65 y of age with serum cholesterol concentra-

tions �6.3 mmol/L at the initial screening were eligible. How-

ever, the cholesterol concentrations of some subjects sank after
their initial screening and the range at baseline was 5.2-12.0

mmol/L. The baseline range was considered acceptable for the
purpose of the study and the deviation from the screening range

was judged to be part of normal variability. Besides, a lower

initial range (including normal or near normal serum choles-

terol concentrations) would seem to augment the demands on
glucomannan as far as detectable treatment effects were con-

cerned. Statistical evaluation using only the cholesterol values
within the range 6.3-12 mmol/L [Table 2: group 1 (n = 24)

and group 2 (n = 19); Table 3: group 1 (n = 24) and group 2

(n = 19), except LDL-C-group 1 (n = 21) and group 2 (n =
18)] did not change the results significantly. On the other hand

the estimate of the percentage change could be affected by

regression to the mean if the initial values were restricted to

higher values. Therefore, the percentage change was estimated

also for the complementary group with initial cholesterol val-

ues in the range 5.2-6.2 mmollL. The percentage decrease for
TC due to glucomannan treatment was then estimated to be

5.6%. On the other hand the estimate of decrease in tniglycer-
ides was estimated to be 44%. Five subjects turned out to have

hypercholesterolemia phenotype IIB, with a mean triglyceride

concentration of 5.98 ± 1.84 mmol/L (range 4.4-8.7), and a
mean serum cholesterol concentration of 8.66 ± 1.01 mmolfL
(range 7.4-10.3). None of the type IIB subjects had diabetes.

On average the group as a whole (n = 63) was 15-30%

overweight.

The method of analysis chosen is a fairly robust technique

with relatively few assumptions. No assumption of the covari-
ance structure has to be made, apart from that of equal variance
for the contrast in each group. In one case that assumption was

not fulfilled, and therefore the t test with separate variance

estimation and a reduced number of degrees of freedom was

3.7 used. This partial imbalance was present as a result of the

randomization. Two individuals with very high triglyceride

3.4 values had both been allocated to the group with initial treat-

3.1 ment. Because no other significant imbalance in the random-
ization was found, the small differences in the groups at base-

2.8 line and the allocation of individuals were accepted, and

2.5 thought not to influence the validity of the analysis.
The physical-chemical structure of glucomannan may be an

2.2 important determinant of its cholestenol-lowering ability. Gluco-

1.9 mannan particles, derived from the konjac root, are tasteless,
odorless, and pure white. They consist of extremely long thread-

1.6 like macromolecules tangled together. On contact with water the

particles swell to �‘200 times their original volume, turning glu-

comannan into a viscous liquid. The highest viscosity is reached S

or 6 h after glucomannan is placed in water, and it will maintain

this viscosity for >120 h (18, 19). The mechanism of action of

dietary fiber on plasma lipids is still a matter of debate. Promotion

of bile-acid excretion in the stool and/or blockage of cholesterol

absorption are possible mechanisms (20-23).

The effect of the gelatin capsule on the release of glucoman-
nan fibers showed a time delay of 30 mm as compared with
glucomannan powder, according to the manufacturer. Further

study is needed, though, on the optimal way of dispensing

glucomannan. Glucomannan treatment lowered TC by 10%,
LDL-C by =7%, and HDL-C by 6% (NS). Triglycerides were

reduced by ‘�‘20%, which is remarkable, although the great vari-

ability in triglyceride concentrations should be kept in mind. It is

interesting to note that studies using psyllium mucilloid showed

no significant changes in triglycerides (24, 25).
The statistical analysis has shown that the results are signif-

icantly different between glucomannan intake and placebo

intake. This result is valid. One explanation of this result is of
course the different treatments. There could also be other
explanations. It is not impossible that changes in total energy or

composition of the food could have occurred during this pe-
nod. The trial was a double-blind crossover study. It is not

likely that changes in food intake would have been distributed

differently during the study periods and over the two groups, and

the most obvious explanation for the differences seems thus to be
the glucomannan treatment. Body weight was constant in both

groups throughout the study, also supporting this statement. Sta-
tistical analysis showed a carryover treatment effect between

groups, indicating that a 2-wk washout period is too short. The
mechanism of this prolonged treatment effect is not known.

This study used gelatin capsules to dispense the glucoman-

nan and the placebo, thus eliminating intolerance due to bulky

powders of slimy consistency. Glucomannan was well toler-
ated and no side effects were reported. It might well be ideally
suited for the large number of people with uncomplicated type

II hypencholesterolemia, a group that is clearly too big for
intensive pharmacological treatment. This study concentrated

on the cholesterol-lowening ability of glucomannan as a dietary
adjunct. Throughout the study the subjects claimed that they

continued their usual diets, which traditionally are rich in fat

and poor in dietary fiber (very little grain, fruits, or vegetables).

Consequently, any synergistic effects of glucomannan together

with a prudent diet have not been examined. It might well be

that glucomannan plus a low-fat (25% fat) diet rich in fiber
(>4.76 g/MJ), would lower cholesterol to satisfactory concen-

trations in the vast majority of cases of uncomplicated type II

hypercholestenolemia.
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TABLE 2

Effect of 4 wk of treatment with glucomannan fiber on lipid concentrations of subjects from groups 1 (n = 32) and 2 (n = 31), baseline and period 1

only

. .

Baseline Glucomannan Baseline Placebo Treatment effect 95% CI P
Percent

.

difference

%
Total cholesterol (mmolfL) 6.93 ± 1.222 6.51 ± 0.85 6.51 ± 0.72 6.72 ± 0.67 -0.67 -0.99, -0.35 0.0001 -10.0

LDL-C (mmollL)3 4.57 ± 0.73 4.28 ± 0.69 4.49 ± 0.67 4.54 ± 0.71 -0.33 -0.56, -0.09 0.007 -7.2

HDL-C (mmol/L) 1.18 ± 0.28 1.14 ± 0.26 1.22 ± 0.35 1.25 ± 0.39 -0.07 -0.17, +0.02 0.125 -6.1

LDL-C:HDL-C 3.90 ± 0.90 3.85 ± 1.01 3.93 ± 1.13 3.88 ± 1.13 +0.009 -0.34,+0.36 0.959 +0.2

, Treatment effect in relation to the mean of the baseline for groups 1 and 2.
2 � � SD at the end of each period.

3 Group 1 (n = 29), group 2 (n 30).

TABLE 3

Effect of 4 wk of treatment with glucomannan fiber on subjects from groups 1 and 2 combined (n = 63)

. .
Baseline Glucomannan Baseline Placebo Treatment effect 95% CI P

Percent
.

difference

%
Triglyceride (mmolIL) 2.42 ± 1.88 2.37 ± 1.59 2.34 ± 1.59 2.88 ± 2.32 -0.51 -0.95, -0.06 0.026 -23

Systolic blood pressure (mm Hg) 138 ± 16.7 133 ± 15.9 136 ± 18.5 136 ± 17.9 -3.43 -6.21, -0.67 0.016 -2.5

Diastolic blood pressure (mm Hg) 85 ± 9.6 83 ± 9.1 86 ± 10.2 81 ± 16.5 -0.27 -2.32, + 1.79 0.796 -0.3

Body weight (kg) 89.6 ± 12.8 89.4 ± 12.9 89.4 ± 12.9 89.7 ± 12.9 -0.29 -0.74, -0.16 0.209 -0.3

The dose-response curve of glucomannan should be further
examined as well as its role as a cholesterol-lowering agent in
other patient categories (eg, those with obesity or hyperglyce-
mia). Thus, in summary, we think that glucomannan is an

interesting cholesterol-lowening agent. In view of the facts that

studies (26) have shown regression of atherosclerosis with

treatment of hyperlipidemia and that a moderate reduction in

serum cholesterol in the population would probably lead to a
significant reduction in cardiovascular morbidity and mortality

(3), glucomannan may have an important role in the future.D

References

1. Martin MJ, Hulley SB, Browner WA, et al. Serum cholesterol, blood
pressure,and mortality: implications from a cohort of 361 662 men.

Lancet 1986;2:933-6.

2. Andersson KM, Castelli WP, Levy DL. Cholesterol and mortality: 30

years of follow-up from the Framingham study. JAMA 1987;257:

2176-80.

3. The Expert Panel. Report of the National Cholesterol Education Pro-

gram Expert Panel on Detection, Evaluation and Treatment of High

Blood Cholesterol in Adults. Arch Intern Med. 1988;148:36-69.
4. Krihler D, ed. The British Cardiac Society Working Group on Coronary

Prevention: conclusions and recommendations. Br Heart J 1987;

57:188-9.

5. Study Group, European Atherosclerosis Society. Strategies for the

prevention of coronary heart disease: a policy statement at the Euro-

pean Atherosclerosis Society. Eur Heart J 1987;8:77-88.
6. Storch K), Andersson JW, Young VR. Oat-bran muffins lower serum

cholesterol of healthy young people. Clin Res 1984;34:740A(abstr).
7. Andersson JW, Spencer DB, Hamilton CC, Ct al. Oat-bran cereal

lowers serum total and LDL cholesterol in hypercholesterolemic men.

Am J Clin Nutr 1990;52:495-9.
8. Anderson JW, Ridell-Lawrence 5, Floore ii, Dillon DW, Oeltgren

PR. Bakery products lower serum cholesterol concentrations in hyper-

cholesterolemic men. Am J Clin Nutr 1991;54:836-40.

9. Haskell WL, Spiller GA, Jensen CD, et al. Role of water-soluble

dietary fiber in the management of elevated plasma cholesterol in

healthy subjects. Am J Cardiol 1992;69:433-9.

10. Swain JF, Rouse IL, Curley CB, Sacks FM. Comparison of the effect

of oat bran and low-fiber wheat on serum lipoprotein levels and blood

pressure. N Engl J Med 1990;322:147-52.
1 1 . Yui T, Ogawa K, Sarko A. Molecular and crystal structure of konjac

glucomannan in the mannan II polymorphic form. Carbohydr Res

1992;229:41-55.

12. Kato K, Matsuda K. Studies on the chemical structure of konjac

mannan. Part I. Isolation and characterization of oligosaccharides from

the partial acid hydrolyzate of mannan. Agric Biol Chem 1969;33:

1446-53.

13. Kato K, Watanabe T, Matsuda K. Studies on the chemical structure of

konjac mannan. Part II. Isolation and characterization of oligosaccha-

rides from the partial acid hydrolyzate of mannan. Agric Biol Chem

1970;34:532-9.

14. Kato K, Matsuda K. Studies on the chemical structure of konjac

mannan. Part III. Theoretical aspect of controlled degradation of the
main chain of the mannan. Agric Biol Chem 1970;36:639-44.

15. Sugiyama N, Shimahara H, Andoh T. Studies on mannan and related

compounds. I. The purification of konjac mannan. Bull Chem Soc Jpn
1972;45:561-63.

16. Friedewald Wi’, Levy RI, Fredrickson DS. Estimation of the concen-

tration of low density lipoprotein cholesterol in plasma, without use of

preparative ultracentrifuge. Clin Chem 1972;18:499-502.

17. Jones B, Kenward MG. Design and analysis of cross-over trials.

London: Chapman and Hall, 1989.

18. Kishida N, Okimasu 5, Kamata T. Molecular weight and intrinsic

viscosity of konjac gluco-mannan. Agric Biol Chem 1978;42:1645-50.

19. Maekaji K. The mechanism of gelation of konjac mannan. Agric Biol
Chem 1974;38:315-21.

20. Cummings JH. Dietary fibre. Br Med Bull 1981;37:65-70.



EFFECT OF SHORT-TERM

21. Connor WE. Dietary fiber-nostrum or critical nutrient? N Engl J Med

1990;322: 193-5 (letter).

22. Ebihara K, Schneeman BO. Interaction of bile acids, phospholipids,

cholesterol and triglycerides with dietary fibers in the small intestine of

rats. J Nutr 1989;119:1 100-6.

23. Fox R. Dietary fibre: importance of function as well as amount. Lancet

1992;340:1 133-4 (letter).

24. Anderson JW, Zettwoch N, Feldman T, et al. Cholesterol-lowering

INGESTION OF KONJAC 589

effects of psyllium hydrophilic mucilloid for hypercholesterolemic

men. Arch Intern Med 1988;148:292-6.

25. Bell LP, Hectorne K, Reynolds H, Balm TK, Hunninhake DB. Cho-
lesterol-lowering effects of psyllium hydrophilic mucilloid. JAMA

1989;261:3419-23.

26. Ornish DM, Brown SE, Scherwitz LW, et al. Can lifestyle changes

reverse coronary heart disease? The Lifestyle Heart Trial. Lancet

1990;336:129-33.




