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Abstract

The present study was aimed to evaluate
effects of three types of Taiwanese yam
tubers, Dioscorea alata L. var. purpurea
M. Pouch (Purpurea), Dioscorea alaia L.
¢v. Tainung No. 2 (Tainung}, and
Dioscorea japonica Thunb var.
pseudojaponica Yamamoto (Japonica) on
the bowel physiology and liid metabolism.
Adult (6 wk old) male Balb/c mice were
fed on conirol or either level (25% or
50%) of yam-enriched experimental diet
for three weeks ad [ibitum. All yam
diets elevated the lower gut weights,
except for the 25% Purpurea diet. All
experimental diets, among which
Purpurea was least effective, promoted
the crypt depth for 40-60% and cell
density for 20-50% in the eecum. The
labeled crypt height was raised only in
mice fed on 50% Tainung and Japonica
diets. In the distal colon, all experimental
diets promoted the width of crypt
columns, but only 50% yam-enriched
diets increased the labeled crypt height

and the labeled cell density. The SCFA
production demonstrated type and dose
effects. Tainung and Japonica diets
greatly enhanced SCFA production in the
cecum. Purpurea diet caused extensive
fermentation in the colon, maybe by
sparing that in the cecum. Taiwanese
vams exerted trophic effects in the cecum,
which was possibly mediated by luminal
fermentation. All yam diets elevated fecal
weight, while Tainung was the most
effectice in raising fecal moisture. The
PCR quantitation of fecal microbial
indicated that Tainung reduced the
concentration of Clostridium perfringens,
which suggests Tainung could protect the
immunity of GI. In terms of effects of
yam on the lipid metabolism. Mice fed
on 50% Purpurea and Tainung diets
exerted the greatest hypocholesterolemic
effects without significant alterations in
the atherogenic indices. Dietary fiber, a
major ingredient of yams, may mediate
these effects by increasing fecal
excretions of cholesterol and bile acid
and decreasing the total cholesterol pool,
with no alterations in hepatic cholesterol
contents. In contrast, the increases in the
daily fecal triacylglycerol outputs and the
decreases in the hepatic triacylglycerol
contents and the apparent absorption rates
were the greatest in mice fed on Purpurea,
and secondly in mice fed on Japonica
diets. Therefore, the lipotropic effects



of Purpurea and Japonica may be due to
the poor fat absorption caused by viscous
dietary fiber. In summary, viscous dietary
fiber was possibly involved in the
hypocholesterolemic effects of Purpurea
and Tainung and the lipotropic eifects of

Purpurea and Japonica in mice.

Keywords: vam, Dioscorea, cecum,
hypertrophy, proliferation. short chain
fatty acids, cholesterol, triacylglycerol
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Results- Bowel function
Dietary fiber intakes and weights of the
lower gut walls

The composition of Purpurea,
Tainung and Japonica is shown in Table 2.
Purpurea had the least carbohydrate
content, 2% (dry wt) lewer than the other
two yam types. Japonica obtained the
least protein content, ~1% less than
Purpurea and Tainung, respectively.
Tainung had the highest crude fiber, total
dietary fiber and soluble dietary fiber
contents among three types of yams.
The difference in total dietary fiber
content between Purpurea (4.4%) and
Tainung (3.3%) was due to the difference

in the soluble dietary fiber fraction.



Japonica obtained equal dietary fiber
content as Purpurea but its soluble dietary
fiber was only 0.5%, far less than

Tainung {1.9%), and almost half of the
level in Purpurea (0.9%). The ratio of
soluble dietary fiber to total dietary fiber
was quite different among types.

Soluble dietary fiber accounts for 1/3, 1/5
and 1/10 the total dietary fiber in Tainung,
Purpurea and Japonica, respectively.

The total fiber and soluble fiber
intakes and effects of diets on weights of
the cecum and colon watlls are shown in
Table 2. The total dietary fiber content
in the 25% and 50% Purpurea, Tainung,
Japonica-enriched diets were 6.10% and
7.21%, 6.33% and 7.65%, and 6.i10% and
7.19%, respectively, compared with 5%
in control diet. The mice fed on 25%
Purpurea-, Tainung-, Japonica-enriched
diets therefore ingested 48%, 35% and
57% more dietary fiber than mice fed on
the conirol diet, respectively. In addition,
the soluble fiber contents in the 25%
Purpurea, Tainung, Japonica-enriched
diets were (.23%, 0.47% and 0.14%,
respectively. Mice fed on 25% Japonica
diet consumed the least amount of
soluble fiber (8 mg/d) as compared to
mice fed on any yam-containing diets,
and was nearly one third of the amounts
consumed by mice fed on 25% Tainung
diet (23 mg/d).

Morphological and proliferative indices
in the cecum

The measurements of morphology
and proliferation of the epithelial cells in
the cecum is shown in Table 3.  For the
25%-enriched yam diets, Japonica and
Tainung similarly promoted the crypt
depth by >40% and Purpurea elevated the
crypt depth for 36%, as compared to the
control diet. Fifty% Tainung and Japonica
diets further increased the crypt height for
~60% as compared to the control diet
while 50% Purpurea diet only promoted
the crypt height for 44%.
increases in the crypt depth, the crypt

In contrast to

width was not aitered by any
experimental diets at the cecum. The
labeled crypt height, and the maximum
height of the labeled ceil in a crypt
column, was significantly increased only
in mice fed on 50% Tainung and 50%
Japonica diets for 79% and 71%,
respectively. Twenty five % Tainung and
Japonica diets tended to increase this
measurement for 45%, respectively, but
these changes were not statistically
significant. The labeling zone {the ratio
of labeled crypt height to crypt depth)
was not different among groups. In
addition, 13% of the crypt cells were
labeled with 5-bromo-2’-deoxyuridine in
mice fed on the control diet, which was
not altered signiticantly by any
yam-containing diets.



Morphological and proliferative indices
in the colon

The morphological and proliferation
indices in the coion are shown in Table 4,
The crypi depth was significantly
increased only in mice fed on 50%
Japonica (for 36%) as compared to mice
fed on the control diet. Similarly, the cell
density was not altered in any
yam-enriched diets. In contrast, crypt
width was increased by all experimental
diets ammong which 50% Purpurea diet
exerted the greatest effect (~100%
increase). The magnitude of increases in
the crypt width was 70% for either
Japonica diet, 77% for 25% Tainung and
85% for 50% Tainung diet, respectively,
as compared to the control level.
Short chain farty acids content in the
cecum

The short chain fatty acid content in
the cecum digesta 1s shown in Table 5.
Total SCFA content in the cecum was
significantly raised for 3.5 folds by
consuming 50% Tainung and 50%
Japonica diets, respectively, and for 2
folds by consuming 25% Japonica diets.
The acetate content was also elevated to
~4 folds of the control level by 50%
Tainung and 50% Japonica diets,
respectively, and to ~2 folds by 25%
Japonica diet.  Propionate contents were
not significantly increased by

experimental diets as compared to the
control diet, except that 25% Japonica
diet caused ~3 folds increase over the
control level. Butyrate (sum of
i-butyrate and n-butyrate) production was
greatly enhanced by approximately 3-
and 6~ folds in mice fed on 25%, and
50% Tainung diet or either Japonica diets

respectively.

Short chain fatty acid content in the colon
The daily fecal short chain fatty acid
excretion is shown in Table 6. Ingestion
of 50% Purpurea diet, not the other diets,
significantly increased daily excretion of
acetate, propionate, butyrate and total
SCFA. Fecal acetate and total SCFA
contents were increased by nearly 6 folds,
propionate by nearly 7 folds, and butyrate
by 8 folds, over the control level.
Acetate was the dominant SCFA in feces.
The molar percentage of acetate in the
feces was approximately 90% for the
control and experimental groups except
that 50% Tainung diet decreased the
acetate ratio to be ~80% by increasing the

ratio of butyrate to be ~11%.
Discussion-Bowel] function

Since yam has been used as an
important herb to normalize bowel
function, it may obtain the functionality
to improve the epithelial cell structure

L



even in healthy men. The present study
demonstrated that when a 5% celluiose
diet was consumed, replacement of starch
with yvam tubers further increased the cell
proliferation in the lower gut. The roles
of yvam-enriched diets in the epithelial
cells structure and proliferation were
site-specific.  Furthermore, these trophic
effects were not determined by the
amount of vam fibers, but probably by
their fermentability in the lower gut.
Previous studies have supported the
* regulatory roles of soluble fibers such as
pectin (Jacob et al, 1984, Lupton et al.
1988, Zhang and Luptoan 1994), guar
{Jacob et al, 1984, Lupton et al. 1988),
konjac glucomannan (Oku 1995), oat
bran (Zhang and Lupton 1994) and wheat
bran (Gestel et al. 1994) on epithelium
cell morphology and proliferation. Our
findings agreed with these studies since
Tainung and Japonica diets exerted their
trophic effects as early as in the cecum,
and the their effects continued in the
distal colon. Purpurea that resulted in
lower SCFA production exerted less
trophic effects in the cecum than Tainung
and Japonica did. The present study
further demonstrated that consumption of
Taiwanese yams as part of a staple
modulated the morphology and
proliferation indices site-specifically. In
the cecum, most experimental diets
promoted crypt height and cell density

but labeled crypt height was increased
only in mice fed on diets contained 50%
Tainung and Japonica. Therefore, the
present study suggested that enrichment
of yam mainly caused increases in
epithelial cells and ceil migration rate in
the cecum. Tainung and Japonica, as
compared with Purpurea, were stronger
promotors for cell proliferation in the
cecum. On the other hand, diets enriched
with yams exerted significant effects on
the crypt width, rather than on the crypt
height in the distal colon. This
site-specific change in the structure of
mucosa cells was also observed in a
previous study in which high fiber diet
increased crypt depth in the ileum
(proximal to the ileal-cecal valve) but
increased crypt width in the colon (Jin et
al. 1994).

The labeling zone in the cecum and
colon were 36% for mice consumed the
control 5% celtiulose diet, which agreed
with previous studies. This
measurement in both cecum and distal
colon was not altered by any
experimental diet, which indicated the
turnover rate of the mucosa cells were
independent on the diet consumed even
the total surface area of the mucosa layer
was increased. The labeled cell density
(proportion of labeled to total epithelial
cells) was not altered in the cecum by any

yam diet. But, this measurement was



promoted in the distal colon by all of
30% vam diets, which indicated that
vam-enriched diets promoted the relative
proliferative activity.

Result-Lipid metabelism

Body weights, feed intakes and energy
intakes

The growth and food intake conditions
are shown in Table 3. Mice were in
good health with no differences in the
initial and final body weights among
groups. Purpurea and Japonica diets
¢xerted greater effects in food intake than
Tainung diet. Independent of vam types,
feed and energy intakes increased as dose
of yam increased. When compared with
mice of the control group, feed and
energy intakes were significantly
increased in all yam groups except for the
25% Tainung group. Mice fed on 50%
Purpurea diet consumed the greatest
amount of feed and energy,

approximately 6(0% more than those

consumed by mice fed on the control diet.

Plasma lipids levels

Table 4 shows effects of different diets on
plasma cholesterol and triacylglycerol
cancentrations, and the atherogenic index
[percentage ratio of
(LDL+VLDL}-cholesterol to

HDL-cholesterol]. The plasma total,
(LDL-VLDL)-. and HDL-cholesterol
levels, and atherogenic index were not
influenced by types, but significantly
affected by the dose of yam. The
interaction of tyvpe and dose effects on
plasma total cholesterol and HDL
cholesterel concentrations was also
significant.

Plasma total cholesterol
concentrations in mice fed on 50%
Purpurea and 50% Tainung diets were
reduced to 79% and 77%, respectively, of
the level observed in mice fed on the
control diet.  These decreases in the
plasma total cholesterol level were due to
decreases in both (LDL+
VLDL)-cholesterol and HDL-cholesterol
concentrations. Regardless of the
changes in cholesterol profile, mice fed
on any diet had similar atherogenic index
values.

Mice fed on 25% Purpurea and
Japonica diets, not on other
vam-containing diets, showed
approximately 25% and 33% lower
plasma triacylglveerol levels, respectively,
than mice fed on the control diet.
Nevertheless, 50% Purpurea and Japonica
did not depressive the plasma
triacyvlglyveerel levels as compared to the

control diet.



Hepatic weighus and lipid contents

Table 5 shows effects of different diets on
hepatic weights, cholesterol and
wriacylglyeerol contents.  Mice from
different groups obtained similar liver
weights and relative liver weights. The
hepatic cholesterol contents tended to
decrease for 10-20% in mice consuming
vam diets. However, the differences
were not statistically significant.  Type,
instead of dose, was a significant factor
for hepatic triacvlglycerol content. The
effect of Purpurea on hepatic
triacylglycerol content was more
pronounced than the other two vams.

The hepatic triacylglycerol levels of mice
fed on both 25% and 50% Purpureza diets
were only 70% and 50% of the levels in
mice fed on the control diet, respectively.
Although 30% Tainung, 253% and 50%

Japonica diets also showed a trend in

decreasing hepatic triacylglveerol content,

effects of these diets were not statistically

significant.

Fecal lipids and bile acid concentrations
and excretions

Table 6 shows the fecal concentrations
and daily fecal outputs of cholesterol, bile
Mice fed on

Tainung diet had lower fecal cholesterol,

acid and triacylglycerol.

bile acid and triacvlglycerol
concentrations than mice fed on the
control and the other two types of yams.

The fecal cholesterol concentration was
the greatest in mice fed on the control
diet. The fecal cholesterol concentration
in mice fed on 25%Purpurea, Tainung
and Japonica was only 44%, 33%, and
44% of the level exerted in mice of the
Mice fed on 50%
Tainung diet had the lowest fecal

control group.

choiesterol conecentration, only ~ 30% of
the level in mice fed on the control djet.
When the daily fecal mass was accounted,
the dose effect was significant for the
daily cholesterol output. Lower level
(25%) of vam diet tended to increase the
cholesterol outpur.  Higher level of
Tainung tended to increase fecal
cholesterol output.  In contrast, mice fed
on 50% Purpurea and 50% Japonica diet
elevated the cholesterol outputs
enormously, ~3.8 and 4.6 folds over the
level observed in mice fed on the control
diet, respectively.

Tainung had the strongest role in
decreasing the fecal bile acid
concentration (78% lower than the
control level) among all types of yams
investigated in the present study. In
contrast, Purpurea and Japonica were
strong stimulartors for daily fecal bile acid
excretion. Similar to cholesterol output,
the dose of yam was positively associated
Mice fed

on 25% vam diets tended to excrete bile

with the level of daily output.

acid 2-3 folds of the levels in mice fed on



the controt diet, although these
increments were not statistically
significant. Among the 50% yam diets,
mice fed on the Purpurea and Japonica
excreted approximately 6 folds of the
levels seen in the control-fed mice.

Fecal triacylglycerol concentrations
in mice fed on 23% Purpurea, 50%
Purpurea and 23% Japonica were
clevated to 190%, 180% and 172% of the
level observed in mice fed on the control
diet. The fecal triacylglycerol output in
25% and 50% Purpurea were ~ 2 and 14
folds of the level excreted by the control
Either dose of

Japonica diets increased the daily

mice, respectively.

triacylglycerol output to 7 folds of the
level seen in mice fed on the control diet.
Either dose of Tainung diets increased the
triacylglycerol output slightly (to 4 folds
of the control}, and these increases were

not statistically significant.

Apparent triacyiglycerol absorption and
Lipase activity on the brush border

Table 7 reveals effects of various diets on
apparent triacylglycerol absorption and
lipase activity on the brush border of the
small intestine. The apparent
triacylglvcerol absorption decreased as
the dose increased. The mean absorption
rate was 95% for control-fed mice, which
was reduced to around 75% in mice fed

on 25% of Purpurea diet, and to below

70% in mice fed on the 50% Purpurea
and 50% Japontca diets.

Discussion-Lipid metabelism

[n the present study, we observed
reduction in blood cholesterol below the
normal level in mice fed on 50%
Purpurea and Tainung diets, which was in
accordance with increases in fecal
cholesterol and bile acid outputs in mice.
The dietary fibers could possibly
contribute to the hypocholesterolemic
effects and inflated fecal cholesterol and
bile actd cutputs.  Apart from starch,
dietary fiber was the second predominant
components, 4.4% in Purpurea and
Japonica, and 5.3% in Tainung,
respectively. Tainung especially
contained rich amount of soluble fiber
(1.88%), almost 1/3 of the total dietary
Purified

viscous fibers such as psyllium have been

fiber in the soluble fraction.

shown to effectively reduced blood total
and LDL cholesterol levels in human
(Anderson ef af. 1988; Davidson ef al.
1998) or animal studies (Frias &
Sgarbiert 1998; Levrat-Verny e¢ al. 2000}
However, several reports indicated that
along with the decreases in blood total
cholesterol concentrations,
HDIL-cholesterol Ievels were also reduced
by ingestion of soluble fibers (Abraham
& Mehta 1988, Gupta er al. 1994). The

present study confirmed the simultaneous



decreases in total, LDI. and
HDL-cholesterol concentrations.

The dissociation between fecal bile
acid output and plasma cholesterol level
found in Japonica-fed mice mav be due to
the expansion in bile pool.  Diosgenin,
an important starting material for the
manufacture of sexual hormone
{Vasil’eva & Paseshnichenko 1996;
Araghiniknam et al. 1996), has been
suggested to increase biliary cholesterol
and bile acid output but not necessarily
decrease blood cholesterol level (Roman
ef al. 1993, Thewles er af. 1993; Juarez ef
al. 1987).

Japonica. possibly not in the other two

The presence of diosgenin in

types (personal communication), could
cause increased cholesterol and bile
synthesis.  This hypothesis explained
why fecal cholesterol and bile acid
outputs increased dose-dependently in
mice fed on Japonica diet, but blood
cholesterol level did not decrease

accordingly.

The plasma triacylglycerol levels
were found reduced in mice ingesting
23%, but not 50% Purpurea and Japonica
diets.

reduced fat absorption was not the only

This observation suggested that

mechanism for the changes in the plasma
triacylglycerol level. In fact, plasma
triacylglvcerol level did not always

reflect the amount of triacvlglycerol

10

absorbed.
observed that blood triacylglycerol levels

instead, many studies have

were elevated under the conditions of
malabsorption. such as in
chylomicron-deficient mice (Jung er ol
1999) or in men with celiac disease
(Ciampohini & Bimi 1991). The switch
from a high fat diet to a low fat, high
carbohydrate, high fiber diet also causes
greater blood triacylglycerol level
{Mensink & Katan 1987). Although the
mechanism for the hypotriglyceridemic
effects remained to be clarified, it 1s
suggested that malabsorption resulted in
increased de no triacylglycerol synthesis
by using free fatty acid released from the
adipose tissue as a substrate (Jung er al.
1999). Besides, low fat high
carbohydrate diet may stimulate de no
lipogenesis using carbohvdrate as the
subsirate {Hudgins ef al. 1996).

In summary, three different types of
Taiwanese yams, Purpurea, Tainung and
Japonica, modulated lipid metabolism in
High dose (50%) of

Tainung reduced plasma cholesterol

different aspects.

levels by reducing the reabsorption of
biliary cholesterol and bile acid. In
contrast, high dose {50%} of Purpurea
may exert the hypocholesterolemic
effects through the poor triacylglvcerol
absorption and poor re-uptake of
cholesterol in the enterohepatic ¢vele.
Purpurea and Japonica exerted lipotropic



effect that was associated with reduced

fat absorption. However, plasma

triacyvlglveerol level rebounded when fat

absorption was depressed to be below

70% in mice fed on high level of

Purpurea and Japonica.
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Table 1. Composition and caloric density of control and diets incorporated with 23% or 30% of D. alara,

Purpurea (Purpurea), 0. alata, Tainung No. 2 (Tainung), and D. japonica (Japonica)

Oantral TR0 wrarm 300 vam

Tnrradisnre @ mileay
Corn oil 70 70 70
Carn starch 529.49 279.49 2849
Sucrose 100 100 100
Casein 200 200 00
Celluiose 30 50 30
AIN 93 mineral mix 35 35 33
AN 93 vitamin mix 10 10 10
L-cvsteine 3 3 3
Choline salt 2.5 25 2.3
TBHO™ 0.014 0.014 0.014
Yam powder 0 250 300
Caloric density (MJIka)

Control 16.36 — -

Purpurea - 16.41 16.10

Taichung - 16.51 16.30

laponica — 16,46 16.19

* TBHQ denotes for Tert-buty! hydroguinane.

Table 2. Composition of the lvophilized powders prepared from peeled tubers of I alara, Purpurea {Purpureal,

D. alara, Tainung No. 2 (Tainung), and D japonica (Japonica)”

Tvpe... Purpurea Tainung Japonica

Ingredients {z'ke)

Carbohvdrate 840.4 8616 860.3
Pratein 69,7 68.9 3R8.0
Fat 6.7 7.5 8.0
Ash 4.4 36 i3
Crude fiber 252 41.0 151
Total dietarv fiber 4.1 331 43 8
Soluble dietarv fiber Q.2 18.3 33

"Analyses were done according o the methods of the Association of Official Analvtical Chemists {1997).
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Table 3. The total and soluble fiber intakes and weights of the cecum and colon wails in mice ted on controd
Ziet or diets enriched with 23% or 30% D afara, L.var. Purpurea or £ @laie L. 2v. Tainung Na. 2, or D,

Japonica Thumb. var. pseudgiaponica {Hay.} Yamamoto

Dietary fiber intake {(gfd) Weights of orzan walls (2}
Total Soluble Cecurm Colan
Cantrol 0.23 1] Q.07 .13
D alata, Purpurea
23% 0.34" 0013~ 010 0.23
50% 0.53 0.034" 013" 025"
22 alara, Tainung No. 2
25% 031" 0.023" 0147 026"
509 043" 0032 014" 036"
D japonica
23% 036" 0.008" g12” 025"
509 048" 0.018" 13" 028"
Pouied SEM 0.012 0.002 0.004 0.007

' Data were expressed as means and pooled SEM, N=11.

““Mean value was significant different from the control as analyzed by one-way ANOVA followed by

Dunnett’s test. "0.05>P > 0.01, 7P < 0.01.

TABLE 4. Effects of vam-enriched diets on the morphological and proliferative indices of the mucosa cells in

the cecum of Balbéc mice'

Cryptdepth  Crypt width  Cell density” Labeled crvpt Labeling zone™ Labeled ceil

{Lm) (Lm] height’ { um} density’

Control 53.3 45.8 16.7 19.1 .36 0.13
2 alata, Purpurea

25% 72.8 46.9 13.0 24.1 0.32 0.12

50% 77.07 30.6 15.0" 303 0.39 0.11
D, alara. Tainung No. 2

25% 755" 33.4 1597 27.7 0.37 0.12

50% 86.0" 36 155" 34.27 0.39 0.14
D, Japonica

23% 7607 446 15.6" 276 0.36 a.11

0% 8757 49.2 16.07 328 036 0.17
Pocled SEM 1.7 1.0 0.3 1.3 0.01 0.01




‘Data were expressed 2s means and pooled SEM, 10 ervpts from each mice, n=8.

“The number of cells in one side of the crvpe.

'The distance of the labeled zell from the bottom of the erypt {um.

“Defined as the ratic of labeled crypt height w the erypl depth.

Defined as the ratio of the number of labeled celis to the ceil density.

“ " Mean value was significanzly different from the controi as analyzed using 2-sided Dunnett’s test; ~ (.05 >P

2 0.0, 7 £ <301,

TABLE 5. Effects of vam-enriched diets on the morphological and crojiferative indices of the mucosa cells in

the distai colon of Balb/c mice”

Cryptdepth  Crypt width  Cell densiny® Labeled crypt  Labeling Labeled cell

(L) (pm) height® () zone density”
Control 78.3 258 12.4 26.5 0.36 0.13
D alata, Porpurea g
250 8l.2 3297 1.8 333 0.41 n.21
30%, 99.3 5177 142 42.4" 0.43 0.23

O alarg, Tainung No. 2
23% 91.4 456" (4.5 34.5 38 0.17
5094, 988 477" 14.2 43.5" 0.45 022

£ japonica

2504 101.0 43.07 130 33.6 0.33 0.21
3% 106.8" 448" 14.6 454" 0.41 0.23"
Pooied SEM 2.4 1.7 0.3 1.3 0.02 0.01

'Data were expressed as means and pooled SEM, 10 ervpis from each animals, n=8.
“The number of cells in one side of the crypt.

"The distance of the labeled ceil ftom the bottom of the erypt (Lm).

*Defined as the ratio of labeled crypt height to the crypt depth.

“Defined as the ratic of the number of laseled cells to the cell density.

" ""Mean value was significantly different from the control as analyzed using 2-sided Dunnett’s test; *: 0.05 >P

>0.01 " P <00l

—_—
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Table 6. Effects of vam-enriched diets on cecal short chain faity zcid conient in Balt/c mice!

Acetate Propionate Butvrate Total
umol/cecum
Control 35.97 3.06 6.27 4731
D. alagia, Purpurea
23% 63 .01 5.93 10.10 79.04
0% 62.33 3.58 11.60 70 44
D. alara, Tainung No. 2
23% 86.21 11.81 237 120.39
30% 139737 14,32 42337 16607
D japonica
25% 10440 2271 17.36" 144.48"
30% 152.957 15.33 33367 208.63
Pocled SEM 5.8 1.3 024 46.3

Molar percentage (%)

Control 7773 112 I1.1 -

D. alara, Purpurea
23% 793 7.6 15.1 -

0% 78.2 7.0 147 -

D afata, Tainung No. 2
25% 73.8 2.0 16.9 -

50% 73.8 6.2 200 -

B japonica

25% 78.3 7.0 14.7 -
0% 79.3 7.6 13.1 -
Pooled SEM 0.80 0.66 .74

Data were expressed as means and pocled SEM., N=8,
“nlean value was significant different from the control as analyzed by ane-way ANQVA fbliowed by Duncett’s

test: D03 =P 2001 T P<i 0!,
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Table 7. Effects of vam-enriched diets on daily fecal excretion of short chain fatty acids in Balb/c mice

Acetale Propionate Butyrate Total
pmol/d
Contros 36271 23.33 19.10 403.10
D, alata, Purpursea
25% 583.01 3339 36.44 6357 88
30% 2463417 181.70° 186,46 283358
D. glata. Tainung o, 2
23% 492,53 26.38 19.8% 338.7a
0% 310.32 3047 60,03 632.40
0. japonica
23% 399,03 42.67 27.04 569.30
30% 747.80 47.12 16.09 814.06
Pooled SEM 103.47 8.20 1001 {1940
¥olar Percentage (%)
Controi 892 3.4 34 -

0 glata, Purpurea
23% 8§9.2 5.0 4.8 -
30% 873 6.3 6.4 -

D). alata, Tainung No. 2
23% 0.3 36 4.1 -
30, 79T 9.6 1.7 -

D, japonica

23% 90.3 6.0 33 -
0% 922 34 23 -
Pooled SEM 0.70 0.41 0.41

'Data were expressed as means and pooled SEM. N=8,
"Mean value was significant ditferent from the control as analyzed by one-way ANOVA foliowed by Dunpett’s

test, 0.03=P>0.01.
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Table 8. Fecal characteristics and number of fecal pellets excreted from Balb/c mice fed control or diet
containing 25% or 30% 2. alata, L. var. Puepurea or 2 afata L. cv. Tainung No. 2, or D. japonica Thunb. var.

-

pseudojaponica (Hay.) Yamamoto. for 21 days 5

Daily wet wt Daily dry wt Moisture Number of fecal
pellet
gd a
Control 0.43+0.19° 0.23+£0,10° 404£935° 336t1956°
D alata, Pupurea
25% 1.60+032° 090=017° 44.0x1,7 % 91.6£18.8°
50% 3.4520.37° 2014017 11.543.9% 133.3=21.9°

D. alaea, Taichung ™No. 2

25% 1.76+0.19° 0.9043.08° 49.8+3.0°¢ 87.3426.1°

30% 2.95H01.74°¢ [.540.38°¢ 46,942 117.9<30,1°
D japonica

235, 1.80=0.32"° 0.9620,18° 16 64364 F3.6+21.2°

30% 3.75940.53° 2.07=0.31° 45.5-19% 1190420 8°
"mean + S0, N=8.

- Dhfferent superscripts denctes for significant ditterent (2 < 0.03) between treatment groups as analvzed by

one-way ANDVA followed by LSD test.

Table 9. Body weights, feed and energy intakes of mice fed on control or diets incorporated with 23% or 30%
ob D alata, Purpurea (Purpurea), . alare, Tainung Ne. 2 (Tainung), and D. japonica {Japorica) for 21 d

(Mean values for eleven mice per group)

Experimenta

| groups. . Control Purpurea Tainung Japonica

25% 30% 5% 30% 25% 0% SEM

Body weight (g)

fnitial 17.84 18,40 18.03 17.91 18.21 17.79 18.71 0.26

Final 2205 2263 21.77 23.06 22.86 22.29 22.84 0.2G
Intakesd

Feed (g} 4.3 36° 7.4° 49 38 3.9 6.7 0.12

K 748 9117 119.5° 31.2 907" 56.6" 108.2° 1.93

= Mean value was significantly different from the control as analyzed using 2-sided Dunnett’s test; *; (.03 >F
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» 0045 P <001

TABLE 10. Plasma iipid levels and atherogenic index of mice fed on control or diets incorporated with 23% or
30% of O, alata, Purpurea {Purpurea), D, @lara, Tainung No. 2 (Talnung), and D. japorica (Japonica) for 21 ¢

(Mean values tor eieven mice per group}

Groups... Control Purpurea Tainung Japonica

25% 30% 23% 30% 25% 30%  Pooled SEM

Cholesterol (fmmoldh

Total 1.96 3700 348 3920 303° 338 356 0.07
(LDL+VLDL) 222 216 162 223 153 224 202 0.0
HDL 1.07 087 08 (07 076 092 091 .06
TG (mmolih 1.37 o2t 132 114 128 092" 139 0.03
Atherogenic index” 50 75 43 8 57 72 62 6.46

“Defined as (VL.DL = [ DL)-chalesteral x 150%HDL-cholesterol.
“* Mean value was significantly different trom the control as analyzed using 2-sided Dunnet’s test; % .05 =P

> {0017 P <001,

TABLE 11. Hepatic weight. cholesternl and triacyvlglycerol contents (mg/liver) of mice fed on controf or diets
incorporated with 23% or 50% ol L. aiaea, Purpurea (Purpurea), . alaia, Tainung Na. 2 {Tainung), ang 0.

Japorice (Japonica) for 21 d

Croups. .. Control Purpurea Taichung Japonica
23% 0% 23% 30% 23% 30%  Pooled SEM
Weignt (g) .04 D.96 1.01 1.00 0.99 1.00 0.97 .02
(% body weight) 471 422 466 436 433 $.51 4.23 0.06
Cholestero! 224 172 192 208 207 RN 15.8 20
Triacvlglyeerol 132.3 106,74 66.0" 1356 1188 1140 113.3 3.0

€ . S arih . ey .o - - o 3 H ] » i
"? Mean value was significantiy different Fom ke conurol as araiyzed using 2-sided Dunnedt’s tes: *: 0,05 »#

=001 A0,



TABLE 12. Fecal content and daily excretions of cholesterol, bile acid and triacylglycerol of mice fed on
control or diets incarporated with 23% or 30% of D, alata, Purpurea (Purpurea), 2 afafe, Tainung No. 2
({Tainung), and 0. japonicailapopical for 21 4

(Mean values for eleven mice per group)

Experimental Control Purpurea Tainung Japopica
aroups. ..
25% 0% 23%  30%  25% 50%  Pooled SEM
Cholesternl
mg/E wet feces 10.74 13.55°  13.64%  10.29°  930°  1337° (440" 2.79
mg/d 9.17 17.23 44.53* 1828 2837 2225 5138 3.30
Bile aclds
mglg wet feces 0.99 0.66° 055 044" 022° 047 059 0.07
mg/d 0.28 0.81 1.82° 072 Q.82 77 1.68° 0.12
Triacylglycerol
mg’g wet feces 13.17 25107 2360 1313 B.38 22,70 11.29 1.39
mgsd 542 3923 76807 2361 2487 3997 42.10° 422

8 nJean value was significantly differemt from the conirol as analyzed using 2-sided Dunnett’s test; : 0.05 =P

>0.01," £<0.01.

TABLE 13. Apparent fat absorption and lipase activity in the intestinal brushborder of mice fed oo control or
diets incorporated with 25% or 30% of 0. afafe, Purpurea (Purpurea), D alata, Taichung ™o, 2 (Taichung), and
D japorica (Japonica) for 21 d

(Mean values for eleven mice per group)

Groups... Conurol Purpurea Taichung Japonica

(D)

23% 0% 25% 0%

3% 30%  Pooled SEM

Apparen: fat 94,3 74.4° 62.1° BO9 7.9 86.8 69.1° 2.15
absorption (%o}

Lipase activity {L/mg 188.8 2725 2719 2473 2394 85 189.6 12,8
protein’t

** Mean valuc was significanty different from the conuwol as analvzed using 2-sided Dunnetr's tesi; ©: 0.03 >2

=001



TABLE 14, Specific enzyvme activities in the brush border of the small intesting in mice with free access to

control, or dicts incorporated with 25% ar 30% yams (D, afare, Purpurea, £ alata, Tainung No. 2, and D

Japonice) for 214

Control O, algie, Purpurea D, alata, Tainung No., 2 D japenica
25% 0% 25% 23% 30%
Li/mg DNA
Leucine 0962048 1320042 2.02:0.8%  1.7520.82 2.2620.63% 1.72=042 1463032
aminopeplicase
Mallase 13.67=3.7G 16.0240.77 13284391 14252250 21.3029.10 21334515 26.45358.30
Sucrase 31.23412.47 44.89£11.2 33274927 41.08+]11.8 32.08+20.8 48.17=7.88 37.89=8.7

2 5

IUimg protein

Leucine

0.040.02  C.16=0.01 0.12£0.04 0.22x0.08*

aminopeptidase

Maltase

Sucrase

1.76=047  1.72+1.13 221=0.8¢  1.10x0.20

4974183 4334241 437211 3.18%1.33

(il

Lad

0.14+0.03

0.11£0.02

"Values are means £ SD. o=8.

* Significant different trom the conwol as analvzed with one-way ANOVA followed by Dunnett’s test, £ <

0.03.
No. Samgie Density
l Marker 27216 16 S of C perfringens
2 Negative control 1577
3 Negative control 13830
4 0% 4B dier 69730
3 Contral diet 93240
6 25%4c 8 diet 8812
7 0% diet 74375
3 30% % 7B 45630
Y 5% 4 B 16632
i R T Y 31702
It S0% & & 74520
12 C. Perfringens 107 57284
13 C.Perfringens  10° 45173
14 C. Perfringens 107 16380 i

L ¥ -~ . ]
m “‘%h‘,i Vi 'ﬂ"’b'{h'ﬂ 0

Taww; H:4d 03 32634107 Fig,

Fig 1. Elecizgphoresis of PCR products against
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