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Summary. This study aimed to examine the ability of crude water soluble polysaccharide (WSP) extracts from 
yellow and purple water yam tubers in lowering blood glucose level in hyperglycemia condition. Twenty male 
Wistar strain rats were divided into 4 groups: normal control group, hyperglycemia group administered by crude 
WSP extract from purple water yam (WSP-P), hyperglycemia group administered by crude WSP extract from 
yellow water yam (WSP-Y), and control hyperglycemia group.  After reaching blood glucose level >200 mg/
dL by alloxan induction, crude WSP extract was force fed at dose of 400 mg/kg bw/day in 4 week experiment.  
The results showed that both crude water yam WSP extracts had hypoglycemic effect.  The more pronounce 
effect was found in crude WSP extract from purple water yam. Fasting blood glucose of rats administered by 
crude WSP extract gradually decreased.  The sharp decline was found in WSP-P group.  Crude water yam WSP 
extract is a fermentable polysaccharide that produced short chain fatty acids (SCFA) with concentration acetate 
> propionate > butyrate.  There was no statistically different of SCFA produced in WSP-P and WSP-Y groups.  
Administration of crude WSP extract of both water yams is able to prevent body weight loss due to alloxan 
induction.  In conclusion, WSP from purple and yellow water yams exhibited blood glucose lowering properties 
in hyperglycemia condition.  There was a slight different magnitude effect of purple and yellow water yams in 
decreasing fasting blood glucose.  SCFA formation seemed to contribute in improving blood glucose level.
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O r i g i n a l  a r t i c l e

Introduction

Dioscoreaceae or yam family is a well-known per-
ennial herb for some medication as well as carbohy-
drate-providing food in many tropical countries (1).  
Dioscorea plants have been widely used as traditional 
medicine and food for health benefits (2).  Fermenta-
tion of yam by red mold produced RMD (red mold 
dioscorea) that exhibits a hypolipidemic effect (3). 
Lyophilized raw Taiwanese yam (Dioscorea alata cv 
Tainong No. 2) has been reported to improve choles-
terol profile in the plasma and liver (1).   

Taro and yam accumulate non-starch polysac-
charides (NSP) in their tubers (4).  Several studies 
showed biological activity of water soluble polysaccha-
ride (WSP) from yam.  Aqueous extractions are the 
most common methods used for the extraction of the 
plant polysaccharides (5).  Wang et al. (2) proved that 
water-soluble mucilaginous polysaccharides within 
yam aqueous extract are likely the effective antioxidant 
to protect DNA. Yam mucopolysaccharide (YMP) 
has been proven to possess immunostimulating bioac-
tivities as well as antitumor (6). Hou et al. (7) reported 
that purified yam (Dioscorea batatas) tuber mucilage 
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exhibited antioxidant activities in a series of in vitro 
tests.  It is also proven that WSP from wild yam (Di-
oscorea hispida) and lesser yam (Dioscorea esculenta) has 
antihypertension activities (8).

Diabetes mellitus (DM) is a metabolic disorder 
and multifactorial disease that affecting about 220 mil-
lion people worldwide (9).  It is predicted that DM 
rates to rise two to three fold by 2030 (10).  To com-
plement the medicinal therapy, some bioactive com-
pounds or herbs are used for diabetic management. 
Scientific evidence revealed that polysaccharides from 
some natural sources have the ability to lower blood 
glucose level.  A transient hypoglycemic effect of the 
fractions containing high-molecular weight polymers 
has been reported in the extracts of several species (11).  
Among them, water soluble polysaccharides have been 
studied extensively.  A diet high in soluble fiber can be 
useful for individuals with diabetes in the management 
of blood glucose level (12). 

The study of Morada et al. (13) showed that poly-
saccharide molecule obtained from S. alba leaf extracts 
has a very effective anti-diabetic property.  The poly-
saccharides fraction from American ginseng berry ex-
tract has a potential clinical utility in treating diabetic 
patients (14).  Lin et al. (15) reported that Siraitia 
grosvenorii polysaccharide (swingle) administration 
showed obvious glucose-lowering effect on hypergly-
cemic rabbits induced by feeding high fat/high su-
crose. Our previous study (16) showed that WSP from 
Dioscorea hispida was able to reduce blood glucose level 
in hyperglycemia condition. Mechanisms of lowering 
blood glucose were glucose absorption inhibition and 
short chain fatty acids (SCFA) formation.   

Nonstarch polysaccharides are derived predomi-
nantly from plant cell walls.  Nonstarch polysaccha-
rides have been classified as soluble and insoluble but 
the distinction is not straightforward.  Much of the 
interest in dietary fibre and diabetes has centred on the 
effects of soluble fibre.  Some studies in people with or 
without diabetes have shown that soluble fibre added 
to test drinks or to test meals induces a low glycemic 
response.  Some soluble fibers have gel forming prop-
erties and high viscosity as the mechanism by which 
these fibres reduce postprandial glycemia.  Several 
studies in human have shown that an increased con-
sumption of total dietary fibre is associated with im-

provements in measures of glycemic control (17).
D. alata commonly referred to as ‘winged yam’, 

‘water yam’ or ‘greater yam’ usually possesses tubers that 
are white, brown, or brownish red in color.   The tu-
bers are generally large and measure up to two meters 
in length. The water content of the tuber is usually high 
hence the name ‘water yam’ (18). Our previous study 
(19) showed that there are three varieties of water yam; 
white, yellow, and purple.  Purple and yellow water yams 
possess some bioactive compounds including WSP, di-
oscorin, and diosgenin in different quantities.  The WSP 
of purple and yellow water yam mostly consists of glu-
cose, meanwhile mannose, arabinose, glucuronic acid, 
and galacturonic acid are found in small quantities.  The 
ability of WSP from purple and yellow water yams to 
lower blood glucose has not been studied intensively. In 
this study, we examined the effect of administration of 
crude WSP extracts from purple and yellow water yam 
on blood glucose level of hyperglycemia rats. It is sup-
posed that WSP from purple and yellow water yams de-
creased blood glucose level due to formation of SCFA.  
There was a different effect of purple and yellow water 
yam WSP extracts in lowering blood glucose level that 
related to slight different composition.

Materials and Methods

Materials
Water yam tubers of purple and yellow cultivars 

were obtained from the district of Tuban, East Java 
Province, Indonesia.  Analytical grade chemicals are 
used in the study unless otherwise stated. The AD-II 
was used as a feed for the experiment. It was composed 
of fish meal, coconut cake, soybean cake, meat bone 
mill, DL metionin, vegetable oil, vitamin, calcium, 
phosphate, and trace mineral with nutrition composi-
tion of 12% water, 7% fat, 15% crude protein, 6% crude 
fibre, 1.1% calcium, and 0.9% phosphor (20). 

Preparation of WSP Extracts  
The WSP extracts were prepared by an ethanol 

precipitation method of Herlina (21).  Peeled and cuts 
of fresh water yam tuber (ca 300 g) were put into a 
warring blender and added with 900 mL of water. The 
mass was comminuted intermittently for about 5 min 
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and then the obtained slurry was filtered. Subsequent-
ly, the filtrate was separated by centrifugation at 4500 
rpm for 20 min.  The supernatant was separated and 
added with 96% technical grade ethanol at a ratio of 
1:4 and allowed to coagulate for 36 hr. The coagulant 
was finally separated and dried at 50 oC for 18 hr. The 
yield, protein content (22), and antioxidant activity by 
IC50 (23) of the extract were then examined. The dried 
WSP extracts of purple (WSP-P) and yellow (WSP-
Y) water yam tubers were packed in plastic bags and 
stored in a refrigerator until used.

Experimental animals
Selected male rats (Rattus norvegicus strain 

Wistar) were employed in the experiment. As many as 
20 rats age 2-3 months of 150-200 g body weight per 
rat were chosen. Each of them was caged separately in 
air-condition cage house maintained at temperatures 
of 23-25 oC and fed with AD-II feed (20) and water 
ad libitum. The rats were acclimatized for seven days. 

Antioxidant activity by IC50 by method of Somparn et al. (23)
The WSP extract was examined for its hydrogen 

donating or radical scavenging ability by employing a 
stable radical, DPPH (1,1-diphenyl-2-picrylhydrazyl).  
The WSP extract was dissolved in methanol to make 
solutions at various concentrations from 100 to 1000 
ppm respectively. An antioxidant activity of the WSP 
extract was conducted by the following procedure. An 
accurate volume (0.2 ml) of the WSP extract was mixed 
with 0.1 ml of 0.16mM DPPH solution and made up 
to a total volume of 3 ml with methanol. The blank or 
control solution was prepared with the same procedure 
using methanol as a solvent. The absorbance measured 
at 515 nm using a UV-VIS spectrophotometer (Shi-
madzu 1700 PC) was determined soon after mixing 
with DPPH solution and 15 min subsequently. The 
decrease in absorbance value were determined in dupli-
cate.  The percentage of inhibition was calculated using 
the equation: 

% inhibition = [1-(Abs515 sample/Abs515 control)] 
X 100

The IC50 value, the concentration at which 50% 
reduction of absorbance achieved, was used to compare 
the antioxidant activity between the WSP extracts.

In vivo assay for hypoglycemic effect 
Soon after acclimatization accomplished, 20 

healthy rats were selected for the assay. They were di-
vided into 4 groups, one normal control group, one 
hyperglycemia control group without WSP adminis-
tration, one hyperglycemia group force fed by crude 
WSP extract from purple water yam (WSP-P), and 
one hyperglycemia group administered by crude ex-
tract of yellow water yam (WSP-Y). Three of groups 
were made hyperglycemia by intraperitoneal injection 
of alloxan at a dose of 80 mg/kg body weight, while 
the last group was kept without induction or non-hy-
perglycemic rats and known as a control normal. The 
alloxan-induced hyperglycemic rats with glucose levels 
below 200 mg/dL were not used in the experiment. 
Only rats with blood glucose levels higher than 200 
mg/dL were included in hyperglycemia groups.  Crude 
WSP extract of water yam was force fed at dose of 
400 mg/kg bw/day for 4 week experiment to treated 
hyperglycemia groups.  Glucose level in the begin-
ning of experiment was indicated as zero blood sam-
pling.  Before blood was taken, rats were fasted for 16 
h to obtain 16 h fasting blood glucose level.  During 
the treatment period, the body weight of the rats was 
monitored and their fasting blood were weekly taken 
by retro orbital plexus and further analyzed for glu-
cose level using enzymatic photometric test (GOD-
FS).  At the end of experiment, caecum digesta was 
analyzed for short chain fatty acid composition by gas 
chromatography.

Short chain fatty acids analysis 
The method from our previous study (16) was 

adopted for the determination of profile of short chain 
fatty acids (SCFAs). Three rats per group were ran-
domly taken, then anaesthetized with ether before 
surgery to take the caecum. Subsequently, the caecum 
digesta was collected and centrifuged at 14,000 rpm 
for 15 min. The profile and level of SCFAs in the su-
pernatant were determined by gas chromatography 
(Shimadzu serie GC 8A). An accurate volume (1 µL) 
of supernatant was injected into the GC with a 2 m-
length column of GP 10%SP1200 1% HPP30 and 
FID detector, adjusted at 130 oC. Nitrogen gas was 
used at a pressure of 1.25 kg/cm2. The detector and 
injector temperatures were kept at 230 oC.
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Experimental design and data analysis
A nested experimental design was employed for 

the study. The responses resulted from the given treat-
ments were collected and the data were analyzed using 
ANOVA, followed by the LSD test (α = 5%).

Ethical clearance
The protocol of bioassay using animal subjects 

had been approved by the Animal Care and Use Com-
mittee, Brawijaya University, Indonesia (Ethical clear-
ance No. 202-KEP-UB 2014).

Results and Discussion

The crude WSP extracts
The yield of the extraction process, protein con-

tent and an antioxidant activity of the extracts, WSP-P 
and WSP-Y, are presented in Table 1. Similar results 
were previously reported by Harijono et al. (19) who 
found that the purple cultivar of water yam had higher 
WSP (0.57%) than yellow cultivar (0.11%). The levels 
of such compound vary with genetic factors and envi-
ronmental conditions of growth. 

Previous study indicated that some of the protein 
present in the tubers of Dioscorea spp was bound with 
soluble polysaccharides, forming glycoprotein mol-
ecules (25) hence the protein fraction in the molecule 
was also soluble in water. The work of Hou et al. also 
reported that the protein fraction, known as dioscorin, 
is stored protein (24).  This work confirms that protein 
fraction was also present in crude WSP extract of wa-
ter yam tubers. It is found that the level of protein in 
the crude WSP extract of the purple cultivar is slightly 
higher than that of the yellow one (Table 1).  Our previ-
ous study also showed that these two cultivars had dif-
ferent levels of disocorin, but at much higher contents, 
the purple (28.94%) and yellow (25.45%) cultivars re-
spectively (19).  Myoda et al. (25) indicated the presence 

of both soluble protein fraction as well as   polysaccha-
ride fraction in the glycoprotein molecule influenced the 
viscous properties of mucilage extracted from Dioscorea 
opposita Thunb. (Chinese yam). The viscosity of the mu-
cilage was greatly reduced by treatment with protease or 
mannanase, but not with cellulase.    

The study of Hou et al. (24) showed that purified 
dioscorin had scavenging activity against DPPH radi-
cal.  Similar study was reported by Nagai et al. (26). 
They showed that water extracts of yam tuber (Di-
oscorea opposita Thunb.) or mucilage tororo possessed 
high antioxidant and scavenging activities against 
superoxide anion and hydroxyl radicals.  Liu and Lin 
(27) also reported that antioxidant activity of dioscorin 
from various yams was affected by processing methods.  

The current study finds that both the WSP-P and 
WSP-Y also shows antioxidant activity as indicated by 
its respective value of IC50 (Table 1).  It is observed 
that the antioxidant activity of the WSP-P is slightly 
higher than that of the WSP-Y. The activity possibly 
results from a combination between dioscorin and oth-
er reducing compounds like pigments extracted in the 
preparation of crude WSP extracts. 

Hypoglycemic effect of water yam crude WSP extracts 
It is revealed that 4 week treatment results in dif-

ferent responses on blood glucose levels of the rats. The 
control normal group of rats shows a slight variation 
in their blood glucose levels, ranging from 80 mg/dL 
to 86 mg/dL, while that of the hyperglycemia control 
group ranges from 223 mg/dL to 235 mg/dL. The 
blood glucose levels of the hyperglycemia group of rats 
force fed with the WSP-P and WSP-Y extracts, how-
ever, have been reduced gradually from its initial value 
of 229 mg/dL to 101 mg/dL for group administerd by 
WSP-P extract, and from 228 mg/dL to 123 mg/dL 
for group administered by WSP-Y extract (Figure 1). 
The effect of crude WSP extract on the declining of 
blood glucose is probably associated with the presence 
of two active materials, namely water soluble polysac-
charide and pigments.

Soluble polysaccharides, reported by many work-
ers, are able to form very viscous mass in solution.  
Wursch and Pi-Sunyer (12) noted that the magnitude 
of the glycemic response to a food is directly related to 
the viscosity and/or the concentration of soluble fiber 

Table 1. Crude WSP extracts from purple (WSP-P) and yellow 
(WSP-Y) water yams 

Kind of Water Yam Yield (%) Protein (%) IC50 (ppm)

Purple (WSP-P) 1.00 ± 0.04 6.29 ±0.07 258.96

Yellow  (WSP-Y) 0.86 ± 0.06 5.14 ±0.03 338.28
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present in the food test. According to Theuwissen and 
Mensink (29), natural gel-forming or viscous fibers 
(pectins, gums, mucilages, algal polysaccharides, some 
storage polysaccharides, and some hemicelluloses) are 
water-soluble.  Wursch and Pi-Sunyer (12) also states 
that they all have a high water-holding capacity, and 
several of them produce very viscous mass in solution.  
Viscous gel forming polysaccharides may be effective 
in retarding glucose absorption to suppress postpran-
dial high glucose (9).  

The mechanism of retarding postprandial high 
glucose of viscous gel forming WSP is possibly related 
to the absorption rate reduction of the digested nu-
trients including glucose. Wursch and Pi-Sunyer (12) 
states that glucose transport in the intestinal wall is 
inhibited partly by an increase in the resistance of the 
mucosal diffusion barrier brought about by the higher 
viscosity of the intestinal bolus containing the polysac-
charide gum. The mobility of the fluid layers surround-
ing and overlying the intestinal villi is greatly reduced.  
This mechanism possibly occured in the digestive tract 
of rats after crude WSP extracts were administered. 

 Our previous study (16) also revealed that ad-
ministration with crude WSP extracted from wild yam 
(Dioscorea hispida) resulted in the inhibition of the 
blood glucose levels of the hyperglycemia rats.  Weick-
ert and Pfeiffer (30) stated that dietary fiber reduced 
postprandial glucose response.  We predicted that the 
crude WSP extracts hindered glucose absorption in 
the intestine due to their viscous gel forming property.  

This finding was supported by in situ absorption test; 
crude WSP extract from wild yam hampered the ab-
sorption of glucose (16). 

Harijono et al (19) found that the crude WSP ex-
tracted from purple and yellow cultivars of water yam 
composed mainly of glucose units and other mono-
saccharides like mannose, arabinose, glucuronic acid 
and galacturonic acid in small quantities.  This sug-
gests that the polysaccharides in water yams belong to 
a glucan type polysaccharide.  The glucan type poly-
saccharide was strongly supposed bound to protein.  
Hoshi et al. (31) found a bioactive a glucan-protein 
complex which was a glycoprotein isolated from my-
celium of Tricholoma matsutake.  Wurch and Pi-Sunyer 
(12) noted that b-glucan, mainly from oat, is a highly 
viscous soluble polysaccharide.  The physiological ef-
fects of oat b-glucan are typical of those attributed to 
soluble dietary fiber, which induces high viscosity in 
solution, like gums. It is likely that glucose lowering 
effect of the crude WSP extract results from similar 
mechanism, and its effect possibly increases with the 
dose. 

An ability to form viscous gel in the intestine tract 
of the rats is likely also related to protein content of 
the WSP extracts which is higher on WSP-P than on 
WSP-Y (Table 1). Previous study conducted by Myo-
da et al. (25) showed that protein in yam contributed to 
the gel viscosity of Chinese yam mucilage.  Venn and 
Mann (17) explained that soluble fibers have gel form-
ing properties and high viscosity as the mechanism by 
which these fibres reduce postprandial glucose.   Thus, 
the difference in the blood glucose levels is partly due 
to the protein content of the respective  WSP extracts. 

After 4 week treatment, the reduction of blood 
glucose level of hyperglycemia group of rats admin-
istered with the WSP-P extract is 55.95%, which is 
slightly higher than that administered with the WSP-
Y extract (45.97%). The purple and yellow cultivars of 
water yam contains anthocyanin and carotenoid pig-
ments, respectively (28). It suggests that the presence 
of different types of pigment contributes to such de-
crease, as indicated by the antioxidant activity of the 
respective extracts (Table 1). It has been proposed that 
some of the complications of diabetes are associated 
with the increased activity of reactive oxygen species 
(ROS) and oxidative cellular damage (32).  The weak 

Figure 1. Changes of blood glucose levels of hyperglycemia 
rats administered with crude WSP extracts of purple and yel-
low water yams 
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antioxidant activity of crude extracts of water yam may 
have beneficial effect in long-term intake by contribut-
ing to oxidation prevention due to generation of oxy-
gen radicals through glycation mechanism.

Moreover, some studies (33, 34) reported the role 
of anthocyanin in lowering blood glucose level. The 
extract of blueberry rich in anthocyanin ameliorates 
hyperglycemia and insulin sensitivity via activation of 
AMP-activated protein kinase (AMPK) (31).  Taka-
hashi et al. (34) reported that haskap (Lonicera caerulea 
L.) extract, composed mainly from cyanidin-3-gluco-
side (cy3-glc) and chlorogenic acid, was able to reduce 
blood glucose levels by short or long-term ingestion 
because of its anthocyanin and other polyphenols.  
Matsui et al. (35) revealed that the role of diacylated 
anthocyanian in suppressing postprandial glucose is 
associated with maltase inhibition.  Previously, Shoy-
ama et al. (36) isolated anthocyanin, cyanidin and peo-
nidin 3-gentiobioside acylated with sinapic acid from 
tuber of Dioscorea alata.  

Some studies reported the relationship between 
antioxidant and antihyperglycemia activity. Farkhon-
deh and Samarghandian (37) reviewed the role of ca-
rotenoid containing saffron in diabetic management.  
Hypoglycemic effect of saffron and its main compo-
nents seem to exert mechanisms including stimulation 
of glucose uptake inhibition, absorption inhibition of 
insulinase activity, inhibition of endogenous glucose 
production, and inhibition of renal glucose reabsorp-
tion or correction of insulin resistance.  KunduSen et 
al. (38) reported that C. limetta fruit peel demonstrat-
ed a potential antihyperglycemic effect which may be 
attributed to its antioxidant property.  To the best of 
our knowledge, there is no studies reported the role of 
carotenoid in relation to hypoglycemic activity, mean-
while some studies reported the role of anthocyanin as 
blood glucose lowering agent.  Therefore, the higher 
hypoglycemic activity of crude WSP extract from pur-
ple water yam might also be due to the contribution of 
anthocyanins. The results of the current study shows 
that the reduction of the blood glucose levels are quite 
significant due to the WSP administration, although 
they are still above a normal value at the end of 4 week 
treatment. It suggests that longer period treatment or 
a higher dose level of WSP extract is needed. 

Short Chain Fatty Acids (SCFA) of Caecum Digesta 
Water-soluble fibers escape absorption in the 

small bowel and are fermented in the large bowel by 
colonic bacteria resulting in the production of short-
chain fatty acids (SCFAs), such as acetate, propion-
ate, and butyrate. Butyrate is primarily metabolized by 
colonic mucosal cells, while acetate and propionate are 
rapidly absorbed (29).  More than 75% of dietary fiber 
in an average diet is broken down in the large intestine, 
resulting in the production of carbon dioxide, hydro-
gen, methane, and SCFAs (39). 

Commonly, the increase in SCFAs production is 
assumed to be beneficial by reducing hepatic glucose 
output and improving lipid homeostasis (30).  Prebiot-
ics may also have a low glycemic index. Their roles to 
help reducing blood glucose levels,   preventing insulin 
resistance, and modulating insulin release, may be me-
diated by SCFAs produced in the gut (40).  Each type 
of SCFAs has different physiological role.  Butyrate 
seems mainly to serve as a fuel for the colonic mucosa, 
while acetate and propionate modulates lipid metabo-
lism in the body (39).  Different opinion is given by 
Schneeman (41). He states that butyrate is utilized as 
an energy source by colonocytes, while propionate is 
cleared from the portal blood by the liver, and acetate 
is utilized by muscle cells and other peripheral tissues.

The physicochemical properties of dietary fibers 
may influence their fermentation characteristics (42).  
The SCFAs produced after 4 week administration with 
crude WSP extracts is shown in Fig. 2.  The normal 
control group of rats produced the highest concen-
tration of SCFAs, but not statistically different with 
crude WSP-Y group. Meanwhile, the lowest level is 
found on the hyperglycemia control group. There is no 
statitstically different of SCFA production between 
crude WSP-Y and WSP-P groups, although crude 
WSP-Y extract administered group has a higher level 
of SCFAs.  It is possibly due to lower protein content 
of the WSP-Y.  Our previous finding (16) showed that 
the highest purity of WSP extracted from wild yam 
by the use of papain, also produced the highest level 
of SCFAs.  Papain hydrolyzed protein bound polysac-
charides in WSP therefore the crude WSP extract had 
less protein impurities.

The predominant SCFAs produced in caecum 
of rats for all group are acetic acid.  This finding is 
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in good agreement with the report of Henningsson 
et al. (42), in which rats fed with the tested dietary 
fibers created acetic acid as the major component of 
SCFAs.   This fatty acid, along with propionate, might 
be absorbed via hepatic portal vein and help in reduc-
ing blood glucose and preventing insulin resistance.  
The second dominant SCFA in caecum digesta of all 
groups of rats is propionate and the lowest is butyrate.  
Moreover, Henningsson et al. (42) found that three 
highly fermentable substrates were guar gum (propi-
onic acid producer), pectin (acetic acid producer) and 
high amylose corn starch (butyric acid producer).  It 
is likely that the type of acids produced is correlated 
with the sugar monomers of the polysaccharides. The 
WSP extracts are mainly composed of glucose, falls 
into glucan type polysaccharide. According to Hen-

ningsson et al. (42), glucose is fermented mainly into 
butyric acid.  Compared to our previous study (16), the 
crude WSP extract of wild yam, mainly composed of 
mannose and glucose monomers (a glucomannan type 
polysaccharide), produced lower level of SCFAs than 
the crude WSP extracts of water yam did in this study.  
Apart from that crude extract of wild yam’s WSP cre-
ated acetic acid as the dominant acid in SCFAs, while 
propionic acid was the lowest one.  In this study, the 
concentration of butyric acid is the lowest.  It is sug-
gested that not only the type of monosaccharides af-
fects the quantity and composition of acids in SCFAs, 
but the type of glycosidic bond as well. 

Body weight changes 
During four week treatment, body weights of the 

normal control group significantly increase, mean-
while those of the hyperglycemia control ones decrease 
gradually (Table 2).  The data found in this study agree 
well with the findings of  Zhang et al. (43). They re-
ported that alloxan induction led to a significant loss of 
body weight after 2, 3, and 4 weeks. It is well-known 
that induction of such compound leads to breakdown 
of tissue proteins in diabetic rats (44) resulting in body 
weight loss. 

During first week, groups of crude WSP extract 
administration fails to increase body weight, but ex-
hibits body weight increases thereafter.  This might 
attribute to stress results from daily crude WSP ex-
tract oral administration.  Similar results was observed 
during the first week of oral administration, reported 
in the previous study (45).  Above all, this study finds 

Table 2.  Changes of rats’ body weight during four week administration with crude WSP extracts of water yam 

Week Average Body Weight of Rats  (g)

 Normal Control Hyperglycemia, Non WSP Hyperglycmia, Purple Hyperglycmia, Yellow 
   Water Yam WSP (WSP-P) Water Yam WSP (WSP-Y)

 Body Weight (g) % Body Weight (g) % Body Weight (g) % Body Weight (g) %

0 152,40±13,58 a  154.20±22.95 b  145.00±19.72 a  154.60±21.62 a 

1 162,20±13,50 ab +6.43 139.80±  7.89 a -9,34 143.80±19.06 a -0,83 153.60±21.78 a -0,65

2 171.80±13.26 b +12.73 136.80±  7.79a -11,28 149.00±18.71 ab +2,76 159.00±21.68 ab +2,85

3 181.40±13.83 bc +19.03 135.20±  7.33 a -12,32 157.00±19.79 b +8,28 168.80±22.10 b +9,18

4 190.80±14.89 c +25,20 133.20±  7.09 a -13,62 165.80±19.74 b +14,34 177.60±21.62 b +14,88 

+ increase, - decrease

Figure 2. SCFA composition in caecum digesta of rats ad-
ministered by crude WSP extracts of water yams.  The same 
notation in each type of SCFA means no statistically signifi-
cant different.
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out that the crude WSP extracts administered for for 4 
weeks significantly increase body weight of the treated 
rats. It is likely that improvement of blood glucose lev-
el impacts on the body weight gain. Therefore, it can be 
concluded that crude WSP extracted from purple and 
yellow cultivars of water yam not only lowers blood 
glucose level but also prevent weight loss of hypergly-
cemia rats. 

Conclusions

Both crude WSP extracted from purple and yel-
low cultivars of water yams show a moderate hypo-
glycemic effect on male Wistar rats. The crude WSP 
extract of the purple cultivar has a slightly higher effect 
than that of the yellow one. Its effect may be associated 
with the levels of protein, antioxidant activity, and pig-
ments. The quality and acid composition of the SCFAs 
vary with the WSP source, and acetic acid is being the 
major compound, followed by propionic and butyric 
acids.  SCFA is predicted to have a role in decreasing 
blood glucose level. Administration of crude WSP ex-
tracts of both water yams to hyperglycemia rats is able 
to prevent body weight loss.   The findings in this study 
shows that WSP extracts of water yams is moderately 
potential to use in developing foods to control blood 
glucose levels for diabetic persons. 
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