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Abstract

Allantoin and allantoic acid in yam tubers of the D. batatas (Hualien no. 3) and D. pseudojaponica Yamamoto (Keelung) were
quantitatively analyzed because the compounds were thought to prevent inflammation and ulcers in humans as well as playing an
important role in the storage and translocation of nitrogen in higher plants. To expand yam tuber use, yam tuber mucilage can be
used as an ingredient in functional foods and as a skin protectant. The objectives of this research are to analyze the contents of
allantoin and allantoic acid in D. batatas and D. pseudojaponica Yamamoto and to compare bubble separation and centrifugation
for recovering allantoin and allantoic acid from the mucilage. The total amount of allantoin and allantoic acid of the following Dios-
corea (yam) in both the pulp and skin, respectively, were (mean + RSD, mmoles/g solid): tuber of Keelung yam (D. pseudojaponica
Y.) 0.370  6.8%, 1.130 % 3.4%; tuber of Hualien no. 3 yam (D. batata) 0.278 * 7.8%, 0.714 £ 9.1%; bulbil of Hualien no. 3 yam (D.
batata) 0.179 £ 7.9%, 0.297 + 3.4%. The Keelung yam was much higher in allantoin and allantoic acid content than the Hualien no.
3. The skin of yam tuber is rich in allantoin and allantoic acid. The allantoin and allantoic acid content is 305% (in Keelung yam)
and 257% (in Hualien no. 3) higher than that of the pulp. Bubble separation is an appropriate procedure in the practice for max-
imum recovery of allantoin and allantoic acid in yams. It was found that 80% of allantoin and allantoic acid yield can be recovered
from the low starch contents of mucilage of the Keelung yam using bubble separation.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction pharmacologically active compound (Anonymous,

1967). It is a common constituent of plants (Drewes &

Allantoin and allantoic acid are important in the
nitrogen economy of plants, and research on their
metabolism has attracted considerable attention (Fuji-
hara & Tamaguchi, 1978; Matsumoto, Yatazawa, &
Yamamoto, 1977a, Matsumoto, Yatazawa, & Yamam-
oto, 1977b, 1977c; Mothes, 1961; Ory, Gordon, &
Singh, 1969; Osuji & Ory, 1987; Schubert & Boland,
1990; Thomas & Schrader, 1981). Allantoin is also a
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van Staden, 1975), being a component of the pathway
of purine catabolism. Based on the wide use and clinical
acceptance of allantoin, as well as published reports in
the literature (Cajkovac, Oremovic, & Cajkovac, 1991;
Fisher, 1981; Garnick, Singh, & Winkley, 1998; Margraf
& Covey, 1977; Pinheiro, 1997; Sakuma, Ogawa, Kim-
ura, Yamamoto, & Ogihara, 1998; Willital & Heine,
1994), allantoin has long been known to enhance the
efficacy and desirability of cosmetic creams and lotions
through its action as a skin protectant. The Merck Index
lists the therapeutic applications of allantoin as a topical
vulnerary (wound healer) and treatment for skin ulcers


mailto:frank12@ms18.hinet.net 

542 Y.-C. Fu et al. | Food Chemistry 94 (2006) 541-549

(The Merck index, 2001). The US FDA’s (Food and
Drug Administration) Tentative Final Monograph on
skin protectant drug products for Over-The-Counter
(OTC) human use has classified allantoin as a Category
I (safe and effective) active ingredient skin protectant
(Federal Register, 1983, 1990). The FDA has approved
allantoin skin creams (0.5-2.0%) as non-prescription
drug products for: (1) the temporary protection of min-
or cuts, scrapes, burns and sunburn; (2) preventing and
protecting skin and lips against chapping, chafing,
cracking and wind-burn, and (3) relieving dryness and
softening cold sores and fever blisters. The allantoin is
demulcent and works to soothe irritative conditions,
both internally and externally. It works to promote the
healing of tissues within the body. The allantoin is taken
internally to promote cell proliferation. It protects tis-
sues in the stomach, accelerates the healing processes
throughout the stomach and bowels, and promotes in-
creased tissue repair throughout the entire gastrointesti-
nal tract.

Recently, the presence of allantoin in protea seed
(Drewes & van Staden, 1975), soybean (Matsumoto
et al., 1977a, 1977b, Matsumoto, Yatazawa, &
Yamamoto, 1977c), comfrey plants (Teixeira & Duarte,
1985), alfalfa (Cheng et al., 1999) and coffee (Mazzaf-
era & Gongalves, 1999) has been reported. Roots were
considered to be the main site of ureides synthesis
(Thomas & Schrader, 1981). The yam (Dioscorea
spp., Dioscoreaceae) is an important pharmaceutical
plant that is widely used in the drug industry. The
Dioscorea rhizome contained ureides (allantoin and
allantoic acid) that are considered to present inflamma-
tion and ulcers in the human body (Sagara, Suto,
Kawaura, & Yoshida, 1988). Ueda and Sasake (1956)
determined the weight of allantoin of D. opposite
Thumb. The anomalously high levels of allantoin
found in yams suggest that its purine catabolism is dif-
ferent from that of the other root crops. Ozo, Robin-
son, and Reeves (1987) showed that the levels of
allantoin found in yams were much higher than those
in potato, sweet potato and cassava. Ninomiya, Murata,
Tada, and Shimoishi (2003) reported that the Dioscorea
species accumulated allantoin only in tubes.

The yam tuber is rich in starch and mucilage. Re-
cently the applications of the low starch contents of
mucilage in nutraceutical and cosmeceutical industries
are required. Mucilage coats various tissues, providing
lubrication as well as cooling — an activity that relieves
gastrointestinal discomfort. So, it can be used as a skin
protectant and an ingredient of functional foods. Actu-
ally separating starch from yam tuber is difficult because
of the presence of viscous polysaccharide polymers (gly-
coprotein). In this study, the mucilage was recovered
using centrifugation and bubble separation methods.
This study analyzed the contents of allantoin and allan-
toic acids in D. pseudojaponica Y. (Keelung) and Diosco-

rea batatas (Hualien no. 3) and investigated the effect of
different separation methods, centrifugation and bubble
separation, on the recovery yield percentages of allan-
toin and allantoic acid from yam mucilage.

2. Materials and methods

Two varieties of yams, Dioscorea batatas (Hualien
no. 3) and Dioscorea japonica Thunb var. pseudojaponica
Yamamoto (Keelung) were used in the present study.
Allantoin and allantoic acid contents from the pulp,
mucilage and skin of both two yam tubers were quanti-
tatively analyzed by the HPLC method. An abundance
of aerial bulbils in the leaf axils was produced by Hua-
lien no. 3 yam (D. batata). These small bulbils (aerial tu-
bers) are a dark grayish brown, generally subspherical,
smooth-surfaced, 1 cm in diameter and can sprout and
grow into new vines. Allantoin and allantoic acid con-
tents in the bulbil (Hualien no. 3 only) of yam tubers
of D. batatas were also quantitatively analyzed with
the HPLC method. A low starch content of mucilage
was recovered by both the bubble separation and centri-
fugation methods.

2.1. Raw materials

Tubers of Keelung yam (Dioscorea japonica Thunb
var. pseudojaponica Yamamoto) were obtained from lo-
cal farmers in the Shihlin (Taipei, Taiwan) region. Hua-
lien no. 3 yam (D. batata) was provided by the Taiwan
Agricultural Research Institute (Hualien, Taiwan).
Yam tubers and bulbil were weighed, peeled, and cut
into small pieces. The pulp and skin of yam tuber and
bulbil were freeze—dried. In order to obtain a homoge-
neous sample for analysis, portions of dried samples
were ground to a fine powder (75-100 mesh) in a grind-
ing mill. The flour samples were packed into airtight
sample bottles and stored in the freezer until being used.

2.2. Proximate compositions of yam flours

The moisture, crude protein, crude fat, ash and crude
fiber content of the yam tubers were determined accord-
ing to AOAC (1995) approved methods 950.01, 976.05,
920.39, 955.03 and 962.09, respectively. The starch levels
were calculated using a total starch assay kit (Megazyme
International Ireland Ltd, Wicklow, Ireland). Non-
starch soluble carbohydrates were extracted using 80%
aqueous ethanol and assayed using the method of phe-
nol — sulfuric acid using the methods of Dubois, Gilles,
Hamilton, Rebers, and Smith (1956) and Asp (1993).
Each determination was made in triplicate. The mono-
saccharide composition analysis were determined and
quantified by high pressure liquid chromatography
(HPLC) with an RI detector.
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2.3. Methods for mucilage separation

Fig. 1 depicts a flow diagram for separating the muci-
lage from the yam tuber. Fourteen times (w/w) the
amount of water (140 g water/10 g freeze—dried yam
flour) was added into freeze—dried flour to form yam
slurry. Equal amounts of water (1200 g water/150 g
yam slurry) were used in the two methods, A and B,
to dilute the viscous yam slurry to form a homogeneous
slurry suspension for bubble separation and centrifuga-
tion. The single-stage procedure (method A) involved
separating the mucilage and starch paste only using bub-
ble separation. For method B, the relative centrifugal
force (RCF) effect on mucilage separation and recovery
was investigated. A high-speed refrigerated centrifuge
(CR21G, Hitachi Koki Co., Ltd., Japan) was used.
The water-soluble mucilage and starch paste separation
procedure using centrifugation is described as follows.
The slurry suspension was centrifuged at different RCFs

Freeze dried yamflour(10 g)

water (140g)

/ yam slurry \

Method B Method A
water (600g) water (1200 g)
slurry suspension slurry suspension

Centrifugation
(6000, 7300 x g)

Jﬁ

precipitation
1

| Bubble Separation

]

: water (600g)

L
resuspension

Centrifugation
(6000, 7300 xg)
i
o (I
mucilage mu'cilage
(supernatant) (supernatant)

T

freeze
drying

mucilage

crude mucilage

Fig. 1. Flow diagram for the separation of crude mucilage from the
tuber of yam.

(6000, 7300g RCF) at 4 °C for 30 min. The suspension
was separated into a solid fraction and a liquid fraction.
The sedimented solid paste was then treated with water
and stirred to allow it to resuspend. The resuspended
solution was then centrifuged and again separated into
solid and liquid fractions. The mucilage collected from
the above two methods was freeze—dried and subjected
to detailed analysis. The mucilage composition was then
compared.

2.4. Bubble separation method

Fig. 2 shows a schematic diagram of a bubble separa-
tion system for obtaining yam tuber slurry suspension
and separating the starch and mucilage. This lab-scale
bubble separation system employed modified proce-
dures from Fu, Mou, and Yeh (2003) and Fu (2004).
This system was composed of a foaming system and a
defoaming system.

The foaming system was composed of a yam slurry
suspension tank, a glass foam column, a tank for diluted
mucilage, a starch reservoir tank and a mucilage reser-
voir. A feed stream was obtained by pumping the slurry
suspension from the reservoir tank into a foam column
using a centrifugal pump (Ulvac G-100D, Ulvac Kiko,
Inc.). Gas for the purpose of separation was provided
by a gas cylinder. Bubbles were produced by introducing
gas through a gas sparger that passed through the yam
slurry suspension to the surface, resulting in the forma-
tion of a stable foam phase. The final bubbles were col-
lected at the column exit and transferred into the next
stage of the defoaming system. The remaining diluted
mucilage lying at the bottom of the two columns was
recirculated and pumped back into the slurry suspension
tank.

The other process variables were: gas flow rate
(1500 cm*/min), bubble flow rate (450 cm>/min), foam
column I (100 cm high with a foam height of 55 cm),
foam column II (70 cm high with a foam height of
40 cm), and the diameter of both columns (3 cm). A flat
gas sparger (perforated ceramic plate 3 cm in diameter,
pore size = 0.2 um) was used. All experiments were con-
ducted at room temperature (25 + 2 °C).

The defoaming system was composed of a defoaming
column (L =60 cm, D=6cm), a vacuum pump and a
mucilage reservoir tank. Packed glass wool
(L =35cm) and a porous plate (6 cm in diameter, pore
size = 0.5 mm) were used in the defoaming column. By
adjusting the vacuum pump, the bubbles could come
in contact with a porous plate under which a lower pres-
sure was applied, placing the bubbles into a pressure
gradient AP. The pressure gradient was lower than the
capillary pressure of the plate pores dampened by the
mucilage. Under these conditions, liquid, but not gas
or solids, was able to pass through the porous plate. A
theoretical investigation of the foam using the pressure
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Fig. 2. Apparatus and operate flow chart of the lab-scale bubble separation system.

difference AP in the Plateau—Gibbs borders can be seen
in Lalchev and Exerowa (1981). This method can accel-
erate drainage and cause a more rapid destruction of the
foam. A defoaming agent is not necessary with this
method.

2.5. Allantoin and allantoic acid determination

The freeze—dried samples of pulp, skin, and muci-
lage (supernatant) of the Dioscorea tubers were quan-
titatively analyzed for allantoin and allantoic acid
content. This study used modified procedures of Ozo
et al. (1987). 2-g of freeze—dried power was dissolved
in 10 ml of water. Ten to 15 times the amount of
95% ethanol (v/v) was added, and the mixture was
ultrasoniced for 10 min at 4 °C to be stored for over-
night. The supernatant evaporated almost to the point
of total dryness on a rotary evaporator. Four ml of
distilled water was added and ultrasoniced for 30 min
at 4°C. A one ml sample was taken and centrifuged
at 7700g for 10 min. The solution was used for deter-
mining the content of allantoin and allantoic acid.
Allantoin and allantoic acid were analyzed by HPLC.
The conditions were as follow: HPLC column: Zorbax
ODS (5um, 250x 4.6 mm); Mobile phase: EtOH/

CHCI5/H,O (0.5/0.012/100); flow rate: 0.2 ml/min; UV
wavelength: 200 nm; Column temperature: 27 °C. Be-
fore injection, the samples were filtered through a
0.22 pm millipore filter. The chromatogram was ac-
quired using ChromatoStation chromatography soft-
ware (N2000, Zhejiang University, China). Allantoin
and allantoic acid concentrations were also obtained
with a colorimetric assay (Vogels & van der Drift,
1970). The standards for allantoin and allantoic acid
were purchased from Sigma Chemical Company (St.
Louis, MO).

3. Results and discussion
3.1. Tuber chemical composition and derived ingredients

The tuber and bulbil proximate analysis results are
shown in Table 1. All results are expressed on a dry-
weight basis. Both yam varieties contained about 20%
solid matter. The starch and protein contents in Kee-
lung yam (D. pseudojaponica Y.) tuber were 60.6%
and 16.6%, respectively. Those in Hualien no. 3 (D. ba-
tata) tuber were 78.0% and 11.6%, respectively. Starch
is the most important component in a tuber with a sig-
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Table 1
Chemical composition of Keelung and Hualien no. 3 yams in % of dry matter
Sample Crude Crude Ash (%) Crude Starch (%) Soluble Dry

fat (%) fiber (%) protein (%) carbohydrates (%) matter (%)
Keelong yam (tuber) (D. pseudojaponica) 0.30 2.8 4.2 16.6 60.6 16.2 19.8
Hualien no. 3 yam (tuber) (D. batata) 0.20 2.7 11.6 78.0 4.2 16.8
Hualien no. 3 yam (bulbil) (D. batata) 0.44 5.5 12.7 71.9 44 21.5

Reported values are the means with relative standard deviation (SD/mean) <8% (n > 3).

nificant protein content. Other authors describe tubers
with contents varying from 65% to 80% of starch and
2.1% to 14.3% protein (Alves, Grossmann, & Silva,
1999; Fu et al., 2003; Lii & Tsai, 1985; Tsai & Tai,
1984). The non-starch soluble carbohydrate content
in Keelung yams is high in comparison with Hualien
no. 3 yams. The starch content in Keelung yams is low-
er. The highly soluble carbohydrates in Keelung yams
cause the slurry very viscous resulting in starch separa-
tion difficulty. The yam crude fat, crude fiber, and ash
chemical content was 0.20-0.30%, 2.7-2.8%, and 3.9—
4.2%, respectively. These values are similar to those
reported previously. No other report detailing the
chemical composition of aerial bulbils was found.
The starch content of Hualien no. 3 yam in aerial bul-
bil is less than that of the tuber. However, the ash and
fiber contents in aerial bulbil are higher.

3.2. Mucilage monosaccharide composition

The monosaccharide composition of the bubbles
recovered from the mucilage was analyzed by HPLC
following acid hydrolysis. As expected, the predomi-
nant monosaccharide detected in the mucilage sample
was mannose (Table 2). However, others units like
glucose, galatose, arabinose and xylose were also
found at levels under 5%. The high mannose content
level agrees with the results reported by Misaki, Ito,
and Harada (1972). According to these results, a sig-
nificantly low level of glucose (1.5-1.9%) was de-
tected. This can be interpreted as being due to
possible starch contamination. The soluble carbohy-
drates extracted from the mucilage can be regarded as
a very pure mannan according to Aspinall’s definition
(Aspinall, 1959). This low level of starch contamina-
tion also presents an excellent separation of starch
and mucilage from the tubers using the bubble sepa-
ration process.

Table 2

3.3. Allantoin and allantoic acid determination

Several methods for allantoin determination are
known. Allantoin is converted to allantoic acid by mild
alkaline hydrolysis, followed by acid hydrolysis of the
latter to urea and glyoxylic acid. The concentration of
the latter substance is then determined colometrically
or spectrophotometrically as phenylhydrazone. A de-
tailed evaluation of this method was undertaken by
Young and Conway (1942). Allantoic acid is commonly
found with allantoin and interferes with the standard
estimation of it because it also yields glyoxylic acid on
degradation. So, according to the method of Young
and Conway (1942), the sum of allantoin and allantoic
acid is measured with the expression “allantoin” also
including allantoic acid.

When Ninomiya et al. (2003) investigated fresh tubers
of Dioscorea opposite “Tsukuneimo”, the amount of
ureides containing allantoin and allantoic acid was first
spectrophotometrically determined by adding phen-
ylhydrazine hydrochloride, using the method of Kacz-
marek and Walicka (1958). Allantoin content was
determined by a HPLC method (Yamamoto et al.,
1998). The amount of allantoic acid was then calculated
by substracting the amount of allantoin assessed by
HPLC from that of ureides determined by spectropho-
tometry. Allantoin and allantoic acid were detected in
the xylem sap of coffee by HPLC under analytical con-
ditions of 235 nm UV detection and HOAc at 0.2 ml/
min (Mazzafera & Gongalves, 1999). But the separation
of these two components was still unsatisfactory. As ob-
served for allantoic acid, a very tiny allantoic acid peak
on the tail was found with the analytical conditions they
used. Based on our study, with careful selection of the
buffer (EtOH/CHCI3/H,0O (0.5/0.012/100)), UV absorp-
tion spectra (200 nm) and flow rate (0.2 ml/min), it
was actually possible to separate the allantoin and allan-
toic acid by HPLC under the conditions used here (Fig.

Monosaccharide composition of crude mucilage separated from Keelung and Hualien no. 3 yams using the bubble separation method

Glucose (%) Galactose (%) Mannose (%) Arabinose (%) Xylose (%) Others (%)
Keelong yam?® (tuber) (D. pseudojaponica) 1.5 2.1 95.4 0.8 - <0.2
Hualien no. 3 yam® (tuber) (D. batata) 1.9 2.7 93.9 0.6 0.1 <0.8

Relative standard deviation (SD/mean) was less than 4%.
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Fig. 3. Catabolism of uric acid and HPLC profile obtained at 200 nm for the detection of allantoic acid and allantoin with various storage times.

3). Fig. 3 depicts the HPLC profile obtained at 200 nm
for the detection of the mixture of 500 mg/l allantoic
acid and 25 mg/1 allantoin. The important point to no-

tice is that the retention time of these two peaks were
so close that they could not be separated until the flow
rate was reduced to 0.2 ml/min. Without reducing the
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Fig. 4. Concentration of allantoin and allantoic acid in the pulp (tuber), skin (tuber) and bulbil of Hualien no. 3 yam.
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flow rate it would be easy to mistake the total amount of
allantoin and allantoic acid for allantoin only. This oc-
curred when Wang, Chiang, Du, and Chou (1995) deter-
mined the allantoin in yam (D. opposite Thunb). It is also
interesting to note that the concentration for these two
components changes with storage time. Fig. 3 shows
the HPLC profiles 0, 3 and 7 days after the solution
was prepared. The peaks of allantoic acid and allantoin
differed in size and separation. So the allantoin would be
in its more stable form of allantoic acid in an aqueous
solution. However, if the total amount of allantoin
and allantoic acid is the same, it would be more appro-
priate to represent it in total mmoles per g solid than in
total weight (mg). According to Beer’s law, the extinc-
tion coefficients for allantoin and allantoic acid when
they are analyzed are quite different. Mistaking either
allantoin for allantoic acid or allantoic acid for allantoin
may result in significant errors. It appears that at levels
under 200 nm, the extinction coefficient of allantoin is
much larger than that of allantoic acid. Allantoin and
allantoic acid concentrations were also obtained with a
colorimetric assay (Vogels & van der Drift, 1970). How-
ever, higher values were obtained for total allantoin and
allantoic acid with HPLC. In general, the HPLC deter-
minations were found to be 38% higher than the color-
imetric values (data not shown).

Fig. 4 shows the concentration of allantoin and allan-
toic acid in the pulp (tuber), skin (tuber) and bulbil of
Hualien no. 3 yam. The results showed that less of the
total amount of allantoin and allantoic acid was found
(40% in the skin and 64% in the pulp) in the bulbil than
in the tuber. Fig. 5 shows the concentration of allantoin
and allantoic acid in the pulp, mucilage and skin of Kee-
lung yam tuber. The total amount of allantoin and
allantoic acid in the skin displayed a much higher value
(305%) than that of the pulp. Eighty percent of the two
components in the mucilage were recovered from the
pulp using the bubble separation method. Compared
with these two varieties, the two components in Keelung
yam showed a higher value (133% in the pulp and 158%
in the skin) than in Hualien no. 3 yams.

3.4. Bubble separation and centrifugation for recovering
mucilage

It is difficult to separate starch from the tubers. The
settling of starch granules is often hindered by the pres-
ence of various components like mucilage. Fu et al.
(2003) developed a continuous bubble separation pro-
cess for separating and recovering starch and mucilage
from the pulp of yam tubers in the absence of undesir-
able chemical additives or treatments. It has been shown
that excellent separation can be achieved for a system
containing starch and polysaccharide—protein-contain-
ing complexes. Very low amounts of starch (0.8%) re-
mained in the mucilage and the yields of soluble
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Fig. 5. Concentration of allantoin and allantoic acid in the pulp,
mucilage and skin of Keelung yam tuber.

carbohydrates and protein in separated mucilage were
98.8% and 74.1%, respectively (Fu et al., 2003). A very
low amount of starch (0.8%) remained in the mucilage.
In Fig. 5, 80% of the total amounts of allantoin and
allantoic acid was recovered by bubble separation and
remained as starch-free mucilage.

Centrifugation was also thought to be a good method
for separating starch and mucilage. Ten grams of freeze—
dried yam flour was extracted with 1340 g of water using
centrifugation and bubble separation. The procedures
are shown in Fig. 1. Fig. 6 also shows the effect of cen-
trifugation on the recovery of allantoin and allantoic
acid in the separated supernatant (mucilage). The slurry
suspension was centrifuged twice and the effects of the
centrifugation on the extraction of those two compo-
nents were studied. Two RCFs, 6000 and 7300g for
30 min, were used. Freeze—dried supernatant was used
for allantoin and allantoic acid determination. The
recovered yields of allantoin and allantoic acid obtained
from two consecutive centrifugations of 6000 and 7300g
were 23.0% and 10.0%, respectively (Fig. 6). These were
much smaller than that obtained from the bubble sepa-
ration method (80%). These experiments involved
increasing the number of centrifugations (resuspension
and resedimentation), but the results (data not shown)
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Fig. 6. Concentration of recovered allantoin and allantoic acid from
the mucilage of Keelung yam using the bubble separation and
centrifugation method. The percentages indicate the recovered molar
ratio compared with the total amount of those in the pulp.

showed that less than 7% yield could be obtained. Actu-
ally, in previous studies we found that centrifugation de-
stroyed the structure of glycoprotein, resulting in further
separation of carbohydrates and proteins in different
parts of the starch paste and mucilage (Fu, Chen, &
Lai, 2004). These experiments have shown that there is
difficulty in fully extracting proteins and soluble carbo-
hydrate from the pulp of yam tubers through using cen-
trifugation. It was found that only 2-8% of the total
amount of polysaccharides were recovered.

Recently, applications of the low starch contents of
mucilage in the nutraceutical and cosmeceutical indus-
tries have been in demand. Centrifugation results in
damage to the glycoprotein structure and differences in
the proportions of protein. Thus, an attempt to fully re-
cover allantoin and allantoic acid from the mucilage by
separating starch using centrifugation may not be feasi-
ble. The highest allantoin and allantoic acid contents
can be recovered by bubble separation because of the
excellent separation of starch and mucilage. Allantoin
is active in skin-softening (keratolytic effect) and rapid
cell regeneration through precipitating proteins on the
skin. The possibility of using yam tuber mucilage in

skin-care products has been studied (Lai, 2003). It pro-
vides an alternative method for recovering low starch
contents of mucilage with high yields of allantoin and
allantoic acid and is especially good for recovering allan-
toin and allantoic acid from a starch and polysaccha-
ride—protein-containing system.

4. Conclusions

The yam tuber is rich in starch and mucilage, how-
ever, it is difficult to separate the starch from the tuber
because of the viscous soluble carbohydrates-protein
(glycoprotein) present in the yam. To expand yam tuber
use, low starch contents from the mucilage can be used
as an ingredient in functional foods and a skin protec-
tant. The objectives of this research were to analyze
the contents of allantoin and allantoic acid in D. batatas
(Hualien no. 3) and D. pseudojaponica Yamamoto (Kee-
lung yam) and to compare bubble separation and centri-
fugation for recovering allantoin and allantoic acid from
the separated mucilage.

In general, it is possible to separate allantoin and
allantoic acid by HPLC under the conditions used in
this study. The HPLC determinations were more accu-
rate than the colorimetric method. Thirty eight percent
higher values were obtained with HPLC. These experi-
ments showed that the Keelung yam tuber was much
higher in allantoin and allantoic acid content than the
Hualien no. 3 yam. The skin of yam is rich in allantoin
and allantoic acid, which are 305% (in Keelung yam)
and 257% (in Hualien no. 3) higher than those of the
pulp. There is difficulty in fully recovering allantoin
and allantoic acid from yam pulp using centrifugation.
With two consecutive centrifugations, the total amount
of allantoin and allantoic acid recovered from the muci-
lage of Keelung yam tuber was less than 30%. Bubble
separation is an appropriate procedure in the practice
for maximum recovery of allantoin and allantoic acid
in yams. Eighty percent of the total amount of allantoin
and allantoic acid was recovered wusing bubble
separation.

References

Alves, R. M. L., Grossmann, M. V. E., & Silva, R. S. S. F. (1999).
Gelling properties of extruded yam (Dioscorea alata) starch. Food
Chemistry, 67, 123-127.

Anonymous. (1967). Today’s drugs: allantoin. British Medical Journal,
iv, 535.

Aspinall, G. O. (1959). Structural chemistry of the hemicelluloses.
Advances in Carbohydrate Chemistry and Biochemistry, 14,
429-468.

Asp, N. G. (1993). Nutritional importance and classification of food
carbohydrates. In F. Meuser, D. J. Manners, & W. Seibel (Eds.),
Plant polymeric carbohydrates (pp. 121-126). Cambridge: Royal
Society of Chemistry.



Y.-C. Fu et al. | Food Chemistry 94 (2006) 541-549 549

Association of Official Analytical Chemistry (AOAC). (1995). Official
methods of analysis of AOAC international, Vols. I and I1. 16th ed.
Washington, DC: Association of Official Analytical Chemists.

Cajkovac, M., Oremovic, L., & Cajkovac, V. (1991). Influence of
emulsoid vehicle on the release and activity of allantoin. Pharma-
zie, 47, 39-43.

Cheng, X.-G., Nomura, M., Sato, T., Fujikake, H., Ohyama, T., &
Tajima, S. (1999). Effect of exogenous NH; — N supply on
distribution of ureide content in various tissues of alfalfa plants,
Medicago sativa. Soil Science and Plant Nutrition, 45, 921-9217.

Drewes, S. E., & van Staden, J. (1975). Determination of allantoin in
protea seed. Phytochemistry, 14, 751-753.

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., & Smith, F.
(1956). Colorimetric method for determination of sugars and
related substances. Analytical Chemistry, 28, 350-356.

Federal Register. (1983). Staff Congressional Information Service Inc.
National Archives and Records Administration, Office of the
Federal Register, USA. 48, 32, 6820-6833.

Federal Register. (1990). Staff Congressional Information Service Inc.
National Archives and Records Administration, Office of the
Federal Register, USA. 55, 11, 25240-25281.

Fisher, A. A. (1981). Allantoin: a non-sensitizing topical medicament.
Therapeutic effects of the addition of 5 percent allantoin to
Vaseline. Cutis, 27, 230-231, 234, 329.

Fu, Y.C. (2004). Method for separating mucilage and starch from a
plant root or stem. R.O.C. patent No. 204,820.

Fu, Y. C., Mou, Y. C., & Yeh, C. H. (2003). Studies on the separation
and recovery of polysaccharides and proteins from tuber of
Keelung yam (D. pseudojaponica Yamamoto) and Yangmingshan
yam (native species) (D. alata L.) using adsorptive bubble
separation (ABS). Taiwanese Journal of Agricultural Chemistry
and Food Science, 41(5), 325-335.

Fu, Y. C., Chen, S. H., & Lai, Y. J. (2004). Centrifugation and foam
fractionation effect on mucilage recovery from Dioscorea (Yam)
Tuber. Journal of Food Science, 69(9), ES09-E514.

Fujihara, S., & Tamaguchi, M. (1978). Probable site of allantoin
formation in nodulating soybean plants. Phytochemistry, 17,
1239-1243.

Garnick, J. J., Singh, B., & Winkley, G. (1998). Effectiveness of a
medicament containing silicon dioxide, aloe, and allantoin on
aphthous stomatitis. Oral Surgery Oral Medicine Oral Pathology
and Endodontics, 86, 550-556.

Kaczmarek, F., & Walicka, A. (1958). Determination of allantoin in
comfrey root (Symohytum officinale L.). Biul. Inst. Roslin Lec-
zniczych, 4, 273-280.

Lai, Y.J. (2003). Analysis of choline and allantoin from tuber of
Keelung yam (Dioscorea japonica Thunb var. pseudojaponica
Yamamoto) and the possibility of mucin applied on skin-care
products Master thesis. Taichung, Taiwan: National Chung Hsing
University.

Lalchev, Z., & Exerowa, D. (1981). Concentration of proteins by
foaming. Biotechnology and Bioengineering, 23, 669-676.

Li, C. Y., & Tsai, S. L. (1985). Studies on the physicochemical
properties of the starches from the tubers and seed of yam. Food
Science — Taiwan, 12(3/4), 201-212.

Margraf, H. W., & Covey, T. H. Jr., (1977). A trial of silver-zinc-
allantoinate in the treatment of leg ulcers. Archives of Surgery, 112,
699-704.

Matsumoto, T., Yatazawa, M., & Yamamoto, Y. (1977a). Distribu-
tion and change in the contents of allantoin and allantoic acid in
developing nodulating and non-nodulating soybean plants. Plant
Cell Physiology, 18, 353-359.

Matsumoto, T., Yatazawa, M., & Yamamoto, Y. (1977b). Incorpo-
ration of °N into allantoin in nodulated soybean plants supplied
with '*N,. Plant Cell Physiology, 18, 459-463.

Matsumoto, T., Yatazawa, M., & Yamamoto, Y. (1977¢). Effects of
exogenous nitrogen-compounds on the concentrations of allantoin

and various constituents in several organs of soybean plants. Plant
Cell Physiology, 18, 613-624.

Mazzafera, P., & Gongalves, K. V. (1999). Nitrogen compounds in the
xylem sap of coffee. Phytochemistry, 50, 383-386.

Merck index: An encyclopedia of chemicals, drugs, and biologicals.
(2001). 13th ed. A. Smith, P. Heckelman, M.J. Oneil(Editors)
Merck & Co., Inc. Merck Research Laboratories: Whitehouse
Station, NJ.

Misaki, A., Ito, T., & Harada, T. (1972). Constitutional studies on the
mucilage of ‘“‘yamanoimo”, Dioscorea batatas Decne, forma
Tsukune: Isolation and structure of a mannan. Agricultural and
Biological Chemistry, 36(5), 761-771.

Mothes, K. (1961). The metabolism of urea and ureides. Canadian
Journal of Botany, 39, 1785-1807.

Ninomiya, A., Murata, Y., Tada, M., & Shimoishi, Y. (2003).
Quantitative analysis of allantoin in fresh tubers of Dioscorea
opposita ‘Tsukuneimo’. Journal of Japan Society Horticultural
Science, 72(4), 321-323.

Ory, R. L., Gordon, C. V., & Singh, R. (1969). Ureide metabolism in
castor beans. Evidence for a particle-bound allantoinase. Phyto-
chemistry, 8, 401-404.

Osuji, G. O., & Ory, R. L. (1987). Regulation of allantoin and allantoic
acid degradation in the yam and sweet potato. Journal of the
Agriculture Food Chemistry, 35, 219-223.

0zo, O.-N., Robinson, J.-M., & Reeves, S.-G. (1987). The occurrence
of allantoin in edible yams (Dioscorea species). Human Nutrition:
Food Science Nutrition, 41(3/4), 231-232.

Pinheiro, N. (1997). Comparative effects of calcipotriol ointment (50
micrograms/g) and 5% coal tar/2% allantoin/0.5% hydrocortisone
cream in treating plaque psoriasis. British Journal of Clinical
Practice, 51, 16-19.

Sagara, K., Suto, K., Kawaura, M., & Yoshida, T. (1988). Analysis of
Dioscorea rhizoma. Pharmaceutical Technology Japan, 4, 811-813.

Sakuma, K., Ogawa, M., Kimura, M., Yamamoto, K., & Ogihara, M.
(1998). Inhibitory effects of shimotsu-to, a traditional Chinese
herbal prescription, on ultraviolet radiation-induced cell damage
and prostaglandin E2 release in cultured Swiss 3T3 cells. Yakugaku
Zasshi, 118, 6241-6247.

Schubert, K. R., & Boland, M. J. (1990). The ureides. In B. J. Miflin &
P.J. Lea (Eds.). Biochemistry of plants (Vol. 16, pp. 197-282). San
Diego, USA: Academic Press.

Teixeira, J. P. F., & Duarte, F. R. (1985). Evaluation of ureides content
in comfrey plants (Symphytum officinale). Bragantia, 44, 487-492.

Thomas, R. J., & Schrader, L. E. (1981). Urede metabolism in higher
plants. Phytochemistry, 20, 361-371.

Tsai, S. S., & Tai, F. J. (1984). Studies on the mucilage from tuber of yam
(Dioscorea alata Linn.). 1. Isolation and purification of the mucilage.
Journal of Chinese Agricultural Chemical Society, 22(1/2), 88-94.

Ueda, H., & Sasake, T. (1956). Chemical studies on the plants of
Dioscorea species. 1. Journal Pharmaceutical Society, 76, 745.

Vogels, G. D., & van der Drift, C. (1970). Differential analyses of
glyoxylate derivatives. Analytical Biochemistry, 33, 143-157.

Wang, B. H., Chiang, P. F., Du, H. L., & Chou, X. J. (1995). HPLC
method for determination of allantoin in Yam. Journal of Beijing
University of TCM, 18(1), 67-68.

Willital, G. H., & Heine, H. (1994). Efficacy of Contractubex gel in the
treatment of fresh scars after thoracic surgery in children and
adolescents. International Journal of Clinical Pharmacology
Research, 14(5-6), 193-202.

Yamamoto, R., Seki, M., Ouchi, K., Koyano, S., Nakazawa, Y.,
Nagatani, Y., et al. (1998). A rapid determination of allantoin by
high-performance liquid chromatography using tris(hydroxy-
methyl)aminomethane-HCL buffer as a mobile phase. Journal
Pharmaceutical Society Japan ( Yakugaku Zasshi), 118, 310-316.

Young, E. G., & Conway, C. F. (1942). On the estimation of allantoin
by the Rimini-Schryver reaction. Journal of Biological Chemistry,
142, 839-853.



	Quantitative analysis of allantoin and allantoic acid in yam tuber, mucilage, skin and bulbil of the Dioscorea species
	Introduction
	Materials and methods
	Raw materials
	Proximate compositions of yam flours
	Methods for mucilage separation
	Bubble separation method
	Allantoin and allantoic acid determination

	Results and discussion
	Tuber chemical composition and derived ingredients
	Mucilage monosaccharide composition
	Allantoin and allantoic acid determination
	Bubble separation and centrifugation for recovering mucilage

	Conclusions
	References


