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ABSTRACT

Coleus tuberosus is a tuber vegetable of the Lamiceae family, consisting of about 200 different species which include ornamental,
medicinal plants and plants with edible tubers. This paper reports the chemical and nutritional composition of coleus potato. This study
focused on the two parts of the tubers; peel and flesh. The flesh analyses resulted in 4.13% moisture, 5.73 g crude protein, 0.20 g fat,
85.67 g total carbohydrates, 4.27 g ash, minerals (potassium 1136.08 mg, calcium 16.06 mg, and magnesium 74.23 mg, iron 1.33 mg) and
B-carotene 54.07 ug/100 g of dry weight. While the peel analyses resulted in 8.27% moisture, 8.73 g crude protein, 0.37 g fat, 68.60 g
total carbohydrates, 14.03 g ash, minerals (potassium 3025.75, calcium 257.47 mg, and magnesium 70.03 mg, iron 49.76 mg/100 g dw)
and PB-carotene 661.87 ng/100 g dw. Amino acids and sugar contents were analyzed and indentified in both of flesh and peel of coleus
potato. In general, coleus potato could be considered as one of the good sources of minerals especially (potassium, calcium, magnesium
and iron) and fB-carotene. To the best of our knowledge, this is the first study reporting the chemical composition of C. tuberosus. The data
obtained will present the important indication of the potentially nutraceutical of coleus potato as one of the cheaper sources of nutrients.
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INTRODUCTION

The world’s population is expected to increase and as a
consequence the demand on food also increases. Thus, the
food production needs to be increased to support the popu-
lation. World population increases from 6 billion at the start
of this century to 7.9 to 19.9 billion by 2025. The majority
of this increase will occur in less economical developed
countries (Garza and Stover 2003). Over the last few dec-
ades, food insecurity and number of people suffering from
malnutrition have increased. Throughout history humans
have used some 3,000 plant species for food. The recent
tendency has been to exploit fewer species and today, only
around 20 species supply most of the world’s food. Many
beneficial plant species have been underused (Vietmeyer
1986). One of the ways to overcome these problems is by
searching for the cheaper sources of nutrients. This can be
obtained from plant materials especially underutilized crops
like root and tuberous plants.

Tuberous plants are plants that have swollen region of
an underground stem or root, usually modified for storing
food. One of them is Coleus tuberosus which is also known
as Chinese potato or coleus potato in English and Koorka in
Hindi. In Malaysia, coleus potato is known as Ubi Kemili
and belongs to Labiatae family, consisting of about 200
different species which include ornamental, medicinal
plants and plants with edible tubers (Peter 2006; Palanis-
wami and Peter 2008). This plant is distributed in tropics,
subtropics of Asia, Africa and the Pacific Islands. It is a
small herbaceous plant, 15-30 cm high, prostrate or ascen-
ding, with a succulent stem. The leaves have an aromatic
smell resembled mint. It has small pale violet flowers and
small, dark brown tubers produced in clusters. Apart from
that, it contains two types of bioactive compounds known

as saponins (2-20%) and alkaloids (15-25%) which exhibits
the medicinal properties of this plant (Palaniswami and
Peter 2008). C. tuberosus is used as vegetable that have a
special flavor and taste. In Malaysia, the tubers are used as
replacement for potato in Malay curry or ‘Gulai Lemak’. It
is usually used in preparation of special dishes during
wedding ceremony, especially in Johor, southern state of
Malaysia.

Tuber crops make an important contribution to the diet
of many impoverished people in tropical countries assuring
their food security. This kind of crops usually neglected due
to their negative image as poor people’s food. It can be
consumed as a cheap source of dietary energy either as a
basic source or as a supplement to cereals (Palaniswami and
Peter 2008).

Previous work on coleus potato has focused on general
proximate composition of fresh coleus tuber which contains
20.1-30% dry matter, 14.7-20.8% starch, 0.04-0.31% pro-
tein and 0.57-0.96% sugar. The tuber contains (per 100 g
dry weight: carbohydrate 91%, protein 1.4%, fat 1%, ascor-
bic acid 4.8 ng, calcium 60.4 mg, iron 7.2 mg an energy
392 kcal (Rajmohan 2007). Sandhya and Vijayalakshmi
(2001) investigated the antioxidant activity of total flavo-
noid extracted from coleus potato which showed higher
antioxidant activities in experimental rats and animals. In
other study, ursolic acid and oleanolic acid that presence in
C. tuberosus may be partially responsible for the antioxi-
dant and cancer chemopreventative agent of C. fuerosus
(Nugraheni ef al. 2011).

In this work we are reporting, for the first time, the
chemical composition of C. tuberosus. The data obtained
will present the important indication of the potentially
nutraceutical of coleus potato as one of the cheaper sources
of nutrients.

Received: 2 November, 2012. Accepted: 1 December, 2012.




Food 6 (1), 100-104 ©2012 Global Science Books

MATERIALS AND METHODS
Biological material

C. tuberosus purchased from the local market situated in Ayer
Hitam, Johor, southern state of Malaysia at commercial maturity.
Tuber samples were identified by the herbarium of the Institute of
Bioscience, Universiti Putra Malaysia (UPM). All tuber samples
were washed with tap water to remove the soil particle and dirt
and air-dried. Dried tubers were divided into two parts: peel and
flesh. Peel (x1 mm) of C. tuberosus obtained by peeling using a
potato peeler. The flesh of each tuber was sliced into pieces and
both the peel and sliced flesh were further dried at 50°C/2 days
(Ventilated Memmert Oven, Memmert Gmbh + Co. KG, Germany)
to a constant weight and stored at 4°C in an air-tight container
prior to experiment.

Chemicals

All chemicals and reagents used were of analytical grade and ob-

tained from Sigma Aldrich, Merck, Fisher Scientific and Pronadisa.

The solvents used were of high-performance liquid chromatog-
raphy (HPLC) grade. All of the sugars, amino acids, minerals and
vitamins standards were bought from Sigma Aldrich.

Chemical analysis

The proximate composition (moisture, ash, crude fiber, crude pro-
tein “N x 6.25”) of C. tuberosus peel and flesh was determined
according to the methods described in AOAC (1997). Crude fat
content was determined by adopting the method proposed by Pear-
son (1970). Carbohydrate content was calculated by difference as
suggested by Pomeranz and Meloan (1987).

Calcium (Ca), potassium (K), magnesium (Mg), sodium (Na)
and iron (Fe) were detected and quantified by Agilent 7500A ICP-
MS (California, USA). Firstly, 0.5 g of the sample was digested in
5 mL of nitric acid or perchloric acid. Then, the sample was
diluted to 40 mL with deionized water prior to detection (Cheng et
al. 2008). Total phosphorus was quantified using a colorimetric
method, phosphovanado-molybdate method (AOAC 1997).

p-Carotene was extracted according to the combination of
methods suggested by Tee ef al. (1996), Ismail and Cheah (2003)
and Fikselova et al. (2008) with some modifications. Firstly, 10 g
of sample was homogenized by using a Teflon homogenizer in the
presence of 40 mL of 99.8% ethanol and 10 mL of 100% potas-
sium hydroxide for about 5 min. Then, the homogenate obtained
was saponified for about 30 min before cooled to room tempera-
ture. After that, it was transferred into separation funnel for extrac-
tion of the Vitamin A. 50 mL of n-hexane was added to the homo-
genate. The separation funnel was inverted and shaken vigorously
for a few moments before the layers were allowed to separate. The
aqueous layer was collected and re-extracted a few times using 50
mL of n-hexane each time. The upper layer was then pooled
together and washed a few times until it was free from alkali. In
order to make sure that it was free from alkali, 1% phenolphthalein
solution was used as indicator. This reagent will turn from blue to
pink color in the presence of alkali. After removing all the alkali,
the solution was filtered through anhydrous sodium sulphate to
remove water residue. Then, by using rotary evaporator at 45°C
under reduced pressure, the hexane was removed. The extract
obtained was then diluted to 10 mL with n-hexane and filtered
through a 0.20 pm nylon membrane filter (Sigma-Aldrich, Kuala
Lumpur, Malaysia). Further analysis was carried out by using
reverse-phase HPLC. A Waters 600 HPLC equipped with Waters
410 Diode Array Detector and Waters 600 Controller pump was
used. Separation and quantification were achieved on Ultrasphere
octadecylsilyl (ODS) Hypersil C-18 column, (250 mm % 4.0 mm,
5 um). The mobile phase was acetonitrile (85%): tetrahydrofuran
(12.5%): deionized water (2.5%) and the flow rate was 0.3
mL/min.

Thiamine was extracted from the sample with diluted sul-
phuric acid in an autoclave and oxidized with cyanogen’s bromide
to thiochrome, which is extracted with isobutanol. The fluores-
cence of thiochrome was determined by HPLC on a 5 pm
HyPurity Aquastar C-18 column (150 mm x 4.6 mm) with fluori-
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metric detection, as described by Vuilleumier ez al. (1988). Ribo-
flavin was extracted from the sample in an autoclave with diluted
sulphuric acid. The extract was diluted in methanol and any
precipitate was removed by centrifugation. The riboflavin content
was determined by HPLC on a 5 pum HyPurity Aquastar (150 mm
x 4.6 mm) column (C-18) with fluorimetric detection, according to
Schiiep and Steiner (1988).

Ascorbic acid was determined by using method proposed by
Singh et al. (2007). A 10 g of sample was homogenized by using a
Teflon homogenizer at the maximum speed in the presence of 100
mL of 1% m-phosphoric acid. Then, the homogenate was brought
to 250 mL volume by adding 1% m-phosphoric acid prior to
filtration with Whatman filter paper. About one milliliter of filtrate
was added to 1.0 mL of 5% dithiothreitol before the volume was
made up to 10 mL with 1% m-phosphoric acid. All of the stan-
dards and sample solution were filtered by using 0.20 um nylon
membrane filter before injection. Samples of 10 pL were injected
on a reversed phase C-18 column (150 x 4.60 mm, 5 mm) and
detected by using Shimadzu SPD-10AV, UV-Visible detectors set
at 261 nm. The mobile phase consisted of acetonitrile: 0.05 M
KH,PO,4 (pH 5.9) in the ratio of 75: 25 with a flow rate of 1.5
mL/min. Ascorbic acid was quantified by comparison of areas to
those of authentic standards, including the reference standard. The
ascorbic acid value was expressed as mg/100 g.

Amino acid determination was carried out after acid hydroly-
sis with 10 mL of 6 M HCI at 110°C overnight under nitrogen
atmosphere. After that, the hydrolyzate was cooled and dried in
vacuum desiccators at 45°C. Then, it was redissolved in citrate
buffer (pH 2.2). All of the standards and samples were injected
directly to the automatic amino acid analyzer (LC 5001) from
Germany (Cheng et al. 2008). The detection and quantification of
amino acid in the sample was achieved by comparing the retention
times of the peaks with the standards. Amino acid was reported as
gram of amino acid per 100 mg of protein.

Monosaccharides and disaccharides in samples were analyzed
by using the AOAC method (984.17) (1997). All samples and
standard were prepared in 1% (w/v) solution and filtered through
0.45 um membrane filter (Milipore). The detection of monosac-
charide and disaccharide was performed on high performance
liquid chromatography (HPLC) by Waters 600 equipped with
Waters 410 Differential Refractometer and Waters 600 Controller
pump. Separation and quantification were achieved on SUPEL-
COSIL™ LC-NH, column (2.5 mm X 4.6 mm, 5 pm). The mobile
phase was acetonitrile: water (78: 22, v/v) and the flow rate was
1.0 mL/min. The concentration of sugar in the sample was calcu-
lated by comparison with peak area of the standard curve of the
respective sugar.

Statistical analysis

All analyses were conducted in triplicate. Significant differences
between means of experiments were determined by the least sig-
nificant difference. A significance level of 0.05 was chosen (Sokal
and Rohlf 1987).

RESULTS
Proximate composition and energy content

Proximate composition of pell and flesh samples is given in
Table 1. Water content for Ubi Kemili flesh (UKF) is
4.13% while for Ubi Kemili peel (UKP) it is 8.27%. The
protein content found in the peel part was 8.73 g/100 g of
dw while the flesh part contained only 5.73 g of protein
/100 g dw. The protein content in the peel and flesh of the
Ubi Kemili tubers showed the significantly differences
between the two parts as stated in Table 1. The crude fat
content in peel 0.37 g/100 g dw while the flesh part con-
tained 0.20 g/100 g dw. The fat content also showed
significant variation between peel part and flesh part. Ash
content in peel of Ubi Kemili was found to be significantly
higher as compared to the flesh part with 14.03 g/100 g dw.
The average energy values of UKP and UKF were 1159,
1448 Kj or (276, 345 kcal)/100 g dw, respectively.
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Table 1 Proximate composition and energy content for 100 g dry weight (dw) of flesh and peel of Coleus tuberosus[a,b]

Sample Moisture g/100 g dw Energy/100 g dw
content % Protein|c] Fat Ash Crude fiber kJ keal

Ubi Kemili flesh 4.13+0.06 b 5.73+0.06 b 0.20£0.00 b 427+0.15b 0.60+0.00 b 1448 a 345a

Ubi Kemili peel 827+0.12a 8.73+0.12a 0.37+0.06 a 14.03+£0.06 a 12.13+0.06 a 1159 b 276 b

[a] Average, standard deviation of triplicate samples
[b] In columns, averages followed by different letters are significantly different (p<0.05)
[c] Calculated as (Nx6.25) according to AOAC (1997)

Table 2 Mineral content for 100 g dry weight (dw) of flesh and peel parts of Coleus tuberosus[a,b].

Minerals Ubi Kemili flesh Ubi Kemili peel DRIs [c] for adults Value in 100 g consumed Ubi Kemili / DRIs x 100
mg/100 g mg/100g (mg/day) flesh peel
Major
Potassium 1136.08 £ 0.00 b 3025.75+0.00 a 4700 24.17 64.38
Phosphorus 0.32+0.00 a 0.01 +£0.00b 700 0.05 0.001
Calcium 16.06 £0.00 b 257.47+£0.00 a 1000 1.60 25.75
Sodium 12.33+£0.00b 15.02+£0.00 a 1500 0.82 1.00
Magnesium 74.23+0.00 a 70.03+0.00 b Men: 400 18.55 17.51
Women: 310 32.94 22.59
Trace
Iron 1.33+0.00b 49.76 £ 0.00 a Men: 8 16.63 622
Women: 18 7.39 276

[a] Average, standard deviation of triplicate samples
[b] In columns, averages followed by different letters are significantly different (p<0.05)
[c] DRIs = Dietary Recommended Intakes for Adults [34]

Sugar composition Table 3 Amino acid content of flesh and peel parts of Coleus tuberosus
[a,b].
The UKP and UKF contained fructose (0.1, 0.2 g/100 g dw)  Amino acid Ubi Kemili flesh  Ubi Kemili peel
respectively, glucose (3.5, 0.8 g/100 g dw), sucrose (0.1, 0.1 (mg/g of protein) (mg/g of protein)
g/100 g dw) and maltose (0.1, 0.1 g/100 g dw). Sugar con-  [soleucine 0.63+0.03 a 0.67+0.00 a
tent was significantly different and varied among different  Leucine 0.26+0.00 b 0.39+0.01a
parts of Ubi Kemili. Lysine 0.63+0.00b 0.75+0.00 a
. . Methionine 0.26+0.03b 040+0.01a
Vitamins Total sulfur-containing amino 1.78 221
acids
For pB-carotene content in peel (661.87 pg/100 g) is  Tyrosine 0,16+0.01b 0.19+0.02a
extremely higher than in the content in flesh part (54.07  Phenylalanine 037+0.00b 0.44 £0.00 a
png/100 g). Vitamin C was found to be 3.10 mg/100 g in  Total aromatic amino acids 0.53 0.63
both of parts. Thiamine (Vitamin B1) and riboflavin (Vita-  Threonine 036+0.02a 0.34+0.00 a
min B2) were almost undetectable by our analytical method.  valine 0.37+0.00 a 0.44+0.00 a
Total essential amino acids 0.73 0.78
Minerals Histidine 0.11+0.00 b 0.15£0.00a
Arginine 0.27+0.00 a 027+0.01a
Flesh and peel samples were analyzed for mineral content.  Aspartagine 0.63+£0.03a 0.67 +0.00 a
Table 2 indicates a high concentration of potassium  Glutamic acid 0.63+0.00b 0.75 +0.00 a
(3025.75 mg/100 g) in the peel as compared to the flesh  Serine 0.26+0.00b 039+0.01a
(1136.08 mg/100 g). It was followed by the calcium in the  Proline 0.25£0.01b 0.39+0.01 a
peel (257.47 mg/100 g) and flesh (16.06 mg/100 g), mag-  Glysine 0.26+0.03b 0.40+0.01 a
nesium in the flesh (74.23 mg/100 g) and peel (70.03  Alanine 0.27+0.00 b 0.40 +0.00 a
mg/100 g), iron in the peel (49;76 mg/100 g) and flesh (1.33  Total non-essential amino acids  2.68 3.42
mg/lOO g), sodium in the peel part (1502 mg/lOO g) and [a] Average, standard deviation of triplicate samples
flesh part (1233 mg/loo g), and phOSphOI'llS in flesh (032 [b] In columns, averages followed by different letters are significantly different

mg/100 g) and in peel (0.01 mg/100 g). Results showed that (p0.05)
a wide variation was observed in the quantitative composi-
tion of mineral in Ubi Kemili from different parts, peel and

flesh. the plants have flowered and the aerial parts have died back
(Kay 1987). Different moisture contents in the peel and
Amino acids flesh of Ubi Kemili tubers might be influenced by several

factors like the age of tuber, types of soil used to cultivate
Amino acids were determined and quantified by HPLC and  the tubers, soil moisture and climate. Food and Nutrition
the amino acid chromatogram of both part were shown in ~ Board (2005) stated that the Recommended Dietary Allow-
Fig. 1 and Fig. 2. Sixteen amino acids were detected in Ubi  ance of good-quality protein is 0.80 g/kg body weight/day,
Kemili including the essential and non-essential amino  and the Acceptable Macronutrient Distribution Range for
acids. From Table 3, it can be seen that asparagine, arginine  protein is 10-35% of energy for adults. Animal products and
and threonine contents for both parts of Ubi Kemili were  plant are the best protein sources for human. Root-tubers

not significantly different. like potato and sweet potato play a crucial role as a major
non-cereal source of dietary protein worldwide (Davies
DISCUSSION 1996). It also includes other root-tubers like the Ubi Kemili.

Based on the results obtained, peel part has higher protein
C. tuberosus is tolerant of high temperatures and rain-fall ~ content compared to the flesh part. This might be due to the
and prefers well-drained, loose or sandy soil and direct  different distribution of nitrogen within the tubers which is
sunlight. It produces less well in the shade or in dense soil. ~ not homogenous (Woolfe and Poats 1987), being highest in
In dry conditions, it may fail to produce tubers. The tubers  the peel and decreasing in the cortex and rising again
are harvested about four to five months after planting, after ~ towards the pith. Protein nitrogen content was similar in
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Fig. 1 Amino acid profile of skin part of Coleus tuberosus. (From left:
asparagine, serine, glutamate, glycine, histidine, arginine, threonine,
alanine, proline, tyrosine, valine, methionine, lysine, isoleucine, leucine,
phenylalanine)
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Fig. 2 Amino acid profile of flesh part of Coleus tuberosus. (From left:
asparagine, serine, glutamate, glycine, histidine, arginine, threonine,
alanine, proline, tyrosine, valine, methionine, lysine, isoleucine, leucine,
phenylalanine)

cortical, medullary and pith region as reported by Des-
borough and Weiser (1974). Variations in protein contents
in tubers were influenced by the variety difference, climate,
location, growing season and also the cultivation process.
Vigue (1973) reported that lower temperatures stimulated
the increased in total nitrogen percentage of tubers. Results
reported by Salunkhe and Kadam (1998) on the fat content
of potatoes flesh was approximately 0.1% while Noman et
al. (2007) reported that lipid content in the flesh of potato
and sweet potato was 0.04% and 0.26%, respectively.
Therefore, it could be said that the fat content in the flesh of
Ubi Kemili is slightly higher than in potato but slightly
lower than in sweet potato. However, there is no report on
the fat content of the peel of either potato or sweet potato
that we could compare with the peel of Ubi Kemili. As
tubers are very low in lipids, we could not expect the high
sources of lipid soluble vitamins from them. Palaniswami
and Peter (2008) reported that most of the root crops con-
tain only negligible amounts of lipid soluble vitamin (beta
carotene) except the yellow variety of sweet potato which
contains a high amount of beta carotene. Ash content in peel
parts of Ubi Kemili was found to be significantly higher as
compared to the flesh part with 14.03% amount of ash. The
significant differences of the ash content between the peel
and flesh of coleus potato might be due to the exposure of
the peel parts with the soil that contain high number of
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organic matter. Carbohydrate content was calculated based
on the difference of other constituents — moisture, protein,
fat and ash content — from a total of 100%. Carbohydrate in
plant foods can be classified as digestible and non-diges-
tible. Digestible carbohydrate includes monosaccharides,
disaccharides, oligosaccharides and starch, whereas the
nondigestible carbohydrate could be categorized as dietary
fiber. Tuber crops contain non-starch polysaccharides which
include celluloses, hemicelluloses, pectins and other associ-
ated structural proteins and lignins. All of them can be
referred as dietary fiber (Palaniswami and Peter 2008).
Issues on dietary fiber gained a lot of interest in recent years.
Some researchers suggested that increased the consumption
of dietary fiber can contributed to a reduction in diseases
such as colon cancer, diabetes and other diseases. Fiber acts
as a molecular sieve which trapped all carcinogenic mate-
rials from recirculated into our body. It also absorbs water,
thus producing soft and bulky stools. Apart from that, it has
been also reported that fiber polysaccharides affect the
absorption of lipids, as they can be strong inhibitors of the
pancreatic lipase that participates in the lipid metabolism
(Dunaif and Schneeman 1981). On the other hand, dietary
fiber contributes to decrease the levels of total cholesterol
and low-density lipoproteins in plasma, which is associated
to a greater dilution and excretion of bile acids (Gallaher
1992). In contrast to the proposed health benefits, the exces-
sive consumption of dietary fiber may lead to adverse
effects such as flatulence, bloating and abdominal discom-
fort (Bouhnik et al. 1999). This has been attributed to the
excessive gas production when high doses of fiber are con-
sumed.

The sugar content (fructose and glucose) of peel and
flesh parts of coleus potato was higher than those reported
by Finotti et al. (2006) in potato. Sucrose and maltose
amounts in both parts were the lowest (0.10 g/100 g) and it
is similar to those reported by Rodriguez-Saona and Wrol-
stad (1997) in potato.

The beta carotene content in coleus potato is lower than
sweet potato reported by USDA (2005). Vitamin C was
found to be 3.10 mg/100 g, which is almost 6 times lower
than potato and 9 times lower than sweet potato reported by
Noman et al. (2007).

The mineral content in coleus potato except for sodium
and phosphorus, was high compared to the common tubers
like potato and sweet potato reported by Noman et al.
(2007). In general, Ubi Kemili could be considered as one
of the good sources of calcium, potassium, magnesium and
iron.

Ubi Kemili is rich in amino acids as compared to the
other types of tuber like potato (Yang et al. 2011) and sweet
potato (Yeoh and Truong 1996; USDA 2005).

CONCLUSION

This is the first paper to report the complete analysis of C.
tuberosus (Ubi Kemili) tubers. Ubi Kemili tubers were
interesting tubers in term of their chemical and nutritional
composition. Results of this study indicated that the peel of
Ubi Kemili has a significantly high level of B-carotene,
potassium, magnesium, iron and calcium and amino acids
like asparagine, glutamic acid, leucine, valine, and glycine.
Moreover, the high crude fiber content in the peel part also
can be utilized in order to overcome constipation and in-
crease digestion. Besides, the flesh part also rich in carbo-
hydrates that can supply enough energy for our body.
Therefore, it can be hypothesized that Ubi Kemili can be
exploited in order to produce new functional foods due to
the high nutritional value that it has. All these results and its
potential nutraceutical quality could participate in the
development of Ubi Kemili as a commercial crop of econo-
mical utility. But certain molecules such as antimicrobial
molecules and cancer chemoprevention triterpenoids (i.e.,
oleanolic acid and ursolic acid) of both peel and flesh of C.
tuberosus still have to be studied.



Potential nutraceutical of coleus potato. Razali ez al.

ACKNOWLEDGEMENTS

This research was fully financed by the Research University
Grants Scheme (RUGS) No. 91950, Universiti Putra Malaysia,
Malaysia. Appreciation is given to the staff of the Fundamental
Biochemistry Laboratory, Biotechnology Building 2.

REFERENCES

AOAC (1997) Official Methods of Analysis (16" Edn), Washington DC: Associ-
ation of Analytical Chemists, 850 pp

Bouhnik Y, Vahedi K, Achour L, Attar A, Salfati J, Pochart P, Marteau P,
Flourié B, Bornet F, Rambaud JC (1999) Short-chain fructo-oligosac-
charide administration dose-dependently increases fecal bifidobacteria in
healthy humans. The Journal of Nutrition 129 (1), 113-116

Cheng JY, Ye XQ, Chen JC, Liu DH, Zhou SH (2008) Nutritional composi-
tion of underutilized bayberry (Myrica rubra ‘Sieb’. et ‘Zucc’.) kernels. Food
Chemistry 107 (4), 1674-1680

Davies HV (1996) Recent developments in our knowledge of potato transgenic
biology. Potato Research 39 (3), 411-427

Desborough SL, Weiser CJ (1974) Improving potato protein I. Evaluation of
selection techniques. American Potato Journal 51 (6), 185-196

Dietary Reference Intakes “DRIs” (2004) Dietary reference intakes of nutri-
ents-based reference values. These are established by Nutrition Board of
National Academy of Sciences. National Academy Press, Washington DC,
USA. Available online: http://www.nap.edu

Dunaif G, Schneeman BO (1981) The effect of dietary fiber on human pancre-
atic enzyme activity in vitro. The American Journal of Clinical Nutrition 34
(6), 1034-1035

Fikselova M, Silhar S, Mare¢ek J, Fran&ikova H (2008) Extraction of carrot
(Daucus carota L.) carotenes under different conditions. Czech Journal of
Food Science 26 (4), 268-274

Finotti E, Bertone A, Vivanti V (2006) Balance between nutrients and anti-
nutrients in nine Italian potato cultivars. Food Chemistry 99 (4), 698-701

Food and Nutrition Board “FNB” (2005) Dietary reference intakes for energy,
carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and amino acids
(macronutrients). National Academy Press, Washington DC, USA. Available
online: http://www.nap.edu

Gallaher DD, Locket PL, Gallaher CM (1992) Bile acid metabolism in rats
fed two levels of corn oil and brans of oat, rye and barley and sugar beet fiber.
The Journal of Nutrition 122 (3), 473-481

Garza C, Stover P (2003) General introduction: the role of science in identi-
fying common ground in the debate on genetic modification of foods in:
Genetically modified foods for human health and nutrition: the scientific
basis for benefit/risk assessment. Trends in Food Science and Technology 14,
182-190

Ismail A, Cheah SF (2003) Determination of vitamin C, B-carotene and ribo-
flavin contents in five green vegetables organically and conventionally grown.
Malaysian Journal of Nutrition 9 (1), 31-39

Kay DE (1987) Root Crops (2" Edn), Tropical Development and Research
Institute, London, 380 pp

Noman ASM, Hoque MA, Haque MM, Pervin F, Karim MR (2007) Nutri-
tional and anti-nutritional components in Pachyrhizus erosus L tuber. Food
Chemistry 102 (4), 1112-1118

104

Nugraheni M, Santoso U, Suparmo, Wuryastuti H (2011) Potential of Coleus
tuberosus as an antioxidant and cancer chemoprevention agent. International
Food Research Journal 18 (4), 1471-1480

Palaniswami MS, Peter KV (2008) Tuber and root crops. In: Palaniswami MS,
Peter KV (Eds) Horticulture Science Series (Vol 1X), New India Publishing
Agencies, New Delhi, India, 480 pp

Pearson D (1970) The Chemical Analysis of Foods (6" Edn), J and A Churchill,
London, United Kingdom, 604 pp

Peter KV (2006) Underutilized and Underexploited Horticultural Crops (Vol.
1), New India Publishing Agencies, New Delhi, India, 378 pp

Pomeranz P, Meloan CE (1987) Food Analysis: theory and practice (2" Edn),
Van Nostrand Reinhold Co, New York

Rajmohan K (2007) Coleus. In: Peter KV (Ed) Underutilized and Underex-
ploited Horticultural Crops (Vol 1), New India Publishing Agencies, New
Delhi, India, pp 29-36

Rodriguez-Saona LE, Wrolstad RE, Pereira C (1997) Modeling the contribu-
tion of sugars, ascorbic acid, chlorogenic acid and amino acids to non-enzy-
matic browning of potato chips. Journal of Food Science 62 (5), 1001-1005

Salunkhe DK, Kadam SS (1998) Handbook of vegetable science technology.
In: Salunkhe DK, Kadam SS (Eds) Production, Composition, Storage and
Processing, Marcel Decker Inc, New York, USA, 742 pp

Sandhya C, Vijayalaksmi NR (2001) Antioxidant activity of flavonoids from
Solenostemon rotundifolius in rats fed normal and high fat diets. Journal of
Nutraceuticals, Functional and Medical Foods 3 (2), 55-66

Schiiep W, Steiner K (1988) Determination of vitamin B2 in complete feed and
premixes with HPLC. In: Keller HE (Ed) Analytical Methods for Vitamins
and Carotenoids in Feed. Department of Vitamin Research and Development,
Roche, Basel, Switzerland, pp 30-32

Singh J, Upadhyay AK, Prasad K, Bahadur A, Rai M (2007) Variability of
carotenes, vitamin C, E and phenolics in Brassica vegetables. Journal of
Food Composition and Analysis 20 (2), 106-112

Sokal RR, Rohlf FJ (1987) Introduction to Biostatistics (2" Edn), Freeman &
Co., San Francisco, 887 pp

Tee ES, Kuladevan R, Young SI, Khor SC, Zakiyah HO (1996) Nutrient
Analysis of Foods, Institute for Medical Research, Kuala Lumpur

USDA (2005) USDA National Nutrient Database for Standard Reference.
Release 18

Vietmeyer ND (1986) Lesser-known plants of potential use in agriculture and
forestry. Science 232 (4756), 1379-1384

Vigue J (1973) The influence of biochemical and environmental factors on pro-
tein synthesis and accumulation in potato. PhD thesis, University of Min-
nesota

Vuilleumier JP, Probst HP, Brubacher G (1988) Determination of vitamin B1
in complete feeds and premixes. In: Keller HE (Ed) Analytical Methods for
Vitamins and Carotenoids in Feed, Roche, Vitamins and Fine Chemical Divi-
sion, Switzerland, 9 pp

Woolfe JA, Poats SV (1987) The Potato in the Human Diet, Press Syndicate by
the University of Cambridge, New York, pp 58-65

Yang XB, Malik NSA, Jose L, Perez JL, Liu TX (2011) Impact of potato
psyllid (Hemiptera: Triozidae) feeding on free amino acid composition in
potato. Insect Science 18 (6), 663-670

Yeoh HH, Truong VD (1996) Protein contents, amino acid compositions and
nitrogen-to-protein conversion factors for cassava roots. Journal of the Sci-
ence of Food and Agriculture 70 (1), 51-54



