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ABSTRACT

Degree of polymerization (DP) of inulin is the number of monomer units in inulin polymer strand. DP of
inulin can be determined simply using spectrophotometer. This study aims to determine DP of inulin
from fresh dahlia tubers and dahlia tubers that stored for fifteen days. Inulin extraction from dahlia tuber
was based on the solubility of inulin in hot water and precipitation in ethanol by adding ethanol to final
concentration of 80% solution. Reducing sugars of inulin was determined using the DNS method. The
absorbances were measured using spectrophotometer at maximum wavelength of 490 nm. Total sugar
of inulin was determined using Phenol-sulphate method, the absorbance was measured at Amax 350

nm. Inulin from fresh dahlia tubers had higher DP than inulin from dahlia tuber that stored for fifteen

days. Inulin that found in this research belongs to the fructooligosaccharide (FOS) group.

Keywords:
spectrophotometer.
INTRODUCTION
Inulin is fructant group

polysaccharide, which consists of the main
unit B-(2—1) fructofuranosil (Fm) and one
a-glycopiranose (1—2) (GFn) terminal unit.
The DP of inulin varies from 2 to 70,
whereas inulin molecules with DP 2-10 are
called oligofructose or fructooligosaccharides
(FOS) (Petkova & Denev, 2015).

Natural sources of inulin include
chicory roots, Jerusalem artichokes, dahlia
tuber, yacon, asparagus, leeks, onions,

bananas, wheat and garlic (Shoaib et al.,
2016). Most commercial inulin is produced
from chicory, dahlia tubers and Jerusalem
artichoke because it has high inulin content.
Inulin is widely used in the food

Degree of polymerization (DP), dahlia tubers, DNS, phenol-sulphate, reducing sugars,

low-calorie sweetener. Generally, inulin is
used as prebiotic for the development of
functional foods to improve health. In
addition, it has several applications in other
fields such as pharmacy. Mostly inulin is
used as diagnostic agents for Kkidney
function and as protein stabilizer (Mensink
et al., 2015; Shoaib et al., 2016).

DP of inulin has effect on inulin
function (Shoaib et al., 2016). Inulin with
low DP is suitable to be used as prebiotic,
whereas inulin with a high DP can be
hydrolyzed into FOS. In this regard, the
development of analytical methods for
determining of DP of inulin is very
important for the inulin characterization and
its derivatives in plant samples (Saengkanuk

industry to modify textures, replace fat oras et al., 2011). Some simple methods for
determining of DP of inulin are fast,
specific and suitable for analysis
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including spectrophotometry, and
chromatographic methods (Petkova and
Denev, 2015).

The inulin DP is influenced by
several factors, such as plant sources,
climate and growth conditions, maturity of
the harvest and storage time after harvest
(Chi et al., 2011). In this study, inulin DP
was determined from fresh dahlia tubers and
dahlia tubers which are stored for fifteen
days.

RESEARCH METHODS
Time and Place

This research was done in the
Chemistry Laboratory, Faculty  of
Mathematics and  Natural  Sciences,
Universitas Negeri Padang from February to
July 2019.
Tools and Materials
Tools

The tools wused in the research
carried out were blender, sifter 850 pm,
glassware, refrigerator, technical balance
and analytical balance, centrifugation, filter
cloths, oven, thermometer, micro pipettes,
micro tubes, water bath, spectrophotometer
genesys 20.
Materials

Materials that needed in the research
were dahlia tubers, citric acid 0.5%, ethanol,
aquades, DNS reagents, fructose standard
solution, phenol 5%, and H,SO,,
Research Procedure
Inulin Extraction from Dahlia Tubers

Inulin extraction from fresh dahlia
tubers and dahlia tubers stored for fifteen
days was carried out according to the
procedure K. Khuenpet et al. (2016) and
Bang-orn Srinameb et al. (2015) which was
slightly modified. Dahlia tubers were
washed clean, cut in half, one piece was
stored for fifteen days and the other piece
was skinned, cut into small pieces. Pieces of
dahlia tubers were immersed in citric
acid 0.5% for 5 minutes, then heated in
water bath 75°C for 2 minutes. The slice was
cooled and then dried in oven at 55°C for 7
hours. The dried pieces were mashed and
then sieved using sieve 850 pm.

Inulin  from dahlia  tuber was
extracted in hot water at 70°C for 30
minutes with a water: flour ratio of 10:1.
The extract was filtered while warm with cloth
filter. The filtrate was added with ethanol to
final concentration of 80% solution, then
stored in the refrigerator at 2°C for 19 hours,
then allowed to stand at room temperature for
2 hours, then centrifuged at 5000 rpm for 15
minutes at 4°C to obtain a precipitate and
supernatant. The precipitate was dried in oven
at 40°C.

Fructose Standard Curve of DNS Method

DNS reagents were made according
to the procedure of Coughlan & Moloney
(1988). Standard fructose solution was made
with a concentration of 200-600 upg/mL.
Each fructose solution was pipetted 75 pL
into a micro tube, then added 75 uL of DNS
reagent. The solution was heated in boiling
water for 10 minutes, cooled at room
temperature, added 850 pL distilled water
and  homogenized.  Absorption  was
measured at A 490 nm.

Preparation of the Fructose Standard
Curve of the Phenol-Sulphate
Method

Concentrations of fructose standard
solution were 200-800 pg/mL. Each
fructose solution was pipetted 1 mL into a
test tube, then added 0.5 mL of phenol 5%,
shaken, then added 2.5 mL of H,SO,4 p.a by
pouring perpendicularly to the surface of the
solution quickly. The solution was left for
10 minutes, then shaken. The solution was
placed in a water bath for 15 minutes, then
cooled at room temperature, then added 8
mL of distilled water, and homogenized.
Absorption was measured at A 350 nm.
Determination of Reducing Sugar

Inulin 1% was pipetted 75 pL
into a micro tube, then added 75 pL DNS
reagent. The solution is placed in a
boiling water bath for 10 minutes, and
cooled at room temperature. The solution
is diluted with distilled water and
homogenized. Absorption was measured at A
490 nm.
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Determination of Total Sugar

Inulin 1% was pipetted 1 mL into the
test tube, then added 0.5 mL of phenol 5%,
shaken, then added 2.5 mL H,SO, p.a by
pouring perpendicularly to the surface of the
solution quickly, allowed to stand for 10
minutes, then shaken. The solution was
placed in a water bath for 15 minutes, then
cooled to room temperature. The solution
was diluted with distilled water and
homogenized. Absorption was measured at
A 350 nm.
Calculation of the Inulin DP
Average of inulin DP was calculated based
on the total sugar content per reducing sugar
content (Saengkanuk et al., 2011).

RESULTS AND DISCUSSION
Inulin Extraction from Dahlia Tubers
Inulin extraction from dahlia tubers
is based on the solubility of inulin in hot
water and precipitation with ethanol at low
temperatures. Dahlia tubers were washed,
skinned and cut into small pieces to speed
up the drying process. The process of
soaking tubers in citric acid 0.5% aims to
prevent browning reactions in the tubers.
The browning process in fruit that occurs
due to enzymatic processes. The drying
process aims to reduce the water content in
the tubers. The milling and sifting process is
carried out in order to obtain finer root flour
so as to facilitate the inulin extraction
process.

Inulin from dahlia tuber was extracted
in hot water at 70°C for 30 minutes to
dissolve the inulin in the dahlia tuber. The
process based on the solubility of inulin in
hot water. Temperature above 135°C will
damaged inulin structure. The inulin filtrate
in cold ethanol 80% was centrifuged at 5000
rpom for 15 minutes, 4°C. The precipitate
was dried. Inulin that obtained from dry
weight dahlia tuber of fresh tuber
was 22.2% while inulin of dahlia tuber
from fifteen days storage was 23.3%. This
difference is caused by decrease in
water content during the storage time.

Fructose Standard Curve of the DNS
Method

Absorbance of fructose standard
solutions was measured at a concentration
of 200 to 600 pg/mL at A 490 nm. The
regression equation obtained is y = 0.0018x
+ 0.1608 with an R? value of 0.9917. This
value showed that the absorbance at each
concentration of fructose solution is very
close to a straight line. The curve of
fructose concentration and its absorbance
was shown in Figure 1.
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Fig. 1. Fructose Standard
Curve using DNS Reagent

The linear regression equation of the
standard fructose solution wusing DNS
reagent was used to determine the reducing
sugar in inulin.

The Standard Fructose Curve of the Phenol-
Sulphate Method

Absorbance of standard fructose solutions
was measured at a concentration of 200 to
800 pg/mL at A 350 nm. The regression
equation obtained is y = 0.0011x + 0.0736
with an R? value of 0.9904. This absorbance
shows that each concentration of fructose
solution is very close to a straight line. The
curve of fructose concentration and its
absorbance was shown in Figure 2.
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Fig. 2. Fructose Standard Curve using
Phenol-Sulphate
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The linear regression equation of the
standard fructose solution using phenol-
sulphate is used to determine the total sugar
in inulin.

Reducing Sugar Contents

The characteristic of reducing sugars
is the ability to reduce them in an alkaline
state. All monosaccharides are included in
the reducing sugar group. Disaccharides
which include reducing sugars are maltose,
lactose, and isomaltose. The sugar has
reducing properties because sugar molecule
had ketones or aldehydes group (Goutara
and Widjandi, 1975).

Reducing sugars in inulin was
determined using dinitrosalicylic acid (DNS)
method. The value of reducing sugar of
inulin obtained in fresh tubers was 8.020
pg/mL, while the value of reducing sugar
obtained in stored dahlia tubers for fifteen
days was 8.264,44 pg/mL.
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Fig. 3. Diagram of the relationship between reducing sugar
content and storage time of dahlia tubers.

Value of inulin reducing sugars in
the dahlia tubers increase with storage time.
Value of inulin reducing sugars in stored
dahlia tubers for fifteen days was greater
than inulin in fresh dahlia tubers. Dahlia
tuber contained inulinase. The enzyme can
catalysis hydrolysis reaction of inulin to
produce  fructooligosaccharides  (FOS)
through endo-inulinase activity, and
become fructose monomers through exo-
inulinase activity. Exo-inulinase can produce
fructose by cutting the p-2.1 bond of inulin
molecule (Magunwidjaja et al, 2014).
The more inulin that hydrolyzed, the
more fructose and FOS are formed so that
the greater the amount of reducing sugar
produced.

Total Sugar Contents
Total sugar or also called total

carbohydrate according to Apriyantono et al
(1986) is the sum of all simple sugars,
oligosaccharides, polysaccharides and their
derivatives. Analysis to determine the total
sugar is done by the phenol-sulphate method.
The sample was reacted with phenol in
H,SO, p.a to produce a stable orange-
yellowish color. Total sugar content was
calculated from absorbance values obtained
based on the standard curve that equation
(Figure 2), so that the total sugar content
in fresh samples was 41.780 pg/mL and the
total sugar content in fifteen days stored
samples was 21.451,81 pg/mL.
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Fig. 4. Diagram of the relationship between total sugar content
and storage time of dahlia tubers.

The total sugar contained in inulin
from fresh dahlia tubers is higher than the
total sugar contained in inulin from dahlia
tubers stored for fifteen days. Total sugar
was determined based on complete
hydrolysis of inulin using acids. Product of
the complete hydrolysis was fructoses and
glucoses. Process hydrolysis of inulin that
had high DP produce more fructose
monomers, so its contain high total sugar.
Total sugar was  determined  for
determination of inulin DP in dahlia tubers.
Polymerization Degree of Inulin

Inulin DP is the number of monomer
units in an inulin polymer strand. DP of
inulin depends on many factors, such as
plant  sources, climate and growth
conditions, maturity of the harvest and
storage time after harvest (Chi et al., 2011).
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Fig. 5. Diagram of the relationship between the degree of
polymerization and the storage time of the dahlia tubers

The storage time has effect on inulin
DP of dahlia tubers (fig. 5). Inulin DP from
fresh dahlia tubers higher than inulin DP in
stored dahlia tubers fifteen days. Dahlia
tuber contained inulinase. Inulin DP from
freshly extracted dahlia tubers is greater
than dahlias which are stored for 4 weeks
(Hevi, et al., 2017). The same thing in the
artichoke storage period accompanied a
decrease in average of inulin DP level,
which was caused by depolymerization of
high  molecular  weight  carbohydrate
molecules (Chi et al., 2011). Inulin DP in
Jerussalem artichoke tubers changes during
storage after harvest. Inulin DP fraction of
3-10 increased and the inulin DP fraction
>10 decreased after 4-6 weeks of storage of
Jerussalem artichoke tubers (Helianthus
tuberosus L) (Saengthongpinit, 2005).

Inulinase is an enzyme that is able to
hydrolyze inulin to form fructooligo-
saccharides (FOS) through endo-inulinase
activity, and become fructose monomers
through  exo-inulinase  activity.  Exo-
inulinase can produce fructose by cutting
the p-2.1 bond in sequence. Endo-inulinase
can produce FOS by randomly cutting and
hydrolyzing the internal bonds in inulin
(Magunwidjaja et al., 2014). The inulin was
hydrolyzed to produce FOS (lower inulin
DP) and fructose. Inulin DP contained in
fresh dahlia tubers was on average 5
(fructosylnystose), whereas DP of inulin on
dahlia tubers stored for fifteen days was
average 3 (kestose). Inulin extracted from
stored dahlia tubers causes DP to be smaller.

The inulin DP from dahlia tubers is

quite low, including the FOS group. This is

also possible because the extracted
sample of tubers is still young. DP has an
effect on inulin function (Shoaib et al.,
2016). Inulin with low DP is suitable for
alcoholic  fermentation, or for FOS
production. FOS is commonly used as a
substitute sweetener for sucrose in products
such as cakes, bread, sweets, milk products,
and some drinks because it is low in
calories.

CONCLUSION

Based on the results of the study it
can be concluded that inulin DP from
freshly extracted dahlia tubers has an
average DP higher than inulin from tubers
extracted after fifteen days.
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