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ABSTRACT
The present study aimed to evaluate the production of high fructose syrup (invert sugar) HFSb and HFSc from
sugar beet and chicory roots, respectively, using immobilized pea invertase and compare it with that produced from
sucrose and inulin. Immobilized pea invertase showed maximum specific activity (251.2 and 225.0 U/mg) towards sugar
isolates from sugar beet (Sb) and chicory (Sc), respectively under optimization working conditions including 8 mg sugar
isolates per reaction mixture at 50°C. It followed Michaelis-Menten kinetics. Kinetics of the immobilized pea invertase
toward sugars isolates Sb and Sc was experimentally determined by the Lineweaver-Burk technique. Km values for the
immobilized pea invertase toward Sb and Sc were 22.22 and 23.53 mg and Vmax values were 714 and 833 U/mg,
respectively. These results were indicating that immobilized pea invertase had higher affinity and lower reaction velocity
toward Sc than Sb. Optimization of fructose syrup (Fs) production was investigated. Maximum invert sugar production
(45.3 and 82.35 g/kg fresh roots wt.) was obtained at 8.0 mg Sb and Sc per reaction mixture, respectively at 50°C. Analysis
of the prepared fructose syrups (FS) were studied by TLC and confirmed by HPLC. Glucose and fructose spots were
identified for the prepared invert syrup produced from sucrose and sugar isolates (Sb and Sc). The prepared fructose
syrups Fs, Fb and Fc were micro filtered with nylon membrane of 0.22 µm pore size yielded HFSs, HFSb and HFSc
respectively. Invert sugars yield attained were with an average concentration of 37.01 and 61.07 g/kg wt. fresh roots for
HFSb and HFSc, respectively. High fructose syrups attained were submitted to a chromatographic analysis by HPLC. HFb90,
HFc84 and HFs66 (on the basis of the fructose fraction in syrup) were obtained. In conclusion, sugar beet ad chicory roots
could be a promising sources for production of HFS with higher fructose concentration rather than that from sucrose,
using immobilized pea invertase.
Keywords: High Fructose Syrup (HFS), production optimization, immobilized pea invertase, sucrose, inulin, sugar beets,
chicory, HPLC.
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INTRODUCTION
Commercially fructose and glucose syrups are produced from sucrose by action of invertase
(Fructofuranoside Fructo-hydrolase (E.C. 3. 2. 1. 26). A mixture comprising fructose, glucose and minor
amounts of oligosaccharides is known commercially as high-fructose syrup (HFS); typical syrups contain 42%
glucose and 55% fructose [1-2].
The use of immobilized invertase for HFS production is attractive, since the final product is of high
purity, reutilization of the mobilized enzyme, typical of enzymatic processes and there is no problem regarding
the pollution of environmental water, which is very common in chemical processes [3-4]. The enzymatic
production of HFS is considered a promising alternative strategy compared to chemical processes due to the
production of easily recovered, highly pure HFS with a fewer undesirable byproducts.
HFS is an alternative to sucrose, since its sweetness is comparable to that of common sugar. Fructose
is the sweetest natural sugar in the world and it is 30% sweeter than sucrose, while glucose has 70% of the
sweetness of sucrose. Fructose is more soluble than glucose in water. Fructose syrup also produced by
enzymatic polymerization and hydration of starch-based carbohydrate such as corn and potatoes. The syrup
produced contains 50%w/w glucose, 42% w/w fructose and 8 % higher saccharides [2]. The high-fructose syrup
(HFS) was largely employed as a sweetener in food and pharmaceutical industries as well as attaining
crystalline fructose. It has more desirable functional properties such as high osmotic pressure, high solubility, a
source of instant energy as well as preventing crystallization of sugar in food products [5].
This study was aimed to produced HFS from sucrose, inulin and different sugars isolates from sugar
beet and chicory roots, using immobilized pea invertase and compared with that of commercial HFCS (high
fructose corn syrup) already marketed. Further, HFS enriched of fructose was prepared by microfiltration
method using nylon membrane and analyzed by HPLC chromatography.
MATERIALS AND METHODS
Materials:
Chicory (Cichorus intybus) and sugar beet roots (Beta Vulgaris) roots were obtained fresh from
agriculture field as they harvested from December till March. They were used for extraction soluble sugars.
Fresh pea pods (Pismus sativum) family Leguminoseae were bought from local markets. Sucrose, inulin,
fructose, glucose, sodium alginate glutraldehyde and all chemicals were of analytical grade.
Methods:
Preparation of immobilized invertase. Immobilized invertase (EC 3.2.1.26) into alginate beads by entrapment
method was prepared from fresh pea pods as described previously [6].
Enzyme assay: Invertase activity was determined by measurement the liberated reducing sugar (fructose and
glucose) produced from sucrose [7]. The standard reaction mixture contained 1% (w/v) of the substrate
(sucrose) dissolved in 0.1M sodium acetate buffer, pH 5.0 and 0.02 g wt. immobilized invertase bead in a total
volume of 1.1 ml. It was incubated at 50°C in water bath for 80 min. The total reducing sugars liberated were
determined by the procedure described by Somogyi [8]. and Nelson [9] methods, using fructose as standard.
The activity of invertase was of average values of three repeated measurements.
One unit of immobilized invertase was calculated as amount of enzyme which will catalyzed the
formation of 1 µmole of reducing sugar as fructose per min. under the standard assay conditions. The specific
activity was expressed as units per mg of proteins. Relative activity was expressed as a percentage of the
maximum activity.
Protein determination. The protein concentration was determined according to the method of Lowry et al.
[10] using bovine serum albumin as a standard.

March – April

2017

RJPBCS

8(2)

Page No. 185

ISSN: 0975-8585
High fructose syrup production (HFS)
High fructose syrups were prepared through enzymatic hydrolysis of sucrose, inulin and soluble sugar
isolates from chicory and sugar beet roots, using the prepared immobilized pea invertase at optimum standard
conditions.
From sucrose and inulin: The reactions mixture contained 0.02 g bead wt. immobilized invertase beads and
2.5 mg sucrose or 5 mg inulin in 0.1 M acetate buffer, pH, 5.0 in a total volume of 1.1 ml. The reactions mixture
was incubated at 50°C for 80 min. The supernatant were taken as fructose syrup FSs and FSi for sucrose and
inulin, respectively.
From soluble sugar isolates: Soluble sugars (Sb and Sc) were extracted with distilled water from sugar beet
and chicory roots, respectively as described by Gupta et al. [11]. Chicory and sugar beet roots contained high
percent of sugars and inulin [12-13].The percentage of sugar content was depending on the cultivar and
growing conditions [14]. Fresh selected samples (50 mg) were cleaned with distilled water and sliced into small
parts and homogenized in Braun multimix MX 32 with appreciable amount of distilled water and left over night
at 4°C. The resulting homogenate was filtered through cheesecloth then centrifuged (13000 xg, 5°C) for 15
min. The supernatant was dried by lypholization and used as sugars isolates Sb and Sc extracted from sugar
beetroots and chicory roots, respectively.
The reactions mixture contained 0.02 g wt. immobilized invertase beads and 8 mg soluble sugars
isolates Sb and Sc in 0.1 M acetate buffer, pH, 5.0 in a total volume of 1.1 ml. The reactions mixture was
incubated at 50°C for 80 mins. The, the reaction mixture was centrifuged and the supernatant were taken as
fructose syrup FSb and FSc from sugar isolates Sb and Sc, respectively.
The supernatant (fructose syrup) for each case were collected and the reducing sugars (invert sugar)
produced were determined as mention before. Relative invert sugar production and invert sugar yield were
calculated by following equation.
1.

Relative invert sugar production % (hydrolysis measurement) = Invert sugar concentration mg ÷ the
initial substrate concentration (mg) × 100.

2.

Invert sugar yield: = amount of invert sugar (gm) produced from Kgm dry wt. Substrate (sugar isolates
or sucrose or inulin) × 100.
= amount of invert sugar (gm) produced from one Kg fresh roots (sugar beet and chicory).

The amount of invert sugars produced from sugar isolates Sb and Sc were determined as mentioned
above and were compared with that from sucrose and inulin as standards.
Optimum conditions for fructose production: The concentrations of invert sugar produced from S b and Sc at
different incubation temperatures (40°C and 50°C) were estimated and compared with that from sucrose and
inulin. They also were estimated at different concentrations of sugar isolates Sb and Sc ranging from 2.5 to 10
mg per reaction mixture.
Determination of kinetic values. Apparent Michaelis constant (Km) and (Vmax) values of the immobilized
enzymes toward Sb and Sc were determined according to the method of Lineweaver and Burk [15].
Analysis of the prepared fructose syrup. Fructose syrup (invert sugar) obtained were subjected to one
dimensional thin layer chromatography chromatogram on cellulose layer plate [16]. Standard sugars named
sucrose, D (-) Fructose, (+) Glucose, the prepared fructose syrup FSs, FSb and FSc and sugar isolates Sb and
Sc.were dissolved in deionized water. One micro-litter of each sugar solution was applied to the chromatoplate
with the micropipette in the usual manner. The solvent system used was n-butanol- acetone- diethyl amine
deionised water (10:10:2:6 v/v/v/v). The plate was sprayed with 5% diphenylamine in ethanol, 4% aniline in
ethanol and 85% phosphoric acid (5:5:1 v/v/v).The plate was heated for 10 min at 105°C . Rf of the coloured
spots was determine for invert syrup and compare with Rf of standard sugars used.

March – April

2017

RJPBCS

8(2)

Page No. 186

ISSN: 0975-8585
Microfiltration of the prepared fructose syrup. The prepared fructose syrups (FSs, FSb and FSs) were filtrated
by nylon membrane of 0.22 µm pore size to get rid of polysaccharide. Aliquot samples taken from the outlet
solution were measured for concentration of total reducing sugars (invert sugars) by Somogyi [8] and Nelson
[9] methods.. They were calculated as invert sugar (gm) / Kg wt. fresh roots.
HPLC chromatography: Fructose syrups (HFSs, HFSb and HFSc) and standard fructose, glucose and sucrose
were subjected to HPLC analysis using Shimadzu SLC–LG 10 A DVP, SCL- 10 AVP, LC-10 A DVP, DGV- 14 A
equipped with auto-sampler and R 3D 10 A detector. The analytical column was schodex column (Sc1011 No:
H706087) with a guard column Schodex sugar (SC-LG No: 6703073).The mobile phase consisted of distilled
water and the flow rate was kept at 1 ml/min. The analysis was performed at 80°C using RI detector. The
injection volume for samples was 10 µl. Peaks were identified by retention times and UV spectra were
compared with those of standards.

Figure (1) summarized the schematic preparation of HFS from sugar beet and chicory roots , sucrose and inulin.

Statistical analysis. Data were expressed as the mean ± standard error
experiments.
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RESULTS AND DISSCUSION
Soluble sugars were extracted from sugar beet and chicory roots. They were chosen based on their
content of high percentage of carbohydrates especially sucrose. The aqueous extract of fresh chicory roots
contains 13 and 23 % inulin and oligo – fructosacchrides, respectively (fructans with fructose polymerization
from 2 to 10) and sugar beetroots contains 12 and 21% [13-14]. Sugar isolates Sb and Sc ( 25.96 and 53.86 mg
dry wt.) were extracted from 100 gm fresh sugar beet and chicory roots, respectively. They were undergo
hydrolysis by the prepared immobilized pea invertase under the standard assay conditions. The optimum
conditions were at 0.03 µg enzyme protein in 0.1 M acetate buffer, pH 5.0 and 8 mg of Sb and Sc per reaction
mixture at 50°C for 80 min. Invert sugar Ss and Si also were prepared from 2.5mg sucrose and 5mg inulin per
reaction, respectively under the same experimental conditions. Invert sugar concentration in the prepared
hydrolysate (fructose syrup) produced from sucrose (S s) and inulin (Si), sugar beet (Sb) and chicory (Sc) isolates
were calculated. They were measured to be 530, 130, 170 and 150 gm invert sugar / kg dry wt. for S s, Si, Sb and
Sc, respectively (Table 1). The amount of invert sugar prepared by hydrolysis of sucrose (Ss) was higher than
that from Sb, Sc and Si by about 3.53 times. Invert sugar (18.01 g/g dry wt.) was produced previously by reuses
immobilized for 15 times from sucrose [17].
Table (1): Invert sugars produced from sugar isolates, sucrose and inulin using the prepared immobilized invertase.

Invert sugar concentration
Sugar
isolate
(mg/R.M.)

(mg/R.M.)

(%)

(g /Kg dry wt.
extract)

(g / kg wt.
fresh roots)

*Relative invert
sugar
production
(%)

Sugar beet
(Fb)

8

1.36

102

170

45.3

16.96

Chicory
(Fc)

8

1.23

92.5

150

82.35

15.34

5

0.64

48.12

130

-------

12.84

2.5

1.33

100

530

-------

53.14

Invert sugar

Inulin
(Fi)
Sucrose
(Fs)

*Relative invert sugar production was calculated as reducing sugar produced per substrate concentration × 100.

Figure (2): Effect of different substrate concentration on the activity of immobilized pea invertase.
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Figure (4): Invert sugar production at different sugar isolate concentrations (Sb and Sc).

Figure (5): Invert sugar production at different temperatures.
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Immobilized pea invertase activity towards Sb and Sc at different concentrations was investigated
(Figure 2). It followed Michaelis-Menten kinetics. The Km value of immobilized invertase toward Sb was 22.22
mg and Vmax 714 U/mg at 50°C. The Km value of the immobilized invertase also toward Sc was 23.53 mg and
Vmax value was 833 U/mg at 50°( مFigure 3). The immobilized invertase showed higher Vmax and lower affinity
towards Sb and Sc than that toward sucrose (Ss) and inulin (Si). The Vmax values of immobilized pea invertase
toward sucrose and inulin were 250 and 111.1 U/mg, respectively, as determined previously [17].
The bioprocess of invert sugar production from sugar isolates Sb and Sb, as any other biotechnology
process, is very complex due to the number of variables involved. A balanced experimental conditions with
optimum temperature and substrate concentration is necessary for good productivity. Invert sugars
production were calculated at different substrate concentration (Sb and Sc) and temperatures under standard
assay conditions. Invert sugar production was maximum at 8 mg / reaction mixture for Sb and Sc (Figure 4).
Production of invert sugar at 50°C was higher than that at 40°C (Figure 5).
The prepared fructose syrups (Fs, Fb &Fc), standard fructose and glucose and sugar isolates Sb and Sc
were spotted in the cellulose layer. Coloured spots of Fb and Fc were found to match with the standard
fructose and the faint spots matched with the standard glucose (Table 2). The Ss matched with both standard
glucose and fructose. Sugar isolates Sb and Sc showed no coloured spots as they were free from
monosaccharides. The results of thin layer chromatograph analysis for Fs, Fb, Fc proved that fructose was the
main products for hydrolysis of chicory root and sugar beetroots isolates, while approximately equal ratio of
glucose and fructose was the product of sucrose hydrolysis. Thin layer chromatography analysis (T.L.C.) gave
accurate confirmation for the presence of fructose and glucose similarly to that found by [16].
Table (2): Analysis of sugar isolate and invert syrup by TLC.

Sugars

Spots colour

*Rf
(scale Rf =1)

Standard
matching

Main spots

0.17

Fructose

Main spots

0.12

Glucose

Main spots

0.17

Fructose

Faint spots

0.12

Glucose

Main spots

0.17

Fructose

Very faint spots

0.12

Glucose

Sugar isolate
(Sb)

No spot

------

------

Sugar isolate
(Sc)

No spot

-------

------

Invert syrup (Fs)

Invert syrup (Fb)

Invert syrup (Fc)

*Rf of tested samples was compare with that of standard fructose and glucose spots.
Table (3): Concentration of pure invert sugar after microfiltration by nylon membrane.
Invert sugar concentration

Invert sugar yield

Sample

(mg/R.M.)

(%)

(g/Kg dry wt.
extract)

(g/kg wt. fresh
roots)

Sugar beet syrup (HFSb)

1.14

85.7

143

37.01

Chicory syrup (HFSc)

0.91

68.4

114

61.07

Sucrose syrup (HFSs)

1.33

100

532

--------
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Fructose syrups Fs, Fb and Fc were filtered by nylon membrane 0.22 µm pore size, to obtain final
fructose syrup HFSs, HFSb and HFSc (Table3). The separation step by nylon membrane prevents the passing of
polysaccharide. It allows the monosaccharide to pass through it. This method was simple comparing with the
previous separation of glucose and fructose mixtures from date syrup by resin chromatography [18-19].
Table (4): Analysis of invert syrup by HPLC and comparing with standards.
Invert syrup
Fs
Fb
Fc

•

Rt
8.908
6.175
8.925
6.167
8.9
7.1
5.875
12.6

Matching standard
Fructose
Glucose
Fructose
Glucose
Fructose
Sucrose
Glucose
Other sugars

(%)
66.4
33.4
90.4
7.94
84.34
0.13
0.01
9.97

Retention time of the standard fructose, glucose and sucrose were 8.875, 6.067 and 7.233 respectively.
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Figure (8): Invert sugar, High fructose syrup, and fructose concentrations yield from fresh sugar beet and chicory roots.
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The percent of fructose and glucose in the final fructose syrups HFSs, HFSb and HFSc were
investigated by H.P.L.C. (Figure 6). Figures (7) showed the HPLC chromatogram of standard glucose, fructose
and sucrose. It proved the presence of higher amount of fructose in HFS b (90 %) and HFSc (84 %) than in HFSs
(66 %) (Table 4). The higher amount of fructose in HFSb and HFSc more than HFSs may be due to the presence
of high amount of sucrose, inulin and oligosaccharides (fructans) in chicory and sugar beetroots roots extract
[12-14].
The final syrup attained was a colorless solution due to the simple and mild conditions used in
processes (sugars hydrolysis by invertase beads at 50°C and microfiltration at room temperature). Figure (8)
should the concentration ratio of fructose in the final HFS preparations.
The data presented in the present study led to concluded that immobilized pea invertase was suitable
for Sb and Sc hydrolysis. HFSb and HFSc had high concentration of fructose (90 and 84%,repectively) higher
that than the sweeteners already marketed high fructose corn syrup with 70% fructose concentration. They
also were higher than that of HFS (71.5%) prepared by Tomotani et al. [20]. Typical HFS syrup contained 4255% fructose and 48-55% glucose with minor amount of oligosaccharides [2].
CONCLUSION
Immobilized pea invertase was suitable for hydrolysis sugar isolates Sb and Sc from sugar beet and
chicory roots, respectively. It had high velocity toward Sb and Sc than that toward sucrose and inulin. Invert
sugar Fb and Fc were prepared from Sb and Sc with 45.3 and 82.35 g/kgwt.fresh roots, respectively. The invert
sugars Fb and Fc attained were submitted to separation by microfiltration technique with nylon membrane
resulting in HFSb and HFSc with high percent of fructose (90 and 84 %, respectively) more than of HFSs (66%)
which prepared from sucrose. Immobilized pea invertase could be used successfully for preparation HFS from
roots with high fructose percentage higher than the commercial HFCS (high fructose corn syrup 70%) already
marketed.
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