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Abstract : Maltooligosaccharides were produced from ginseng starch by hydrolysis of a-amylase. And it was investigated that
physicochemical properties and intestinal bacteria growing effect of maltooligosaccharides. The optimum level of the ginseng
maltooligosaccharides was produced when 10% ginseng starch was hydrolyzed with 50 unit of Amano A® o-amylase per gram
starch at 85°C for 24h. Viscosity and water holding capacity of the ginseng maltooligosaccharides were 37.7 cps at 20°C and
110.1% at 75% relative humidity, respectively. The ginseng maltooligosaccharides enhanced the growth of Bifidobaterium

infantis.
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INTRODUCTION

Korean ginseng (Panax ginseng C.A. Meyer) is a medic-
inal plant used for treatment and prevention of many dis-
eases.” From long physiological and biochemical studies
on the ginseng effect, saponin was elucidated as main
pharmacological substances of ginseng. Furthermore,
non-saponin fractional substances such as alkaloids,
acidic polysaccharide, phenolic compounds, polyacetylenes,
protein, and amino acid were also isolated from Korean
ginseng and their pharmacological action were reported.?

Recently, ginseng is used in the production of health
food such as ginseng drink and tea. However, ginseng
drink has a problem of precipitate formation during stor-
age and deterioration of quality. Precipitates formation in
ginseng drink is caused by co-relation of ginseng starch
and protein®*® and Kim et al” reported precipitates for-
mation was reduced through elimination of the ginseng
starch.

With the rising concern for oligosaccharide as phys-
iologically active ingredients,>® some attempt were made
to find a new maltooligosaccharide from starch. In gen-
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eral, functional maltooligosaccharide was produced from
starch by liquefying of o-amylase and it has some phys-
iological functionality such as low calorie, anti-calcinoge-
nicity and ability to promote growth of intestinal bacteria.”
Production and characterization of oligosaccharides were
intensively studied, but it has not been studied on devel-
opment of functional maltooligosaccharides from Korean
ginseng starch and further prevention of precipitates for-
mation in the ginseng drink.

Therefore, in this study, optimum conditions for pro-
duction of maltooligosaccharides from ginseng starch
were investigated and characterized the ginseng maltoo-
ligosaccharides.

MATERIALS AND METHODS

1. Materials, strains and culture condition

Korean fresh ginseng (four-years old) was purchased
from Kumsan area of Korea and amylases were from
Amano Co. (USA). All chemicals were of analytical
reagent grade and obtained from Sigma Chemical Co. (St.
Louis. Mo. USA). Lactobacillus casei LLG, Lactoba-
cillus helveticus, Lactobacillus rhamnosus, Lactobacillus
acidophilus, and Bifidobacterium infantis were obtained
from biotechnology lab., Macdonald College of McGill
University, Canada. Bifidobacterium bifidum and Bifido-
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bacterium logum were also from the American Type Col-
lection Culture (ATCC, Rockville, MD, USA). Lactobacillus
acidophilus and Bifidobacterium longum were cultivated
in M17 medium and ATCC 1053 medium at 30°C in
anaerobic chamber, respectively. The other intestinal bac-
teria were cultivated in MRS medium at 37°C in anaer-
obic chamber.

2. Extraction of starch from Korean ginseng

One hundred grams of fresh ginseng roots were homog-
enized in distilled water (1:1 w/v) and filtered through
gauze, following centrifuged at 6000 X g for 10 min. The
precipitates were suspended in distilled water and cen-
trifuged at 6000 X g for 10 min and then repeated 3 times.
The crude ginseng starch was resuspended in 99.9%
methanol and removed the impurities by centrifugation at
8000 X g for 10 min. The supernatants were lyophilized
and obtained the ginseng starch.

3. Production and purification of the ginseng mal-
tooligosaccharides

Ginseng starch slurry (10%) was gelatinized by boiling
for 20 min and adjusted to pH 6.0 and then hydrolyzed
with Amano-A® o-amylase for 8 h at 85°C. The hydrolysates
were heated at 100°C for 20 min for inactivation of the
amylase and then filtered. The filtrates were absorbed on
active carbon-celite column (active carbon : celite 545 =2
: 1) and washed with distilled water, following 5% eth-
anol. The maltooligosaccharide was eluted by 20% eth-
anol and then lyophilized.

4. Assay of ginseng maltooligosaccharides by RP-
HPLC

A Waters HPLC system (Millipore, MA, USA) con-
sisted of a 600E system controller, a U6K injector, a RI
detector and millenium 2010 chromatography manager,
was used to detect maltooligosaccharides. Sample were
injected on an TSK Gel 60 column (Waters, Japan) and
eluted at a flow rate of 1.0 m//min of water (18 ohm)/ace-
tonitril (HPLC grade)/tris=35/65/0.1 in an isocratically for
60 min. Standards of maltooligosaccharides were maltose,
maltotriose, maltotetraose, maltopentaose, maltohexaose,
maltohepatose (Wako, Japan).

5. Characteristics of ginseng maltooligosaccharides
Viscosity was determined by using Ostwald viscometer
(Sigma, USA) on the 5.0% solution at 20°C, 40°C and
60°C. Water holding capacity was determined as follow;
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10g sample was placed in relative humidy 50%, 75% and
90% chamber saturated with sodium dichromate, sodium
chlorate and zinc sulfate for 2 weeks and then weighed
the increased weight. Sweetness of the ginseng maltoo-
ligosaccharide was compared with sucrose by sensory
evaluation test on the 5% solution. In order to investigate
availability of the ginseng maltooligosaccharide by intes-
tinal bacteria, 0.5% (w/v) of the ginseng maltooligosac-
charide were added in optimum medium and 107~10%m!
of bacteria were inoculated and incubated at 30°C or 37°C
for 48 h. anaerobically. Absorbance was determined at
660 nm and calculated their relative growth (RG) as fol-
low.”

RG (%)=(0D;,,—OD

(OD,;q, : absorbance at 660 nm on growth in the mal-
tooligosaccharide containing media, OD,_ ;. : absorbance at
660 nm on growth in glucose-free media, ODglucose : absor-

bance at 660 nm on growth in glucose containing media)

YAOD, g 00e=ODyegia) X 100

media media

RESULTS AND DISCUSSION

1. Optimum hydrolyzing conditions for the ginseng
maltooligosaccharides (MOS) production

To optimize conditions for the MOS production from
ginseng starch, effect of concentration of ginseng starch
and amylase, reaction time and addition of calcium chlo-
ride were investigated. 10% of ginseng starch were hydro-
lyzed with two kinds of commercial c-amylase under the
recommended conditions and determined content of the
MOS produced (Table 1). Biozyme L® a-amylase pro-
duced exclusively maltose and maltotriose, while Amano
A® o-amylase produced various maltooligosaccharides
such as maltotriose, maltotetraose, maltopentaose and
maltohexaose (G3-G6). The differences of main hydrol-
ysis products between Biozyme L® o-amylase and Amano
A® o-amylase might be caused by differences of enzyme
origins, that is, Biozyme L® o-amylase was produced
from Aspergillus niger while Amano A® a-amylase was
produced from Bacillus subtilis. Because Amano A® a-
amylase produced more MOS(G3-G6) than Biozyme L®
o-amylase, it was decided to use Amano A® o-amylase
for production of the MOS from ginseng starch. It was
reporeted that a-amylases from different origins produce
various types of main hydrolysis products.'®'V G1, G2.
(G3 and several branched dextrin were mainly produced by
human salivary and pancreatic ¢-amylase, G2 and G3 by
porcine pancreatic o-amylase, G2-G7 by plant o-amylase,
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initially maltose and maltooligosaccharides by fungal o-
amylase, G3 and G4 by Clostridium sp., G3 by strep-
tomyces griseus, G4 by Pseudomonas stutzeri, Pseudomo-
nas saccharophilia, Bacillus circulans, streptomyces sp.,
G5 by Bacillus licheniformis, Bacillus cereus NY-14,
Pseudomonas KO-8940, Bacillus sp., and G6 by Bacillus
circulans, Aerobacter aerogenes, Bacillus subtilis, Bacil-
lus circulans F-2. Specifically, a-amylase of Bacillus sub-
tilis and related bacteria (aerobic, spore forming,
mesophiles) is divided into two types from the specificity
: starch liquefying o-amylase and starch saccharifying o-
amylase. The liquefying a-amylase is one of the indus-
trially important enzyme and the enzyme produce G1-G6
and various branched oligosaccharide from starch.

In order to select optimum concentration of ginseng
starch for the MOS production, various concentration of
ginseng starch (5~30%) were gelatinized with boiling for
20 min and hydrolyzed with Amano A® o-amylase. As
shown in Table 2, the amounts of MOS produced were
increased from 375.8 ug to 1044.96 pg per 30 m/ but
yields were decreased from 25.05% to 11.61% as the
starch concentration raised from 5% to 30%. So, optimum
concentration of ginseng starch was selected to 10%. It is
considered that the lower yield of the MOS at above 20%
starch concentration is due to the poor solubility of gin-
seng starch and production of light molecular branched
dextrin (>G). Generally, solubility of ginseng starch were
reported below 20% in heating for 30 min at 90°C.'D

Because the degree of hydrolysis of starch by o-amy-
lase vary depending on the amount of enzyme added more
or less, we investigated the optimum concentration of

Table 1. Comparison of maltooligosaccharides production by com-
mercial o-amylases (Unit; g/100g ginseng starch)

Enzyme* G2 G3 G4 G5 G6 Total
Amano A 13.84 3.40 313 3.03 481 2821
Biozyme L. 6.82 6.48 0.27 0.96 173 1626

*Substrate: 10% (w/v) ginseng starch

Amano A® Substrate: 10% (w/v) ginseng starch Amano A reaction
condition: temp. 85°C, pH 6.0, enzyme unit 100 U/g, reaction time 24 h
Biozyme [.®reaction condition: temp. 60°C, pH 5.0, enzyme unit 100 U/
g, reaction time 24 h

Table 2. Effect of starch concentrations on the production of maltooligosaccharides
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Amano A® a-amylase for MOS production. 1~200 Units
of a-amylase per gram starch were added in 10% ginseng
starch solution and digested for 24 h at 85°C.

As the enzyme concentration increased, total and G2,
G3 oligosaccharide contents were gradually increased,
however G6 and G7 oligosaccharide contents were not
increased or slightly increased at above 50 unit of enzyme
concentration (Table 3). Therefore, we concluded that 50
unit of Amano A® o-amylase per gram starch is suitable
for production the MOS.

Next, the effect of enzyme reaction time on the pro-
duction of MOS was investigated at various reaction time
(2~24h) for mixture of 10% ginseng starch and 50 units
of Amano A® ai-amylase per gram starch (Table 4). Opti-
mum reaction time for MOS production was 24 h and it
was produced approximately 26.95g of MOS from 100g
ginseng starch. Total MOS contents were not change as
reaction time was longer, however G2, G3 contents were

Table 3. Effect of enzyme concentrations on the production of
maltooligosaccharides (Unit; g/100g ginseng starch)

Enzyme conc.

(unit/g starchy* G2 G3 G4 G5 G6 G7 Total
1 054 113 141 043 058 238 647

5 124 177 173 075 196 524 12.68

10 227 253 176 1.18 275 524 1573

25 308 301 176 171 353 619 19.28

50 363 393 176 192 497 9.04 2525

100 514 462 293 278 537 904 3036

200 736 500 364 332 550 9.04 33.86

*Substrate was 10% ginseng starch
*Reaction conditions; 85°C, pH 6.0, 24 h, 100 rpm shaking

Table 4. Effect of enzyme reaction time on the production of

maltooligosaccharides (Unit; g/100g ginseng starch)
Reaction

time(h)* G2 G3 G4 G5 G6 G7  Total

2 465 432 240 385 638 562 2722

4 454 424 241 385 641 571 27.16

8 368 355 246 374 654 6.19 26.16

16 271 354 264 374 668 6.67 2598

24 265 355 276 417 668 7.4 2695

*10% ginseng starch was digested with 50 unit of o-amylase per
gram starch at 85°C for various reaction time.

(Unit; ug/30 mi)

Starch conc.(%)* G2 G3 G4 G5 G6 Total Yield(%)
5 63.09 67.60 76.35 62.03 106.73 375.80 25.05
10 115.09 101.86 93.77 90.88 144.23 585.83 19.53
20 200.34 147.23 105.82 134.15 204.80 792.34 13.21
30 215.68 217.61 129.93 158.68 323.06 1044.96 11.61

*Ginseng starch was digested with 100 unit enzyme per 10 m/ ginseng starch solution of different concentration at 85°C for 24 h.
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decreased and G6, G7 contents were increased contro-
versially.

Because activity of a-amylase is activated by calcium
ion,'? effect of calcium ion on the production of ginseng
MOS was investigated at various concentration of calcium
chloride (2 mM~10 mM). Calcium ion had little effected
on the MOS production from ginseng starch by o-amy-
lase (data not shown).

Based on these results, it was concluded that optimum
reaction conditions were 50 unit of Amano A® o-amylase
per gram ginseng starch, 10% starch concentration and 24
h of reaction time for the production of the ginseng MOS
from ginseng starch.

2. Characteristics of the ginseng maltooligosaccha-
ride

Generally, maltooligosacchrides were known that it
have some kinds of characteristics such as high viscosity
and water holding capacity, low sweetness compared to
sucrose and less color formation than corn syrup in drink
preparation.” The MOS produced from ginseng starch by
treatment of o-amylase was purified by active carbon-
celite column chromatography described above. We inves-
tigated characteristics of the purified MOS such as vis-
cosity, water holding capacity, sweetness and availability
by intestinal bacteria. Viscosities of the ginseng MOS (5%
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Fig. 1. Viscosities of the ginseng maltooligosaccharides.

Table 5. Water holding capacity of the ginseng maltooligosaccharides
unit : % (g water/100g)

Relative humidity(%)

Components
50 75 90
Maltoolgosccharide 5.03 10.12 55.17
Sucrose -0.13 3.01 21.04

soln.) was 37.7 cps at 20°C, 24.5 cp at 40°C and 14.6 cps
at 60°C, respectively. It was higher than that of sucrose
(Fig. 1). Water holding capacity of the ginseng MOS in
relative humidity 50%, 75% and 90% were 5.03%,
10.12% and 55.17% respectively, which were higher than
that of sucrose (Table 5). We inferred that high water
holding capacity of the MOS was caused by high contents
of maltotriose which has high water holding capacity. In
addition, sweetness of the ginseng MOS (5% soln) was
evaluated to 25.8% that of sucrose.

One of important functionality of maltooligosaccharides
is growth promotion effect of useful intestinal bacteria.
We investigated the effect of the ginseng MOS on growth
of some useful intestinal bacteria (Table 6). The growth of
B. infantis was enhanced by ginseng MOS rather than glu-
cose. L. helveticus, L. casei, L. rhamnosus and B. longum
utilized the ginseng MOS. However, B. bifidum and L.
acidophilus had little ability to utilize it.

= 8 Al digt A5En
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AEE)E el sl Egton, 7|z A8 256% ©I
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Table 6. Availability of the ginseng maltooligosaccharides by intestinal bacteria

Components B. bifidum B. infantis B. longum L. casei L. acidophilus L. rhamnosus L. helveticus
Glucose +H +H+ o Jru ++ +++ .
Maltooligo saccharides + Tt ++ + + ++ +

(18.6)%* (122.5) (51.6) 47.9) (7.1) (50.6) (96.3)

*Intestinal bacteria were incubated in each optimal media containing glucose or ginseng MOS.

*%( Y relative growth (%, Material and Methods)
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