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An Improved Method for the Quantitative Analysis of Commercial

Isomaltooligosaccharide Products Using the Calibration Curve of Standard Reagents
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Abstract: An improved method for the quantitative analysis of isomaltooligosaccharide (IMO) products by
HPLC with a polymer-based amino column was developed. The column was much higher in durability than a
silica-based amino column used for the conventional method. The column durability enabled us to determine
each IMO using the calibration curve of RI-detector response against a concentration of standard IMO and
maltosaccharide reagents. The linear relationship between peak height of RI response and concentration of
saccharide was found for glucose, maltose, kojibiose, nigerose, isomaltose, maltotriose, panose, isomatotriose,
maltotetraose and isomaltotetraose. The linearity was obtained at concentrations of up to 17 mg/mL, and cor-
relation coefficients were 20.999. The slope of peak height versus concentration differed from saccharides, of
which glucose was the highest while isomaltotetraose was the lowest. The relative slope of each saccharide to
glucose, (slope for saccharide)/(slope for glucose), referred as a conversion factor, was calculated, and the
concentration of each saccharide in commercial IMO products was determined from peak height on a HPLC
chromatogram by the following equation: (concentration of saccharide A, mg/mL)= (concentration of stan-
dard glucose, mg/mL) X (peak height of A)/(conversion factor of A)/(peak height of standard glucose). A
commercial IMO product was analyzed and the result obtained was as follows: isomaltose (19.2 g), isomalto-
triose (10.3 g), panose (4.9 g), nigerose (2.0 g), kojibiose (3.5 g) and isomaltotetraose (2.8 g), respectively. The
total amount of the sugars identified by the improved method from IMO was higher than those determined
by the conventional method, which may have resulted from the higher resolution of each saccharide. The
method showed clearly the presence of nigerose and kojibiose together with four unknown components. A ma-
jor unknown component was identified to be isomaltotriosylglucose by 'H- and "C-NMR analyses.
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cose
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HPLC chromatograms of each saccharide by a polymer-based amino column.

(A) HPLC chromatogram of glucose and disaccharides, eluted with acetonitrile-water (73 : 27 (w/w)), (B) HPLC chromatogram of tri- and

tetra-saccharides eluted with acetonitrile-water (68 : 32 (w/w)).
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Fig. 2. Calibration curve for glucose and oligosaccharide by a polymer-based amino column.

(A) Calibration curves for glucose and disaccharides. Glucose (®), maltose ([J), isomaltose (4), nigerose (O) and kojibiose (X). (B) Cali-
bration curves for tri- and tetra-saccharides. Glucose (#), maltotriose ((J), panose (£2), isomaltotriose (O), maltotetraose (X) and isomal-

totetraose ().
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Table 1. Purity of glucose and oligosaccharide reagents.
HPLC eluant Purit

(acetonitrile-water) ¥

DP*1 Glucose 73 : 27(w/w) 100.0
DP2 Maltose 99.3
Isomaltose 96.1

Nigerose 73 : 27(w/w) 100.0
Kojibiose 98.6

DP3 Maltotriose 97.8
Panose 68 : 32(w/w) 100.0
Isomaltotriose 98.9

DP4 Maltotetraose 95.0
Isomaltotetraose 68 : 32(w/w) 96.3

* Degree of polymerization.

®ﬁﬁ BWTE - OBERPHERI NN o72720
- U O ST 68 132 (w/w) DT+ =+ -
m%mwé clcl7z. ROz L b Fig 112R§ &
312 b RO HERE T O E DS HEDSTTRE & 72 o 72,
RO % FE A @@Eﬁ%@&bt.ﬁ&’ﬁ
720, REEROMELHERT 72012, SEME 5 mg/
L ICHH% L, #ifo HPLC T %ﬁl,f_. BEHDYE — 2

@ﬁ%ibﬁﬁ%ﬁmbtt A, WId 95% Lo
flEiCdH o7z (Table 1). TNHIEFHEHNT, BEL Y-
T EmOMEREER L7z (Fig.2). 22 Tlk, €E—7 &%
HORE 100% WCHIE L7, WIENOEMIZB W THRE L
Y — 7 O & OB R/ 5k THBIR%EL0.999 DL EoE
WAHBITEASRED B 7z, AN — O OMERROME
R sE, THEHTEILVIN—A, -V F—
A, A O—ABLPA VTV F—ADIEIZHRIZ® 5

, HiaHRoERTITo-14, 0-1,2, 0-1,3 B L Foa-1,6

DETH-7z. = - UEHETYH, o-L6FEDOADFT Y I
HEOMBHROMEE A, FOMOREEZEL 4 ) THEOMHE X
L) b0 7.

ERDE IR —RT I H T L EHCE, AL
BEH-)OE— 7B THER T EIIENH L

ATREN, IMO DK D E =TS T & OMER % H



218 J. Appl. Glycosci., Vol. 53, No. 3 (2006)

Table 2. Peak height of each saccharide and conversion factor to
glucose concentration.

HPLC eluant « Conversion

(acetonitrile-water) Slope factor
Glucose 10317 1
Maltose 5154 0.50
Isomaltose 73 : 27(w/w) 3736 0.36
Nigerose 4514 0.44
Kojibiose 4955 0.48
Glucose 14083 1
Maltotriose 5184 0.37
Panose 5380 0.38
Isomaltotriose 68 : 32(w/W) 3826 0.27
Maltotetraose 2857 0.20
Isomaltotetraose 1635 0.12

* Slope of peak height versus concentration. Values show peak
height at 1 mg/mL saccharide.
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Table 3. Quantitative analysis of IMO-900° by the improved

method.
Component Content
P (2/100 g product)
DP1 Glucose 1.8
DP2 Maltose 6.9
Isomaltose 19.2
Nigerose 2.0
Kojibiose 35
DP3 Maltotriose 2.1
Panose 4.9
Isomaltotriose 10.3
DP4 Maltotetraose 1.6
Isomaltotetraose 2.8
B) g :unknown-2
h : maltotriose
i :panose
j :isomaltotriose
k : unknown-3
1 : maltotetraose
m : unknown-4
© n :isomaltotetraose
2
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Fig. 3. HPLC chromatograms of IMO-900® by a polymer-based amino column.

(A) HPLC chromatogram of glucose and disaccharides, eluted with acetonitrile-water (73 : 27 (w/w)), (B) HPLC chromatogram of tri- and

tetra-saccharides eluted with acetonitrile-water (68 : 32 (w/w)).
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Table 4. Quantitative analysis of IMO-900® by the conventional

Table 6. IMO contents of various IMO 900® products determined

method. by the conventional and improved methods.
Content IMO content (g/product 100 g)
Component (g/100 g product) N
DP 1 Glucose P Lot A Lot. B Lot. C Lot. D Lot. E "/ %F
DP2 Maltose 5.5
Isomaltose 20.9 Total IMO
ps Others® 72 conventiontl 669 659 666 661 658 663405
altotriose .
Panose 8.9 Identified IMO
Isomaltotriose 7.3 Cﬁzzgﬁzf?l 37.1 337 322 365 377 35424
Others 4.1
DP 4 Isomaltotetraose and others 11.9 Improved . 427 408 422 442 446 429415
=DP5 Isomaltopentaose and others 6.6 method

* Total content of nigerose and kojibiose.

Table 5. Total IMO and identified IMO in IMO-900%.

Total Total Identified
saccharide IMO content IMO content
(g/100 g (g/100 g (g/100 g
product) product) product)
Conventional method 75.6 66.9*' 37.1%*
Improved method 75.6 - 42,7

*! Content of total saccharide minus glucose, maltose and malto-
triose. ** Total content of isomaltose, isomaltotriose and panose.
** Total content of isomaltose, kojibiose, nigerose, isomaltotriose,
panose and isomaltotetraose.
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kojibiose, isomaltotriose, panose and isomaltotetraose.
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Fig. 4. Structure of an identified sugar as isomaltotriosylglucose (6-
O-0.-D-glucopyranosyl-6-0-0.-D-glucopyranosyl-4-O-0-D-
glucopyranosyl-D-glucopyranose).
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Sz, DEDORN®S, RS 4134 V<V YA
V7V 32— A (6-0-0-D-glucopyranosyl-6-0-0-D-glucopyranosyl-
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Bhiroz,

Vol. 53, No. 3 (2006)
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Table 7. Assignments of 'H- and "C-NMR chemical shifts of unknown component-4 (isomaltotriosyl glucose).

Cl C2 C3 C4 C5 C6x Coy
la 'H 5.28 3.62 4.02 3.70* 3.92

/1,223.7 Jz.3=9.5 J3.4=9.5 -
“C 92.1 77.7% 61.0 -

1B 'H 4.70 3.33 3.82 3.69* 3.67 3.84 3.99
J1A2=7 9 J2_3=9.5 J3,4=9. 1 -
“C 96.0 74.2 76.4 77.5% 74.8 61.1 -

II 'H 5.45*! 3.65 3.74 3.54 3.98 3.80** 4.40
JL2=3.8 J2,3=9.4 J3,4=9.4 -
“C 100.0*? (71-73) 73.4 69.8 (70-72) 66.2* -

I 'H 5.02* 3.64 3.80 3.57 3.97 3.82%¢ 4.02
JL2=2.7 J2,3=9.6 J3 4=9.4 -
“C 98.3** (71-73) (72-74) 69.8 (70-72) 65.8 -

v 'H 5.01% 3.61 3.77 3.48 3.83 3.90
Ji»=3.3 J»5=9.6 J54=9.5 -
°C 98.0* (71-73) (72-74) 69.8 (70-74) 60.8 -

The 'H- and "C-NMR chemical shift are shown in parts per million downfield from internal standard from HDO (‘H: 4.80 ppm) and ace-
tonen (“C: 30.5 ppm). Chemical shifts were determined from two-dimensional spectra of double-quantum-filtered COSY, HMBC (hetero-
nuclear multiple-bond coherence) and heteronuclear single quantum coherence. The residue were sequentially numbered from the reducing
end. Asterisks (*'*°) indicate the signals where inter-ring HMBC cross-peaks were observed.
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