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Abstract / Resumen Materials and Methods
Improved methods using high- NMR measurements
resolution NMR were evaluated as NMR in Dimetylsulfoxid:
rapid measurements for 10 mg of modified starch (not dried) + 1
determining the hydroxypropy!l ; : ; :
content of mgdified st)ellrch. YPToRY Figure 1 (NMR); Figure 2 (IR); ml of DMSO-d, in 25 ml test-tube
Six samples of modified starch were The % HP was calculated using the The shoulder at 2974 cm™ (C-H stretch of the placed in a Dboiling-water bath for 5-10
measured and the results were integrals of the signal of the methyl- methyl-group) is characteristic for the min
ﬁonmopsvrid ;/nwtehttr?g (rjessu tisko; Oltr;:{er protons of the acetic acid (around 1.5 hydroxypropyl-group. cooling down to room-temperature
colourimetric and the Food- ppm) and the signal of the methyl- + 30 mg of solution of acetic acid (10-20
Chemical-Codex. protons of the hydroxypropyl-group 30- mg in 1 ml D,O) as internal standara
The different advantages and (around 0.5 ppm). . 0.5 ml of suspension transferred into
disadvantages of the mentioned 2.51 NMR-tube
methods were elaborated and 20_‘ shaked / not shaked (see Figure 5)

7 standard E%g%?g?%t::f:Zwmmw Egv%%%%:%i - | ; Spectras acquired on 400 MHz-
Métodos optimizados probados 1.0x10°- (CH.COOH) B 5 15+ BRUKER-UltraShield-NMR -
usando RMN de alta resolusion 8Ox106-. 3 i WG © 0. Spectrometer
fueron evaluados para una medida ' | i S o see Figure 1
rapida en la determinacion del 6.0x10° st L5t 05- | -
contenido de grupos hidroxipropilo _ . e = . NMR in hydrochloric acid:

i 1 fi ) 6 001+ . ; . , . ' i Fi

en ?Imldones modificados. | - 4.0x10 sample 4000 2000 000 1000 50 mg mod|f_|ed starch + 1 ml 10 % HCI
Seis muestras de almidones 20 106_' (-O-CH,-CH(-CH,)-OH) wavenumber (e (conc. HCI with D,0)
modificados fueron analizadas y los o | solution heated in water bath for 15
resultados obtenidos fueron 00.4 y minutes + cooling down
comparados con los resultados — : . + internal standard (acetic acid, 50 mg in
conocilcll_\?s d,et o(;cros rrllét_odcrntsltales 6 5 4 3 2 1 0 Figure 4 (IR): 1 ml D,O) ( ’ J
como IR, métodos colorimétricos . |
métodos del Food-ChemicaI¥ il The average of 2-4 spectras were two times measurement see above (Figure 1)
Codex. automatically smoothed and the second

NMR in trifluor-acetic acid:

Instead of 10 % HCI (conc. HCI with D,0)
20 % solution of trifluor-acetic acid (100

derivative of the absorbance was calculated.

Figure 3 (colourimetric):
J ( ) The area of the peak centered at 2974 cm”

Introduction

Large quantities of starch are The figure.shows. the spgctra of the resulted minus the area of a "blank™ (unmodified starch) % for spectroscopy in D,0) was used
chemically and/or physically product (ninhydrin reaction) of the Johnson is proportional to the amount of
modified to obtain desired (References) method. The maximum is clearly hydroxypropylation (areas obtained by drawing | IR measurements
properties for different visible at 590 nm and the absorbence Is a horizontal baseline, see Figure). 0.25 mg of starch + 0.5 mg of KBr mixed,
applications. One important proportional to the amount of triturated and transferred to a die for
product group is hydroxypropylated hydroxypropylation. pressing
starch that has a wide spectrum of | . die evacuated for 5 min
application areas, mainly in food 065- 4.0x10 pressed under a load of 100 kg/cm® for 5
and food-related products. Usg of 0.60- min, then 200 kg/cm? for 10 min
hydroxypropylated starch gives 055. _ _
improved shelf life, freeze/thaw 0.50. 2.0x10™ - ﬁ\agzg?l‘_ ig(q)glregdz using abNIEOLE'(I;-
stability, cold storage stability, cold . 0'45_- 5 | correoted) (32 scans, background-
water swelling and reconstituting S © 004 |
properties to a formulated product. 0.40- see Figures 2 and 4
It is essential to study the 035+ > Ox10%- Colourimetric method
relationships between modification 0.30+ |
rocedure, functional properties o+ —7/—>——r ' ' ' ' ' ' ' ' spectrophotometric determination of
gnd structure to enablepcor?trol of 40 560 580 600 620 640 % 0 2% p 290 h?/droxyi))ropyl-group was carried out
the derivatisation process. wavelength (nm) wavenumber (cm ) using the method of Johnson (see
Therefore, it is of great importance References)
to reliably determine parameters _ : _ i i
like the hydroxypropy! level (% HP) Figure 8: Figure 9: | [‘E‘ftgfgp';lvg'nvjsgﬂﬁrg:yjﬁ |chr;[h|en SO
In modified starches. This figure shows good agreement The plot (see Figure) shows good (concentrated sulfuric acid) is
Several methods have been between the methods using F,CCOOH agreement between the NMR and the IR dehydrated to propionaldehyde and the
reported, including a colourimetr. and HCI, although the % HP values method. Note that the IR method delivers enolic form of allyl alcohol
method, IR and NMR. obtained with HCI were slightly higher areas only. products are measured
(reason unknown). spectrophotometrically after reaction
Figure 5: with ninhydrin (purple color)
The differences (*) are all significant at a 5. 0.010. ] see Figure 3
level of 0.01 (t-test). Therefore the DMSO . . Food-Chemical-Codex
method is an approximate method and it is ~ 4- —~. 0.008- B
strongly recommended to shake the NMR- % - R=0.99518 E—C, R=0.99518 method was performed using the Food-
tubes well when using DMSO-d, as solvent. £ 37 = 0'006'_ Chemical-Codex (see References)
1.0- % ,. -% 0.004 -
* < )
§0.8- T o ] < 0002 Table 1:
g i:\o 1 - This table summarizes the dispersion and the
%8 0'6'. 0. - 0.000- 5 1 2 3 1 s experimental time of all used methods. The
X 04- 0 1 2 3 4 5 % HP (NMR in F.CCOOH) dispersion of the DMSO method and the FCC
o | % HP (NMR in F,CCOQOH) > are both too high to get exact % HP values,
5 0.2 _ the dispersion of the IR method is acceptable
'Dl_'; | Figure 10: Figure 11: but also high in comparison to the other
s> 00- NMR in NMR in DMSO The % HP values obtained with the The agreement between the NMR | methods. The disadvantages of the
F.CCOOH shaked  notshaked colourimetric method were all significant method and the FCC is worse than with colourimetric and the FCC method are their
lower than the values obtained with the NMR other methods. In addition the dispersion experimental times.
Ei _ method (assumed reason: the critical 3 min- (see also Table 1) of the FCC method is
igure 677 heating-period at 100 °C, References) high method standard appros:
This figures show two parts of the NMR- P ’ | 9 deviation /mean | experiment time
spectrum of the F,CCOOH and the HCI 5. 5.
method respectively. Comparing the figures, - NMR In F5CCOOH 5.8 % 0.5h
a clear difference in the relation of the signal o 4 4- _ _
of the sample-protons to the signal of the 5 R=0.94733 o R=0.96824 NMR in HC! 3.5% 0.5h
water-protons can be seen. Note also the g 3 } 8 31
slight differences in the chemical shift. 5 2' E/ 2_‘ NMR in DMSO >15 % 03h
ppm (sample+standard) 58: ) g - ]
o 0% 0% oo L 1 o s o
SR .
0 : ' _ : _ : _ : _ : _ . colourimetric 39 Oh
et I T T T LI cr
8 in DO |- % HP (NMR in F,CCOOH) 7o HP (NMR in F,CCOOH) Fce > 15 % 12 h
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