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WSTEPNE BADANIA PRODUKTOW TERMOLIZY CHITYNY
I CHITOZANU Z a—=HYDROKSYKWASAMI

Marck Sikora®, Piotr Tomasik', Koji Araki

Leriiezny rozklud obu sacharydéw. W wyniku termolizy chityny z hydroksykwasami, otrzy-
mano stale, kruche substancje, o ciemnym zabarwieniu i o zapachu graybow (tab.8), kiérych
10 g/l wodne suspensje charakteryzowaly sie kwasnym odezynem (pH 5,42-5,67) (tab. 1).

wzrrostem ilosel dodanego kwasu, nie przekraczajae 110 g/kg. Zdolno$é wigzania wody nato-
st malalawraz ze warostem ilodei dodanego kwasu oraz ze wzrostem temperatury reakeji

ozan poddany termolizie z kwasem mlekowym dawal w wyniku stale, kruche sub-
stancje, o ciemnym zabarwieniu i zapachu hydrolizatu bialkowego, podezas gdy ogrzany w
obecnosel kwasu eytrynowego wytwarzal substancje o zapachu podobnym do lemoniady,
i soddiny termolizie w obecnodel kwasu winowego generowal aromat karmelowy
({ab. Rozpuszezalnodé w wodzie 1 zdolnosé wigzania wody otrzymanych substaneji
lesztaltowala sig podobnie, jak w przypadku produktow termolizy chityny. Wodne suspensje
zutow chitozanu byly minimalnie zasadowe (pH 7,19-7,60) (tab. 2).
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Concentration and temperature effeets upon the viscosity of aqueous solutions
of various mono- (D-glucose, D-fructose, D-fucose, L-rhamnose) and di-sac-
charides (sucrose, maltose, lactose) as well as some of their two-component
blends were recognized. Intrinsic viscosities determined for these solutions
provided an insight into such details of the structure of solutions as structure
of mers and bulk of the sugar hydrates. Pavameters of linear equations S =
ac + bwhare <p> and ¢ ave reduced viscosity and concentration, respective-
Ly, were determined. Irrespective of temperature (20, 40 and 60°C) and com po-
sition, the viscosity of aqueons solutions of disaccharide blended with MONoSac-
charide signilicantly increased with concentration. However, the resulting vis-
cosities were always lower than these for corresponding aqueous disaccharide
solutions and higher than these for aqueous monosaccharide solutions.
Viscosity of aqueous solutions of disaccharide blends were practically concen-
tration independent.

INTRODUCTION

Aqueous saccharide solutions are known for their relatively high viscosity.
Solutions of sucrose are perhaps best recognized because of their important role as
the sweetener of foodstulls and large manufacture scale. Attempts of understand-
ing the sweetness mechanism as well as links between sweetness and structure also
pushed such studies forward [Mathlouthi, 1984].

In a sucrose molecule there are only single interatomic bonds and rings are
free of constrains which would affect natural bond angles. Simultaneously, among
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eight hydroxylic groups five do not participate in any intramolecular hydrogen
honds. The latter exhibit a considerable affinity to water being responsible for good
aqueaus solubility of this disaccharide.

Approach to the analysis of aqueous sucrose solutions depends on the concen-
tration. At low concentration the ratio of water molecules to sucrose molecules is
well above one and the structure of such solutions is controlled by the extended,
tridimensional structure of water. According to Pauling [1940] in the interval of 0
to 40°C only half of the total number of intermolecular hydrogen bonds between the
water molecules are active. Strong association builds up cages of 20 to 200 water
molecules [Drost-Hanson, 1965]. As the sucrose concentration in solution increas-
os suerose hydrates are formed. They interact with one another via the hydrogen
bonds. Some suggestions have been also made that sucrose hydrates interact with
bigeer water aggregates with an involvement of the hydrogen bonds of various
energy [ Velikobnyl & Chernogorienko, 1964]. As the sucrose concentration in selu-

for exhaustive suerose hydration. Under such eircumstances the direet contact
hetween sucrose molecules results in their association. The 30% concentration is

at 40% concentration there is approximately 26 water molecules per one sucrose
molecule the model of associates may be fairly complex. The solution viscosity
rapidly inereases with association. As the concentration of solution increases grad-
ually, less water molecules ave left between sucrose molecules. At the point of over-

i disucrose penta- and hepta-hydrates are scarce. The composition of satwrated
aquects sucrose solutions as the function of temperature was interpreted in terms
of degree of hydration of sucrose in solution [Genie, 1974], This approach left some
facts unexplained, It is not clear why at 40°C in saturated solution one sucrose mol-
le traps cight water molecules whereas at 100°C one sucrose molecule is satis-
[ied] with four water molecules. Perhaps, already in unsaturated solutions some vis-
cosity anomalies appear due to sucrose aggregation which then induces crystal-
enie, 1976b]. Solubility of suerose in water can be explained in terms of
dielectric constant, €, of water, but in spite of decrease of £ with the tempera-
ture inerease the solubility of suerose inereases. Up to date any universal theory of
quantitative composition of saturated solutions is lacking although several
hypotheses were presented [Genie, 1976a).

Soluhility of sucrose is alfected by several additives [Genie, 1983]. Selvents
scible with water decrease the sucrose solubility because their & are lower than
that for water. Many chemical compounds, among them also monosaccharides,
low concentrations decrease sucrose solubility at room temperature. This

sults from the competition for hydrating water molecules. Effect of metal
lition is nonuniform. If metal cations are poorly hydrated (for instance Na'
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and K') sucrose solubility increases, otherwise (for instance Mg** and Ca**) the sol-
ubility of sucrose is suppressed. The anion accompanying metal cation ean be essen-
tial. Hydroxides, carbonates, sulphites, and carboxylates favour the solubility.

Majority of rheological studies of aqueous saccharide solutions provided mere-
ly a recognition of the maerostructure of such solutions. In this paper unknown
intrinsic viscosities of solutions of several saccharides were determined following
formerly developed approach [Mazurkiewicez et al., 1994; Mazurkiewicz & Tomasik,
1982]. Specially modified viscometer [Zimm & Crothers, 1962] provided an insight
into structure of solution mers of low-molecular saccharides.

MATERIALS AND METIIODS

MATERIALS: Aqueous solutions of the following monosaccharides: D-(-)-fiructose,
D-(+)-glucose, D-(-+)-fucose and L-rhamnose, and disaccharides: lactose, maltose
and sucrose were studied. The saccharides of analytical grade were products of
Sigma. Water was redistilled.

METHOD: Viscosity of aqueous solutions of saccharidies of the coneentrations given
in Table 1 was measured at 25, 40 and 60°C with the precision of £0.1°C in every
case. Modified Zimm rotary viscometer [Zimm & Crothers, 1962] was used. It pro-
vided the measurement precision of £0.01 ¢P Reduced viscosity, <y>, was first
determined by measurements of the viscosity, », of aqueous solutions of a given suc-
charide of gradually increasing concentration, ¢. These viscosities were reluted to
the viscosity of pure solvent, #, in the manner given in equation 1.

=1
..\:q.\,,u|.N /. (1)

w\Cﬁ“
Then using the least square method the linear regression was calculated. Its
intercept with ordinate at ¢ = O corresponded to intrinsic viscosity, [, for a given
solute.

RESULTS AND DISCUSSION

Reduced viscosities [or aqueous solutions of succharides measured at 25, 40 and
60°C are given in Table 1.

Figures 1, 2 and 3 visualize the effect of concentration and temperature on
intrinsic viscosities of sugar solutions. The concentration increments for particular
sugars vary from 0.1 to 2.5 mol/dm®, Linear regressions at lower concentrations
turned into curvilinear as the concentration increased, although increasing tem-
perature flattened this curvilinearity.

Table 2 collects parameters of equation 2 for all sugars

<> =ac+b @)
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TABLIS 1. Reduced viseosities <> of aqueous solutions of mono- and di-saccharides of
varying concentrations and at varying temperature.

Continue TABLE 1.

Congcentration <= <> <n=> Coneentration <n> <y <>
¢, [mol/dm*] 25°C 40°C 60°C ¢, [mol/dm?] 25°C 40°C 60°C
D-Fructose Rhamnose
0.63 0.0299  0.0281 0.0245 0.63 0.0350 0.0304 0.0279
0.74 0.0306  0.0292 00251 0.73 0.0356 0.0307 0.0295
0.89 0.0529 0.0307  0.0268 0.88 0.0372 0.0324 0.0506
1.11 0.0369  0.0337  0.0298 1.10 0.0414 0.0352 0.0834
1.29 0.0398  0.0359  0.0310 1.28 0.0443 0.0374 0,0362
1.41 0.0417  0.0375  0.0318 1.40 0.0464 0.0388 0.0361
1:58 0.0447  0.0393  0.0335 1.54 0.0492 0.0407 0.0377
1.7 0.0478 0.0406  0,0349 1.69 0.0520 0.0454 0.0402
1.85 0.0512  0.0432  0.0372 1.83 0.0547 0.0475 0.0418
2,02 0.0555  0.0466  0.0396 2,00 0.0595 0.0505 0.0439
2.22 0.0617 00513  0.0425 2.20 0.0660 0.0556 0.0476
D-Glucose Suerose
0.63 0.0318 0.0305  0.0271 0.33 0.0343 0.0312 0.0270
0.74 0.0330 00327  0.0279 0.39 0.0352 0.0328 0.0282
0.89 0.0343 0.0336  0.0304 0.47 0.0372 0.0345 0.0299
1.11 0.0581 0.0371 0.0341 0.58 0.0404 0.0389 0.033
1.29 0.0400  0.0388  0.0354 0,68 0.0446 0.0422
141 0.0419  0.0413  0.0365 0.74 0.0468 0.0441
1.66 0.0459  0.0433  0.0381 0.82 0.0500 0.0465
1.71 0.0495 0.0450  0.0404 0.90 0.0538 0.0479
1.85 0.0555 0.0479  0.0428 0.97 0.0594 0.05621
2.02 0.0606  0.0616  (.0448 1.06 0.0661 0.0666
222 0.0675 0.0676  0.0489 117 0.0762 0.0630 0.0535
Fucose Maltose
0.70 0.0353 0.0304  0.0273 0.37 0.0372 0.0332 0.0309
0.81 0.0370  0.0307  0.0282 0.44 0.0401 0.0850 0.0825
0.97 0.0403 00324  0.0296 0.56 0.0452 0.0389 0.0361
1.22 0.0442 00352  0.0329 0.65 0.0491 0.0415 0.0385
142 0.0480 0.0374  0.0348 0.71 0.0625 0.0432 0.0398
1.55 0.0509  0.0388  0.0363 0.78 0.0555 0.0461 0.0421
1.71 0.0540  0.0407  0.0390 0.85 0.0600 0.0502 0.0449
1.87 0.0686 00454  0.0425 0,93 0.0654 0.0530 0.047G
2.03 0.0625 0.0476  0.0440 1.01 0.0727 0.0576 0.0612
221 0.0710  0.0806  0.0467 1.11 0.0814 0.0639 0.0548
2.44 0.0808  0.0666  0.0505

ration <n> <n=> <n> Concentrat <n> <n> <p>
: 25°C 40°C 60°C ¢, [mol/dm?] 25°C 40°C 60°C
D-TFructose 0.47 0.0316  0.0285 0.02568
(.0258 0.0244 0.0220 0,51 0.0320 0.0283 0.0254
0.0263 0.0249 0.0223 0.55 0.0321 0.0287 0.0262
0.0263 0.0257 0.0224 0.61 0.0328 0.0293 0.0266
0.0261 00256  0.0224 Sucrose
0.0265 0.0258 0.0232 0.10 0.0273 0.0255 0.0230
0.0270 0.0261 0.0250 0.12 0.0274 0.0258 0.0232
0.0271 0.0262 0.0230 0.13 0.0277 0.0266 0.0237
0.0274 0.0268 0.0232 0.15 0.0285 0.0265 0.0237
0.0276 0.0268 0.0232 0.16 0.0288 0.0277 0.0242
0.0276 0.0267 0.0231 0.18 0.0293 0.0277 0.0249
0.0278 0.0270 0.0231 0.19 0.0297 0.0274 0.0250
(10285 0.0273 0.0234 0.21 0.0299 0.0280 0.0250
D-Glucose 0.22 0.0303  0.0289 0.0251
0.0263 0.0250 0.0230 0.24 0.0307 0.0288 0.0255
0.0270 0.0253 0.0235 0.27 0.0309 0.0290 0.0258
0.0278 0.0269 0.0233 0.29 0.0313 0.0295 0.0261
0.0279 0.0269 0.0233 Maltose
0.0281 0.0267 0.0241 0.12 0.0299 0.0274 0.0252
0.0287 0.0271 0.0240 0.13 0.0304 0.0278 0.0247
0.0291 0.0276 0.0244 0.14 0.0303 0.0278 0.0252
0.0293 0.0273 0.0245 0.15 0.0812 0.0281 0.0251
0.0295 0.0276 0.0246 0.16 0.0314 0.0280G 0,0259
0.0297 0.0279 0.0250 0.17 0.0314 0.0286 0.0264
0.0302 0.0280 0.02562 0.18 0.0317 0.0290 0.0262
0.0304 0.0280 0.0257 *0.20 0.0320 0.0293 0.0264
Fucose 0.21 0.0319 0.0292 0.0267
0.0301 0.0270 0.0240 0.23 0.0322 0.0293 0.0267
0.0302 0.0265  0.0245 0.25 0.0326 0.0302 0.0271
0.0304 0.0267  0.0247 0.28 0.0354 0.0305 0.0277
0.0309 00279  0.0249 Lactose
0.0312 0.0284 0.0256 0.08 0.0311 0.02560 0.0262
0.0315 0.0287 0.0254 0.09 0.0305 0.0255 0.0261
(.0317 0.0287  0.0252 0.10 0.0308 0.0250 0.0263
0.0323 0.0288  0.0252 0.11 0.0306 0.0253 0.0263
0.0325 0.0289 0.0258 0.12 0.0306 0.0263 0.0264
0.0328 0.0296 0.0256 0.13 0.0309 0.0269 0.0266
0.0330 0.0301 0.0259 0.14 0.0318 0.0269 0.0268
0.0337 0.0310  0.0263 0.15 0.0320 0.0267 0.0270
Rhamnose 0.16 0.0320 0.0270 0.0278
0.0292 0.0265  0.0248 0.17 0.0823 0.0271 0.0278
0.0296 0.0270  0.0249 0.18 0.0328 0.0276 0.0279
0.02907 0.0270 0.0250 0.20 0.0324 0.0273 0,0278
0.0297 0.0274 0.0250 0.21 0.0331 0.0276 0.0279
(L0301 0.0281 0.0253 0.23 0.0336 0.0279 0.0282
0.0311 0.0281 0.02561 0.25 0.0339 0.0280 0.0285
0.0516 0.0279 0.0262 0.28 0.0343 0.0280 0.0290
0.0315 0.0282 0.0253

where a is the regression slope, b is the intercept and c is concentration (g/dm®).
Intrinsic viscosities are also given therein.

Relatively small variation in reduced viscosity of D-fructose solutions with con-
centration could result from the equilibrium shift between isomers-conformers of
that saccharide [Mazurkiewicz, 1997] and, in the case of sucrose, structural varia-
tion of the D-fructosyl moiety could be charged for it. Assumptions that the vis-
cosity changes might be linked to mutarotation, .. to the speeific rotation changes
was not experimentally confirmed. Viscosity was stable against time whereas spe-
cific rotation varied. Therefore, one might accept that the solvent viscosity was
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FIGURE 1. Reduced viscosity, <>, vs. concentration of: (a) aqueous solutions of D-glucose
(rhombs) and D-fructose (squares); (b) aqueous solutions of fucose (rhombs) and rhamnose

(sl
uares) at 25°C.
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tion olt (a) aqueous D-fructose solutions; (b) aqueous
D-glucose solutions; (c) aqueous L-rhamnose solu-
tions and (d) agueous D-fucose solutions at 25
(rhombs), 40 (squares), and 60°C (triangles).

TGURE 2. Reduced viscosity, <>, vs. concentra-
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FIGURE 3. Reduced viscosity, <#>, vs. concentra-
tion of: (a) aqueous sucrose solutions and (b) aqueous
maltose solutions at 25 (rhombs), 40 (squares) and
G0°C (triangles).

)i (e) aqueous solutions of sucrose (triangles), lactose (rhombs) and maltose

independent of the hydrate
geometry, but dependent on
its molecular weight.
Experiments led to the conclu-
sion that intermolecular inter-
actions in solution were weak.
Slopes of correlations in Table
2 support this point of view.
The response of viscos-
ity of saccharide solutions to
the temperature changes is
essential for the application of
such solutions as adhesives
and thickeners. Small changes
would be beneficial. Reduced
as well as intrinsic viscosities
decreased as temperature
inereased. The temperature
effect in the interval of
26-40°C is less pronounced
than in the more interval of
40-60°C (Table 2). Inspection
of Table 2 revealed that aque-
ous solutions of all investigat-
ed saccharides similarly react
to the temperature changes.
Such result corresponds to
results of Noguchi ef al. [1986]
who have found that all of sug-
ars are hydrated by the same
number of the water mole-
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cules. On the other hand. intrinsic ~ TABLE 2. Parameters of equation 2 and intrin-
viscosities of aqueous solutions of  sie viscosities append saccharide solution,

&mmnn:%&mm are m_.msmmnm.sg dif- PP —— i " T
ferent, suggesting that their hydra- | iy solgtion| 10| 2 b L P
tion spheres are different. In con-

trast to other disaccharide solutions 20°C 0.00004 0.0247 097  0.0247
mwﬁmmml_ reduced e&mﬁOmmm% of mal- Fructose 40°C 000004 0.0235 092  0.0235

60°C 0.00002 0.0216 074  0.0216

20°C  0.00006 0.0250 0.98 0.0250
Glueose 40°C  0.00004 0.0243 079  0.0243
of temperature. =
e, - 60°C 0.00004 0.0217 0.96 00217
Determined intrinsic viscosities i i i
i ek By fudir i S 20°C  0.00006 0.0280 099 0.0280
: M Fucose 40°C 0.00006 0.0245 092  0.0245

tose solution strongly increased
with its concentration irrespective

firmed &mmemi distribution &. the 60°C 0.00003 0.0234 083  0.0234
hydroxylic groups capable of inter- 20°C 000006 0.0273 005 0.0273
action with the water molecules. Rhamnose  40°C 0.00004 00255 0.90  0.0255
Intrinsie viscosity depends on the 60°C 0.00003 0.0238  0.89  0.0238
volume of hydrated solute species. 20°C 0.00007 0.0251 0.0251
This calculated decrease of intrinsic | Suerose  40°C 0.00006 0.0237 025y

60°C 0.00005 0.0216 096  0.0215

viscosities with the temperature

increase can result from the thermal |~ me Nmmmmm mmmmw uum fibere

nwmz.:aso: of ..%c hydration sphere 60°C 0.00005 0.0229 0,90

SO s o 2°C 0.00006 0.0287 0.9
Equation 3 presents the intrin- | 1oeiose  40°C 000005 0.0241  0.83

sie viscosity as a function of the vol- 60°C 000004 0.0248 0.94  0.0248

ume, V,, oceupied by a solute.

[7] =V, N/M

(3)
where N is the Avogadro number and M is molecular weight. Such approach pro-
vides a comparison of the volumes occupied by solute molecules, i.e. comparison of
the hydration degrees.

Thus, one might see that the volume oceupied by two glucose molecules (8.8 rel-
ative units) is higher than that occupied by one maltose molecule (8.5 relative units)
and almost the same as that occupied by one suerose molecule (8.5 relative units).

12.00 e 8 s
bt ——Suc:Glu=1:3 “ /|~ Mal Glu=1:3
200 | —s—Suc:Glu=3:1 i \\ | —M—Mal:Glu=3:1 |
0 _ o 7 / '
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400 %Gl M W\\m [ % Glu |
2.00 —e—5ic 2 *ﬂi&n ﬁwx Ml ,
0.00 iR 0%
0 200 400 600
Concentration, g/dm’ Concentration, g/dm’
FIGURE 4. Viscosity, 5, vs. concentration FIGURE 5. Viseosity, 1, vs. concentra-
and composition of aqueous sucrose-glucose tion and composition of aqueous mal-

blends at 25°C. tose-glucose blends at 25°C.
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TABLE 3. Viscosities, #, of aqueous two-compo-
nents blends of varying concentrations and ratio

at 25°C,

ﬁ.._..

Sue: Visco- Sue: Viseo-
Glu=38:1| sity |Glu=1 sity
o/dm* cP g/dm? cP

0.0 0.8Y
100.0 117
171.4 1.45
225.0 1.74

2.02
2.27
247
2,90

53 .—m

9.98

0.0 0.89 0.0 0.89
100.0 1.16 100.0 116
1714 1.46 1714 1.45
225.0 1.75 225.0 1.75
266.7 2,04 266.7 2.06
300.0 2.27 300.0 2.30
2.51 5333 2.69
375.0 3.01 3756.0 3.18
428.6 3.91 428.6 4.05
500.0 5.74 500.0 5.81
600.0 11.056 600.0  10.62

Glu=1:3 sity

Mal- Visco- | Mal- Visco- Mal- Visco-

Glu=1:1| sity |Glu=3:1| sity

2/dm' el g/dm* cP g/dm? cP
0.0 0.89 0.0 0.89 0.0 0.89
100.0 1.17 100.0 1.18 100.0 1.18
147 1714 1.49 1714 1.50
1.78 226.0 1.82 225.0 1.3
2.07 266.7 2,12 266.7 217

300.0 241 300.0 243
388.3 271 333.3 2.73
375.0 3.27 375.0 5.30
428.6 4.30 428.6 4.36
500.0 6.0 500.0 6.28
600.0 10.89 600.0  11.55

15.00
14.00
13.00
12.00 ¢
11.00
10.00 +
5.00

7, cP

@
L
o

AT

0

8.00
0%

33% 66% 100%
Concentration maltose, %

FIGURE 6. Viscosity, 1, of aqueous sucrose-mal-

maltose ratio.

se blends at 25°C. The overall solution concen-
ition is alway,

$ 600 g/dm” at varying sucrose-to-

S o T i R N T R T R R e A S R i i AT L T

It means that the hydration of
glucose proceeds in such man-
ner in order to achieve more
dense packing in solution. In
contrast to maltose also
sucrose may take such benefi-
cial conformation.

Studies carried out on
solutions containing only one
saccharide showed that there
was no linearity between
intrinsic viseosity and solution
concentration. It could be inter-
preted in terms of either
inereasing number of intermol-
ecular interactions or variation
of their nature. It was an argu-
ment for studies of the viscosi-
ty of solutions containing com-
binations of maltose with glu-
cose, sucrose with glucose, and
sucrose with maltose. Table 3
and Figure 4 and 5 present rel-
evant data, One might note an
essential increase of the solu-
tion viscosity with concentra-
tion. Irrespective of the disac-
charide-to-monosaccharide
ratio viscosities of such solu-
tions were in the region below
viscosity of solutions of pure
disaccharide and above the vis-
cosity of solutions of pure
monosaccharide.

Stability of the viscosi-
ty of aqueous two-component
solutions containing increased
coneentration disaccharides
was striking (Figure 6). This
property can be employed for a
decrease of the viscosity of
aqueous solutions of maltose,
sucrose and, possibly, other dis-
accharides by blending them
with other disaccharides.
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CONCLUSIONS

Viscosity changes of sugar solutions in the concentration range 0.2 to 0.6
mol/dm” are linear against concentration. Reduced and intrinsic viscosity decrease
with the temperature increase. Corresponding inerements are higher between 25
and 40°C then between 40 and 60°C. Blending of the aqueous sugar solutions did not
result in any significant viscosity inerease what means that intermolecular sugar-
-sugar interactions are almost independent on the molecular structure of sacchavide,
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LEPKOSC WODNYCH ROZTWOROW CUKROW

Jozel Mazurkiewicz, Maria Nowotny-Rézanska

ki, Wydzial Rolniczy, Akademia Rolnicza, Krakdw.

Zbadano wplyw stezenia i temperatury na lepko$é wodnych roztworéw réznych mono-
rdow (D-glukozy, D-fruktozy, D-fukozy i L-ramnozy) oraz disacharydéw (sacharozy,
maltozy 1 laktozy). Zbadano réwniez wplyw tych czynnikéw na leplkoéé wodnych Yozbwortw
m:m:uﬁ::: niektérych z powyzszych sacharydéw. Wyznaczenie lepkoéei granicznych (Tab. 1
P Rys. 1, 2, 3) pozwolilo ujawnié takie szezegoly budowy tych roztworéw jak budowa meru
i objetosé hydratéw sacharydéw. Wyznaczono czulo$é lepkosei wodnych roztworéw
poszezegdlnych sacharydéw na wzrost stezenia wyznaczajac parametry réwnania liniowego
<y> =ac+ b, wktérym <y> jest lepkoécig zredukowana, a ¢ stezeniem. Tabela 2 oprécz
tych danych opisuje tez wplyw temperatury na lepko§é wodnych roztworéw sacharydow.
Bez wzgledu na temperature (20, 40 1 60°C) i skiad, lepko$é wodnych roztworéw disacha-
rydiw w mieszaninie z monosacharydami wyraZnie wzrastala ze stezeniem, zawsze jednak
byla mniejsza od lepkosei wodnych roztwordw czystych dwueukréw i wyzsza od lepkosei wod-
nych roztworéw monocukréw (Tab. 3, Rys. 4 i 5). Lepkoé¢ wodnych roztworéw mieszaniny
dwu sacharydow byla praktyeznie niezaleina od ich skiadu (Rys 6). .
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AROMA CHARACTERISTICS OF DILL SEEDS VARIETIES
GROWN IN POLAND

Renata Zawirska-Wojtasiak, Erwin Wasowicz, Henryk Jelen, Magdalena Rudzinska,
Edward Kaminski, Piotr Blazczak

Institute of Food Technology of Plant Origin, Agricultural University, Poznari
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Aroma of dill seeds was analysed by gas chromatography-mass spectrometry
and sensory methods. Seven different varieties of dill grown in Poland in three
experimental stations and from three harvest years were investigated to
observe genetic variation and differences between place and years of crop.
Several compounds were identified in the essential cils obtained by distilla-
tion/extraction method; ¢-pinene, ¢-phellandrene, p-cymene, limonene, ter-
pinen-4-ol, dihydrocarvone, carvone, eugenol and vanillin. Two main aroma com-
pounds: carvone and limonene amounted to 90-96% of total volatiles content.
The significant influence of the variety on the content of carvone and limonene
as well as total volatiles was stated. The sensory analysis revealed rather great
differentiation in the sensory odour profile between the varieties.

INTRODUCTION

Dill seeds because of their essential oil, which possesses a very characteristic
caraway like aroma, are broadly used for food flavouring. The volatile constituents
of dill seeds as well as dill herb are known in the literature [Blank & Grosch, 1991;
Huopalahti, 1986]. It was stated that carvone and limonene are the two main com-
ponents of dill seeds oil due to their high concent -ation and high odour activity
value, which is the highest one for carvone. Both enantiomers of limonene and car-
vone were detected in seeds of dill, but the predominant forms are (+)-limonene
and (+)-carvone [Bouwmester ef al., 1995].

-respondence: Renata Zawirska-Wojtasiak, Instytut Technolo Zywnosel Pochodzenia R
1 w Poznaniu, 60-624 Poznan, ul. Wojska Polskiego 31, tel, (48 61) 8487275, fax: (48 61) 8487

sowl.au.poznan,pl

Author’
nego, Al
arwinw




