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RINGKASAN: Kinetik ekstraksi juzuk ter/arut dari teh 'rose-hip' telah ditafsirkan oleh model keadaan 
mantap. Model ini mampu menerbitkan hubungan kuantitatif antara kepekatan sesuatu bahan di dalam 

larutan pukal dan penentuan masa untuk pemalar kadar keseluruhan bagi infusi. Persamaan kinetik 
menunjukkan pemalar kadar keseluruhan terdiri dari tiga sumbangan yang terbit dari resapan juzuk 
menembusi partikel, perpindahannya melalui antaramuka partikel/air dan peresapannnya melalui 

lapisan Nernst sebelum sampai ke larutan pukal. lnfusi ke dalam air asid ask<?rbik dan io'!__galian 
terpilih dari teh 'rose-hip' seterusnya menghasilkan model untuk kajian masa depan dalam kinetik 

kuantitatif dan · kajian keseimbangan ekstraksi bahan la rut bagi bahan-bahan serupa yang lain. 

ABSTRACT: The kinetics of extraction of a soluble constituent from rose-hip tea has been interpreted 
by a steady state model. The model is able to derive a quantitative relationship between the 
concentration of a particular constituent in the bulk solution and the time leading towards the . 

determination of an overall rate constant for the infusion. The kinetic equation shows the overall 
rate constant is made up of three contributions which arise from the diffusion of the constituent through 
the particle, its transfer across the particle/water interface, and its diffusion through the Nernst layer 

before reaching the bulk solution. The infusion of ascorbic acid and selected mineral ions into water 
from rose-hip teas thus provide a model for future quantitative kinetic and equilibrium study of solute 

extraction for other similar materials . 

. 
KEYWORDS: Kinetics, extraction rate, steady state, diffusion, infusion, rose-hip, ascorbic acid, high 

· performance liquid chromatograph, ion chromatograph, mineral elements. 
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INTRODUCTION 

The physicochemical aspects of infusion 

determine the amount of soluble constituents 

that are extracted oi.Jt of a solid into the . 

solution. Hence, kinetic studies are relevant 

in an infusion process. 
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L-dehydroascorbic acid can degrade on heat 

treatment and at high pH to diketogulonic 

acid, a compound without vitamin C activity. 

Unless specifically mentioned, L-ascorbic acid 

will be referred to as ascorbic acid in the 

following text. 
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Figure 1. Schematic concentration profiles of the infusion process (Spiro and 

Se/wood, 1984) 

The rates of infusion of vitamin C or ascorbic 

acid and mineral elements from rose-hip tea 

were determined under varied conditions of 
( 

particle size, temperature and pH. The rate 

constants obtained enable derivation of such 

physicochemical parameters as diffusion co

efficient and activation energy for the extraction 

of the particular constituent from the solid. 

Rose-hip tea is an increasingly popular herb 

tea in the West, taken in particular as an 

additio11al dietary source of vitamin C and a 

caffeine-free, refreshing drink with a fruity 

flavour. It is also widely promoted for its 

pharmaceutical applications. 

Vitamin C exists in two biologically active 

forms: L-ascorbic acid and its oxidized form 

- L-dehydroascorbic acid. Both contain 

vitamin C activity but the latter has less. 

Extraction Kinetics 

The rate of extraction of a soluble constituent, 

for example, ascorbic acid from a suspension · 

of uniform particles such as rose-hip tea, can 

be quantitatively analysed by a steady state 

model proposed by Spiro and Selwood (1984). 

The sieved, ground · rose-hip particles are 

treated as a collection of uniform spheres of 

radius r (Figure 1). The model can be illustrated 

by the concentration profiles of ascorbic acid 

during the infusion process. 

In this model, it is assumed the ascorbic acid 

concentration decreases linearly with distance 

from the centre of the particle, followed by a 

further linear drop through the Nernst diffusion 

layer before reaching the solution. The Nernst 

layer is a layer surrounding the particle and 

its thickness is dependent on the degree of 

agitation in the solution .. 

30 



A steady state treatment (Spiro and Selwood, 
1984) leads to a quantitative relation between 
the concentration of the soluble material in 

The Kinetics and Mechanism of Infusion 

(4) 

Lastly, if diffusion across the Nernst layer 

the solution c at time t, and concentration at is rate-determining, then 

equilibrium c given by the followirlg simple 
kinetic equation: kobs = 3KD .o1jrd (5) 

In 
CCX> 

(1) 
c (X) -c 

kobs is the overall rate constant for the 

extraction of the soluble material concerned. 

The theory also shows that for spherical 

particles of radius r, k0 bs is given by: 

1 1 m 
-=- 1+
k' kobs pKV 

r2 
+ 

12Dhip 

r . rb 
+ 3KD (2) 

3k, soln 

where a mass m of rose-hip particles of density 
p is being extracted in a volume of solvent. 
K is the partition constant of ascorbic acid 
between the particle and the solution. The 
bracketed term is a constant when the same 
sample mass and solvent volume are used 
in the kinetic experiments. 

The right hand side of the equation (2) 
comprises terms arising from the three 
component rate steps illustrated in Figure 1 , 

i.e., diffusion of ascorbic acid through the 
. rose-hip particle with a diffusion coefficient D, 
transfer of the acid across the phase boundary. 
with a rate constant k, and diffusion through 

· the Nernst layer of thickness b with a diffusion 

coefficient Dso1n· From the equation, if diffusion 
of ascorbic acid through the particle is the 

slowest step, then 

kobs = 12/Dr2 

If ascorbic 
particle/water 
step, then 

(3) 

acid transfer across the 
interface is the rate-l imiting 
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Extraction Equilibrium 

The major equation that relates to the 
equilibrium properties in an extraction process 
is given by: 

1 
(6) = 

c co 

-.yhere c co is the equilibrium concentration 
for a given weight of the sample w. and V is 
the original volume of the solvent used. The 
concentration of the constituent of interest, 
for example ascorbic acid in the rose-hip is 
given x0 while K' is the notional partition 
constant. The partition constant K for a con
stituent (e.g. ascorbic acid) is defined as: 

concentration of constituent in extracting solvent 
(mol or x g dm -,) 

K = ---------------
concentration of constituent in solvent-swollen 
rose-hip (mol or x g kg-•) 

The value of K' is only a theoretical value as it 
does not consider the swollen nature of the 
particles due to absorption of the solvent. The 
derivation of the actual partition constant has 
been reported (Spiro and Kandiah, 1990) but 
it will not be described in this paper. 

METHODS 

Analysis of Ascorbic Acid by HPLC 

Ascorbic acid in the tea brew was stabilized 
with metaphosphoric acid on withdrawing from 
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the bulk solution and analysed.subsequently 

by isocratic elution reverse phase HPLC 
(Ziegler et al., 1986). 

The stationary phase used was 5 µm 
octadecylsilane (Spherisorb ODS2) while 
the mobile phase was 0.5% HP03• Flow 
rate of the mobile phase was 1 .1 m! min-1 

for a sample loop of 20 µI. The UV detecting 
wavelength used was 243 nm. 

Quantitative analysis was carried out by 
comparing integrated peak areas of the 
sample with a standard calibration graph. 
The retention time for the ascorbic acid 
peak ranged from 4.60 - 4.95 min. This value 
varied with temperature and pH but 
differences were in general considered 
insignificant. 

Analysis of Mineral Elements by Ion 

Ch~omatography 

The mineral ions in the herbal infusion were 
analysed by ion ·chromatography. The ions 
analysed included K+, Ca2+ Mg2+, HPO/ 
and SO/. The mode of separation in ion 
chromatography is based on the ion exchange 
equilibria between ions in the sample solution 
and ions of similar charge in the stationary 
phase. The cation exchange separator used 
(CS3, Dionex) was a strong acid-type resin 
containing the sulphonic group S03· while 
the anion exchange separator (AS4A, Dionex) 
was of a strong base-type with the quartenary 
ion N(CHJ+. Conductivity was used as the 
mode of detection. Here, the solute ions 
were converted to their corresponding acids 
of hydroxides prior to detection. A lengthy 
and elaborate pre-treatment of the aliquots 
was required prior to injecting them into the 
ion chromatograph in order to reduce the 

rate of degeneration of the separator 
columns. Organic interferences were 
removed from the sample matrix with special 
filter cartridges (SEP-PAK C18 cartridge) that 
were able to isolate a range of compounds 
according to their chromatographic polarity . . 

The constituents in a sample were identified 
by comparing their retention times with those of , 
standards. Quantitative determination for each 
species was obtained via calibration graphs. 

Aqueous Extraction of Ascorbic Acid and 
Mineral Elements 

It was found that the suitable extraction 
technique for ascorbic acid analysis in a hot 
infusion was to perform the experiment in an 
anaerobic environment rather than the normal 
preparation of rose-hip tea which allowed 
aerobic degradation of ascorbic acid in the 
tea infusion (Okamura, 1980). An assembly 
as shown in Figure 2 comprising a degassing 
frit and a drechsel head was used for the 
dual purpose of de-aerating and simultaneous 
agitation of the infusing medium. This avoided 
the inevitable degradation of ascorbic acid in 
a normal brew infusion, evident by a stable 

Outlet---.. ---...... .--N inlet . . 
JJ-.....,.....-. Drechsel head 

Gas __ ___;.......,_rq;i, 
bubbles· 

Degassing frit 
Rose-hip particles 

· Figure 2. Extraction system in an anaerobi1 

environment 
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equilibrium concentration shown in Figure 3. from the bulk solution, and kept in ice until 
Gas stirring was also useful in overcoming analysis. Metaphosphoric acid of concentratiQn. 
the continual reduction of particle size caused 0.5% was a!so promptly added to the samples. 
by conventional mixing methods such as the The latter served as a stabilizing reagent for 
use of magnetic stirrers. the ascorbic acid (Bauernfeind, 1982). 

0 
0 

final equilibriwn 
0 

... 60 
0 

0 0 0 

The same experimental set-up was used in 
the analysis of cation and anion infusion from 
rose-hips. Although there was no necessity 
for nitrogen gas to be used, it however 
served as an ideal device for continual 
agitation of the infusion. Studies on the 
extraction of mineral -ions were carried out 
using deionized water. 
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Figure 3. A typical plot of concentration versus 
time in the extraction of ascorbic acid from 2 g 
rose-hips in 100 ml water in an anaerobic 

environment 

Kinetic runs were carried out using 2 g of 
rose-hips in 100 ml of distilled water at 
80"C. The same weight of the sample was 
used in all the kinetic experiments to 
enable comparison of other physical 
parameters such as temperature and 
particle size. 

Equilibrium properties such as partition 
constant and the initial concentration of the 
solute in the original material could also be 
determined using the same extraction 
apparatus discussed, but varying the sample 
weights in the range 0.5 - 8.0 g. Sieved rose
hips of one size (0.85 - 1 .00 mm) were used. 
In this case, sampling was carried out only 
when sufficient time (30 min) had beeri given 
for equilibrium t? set in. 

To prevent decomposition of the .ascorbic 
acid, the samples were immediately introduced 
into ice-cooled containers on withdrawing 
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RESULTS AND DISCUSSION 

Kinetic and Equilibrium Studies on the 
Extraction of Ascorbic Acid 

The asymptote of the concentration/time 
graph gives the equilibrium value required 
for the first order In plot (according to 
equation 1), from which the rate constant k005 

can be derived. The rate constant values for 
different sieve sizes of the rose-hip particles 
can be used to shed light on the mechanism 
of the extraction of. ascorbic acid. They .are 
also used to determine the diffusion coefficient 
and activation energy of the extraction. 

A typical plot of concentration versus time for 
the kinetic investigation is shown in Figure 3. 
The ascorbic acid concentration approached 
the limiting value on an irregular curve. 
Several workers (Schwartzberg and Chao, 
1982; Spiro and Kandiah, · 1989; Spiro and 
Kandiah, 1990) have forwarded an account 
for these stepped infusion patterns. A simple 
explanation would be ascribed to the changes 
that occurred atthe interface membrane with 
time, thus affecting the infusion rate. 
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First order In plots (a typical plot is shown in 
Figure 4) for ascorbic acid were obtained 
only from the data points leading to the first 
or quasi equilibrium of the multi-stage infusion 
process. In other words, the rate constant 
(ka,J determined relates only to the first stage 
of the infusion. Two sets of rate constant 
values were 9btained, i.e., with respect to 
the · quasi equilibrium concentration (k0 bJ 
and the final equilibrium concentration 
(k0 b.,}. The rate constants determined 
under various particle size, temperature and 
pH are summarized irt Table 1. All the 
concentration values have been corrected 
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Figure 4. First order plots for the infusion of 
ascorbic acid from rose-hips (850-1000 µm) 

for evaporation and sampling. The readings 
collected represent the average of between 
two to four runs for each set of the 
experiment. The radius of the spherical rose
hip particle r, is that of half the mean aperture 
diameter between two sieve sizes. 

To determine x0 , the initial weight of ascorbic 
acid in the dry rose-hip and the partition 
constant K, the plot of 1/C vs 1/w at constant 
volume V (100 ml} was obtained. As shown 
in Figure 5, the plot is a straight line with 
a very small intercept. =rhe slope of the plot 
is equal to V/x0 according to equation (6). 
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Figure 5. Equilibrium plot of ascorbic acid obtained 

by varying sample weight 

Table 1. Kinetic data for the infusion of ascorbic acid from rose-hips 

Ceo 

Particle (µg ml·•) Temperature Infusing k ••• k .... 
size equilibrium (•C) medium (pH) (min·•) (min·•) 

first final 

232 28.0 51.2 80 distilled water/pH 7.0 2.30 0.38 

328 32.3 61.8 80 distilled water 0.89 0.24 

463 58.6 72.6 70 distilled water 0.42 0.24 

463 54.7 71 .3 80 distilled water 0.48 0.24 

463 39.2 72.6 90 distilled water 0.68 0.24 

463 64.0 81.5 80 phosphate buffer/pH 7.2 0.33 0.18 

463 57.2 71 .2 80 acidic buffer/pH 0.8 0.5!3 0.28 

645 54.4 74.9 80 distilled water 0.40 0.21 
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Based on this, x0 was calculated to be 
3.59 g kg1 of rose-hip or 0.36 wt %. The 
intercept of the plot is equal to 1/K'x0• K', 
the notional partition constant was thus 
·found to be 0.16 g m1·1• 

Kinetic and Equiiibrium Studies on the 
Extraction of Mineral Ions 

Studies on the extraction of mineral ions 
provide additional insight into the infusion 
mechanism of the rose-hip particles. Some 
fifteen mineral elements are considered to be 
nutrients. Among them, calcium, magnesium, 

phosphorus, iron and copper are essential to 
mammalian nutrition (Solomons and Viteri, 
1982). 

Infusion patterns of the ions HPO/, SO/, 
K+, Mg2+ and Ca2+, are typically represented 
by the plot shown in Figure 6. As in the 
infusion of ascorbic acid, th~ extraction of 
inorganic ions from the rose-hip particles did 

The Kinetics and Mechanism of Infusion 

changes of the membrane at certain discrete 
s·a1t concentrations (Vrange et al., 1974). As 
observed from Figure 6, the point of transition 
from one infusion rate to another occurred 
rapidly, thus making it difficult to determine 
a clear-cut quasi equilibrium value. With this, 
the final . equilibrium concentration was taken 
to determine the rate constants for all the 
ions investigated. However, only data points 
leading to the first observed equili-brium 

· concentration was considered. Hence, the 
rate constants, as listed in Table 2, k'cbs were 
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not occur at a constant rate. Discontinuous Figure 6. Kinetic plot for the infusion of calcium 

transition might again be due to structural from 2 g rose-hips in deionized water 

Table 2. Kinetic data for the infusion of mineral ions from rose-hips 

Ion <r> (µm) Temperature (°C) C (ppm) k'••• (min·•) 

HPO;· 463 70 10.0 0.15 
463 80 9.2 0.23 
463 . 80 10.2 0.24 

so;· 463 70 40.9 0.12 
463 80 40.5 0.20 
463 80 48.2 0.47 

K• 463 70 287 0.20 
463 80 270 0.24 
328 80 270 0.31 

Mg•• 463 70 32.6 0.14 
463 80 31.0 O.H 
328 80 31.5 0.22 . 

Ca•• 463 70 79.6 0.18 
463 80 82.1 0.15 
328 80 83.1 0.22 

35 



Journal of Industrial Technology 2 (2) 1992 

calculated in the same manner . as that of 
k b for ascorbic acid. 

O S 1 

Plots of 1 /C vs 1/w from the equilibrium 
experiments yielded initial concentration 
values x0 and partition constants K' for the 
ions shown in Table 3 . 

Table 3. Equilibrium properties for the 
infusion of ions from rose-hip at 80°C . 

x K' . 
Iona 

ppm % (g ml·1) 

CH.coo·+ Hcoo· 2802 1.16 0.200 

HPo•· • 373 0.04 0.360 

so;· 2117 0.21 0.170 

K+ 11574 1.16 0.200 

Mg•+ 1540 0.15 0.340 

ca•+ 5747 0.57 0.057 

Infusion Kinetics of Ascorbic Acid 

Effect of physical properties of rose-hip 
particles 

The infusion patterns were generally not 
reproducible in so far as the shape of the 
isotherms and the first or quasi equilibrium 
concentrations were concerned. Discrepancy 
of this nature was most likely due to structural 
features such as porosity of the particles as 
observed from the SEM microphotographs 
(Figure 7). 

The physical heterogeneity of the samples, 
in particular, particle shape and colour, 
affected the kinetic results. This was con
spicuously reflected in the final equilibrium 
concentrations attained for the same weight 
of samples of different sieve sizes. 

The above factors are expected to intervene 
with the interpretation of a mechanism for 
the extraction. 

Mechanism of extraction 

From equation (2), it appears that three 
infusion steps contribute to the overall 
observed rate constant. The same equation 
reveals that the experimental parameter r 
can be used to ascertain which of these 
steps proceed at the slowest rate, thus 
allowing one to determine the mechanism 
of the extraction. 

Equation (2) contains the conversion factor 
m/p'r<N for the calculation of the actual rate 
constants. However, this is not considered 
here, as meaningful comparison could still 
be obtained without the correction. The 
experimental rate constants wm henceforth 
be referred to as k. 

From Table 1, it is seen that when all other 
experimental parameters are the same, the 
rate constants decrease as particle size 
increases. Previous kinetic studies on 
spherical coffee particles (Spiro and Selwood, 
1984) and spherical ginger particles 
(Schwartzberg and Chao, 1982) showed that 
diffusion through the particles was the rate
determining step for the infusion of soluble 

· constituents. To establish whether the 
spherical rose-hip particle was the slowest 
step in the infusion, the said plot should be 
a straight line passing through the origin. 
Figure 8 shows data sourced from the first 
stage of the infusion. It indicates that the 
extraction of ascorbic acid from rose-hip was 
very likely dependent on the rate of its intra
particle diffusion. From the slope of the plot, 
the diffusion coefficient D was calculated to 
be 1.44 x 10-10 m2 s·1• 
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Figure 7. SEM microphotographs of ground rose-hip particles (top and bottom) show wide heterogeneity 

__ in .their structural features, having uneven distribution of pores in terms of shape, size and intensity 
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Figure 9 is a similar plot of 1 /rk1 vs r where 
k1 values were obtained based on the final 
stable equilibrium concentration in a kinetic 
run. Very obviously, diffusion through the 
particles was not a rate-determining step in 
the overall extraction of ascorbic acid from 
the solid into the solution. 

y = 2.8168&·2 + 4.6059e-4x R•2 = 0.839 
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Figure 8. Plot of 1/rk vs r for the first stage of 

ascorbic acid infusion from rose-hip particles at 

BO"C 
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Figure 9. Plot of 1/rk1 vs r for rose-hip particles 

using rate constants derived from final equilibrium 

concentration 

Ari alternative treatment of the raw data to 
confirm the rate-determining step was also 
described by Spiro and Selwood (1984). A 
plot of In (1/k) vs In r (Figure 1 O) would give 
a straight line of slope 1 if interfacial transfer 

y • 17.930 + 1.7156x · R•2 • 0.945 

c 
... 2 

o+-~.--~,.......,,......,.--.-,. .................. ~-1 
-8.4 -8.2 · 8 .0 ·7 .8 - 7.6 -7 .4 -7.2 

In rim 

Figure 10. Plot of In {1/k) vs In r for the first stage 
of the ascorbic acid infusion at BO"C 

is the slowest step and a slope of 2 if it is 
intra-particle diffusion. 

Equation (3) holds tru_e when intra-diffusion 
is the rate-determining step. The values 
of D calculated according to this equation 
are given in Table 4. 

Table 4. Diffusion coefficients D for the 

extraction of ascorbic acid from rose-hip 
as a function of particle size 

<r2> D(10-10 m2 8.1) 

(104 µm2) First stage Overall 
extraction extraction 

5.38 1.49 0.25 
10.80 1.17 0.37 
21.40 1.25 0.62 

41 .60 2.02 1.04 

The average D value for the first stage of 
extraction is 1.47 x 1010 m2 s·1 and there is 
no systematic trend in the values. This is 
good evidence that intra-diffusion of ascorbic 
acid is the rate-determining step. The above 
average value is also in close agreement 

. with that obtained from the slope of plot of 
1/rk vs r. However, the D values obtained 
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for the overall extraction (based on the final 
equilibrium concentration) rise monotonically 
as r increases. This further confirms that 
diffusion through the particle is not the slowest 
step in the overall extraction of ascorbic 
acid from the rose-hip particles. 

Although theoretically we could arrive at some 
• quantitative description of the extraction of 
ascorbic acid, it must be emphasized that 
the structural complexity of the hips could 
have affected the extraction·rate that straight 
forward conclusions cannot be easily made. 

Effect of the properties of the infusing medium 

From Table 1, the expected trend of increased 
rate constant with increasing temperature was 
observed only for the first stage of the 
extraction. This reinforces the proposition that 
after the first or quasi equilibrium, other 
extraction mechanism(s) is/are activated. 
The latter mechanism(s) could be indepen
dent of temperature. 

The Kinetics and Mechanism of Infusion 

Based on Stokes Einstein equation for 
the variation of diffusion coefficient with 
temperature, for large spheres in a 
continuum, the reported values for the 
diffusion coefficient of ascorbic acid at 
25°C (Shamin and Saki, 1980; Garrote 
et al., 1988) was converte~ to that at 
8D°C, and found to · be between the 
range of 3.12 x 10-9 m2 s·1 and 2.49 
x 10-9 m2 s·1• 

The mean D value obtained from Table 3 
is 1 .47 x 10-10 m2 s·1 for the first extraction 
stage. This is smaller by a ,factor of 17 to 21 
when compared to the diffusion coefficient 
of ascorbic acid in water at 8D°C. Hence 
diffusion through the rose-hip particles is 
a hindered · process, as would be 
expected. 

When deoxygenated distilled water of pH 7.0 
at 800C was used as the infusing medium, 
the pH-dropped to 4.6 in 30 minutes. The 
stability of ascorbic acid is pH-dependent. 
As observed from Table 1, the amount of 

The activation energy E# was calculated ascorbic acid in the solution at final 
from the Arrhenius equation: equilibrium was not significantly affected by 

d In k/d(I/T} = -E#/R 

A plot of In k against 1/T for the first stage 
• of the infusion of ascorbic acid yielded an 
activation energy of 23.3 kJ mo1-1• The 

• presence of this moderately large · energy 
barrier suggested a hindered diffusion 
process through the particles. This hindrance 
might be caused by the presence of the 
ascorbic acid as a complex which diffused 
at a slower rate as in the diffusion of caffeine 
in coffee (Spiro and Selwood, 1984), and· 
also by the physical obstruction of the rose
hip matrix to internal diffusion. 
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the increase in acidity when compared to 
the unbuffered infusing medium. There was 
also no significant difference in the rate 
constants. 

Ascorbic acid has pKa values of 4.17 and 
11.57 (Merck's Index, 1989). The first pKa 
value is close · to that of the final pH of the 
unbuffered infusing medium. Hence it can be 
inferred that the ascorbic acid exists almost 
completely in the undissociated form in the 
acidic medium. · 

The unbuffered medium should contain a 
mixture of ascorbic acid molecules and the 
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ascorbate ions. Since the rate constants did 
not change significantly, the undissociated 
and dissociated form of ascorbic acid would 
appear to diffuse at about the same rate 
across the particle. 

The buffered neutral mediums (0.025 M 
KH2P04 and 0.025 M N~HP04) on the other 
hand, showed decreased rate constants 
but increase in the equilibrium concen
trations. This means that more ascorbic 
acid had infused into the aqueous solution, 
the probable consequence of an alteration 
in the physical structure of the hip at high 
·pH. It seemed unlikely that the dissociated 
form of ascorbic acid diffused at a slower 
rate (Solomons and Viteri, 1982), and the 
increase of ionic strength might be the 
reason for the rate decrease. An alterna
tive explanation would be that some form 
of association or complexation of the 
ascorbate ion could have taken place with 
the mineral ions or other constituents in the 
infusion. 

Infusion Kinetics of Mineral Elements 

It was observed that the final equilibrium 
concentrations obtained in the kinetic 
experiments for the' mineral ions· exhibited 
greater consistency when compared to 
ascorbic acid (Table 2). This is probably 
because the presence of these mineral 
elements is not dependent on the degree 
or type of processing of the hips. 

The expected trend of decreased rate con
stant with increased particle · size and 
decreasing temperature was observed. 
On the whole, the ions investigated showed 
relatively similar infusion patterns. This could 
indirectly suggest that the mobility of the 

ions in the hip was related to the structural 
features of . the particles. In turn, this also 
supports the fact that intra-diffusion would 
· also be the rate-determining step in the 
extraction of these ions. 

It is interesting to note from Table 2 that 
the · rate constants k'obs, (in the range of 

- 0.11 to 0.31 min-1) is an average of 0.21 miir1, 

and is comparable to kobs for ascorbic 
acid extraction with a mean of 0.24 min-1• 

Hence, it can be deduced that the rate 
of diffusion is roughly independent of the size 
of the molecular or ionic species. 

CONCLUSIONS 

Kinetic investigations on the infusion of 
ascorbic acid in an aqueous solution were 
feasible when carried out in an anaerobic 
environment. The extraction of ascorbic acid 
and mineral elements from rose-hip occurred 
in multi-stage processes. The rate constant 
for the quasi-equilibrium in the infusion of 
ascorbic acid was observed to decrease 
with increased particle size and pH, and 
decreased temperature. However, the rate 
to attain the final equilibrium was more erratic, 
affected by particle size but not temperature 
and pH. The mineral ions, although present 
in very different concentrations from ascorbic 
acid in the hip, showed similar equilibrium 
and kinetic properties. 

In general, this kinetic investigation of 
the extraction of organic and inorganic 
species from rose-hips has clearly shown 
that although diffusion is a fundamental 
mode of solute movement, it 'cannot by 
itself account for all the extraction 
behaviour encountered. 
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