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Summary
Rose hip, also known as wild rose, is a summer fruit. The aim of this research is to
present physical, chemical, rheological, sensory and antioxidant properties of rose hip marmalades. Rose hips cultivated in Turkey are processed into pulp and then marmalade is made
by using vacuum evaporator or classical method. For the purposes of this investigation,
marmalades produced on a factory scale using two methods were compared to commercial marmalades purchased on market. The marmalades exhibited high levels of antioxidant activity as well as total phenolic content. The consistency indices for the marmalades
were determined to be between 64.2 and 321 Pa·sn. Colour parameters, namely L, a, b, were
measured and correlations between the examined parameters were calculated.
Key words: rose hip, marmalade, sensory properties, chemical properties, rheological properties, antioxidant properties

Introduction
A member of Rosaceae family, rose hip fruit resembles cornelian cherry. It is a dwarf plant of 2 to 3 m high
with ovoid pinkish red fruits. Its main native land is
West Asia and North Europe and it is grown especially
in the Middle and North-East of Anatolia. Gümüşhane,
Turkey, and its districts have a rich rose hip population
(1–3).
Rose hip, as many plants do, can synthesize aromatic substances, most of which are phenols or their oxygen-substituted derivatives. In many cases, these substances
serve in plant defense mechanisms to counteract reactive
oxygen species (ROS) in order to survive, and prevent
molecular damage or damage by microorganisms, insects
and herbivores (4,5). Rose hip is rich in vitamins (A, B,
K, and especially C and P), minerals (Mg, K, P), phenolics, antioxidants, pectin, organic acids, essential fatty
acids, and tannins (2,6–10,11). The main importance of
rose hip is that it is rich in vitamin C. Ascorbic acid, a
constituent of vitamin C, is the most well-known antioxidant and an important molecule in plant tissues that
protects plants against oxidative damage caused by the

oxidative metabolites of photosynthesis and aerobic processes (12).
Edible parts of the fruit are rarely eaten directly as
fresh, they are mostly consumed dried as well as in the
form of marmalade, nectar, wine, tea, pulp, or drinks
(13,14). Rose hip pulp is produced by mechanical crushing of fruits (15), then pulp, sugar, water, and citric acid
are mixed and evaporated to manufacture marmalade.
At pH=3.2 to 3.8 marmalades are sterilized at 85–95 °C
for 8–40 s.
The EU Council Directive (16) and Turkish Food Codex (17), related to jams, jellies, marmalades and sweet
chestnut purée intended for human consumption, both
specify definitions and labels of jams and related products (18). According to Turkish Food Codex (17), traditional marmalade is a mixture, pulp and/or purée of
one or more kinds of fruit and water, brought to a suitable gelled consistency of sugars. The quantity of pulp
and/or purée used for the manufacture of 1000 g of finished traditional marmalade products shall not be less
than 450 g as a general rule. Traditional marmalades
must have a soluble dry matter content of 55 % or more
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determined by refractometer. This product is called jam
or extra jam in the EU Council Directive. However, jams
should include undivided, unstrained fruit according to
the Turkish Codex.
There have been studies on the physicochemical properties of rose hip fruits (2,3,13,19) and on the dehydration of rose hip (9,11). However, this is the first report
about the procedure of rose hip marmalade production
and its chemical, rheological, sensory and antioxidant
properties.

Materials and Methods
Fruits
Wild rose hip fruits collected from Gümüşhane (Eastern Black Sea Region, Turkey) at the end of summer,
after full ripening, were used in this study. Nearly 7 tonnes of fresh fruits were brought to Gümüşsu Food Co. in
Gümüşhane, Turkey. The fruits were frozen in bags at –10
°C until the beginning of the production of marmalades.

Marmalade production
Marmalades were produced on a factory scale. Thawed fruits at room temperature were washed in a washing pool (UWM, Kurtsan Stainless Steel Industry, Bursa,
Turkey) and transferred to carving unit (Turbo crusher,
Kurtsan Stainless Steel Industry) with water nearly 1 to
1.5 times of fruit mass. Fruit pieces of 6–7 mm were poured into a boiler (Kurtsan Stainless Steel Industry). Extraction process was followed at 90 °C for 120 min. The
mixture was moved to a two-stage pulper (Turboextraktör,
Kurtsan Stainless Steel Industry) working at 800 rpm.
Mesh size in the first stage was 2 mm and those in the
second stage, with three nested sieves, were 1.1, 0.7 and
0.4 mm. The mix was separated in a centrifugal separator
(SOZA separator, Maschinenfabrik Kyffhäuserhütte, Artern, Germany). Separated product (pulp) was processed
to marmalade by the addition of appropriate amount of
sugar to reach 55 °Brix in the final products with 450 g of
pulp (12 °Brix) for 1000 g of marmalade (17) using two
different production methods. In the first method (marmalades produced using vacuum), double jacket vacuum
evaporator (Buller, Danişman, Bursa, Turkey) was used
at 650 mmHg (60 °C), and in the second method (marmalades produced with classical method), 500-litre classical conventional open-type boiler (diameter 2 m and
height 1.8 m) was used at atmospheric pressure (90 °C).
Samples of marmalades produced by both procedures
were randomly selected for this study, and they were
filled in hot, dark coloured 800-mL jars and sterilized at
95 °C for 120 s.
Three different brands of commercial marmalades
were purchased from local markets and refrigerated at
4 °C until analysis.

Chemicals
Trolox® (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, 97 %), gallic acid (GA), phenolphthalein, Folin-Ciocalteu reagent, sodium carbonate and other basic
chemicals were purchased from Sigma-Aldrich (Steinheim,
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Germany). All the chemicals used were of analytical grade.
Beet sugar used in the production was supplied from a
local company in GümüÕhane, Turkey.

Physical, chemical and antioxidant capacity analyses
Total acidity, pH, dry matter, ash, total sugar and reducing sugar content were analyzed according to AOAC
methods (20). Refractometric soluble solid content was
determined according to Tanner and Brunner (21) by
means of an ATAGO™ Abbe refractometer Type 1 (Atago,
Tokyo, Japan). Ascorbic acid content was determined according to the method of Farajzadeh and Nagizadeh (22).
Protein content was determined by a semiautomatic
micro-Kjeldahl assay. The protein content, assuming all
the nitrogen is of protein origin, was calculated by multiplying total N with coefficient 6.25 (23).
Hydroxymethylfurfural (HMF) was determined with
a spectrophotometer (Shimadzu UV-2450, Shimadzu Corporation, Kyoto, Japan) at 550 nm (24-26). Total phenolic
compounds were determined by the Folin-Ciocalteu method (27) with simple modification and expressed as gallic
acid equivalent (GAE). A mass of 2 g of sample (lyophilized fruit powder and marmalades) was dissolved in
20 mL of distilled water, centrifugated at 6000×g for 10
min and the supernatant was separated. A volume of 0.1
mL of the supernatant was mixed with 5 mL of distilled
water and 0.5 mL of commercial Folin-Ciocalteu reagent
(0.2 M based on sodium hydroxide titration). The content was mixed well and kept at room temperature for 5
min followed by the addition of 2.0 mL of 10 % aqueous
sodium carbonate and incubation at room temperature
for 1 h. Absorbance of the developed blue colour was
read at 760 nm against a blank reagent. For calibration
curve, five standard gallic acid solutions (0-100 mg/L)
were prepared in distilled water and their absorbances
were read according to the same protocol.
The antioxidant capacity of the marmalades was examined using FRAP (ferric ion reducing antioxidant power) method by comparison with the activity of a known
antioxidant, Trolox® (Trolox equivalents: TE) (28). Total
anthocyanins were determined spectrophotometrically according to Wrolstad (29) using pH differential method at
510 nm with the molar absorption coefficient of cyanidin-3-glucoside (e=29 600 M–1cm–1). Determination of carotene content was conducted according to Davies (30)
and Pirone et al. (11) with slight modifications. Marmalades were extracted several times with acetone/petroleum ether (1:1) at –18 °C and every sample collected in
100-mL volumetric flasks was covered with dark coloured
paper so as not to be affected by light. Absorbances were
read at 460 nm. The molar absorption coefficient for red
and yellow carotenes was determined to be 2000 M–1cm–1.
Colour measurement of the marmalades was carried
out using a colorimeter (CR-10, Minolta, Osaka, Japan)
and the measurements were recorded as Hunter L, a and
b colour values (31). Colour values for each sample were
computed by using three measurements from different
positions. The colour values were expressed as L for
darkness/lightness (0 black, 100 white), –a greenness, +a
redness, –b blueness, and +b yellowness.
Pectin content was determined according to the rapid and quantitative method used by Shelukhina and
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Fedichkina (32). This method is based on the precipitation with ethanol acidified after the extraction of pectins.
The dry ground material (50 g) was extracted with hot
water (0.5 L, twice, 70–75 °C, 1 h). The combined aqueous extracts were concentrated and precipitated with two
portions of 70 % aqueous ethanol acidified with HCl to
pH=2.9–3.5. The resulting precipitate was suspended in
water and lyophilized. The yield of water-soluble pectins was calculated.

Viscosity measurement and rheological behaviour
The viscosity (Pa·s) of marmalades was measured at
30, 40, 50, 60 and 70 °C using a Brookfield rotational viscometer (Model RVDV-I+, Brookfield Engineering Laboratories, Stoughton, MA, USA) equipped with spindle no.
6 at the speed of 0.6, 1.5, 3, 6, 12, 30 and 60 rpm. Enough
marmalade in a 600-mL beaker was used to immerse the
groove on the spindle with the guard leg. Three readings were taken per sample at 30-second intervals. Temperature was maintained using a thermostatically controlled water bath (33).

Sensory evaluation
Sensory properties of marmalades were evaluated according to Turkish Standards Institution (34) and Aksu
et al. (35) with slight modifications. The panel consisted
of 5 male and 5 female, aged 18 to 32, nonsmoker panelists who were familiar with rose hip marmalade. All panelists were selected among 24 candidates from a training
course on the recognition of basic sensory stimuli.
For evaluation, approx. 30 g of each marmalade sample were given to assessors labelled with random 3-digit
codes. The samples were brought to room temperature
before testing and served under white lightning in porcelain plates. Each panelist received a rating form, a slice
of white bread, and a knife for each blend. At each session, sensory attributes were discussed. The descriptors
were selected for use in formal sessions. Panelists were
required to stir each sample for 15 s before evaluation.
Water was served to the panelists to cleanse the palate
between evaluations. After palate cleaning, a pause (15 s)
was imposed before the panelists could assess the next
sample. Marmalades were rated for the colour and appearance (1–5 scale), consistency (1–5 scale), odour (1–4
scale) and taste (1–6 scale). Lower scores mean less desirable property, while the highest scores represent the most
desirable property.
Sensory evaluation is an important quality criterion
in foods. Both taste and health properties of traditional
foods such as traditional rose hip marmalade need to be
improved.

Results and Discussion
Physical, chemical and antioxidant properties of fruits
and marmalades
Many factors affect the composition of plants including region, variety, state of ripening, soil type and condition, irrigation and weather (36,37). The composition of
the wild rose hip affects the properties of marmalades.
The physical and chemical properties of rose hip fruits and
marmalades are given in Tables 1 and 2. As shown in
Table 1, pH, acidity (%), dry matter (%), phenolic content
as GAE (mg/100 g), and ascorbic acid content (mg/100 g)
of fresh fruits were 3.86, 3.2, 32.5, 9982 and 895.1, respectively. The studied parameters of rose hip fruits were similar to those found by Ercisli (19) and Pirone et al. (11).
The determined properties of marmalades indicated
that there were some differences among marmalades produced using vacuum evaporator, marmalades produced
by classical method and commercially purchased marmalades. They contain a considerable amount of vitamin
C and phenolic compounds. Total dry matter and soluble
solid content of marmalades produced using vacuum evaporator and those purchased commercially were higher
than of those produced by classical method. Total acidity of marmalades produced using vacuum evaporator,
purchased commercially and produced by classical method was 0.6, 0.79, and 0.9 %, respectively. At low acidity,
inversion was insufficient; the content of reducing sugar
was low. As a matter of fact, correlation (correlation is
significant at p=0.01 level) coefficient between reducing
sugar and acidity was found to be 0.008 (Table 3). As it
can be seen, strong positive relationship was observed

Table 1. Physical, chemical and antioxidant properties of rose
hip fruits
Properties

Content

m(1000 fruits)/g

1870.3±205

w(fruit flesh)/%

66.9±12.2

h(total soluble solid content)/°Brix

22.1±2.9

pH

3.86±0.12

acidity as citric acid/%

3.2±0.1

w(total dry matter)/%

32.5±4.2

w(ash)/%

3.2±0.5

w(protein)/%

7.2±0.4

w(pectin)/%

4.1±0.3

w(total phenolic composition as GAE per mass
of fresh fruit)/(mg/100 g)

9982±90

Statistical analysis

w(ascorbic acid per mass of fresh fruit)/(mg/100 g) 895.1±58

All the experimental results were presented as mean
values±S.D. of triplicate measurements and the data were
evaluated by using the analysis of variance (ANOVA).
The mean values statistically different from each other
were compared using Duncan’s multiple comparison test.
SPSS v. 9.0 for Windows software was used for statistical
analyses (SPSS Inc., Chicago, IL, USA). Differences were
considered significant at p<0.05.

FRAP antioxidant capacity as TE per mass of
fruit/(mM/g)

1.840±0.22

w(anthocyanins as cyanidin-3-glucoside)/
(mg/kg)

28.2±3

w(carotenes as b-carotene)/(mg/kg)

44.2±4

All data represent the mean values of three determinations±S.D.
(standard deviation)
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Table 2. Physical, chemical and antioxidant properties of marmalades
Marmalade samples
Parameter
w(total dry matter)/%
total acidity as malic acid/%

produced using
vacuum evaporator

produced by
classical method

commercially
purchased marmalades

(82.30±2.20)b

(70.20±3.1)a

(79.30±1.1)b

(0.60±0.12)a

(0.9±0.1)b

(0.79±0.1)ab

a

a

(3.0±0.12)a

pH

(3.50±0.15)

w(ash)/%

(0.23±0.03)a

(0.20±0.02)a

(0.25±0.03)a

h(total soluble solid content)/°Brix

(55.50±0.50)b

(53.0±1.0)a

(55.0±0.50)b

w(ascorbic acid)/(mg/100 g)

(45.40±1.70)b

(25.05±7.5)a

(125.20±9.5)c

a

(2.1±0.3)a

w(crude protein)/%

(3.3±0.3)

w(total sugar)/%
w(reducing sugar)/%

(2.8±0.2)

b

(2.3±0.4)

(49.77±0.30)a

(48.08±2.10)a

(54.27±1.40)b

(9.89±0.30)a

(22.9±0.90)c

(14.5±0.80)b

a

c

(5.64±0.85)b

w(HMF)/(mg/kg)

(3.86±0.45)

w(pectin)/%

(0.33±0.04)a

(0.28±0.04)a

(0.62±0.1)a

L

(30.20±0.10)c

(23.40±0.20)a

(27.40±0.20)b

a

(16.60±0.20)b

(10.30±0.10)a

(19.20±0.10)c

b

a

c

(12.50±0.10)b

(8.90±0.10)

(32.64±1.15)

(15.10±0.10)

w(total phenolic content as GAE per mass of marmalade)/(mg/100 g)

(645.6±64.2)a

(912.4±82.5)b

(761.2±42.4)a

FRAP antioxidant capacity as TE per mass of marmalade/(mM/g)

(26.15±1.25)a

(41.25±4.02)b

(30.05±2.05)a

w(anthocyanin as cyanidin-3-glucoside)/(mg/kg)

(55.22±3.1)a

(62.45±2.1)b

(50.83±1.10)a

a

b

w(carotene as b-carotene)/(mg/kg)

(71.42±2.4)

(88.05±3.5)

(68.52±3.1)a

Mean values followed by the same letter are not statistically different (p<0.05)
Averages values are expressed as mean±S.D. of three replicate determinations. Values of commercially purchased marmalades
(average values of three different brands) are also of three replicate determinations

Table 3. Correlations (R and p values) between some parameters

Total acidity
Reducing sugars
HMF
L
a
b
Total phenolic
composition

Reducing
sugars

HMF

L

a

b

Total phenolic
composition

0.807,
0.008**

0.692,
i0.039*

–0.763,
0.017*

–0.448,
0.226

0.834,
0.005**

0.959,
0.00**

0.868,
0.002**

1

0.953,
0.00**

–0.986,
0.0**

–0.793,
0.011*

0.963,
0.00**

0.920,
0.00**

0.964,
0.00**

–0.974,
0.00**

1

–0.928,
0.0**

–0.939,
0.0**

0.847,
0.004**

0.852,
0.004**

0.943,
0.00**

–0.878,
0.002**

1

i0.758,
0.018*

–0.877,
0.002**

–0.915,
0.001**

0.953,
0.00**

–0.803,
0.009**

0.681,
0.044*

0.899,
0.001**

0.892,
0.001**

–0.960,
0.0**

1

0.969,
0.0**

–0.900,
0.001**

1

–0.933,
0.0**

–0.978,
0.00**

1
1

FRAP antioxidant
capacity
R=Pearson's correlation coefficient (p<0.05), p=significance, *weak correlation, **strong correlation

FRAP antioxidant Colour and
capacity
appearance
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between the reducing sugar and acidity values (R=0.807,
p=0.008). Total sugar content of commercially purchased
marmalades was considerably higher than of other marmalades. This may be attributed to the added sugar for
higher profitability. Total sugar values of rose hip marmalades had previously been determined to be between
39 and 56.9 % (15). It can be seen in Table 2 that the
highest ascorbic acid content was found in the commercially purchased marmalades. As expected, in the marmalades produced by classical method, ascorbic acid content (25.05 mg/100 g) was the lowest and HMF content
(32.64 mg/kg) was the highest. This may be attributed
to the negative effect of temperature. Although the content of HMF can be influenced by temperature changes,
ascorbic acid can be degraded by factors such as temperature, metal ions, oxygen, moisture content and light (38).
HMF limits in marmalades are not specified in the Turkish Food Codex. However, the determined level of HMF
in marmalades is distinctly lower than the values of the
first class jam and honey (40 mg/kg) in literature (17,39).
Correlation coefficient (R) and the level of significance
(p) between the reducing sugar and HMF were calculated to be 0.953 and 0.00, respectively (Table 3). According
to these results, strong positive relationship was observed
between the reducing sugar and HMF values. Hydroxymethylfurfural content is widely used as an indicator of
the Maillard reaction, which occurs between reducing sugars and amino acids (40–42). The direction and speed of
reaction depend on many factors, such as material composition. In our study, the higher the reducing sugar content
was, the higher the HMF content was. Our findings showed similarity with previous reports (26,43). The amount
of HMF in plum, apple and apricot marmalades was between 18.3 and 25.7 mg/kg and HMF content of mulberry pekmez was between 18.0 and 152.3 mg/L (26,43).
Pekmez is one of the most common and known concentrated fruit juices (especially mulbery, grape, date, apricot,
sugar beet) in Turkey. Since pekmez contains high amount
of sugar, mineral and organic acids, it is very important
food product for human nutrition (26). It is consumed
mainly for breakfast instead of jam or marmalade.
The total antioxidant capacity of marmalades as TE
per mass of fresh fruit ranged from 26.15 to 41.25 mM/g
and total phenolics as GAE per mass of fresh fruit ranged from 645.6 to 912.4 mg/100 g. The antioxidant value
and total content of phenolics were higher in marmalades produced by classical method than in other marmalades. Correlation coefficients and significant values (Table
3) show that positive correlation was observed between
total phenolic composition and total acidity (R=0.807,
p=0.008), total phenolic composition and reducing sugar
(R=0.920, p=0.000), total phenolic composition and HMF
(R=0.852, p=0.004), total phenolic composition and antioxidant capacity (R=0.969, p=0.000), and between HMF
and antioxidant capacity (R=0.943, p=0.000). Similarly,
Turkmen et al. (44) found that antioxidant activity correlated with increased browning of honey samples. Another
study reported that there was positive correlation between HMF and DPPH radical scavenging activity (45).
Antioxidant capacity as TE per mass of dry sample of
cherry laurel fruits (46) and Andean tubers (12) had previously been reported to be between 3.363 and 19.981 mM/g,

and 0.35 and 11.8 µmol/g, respectively. Total phenolic content calculated by using the same method of marmalades
was considerably higher than of black currant (3.61–4.35
mg/g), blueberry (2.70–3.48 mg/g), strawberry (1.61–2.94
mg/g) and raspberry (2.7–3.03 mg/g) (47).
Total anthocyanins (62.45 mg/kg) and carotenes
(88.05 mg/kg) of marmalades produced by classical method were higher than of the other two types, probably
because of better extraction. It had previously been shown
that total anthocyanin and carotene content of rose hip
nectars were 31 and 42.6 mg/kg, respectively (11). Our
results were higher than those of that study because of
higher fruit content in marmalades.
Pectin content in marmalades produced using vacuum, classically and commercially produced was 0.33, 0.28,
and 0.62 %, respectively. Commercially purchased marmalades contained additional pectin. The amount of crude
protein in marmalades produced using vacuum evaporator was higher than in other marmalades. There was
not any statistical difference in the ash content of marmalades.
The colour index is one of the most important factors
in the quality of fruit products such as marmalades produced by heat treatment. Manufacturing processes such
as dilution, drying and baking can affect final product
colour. Significant differences were found in colour values of all three types of marmalades. Table 2 shows that
marmalades produced using vacuum evaporator had the
highest lightness/brightness values (L=30.20), whereas marmalades produced by classical method had the lowest L
values (23.40). The greenness/redness values (a) of the
products ranged from 10.30 to 19.20 and blueness/yellowness values (b) ranged from 8.90 to 15.10, while in
another study a values were from 17.75 to 31.80 (15). In
the marmalades produced using vacuum evaporator and
the commercially purchased marmalades, L and a values
were higher, but b values were lower. The strong negative correlation was calculated between the L values and
total phenolic composition (R=-0.877, p=0.002), L values
and reducing sugar (R=-0.986, p=0.00), and L values and
HMF (R=-0.928, p=0.00).

Rheological properties of marmalades
The empirical data obtained for samples were converted into shear stress and shear rate (48,49). Average
shear stress and shear rate were calculated as:
sa=kas·(C·the value read from the viscometer)

/1/

ga=kNg · N

/2/

where sa is the average shear stress (Pa), kas is the shear
stress conversion factor (Pa) and C is the spring constant
(C=1.0 for the Brookfield viscometer RV model). The kas
for spindle no. 6 is 2.35, ga is the shear rate (s–1) and N is
the rotational speed in rpm. kNg (the shear rate conversion factor) was between 1.366 and 0.238 (48,49).
Dividing Eq. 1 by Eq. 2 yields an expression for apparent viscosity:
ha=sa/ga

/3/

The experimental data obtained for marmalades at
different temperatures and speeds were calculated. The
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Arrhenius-type equation with the linear regression analysis (Eq. 5). Ea and k0 for marmalade flow are shown in
Table 5. Ea values of marmalades produced using vacuum

flow behaviour of marmalades produced using vacuum
evaporator is given in Fig. 1. The rheological behaviour
of marmalades is described by the power law model
(Eq. 4) (50):
ha=k·g

(n–1)

/4/

where ha is the apparent viscosity (Pa·s), k is the consistency index (Pa·sn), g is the shear rate (s–1) and n is the
flow behaviour index (dimensionless). Linear regression
analysis was applied on the data to find n, k and correlation coefficient (R2), the results of which at different temperatures are given in Table 4. The power law model appears to be suitable for describing the flow behaviour of
marmalades as indicated by high R2 values.
The R2 values ranged from 0.962 to 0.994 for all samples. As shown in Table 4, n and k values ranged from
0.22 to 0.32, and 64.2 to 321, respectively. All marmalades
exhibited a pseudoplastic behaviour because the values
of flow behaviour index (n), a measure of the departure
from Newtonian flow (43), were less than 1 (51). The magnitude of the consistency coefficient (k) decreased with
the increase in temperature. Increasing the temperature
from 25 to 75 °C considerably decreased the k value. Similar results were also obtained in the pekmez, which is
one of the most important viscous products, and peach
dietary fibre suspensions (41,51).

Fig. 1. The flow behaviour of rose hip marmalades produced using
vacuum evaporator at different temperatures (–w– 25 °C, n 40 °C,
p 60 °C, and × 75 °C)

The viscosity of marmalades generally decreases as
the temperature increases. As shown in Figs. 1 and 2, as
the temperature and speed increased, the viscosity of all
marmalades decreased. In the literature, similar flow diagrams were found for pekmez samples and some beverages (26,41,49,51). As it can be seen in Fig. 1 and Table 2,
viscosity and pectin content of commercially purchased
marmalades were higher than those of other samples.
The structure of commercially purchased marmalades
can be improved by using stabilizing agents (such as
pectin).
The consistency index can be used to describe the
variation in viscosity with temperature changes using
the Arrhenius equation (41,49,52):
lnk=lnk0+Ea/R·Ta

/5/
n

where k0 is the Arrhenius constant (Pa·s ), Ea is the activation energy (J/mol), R is the universal gas constant (J/mol)
and Ta is the absolute temperature (K). The constant k0
(Pa·sn) and Ea (J/mol) parameters were obtained from

Fig. 2. The flow behaviour of rose hip marmalades (–w– produced using vacuum evaporator, n produced by classical
method, and p commercially purchased marmalades) at 25 °C

Table 4. The consistency index (k) and flow behaviour index (n) of marmalades at different temperatures
Marmalade samples
Temperature
°C

produced using vacuum
evaporator

produced by classical
method

commercially purchased
marmalades

k
Pa·sn

n

R2

k
Pa·sn

n

R2

k
Pa·sn

n

R2

25

240.4

0.28

0.989

175.8

0.23

0.993

321.0

0.32

0.981

40

197.1

0.27

0.985

140.2

0.24

0.986

261.5

0.25

0.988

60

129.4

0.28

0.985

93.1

0.22

0.987

156.2

0.28

0.992

75

80.2

0.25

0.977

64.2

0.22

0.962

109.8

0.22

0.994

k and n (dimensionless) indices were obtained by fitting rotational speed and viscosity data to the power law model (Eq. 4)
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evaporator, marmalades produced by classical method,
and commercially purchased marmalades were calculated as 18 670, 17 335 and 18 930 J/mol, respectively. The
values of k0 were found to be 0.139, 0.165 and 0.170 Pa·sn
in the marmalades produced using vacuum evaporator,
purchased commercially, or produced by classical method,
respectively. Ea values in our study were found to be
Table 5. Arrhenius-type equation parameters for marmalades
Marmalade samples

k0/(Pa·sn) Ea/(J/mol)

R2

produced using vacuum
evaporator

0.139

18670

0.957

produced by classical method

0.170

17335

0.981

commercially purchased
marmalades

0.165

18930

0.978

tion (correlation is significant at p=0.01 level) was observed between colour/appearance and L values (R=0.953,
p=0.00). Positive correlation at p=0.05 level was calculated between colour/appearance and a values (R=0.681,
p=0.044) and between consistency and total sugar (R=0.790,
p=0.011). In the statistical calculations, strong negative
correlation was found between colour/appearance and
reducing sugar (R=–0.974, p=0.00), HMF (R=–0.878, p=
0.002), b values (R=-0.960, p=0.00), total phenolic composition (R=-0.900, p=0.001), and antioxidant capacity
(R=-0.933, p=0.00).

Conclusions

k0 and Ea parameter were obtained from Arrhenius-type equation (Eq. 5)

lower than those of pekmez/tahini blends (30 329 J/mol
at 0 % pekmez content) but k0 values were found to be
higher (53). Higher k0 values obtained for marmalades
indicate an increase in viscosity. Consequently, these
values indicate that pekmez/tahini blend is more fluid,
and has more homogeneous texture and uniform particle distribution than marmalades.

The obtained results imply that rose hip marmalades have high dry matter, sugar, ascorbic acid and phenolic content, and low HMF and pseudoplastic viscosity
behaviour. In addition, marmalades show marked antioxidant activity and sensory properties, which provide a
valuable source of nutrients and require further investigation with regards to their antioxidant components.
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