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Abstract In this study, bioactive (total phenolic, antiox-
idant and antiradical activity) and rheological properties
(steady and dynamic) of rose hip marmalade were in-
vestigated. Bioactive properties were determined in rose
hip marmalade and extract. Extract had higher total phe-
nolic content (38.5 mg GAE/g dry extract), antioxidant
activity (124 mg AAE/g dry extract) and antiradical
activity (49.98 %) than marmalade. Steady and dynamic
rheological properties of the marmalade were deter-
mined at different temperature levels (5, 25 and
45 °C). Rose hip marmalade exhibited shear thinning
behavior and Ostwald de Waele model best described
flow behavior of the sample (R2 ≥ 0.9880) at different
temperature levels. Consistency index and apparent vis-
cosity values (η50) at shear rate 50 s−1 decreased with
increase in temperature level. Viscoelastic properties
were determined by oscillatory shear measurements
and G' (storage modulus) values were found to be
higher than G'' (loss modulus) values, indicating that
the rose hip marmalade had a weak gel−like structure
with solid–like behavior. G', G'', G* (complex modulus)
and η* (complex viscosity) values decreased with in-
crease in temperature level. Modified Cox-Merz rule
was satisfactorily applied to correlate apparent and com-
plex viscosity values of the rose hip marmalade at all
temperatures studied.

Keywords Rose hip marmalade . Steady and dynamic
rheology . Bioactive properties . Cox-Merz Rule

Introduction

In recent years, a strong relationship between diet and health
has been reported. Therefore, vegetable and fruit based food
products have been widely preferred by health-conscious peo-
ple. Rose hip is one of the fruit types that have received a great
attention due to its therapeutic properties and also used for
food and pharmaceutical purposes as an ingredient in pro-
biotic drinks, soups and yoghurts (Chrubasik et al. 2008;
Larsen et al. 2003). Rose hip is consumed as marmalade, fruit
juice, and tea bag. Rose hip fruits are rich in ascorbic acid
(Gao et al. 2000; Olsson et al. 2004), carotenoids (Hornero-
Mendez and Minguez-Mosquera 2000), phenolic compounds
(Gao et al. 2000; Olsson et al. 2004), folates (Stralsjo et al.
2003) and fatty acids (Larsen et al. 2003). It was reported that
rose hip had prophylactic and therapeutic properties against
many ailments including inflammatory disorders arthritis
(Kharazmi 2008; Rein et al. 2004), rheumatism and some
infectious diseases such as influenza and gastrointestinal
disorders (Orhan et al. 2007). In addition, rose hip can
strengthen immune system against some infections espe-
cially the common cold (Ercisli 2007). Therefore, con-
sumption of the rose hip based products is very important
for human health.

One of the most widely consumed rose hip based products
is rose hip marmalade that is widely consumed in breakfast in
Turkey. Marmalade is prepared by boiling fruit pulp with sug-
ar and acid until desired brix value is reached. Generally, shelf
life of the marmalade is known to be approximately 2 years. In
addition to its sensory characteristics, rheological properties of
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the marmalade are also among the most important factors
determining consumer preference. In addition, from a general
point of view, rheological characterization of food systems is
useful in optimization of formula, observation of ingredient
functionality and quality control (Dervisi et al. 2001; Kokini
and Plutchok 1987). Rheological properties are remarkably
affected by amount and type of sugar, concentration and type
of gelling agent, fruit pulp content and process temperature
(Basu and Shivhare 2010). In order to determine rheological
properties, different types of tests, namely steady shear and
dynamic shear measurements, are performed. Apparent vis-
cosity which is determined by steady shear measurements is a
function of shear rate data showing flow behavior of food
systems. On the other hand, dynamic oscillatory measure-
ments are performed to determine viscoelastic characteristics
of food systems. Storage modulus (G'), loss modulus (G'') and
complex modulus (G*) of food systems are determined by
oscillatory measurements (Dolz et al. 2006).G' and G'' values
represent the elastic or viscous structure of the sample, respec-
tively. To the best of our knowledge, many studies have been
conducted to investigate rheological properties of some fruit
based products (jams and puree) (Igual et al. 2014; Basu et al.
2013; Falguera et al. 2010). The studies on rose hip fruits have
solely focused on chemical composition and their functional
properties (Demir et al. 2014; Andersson et al. 2011; Wenzig
et al. 2008). However, no study has been reported so far in the
literature on phenolic content and steady/dynamic rheological
properties of the rose hip marmalade. Therefore, in the present
study, bioactive, flow behavior (steady) and viscoelastic (dy-
namic rheological properties) properties of the rose hip mar-
malade were investigated.

Materials and methods

In this study, rose hip marmalade was prepared according to
the traditional method reported by Özdemir et al. (1998). Rose
hip fruits used in production of the marmalade was grown in
Konya, Turkey. Process flow chart for the production of the
marmalade is presented in Fig. 1. The ripened fruits were
firstly dry cleaned in order to remove spoils and then washed.
After cleaned, they were soaked into warm water in a ratio of
1:1.5 at 60 °C for 8 h. The fruit/water mixture was pressed to
obtain pulp and then the pulp was filtered using sieve with
0.5 cm of pore dimater. Total soluble solid (TSS) content of
the obtained pulp was determined as 10 °Brix. After cooking
of the pulp until 50 °Brix, sucrose was added in a ratio of
1:1.5. Sucrose was thoroughly solved and the marmalade
was hot filled, closed hermetically and cooled to 25 °C.
Total soluble solid content of the end product was found to be
65 °Brix. Regarding chemical agents used in this study, Folin
Ciocalteu reagent, sodium carbonate, sulphuric acid, sodium

phosphate, ammonium molybdate (Merck) and DPPH
(2,2-Diphenyl-1-picrylhydrazyl) were from obtained Sigma.

Determination of bioactive properties

Bioactive properties (total phenolic content, antioxidant and
antiradical activity) were determined in two different types of
sample that were prepared according to the following two
methods.

1. Extraction method: 1 g sample of rosehip marmalade was
mixed with 10 mL 80 % ethanol solution. Extraction was
carried out with shaker water-bath (Memmert WB 22,
Germany) at 35 °C for 1 h. After that, dry extract was
collected using the vacuum evaporator at 40 °C. The dry
extract was diluted to 5000 ppm with addition of solvent

WASHING AND SORTING

SOAKING IN WARM WATER
(60 ºC for 8 hours; ratio: 1/1.5)

PULPING

PULP

COOKING
(Brix 50) 

SUCROSE ADDITION
(ratio: 1/1.5 during cooking)

CLOSING HERMETICALLY

DRY CLEANING 

ROSE HIP MARMALADE
PRODUCTION

COOLING
(25 ºC)

REMOVAL OF EMERGING  
YELLOWISH PORTION

RIPENED ROSE HIP BERRIES

HOT FILLING

Fig. 1 Process flow chart for production of rose hip marmalade
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(80 % ethanol) and the prepared dilution was mixed and
filtered using syringe equipped with membrane filter
(0.45 μm).

2. Direct analyses method: 0.1 g of sample was taken and
diluted to 10,000 ppm with addition of the ethanol solu-
tion (80 %). After this operation, the solvent was filtered
using syringe equipped with membrane filter (0.45 μm).

Determination of total phenolic content

The total phenolic content analysis was performed according
to the Folin-Ciocalteu colorimetric method (Singleton and
Rossi 1965) with some modifications (Sagdic et al. 2013).
The method measures necessary amount of the analyzed sam-
ple, in order to inhibit the oxidation of FCR (Folin–Ciocalteu
reagent or Folin’s phenol reagent). FCR method is based on
the principle of transformation of molybdenum electron from
phenolic compounds and other reductive antioxidants.
Absorbance of blue colored complex was measured by spec-
trophotometer at 760 nm (Ardag 2008). The results were cal-
culated using gallic acid calibration curve and reported as mg
GAE/g dry extract.

Determination of antioxidant activity

Antioxidant activity was determined according to the
phosphomolibdenium complex method described by Prieto
et al. (1999). The method is based on the formation of green
colored phosphate/Mo (V) complex at a high temperature in
acidic pH range by reducing Mo (VI) to Mo (V) in the exis-
tence of antioxidants, and on measurement of this color
(Başak and Candan 2008). The results were calculated using
ascorbic acid calibration curve and reported as mg AAE/g dry
extract.

Determination of antiradical activity

Antiradical activity of the samples was determined using the
DPPH (1,1-diphenyl-2-picrylhydrazyl) scavenging method as
described by Brand-Williams et al. (1995) with some modifi-
cations. Five hundred μL of 5000 ppm sample and 3500μL of
DPPH (prepared with 100%methanol) solvent were collected
into test tubes. After 30 min of incubation, absorbance was
read at 517 nm. The results were expressed as % inhibition.

Rheological measurements

Steady shear measurements

Steady shear rheological properties were determined using a
controlled stress rheometer (Thermo-Haake, RheoStress 1,
Germany) equipped with a parallel plate configuration

(gap = 0.5 mm; diameter = 25 mm) at different temperature
levels (5, 25 and 45 °C). The measurements were carried out
within shear rate range of 1–100 s−1. Total 25 data points were
recorded at 10 s intervals and time duration of the shearing
was 250 s. The measurements were performed at five times at
each temperature level. Three different models; namely,
Ostwald de Waele (Eq. 1), Herschel Bulkley (Eq. 2) and
Casson (Eq. 3) were used to describe flow behavior of the
rose hip marmalade.

σ ¼ K γ̇ð Þn ð1Þ

σ ¼ σ0 þ Kγ̇n ð2Þ

σ0:5 ¼ σ0c
0:5 þ Kcγ̇

0:5 ð3Þ

where σ is the shear stress (Pa), K is the consistency coef-
ficient (Pa sn), γ̇ is the shear rate (s−1), n is the flow behavior
index (dimensionless), σ0 is the yield stress (Pa), σ0C is the
Casson yield stress (Pa0.5) and Kc is the Casson constant
(Pa s)0.5 (Rao 2005). The corresponding model parameters
were calculated using RheoWin Data Manager (RheoWin
Pro V. 4.0, HAAKE, Karlsruhe, Germany). Accuracy of the
models were compared with respect to R2 and RMSE values
calculated using the following equations (Delgado et al. 2014):

SSE ¼
Xn

i¼1

yexp;i−ypred;i
� �2

ð4Þ

RMSE ¼
ffiffiffiffiffiffiffiffiffiffi
SSE

n−m

r
ð5Þ

where n and m is the observation number and number of
constants in the corresponding model.

Dynamic shear measurements

The stress controlled rheometer (Thermo-Haake, RheoStress
1, Germany) was also used for determination of viscoelastic
properties of the rose hip sample. In order to determine linear
viscoelastic region (LVR), stress sweep test was performed
within shear stress range of 0.1 and 10 Pa at 1 Hz.
Frequency sweep test was performed at 0.3 Pa over a frequen-
cy (ω) range of 0.1–10 Hz at different temperature levels (5,
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25 and 45 °C) to record storage (G') and loss modulus (G'')
values.

Other parameters obtained from frequency sweep measure-
ments were G* (complex modulus), η* (complex viscosity)
and tan δ (loss tangent). The overall response of the sample
versus to the sinusoidal strain were characterized by complex
modulus (G*) (Gunasekaran and Ak 2000) and complex vis-
cosity (η*).

Loss tangent, a dimensionless number which indicates if
the material behaves as solid-like or liquid-like behavior, was
calculated by dividing G′ to G′′ (Gunasekaran and Ak 2000).

Non-linear regression was applied to G′ and G′′ values
versus ω data and then magnitudes of intercepts (K′, K′′ and
K*) and slopes (n′, n′′ and n*) were computed using the fol-
lowing equations (Yoo and Rao 1996):

G0 ¼ K 0 ωð Þn0 ð6Þ

G00 ¼ K 00 ωð Þn0 0 ð7Þ

η* ¼ K* ωð Þn*−1 ð8Þ

Applicability of Cox-Merz rule

Cox-Merz rule is applied to understand if the steady-state
shear properties can be determined by oscillatory measure-
ments and vice-verca (Augusto et al. 2012, 2013). To be clear,
finding out that this rule would be valid enables us to deter-
mine the rheological properties of foods by either oscillatory
or steady-state shear experiments. This is very useful because
it is not always possible to sequentially conduct each kind of
experiment (Gunasekaran and Ak, 2000). Especially for many
polymeric systems, high shear stress conditions lead fracture
in sample and secondary flows, which complicates measure-
ment of steady viscosity. Therefore, in many cases, dynamic
shear mesurements are more condifental. In addition, it is
possible to have information on microstrcture of food mate-
rials that adhere to the rule, which reveals the significance of
the application of Cox-Merz rule. Therefore, in this study,
correlation between the dynamic shear (complex viscosity,
η* and angular frequency, ω) and steady shear parameters
(apparent viscosity, η and shear rate, γ˙) at different tempera-
ture levels was determined using the Cox-Merz rule (Eq. 9)
(Rao and Tattiyakul 1999; Steffe 1996).

η* ωαCMð Þ ¼ η γ̇ð Þ��
ω¼γ̇ ð9Þ

Statistical analysis

ANOVA test was used (SPSS Statistics 17.0, Armonk, NY,
USA) to determine if the effect of temperature on the mea-
sured rheological parameters was significant (P <0.05).

Results and discussion

Bioactive properties

Table 1 reveals that total phenolic content (TPC) prepared by
the direct method was recorded as 21.14 mg GAE/g dry ex-
tract, while that of the sample prepared by the extractionmeth-
od was noted as 38.49 mg GAE/g dry extract. The phenolic
content of rosehip over dry fruit weight was recorded as 96mg
GAE/g dry weight (Ercisli 2007). Yoo et al. (2008) extracted
rosehip samples with 70 % methanol solution and determined
the phenolic substance amount as 818.5 mg GAE/100 g. In
addition, the phenolic compounds extracted with 50 % ace-
tone and 80 % methanol were found to be 5.09 and 2.57 mg
GAE/g botanicals, respectively. Barros et al. (2010) reported
the total phenolic content of rose hip to be 143.17 mg GAE/g.
From these results, it was possible to say that there were re-
markable differences between the total phenolic content
values of rosehip fruits in terms of total phenolic content.
Different TPC results could be attributed to the differences
between types of the fruit and extraction solvents used.
Accordingly, Karaman et al. (2014) reported that TPC of per-
simmon fruit varied between 96.77 and 3872 mg GAE/100 g
dry sample and they attributed these variations to the different
solvent types used. Moreover, maturity level of the fruits may
be another factor which can influence TPC of the sample.
Accordingly, Costa et al. (2013) reported that immature fruits
had higher phenolic content than mature ones and observed
higher anti-oxidant activity in unripened fruits. On the other
hand, many different phenolic compounds were determined
in the previous studies. Gallic acid, protocatechuic acid,
4-hydroxy benzoic acid, catechin, vanillic acid, procyanidin-
B2, syringic acid, epicatechin, epicatechin gallate,
2,5-dihidroxy benzoic acid, chlorogenic acid, caffeic acid,
coumaric acid, ferrulic acid, sinapic acid and resveratrol were

Table 1 Bioactive properties of the rose hip marmalade

Sample typea Total phenolic
content
(mg GAE/g
dry extract)

Antioxidant
activity
(mg AAE/g
dry extract)

Antiradical
activity
(% inhibition)

Extraction method 38.49 ± 0.03 123.91 ± 0.03 49.98 ± 0.12

Direct analysis method 21.14 ± 0.03 42.84 ± 0.09 7.23 ± 0.05

a Bioactive properties were determined in two different types of sample
prepared by the above methods
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the common phenolic compounds found in the rose hips in
variable quantity (Demir et al. 2014).

Antioxidant and antiradical activity values of the samples
are also presented in Table 1. Antioxidant activity values were
found to be 42.84 and 123.91 mg AAE/g dry extract while
antiradical activity values were found to be 7.23 and 49.98 %
for the samples prepared by direct and extraction methods,
respectively. As can be seen, antioxidant and antiradical
activity values of the samples prepared by extraction method
were remarkadly higher than those of the samples prepared by
direct method. These results could be attributed to the fact that
the functional components could be passed from the solvent
selectively in the extraction method. Although the direct
method reflects more realistic results for bioactive properties
of rose hip marmalade ready for consumption, different
extraction methods should also be developed and tested to
understand the possibility to increase yield of recovery of
some natural components from plant materials such as
colorants, flavor and antioxidant compounds. Regarding our
study, antioxidant activity of the rose hip marmalade was
thought to be resulted from vitamin C and phenolic
compound content of the rose hip fruits. Accordingly,
Chrubasik et al. (2008) reported that rose hips were rich in
phenolic compunds and vitamin C. Therefore, daily consump-
tion of rose hip maramalade is very beneficial for human
health. In order to improve functional properties of the mar-
malade, it is necessary to determine processing condition
(cooking temperature and time) to minimize damage of bio-
active substances during production of the marmalade.

Rheological properties

Steady shear properties

Figure 2 shows the effect of temperature on steady shear prop-
erties of the rose hip marmalade. The obtained data were fitted
to three different models, namely, Ostwald deWaele, Herschel
Bulkley and Casson models. Corresponding model parame-
ters and their determination coefficient (R2) values are sum-
marized in Table 2. As can be seen from R2 values, Herschel

Bulkley and Ostwald de Waele models exhibited better per-
formance than did the Casson model at all temperature levels.
RMSE values were also calculated for only these two models
since their R2 values were found to be very close to each other.
Except for the findings obtained at 5 °C, RMSE values of
these models were also very close to each other. Based on
these results, it can be said that Ostwald de Waele and
Hershel Bulkley models can be used for description of flow
behavior of the rose hip marmalade. Similar results were
reported by Maceiras et al. (2007) who determined flow be-
havior of different purees and jams (raspberry, strawberry,
prune, peach). Flow behavior of the mango (Basu and
Shivhare 2010), banana and peach jams (Falguera et al.
2010), pear and peach purees (Holdsworth 1993), mango
and papaya purees (Guerrero and Alzamora 1998) and banana
puree (Ditchfield et al. 2004; Guerrero and Alzamora 1997)
was best described by Herschel Bulkley. Ostwald de Waele
model was found to be the best for description of flow behav-
ior of blueberry puree (Nindo et al. 2007), guava puree (Rao
1999), raspberry, strawberry, prune and peach purees as well
as jams prepared using these purees (Maceiras et al. 2007).

Consistency coefficient (K) and flow behavior index (n)
values for the rose hip marmalade tested at different tempera-
tures (5, 25 and 45 °C) are presented in Table 2. K values were
found to be 29.4, 23.2 and 17.6 Pa sn at 5, 25 and 45 °C,
respectively. Consistency and viscosity of the sample is
strongly associated with the sucrose amount added to the
product. High sugar concentration leads to decrease in viscos-
ity of the sample by inhibiting molecular hydration of pectin
(Mizrahi 1979). Therefore, sugar concentration to be added to
the product should be taken into account to control rheological
behaviour in terms of increasing resistance to flow or defor-
mation. K values decreased with increase in temperature,
which was similar to those reported for different foods in
previous studies (Goksel et al. 2013; Toker et al. 2013;
Yilmaz et al. 2011). Decrease inK value indicated that fluidity
of the sample increased with increase in temperature, which is
important for consumer acceptability since consistency of the
marmalade product is one of the most important factors affect-
ing consumer preference of the product. Therefore, relation-
ship between storage condition or consumption temperature
should be taken into consideration in order to reach desired
consistency. The other parameter of the Ostwald de Waele
model was the n value. Magnitude of n value was found as
0.227, 0.218 and 0.281 at 5, 25 and 45 °C, respectively
(Table 2). As seen, n value of the sample tested at 45 °C was
higher (P < 0.05) than those of the samples tested at 5 and
25 °C. The n values lower than unity indicated that rose hip
marmalade showed shear thinning behavior, meaning that ap-
parent viscosity decreased with increase in shear rate at all
temperature levels. This result was thought to possibly result
from the breakdown of the rose hip marmalade structure due
to the shear applied during analysis (Yu et al. 2007).
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Moreover, weak physical bonds like electrostatic and hydro-
phobic forces might have been destroyed easily during shear-
ing (Isanga and Zhang 2009), also contributing to the shear
thinning behavior of the rose hip marmalade. Shear thinning
behavior was also reported for blueberry puree (Nindo et al.
2007). Mizrahi (1979) reported that most fruit purees showed
shear thinning behavior with zero yield stress. Given that vis-
cosity or consistency is important characteristic for consumer
acceptability, it is essential to determine application of the
processes involving shear (as a consequence of mixing, stir-
ring, pumping, pouring from bottle) to which the processed
foods are subjected during production period. Selection of
handling equipment and processing conditions should be
made carefully to prevent structural breakdown of the sample
resulting from flow transitions, heat application and high shear
stresses applied (Nindo et al. 2005).

As mentioned above, Herschel Bulkley model was selected
as the best model to describe flow behaviour of the rose hip
marmalade sample. It was seen that K value also significantly
decreased from 21.8 to 12.7 Pa as temperature increased from
5 to 45 °C. Yield stress was determined as 7.5, 6.5 and 6.4 Pa,
respectively at 5, 25 and 45 °C. As understood from Table 2,
yield stress decreased also with increasing temperature, which
was in accordance with the findings reported by Nindo et al.
(2007). The yield stress value of the material is strongly asso-
ciated with shear rate range of the analysis, model type which
described best the flow behaviour of the sample and
shape and size of the particles (Steffe 1996; Mizrahi
1979). Knowledge acquisition about relation between
temperature and yield stress is necessary to determine
stress that must be overcome before starting of flow.
This stress is very critical for obtaining desired product
quality. For example, in the cases it would be too high,
the structure is destroyed and therefore quality of the
product is lost. In order to eliminate these problems, pro-
cessing conditions and design, and formulation of the
product should be selected carefully regarding rheological
characteristics of the samples.

Another important parameter measured by steady shear
measurements is η50, the apparent viscosity measured at shear
rate 50 s−1 (the shear rate in the mouth) (Rao and Tattiyakul
1999). η50 values measured at different temperature levels (5,
25 and 45 °C) are also shown in Table 2. As can be seen, η50
values of the samples were determined to be 1.30, 1.07 and
0.93 Pa s at 5, 25 and 45 °C, respectively. As seen from the
results, temperature significantly (P < 0.05) affected the η50
values. Similar results were reported for different food prod-
ucts in previous studies (Arici et al. 2013; Goksel et al. 2013;
Toker et al. 2013; Yilmaz et al. 2011; Yilmaz et al. 2014). The
decrease in η50 values due to increase in temperature levels
might be due to increase in intermolecular distances resulting
from thermal expansion leading to reduction of intermolecular
forces (Arslan et al. 2005; Hassan and Hobani 1998;T
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Holdsworth 1971), so decrease in viscosity of the rose hip
marmalade. It is important to know appropriate temperature
level if the relationship between temperature and viscosity
should be understood. These results suggested that the load
applied during pumping and shear stresses applied to the sam-
ple be reduced at the higher temperature levels (Nindo et al.
2007). Because the product is subjected to different shear
rates, it is important for the industry to know how the viscosity
of the sample would change depending on the temperature at
specified shear rate. In this respect, it is essential to design
proper equipments (Maceiras et al. 2007) and accomplish pro-
cessing conditions (pumping level, temperature). This rela-
tionship between temperature and viscosity is also important
for process optimization to obtain the product having desired
quality, which would directly influence consumer acceptance
for the product.

Dynamic shear properties

As known, foods are complex systems composed of both vis-
cous and elastic parts. Therefore, determination of viscoelastic
characteristics of the rose hip marmalade is important for suit-
able design and handling processes. Figure 3 presents storage
modulus (G') and loss modulus (G'') values of the rose hip
marmalade as a function of angular frequency (ω) at different
temperature levels (5, 25 and 45 °C).G' andG'' increased with
frequency and G' values were higher than G'' values at all
temperature levels, indicating that rose hip marmalade had a
weak gel−like structure (Ross-Murphy 1994). In other words,
rose hip marmalade sample had solid−like character rather
than viscous structure. The obtained data (G', G'' versus ω)
were fitted to the Eqs. 6 and 7 and the corresponding

parameters (Table 3) were calculated for each temperature
level. R2 values were calculated to range between 0.9839
and 0.9975, showing that the fitted models could successfully
describe the relation between G' or G'' and ω. K' values were
calculated to change between 244 and 525 Pa while K'' values
varied between 70 and 121 Pa. K' and K'' values were signif-
icantly affected by temperature level, decreasing with increase
in temperature. Magnitudes of K' value was higher than those
of K'', proving the solid−like character of the rose hip marma-
lade at all temperature levels studied. n' and n'' are the param-
eters representing slope of ln (G') and ln (G'') versus ln (ω)
data. For true gels, these slopes are considered as zero
(Ross-Murphy 1994). The slopes calculated for rose hip
marmalade (n' = 0.185–0.224, n'' = 0.333–0.395) were
found as positive, further proving weak gel−like structure
of the marmalade.

Another parameter obtained from frequency sweep test is
complex modulus (G*) representing total resistance of the ma-
terial to deformation (Steffe 1996). G* values increased with
frequency (Fig. 3), but decreased with temperature, indicating
that the resistance of rose hip marmalade to deformation
decerased as the temperature level increased. This result sug-
gested the rosehip marmalade be kept at low temperature
levels during handling, storage, transportation or processing
in order for the marmalade to show higher resistance to
deformation.

Obtained η* (G*/ω) versus ω data were fitted to the Eq. (8)
and the corresponding parameters are summarized in Table 3.
As can be seen from the R2 values (0.9856–0.9945), Ostwald
de Waele model successfully described the change in η*
values as a function of ω at the temperature range studied in
the present study. Temperature significantly (P < 0.05)

Fig. 3 Dynamic rheological
parameters (G' (closed symbol),
G'' (open symbol), G* and tan δ)
of the rose hip marmalade at
different temperature levels
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affected K* values. Viscoelastic structure of the rose hip mar-
malade was also described by tan δ. Figure 3 shows that tan δ
value was lower than unity at all temperature levels, indicating
that rose hip marmalade sample had elastic behavior rather
than viscous character. Loss tangent values were generally
observed to increase with frequency and decreased with tem-
perature, meaning that the rose hip marmalade sample showed
more liquid character at higher temperatures.

Applicability of the Cox-Merz rule

Limitations and characteristics of each measurement (time,
equipment, number of sample to be analyzed) may sometimes
prevent simultaneous measurements of steady and dynamic
properties (Augusto et al. 2013). Therefore, Cox-Merz rule
was proposed to establish correlation between steady and dy-
namic shear viscosity (Gunasekaran and Ak 2000). In other

words, it is possible to predict complex viscosity by using
steady shear viscosity or vice versa. If the apparent viscosity
is very close to complex viscosity as the shear rate is equal to
frequency, empirical Cox-Merz rule can be performed (Cox
and Merz 1958). However, application of the empirical
Cox-Merz rule to food products is very difficult in some cases
since some foods are very complex systems. Therefore, mod-
ified Cox-Merz rule was established by calculating shift factor
(Rao and Cooley 1992). In our study, after oscillatory shear
parameters [complex viscosity (η*) and angular frequency
(ω)] and steady shear parameters [apparent viscosity (η) and
shear rate (γ̇)] were sequentially plotted in a same graph, in our
case, they produced lines parallel to each other, but not
superimposed. In this case, in order to correct dynamic shear
data, one of these parameters was multiplied by different shift
factors until both lines aligned on a same line; namely,
superimposed each other. Shift factors (αCM) were the dimen-
sionless figures, and the most appropriate constant that made
these lines superimposed were determined and used as the
shift factors in this study. Figure 4 shows the applicability of
Cox-Merz rule and the calculated shift factors for the rose hip
marmalade at different temperature levels. It is seen from the
figure that the modified Cox-Merz rule can be applied to the
rose hip marmalade in order to correlate apparent viscosity
values with complex viscosity values. Cox-Merz rule was also
applied applied to tomato juice (Rao and Cooley 1992), toma-
to paste (Augusto et al. 2013), potato puree (Alvarez et al.
2011), rice starch/xanthan gum mixtures (Kim and Yoo
2006), O/W model system meat emulsions (Karaman et al.
2011), boza samples (Arici et al. 2013) and ice cream mix
(Dogan et al. 2013).

Conclusions

In this study, bioactive properties of rose hip marmalade were
determined in two different types of samples prepared by the
extraction and direct analysis methods. The samples prepared
by extraction methods had remarkably higher total phenolic
content, antioxidant and antiradical activity than those pre-
pared by direct analysis method. These results recommend

Fig. 4 Comparison of oscillatory and continuous shear viscosities
(Cox-Merzrule) of the rose hip marmalade at different temperature levels
(Open symbol: η, closed symbol: η*)

Table 3 Parameters of Ostwald de Waele functions describing storage modulus, loss modulus and complex viscosity of the rose hip marmalade at
different temperature levels

Temperature levels G' = K'ωn' G'' = K''ωn’’ η* = K* ωn*–1

K' (Pa) n' R2 K'' (Pa) n'' R2 K* (Pa) n* R2

5 °C 525 ± 7.0a 0.195 ± 0.007b 0.9884 121 ± 4a 0.346 ± 0.011b 0.9865 537 ± 10a 0.202 ± 0.003b 0.9916

25 °C 405 ± 11b 0.185 ± 0.005b 0.9851 102 ± 4b 0.333 ± 0.009b 0.9839 412 ± 13b 0.203 ± 0.003b 0.9856

45 °C 244 ± 12c 0.224 ± 0.014a 0.9975 70 ± 2c 0.395 ± 0.014a 0.9927 236 ± 6c 0.266 ± 0.015a 0.9945

Different superscript lowercase letters show differences (P < 0.05) between temperature levels
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that bioactive properties of rose hip marmalade could be en-
hanced by developing the suitable extraction methods. Rose
hip marmalade showed shear thinning behavior. Ostwald de
Waele model best described the flow behavior. Fluidity of the
sample increased with increase in temperature, suggesting that
storage and consumption temperature should be considered in
order to achieve desired quality. Storage modulus (G') of the
rose hip marmalade was found to be higher than the loss
modulus (G''), indicating that rose hip marmalade showed
elastic (solid) behavior rather than viscous (liquid) one.
Dynamic rheological parameters (G', G'', G* and η*) de-
creased with increase in temperature. In order to correlate
apparent and complex viscosity values, modified Cox-Mez
rule was satisfactorily applied to the obtained data. These re-
sults revealed the importance of consumption and storage tem-
perature values during handling or transportation in terms of
quality of the rosehip marmalade.
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