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In this study, the specific physicochemical, antioxidant, and antibacterial properties of 20 different
rosehip marmalade samples, produced using traditional and commercial methods in the Giimiishane
province and its districts, were comprehensively analyzed. To detect the chemical composition of the
rosehip marmalade samples, analyses were conducted for total dry matter, pH, ash, titratable acidity
(malic acid %), soluble solids, water activity, and color (L*, a*, b*). Additionally, alongside the
physicochemical analyses, the contents of hydroxymethylfurfural (HMF) and sugars (fructose,
glucose, sucrose, and total sugar) were also determined. To assess the antioxidant properties, analyses
for total flavonoid content, total phenolic content, DPPH (% inhibition), and ABTS (% inhibition)
were performed. Furthermore, the antibacterial activities of the rosehip marmalade samples against
pathogenic bacterial strains such as Proteus vulgaris ATCC 29212, Enterococcus faecalis ATCC
29212, Klebsiella pneumoniae ATCC 13883, Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853, Salmonella typhimurium ATCC 23566, and Escherichia coli O157:H7
35150 were investigated.
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Giimiishane Ili'nde Geleneksel ve Ticari Kusburnu Marmelat Orneklerinin
Fizikokimyasal, Antioksidan ve Antibakteriyel Ozelliklerinin Degerlendirilmesi
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Bu caligmada, Giimiishane ili ve ilgelerinde geleneksel ve ticari yontemlerle iiretilen 20 farkli
kusburnu marmelat1 6rneklerinin, belirli fizikokimyasal, antioksidan ve antibakteriyel ozellikleri
kapsamlt bir sekilde incelenmistir. Kusburnu marmelat1 6rneklerinin fizikokimyasal niteliklerinin
belirlenmesi amaciyla, toplam kuru madde, kiil, pH, titre edilebilir asitlik (Malik asit cinsinden %),
suda ¢6ziinebilen kuru madde, su aktivitesi ve renk (L*, a*, b*) analizleri gerceklestirilmistir. Ayrica,
fizikokimyasal analizlerin yani sira 6rneklerin hidroksimetilfurfural (HMF) ve seker (fruktoz, glikoz,
sakkaroz ve toplam seker) icerikleri de belirlenmistir. Antioksidan 6zelliklerin degerlendirilmesi i¢in
toplam flavonoid, toplam fenolik madde miktarlari, DPPH (% inhibisyon) ve ABTS (% inhibisyon)
analizleri uygulanmigtir. Ek olarak; Proteus vulgaris ATCC 29212, Enterococcus faecalis ATCC
29212, Klebsiella pneumoniae ATCC 13883, Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853, Salmonella typhimurium ATCC 23566 ve Escherichia coli 0157:H7 35150
gibi patojen bakteri suslarina karst kugburnu marmelad: orneklerinin antibakteriyel aktiviteleri
arastirilmustir.
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Introduction

Fruits are essential for a healthy diet, containing
various nutrients that can reduce the risk of chronic
diseases. The demand for healthy fruits and vegetables is
increasing, yet their limited shelf life and transportation
challenges present significant obstacles to
commercialisation. However, they have a high water
content and limited shelf life, so methods like jam making
and drying are used to preserve them, often with added
sugar (Yildiz Turgut et al., 2023). Rosehip fruit, also
known as dog rose, is a highly nutritious shrub plant that
contains minerals, vitamins, and antioxidants. It has
various applications in the food, beverage, cosmetic, and
pharmaceutical industries due to its therapeutic effects
(Uguzdogan et al., 2024). In Tirkiye, organic rosehip
production in 2019 was 1.001 tonnes, with a potential
harvest of 8,020 tonnes. Despite its beneficial properties,
only a small percentage of rosehip fruit grown in Tiirkiye
is harvested and utilised (Uguzdogan et al., 2024). Rosehip
is rich in vitamin C, oil, phenolic substances, and
carotenoids, making it effective in treating colds,
gastrointestinal disorders, infections, and diabetes. It has a
wide range of application areas, including traditional
medicine, where it is used to treat kidney and bladder stone
disorders, diarrhoea, bleeding gums, chest pains, and knee
joint arthropathy (Demir et al., 2014). Furthermore, rosehip
has diuretic, laxative, anti-inflammatory, antioxidant, and
anti-cold properties, as well as the ability to inhibit melanin
production and protect the liver. It may also offer potential
health benefits and therapeutic applications by suppressing
insulin-like  growth ~ factor and  having  an
anticomplementary effect (Memis Kocaman & Sormaz,
2023; Oz et al., 2018). Rosehip is commonly used in the
production of various products, including jam, tea, and oil.
It is known for its high content of vitamins and minerals
(Aksu et al., 1997). The utilisation of processing
techniques, such as the production of marmalade, serves to
extend the shelf life of these fruits and vegetables.
Furthermore, this technique is beneficial in maintaining the
natural nutritional value of the foodstuff in question.
Marmalades are a high-calorie foodstuff, providing a good
source of energy and carbohydrates (Esin Yicel et al.,
2024). Marmalade is a spread made from ripe fruit and is
similar to jam, but with larger fruit pieces. The preparation
of marmalade requires the use of a variety of fruits, which
must be soaked and boiled prior to the application of the
requisite techniques (Topdas et al., 2018). The rosehip-
based products that is rosehip marmalade widely consumed
for breakfast in Tiirkiye. Marmalade is prepared by boiling
the fruit pulp with sugar and acid until the desired brix
value is reached. It is generally known that the shelf life of
marmalade is approximately two years. In addition to the
sensory properties of marmalade, rheological properties
are among the most important factors determining
consumer preference (Sagdic et al., 2015). Furthermore,
the soluble dry matter content determined by refractometer
in marmalade cannot be less than 55% according to
Turkish Food Codex (Anonymous, 2006) . Due to its
botanical characteristics, rosehips are not suitable for fresh
consumption as they contain a large amount of seeds and
hairs. It is therefore preferable to use the pulp for
processing. The processing of rosehips into marmalade

consists of two main stages: the extraction of pulp from the
fresh fruit and the subsequent production of marmalade
from the extracted pulp. In marmalade production, the pulp
obtained is subjected to a pre-heating process. Sugar is then
added and the mixture undergoes a second heat treatment to
reach the desired brix level. At this point acid is added, the jars
are filled and the pasteurisation stage begins. Adjusting the
proportions of water, sugar and acid is of great importance in
marmalade production (Ozbey et al., 2017). A common
practice in marmalade production is the boiling of
traditionally produced marmalades at high temperatures for
extended periods of time. This practice results in a reduction
in the nutritional value and antioxidant activity of marmalade.
Vacuum cooking and standardised quality production can be
employed to address these issues. This study focuses on
traditional and commercial rosehip marmalades produced in
Gumushane province.

Material and Method

Material

In this study, rosehip marmalades produced
traditionally and commercially in Gumushane province
and its districts and sold in various markets and local
markets were analysed. In this context, 10 rosehip
marmalades produced by traditional method and 10 rosehip
marmalades produced by commercial method were
collected and the research material was formed. The
rosehip marmalade samples were stored + 4°C until they
were analysed in the laboratory. The analyses were
designed as 2 replicates and 3 parallels.

Analyses of Physicochemical Properties

Water soluble dry matter (°Brix), pH, total dry matter,
water activity (aw) (Aqualab, Series 3TE, USA), ash
amount and the acidity (as % malic acid) were analysed
according to the relevant method (Cemeroglu, 2010). The
L*, a*, and b* colour values of the rosehip marmalade
samples were measured using a Minolta CR 400 colour
measuring device. Prior to the measurements, the device
was calibrated with a white ceramic calibration plate, and
all measurements were carried out on a white background
using a liquid measuring cup. In accordance with the colour
coordinate system, the L* value serves as an indicator of
whiteness and blackness, with a range of 0 (black) to 100
(white). The a* value represents a greenness-redness
indicator, with a range of -60 (green) to +60 (red). Finally,
the b* value functions as an indicator of blueness and
yellowness, with a range of -60 (blue) to +60 (yellow).

Preparation of Marmalade Extracts

The extraction of the samples was conducted in
accordance with the methodology outlined by (Topdas et
al., 2018), with certain modifications made to ascertain
antioxidant property, antibacterial activity, total phenolic
and flavanoid amount. For this purpose, 25 mL of ethanol
was added to the samples, which were weighed
individually at 5 g each in centrifuge tubes. The samples
were subjected to an ultrasonic water (Bandelin RK 100 H,
Germany) bath for 20 minutes and then stirred for 15
minutes with a mechanical shaker. Following
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centrifugation (Beckman coulter Allegra XR30, Germany)
at 8500 rpm for 20 minutes at 4°C in a refrigerated
centrifuge, the clear supernatant was collected and stored
in amber glass bottles at 20°C until further analysis.

Total Sugar and HMF (hydroxymethylfurfural)
Amounts
The  fructose, glucose and sucrose and

hydroxymethylfurfural (HMF) contents of marmalade
samples were quantified in accordance to Bogdanov et al.
(2002). Fructose, glucose and sucrose contents were
determined by dissolving molasses samples in deionised
water and analysing them by high-performance liquid
chromatography (HPLC) (Shimadzu, Japan). The results
were calculated using the mobile phase, which was a
mixture of acetonitrile and water. For the measurement of
HMF, the molasses sample was dissolved in deionised
water and analysed by HPLC. The amounts of HMF
present in the samples were quantified using an HPLC
device with a C-18 column. The chromatograms were
obtained at a 284 nm wavelength using a Diode Array
Detector (Shimadzu, Japan). The amount of HMF was
determined using an external calibration curve.

Determination of Total Phenolic and Total Flavonoid
Amount

Total phenolic and flavonoid contents of rosehip
marmalade samples were measured according to Kalin et
al. (2015). For this purpose, gallic acid was utilised as a
reference standard substance to measure the total amount
of phenolic substances in rosehip marmalade samples. A
standard graph was prepared by combining the marmalade
extract with gallic acid, adjusting the volume by distilled
water and adding reagent (Folin-Ciocalteu ) and 2%
Na.COs. After mixing, absorbance readings were taken at
760 nm and these values were used to determine the gallic
acid equivalent (GAE) using a formula derived from the
standard graph. Ethanol (99%) containing CH3COOK and
10% AI(NOs); was also utilized to measure the total
flavonoid amount in rosehip marmalade samples. 1000 pl
of the extract was combined with the ethanol solution
(aforemention) and the mixture was shaked by vortex. The
absorbance of the mixture was then measured at 415 nm.
Quercetin content (QE) was employed as a reference
standard to calculate the total flavonoid concentration.

ABTS Radical Scavenging Capacity

The radical scavenging capacity of ABTS was
determined according to the method that is occurred by Re
etal. (1999) and Topal et al. (2024). Initially, ABTS radical
solution were formed by adding a 2.45 nM persulfate
solution. The extract of rosehip marmalade sample was
subjected to addition of ABTS radical solution, followed
by incubation, and the absorbances against the blank at 734
nm were evaluated at various concentration.

DPPH Free Radical Scavenging Capacity

1 mM DPPH solution was used as free radical. The Pre-
prepared stock solution at a concentration of 1 mg/mL was
used as a control sample. Then, the stock DPPH solution was
added to each sample tube. After the incubation period, the
absorbance was measured at 517 nm in comparison with the
blank sample (Blois, 1958; Topal et al., 2024).

Antibacterial Activity

The selected bacterial strains were obtained from
Gumushane University Central Research Laboratory and
antibacterial assays were applied in the Food Engineering
Laboratory. In the study, antibacterial activities of Rosehip
marmalade were tested by disc diffusion method
(Matuschek et al., 2014; Topal et al., 2024). The following
bacterial strains were employed in this study: Enterococcus
feacalis ATCC 29212, Proteus vulgaris ATCC 13315,
Klebsiella pneumoniae ATCC 13883, Pseudomonas
aeroginosa ATCC 27853, Staphylococcus aureus
ATCC25923, Salmonella typhimurium ATCC 23566 and
Escherichia coli 0157:H7 35150. These were used to
assess the antibacterial properties of traditional and
commercial rosehip marmalades. Twenty microlitres of the
extract was placed on sterile disc papers over Nutrient agar
and the petri dishes were left to incubate at 36 °C for 24
hours. At the end of the incubation period, the zone areas
formed around the disc papers were measured.

Statistical Analysis

The statistical data of this study were analysed using
SPSS 22.0 (SPSS Inc., Chicago, USA). ANOVA (One-
way ANOVA) analysis was applied to the raw values
obtained and the averages of the data were calculated at
P<0.05 significance level.

Results and Discussion

Rosehip Marmalades of Physicochemical Properties

The results of the analyses of total dry matter, water-
soluble dry matter (Brix), ash, titration acidity, pH, and water
activity of rosehip marmalades produced by traditional and
commercial methods, collected from the Gumushane
province and districts, are presented in Table 1. The total dry
matter ratios of the rosehip marmalade samples exhibited
considerable variation, with values ranging from 23.28% to
60.22%. It was observed that the highest and lowest total dry
matter ratios were present in the rosehip marmalades
produced through the traditional method. The mean total dry
matter content of traditional rosehip marmalades (41.00%)
was found to be significantly lower than that of commercial
rosehip marmalades (49.61%), with the mean total dry matter
content of the sample groups exhibiting a statistically
significant difference (P< 0.05). Ozbey et al. (2017), Ozdemir
etal. (1997), and Aksu et al. (1997) reported that the total dry
matter ratios of rosehip marmalade samples varied between
36.45-67.72%,  52.00-66.40% and  33.00-50.00%,
respectively. Topdas etal. (2018) and Arslaner & Salik (2020)
reported that the average total dry matter ratios of rosehip
marmalade samples were 56.45% and 59.71% (respectively)
and these ratios were higher than the average total dry matter
ratio obtained in the present study. The ash ratios of rosehip
marmalades were found to exhibit a range of values between
0.51 and 1.39%. It was observed that the mean ash ratio of
commercial rosehip marmalades (0.85%) was higher than that
of traditional rosehip marmalades (0.83%), although the mean
ash ratios of the sample groups were not statistically different
(P>0.05). It was stated that ash ratios of rosehip marmalade
samples produced by applying different methods varied
between 0.20% and 0.25% and there was no statistical
difference between sample groups (Y1ldiz & Alpaslan, 2012).
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sample Total Solid Matter (%) Ash (%) T'(tor/(f‘lt\jl‘z:lecgg:g;ty
Traditional Commercial Traditional Commercial Traditional Commercial
1 47.66+£0.07 52.06+0.01 0.96+0.01 0.58+0.01 1.06£0.04 0.81+0.04
2 37.97+0.02 31.44+0.03 1.15+0.02 1.07+0.02 1.87+£0.04 1.70+0.04
3 23.28+0.02 52.92+0.05 0.87£0.01 1.11£0.03 1.24+0.00 1.51£0.00
4 49.11+0.10 44.22+0.03 0.75+0.01 0.86+0.02 1.42+0.01 0.80+0.08
5 60.22+0.01 53.80+£0.01 0.65+0.02 0.74+0.02 1.40+0.02 1.55+0.04
6 39.19+0.08 51.10+£0.00 0.74+0.01 0.69+0.00 1.60+£0.01 0.94+0.04
7 51.52+0.02 56.28+0.03 0.51+0.01 0.91+0.01 1.45+0.01 1.57£0.00
8 35.88+0.10 53.58+0.01 0.80+0.01 0.75+0.00 1.53+0.01 1.5240.13
9 30.97+0.03 46.91+£0.02 0.96+0.02 0.83+0.01 1.50+0.02 1.21+0.04
10 34.22+0.04 53.74+0.07 1.39+0.01 0.96+0.01 1.39+0.04 1.31+0.04
Mean 41.00+1.942 49.61+1.29° 0.83+0.032 0.85+0.032 1.45+0.042 1.29+0.06°
ANOVA (P) 0.000 0.688 0.038
Min 23.28 0.51 0.80
Max 60.22 1.39 1.87
Sample pH Water sozg}tg)lreixo)lry matter Water Activity (aw)
Traditional Commercial Traditional Commercial Traditional Commercial
1 3.23+0.02 4.12+0.01 48.75+0.00 50.00£0.00 0.85+0.00 0.860.00
2 3.32+0.01 3.06+0.01 38.75+0.00 31.25+0.00 0.87£0.00 0.88+0.00
3 3.55+0.01 3.31+0.00 23.33+0.42 51.25+0.00 0.89+0.00 0.84+0.00
4 2.96+0.01 3.76+0.01 53.75+£0.00 42.50+0.72 0.83+0.00 0.87£0.00
5 3.05+0.00 3.76+0.01 59.58+0.83 52.08+0.42 0.760.00 0.81£0.00
6 3.09+0.01 3.84+0.01 40.00+0.72 49.58+0.42 0.87£0.00 0.85+0.00
7 3.01+0.01 3.26+0.01 53.33+0.83 52.92+0.42 0.82+0.00 0.79+0.00
8 3.21+0.01 3.184+0.01 32.92+1.10 52.08+0.42 0.87+0.00 0.81+0.00
9 3.96+0.01 3.13+0.01 31.67+1.10 47.08+0.42 0.88+0.00 0.85+0.00
10 3.55+0.01 3.35+0.01 33.33+0.83 51.25+0.00 0.88+0.00 0.8340.00
Mean 3.29+0.062 3.48+0.06° 41.54+2.08? 48.00+1.17° 0.85+0.012 0.84+0.00?
ANOVA (P) 0.031 0.009 0.110
Min 2.96 23.33 0.76
Max 4,12 59.58 0.89

=b: Averages shown with exponential letters in the same column differ from each other at P < 0.05 level.

Ozbey et al. (2017) reported that the total ash values of
rosehip marmalade samples varied between 0.659% and
1.430%, and the average ash rate was determined to be
0.935%. In titration acidity analyses, the highest titration
acidity value (1.87%) was determined in traditional rosehip
marmalades, while the lowest titration acidity value
(0.80%) was determined in commercial rosehip marmalade
samples. Upon analysis of the mean titration acidity values,
it was observed that traditional rosehip marmalades
exhibited higher titration acidity values (1.45%) than
commercial rosehip marmalades. These results indicate a
statistically significant difference among the mean titration
acidity values of the rosehip marmalade samples (P<0.05).
Vural (2023) observed that samples of rosehip marmalade
produced using the traditional method exhibited higher
acidity levels (0.91%) than those produced using the
industrial method. Nevertheless, no statistically significant
discrepancy was identified in acidity values between the
sample groups. In a study investigating the quality
characteristics of traditional wild fruit marmalades, the
total acidity values of marmalade samples exhibited a
range between 0.62% and 3.40%. The sample of rosehip
marmalade demonstrated an acidity value of 1.05%
(Arslaner & Salik, 2020). In addition, it was determined
that the acidity values of rosehip marmalade samples

produced by adding commercial sugar at different ratios to
rosehip pulps varied between 0.40-1.31% at the beginning
of storage and at the end of the five-month storage period,
the acidity values were between 0.42% and 1.25% (Aksu
et al., 1997). The significance of pH for optimal gel
formation in products such as jam and marmalade is
underscored. In this regard, the Turkish Food Codex states
that the pH value should be within the range from 2.8 to
3.5 (Anonymous, 2006). In this context, it was determined
that 70% of traditional rosehip marmalades and 60% of
commercial rosehip marmalades were within the pH range
specified in the Turkish Food Codex. Furthermore, the pH
values of the sampled traditional and commercial rosehip
marmalades exhibited a range from 2.96 to 4.12. The mean
pH value of traditional rosehip marmalade samples (3.29)
was found to be lower than that of commercial rosehip
marmalades (3.48). A statistically significant difference
(P<0.05) was observed between the mean pH values of the
sample groups. Vural (2023) found that the pH value of
traditional rosehip marmalade samples (4.01) was
markedly higher than that of industrial rosehip marmalade
samples, with a statistically significant discrepancy
between the mean pH values of the two sample groups.
These findings are largely in accordance with the pH
values obtained in the present study. Furthermore, the pH
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values of rosehip marmalade samples have been observed
to vary considerably across different studies. For instance,
the pH levels of rosehip marmalade samples ranged from
2.8 to 3.5 in a study conducted by Yildiz & Alpaslan
(2012), and from 3.25 to 3.37 in another study by Ozdemir
et al. (1997). Additionally, the pH level of rosehip
marmalade sample was reported as 3.64 in another research
conducted by Arslaner & Salik (2020). The data
demonstrate the considerable diversity in pH values
observed among rosehip marmalade samples. It can be
posited that this diversity may be significantly influenced
by the production methods employed, the geographical
origin of the fruit, and the specific fruit variety utilized.
According to the Turkish Food Codex (Anonymous, 2006),
the water-soluble dry matter (Brix) value determined by
refractometry must be greater than 55%. In the present
study, the °Brix values of the rosehip marmalade samples
ranged from 23.33 to 59.88. It was found that 10% of the
traditional rosehip marmalade complied the °Brix limit
specified in the Turkish Food Codex, whereas none of the
commercial rosehip marmalade complied this limit.

The mean Brix value of traditional rosehip marmalade
(41.54) was found to be lower than that of commercial
rosehip marmalade (48.00), with a statistically significant
difference (P<0.05). The difference between the mean Brix
values of the sample groups was considered statistically
significant. Ozbey et al. (2017) observed a range of °Brix
values for rosehip marmalades from 41.00 to 82.00. This
finding supports the view that the °Brix values found in this
study are higher. Conversely, Vural (2023) reported that
the °Brix values of rosehip marmalades produced by the
traditional method varied between 33.7 and 35.6, with an
average °Brix value of 34.8. Furthermore, Vural (2023)
reported that the °Brix values of marmalade produced by
the industrial method were significantly higher than those
produced by the traditional method. These results are
consistent with the differences in °Brix observed in the
present study.

Water activity levels in rosehip marmalade samples
ranged from 0.76 to 0.89. The mean water activity level of
traditional rosehip marmalades (0.85) was found to be
significantly higher than that of commercial rosehip
marmalades (0.84). Nevertheless, the difference among the

Table 2. Color values of rosehip marmalade samples

mean water activity values of the sample groups was
minimal, and a general similarity among these values was
observed (P>0.05). The water activity values of different
types of marmalade were reported to range from 0.924 to
0.932 by Cing6z & Demirdoven (2022) and from 0.84 to
0.89 by Kaya et al. (2016). Also, Arslaner & Salik (2020)
indicated that the water activity values in various
marmalade samples ranged from 0.818 to 0.894, with
rosehip marmalade having a water activity value of 0.885.
Ozbey et al. (2017) reported that the water activity (aw)
levels in rosehip marmalades exhibited a range from 0.804
to 0.904, and the mean water activity value was 0.881.
Topdas et al. (2018) reported that the aw value in rosehip
marmalade samples ranged from 0.79 to 0.90. The colour
values in rosehip marmalade samples are presented in
Table 2. The L* colour value is considered a quality
parameter as it reflects the degree of lightness or darkness
of the product. The L* values of the rosehip marmalades
exhibited a range from 27.79 to 14.52. The mean L* value
was 20.03 for traditional rosehip marmalades and 22.31 for
commercial rosehip marmalades. There are significant
difference between the mean L* values of traditional and
commercial rosehip marmalade samples. The a* values of
the rosehip marmalades varied between 20.10 and 10.48.
The mean a* values were 13.62 for traditional rosehip
marmalades and 14.49 for commercial rosehip
marmalades. The a* values exhibited no statistically
significant differences amoung marmalade sample groups.
The b* values in rosehip marmalades exhibited from 23.90
to -1.49. The mean b* value was found to be 6.03 in
traditional rosehip marmalades and 9.24 in commercial
rosehip marmalades. The statistical analyses revealed a
significant difference between the mean b* values of
traditional and commercial rosehip marmalades. Arslaner
& Salik (2020) and Topdas et al. (2018) determined the L*,
a*, b* colour values of rosehip marmalades as 34.34-33.70,
20.86-23.59, 14.22-5.76, respectively. Ozbey et al. (2017)
reported the average L*, a*, b* values of rosehip
marmalades as 30.89, 10.90, 15.11, respectively. The
findings that is our study revealed that L* and b* levels
were lower to compared to previous studies. Kaya et al.
(2016) reported that the L*, a*, b* colour levels in rosehip
marmalade samples were 34.44, 10.63, 18.00, respectively.

L* a* b*
Sample Traditional Commercial Traditional Commercial Traditional Commercial
1 21.83+0.03 24.84+0.01 15.34+0.02 12.48+0.02 7.39+1.03 12.22+0.04
2 19.34+0.01 27.794+0.02 14.77+0.02 20.10+0.01 5.70+0.04 19.11+0.05
3 31.51+0.01 19.50+0.03 17.76+0.01 12.97+0.07 23.90+0.00 5.15+0.07
4 19.15+0.01 23.28+0.04 12.89+0.03 15.54+0.03 4.14+0.03 12.34+0.05
5 17.75+0.01 22.18+0.01 10.68+0.08 15.23+£0.03 0.36+0.03 9.70+0.04
6 14.52+0.01 22.924+0.01 10.48+0.02 14.90+0.01 -1.46+0.02 10.51+0.03
7 16.91+£0.01 17.82+0.01 11.21+0.04 11.46+0.02 0.67+0.04 1.05+0.01
8 19.84+0.01 22.234+0.00 14.62+0.08 15.10+0.01 6.37+0.03 9.20+0.04
9 19.89+0.01 22.254+0.01 14.31+0.02 13.37+0.05 6.98+0.04 6.58+0.19
10 19.55+0.00 20.27+0.02 14.18+0.03 13.76+0.08 6.21+0.02 6.50+0.07
Mean 20.03+0.792 22.31+0.49° 13.62+0.412 14.49+0.422 6.03+1.242 9.24+0.86°
ANOVA (P) 0.018 0.143 0.038
Min 14.52 10.48 -1.46
Max 27.79 20.10 23.90

b: Averages shown with exponential letters in the same column differ from each other at P < 0.05 level.

2321



Yilmaz | Turkish Journal of Agriculture - Food Science and Technology, 12(s2): 2317-2327, 2024

Table 3. HMF amounts of rosehip marmalade samples

. HMF (mg/kg)
Rosehip Marmalade Samples Traditional Commercial

1 N.D N.D
2 7.56+1.47 N.D
3 5.39+0.31 N.D
4 4.19+0.00 N.D
5 9.25+1.14 N.D
6 3.92+0.03 N.D
7 9.33+0.25 N.D
8 4.37+0.16 N.D
9 N.D N.D
10 N.D N.D
Mean 4.40+0.65° N.D
ANOVA (P) 0.000

Min N.D

Max 9.33

=b: Averages shown with exponential letters in the same column differ from each other at P < 0.05 level. N.D: Not detected

Table 4. Sugar amounts of rosehip marmalade samples

RMS Fructose (mg/kg) Glucose (mg/kg) Sucrose (mg/kg) Total sugar (mg/kg)
Traditional Commercial Traditional Commercial Traditional Commercial Traditional Commercial
1 19.02+£0.02 11.78+0.15 18.70+0.04 13.58+0.07 46.38+0.02 72.18+0.16 84.11+0.01 92.55+0.12
2 11.40+£0.00 11.67+0.17 5.44+0.00 13.18+0.19 33.17+0.00 21.89+0.20 50.02+0.00 46.76+0.41
3 7.184£0.00  13.23+0.09 7.70£0.00 16.25+£0.02 15.13+£0.00 40.05+0.21 30.01+£0.00 69.55+0.49
4 33.83+0.13 19.31£0.01 35.96+0.13 24.51+£0.34 19.68+0.01 41.65+0.34 89.48+0.01 85.48+1.21
5 48.81+0.11 18.94+3.39 54.32+0.20 28.63+£5.71 12.10+0.03 19.86+3.80 115.23+0.09 67.43+2.37
6 21.11+£0.15 0.58+0.25 21.29+0.37 0.58+0.30 25.67+0.12 1.65+0.77  68.06+0.59  2.82+0.29
7 38.46+0.23 31.00+£2.07 41.62+0.03 38.13+1.18 8.93+0.22  2.47+0.31 89.01+0.84 71.60+1.19
8 22.90+0.02 14.66+0.26 24.41+0.08 18.29+0.40 9.87+0.24 11.53+0.07 57.17+0.51 44.48+1.29
9 13.20+0.01 17.60+0.18 14.65+0.17 22.35+0.27 17.87+0.03 44.85+0.17 45.72+0.33 84.80+0.45
10 9.40+0.47 14.41+£0.29 9.97+0.85 17.56+0.72 12.90+0.80 36.89+1.23 32.26+0.67 68.87+3.90
Mean | 22.5342.42° 15.3241.392 23.40+2.81% 19.31+1.84% 20.17+2.09% 29.30+3.88" 66.11+0.92% 63.93+0.892
A 0.012 0.228 0.043 0.755
Min 0.58 0.58 1.65 2.82
Max 48.81 54.32 72.18 115.23

RMS: Rosehip Marmalade Samples; A: ANOVA (P); **: Averages shown with exponential letters in the same column differ from each other at P <

0.05 level.

HMF and Sugar Amount of Rosehip Marmalade

In products such as jams and marmalades, browning
occurs as a result of the reaction of reducing sugars with
amino acids. This process is accelerated by increasing the
temperature and duration of the heat treatment applied.
This non-enzymatic browning process, known as the
Maillard reaction, results in the formation of intermediates,
including HMF. HMF is formed both by the heat treatment
of food and by the breakdown of sugars in an acidic
environment, contributing to the formation of brown
pigments (Bagkaya Sezer et al., 2016; Duru et al., 2012;
Yolc1 Omeroglu & Acoglu, 2020). The amounts of HMF
detected in the rosehip marmalade samples are shown in
Table 3. The amount of HMF was only detected in
traditional rosehip marmalades; the average amount of
HMF in traditional rosehip marmalades was determined to
be 4.40 mg/kg (P<0.001). The results of our study are
supported by the findings of Vural (2023), who reported
that the amount of HMF was higher in rosehip marmalade
produced by the traditional method than in those produced
by the industrial method. Similarly, the HMF amount in
marmalade samples determined by Bagkaya Sezer et al.
(2016) (0.389 mg/100g = 3.89 mg/kg) is in agreement with

our results. Conversely, the study by Yolct Omeroglu &
Acoglu (2020) did not identify the presence of HMF in
marmalade samples. Yildiz & Alpaslan (2012) observed
that the quantity of HMF present in rosehip marmalades
produced via disparate methodologies exhibited a range of
3.86-32.64 mg/kg. Furthermore, the studies formed by
Yildiz & Alpaslan (2012), Arslaner & Salik (2020), and
Topdas et al. (2018) have determined the HMF amounts in
marmalade samples to be 0.22-11.80 mg/kg, 5.81-53.40
mg/kg, and 10.95-1094.11 mg/kg, respectively. The sugar
contents of rosehip marmalade samples are presented in
Table 4. The highest fructose amount (48.81 mg/kg) was
determined in traditional rosehip marmalade, while the
lowest fructose amount (0.58 mg/kg) was determined in
commercial rosehip marmalade. The mean fructose
amount in traditional rosehip marmalade (22.53 mg/kg)
was significantly higher than commercial rosehip
marmalade (15.32 mg/kg) (P<0.05). The glucose amount
in rosehip marmalade samples was evaluated, and it was
found that the highest glucose level (54.32 mg/kg) was
present in traditional rosehip marmalade, while the lowest
glucose level (0.58 mg/kg) was present in commercial
rosehip marmalade. It was observed that the mean glucose
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amount in traditional rosehip marmalades was significantly
higher than commercial rosehip marmalades. Nevertheless,
no statistically significant change was observed in terms of
mean glucose content in rosehip marmalade sample groups
(P>0.05). The sucrose amount in rosehip marmalade
samples was analysed, and it was observed that the highest
sucrose amount (72.18 mg/kg) and the lowest sucrose
amount (1.65 mg/kg) were present in commercial rosehip
marmalade samples. The results of the analysis
demonstrated that the mean sucrose content of commercial
rosehip marmalade samples was markedly higher than that
of traditional rosehip marmalade samples (P<0.05). The
total sugar content of the samples of rosehip marmalade
was analysed, and it was determined that the highest total
sugar content was present in the traditional rosehip
marmalade, while the lowest total sugar content was
present in the commercial rosehip marmalade. The results
of the analyses demonstrate that the mean total sugar
content of the traditional rosehip marmalade samples is
greater than that of the commercial rosehip marmalade
samples. However, no statistically significant discrepancy
was identified amoung the mean total sugar contents of
marmalade sample groups (P>0.05). Yildiz Turgut et al.
(2023) determined the amounts of fructose, glucose,
sucrose and total sugar to be 0.78-10.99, 0.56-7.43, 35.59-
48.10, 36.82-66.59 mg/kg, respectively.

Total flavonoid and phenolic

The total flavonoid and phenolic substance contents in
rosehip marmalade samples are presented in Table 5. The
results of the analysis demonstrated that the total flavonoid
content of the rosehip marmalade samples exhibited
considerable variability, with values ranging between
259.44 and 669.64 pug QE/g. Nevertheless, the mean total
flavonoid content of traditional rosehip marmalade
samples was markedly higher than that of commercial
rosehip marmalades (P<0.05). Vural (2023) reported that
the average total flavonoid content of rosehip marmalade
samples produced by traditional methods was significantly
higher than that of rosehip marmalade samples prepared by
industrial production methods. It was also emphasised that
the difference between them was statistically significant.
On the other hand, Ugan Tiirkmen et al. (2019) reported
that there was no statistically significant difference

between the total flavonoid contents of fruit pulp mixtures.
The total phenolic content of rosehip marmalade samples
varied between 567.78-2104.44 pg GAE/g. In this range,
the highest and lowest phenolic matter levels were found
in traditional rosehip marmalade samples. On the other
hand, it was observed that commercial rosehip marmalade
samples contained higher total phenolic substances on
average. The mean total phenolic content of traditional and
commercial rosehip marmalade samples was not found to
be statistically significant (P>0.05). Kaya et al. (2016)
found no statistically significant difference in the mean
total phenolic content between traditional and commercial
rosehip marmalade samples. The total phenolic content
reported by Kaya et al. (2016) was 913.46 ng GAE/g. Bulut
(2019) reported a range from 1047.60 to 1137.56 pg
GAE/qg for the total phenolic content in rosehip marmalade
samples. Yildiz & Alpaslan (2012) found a statistically
significant difference in the total phenolic content between
rosehip marmalade samples produced by different
methods. Esin Yiicel et al. (2024) reported a range from
59.62 to 111.85 pg GAE/g for the total phenolic content in
marmalade samples, with an average of 72.7585 png
GAE/g. Topuz et al. (2019) determined the total phenolic
content in rosehip marmalade samples was 1054.6 pg
GAE/g. Topdas et al. (2018) emphasized that there were
significant differences in total phenolic content between
different marmalade samples, with rosehip marmalade
having the highest total phenolic content. Additionally,
Baskaya Sezer et al. (2016), Ucan Tiirkmen et al. (2019),
and Kaplan & Okcu (2020) found statistically significant
differences in the average total phenolic content of
marmalade samples.

DPPH and ABTS Radical Scavenging Capacity

The antioxidant capacities of rosehip marmalade
samples were calculated as DPPH and ABTS free radical
removal percentage inhibition and the results of these
samples are presented in Table 6. BHA, BHT, Tocopherol
and Trolox were used as standard antioxidants in the
determination of antioxidant capacity. In the analyses, the
lowest DPPH inhibition rate was found in traditional
rosehip marmalade samples and the highest DPPH
inhibition rate was found in commercial rosehip
marmalade samples.

Table 5. Total flavanoid and phenolic matter amounts of rosehip marmalade samples

. Total Flavonoid (ug QE/g) Total Phenolic (ug GAE/g)
Rosehip Marmalade Samples Traditional Commercial Traditional Commercial
1 525.82+2.60 259.44+3.57 1545.56+1.89 1267.78+1.11
2 610.05+1.33 669.64+0.00 1524.44+5.87 2018.89+1.11
3 518.75+2.95 504.17+2.75 2104.44+5.56 892.22+1.11
4 384.67+9.01 343.90+2.70 567.78+1.11 1506.67+3.33
5 581.69+6.40 519.86+2.19 945.56+1.11 1001.114£7.78
6 562.87+4.73 322.09+2.51 852.2242.93 1151.1142.94
7 435.57+3.04 428.50+2.65 656.67+£1.92 820.00+1.93
8 665.63+4.01 494.49+3.01 1381.1144.44 1545.56+2.93
9 667.63+£2.01 511.91+2.90 1454.4442 .22 1247.78+2.94
10 649.70£1.99 522.47+3.43 1485.56+4.84 1208.89+2.94
Mean 560.23+1.87° 457.65+2.242 1251.78+8.46? 1266.00+6.242
ANOVA (P) 0.001 0.893
Min 259.44 567.78
Max 669.64 2104.44

b: Averages shown with exponential letters in the same column differ from each other at P < 0.05 level.
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Standard DPPH (% scavening) ABTS (% scavening)
BHA 84.47+0.51 98.87+0.08
BHT 43.11£1.70 98.84+0.03
Tokoferol 75.89+0.38 98.93+0.06
Trolox 95.98+0.04 98.96+0.03
Sample Traditional Commercial Traditional Commercial
1 73.47+0.90 70.96+2.09 99.05+0.03 98.84+0.03
2 70.04£1.27 92.49+0.80 99.14+0.03 99.02+0.03
3 92.24+0.25 46.00+1.38 99.17+0.00 97.46+0.06
4 25.00+0.39 80.31+3.05 70.09+1.73 98.93+0.06
5 49.98+3.00 78.49+2.05 98.50+0.17 98.69+0.18
6 43.16+0.82 62.24+3.61 96.51+0.79 98.99+0.05
7 34.51+4.24 39.98+1.42 72.23+3.46 92.814+2.77
8 69.16£1.12 76.42+1.60 98.93+0.11 99.05+0.06
9 73.09+2.27 65.29+1.19 99.05+0.61 98.93+0.11
10 71.80£1.57 57.53£1.39 99.14+0.03 99.08+0.00
Mean 60.24+3.74° 66.97+2.892 93.18+2.08? 98.18+0.41°
ANOVA (P) 0.051 0.000
Min 25.00 70.09
Max 92.49 99.17
=b: Averages shown with exponential letters in the same column differ from each other at P < 0.05 level.
120
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Figure 1. Comparison of the average antioxidant capacity of rosehip marmalade samples with standard antioxidant
substances

However, it was observed that the average DPPH
removal rate of commercial rosehip marmalade samples
was higher than that of traditional rosehip marmalade
samples. However, the DPPH removal rates among the two
sample groups were not found to be statistically significant.
Topdas et al. (2018) obtained results at lower levels of
DPPH free radical scavenging according to presented the
study. Vural (2023) revealed that the DPPH free radical
scavenging capacity of rosehip marmalade samples
produced by traditional methods was significantly higher
than the samples produced by commercial methods. Suna
et al. (2023) stated that DPPH capacity in low-calorie
marmalade samples varied between 34.07% and 65.18%.
The analysis of ABTS removal rates in rosehip marmalade
samples revealed that the lowest (70.09%) and highest
(99.17%) removal rates were observed in traditional
rosehip marmalade samples. Nevertheless, it was

established that the ABTS removal rates of commercial
rosehip marmalade samples were superior to those of
traditional samples, with a statistically significant
discrepancy between the two groups. This finding is
consistent with the study conducted by Baskaya Sezer et
al. (2016), which revealed differences in ABTS capacity in
different marmalade varieties, thus supporting the results
of our study. A comparison of the mean DPPH and ABTS
scavenging rates of rosehip marmalade samples with
standard antioxidants is presented in Figure 1. It was found
that the DPPH scavenging rates in traditional and
commercial rosehip marmalade samples to compare the
standard antioxidants (P<0.05). On the other hand, the
ABTS scavenging rates of rosehip marmalade samples
were found to be almost equivalent to those of standard
antioxidants and there was no statistically significant
difference among them.
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Table 7. Inhibition zone diameter of rosehip marmalade samples against selected pathogenic bacteria stain

. . Inhibition Zone Diameter (mm) Anova
RM Bacteria Strain 1 > 3 7 5 MS ®)
T |Enterococcus feacalis 12.33+0.20 13.13+0.73 13.57+0.05 13.60+0.50 13.77+1.01 13.47+0.15* 0.151
C |ATCC 29212 14.20£0.98 13.30+0.80 14.47+0.96 13.47+1.82 10.97+0.61 12.88+0.374
T |Proteus vulgaris 13.10£0.40 11.63+£0.71 15.20+£1.22 13.20+1.55 13.60+0.66 13.57+0.268 0.039
C |ATCC 13315 13.80+0.28 12.47+0.48 13.33+0.35 12.73+0.48 13.80+0.52 12.78+0.254 )
T |Klebsiella pneumoniae 12.60+£0.79 13.87+0.50 12.83+£0.77 14.17+0.89 14.30+1.32 13.65+0.238 0.012
C [ATCC 13883 15.20£0.20 14.07+£0.20 13.23+0.43 13.23+0.12 12.17+0.99 12.67+0.30* )
T |Pseudomonas  aeroginosa 12.50+0.85 13.27+0.54 13.13+0.53 13.53+0.52 15.20+0.63 13.47+0.218 0.008
C |ATCC 27853 13.57+0.77 12.80+0.10 14.33+0.28 13.30+0.60 10.70+0.00 12.53+0.26* '
T |Staphylococcus aureus 13.17£0.17 12.67+0.17 12.67+0.34 14.90+1.27 15.30+0.75 13.61+0.234 0.398
C |ATCC 25923 14.90+0.89 13.23+0.43 14.07+£0.20 14.70+1.41 13.13+0.88 13.31+0.26*
T |Salmonella typhimurium 13.93+0.57 12.10+0.58 15.33+0.54 14.63+0.86 13.70+0.40 13.77+0.26" 0.059
C |ATCC 23566 13.07+0.08 13.37+0.55 14.60+0.45 13.70+0.40 10.90+0.57 12.99+0.30 )
T |Escherichia coli 13.33+0.03 12.33+0.67 15.57+0.38 15.43+0.87 15.17+0.55 14.04+0.258 0.000
C |0157:H7 35150 14.43+0.66 14.57+0.26 13.60+0.49 13.43+0.78 10.40+0.80 12.56+0.30% ™
. . Inhibition Zone Diameter (mm) Anova
RM Bacteria Strain 5 7 8 9 10 MS ®)
T |Enterococcus feacalis 14.07£0.03 13.60+0.45 13.87+0.43 13.73+0.23 13.10+0.34 13.47+0.15% 0.151
C [ATCC 29212 11.57+0.72 12.13+£0.77 13.00£0.50 12.13+£0.40 13.57+0.85 12.88+0.37A )
T |Proteus vulgaris 13.10£0.15 14.00+£0.63 14.57+0.68 13.27+0.43 14.07+0.43 13.57+0.268 0.039
C |ATCC 13315 11.63+£0.33 14.23+1.31 12.63£0.41 10.90+0.40 12.60+0.75 12.78+0.254 )
T |Klebsiella pneumoniae 12.57+0.43 13.67+0.38 15.50+0.41 13.70+0.12 13.27+0.43 13.65+0.238 0.012
C |ATCC 13883 12.70£0.70 12.83+0.46 11.93£0.27 9.57+0.24 11.73+0.33 12.67+0.30"
T |Pseudomonas aeroginosa 13.67+0.29 13.30+0.65 13.87+0.91 12.50+0.66 13.77+0.42 13.47+0.218 0.008
C |ATCC 27853 12.60+0.89 11.90+0.27 13.40+0.10 12.73£0.53 9.97+0.27 12.53+0.26" )
T |Staphylococcus aureus 13.67+0.37 13.93+0.62 12.07+0.33 14.20+0.61 13.53+0.30 13.61+0.234 0398
C |ATCC 25923 12.13£0.23 12.57+0.77 12.67+0.74 12.47+0.48 13.27+0.40 13.31+0.26" )
T |Salmonella typhimurium  14.00+0.51 14.20+0.60 13.47+0.69 13.33+0.34 13.03+£0.22 13.77+0.26" 0.059
C |ATCC 23566 10.87+0.87 14.57+1.33 14.03£0.03 11.50+0.66 13.33+£0.64 12.99+0.304 )
T |Escherichia coli 13.83+0.94 14.50+0.20 13.10+0.60 14.43+£0.24 12.73+0.23 14.04+0.258 0.000
C |0157:H7 35150 11.87+0.58 11.97+0.19 11.30+0.60 11.40+0.26 12.60+0.30 12.56+0.304 )
RM: Rosehip Marmalade; T: Traditional; C: Commercial; MS: Means of Sample; ~B: Averages shown with exponential letters in the same column

differ from each other at P < 0.05 level.

Antibacterial
Samples

Inhibition zone diameters of rosehip marmalade
samples for antibacterial activity against selected
pathogenic bacterial strains are shown in detail in Table 7.
The data clearly show that rosehip marmalade samples
produced by the traditional method formed wider zones of
inhibition against selected pathogenic bacterial strains
compared to commercial rosehip marmalade. It was found
that the inhibitory effect of traditional rosehip jam against
Enterococcus faecalis ATCC 29212, Staphylococcus
aureus ATCC 25923 and Salmonella typhimurium ATCC
23566 strains was significantly stronger than that of
commercial jam samples. However, it was concluded that
the antibacterial activity of both groups of jams against
these pathogenic bacteria was statistically similar. Ciftci &
Tastekin (2023) investigated the antibacterial activity of
rosehip fruit against Enterococcus faecalis, Escherichia
coli, Staphylococcus aureus and Pseudomonas aeruginosa
bacterial strains and the results showed that rosehip fruit
formed the highest inhibition zone especially against
Enterococcus faecalis strain. This finding is consistent
with the data obtained in our present study and shows
parallel results. Other studies in the literature also support
that rosehip powder has significant antibacterial activity
against Staphylococcus aureus, Escherichia coli and

Properties of Rosehip Marmalade

Klebsiella pneumoniae Ghendov-Mosanu et al. (2020).
Statistical analyses revealed statistically significant
differences between the mean antibacterial effects of
traditional and commercial rosehip jams. In particular,
when the inhibition zone diameters against Proteus
vulgaris ATCC 13315, Klebsiella pneumoniae ATCC
13883, Pseudomonas aeruginosa ATCC 27853 and
Escherichia coli 0157 35150 strains were examined, it was
clear that the traditional rosehip jam samples were
significantly more efficient against these pathogens
(P<0.05). Overall, it has been determined that traditional
rosehip marmalade samples exhibit higher antibacterial
activity compared to commercially rosehip marmalade
samples, with this activity showing a marked superiority
particularly against various pathogenic bacteria.

Conclusion

In this study, it has been determined that rosehip
marmalade samples produced in Gumushane province and
its surroundings using traditional methods or industrial
processes exhibit significant differences in the analyzed
properties. These differences are attributed to a variety of
factors, including the genetic characteristics of the rosehip
fruit, geographical conditions, variety, harvest time, and
ripening stage, as well as the production methods used in
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marmalade and pulp processing, pulp/sugar ratios, thermal
processing conditions / time, and storage duration of
rosehip products.
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