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Cranberry is a fruit known for its high content of bioactive compounds, 
particularly polyphenols, flavonoids, and organic acids. In this study, physical 
and chemical changes were investigated during 6 months storage of cranberry 
nectar at different temperatures (4, 22, 30 and 40 °C). The water-soluble dry 
matter value remained approximately the same throughout storage. The decrease 
in the pH value during the preservation of the nectars increased the acidity of 
titration. Total phenolic content (TPC) and antioxidant activity (AA) increased 
during storage temperature. Storage period had little effect on TPC and AA 
values. Sugar, water-soluble vitamin and trans-resveratrol analyzes were 
analyzed by high performance liquid chromatography (HPLC). As a result of 
storage at high temperatures, the a* value in cranberry nectar decreased. The least 
change in color values was measured in cranberry nectars stored at 4℃. 
Cranberry nectars were initially rich in sucrose, but as storage progressed, both 
glucose and fructose amounts increased. The ascorbic acid content of cranberry 
nectar was detected to be high. Trans-resveratrol level in cranberry nectar 
dropped from 0.9518 mg L-1 to 0.6478 mg L-1 over 6 months of storage at 40 °C. 
The least loss in trans-resveratrol content was seen in cranberry nectars stored at 4 
°C and 22 °C. TPC value decreased as storage temperature increased. While the 
AA value did not show any change depending on the storage time, it decreased 
with increasing storage temperature. The highest physical and chemical change 
during storage occurred at 40°C.
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1. Introduction

Cranberry (Cornus mas L.) is a fruit species belonging to the Cornaceae family of the Umbelliflorae order. 
Cranberry is a perennial plant that typically grows as a bush or small tree, reaching a height of 7 to 8 meters. 
It is deciduous, shedding its leaves during the winter months, and is well adapted to a variety of climates, 
thriving in acidic, boggy soils. The plant produces small, white to pink flowers and is best known for its 
bright red berries, which are rich in bioactive compounds (Nemzer et al., 2022). Acid, sugar, and aroma 
compounds give the unique taste of cranberry fruit (Demir and Kalyoncu, 2003; Xia et al., 2021;). In cranberry 
fruit, which has a high content of bioactive compounds; there are high amounts of organic acids, tannin, 
vitamin C, phenolic substances, pectin, triterpenoid, and anthocyanin. There are also easily digestible sugars, 
fructose, glucose, glycoside, fructose, salicylic acid and aromatic compounds in cranberry fruit (Eser, 2010). 

Cranberry nectar production generally consists of two stages, pulp production and nectar production. Pulp: 
Pulp; it is a viscous product obtained by removing parts of the fruit, such as the stem, peel, and core, and then 
mechanically crushing the remaining flesh fruit using a hydraulic press or mechanical grinder. Nectar 
production follows the pulp stage, where the pulp is typically diluted with water and sweetened with sugar 
or other sweeteners (Şahin, 2012).

It is reported that cranberry fruit contains phenolic acid, ascorbic acid, flavanol, anthocyanin, tannin, and 
sugar (Demir and Kalyoncu, 2003; Pantelidis et al., 2007). Cranberry is an important fruit for health due to the 
bioactive components it contains. It has been reported that this fruit is rich in bioactive compounds, has anti-
cancer, curative effects against heart diseases, and has antihistamine, anti-inflammatory and antibacterial 
effects due to its high polyphenol content (Uğur, 2020). Because of its very bitter and sour taste, cranberry is 
not preferred as a fresh fruit, mostly compote, jelly, jam, syrup, marmalade, and fruit nectar are made from its 
fruits (Mizgier et al., 2016; Moldovan et al., 2016). Due to the fact that cranberry contains a large amount of  
fiber, using in the food industry is increasing due to its positive effects such as increasing the water holding 
capacity of dietetic fibers, modifying the texture, reducing formulation costs, reducing cooking losses, 
improving storage stability and preventing lipid oxidation with its antioxidant properties (Uran, 2018; Khalil 
et al., 2021).

Cranberry fruit, which is of great importance in terms of health, has been the subject of many researches in 
our country in recent years due to its bioactive components, rich in vitamin and mineral content. The amount 
of these bioactive components and vitamins, which are of plant origin, decreases during the nectar processing 
and storage of fruits and vegetables. This study, changes in some physical and chemical properties, water-
soluble vitamins, trans-resveratrol, TPC and AA values of cranberry fruit were investigated during processing 
into cranberry nectar and storage at 4, 22, 30 and 40 °C for 6 months. In addition, the effects of storage 
temperature and duration on product quality were evaluated, and possible deteriorations in sensory 
properties and critical quality criteria determining shelf life were analyzed. The study also aimed to develop 
recommendations to minimize quality losses during the storage process. Studies in the literature have focused 
on the effects of processing on quality parameters in cranberry products, providing limited information on 
long-term storage stability under different temperature conditions. This study aims to comprehensively 
analyze the effects of storage time and temperature on the degradation of basic bioactive compounds, 
changes in sensory properties, and overall product quality. The findings will enable the development of 
strategies to minimize quality losses. 

2. Materials and methods

2.1. Plant materials

In this study, cranberry fruit was used as raw material. Cranberry fruit was obtained from Çivril district of 
Denizli, Türkiye. Cranberry fruits were processed into cranberry nectar under laboratory conditions. For this 
purpose, after being sorted and washed, cranberry fruits were boiled for 5 min. The fruits were then sieved. 
Sugar syrup (66% prepared) was added so that the content of the obtained cranberry pulp was 35% fruit pulp 
and 15% water-soluble dry matter. It was filled into sterilized 250 mL glass bottles and pasteurized at 90°C for 
15 min, after which it was stored at 4°C, 22°C, 30°C, and 40°C for 6 months.
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2.2. Methods

2.2.1. Determination of pH, titration acidity, water soluble dry matter (°Bx)

The pH, titration acidity, and °Bx analyses of cranberry nectars stored under different conditions were 
performed according to the Association of Official Analytical Chemists (AOAC) (1990) method. pH values 
were measured with Hanna brand (Model HI 211, Romania) pH meter. For titratable acidity analysis, the 
cranberry nectars were first diluted with water and filtered. Then 20 mL of the filtrate was taken and titrated 
with NaOH until a pH of 8.1 was reached. The titratable acidity was determined in terms of malic acid 
equivalents.  The titratable acidity was determined in terms of malic acid equivalents. A digital refractometer 
was used for °Bx measurement. 

2.2.2. Determination of color change

Hunter Lab Color Miniscan XE (Model No:45/0-L, USA) device was used for color measurements of 
cranberry nectars. Prior to measurement, calibration of the instrument was performed with black and white 
plates. In order to make an accurate measurement, the nectars were filled in transparent containers and 
covered with a transparent glass layer so that there were no air bubbles. Color intensity values of L* (0= black, 
100= white), a* (a+= red, a-= green) and b* (b+ = yellow, b- = blue) were read on a white background (William, 
1987; Cemeroglu, 1992).

2.2.3. Sugar analysis

Sugar analysis of cranberry nectars was performed according to the method proposed by Karkacier (2003). 
After adding distilled water at a ratio of 1:2 to the samples, they were homogenized in the homogenizer. The 
samples were then centrifuged at 10000 rpm for 15 min at 4 °C, after which they were filtered through filter 
paper (No: 91). The filtrate was passed through a 0.45 µm microfilter. The characteristics of the HPLC device 
used in the analysis and the chromatography conditions used in the sugar analysis are given in Table 1. 
Glucose, fructose and sucrose standards used as reference in sugar analysis were supplied by Sigma-Aldrich. 
Standards were prepared at different concentrations and injected into the device. Calibration curve was 
drawn from the obtained areas.
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Table 1. Properties of the HPLC device and chromatography conditions used in the analysis

Sugar Ascorbic Acid Niacin Pyridoxine Pantothenic acid Thiamine Riboflavin Resveratrol

Column

Bio Rad 

Animex HPX-

87 ion 

exclusion 

column 

(300x7.8 

mm)

ACE C18 

Column 

(7.8x300 mm)

ACE C18 

Column 

(7.8x300 mm)

ACE C18 

Column 

(7.8x300 

mm)

ACE C18 Column 

(7.8x300 mm)

ACE C18 

Column 

(7.8x300 

mm)

Macherey-

Nagel Amino 

Column 

(4.6x250 

mm)

ACE C18 

Column 

(7.8x300 

mm)

Column Oven 

and Operating 

Temperature

Shimadzu 

CTO-20A 

Column 

Oven, 25℃

Shimadzu 

CTO-20A 

Column Oven, 

25℃

Shimadzu 

CTO-20A 

Column Oven, 

25℃

Shimadzu 

CTO-20A 

Column 

Oven, 25℃

Shimadzu CTO-

20A Column Oven, 

25℃

Shimadzu 

CTO-20A 

Column 

Oven, 25℃

Shimadzu 

CTO-20A 

Column 

Oven, 25℃

Shimadzu 

CTO-20A 

Column 

Oven, 35℃

Detector 

Operating 

Conditions

190 nm 254 nm 261 nm 324 nm 210 nm 324 nm 266 nm 306 nm

Flow Rate 1.4 mL min-1 0.7 mL min-1 0.7 mL min-1 0.7 mL min-1 0.7 mL min-1 0.7 mL min-1 1.0 mL min-1 1.0 mL min-1

Mobile Phase

Isocratic 

Acetonitrile: 

ultrapure 

water (75:25, 

v:v)

Isocratic, 0,1 

M KH2PO4 

(pH=7)

Isocratic, 0,1 M 

KH2PO4 (pH=7)

Isocratic, 0,1 

M KH2PO4 

(pH=7)

Isocratic, 0,1 M 

KH2PO4 (pH=7)

Isocratic, 0,1 

M KH2PO4 

(pH=7)

Isocratic, 0,1 

M KH2PO4 

(pH=7)

Isocratic, 

Methanol: 

10mM 

KH2PO4: 

Acetonitrile
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2.2.4. Water-soluble vitamin analysis

The method recommended by Ekinci and Kadakal (2005) was performed for the analysis of water-soluble 
vitamins. Cranberry nectars stored under different conditions were homogenized with the help of a 
homogenizer by adding ultrapure water at a ratio of 1:2. Then it was centrifuged at 10000 rpm at 4 ℃ for 10 
min (Nüve NF800R, Türkiye). The samples removed from the centrifuge were filtered with the help of coarse 
filter paper (No:91) and the filtrate was passed through a 0.45 µm microfilter. Ascorbic acid, niacin, 
pyridoxine, pantetonic acid and thiamine standards used in the analysis were obtained from Sigma-Aldrich 
company. Standards were prepared at different concentrations and injected into the HPLC device. The 
conditions of the HPLC device used in the analysis of water-soluble vitamins are given in Table 1.

2.2.5. Trans-resveratrol analysis

The analysis method developed by Sing and Pai (2014) was used to determine the amount of trans-resveratrol 
in cranberry nectars. Cranberry nectars were diluted using a methanol water mixture (90% methanol:10% 
water) in a ratio of 1:3. Samples were centrifuged at 4 °C and 10000 rpm for 10 minutes (Nüve NF800R, 
Türkiye). The samples removed from the centrifuge were filtered with the help of coarse filter paper, and the 
filtrate was passed through a 0.45 µm micro filter. The trans-resveratrol standard to be used in the HPLC 
device was obtained from Sigma-Aldrich. Standard solutions prepared at different concentrations were 
injected into the device and the calibration curve was drawn. The operating conditions of the HPLC device 
used in the trans-resveratrol analysis are given in Table 1.

2.2.6. TPC analysis

TPC analysis of cranberry nectars stored under different storage conditions was performed according to the 
spectrophotometric method developed by Singleton and Rossi (1965). 300 µL of cranberry extracts prepared 
with methanol:water (90:10) were taken and 1500 µL of Folin-Ciocalteu solution (1:10, Folin-Ciocalteu 
reagent; Ultra-pure water) was added to them. Then, 1200 µL of 7.5% sodium bicarbonate solution was added 
to this mixture and kept in the dark for 2.0 h. At the end of the period, the samples were read at 760 nm 
absorbance in a spectrophotometer device (PG Instruments T80 UV/VIS, UK). In the calculation of the TPC 
value, a standard curve was prepared with gallic acid solutions having different concentrations. The results 
obtained were expressed in mg GAE 100 g-1 dw units.

2.2.7. AA analysis

AA analysis was performed according to the DPPH method suggested by Thaipong (2006). Extraction of 
cranberry nectars was done with a mixture of methanol:water (90:10). The absorbance of the DPPH solution 
was adjusted to 1.1 at a wavelength of 515 nm.  A volume of 150 µL from the prepared cranberry extracts was 
taken, and 2850 µL of DPPH solution was added. The prepared mixture was incubated at room temperature 
in the dark for 1.0 h. Then, absorbance values were read at 515 nm wavelength in the spectrophotometer 
device. In the calculation of the AA value, a standard curve was drawn with Trolox solutions having different 
concentrations. Antioxidant activity results were calculated and reported as mmol Trolox equivalent (mmol 
TE) per 100 mL.

2.2.8. Statistical analysis

Statistical analysis of the data was performed using IBM SPSS statistical analysis software for Windows 
version 23.0 (IBM Corp. 2015). One-way ANOVA and Tukey tests were applied to compare mean the values. 
Mean values were compared at a significance level of p < 0.05. 

3. Results and discussion

3.1. Changes in pH, titration acidity, water-soluble dry matter (°Bx) values during storage at 
different temperatures

The changes in pH, titration acidity and °Bx content of cranberry nectar during different storage conditions 
are given in Table 2. As the storage time at different temperatures increased, a decrease in pH values was 
observed.
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Titration acidity and pH value of cranberry nectar are the basic quality parameters affecting chemical 
stability and sensory properties. Increase in temperature during storage causes deterioration in acidity and 
pH balance. Changes in titration acidity and pH values can directly affect sensory quality and shelf life, 
leading to differences in sour/astringent taste balance. The pH values of nectars stored at 4°C and 22°C 
showed no significant variation during storage, whereas a significant decline was observed in the pH of 
nectars kept at 40°C (p<0.05). Okatan (2016) reported that the pH value of different cranberry species range 
from 2.60 to 4.02. Tiptiri-Kurpeti et al. (2019) reported the pH value of cranberry juice as 3.27. When the 
titration acidity values of cranberry nectars stored at different temperatures and times were examined, an 
increase in titration acidity was observed due to the increase in storage time and temperature. The least 
increase in titration acidity was in nectars stored at 4°C and maximum at 40°C. Titration acidity of nectars 
differed statistically according to temperature and time (p<0.05). Tural and Koca (2008) reported the titration 
acidity value of cranberry fruit in the range of 1.10-2.53%. Didin et al. (2000) reported the titration acidity in 
cranberry nectars in the range of 0.55-0.64%. In a study investigating the storage of pomegranate juices at 4°C 
and 20°C for 6 months, it was reported that the titration acidity, which was 0.95 % at the beginning, increased 
to 2.66% at 4°C and 2.72% at 20°C. No significant difference was detected in the °Bx values of cranberry 
nectars stored at 4°C and 22°C during the storage period (p>0.05). In another study, it was reported that the 
brix value of cranberry nectars varied between 13-14.50 (Didin et al., 2000). Gomes et al. (2017) reported the 
water-soluble dry matter of cranberry juice as 17.4-17.7, Moldovan and David (2020) as 10 °Bx. The initial brix 
value of apricot nectars, which was 12.79 at 4°C and 20°C, was measured between 12.77-12.79 at the end of 6 
months (Bakan, 2012).
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Table 2. Changes in pH, titration acidity, water-soluble dry matter (°Bx) values during storage at different temperatures

Parameter

Temperate storage (℃)

Duration phase 

(Mont)
4 22 30 40

pH

1 3.25±0.02Aa 3.25±0.02Aa 3.25±0.02Aa 3.25±0.02Aa

2 3.25±0.01Aa 3.24±0.02Aa 3.23±0.04ABa 3.23±0.01Aba

3 3.24±0.01Aa 3.24±0.02Aa 3.22±0.01ABCa 3.21±0.01BCa

4 3.25±0.03Aa 3,23±0.02Aa 3.23±0.01ABa 3.21±0.05BCa

5 3.25±0.02Aa 3.22±0.00Aab 3.21±0.01BCab 3.19±0.01CDb

6 3.24±0.02Aa 3.22±0.01Aab 3.19±0.02Cbc 3.17±0.01DEc

Titratable Acidity 

(%)

1 0.60±0.01Aa 0.60±0.01Ba 0.60±0.01Ba 0.60±0.01 Ca

2 0.60±0.01Ab 0.62±0.01ABab 0.63±0.01ABab 0.65±0.02BCa

3 0.61±0.01Ab 0.64±0.01Aab 0.65±0.01Aa 0.67±0.01ABa

4 0.60±0.01Ab 0.64±0.02Aa 0.66±0.01Aa 0.67±0.01ABa

5 0.61±0.00Ac 0.63±0.01ABbc 0.65±0.01Ab 0.70±0.02ABa

6 0.63±0.01Ab 0.64±0.01Ab 0.66±0.02Ab 0.69±0.01ABa

°Bx

1 14.90±0,04Aa 14.90±0.04Aa 14.90±0.04Ca 14.90±0.04Ca

2 14.90±0.04Ac 14.90±0.01Ac 14.96±0.03Bb 15.02±0.05Ba

3 14.91±0.02Ac 14.93±0.02Abc 14.97±0.02Bb 15.02±0.02Ba

4 14.91±0.03Ab 14.93±0.02Ab 14.96±0.03Bb 15.07±0.03ABa

5 14.89±0.04Ac 14.92±0.02Ac 15.00±0.01ABb 15.10±0.02Aa

6 14.90±0.01Ac 14.93±0.01Ac 15.03±0.01Ab 15.09±0.01Aa

*Values shown with different capital letters in the same column and with different lowercase letters in the same row are different from each other (p<0.05). 
(±: Standard deviation)

3.2. Determination of color changes 

As a sensory attribute, color is an essential quality criterion for fruit juices. The characteristic red color of 
cranberry nectar is largely due to natural pigments such as anthocyanins. The stability of anthocyanins is 
affected by factors such as pH, temperature, oxygen availability, light exposure and enzymatic activities. 

Turk J Food Agric Sci / 7(1): 80-91 (2025)
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Storage at high temperatures can accelerate the thermal degradation of anthocyanins, leading to color 
fading or browning. During storage at low temperatures, anthocyanins remain more stable, and color 
changes occur more slowly. When the color values of cranberry nectars stored under different conditions 
were examined, storage at high temperatures decreased a* value expressing the redness of the color. It was 
determined that the least changes were at 4℃. Nectars stored at 4℃ maintained their initial colors throughout 
storage, but nectars stored at 40℃ experienced a negative change in color values.  The changes in color value 
of cranberry nectar as a result of different storage temperatures and times are given in Table 3. In a study 
investigating the properties of cranberry juice, the L* value was 27.1, a* value was 23.3, and the b* value was 
8.1 (Tiptiri-Kourpeti et al., 2019). In another study on cranberry juice, the L* value was determined as 24.32, a* 
value as 12.33, and the b* value as 3.61 (Naderi et al., 2015).
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Table 3. Changes in color values of cranberry nectar as a result of different storage temperatures and different storage times

*Values shown with different capital letters in the same column and with different lowercase letters in the same row are different from each other (p<0.05). 
(±: Standard deviation)

3.3. Changes in sugar content

Sugar content in fruit-based beverages is an important quality parameter in terms of both taste profile and 
microbial stability. The main sugars found in cranberry nectar are glucose, fructose and sucrose, and may 
change during storage depending on factors such as temperature, pH and enzymatic activities. Increased 
storage temperature may cause sucrose to hydrolyze into glucose and fructose in an acidic environment. This 
conversion may accelerate, especially at high temperatures such as 30 °C and 40 °C, leading to an increase in 
the reducing sugar ratio.

Table 4 presents the variations in glucose, fructose, and sucrose contents of cranberry nectars stored at 
different temperatures for 6 months. It was determined that while the amount of glucose increased during 
storage, the amount of sucrose decreased. However, it was observed that there was no regular change in the 
amount of fructose. Moreover, higher storage temperatures led to a faster rise in glucose content. The 
acceleration of the decrease in the amount of sucrose with the increase in storage temperature can be 
explained by the inversion of sucrose with temperature. Didin et al. (2000), cranberry nectars reported the 
amount of total sugar in the range of 10.75-14.72 g 100 g-1, the amount of sucrose in the range of 4.05-7.44 g
100 g-1. In another study, the fructose content of cranberry fruits was reported as 3.7% and the glucose content 
as 5.4% (Tarko et al., 2014).

Parameter

Temperate storage (℃)

Duration phase 

(Mont)
4 22 30 40

L*

1 21.88±0.12BCa 21.88±0.12Ca 21.88±0.12Ba 21.88±0.12BCa

2 21.74±0.07Cc 22.99±0.10Aa 22.42±0.12Ab 22.87±0.04Aa

3 22.43±0.44ABa 22.07±0.02BCa 22.43±0.15Aa 22.39±0.51Aba

4 22.09±0.32ABCb 22.65±0.23Aa 22.47±0.25Aab 22.64±0.06Aa

5 22.04±0.29ABCb 22.82±0.52Aa 22.50±0.13Aab 21.31±0.01CDc

6 22.58±0.35Aab 22.62±0.08Aa 21.94±0.06Bb 21.20±0.53Dc

a*

1 22.85±0.84Aa 22.85±0.84Aa 22.85±0.84Aa 22.85±0.84Aa

2 20.45±0.06Ba 17.45±0.11Bb 16.27±0.10Bc 11.63±0.41Bd

3 20.15±0.28Ba 16.68±0.22Bb 14.44±0.05Cc 10.40±0.05Cd

4 19.05±0.47Ca 15.46±0.28Cb 12.98±0.27Dc 10.05±0.06Cd

5 18.00±0.02Da 14.99±0.75Cb 12.46±0.20Dc 9.73±0.06CDd

6 17.86±0.09Da 14.51±0.13CDb 12.19±0.01DEc 9.06±0.24DEd

b*

1 5.33±0.17Aa 5.33±0.17BCa 5.33±0.17Ca 5.33±0.17Da

2 5.07±0.03ABCc 5.14±0.21Cbc 5.32±0.05Cb 6.67±0.01Ca

3 5.37±0.11Ac 5.19±0.02Cd 5.84±0.01Bb 7.23±0.09Ba

4 5.14±0.23ABd 5.60±0.09BCc 6.25±0.07Ab 7.83±0.04Aa

5 4.86±0.07BCd 5.64±0.50BCc 6.27±0.06Ab 7.82±0.06Aa

6 5.17±0.13ABd 5.82±0.12ABc 6.36±0.04Ab 7.75±0.08Aa

Turk J Food Agric Sci / 7(1): 80-91 (2025)
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Table 4. Changes in sugar content of cranberry nectar as a result of different storage temperatures and different storage 
times

*Values shown with different capital letters in the same column and with different lowercase letters in the same row are different from each other 
(p<0.05). (±: Standard deviation)

3.4. Changes in water-soluble vitamins

There was a loss of water-soluble vitamin content of cranberry nectars stored at different storage 
temperatures and times. As storage temperature increased, ascorbic acid content decreased. A high loss 
occurred at 40 ℃. While the initial value of ascorbic acid was 68.60 mg L-1, the lowest value decreased to 
37.889 mg L-1 at 40 °C in the 6th month. It has been reported in the literatures that storage conditions reduce 
the amount of ascorbic acid during the storage of fruit juices (Klimaczak et al., 2007; Ros Chumillas et al., 
2007). Emelyanoc et al. (2013) determined the ascorbic acid content of cranberry juice as 41.8 mg100 g-1. 
Hassanpour et al. (2012) reported 240-360 mg 100 g-1 dw ascorbic acid content of cranberry. A statistically 
significant decrease in thiamine content was determined during storage (p<0.05). The lowest concentration 
among all water-soluble vitamins was determined as thiamine with 1.105 mg L-1. When the riboflavin content 
of cranberry nectar stored under different conditions was examined, the increase in storage time and 
temperature increased riboflavin loss. The maximum decrease in riboflavin amount occurred at the end of 6 
months storage at 40°C, and the least loss occurred at 4 °C. Duman (2014) reported the amount of riboflavin 
in rosehip nectar as 15.7 mg L-1. As a result of drying the cranberry fruit under different conditions, riboflavin 
values ranged between 64-76 µg g-1 (Nemzer et al., 2018). During storage, the amount of niacin decreased at 4 
°C, 22 °C storage temperatures, and could not be detected in the 5th and 6th months of 30 °C and 40 °C 
temperatures. Niacin content exhibited a significant decrease throughout storage (p<0.05). Emelyanov et al., 
(2013) examined the changes in bioactive substances during cranberry processing and determined the amount 
of niacin in cranberry juice as 0.22 mg 100 g-1. Results were similar for pantothenic acid and pyridoxine. The 
increase in storage time and temperature increased the loss of pantothenic acid and pyridoxine. Goverd and 
Carr (1974) determined the pantothenic acid content in different apple juices between 47-116 µg 100 mL-1 at 
maximum apricot 40 ℃. Changes in the water-soluble vitamin levels of cranberry nectars, stored for 6 months 
under different temperature conditions, are shown in Table 5.

Parameter

Temperate storage (℃)

Duration phase 

(Mont)
4 22 30 40

Glucose 

(g 100 mL-1)

1 2.79±0.05CDa 2.79±0.05Ea 2.79±0.05Da 2.79±0.05Ea

2 2.78±0.03CDc 2.83±0.03Ebc 2.87±0.04Db 3.44±0.05Da

3 2.75±0.05Dd 2.90±0.04DEc 3.11±0.06Cb 3.90±0.09Ba

4 2.81±0.01Cc 3.07±0.22CDb 3.19±0.02Cb 3.99±0.07Ba

5 2,82±0.02Cd 3.12±0.02Cc 3.46±0.03Bb 4.20±0.07Aa

6 3.01±0.02Bd 3.40±0.03Bc 3.60±0.11Ab 4.32±0.06Aa

Fructose

(g 100 mL-1)

1 2.26±0.05Aa 2.26±0.05Aa 2.26±0.05Ba 2.26±0.05Ea

2 2.19±0.05Ab 2.22±0.06ABb 2.19±0.03BCb 2.34±0.02DEa

3 2.23±0.02Ab 2.21±0.14ABb 2.05±0.03Dc 2.45±0.04Da

4 2.19±0.02Ab 2.08±0.02BCc 2.09±0.06CDbc 2.91±0.06Ba

5 2.07±0.21Bbc 1.97±0.10CDc 2.16±0.04BCDb 3.12±0.08Aa

6 1.93±0.02Cc 1.92±0.04Dc 2.38±0.17Ab 3.01±0.04Aba

Sucrose

(g 100 mL-1)

1 4.09±0.02Aa 4.09±0.02Aa 4.09±0.02Aa 4.09±0.02Aa

2 4.09±0.04Aa 4.06±0.18Aa 4.03±0.07ABa 3.97±0.05Ba

3 4.07±0.09Aa 4.00±0.04ABab 3.93±0.04BCb 3.90±0.03Bb

4 4.03±0.12Aa 3.94±0.02BCb 3.87±0.02Cc 3.71±0.04Cd

5 4.02±0.05Aa 3.90±0.23BCb 3.77±0.03Dc 3.54±0.13Dd

6 3.99±0.06Aa 3.86±0.02Cb 3.64±0.12Ec 3.39±0.05Ed
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Table 5. Changes in water-soluble vitamins of cranberry nectar as a result of different storage temperatures and different 
storage times

*Values shown with different capital letters in the same column and with different lowercase letters in the same row are different from each other 
(p<0.05). (±:Standard deviation), *Nd.: not detection

3.5. Change in Trans-resveratrol

The trans-resveratrol content of cranberry nectars stored at different temperatures and times are given in 
Table 6. The trans-resveratrol concentration, initially 0.9518 mg 100 mL-1, decreased to 0.8613, 0.8018, 0.7439, 
and 0.6317 mg 100 mL-1 after 6 months of storage at 4, 22, 30, and 40 °C, respectively. Wang et al., (2002) 
determined the total resveratrol content in cranberry juice as 1.07 nmol g-1. Borowska et al. (2019) reported the 
amount of resveratrol in cranberry fruit between 598.2-712.3 ng g-1.

Parameter
Temperate storage (℃)

Duration phase (Mont) 4 22 4

Ascorbic acid 

(mg L-1)

0 68.60±0.53Aa 68.60±0.53Aa 68.60±0.53Aa 68.60±0.53Aa

1 65.85±1.1ABa 63.03±0.68Bb 61.99±1.32Bbc 59.78±1.72Bc

2 63.80±1.14BCa 61.13±0.89Bb 59.05±0.92Cc 56.45±0.58Cd

3 61.25±0.66CDa 61.14±1.53Ba 58.21±1.31Cb 55.00±1.42Cc

4 60.02±2.21Da 57.64±1.25Ca 54.25±1.39Db 49.67±0.49Dc

5 58.76±1.13Da 54.98±1.12Db 50.46±1.14Ec 43.96±.1.27Ed

6 55.03±0.85Ea 51.10±1.34Eb 46.45±1.35Fc 37.89±1.68Fd

Thiamine

(mg L-1)

0 1.10±0.25Aa 1.10±0.25Aa 1.10±0.25Aa 1.10±0.25Aa

1 1.07±0.68Aa 1.042±0.71ABa 1.03±0.64Aa 0.96±0.50Bb

2 1.05±0.75Aa 1.03±0.90ABa 0.96±0.52Aa 0.85±0.35Cb

3 1.03±0.90Aa 0.98±0.67ABa 0.84±1.05Ba 0.60±0.74Db

4 1.01±0.62Aa 0.89±0.43ABa 0.64±0.21Cb Nd.

5 0.98±0.43Aa 0.80±0.46Ba Nd. Nd.

6 0.92±0.43Aa 0.65±0.37Cb Nd. Nd.

Riboflavin 

(mg L-1)

0 15.72±7,24Aa 15.72±7,24Aa 15.72±7,24Aa 15.72±7,24Aa

1 15.15±0.43ABa 14.64±0.37ABa 14.52±0.78ABa 13.81±0.86Ba

2 15.06±0.31ABa 14.18±1.09ABab 13.81±0.61BCab 12.64±0.93BCb

3 14.72±1.03ABa 13.15±0.66BCab 12.288±0.99CDb 11.33±0.96CDb

4 14.35±0.49ABa 11.89±0.97CDb 11.49±0.50DEb 9.85±0.49Dc

5 13.28±1.15Ba 11.74±0.83CDab 10.25±0.53EFb 7.68±0.47Ec

6 12.91±1.83Ba 10.37±0.26Db 9.13±0.65Fb 6.99±0.54Ec

Niacin

(mg L-1)

0 1.20±0.40Aa 1.20±0.40Aa 1.20±0.40Aa 1.20±0.40Aa

1 1.15±0.57ABa 1.10±0.50Ba 0.96±0.62Bb 0.91±0.22Bb

2 1.11±0.38BCa 1.09±0.22Ba 0.94±0.54Bb 0.82±0.23Cc

3 1.05±0.26CDa 1.00±0.33Ca 0.82±0.40Cb 0.73±0.44Dc

4 0.99±0.28DEa 0.99±0.28Ca 0.66±0.44Db 0.55±0.49Ec

5 0.98±0.25DEa 0.92±0.34Cb Nd. Nd.

6 0.95±0.24Ea 0.77±0.52Db Nd. Nd.

Pantothenic 

acid

(mg L-1)

0 11.48±0.38Aa 11.48±0.38Aa 11.48±0.38Aa 11.48±0.38Aa

1 11.13±0.21Aa 10.96±0.21ABa 10.34±0.64ABab 9.55±0.50Bb

2 10.95±0.71ABa 10.32±0.76ABCab 10.00±0.62Bab 8.92±0.65BCb

3 10.60±0.69ABCa 10.00±0.39ABCDab 9.29±0.54BCb 8.11±0.36Cc

4 9.82±0.56BCa 9.64±0.40BCDa 9.18±0.67BCa 7.76±0.72CDb

5 9.65±0.57Ca 8.98±0.85CDa 8.55±1.02CDa 6.58±0.81Db

6 9.44±0.26Ca 8.59±1.12Dab 7.68±0.18Db 5.14±0.45Ec

Pyridoxine 

(mg L-1)

0 4.22±0.61Aa 4.22±0.61Aa 4.22±0.61Aa 4.22±0.61Aa

1 4.00±0.23ABa 3.78±0.42ABa 3.51±0.24ABa 3.16±0.64ABa

2 3.91±0.38ABa 3.56±0.24ABab 3.30±0.33ABab 2.99±0.60Bb

3 3.78±.39ABa 3.19±0.17ABCa 3.11±0.64Bab 2.42±0.21BCb

4 3.60±0.35ABa 3.00±0.49BCab 2.97±0.62BCab 2.05±0.52BCDb

5 3.42±0.31ABa 2.74±0.57BCa 2.59±0.37BCab 1.63±0.60CDb

6 3.14±0.65Ba 2.44±0.48Cab 1.94±0.24Cbc 1.31±0.07Dc
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Table 6. Changes in total phenolic matter and antioxidant actividty of cranberry nectar as a result of different storage 
temperatures and different storage times

*Values shown with different capital letters (A-E) in the same column and with different lowercase letters (a-c) in the same row are different from each 
other (p<0.05). (±:Standard deviation)

3.6. Changes in TPC and AA

A negative correlation was found between storage temperature and TPC value, with the maximum total 
phenolic content recorded in nectars stored at 4 °C. Spanos and Wrolstad (1990) suggested that the reduction 
in TPC during nectar storage might result from the degradation or condensation of phenolic compounds. 
Klimczak et al. (2007) reported that the increase in TPC during storage could be due to some compounds 
reacting with the folin reagent. Although the AA value of cranberry nectars did not show a regular time-
dependent change, the AA value decreased with increasing storage temperature (Table 7). Harrison et al. 
(2012) found that the AA value of cranberry juice was 64-75 mg TE g-1. 

Parameter
Temperate storage (℃)

Duration phase (Mont) 4 22 30 40

Trans-resveratrol 

(mg L-1)

1 0.95±1.16Aa 0.95±1.76Aa 0.95±1.76Aa 0.95±1.76Aa

2 0.94±0.30Aa 0.92±0.04ABab 0.92±0.91Bab 0.91±0.89Bb

3 0.93±0.16Aa 0.92±1.38ABab 0.90±1.26Bbc 0.88±1.40Cc

4 0.93±0.12Aa 0.90±0.28BCa 0.86±0.69Cb 0.83±0.71Db

5 0.91±0.17ABa 0.87±0.25CDb 0.81±1.17Dc 0.76±1.13Ed

6 0.88±0.12BCa 0.84±1.46Db 0.81±0.93Dc 0.70±0.58Fd

Table 7. Changes in trans-resveratrol of cranberry nectar as a result of different storage temperatures and different 
storage times

Parameter Temperate storage (℃)

Duration phase 

(Mont)
4 22 30 40

Total phenolic matter 

(mg GAE/100)

1 324.46±3.44Aa 324.46±3.44Aa 324.46±3.44Aa 324.46±3.44Aa

2 272.50±2.13Ba 241.56±1.82Bb 188.50±4.82Bc 177.30±0.43Bd

3 235.10±4.38Ca 187.60±4.39CDb 176.02±5.83Cc 150.26±5.61Cd

4 198.53±5.29Ca 183.99±2.78Db 168.77±1.74CDc 138.34±2.66Dd

5 188.88±1.63Ea 180.74±4.13Da 161.07±5.22Db 140.11±4.88Cc

6 194.19±1.15DEa 185.01±4.78CDb 163.89±1.37Dc 149.37±1.75Dd

Antioxidant activity 

(mg TE/100ml)

1 155.21±3.11Aa 155.21±3.11Aa 155.21±3.11Aa 155.21±3.11Aa

2 142.09±1.91Ba 121.52±2.64Bb 106.05±1.51Bc 95.67±1.11Bd

3 111.17±3.39CDa 100.21±2.76CDb 83.11±1.40DEc 73.51±1.62Dd

4 105.17±4.53Da 105.16±5.83Ca 92.02±1.61Cb 75.69±0.21Dc

5 116.96±1.39Ca 98.28±1.67CDb 86.55±1.20Dc 82.57±1.31Cd

6 106.49±3.02Da 95.25±2.56Db 80.83±1.38Ec 76.39±0.44Dd

*Values shown with different capital letters in the same column and with different lowercase letters in the same row are different from each other 
(p<0.05). (±:Standard deviation)

4. Conclusion

In this study, physical and chemical properties of cranberry nectars were analyzed during 6 months of 
storage at 4, 22, 30 and 40 °C. An increase in titration acidity was observed due to the decrease in pH value 
during storage at different temperatures. During the 6 months of storage of cranberry nectars, a* value 
decreased at each temperature. Cranberry nectars initially contained mostly sucrose; however, over the 
storage period, glucose and fructose increased, and sucrose levels dropped. The amount of water-soluble 
vitamins decreased with storage temperature and time. The predominant vitamin in cranberry nectars was 
determined to be ascorbic acid. Similarly, a decrease in trans-resveratrol content was observed during storage. 
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The degradation of water-soluble vitamins and trans-resveratrol was minimal in samples stored at 4 °C and 
most pronounced in those stored at 40 °C. In the light of the research findings, it was observed that the losses 
in the investigated components increased as the storage temperature and time increased in cranberry nectar. 
However, when the results obtained are evaluated; in terms of trans-resveratrol and water-soluble vitamins, it 
is thought that the best storage temperature of cranberry nectar is 4 °C. It is determined that there will be 
significant quality losses when the storage temperature of cranberry nectar rises to 40 °C. It is clear that 
reducing the storage temperature and time will be effective in reducing the losses in the components. The 
findings of this study have the potential to be applied in industrial production in terms of determining the 
optimum storage conditions to minimize quality losses and preserve sensory properties of cranberry nectar. 
However, further research and optimization of production processes may be required for widespread 
dissemination of such applications. In this context, further research on storage conditions and shelf life of 
cranberry nectar is recommended to increase the sustainability of the food industry. Future research should 
be aimed at developing more efficient methods for preserving bioactive components in cranberry nectar. For 
example, development of new packaging technologies or preservatives may minimize deterioration at higher 
temperatures. Furthermore, investigation of the use of cranberry fruits as a natural source of trans-resveratrol 
in other food and beverage products may expand the potential applications of cranberry-based products in 
the food industry.
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