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Abstract  
 

This study was conducted to investigate the content of some antioxidant phytochemicals 
(anthocyanins, phenolics) in five different red raspberry fresh samples grown in Romania, the 
anthocyanin profile through direct ESI-IT-MS/MS and the influence of traditional preservation methods 
on total anthocyanins and total antioxidant capacity.  

The results showed a high level of these bioactives in wild fresh samples compared to cultivated 
ones (Heritage and The Latham cvs.). The anthocyanin profiles of the crude extracts peformed by direct 
ESI-IT-MS/MS without previous HPLC-DAD, showed a higher content of glycosylated anthocyanins in 
The Latham cv.  Freezing at – 18 oC and oven-drying at 60 oC and 80 oC of red raspberries in relation to 
the retention of anthocyanin pigments and total antioxidant capacity have been studied. Frozen wild red 
raspberries maintained a good total anthocyanins content during 7-months storage at – 18 oC, while The 
Latham and Heritage cvs. showed an increase in the level of these pigments. The content was decreased 
in case of the two garden-grown samples (7-24 % decrease). Fresh red raspberries reported higher 
content of total anthocyanins than dried products. Oven-drying technology showed good retention of total 
anthocyanins and of antioxidant potential up to 5 hours of drying at 60 °C, but high temperatures 
degraded these thermolabile compounds.  
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Introduction 
 

Today it is generally accepted that nutrition strongly influences human health and 
biological evolution. Because we have been living in an increased oxidative environment as 
result of industrial pollution, abuse of food additives, pesticide residues in foods, drugs, 
smoking or alcohol drinking, we need strong protection against oxidative stress.  
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This can be achieved basically by conducting a healthy diet throughout life and 
secondly through proper medication (food supplements, medicines). Animal and 
epidemiological studies have shown an increased longevity and decreased risk of 
cardiovascular and cancer diseases associated with the increase of dietary antioxidants (S.A. 
STANNER & al. [1]).  
 

Fresh fruits and vegetables are good sources not only of essential nutrients, but also of 
phytochemicals (nonessential nutrients) such as phenolics and flavonoids, which are 
compounds with excellent antioxidant capacities. As maximum of health benefits seems to be 
obtained through synergistic effects of nutrients and compounds with essential properties 
beyond basic nutrition, it is of great importance to have high retention of such biomolecules 
through proper preservation technologies in case of seasonal fruits. Such technologies aim to 
efficiently control the microbial population and the destruction or inactivation of natural 
enzymes. Frozen fruits are available throughout the year, but with limited applications, while 
dehydrated fruits may find more applications through their incorporation into a wide range of 
food products. Regarding the advanced preservation methods, results have shown efficiency 
of sublimation and microwave-vacuum drying on preserving valuable food compounds (M. 
MICHALCZYK & al. [2], C.D. CLARY & al. [3], E.I. MEJIA-MEZA & al. [4]), but these 
are generally expensive processes. 

Among flavonoids, anthocyanins are considered essential bioactives based on their 
strong free radical quenching abilities, providing a wide range of health benefits. Dietary 
sources of anthocyanins from edible plants belong in particular to the families Vitaceae, 
Rosaceae, Saxifragaceae, Ericaceae, Solanaceae, and Cruciferae. 

Raspberries, wild and cultivated, are among the rich sources of bioactive compounds, 
being undoubtedly popular for food and particularly medicinal use. The most commercially 
important raspberries are the European red ones (Rubus idaeus L.). Despite there is an 
increased worldwide production of such berries, Romania ranks 31 in terms of raspberries 
production and 15 in terms of the area harvested, according to the FAOSTAT 2010 data 
(http://faostat.fao.org). This is due to the fact that most of the raspberries of Romania are 
harvested from spontaneous flora, intended mainly for export. The study of different 
raspberry genotypes of a selected area for their characterization through the content and type 
of bioactive compounds and evaluation of their biological effects represent an important task 
not only for plant breeders, but also for pharmaceutical and food industries (I. BADJAKOV & 
al. [5]). Raspberries contain various nutrients (proteins, fibers, minerals, vitamins) and 
phytochemicals such as phenolic compounds showing a high free radical-scavenging capacity 
(M. LIU & al. [6]). Like other fruits, processed raspberries exhibit diverse levels of bioactives 
and antioxidant capacities linked to the processing history (W. KALT [7]). 

Considering that (1) the content of anthocyanins varies greatly in relation to genetic 
and environmental conditions; (2) the most fruits rich in anthocyanins are seasonal; (3) 
anthocyanins are sensitive to different parameters (temperature, pH, oxygen, etc.), we aimed 
in this paper to investigate (i) the total anthocyanins and total phenolics content in various 
genotypes/cultivars of Romanian raspberries, which might be useful for studies regarding the 
estimation of their intake; (ii) the influence of some fruit traditional preservation methods on 
the anthocyanin content and total antioxidant activity.  

The present paper does not intend to investigate the influence of advanced 
preservation methods as most of them are not in commercial practice, but aims to compare 
freezing and oven-drying effects in terms of anthocyanin levels and total antioxidant capacity 
that are linked to health benefits. For a review of advanced preservation methods of fruits and 
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their effects, readers are encouraged to study additional papers, e.g. that of Barrett and Lloyd 
(D.M. BARRETT & al. [8]).  

In order to have a fast anthocyanin profile of the different varieties of red raspberry we 
propose a direct infusion electrospray ionization ion trap tandem mass spectrometry 
(ESI-IT-MS/MS), without a previous HPLC-DAD analysis. 
 
Materials and methods 
 

Plant material and reagents  
The following samples were harvested at processing maturity and used in the present 

investigation: one sample of wild-grown red raspberries (Sibiu, Romania), two samples of 
fresh raspberry fruits (Rubus idaeus L.) from garden-store (Sibiu, Romania), two samples of 
fresh raspberry fruits cultivars “Latham” and “Heritage” from plantations (Dragomiresti, 
Romania). Chemical reagents of analytical grade without further purification were used. 

Physical-chemical characterization of fruits  
Moisture content of the investigated samples was determined at 120 oC using the 

MAC 210/NP moisture analyzer (RADWAG, Poland). Refractive index (n) and total soluble 
solids (TSS) of the red raspberry juice obtained by manually pressing were measured by 
refractometric method using an Abbe AR2008 refractometer (KRÜSS) at standardized 
temperature (21 oC). Values are expressed as refractometric total soluble substances, oBrix. 
After physical chemical characterization, samples of fresh fruits were stored at – 18 oC for 
seven months in order to assess the influence of freezing on total anthocyanins content. 

Extraction and assay of total phenolics 
The total phenolics content in fresh red raspberry samples was determined according 

to the Folin-Ciocalteu spectrophotometric method (V.L. SINGLETON & al. [9]). Briefly, the 
red raspberry extract in 90 % (V/V) methanol (1 mL) was mixed with distilled deionized 
water and Folin-Ciocalteu reagent (1 mL) and incubated for 5 min. at room temperature. Then 
7 % (m/V) Na2CO3 solution was added. After incubation at room temperature for 90 min., the 
absorbance at 745 nm was measured. The Specord 200Plus UV-Vis  spectrophotometer 
(ANALYTIK JENA) was used. Gallic acid was used as standard for the calibration curve. 
The mean of three readings was used and the total phenolics content was expressed in 
milligram of gallic acid equivalents/g fresh mass (mg GAE g-1 FM). 

Extraction and assay of total anthocyanins 
Fresh, frozen and dried fruits of Rubus idaeus L. were homogenized and anthocyanins 

were extracted in 70 % (V/V) ethanol, at 4 oC, for 24 h. The extract was centrifuged at 8000 
rpm for 10 minutes at 4 oC. The NF 800R (NŰVE) refrigerated centrifuge was used. The 
content of total anthocyanins in the obtained crude extracts was determined 
spectrophotometrically by the pH differential method (R.E. WROLSTAD & al. [10]). 
Measurements were made in duplicate. Content of anthocyanins was expressed as cyanidin-3-
O-glucoside (Cyn-3-O-G) according to its molar extinction.  

ESI-MS analysis 
ESI measurements were performed using the LCQ DECA instrument 

(THERMOFINNIGAN, San Jose, CA, USA).  Each sample was diluted 1:10 (V/V) in methanol 
(HPLC grade, FLUKA, Germany) for the ESI-MS experiments and directly infused at a flow of 
10 µL/min. The ion trap mass spectrometer was operated in positive ion mode. The instrumental 
conditions were as follow: spray voltage 0.5 kV, sheath gas (N2) flow rate 50 (arbitrary units, 
a.u.), entrance capillary temperature 280 °C and entrance capillary voltage 16 V.  
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Oven-drying  
The whole fresh wild-grown red raspberry samples were placed in a convection oven 

(UFE 400 with forced air circulation, MEMMERT) on a perforated stainless steel tray in a 
single layer, and dried at 60 oC for 13 hours and at 80 oC for 7 hours, respectively, at a fan 
speed of 60 %, to reach moisture of cca 12 %. 

Ferric reducing antioxidant capacity (FRAP assay) 
The total antioxidant capacity of red raspberry anthocyanin crude extracts was 

determined by the ferric reducing ability assay described by Benzie and Strain (F.F.I. 
BENZIE & al. [11]). The absorbance of the mixture of anthocyanin extracts and FRAP 
reagent was measured at 593 nm after 5 min. The results were expressed as mg ascorbic acid 
g-1 DM.  

Statistical data analysis:  
In order to summarize the data regarding total anthocyanins and total antioxidant 

capacity in dried raspberry samples, descriptive statistics were used to calculate the means of 
continuous variables, and to show the dispersion of these data. Levene’s test for equality of 
variance and ANOVA test were performed by using statistical software (IBM SPSS.20). 
Differences were considered significant for P<0.01. 
 
Results and discussion 
 

Physico-chemical characterization and anthocyanin profiles of various red raspberry 
samples 

Romanian wild-grown and cultivated red raspberries were investigated for total 
anthocyanins and total phenolics content in the fresh form. Several physico-chemical 
characteristics of the obtained extracts and/or juices are presented in Table 1. Total soluble 
solids (TSS) value is often used as a quality control parameter in fruits’ processing, that 
measures the sugar content (indicator of fruit maturity and ripeness).  
 
Table 1. Physico-chemical attributes of the investigated red raspberry samples. 
 

Red raspberry 
(Rubus idaeus 
L.) 

Sample 
no.  

Physical chemical characterization 
Moisture  
(%) 

TSS 
( oBrix) 

Refractive 
index (n)  

Total phenolics 
(mg GAE 100g-1 FM) 

Total anthocyanins 
(mg 100g-1 FM) 

wild-grown 1 86.1 11.7 1.3495 340.00 71.26 
garden-grown 2 87.6 10.9 1.3495 198.00 41.52 
garden-grown 3 88.2 7.7 1.3445 215.00 40.84 
cv. Latham 4 84.4 10.8 1.3483 189.71 27.03 
cv. Heritage 5 82.7 11.2 1.3489 164.76 24.53 
 

Total phenolics and total anthocyanins content was found higher in wild crop than in 
cultivated one, in agreement with other reported studies on various fruits (G. GIOVANELLI 
& al. [12]). Literature data reported similar concentrations of total anthocyanins in red 
raspberry related to the applied quantitative analysis method, as follow: (i) 10-60 mg 100g-1 
FM (quantification by pH differential spectrophotometric method) (L.C. TORRE & al. [13]); 
(ii) 92.1 mg 100g-1 FM (quantification by HPLC using relevant anthocyanidin glucosides as 
standards) (W. MULLEN & al. [14]). 

In order to have a fast anthocyanin profile of the different varieties of red raspberry 
(samples 2, 3 and 4) we have performed direct infusion electrospray ionization ion trap 
tandem mass spectrometry (ESI-IT-MS/MS), without a previous HPLC-DAD analysis – a 
different choice than those reported by most research in the field.  In the applied technique, 



 
SIMONA OANCEA, FLORIANA MOISEENCO, OTTO KETNEY, PIETRO TRALDI 

9244                                                   Romanian Biotechnological Letters, Vol. 19, No. 2, 2014 

electrospray (ES) ionization combined with an ion trap (IT) mass analyser was used together 
with tandem MS/MS for fragmentation studies in the crude extracts without additional 
purification. The obtained results are reported in Figure 1 (ESI/MS analysis of red raspberry 
samples in positive ion mode acquisition). As noticed, sample 4 (cultivated red raspberry) 
contains a larger number of anthocyanins within the m/z range of 440 – 620. This may 
indicate that the presence of glycosylated compounds in the anthocyanin extract is superior 
than that of the corresponding aglycones (anthocyanidins). The fingerprints obtained from the 
analysis of samples 2 and 3 (different varieties of garden-grown red raspberry) resulted more 
similar: most abundant ions detected are probably due to anthocyanidins while the 
glycosylated compounds show a significant decrease in their abundance.  In sample 3, 
however, the ions at m/z 490 – 620 showed a slight increase in their abundance comparing to 
sample 2. 
 

 
 

Figure 1. Comparative ESI/MS anthocyanin profiles of three different red raspberry extracts. 
 

Effects of frozen storage on total anthocyanins content 
As red raspberry fruits have high moisture content (more than 84 %), they can be 

easily degraded, so that proper preservation technologies may be required to have them 
available throughout the year. 

The selected samples of Romanian red raspberries have been frozen for a limited 
period of time (up to 7 months) at – 18 oC. The obtained results presented in Figure 2, indicate 
that almost no change in total anthocyanins content was registered for wild-grown red 
raspberries stored at –18 °C, while a 7 – 24 % decrease was registered for garden-grown fruits 
and interestingly a 47 – 69 % increase for cultivated red raspberries, respectively.  
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Figure 2. Total anthocyanins content in Rubus idaeus L. samples during frozen storage for 7 months. 
 
 

Effects of oven drying on total anthocyanins content and total antioxidant capacity. 
Statistical analysis 

Oven drying of red raspberry fruits at two different temperatures (60 ºC, 80 ºC) was 
performed as a second choice of preservation which may permit larger applications in food 
products. Experimental results are shown in Table 2. The studied parameters were determined 
on a dry mass basis. 
 
Table 2. Time variation of total anthocyanins content and total antioxidant capacity as determined by FRAP 
assay of red raspberry samples at different drying temperatures. 
 

Oven drying time 
(hours) 

Total anthocyanins 
TA 
(mg g-1 DM) 

Total antioxidant capacity FRAP 
(mg ascorbic acid g-1 DM) 

60 ºC 80 ºC 60 ºC 80 ºC 
0 5.13 5.13 16.54 16.54 
2 6.30 3.58 17.87 10.69 
4 4.66 4.96 14.89 14.22 
5 5.15 5.73 13.63 14.73 
7 4.44 2.80 12.68 10.06 
13 2.26   9.31   

 
Comparison between the FRAP and TA mean values shows more variability for FRAP 

than for TA (Table 3 and Figure 3) under the described experimental conditions. Compared to 
the control sample (unprocessed), it can be noticed that the process of oven drying at 60 ºC 
for a short period of time does not negatively affect the FRAP value which indicate the total 
antioxidant capacity. 
 
Table 3: Mean values of TA and FRAP at 60 ºC and 80 ºC. 
 

Temperature 
(ºC) 

Mean value
TA  
(mg g-1 DM) 

FRAP  
(mg ascorbic acid g-1 DM) 

60 4.65±1.33 14.15±3.00
80 4.44±1.20 13.25±2.76

± means standard deviation 
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Figure 3. Drying time variation of TA content and FRAP capacity (mean values) under oven-drying conditions. 
 

We didn’t find statistically significant differences of TA and FRAP values in red 
raspberry samples in relation to temperature and drying time, but optimal values of these 
parameters suggest up to 5 hours for drying samples at 60 °C. Under these conditions, 
finished dried fruits have quite high moisture content (cca 65 % compared to 86 % in fresh 
fruits), but this high-moisture dried fruits are shelf stable at room temperature for different 
period of times. These type of dried products are suitable for situations when cooling is not 
possible, such as in developing countries (J. TAYLOR [15]). 

Drying fruits as preservation technology might be an expensive choice, but hibrid 
technologies such as combination of oven-drying with osmotic dehydration at low 
temperature may reduce energy costs and may enhance the senzorial quality of the food 
products (S. GRABOWSKI & al. [16]).The quality of preserved red raspberry fruits in 
relation to either the nutritional value and phytochemicals content, and the economic aspect 
(in particular energy consumption) becomes relevant issues to be tackled before deciding the 
industrial application of various conventional or modern preservation technologies. 

 
Conclusions  

 
The content of total anthocyanins and total phenolics in five different red raspberry 

fresh samples from Romania showed high levels in wild species compared to garden grown 
and field cultivated ones, almost doubled when considering the cvs. Heritage and The 
Latham. The obtained data may become relevant for future estimation studies of 
phenolics/anthocyanins daily consumption and for completing the national food composition 
databases. Anthocyanin profiles of garden and field cultivated species peformed by direct 
ESI-IT-MS/MS without previous HPLC-DAD analysis, showed a higher content of 
glycosylated anthocyanins in the investigated The Latham cv. The profiling measurement 
may also find application as a rapid tool for establishing the origin of raspberry when 
incorporated in different food products.  

Regarding the preservation technologies, two different methods have been studied in 
the present paper, freezing at – 18 oC and oven drying, in relation to the retention of 
anthocyanin pigments and total antioxidant capacity. Frozen wild red raspberries maintained 
good total anthocyanins content, while The Latham and Heritage cvs. showed an increase in 
the level of these pigments during cold storage. Total anthocyanins content was decreased in 
case of garden-grown fruits. Fresh red raspberries reported higher content of total 
anthocyanins than dried products. 
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Oven drying technology showed good retention of total anthocyanins and of total 
antioxidant potential up to 5 hours of drying at 60 °C, but high temperatures degraded these 
thermolabile compounds. The method may be applied for obtaining high-mositure content 
raspberries with longer shelf life at room temnperature than fresh products. 

The overall conclusions emphasize once more the importance of a healthy diet based 
on fresh fruits and support the replacement of synthetic antioxidants with natural ones in the 
production of functional foods, based on different content of antioxidant compounds 
(phenolics, anthocyanins) related to genetic differences of red raspberry species. What we 
propose here is the promotion of wild red raspberry fruits as good antioxidant and colorant-
containing components to be used in nutraceuticals or pharmaceuticals. 
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