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Abstract
Strawberries and raspberries are perennials of the Rosaceae family. They can be wild or cultivated. Strawberry fruits are 

high in carbohydrates and vitamin C, low in calories and fats. Raspberries contain flavonoids, carotene, tannins, vitamin C and P, 
organic acids, vitamins from the B group, minerals, formic acid, phosphorus, carbohydrates, magnesium, potassium and calcium 
oxides, iron compounds, carotene, malic and salicylic acid.

Purpose: Determine the influence of altitude on some chemical characteristics of strawberries (Kama type) and raspberries 
(Heritage type).

Used Research Methods:

Systematic approach and critical analysis of the accessible scientific periodicals.•	

Spectrophotometric method for determination of absorption and standard line in gallic acid.•	

DPPH method for determining antioxidant activity (radical detecting activity).•	

Results: Raspberry pH ranges from 2.17 to 2.99; Strawberry pH is in the range of 3.50 to 4.00. The antioxidant activity in 
strawberries ranges from 901 to 4193 m mole TE / 100 ml juice, and in raspberries from 383 to 2010 m mole TE / 100 ml juice.

Conclusions:

The antioxidant activity of the fruits is not pH dependent.•	

Antioxidant activity increases with altitude.•	
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Introduction
Strawberries and raspberries are perennials of the Rosaceae 

family. They can be wild or cultivated [1,2]. Strawberry fruits 
are high in carbohydrates and vitamin C, low in calories and fats. 
Strawberries are a rich source of anthocyanins, ellagitannins, 

flavonoids, terpenoids, as well as phenolic and ellagic acids 
– all phytonutrients that work together to have a strong anti-
inflammatory effect. Minerals such as copper, fluoride, iron and 
iodine are in abundance [3-5].

The home of the strawberry is the United States. Today it is 
widespread in Europe and parts of Asia. In Bulgaria, it is grown in 
the garden of almost every home. The fruit, root and leaves of the 
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plant are used [6-8].

Chemical composition of strawberries: 8-10% sugars 
(fructose and glucose predominate); 1- 1.5% acidity (contains 
citric, malic, salicylic acids); ellagic acid; minerals - (calcium, 
potassium, magnesium, phosphorus, sodium, copper, manganese, 
chlorine, fluorine, iron); vitamins of group B - B1, B2, B5, B9, 
vitamins PP, C, E, P, K; carotene; pectic substances; folate; 
anthocyanin; kaempferol and other flavonoids; anthocyanins and 
pterostilbene [9-12].

Medicinal properties and applications of strawberries: 
Immunostimulatory, anti-hemorrhagic, anticancer, anti-
inflammatory, anti-edema, astringent, antimicrobial, antiviral, 
enhances heart rate, dilates peripheral blood vessels, lowers blood 
pressure, strengthens uterine contractions, increases appetite, 
improves digestion, strengthens teeth, gives fresh face complexion, 
purifies blood [11,12].

Raspberries are grown in areas with moderate climates, 
mainly in Europe and the US. Wild raspberries are found in 
Europe, Asia, South America, in moderate, tropical and subtropical 
climates [13,14]. The fruit, root and leaves of the plant are used.

Chemical composition of raspberries: Flavonoids, carotene, 
tannins, vitamin C and P, organic acids, vitamins from the B group, 
minerals, formic acid, phosphorus, carbohydrates, magnesium, 
potassium and calcium oxides, iron compounds, carotene, malic 
and salicylic acid [14-18].

Medicinal properties and applications of raspberries: The 
leaves are used for pain in the stomach and intestines, diarrhea, 
and blood sputum. The roots are used for the preparation of: a 
decoction to treat colds, severe and prolonged menstruation, flu 
and ascites. When the leaves are infused they are good for inflamed 
gums and sore throat [19-23].

Raspberry fruits are one of the strongest natural antioxidants 
because of the high content of ellagic acid and vitamin C. They 
improve digestion and reduce fever. This is due to the content of 
salicylic acid in them. Recent studies have shown that raspberries 
act against cancer and stop the spread of tumor formation in the 
body [22-27].

Like the authors P.R. Venskutonis, A. Dvaranauskaite and 
J. Labokas, we also have conducted studies on the antioxidant 
properties of strawberries (Kama type) and raspberries (Heritage 
type) both grown at different altitudes.

Purpose: Determine the influence of altitude on some chemical 
characteristics of strawberries (Kama type) and raspberries 
(Heritage type).

Material and Methods

Objective of The Study: Basic chemical characteristics of 
strawberries (Kama type) and raspberries (Heritage type) grown 
at different altitudes. The strawberries and raspberries have been 
grown in the following regions:

The city of Plovdiv - 168 meters above the sea level.•	

Brestnik village - 320 meters above the sea level.•	

The city of Bratsigovo - 599 meters above the sea level.•	

The city of Batak - 1036 meters above the sea level.•	

Period of Study: May-September 2019.

Place of Study: Laboratory of the University of Food Technology 
Plovdiv and Laboratory of Pharmaceutical Analysis of the Medical 
University of Plovdiv.

Used Research Methods

Systematic approach and critical analysis of the accessible •	
scientific periodicals.

Spectrophotometric method for determination of absorption •	
and standard line in gallic acid.

DPPH method for determining antioxidant activity (radical •	
detecting activity).

Equipment Used

Analytical scales KERN ABJ 220-4M.1.	

Camspec M107 Spectrophotometer, UK; pH meter.2.	

Standardized pH meter with pH 4.0 and 7.0 standard buffer 3.	
solutions (WTW inoLab pH 7110, Germany).

Standardized pH meter with pH 4.0 and 7.0 standard buffer 4.	
solutions and the Denver Instrument Ultra Basic pH meter.

Reagents and Solutions

To determine antioxidant activity by DPPH method.•	

M DPPH Reagent: 10 mg of DPPH (2.2-Diphenyl-1-•	
picrylhydrazyl) are dissolved in 250 ml of methanol.

Sample Preparation

The strawberries and raspberries fruits are cut into pieces and 
blended into a homogeneous mass. 8 grams of the homogenized 
fruit mass are weighed (analytical scales KERN ABJ 220-4M). 
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The sample quantity and the ethanol are transferred into a 50 ml 
measuring flask and the volume is brought to the mark. The sample 
stays at room temperature for 15 minutes.

Progress of The Analysis for The Determination of Antioxidant 
Activity (Radical Detecting Activity) By The DPPH Method

2.85 ml of 0.1 M DPPH solution is put into a ditch and then 
0.15 ml of sample is added. The same reagents are prepared for 
the control check but a solvent is placed instead of a sample. The 
prepared samples are kept at 37°C for 15 minutes. The adsorption 
of the sample is measured spectrophotometrically against the 
control (methanol solvent) at a wavelength λ = 517 nm (Camspec 
M107, UK). Antioxidant activity is recorded by a pre-established 
standard line for Trolox ® (Sigma).

Estimates

I, % = (A control check - A sample) / (A sample) * 100

C, m mol TE / ml = 102.06. I% + 0.7954

m mol TE / g s.t = (VxC) / M

Where: C: Concentration, mM TE - TROLOX equivalents; I: 
Inhibition Rate; A: Absorption; M: Weight of The Sample, (gr); V: 
Volume of The Sample, (100 ml)

Progress of The Analysis for pH Determination

30 ml of the strawberry and raspberry samples are put in 50 ml 
glass beakers. The pH meter electrode is dipped in and the pH 
value is determined.

Results and discussion

The results presented are the arithmetic average values ​​
from at least three parallel studies. Due to the great interest in 
the chemical properties and biological benefits of strawberries 
and raspberries, we focused on studying their pH and antioxidant 
activity (Table 1).

Altitude,  m pH of raspberries pH on strawberries

168 2.89 3.64

334 2.17 3.60

591 2.75 3.82

1014 2.99 3.55

Table 1: Altitude and pH values.
Raspberry pH ranges from 2.17 to 2.99. Strawberry pH is in 

the range of 3.50 to 4.00. Besides red, raspberries can be black or 
golden. Raspberry consumption is associated with a great variety of 
health benefits - a reduced risk of cardiovascular disease, diabetes 

and cancer. The phenolic compounds, which raspberries contain, 
such as flavonoids, phenolic acids, stilbenes and procyanidins work 
together synergistically [1]. The Red raspberry (Rubus idaeus L.) 
is an economically important plant with a great capacity because 
of its ability to neutralize free radicals. [27]

To analyze the antioxidant activity of the in vitro samples, 
as in [19], we use the DPPH method. The Journal of Functional 
Foods has published an article by Japanese scientists in which it 
has been proven that strawberries are beneficial for treating skin 
allergic reactions and also have anti-inflammatory, antioxidant and 
anti-cancer effects. Akira Ivamato of Kyushu University and his 
colleagues have conducted an experiment with mice suffering from 
a disease similar to atopic dermatitis in humans. The rodents were 
injected with a substance, containing 18 milligrams of strawberry 
essence for 14 weeks.

The antioxidant activity determined by the DPPH method 
and its dependence on altitude is presented in Table 2.

Altitude, m

Antioxidant activity of 
raspberries

(m mole TE / 100 ml 
juice)

Antioxidant activity of 
strawberries

(m mole TE / 100 ml juice)

168 382.87 ± 30 901.12 ± 20

334 461.32  ± 30 1080.19 ± 20

591 489.63± 26 2253.11 ± 0.20

1014 2010.53 ± 10.28 4193.41 ± 0.20

Table 2: Dependence of Antioxidant activity on altitude.

As seen in Table 2, with the increase in altitude, the 
antioxidant activity also increases. The activity goes from 383 at 
an altitude of 168 m to 2011 at 1014 m. With an altitude increase 
of about 6 times, the antioxidant activity of raspberries increases 
5.25 times. As with the raspberries, when the altitude increases the 
antioxidant activity does also but for the strawberries the increase 
is 4.65 times. In considered cases, the antioxidant activity of 
raspberries is higher than that of strawberries.

Conclusions
The obtained results strongly indicate that:

The pH level of the tested fruit samples does not depend on •	
the altitude of cultivation.

The antioxidant activity of the fruits is not pH dependent.•	

Antioxidant activity increases with altitude.s•	
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The study shows that at the considered altitudes, the •	
antioxidant activity of strawberries is always greater than that 
of raspberries. 

References
Lei Z, Li J, Hogan S, Chung H, Gregory E, et al. (2010) Inhibitory effect 1.	
of raspberries on starch digestive enzyme and their antioxidant prop-
erties and phenolic composition. Food Chemistry 119: 592-599.

Skrovankova S, Sumczynsk D, Mlcek J, Jurikova T, Sochor J (2015) 2.	
Bioactive Compounds and Antioxidant Activity in Different Types of 
Berries. Int J Mol Sci 16: 24673-24706.

Aaby K, Skrede G, Wrolstad R (2005) Phenolic composition and anti-3.	
oxidant activities in flesh and achenes of strawberries (Fragaria anan-
assa). J Agric Food Chem 53: 4032-4040.

de Ancos B, González EM, Cano MP (2000) Ellagic acid, vitamin C, 4.	
and total phenolic contents and radical scavenging capacity affected 
by freezing and frozen storage in raspberry fruit. J Agric Food Chem 
48: 4565-4570.

Justesen U, Knuthsen P, Leth T (1998) Quantitative analysis of fla-5.	
vonols, flavones, and flavanones in fruits, vegetables and beverages 
by high performance liquid chromatography with photo-diode array 
and mass spectrometric detection. J Chromatogr A 799: 101-110.

Meyers K, Watkins C, Pritts M, Liu R (2003) Antioxidant and antiprolif-6.	
erative activities of strawberries, J. Agric Food Chem 51: 6887-6892.

Proteggente A, Pannala A, Pagana G, Van Buren L, Wagner E, et al. 7.	
(2002) The antioxidant activity of regular consumed fruit and vegeta-
bles reflects their phenolic and vitamin C composition. Free Radic Res 
36: 217-233.

Tulipani S, Marzban G, Herndl A, Laimer M, Mezzetti B, et al. (2011) 8.	
Influence of environmental and genetic factors on health-related com-
pounds in strawberry, Food Chemistry 124: 906-913.

Kader A (1991) Quality and its maintenance in relation to the post-har-9.	
vest physiology of strawberry. In: Luby JJ, Dale A (Eds) Quality and its 
maintenance in relation to the post-harvest physiology of strawberry. 
Timber press, Portland, pp: 145-152.

Mandave P, Pawar P, Ranjekar P, Mantri N, Kuvalekar A (2014) Com-10.	
prehensive evaluation of in vitro antioxidant activity, total phenols and 
chemical profiles of two commercially important strawberry varieties. 
Scientia Horticulturae 172: 124-134.

Shin Y, Liu R, Nock J, Holliday D, Watkins Ch. (2007) Temperature 11.	
and relative humidity effects on quality, total ascorbic acid, phenolics 
and flavonoid concentrations, and antioxidant activity of strawberry. 
Postharvest Biology and Technology 45: 349-357.

Shin Y, Ryu J, Liu R, Nock J, Watkins Ch (2008) Harvest maturity, stor-12.	
age temperature and relative humidity affect fruit quality, antioxidant 
contents and activity, and inhibition of cell proliferation of strawberry 
fruit. Postharvest Biology and Technology 49: 201-209.

Parry J, Su L, Luther M, Zhou K, Yurawecz MP, et al. (2005) Fatty acid 13.	
composition and antioxidant properties of cold-pressed marionberry, 
boysenberry, red raspberry, and blueberry seed oils. J Agric Food 
Chem 53: 566-573.

Pantelidis G, Vasilakakis M, Manganaris G, Diamantidis Gr (2007) 14.	
Antioxidant capacity, phenol, anthocyanin and ascorbic acid contents 
in raspberries, blackberries, red currants, gooseberries and Cornelian 
cherries. Food Chemistry 102: 777-783.

Bowen-Forbesab C, Zhangc Y, Nair M (2010) Anthocyanin content, 15.	
antioxidant, anti-inflammatory and anticancer properties of blackberry 
and raspberry fruits. Journal of Food Composition and Analysis 23: 
554-560.

Dincheva I, Badjakov I, Kondakova V, Dobson P, Mc Dougall G, et al. 16.	
(2013) Identification Of The Phenolic Components In Bulgarian Rasp-
berry Cultivars By Lc-Esi-Ms. Int J Agric Sci Res 3: 127-138.

Gülçin I, Topal F, Çakmakçı R, Bilsel M, Gören A (2011) Pomologi-17.	
cal Features, Nutritional Quality, Polyphenol Content Analysis, and 
Antioxidant Properties of Domesticated and 3 Wild Ecotype Forms of 
Raspberries (Rubus idaeus L.). J Food Sci 76: 585-593.

Sønsteby A, Heide OM (2012) Effects of Photoperiod and Temperature 18.	
on Growth, Flowering and Fruit Yield in Annual-Fruiting Red Raspberry 
Cultivars (Rubus idaeus L.) European Journal of Horticultural Science 
77: 97-108.

Zorenc Z, Veberic R, Koron D, Mikulic-Petkovsek M (2017). Impact 19.	
of Raspberry (Rubus idaeus L.) Primocane Tipping on Fruit Yield and 
Quality. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 45: 417-
424.

Riaz M, Bushway A (1996) Compositional analysis of four red rasp-20.	
berry cultivars grown in maine. Journal of Food quality 19: 457-465.

Mullen W, Yokota T, Lean M, Crozier A (2003) Analysis of ellagitannins 21.	
and conjugates of ellagic acid and quercetin in raspberry fruits by LC–
MSn. Phytochemistry, 64: 617-624.

Anttonen M, Karjalainen R (2005) Environmental and genetic variation 22.	
of phenolic compounds in red raspberry. Journal of Food Composition 
and Analysis, 18: 759-769.

Venskutonis P, Dvaranauskaite A, Labokas J (2007) Radical scaveng-23.	
ing activity and composition of raspberry (Rubus idaeus) leaves from 
different locations in Lithuania. Fitoterapia 78: 162-165.

de Souza VR, Pereira PA, da Silva TL, de Oliveira Lima LC, Pio R, et 24.	
al. (2014) Determination of the bioactive compounds, antioxidant ac-
tivity and chemical composition of Brazilian blackberry, red raspberry, 
strawberry, blueberry and sweet cherry fruits. Food Chemistry 156: 
326-368.

Wada L, Ou B (2002) Antioxidant Activity and Phenolic Content of Or-25.	
egon Caneberries. J Agric Food Chem 50: 3495-3500.

Mikulic-Petkovsek M, Slatnar A, Stampar F, Veberic R (2012) HPLC-26.	
MSn identification and quantification of flavonol glycosides in 28 wild 
and cultivated berry species. Food Chem 135: 2138-2146.

Olsson M, Ekvall J, Gustavsson K, Nilsson J, Pillai D, et al. (2004) An-27.	
tioxidants, low molecular weight carbohydrates, and TAC in strawberry 
(Fragaria x ananassa). J Agric Food Chem 52: 2490-2498.

https://www.sciencedirect.com/science/article/pii/S0308814609008723
https://www.sciencedirect.com/science/article/pii/S0308814609008723
https://www.sciencedirect.com/science/article/pii/S0308814609008723
https://www.ncbi.nlm.nih.gov/pubmed/26501271
https://www.ncbi.nlm.nih.gov/pubmed/26501271
https://www.ncbi.nlm.nih.gov/pubmed/26501271
https://www.ncbi.nlm.nih.gov/pubmed/15884835
https://www.ncbi.nlm.nih.gov/pubmed/15884835
https://www.ncbi.nlm.nih.gov/pubmed/15884835
https://www.ncbi.nlm.nih.gov/pubmed/11052701
https://www.ncbi.nlm.nih.gov/pubmed/11052701
https://www.ncbi.nlm.nih.gov/pubmed/11052701
https://www.ncbi.nlm.nih.gov/pubmed/11052701
https://www.ncbi.nlm.nih.gov/pubmed/9550103
https://www.ncbi.nlm.nih.gov/pubmed/9550103
https://www.ncbi.nlm.nih.gov/pubmed/9550103
https://www.ncbi.nlm.nih.gov/pubmed/9550103
https://www.ncbi.nlm.nih.gov/pubmed/14582991
https://www.ncbi.nlm.nih.gov/pubmed/14582991
https://www.ncbi.nlm.nih.gov/pubmed/11999391
https://www.ncbi.nlm.nih.gov/pubmed/11999391
https://www.ncbi.nlm.nih.gov/pubmed/11999391
https://www.ncbi.nlm.nih.gov/pubmed/11999391
https://www.sciencedirect.com/science/article/pii/S0308814610008575
https://www.sciencedirect.com/science/article/pii/S0308814610008575
https://www.sciencedirect.com/science/article/pii/S0308814610008575
https://www.sciencedirect.com/science/article/abs/pii/S0304423814001150
https://www.sciencedirect.com/science/article/abs/pii/S0304423814001150
https://www.sciencedirect.com/science/article/abs/pii/S0304423814001150
https://www.sciencedirect.com/science/article/abs/pii/S0304423814001150
https://www.sciencedirect.com/science/article/abs/pii/S0925521407000956
https://www.sciencedirect.com/science/article/abs/pii/S0925521407000956
https://www.sciencedirect.com/science/article/abs/pii/S0925521407000956
https://www.sciencedirect.com/science/article/abs/pii/S0925521407000956
https://www.sciencedirect.com/science/article/abs/pii/S0925521408000781
https://www.sciencedirect.com/science/article/abs/pii/S0925521408000781
https://www.sciencedirect.com/science/article/abs/pii/S0925521408000781
https://www.sciencedirect.com/science/article/abs/pii/S0925521408000781
https://www.ncbi.nlm.nih.gov/pubmed/15686403
https://www.ncbi.nlm.nih.gov/pubmed/15686403
https://www.ncbi.nlm.nih.gov/pubmed/15686403
https://www.ncbi.nlm.nih.gov/pubmed/15686403
https://www.sciencedirect.com/science/article/pii/S0308814606004833
https://www.sciencedirect.com/science/article/pii/S0308814606004833
https://www.sciencedirect.com/science/article/pii/S0308814606004833
https://www.sciencedirect.com/science/article/pii/S0308814606004833
https://www.sciencedirect.com/science/article/abs/pii/S0889157509002622
https://www.sciencedirect.com/science/article/abs/pii/S0889157509002622
https://www.sciencedirect.com/science/article/abs/pii/S0889157509002622
https://www.sciencedirect.com/science/article/abs/pii/S0889157509002622
http://www.tjprc.org/publishpapers/2-50-1373443142-14. Identification of the phenolic.full.pdf
http://www.tjprc.org/publishpapers/2-50-1373443142-14. Identification of the phenolic.full.pdf
http://www.tjprc.org/publishpapers/2-50-1373443142-14. Identification of the phenolic.full.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22417339
https://www.ncbi.nlm.nih.gov/pubmed/22417339
https://www.ncbi.nlm.nih.gov/pubmed/22417339
https://www.ncbi.nlm.nih.gov/pubmed/22417339
https://www.ncbi.nlm.nih.gov/pubmed/12943785
https://www.ncbi.nlm.nih.gov/pubmed/12943785
https://www.ncbi.nlm.nih.gov/pubmed/12943785
https://www.sciencedirect.com/science/article/abs/pii/S0889157505000177
https://www.sciencedirect.com/science/article/abs/pii/S0889157505000177
https://www.sciencedirect.com/science/article/abs/pii/S0889157505000177
https://www.ncbi.nlm.nih.gov/pubmed/17215088
https://www.ncbi.nlm.nih.gov/pubmed/17215088
https://www.ncbi.nlm.nih.gov/pubmed/17215088
https://www.ncbi.nlm.nih.gov/pubmed/24629981
https://www.ncbi.nlm.nih.gov/pubmed/24629981
https://www.ncbi.nlm.nih.gov/pubmed/24629981
https://www.ncbi.nlm.nih.gov/pubmed/24629981
https://www.ncbi.nlm.nih.gov/pubmed/24629981
https://www.ncbi.nlm.nih.gov/pubmed/12033817
https://www.ncbi.nlm.nih.gov/pubmed/12033817
https://www.ncbi.nlm.nih.gov/pubmed/22980782
https://www.ncbi.nlm.nih.gov/pubmed/22980782
https://www.ncbi.nlm.nih.gov/pubmed/22980782
https://www.ncbi.nlm.nih.gov/pubmed/15113146
https://www.ncbi.nlm.nih.gov/pubmed/15113146
https://www.ncbi.nlm.nih.gov/pubmed/15113146

