
Article

Not peer-reviewed version

The Correlation between Chemical

Compositions and Antimicrobial

Properties of Sea Buckthorn

Elisaveta Sandulachi , Natalia Netreba 

*

 , Artur Macari , Iuliana Sandu , Olga Boestean , Irina Dianu ,

Sergiu Popa

Posted Date: 19 April 2023

doi: 10.20944/preprints202304.0553.v1

Keywords: sea buckthorn; chemical compositions; carotenoids; antimicrobial activity; Bacillus pumilus

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/2231997
https://sciprofiles.com/profile/1010826
https://sciprofiles.com/profile/2825507


 

Article 

The Correlation between Chemical Indicators and 
Antimicrobial Properties of Sea Buckthorn  

Elisaveta Sandulachi 1, Natalia Netreba 1,*, Artur Macari 1, Iuliana Sandu 1, Olga Boeștean 1,  

Irina Dianu 1 and Sergiu Popa 2 

1 Faculty of Food Technology, Technical University of Moldova, 168 Ştefan cel Mare Street, MD 2004, 
Chişinău, Republic of Moldova 

2 State Agrarian University of Moldova, Chisinau, 42 Mircesti Street, Republic of Moldova 
* Correspondence: Natalia Netreba natalia.netreba@tpa.utm.md; Tel.: +37369353017  

Abstract: Due to the content of biologically active substances, sea buckthorn (Hippophae rhamnoides 
L.) is of growing interest to scientists, the food industry, pharmaceuticals, cosmetology and 
consumers. The aim of this study is to investigate the correlation between the chemical composition 
(Carotenoid content (CC), Ascorbic acid content (AAC), Total dry matters (TDM), Titratable acidity 
(TA), pH, Organic acids (OA)) and the Antibacterial effect (AA) (Diameter of the inhibition zone in 
mm of Bacillus pumilus) of four species of sea buckthorn (Clara, Dora, Cora, Mara), cultivated in the 
Republic of Moldova. The sea buckthorn species tested was found to have a different Carotenoid 
content (1.79±0.43 … 48.92±0.61 mg/100g), Ascorbic acid content (74.36±0.60 … 373.38±2.29 
mg/100g), Organic acids (malic acid 5.8±0.02 ... 13.4±0.01 mg/100g, citric acid 0.08±0.00 ... 0.32±0.01 
mg/100g, succinic acid 0.03±0.00 ... 1.1±0.00 mg/100g), Total dry matters (16.71±0.05 … 24.54±0.09 
%), Total acidity (2.15±0.05 ... 8.76±0.00 %), and pH value (2.73±0.02 ... 3.00±0.07). The microbial   
activity of sea buckthorn, evaluated by the diameter of the inhibition zone, constituted for Bacillus 

pumilus (3.70…15.91mm/g-1 for whole sea buckthorn fruits and respectively 13.33…26.67 mm/g-1 for 
sea buckthorn puree). 

Keywords: sea buckthorn; carotenoids; antimicrobial activity; Bacillus pumilus  
 

1. Introduction 

Sea buckthorn is a relevance source of vitamins (the most important being C and E vitamins are 
also present B1, B2, K and bioflavonoids), macro, microelements (nitrogen, phosphorus, iron, 
manganese, boron, calcium, aluminum, silicon and others),             antioxidants (catechin, 
myricetin, quercetin, p-coumaric acid, caffeic acid, L-ascorbic acid, and gallic acid) [1–4]. Currently, 
papers containing experimental data obtained by various international researchers supporting the 
consumption of sea buckthorn fruit as functional foods [5–7], the use of fruit as therapeutic remedies 
[8–10] and their use as sources of natural antioxidants with antimicrobial properties by the food 
industry [11–14]. Sea buckthorn fruits have a great potential as antimicrobial compounds against 
microorganisms [15,16]. So, these berries can be used to control the stability of stored food [17,18]. 

The antioxidant and antimicrobial activity of sea buckthorn depends on the chemical 
composition of the berries [19,20]. Published experimental data [21,22] support the consumption of 
sea buckthorn fruits as functional foods and their use as sources of natural antioxidants by the food 
industry. The content of biologically active substances and the level of antioxidant activity of sea 
buckthorn depend on growing conditions, agricultural technology and climate [23,24]. 

The aim of this study was to determine the relationship between the antimicrobial properties of 
sea buckthorn fruits and the chemical parameters (Carotenoid content (CC), Ascorbic acid content 
(AAC), Organic acids (OA), Total dry matters (TDM), Titratable acidity (TA), pH) of the berries. 
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2. Results 

To determine the interdependence between the antimicrobial properties and biologically active 
substances of sea buckthorn, in berries of 4 species, physicochemical parameters were studied: the 
content of carotenoids, ascorbic acid, organic acids, total dry matters, titratable acidity, pH.  

Table 1 shows the average values and limits of the content of carotenoids (CC), ascorbic acid 
(AA) and  organic acids (OA) for the investigated sea buckthorn varieties Clara, Dora, Cora and 
Mara. 

Table 1. Average levels and range (mg/100g) for carotenoids, ascorbic acid (Vitamin C) and organic 
acids in tested sea buckthorn fruit. 

Sea 

buckthorn 

species S
am

p
le

s Chemical indicators (CI), mg/100g 

Carotenoid content 

(CC),  

Ascorbic acid content 

(AAC),  
Organic acids (OA), 

mean min-max mean min-max malic citric succinic 

Clara 42 7.88±0.54 
5.72±0.56 -
11.13±0.53 

151.63±0.88 
99.08±0,41 -
193.85±1.36 

11,90±0.004 0,20±0.001 1,1±0.001 

Dora 42 23.16±0.52 
18.50±0.43 
-48.92±0.61 

254.16±1.95 
198.68±1,64 
-322.11±2.26 

5,80±0.002 0,08±0.001 0,36±0.001 

Cora 42 7.13±0.50 
1.79±0.43  

- 4.92±0.57 
113.14±0.81 

74.36±0,60 -
241.83±1.02 

9,60±0.002 0,09±0.001 0,72±0.001 

Mara 42 13.93±0.15 
7.37±0.17  

- 
18.77±0.13 

278.71±2.03 
248.52±1.78 
-373.38±2.29 

13,40±0.002 0,32±0.01 0,03±0.001 

Average 
fruit values 

 17,03±0.43 
1.79±0.43-
48.92±0.61 

199.34±1.42 
74.36±0,60-
373.38±2.29 

10,18±0.002 0,17±0.002 0,55±0.002 

Table 2 shows the average values and limits of the physical indicators TDM, TA and pH for the 
investigated sea buckthorn varieties Clara, Dora, Cora and Mara. 

Table 2. Average levels and range of limits for physical indicators in tested sea buckthorn fruits. 

Indicator 

tested 

Sea buckthorn species 

Clara Dora Cora Mara 

TDM,%     

Min–Max 16.22±0,02…20.37±0.08 14.19±0.09… 20.50±0.03 17.22±0.07…24.54±0.09 16.71±0.05…24.20±0.06 

Mean 17.34±0.04 16.74±0.06 17.22±0.08 18.78±0.05 

TA,%     

Min–Max 2.57±0,04... 4.73±0.25 2.15±0,05...5.55±0,00 3.59±0,23...8.76±0,00 4.52±0,10...7.21±0.14 

Mean 3.25±14 3.22±0.03 4.94±0.12 5.92±0.12 

pH     

Min–Max 2.77±0.03 ... 3.00±0.07 2.87±0.02...2.99±0.03 2.66±0.01..2.87±0.05 2.73±0.02...2.98±0.02 

Mean 2.88±-.0.05 3.00±0.02 2.76±0.03 2.84±0.02 

The sea buckthorn species tested was found to have a different Carotenoid content (1.79±0.43 … 
48.92±0.61 mg/100g), Ascorbic acid content (74.36±0.60 … 373.38±2.29 mg/100g), Organic acids (malic 
acid 5.8±0.02 ... 13.4±0.01 mg/100g, citric acid 0.08±0.00 ... 0.32±0.01 mg/100g, succinic acid 0.03±0.00 
... 1.1±0.00 mg/100g), Total dry matters (16.71±0.05 … 24.54±0.09 %), Total acidity (2.15±0.05 ... 
8.76±0.00 %), and pH value (2.73±0.02 ... 3.00±0.07). 

The antimicrobial activity (inhibition zone diameter in mm) of the samples was also evaluated 
against Bacillus pumilus.  
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Table 3 shows the interdependence between the antibacterial activity (AA) of fruit and sea 
buckthorn puree and the content of Total dry matters (TDM), Carotenoid content (CC), Ascorbic acid 
content (AAC), Titratable acidity (TA) and pH. 

Table 3. Pearson coefficient values between chemical indicators and antimicrobial properties of sea 
buckthorn. 

Sea 

buckthorn 

species 

Fruit mass, g 

Antibacterial activity (AA) 

(Diameter of inhibition zone in 

mm) 

Pearson coefficient 

Pc = f(AAB. pumilus and PCI) 

mean min–max TDM CC AAC TA pH 

Whole sea buckthorn fruits 

Clara 0.28 ….0.30 13.10 7.60 ….15.40      
 0.10* 4.52 3.70 …5.50 0.8520 0.8488 0.5738 0.9762 - 0.9524 
 0.25* 11.29 9.25 …13.75 0.8525 0.8473 0.5727 0.9766 - 0.9534 

Dora 0.16 … 0.19 13.33 10.80 …17.50      
 0.10* 11.11 9.00 …15.91 0.9791 0.9791 0.9791 1.0000 - 0.9628 
 0.25* 27.78 22.50 …39.77 0.9758 0.9758 0.9758 1.0000 - 0.9758 

Cora 0.16 …0.19 11.03 9.70 …11.90      
 0,10* 6.25 5.11 …7.19 0.7154 0.7179 0.9689 0.9689 - 0.9952 
 0,25* 15.61 12.76…17.97 0.8417 0.8443 0.9766 0.9927 - 0.8429 

Mara 0.16 … 0.20 12.83 10.60 …14.20      
 010* 7.26 5.30 …8.88 0.9261 0.9209 0.8714 0.9706 - 0.9280 
 0.25* 18.16 13.25 …22.19 0.9254 0.9202 0.8704 0.9704 - 0.9273 

Sea buckthorn puree 

Clara 0.14…0,15 21.50 20.00…23.60      
 0.10* 15.00 13.33…16.86 0.8232 0.8526 0.5174 0.9883 - 0.9588 
 0.25* 37.50 33.33…42.14 0.8233 0.8528 0.5177 0.9888 - 0.9886 

Dora 0.07 …0.12 18.07 17.60…17.60     - 0.9582 
 0.10* 17.48 15.00…26.14 0.9577 0.9577 0.9577 1.000 - 0.9582 
 0.25* 43.71 37.50…62.86 0.9578 0.9578 0.9578 1.000 - 0.9583 

Cora 0.09 …0.17 24.10 20.80…27.50      
 0.10* 19.54 16.18…26.67 0.7174 0.7552 0.7178 0.7061 - 0.7720 
 0.25* 48.85 40.44…66.67 0.7176 0.7554 0.7781 0.7062 - 0.7720 

Mara 0.10 19.30 17.20…21.40      
 0.10* 19.30 17.20…21.40 0.9035 0.9940 0.9035 0.7780 - 0.9047 
 0.25* 48.25 44.75…53.50 0.9035 0.9940 0.9035 0.7780 - 0.9450 

* recalculated. 

The antimicrobial activity of sea buckthorn, evaluated by the diameter of the inhibition zone, 
constituted for Bacillus pumilus (3.70 … 15.91mm/g-1 for whole sea buckthorn fruits and respectively 
13.33 … 26.67 mm/g-1 for sea buckthorn puree). 

It is known that the antimicrobial activity of fruits depends on their antioxidant activity. 
Xiangqun Gao et al. [25] investigated the antioxidant activity of sea buckthorn and found that it 
depends on the content of phenolic substances and ascorbic acid, as well as the content of caratenoids. 
The authors mention that when sea buckthorn fruits ripen, their antioxidant activity changes 
depending on the correlation of these substances in berries. 

Figures 1 and 2 show the areas of inhibition of Bacillus pumilus by sea buckthorn fruits and puree. 
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Figure 1. Areas of inhibition of the bacterium Bacillus pumilus by sea buckthorn fruits. 

 
Figure 2. Areas of inhibition of the bacterium Bacillus pumilus by sea buckthorn puree. 

Beta-carotene content analysis. of ascorbic acid, the total content of drying substances, the 
titratable acidity and pH of the berries gave the possibility to identify the correlation between these 
components and the values of the diameter of the area of inhibition of bacteria that cause food 
poisoning. 

The antiviral, antibacterial and antifungal properties of sea buckthorn are reported in several 
studies (Table 4). 
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Table 4. The antiviral, antibacterial and antifungal properties of sea buckthorn. 

Properties Investigation method Target microorganisms Source 

Antibacterial 

activity 

Standard disc diffusion 

method 

Staphylococcus aureus Muhammad 

Imran Qadir et al. 

[26] 

Antimicrobial  Streptococcus gordonii, 

Porphyromonas gingivalis, 

Actinomyces viscosus and Candida 

albicans. 

Smida et al. [27] 

antimicrobial 

activity 

 Candida albicans, Pichia jadinii, 

Bacillus subtilis and Staphilococcus 

aureus 

Jeong, J.H et al. 

[28] 

Antiviral, 

antibacterial 

activity, 

fungal strains 

Inhibition zone diameter, 

IS(50) 

Staphilococcus aureus, Haemophilus 

influenzae, Streptococcus agalactiae, 

Streptococcus pyogenes, 

Streptococcus pneumoniae 

Heikki Kallio]. 

[18] 

Antibacterial 

property  

Diffusion method,  

Minim inhibition 

concentration (MIC) 

 

Escherichia coli, Salmonella 

enterica.  

Yersinia enterocolitica, Bacillus 

thuringiensis, Listeria 

monocytogenes, Stapylococcus 

aureus  

Ivanišová, E. et 

al. [29] 

 

Antibacterial 

property and 

fungal strains 

 gram positive (Bacillus cereus, 

Enterococcus durans, Enterococcus 

faecalis, Staphilococcus aureus), 

gram negative  

(Aeromonas hydrophila, Bacillus 

subtilus,  

Escherichia coli, Pseudomonas 

aeruginosa, Pseudomonas 

fluorescens, Pichia jadinii, 

Salmonella enterica, Salmonella 

typhimurium,  

Yersinia enterolitica) bacteria and 

yeast (Candida albicans). 

 

Jeong, J.H et al. 

[28];  

 

Michel et al. [30];  

Upadhyay et al. 

[31]; 

Arora et al. [32]; 

Antimicrobial 

activity   

 Escherichia coli Giedre 

Kasparaviciene 

[33] 

Antimicrobial 

activity   

Inhibition zone, Minim 

inhibition concentration 

(MIC) 

Staphylococcus aureus, Bacillus 

subtilis, Salmonella Typhimurium, 

Escherichia coli, Candida albicans 

Sandulachi et al. 

[34] 
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3. Discussion 

3.1. Сhemical composition of the sea buckthorn varieties analysed 

Michalak, M et al. [35] notes that sea buckthorn is a rich source of carotenoids including β-
carotene, they can be arranged as follows: sea buckthorn oil>carrot oil> marigold oil>pumpkin seed 
oil. Another study conducted by Andrea Mendelová et al. [36] reported that the total carotenoid 
content expressed as β-carotene content in sea buckthorn juice ranged from 50.63 mg/100g to 93.63 
mg/100g, the highest content was in the Askola variety and the lowest in Terhi. Beveridge [37] 
reported a total carotenoid concentration of  22.2 mg/100 g seed oil. 41.1 mg/100 g sea buckthorn 
juice et a wide range of total carotenoids from 330 to 1000 mg/100 g pulp oil, depending on plant 
subspecies or cultivar. A comparison of total carotenoids in seed oil showed substantial variation in 
the carotenoid content between solvent extraction [38]. 

Other research and scientific studies report that carotenoid content in sea buckthorn is in the 
range of 11-26.6 mg/100g [39], 6-28 mg/100g [39], 19.7 mg/100g [40], 242.0-325.0 mg/100g [40,41].  

Minimum value of ascorbic acid content (26.70 ± 0.01 mg/100g) was found in the AGG variety, 
and maximum values (134.56 ± 7.55 mg / 100g) - in the six variety. The study [41] reports a very wide 
range of vitamin C in sea buckthorn (502-2600 mg/100g).  

Bujinlkham, B. et al. [42]  notes that the organic acid of sea-buckthorn fruits were composed of 
malic acid (6.30 mg/100 g), tartaric acid (5.55 mg/100g), quinic acid (1,67 mg/100g), citric acid (0.31 
mg/100g), and succinic acid (0.29 mg/100g). Malic acid and tatraic acid were the major organic acids 
in sea-buckthorn fruits which accounted for about 90% of total organic acids. This is also confirmed 
by studies of the varieties tested. 

The total acidity and pH of the samples studied were also different. The Titratable acidity in our 
investigated sea buckthorn varieties was 3.22±0.03 for Dora varieties (lowest value) and 5.92±0.12 for 
Mara (maximum value). The pH values for the investigated samples were within 2.84 ± 0.02… 
3.00±0.02. 

D. Munkhbayar et al. [41] reports that the pH of sea buckthorn was within 2.3 2.1-2.5. 
Organic acids in the juice of seabuckthorn have been identified as oxalic, citric, tartaric, malic, 

quinic and ascorbic acid [42,43]. 
The organic acid content of fruit pulp depends on environmental factors and cultivation 

practices (temperature, light intensity, variety, rootstock, mineral nutrition, water availability, fruit 
loading/cuttings). When the total amount of organic acids per fruit is considered, an increase in their 
content is also observed during fruit development and ripening [44,45]. This increase is observed in 
the Mara variety. 

 In the researched varieties, there is a tendency to increase the concentration of malic and citric 
acids (responsible for the sour taste of the fruits), as the fruits ripen. These values regarding the 
concentration of malic acid reach: Dora variety – 5.8 mg/100g, Cora – 9.6 mg/100g, Clara – 11.9 
mg/100g and Mara – 13.4 mg/100g. The concentration of citric acid is in the same increasing order: 
Dora variety - 0.08 mg/100g, Cora - 0.09 mg/100g, Clara - 0.2 mg/100g and Mara - 0.32 mg/100g These 
observations suggest a less sour taste for buckthorn harvested in the highlighted period. 

At the same time, the insignificant increase in the concentration of succinic acid can be observed, 
at the beginning of September, especially in the Clara variety. Probably, the formation of succinic acid 
is related to the degree of fruit maturity. In all varieties (except the Cora variety) the concentration of 
acetic acid also increases insignificantly. The concentration of acetic acid is higher in the Clara variety, 
it increased in parallel with the concentration of succinic acid. 

This fact denotes the beginning of ester hydrolysis processes, oxidation, decarboxylation and 
transformation of acids with a higher molecular weight: malic (hydroxy-butanedioic), citric (2-
hydroxy-propane-1,2,3-tricarboxylic) and .in low molecular weight acids (acetic, etc.). The respective 
processes take place after fruit maturity and affect the quality of the fruit. 

Authors of other studies report that malic and quinic acids are the main organic acids in sea 
buckthorn fruits, which make up about 90% of all berry acids. In Russian sea buckthorn varieties, the 
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total acidity is (2.1-3.2 g/100 ml), in the Finnish varieties (4.2 - 6.5 g/100 ml), and in Chinese genotypes 
3.5-9.1 g/100 ml [46,47]. 

3.2. Antimicrobial activity of sea buckthorn fruits and puree 

Calculating the Person coefficient, it was found that the antimicrobial activity of sea buckthorn 
fruits and puree is largely influenced by the chemical composition of the berries. Although different 
results have been obtained between varieties, this correlation is quite high. Was found a very high 
correlation between chemical indicators and sea buckthorn antimicrobial activity: 

for whole sea buckthorn fruits: 

Pearson coefficient Pc = f(AA Bacillus pumilus and CC) = 0.7179 …0.9791; Pearson coefficient Pc 
= f(AA Bacillus pumilus and AAC) = 0.5738 …0.9791; Pearson coefficient Pc = f(AA Bacillus pumilus 
and  TDM) =0.7154…0.9791;  Pearson coefficient Pc = f(AA           Bacillus pumilus and  TA) = 
0.9689 …1.000; Pearson coefficient Pc = f(AA Bacillus pumilus and pH) = - 0.9280…- 0.9952. 

for sea buckthorn puree: 

Pearson coefficient Pc = f(AA Bacillus pumilus and  CC) = 0.7552 …0.9940; Pearson coefficient Pc 
= f(AA Bacillus pumilus and AAC) = 0.5174 …0.9577; Pearson coefficient Pc = f(AA Bacillus pumilus 
and  TDM) =0.7174…0.9577;  Pearson coefficient Pc = f(AA           Bacillus pumilus and  TA) = 
0.7061 …1.000; Pearson coefficient Pc = f(AA Bacillus pumilus and  pH) = -  0.7720…-  0.9582. 

The Pearson coefficient (Pc = f(AA Bacillus pumilus and  pH)) has negative values, which shows 
us that the interdependence between these indicators is inversely proportional. 

Carotenoids are among the most common natural pigments, and more than 600 different 
compounds have been characterized until now, with β-carotene as the most prominent [48]. Various 
scientific researches and studies show that sea buckthorn has remarkable antimicrobial antioxidant 
properties [49]. Information on the antioxidant properties of sea buckthorn carotene is reported by 
researchers Oguz Merhan [50], Andrea Mendelová [36]. Carotenoids can inhibit active radicals by 
transferring electrons, giving hydrogen atoms to radicals or attaching to radicals [51]. The activity of 
carotenoids as antioxidants also depends on their interaction with other antioxidants, such as 
vitamins E and C [52] There are three isomers of carotene, alpha, beta and gamma, with the beta 
isomer being most active [53]. The mechanism of microbial action of berries is diverse: by destroying 
the cell membrane, inhibiting DNA and preventing protein biosynthesis, etc. [48]. The antioxidant 
activity is more potent with extracted seabuckthorn oil because of higher carotenoid levels. The 
researchers' results [54] indicate that the antioxidant activity of sea buckthorn oil depends on the 
extraction methods and heat treatments used Sea buckthorn can could be used as natural 
replacements for synthetic additives and for food products with functional properties [54,55]. 

4. Materials and Methods 

4.1. Materials 

The plant material used in this study consisted of four species of sea buckthorn Clara, Dora, 
Cora, Mara, harvested during August 2022 from Dubossary district, Pohrebea village of the Republic 
of Moldova (47°10′34″ N 29°10′04″ E). Sea buckthorn fruits were harvested at the stage of full 
ripening. Berry samples were frozen at minus 25°C. In this work, frozen sea buckthorn fruits stored 
for 6 months under these conditions were studied.  

Figure 3 show the sea buckthorn varieties analyzed. 
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Figure 3. Sea buckthorn varieties of sea buckthorn grown in the Republic of Moldova. 

4.2. Chemical Materials 

The methanol (>99,9%), ethyl acetate, (≥99,9%), were provided by Honeywell (Charlotte, North 
Carolina US); petroleum ether puriss. p.a., ACS reagent, reag. ISO, low boiling point hydrogen 
treated naphtha, bp>90% 40-60 0С (≥90%), hydrochloric acid solution, sodium 2,6-
dichloroindophenolate hydrate ACS reagent, sodium hydroxide for the preparation of dilute 
volumetric solutions or for direct use, phenolphthalein indicator ACS,Reag. Ph Eur, hydrochloric 
acid for the preparation of dilute volumetric solutions or for direct use, benzoic acid (ACS reagent, 
≥99.5%), cetrimonium bromide (grade pharmaceutical primary standard), diethalonamine reagent 
(≥98.0%) were provided by Sigma-Aldrich (Schnelldorf, Germany); the MPW-380R centrifuge was 
purchased from IKA®-Werke GmbH & Co (Germany/Deutschland); Shimadzu UV-1900 UV-VIS 
spectrophotometer was obtained from Shimadzu Europa GmbH (Duisburg, Germany); capillary 
electrophoresis system KAPEL-105M was purchased from LUMEX, Russia. 

4.3. Content of biologically active substances 

4.3.1. Ascorbic acid content  

Ascorbic acid content was determined by potentiometric titration [56]. 
The method is based on vitamin C extraction with hydrochloric acid solution followed by 

titration with 2,6-dichlorophenolindophenolate sodium. 
A solution of hydrochloric acid with a mass fraction of 2% is used as an extraction solution. 

Solution for titration 0.05 g of 2,6-dichlorophenolindophenolate is dissolved in pre-boiled water, 150 
ml, for 30 min, cooled and the solution is brought to 200 ml. The shelf life of the solution is not more 
than 10 days. The titer of the 2,6-dichlorophenolindophenolate sodium solution is established by a 
standard ascorbic acid solution with a concentration of 1.0 and 0.1 g/dm, on the day of the test. 

Extraction. A 5 g sample weight is weighed with an accuracy of ± 0.01 g, homogenized for not 
more than 2 min with a small amount of extraction solution and transferred into a 100 cm3 volumetric 
flask, washing the homogenizer with a small amount of extraction solution until the volume reaches 
the mark. The contents are incubated for 10 min, stirred and filtered.   Pipette 0.5 to 1.0 ml of extract 
into a 50 cm3 beaker, add extraction solution to a volume of 30 cm3 and immerse pH electrodes of 
the millivolt meter so that when stirring they do not touch the magnetic stir bar. Then they are titrated 
potentiometrically from a microburette with sodium 2,6-dichlorophenolindophenolate solution. 
Sodium 2,6-dichlorophenolindophenolate solution is added in portions of 0.1-0.2 cm3 with constant 
stirring. The volume of sodium 2,6-dichlorophenolindophenolate solution corresponding to the 
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equivalence point and, therefore, consumed for the titration volume is determined by the maximum 
difference ("jump") of two neighboring readings. 

The mass fraction of ascorbic acid as a percentage is calculated by the formula: 𝑋 = ሺ௏ଵି௏ଶሻ∗்∗௏ଷ∗ଵ଴଴୚ସ∗୫   (1)

V1 -  volume of sodium 2,6-dichlorophenolindophenolate solution consumed for the titration 
of the sample extract, cm3; 

V2 - volume of sodium 2,6-dichlorophenolindophenolate solution consumed for control test, 
cm3; 

T - titer of sodium 2,6-dichlorophenolindophenolate solution, g/cm3; 
V3 - volume of extract obtained during extraction of vitamin C from a product sample, cm3; 
V4 - volume of extract used for titration, cm3; 
m - mass of a portion of the product, g. 
The final result is the arithmetic mean of the results of two parallel determinations. 

4.2.2. Organic acids 

The determination of organic acids was carried out by the method of capillary electrophoresis 
using the KAPEL105M system, the modern of the certified models in the Kapelseries. Along with the 
latest electronic database, the KAPEL105M system implements complete instrument control, data 
collection, and processing using its software, and the ability to record the absorption spectra of the 
components of the analyzed sample during analysis [57–59]. 

Was used an unmodified quartz capillary with an inner diameter of 50 μm and a total length of 
64.5 cm (effective length of 56 cm). The capillary was thermostatically controlled at 20 °C. Conditions 
of the research: phosphate buffer was used as the main electrolyte in the work, capillary Leff/Ltot=40/50 
cm, ID=50 μm. The sample inlet is hydrodynamic at 300 mbar*s. Voltage 17 kV. Indirect detection: 
UV-detector was used at a wavelength of 190 nm (±1.0 nm). Reagents of ACS grade (≥95%) were used 
for the analysis. Before working, the capillary was successively washed with 0.1 M NaOH solution 
for 60 s, then twice for 1 min with deionized water, 5 min with background electrolyte solution, 
between analyzes – with background electrolyte solution for 5 min. The calculation of all quantitative 
characteristics was carried out in pereschete on absolutely dry raw material. 

4.2.3. Carotenoid content 

The carotenoid content in sea buckthorn (Hippophaë rhamnoides L.) was determined by UV/VIS 
spectrophotometry [42,60]. 

Extraction was performed by extracting carotenoids from 2 g of the sample using 25 mL 
extraction solvent [methanol: ethyl acetate: petroleum ether, v/v/v, 1:1:1] by homogenization at 10000 
rpm for 10 min. Then the separated lipophilic part was extracted. The absorbance of the extract was 
recorded at 450 nm.  

4.4. Physicochemical Analysis   

Total dry matter content (TDM) was determined according to gravimetric method, based on the 
weight loss of the analyzed sample to constant mass, due to water evaporation by heating in an oven 
at a temperature of up to (105±2)°С and atmospheric pressure [61]. Total acidity (TA) was determined 
according to potentiometric titration with a standard volumetric solution of sodium hydroxide in the 
presence of phenolphthalein as indicator [61]. The pH was measured with a Titrator SI Analytics 
TitroLine® 5000 (Xylem Analytics, Letchworth, UK), at 20°C. 

4.5. Antimicrobial activity 

The antimicrobial activity of sea buckthorn was evaluated by the agar diffusion method. In this 
study we used inhibition zone test, also called Kirby-Bauer Test [62], against reference bacterial 
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strains Bacillus pumilus ATCC 7061 - Gram-positive aerobic spore-forming bacteria, cultivated in the 
microbiology laboratory of the Department of Food Technology, Technical University of Moldova. 

Wells with a diameter of 4±0.1 mm were made on Müeller-Hinton agar plates and the distances 
between neighboring wells and to the edge of the plate were equal. The plates were inoculated with 
a fruits and puree of equal weight, was weighed to the nearest 0.01 g, were left at 18-22 °C for 1-2 
hours, then thermostated at 37°C for 48 hours. The total inhibition area diameter for microbial culture 
growth was measured with the Carbon Fiber Composites Digital Caliper at a 0,1 mm accuracy [63,64]. 
All assays were performed in triplicate. 

4.6. Statistical analysis 

The variance analysis of the results was carried out by least square method with application of 
Student test and Microsoft Office Excel program version 2010 (Microsoft, Redmond, WA, USA). The 
differences were considered statistically significant if probability was greater than 95% (p-value 
<0.05). All assays were performed in triplicate. The experimental results are expressed as average ± 
SD. 

5. Conclusions 

In this study was evaluated the content of carotenoids and ascorbic acid in 4 varieties of sea 
buckthorn grown in the Republic of Moldova (Clara, Dora, Cora, Mara), as well as the total content 
of dry matter, titratable acidity and pH of berries. Antimicrobial activity of sea buckthorn fruit and 
puree on Bacillus subtilis was also investigated. There was a very high interdependence between the 
chemical indicators of sea buckthorn and their antibacterial activity.  

The Pearson coefficient (Pc = f (AA Bacillus pumilus and PCI) for the tested sea buckthorn fruits 
formed the following sequence: Dora> Mara> Clara> Cora, and for the respective sea buckthorn puree 
Dora> Mara> Clara> Cora. 
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