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Quality and Safety

Investigation on stabilization of riboflavin in the presence of cyclodextrins

B. Zhekova, G. Dobrev*

Department of Biochemistry and Molecular Biology, University of Food Technologies, 26 Maritza Blvd., 4002 Plovdiv, Bulgaria

Abstract. The possibility for stabilization of riboflavin in solution in the presence of α-, β- and γ-cyclodextrins at different molar ratios of the compounds and 
different conditions was investigated. The three types of cyclodextrins had a stabilizing effect on riboflavin. The highest effect was established for γ-
cyclodextrins. The residual concentration of riboflavin was retained up to 74-80 % for 90 h in the presence of γ-cyclodextrins. A positive influence of 
cyclodextrins on the stability of the vitamin was registered also at temperatures of 50 °С and 70 °С.
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The aim of the present research is to investigate the Introduction
stabilization of riboflavin in the presence of α-, β- and γ-CD and to 
determinate the conditions for maximal effect.Cyclodextrins (CD) are cyclic nonreducing compounds, which 

are composed of α-1,4-linked glucose units. According to their 
number (6, 7 or 8) they are marked as α-, β-, and γ-CD. All hydroxyl Material and methods
groups from the glucose residues are disposed at the outer surface 
of the CD molecules, and the hydrogen atoms are oriented to the Stabilization of riboflavin in the presence of CD. Stabilization of 
inner part of the ring (Del Valle, 2004). This structure determines the riboflavin by CD was investigated with water solution of riboflavin 
hydrophilic properties of the outer part of CD molecule and a 3(Merck) at concentration of 0.062 mg/cm  at the following molar 
hydrophobic character of the inner cavity. For these reasons CD are 3ratios CD:riboflavin 1:1, 2:1, 3:1. Samples of 5 cm  of CD solutions 
soluble in water and possess the property to encapsulate different 3with the corresponding concentration were added to 5 cm  of 
hydrophobic compounds in their cavity. As a result, the properties of 

riboflavin solution. Then the samples were incubated at the desired 
the guest molecules are altered.

temperature at natural light and cycles day/night for 90 h. At certain 
This ability of CD determines their broad application in different 

time intervals the concentration of riboflavin was determined. 
areas of industry. They are applied in food industry for removal of 

Stabilization of riboflavin by CD was evaluated in regard to a 
unwanted flavour and aroma (Singh et al., 2002), for protection of the 

reference sample, prepared with the same amount of riboflavin 
guest molecules from degradation under the action of light and heat 

without the addition of CD. It was incubated at the same conditions. 
(Polyakov et al., 2004), for reduction of side effects of drug 

Determination of riboflavin concentration. Concentration of 
formulations (Bhardwaj et al., 2000), for improvement of the 

riboflavin was determined by measuring the absorbance at 444 nm 
solubility in water of insoluble compounds (Bardi et al., 2000; 

(Wu et al., 2007).
Calabrò et al., 2004), for stabilization of volatile substances 
(Buschmann et al., 1991; Polyakov et al., 2004). Other applications 
of CD are separation of isomers (Maurí-Aucedo et al., 2006), 

Results and discussionadditives to pesticides (Del Valle, 2004), control of plant growth 
(Szejtli, 1982).

The stabilizing effect of α-, β- and γ-CD on destruction of Riboflavin is an essential vitamin, which is stable when stored in 
riboflavin caused by light was investigated at different molar ratios the dark, but it is easily degraded under light. The products from the 
CD:riboflavin and temperature 20°C. The results for the influence of destruction process are various compounds such as lumichrome, 
the three types of CD are presented on Figure 1, 2 and 3, lumiflavin, 2,3-butanedione, etc. (Choe et al., 2005). Though the 
respectively. Data for a reference sample without the addition of CD mechanism of the reaction has been extensively studied, 
is included for comparison. opportunities for effective stabilization of riboflavin at storage and 

When riboflavin was incubated at the conditions of the processing of foods are still in demand. Data about stabilization of 
experiment, its concentration in the reference sample was rapidly riboflavin in the presence of ascorbic acid and vitamin E derivatives 
decreased (Figure 1). After 20 h of incubation its amount was only 40 is available (Hall et al., 2009). A possibility for improvement of 
% in regard to the initial one. In the presence of α-CD a significant riboflavin stability is the use of CD. There are reports for formation of 
stabilization of the vitamin was noticed. The residual concentration inclusion complexes between riboflavin and α- and γ-CD (Loukas, 
of riboflavin at hour 20 of the process was 68, 93 и 80 % for the three 1997). 
investigated molar ratios (1:1, 2:1, 3:1), respectively. 

* e-mail: g_dobrev2002@yahoo.fr
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Figure 4A. Stabilization of riboflavin in the presence of γ-CD 

at different temperatures: - 50°С:  γ-CD:riboflavin 1:1 ; ◊ 
reference 

▲
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The tendency for stabilization of the vitamin in the presence of incubation, and 87-95 % - after 40h. It was established that 
α-CD was retained at a greater duration of the process as well. At stabilization of the vitamin did not depend significantly on the ratio γ-
hour 40 of incubation the residual concentration of riboflavin in the CD:riboflavin. The differences between the values in the three 
presence of α-CD was from 48 to 73 % in respect to the ratio, and the investigated cases were lower than 10%. A high degree of 
reference value was 23%. The stabilizing effect of α-CD was stabilization was maintained even after a great duration of the 
decreased after 65 hours of the process. The influence of α-CD on process. After 90h riboflavin concentration was 74-80 % in the 
riboflavin stability depended on the molar ratio of both compounds. presence of γ-CD at reference value of only 5 %.
The highest stability of riboflavin was achieved at ratio 2:1 in favor of Comparing the results for the stabilizing influence of α-, β- and 
α-CD. This dependence was noticed during the whole investigated γ-CD on riboflavin (Figure 1, 2 and 3), it can be summarized that the 
interval of the process. three types of CD had a positive effect on the stability of the vitamin. 

On Figure 2 the stabilization of riboflavin by β-CD is presented. The effect was enhanced with the increase of the molecular mass of 
This type of CD also had a positive effect on the stability of the CD. The highest degree of stabilization was achieved with γ-CD. In 
vitamin. On hour 20 of the incubation in the presence of 1:1, 2:1 and regard to the molar ratio of CD and riboflavin, it can be concluded 
3:1 β-CD, 69, 93 and 80% of riboflavin was retained, respectively. that maximal effect was obtained at ratio 2:1 in the case of α- and β-
The values for 40 hours' duration were 44, 82 and 66 %. In regard to CD, and it did not have a significant effect in the case of γ-CD.
the molar ratio of the compounds, the same tendency as for α-CD There are reports for destruction of riboflavin under the action of 
was observed. The highest effect was determined at ratio β- high temperature (Nisha et al., 2005). For these reasons the effect of 
CD:riboflavin 2:1. In this case more than 50 % residual concentration γ-CD on the stability of the vitamin was studied at 50 and 70°С. The 
of riboflavin was measured even after 90 h of incubation. experiment was carried out with γ-CD as they had the highest 

The influence of γ-CD on riboflavin stability is presented on stabilizing degree at the established optimal ratio 1:1 (Figure 4 A and 
Figure 3. In this case stabilization of the vitamin was significant. The B). At both investigated temperatures the concentration of riboflavin 
residual riboflavin concentration was 94-97 % after 20h of in the reference sample was rapidly decreased and for 5h the 
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Figure 1. Stabilization of riboflavin in the presence of α-CD 
at different molar ratios α-CD:riboflavin: □ 1:1;  2:1; ○ 

3:1; ◊ reference (temperature 20°С)

▲
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Figure 2. Stabilization of riboflavin in the presence of β-CD 
at different molar ratios β-CD:riboflavin: 

3:1; ◊ reference (temperature 20°С)

□ 1:1;  2:1; ○ ▲
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Figure 3. Stabilization of riboflavin in the presence of γ-CD 
at different molar ratios γ-CD:riboflavin: 

3:1; ◊ reference (temperature 20°С)

□ 1:1;  2:1; ○ ▲
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residual vitamin concentration was 76 and 70%, respectively. In the surfactant to enhance bioavailability. Enzyme and Microbial 
presence of γ-CD a significant stabilization was achieved. In both Technology, 27, 709-713.
cases the whole amount of riboflavin was retained after 5h of Bhardwaj R, Dorr R and Blanchard J, 2000. Approaches to 
incubation. Probably the highest stability of the vitamin in the reducing toxicity of parenteral anticancer drug formulations using 
presence of γ-CD was due to the formation of an inclusion complex cyclodextrins. Journal of Pharmaceutical Science and Technology, 
between the two compounds. This ability of CD was reported by 54, 233-239.
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Figure 4B. Stabilization of riboflavin in the presence of 
γ-CD at different temperatures: - 70 °С:  γ-CD:riboflavin 

1:1 ; ◊ reference 

▲



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.



CONTENTS 

Genetics and Breeding

Production Systems

Quality and Safety

Agriculture and Environment

Effect of age at first calving on the evaluation of breeding potential of dairy 
cattle and its correlation to test day productivity
Zh. Gergovska, L. Yordanova

Genetic polymorphism of alpha S1- casein gene in Bulgarian sheep breeds
D. Hristova

Non-hormonal synchronization of estrus in West Balkan Mountain sheep
K. Nedelkov, N. Todorov, A. Kolev, T. Marinkov

Complement activity in Bulgarian local sheep related to season and breed
L. Sotirov, V. Semerdjiev, Ts. Maslev, M. Iliev, G. Gerchev, I. Yankov, Ts. Koynarski, 
Ts. Hristova

Theoretical determination of the width of strip for turning when ploughing with 
a traditional plough in a field with irregular shape
K. Trendafilov

Morphological and productive characteristics of Rhaponticum carthamoides 
Iljin
A. Dzhurmanski

Influence of some growth regulators on energy efficiency of spring pea (Pisum 
sativum L) cultivated for fresh biomass
N. Georgieva, I. Nikolova, D. Pavlov , T. Zhelyazkova, Y. Naydenova

Investigation on stabilization of riboflavin in the presence of cyclodextrins
B. Zhekova, G. Dobrev

Identification of Mastitis Pathogens in Rabbit Milk by Near Infrared 
Spectroscopy and SIMCA Classification Method
S. Atanassova, D. Prakasam, S. Isloor, R.M.Vasu

Study of milk composition in sheep of Pleven Blackhead breed
D. Panayotov, T. Iliev, N. Naydenova, D. Pamukova, M. Simeonov

Estimation of total N, total P, pH and electrical conductivity in soil by near-infrared 
reflectance spectroscopy
M.Todorova, S. Atanassova, H. Lange, D. Pavlov

Correlation between soil characteristics and zinc content in the aboveground 
biomass of Virginia tobacco
L. Dospatliev 

Medicinal plants in Tended Nature Reserve „Atanasovsko ezero”
N. Grozeva, Tch. Miteva, N. Nedyalkova

3

8

13

21

25

31

34

40

43

47

50

55

60

Volume 3, Number 1
March 2011


	COVERS 1
	COVERS 1
	ADV

	3_1
	COVERS 2

