ISSN 2313-5891 (Online)
ISSN 2304-974X (Print)

Ukrainian
Food Journal

Volume 5, Issue 3
2016

Kyiv Kuis
2016



Ukrainian Food Journal is an
international scientific journal that
publishes innovative papers of expert in the
fields of food science, engineering and
technology, chemistry, economics and
management.

The advantage of research results
publication available to students, graduate
students, young scientists.

Ukrainian Food Journal is abstracted and
indexed by scientometric databases:

Ukrainian Food Journal — mixxHaposHe
HAyKOBE TEePIOANYHE BUIAHHS IS
myOJTiKamii pe3ynbTaTiB AOCIiIKEHb
(haxiBIlB y rayry3i XapuoBoi HaAYKH, TEXHIKU
Ta TEXHOJIOTIT, XiMii, EKOHOMIKH i
yIIpaBJIiHHS.

[NepeBara B myOumikarii pe3ynbTariB
JIOCITIJPKEHb HAaJIA€ThCS CTYCHTaM,
acripaHTaM Ta MOJIOJUM BUCHHM.

Ukrainian Food Journal inmexcyeTbcs
HAyKOMETPHUYHUMH Oa3aMHu:

Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
CABI full text (2014)

Online Library of University of Southern Denmark (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)

Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)

Chemical Abstracts Service Source Index (CASSI) (2016)

Editorial office address:

National University
of Food Technologies
Volodymyrska str., 68

Ukraine, Kyiv 01601

Ukrainian Food Journal BxitoueHo y nepeiik
HayKOBHUX (DaXOBHMX BHIaHb YKpaiHU 3 TEXHIYHHUX
HayK, B IKOMY MOXYTb IIyOJIiKyBaTHCsI
pe3yabTaTH qUCepTaliiHuX poOiT Ha 3100YTTS
HAayKOBHX CTYIICHIB JIOKTOpA 1 KaHAU/AaTa HayK
(Haxa3 MinicrepcTBa ocBiTH | Haykn YKpaiHu

Ne 1609 Bix 21.11.2013)

Azlpeca penakiii:

HaunionanbHuii yHiBEpCHTET
Xap4OBUX TEXHOJIOTIH
Byn. Bonogumupceka, 68
Kuiz 01601

e-mail: ufj_nuft@meta.ua

Scientific Council of the National
University of Food Technologies
recommends the journal for printing.
Minutes Ne 15, 01.09.2016

© NUFT, 2016

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

PexoMeHI0BaHO BUCHOIO PAJIO0
HaunionansHoro yHiBepcurery
Xap4OBUX TEXHOJIOTIH.
IMporokon Ne 15 Bix 01.09.2016 p.

© HVYXT, 2016




Ukrainian Food Journal publishes original research articles, short
communications, review papers, news and literature reviews.

Topic covered by the journal include:

Food engineering Food nanotechnologies

Food chemistry Food processes

Food microbiology Economics and management
Physical property of food Automation of food processes
Food quality and safety Food packaging

Health

Periodicity of the journal — 4 isues per year.

Studies must be novel, have a clear connection to food science, and be of general
interest to the international scientific community.

Ukrainian Food Journal is is abstracted and indexed by scientometric databases:
Index Copernicus (2012)
EBSCO (2013)
Google Scholar (2013)
UlrichsWeb (2013)
Global Impact Factor (2014)
Online Library of University of Southern Denmark (2014)
CABI full text (2014)
Directory of Research Journals Indexing (DRIJI) (2014)
Universal Impact Factor (2014)
Directory of Open Access scholarly Resources (ROAD) (2014)
European Reference Index for the Humanities and the Social Sciences (ERIH PLUS) (2014)
Directory of Open Access Journals (DOAJ) (2015)
InfoBase Index (2015)
Chemical Abstracts Service Source Index (CASSI) (2016)

Reviewing a Manuscript for Publication. All scientific articles submitted for
publication in “Ukrainian Food Journal” are double-blind reviewed by at least two
academics appointed by the Editors' Board: one from the Editorial Board and one
independent scientist.

Copyright. Authors submitting articles for publication warrant that the work is not an
infringement of any existing copyright and will indemnify the publisher against any breach
of such warranty. For ease of dissemination and to ensure proper policing of use papers and
contributions become the legal copyright of the publisher unless otherwise agreed.

Academic ethics policy. The Editorial Board of "Ukrainian Food Journal" follows the
rules on academic writing and academic ethics, according to the work by Miguel Roig
(2003, 2006) "Avoiding plagiarism, self-plagiarism, and other questionable writing
practices. A guide to ethical writing”. The Editorial Board suggests to potential contributors
of the journal, reviewers and readers to dully follow this guidance in order to avoid
misconceptions in academic writing.

For a full guide for Autor please visit website at

http://ufj.ho.ua

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

433



Ukrainian Food Journal

Editorial board
Editor-in-Chief:
Valerii Mank, Ph. D. Hab., Prof., National University of Food Technologies, Ukraine
Members of Editorial board:

Aleksandr Mamtsev, Ph. D. Hab., Prof., Branch of Moscow State University of
Technologies and Management, Meleuz, Bashkortostan, Russia.

Anatolii Saiganov, Ph. D. Hab., Prof., Institute of System Research in Agroindustrial
Complex of NAS of Belarus

Galyna Simakhina, Ph. D. Hab., Prof., National University of Food Technologies,
Ukraine

Cristina Popovici, Ph.D., As. Prof., Technical University of Moldova

Mark Shamtsian, PhD, As. Prof, St. Petersburg State Technological Institute, Russia
Mykola Sychevskyi, Ph. D. Hab., Prof., Institute of Food Resources of National Academy
of Sciences of Ukraine

Olga Rybak, Ph.D., As. Prof., Ternopil National Technical University “Ivan Puliui”,
Ukraine

Pascal Dupeux, Ph.D., University Claude Bernard Lion 1, France

Stefan Stefanov, Ph.D., Prof., University of Food Technologies, Bulgaria

Tetiana Mostenska, Ph. D. Hab., Prof., National University of Food Technologies,
Ukraine

Tetiana Pyrog, Ph. D. Hab., Prof., National University of Food Technologies, Ukraine
Tomasz Bernat, Ph. D. Hab., Prof,, Szczecin University, Poland

Valerii Myronchuk, Ph. D. Hab., Prof., National University for Food Technologies,
Ukraine

Viktor Stabnikov, Ph.D., As. Prof., National University for Food Technologies, Ukraine
Virginija Jureniene, Ph. D., Prof., Vilnius University, Lithuania

Vladimir Grudanov, Ph. D. Hab., Prof,, Belarusian State Agrarian Technical University
Volodymyr Ivanov, Ph. D. Hab., Prof.,, lowa State University, USA

Yuliia Dziazko, Ph. D. Hab., Prof,, Institute of general and inorganic chemistry
«Vernadskii» of National Academy of Sciences of Ukraine

Yordanka Stefanova, Ph.D, University of Plovdiv "Paisii Hilendarski", Bulgaria

Yurii Bilan, Ph.D., As. Prof., Szczecin University, Poland

Oleksii Gubenia (accountable secretary), Ph.D., As. Prof., National University of Food
Technologies, Ukraine

434 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



Contents

Food technologies.................coiviiiiiiieeeie e

Yuriy Posudin
Spectroscopic analysis 0f honey...........ccoviviiiiiiiiiiii e,

Tamara Nosenko, Valeriy Mank,

Yaroslava Zhukova, Alyona Cherstva

Composition and properties of partially hydrolyzed sunflower protein
1S00AE @S . ettt

Olusegun A. Olaoye
Spoilage volatiles and sensory properties of a grilled stick meat product
inoculated with Pediococcus acidilactici FLEQ7 as starter

Svitlana Bazhay-Zhezherun, Tetiana Romanovska,
Mariia Antoniuk
Improving the nutritional value of grains by biological activation.............

Ana Kalusevié, Ana Salevié, Radovan Dordevic,

Mile Veljovié, Viktor Nedovic¢

Raspberry and blackberry pomaces as potential sources of bioactive
COMPOUNAS. L.t ettt et et ettt e ettt et et et et e e e et e e ererreereerraeseans

Teodora Atanasova, Miroslava Kakalova, Lyubomir Stefanof,

Maya Petkova, Albena Stoyanova, Stanka Damyanova, Mykola Desyk
Chemical composition of essential oil from Rosa Damascena mill.,
growing in new region of Bulgaria...................cooviiiiiiiiii,

Olga Rybak
Milk fat in structure formation of dairy products: a review.....................

Nadezhda Zhilinskaia, Julia Bazarnova, Aleksandr Shleikin

Liudmyla Peshuk, Oleg Galenko

Using of bioinformatics and computer morphometry in study of Fusarium
SPP. CauSING POLAtO AIY TOt....ouv ittt et ettt

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

476

435



Olivier Hirwa, Innocent Nyagahungu, Clement Bitwayiki
Ethanol prodution from mucilage and pulp
of processed Coffee ........ooviiiiiiii 523

Nina Raichuk, Olena Podobiy
Technology features of using gums in a creation of gel bases.................. 531

Nilgiin Onciil, Seniz Karabuiyikli
Mechanism of antibacterial effect of plant based antimicrobials.............. 541

Processes and equipment of food productions................................ 550

Eduard Biletskyi, Olena Petrenko, Dmytro Semeniuk
Three-dimensional model of non-Newtonian fluid flow in the rectangular

channel. ... ... .o 550
Igor Litovchenko

Modeling work furnace recirculating heating gases for tunnel baking

OVEIIS . ettt et ettt et et et e e et e et et e e e 560
Economics and management......................cooiiiiiiiiiiiiiii e, 568

Jakia Sultana Jothi, M. Burhan Uddin
Are public perceptions precise towards the status of quality and safety of

commercial brands 0f NOOALES?.......ooeveeueieee et 568
Tomas Sadilek

System of quality labels in the European Union...................cccoeevinen 579
A DS ACES . ..o o 588
Instructions for authors.............. ... i, 607

436 ——Ukrainian Food Journal. 2016. Volume 5. Issue 3



Food Technologies

Spectroscopic analysis of honey

Yuriy Posudin

National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

Keywords:

Honey
Botanical
Geographical
Origin
Quality
Adulteration
Spectroscopy

Abstract

Article history:

Received 04.06.2016
Received in revised form
04.06.2016

Accepted 01.09.2016

Corresponding author:

Yuriy Posudin
https://posudin.wordpress.com

Introduction. The main objective of this
investigation is to study the relationships of chemical
composition, physical properties, botanical and
geographical origin, and age of honey with its spectral
parameters which can be used as taxonomic indices or
indicators of honey state, quality and possible
adulteration.

Materials and methods. Two non-destructive
spectroscopic methods of honey authentication such as
Near-Infrared  Spectroscopy and  Fluorescence
Spectroscopy were used.

Results and discussion. The intensity of
absorption spectra can be used as a criterion of
geographical origin or age of honey.

The intensity of emission fluorescence spectra of
honey depends on the geographical origin, its age, and
on the type of honey.

The effect of temperature on the fluorescence
intensity of honey demonstrated that the increasing of
temperature provoked the decreasing of the
fluorescence intensity. It was established the
correlation between fluorescence properties of honey
and the presence of water in it.

The reflectance spectra of honey samples in NIR
part of the spectrum are characterized by a number of
reflectance bands near 1,779 nm, 1,933 nm, and 2,290
nm; the relative intensity of the spectral bands
depends on the type and age of the sample. It is very
informative to use spectral parameters of honey in
NIR part of spectrum for the non-destructive
detection of honey adulteration.

Conclusions. Methods of near-infrared and
fluorescence spectroscopy can be explored in honey-
breeding. Both spectroscopic techniques can be used
for non-destructive, fast and precise diagnostics of
honey. The chemical composition, physical properties,
botanical and geographical origin, and age of honey
are closely related to spectral parameters of honey
which can be used as taxonomic indices or indicators
of honey state, quality, and aduteration.

——Ukrainian Food Journal. 2016. Volume 5. Issue 3

437



Food Technologies
Introduction

Definition of Honey

Honey, according to the accepted definition [Codex..., 1969], is the natural sweet
substance produced by honey bees from the nectar of plants (Blossom Honey or Nectar
Honey), or from secretions of living parts of plants, or excretions of plant sucking insects
on the living parts of plants (Honeydew Honey), which the bees collect, transform by
combining with specific secretions of their own, deposit, dehydrate, store and leave in the
honeycomb to ripen and mature. Physical properties of honey are related to its state, age,
presence of water and level of crystallization. All these factors affect the quality of honey.

Composition of Honey

Honey is a product with complex chemical composition: it contains plant pigments
(carotenes, xanthophylls, chlorophyll), mineral substances, sugars, and various impurities.

The main components of honey are sugars, which are presented by fructose (37.20%),
glucose (31.28%), sucrose (1.31%), maltose (7.31%), etc. [Je'Anne, 1991]. Blossom honey
differs from honey dew by the values of simple sugars, disaccharides, higher sugars, acids,
mineral salts and nitrogen content. The concentration of sugars can be used as a criterion of
honey adulteration, which is provoked with the artificial addition of syrup, sucrose that is
hydrolyzed with acids, starch or beetroot treacle in honey [Chudakov, 1967]. That is why
precise quality evaluation of honey has long been the goal of many investigators and
specialists who are related to honey-breeding [Vorwohl, 1984, 1990; Gonnet, 1986;
Vakhonina et al., 1987; Dustmann, 1993; Mautz, 1993; Campos, 1994]. The composition of
honey also reflects the contaminants which are present in the area of bee activity.

Honey Quality

High-quality honey can be distinguished by the aroma, taste and texture. Besides, good
quality honey can not contain more than 18% water. High water level can cause the process
of fermentation of honey and loss of its quality.

The quality of honey has been recognized by the European Directive (Council
Directive, 1974) and the Food Standards Code (Codex Alimentarius standard, 1993).
International Honey Commission, which was established in 1996, has revised the contents
of these documents in recent years [Codex ..., 1993; Proposal ..., 1996; Bogdanov et al.
1999; Council Directive, 2001; Revised Codex ..., 2001] proposing specific quality
parameters of honey and methods of its evaluation. The standard drafts include standards
and methods for the determination of such quality factors as moisture, ash, acidity, HMF,
apparent reducing sugars, apparent sucrose, diastase activity and water-insoluble matter.
International honey standards for fructose/glucose content, the sucrose content and
electrical conductivity were proposed. In addition, other quality factors, such as invertase
activity, proline and specific rotation has been discussed.

The term non-destructive quality evaluation of honey means that the analysis of the
honey sample and collection of its essential characteristics are carried out in such a way that
physical and chemical properties of the sample are not changed.

Spectroscopic Analysis of Honey

Traditional methods of honey analysis are time-consuming and costly. That’s why,
there is a need for a new analytical technique that will enable non-destructive, fast and
reproducible authentication of the botanical and geographic origins at low cost.
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Development of non-destructive methods, which are based on the analysis of the
sample without any alterations of product attributes, present the problem of great practical
significance. Spectroscopic methods occupy an important place among the comprehensive
tests [Posudin, 2005]. These methods include the measurement of difference between input
and output light signals during interaction of light with the sample (absorption,
transmission, reflection, scattering, re-emission) and analysis of the dependence of this
difference on the wavelength. Besides, spectroscopic methods are rather fast and precise.
Effects of honey type, age, temperature, water content and degree of sugar adulteration on
the spectral properties of honey can also be studied.

Certain spectroscopic methods that have been applied to honey control are mentioned
in the literature: spectrophotometry [Yao and Chen, 1985; Yao and Fan, 1985; Salinas et
al.,, 1994,4,b], optical activity measurement [Juan et al., 1992], atomic spectroscopy
[Petrovic et al., 1994; Salinas et al., 1994], nuclear magnetic resonance [Ohmenhaecuser et
al., 2013]. However, the fact is that honey presents a non-transparent and opaque substance;
the application of the abovementioned methods requires either the dilution, or special
preparation of the samples. Method of NMR spectroscopy makes it possible to detect very
fine structural components, but this technique is very expensive, time consuming, spectra
take long time to interpret.

Near-infrared (NIR) spectroscopy is a spectroscopic method that uses the near-infrared
(700 nm—2500 nm) region of the electromagnetic spectrum.

It was shown that methods of near infrared spectroscopy (NIR) and mid infrared
spectroscopy (MIR) can be applied for honey detection, particularly for quality control
analysis, determination of botanical and geographical origin and detection of adulteration of
honey. The principle, technology path, accuracy, influence factors, and the development
trend are discussed [Tu et al., 2010].

Method of Fourier transform infrared spectroscopy (FT-IR) was used for the
determination of water, glucose, fructose, sucrose, melezitose and monosaccharide content
in honey as well as fructose/glucose ratio, glucose/water ratio, electrical conductivity, pH-
value and free acidity [Ruoff et al., 2006]. The results demonstrate that mid-infrared
spectrometry is a valuable, rapid and non-destructive tool for the quantitative analysis of
honey. More than 1600 samples of honey were analysed using FT-IR and reference
methods to develop a partial least-square regression based calibration model for the major
components of honey (sugars, proline, free acids, invertase, moisture,
hydroxymethylfurfural, pH and electrical conductivity) [Lichtenberg-Kraag et al., 2002].
Fourier-transform infrared spectrometer was used to determine botanical origin of 144
samples of nine different unifloral honey types from different Croatian regions [Sveénjak
etal., 2011].

The results of this study showed that FT-IR spectrometry provides reliable results, but
also represents rapid, simple and cheap analytical tool in comparison to commonly used
standard analytical methods.

Fourier transform infrared attenuated total reflectance (FT-IR ATR) spectroscopy was
applied to 14 different samples of northeast Brazilian honey. The results showed that mid-
infrared spectrometry can be used as a screening method for the routine analysis of
Brazilian honey, with the advantages of being rapid, non-destructive, and accurate
[Almeida-Muradian et al., 2014].

Honey is a classic object of adulteration through the addition to natural honey such
substances as sucrose, sugar, glucose, partial invert cane and corn syrups, and beet sugar,
dextrin, starch, unripe honey, molasses, honeydew, and artificial sweeteners. Some samples
of honey can be contaminated with heavy metals, pesticides, and antibiotics. Various
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spectroscopic methods of honey adulteration detection are used such as headspace-mass
spectrometry, gas chromatography, combination of gas chromatography and mass
spectrometry, terahertz time-domain spectroscopy, NIR spectroscopy, which can be used
successfully to identify authentic honey from adulterated one [Posudin et al., 2015].

Fluorescence spectroscopy is a type of electromagnetic spectroscopy which analyzes
fluorescence from a sample.

It was shown that unifloral honeys with very characteristic fluorescence spectra, such
as chestnut honey, can be easily recognised using only one of the single spectra recorded.
Honey types having less characteristic spectra, such as alpine polyfloral or lowland
polyfloral honeys, need a combination of several spectra for a reliable authentication [Ruoff
et al., 2005].

Front-face fluorescence spectroscopy, directly applied on honey samples, was used for
the authentication of 11 unifloral and polyfloral honey types (n = 371 samples) previously
classified using traditional methods such as chemical, pollen, and sensory analysis. This
study indicates that front-face fluorescence spectroscopy is a promising technique for the
authentication of the botanical origin of honey and may also be useful for the determination
of the geographical origin within the same unifloral honey type [Ruoff et al., 2006]. This
technique combined with chemometrics was used to classify honey samples according to
their botanical origin. Synchronous fluorescence spectra of three monofloral (linden,
sunflower, and acacia), polyfloral (meadow mix), and fake (fake acacia and linden) honey
types (109 samples) were studied. The results demonstrated that this method is a valuable
and promising technique for honey authentication [Lenhardt et al., 2014].

Fluorescence spectroscopy coupled with parallel factor analysis (PARAFAC) and
Partial least squares Discriminant Analysis (PLS DA) were used for characterization and
classification of honey [Lenhardt et al., 2015].

Method of fluorescence spectroscopy showed that while the major contributor to the
fluorescence of cane sugar syrup is the reduced form of nicotinamide adenine dinucleotide,
the fluorescence of honey is dominated by flavins. The difference in the synchronous
fluorescence spectra of honey and cane sugar syrup could be used to monitor adulteration
of honey by cane sugar syrup [Ghosh et al., 2005].

Fluorescence spectroscopy was used for quality control of honey, particularly to
describe the types of honey and to distinguish the honey samples with added artificial
sweeteners from natural ones [Nikolova et al., 2014].

The main objective of this investigation is to evaluate two non-destructive
spectroscopic methods of honey authentication: Near-Infrared Spectroscopy and
Fluorescence Spectroscopy.

Materials and methods

The samples of honeydew, which were used in these experiments, were taken from the
collection of Bavarian Institute of Bee-Breeding (Erlangen, Germany)', and the samples of
honey — from different regions of Ukraine: Kyiv, Dnepropetrovsk, and Crimea. Samples
with different percentage of sucrose were prepared in National University of Life and

! The samples of honeydew were presented by the courtesy of Dr. D. Mautz.
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Environmental Sciences of Ukraine, Kyiv, for obtaining useful information about
adulteration of honey. Descriptions of all the samples are given in Table 1. The
measurements of spectroscopic properties of Bavarian "Tanne" samples were performed in
1993, and of the Ukrainian honey samples in 1994,

Table 1
Samples of honey which were used in the experiments
No Type Geographic Year
of Honeydew Origin of Collection
1 Abies alba, Schwarzwald (“Tanne") Germany, Bavaria 1989
2 " «“ 1992
3 Abies alba, Bayerischerwald « 1990
("Tanne")
Geographical Year of
Type of Honey Origin Collection
4 Monofloral, Acacia Ukraine, Crimea 1993
5 Monofloral, Sunflower « «
6 Polyfloral, Esparcet-Rape-Acacia “ “
7 Polyfloral, Sage-Lavender « «
8 Polyfloral, Sonchus-Buckwheat “ “
Sunflower « «
9 Acacia Ukraine,
" Verkhniodniprovsk 1993
10 " Ukraine, “
Pavlivka
11 " Ukraine, Motronivka «
12 " Ukraine, Vodiane «
13 " Ukraine, “
Didove
14 " Ukraine, Andriivka «
15 " Ukraine, “
Malyi Bukryn
16 " Ukraine, “
Kyiv
17 | Lime-Tree “ 1996
18 | Multiherbal Collection « “
Instrumentation

The spectra of absorption and reflection of honey in the ultraviolet and visible part of
the spectrum were measured with spectroscopic complex KSVU-23 ("LOMO", Russia),
which was equipped with a double monochromator, diffraction gratings, and computer.

The investigation of fluorescence spectra of honey was performed with the
spectrofluorometer SDL-2 ("LOMO", Russia) in the regime of photon counting. The
spectral range during these measurements was 200—700 nm; the errors of measurement
were 2 nm for intensity of the bands and 5 nm for half-width of the bands.
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The reflectance spectra in the near-infrared (NIR) part of spectrum (1,620-2,320 nm)
were measured with analyzer Model 4250 ("Pacific Scientific", USA). This analyzer has
three ranges: 1,620-1,800 nm, 1,890-2,115 nm, and 2,050-2,320 nm. Reproducibility of
the results was better than 0.015 nm. The NIR spectrum was estimated as the dependence
of optical density D = log(I/R) on the wavelength A (where R is reflection coefficient). All
measurements were performed at room temperature.

Result and discussion

Results of Spectroscopic Analysis of Honey

The absorption spectra of honeydew ("Tanne") in ultraviolet and visible parts of the
spectrum are presented in Figure 1. A certain shoulder near 250-275 nm is standing out
against the background which is decreasing monotonously from 200 to 700 nm. The
presence of the shoulder in absorption (reflectance) spectra of honey testifies the
participation of several honey components in formation of absorption (reflectance) spectra
in the ultraviolet and visible parts of the spectrum. The intensity of absorption can be used
as a criterion of geographic origin or age of honey.

s 1.0
i
g \\\\
£ 08 2
AN
=
RN\
=
0.2 §
100 300 400 500 550
Wavelength, nm

Figure 1. Absorption spectra of honey in ultraviolet and visible parts of spectrum:
1 — Schwarzwald "Tanne", 1989; 2 — Schwarzwald "Tanne", 1992;
3 — Bayerischer "Tanne", 1990
[Posudin et al., 1995]

The excitation fluorescence spectra of honeydew were investigated for different
wavelengths of fluorescence emission (440 nm, 560 nm, and 575 nm).

The emission fluorescence spectra of honeydew are characterized by a broad band
(about 100—150 nm); the spectral position of its maximum depends on the wavelength of
excitation. These maxima are located near 420 nm (4., = 350 nm), 480 nm (Aex. = 400 nm),
and 510 nm (A = 450 nm). The maximal intensity of emission takes place during
excitation in the ultraviolet part of the spectrum. The fluorescence intensity of honeydew
depends on the geographical origin and its age. Typical fluorescence emission spectra of
honeydew are presented in Figure 2.
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Figure 2. Fluorescence emission spectra of honey (samples N1-N3).
Wavelength of excitation 400 nm
[Posudin et al, 1995]

The fluorescence intensity of honey also depends on the type of honey (Table 2); the
samples of the same type of honey (Acacia), which were collected from different parts of
one region and of one age, demonstrated quasi equal intensity of fluorescence, but this
intensity depends on the age of honey (Table 3).

Table 2
Dependence of fluorescence intensity of honey on the geographic origin
Number of sample Type Fluorescence
(From Table 1) of honey Intensity
4 Monofloral, Acacia 0.29 £ 0.064
5 Monofloral, Sunflower 0.48 +0.088
6 Polyfloral, Esparcet-Rape-Acacia 0.38 +£0.031
7 Polyfloral, Sage-Lavender 0.69 + 0.096
8 Polyfloral, Sonchus-Buckwheat- 0.43 £0.045
Sunflower
Table 3

Dependence of fluorescence intensity on the geographic origin
and year of collection of honey

Number of Sample Geographical Year Year
(From Table 1) Origin

1993 1994

9 Verkhniodniprovsk | 0.30 +0.08 [ 0.53 £ 0.07

10 Pavlivka 0.21+£0.050.68 £0.07

12 Vodiane 0.31+0.09|0.82+0.16

13 Didove 0.34+0.10 | 0.44+0.03

14 Andriivka 0.28 +0.09 | 0.50 +£ 0.02

15 Malyi Bukryn 1.28 +0.06 | 2.05+0.09
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The dependence of intensity, half-width, and spectral position of fluorescence spectra
on the wavelength of excitation and emission means the participation of several
fluorophores in formation of fluorescence spectra of honey.

The effect of temperature on the fluorescence intensity of honey is demonstrated in
Figure 3.
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Figure 3. Dependence of fluorescence intensity of honey on the temperature.
— o —— monofloral, acacia, sample N4;
- A - — monofloral, sunflower, sample N5;
-A- — polyfloral, sage-lavender, sample N7;
-e- — polyfloral, sonchus-buckwheat-sunflower, sample N8
[Posudin et al., 1995]

It is shown that the increasing of temperature provokes the decreasing of the
fluorescence intensity.

The correlation between fluorescence properties of honey and the presence of water in
it was also investigated. The quantity W of water was estimated with the refractometric
method according to the following relation [Aganin, 1989]:

W= 400[1.538 — n(20 °C)] (1)

where # is the coefficient of refraction.

The results of these measurements are presented in Table 4.

The coefficients of correlation were calculated for polyfloral honey (r = —0.96) and

monofloral honey (» = —0.87). This strong negative correlation between the presence of
water in honey and fluorescence intensity can be used for quality evaluation of honey.
The reflectance spectra of honey samples in NIR part of the spectrum are characterized by
a number of reflectance bands near 1,779 nm, 1,933 nm and 2,290 nm; the relative
intensity of the spectral bands depends on the type and age of the sample (Figure 4). The
samples taken from different parts of the same geographic region produced the same shape
of the reflectance spectra, which were distinguished by the intensity of spectral bands only
(Figs.5 and 6). However, the samples that were taken from different geographic zones
demonstrated different shapes (Figs. 4 and 5).
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Table 4

Results of estimation of quantity W of water by fluorescence and refractometric methods

Index of | Quantity | Fluorescence Index of Quantity Fluorescence
Refraction | of Water Intensity Refraction of Water Intensity
() W) ) () W) U))

Sage- Acacia,
Lavender, Sample N4
Sample N7
1.4961 16.76 2.98 1.4976 16.16 1.45
1.4835 21.80 2.22 1.4785 23.80 1.28
1.4711 26.80 1.52 1.4651 29.20 0.96
1.4651 29.20 1.34 1.4565 32.60 0.88
1.4420 37.50 0.92 1.4282 44.00 0.70
1.4222 46.40 0.78 1.4082 51.90 0.64
1.4061 52.80 0.74 1.3871 60.40 0.62
1.3849 61.20 0.66 1.3600 71.20 0.50
1.3650 68.20 056 1.3500 75.20 0.32
1.3489 75.60 0.42 1.3380 80.00 0.24
1.3380 80.00 0.34 - - -
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)
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Figure 4. Reflectance spectra of honey in near-infrared part of spectrum (samples N 1-3)
[Posudin et al., 1995]
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Figure 5. Reflectance spectra of honey in near-infrared part of spectrum (samples N 9-12)
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Figure 6. Reflectance spectra of honey in near-infrared part of spectrum (samples N 13-16)
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Figure 7. Dependence of reflectance spectra of lime-tree honey (sample N 17) in near-infrared
part of spectrum on the concentration of sucrose which was artificially added to honey:
1 —natural honey: 2 — 20% sucrose; 3 — 40% sucrose; 4 — 60% sucrose [Posudin et al., 1995]
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Figure 8. Dependence of reflectance spectra of multiherbal honey (sample N 18) in near-
infrared part of spectrum on the concentration of sucrose which was artificially added to

1 —natural honey: 2 — 20% sucrose; 3 — 40% sucrose; 4 — 60% sucrose [Posudin et al., 1995]
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It is very informative to use spectral parameters of honey for the non-destructive
detection of honey adulteration. Figures 7 and 8 demonstrate the evolution of the
reflectance spectra for the samples with different concentration of sucrose, which was
artificially added to honey from lime-tree and multiherbal collection respectively. The
curves "reflectance versus sucrose concentration" which are presented in Figure 9, can be
used for quantitative estimation of honey adulteration. The accuracy limits in these
experiments did not exceed 5%.

&
=22
®
E : !
3 2.0- A
§ A
1.8 °
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m16
1.4
20 40 60

Concentration of sucrose, %

Figure 9. Dependence of reflectance of honey on the concentration of sucrose.
Wavelength is 1,779 nm.
- A- — lime-tree honey;
—*— —multiherbal honey
[ Posudin et al., 1995]

Thus, honey is characterized by certain spectral properties in ultraviolet, visible, and
near-infrared parts of the spectrum, which are related to its ability to absorb, transmit,
reflect and re-emit optical radiation. The chemical composition and physical properties of
honey are closely related to its spectral parameters, which can be used as taxonomic
indices or indicators of honey state and quality.

Conclusion

Methods of near-infrared and fluorescence spectroscopy can be explored in honey-
breeding. Both spectroscopic techniques can be used in principle for non-destructive, fast
and precise diagnostics of honey. The chemical composition, physical properties, botanical
and geographic origin, and age of honey are closely related to spectral parameters of honey
which can be used as taxonomic indices or indicators of honey state and quality.

The near-infrared reflectance spectroscopy and fluorescence spectroscopic methods are
simple and inexpensive; they do not require particular sample preparation or special
qualification of laboratory personnel. Both spectroscopic methods provide useful
information about the adulteration of honey.

Acknowledgements. The author thanks Mautz D., Polishuk V.P., Bulavin S.P. and
Istomina V.A for providing the of honey samples, research assistance and discussion of
results.
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Introduction. Partial enzyme hydrolysis of proteins is
common method of modification of their functional
properties. The characteristics of partially hydrolyzed
proteins obtained from sunflower meal are presented in this
work.

Materials and methods. Proteins of sunflower meal
were extracted in the presence of two proteases viz. neutral
protease and Alkalase during 40 min. Partially hydrolyzed
protein samples were prepared by isoelectric precipitation
and next drying. The polypeptide composition of protein
isolates were studied by polyacrylamide gel electrophoresis,
degree of protein hydrolysis, amino acid composition,
surface activity and functional properties were estimated.

Results and discussion. The polypeptides of higher
molecular weight (45-54 and about 32—35 kDa) were absent
in polypeptide profile of partially hydrolyzed proteins either
of proteases. At the same time they were abounded with 14—
16 kDa polypeptides and polypeptides with molecular
weight lower 14 kDa.

Partially hydrolyzed protein samples had higher protein
content, lower content of ash and carbohydrates as
compared with the control sample. The biological value of
sunflower protein isolates were limited by three amino acids
— sulfur containing amino acids (methionine and cysteine)
and lysine. The content of methionine, cysteine and lysine
has been increased in protein samples obtained with neutral
protease, relative to protein isolate. Differential scanning
calorimetric analyze of protein samples have demonstrated
that partially hydrolyzed samples contained undenaturated
proteins, but their denaturation degree was higher compared
with control samples. Partial hydrolysis of sunflower seed
proteins have improved their solubility in pH range from 2
to 8, water holding, oil binding, foaming, emulsifying
capacities and surface activity.

Conclusions. Partially hydrolyzed protein samples had
higher protein content, lighter color, lower degree of
denaturation and better functional properties compared to
the traditional protein isolates.
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Introduction

Partial enzyme hydrolysis of protein is common method of modification of their
functional properties. The protein hydrolysates are usually prepared from milk or soy
proteins under influence of different proteases. Another source of proteins can be used as
substrate for enzyme hydrolysis too. Parrado et al. [1] and Villanueva et al. [2] have
obtained sunflower protein hydrolysates from sunflower seed protein isolates, Vioque et al.
[3] have produced rape seed protein hydrolysates.

The polypeptide composition of protein isolates have changed as result of protein
hydrolysis under different proteases notably polypeptides of smaller size appeared [2, 4]. It
was shown that soy and sunflower protein hydrolysates had higher solubility in wide pH
range, in despite of native proteins which have destricted solubility at pH of isoelectric
point [2, 4]. The pumpkin oil cake globulin hydrolysates obtained with different enzymes
(hydrolysis degree 5.6-29.8%) had also increased solubility within the studied pH range
[5]. In addition, hydrolysates of cucurbitin obtained with Alkalase and pepsin showed
antioxidant activity.

In most cases limited protein hydrolysis can improve their emulsifying, foaming
properties [3—7] and change sensory characteristics [8].

In our previous works we have shown that extraction of protein from industrial
sunflower meal in the presence of trypsin [9] or microbial proteases [10, 11] resulted in
increase of protein concentration in extracts and protein isolate yield. The protein
concentration in extracts obtained in the presence of proteases was approximately twice
higher than in control samples. The protein hydrolysis degree was sufficiently low and
varied from 3.5% to 5.2% at moderate enzyme/substrate ratio and neutral protease [10].
When enzyme:substrate ratio increased the degree of hydrolysis was also rising and reached
9.0-9.5% during 40-60 min that is desirable for improvement of protein functional
properties, higher hydrolysis level results in loss of protein functionality. The degree of
protein hydrolysis varied from 8.5 to 14.5% when alkaline protease was used at every
investigated enzyme:substrate ratio during 40—60 min. It was shown also that correlation
(r=0.69) exists between concentration of proteins in extracts and degree of protein
hydrolysis under influence of microbial proteases. The model was obtained for estimation
of the affectivity of protein extraction as function of enzyme:substrate ratio and extraction
time.

Changes in polypeptide composition of protein isolates under influence of proteases
resulted in differences of amino acid composition between unhydrolyzed proteins and
proteins partially hydrolyzed by various proteases. Amino acid composition of sunflower
meal, protein isolates (PI) and partially hydrolyzed protein isolates (PHPI, hydrolysis
degree 12.4%) were studied in our previous work [12]. Three amino acids were limiting in
sunflower meal proteins almost in equal extent, notably, valine had amino acid score 71.2%
to FAO/WHO reference protein, isoleucine — 72.5 and lysine — 73.5%, respectively.
Amount of amino acids in PI and PHPI had changed comparing with sunflower meal that is
content of sulfur containing amino acids and lysine in protein isolates decreased drastically.
On the other hand, sunflower protein isolates, obtained by Villanueva et al. [2] and Ivanova
et al. [13], were not limited by the content of methionine and cisteine.

In this work we present the next characteristics of partially hydrolyzed proteins (PHPI,
hydrolysis degree 8—12%), obtained from sunflower meal with assistance of microbial
proteases, notably their composition, solubility in the range of pH 2-8, their surface
activity, emulsifying, foaming capacities, water and oil binding properties, denaturation
temperature and enthalpy of denaturation.
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Materials and methods

Materials. Sunflower meal was collected from local oil extraction plant, Melitopol,
Ukraine. The protein content of meal varied from 33 to 39%. Neutral protease from
Bacillus subtilis (Protolad, 70 FIP-U/g, optimum pH 6.5-7.0, ENZYME, Ukraine) and
alkaline protease from Bacillus licheniformis (Alkalase, 2.4 AU/g, optimum pH 8.5-9.0,
ENZYME, Ukraine) were used for hydrolysis. All chemicals used for experiments were at
least analytical grade.

Preparation of protein isolate and partially hydrolyzed protein isolates. Proteins
were extracted from sunflower meal by sodium chloride solution (70 g/L, pH 7.0) under
constant stirring, at 45 °C for 40—50 min, meal:solution ratio was 1:10 (w:v).

In order to obtain partly hydrolyzed samples, extraction of proteins from sunflower
meal was carried out in the presence of Protolad or Alkalase, with meal:enzyme ratio 100:1.
The protease activity was stopped by heating of reaction mixture at 80 °C for 15 min.

Afterwards, the insoluble residue was precipitated by centrifugation. The supernatant
(protein extract) was used for isoelectric protein precipitation at pH 4.0. After protein
coagulation, pellet was separated by centrifugation (3,000 x g), washed with water solution
(pH adjusted with HCI to 4.0), protein pellet was collected and dried to 6—8% humidity.

Determination of the Protein Hydrolysis Degree. The degree of protein hydrolysis
(DH) was determined according to Popovic et al. [5] in some modification. To a 0.5-mL
aliquot of the supernatant obtained after hydrolysis, an equal volume of 0.5 mol/dm’ 3-
chloro-acetic acid (TCA) was added. The mixture was incubated for 30 min at 4 °C.
Thereafter, the mixture was centrifuged at 7 000 rpm for 10 min. The TCA-soluble
fractions were analyzed to determine the protein content by the method of Lowry et al. [15].
The DH value was calculated as the increase of TCA-soluble protein concentration in the
presence of protease (Cprorease) t0 protein content in control samples (Ceontrol), €Xpressed as a
percentage:

DH = Cprotease - Ccontrol %100

control

Analysis of protein sample composition. Moisture and ash content of protein samples
was determined using the gravimetric method. Oil content was measured according to
Soxhlet’s method. For this purpose 5 g of sample were extracted for 24 hrs using hexane as
a solvent. Crude protein (Nx6.25) was determined by the Kjeldahl method according to
AOAC Method [16]. Crude protein content was calculated with a conversion factor of 6.25.
Carbohydrate content was calculated as difference between dry substances mass and mass
of protein, ash and oil.

Determination of amino acid composition of protein samples. The direct acid
hydrolysis of protein isolates was used to obtain hydrolysates suitable for determination of
all amino acids except cysteine and tryptophan. Hydrolysis was carried out in test tubes by
adding of 1 mL of 6 M HCl to dry sample, corresponding to 2 mg of protein. The mixture
was frozen in a bath at — 80 °C, evacuated, sealed and then samples were exposed at 106 °C
for 24 h in a thermostat. After hydrolysis samples were cooled and HCI was removed from
them by evacuating in dessicator containing NaOH pellet. After drying of samples 4 mL of
deionized water was added and drying procedure was repeated. Dry samples were dissolved
in citrate buffers (0.3 M/L, pH 2.2) and used for amino acid analyses.
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Amino acid analyzer T 339 (Czech Republic) was used for amino acid content analysis.
Standard amino acid mixture containing 0.5 uM of the 17 commonly occurring amino acid
was used to calculate the amount of amino acids in the samples.

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE). The
polypeptide composition of the protein samples were analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis by the method of Laemmli [17]. The gel system,
containing 0.2% (wt/vol) SDS consisted of a 12% polyacrylamide-resolving gel (pH 8.8)
and a 4% stacking gel (pH 6.8 ) in a minislabs system (Bio-Rad Mini-Protean II Model).
The length of the resolving and stacking gel were 10 and 2 cm, respectively, with a gel
thickness of 0.75 mm. Electrophoresis was perfomed at a constant current of 25 mA.
Protein bands were stained by immersion of the gel in 0.05% Coomassie brilliant blue G-
250 solution, in 45% methanol and 9% acetic solution.

Protein molecular weights were estimated using low MW markers (Pharmacia,
Amersham, England) that included phosphorylase b (94,000), albumin (67,000), ovalbumin
(43,000), carbonic anhydrase (30,000), trypsin inhibitor (20,100), and a-lactalbumin
(14,400).

Differential scanning calorymetry (DSC). Thermal denaturation of the protein
suspensions was studied by DSC with a DSC Q 2000 calorimeter (V24.4 Build 116, TA
Instruments, Germany). 8 mg of sample was placed in an aluminium pan and heated from
20 to 110 °C at a rate of 2 °C/min.

Determination of protein solubility. Determination of solubility was made in a pH
region of 2.0 to 8.0 adjusted by 0.1 M HCI or NaOH. Protein samples were dissolved for 1
h at room temperature at concentration 1% wt/vol under constant stirring. Suspensions were
centrifuged at 3,000 x g for 20 min. Protein concentration in supernatants were measured
by method of Lowry et al. [15]. Solubility was expressed as grams of soluble protein/100
grams of sample.

Determination of protein sample functional properties. The water holding
capacities (WHC) of proteins were measured as described by Ashraf et al. [18] taking 1 g of
protein extract and resuspended in 10 mL of distilled water and mixed vigorously for 2 min,
the supernatants obtained after centrifugation at 3,000 x g for 20 min were decanted and the
weights of the sediments were determined, the WHC values expressed as gram of water
absorbed per 100 g of protein.

The oil binding capacities (OBCs) of seed proteins were measured using the method of
Ashraf et al. [18] taking 1g of protein, deposited and reweighed in 50 mL centrifuge tubes
and thoroughly mixed for 3 min with 10 mL of vegetable oil. Samples were allowed to
stand for 30 min and the mixtures were centrifuged at 3,000 x g for 20 min, the
supernatants were carefully poured immediately after centrifugation and tubes with the
sediments were weighted. The OBC values expressed as gram of oil absorbed per 100 g of
protein isolates.

The emulsifying capacity (EC) of the protein samples were determined according to
Karki et al. [19] taking 8.5 g of each sample and mixed with 50 mL of distilled water for 2
min using a blender and vegetable oil was adding slowly with continuous blending. The
process was stopped after every 2 min to check for emulsion breakage. The maximum
volumes of oil that was emulsified were measured and emulsifying capacity was
determined as volume of oil relatively to 1 g of protein isolates.

The foaming capacity (FC) of the protein samples were determined according to Makri
et al. [20] taking 1% of the samples and resuspended in deionized water, pH was adjusted
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to 7.4 with 0.1 M NaOH and 0.1 M HCI. 100 mL of solution were blended for 3 minutes
and poured into a 500 mL graduated cylinder. The volume of foam (V) and liquid (V)
were immediately recorded and FC was calculated using the following equation:

v
FC= —-100

1
Surface tension measurements. Series of protein suspensions with concentrations
from 0.03 to 0.5% (w/v) were prepared in water solution at pH 8.0 adjusted with 0.1 M
NaOH. The surface tension measurements were made with a stalagmometer. Three readings
were made on each sample to obtain an average value. All measurements were made at
temperature (20 £ 1) °C. Distilled water was used as surface-tension standard. The surface

tension of protein suspensions was calculated using the following equation:

PxN,
" pyxN

where o, p,and Ny are the surface tension, density and drop number of distilled water; p
and N are the surface tension, density and drop number of protein suspension respectively.

Statistical analysis. Data were expressed as means =+ standard deviations for triplicate
determination. Statistical analysis was performed using Microsoft Excel 2007. Differences
were considered to be significant at validity of a=0.95.

Results and discussion

Chemical and polypeptide composition of sunflower seed isolated proteins. The
sunflower seed protein isolate used as a control sample had a protein content about 78%
and high carbohydrate content (Table 1). Partially hydrolyzed protein sample obtained with
neutral protease (hydrolysis degree 8.5%) contained about 90% proteins, lower amount of
ash and more than two times less of carbohydrates than protein isolates. The protein sample
obtained with Alkalase (hydrolysis degree 11.5%) also had higher protein content, lower
content of ash and carbohydrates as compared with the control sample. Such influence of
partial protein hydrolysis on the chemical composition of protein samples is obviously due
to decrease of intermolecular aggregation of smaller polypeptides with other components of
sunflower seed including carbohydrates. Low amount of concomitant substances are
coprecipitated from the protein suspension together with small polypeptides at their
isoelectric precipitation. And finally partial hydrolysis could result in readsorption of some
contaminations from the protein surface.

Using of Protolad and Alkalase at extraction of proteins from sunflower meal resulted in
changes of polypeptides composition of obtained partially hydrolyzed proteins (Figure 1).

Table 1
Chemical composition of sunflower seed proteins calculated on a dry weight basis
Component Protein Partially hydrolyzed Partially hydrolyzed
isolate proteins (Protolad) proteins (Alkalase)

Protein 78.4+0.5 89.5+0.4 87.2+0.6

Ash 49+0.2 2.8+0.1 3.0+£0.2
Carbohydratey 16.0 + 0.4 7.2+0.3 92+0.4

Lipid 0.7+0.1 0.5+0.1 0.6 0.1
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Figure 1. Sodium dodecyl sulfate-polyacrilamide gel electrophores polypeptides profile of
sunflower seed proteins isolate (lane 4), partially hydrolyzed by Protolad (lane 2) and Alkalase
(lane 3), lane 1 and 5 — molecular weight markers (94, 67, 43, 30, 20 ta 14 kDa).

The polypeptides of higher molecular weight (45-54 and about 32-35 kDa) were
absent in polypeptide profile of proteins partially hydrolyzed by either of proteases. They
abounded with 14—16 kDa polypeptides and polypeptides with molecular weight lower 14
kDa. Some new polypeptides with molecular weight in rage of 10-20 kDa had appeared in
their profiles, whereas control protein sample had relatively high content of 32-35 kDa
polypeptides and low content of 16 kDa polypeptides.

The essential amino acid compositions of protein samples were sufficient different,
indicating that limited hydrolysis of sunflower meal proteins under their extraction have
changed the biological value of proteins (Figure 2). The biological value of sunflower
protein isolate was limited by three amino acids — sulfur containing amino acids
(methionine and cysteine), their content was only about 46% of FAO protein, and lysine
which was 54% of references protein. Since content methionine and cysteine in sunflower
meal proteins was 80% of FAO proteins [12] evidently, that proteins abounded by these
hydrophobic amino acids are less soluble and are not extractable from the meal. Content of
other essential amino acids exceeds their content in references protein. Limited hydrolysis
of sunflower meal proteins by Protolad have increased amino acid score of every essential
amino acid compared to the protein isolate, most significantly leucine, sum of aromatic
amino acids and valine. This protein samples have increased content of methionine and
cysteine by 26% and lysine — by 17% relative to protein isolate. On the contrary, essential
amino acids content of protein samples limited hydrolyzed by Alkalase were lower
compared to the protein isolate, these proteins were especially poor in sulfur containing
amino acids (their content was only 23% relative to FAO pattern). This phenomenon could
be due to loss of such amino acids with hydrolysis products which are not precipitated
during isoelectric precipitation. Decrease of methionine and cysteine content were observed
also in sunflower hydrolysate obtained with Alkalase [2].
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Figure 2. Essential amino acid composition of sunflower seed protein samples

Protein denaturation degree of sunflower protein isolates. Obtained protein samples
had similar denaturation temperatures and enthalpies (Table 2, Figure 3). Dependences of
thermal flow of protein suspensions from temperature were similar for partially hydrolyzed
and unhydrolyzed protein samples (Figure 3). The denaturation temperatures of protein
isolate was about 85 °C. Proteins of partially hydrolyzed samples had a little lower
temperature stability, the denaturation temperature were 80.2 and 79.1 °C for partially
hydrolyzed proteins by Protolad and Alkalasa respectively. Denaturation degree of
partially hydrolyzed proteins were higher compared to the protein isolate, enthalpies of
denaturation were 151.5 and 146.8 J/g proteins for Protolad and Alkalasa sample
respectively. Thus, in spite of limited hydrolysis, protein samples obtained with proteases,
contains macromolecules with preserved second and tertiary structure.

Table 2
Denaturation temperature and enthalpies of sunflower protein products
Sunflower protein products Denaturation Enthalpy,
temperature, °C (AH, J/g protein)

Protein isolate 84.9+1.7 184.7+2.1
Partially hydrolyzed proteins 80.2+1.5 151.5+£1.6
(Protolad)

Partially hydrolyzed proteins 79.1+1.2 146.8+1.4
(Alkalase)
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Figure 3. Dependence of protein suspensions thermal flow from temperature.

Solubility of protein samples and their functional properties. High solubility of
isolated proteins is required in many foods because of soluble proteins provide a
homogeneous dispersability of molecules in colloidal systems and many other functional
properties of proteins are realized when they are in soluble state. The solubility of proteins
usually increased over a wide range of pH as result of their hydrolysis [14]. Indeed, protein
samples, containing limited hydrolyzed polypeptides, had higher solubility in pH range
from 2 to 8 (Figure 4).
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Figure 4. Solubility of sunflower protein samples at different pH values
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The greatest increase of solubility was observed at acid medium (pH 2-5) for protein
sample, partially hydrolyzed by Protolad, solubility differences between samples decreased
at pH 6-8. Increase of solubility for protein sample, partially hydrolyzed by Alkalase, was
insignificant at pH range 2—5 and very poor at higher pH, that could be determined not only
specific effect of this protease and properties of hydrolysis products, but also composition
of proteins which were extracted in alkaline solution.

Accordingly, the water holding capacity of partially hydrolyzed protein samples
increased too (Figure5, a), for protein sample, partially hydrolyzed by Protolad, this
increase was almost five times, for protein sample, partially hydrolyzed by Alkalase, this
characteristic improved four times. The increase of oil binding capacities was statistically
insignificant for both partially hydrolyzed protein samples.
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Figure 5. Functional properties of sunflower protein samples:
1 — protein isolate, 2 — partially hydrolyzed proteins (Protolad),
3 — partially hydrolyzed proteins (Alkalase).

Isolated proteins have surface activities and hence are active in creation of such
disperse systems as foams and emulsions. Dependences of surface tension of protein
suspensions from their concentration have demonstrated that interfacial properties partially
hydrolyzed proteins have been improved under influence of limited hydrolysis (Figure 6).
The surface activity of protein sample, partially hydrolyzed by Protolad, has increased most
drastically, even at very low protein concentrations (<0.1%) surface tension coefficient
decreased about 10% compared to the protein isolate.

Foaming and emulsifying capacities partially hydrolyzed proteins increased
substantially (Figure 5, b). Foaming and emulsifying capacities were higher in sample,
partially hydrolyzed by Alkalase, but foam stability of this sample was very poor. At the
same time foam stability was highest in the sample, partially hydrolyzed by Protolad. Loss
of foaming stabilizing capacity with increase of hydrolysis degree had been demonstrated
for soy proteins too [4].
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Figure 6. Dependence of surface tension coefficient of protein suspensions from their
concentration.

Conclusion

We have used two proteases during extraction of proteins from sunflower seed meal.
We have obtained the partially hydrolyzed protein samples with different composition,
color, denaturation degree and functional properties. These samples had higher protein
content compared to the traditional protein isolates, protein sample partially hydrolyzed by
neutral protease had higher biological value too. Protein solubility at pH 2-8, water
holding, oil binding, foaming and emulsifying capacities of partially hydrolyzed protein
samples were improved compared to the control.
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Introduction. Grilled meat products are normally eaten as
snacks in many developed and developing countries usually
during leisure. The use of biological agents such as lactic acid
bacteria may help improve the associated volatiles and sensory
appeal of such products.

Materials and methods. A grilled meat product (7sire) was
inoculated with 6 log CFU/g of Pediococcus acidilactici FLEQ7
as starter culture (IS), with the objective of improving the
associated spoilage volatiles during a 4 day storage at 30 °C;
while uninoculated sample of Tsire served as control (UC). Solid
phase mass extraction gas chromatography-mass spectrometry
(SPME-GCMS) and taste panel using hedonic scaling were used
to evaluate the volatiles and sensory quality respectively during
storage.

Results and discussion. In preliminary experiments, ten
Pediococcus strains were evaluated for production of organic
acids; among these, 34 g..q / 10’CFU was recorded as highest
lactic acid production by P. acidilactici FLEO7 and was chosen as
starter culture for inoculation of 7sire. The strain was shown to
produce acetic acid of concentration lower than 12 g,.q /10’ CFU.
SPME-GCMS analysis of the grilled meat product showed that a
total of fourty eight (48) volatiles, belonging to ketones (35.42%),
acids (8.33%), alcohols (25%), aromatic/cyclic (14.58%) and
nitrogenous compounds (16.67%), were detected during storage.
Volatiles including acetone, 2-butanone, 2,3-butanedione,
3-hydroxy-2-butanone, 2-hexanone, 2-heptanone and 1-hydroxy-
2-propanone were among the prominent ketone compounds
observed in the Tsire samples, and their total are units (TAUSs)
showed significant difference (p<0.05) between the IS and UC
samples. There was reduction in spoilage volatile indicators;
concentrations (pug/g) of 0.57, 1.98, 0.93 and 1.39 were recorded
for heptanal, 1-octen-3-ol, 3-methyl-butanoic acid and nonanal
respectively in inoculated samples (IS) compared to 2.43, 3.21,
2.94 and 2.94 obtained for uninoculated control (UC) on day 3.
Sensory study with the use of 50 panelists to provide data showed
that higher scores (p<0.05) were recorded in the aroma,
appearance, tenderness, taste and general acceptability properties
of IS than UC.

Conclusion. It was concluded that Pediococcus acidilactici
FLEO7 and other suitable starter culture(s) may be used in
promoting sensory quality development and availability of the
product beyond the day of production. This is the first report of
this type on the grilled meat product.
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Introduction

Grilled meat products are normally prepared by grilling of shredded meat cuts hanged
on sharpened edges of sticks, and Tsire is common example in Nigeria. The meat cuts are
normally spiced with peanut cake, spices, vegetable oil, salt or other flavorings and then
cooked by grilling. They are sprinkled with groundnut oil during the grilling process to
simulate the traditional technique of avoiding burning or charring [1]; grilling is usually
carried out around glowing charcoals. Tsire could be prepared from muscles of beef, goat,
mutton or chicken, though preparation from beef is common [2]. It is a popular traditional
meat product in Nigeria commonly eaten as delicacies, served or sold along streets or in
club houses.

Cooking of meat involves a complex series of thermally induced reactions occurring
between non-volatile components of lean and fatty tissues, resulting in a large number of
reaction products (Lorenzo et al., 2016); the volatile compounds formed in these reactions
are largely responsible for the characteristic flavour of cooked meat [1]. Such products
include aldehydes, carboxylic acids, alcohols, ketones, esters, sulfur compounds,
nitrogenous compounds, terpenes, alkanes and alkenes, aromatic and cyclic hydrocarbons,
which have been noted to contribute to flavour development in meat products [3].

Pediococcus is a genus under the group of lactic acid bacteria (LAB) which play
positive role in fermentation and preservation of many foods, especially by their abilities to
produce considerable amounts of volatile and organic compounds [2]. LAB have a
generally regarded as safe (GRAS) status and have been widely used as starters in the
industrial preservation of meats [4]. For instance, Olaoye ef al. [5] reported the application
of LAB cultures, P. pentosaceus GOAT 01 and Lactobacillus plantarum GOATO012, in the
preservation of goat meat during storage at 30°C. According to the authors, the LAB
cultures were able to extend the shelf life of the meat for days beyond the uninoculated
control samples. In another study, the use of Pediococcus cultures in the generation of
antioxidant nitrogen compounds in Iberian dry-fermented sausages was reported by
Fernandez et al. [6]. Moreover, Lorenzo et al. [7] investigated the effect of commercial
cultures of Pediococcus spp. on volatile compound profile and sensory characteristics of
dry - cured foal sausage during ripening. Olaoye [1] and Olaoye [3] reported studies on the
effect of storage period on volatiles and consumers’ acceptability of Tsire and pork balangu
(a grilled meat product) respectively; the authors recommended that inoculation of the meat
product with LAB cultures should be carried out in future studies for possible improvement
in volatile characteristics.

In spite of the available reports on meat products, no study is currently available on the
effect of LAB cultures on volatiles of Tsire during storage. Hence, the present study
focused on evaluating the influence of P. acidilactici FLEO7 culture on the volatile
compounds, especially those that may be spoilage indicators, and sensory characteristics of
the traditional meat product during storage.

Materials and methods

Source of meat and ingredients. The beef used in this study was purchased from a
butcher’s shop in the city of Nottingham, UK, and conveyed to the laboratory over ice
crystals for immediate use. The ingredients used included ground red pepper (Capsicum
sp.), onions (Alium cepa), ginger (Zingiber officinalis), groundnut (Arachis hypogaea) and
salt, obtained from a Nigerian shop in the same city.
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Sources of LAB used and growth conditions. Ten presumptive LAB isolates,
previously isolated and phenotypically identified from meat in a preliminary study were
used in the present study [8]. They included Pediococcus pentosaceus LIVO1, P.
acidilactici FLEQ7, P. acidilactici FLEO2, P. pentosaceus INTO1, P. pentosaceus INTO02,
Lactobacillus plantarum FLEO4, P. acidilactici INT04, P. acidilactici FLEQ7, Leuconostoc
mesenteroides FLEO3 and P. pentosaceus INT04. The optimum growth temperature of the
isolates in MRS medium (Oxoid, UK) was 30 °C. The isolates were routinely maintained in
MRS broth medium containing 20% glycerol at —20 °C as working cultures, and at —80 °C
for long-term storage.

Production of organic acids. Prior to selection of one of the LAB isolates as starter
culture, the isolates were evaluated for their abilities to produce organic acids (lactic and
acetic acids), using the method of Olaoye et al. [8]. One of the isolates, P. acidilactici
FLEO7, showed considerable production of organic acids, and was hence chosen as starter
culture for inoculation of the traditional meat product prior to storage. Concentrations of the
organic acids were expressed in g,ciq /10’ CFU (i.e grams of lactic/acetic acid per 10’ colony
forming units)

Confirmation of identity of presumptive P. acidilactici FLEO7 used as starter
culture. The LAB isolate P. acidilactici FLEO7 used as starter culture was presumptively
identified in a previous study [8]. Full identity of the isolate was obtained in the present
study using 16S rDNA nucleotide sequencing after successful amplification by PCR.
Deoxyribonucleic acid (DNA) was extracted using a boiling method [9]. PCR amplification
was performed using the following set of primers [10]: Forward,
5'-CCTACGGGAGGCAGCAG-3' and Reverse, 5-ATTACCGCGGCTGCTGG-3',
targeting approximately 200 bp of 16S rDNA gene (V3 region). PCR conditions used were
as described by Olaoye et al. [5]. Electrophoresis of the 16S rDNA-PCR products,
purification and sequencing were carried out as previously described [5]. The specific
nucleotide sequences were subjected to BLAST programme of NCBI (website;
http://www.ncbi.nlm.nih.gov/blast/) to determine the homology of the Pediococcus isolate
with related genera and species [11].

Preparation of Tsire and inoculation with P. acidilactici FLEQ7. Tsire samples were
prepared according to the method described by Olaoye [1]. Some of the Tsire samples were
inoculated with 6 log CFU/g of P. acidilactici FLEQ7 culture according to the method of
Olaoye and Dodd [2] while uninoculated samples served as control.

Storage of Tsire. The Tsire samples were wrapped in aluminium foils and stored for
four days in a storage cabinet at 30°C to represent ambient temperature in Nigeria. Samples
were taken daily, in three replicates, for analysis of thiobarbituric acids and volatiles
compounds.

Analysis of thiobarbituric acid in Tsire. Thiobarbituric acid (TBA) values were
determined for the Tsire samples as described by Olaoye and Onilude [12].

Analysis of volatile compounds in Tsire using solid phase mass extraction-gas
chromatography mass spectrometry (SPME-GCMS)

The volatiles in the Tsire samples taken daily during storage were analyzed using
SPME-GCMS. This was performed by placing 2 g of samples in 20 ml headspace vials
(22.5 mm x 75.5 mm, Grace Alltech, UK). The vials were sealed with a magnetic cap
(20mm diameter, Smm centre, PTFE/Silicone Liner; Grace Alltech) using a Crimper (Part
no 60045, Alltech Associates Inc., USA) and allowed to equilibrate at room temperature
(22 °C) for 30 min before commencement of analysis.
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A Stableflex fibre coated with 50/30 pm divinylbenzenecarboxen on
polydimethylsiloxane bonded to a flexible fused silica core (Supelco, Bellefonte, PA,
16823-0048 USA) was used for the extraction of the flavour volatiles in the headspace of
the vials. For volatile sampling, an extraction time of 15 min at room temperature was used,
while desorption time was set to 4 min at 230 °C.

GCMS was carried out using a Trace GC Ultra gas chromatograph (Thermo Electron
Corporation, UK) and a DSQ mass spectrometer (1.4.1 SP3 Thermo Electron Corporation,
USA). Samples were injected in splitless mode into the GC with a PAL auto-sampler.
Chromatography was carried out with a TRACE GC 2000 series gas chromatograph using a
ZB-WAX capillary column (Serial no 162147, Order no 7HG-G007-22, L 30m x L.D.
0.25mm x df 1um, USA). Helium was employed as the carrier gas, at a constant pressure of
15 psi and splitless time of 1 min. The oven temperature programme was as follows: an
initial temperature of 40°C was maintained for 1 min, with ramps 8 °C/min to 200 °C and
10 °C/min to a final temperature of 230 °C. Mass spectrometry was performed with a DSQ
mass spectrometer. The mass spectrometer was operated in positive ionisation electron
impact mode (EI+) at electron energy of 70 eV. The scan time was 0.29 s. Samples for
injections into the GC were prepared in three replicates. The detector was operated in scan
mode, scanning from m/z 20 to 210. Source temperature was 200 °C. The data generated
were processed with Xcalibur ™ 1.4 SR1 (Thermo Electron Corporation) software.

Volatile compounds were identified by comparing their mass spectra with those in the
National Institute of Standards and Technology (NIST) mass spectral library and/or by
calculation of the retention indices relative to a series of n-alkanes (C5-C19; Sigma-
Aldrich, UK) and matching them with standard compounds and data reported in the
literature [13,14]. The results were reported as relative abundance expressed as total area
counts, TAUs (x10%).

Sensory study. Sensory study was conducted on the Tsire samples that depended on
inoculation with or without P. acidilactici FLEQ7 and storage time. Samples were evaluated
for the sensory properties of aroma, appearance, tenderness, taste and general acceptability
using a 50 member panel (n=50), composing of Nigerians who were already familiar with
the product. Freshly prepared Tsire samples were used as reference for comparison of
sensory properties of other samples during storage. Panelists were asked to allocate scores
to three coded replicates of samples, using a 9-point hedonic scale, from 1-dislike
extremely to 9-like extremely. Data obtained were subjected to statistical analysis to
determine significant differences among samples.

Statistical data analysis. Results which depended on starter culture and storage time
were analyzed according to a completely randomized design with three replicates. The data
obtained were subjected to one way analysis of variance (ANOVA) to evaluate the effect of
starter culture on the samples. Differences between means were evaluated by Duncan’s
multiple range test and significant difference was expressed at p < 0.05. The SPSS statistic
programme (version 10.01) was used.

The relationship between the inoculated and uninoculated control samples, storage time
and their volatile compounds was evaluated by principal component analysis (PCA) using
Xlstat software (ver. 17.3.01.19703; Addinsoft, NY).
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Results and discussion

In this study, ten LAB isolates previously isolated and presumptively identified from
meat in a preliminary study [8], were screened for production of organic acids (lactic and
acetic acids), with the objective of selecting suitable candidate(s) as starter culture for
possible improvement of volatiles and sensory properties of a Nigerian traditional meat
product (7sire) during storage. Among the ten isolates, Pediococcus pentosaceus LIVO1, P.
acidilactici FLEO1, P. acidilactici FLE02 and P. acidilactici FLEO7 produced lactic acid
higher than 25 g,.q /10’ CFU (Figure 1); however, P. acidilactici FLEO7 had the highest
production of the acid (34 gaciq /10’ CFU) and was chosen as starter culture for inoculation
of Z’sire. Acetic acid production by the LAB isolates was generally lower than 12 g,y
/10°CFU.

P. pentosaceus INT04 —__‘_‘—|
Leuconostoc mesenteroides FLE03 _—‘—
P. acidilactici FLEO7 h | )
P. acidilactici INT04 h ‘ ‘ 1
Lactobacillus plantarum FLE04 %_—‘—‘—|
P. pentosaceus INT02 _ ‘ ‘ 1
P. pentosaceus INT01 _J—‘ﬁ
P. acidilactici FLE02 h |

|

P. acidilactici FLEO1 ﬁ |
_ |

I

Pediococcus pentosaceus LIV01

0 5 10 15 20 25 30 35
g/10” CFU

Olactic acid MEacetic acid

Figure 1. Concentrations of lactic and acetic acids (gmm/l()7 CFU/g)
produced by the LAB isolates

Sixty four (48) volatile compounds were detected in the meat product during storage,
and they were categorized into different classes including ketones (class 1; 35.42%), acids
(class 2; 8.33%), aromatic/cyclic hydrocarbons (class 3; 14.58%), nitrogenous compounds
(class 4; 16.67%) and alcohols (class 5; 25.0%); these are presented in Tables 1 and 2.

Similar reports of detection of these classes of volatiles in meat products have been
made by other research investigators [3,15].

(In the Table 1: Each value is mean of three replicates of samples;, SDI, storage day 1; SD2,
storage day 2; SD3, storage day 3; SD4, storage day 4; StdD, standard deviation; P-value,
probability value; RI, retention index; MI, method of identification; 1, Identification using authentic
standards; 2, Identification using retention indices from the literature and their mass spectra with the
NIST mass spectral library)
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Table 1. Total area units (x1 04) of ketone and acid compounds in Tsire

Compounds Tsire inoculated with P. acidilactici FLE07

RI | SD1 | StdD | SD2 | StdD | SD3 | StdD | SD4 | StdD
Class 1 — Ketones
Acetone <600 | 5862 134 | 4102 129 | 2981 172 | 2410 74
3-methyl-2-butanone <600 | 25 4 17 5 25 3 53 12
Methyl-isobutyl-ketone 612 | 0.79 0 2 1 6 2 46 13
2-butanone 618 | 540 20 520 112 | 605 47 725 129
2,3-butanedione 621 541 64 323 32 275 12 172 17
3-methyl-2-pentanone 634 | 0.11 | 0.01 6 2 13 3 68 6
5-methyl-2-hexanone 687 81 19 76 7 69 14 58 10
2-hexanone 699 24 4 20 8 16 2 13 3
2,5-hexanedione 712 92 12 178 36 471 86 1290 | 128
2-heptanone 719 2 0.8 11 1 19 4 50 3
2-octanone 720 5 3 11 2 24 17 18 5
6-methyl-2-heptanone 723 1 - 1.2 0.3 4 1 20 3
5-methyl-2-heptanone 725 1.3 0.5 2 1 9 3 52 4
3-hydroxy-2-butanone 727 | 251 89 264 101 272 86 281 27
1-hydroxy-2-propanone 733 21 12 45 15 85 12 31 5
6-methyl-5-hepten-2-one 742 21 2 25 7 29 12 35 8
cyclopentanone 748 32 2 39 13 47 9 64 21
Class 2 — acids
2-methyl-propanoic acid 752 2 0 20 4 18 2 13 3
2-methyl-hexanoic acid 768 6 2 42 7 46 7 71 16
3-methyl-butanoic acid 756 156 25 87 8 34 8 50 13
Hexanoic acid 772 12 3 20 6 21 12 10 2

Uninoculated Tsire

Compounds SD1[StdD | SD2 | StdD | SD3 | StaD | sp4 [ stap | e | M
Class 1 — Ketones
Acetone 5852| 43 |5574| 116 |5574| 321 | 5404 | 373 | 0.002 1
3-methyl-2-butanone 9 3 35 13 50 10 53 9 0.0004 | 2
Methyl-isobutyl-ketone 093] 0 10 3 29 3 47 9 0.0004 | 2
2-butanone 539 12 | 732 | 103 | 842 | 101 | 1431 | 108 | 0.035 2
2,3-butanedione 514 98 | 451 | 75 | 351 | 45 | 367 | 43 0.003 1
3-methyl-2-pentanone 9.37]1 03 | 20 9 66 17 77 9 0.0016 | 2
5-methyl-2-hexanone 80 | 13 89 23 93 18 | 126 | 16 0.019 2
2-hexanone 24 7 22 5 21 3 21 2 0.012 1,2
2,5-Hexanedione 91 | 27 [ 167 | 31 [ 251 | 65 | 452 | 98 | 0.0021 2
2-heptanone 3 1 38 18 [ 108 | 33 | 120 | 12 | 00013 | 2
2-octanone 6 1 12 5 24 9 37 4 0.002 1
6-methyl-2-heptanone 038] O 5 1 24 14 34 6 0.001 2
5-methyl-2-heptanone 2 1 15 4 50 21 76 10 | 0.0005 2
3-hydroxy-2-butanone 262 | 92 | 321 | 103 | 461 | 122 | 519 | 97 0.007 2
1-hydroxy-2-propanone 7 2 16 4 55 23 31 9 0.031 2
6-methyl-5-hepten-2-one 22 5 21 7 40 13 62 11 ]10.0014 | 2
Cyclopentanone 33 10 41 5 54 11 71 14 0.073 2
Class 2 — Acids
2-methyl-propanoic acid 0.8 0 16 2 18 3 12 2 0.01 2
2-methyl-hexanoic acid 4 3 52 5 112 | 28 62 2 0.003 2
3-methyl-butanoic acid 156 | 12 | 136 | 18 | 112 | 28 63 13 0.036 2
Hexanoic acid 6 1 7 2 9 1 12 5 0.281 1,2
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nitrogenous and alcohol compounds in Tsire

Table 2

Tsire inoculated with P. acidilactici FLEQ7

Compounds RI

SD1 | StdD | SD2 | StdD | SD3 | StdD | SD4 | StdD
Class 3 — Aromatic/cyclic
Cyclopentene <600 15 2 24 3 27 13 125 20
é’}?celr(‘)g’rl(;g;?gyl' 742 7 1 4 2 3 0 4 1
Ethylbenzene 747 13 3 8 2 3 0.64 3 0.33
é’é?lzgr‘l‘:‘y'z'pmpe“yl' 754 | 41 | 5 | 35| 7 | 32| 9 | 24| s
O-xylene 756 8 1 5 1 3 0.79 3 0.57
Eflt(rizrc‘fgt_glemcyd"' >1000 | 10 | 2 | 10| 2 8 1 9 0
Hexamethyl-cyclotrisiloxane | >1000 7 2 8 2 6 3 7 0
Class 4 — nitrogenous
1-methyl-1h-pyrrole 761 99 23 86 7 75 58 15
3-methyl-butanenitrile 873 14 4 12 6 11 9 1
2-methyl-pyrazine 881 7 2 11 14 37 2
Trimethyl-pyrazine 903 | 1017 | 19 879 89 724 | 92 584 | 198
Tetramethyl-pyrazine 910 175 23 138 37 52 8 31 8
139;331125 -dimethyl- 21 | 4 1 500 | s | 2 | 12| 2
2,5-dimethyl-pyrazine 954 48 9 149 62 225 34 1760 | 143
2,3-dimethyl-pyrazine 962 34 5 27 4 16 2 16 5
Class 5 — alcohols
1-propanol 641 2 0 3 0 4 0 8 4
2,6-dimethyl-4-heptanol 645 3 1 6 1 10 2 13 4
1-pentanol 676 27 4 16 2 6 2 5 2
3-methyl-1-butanol 701 14 2 21 4 41 10 325 28
4-methyl-2-hexanol 729 15 5 29 8 27 3 46 13
3-methyl-3-buten-1-ol 732 1 0 4 1 13 3 13 1
1-octen-3-ol 741 53 7 57 18 48 9 39 11
3-methyl-2-butanol 748 3 1 4 1 9 4 33 12
P-menth—1-en—8-ol 749 10 1 8 1 7 1 7 1
Tricyclo(1,5)dec-5-en-8-ol 759 25 6 15 2 10 2 6 1
Phenylethyl-alcohol 792 2 0 3 1 3 0 33 9
Ursane-3,16-diol 812 17 7 11 4 10 6 23 5
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Table 2
(continuation)
Compounds Uninoculated 7sire
P-value | MI
SD1 |StdD |SD2 |StdD | SD3 | StdD | SD4 | StdD
Class 3 — Aromatic/cyclic
Cyclopentene 77 12 | 79 9 76 | 22 | 174 | 17 | 0.005 | 2
é’}lf;‘;g(;g;‘r’gyl' 7 02 3|1 7] 2|92 |0006l]2
Ethylbenzene 12 2 9 3 6 |063| 6 1 |<0.001 | 2
omethoxy2-propenyl- | g0 | 12 |as | 9 |50 |11 | 71| s | 0004 |2
O-xylene 8 3 6 2 4 087 | 4 ]0.63| 0.005 |2
E‘;t(r;‘c‘gtf‘eyéte“cyd"' 8 | 218 |3 |9 2|93 |o027m9]2
g}i’;ﬁg‘f;}l‘g’iam 301|526 |2 |12]3 [00331]2
Class 4 — nitrogenous
1-methyl-1h-pyrrole 98 21 (103 | 31 113 | 14 | 144 | 28 0.004 | 2
3-methyl-butanenitrile 14 2 13 5 16 8 21 3 10.0017 | 1
2-methyl-pyrazine 11 2 17 5 51 11 73 3 10.0004 | 2
Trimethyl-pyrazine 1020 37 |987 | 29 | 975 | 184 | 760 | 35 003 |2
Tetramethyl-pyrazine 176 | 18 |[156| 39 | 129 | 10 | 46 9 0.024 | 2
z'yerg?i’rll'ez’s'd‘methyl' 410 |9 4 399 3] 3 |00728]|2
2,5-dimethyl-pyrazine 68 | 12 |820| 123 |2462| 128 |3783| 210 | 0.0003 | 2
2,3-dimethyl-pyrazine 31 13 | 29 5 22 2 21 0 0.013 | 2
Class 5 — alcohols
1-propanol 2 0 5 2 13 6 18 | 10 | 0.0009 | 1
2,6-dimethyl-4-heptanol 1 10 2 19 4 27 7 0.004 | 2
1-pentanol 27 6 19| 2 10 2 8 2 0.005 | 1
3-methyl-1-butanol 19 4 |33 | 11 [910| 40 |1455]| 300 | 0.0035 | 2
4-methyl-2-hexanol 14 2 22 | 12 | 42 4 59 6 [<0.0001| 2
3-methyl-3-buten-1-ol 1 0 6 1 13 1 20 2 10.0001 | 2
1-octen-3-ol 53 8 59 | 11 | 64 | 10 | 97 | 19 | 0.019 | 2
3-methyl-2-butanol 2 0 16 | 7 27 6 35 10 | 0.0005 | 2
P-menth—1-en-8-ol 1 7 1 9 3 11 3 0.0189 | 2
g neyelo(l,9)dec-3-en- 25 3 |21 6 |14 2 9| 1 |007 |2
Phenylethyl-alcohol 1 3 1 19 4 36 5 10.0004 | 2
Ursane-3,16-diol 6 1 17 3 13 4 20 3 0.009 | 2

Each value is mean of three replicates of samples; SD1, storage day 1; SD2, storage day 2; SD3,
storage day 3; SD4, storage day 4; StdD, standard deviation; P-value, probability value; RI, retention
index; MI, method of identification; 1, Identification using authentic standards; 2, Identification using
retention indices from the literature and their mass spectra with the NIST mass spectral library
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The total area units (TAUs) of the class of ketone compounds identified in the meat
product are shown in Table 1. The volatiles acetone, 2-butanone, 2,3-butanedione, 3-
hydroxy—2-butanone, 2-hexanone, 2-heptanone and 1-hydroxy—2-propanone were among
the prominent ketone compounds which recorded significant differences (p<0.05) in their
TAUs between the IS and UC samples. Some of the ketone volatiles have been noted to
play important roles in sensory characteristics of meat products [7]. One of the important
ketone compound was 3-hydroxy—2-butanone (acetoin), a product of degradation due to
maillard reaction; its identification from meat products has been reported [3,16]. Presence
of this compound especially in relatively high concentration may cause spoilage of food
[17]. Lower values of TAUs of acetoin (p=0.0004) were recorded in IS than UC samples,
indicating that inoculation of the meat product with starter culture had significant effect on
the compound; this observation may help enhance shelf life of the product. The reduced
TAU of acetoin in the IS sample may be attributed to possible antioxidative property of P.
acidilactici FLEQ7 used as starter culture [18,19,20], which may bring about reduction of
undesirable volatile compounds in meat products. Acetoin has been reported as a spoilage
molecule associated with in meat products during storage [21].

The compounds, 2-hexanone, 2-heptanone and 2-butanone were among the ketone
compounds identified in the present study, and they have been noted as contributors to off
flavour development in meat products [22]; however their TAUs were lower (p<0.05) in the
IS samples than UC. This may therefore translate that they are present in reduced
concentration in IS than UC samples, indicating that there may be reduction of off flavour
development in the meat product inoculated with the starter culture. Another ketone
compound identified in this study was 2,3-butanedione (diacetyl), which has been reported
as a product of lactose and citrate metabolism by the action of bacteria, especially LAB
[23]. The occurrence of the compound in Tsire is in support of a similar report by Huan et
al. [24] in a research investigation during storage of a Chinese meat product — Jinhua ham.
Diacetyl may be of technological importance as it possesses anti-microbial properties
against many unwanted microorganisms, especially the spoilage types, in foods [25].

The volatile compounds in class 2 comprised of 2-methyl-propanoic acid, hexanoic
acid, 3-methyl-butanoic acid and 2-methyl-hexanoic acid, all of which had higher TAUs in
IS than UC (Table 1). Significant difference (p<0.05) was recorded in the acids of IS and
UC, with the exception of hexanoic acid. Lower values of TAUs were recorded for the
acids (p<0.05) in IS than UC, and this may be of significance as a result of possible
association of certain acids, especially 3-methyl-butanoic acid, butanoic acid (and some of
its derivatives) with meat spoilage [17]

The seven volatile compounds of aromatic/cyclic hydrocarbons belonging to class 3
compounds in IS were significantly different (p<0.05) from those of UC (Table 2), with the
only exception of tetramethyltricyclo-undec-2-ene. They have reduced TAUs in the IS
samples compared to UC, indicating possible influence of the starter culture. One of the
compounds belonging to class 3 was ethylbenzene, which presence in the meat product may
be very significant as it may be associated with spoilage of meat and fish [17,26]. The
reduced values of TAUs of the compound in the IS samples is therefore desirable towards
possible reduction of spoilage in the meat product. The nitrogenous compounds (class 4)
consisted mostly of pyrazines, which are regarded as products of maillard reactions; their
formation in meat products could be attributed to application of heat and salting during
processing [26]. Contribution of pyrazines to development of desirable sensory
characteristics of grilled and roasted meat has been reported [16]. The identification of
nitrogenous compounds, 2,3-dimethyl-pyrazine and tetramethyl-pyrazine in meat products
was observed by Gianelli ef al. [16], thus supporting their occurrence in Tsire in the present
study. The class 5 volatile compounds consisted of twelve alcohol compounds (Table 2),
most of which recorded lower values of TAUs (p<0.02) in IS samples than UC. Among
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