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In most cases, the color of meat products is the factor influencing consumer choice. It’s formation and preser-
vation is the highest priority. Sodium nitrite is used for fixation of the pleasant pink-red color, but also has a negative
image from the consumers oriented towards clean label products. The valorization of rose oil-industry by-products by
their incorporation in foods as natural additives is growing research area. The formulated cooked sausage recipes,
contain blend of three biologically active substances (BAS) and different level of sodium nitrite reductions: AN100,
AN75, AN50, AN25, ANO and control - C. Color attributes CIE L*, a*, b* were assessed during 14 days of chilled
storage (0-4 °C) and their changes in dynamics were evaluated every 10 min for an hour at air exposure. The incorpo-
ration of the inhibit the oxidation of meat pigments during the chilled storage and slowed down the fading of the pink-
red color of the cross-cut surface during the 60 min of air exposure. The sausages produced with up to 50 % nitrite
reduction and the blend of three BAS have lower lightness (L*), higher intensity of the red color (a*) and lower yel-
lowness (b*) of the cross-cut surface in comparison to the control.

Keywords: natural antioxidants, meat pigments, polyphenols, oxidative changes, valorization.

JUHAMMUKA IBETA BAPEHBIX KOJIBAC ITOCJIE BOCCTAHOBJIEHHUA
HUTPUTOB U BBEAEHUA BUOJIOT'MYECKU AKTUBHbBIX BEIIIECTB
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B 6onvmuncmee ciyuaes yeem MsACHLIX NPOOYKMO8 AGACMCA (PAKMOPOM, GUAIOWHM HA nOmpetu-
menvekuii 6p160p. Eco popmuposanue u coxpanenue seisemcs epicuium npuopumemom. Humpum nampus
UCRONL3YEMCSL ONIS1 PUKCAUUY NPUSIMHOZ0 PO306O-KPACHO20 U6emd, HO MAKIICE UMEECH He2AMUEHBIITL UMUOMC Y
nompebumesieil, OPUEHMUPOSANRBIX HA NPOOYKYUIO ¢ yucmoul ymuxemxoii. Ilosvimenue yennocmu no6ounsix
HPOOYKIMO6 RPOU3GO0CIEA PO30E020 MAC/IA NYMEM UX GKIIOUCHUS 6 RUWIEEbIe NPOOYKMbL 6 Kauecmee Hamy-
PAIBHBIX 006aABOK A6/I€MCsl NEPCREKMUGHON 061acmbio ucciedosanui. Pazpabomanst peyenmyput sapensix
Konéac, codepiicaniue cmech mpex buonozuuecku akmuenvix éewjecme (bAB) u paznuunwiit ypoeens cHudice-
nus numpuma nampus: AH100, AH75, AH50, AH25, AHO u xoumposw - C. I{eemosvte npusnaxu CIE L¥, a¥,
b* ouenusanu 6 meuenue 14 cym xpaunenus ¢ xonoounvnuxe (0-4 °C). Taxoice oyenusanu ux uiMeHnenue 6 ou-
Hamuke Kaxycovie 10 mun ¢ meuenue uaca na eo3oyxe. Buecenue unzubuposano oxucnenue nueMenmos msca
ApU OXTAIHCOCHUN U 3aME0JISI0 6bIUGCMANUE PO3060-KPACHOI OKPACKU NOGEPXHOCU NONEPEYHO20 CPE3d NP
60-munymmuoii svioeprcke Ha sozdyxe. Konbacel, npouzeedennsle co cHuMcenuem coOepicanus HUMPUmMos 00
50 % u cmecvio mpex BAB, umerom menvuiyio ceemnomy (L*), 601ee 6bicoOKyl0 uHMEHCUGHOCHL KPACHO20
ueema (a*) u menvuiyio scenmusny (b*) noeepxuocmu nonepeunozo papesa no CPAGHEHUIO ¢ KOHMPOAbHLIM
obpazuyom.

Krouesnie ciosa: NPpHPOAHBIE AHTHOKCHAAHTBI, MSAICHbIC IMMHIMEHTDI, l'lO.]'ll/I(l‘)eHO.]'lbI, OKHC-
JINTCJIbHBIC H3MCHCHHSA, BAJIOpU3anusi.
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Kon sicazoaiioa em enivoepinin myci mymusIHyWbIHbIH IMAHOAYBIHA dCEp ememin (akmop b6onvin mabdwlia-
Ovl. OHbl Kanpinmacmvipy HeoHe caxmay-eH, oacmol 6acsimovtk. Hampuit numpumi 2cazeimont Kbl32bl1m-KbI3bll
mycmi Geximy yutin Konoansliaovl, oipax convimen Gipee "maza'' enimoepee bazvimmanzan mymsIHyWisLIAp apa-
cotioa mepic umuodicee ue. Tabuzu Kocnanap peminoe onaposl mazamza Kocy apxoliibl payiian MaibtHblH Jcanamd
OHIMOEPINIY KVHOLLIbIZBIN ApHumbIpYy 3ePMMmeyoi nepcnekmueatvt canacot 6owin mabvuiaost. Ilicipineen
WIYIICHIKINAPObLY, J3IPTIeHen Peuenmypaiapoinoa yut ouonozustotx, Gencenoi sammwiy (BB3) kxocnacot sicone
Hamputi numpuminin apmypii oeneeiii: AN100, AN75, AN50, AN25, ANO 6ap scone 6axpinay - C. CIE L*, a*, b *
myc cunammamanapsl 14 xkyn 6otivt cankpinoamvrizan kyitde (0-4°C) 6Gazananoot sicome oaapovlyy OUHAMUKA-
CoIHOA2bl O32¢epicmep aya acepinen Gip cazam iwtinde ap 10 munym caitvin 6azananovt. Kocy canxvtnoamwiizan
KYiinoe cakmay Ke3inoe em HUZMEeHIMMEPINIH, MOMbBIZYbIH medceildi ycone ayada 60 Munym ycmazanod KenoeHer
Kecinoi Geminin, Kpl32blIm-KbI3blll MYCiHiK OHin Kemipyin basynamaost. Humpum monwepi 50% - 2a oeiiin azaii-
MBLI2AH JHCoHEe YUl He2i32i UHZPpeOUeHMMEPOIH KOCRACHL OAp WIYHCOIKINAD, OAKbLIAYMEH CATIBICbIP2AHOA KOTI0eHEeH
KuMansly momen2i scapoixmoizot (L*), Kpi3o11 mycmin scozapuvl Kapkuinoolivizot (a*) srcone az capzotuimpizel (b*)
bap 6ovin xeneoi.

Herisri ce3aep: Ta0uru AHTHOKCHAAHTTAP, €T MHUrMEHTTEPi, MOJH(PEHOIAAP, TOTHIFY ©3-
repicrepi, Basopuzaiusi.

Introduction metmyoglobin (MetMb), having brown or tannish-

The color of meat and meat products is the gray color (Dragoev et al., 2014). In order to par-
most important sensory characteristic that is cru- tially reduce nitrites, a way must be sought to sta-
cial for consumer choice (Dragoev et al., 2014; bilize the meat pigments via use of reducing
Abdulhameed et al., 2016). The pink-red color of agents or antioxidants (Sepe et al., 2005; Vlahova-
the meat products is due to presence of nitro- Vangelova et al., 2014). With the development
sylhemochrome, formed through series of reac- and growth of industrial food processing, the
tions (Suman et al., 2016). Sodium nitrite (E 250) wastes are also increasing. Bulgaria and Turkey
is the second most used additive in meat pro- are globally known for the rose oil (Slavov et al.,
cessing after the table salt (Vossen et al., 2012). 2021). The tiny wield of the rose oil production
Nitrites are classified as preservatives and used in lead to massive quantities of by-products (Gateva
three major aspects: color fixation, antimicrobial et al, 2022). Previous researches evaluated the
effect against pathogens and inhibition of oxida- composition of the ethanol extract dried rose (Ro-
tion (Serikkaisai et al., 2014; Grispoldi et al., sa Damascena Mill)) petals, finding a rich spec-
2022). When presented in meat matrix sodium trum of kaempferol and quercetin glycosides (Shi-
nitrite dissociates rapidly, forming nitric oxide kov et al., 2012; Dragoev et al., 2021). In our pre-
(NO). The meat pigment, myoglobin (Mb) binds vious study we formulate blend of three biologi-
the NO, forming nitrosylmyoglobin (NOMb), the cally active substances (BAS) which showed great
second of which denature into nitrosylhemo- synergism and well-expressed stabilizing potential
chrome upon cooking (AMSA, 2012). The grow- (Kolev et al., 2022). Therefore, the aim of this
ing consumers’ demand for clean label products work is to assess the color kinetics of the cross-cut
led to a search for reduction or replacement of the surface of cooked sausages, produced with blend
synthetic additives with natural (Balev et al., 2014; of three biologically active substances and differ-
Serikkaisai et al., 2014). But the color stability and ent levels of sodium nitrite reduction.
intensity of meat products, decreases even after Materials and Research Methods
partial reduction of the nitrites (Bulambaeva et al., Main ingredients for the production of the
2014; Grispoldi et al., 2022). It’s due to lower cooked sausages were chilled beef shoulder and
formation of NOMDb and oxidation of the Fe** (fer- pork bacon (48 h post mortem). The blend of BAS
rous) heme iron in native Mb to Fe** (ferric) in was formulated after mathematical optimization
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according four target functions and contain: 0.100
g/kg freeze-dried rose petals extract (FDRPE);
0.091 g/kg dihydroquercetin and 0.100 g/kg sodi-
um L-ascorbate. All other ingredients were bought
locally. The processing was done in the Depart-
ment of Meat and Fish Technology at the Univer-
sity of Food Technology, Plovdiv, Bulgaria, fol-
lowing the recipes presented in Table 1.

Color measurements. At first the sausages
were rested at room temperature for 30 min. The
polyamide casing of the cooked sausages was pilled
of and 3 cm thick slices were cut. Color attributes

color is presented by CIE L*, a*, b*, where: light-
ness” values (L*) range from 0 to 100 or respective-
ly from black to white; a* values represent the
chromatic scale from green to red color (from -60
for green to +60 for red) and b* values correspond
to the blue-vellow chromatic scale, respectively
from -60 to +60 (Hunt et al., 2012). Measurements
were done using a colorimeter Konica Minolta
model CR-410 (Konica Minolta Holding, Inc.,
Ewing, New Jersey, USA) equipped with standard
observer 2° and Degs illuminant. Calibration was
done with white reference standard no.18833116 (Y

were assessed immediately after the cutting and = 943, x = 03134 and y = 0.3197).
every 10 minutes for an hour at air exposure. The
Table 1. Formulation of the cooked sausages
C AN100 ANT75 ANS50 AN25 ANO
Beef shoulder, kg 2.00 2.00 2.00 2.00 2.00 2.00
Pork bacon, kg 2.00 2.00 2.00 2.00 2.00 2.00
Table salt, g 88.00 88.00 88.00 88.00 88.00 88.00
Sugar, g 4.00 4.00 4.00 4.00 4.00 4.00
Sodium tripolyphosphate, g 8.00 8.00 8.00 8.00 8.00 8.00
Sodium nitrite, g 0.40 0.40 0.30 0.20 0.10 -
FDRPE, g - 0.40 0.40 0.40 0.40 0.40
Dihydroquercetin, g - 0.36 0.36 0.36 0.36 0.36
Sodium L-ascrobate, g - 0.40 0.40 0.40 0.40 0.40
Flaky ice, kg 0.60 0.60 0.60 0.60 0.60 0.60

Statistical analysis. Each presented result
is Mean of five repetitions + Standard error of
means (SEM). To determine the significant dif-
ferences (P<0.05) a Two-way ANOVA analyze
was performed.

Results and their discussion

Color kinetics at 1 d of chilled storage
(0-4°C)

Taking in consideration that the higher
the L* values are, the brighter the color of the
cross-cut surface is. As for the cooked sausages
higher lightness is preferred by the consumers
(Abdulhameed et al., 2016). From Fig 1. a) it’s
clear that the cooked sausages produced with
absence of nitrites (ANO), have the highest L*
values from 0 to 20 min, followed by AN75 and
the control. The control is characterized by de-
creasing trend after the 20" min, which can be
due to the absence of the blend of three BAS
and ongoing pigment oxidation. The L* values
of AN100 (from 55.15 to 55.37), AN75 (from
55.70 to 55.92) and AN25 (from 54.91 to 55.08)
were relatively stable trough all measurements
with slight deviations. The blend of three BAS
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inhibits the pigment oxidation even after partial
reduction of the sodium nitrite.

The L* values of ANO are the highest at the
1" d of the chilled storages but the a* values are the
lowest (Fig 1. b)). That combination led to a bright
gray color of the crosscut surface, repelling the
consumers. Those results are in agreement with the
correlation between L* and a* values reported by
Abdulhameed et al., (2016). In all of tested samples
was evaluated a decrease in time (Bulambaeva et
al., 2014). The higher redness of AN100 compared
to the control, confirm the antioxidant effect of the
three-component blend and inhibition of Fe*" oxida-
tion to Fe** (Suman et al., 2016). At the end of as-
sessment (60 min) the highest a* values were in
ANI100 and AN75. The suggested in literature fad-
ing of the pink color due to exposure to light and air
confirms our results (Hunt et al., 2012). At 0 min
the control C a* values were comparable with
ANT75, 19.26 and 19.33, respectively. The oxidation
of nitrosohemochrome in methemochrome led to
browning of the cross-cut surface and the redness of
the control C decreased.
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At 0 min b* values of all samples were
between 7.00 and 7.93. The control is character-
ized by fairly low yellowness (7.18+0.05) (Fig.
1 ¢)) but during the time of exposure and ongo-
ing oxidative processes, color of the cross-cut
surface turns from pink-red into brownish. Re-
sults show relationship between the decrease of
a* values (from 19.26 to 15.07) and an increase
in b* values (up to 8.92). The five experimental
samples produced with blend of three BAS were
characterized by relatively unchanging b* val-
ues from the start to the end of the exposure
(Fig. 1 c)). The presented in the blend, dihy-
droquercetin is well studied bioflavonoid with

high ferric reduction activity potential (FRAP)
capable of inhibiting the oxidation of myoglobin
forms (Dragoev et al., 2014). The stable b* val-
ues and slowly decreasing a* values of AN75
come as confirmation of the antioxidant poten-
tial of the blend against the pigment oxidation
after 25% nitrite reduction.

From the observation on CIE L*, a*, b*
at the 1std of the chilled storage of the cooked
sausages we can conclude the following. The
blend of three BAS stabilizes the color parame-
ters after the reduction on added nitrites by
25%, making them comparable with AN100 and
better that the control.

a)

b)

©)

Figure. L Color kinetics at the 1std of chilled storage (0-4°C) during 60 min of air exposure of the cross-cut surface

a) CIE L*; b) CIE a*; ¢) CIE b*

133



AnMaTbl TEXHOOTVANBIK YHINBEPCUATETIHIL, XxabapLubicbl. 2022, Ne3.

Color Kkinetics at 74thd of chilled storage
(0-4°C)

The brightest color was assessed in AN100,
C and ANO at the 0 min (Fig. 2 a)). The L* values
of ANO rapidly decreased during the exposure of
air, but those of AN100 and C were stable. In the
end (60 min) sausages produced with the blend of
three BAS were significantly brighter (P<0.05)
that the control ones. Similarly, to the evaluated at
the first day (Fig. 1a)) the lightness of AN75 un-
dergo an increase (30 min) and decrease by the
end ofthe measurement (Fig. 2 a)). Unlike all sau-
sages tested, where a decrease in brightness was
found during exposure to air, the values of AN75
at the beginning (0 min) and at the end (60 min)
remained statistically indistinguishable.

The redness of the cross-cut surface of C,
AN100, AN75 and AN75 at the seventh day ofthe
chilled storage varies in tight range (Fig 2. b)). The
observed at the first day oxidation of myoglobin
form during the 60 min exposure to air and the
associated decrease of a* values was observed
again. The decreasing trend in AN100 and AN75
was to some extent slower and they were charac-
terized by higher a* values compared to the con-
trol C at the end of the measurement. The present-
ed in AN50 blend of three BAS was able to com-
pensate the half nitrite reduction and at 60 min
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redness was same as ofthe control C, respectively
14.77 and 14.73. In samples AN25 and ANO the
fading of the pink-red color was greater and the
blend was not able to preserve the color.

The highest values of b* at 0 min estimated
in C (8.61) and ANO (7.89) (Fig 2. c)), refer to the
development of oxidative processes in the cooked
sausages, either due to the absence of antioxidant
mixture or the lack of nitrites. AN100 and AN75 b*
values start to increase up to 30 min and stabilize
until the end of the measurement (Fig 2. ¢)). Sau-
sages produced with half reduced nitrite were char-
acterized the lowest yellowness during the 60 min
of air exposure (Fig 2. ¢)). Overall, the yellowness
of the samples prepared with the blend of three
BAS was similar with the assessed at the first day
of the experiment (Fig 1 c)). The potential syner-
gism between the rose extract, dihydroguercetin and
sodium L-ascorbate extends the induction period by
inhibition ofthe oxidative processes.

The results obtained at the seventh day of
the chilled storage were not as linear as those at
the first day. The blend of three BAS showed in-
hibition against the oxidation of meat pigments
during the 60 min air exposure and probably dur-
ing their chilled storage. Yet the samples with
25% reduced nitrite content or may those with
50% reduction had pleasant color characteristics.
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Figure 2. Color kinetics at the 74hd of chilled storage (0-4°C) during 60 min of air exposure of the cross-cut surface

a) CIE L*; b) CIE a*; ¢) CIE b*

Color kinetics at 14+h d of chilled stor-
age (0-4°C)

Previous study reported correlation be-
tween the decrease of L* values and an increase
of a* and b* values (Abdulhameed et al., 2016).
The result at the end of the experiment (14 d)
are to some extent in agreement with the previ-
ous statement (Fig 3 a)). The brightness of the
control C increases (from 55.57 and 56.22 to
57.79) compared to the previous days in the
same time redness decreases (from 19.26 and
19.03 to 18.87) but yellowness increases (from
7.18 and 8.16 to 8.53). All of those changes in
the color characteristics of the control sausages
led to brighter and grayish color of the cross-cut
surface. The incorporation of the antioxidant
blend decreased the L* values in AN100 and
ANT75 or increase their redness via inhibition of
oxidative changes in the myoglobin forms.

The starting (0 min) a* values in AN100
and AN75 are indistinguishable (P>0.05) and
they are the highest trough all tested sausages
(Fig 3 b)). For the time ofthe air exposure, they
decrease in linear trend and at the end of the
measurement are still the highest (P<0.05).
Through the whole evaluation the red color in-
tensity in the control is significantly lower,
which is confirmed by the highest evaluated L*
values (P<0.05) (Fig. 3 a)). Vossen et al. (2012)
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report significantly higher redness and lower
lightness of the color in porcine frankfurters
with extract of Dog rose (Rosa canina L.). The
polyphenol rich nature of all members of
Rosaceae family makes their extracts potential
functional ingredients capable of inhibiting the
pigment oxidation. In the end of the chilled
storage the blend of three BAS successfully in-
hibits fade of the cross-cut surface’s red color in
the sausages with up to 25 % nitrite reduction,
compared to the control - C.

The yellow color of the cross-cut surface in
sausages AN50 and AN25 is less pronounced
(Fig. 3 ¢)), as in the beginning of the air exposure
(0 min), so as in the end (60 min). AN100 is char-
acterized by the lowest increase of b* values
around 3 % for the time of the exposure, while in
the control - C the increase is 8.08 %. The results
conclude that the blend of three BAS inhibits the
oxidation of nitrosohemochrome in methemo-
chrome and the respective change from pink-red to
brown color of the cross-cut surface. Despite the
ongoing oxidative processes during the 14-day
chilled storage of sausages and probable consump-
tion of substances with antioxidant properties, all
samples with the incorporation of antioxidant
blend are characterized by statistically lower b*
values compared to the control - C
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b)

©)

Figure. 3. Color kinetics at the 14+hd of chilled storage (0-4°C) during 60 min of air exposure of the cross-cut surface

a) CIE L*; b) CIE a*; ¢) CIE b*

Conclussions

For the period of the experiment the sau-
sages produced with the blend of three BAS are
characterized by lower lightness (L*) compared to
the control. Although the intensity of the red color
in AN100, AN75 and in some sense AN50 was
higher that the measured in the control. The oxida-
tion of nitrosohemochrome in methemochrome
and the increase in yellowness of the color was
most pronounced in the control and ANO.

Based on the result we can conclude that
the blend of three BAS containing 0.100 g/kg
freeze-dried rose petals extract (FDRPE); 0.091
g/kg dihydroquercetin and 0.100 g/kg sodium L-
ascorbate successfully works as replacement of
the sodium nitrite up to 50 %.
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T'epoouemuxanvix, em onimOepin OHOIPYOIH wemendiK MexXHONOUANAPLIHG Mmanddy Gapviceinoa, 6Oyn
OHIMOEPOIH, DaAzbIMbIN KATILINIMACHLIPANBIH He2i32i KOMNOHEHMmeD: OIHeKep YINAabl dKybl30ap, 0apyMeHoep,
Munepanodp exetin kepcemmi. Exinwiisiik wiukizammuol K0J10aHy nepcnexmusmi 601vin mabovliiadst, 6ip Hcazpinan,
PeCYpcmapobl YHeMOeiimin mexnonoZUsIApOblY, AN2bIHAPIIMAPL] HedCAnaobl, eKiHWL MHcd2bIHAN, eKinuiK em
WUKBAMBIHAR  GUONO0ZUSIBIK, BeNIceHdi UHpeoUenmmepMen OaiiblmbliI2dH em  OHIMOEpiH OHOIpYy MYMKIHOIZi
Jcacanaovl. /[oneKep Yananvl aKyvi3odp MOJIBIKKAHObL AKYbI30Ap CeKindi adam daz3dcel YWiiH MAHbI306l pol
amKapaovl, OUmKeHi 01dp Mmaduu mazamovlK, MAIWbIK QYHKYUATAPLIH Opbindai anadst. Cuslp KapolHbl
wvlpbiimsl CyOOHiMOep2e Heamaovl, ONApPObIH, KEPAMBIHOA Ken Mefuiepde KOoUldzeH O0n2aHObIKman mabuzu
mypoe KOJOAH2AH Ke30e Hco2apbl GepikmiK cUnAmmamandpa ue dHcoHe o3ine mon uici Men Oami 6ap. byn
cUnammamandp oaapobl WHKi HeMece Mabuzu mypoe Koiaoanyovt KUbIHoamaowsl. Ocvlzan 6ainanvicmpl KApuIHObl
enmt OHIMOEp MEXHOIOUACHIHOA KOJIOAHY YUiiH OHbIH OHOeYy MEeXHOI0UACIN Heeminoipy xepek. Iepoouemuransix,
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