
Алматы технологиялык университетшщ хабаршысы. 2022. №3.

ГРНТИ 65.59.03 https://doi.org/10.48184/2304-568X-2022-3-130-137

COLOR DYNAMICS OF COOKED SAUSAGES AFTER NITRITE REDUCTION 
AND INCORPORATION OF BIOLOGICALLY ACTIVE SUBSTANCES

N D. KOLEV, D B. VLAHOVA-VANGELOVA, D K. BALEV, S G. DRAGOEV

^«University of Food Technologies, Department of Meat and Fish Technology»,
4002 Plovdiv, Bulgaria)

Corresponding author e-mail: nik0zzz11@gmail.com*

In  m ost cases, th e  color o f  m ea t p ro d u cts  is th e  fa c to r  in fluencing consum er choice. I t ’s  fo rm a tion  a n d  p reser­
vation is th e  h ighest priority. Sodium  nitrite is u se d fo r  fix a tio n  o f  th e  p lea sa n t p in k -red  color, b u t also has a negative  
im age f r o m  th e  consum ers orien ted  tow ards clean label products. The valorization o f  rose  oil-industry by-products by  
th eir  incorporation in fo o d s  a s  n atura l additives is g row in g  research area. The fo rm u la ted  cooked  sausage recipes, 
contain  b len d  o f  th ree biologically active substances (BAS) an d  different level o f  sodium  nitrite reductions: A N 100, 
A N 75, A N 50, A N 25, A N 0  an d  con trol -  C. C olor attributes C IE  L*, a*, b *  w ere assessed during  1 4  days o f  ch illed  
storage (0-4  °C) an d  their changes in dynam ics w ere evaluated  every 10  m in f o r  an h our a t air exposure. The incorpo­
ration o f  th e  inhibit th e  oxidation o f  m ea t p igm en ts  during  th e  ch illed  storage an d  slow ed  down th e  fa d in g  o f  th e  p in k -  
re d  color o f  th e  cross-cu t surface during  th e  60 m in  o f  a ir exposure. The sausages p ro d u ced  with up to  50  %  nitrite  
reduction  an d  th e  b len d  o f  th ree B A S  h ave low er lightness (L*), h igher in tensity o f  th e  re d  color (a*) an d  low er ye l­
low ness (b*) o f  th e  cross-cu t surface in com parison to  th e  control.
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В  б ол ьш и н ст ве  сл учаев  ц вет  м я сн ы х  п р о дук т о в  я вл я ет ся  ф акт ором , вли яю щ и м  на  п от реби ­
т ельски й  вы бор. Е го  ф орм и рован и е и сохран ен и е  я вл я ет ся  вы сш и м  п риори т ет ом . Н и т ри т  н ат рия  
и сп ользует ся  для  ф иксаци и  п р и я т н ого  р о зо во -к р а сн о го  ц вет а, н о  т а к ж е и м еет  н егат и вн ы й  и м и дж  у  
п от реби т ел ей , ори ен т и рован н ы х  на  п родук ц и ю  с  чист ой  эт икет кой . П о вы ш ен и е ц ен н ост и  п о боч н ы х  
п р о дук т о в  п рои звод ст ва  р о зо в о го  м а с л а  п ут ем  их вклю ч ен и я  в п и щ евы е  п родукт ы  в к а ч ест ве  н ат у­
р а л ь н ы х  доб авок  я вл я ет ся  п ерсп ек т и вн ой  об ласт ью  и сследован ий . Р азраб от ан ы  р ец еп т ур ы  варен ы х  
колбас, сод ерж ащ и е см есь т рех  б и ол оги чески  акт и вн ы х  вещ ест в (Б А В ) и р а зл и ч н ы й  ур о вен ь  сн иж е­
ния н и т ри т а н ат рия: А Н 100 , А Н 75 , А Н 50 , А Н 2 5 , А Н 0  и кон т роль - С. Ц вет о вы е п ризн аки  C IE  L *, a*, 
b *  оц ен и вали  в т еч ен и е  1 4  сут  х р а н ен и я  в х о л о д и л ьн и к е  (0 -4  °С). Т акж е оц ен и вали  и х  и зм ен ен и е в ди ­
н а м и к е  к а ж д ы е 1 0  м и н  в т е ч ен и е  часа н а  воздухе. В н ес ен и е  и н ги би ровало  о к и сл ен и е  п и гм ен т ов  м я са  
при  охлаж ден и и  и зам ед л я л о  вы ц вет ан и е р о зо во -к р а сн о й  окраски  п оверхн ост и  п оп ереч н ого  среза  при  
60-м и н ут н ой  вы держ ке на  воздухе. К ол басы , п рои зведен н ы е со сн и ж ен и ем  сод ерж ан и я  н и т ри т ов  до  
5 0  % и см есью  т р ех  Б А В , и м ею т  м ен ьш ую  свет л от у (L*), б олее  вы сок ую  и н т ен си вн ост ь красн ого  
ц вет а  (a*) и м ен ьш ую  ж ел т и зн у  (b*) п оверхн ост и  п оп ереч н ого  р а зр е за  п о  сравн ен и ю  с  кон т рольн ы м  
образцом .

Ключевые слова: природные антиоксиданты, мясные пигменты, полифенолы, окис­
лительные изменения,валоризация.
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К вп  ж агдайда ет  внім дерініц  т у с і т ут ы нуш ы н ы ц  т ацдауы на эсер  ет ет ін ф акт ор болып т абы ла- 
ды. О ны  цалы пт аст ы ру ж эн е  сацт ау-ец баст ы  басы м дьщ  Н ат рий  нйт рйт і ж агы м ды  цызгылт -цызыл  
т уст і бекіт у уш ін  цолданылады, бірац соны м ен бірге "таза" вн ім дерге багы т т алган т ут ы нуш ы лар ара- 
сы нда т еріс им идж ге ие. Табиги цоспалар рет ін д е оларды  т агам га цосу арцылы рауш ан  м ай ы н ы ц  ж анам а  
внім дерін іц  кунды лы гы н арт т ы ру зерт т еудіц  перспект ивалы  саласы  болы п т абы лады . П ісірілген  
ш уж ы цт арды ц эзірленген  рецепт уралары нда уш  биологиялы ц белсенді зат т ы ц (ББЗ) цоспасы ж эн е  
нат рий нит рит ш щ  эр т ур л і децгейі: A N 100, A N 75, A N 50, A N 25, A N 0  бар ж эн е бацы лау - C. C IE  L*, a*, b  * 
т у с  сипат т ам алары  14  кун  бойы  салцы ндат ы лган куй де (0-4°C) багаланды  ж эн е оларды ц динам ика- 
сы ндагы  взгеріст ер ауа эсерінен бір сагат  іш інде эр  10  м и н ут  сайы н багаланды. Ц осу салк^індат ылган  
куй ін де сакт ау кезінде ет  пигм ент т ерт щ  т от ы гуы н т еж ейді ж эн е  ауада 60 м и н ут  уст аганда квлденец  
кесінді бет ініц  цы згы лт -цы зы л т усін іц  вц ін  кет іруін баяулат ады. Н и т ри т  м вл ш ер і 50%  - га дейін азай- 
т ы лган ж эн е  уш  негізгі и н греди ен т т ердц  цоспасы бар ш уж ы цт ар, бацы лаумен салы ст ы рганда квлденец  
цим аны ц т вм ен гі ж ары цт ы гы  (L*), цызыл т уст іц  ж огары  царцындылыгы (а*) ж эн е аз саргы ш т ы гы  (b*) 
бар болып к ел ед і

Негізгі сездер: таботи антиоксиданттар, ет пнгменттері, полифенолдар, тоть^у ез- 
герістері, валоризация.

Introduction
The color of meat and meat products is the 

most important sensory characteristic that is cru­
cial for consumer choice (Dragoev et al., 2014; 
Abdulhameed et al., 2016). The pink-red color of 
the meat products is due to presence of nitro- 
sylhemochrome, formed through series of reac­
tions (Suman et al., 2016). Sodium nitrite (E 250) 
is the second most used additive in meat pro­
cessing after the table salt (Vossen et al., 2012). 
Nitrites are classified as preservatives and used in 
three major aspects: color fixation, antimicrobial 
effect against pathogens and inhibition of oxida­
tion (Serikkaisai et al., 2014; Grispoldi et al., 
2022). When presented in meat matrix sodium 
nitrite dissociates rapidly, forming nitric oxide 
(NO). The meat pigment, myoglobin (Mb) binds 
the NO, forming nitrosylmyoglobin (NOMb), the 
second of which denature into nitrosylhemo- 
chrome upon cooking (AMSA, 2012). The grow­
ing consumers’ demand for clean label products 
led to a search for reduction or replacement of the 
synthetic additives with natural (Balev et al., 2014; 
Serikkaisai et al., 2014). But the color stability and 
intensity of meat products, decreases even after 
partial reduction of the nitrites (Bulambaeva et al., 
2014; Grispoldi et al., 2022). It’s due to lower 
formation of NOMb and oxidation of the Fe2+ (fer­
rous) heme iron in native Mb to Fe3+ (ferric) in

metmyoglobin (MetMb), having brown or tannish- 
gray color (Dragoev et al., 2014). In order to par­
tially reduce nitrites, a way must be sought to sta­
bilize the meat pigments via use of reducing 
agents or antioxidants (Sepe et al., 2005; Vlahova- 
Vangelova et al., 2014). With the development 
and growth of industrial food processing, the 
wastes are also increasing. Bulgaria and Turkey 
are globally known for the rose oil (Slavov et al., 
2021). The tiny wield of the rose oil production 
lead to massive quantities of by-products (Gateva 
et al., 2022). Previous researches evaluated the 
composition of the ethanol extract dried rose (Ro­
sa Damascena Mill.) petals, finding a rich spec­
trum of kaempferol and quercetin glycosides (Shi- 
kov et al., 2012; Dragoev et al., 2021). In our pre­
vious study we formulate blend of three biologi­
cally active substances (BAS) which showed great 
synergism and well-expressed stabilizing potential 
(Kolev et al., 2022). Therefore, the aim of this 
work is to assess the color kinetics of the cross-cut 
surface of cooked sausages, produced with blend 
of three biologically active substances and differ­
ent levels of sodium nitrite reduction.

Materials and Research Methods
Main ingredients for the production of the 

cooked sausages were chilled beef shoulder and 
pork bacon (48 h post mortem). The blend of BAS 
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 
were assessed immediately after the cutting and 
every 10 minutes for an hour at air exposure. The

Table 1. Formulation of the cooked sausages

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-yellow 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 D65 illuminant. Calibration was 
done with white reference standard no.18833116 (Y 
= 94.3, x = 0.3134 and y = 0.3197).

C AN100 AN75 AN50 AN25 AN0
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-st 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 (AN0), 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-th 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

inhibits the pigment oxidation even after partial 
reduction of the sodium nitrite.

The L* values of AN0 are the highest at the 
1-st 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 cross-cut 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 Fe2+ oxida­
tion to Fe3+ (Suman et al., 2016). At the end of as­
sessment (60 min) the highest a* values were in 
AN100 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 
AN75, 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 c)) 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 1-st d 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)

c)

Figure. 1. Color kinetics at the 1-st d of chilled storage (0-4°C) during 60 min of air exposure of the cross-cut surface 
a) CIE L*; b) CIE a*; c) CIE b*

133



Алматы технологиялык унйверсйтетініц хабаршысы. 2022. №3.

Color kinetics at 7-th d of chilled storage 
(0-4°C)

The brightest color was assessed in AN100, 
C and AN0 at the 0 min (Fig. 2 a)). The L* values 
of AN0 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. 1 a)) the lightness of AN75 un­
dergo an increase (30 min) and decrease by the 
end of the 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 of the 
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

redness was same as of the control C, respectively 
14.77 and 14.73. In samples AN25 and AN0 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 AN0 (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. c)). Sau­
sages produced with half reduced nitrite were char­
acterized the lowest yellowness during the 60 min 
of air exposure (Fig 2. c)). 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, dihydroquercetin and 
sodium L-ascorbate extends the induction period by 
inhibition of the 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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О m in  10 m in  20 m in  30 m in  40 m in  50 m in  60 m in  

♦  C —• — A N  100 “  A N 75  —*—  A N 5 0  •  A N 25  - * - A N 0
c)

Figure 2. Color kinetics at the 7-th d of chilled storage (0-4°C) during 60 min of air exposure of the cross-cut surface 
a) CIE L*; b) CIE a*; c) CIE b*

Color kinetics at 14-th 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 
AN75 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 (Р>0.05) and 
they are the highest trough all tested sausages 
(Fig 3 b)). For the time of the air exposure, they 
decrease in linear trend and at the end of the 
measurement are still the highest (Р<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 (Р<0.05) (Fig. 3 a)). Vossen et al. (2012)

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 c)), 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)

с)

Figure. 3. Color kinetics at the 14-th d of chilled storage (0-4°C) during 60 min of air exposure of the cross-cut surface 
a) CIE L*; b) CIE a*; c) 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 AN0.

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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Геродиет икалы ц ет  внім дерін  вндірудіц  ш ет елдік т ехнологиялары на т алдау бары сы нда, бул  
внім дердіц  багы т ы н цалы пт аст ы рат ы н негізгі ком понент т ер: дэнекер улпалы  акуыздар, дэрум ендер, 
м инералдар екенін к вр сет т і Е кінш ілік  ш йкізат т ы  цолдану перспект йвт і болып т абы лады , бір ж агынан, 
ресурст арды  унем дейт ін  т ехнологияларды ц алгы ш арт т ары  ж асалады , ек інш і ж агы нан, ек інш ілік ет  
ш йкізат ы нан биологиялы ц белсенді ингредиент т ерм ен байы т ы лган ет  внім дерін внд іру м ум к ін д ігі 
ж асалады . Д эн ек ер  ул п алы  акуы здар т олы ццанды  акуы здар секілді адам  агзасы  уш ін  м ацы зды  р в л  
ат царады, вйт кен і олар т абиги т агам ды ц т алш ы ц ф ункциялары н оры ндай алады. С иы р царыны  
ш ы ры ш т ы  субвн ім дерге ж ат ады , оларды ц курам ы нда квп  м елш ерд е коллаген болгандыцт ан т абиги  
т ур д е  крлданган кезде ж огары  берікт ік сипат т ам аларга и е ж эн е взін е т эн  ш сі м ен  дэм і бар. Б ул  
сипат т ам алар оларды  ш икі нем есе т абиги  т урде цолдануды циындат ады. О сы ган байланы ст ы  царынды  
ет  внім дер т ехнологиясы нда цолдану уш ін  оны ц вц д еу  т ехнологиясы н ж ет ілдіру керек. Г еродиет икалы ц
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