
 

Алматы технологиялық университетінің хабаршысы. 2022. №3. 

 

 

130 
 

 

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 
 

(1«University of Food Technologies, Department of Meat and Fish Technology»,  

4002 Plovdiv, Bulgaria) 

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

 

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, AN0 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. 
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В большинстве случаев цвет мясных продуктов является фактором, влияющим на потреби-

тельский выбор. Его формирование и сохранение является высшим приоритетом. Нитрит натрия 

используется для фиксации приятного розово-красного цвета, но также имеет негативный имидж у 

потребителей, ориентированных на продукцию с чистой этикеткой. Повышение ценности побочных 

продуктов производства розового масла путем их включения в пищевые продукты в качестве нату-

ральных добавок является перспективной областью исследований. Разработаны рецептуры вареных 

колбас, содержащие смесь трех биологически активных веществ (БАВ) и различный уровень сниже-

ния нитрита натрия: АН100, АН75, АН50, АН25, АН0 и контроль - С. Цветовые признаки CIE L*, a*, 

b* оценивали в течение 14 сут хранения в холодильнике (0-4 °С). Также оценивали их изменение в ди-

намике каждые 10 мин в течение часа на воздухе. Внесение ингибировало окисление пигментов мяса 

при охлаждении и замедляло выцветание розово-красной окраски поверхности поперечного среза при 

60-минутной выдержке на воздухе. Колбасы, произведенные со снижением содержания нитритов до 

50 % и смесью трех БАВ, имеют меньшую светлоту (L*), более высокую интенсивность красного 

цвета (a*) и меньшую желтизну (b*) поверхности поперечного разреза по сравнению с контрольным 

образцом. 

 

Ключевые слова: природные антиоксиданты, мясные пигменты, полифенолы, окис-

лительные изменения, валоризация. 
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Көп жағдайда ет өнімдерінің түсі тұтынушының таңдауына әсер ететін фактор болып табыла-

ды. Оны қалыптастыру және сақтау-ең басты басымдық. Натрий нитриті жағымды қызғылт-қызыл 

түсті бекіту үшін қолданылады, бірақ сонымен бірге "таза" өнімдерге бағытталған тұтынушылар ара-

сында теріс имиджге ие. Табиғи қоспалар ретінде оларды тағамға қосу арқылы раушан майының жанама 

өнімдерінің құндылығын арттыру зерттеудің перспективалы саласы болып табылады. Пісірілген 

шұжықтардың әзірленген рецептураларында үш биологиялық белсенді заттың (ББЗ) қоспасы және 

натрий нитритінің әртүрлі деңгейі: AN100, AN75, AN50, AN25, AN0 бар және бақылау - C. CIE L*, a*, b * 

түс сипаттамалары 14 күн бойы салқындатылған күйде (0-4°C) бағаланды және олардың динамика-

сындағы өзгерістер ауа әсерінен бір сағат ішінде әр 10 минут сайын бағаланды. Қосу салқындатылған 

күйінде сақтау кезінде ет пигменттерінің тотығуын тежейді және ауада 60 минут ұстағанда көлденең 

кесінді бетінің қызғылт-қызыл түсінің өңін кетіруін баяулатады. Нитрит мөлшері 50% - ға дейін азай-

тылған және үш негізгі ингредиенттердің қоспасы бар шұжықтар, бақылаумен салыстырғанда көлденең 

қиманың төменгі жарықтығы (L*), қызыл түстің жоғары қарқындылығы (a*) және аз сарғыштығы (b*) 

бар болып келеді. 
 

Негізгі сөздер: табиғи антиоксиданттар, ет пигменттері, полифенолдар, тотығу өз-

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 

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). 

 

Table 1. Formulation of the cooked sausages 

  
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* 
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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. 

 

а) 

b) 
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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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a)  

b)  

c)  

 

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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Геродиетикалық ет өнімдерін өндірудің шетелдік технологияларына талдау барысында, бұл 

өнімдердің бағытын қалыптастыратын негізгі компоненттер: дәнекер ұлпалы ақуыздар, дәрумендер, 

минералдар екенін көрсетті. Екіншілік шикізатты қолдану перспективті болып табылады, бір жағынан, 

ресурстарды үнемдейтін технологиялардың алғышарттары жасалады, екінші жағынан, екіншілік ет 

шикізатынан биологиялық белсенді ингредиенттермен байытылған ет өнімдерін өндіру мүмкіндігі 

жасалады. Дәнекер ұлпалы ақуыздар толыққанды ақуыздар секілді адам ағзасы үшін маңызды рөл 

атқарады, өйткені олар табиғи тағамдық талшық функцияларын орындай алады. Сиыр қарыны 

шырышты субөнімдерге жатады, олардың құрамында көп мөлшерде коллаген болғандықтан табиғи 

түрде қолданған кезде жоғары беріктік сипаттамаларға ие және өзіне тән иісі мен дәмі бар. Бұл 

сипаттамалар оларды шикі немесе табиғи түрде қолдануды қиындатады. Осыған байланысты қарынды  

ет өнімдер технологиясында қолдану үшін оның өңдеу технологиясын жетілдіру керек. Геродиетикалық 
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