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Abstract
Consumers are increasingly interested in purchasing meat products with low food 
additives content or even without the, since these kind of foodstuffs are perceived 
as more natural and healthier. Nitrites are the most commonly used additives in the 
meat industry to prevent the growth of pathogenic bacteria, keep red color (sec-
ondary effect on myoglobin = iron and oxygen-binding), and improve flavor. In this 
scenario, meat processors are challenged to produce nitrite-free products guarantee-
ing the microbial quality and sensory characteristics. The objective of the present 
study was to determine the effect of various natural extracts against the color of 
thermal processed beef, manufactured without nitrites. A total of fourteen natural 
alternatives have been evaluated: capsicum extract liquid phase (capsanthin), paprika 
oleoresin liquid phase, monascus yellow powder (Monascus purpureus), red yeast rice 
powder (Monascus purpureus) from three different producers, lycopene powder, red 
beet juice powder (Beta vulgaris), rosemary extract (Rosmarinus officinalis), capsicum 
extract powder (capsanthin), carmine pigment powder (cochineal extract), sorghum 
red pigment powder (Sorghum bicolor), and two factory-supplied recipes. For the first 
trial, extracts were added at a concentration of 0.3% in canned meat without nitrite. 
Samples were analyzed by colorimetric measurements before and after steriliza-
tion. The aim was to find natural extracts that provide similar color characteristics 
as canned meat with nitrite (used as reference). After color analysis, the extracts that 
did not show statistically significant differences (p >  .05) from the positive control 
were chosen for the second trial, consisted of sample preparation at three different 
concentrations of extract (0,1%, 0,2%, and 0,3%) following factory manufacture pro-
cedures to ensure that the results were as accurate as possible. Results showed that 
sorghum red pigment powder (Sorghum bicolor) provides stable pigments and can be 
added as a natural additive to the manufacture of traditional canned meat recipe to 
maintain a similar red/pink color as same as provided by sodium nitrite.
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1  |  INTRODUC TION

Meat color influenced the consumer buying behavior. Thus, consum-
er's perception of color variation in meat influences the likelihood 
of purchase (Carpenter et  al.,  2001). Meat and other perishable 
products are commonly cured with nitrates and nitrites. Foods 
are preserved with preservatives due to their ability to inhibit the 
growth of harmful microorganisms and their antioxidant properties 
(Cenci-Goga et  al.,  2020; Sindelar & Milkowski, 2012). Their addi-
tion in meat batter during meat products manufacturing has the 
added benefit of keeping the bright red color that is appreciated 
by consumers (Karwowska et  al.,  2019). According to food policy 
(Regulation 1333/2008), nitrates and nitrites are listed as preser-
vatives: potassium nitrite (E249), sodium nitrite (E250), sodium 
nitrate (E251), and potassium nitrate (E252). Although nitrates/
nitrites inhibit the growth of Clostridium botulinum spores (Lebrun 
et al., 2020), other research studies have demonstrated that maxi-
mum acceptance levels in foods allowed by law are not enough to 
inhibit the growth of concern foodborne pathogens such as Listeria 
monocytogenes, Bacillus cereus, Staphylococcus aureus, Clostridium 
perfringens or Pseudomonas spp. (Cenci-Goga et al., 2014; Grispoldi 
et al., 2019; Hospital et al., 2017; King et al., 2016; Rossi et al., 2016). 
The characteristic reddish color of meat products made with ni-
trates/nitrites is caused by myoglobin, an iron and oxygen-binding 
protein found in skeletal muscles (Suman et al., 2016). It is a globu-
lar protein with a heme-group containing a ferrous iron (Fe2+) atom 
in the center. The iron atom is linked to globin and four nitrogen 
atoms, with a sixth coordination site used to bind oxygen or water 
(Silverstein et al., 2015). There are three types of myoglobin: oxy-
myoglobin (oxyMb), deoxymyoglobin (deoxyMb), and metmyoglobin 
(metMb). The physiologically active forms in living tissues are oxy-
myoglobin and deoxymyoglobin (Fe2+), whereas metmyoglobin is 
found in dead muscles and characterized by the presence of iron 
in the trivalent state (Fe3+) making it unable to bind to oxygen. The 
oxidation degree of myoglobin determines the color of meat after 
seasoning, cooking, and other processes (Bernofsky et al., 1959). 
Because the iron atom present in myoglobin has lost an electron, it 
is present in the ferric oxidation state (Fe3+) displaying a brown color 
in meat. Nitric oxide (NO) is formed when nitrites are added to meat 
products and preparations, which reacts with the iron in myoglo-
bin (Fe2+) and metmyoglobin (Fe3+) to form the nitrosyl-myoglobin 
complex, a bright red but extremely unstable compound. It is con-
verted to nitrohemochrome, a red/pink, stable compound, during 

the heat treatment process (Parthasarathy & Bryan, 2012). Meat ni-
trates can also act as nitrosating agents, forming nitroso compounds 
(Hiramoto et al., 1993). Some epidemiological studies (Alexander & 
Cushing, 2011) suggested a possible link between N-nitroso com-
pound consumption and cancer risk. Even though the general health 
risks associated with high nitrite and nitrate overdoses are well un-
derstood (Gangolli et  al.,  1994; Sanchez-Echaniz et  al.,  2001), the 
direct link between processed meat consumption and cancer risk 
remains unknown. In 2015, the International Agency for Research 
on Cancer (IARC) convened a working group to assess the carcino-
genicity of red and processed meat consumption. They concluded 
that “On the basis of the large amount of data and the consistent asso-
ciations of colorectal cancer with the consumption of processed meat 
across studies in different populations, … there is sufficient evidence in 
human beings for the carcinogenicity of the consumption of processed 
meat” (Bouvard et al., 2015). Numerous epidemiological studies cor-
roborate these findings (Corpet et al., 2014; Kim et al., 2013; Norat 
et  al.,  2005). However, the same research group noticed that the 
experimental evidence of the biochemical mechanisms of this cor-
relation in animal models was inadequate (Turesky, 2018).

Nevertheless, the industry is becoming more interested in natural 
alternatives that can reduce the addition of nitrates/nitrites during 
the manufacture with lower nitrites content in the final product 
aimed to reduce the consumer's nitrite intake (Mahgoub et al., 2017; 
Saad et al., 2020). We have already analyzed the microbial safety of 
canned meat produced without nitrites in a previous study on risk 
assessment to evaluate the HACCP system (Grispoldi et al., 2019). 
The aim of this study was to assess to what extent it is possible to 
replace sodium nitrite with natural ingredients in the preparation of 
canned meat yet maintaining the desired color.

2  |  MATERIAL S AND METHODS

2.1  |  Experimental design

Fourteen natural alternatives to the addition of sodium nitrate to 
canned meat were selected. All of them were evaluated for their 
effect on the color of the meat before and after heat treatment. 
Six samples were prepared on the same day for each extract: three 
replicates for the trial without sterilization and three replicates for 
the trial with sterilization. Colorimetric measurements were car-
ried out in triplicate for each sample, and the mean was calculated. 

Novelty impact statement: Producers are trying to obtain meat products without ni-
trites that maintain the same level of microbial safety and the typical color. In this 
study, we analyzed the effect of adding different natural extracts on the color of 
canned meat made without nitrites. The powder extracted from sorghum husks 
(Sorghum bicolor) can be added to the classic canned meat recipe to obtain a product 
that maintains the typical red/pink color.
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Then, the selected extract was tested at three different concen-
trations according to the factory recipe procedures to obtain simi-
lar results that were as close as possible to the model (made with 
nitrates).

2.2  |  Natural extracts selection

Twelve natural extracts were chosen based on data from the lit-
erature, some in powder form and others in liquid form, with pig-
mentation ranging from yellow/orange to red/purple. The natural 
extracts are as follows: capsicum extract liquid phase (capsanthin, 
CAPl), paprika oleoresin liquid phase (PAP), monascus yellow pow-
der (Monascus purpureus, MON), red yeast rice powder (Monascus 
purpureus) from three different producers (RYR1, RYR2, RYR3), lyco-
pene powder (LYC), red beet juice powder (Beta vulgaris, RBJ), rose-
mary extract (Rosmarinus officinalis, ROS), Capsicum extract powder 
(capsanthin, CAPp), carmine pigment powder (cochineal extract, 
CAR), and sorghum red pigment powder (Sorghum bicolor, SOR). 
Two canned meat factory-supplied recipes were also evaluated (for 
contractual and patent reasons, only the primary ingredients can be 
disclosed), bringing the total number of alternative recipes evaluated 
to fourteen.

2.3  |  Experimental trials

The canned nitrite meat was used as a positive control during 
all experimental tests and the canned meat without nitrite was 
a negative control. All tests used frozen, cooked beef. All tests 
were performed in triplicate, and each replicate was subjected 
to three color measurements. All natural additives were initially 
tested at the same concentration. Briefly, the extracts were added 
at a concentration of 0.3% in 20 gr of canned meat without nitrite. 
The correct amount of extract (0.06 g) was placed in a falcon tube 
and vortexed with 2 ml of physiological solution. The nitrite-free 
canned meat was placed in a sterile bag and homogenized with the 
dissolved extract using a Stomacher 400 (PBI International, Milan, 
Italy). Before the heat treatment, the samples were placed in glass 
jars for colorimetric measurements. The jars were then sterilized 
for 15 min at 121°C in an autoclave. After heating, the samples 
were returned to room temperature, protected from direct light, 
and allowed to cool. The jars were opened the next day, and the 
contents were poured onto plastic dishes in preparation for the 
colorimetric measurements. After color analysis, the extracts that 
did not show statistically significant differences (p >.05) from the 
positive control were chosen for the second trial, consisted of 
sample preparation followed factory manufacture to ensure that 
the results were as accurate as possible. The meat was defrosted 
and cut into small pieces before being placed in empty cans (31.5 g 
in each). The aspic was prepared using a traditional factory recipe. 
The exact composition cannot be disclosed due to contractual 
and privacy considerations. The extracts were added in various 

concentrations (0.1%, 0.2%, and 0.3%) to the aspic and homog-
enized. Fifty-eight milliliters of the aspic, obtained as described 
above, was added to each can to.

reach a final weight of 90 g (). Sterilization of samples was per-
formed in an autoclave at 121°C for 15 min. Following heating, the 
samples were brought to room temperature, protected from direct 
light, and allowed to cool. The jars were opened the next day, and 
the contents were poured onto plastic dishes in preparation for the 
colorimetric measurements.

2.4  |  Colorimetric analysis

The «ColorMeter RGB Colorimeter» app (White Marten GmbH, 
Stuttgart, Germany) was used to measure color three times on the 
entire surface of the meat patties placed on a white dish using an 
iPhone XS running iOS 13.7. The conventional colorimeters (such 
as the one described below) are designed to determine the color of 
a single point in a uniform area. In this case, we chose to measure 
the average color of the entire meat patty in the dish in order to 
replicate how the consumer perceives his/her portion of meat. The 
«ColorMeter RGB Colorimeter» app's color measurement was cali-
brated against a reference colorimeter, a Minolta CR 200 Chroma 
Meter (Konica Minolta Inc. Tokyo, Japan), in order to determine the 
CIELAB L* (lightness), a* (redness), and b* (yellowness) color spaces. 
Briefly, the Minolta CR 200 Chroma Meter was used to measure 
a series of red/reddish calibration plates (specifically, the CR-A47 
DP, CR-A47 R, and CR-A47 B) in conjunction with a standard white 
plate in order to determine the CIELAB L* (lightness), a* (redness), 
and b* (yellowness) color spaces, and the results were used to cali-
brate the readout the «ColorMeter RGB Colorimeter». The Minolta 
CR 200 Chroma Meter was set to measure under the CIE Standard 
Illuminant D65. D65 is approximately equivalent to the average mid-
day light in Western Europe/Northern Europe, which includes both 
direct sunlight and diffused light from a clear sky. Hence, it is also 
referred to as a daylight illuminant and has a correlated color tem-
perature of approximately 6500 K. The light used to illuminate the 
calibration plates for the «ColorMeter RGB Colorimeter» app was, 
therefore, a source of 6500 K light (Godox Led 64, Godox, Shenzhen, 
China) under controlled conditions in a photographic light box. The 
CIELAB system describes colors visible to the human eye according 
to their hue and chroma (position on the a* b* plane) and their light-
ness, L*, which corresponds to a position on a black-to-white scale 
(MacDougall, 1994).

2.5  |  Statistical analysis

Color parameters were analyzed separately and together using re-
spectively a univariate and multivariate GLM procedure in SAS (SAS 
Italy, Milan, Italy), due to the independence of data, considering one 
or two factors: different treatments as a fixed factor and the meat 
batch as a random factor. Parameters (L*, a*, b*) within the pre and 
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poststerilization preparation were analyzed according to the follow-
ing univariate model:

where xij is the L, a or b measured parameter; αi is the fixed effect of 
the i = 16 treatments (control with and without nitrite plus 14 different 
extracts); j the repeated measures.

For the selected final extract data were analyzed according to 
the following mixed model:

where xijr is the L, a, or b measured parameter; αi is the fixed effect of 
the i = 5 treatments (control with and without nitrite plus three dif-
ferent concentrations of the selected extract); j the random effect of 
the two batches of canned meat; r the repeated measures. Tukey tests 
for multiple mean comparisons were then performed. Including in the 
MODEL statement more than one dependent variable, a multivariate 
analysis of variance with the MANOVA statement to measure the dif-
ferences in the color characteristics was performed (SAS, 2021).

3  |  RESULTS AND DISCUSSION

Consumer demand safe and high-quality meat products, increasing 
the tendency to adhere to all-natural and free-additives label con-
cepts (Alahakoon et al., 2015). Currently, meat processors investigate 
how to remove the use of nitrates/nitrites to meet the consumers’ de-
mands without compromising the safety and sensory characteristics 
of meat products. Thus, the removal of nitrates/nitrites in meat prod-
ucts must be based by risk assessments. As sterilization might en-
sure itself product's microbiological safety in this study. Additionally, 
a previous evaluation of the behavior of enterotoxin-producing 
Staphylococcus aureus strains in canned meat demonstrated that ni-
trite was ineffective against both S. aureus growth and enterotoxin 
production (Grispoldi et  al.,  2019). Most of the literature regarding 
potential natural alternatives to the addition of nitrates and nitrites in 
processed meat is aimed at vegetable juice and extracts (e.g., celery, 
lettuce, radish, and spinach), which are well-known by its high levels 
of nitrate contents (Santamaria, 2006). According to a Food Standards 
Agency [FSA] (2015) “…the indirect addition of nitrates to foods via 
nitrate-rich extracts of vegetables, such as spinach or celery, should be 
considered an additive use, and not a food use. In such cases, the extract 
is being added for preservation, as it contains a standardised level of ni-
trate and consequently, such use would not be permitted by Regulation 
1333/2008, as these extracts have not been approved as preservatives…”.

A few years later, the Food Safety and Inspection Service [FSIS] 
(2019) indicated that “…the Centre for Science in the Public Interest 
(CSPI) petitioned FSIS to amend its labelling regulations to prohibit the 
statements “No Nitrate or Nitrite Added” and “Uncured” on meat prod-
ucts that have been processed using any sources of nitrates or nitrites, 
including non-synthetic sources, such as celery powder…Additionally, the 

petition requested that ingredients used as a source of nitrates or nitrites 
be declared as such in the product labelling, e.g., “celery powder (source 
of nitrates or nitrites for curing).” In light of these recent developments, 
we focused on natural products capable of coloring meat without the 
use of nitrates or nitrites in any form. Tables 1 and 2 present the colo-
rimetric measurement data and the statistical analysis results for the 
data obtained prior to and following heat treatment, respectively.

Before the heat treatment, the negative control (CN) presented 
average color values with a statistically significant difference from 
the positive control (CP) in L* parameter; monascus yellow powder 
(Monascus purpureus, MON) in L* and b* parameter; red yeast rice 
powder (Monascus purpureus, RYR3) in a* parameter; red beet juice 
powder (Beta vulgaris, RBJ), rosemary extract (Rosmarinus officinalis, 
ROS) and spiced canned meat (HER) in a* parameter; carmine pig-
ment powder (cochineal extract, CAR) in L* and a* parameter; sor-
ghum red pigment powder (Sorghum bicolor, SOR) in L* parameter.

After the heat treatment, the negative control (CN) presented 
average color values with a statistically significant difference from 
the positive control (CP) in L* and a* parameter; Capsicum extract liq-
uid phase (capsanthin, CAPl) in b* parameter; paprika oleoresin liq-
uid phase (PAP) in L* parameter; monascus yellow powder (Monascus 

xij = � + �i + �ij

xijr = � + �i + � j + �ijr

TA B L E  1 Color measurements and results of the statistical 
analysis before heat treatment

L* coordinate a* coordinate b* coordinate

Mean SE Mean SE Mean SE

CP 18.3 1.5 17.8 1.3 16.7 1.3

CN 26.7* 1.3 12.2 1.4 19.2 0.4

CAPl 20.4 2.2 20.2 0.4 23.4 1.2

PAP 16.4 1.3 18.3 1.1 19.7 1.8

MON 27.3* 2.3 11.9 3.3 33.5* 1.9

RYR1 22.4 3.6 16.7 2.6 20 2.2

RYR2 22.5 6.7 13.9 0.8 20.9 3.7

RYR3 26.6 2.4 8.7* 0.7 17.9 1.4

LYC 19 2.5 14.4 2.8 21.6 1.7

RBJ 23.2 1.5 8.7* 1.8 19.7 1.3

ROS 24.9 2.4 7.7* 4 18.5 1.8

HER 20.6 2.1 2.8* 1.6 16.6 1.3

CHI 21.9 2.7 11.5 1.5 19.2 1.7

CAPp 19.9 0.3 13 0.2 16.1 0.2

CAR 27.2* 0.4 7* 0.1 15.4 0.2

SOR 30.4* 0.4 13.6 0.2 20 0.3

Note: Means in the same row with the superscript asterisk differ 
significantly from the positive control (p < .05).
Abbreviations: CAPl, capsicum extract liquid phase (capsanthin); CAPp, 
Capsicum extract powder (capsanthin); CAR, carmine pigment powder 
(cochineal extract); CHI, canned meat with chilli; CN, negative control; 
CP, positive control; HER, canned meat with herbs; LYC, lycopene 
powder; MON, monascus yellow powder (Monascus purpureus); PAP, 
paprika oleoresin liquid phase; RYR1, RYR2, RYR3, red yeast rice 
powder (Monascus purpureus) from three different producers; RBJ, red 
beet juice powder (Beta vulgaris); ROS, rosemary extract (Rosmarinus 
officinalis); SOR, sorghum red pigment powder (Sorghum bicolor).
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purpureus, MON) in b* parameter; red yeast rice powder (Monascus 
purpureus RYR1 and RYR2) in L* parameter; red yeast rice powder 
(Monascus purpureus, RYR3) in a* parameter; red beet juice powder 
(Beta vulgaris, RBJ) and rosemary extract (Rosmarinus officinalis, ROS) 
in a* parameter; canned meat with herbs (HER) in L* and a* param-
eter; spiced canned meat (CHI) in a* parameter; Capsicum extract 
powder (capsanthin, CAPp) in L* parameter.

Data obtained after thermal treatment were essential because 
color thermal stability is essential for a sterilized product. Although 
nitrites can react to myoglobin and produce heat-stable compounds 
(Honikel, 2008), this capability has not been known for any of the 
natural extracts tested. The results obtained during the experiments 
were considered together with the requests from the factory, and 
the sorghum red pigment powder was chosen for the second trial. 
Sorghum red pigment powder is produced from the seed husks of 
the Sorghum bicolor species.

Sorghum husks are an abundant, safe and cheap by-product of 
sorghum cultivation. Studies have proved that extracts from sorghum 
husks are nontoxic and not cause health issues (Olifson et al., 1978). 
From a chemical viewpoint, the pigment extracted from the sorghum 
husks consists mainly of apigenin (C15H10O5) and 7-O-glucoside 

(C21H20O12). Apigenin in particular is the aglycone of numerous natu-
ral glycosides, for which it provides high stability (Awika et al., 2004). 
In comparison to similar molecules, the increased stability is de-
rived to the lack of a hydroxyl group in the C3 position (Mazza & 
Brouillard, 1987; Sweeny & Iacobucci, 1981). These molecules are dis-
tinguished by resistance to acidulants and pH variations, resistance of 
their dimeric forms to nucleophilic and hydrophilic attacks by sulfites, 
improved color stability in the presence of co-pigments, slow ring 
opening and the formation of chalcones upon exposure to heat, and 
antioxidant activity. On an industrial scale, sorghum seed husks are 
used in the extraction process. China is the world's largest producer, 
producing around two billion kilograms per year. Sorghum husks were 
pulverized and passed through meshes with 0.8 mm-diameter holes 
under optimized extraction conditions (Barros et  al.,  2013). To the 
powder obtained in this manner, a 70% (v/v) solution of ethanol and 
water with a 50:1 liquid–solid ratio was added. The extraction was 
carried out at 80°C for 120 min in a thermostatic water bath equipped 
with an agitator. The extracted liquid was filtered through a 200 mesh 
per square inch stainless steel sieve and cooled to room tempera-
ture. The filtrate was then centrifuged at 8,000 rpm for 60 min in a 
high-speed, refrigerator-cooled centrifuge. The supernatant was con-
centrated using a rotary evaporator under reduced pressure, dried at 
80°C in an oven, and finally sterilized. The yield was approximately 
6%. The resulting powder was dark brownish-red in color and sol-
uble in ethanol and water but not in solvents or nonpolar oils. The 
product's aqueous solution was brownish-red in color. The color be-
came lighter in acidic environments and darker in basic environments. 
Due to the fact that it formed complex compounds with metal ions, 
it was prudent to avoid contact with them, particularly iron ions. It 
was resistant to both heat and light (Hou et al., 2017). The results of 
the color analysis of canned meat produced using sorghum extract 
at various concentrations (0.1%, 0.2%, and 0.3%) in accordance with 
factory procedures are shown in Table 3.

Consumer perceptions of changes in the color of canned meat due 
to the addition of various ingredients have been investigated by sev-
eral authors. Slowinski et al. (Słowiński et al., 2020) investigated the ef-
fect of wheat fiber preparations on the quality of canned meat. While 

TA B L E  2 Color measurements and results of the statistical 
analysis after heat treatment

L* coordinate a* coordinate b* coordinate

Mean SE Mean SE Mean SE

CP 24.4 1.3 15.8 1.6 18.5 1.8

CN 33* 2.6 8.3* 2.2 21.4 1.8

CAPl 19.8 0.6 16.8 0.7 23.7* 0.7

PAP 17.3* 1.3 15.2 0.5 21 1.3

MON 26.4 0.4 11.3 0.8 32.3* 0.4

RYR1 17.4* 0.7 13.2 1.2 18.3 1

RYR2 13.3* 0.5 16.7 1 15.4 0.8

RYR3 23 1.3 8.8* 0.7 18.3 0.3

LYC 20 1.7 15.2 1.2 22.2 0.9

RBJ 23.2 1.7 7.5* 1.2 19.4 1.6

ROS 19.8 1.5 4.8* 0.6 17.3 1.3

HER 16.7* 1.8 6.4* 0.3 14.7 0.6

CHI 21.5 2.7 8.8* 2 19 0.9

CAPp 36.4* 0.5 16.6 0.2 23 0.3

CAR 28.7 0.4 14.4 0.2 23.3 0.3

SOR 25.6 0.4 15.3 0.2 19.2 0.3

Note: Means in the same row with the superscript asterisk differ 
significantly from the positive control (p < .05).
Abbreviations: CAPl, capsicum extract liquid phase (capsanthin); CAPp, 
Capsicum extract powder (capsanthin); CAR, carmine pigment powder 
(cochineal extract); CN, negative control; CHI, canned meat with chilli; 
CP, positive control; HER, canned meat with herbs; LYC, lycopene 
powder; MON, monascus yellow powder (Monascus purpureus); PAP, 
paprika oleoresin liquid phase; RBJ, red beet juice powder (Beta 
vulgaris); ROS, rosemary extract (Rosmarinus officinalis); RYR1, RYR2, 
RYR3, red yeast rice powder (Monascus purpureus) from three different 
producers; SOR, sorghum red pigment powder (Sorghum bicolor).

TA B L E  3 Color measurements and results of the statistical 
analysis after second trial following factory procedures

L* coordinate a* coordinate b* coordinate

Mean SE Mean SE Mean SE

CP 25.4 3.4 14.7 2.3 19.7 2.2

CN 41.6* 2.6 16.1 0.8 23.2 1.4

SOR 0,1% 26.9 2.3 15.1 0.7 25.6 1.7

SOR 0,2% 25.4 2.9 16.7 1.1 23.3 0.7

SOR 0,3% 22.4 4.2 14.5 1.4 21.7 1.9

Note: Means in the same row with the superscript asterisk differ 
significantly from the positive control (p < .05).
Abbreviations: CN, negative control; CP, positive control; SOR 0,1%, 
sorghum red pigment powder, 0,1% concentration; SOR 0,2%, sorghum 
red pigment powder, 0,2% concentration; SOR 0,3%, sorghum red 
pigment powder, 0,3% concentration.
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this addition had no effect on the products' fundamental chemical 
composition (water, protein, fat, collagen, and salt content), water ac-
tivity, or pH, it did result in a color lightening. The colorimetric analysis 
revealed that when compared to the control, the L* parameter values 
were significantly (p ≤  .05) higher, the a* parameter values (redness) 
were slightly lower, and the b* parameter values (yellowness) were sig-
nificantly (p ≤ .05) higher. Choi et al. reported a similar reduction in the 
redness of meat with the addition of dietary fibers (Choi et al., 2008). 
Another study examined the color of canned pork meat produced 
without nitrates. The parameter of redness in nitrite-free canned meat 
was found to be significantly lower than in nitrite-containing products 
(Ferysiuk & Wójciak,  2020). Additionally, the addition of ginger rhi-
zome resulted in a lighter color and a lower redness contribution to 
pork canned meat (Draszanowska et al., 2020).

4  |  CONCLUSIONS

Food additives, such as nitrate and nitrites, are extremely attractive 
to the meat industry since they are cheap and they keep meat prod-
ucts stable both microbiological and sensory. Indeed, consumers are 
becoming more aware of the benefits of natural, clean-label prod-
ucts. Producers face numerous obstacles in order to accomplish this 
goal. More precisely, even without nitrites, the product shall remain 
safe and the characteristics (color, flavor, taste) must be preserved. 
The findings of this study show that a powder extracted from sor-
ghum husks (Sorghum bicolor) produced heat stable pigments that 
could be added to a classic canned meat recipe to achieve a product 
with the typical red/pink color obtained with sodium nitrite.
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