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Abstract 

Color is one of the main attributes used to select or reject meat products, with the 

characteristic reddish-pink color of cured meats being developed by adding nitrate salts, 

which are rejected by many consumers due to their harmful effects on health. This study 

aimed to apply a hybrid dye (ZHN-carmine) synthesized from layered zinc hydroxide salt 

(ZHN) to produce a reddish-pink color in sliced cooked ham and to evaluate color 

stability during storage. The ham samples were prepared with cochineal carmine and 

hybrid dye (ZHN-carmine), sliced, vacuum-packed, and non-vacuum-packed, and 

exposed to white fluorescent light (1100 LUX) (5 ± 1 °C). The instrumental color 

measurement was performed at 0, 1, 4, 6, 8, 11, 13, and 15 day intervals. Distinction 

between the vacuum-packed ham samples and the non-vacuum-packed ham samples was 

possible based on a* value (red color intensity), which showed the importance of oxygen 
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removal for red color stability. The reddish-pink color was more intense in the ham added 

with ZNH-carmine, and no color reduction was observed over the days, irrespective of it 

being vacuum-packed or not. Cochineal carmine adsorbed onto layered zinc hydroxide 

salt may be a potential replacement for curing salts regarding color formation in vacuum-

packed or non-vacuum-packed cooked ham. 

 

Keywords: zinc hydroxy nitrate; natural dyes; stability; meat products; nitrite/nitrate. 

 

Introduction 

 Pork production worldwide is estimated at 114.2 million tons for 2024, 3% more 

than the previous year [1]. The per capita consumption in Brazil was 13.42 kg, ranking 

third among the world's largest consumers [2]. Eighty-nine percent of pork is consumed 

as processed products such as cooked ham, fresh sausages, and bologna [3]. 

 Food selection and approval by consumers usually start with appearance, and 

color is the most important sensory attribute [4, 5]. Consumers are generally also 

attracted by safety, nutritious, and healthier foods [6]. For cured meat, red color 

development and fixing, and to ensure Clostridium botulinum safety, nitrates and nitrites 

stand out [5]. Despite their multifunctionality, the use of curing salts is highly argued due 

to their toxic effects on human health, which lead to carcinogenic substances formation 

[7]. Their replacement is consequently a challenge for the food industry. Thus, adding an 

extra additive is believed to be needed to maintain the color stability and microbiological 

safety of cooked meat products without curing salts. Research to produce stable natural 

dyes is essential for developing safe additives that provide a natural color compatible 
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with traditional cured and cooked meat products found commercially [4]. Carminic acid 

is the most widely used natural dye in meat products, along with curing salts to obtain a 

reddish-pink color, well-accepted in several countries and by international legislation [7]. 

Some studies are concerned about carmine dye toxicity, mainly due to its use in meat 

products and by environmental dissemination in the composition of effluents [8]. 

However, carmine dye acceptable daily intake (ADI) is 5 mg per kg body weight per day, 

which is a low dosage [9]. For example, 60 kg people had to eat more than 3.5 kg of meat 

products per day containing a percentage of 0.0006 % of pure carmine to reach the ADI, 

which is impractical. Moreover, the carmine used by the slaughterhouse industry is 

generally diluted at 3% solution, implying an even greater food consumption to reach the 

ADI. In this context, associating carmine, traditionally used in meat products, with a safe 

ADI plus the possibility of removing nitrite - an additive with proven toxic effects, 

represents a safe purpose. 

However, carmine has been reported to be a sensitive dye as it undergoes 

photodegradation when exposed to light [9]. Several technologies aim to achieve resistant 

and chemically stable dyes. In this sense, non-toxic hybrid dye techniques [10], 

nanocarriers [11], enzymatic techniques [12], and encapsulation [13] have been 

highlighted. 

To increase cochineal carmine dye stability applied on meat products to counter 

interferences caused by processing and storage, Ongaratto et al. [14] developed a hybrid 

dye from cochineal carmine that showed greater stability due to the dye's adsorption on 

lamellar zinc hydroxide salt. These compounds are built by stacking units known as 

lamellae, linked by interlamellar ions' electrostatic interactions [15]. Lamellar compounds 
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increase stability against photodegradation [16],  an essential characteristic of natural 

dyes, combined with low toxicity levels, low production costs, and ease of obtaining and 

handling [17,18]. The use of lamellar compounds has been studied in pharmaceutical, 

cosmetic, and nutraceutical fields [19]. They have been used in vitamins acting as 

multifunctional food supplements [20] and on the chemical and biological protection of 

food-grade nisin [21], proving the safety of such a technique that may be extended to the 

food sector. 

Some studies have been found in the literature that evaluated the replacement of 

curing salts in meat products by sorbate and benzoate [22], phytic acid [23], celery, 

sodium lactate [24], Japanese radish [25], besides the use of celery associated with high 

hydrostatic pressure [26] or the association of vegetable juice powder (celery powder 

vegetable; juice PWD NAT, Chr. Hansen Inc.) and Staphylococcus carnosus starter 

culture [27], and plasma-treated winter mushroom powder [28]. Jo et al. [28] present in 

their review other plant sources of nitrates and nitrites, such as beet, lettuce, Swiss chard, 

fermented spinach, and parsley extract, with pathogen-inhibiting preservatives function. 

The use of cochineal carmine as a dye in meat products was evaluated by Ongaratto et al. 

[14] and Ruiz-Capillas et al. [24]. Therefore, studies assisting meat product processing 

companies with new, safe, and viable additives to replace curing salts are crucial. 

In this study, inorganic matrices such as layered zinc hydroxide salt adsorbed 

with natural cochineal carmine dye (ZHN-carmine) were obtained and applied in a 

nitrite-free ham production. Color stability was evaluated during storage of vacuum-

packed and non-vacuum-packed hams, and the color was compared to that of ham 

produced with traditional cochineal carmine dye. 
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2. Experimental 

2.1. Hybrid dye (ZHN-carmine) 

Hybrid dye was obtained by an ion exchange reaction between zinc hydroxy 

nitrate (ZHN) and cochineal carmine dye, as described by Ongaratto et al. [14]. The 

synthesis for ZHN preparation was performed using a 100 mmol L-1 zinc nitrate aqueous 

solution (Dinâmica, Indaiatuba, São Paulo, Brazil) added with 1 mol L-1 sodium 

hydroxide solution (Dinâmica, Indaiatuba, São Paulo, Brazil) until pH 6.8 was reached. 

The solution remained under agitation (Magnetic shaker, PC 410D, Corning, USA) for 24 

h. Afterward, the solid was separated by centrifugation using a relative centrifugal force 

(RFC) of 3354 g for 5 min (Cientec, CT 5000R, Belo Horizonte, Minas Gerais, Brazil) at 

25 °C. The obtained solid (ZHN) was oven-dried, macerated, and stored in a hermetically 

closed container at room temperature (25 ± 1 °C) for ion exchange with cochineal 

carmine dye.  

For ion exchange, an aqueous solution with 4 mmol cochineal carmine (Carmine 

WS 52 %, Globenatural, Chorrillos, Peru), pH corrected to 7.0 with 2 mol L-1 

hydrochloric acid (Dinâmica, Indaiatuba, São Paulo, Brazil) was added to 2.4 mmol 

ZHN. The dispersion remained under magnetic stirring (Corning, 6796-420D, New York, 

USA) at 70 °C for 7 days. After that, the solid was separated by centrifugation at 3354 g 

for 5 min at 25 °C and washed with distilled water until obtaining a light-pink residual 

water. The solid was dried in a desiccator, macerated, and stored at room temperature. 

The obtained hybrid dye was named ZHN-carmine. 
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2.2. Hybrid dye applied in ham 

Cochineal carmine and hybrid dye (ZHN-carmine) were used separately on 

cooked hams to compare their behavior in terms of color intensity and stability during 

storage. The hams were produced following the Brazilian Identity and Quality Standards 

[29] and the Brazilian legislation on permitted food additives for meat products [30]. The 

base formulation was composed of: pork leg (76.90 %), ice (19.20 %), sodium 

tripolyphosphate (Ibrac®) (0.50 %), salt (Diana®) (1.85 %), condiment (Conditec®) 

(0.58%), sodium erythorbate (Ibrac®) (0.17 %), carrageenan (Ibrac®) (0.50 %), isolated 

soy protein (Proteíco®) (0.29%). Ham identified as formulation 1 was added of cochineal 

carmine (Globenatural®) (0.0006 %), and ham identified as formulation 2 was added of 

hybrid dye (ZHN-carmine) (0.0033 %). The cochineal carmine percentage was based on 

values practiced by slaughterhouses. The total hybrid dye (ZHN-carmine) added mass 

was higher when considering the total cochineal carmine added mass. However, the 

amount of cochineal carmine was similar in both formulations, and the percentage 

difference was due intercalation compound. 

For ham preparation, chilled boneless pork legs (7 ± 1 °C) purchased from a local 

market were trimmed, i.e., subcutaneous and intermuscular fat and connective tissue 

removed. Both brines were prepared by adding sodium tripolyphosphate to water, 

followed by its complete dissolution (Mechanical stirrer, 713 D, Fisatom, Brazil). Then, 

the other additives and ingredients were added, including cochineal carmine dyes or 

hybrid dyes (ZHN-carmine). Before being added to the brine, the hybrid dye (ZHN-

carmine) added to formulation 2 was submitted to ultrasonic treatment (Sonics Vibra 

Cell, VC-505, Newtown, USA) at  37 kHz frequency and 100% amplitude for 4 min at 25 
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ºC, to disaggregate and disperse better the adsorbed dye [14, 31]. Such a procedure was 

not needed for cochineal carmine added in formulation 1 due to its high solubility in 

water. Ice was added to the brine to keep the temperature at 3 ± 1 °C during preparation. 

For the brine to be absorbed into the meat and its weight to increase by 20 %, 

formulations were vacuum-tumbled separately (Dorit, VV-T-10, Switzerland) for 30 min 

at 4 °C, with a 0.6 - 0.7 bar pressure and 20 rpm. After curing under refrigeration at 5 ± 1 

°C for 24 hours, the meat pieces were again vacuum-tumbled for 30 min. They were 

packed in polyethene bags, molded in stainless molds, and placed in a steam oven 

(Unimatic 1000, Eller, Italy) for 1 h at 60 °C, 1 h at 65 °C, 1 h at 70 °C and finally, 

maintaining oven temperature at 80 °C. The hams were considered cooked when they 

reached 69 °C internal temperature (geometric center of each ham, corresponding to its 

thickest part). Cooking time was approximately 4 h. After that, still in the cooking oven, 

they were subjected to thermal shock with running water for 30 min and then stored 

under refrigeration after reaching 5 ± 1 °C. They were sliced and packed in low-density 

transparent polyethylene packaging, with and without vacuum (Selovac, 200B, São 

Paulo, Brazil), kept under refrigeration at 5 ± 1 °C and exposed to a white fluorescent 

light source at a 40 cm distance, 1100 (± 50) LUX for 15 days. The lux condition was 

chosen based on the study by Marchesi et al. For lux measurements, a digital lux meter 

(LD-400, Instrutherm, São Paulo, Brazil) was used on the shelves displaying ham for sale 

in local supermarkets. 

 

2.3. Ham color evaluation 

Ham produced with cochineal carmine (1) or hybrid dye (ZHN-carmine) (2), 
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sliced, vacuum-packed (a) or non-vacuum-packed (b), and exposed to UV radiation were 

evaluated using instrumental color measurements at nine distinct points (delimited into 

portions of thin dough) using the CIELAB system with a colorimeter (CR 400, Konica 

Minolta, Osaka, Japan), calibrated with a D65 standard illuminant and a 10° angle. L* 

(luminosity; 100 = white, 0 = black), a* (redness; +, red; -, green), and b* (yellow; +, 

yellow; -, blue) values were obtained. Analyses were performed on days 0, 1, 4, 6, 8, 11, 

13, and 15. The total color difference (∆E) [Equation (1)] was estimated at 0 and 15 days. 

 

                                                      (1) 

 

Where ∆L*, ∆a*, and ∆b* are the derivatives of the corresponding parameters, 

respectively. 

 

2.4. Statistical analysis 

The instrumental color measurement results were expressed as mean ± standard 

deviation of the mean (SDM), followed by the analysis of variance (one-way, ANOVA) 

and Tukey's test (p < 0.05) and principal component analysis (PCA) using the Statistica 

7.0 software (Statsoft, Tulsa, USA). 

 

3. Results and Discussion 

The hybrid dye (ZHN-carmine) with 44 % stoichiometric yield was characterized 

by X-ray diffraction (XRD), Fourier-Transform Infrared Spectroscopy (FTIR), 
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Thermogravimetric (TGA), and differential scanning calorimetry (DSC) as previously 

detailed by Ongaratto et al. [14].  

 

3.1. Ham color evaluation 

 The appearance images of ham samples added with cochineal carmine (1) and 

hybrid dye (ZHN-carmine) (2) and of vacuum-packed (a) and non-vacuum-packed (b) 

hams at 0 and 15 days of storage are shown in Figure 1. 

 

 

Figure 1. Ham samples added with cochineal carmine (1) and hybrid dye (ZHN-carmine) (2) and of 

vacuum-packed (a) and non-vacuum-packed (b) hams at 0 and 15 days of storage. 

 

L*, a*, and b* color parameters results of ham added with cochineal carmine (1) 

and ham added with hybrid dye (ZHN-carmine) (2) vacuum-packed (a) and non-vacuum-

packed (b) exposed to UV radiation under refrigeration temperature are shown in Table 1.  
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Table 1. Colorimetric analysis results for different ham formulations. 

Param

eters 

Formula

tion 

Storage period (days)   

0 1 4 6 8 11 13 15 

L* 

1(a) 65.20±0.89a

AB 

63.53±1.60a

A 

63.30±1.

42aB 

63.97±0.94

aA 

62.93±2.28

aA 

63.23±2.32aB 62.98±1.77

aB 

63.41±1.76

aB 

1(b) 64.08±2.11a

B 

64.87±2.27

aA 

65.32±2.

38aAB 

63.99±2.29

aA 

65.10±2.22

aA 

64.51±1.78a

AB 

64.35±1.46

aAB 

64.15±1.47

aAB 

2(a) 64.44±1.15a

B 

63.21±1.56

aA 

64.66±1.

33aAB 

63.36±1.35

aA 

64.52±1.82

aA 

63.63±1.36a

B 

63.62±1.47

aB 

64.10±1.19

aAB 

2(b) 66.67±0.95a

A 

65.55±2.46

aA 

66.29±2.

38aA 

65.45±2.51

aA 

65.34±1.36

aA 

66.58±2.11a

A 

66.07±1.42

aA 

66.21±2.33

aA 

a* 

1(a) 4.42±0.20cB 3.16 

±0.16dB 

3.50±0.2

5dC 

3.71±0.27d

C 

5.17±0.29b

C 

6.24±0.43a

C 

6.30±0.37a

C 

6.56±0.40a

C 

1(b) 4.80±0.30aB 2.88±0.27b

B 

2.40±0.2

3cD 

2.56±0.22b

cD 

2.75±0.17b

cD 

2.71±0.28bc

D 

2.84±0.13b

D 

2.52±0.18b

cD 

2(a) 7.84±0.43cA 7.65±0.35c

A 

8.30±0.5

4cA 

9.78±0.75b

A 

10.30±0.72

abA 

10.74±0.49a

A 

10.87±0.45

aA 

10.98±0.49

aA 

2(b) 7.79±0.37aA 7.40±0.52a

bA 

7.32±0.3

7abB 

7.03±0.38b

B 

7.27±0.41a

bB 

7.41±0.58ab

B 

7.54±0.36a

bB 

7.32±0.46a

bB 

b* 

1(a) 9.85±0.52aA 9.60±0.44a

AB 

10.17±0.

43aA 

8.20±0.67b

AB 

8.12±0.39b

B 

7.90±0.46b

AB 

7.17±0.45b

B 

7.77±0.34b

AB 

1(b) 9.39±0.68ab

AB 

9.86±0.73a

A 

9.95±0.6

1aA 

8.77±0.47b

cA 

9.47±0.29a

bA 

8.52±0.63bc

A 

8.52±0.58b

cA 

7.66±0.67c

AB 

2(a) 8.71±0.51aB 8.62±0.48a

C 

9.10±0.4

5aB 

7.57 

±0.15bB 

7.47±0.23b

C 

6.86±0.60b

C 

7.42±0.22b

B 

7.16±0.49b

B 

2(b) 8.72±0.64ab

B 

9.04±0.63a

BC 

8.89±0.2

8aB 

8.51±0.35a

cA 

7.91±0.47c

dBC 

7.54±0.58d

BC 

7.90±0.44c

dAB 

7.97±0.59b

cdA 

 

1(a) Vacuum-packed cochineal carmine ham; 1(b) Non-vacuum packed ham with 

cochineal carmine; 2(a) Vacuum-packed hybrid dye (ZNH-carmine) ham; 2(b) Non-

vacuum-packed Hybrid dye ham (ZNH-carmine). Means ± Standard Deviations (n = 9) 

followed by uppercase superscripts differed in columns, and lowercase superscripts 

differed in rows (p ≤ 0.05) by Tukey's Test. 

The two formulations of hams added with cochineal carmine (1a and 1b) and 

ZHN-carmine hybrid dye (2a and 2b) exposed to UV radiation showed changes in color 

parameters during storage due to the addition of different coloring agents (Table 1). 

Similarly, alterations were observed with the same dyes used in mortadella studied by 
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Ongaratto et al. [14], who observed a more intense color with lower L* values and higher 

a* values for mortadella added with ZHN-carmine hybrid dye, an ideal alternative to 

obtain the stable reddish-pink color characteristic of cooked meat products. On the other 

hand, L* values showed no specific trend. Although they were not significantly different 

from each other, Figure 2 showed higher L* parameter values for sample 2(b) and lower 

values for sample 1(a), which is close to sample 2(a). 

 

 

Figure 2. Changes to lightness (L*) color parameters of ham added with cochineal carmine (1) 

and with hybrid dye (ZHN-carmine) (2). Measurements were taken at 0, 1, 2, 4, 6, 8, 11, 13, and 

15 days.  1(a) Vacuum-packed cochineal carmine ham; 1(b) Non-vacuum packed ham with 

cochineal carmine; 2(a) Vacuum-packed hybrid dye (ZNH-carmine) ham; 2(b) Non-vacuum-

packed Hybrid dye ham (ZNH-carmine). 

 

Thus, it may be inferred that sample 2(b) was lighter than the other samples, and 
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samples 1(a) and 2(a) were darker in color than sample 1(b). These results were similar to 

the color analysis from [3] in fresh sausage. The authors evaluated the sausage not added 

with dye, the one added with carmine, and the other two formulations with different 

microencapsulated jabuticaba extract concentrations and obtained virtually stable L* 

values during 15 days of storage at 1 ± 1 ºC. Similarly, Salueña et al. [33] reported that 

L* value did not change significantly during the meat's oxygenation and oxidation, and 

the meat color may be represented over a plane of constant L* changing mainly a* 

values. For a* values, it was noted that the formulation (2a and 2b) added with hybrid dye 

(ZNH-carmine) had a more intense red color, evidenced by the highest positive a* value 

(Figure 3), which reached 69% higher at day 0 when compared to formulation (1a and 

1b) using cochineal carmine, resulting in a significant difference (p > 0.05) between hams 

(1a and 1b) and (2a and 2b). 
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Figure 3. Changes in lightness (a*) color parameters of hams added with cochineal carmine (1) and with 

hybrid dye (ZHN-carmine) (2). Measurements were taken at 0, 1, 2, 4, 6, 8, 11, 13, and 15 days. 1(a) 

Vacuum-packed cochineal carmine ham; 1(b) Non-vacuum packed ham with cochineal carmine; 2(a) 

Vacuum-packed hybrid dye (ZNH-carmine) ham; 2(b) Non-vacuum-packed Hybrid dye ham (ZNH-

carmine). 

 

Vacuum-packed ham 1(a) had a 48.4% increase for a* value during the 15 day-

storage period, whereas non-vacuum-packed ham 1(b) had a 52.5 % reduction (p > 0.05), 

changing the ham's reddish-pink color. Baldin et al. [3] reported that samples of fresh 

sausage added with carmine and stored under refrigeration lost their characteristic red 

color, obtaining 13.4 a* values on the first day of storage and 8.0 after 15 days, reaching 

a 40% red color reduction. Furthermore, Boyles and Sobeck [34], in their study on red 

organic food dyes photostability, observed a carminic acid degradation by loss of 

absorbance, showing a faster initial red color loss in one day when compared to the other 

dyes studied (Red 40 and betanin). According to the cited authors, the decrease in red 
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color stability may have been impacted by the oxygen environment, corroborating with 

the result found in this study for ham 1b. On the other hand, the hams formulated with the 

hybrid dye (2a and 2b vacuum-packed and non-vacuum-packed, respectively) remained 

stable for a* values, with no red color loss during storage, even when exposed to UV 

radiation. Furthermore, ham 2a had a 40 % a* value increase. In contrast, ham 2b only 

maintained the initial color stable without any significant difference (p > 0.05) between 0 

and 15 days. Such a* parameter behavior highlights the hybrid dye (ZHN-carmine)’s 

high red color stability compared to the cochineal carmine added in the formulation (1).

 Overall, b* values had less significant variations than the other color parameters 

between samples and storage times (Figure 4), corroborating with the results from 

Salueña et al. [33], who showed greater stability for b* value in meat than a* values. 
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Figure 4. Changes in lightness (b*) color parameters of ham added with cochineal carmine (1) and with 

hybrid dye (ZHN-carmine) (2). Measurements were taken at 0, 1, 2, 4, 6, 8, 11, 13, and 15 days. 1(a) 

Vacuum-packed cochineal carmine ham; 1(b) Non-vacuum packed ham with cochineal carmine; 2(a) 

Vacuum-packed hybrid dye (ZNH-carmine) ham; 2(b) Non-vacuum-packed Hybrid dye ham (ZNH-

carmine). 

 

On day 0 and on the evaluated times up to 15 days, b* values were positive and 

usually higher for samples (1), indicating a greater predominance of yellow color in 

samples added with cochineal carmine. For the storage period, all samples had the 

stability maintained at the b* value until day 4, after which a slight decrease (less than 20 

%) was observed for all samples. The results for the ham formulated with hybrid dye 

(ZNH-carmine) (2) were similar to the color analysis ones from  Delgado-Pando et al. 

(2019) who, when studying ham with reduced salt content, however, using sodium nitrite, 



 

17 
 

obtained L* values between 65.13 and 68.43, a* values between 8.55 and 9.71 and b* 

values between 7.79 and 9.44, highlighting the hybrid dye (ZNH-carmine) importance in 

providing the reddish-pink color given by the curing salts. The total color change (∆E) 

over the entire storage period (0 to 15 days) was also determined to evaluate the color 

difference between samples better. ∆E values were 3.54, 2.86, 3.53, and 1.00 for samples 

1(a), 1(b), 2(a), and 2(b), respectively. It was verified that the smallest color variation 

relative to the studied product during its storage time occurred for sample 2(b), which 

was prepared with a non-vacuum-packed hybrid dye (ZHN-carmine). Conversely, sample 

2(a) showed a greater color variation, intensifying the red coloration and highlighting the 

importance of hybrid dye for the stability of cooked meat products' characteristic color. 

On the other hand, the variations for samples 1(a) and 2(a) were very close, and both had 

the greatest color variation between 0 and 15 days. The average variation was due to 

sample 1(b). Thus, it may be verified that the ham formulations added with cochineal 

carmine (1a and 1b) obtained the greatest color variations compared to those added with 

hybrid dye, where the oxygen instability of carmine dye was noted since sample 1(b) lost 

its characteristic pink color. However, sample 1(a) showed greater dye stability as it was 

vacuum-packed. It was also found that the vacuum-packed ham samples had a similar 

color variation. When PCA was evaluated, a two-dimensional consensual solution 

justified 77.03 % of the variance (Figure 5).  
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Figure 5. Ham samples' Factor 1 versus Factor 2 (A) loadings and (B) scores plots. 1(a) 

Vacuum-packed cochineal carmine ham; 1(b) Non-vacuum packed ham with cochineal 

carmine; 2(a) Vacuum-packed hybrid dye (ZNH-carmine) ham; 2(b) Non-vacuum-

packed Hybrid dye ham (ZNH-carmine). 

 

Factor 1 accounted for 50.11 % of the variance, discriminating vacuum-packed 

ham samples (right) from non-vacuum-packed ham samples (left) based on a* value (red 

color intensity). It demonstrated the importance of oxygen removal by referencing the 

stability of red color in the ham, which was partially lost in the presence of oxygen. 

Factor 2, with 26.92% of the variance, distinguished ham sample 1b (positioned at the 

top) from the other samples (1a, 2a, and 2b; placed at the bottom) based on the L* value. 

Such behavior of the sample containing cochineal carmine showed the need for oxygen 

removal to prevent dye oxidation. A lesser need for oxygen removal found between the 

ham and the packaging was noted when using the hybrid dye (ZNH-carmine). This is 

highly beneficial for the product's appearance and consumer acceptance, considering that 

ham pieces are often sliced and portioned by supermarket staff members, who pack the 

product in plastic or styrofoam trays, covering them with cling film, thus remaining in an 



 

19 
 

oxygen-rich atmosphere. For storage periods score plots evaluated by factor 1, a 

segmentation of the samples was observed on day 0 compared to a period longer than 11 

days, mainly associated with the a* value increase for vacuum-packed samples and a 

slight b* value decrease for all samples. For factor 2, a segmentation of the samples at 

day 0 with the samples ranging between 1 and 8 days was observed. It appears to be 

linked to a slight decrease in L* value from day 1 until day 8. From day 11 onwards, it 

returned to values closer to those observed on day 0. 

 

4. Conclusion 

The hybrid ZNH-carmine dye obtained by cochineal carmine adsorption into the 

layered zinc hydroxide salt may be considered an efficient, viable, and safe replacement 

for the dyes commonly used in cooked hams, considering that the reddish-pink color was 

more intense in the sample added with ZNH-carmine. No color reduction was observed 

over the days, irrespective of it being vacuum-packed or not.  Meanwhile, the non-

vacuum-packed ham added with cochineal carmine significantly decreased the 

characteristic red color. 
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