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AbstractðColor is one of the most important 

quality attributes for the consumer when 

purchasing meat. High pressure processing (HPP) 

has the ability to preserve flavor and nutrients 

better than thermal processing. The effect of HPP 

on meat color is therefore an interesting area of 

research. In the present study, the effect of HPP on 

the color of pork longissimus dorsi (LD) was 

investigated via CIE 1976 L*a*b* values and 

reflectance spectra for pressures in the range 200-

800 MPa in combination with the effect of 

processing temperature (5 or 20 °C), during a 

storage period of six days after pressurization. 

There seemed to be a threshold at around 400 MPa. 

Samples treated at pressures above this threshold 

obtained almost similar L*a*b* values, being 

lighter, more red, and slightly more yellow than 

meat samples treated at lower pressures. HPP at 20 

°C compared to 5 °C resulted in meat samples 

which were less red and with a tendency towards 

being lighter in color. A clear effect of storage was 

seen, most notably within the first day of storage. 

From immediately after HPP to one day after 

treatment, samples became significantly darker, less 

red, and more yellow. The reflectance curves 

showed ï regardless of pressure and temperature of 

treatment ï that an unknown, short-lived 

myoglobin form with a peak at about 540 nm 

formed as a result of HPP.  The myoglobin species 

disappeared again within only one day of storage. 

There appeared to be a spectral shift of about 20 

nm downwards compared to oxyMb. Further 

investigations into the nature of this myoglobin 

compound are to be conducted in the near future. 
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I. INTRODUCTION 

IGH pressure processing (HPP) is an emerging 

technology in food science with a great potential 

within the area of meat science. The effect of HPP is 

different from that of thermal processing since HPP is 

said to affect only non-covalent bonds. The method 

thus has the ability to preserve flavor and nutrients 

while inactivating spoilage bacteria and pathogens.  

Color is one of the most important quality attributes for 

the consumer when purchasing meat [4]. The effect of 

HPP on meat color is therefore an interesting area of 

study. Meat color is determined by the amount and 

chemical state of the hemoproteins present as well as 

by the structure of the meat. The main hemoprotein in 

meat is myoglobin, which in raw meat is present in the 

three forms: the bright red oxymyoglobin (oxyMb), the 

purple deoxymyogloin (deoxyMb), and the brown 

metmyoglobin (metMb). The former two have iron in 

the ferrous (Fe2+) state, while metMb has iron in the 

ferric (Fe3+) state [3]. In fresh meat, there is a constant 

interconversion between the three myoglobin forms 

[3]. 

Meat color is traditionally measured by the tristimulus 

parameters L*a*b* in the CIE 1976 (Commission 

International de lô£clairage) color space. In this color 

space, L* designates lightness, positive a* values mean 

red, negative a* values green, positive b* values 

yellow, and negative b* values blue color [2]. Even 

though the L*a*b* values describe a specific point in 

the color space, they do not reveal the relative amount 

of each myoglobin species on the meat surface. This 

can be done using reflectance spectra.  

In this paper, the effect of HPP on the color of pork 

longissimus dorsi (LD) was investigated via L*a*b* 

values and reflectance spectra for a wide range of 

pressures in combination with the effect of processing 

temperature, and a storage period after pressure 

treatment. 

II. MATERIALS AND METHODS  

A.  Pork meat samples 

Four vacuum packed pork LD of normal pH were 

purchased from a local meat market (Inco, Cpenhagen, 

Denmark) on four different occasions, resulting in four 
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experimental runs with a total of 16 LD muscles. The 

meat was kept at 2 °C for three days until 

commencement of experiments. The LD muscles were 

trimmed from fat and epimysium. The middle part of 

each LD was then cut into ten slices of approximately 2 

cm in thickness. The samples were vacuum packed 

individually into vacuum bags. Samples were kept at 2 

°C in the dark for one day until HPP in order to 

promote development of deoxyMb. The initial color of 

the meat samples was expected to be more similar than 

without this day of storage prior to HPP. 

 

B.  High pressure processing 

One sample from each LD was randomly assigned to 

one of the nine pressure levels (200, 250, 300, 350, 

400, 500, 600, 700, and 800 MPa) and unpressurized 

control (0.1 MPa). The vacuum packed meat samples 

were submerged in the pressurizing chamber of a 

QUINTUS Food Processing Cold Isostatic Press QFP-

6 (Avure Technologies AB, Västerås, Sweden) with a 

pressure chamber of 0.9 L and a maximum operating 

pressure of 900 MPa reached in two minutes. The 

pressure transmitting medium was water thermostated 

at either 5 °C or 20 °C. Automatic depressurization 

took place after 10 minutes of HPP. 

 

C. Minolta color measurements 

Meat color of control and pressurized samples was 

measured using a Konica Minolta Spectrophotometer 

CM-600d and the corresponding Color Data Software 

CM-S100w SpectraMagicÊ NX (Konica Minolta 

Sensing, Inc., Japan). The instrument is capable of 

producing both the traditional L*, a*, and b* values as 

well as reflectance curves. Color was measured through 

the vacuum bags immediately after pressure treatment 

(day 0), as well as on days 1, 2, 3, and 6 of refrigerated 

storage (2 °C in the dark). Measurements were 

conducted five times on each sample on every 

occasion, and the average was used in the calculations. 

 

D.  Data analysis  

Statistical analysis was carried out with SAS version 

9.1 (SAS Institute Inc., Cary, North Carolina, USA). 

The mixed procedure was applied to calculate least 

squares means (LSM) and standard errors (SE) and the 

option Pdiff was used to calculate significant 

differences between LSM. The statistical model 

included treatment pressure, length of storage period 

(day), processing temperature and all two-way 

interactions as fixed effects and LD as random effect. 

With P < 0.05, the effect is considered significant, 

while 0.05 < P < 0.10 indicates a trend. After 

concluding that there was a clear effect of treatment 

(control vs. pressurized samples ï results not shown), 

control samples were omitted from further analyses. 

 

III.  RESULTS AND DISCUSSION 

Results of the analysis of variance are given in Table 1. 

 
Table 1.  Effect of pressure, day (storage), and temperature on L*, 

a*, and b* 

  

Variable P-value 

 L*  a* b* 

Day 0.0029 0.0001 0.0001 

Pressure 0.0001 0.0001 0.0001 

Temp 0.0519 0.0392 0.5156 

Day*Temp 0.0044 0.0001 0.1667 

Day*Pressure 0.8431 0.0001 0.0001 

Pressure*Temp 0.0001 0.0001 0.0095 

 

It is seen that lightness was affected by pressure and 

storage, and there was a trend towards an effect of 

processing temperature as well (higher temperature 

resulting in lighter meat samples). Significant 

interactions of temperature with both storage (Fig. 1) 

and pressure (Fig. 2) were observed. The L* value was 

significantly higher after HPP at 20 °C than at 5 °C 

immediately after pressurization. This difference was 

not seen during the following storage period (Fig. 1). 
An increase in L* up to 350 MPa, and a slight decrease after 400 

MPa was observed. Below 300 MPa, pressure was more 

significant for L* than temperature. Pressurization at 

20 °C resulted in significantly higher L* values than 5 

°C at 300-500 MPa and at 700 MPa (Fig. 2). 

 

 

 
 

Figure 1. L* value during storage after HPP at 5 and 20 °C. 

Significant difference (P < 0.05) between temperatures in L* is seen 

on the day marked with *. Pooled standard error = 0.53, n = 8. 
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Figure 2. Effect of pressure and temperature on the L* value. 

Significant difference (P < 0.05) between temperatures at the various 

pressure levels (average for all days) in L* is seen at the pressures 

marked with *. Pooled standard error = 0.54, n = 8. 

 

Redness was significantly affected by pressure, storage 

time, temperature, and their interactions (Table 1). 

Pressure increased a* with the most red samples at 

500-700 MPa. There was a decrease in a* with 

increasing storage time. A temperature increase caused 

a decrease in redness. The difference between 

temperatures in a* was significant only immediately 

after pressure treatment, not during storage, with 

samples pressurized at 5 °C having higher a* values 

(Fig. 3). Up to 400 MPa, there was a large effect of 

temperature on a*, but up to about 300 MPa, pressure 

was still very influential as seen from Fig. 4. 

 

 

 

 
Figure 3. Significant difference (P < 0.05) between temperatures on 

the different days of storage after HPP in a* is seen on the day 

marked with *. Pooled standard error = 0.18, n = 8. 

 

 

Figure 4. Significant difference (P < 0.05) between temperatures at 

the various pressure levels (average for all days) in a* is seen at the 

pressures marked with *. Pooled standard error = 0.18, n = 8. 

 

 

 

Yellowness was significantly affected by pressure. At 

200 MPa, b* was significantly lower than for the 

remaining pressures, with maximum b* being found at 

350-600 MPa (data not shown). Increasing storage time 

lead to an increase in b*, with maximum on days 3 and 

6. The interaction between pressure and storage time 

was also significant, as was the interaction between 

pressure and temperature (Table 1).  

 

Carlez et al. [1] found for minced beef, that L*-values 

increased significantly in the range 200-350 MPa, the 

meat going from red to pink. They suggested this 

whitening effect to be due to globin denaturation 

and/or heme displacement or release. At pressures of 

400 MPa and above, they saw a decrease in a*-values 

and the meat turning gray-brown. They ascribed this 

effect to be due to oxidation of ferrous myoglobin into 

the ferric metMb. The latter effect was not observed in 

the present study, probably because the starting point 

was with myoglobin mainly in the deoxy-form, which 

tends to give low a*-values. Furthermore, HPP of 

deoxyMb results in a bis-His coordinated ferrous 

myoglobin, which may result in different color changes 

than those caused by the formation of metMb [5]. The 

low myoglobin content in pork compared to beef may 

also be at least part of the reason why no change in a* 

is seen at the highest pressures in the present 

experiment. 

 

Fig. 5 shows the reflectance curves for meat samples 

treated at the various pressures at 5 °C on day 0, i.e. 

immediately after HPP, on a relative scale. Samples 

pressurized at 200 and 250 MPa were seen to stand out 

from the rest of the samples in that they had no peak at 

about 540 nm. For all the pressures where the peak at 

about 540 nm occurred, it was seen to have 

disappeared already on day 1 of storage, exemplified in 
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Fig. 6. The shape of the reflectance curve resembles 

that of oxyMb, but the maxima and minima have 

shifted (Fig. 6). 

 

 

 
Figure 5. Reflectance curves from 430 nm to 630 nm on a 
relative scale for all pressures (200-800 MPa) immediately 
after HPP at 5 °C. Similar curves were seen for samples 
pressurized at 20 °C. 
 

 

 

 
Figure 6. A typical reflectance curve on days 0 and 1, here 
seen for samples pressurized at 800 MPa and 20 °C. The 
reflectance curve for oxyMb is included as a reference. 

 

IV. CONCLUSION 

The effect of HPP on the color of pork LD was 

investigated via CIE 1976 L*a*b* values and 

reflectance spectra for pressures in the range 200-800 

MPa in combination with the effect of processing 

temperature (5 or 20 °C), and a storage period of six 

days after pressurization. There seemed to be a 

threshold at around 400 MPa. Samples treated at 

pressures above this threshold obtained almost similar 

color attributes in the form of lightness, redness, and 

yellowness. HPP at 20 °C compared to 5 °C resulted in 

meat samples which were less red and with a tendency 

towards being lighter in color. A clear effect of storage 

was seen especially within the first day. From 

immediately after HPP to one day after treatment, 

samples became significantly darker, less red, and 

more yellow. The reflectance curves showed ï 

regardless of pressure and temperature of treatment ï 

that an unknown, short-lived myoglobin form with a 

peak at about 540 nm formed as a result of HPP, but 

disappeared within only one day of storage. There 

appeared to be a spectral shift of about 20 nm 

downwards compared to oxyMb. Further investigations 

into the nature of this myoglobin compound are to be 

conducted in the near future. 
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AbstractðRed colour in nitrate-less dried hams is 

contributed by zinc protoporphyrin IX (ZPP) whose 

formation occurs at later stages of the curing 

process. In order to investigate the synthesis 

reaction as affected by a variety of substances either 

present in the meat or added as curing ingredients, 

a study was undertaken on the effect and behaviour 

of Zn-chelatase, and of commonly used additives 

such as sodium nitrate and ascorbate. Results 

suggest that formation of ZPP is encouraged by the 

enzyme, whose changes over the manufacturing 

time account for the final colour outcome. Of the 

two additives, nitrate inhibits the pigment whereas 

ascorbate enhances its formation, suggesting that 

colour development in nitrate-less dried meat can 

be affected by the chemical compounds used as 

curing adjuncts. 

 
Index Terms: dry cured ham, nitrate-less, colour, 

zinc-protoporphyrin, Zn -chelatase 

 

I. INTRODUCTION 

hereas the development of colour in dried hams 

relies typically on nitrite and/or nitrate, in dried 

Parma hams a stable red pigment is achieved 

by the addition of nitrite-less sea salt only [1]. Such 

pigment has been identified [2-4] as zinc-

protoporphyrin IX (ZPP) which would form within the 

muscle by zinc replacement of the iron in the heme 

ring. While the mechanism yielding ZPP is still to be 

clarified, its formation has been supposed to be 

supported by an endogenous enzyme such as Zn-

chelatase, whose activity has been reported in a variety 

of food substrates including raw meat [5]. However, no 

study has been focused on the activity of enzyme in the 

legôs muscles, nor on its changes during the 

manufacturing time of Parma ham, which is at least of 

one year. 

We have developed an assay procedure for the 

measurement of ZPP promoting activity in pork meat 

with the aim to  i) classify green legs for their Zn-

chelatase activity, ii) elucidate the formation of ZPP as 

affected by Zn-chelatase in individual muscles at 

various stages of Parma ham processing, and  iii) test 

several substances, amongst those typically used in the 

meat industry, for their effects on the enzyme activity. 

II. MATERIALS AND METHODS  

A. Samples 

Raw meat samples (N=138) from green thighs 

purchased from local manufacturers consisted in a slice 

of 1 cm thickness from the outer semimembranosus 

muscle. Additional samples (N=96) were obtained 

from hams at the following processing stages: green 

hams (prior to salting), end of resting phase (90 days 

after salting), mid-maturing (6-8 months), end of 

maturing (12 months) and after extensive ageing (18-

20 months). From these hams the following muscles 

were removed for analysis: biceps femoris (BF), 

semimembranosus (SM), outside semitendinosus (light 

ST), inside semitendinosus (dark ST) and rectus 

femoris (RF).  

In a subsequent experiment aimed at the effect of salt, 

nitrate and ascorbate on ZPP formation, N=48 raw legs 

were dry cured with either salt alone, or salt+ascorbate 

(500 mg/kg meat) or salt+nitrate (200 mg/kg meat). 

They were then processed according to procedures in 

use for traditional Italian dried hams and analysed for 

their ZPP content at several manufacturing times. 

B. Zn-chelatase activity assay 

Muscle extracts were prepared and assayed for Zn-

chelatase according to the method described by 

Benedini and others [6]. Trimmed muscle (8 grams) 

was homogenized with ice cold tris-HCl 20 mM, 

glycerol 20% w/v, KCl 0.8% w/v and Triton® X-100 

(Sigma-Aldrich, St.Louis, U.S.A.) 1% w/v. After 

stirring for 30 min at 4 °C, the homogenate was 

centrifuged (Avanti J-30I, Beckman coulter) at 15000 

× g for 10 min. Extraction was performed twice, final 

volume was 80 mL. The muscle extract was incubated 

at 37 °C, pH=7.0 for 45 min in the dark with ZnSO4  

-Aldrich) 50 ɛM, 

NaCl 4% w/v and adenosine 5ô-triphosphate 

dipotassium salt dihydrate (Sigma-Aldrich) 5 mM. 

Each extract was assayed against a blank obtained 

adding EDTA (1.75 mM) to the reaction mixture. After 

incubation, the enzymatic reaction was stopped by 

adding EDTA. The content of the tubes was combined 

1:1 with ethanol 96% (v/v) and the resulting solution 

centrifuged at 26000 × g for 10 min. Finally, the clear 
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supernatant was submitted to fluorescence analysis  

(500-700 nm), with excitation at 415 nm and emission 

at 590 nm. Each extract was assayed twice.  

C. Analysis of zinc-protoporphyrin IX (ZPP) 

Pigment extraction was performed according to the 

method of Wakamatsu and others [2] as adapted by 

Adamsen and others [7]. The trimmed muscle (10 

grams) was homogenized with 100 mL of cold 0.2 M 

phosphate buffer (pH 6.0) and the slurry centrifuged at 

20000 × g, 2 °C for 20 min. The supernatant was 

filtered through paper and the aqueous extract treated 

with acetone:water (3:1, v/v) then held on ice for 30 

min and filtered through paper. Zinc-protoporphyrin 

was determined fluorometrically (excitation at 415 nm, 

emission at 590 nm), with acetone:water (75:25, v/v) as 

the blank. Emission intensity was used as a 

measurement of the amount of ZPP in the extract [8-9]. 

III.  RESULTS AND DISCUSSION 

A. Classification of raw meat based on Zn-chelatase 

activity 

As shown in fig.1, Zn-chelatase in raw meat 

encompasses a broad range of values, ranging from 

values of slightly above zero to as much as 7 

units/gram dry matter. Such large differences suggest a 

specific attitude of individual hams to development of 

ZPP which might result in large inconsistencies in 

finished ham colour. It is to be noted that the enzyme 

assay in this part of the study was limited to an external 

muscle such as the semimembranosus, with no 

additional information on the other legôs muscles, 

namely the inner ones. Therefore a subsequent 

investigation was targeted to the relationships between 

enzyme activities in a variety of legôs muscles and their 

changes at various processing times. 

B. Zn-chelatase activity in green legs and cured 

hamôs muscles 

Zn-chelatase activities are reported in Fig.2A for 

each of the five muscles at several processing times. In 

raw thighs, major differences between muscles are 

found within the same leg, with dark ST significantly 

greater (P<0.05) than light ST. At successive stages 

enzyme activities in the BF are generally greater than 

in other muscles, with RF and light ST exhibiting 

lower values. Therefore the broad range of activities 

found in raw muscles indicate that Zn-chelatase is 

strictly dependent upon individual muscles even if they 

belong to the same primal cut [10].  

 

 

 

Figure 1 Distribution of Zn-chelatase activity levels, in 

units/gram of dry matter, in N=138 samples of outer 

semimembranosus muscle. 

This study was also aimed at the behaviour of the 

enzyme as affected by chemical changes occurring in 

the meat during maturation. Results in fig.2A show that 

there is considerable enzyme activity even after 18-20 

months of ageing, with average values of 0.88 

units/gram dried meat. This means that the meat has a 

potential to yield ZPP even at the latest steps of 

manufacturing.  This observation is in agreement with 

the increased (P<0.05) fluorescence (or ZPP) measured 

during the last stage of processing (ageing), when legôs 

muscles increase from 263.2 to 330.8 (Fig.2B).  

As shown in Fig 2A, the enzyme activity drops 

dramatically in the first three cold resting months, with 

an additional slight decrease over the remaining 

manufacturing time. This trend is not exactly the same 

for each muscle, since dark ST loses a total of 88% of 

its original activity, while BF and SM decrease 59% 

and 68% respectively, keeping greater residual activity.  

As a result, fluorescence values achieved in finished 

BF and SM (Fig.2B) are very similar to those 

developed by dark ST. Of the two remaining muscles 

(light ST and RF), both low in enzyme activities, the 

former exhibits less fluorescence whereas the latter 

displays eventually the same fluorescence as the 

average ham. Therefore, time-related changes in 

enzyme activity are supportive of a muscle-specific 

pathway to ZPP formation.  
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Figure 2  Time-related changes of A) Zinc-chelatase 

activity (units/gram dry matter) and B) Fluorescence 

emission intensity (fluorescence units/gram dry matter). 

It is noteworthy that ZPP forms late in the 

manufacturing time (fig. 2B), as shown by the increase 

of fluorescence occurring only after the 

accomplishment of the resting stage or after 3 months 

of curing. This means the pigment could not form until 

the temperature was kept at 1-3°C (salting and resting 

phases), while it increased sharply when the hams 

when allowed to mature at 15-18°C. This finding is 

supportive of an enzyme-based reaction leading to 

zinc-protoporphyrin, where the enzyme needs mild 

temperatures to be activated. 

C. Zn-chelatase activity as affected by curing agents  

The ZPP-promoting activity in the muscle extract was 

assayed in the presence of substances which are 

commonly used as ingredients or additives in dry cured 

meats. Results, reported (Table 1) in activity units vs. 

concentration of the added compounds, indicate that 

salt in the range 0-80 mg/l enhances the enzyme, while 

sodium nitrate has no effect. Sodium ascorbate 

promotes the enzyme when at 500 mg/l, whereas 

glucose has no influence at any of the concentrations 

tested (0-1000 mg/l). Finally, pH changes over the 

range 5.5-7.5 were investigated, resulting in apparent 

decrease of activity at augmented pH values. 

D. Effect of curing-agents on ZPP formation in dry 

cured hams.  

The effect of curing agents selected amongst those 

commonly used in dry curing of hams was investigated 

by treating raw legs with either sea salt (no additives 

added) or sea salt+ascorbate (500 mg/kg meat) or sea 

salt+nitrate (200 mg/kg meat). Data, graphically 

reported in fig. 3, demonstrate that ascorbate plays a 

positive role on the synthesis of ZPP [11], in 

accordance with previously shown results from model 

system testing (tab. 1). In contrast, nitrate-added hams 

exhibit lower pigment content (P<0.05) at later 

processing stages compared with both their nitrate- and 

salt-treated counterparts. This finding fails to match 

model system observations (tab. 1) where nitrate was 

found ineffective. One reason might be that nitrosyl 

oxide, which is reportedly the key molecule in ZPP 

inhibition [12] can be delivered by nitrate in real hams 

but not in a short-terming model system.  

 

Table 1. Zn-chelatase (activity units/gram dry matter) in 

fresh meat extracts added with curing agents. Mean values of 

4 replicate analyses. 

Curing agents 
Concentration in 

the extract 
Zn-Chelatase  

activity units (st. dev.) 

Sodium Chloride 0 g/l 0.60 (0.12)a* 
 20 g/l 1.34 (0.13)b 
 40 g/l 2.00 (0.23)c 
 60 g/l 2.60 (0.26)d 
 80 g/l 3.04 (0.21)e 

Sodium Nitrate 0 mg/l 2.05 (0.13) 
 50 mg/l 2.13 (0.26) 
 150 mgl 1.99 (0.24) 
 300 mg/l 1.92 (0.18) 

Sodium Ascorbate 0 mg/l 2.13 (0.25)a 
 100 mg/l 2.39 (0.25)a,b 
 300 mg/l 2.42 (0.30)a,b 

 500 mg/l 2.57 (0.30)b 

Glucose 0 mg/l 1.03 (0.04) 
 200 mg/l 0.99 (0.08) 
 500 mg/l 1.03 (0.12) 
 1000 mg/l 0.86 (0.10) 

pH 5.5 1.37(0.14)a,b 
 6.0 1.49 (0.14)a 

 6.5 1.14(0.01)b 
 7.5 1.06 (0.01)c 

* for each substance, values with different superscript 
letters are significantly different (P<0.05). 
 
 



 

Proceedings:  588 

The 55th International Congress of Meat Science and Technology (ICoMST), Copenhagen, Denmark, 16-21 August 2009     

 
Figure 3.  Time-related changes of ZPP (fluorescence 
units/gram dry matter) in hams added with either salt, 
or salt+ascorbate, or salt+nitrate. 

 

IV. CONCLUSION 

Results from this research indicate that Zn-

protoporphyrin (ZPP) is promoted by Zn-chelatase 

acticity in the muscle. Changes in the enzyme activity 

during processing account for final colour outcome, 

with hams exhibiting better colour consistency in dried 

than in green muscles. The combined effect of the 

enzyme and of an external additive such as ascorbate 

would deserve further investigation in order to enhance 

the formation hence redness of nitrate-less dried pork 

meat. 
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Abstract - Our objective was to determine the effects 

of packaging and lactate on premature browning in 

ground beef. Each of eight coarse ground beef (85% 

lean) chubs was divided into two batches of 2.25 kg. 

Potassium lactate was added to one 2.25-kg batch 

per chub in order to obtain a final concentration of 

2.5% w/w. The other 2.25 kg batch per chub 

received only distilled water. Each batch was mixed 

and then finely ground through a 4.8-mm plate. 

From each batch, patties (100 g, 10 cm diameter) 

were assigned to either vacuum, high-oxygen, or 

aerobic packaging, and stored in the dark at 2°C for 

2 or 4 days prior to cooking (endpoint temperature 

of 66°C or 71°C). Cooked patties were sliced 

parallel to the grilled surface, and CIE a* values 

were evaluated on the freshly exposed interiors. 

Lactate increased (P < 0.05) redness of raw ground 

beef compared with controls. However, lactate had 

no effect (P > 0.05) on a* values of cooked ground 

beef. Increasing endpoint temperature from 66° to 

71°C decreased (P < 0.05) a* values in cooked 

ground beef in aerobic and vacuum packaging, but 

had no effect (P > 0.05) on ground beef packaged in 

high-oxygen. High-oxygen packaging increases the 

likelihood of premature browning in ground beef 

compared with vacuum and aerobic packaging.   
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Index Terms ð Cooked color, Ground beef, High-

oxygen packaging, Lactate, Premature browning.  

 

I. INTRODUCTION 

Heat-induced denaturation of myoglobin is responsible 

for the characteristic dull-brown color of cooked meat 

products. Unfortunately, the denaturation temperature 

for myoglobin depends on several factors, and 

therefore, the relative appearance of cooked product is 

not necessarily a reliable indicator that ground beef has 

been pasteurized [1].  

Although ground beef should be cooked to an internal 

temperature of 71°C [2], consumers generally do not 

use meat thermometers and assume that a brown color 

in the interior of beef indicates that the product has 

reached a temperature sufficient to inactivate 

foodborne pathogens. However, premature browning 

(PMB) is a condition in cooked beef in which 

myoglobin denaturation occurs at a temperature lower 

than necessary for pasteurization. This falsely conveys 

that thermal pasteurization has been achieved.  

The redox state of myoglobin determines its resistance 

against heat-induced denaturation, with 

deoxymyoglobin being most resistant and 

metmyoglobin least resistant [3]. Thus, packaging 

plays a role in cooked color. For example, the tendency 

of beef to brown prematurely is greater in high-oxygen 

packaging (80% oxygen) than in traditional over-wrap 

packaging [4-6]. 

Lactate is an ingredient often used in case-ready beef 

processing. Although a significant amount of research 

has focused on lactateôs role in raw color, no research 

has assessed the ingredientôs effect on cooked ground 

beef color, especially when combined with high-

oxygen packaging. Thus, our objective was to 

determine the combined effects of packaging and 

lactate on premature browning in ground beef.  

II. MATERIALS AND METHODS  

Each of eight coarse ground beef (85% lean) chubs was 

divided in half, resulting in two batches of 2.25 kg per 

chub. Potassium lactate was added to one 2.25-kg 

batch per chub in order to obtain a final concentration 

of 2.5% w/w. The other 2.25 kg batch per chub was 

used as a control and received only distilled water. 

Each batch was mixed and then finely ground through 

a 4.8-mm plate. From each 2.25-kg batch, 14 patties 

(100 g, 10 cm diameter) were assigned to 1 of 7 

packaging x storage time combinations: (1) day 0, prior 

to storage and packaging; (2) 2 days of storage in 

vacuum; (3) 2 days of storage in high-oxygen; (4) 2 

days of storage in aerobic packaging; (5) 4 days of 
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storage in vacuum; (6) 4 days of storage in high-

oxygen; (7) 4 days of storage in aerobic packaging. 

Therefore, 2 patties per batch were assigned to each 

packaging x storage combination. Of the two patties, 

one was later assigned to an internal endpoint 

temperature of 66°C and the other was assigned to 

71°C. High-oxygen packaging (Hi-Ox) consisted of 

80% O2 + 20% CO2 and aerobic packaging (PVC) 

consisted of oxygen-permeable polyvinyl chloride film. 

Packages were stored in the dark at 2°C for either 2 or 

4 days prior to instrumental raw color analyses and 

cooking.  

The raw surface color of each patty was determined on 

days 0, 2, and 4, immediately after packages were 

opened. CIE a* values were measured using a 

HunterLab MiniScan XE Plus spectrophotometer with 

a 2.54-cm diameter aperture and illuminant A [7].  

Patties were cooked to internal temperatures of 66°C or 

71°C using a George Foreman clam-shell grill. Internal 

temperature was monitored using a handheld probe 

thermometer inserted into the geometric center of each 

patty. Cooked samples were removed from the grill and 

submerged in ice to minimize post-cooking 

temperature rise. Cooked patties were sliced parallel to 

the grilled surface, and CIE a* values were evaluated 

on the freshly exposed interiors. 

The experimental design for cooked color was a split-

split-plot with a randomized complete block in the 

whole-plot (n = 8). Each chub served as a block and 

each chub half received one of two lactate treatments 

(0 or 2.5%). Within the sub-plot, patties were assigned 

to 1 of 14 packaging x storage time x endpoint 

temperature combinations. Data were analyzed using 

the Mixed Procedure of SAS [8]. Fixed effects 

included lactate, packaging, storage time, endpoint 

temperature, and their interactions.  

III.  RESULTS AND DISCUSSION 

There were no significant 4- or 3-way interactions 

for a* values of raw and cooked ground beef. There 

was a significant packaging x lactate and packaging x 

storage time interaction for raw color. In addition, there 

was a significant packaging x lactate and packaging x 

endpoint temperature interaction for cooked color.  

Lactate increased (P < 0.05) redness of raw ground 

beef compared with controls (Table 1). In addition, raw 

ground beef packaged in either PVC or high-oxygen 

had more discoloration during storage than ground beef 

packaged in vacuum (Table 1).  

Increasing endpoint temperature from 66° to 71°C 

decreased (P < 0.05) a* values in cooked ground beef 

packaged in PVC and vacuum, but had no effect (P > 

0.05) on ground beef packaged in high-oxygen (Table 

2). Lactate had no effect (P > 0.05) on a* values of 

cooked ground beef.  

Our results are in agreement with previous research 

suggesting a beneficial effect of lactate on raw beef 

color [9]. However, the effects of lactate on raw color 

were not reflected in our cooked color data.   

High oxygen packaging creates a thick layer of 

oxymyoglobin. However, the temperature at which 

oxymyoglobin denatures is less than the temperature at 

which deoxymyoglobin denatures. This was reflected 

in our cooked a* values, where increasing endpoint 

temperature had no effect on redness of ground beef in 

high-oxygen.  

IV. CONCLUSION 

Lactate can be used to improve raw ground beef 

redness without influencing cooked color. In addition, 

high-oxygen packaging increases the likelihood of 

ground beef premature browning compared with 

vacuum and oxygen-permeable PVC.   
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Table 1: Characterization of raw ground beef surface redness (a* value): Effects of lactate1, packaging2, and storage time at 2°C. 

 

 Packaging1 

Enhancement Aerobic PVC Hi-Ox Vacuum 

Control 13.0a 20.4b 16.7c 

Lactate 19.0a 23.0b 20.3a 
P-value3 <0.05 <0.05 <0.05 
SE 0.58 0.58 0.60 

    
Storage time (d)    

0 19.5 19.5 19.5 

2 18.3a 21.2b 24.2c 
4 11.1a 10.8a 19.2b 
SE 0.58 0.58 0.60 

 
1 Treatments include control ground beef without added lactate and ground beef with a final concentration of 2.5% lactate. 
2 Modified atmosphere packaging: Hi-Ox = 80% O2 + 20% CO2.  
3 P-value for control versus lactate comparisons within a packaging type. 
SE = Standard error of the mean. 
a-c Least square means within a row with a different letter are significantly different (P < 0.05). 

 

 

 
Table 2: Characterization of cooked ground beef internal redness (a* value): Effects of lactate1, packaging2, and endpoint 
temperature. 
 

 Packaging2 

Endpoint temperature (°C) Aerobic PVC Hi-Ox Vacuum 

66 13.3a 10.8b 16.9c 
71 11.9a 10.5b 14.5c 

P-value3 <0.05 0.51 <0.05 
SE 0.23 0.24 0.26 

    
Enhancement    

Control 12.8a 10.7b 15.4c 

Lactate 12.4a 10.5b 15.9c 
P-value4 0.30 0.65 0.33 
SE 0.2 0.2 0.3 

 
 
1 Treatments include control ground beef without added lactate and ground beef with a final concentration of 2.5% lactate. 
2 Modified atmosphere packaging: Hi-Ox = 80% O2 + 20% CO2.  
3 P-value for endpoint temperature comparisons within a packaging type.  
4 P-value for control versus lactate comparisons within a packaging type.  
SE = Standard error of the mean. 

a-c Least square means within a row with a different letter are significantly different (P < 0.05). 
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Abstract - During development stages of new meat 

products and during production stages, the 

innovative product developer is faced with several 

challenges. The main challenge is to develop a new 

meat product, but keep, or even improve the 

product to meet consumer desires on: texture, taste 

and health benefits. This is a difficult task because 

pork meat products are a complex mix of proteins 

(myosin, acto-myosin, collagens), fats, water, salt 

and other functional ingredients. In order to have a 

framework to better understand the interactions in 

meat and meat products, the key protein fractions 

have been researched. The results obtained by a 

stepwise unravelling of the techno-functional role of 

each fraction, suggests that meat is a multiple 

protein phases material.  
 
Author: Dr. Clyde Don is owner of Foodphysica a food & technology 

consulting firm. Vogelwikke 12, Driel, The Nertherlands (phone: 
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Index Termsðinteractions, food physics, product 

development, rheology, texture  

I. INTRODUCTION 

Meat and meat products are a complex mix of proteins 

like: myosin, acto-myosin, collagens etc.. At a certain 

stage in the production chain, so-called ñlivingò muscle 

turns into meat. Most enzymatic / biochemical 

processes act on certain proteins or a protein chain 

when muscle becomes meat. In simple physics these 

reactions take place on a molecular level, moreover it 

often involves the modification of certain biochemical 

bonds [1]. It is also clear we can measure for instance 

pH drop and conclude that this is a result of lactic acid 

production. As pH is ïwith some effort- a measurable 
parameter it is often seen as an important predictor of 

quality. However, still we are faced with varying meat 

protein functionality or more generic: a large variation 

in meat protein quality. Mostly expressed as perceived 

quality when eating the meat product: tender, dry, 

juicy, tough, rubbery, heterogeneous (particles of fat 

and protein). Or expressed as  ñpoor functionalityò for 

further processing into sausages, dried or cooked hams, 

diced pork meat, minces and patties. In the practicality 

of the real world we observe macro level differences 

and label/rank them, for instance in pork we have PSE 

and DFD. These are clearly ñtextbookò extremes and 
the majority is in middle of these extremes, but meat 

and meat protein sources are applied in large quantities 

in industrial processing. By definition, meat is nothing 

less than an industrial protein, a commodity. Industrial 

proteins have one or more specific functional property, 

their market value is largely determined by 

functionality [2]. Protein functionality is of a physical 

or physico-chemical nature. Especially for the large 

meat proteins the key interactions take place at the 

meso-scopic level, sometimes also called protein 

aggregate level. In food physics there are certain 

classes of functionality: 

 Solubility / dispersability 

 Gel formation 

 Texturisation (heat or acid-induced) 

 Adhesiveness 

 Stabilising emulsions and suspensions 

 Foam formation 

Ideally a valuable industrial protein has 2 or more of 

the functionalities mentioned. Predicting protein 

functionality / meat protein quality for end-use  

purposes is important. This warrants the set-up of 

systematic functionality testing of the most important 

protein classes and a framework that helps to better 
understand interactions. 

II. MATERIALS AND METHODS  

 

Porcine MDM 

Mechanically deboned pork meat (MDM) was used as 

an explorative model system for lightly to heavier 

processed pork meat and pork meat products. Lean 

pork MDM was used to obtain three fractions: 1) 

myofibrillar fraction, 2) collagen-rich fraction and 3) 

sarcoplasmatic fraction. 

 

Washing and seperation  procedure step 1 

Cold water (5°C) with 0.6% NaCl and buffered at pH 7 

was used to wash the MDM. By mechanical stirring 

~1kg MDM was dispersed into 2L of aqueous solution. 

Pork fat creamed up to the surface, the fat was 

skimmed and collected.  With the first washing 

followed by centrifugation using a MSE centrifuge 

equipped with four max. 1L buckets (3000 rpm). 

Liquid with soluble sarcoplasmatic proteins was 

carefully poured from the protein sediment.  

 

Washing and seperation  procedure step 2 

The collected sediment from step 1 was dispersed in 2L 

of washing solution. Now a simple kitchen sieve was 

used to separate crude collagen material from the 

soft/pasty myofibrillar material. By pouring the 

dispersed proteins over the sieve, the myfobrillar 

protein fraction passed through the sieve, the collagen 

material remained behind. Further rinsing of the 

collagen material resulted in the collection of whitish 
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fibrous collagen material. In order to collect the 

myofibrillar fraction a 2nd centrifugation was required. 

This resulted in a sediment containing (light) pink 

coloured myofibrillar protein. 

 

Functionality testing and functional mapping/indexing 

Solublity was assessed at pH 6, 2% protein and 2% 

NaCl. After solubilisation in a 50mL tube (Greiner) the 

solution was centrifuged. The indexation was 100 ï 

wt% insoluble, ranking 0 ï 100 for non-soluble to 

completely soluble. 

 

Emulsion quality was assessed by stepwise addition of 

pork fat and blending on a kitchen blender (Moulinex). 

As a crude estimation the maximal wt% of fat that 

could be emulsified, (visual inspection) was noted as 

the emulsion functionality index 

 

Gelforming/aggregation was assessed by blending to 

~10% protein content and 2% salt ñbrineò. Transferring 

the protein mass into a tube and cooking for 30 minutes 

at 90°C. After cooling the gels / aggregates were 

studied. Strength was determined by a penetration test 

(cone) of 2 cm high slices. For the index strength: (10 ï 

penetration in mm) times 10. 

Elasticity index by measuring the Gô / Gò of the gels on 

a Bohlin rheometer and manually. 

 

Cook loss was determined after the heat gelation by 

weighing the % of liquid lost: index the wt % of liquid 

collected.  

 

Texture and colour were assessed by sensorial testing: 

texture/bite by taking a ñfirst biteò, colour by 

comparing with a white tile  (L=100, Hunter) and 

scoring the gel. 

Most of the functionality tests used here, are 

modifications of some of the basic tests that are also 

described in ref. [3]. 

III.  RESULTS AND DISCUSSION 

The 3 fractions obtained from pork MDM were tested 

for functionality. Functionalities were ranked in a 

functional mapping a schematic.  Figs 1 - 3 

respectively show the functionality map of the: 1) 

myofibrillar fraction, 2) collagen fraction and 3) 

sarcoplasmatic fraction. It is clear from figure 1 that the 

muscle proteins have a broad scope of functionalities, 

however there is some tendency to high 

elasticity/rubberiness. Typically the myofibrillar 

fraction forms lightly coloured aggregate/particle gels.  

The collagen fraction (fig 2) shrinks with cooking, 

hence a lot of moisture is squeezed out (cook loss). 

Contrary to the collagen derived product gelatin, this 

crude collagen is not a good hydrogel. Interesting of 

collagen is the strength and effect on bite. Perhaps a bit  

 
Figure 1 Functionality of the myofibrillar fraction 

 

 
Figure 2  Functionality of the collagen fraction 

 

 

tough on first bite, but the collagen material appeared 

to have a texture feature that is not found in the 

myofibrillar gel systems.With further thermo-

mechanical processing and in a more acidic 

environment collagens swell, soften, and interact 

forming networks.  Under these conditions collagens 

may form a more opaque to semi-transparent gel. In 

contrast with earlier opinion on collagens, further 

processing and swelling could convey interesting 

texture/functional properties that used to be ascribed to 

muscle protein functionality. The sarcoplasmatic 

proteins show hardly any functionality, only small 

precipitating aggregates are formed when these salt 

(0.6% NaCl) soluble proteins are heated. Clearly, with 

the conditions used, the sarcoplasmatic protein 

fractions seem to have poor functionality as compared 

to myofibrillar proteins.  
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Figure 3  Functionality of the sarcoplasmatic 

fraction 

 

 

Although when combined it may appear that the 

properties of small sarcoplasmatic protein aggregates 

add to the total picture. 

For an example by forming loose particle networks in 

the liquid phase of cooked meat/meat products. 

Perhaps aiding resistance to cook loss and adding to the 

overall texture (e.g. juiciness).  Although sometimes 

suggested, our functionality tests did not reveal an 

important role of SH ï S-S chemistry in 

texture/aggregate formation of the three protein 

fractions studied here. This points to only physical 

interactions like H-bonds, hydrophobic stabilisations, 

v/d Waals forces, ionic bonds as being responsible for 

the macro-properties of meat and meat products [4]. 

This is in agreement with the earlier proposed approach 

of the multiple protein phases model [5]. 

 

Highly schematic, the direction of perceived 

macroscopic product differences is suggested in figure 

4. Using a ternary diagram a functional mapping 

technique can be developed including the three protein 

phases. Here contrary to theories that focus on a single 

protein class, the three protein phases have been taken 

into account. The schematic can be used as a 

framework for new product development or help to 

unravel the pork meat protein functionality puzzle. 

 

 
Figure 4 Schematic of a multiple phase approach 

 

IV. CONCLUSION 

Contrary to common practice, it was shown that the 

three main protein fractions in pork meat, each have a 

distinct functionality profile. Interactions of the 

sacroplasmatic proteins, collagens and myofibrillar 

proteins are the key to meat protein functionality and 

meat product quality. This is in agreement with 

approaches that consider (pork) meat as a multiple 

protein phases system. By unravelling the full scope of 

interactions between the multiple protein phases, our 

understanding of factors affecting meat quality can be 

improved.  
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AbstractðLean minced chicken meat batters were 

prepared with modified starch, soy proteins or 

phosphate as well as their combinations; all 

evaluated in a high water added meat system. Both 

starch and soy reduced cook loss by about 50%. 

When combined, an 85% reduction was observed. 

The latter was similar to phosphate addition by 

itself. When all three added, cook loos was virtually 

eliminated. Starch did not affect productôs 

hardness, whereas soy increased it by 50% and 

phosphate doubled it. Cohesiveness, showed a 

similar trend. Employing a controlled stress 

rheometer to continuously monitor the heating and 

cooling processes, also revealed that the treatment 

with soy, phosphate and starch produced the 

highest storage modulus values. The microstructure 

of the soy added treatment showed soy protein 

islands which most probably helped to re-enforce 

the structure. In the starch added treatment, the 

swelled gelatinized granules which helped retain the 

moisture were clearly visible. The phosphate added 

treatment produced the most dense microstructure 

compared to all the other treatments including the 

control.   

 
S. Barbut is with the University of Guelph, Food Science 

Department, Guelph, ON, CANADA, N1G 2W1 (519-824-4120 ext. 

53369; fax: 519-824-6631; e-mail: sbarbut@uoguelph.ca).    

 

Index Termsðmeat, microstructure, poultry, 

protein, soy, texture.   

I. INTRODUCTION 

The meat industry is employing various non-meat 

additives, such as vegetable proteins and starches to 

improve texture, moisture retention, and control cost. 

(1). Current changes include consumer demand for low 

fat meat products that taste good. In most cases extra 

moisture is part of the formulation, and therefore it is 

important to find ingredients that would contribute to 

moisture retention. Overall, water is a major 

constituent of lean meat (~ 70 %) and the ability of a 

meat product to retain its own and additional moisture 

is very important. This is especially true when the 

product is heated and the moisture retention of meat 

proteins is significantly reduced.  The additives must 

be compatible with the meat proteins otherwise they 

disrupt the structure and can also lower yield.  

Beuschel et al. (2) indicated that the contribution of 

whey protein concentrate to a meat system depends on 

the meat pH, solubility of the whey protein, and 

heating temperature.   

 

They reported that gel hardness increased as whey 

protein solubility decreased at pH 6.0, 7.0 and 8.0, 

when heated to 65°C; however the opposite trend was 

observed when heated to 90°C. These authors and 

others have indicated that in order to optimize the 

contribution of non-meat ingredients, and balance 

benefit vs. cost, it is essential to understand the 

interactions within the meat system. Soy proteins are 

composed of the two major proteins, ɓ-conglycinin 

(7S) and glycinin (11S) (3). It has been reported that 

the 7S and 11S denatured around 75 °C and 90°C, 

respectively, thus preventing regular soy proteins from 

undergoing sufficient structural changes under 

common meat processing conditions. Therefore, 

commercially manufactured soy proteins are often 

subject to certain denaturing conditions during 

preparation (e.g., high temperature and severe alkaline 

conditions) which influence their functional properties . 

These proteins are usually modified to allow them to 

interact with other ingredients (4). Parks and Carpenter 

(5) and Lin and Mei (2000) indicated that soy proteins 

can improve emulsifying capacity and emulsion 

stability in meat products. Emulsifying properties of 

soy proteins varying in fiber content, positively 

correlated with protein and negatively with fibre 

content. The objective of this study was to evaluate the 

combined effects of using starch, soy protein and 

phosphate on enhancing yield, texture, color and 

microstructure of lean chicken breast meat batters.  

 

II. MATERIALS AND METHODS 

A. Meat and Meat Batter Preparation  

Chicken breast meat was used after removing all 

connective tissue.  The meat was chopped in a bowl 

chopper, packed under vacuum and frozen.  Each 

treatment consisted of lean meat and one or a few of 

the following non meat ingredients: high functionality / 
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high gelling soy protein isolate (SPI), modified waxy 

maize starch, salt, tripolyphosphate (TPP) and water.  

The SPI was added at a 2% protein level.  Starch was 

added at a 1% level and TPP at 0.25%.  Salt was added 

(2.5%) to all treatments to duplicate the common level 

used by the industry. Water (50%) was added to bring 

the meat protein level to 14%.   

B. Cooking and Cook Loss  

Three 35 g portions were cooked in test tubes and 

centrifuged to remove small air bubbles.  Tubes were 

heated (30 to 72°C) in a water bath within 1.25 h, 

followed by cooling.  Cook loss was determined as the 

amount of liquid released.   

C. Texture Analysis  

Texture profile analysis (TPA) parameters were 

determined using six center cores per treatment, which 

were compressed twice to 75% of their original height 

by a texture analyser (TA.XT2, Stable Micro Systems, 

Texture Technologies Corp., Scarsdale, NY) 

employing a moving flat plate descending at 1.5 mm/s.  

The TPA parameters of fracturability, hardness, 

springiness, cohesiveness, and chewiness were 

determined .   

D. Rheology  

A controlled stress rheometer (Bohlin Inst. Model 

CS50, Cranbury, NJ, USA) was used.  Samples were 

loaded into the cup, covered with a thin layer of 

mineral oil to prevent dehydration.  Temperature was 

increased from 30 to 75°C, and then cooled back to 

30°C.  Changes of storage modulus (G&#61602;) were 

recorded. The storage modulus is directly proportional 

to the amount of structure in a material since the 

greater the structure the greater its ability to store 

energy, and it is, therefore, related also to the elastic 

behaviour of the material.   

E. Microstructure  

Samples were cut from the centers of cooked meat 

batters and fixed in 10% formalin for 10 h, dehydrated 

with a series of increasing alcohol solutions. Samples 

were later embedded in paraffin, cut into 4-6 ïɛm thick 

sections, stained with Hematoxylin/Eosin for proteins, 

and Periodic Acid Schiff for carbohydrates.   

F. Color  

A color-meter (Minolta Spectrophotometer with a 

window diameter of 10mm (illumination D65, observer 

10°) was used to evaluate three freshly cut surfaces 

from each cooked sample, to obtain the CIE L* 

(lightness), a* (redness) and b* (yellowness) values.   

G. Statistical Analysis  

The experiment was designed as a complete 

randomized block, with three separate replications. 

Statistical analysis was performed using a software 

package (sas version 8.02, sas institute, Cary, NC, 

USA). 

III.  RESULTS AND DISCUSSION 

Adding soy protein or modified starch to the lean meat 

batter reduced cook loss by about one half (Table 1).  

However, when used together, an 85% reduction in 

cook loss was observed.  The main reason was that 

both ingredients contribute to water holding.  The 

modified starch is designed to bind water at low 

temperature.  This is unlike regular starch which does 

not get to gelatinize prior to the final cooking 

temperature of about 70°C (i.e., a common temperature 

for sausage processing).  Actually, this is the reason for 

using modified starches in various further processed 

meat products (additional discussion on the 

microstructure to follow). Phosphate addition by itself 

reduced cook loss by about 80% (Table 1).   

 

This is due to phosphate ability to extract myofibrular 

proteins and act synergistically with sodium chloride 

(7,8).  The combination with regular starch and SPI 

basically eliminated cook loss.  Overall, this combined 

effect is what the industry is looking for since there are 

several regulatory and economic restrictions 

concerning the use of different non-meat ingredients 

(e.g., maximum of 0.5% phosphate regulation where 

allowed; cost of modified starch). The textural 

characteristics of the cooked meat batters were 

evaluated by texture profile analysis (TPA) tests.  The 

results show that adding SPI increased hardness by 

50%.  Using modified starch resulted in significantly 

lower hardness and cohesiveness values.  Examining 

the microstructure of this treatment helped to shed 

some light on the effect of the modified starch in the 

cooked batter.  Overall, the presence of swollen 

gelatinized ñstarch islandsò appears to be the reason for 

the lower hardness value, as these ñstarch islandsò form 

soft spots within the gel structure.  When starch and 

SPI were added together, hardness and cohesiveness 

values stayed similar to the SPI treatment (i.e. unlike 

the effect on cook loss previously discussed).  

Phosphate addition significantly increased hardness 

and cohesiveness values above the SPI. This phosphate 

effect (resulting from extracting additional myofibrular 

proteins and acting synergistically with sodium 

chloride) has been previously reported by Whiting (8). 
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Using phosphate, starch and SPI together showed the 

same overall trend as using phosphate by itself.   

 

The hardness value was actually twice as high as the 

control or the starch treatment by itself.  This is an 

indication that even though the gelatinized ñstarch 

islandsò were present, the protein matrix was much 

firmer due to phosphate addition.  Overall, phosphate 

addition consistently improved all textural parameters 

and as in the case of reducing cook loss, phosphate use 

is recommended in this meat system. The 

microstructure of the control finely chopped lean meat 

batter showed a typical structure of minced muscle 

fibers embedded in a protein matrix (9).   

 

The matrix was composed of the salt soluble proteins, 

which forms a fairly rigid gel upon heat induced 

gelation.  The treatment with modified starch showed 

starch granules dispersed within the protein matrix.  

The size (25-50&#956;m) and shape were typical of 

gelatinized starch granules.   

 

As discussed earlier, these granules are helpful in 

trapping water and this was reflected in the low cook 

loss result.  When phosphate was added, a denser meat 

protein matrix was formed.  Cook loss was also 

lowered by TPP addition; more than by starch or SPI 

(Table 1).  Adding phosphate with starch and SPI 

showed a dense structure in which small soy protein 

particles and gelatinized starch granules were 

distributed. Following the changes in the storage 

modulus (G&#61602;) provided more insight into the 

contribution of the different ingredients to texture 

development (Fig. 1).   

 

The control treatment showed a typical structure 

development curve once the myofibrular proteins 

started to denature at around 48°C (10).  With further 

temperature increase, more proteins started to gel, at 

about 60°C, and continued to do so up to 72°C.  

Similar curves have been published by (11).  The use 

of starch caused an upward shift in the G&#61602; 

values starting at 30°C and going all the way to 75°C.   

Adding phosphate increased the storage modulus 

values above 40°C.  This was a distinct phosphate 

effect, where G&#61602; increased much faster than in 

the other treatments (Fig. 1).  This was most probably 

due to more protein extracted and consequently 

contributing to higher G&#61602;. The higher 

G&#61602; values continued up to the end of cooking. 

The color was not much affected by the treatments 

(Table 1).   

 

IV. CONCLUSION 

The information presented points out the importance of 

using a combination of non-meat ingredients to 

optimize yield and texture of a lean poultry meat batter 

prepared with salt, phosphate, starch and soy proteins.  

 

ACKNOWLEDGEMENT 

The contribution of the Hannam Soy Utilization Fund 

and the Ontario Ministry of Food and Agriculture are 

highly appreciated.  

 

REFERENCES 
[1] Kerry, J. F., Morrissey, P. A., & Buckley, D. J. 

(1999). The rheological properties of exudates from cured porcine 

muscle: effects of added polysaccharides and whey 

protein/polysaccharide blends. Journal of the Science of Food and 

Agriculture, 79, 1260-1266.   

 

[2] Beuschel, B. C., Partridge, J. A., & Smith, D. M. 

(1992). Insolubilized whey protein concentrate and/or chicken salt-

soluble protein gel properties. Journal of Food Science, 57, 852-855.   

 

[3] Fukushima, D. (2004). Soy proteins. In R. 

Y.Yada, Proteins in food processing (pp.123-145). Cambridge, 

England: Woodhead Publishing Ltd.   

 

[4] Kilara, A. (1995). Interactions of ingredients in 

food systems: an introduction. In A. G. Gaonkar, Ingredient 

interactions: effects on food quality, (pp.1-12). New York: Marcel 

Dekker, Inc.   

[5] Parks, L. L., & Carpenter, J. A. (1987). 

Functionality of six non meat proteins in meat emulsion systems. 

Journal of Food Science, 52(2), 271-274.   

 

[6] Lin, K. W., & Mei, M. Y. (2000). Influences of 

gums, soy protein isolate, and heating temperatures on reduced-fat 

meat batters in a model system.  Journal of Food Science, 65(1), 48-

52.    

 

[7] Barbut, S. (2006). Effect of caseinate, whey and 

milk powders on the texture and microstructure of emulsified 

chicken meat batters. Food Science and Technology, 39, 660-664.   

 

[8] Whiting, R. C. (1984). Addition of phosphates, 

proteins and gums to reduced salt frankfurters batters.  Journal of 

Food Science, 49, 1355-1357.  

 

[9] .Barbut, S. (2002).   Protein gelation; and factors 

affecting color.  In Poultry products processing:  an industry guide 

(pp. 277 and 445).  New York: CRC Press   

 

[10] Montejano, J. G., Hamann, D.  D., & Lanier, T. 

C. (1984). Thermally induced gelation of selected comminuted 

muscle systems ð rheological changes during processing, final 

strengths and microstructure. Journal of Food Science, 49, 1496ï

1505.   

 



 

Proceedings:  598 

The 55th International Congress of Meat Science and Technology (ICoMST), Copenhagen, Denmark, 16-21 August 2009     

[11] Asghar, A., Samejima, K., & Yasui, T. (1985).  

Functionality of muscle proteins in gelation mechanisms of 

structured meat products. CRC Critical Review in Food Science and 

Nutrition, 22, 27ï106.  

 

 

 

 

 

 

 

 

 

 

Table 1. Effect of soy protein isolate (SPI), modified starch and tripolyphosphate (TPP) on cook loss, color and texture of poultry meat 

batters.   

Treatment Cook Loss 
(%) 

Color Hardness 
(N) 

Cohesiveness 
(ratio)  

Lightness 
(L*)  

Redness 
(a*) 

Yellowness 
(b*) 

 1. Control 

5.9 a 81 a 0.7 b 11 a 41 c .36 c 2. SPI  2.9 b 79 c 0.3 a 

11 a 66 b .43 b 3. 
SPI + 
starch 

0.9 c 77 d 0.3 a 11 a 65 b .42 b 4. SPI 
+ starch + 
TPP 

0.1 c 76 e 1.0 c 9 b 88 a .58 a 5. 
Starch 

2.6 b 80 b 0.7 b 

11 a 40 c .33 d 6. 
TPP 

0.8 c 78 cd 1.8 d 9 c 80 a .58 a   

a-d Means in the same column followed by different letters are significantly different (p<0.05). 
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Abstractð The aim of this study was to investigate the 

addition of vegetable juice powder as alternative to the 

direct addition of nitrite in the manufacture process of 

cooked loin. In that way three batches of cooked pork 

loin were manufactured: Batch 1 (with nitrites added 

and without phosphates), Batch 2 (with vegetable juice 

powder and without phosphates) and Batch 3 (with 

vegetable juice powder and with phosphates). During the 

manufacture process (raw material, after injection, after 

tumbling and after heating) samples were taken to carry 

out microbiological, physicochemical and sensory 

analysis. The results obtained throughout manufacture 

process showed that the use of vegetable juice powder as 

source of nitrite might be an alternative method in order 

to manufacture cooked loin. 

 

Al l authors are with the Consejería de Agricultura y Ganadería de 

Castilla y León. Instituto Tecnológico Agrario. Estación Tecnológica de la 

Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca (Spain). 

(corresponding author to provide phone: +34 923 580688; fax: +34 923 

580353; e-mail: rubherbe@ itacyl.es). 

 

Keywords: vegetable juice powder, nitrate, nitrite, cooked loin, 
culture starters. 

I. INTRODUCTION 

ue to the recent recommendation from the World 

Cancer Research Fund to avoid the intake of processed 

meat, it is necessary an urgent adaptation of meat processing 

industry in relation to the health value of processed meats. 

In this sense, alternatives for the use of nitrate and nitrite 

from meat processing have been proposed. So, meat 

products using vegetables juices as sources of nitrates and 

nitrites have been recently development. The aim of this 

study was to investigate the influence of this production 

system in cooked loin. 

II. MATERIALS AND METHODS  

MATERIALS 

To achieve this objective three batches of cooked pork loin 

were manufactured: 

 

-Batch 1: with nitrites added and without phosphates.  

-Batch 2: with vegetable juice powder and without   

phosphates. 

-Batch 3: with vegetable juice powder and with 

phosphates. 

In that way, 9 loins were divided in three batches and each 

batch was pumped in a multi-needle injection machine with 

20% brine containing the different additives depending of 

the batch. After brining, the meat was transferred to a 

tumbling machine and ñmassagedò in intervals of work and 

rest periods under vacuum during 5 hours and 20 minutes at 

2ºC. After tumbling, the meat was introduced into elastic 

mesh and the pieces were cooked in an oven to a core 

temperature of 68ºC. During the cooked, a smoking step was 

applied to enhance the desired aroma and colour formation. 

After the heat treatment, the pieces were cooled in a chilling 

room to 2ºC. 

The loins of each batch were sampled during the 

manufacture process in different sampling points: raw 

material, after injection, after tumbling, after heating (final 

product). Samples from each loin (a steak with 1 cm 

thickness) were taken aseptically to carry out the analysis.  

In the raw material, the results for microbiological and 

physicochemical parameters were calculated as average of 

the values obtained in all loins analyzed. Besides, a sensory 

evaluation was carried out in the final product. 

METHODS 

Microbiological analysis 

The samples were analysed for aerobic mesophilic bacteria 

(3M Petrifilm Aerobic Count Plate (Bioser, Barcelona, 

Spain) at 30ºC for 48 h) Micrococcaceae (MSA (Scharlau, 

Spain) at 37ºC for 48 h). 

  

Physicochemical analysis 

Nitrite content was determined according to the ISO method 

3091:1975 [3]. Nitrate content was determined by high 

performance liquid chromatography [4]. Phosphates content 

was measurement by spectrophotometric method [1]. 

Instrumental colour measurement 

Objective measurements of colour were taken at the surface 

of loin using a reflectance spectrophotometer (CM-

2600d/2500d (Konica Minolta, Aquateknia S.A., Valencia, 

España). Colour coordinates were determined in the CIE-

LAB system and the results were expressed as lightness 

(L*), redness (a*) and yellowness (b*). 

Sensory analysis 

An acceptance sensory test was carried out by a trained 

eight-member test panel. The samples were reheated in an 

oven to reach a centre temperature of 68ºC. The samples 

were kept in a sand bath at 50ºC to present to the panellists 

one at a time. The sensory attributes evaluated (colour, 

odour, taste, springiness, juiciness and overall acceptability) 

were scored using a 5-point scale (5 = excellent, 4 = good, 3 

= acceptable, 2 = fair and 1 = unacceptable). 

D 
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Statistical analysis 

Data sets were statistically analyzed using one-way variance 

analysis (ANOVA) in order to determine any significant 

differences during the manufacture process in each batch 

and between the different batches in each processed step. 

The means were separated by Tukey-honest significant 

difference test at 5% level. Data analyses were conducted 

using STATISTICA 7.0 statistical package.  

III.  RESULTS AND DISCUSSION 

The microbiological results (table 1) showed that the 

microorganisms numbers remained nearly constant in the 

batch 1 (in raw material, after injection, after tumbling). 

However, the aerobic mesophilic bacteria and 

Micrococcaceae counts increase after brining step and 

remained constant in the tumbling process in the batches 2 

and 3. In the final product, these counts were under 

detection limit in all batches. 

Considering batches, differences (p<0.05) were found 

between the batch 1 and the batches 2 and 3 at the injection 

and tumbling steps. The behaviour was expected taking into 

account that starter culture was added to the brines of the 

batches 2 and 3.  

The results of the physicochemical analysis are showed in 

the table 2. The pH values increased during the manufacture 

process in the three batches. In the final product, no 

differences were found between batches and the values 

obtained were similar to those pointed by other authors in 

this product [2], [5]. 

The nitrate content in the batch 1 (without nitrate added) 

was under detection limit throughout manufacture process.  

However, the nitrate content increased after injection in the 

batches 2 and 3 (both with vegetables juice powder added) 

and decreased in the cooked product under detection limit. 

The behaviour for the nitrite content was different in the 

three batches. After injection, the nitrite content decreased 

up to the final product in the batch 1 (with nitrite added). 

However, the nitrite content increased in the batches 2 and 3 

due to the transformation to the nitrate into nitrite by the 

culture starter added, mainly during the cooked step. On the 

other hand, differences among batches were found in the 

final product. Higher nitrite values were found in the 

batches 2 and 3 and than those found in the batch 1. 

No differences (p>0.05) were found for phosphates 

content during manufacture neither process between batches 

(data not showed). 

Regarding colour results (table 3), although some 

differences were found during the manufacture process in 

the three batches, it did not allow establishing clear 

behaviour for L*, a*, b*. 

In the final product, no differences (p>0.05) were found 

for parameter L* among batches. However, the cooked loins 

belong to the batch 3 presented the lowest a* values and the 

cooked loins belong to the batch 2 showed the highest b* 

values. These differences might be due to the differences in 

the raw material. 

Finally, the results obtained for the sensory evaluation in 

the final product are showed in the table 4. In general, no 

clear differences were found in the parameters evaluated 

among batches and all scores obtained were between 4 and 5 

in the scale used which correspond with a good or excellent 

product. 

IV. CONCLUSION 

On the basis of the results obtained, it can be concluded 

that the use of vegetable juice powder instead of nitrite 

addition had not effects on manufacture process of cooked 

loin. Besides, the final product obtained with this different 

production style showed good or excellent sensory 

characteristics. 
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Table 1. Microbiological counts (log cfu/g) obtained during the manufacture process of different cooked loin batches (Batch 1: with 
nitrites added and without phosphates, Batch 2: with vegetable juice powder and without phosphates and Batch 3: with vegetable 
juice powder and with phosphates). 

  BATCH  1 BATCH  2 BATCH  3 

A
e

ro
b
ic

 

m
e

s
o

fi
c
 

b
a

c
te

ri
a
 RAW MATERIAL  

A3.81±0.09a 
A3.81±0.09a 

A3.81±0.09a 

AFTER INJECTION  <1 A7.41±0.10b 
A7.54±0.35b 

AFTER TUMBLING  A3.26±0.35a 
B7.39±0.9b 

B7.52±0.35b 

COOKED PRODUCT  <1 <1 <1 

M
ic

ro
c
o

c

c
a

c
e

a
e RAW MATERIAL  

A2.36±0.31a 
A2.36±0.31a 

A2.36±0.31a 

AFTER INJECTION  <2 A6.92±0.16b 
B7.31±0.06b 

AFTER TUMBLING  A2.98±0.35a 
B7.34±0.12b 

B7.15±0.34b 

COOKED PRODUCT  <2 <2 <2 
A,B Means with different letters in the same row indicate significant differences between batches (Tukey test: p<0.05). 
a,b Means with different letters in the same column for each microbial group indicate significant differences during the processing 

(Tukey test: p<0.05). 
 
 
 
Table 2. Evolution of physicochemical parameters (means ± sd) during the manufacture process of different cooked loin batches 
(Batch 1: with nitrites added and without phosphates, Batch 2: with vegetable juice powder and without phosphates and Batch 3: with 
vegetable juice powder and with phosphates). 

  BATCH  1 BATCH  2 BATCH  3 

P
H

 

RAW MATERIAL  
A5.56±0.04a 

A5.56±0.04a 
A5.56±0.04a 

AFTER INJECTION  B5.69±0.03c 
A5.51±0.10a 

AB5.61±0.01a 

AFTER TUMBLING  B5.64±0.01b 
A5.48±0.05a 

B5.59±0.03a 

COOKED PRODUCT  A5.90±0.01d 
A5.81±0.06b 

A5.88±0.02b 

N
IT

R
A

T
E

 RAW MATERIAL  <50 <50 <50 

AFTER INJECTION  <50 A74.0±17.3 B104.3±11.5 

AFTER TUMBLING  - - - 

COOKED PRODUCT  <50 <50 <50 

N
IT

R
IT

E
 RAW MATERIAL  

A1.9±0.3a 
A1.9±0.3a 

A1.9±0.3a 

AFTER INJECTION  B71.1±13.9c 
A1.7±1.1a 

A8.4±2.7a 

AFTER TUMBLING  B40.7±5.7b 
A1.8±0.6a 

A4.8±1.3a 

COOKED PRODUCT  A33.4±10.9b 
B109.2±24.9b 

B129.1±6.0b 
A,B Means with different letters in the same row indicate significant differences between batches (Tukey test: p<0.05). 
a,b,c,d Means with different letters in the same column for each parameter indicate significant differences during the processing (Tukey 
test: p<0.05). 
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Table 3. Evolution of the results obtained in the instrumental colour measurements (means ± sd) during the manufacture process of 
different cooked loin batches (Batch 1: with nitrites added and without phosphates, Batch 2: with vegetable juice powder and 
without phosphates and Batch 3: with vegetable juice powder and with phosphates). 

  BATCH  1 BATCH  2 BATCH  3 

L
*

 

RAW MATERIAL  
A
42.07±1.34a 

B
49.11±0.28b 

B
50.20±2.01b 

AFTER INJECTION  B56.29±1.82c 
A44.10±1.36a 

A42.62±2.05a 

AFTER TUMBLING  B49.18±1.57b 
A43.89±1.79a 

AB45.12±2.06a 

COOKED PRODUCT  A72.99±0.43d 
A70.51±2.35c 

A69.35±1.38c 

a
* 

RAW MATERIAL  
B5.11±0.89a 

B3.89±0.62a 
A1.12±0.63a 

AFTER INJECTION  B5.52±0.69a 
B6.60±0.22b 

A2.12±0.32b 

AFTER TUMBLING  B5.32±0.78a 
AB4.31±0.36a 

A2.97±0.50b 

COOKED PRODUCT  B5.84±0.53a 
B5.93±0.54b 

A4.34±0.54c 

b
*
 

RAW MATERIAL  
AB11.62±0.53b 

B12.51±0.22b 
A11.16±0.52ab 

AFTER INJECTION  B11.09±0.20b 
C14.37±0.42c 

A9.95±0.14ab 

AFTER TUMB LING  A11.36±0.35b 
A10.95±0.91a 

A11.98±1.93b 

COOKED PRODUCT  A8.60±0.34a 
B10.56±0.30a 

A8.68±0.60a 
A,B Means with different letters in the same row indicate significant differences between batches (Tukey test: p<0.05). 
a,b,c,d Means with different letters in the same column for each parameter indicate significant differences during the processing (Tukey 

test: p<0.05). 
 

 

Table 4. Scores obtained in the sensory evaluation of the final product of the three different cooked loin batches manufactured 

(Batch 1: with nitrites added and without phosphates, Batch 2: with vegetable juice powder and without phosphates and Batch 3: with 
vegetable juice powder and with phosphates). 

PARAMETERS  BATCH  1 BATCH  2 BATCH  3 

COLOUR  4.7±0.4a 4.8±0.4a 4.5±0.5a 

ODOUR 4.9±0.2b 4.5±0.5a 4.5±0.5ab 

TASTE 4.9±0.3a 4.8±0.4a 4.8±0.5a 

SPRINGINESS 4.5±0.5a 4.7±0.5a 4.6±0.5a 

JUICENESS 4.3±0.5a 4.9±0.3b 4.5±0.7ab 

OVERALL ACEPTABILITY  4.7±0.2a 4.8±0.3a 4.6±0.4a 
a,b Means with different letters in the same row indicate significant differences between batches (Tukey test: p<0.05). 

Values rated on a 5 point scale: 5 = excellent, 4 = good, 3 = acceptable, 2 = fair and 1 = unacceptable. 
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PE4.42  Effect of the use of vegetable juice powder as source of nitrates and nitrites on the manufacturing of 

ñChorizoò a Spanish dry fermented sausage 145.00 

B Rubio (1) rubherbe@itacyl.es, Montserrat Vaquero-Martín ( 1), MJ Sánchez-Iglesias (1),  B Martínez (1)                          

(1)Consejería de Agricultura y Ganadería de Castilla y León. Instituto Tecnológico Agrario, Spain  

 

 

ð The objective of this study was to determine the 

effect of using vegetable juice powder on microbiological 

and physico-chemical characteristics during the 

manufacture process of a dry fermented sausage 

ñchorizoò. To achieve this aim four batches of small 

caliber fermented sausages were manufactured: 1- 

Control batch: without nitrates and nitrites added, 2- 

batch 1: with nitrates and nitrites added, 3- batch 2: with 

vegetable juice powder, and 4- batch 3: with vegetable 

juice powder and with starter cultures. Samples of each 

batch were analysed after 0, 5, 16 and 26 days of 

processing. Microbiological and physico-chemical 

parameters were tested. In general, all microbiological 

counts increased during the manufacture process of the 

four batches of ñchorizoò and no differences or slight 

differences were found for the microorganisms studied 

in the final product. In all days of processing, the 

sausages manufactured with nitrite and nitrate added 

(batch 1) presented the highest values for the nitrate and 

nitrite content and no differences (p>0.05) were found 

between the others three sausages batches. For that 

reason further studies are neccesary carried out to 

optimize the use of vegetable juice as sources of nitrates 

and nitrites in dry fermented meat products. 

 
All authors are with the Consejería de Agricultura y Ganadería de 

Castilla y León. Instituto Tecnológico Agrario. Estación Tecnológica de la 

Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca (Spain). 

(corresponding author to provide phone: +34 923 580688; fax: +34 923 

580353; e-mail: rubherbe@ itacyl.es). 

 

Index Termsðchorizo, fermented sausages, nitrites, nitrates, 

vegetable juice powder.  

I. INTRODUCTION 

he manufacture process of the cured meat products is 

characterized by the addition of cured agents, nitrate 

and/or nitrite, which improve the microbiological safety and 

contribute to the sensory characteristics. Nitrate is used as a 

source of nitrite since it is reduced to nitrite by nitrate 

reductase under anaerobic conditions [1], [6]. Nitrite is the 

active agent in the curing mixture and its role in cured meat 

products can be summarised as: a) characteristic formation 

of cured meat colour, b) inhibition of spoilage and 

pathogenic bacteria; c) contribution to typical flavour 

development and c) contribution to oxidative stability of 

meat [4], [5]. An alternative to the use of nitrite in cured 

meat products is to use vegetable juice powder (with nitrate 

as a natural resource) and a starter culture with nitrate 

reductase activity.  

The objective of this study was to determine the effect of 

using vegetable juice powder on microbiological and 

physico-chemical characteristics during the manufacture 

process of a dry fermented sausage ñchorizoò. 

II. MATERIALS AND METHODS  

To achieve this aim four batches of small caliber 

fermented sausages were manufactured: 1- Control batch: 

without nitrates and nitrites added, 2- batch 1: with nitrates 

and nitrites added, 3- batch 2: with vegetable juice powder, 

and 4- batch 3: with vegetable juice powder and with starter 

cultures.  

All the sausages were manufactured the same day, using 

the same technology and according to a traditional 

formulation, which consisted of 75% pork meat and 25% 

pork backfat. Lean pork meat and pork backfat were minced 

(P-32 FUERPLA, Valencia, Spain) to a particle size of 

about 8 mm and subsequently mixed in a vacuum mixer (A-

85 FUERPLA, Valencia, Spain) with the corresponding 

ingredients (table 1). The different sausage mixtures were 

stuffed into casings (40-45 mm ø). All  sausages were 

fermented in a drying chamber (Hermekit, Cenfrio, Spain) at 

15ºC and 90-100% relative humidity (RH) for 18 h, 22-23ºC 

and 90 % RH for 48 h, at 14-15ºC and 80-90% RH for 10 

days. Then the RH was slowly reduced to 75% until the end 

of the ripening process (a total of 26 days). 

Samples of each batch were taken during the following 

phases: initial sausage mixture (day 0), after fermentation 

(day 5) and dry curing (days 16 and 26) to carry out the 

different analysis. 

 

Microbiological analysis. The samples were analysed for 

aerobic mesophilic bacteria (3M Petrifilm Aerobic Count 

Plate (3M, Madrid, Spain) at 30ºC for 72 h), 

Enterobacteriaceae (3M Petrifilm Enterobacteriaceae Count 

Plate (3M, Madrid, Spain) at 37ºC for 24h), lactic acid 

bacteria (LAB) (MRS Agar (Scharlau, Spain) at 30ºC for 48 

h), and Micrococcaceae (MSA Agar (Scharlau, Spain) at 

37ºC for 48 h). 

 

Physicochemical analysis. pH was determined with a 

Crison 2001 pH meter (Crison Instruments S.A., Barcelona, 

Spain) equipped with a punction electrode. Water activity 

(aw) was measured using a Decagon CX-2 AQUALAB 

hygrometer (Decagon Devices Inc., Pullman, WA, USA). 

Nitrate and nitrite content were determined according to the 

ISO methods 3091:1975 [3] and 2918:1975 [2] respectively. 

 

Statistical analysis. Data sets were statistically analysed 

using one-way variance analysis (ANOVA) in order to 

T 
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determine any significant differences during the 

manufacture process in each batch and between the four 

different batches in each time. The means were separated by 

Tukey-honest significant difference test at 5% level. Data 

analyses were conducted using STATISTICA 6.0 statistical 

package.  

III.  RESULTS AND DISCUSSION 

The results of the microbiological analysis are showed in 

the table 2. In general, all microbiological counts increased 

during the manufacture process of the four batches of 

ñchorizoò. At day 0, the sausages of the batch 3 presented 

higher counts for aerobic mesophilic bacteria, lactic acid 

bacteria due to the addition of starter culture in the 

manufacture of these sausages. In the final product (26 

days), no differences or slight differences between batches 

were found in the counts obtained for the microorganims 

studied. The typical microflora values obtained were usual 

for this product in all batches. 

The weight loss (table 3) increased during the days of 

processing in all batches up to 40%. No differences (p>0.05) 

were found between batches in all samples times. 

During the manufacture process the pH values (table 3) 

were reduced in all groups probably due to the activity of 

lactic acid bacteria. The results of aw (table 3) showed a 

decrease during the days of processing due to the drying 

process. In the final product, the sausages control (without 

nitrate and nitrite added) presented the highest pH and aw 

values. 

The nitrate and nitrite content is showed in the figure 1. 

Regarding nitrate pattern, the values obtained for this 

parameter remained constant during the manufacture 

process in the four batches. Significant differences (p<0.05) 

were found between the batch 1 sausages (with nitrate 

added) and those the others three batches, however, no 

differences (p>0.005) were found between the control batch 

(withoth nitrate added) and the batches 2 and 3 (with 

vegetable juice powder added). 

The nitrite content decreased after fermentation step in 

the sausages manufactured with nitrite added (batch 1) and 

then remained constant up to the final (26 days). The nitrite 

content for the sausages manufactured without nitrite added 

(control batch, batch 2 and batch 3) showed a slight increase 

at day 5 due to the nitrate present was reduced to nitrite by 

the action of the microbial flora with nitrate reductase 

activity (present in the product or added as starter culture). 

In all days of processing, the highest values in the nitrite 

content were found in the sausages manufactured with 

nitrite added (batch 1). No differences (p>0.05) were found 

between the others three sausages batches. These fact could 

be explained due to the amount of vegetable juice powder 

added initially was not enought. Besides, it could also be 

due to a low nitrite reuctase activity to the strains added as 

starter culture. In this way, further studies are neccesary 

carried out to optimize the use of vegetable juice as sources 

of nitrates and nitrites in dry fermented meat products. 

IV. CONCLUSION 

In summary, the sausages manufacture process with 

vegetable juice powder as source of nitrate was similar to 

the sausages manufacture process without nitrates and 

nitrites added. For that reason further studies are neccesary 

carried out to optimize the use of vegetable juice as sources 

of nitrates and nitrites in dry fermented meat products. 
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Figure 1. Evolution of nitrate and nitrite content during the 
processing of four batches of dry fermented sausage chorizo 
manufactured: Control batch: without nitrates and nitrites 
added, batch 1: with nitrates and nitrites added, batch 2: with 
vegetable juice powder and batch 3: with vegetable juice 
powder and with starter cultures. 
 

 
 

 

 
Table 1.- Ingredients added to the four differents batches of 
ñchorizoò manufactured. 

 Batch 

Ingredients Control  1 2 3 

Pork meat (%) 75 75 75 75 

Pork backfat (%) 25 25 25 25 

NaCl (g/Kg) 20 20 20 20 

Paprika(g/Kg) 19 19 19 19 

Garlic (g/Kg) 1.5 1.5 1.5 1.5 

Nitrates (ppm)  150   

Nitrites (ppm)  100   

Vegetable juice 
powder (g/Kg) 

  20 20 

Dextrose (g/Kg)  10   

Polyphosphates 
(g/Kg) 

 1.0   

Ascorbate 
sodium (g/Kg) 

 0.45   

Oregano (g/Kg) 1.0 1.0 1.0 1.0 

Black pepper 
(g/Kg) 

1.0 1.0 1.0 1.0 

Starter culture 

(g/Kg) 
   0.6 

 

 

 

Table 2. Microbial counts (log cfu/g) obtained during the 
processing of four batches of ñchorizoò: (Control batch: 
without nitrates and nitrites added, batch 1: with nitrates and 
nitrites added, batch 2: with vegetable juice powder and batch 
3: with vegetable juice powder and with starter cultures). 

 Batch 
Days of processing

 

0 5 16 26 

A
e

ro
b
ic

 

m
e
s
o

p
h
ili

c
 

b
a

c
te

ri
a
 

Control  
A6.67a 

A8.80b 
A8.65b 

A9.15c 

1 
A6.61a 

A8.82b 
A8.70b 

A9.26b 

2 
A6.72a 

A8.66b 
A9.07c 

A9.09c 

3 
B7.40a 

A8.70b 
A8.93b 

A8.95b 

E
n
te

ro
b
a

c
t

e
ri
a

 

Control  
A3.27a 

B5.48b 
A6.24c 

C6.15c 

1 
C3.73b 

B5.48c 
B6.48d 

A3.00a 

2 
C3.81b 

A2.93a 
A6.27d 

B5.29c 

3 
B3.48a 

B5.48b 
B6.48c 

C6.17c 

L
a

c
ti
c
 

a
c
id

 

b
a

c
te

ri

a
 

Control  
A6.00a 

A8.73b 
A8.78b 

A9.37c 

1 
A6.00a 

A8.79b 
C9.25c 

A9.22c 

2 
A6.00a 

A8.70b 
B8.99b 

A9.19b 

3 
B7.02a 

A8.73b 
BC9.11b 

A8.87b 

M
ic

ro
c
o

c
c
a

c
e

a
e 

Control  
A6.39a 

BC7.00ab 
A6.80ab 

B7.47b 

1 
A6.35a 

AB6.41a 
A6.79a 

A6.54a 

2 
A6.39ab 

A6.07a 
A7.17b 

B7.16b 

3 
A7.20a 

C7.23a 
A7.35a 

A6.78a 

a,b.c,d, Means with different letters in the same row indicate 
significant differences during the processing (Tukey test: 
p<0.05). 
A,B,C Means with different letters in the same column and for 
each microbial group indicate significant differences between 
batches (Tukey test: p<0.05). 

 

Table 3. Evolution of weight loss, pH and aw during the 
processing of four batches of ñchorizoò: (Control batch: without 
nitrates and nitrites added, batch 1: with nitrates and nitrites 
added, batch 2: with vegetable juice powder and batch 3: with 
vegetable juice powder and with starter cultures). 

 Batch 
Days of processing

 

0 5 16 26 

W
e

ig
h
t 
lo

s
s
 (

%
) 

Control  ˈ 
A10.83a 

A31.34b 
A40.25c 

1 ˈ A11.26a 
A32.43b 

A41.46c 

2 ˈ A12.77a 
A31.27b 

A40.53c 

3 ˈ 
A13.48a 

A33.14b 
A41.51c 

p
H

 

Control  
B5.68c 

A5.20a 
D5.55b 

B5.85d 

1 
A5.63c 

B5.39b 
B4.99a 

A5.00a 

2 
C5.79d 

A5.22c 
A4.86a 

A4.99b 

3 
C5.81d 

A5.26c 
C5.14b 

A5.05a 

a
w
 

Control  
A0.976d 

A0.964c 
B0.933b 

C0.896a 

1 
A0.972d 

A0.960c 
AB0.929b 

A0.863a 

2 
A0.972d 

A0.962c 
AB0.930b 

B0.884a 

3 
A0.975d 

A0.963c 
A0.925b 

B0.880a 
a,b,c,d, Means with different letters in the same row indicate 
significant differences during the processing (Tukey test: 
p<0.05). A,B,C, Means with different letters in the same column 
and for each parameter indicate significant differences between 

batches (Tukey test: p<0.05). 
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PE4.43  Study of sensorial characteristics of a dry fermented sausage ñChorizoò manufactured with 

different nitrite source or nitrite -free 146.00 
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Abstractð Increased concerns about the potential 

health risk associated with the consumption of 

processed meat have led the meat industry modify 

traditional products to make them healthier. Recent 

research has focused on the use of vegetable juices 

powder as source of nitrates and nitrites in cooked 

meat products. Nevertheless, no study about the use 

of these substances in dry cured sausage has been 

reported. The aim of this work was to know the 

effect of the use of different nitrite source (chemical 

vs. vegetable juices powder) on the sensorial 

characteristics of ñchorizoò. To achieve this 

objective four batches of ñchorizoò, a Spanish dry 

cured sausage, were manufactured: Control- 

without nitrite and nitrate added, 1- with chemical 

nitrite and nitrate added, 2-with vegetable juice 

powder and 3- with vegetable juice powder and 

starter culture. CIE L*, a*, B*  colour, texture 

profile analyse, sensorial properties and consumer 

preferences were analysed. In general the results 

obtained for the parameters evaluated did not show 

clear differences between the batches studied. 

However, the consumers showed a higher 

preference for the sausages manufactured without 

curing agents addition. It can be concluded that the 

use of vegetable juice powder as source of nitrate 

did not show any advantages versus to the sausage 

manufacture without curing agents added. 
 

All authors are with the Consejería de Agricultura y Ganadería de 

Castilla y León. Instituto Tecnológico Agrario. Estación Tecnológica 

de la Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca 

(Spain). (corresponding author to provide phone: +34 923 580688; 

fax: +34 923 580353; e-mail: mardomma@ itacyl.es). 

 

Index Termsðdry fermented meat products, 

nitrite, nitrate, sensory, vegetable juice powder. 

I. INTRODUCTION 

Chorizo is a typical dry fermented sausage from 

Spain manufactured from a mixture of chopped meat, 

lard, salt, additives (curing agents, antioxidants), 

sugars, starter cultures (optional) and spices. Nitrite is 

the active agent in the curing mixture and nitrate acts as 

a source of nitrite [5]. Nitrite is used with the purpose 

of improve the microbiological safety and contribute to 

the sensory characteristics of this fermented sausage. 

However, the increasingly consumersô demands of 

healthier products have led the meat industry modify 

these traditional products to contain fewer or no 

additives. Recent research has been focused on the use 

of vegetable juices powder as source of nitrates and 

nitrites in cooked meat products obtaining meat 

products of acceptable hygienic and sensory quality 

[7]. Nevertheless, no study about the use of these 

substances in dry fermented sausage has been reported. 

Therefore, the aim of this work was to know the effect 

of the use of different nitrite source (chemical vs. 

vegetable juices powder) on the sensorial 

characteristics of ñchorizoò. 

II. MATERIALS AND METHODS  

Materials  

Four different batches of ñchorizoò were elaborated 

according to a traditional formulation with lean pork 

meat and pork back fat. These formulations differed 

respect to nitrate and nitrite addition: 

Ǹ Batch control: without nitrite and nitrate added.  

Ǹ Batch 1: with nitrite (E-252) and nitrate (E-251) 
added.  

Ǹ Batch 2: with vegetable juice powder (natural 

source of nitrate).  

Ǹ Batch 3: with vegetable juice powder (natural 

source of nitrate) and starter culture.  

The technological process included: chopping mincing 

pork meat and back fat, mixing with salts and spices in 

a vacuum kneading machine, stuffing into 40-45 mm 

artificial casings and a fermentation and drying process 

in climate chambers, during a period of about 26 days. 

Analysis 

The internal colour of ñchorizoò was measuring using a 

reflectance spectrophotometer (Minolta CM-2002; 

Osaka, Japan). The illuminant used was D65 and the 

standard observer position was 10º. Color results were 

determined in the CIE-LAB system [2] and the 

lightness (L*), redness (a*, redźgreen) and 

yellowness (b*, yellowźblue) were calculated. 

Instrumental texture profile analysis (TPA) [1] was 

performed with a texture analyzer TA-XT2 (Stable 

Micro Systems, Haslemere, UK). Six cubes of 

ñchorizoò (1x1x1 cm3), obtained from the centre of the 

sausage were compressed twice with a cylindrical 

probe of 2.5 cm diameter, at a rate of 1 mm/s. The 

compression level was 60% of the sample thickness. 

Texture Expert version 1.20 (software Stable Micro 

Systems) was used to calculate the values of hardness 

(g), springiness (mm), cohesiveness, and chewiness (g 

x mm). 

Sensory evaluation was carried out by a trained 

panel and by a consumerôs panel. First, sausages were 

evaluated by an experienced 8-member sensory panel 
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[9] [10]. Six triangle tests [11] were conducted to 

determine if there were sensory differences between 

the different batches of ñchorizoò. Additionally, a 

quantitative descriptive analysis was used to describe 

the ñchorizoò in each batch. The assessors evaluated 

the following sensory attributes: lean and fat colour, 

odour intensity, hardness, juiciness, taste and overall 

acceptance, on a 5-point intensity scale as follows: 5 = 

maximum intensity and 1 = minimum intensity. 

Finally, in order to know the consumers preference, a 

preference-ranking test [8] (was carried out by a 66-

member consumerôs panel.  

Data sets were statistically analyzed using one-way 

variance analysis (ANOVA) in order to determine any 

significant differences between the four different 

batches. The means were separated by Tukey-honest 

significant difference test at 5% level. Data analyses 

were conducted using STATISTICA 6.0 statistical 

package. 

III.  RESULTS AND DISCUSSION 

Results of the instrumental measurements of colour 

in the different batches of ñchorizoò are shown in table 

1. For L*  and b* parameters, slight differences were 

found and no differences (p>0.05) were found in 

redness (a*) between the four batches. The similar 

redness values in the sausages manufactured with 

nitrite added from different sources was expected due 

to the nitrate present was reduced to nitrite by the 

action of the microbial flora with nitrate reductase 

activity (present in the product or added as starter 

culture). In relation to the ñchorizoò elaborated without 

nitrite and nitrate added (control batch) the source of 

nitrite could be the spices added (black pepper, garlic 

and paprika). Some authors pointed [6] [12] bacteria as 

Lactobacillus fermentum or Staphylococcus xylosus 

have the ability to change Mb(Fe3+) to cured meat 

pigment NO- Mb(Fe2+). 

Table 2 shows the instrumental measurement of 

texture. Differences (p<0.05) were found in the values 

obtained for the hardness and chewiness between 

batches. ñChorizoò elaborated with nitrite and nitrate 

(batch 1) recorded the highest values for hardness and, 

as was expected, highest chewiness values, because 

this is a secondary textural characteristic calculated on 

the basis of hardness, cohesiveness and springiness. In 

general, the values obtained for texture parameters 

analyzed were similar to those found in this product 

[3]. 

Regarding to the sensory analysis, the results 

obtained in the triangular test (table 3) shown that the 

taster were able to differentiate between: (1) ñchorizoò 

manufactured without nitrate and nitrite (control batch) 

and ñchorizoò manufactured with these additives (batch 

1, 2 and 3) and (2) ñchorizoò manufactured with 

chemical nitrite and nitrate added (bath 1) and 

ñchorizoò manufactured with vegetable juice powder 

and starter culture (batch 3). The odour and the taste 

were the main parameters that allowed establish 

differences between these batches. On the other hand, 

the judges were unable to detect (p>0.05) some 

differences among the sausages manufactured with 

nitrite added from different sources when starter 

culture were not added (batch 1 and 2).  

Concerning to the results of the descriptive test 

(table 4), no differences (p>0.05) were found between 

the four batches of ñchorizoò for the following 

parameters: lean and fat colour, odour, juiciness, taste 

and overall acceptance. Nevertheless, significant 

differences (p<0.05) were found for hardness. The 

ñchorizoò manufactured with chemical nitrite and 

nitrate added showed lower (p<0.05) scores of 

hardness than the control ñchorizoò. This result is not 

in agreement with those found in the instrumental 

measurement of texture (table 2). Certain factors such 

as the lack of saliva and the slow deformation rates 

usually used in instrumental texture tests could explain 

these differences [4].  

Regarding the preference tests carried by consumers, 

differences (p>0.05) were not detected between 

ñchorizosò from batch 2 and 3. Contrariwise, 

significance differences (p<0.05) were detected 

between the ñchorizosò manufactured without nitrite 

and nitrate (control batch), the ñchorizosò 

manufactured with vegetable juice powder (batches 2 y 

3) and the ñchorizosò elaborated with chemical nitrite 

and nitrate added (batch 1). The control batch was the 

best scored, followed by the batches 2 and 3. 

According to consumers, this preference was due to the 

texture and taste. 

IV. CONCLUSION 

From the results obtained in the present work it can 

be concluded that the use of vegetable juice powder as 

source of nitrate did not show any advantages versus to 

the sausage manufacture without curing agents added. 
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Table 1. Values (mean and standard deviation) of lightness 

(L*), redness (a*) and yellowness (b*) obtained on the 

different batches of ñchorizoò. 

Batch L*  a* b*  

Control a29.6±1.3 20.6 ± 2.7 a15.5 ± 3.2 

1 b33.2 ± 1.4 22.2 ± 3.5 ab17.9 ± 2.8 

2 bc34.0 ± 2.1 24.8± 3.6 b20.6 ± 3.7 

3 c 36.3 ± 4.8 20.8 ± 5.0 ab18.2 ± 3.5 

a,b,c Values in the same column with different letters are 
significantly different (p<0.05). 

 

 

Table 2. Results (mean and standard deviation) obtained 

from instrumental measurement of texture on the four batches 

manufactured. 

Batch Hardness (g) Springiness Cohesiveness Chewiness (g) 

Control a3281±763 0,49±0,05 0,35±0,06 a553±123 

1 ab5954±1613 0.53±0.05 0.38±0.05 b1223±445 

2 c4034±972 0.48±0.04 0.35±0.05 a683±222 

3 b4352±1614 0.48±0.07 0.36±0.06 a746±260 

a,b,c Values in the same column with different letters are 
significantly different (p<0.05). 

 

 

 

 

Table 3. Discriminant analysis between the different batches 

of ñchorizoò. 

Compared 

samples 

Number of 

judgements 

Number of correct 

judgements 

Significance 

level 

Control and 1 19 17 0.001 

Control and 2 16 14 0.001 

Control and 3 16 16 0.001 

1 and 2 19 8 n.d 

1 and 3 19 13 0.01 

2 and 3 16 7 n.d. 

n.d.: not detected. 

 

Table 4. Values (mean ± standard deviation) for each sensory 

attribute and each batch obtained from the sensory analysis 

carried out by a trained panel (n=8) on the four batches 

studied. 

 Batches 
 Control 1 2 3 

Lean colour 4.1 0.5 3.7±0.5 3.8±0.7 3.9±0.8 

Fat colour 3.7 0.5 3.6±0.6 3.3±0.5 3.5±0.5 

Odour 3.6 0.6 3.6±0.5 3.5±0.5 3.4±0.5 

Hardness 
b3.4 0.5 a3.0±0.0 ab3.2±0.4 b3.5±0.5 

Juiciness 3.7 0.7 3.3±0.7 3.6±0.6 3.4±0.5±  

Taste 3.4 0.5 3.7±0.5 3.1±0.7 3.2±0.7 

Overall 
acceptance 

3.8 0.5 3.5±0.4 3.3±0.4 3.7±0.5 

a,b,c Values in the same row with different letters are 

significantly different (p<0.05). 

Scores: 1 ï minimum intensity, 5 ï maximum intensity. 
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AbstractðCurrently, consumers demand safe 

food with all of their nutrit ional and sensory 

properties without the use of chemical additives. 

Recent research has focused on the use of vegetable 

juices powder (natural resource of nitrate) and a 

starter culture containing Staphylococcus s.p. with 

nitrate-reductasa activity as an alternative to the 

use of nitrite in cooked products. The aim of this 

study was to evaluate the effects of using natural 

ingredients v.s. chemical additives on the physico-

chemical and sensory characteristics of cooked ham. 

Three batches of cooked hams were manufactured 

using pork legs: batch A, with commercial vegetable 

juice powder A and starter culture, batch B, with 

commercial vegetable juice powder B and starter 

culture and batch C (control) with sodium nitrite. 

Physico-chemical (pH, aw, water holding capacity, 

moisture, sodium nitrite content), CIE L* a* b* 

colour, texture profile analyse and sensory 

parameters were determined in each batch. The 

results obtained showed that cooked ham from 

batch B showed the highest value (p<0.05) of nitrites 

and for the value b*. No differences (p>0.05) were 

found among different batches for texture 

parameters (T.P.A.) and the results obtained were 

in agreement with the evaluation carry out by the 

trained panel. In the sensorial analyse, cooked ham 

from batch A showed the lowest value (p<0.05) for 

the juiciness, the quality of odour, the quality of 

taste and overall acceptance. The judges indicated 

that these hams (batch A) showed a strong 

vegetable odour and taste. No differences (p>0.05) 

were found for the quality of odour, and overall 

acceptance between batch B and batch C (control). 

By considering the results obtained, cooked ham 

manufactured with vegetable juice powder could 

have similar physico-chemical and sensory 

characterists than cooked ham manufactured with 

nit rites.  
 

All authors are with the Consejería de Agricultura y Ganadería de 

Castilla y León. Instituto Tecnológico Agrario. Estación Tecnológica 

de la Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca 

(Spain). (corresponding author phone: +34 923 580688; fax: +34 923 
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Index Termsðcooked ham, nitrite, quality, vegetable 

juice powder. 

I. INTRODUCTION 

Nowadays, increasing concerns about the potential 

health risk associated with the consumption of 

processed meat, have prompted consumers demand 

additives-free and healthy meat products, with sensory 

and quality attributes similar to conventional meat 

product. In the case of cooked meat product, such as 

cooked ham, nitrites play a crucial role for the 

development of ham colour. During the manufacture of 

cooked product, nitrites involve meat myoglobin reacts 

with nitric oxide to form nitric oxide myoglobin. Then, 

when heat is applied, the nitric oxide myoglobin 

becomes nitrosohemochrome, and the cooked ham 

takes on a typical, cured pink colour [8]. For this 

reason, nitrite is an ingredient for which there is no 

substitute. An alternative to the use of sodium nitrite 

(E-250) in cooked meat product is to use vegetable 

juice powder (with a high concentration on nitrate like 

a natural resource) and a starter culture containing 

Staphylococcus s.p. (with nitrate reductase activity).  

The objective of this study was to determine the 

effect of using different natural ingredients v.s. 

chemical additives on physico-chemical and sensory 

characteristics of cooked ham. 

II. MATERIALS AND METHODS  

Three different batches of cooked hams were 

manufactured with different brine solution, using pork 

legs. The brine composition of each batch was:  

-Batch A: commercial vegetable juice powder A, 

starter culture, salt, phosphates, mix of sugars and 

sodium ascorbate and natural antioxidants (clove, 

cinnamon and extract of olive). 

-Batch B: commercial vegetable juice powder B, 

starter culture, salt, phosphates, dextrose and natural 

antioxidant (phenolics compounds). 

-Batch C (control): sodium nitrite, salt, phosphates, 

dextrose and ascorbic acid. 

Pork legs were deboned, and skin, tendons and fatty 

tissues were removed. The boneless hams were 

pumped to 120-130% of their green weight with 

different brine solution, using a multi-needle brine 

injector (Ogalsa CH-14). The injected hams were 

massaged in a meat tumbler (SM-Pulmax) at slow 

speed with cycles of time on and time off, at 2 ºC. 

Then, each ham were placed in pear-shaped ham 

moulds and they were steam cooked in an oven 

(Industrial Junior 1100, Verinox) using different stage 

of cooking cycles until to get a core temperature of 68 

°C. Finally, hams were cooling with water and put 

them into a cooler at 2 ºC. The batches A and B were 




