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Abstracd Color 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 istherefore 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 otably 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
showedi regardless of pressure and temperature of
treatment 1 that an unknown, shortlived
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
invedigations 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 nowovalent bondsThe 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 themt 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: théright red oxymyoglobin (oxyMb), the
purple deoxymyogloin (deoxyMb), and the brown
metmyoglobin (metMb). The former two have iron in
the ferrous (F€) state, while metMb has iron in the
ferric (F€") 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
I nternational de | 6£cl airage
space, L* designates lightness, positive a* valnean
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 meatface. This
can be done using reflectance spectra.
In this paper, the effect of HPP on the color of pork
longissimus dors(LD) was investigated via L*a*b*
values and reflectance spectra for a wide range of
pressures in combination with the effect obgassing
temperature, and a storage period after pressure
treatment.

IIl. MATERIALS AND METHODS

A. Pork meat samples

Four vacuum packed porkD of normal pH were
purchased m a local meat market (Incopénhagen,
Denmark) on four different occasions, resultingour

581

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



@h eMST sooe
55th International Congress of

Meat Science ond Technologuy

experimental runs with a total of 18 muscles. The
meat was kept at 2 °C for three days until
commencement of experiments. T muscles were
trimmed from fat and epimysium. The middle part of
eachLD was then cut into ten slices of approxiniate

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 sithéa
without this day of storage prior to HPP.

B. High pressure processing

One sample from eachD 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 vaoun packed meat samples
were submerged in the pressurizing chamber of a
QUINTUS Food Processing Cold Isostatic Press -QFP
6 (Avure Technologies AB, Vasterds, Sweden) with a
pressure chamber of 0.9 L and a maximum operating
pressure of 900 MPa reached in twdnutes. The
pressure transmitting medium was water thermostated
at either5 °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 Konicaimblta Spectrophotometer
CM-600d and the corresponding Color Data Software
CM-S100w SpectraMagi cE NX
Sensing, Inc., Japan). The instrument is capable of
producing both the traditional L*, a*, and b* values as
well as reflectance curves. @olwas 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 waed 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

control samples were omitted from further analyses.

lll. RESULTSAND 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 0.05819 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 Iwéhigher 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 pressization. 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 observedBelow 300 MPa, pressure was more
significant for L* than temperature. Pressurization at
20 °C resulted in significantly higher L* values than 5
°C at 308500 MPa and at 700 MPa (Fig. 2).
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squares means (LSM) and standard errors (SE) and the Figure 1. L* value during storage after HPP at 5 and 20 °C.

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 -twey
interactions as fixed effects amdD 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 samplesesults not shown),
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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 wih *. 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
500700 MPa. There was a decrease in a* with
increagng 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.
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Figure 3. Significant difference (P < 0.05) between temperatures on
the different days of storage aftetPP in a* is seen on the day
marked with *. Pooled standard error = 0.18, n = 8.
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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 *. Poolsthndard 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 inease 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).

Carlezet al [1] found for minced beef, that L¥alues
increased signi¢antly in the range 20850 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 vahles

and the meatutning graybrown. 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 deoxgrm, which
tends to give low a%values. Furthermore, HPP of
deoxyMb results in a biklis 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 elative 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 onyda of storage, exemplified in

583

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



@ eMST sooe
55th International Congress of

Meat Science ond Technologuy

Fig. 6. The shape of the reflectance curve resembles
that of oxyMb, but the maxima and minima have
shifted (Fig. 6).
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Figure 5. Reflectance curves from 430 nm to 630 nm on a
relative scale for all pressures (2800 MPa) mmediately
after HPP at 5 °C. Similar curves were seen for samples
pressurized at 20 °C.
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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 ference.
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IV. CONCLUSION

The effect of HPP on the color of polkD was
investigated via CIE 1976 L*a*b* values and
reflectance spectra for pressures in the rangeS8200
MPa in combination with the effect of processing
temperature (5 or 20 °C), and a storageiqu 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 comparedbtdC 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 significantlyarder, less red, and
more vyellow. The reflectance curves showéd
regardless of pressure and temperature of treatiment
that an unknown, shalived myoglobin form with a
peak at about 540 nm formed as a result of HPP, but
disappeared within only one dayf 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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Abstracd Red colour in nitrate-less dried hams is
contributed by zinc protoporphyrin 1X (ZPP) whose
formation occurs at later stages of the curing
process. In order to invesigate 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 aswbate. 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, suggest that
colour development in nitrateless 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 colonrdried hams

relies typically on nitrite and/or nitrate, in dried

Parma hams a stable red pigment is achieved
by the addition of nitritdess sea salt onlfd]. Such
pigment has been identified -l as zine
protoporphyrin IX (ZPP) which would form withitihe
muscle by zinc replacement of the iron in the heme
ring. While the mechanism vyielding 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 atyari
of food substrates including raw meat [5]. However, no
study has been focused on the activity of enzyme in the
| egds muscl es, nor
manufacturing time of Parma ham, which is at least of
one year.

We have developed an assay pthoe for the
measurement afZPP promoting activityn pork meat
with the aim to i) classify green legs for their Zn
chelatase activity, iiglucidate the formation of ZPP as
affected by Zrchelatase in individual muscles at
various stagesf Parma hanprocessing, and iii) test
several substances, amongst those typically used in the
meat industry, for their effects on the enzyme activity.

Proceedings:
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Il. MATERIALS AND METHODS

A. Samples

Raw meat samples (N=8B from green thighs
purchasedrom local manufacturers consistieda slice

of 1 cm thickness from the outsemimembranosus
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), midgmaturing (68 months) end of
maturing (12 months) and after extensive ageing (18
20 months). From these hams the following muscles
were removed for analysisbiceps femoris(BF),
semimembranosy$M), outsidesemitendinosuflight
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 prossed 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 fer Zn
chelatase according to the method describby
Benedini and others [6]. Trimmed muscle (8 grams)
was homogenized with ice cold #HCl 20 mM,
glycerol 20% wi/v, KCI 0.8% w/v and Triton® -X00
(SigmaAldrich, St.Louis, U.S.A) 1% wl/v. After
stirring for 30 min at 4 °C, the homogenate was
centrifuged (Avanti 3301, Beckman coulter) at 15000

x g for 10 min. Extraction was performed twice, final
bofume a2 80A eThie mde’ektrAcd was infubated
at 37 °C, pH=7.0 for 45 min in the dark with ZnSO4
100 TIM , protoporphyrin IX (Sigma-Aldrich) 50 eM,
NaCl 4 % w/ v and drighosploatei n e
dipotassium salt dihydrate (Sigrdddrich) 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. Thecontent of the tubes was combined
1:1 with ethanol 96% (v/v) and the resulting solution
centrifuged at 26000 x g for 10 min. Finally, the clear
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supernatain was submitted to fluorescenamnalysis
(500-700 nm), with excitation at 415 nm and emission
at 590nm. Each extract was assayed twice.

S
C. Analysis of zingrotoporphyrin IX (ZPP) — 7
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 169 of cold 0.2 M
phosphate buffer (pH 6.0) and the slurry centrifuged at
20000 x g, 2 °C for 20 min. The supernatant was
filtered through paper and the aqueous extract treated 10
with acetone:water (3:1, v/v) then held on ice for 30

min and filtered through gper. Zineprotoporphyrin 5
was determined fluorometrically (excitation at 415 nm, —|
emission at 590 nm), with acetone:water (75:25, v/v) as 0 |
the blank. Emission intensity was used as a oo
measurement of the amount of ZPP in the extra®{.[8

20+

number of cases

—

I
0,00 1,00 2,00 3,00 4,00 5,00 7,00

activity units / gram of dry matter

Figure 1 Distribution of Znchelatase activity levels, in
IIl. RESULTSAND DISCUSSDN ungits/gram of dry matter, in N=138 samgles of outer
A. Classification of raw meat based on-Zhnelatase semimembranosususcle.
activity
As shown in fig.1, Zrchelatase in raw meat
encompasses a broad range of values, ranging from
values of slightly above zero to as much as 7 the meat during maturation. Resultdign2A show that
units/gram dry matter. Such large differences sugmest ~ (here isconsiderable enzyme activity even after2(B
specific attitude of individual hams to development of ~ Months of ageing, with average values of 80.8
ZPP which might result in large inconsistencies in units/gram dried meat. This means that the meat has a
finished ham colour. It is to be noted that the enzyme ~ Potential to yield ZPP even at the latest steps of
assay in this part of the study was limited to an external manufacturing. This observation is in agreement with
muscle such as thesemimembranosuswith no the increased (P<0.05) fluorescence (or ZPP) measured
additional information on duingtaelas §tage0f progessigas(aghiwhen l8dise s |
namely the inner ones. Therefore a subsequent Muscles increase from 263@330.8 (Fig.2B).
investigation was targeted to the relationships between
enzyme activities in a var
changes at various processing times.

This study was also aimed at the behaviour of the
enzyme as affected by chemical changes occurring in

As shown in_ Fig 2A, the enzyme gﬁtivity drops

dra?ngtigallyom theI d th

firSt thiee col rlés?ing m8n§ns, &ith
an additional slight decrease over the remaining
B. Znchelatase activity in green legs and cured manufacturing time. This trend is notaetly the same
hamés muscl es for each muscle, since dark ST loses a total of 88% of

Zn-chelatase activities are reported Fig.2A for its original actvity, while BF and SM decreasa9%
each of the five muscles at several processing times. In and 68% respectively, keeping greater residual activity.
raw thighs, major differences between muscles are
found within the same leg, with da&T significantly
greater (P<0.05) than light ST. Atuccessive stages
enzyme activities in the BF are generally greater than
in other muscles, with RF anlight ST exhibiting
lower vdues. Therefore the broad rang# activities
found in raw muscles indita that Znchelatase is
strictly dependent upon individual muscles even if they
belong to the same primal cut [10].

As a result fluorescence values achieved in finished
BF and SM (Fig.2B) & 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. Thereforeimerelated changes in
enzyme activity are supportive of a musspecific
pathway to ZPP formation.
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Figure 2 Timerelated changes of) Zinc-chelatase
activity (units/gram dry matter) and B) Fluorescence
emission intensityfluorescence units/gram dryatter).

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 formilunt
the temperature was kept aB8iC (salting and resting
phases), while it increased sharply when the hams
when allowed to mature at 48B°C. This finding is
supportive of an enzymigased reaction leading to
zinc-protoporphyrin, where the enzyme needs dmil
temperatures to be activated.

C. Zn-chelatase activity as affected by curing agents
The ZPPpromoting activity in the muscle extract was
assayed in the presence of substances which are
commonly used as ingredients or additives in dry cured
meats. Resultgeported (Table 1) in activity units vs.
concentration of the added compounds, indicate that
salt in the range-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 nfluence at any of the concentrations
tested (61000 mg/l). Finally, pH changes over the
range 5.57.5 were investigated, resulting in apparent
decrease of activity at augmented pH values.

Proceedings:

D. Effect of curingagents on ZPP formation in dry
cured hams.

The dfect 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, nitratkled hams
exhibit lower pigment content (P<0.05) atteia
processing stages compared with both their nitiaatd
salttreated 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 kewolecule in ZPP
inhibition [12] can be delivered by nitrate in real hams
but not in a shorterming model system.

Table 1 Zn-chelatase (activity units/gram dry matter) in
fresh meat extracts added with curing agevitsan values of
4 replicate analyses.

Zn-Chelatase
activity units(st. dev.)

Concentration in

Curing agents the extract

Sodium Chloride 0gll 0.60 (0.12)
20 gl 1.34(0.13)

40 g/l 2.00 (0.23)

60 gl 2.60 (0.26)

80 g/l 3.04 (0.21y

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)
100 mg/l 2.39 (0.25%"
300 mg/l 2.42(0.303°

500 mg/l 2.57 (0.30)

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(0.143"

6.0 1.49 (0.14)

6.5 1.14(0.01Y

7.5 1.06 (0.019

" for each substance, values with different superscript
letters are significantly different (P<0.05).
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Figure 3. Timerelated changes @PP (fluorescence
units/gam dry matter) in hams added with either salt,
or salt+ascorbate, or salt+nitrate

V. CONCLUSION

from this research indicate that -Zn

protoporphyrin (ZPP) is promoted by zthelatase

acticity in the muscle. Changes in the enzyme activity

during procssing 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 nitrlgs 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.
Potassiumlactate was added to one 2.2kg 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 4.8mm plate.
From each batch, pattes (100 g, 10 cm diameter)
were assigned to either vacuum, higloxygen, 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 temperatte 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. Highoxygen packaging increases the
likelihood of premature browning in ground beef
compared with vacuum and aerobic packaging.
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I. INTRODUCTION

Heatinduced denaturation of myoglobin is responsible
for the characteristic dubrown color of cooked meat
products. Unfortunately, the denaturation temperature
for myoglobin depends on several factors, and
therefore, the relative appearance of cooked product is

Proceedings:

not necessarily a reliable indicator that ground beef has
been pasteurized].

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 tmagtivate
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 agdev

The redox state of myoglobin determines its resistance
against heainduced 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 tobrown prematurely is greater in higixygen
packaging (80% oxygen) than in traditional evwarap
packaging [46].

Lactate is an ingredient often used in eeesady beef
processing. Although a significant amount of research
has focused o mawdolarcno eesearéhs
has assessed the
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 grouipeef.

IIl. 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-i325
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 4.8mm plate. From each 2.2& batch, 14 patties
(100 g, 10 cm diameter) were assigned to 1 of 7
packagingx storage time combinations: (1) day O, prior
to storage and packaging; (2) 2 days of storage in
vacuum; (3) 2 days of storage in higkygen; (4) 2
days of storage in aerobic packaging; (5) 4 days of

589

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

i ngredientd



@ eMST sooe
55th International Congress of

Meot Science ond Technology

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 (HDx) consisted of
80% G + 20% CQ and aerobic packaging (PVC)
consisted of oxygepermeable 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 2.54cm diameter aperture and illuminant A [7].

Paties were cooked to internal temperatures of 66°C or
71°C using a George Foreman clalrell grill. Internal
temperature was monitored using a handheld probe
thermometer inserted into the geometric center of each
patty. Cooked samples were removed fromgtileand
submerged in ice to minimize pesboking
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
wholeplot (n = 8). Each chub served as a block and
each chub half received one of two lactate treatments
(0 or 2.5%). Within the suplot, 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.

[ll. RESULTSAND DISCUSSION

There were no significant-4r 3way interactbns
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 interactiamr icooked 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 higltygen
had more discoloration during storage than ground beef
packaged in vacuum (Tahlg.
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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 highygen (Table

2). Lactate had no effect (P > 0.05) on a*uea 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 packagg 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 effieon 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 oxygeipermeable PVC.
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Table 1: Characterization of raw ground beef surface redness (a* value): Effects of'|gmataging and storage time at 2°C.

Packaging
Enhancement Aerobic PVC Hi-Ox Vacuum
Control 13.0a 20.4b 16.7¢c
Lactate 19.0a 23.0b 20.3a
P-value <0.05 <0.05 <0.05
SE ______ 058 0.58 0.60
Storage time (d)
0 19.5 19.5 19.5
2 18.3a 21.2b 24.2¢
4 11.1a 10.8a 19.2b
SE 0.58 0.58 0.60

Treatments include control ground beef without added lactatg@und beef with a final concentration of 2.5% lactate.
2Modified atmosphere packaging:-Bix = 80% Q + 20% CQ.

3P-value for control versus lactate comparisons within a packaging type.

SE = Standard error of the mean.

a-Cc Least square means witldarrow with a different letter are significantly different (P < 0.05).

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

Packaging
Endpoint temperature (°C) AerobicPVC Hi-Ox Vacuum
66 13.3a 10.8b 16.9¢c
71 11.9a 10.5b 14.5¢
P-valué’ <0.05 0.51 <0.05
SE 023 0.24 0.26
Enhancement
Control 12.8a 10.7b 15.4c
Lactate 12.4a 10.5b 15.9¢
P-value' 0.30 0.65 0.33
SE 0.2 0.2 0.3

! Treatments include contrgtound beef without added lactate and ground beef with a final concentration of 2.5% lactate.
2Modified atmosphere packaging:49ix = 80% Q + 20% CQ.

3p-value for endpoint temperature comparisons within a packaging type.

“P-value for control versusctate comparisons within a packaging type.

SE = Standard error of the mean.

a-Cc 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 challengesito 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, actemyosin, 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 techndunctional 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:
+31-622543047; email: clyde.don@foodphysica.cgm

Index Terms interactions, food physics, product
development, rheology, texture

I. INTRODUCTION

Meat and meat products are a complex mix of proteins
like: myosin, actemyosin, collagens etc..tAa certain
stage in the production chain;eca | | ed Al i vi
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 molecularele 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 ig with some effort a measurable
parameter it is ften 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
further processing into sausages, dried or cooked hams,
diced pork meat, minces and patties. In the practicality
of the real world we observe rra level differences
and label/rank them, for instance in pork we have PSE
and DFD. These are cl ear|l
the majority is in middle of these extremes, but meat
and meat protein sources are applied in large quantities
in industrial proessing. By definition, meat is nothing
less than an industrial protein, a commodity. Industrial
proteins have one or more specific functional property,
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On pork meat functionality: an elusive mix139.00

their market value is largely determined by
functionality [2]. Protein functionality is of a physical
or physicachemical nature. Especially for the large
meat proteins the key interactions take place at the
mesescopic level, sometimes also called protein
aggregate level. In food physics there are certain
classes of functionality:

e Solubility / dispersabilit
Gel formation
Texturisation (heat or acidduced)
Adhesiveness
Stabilising emulsions and suspensions

e Foam formation
Ideally a valuable industrial protein has 2 or more of
the functionalities mentioned. @&dicting protein
functionality / meat protein quay for enduse
purposes is important. This warrants the-igetof
systematic functionality testing of the most important
protein classes and a framework that helps to better
understand interactions.

IIl. MATERIALS AND METHODS

Porcine MDM

Mechanically deboed pork meat (MDM) was used as
an explorative model system for lightly to heavier
processed pork meat and pork meat products. Lean

No8r MBM' #ds 'uSed to obtain three fractions: 1)

myofibrillar fraction, 2) collagesich fraction and 3)
sarcoplasmatic fraain.

Washing and sepation procedure step 1
Cold water (5°C) with 0.6% NacCl 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 usingg MSE centrifuge
equipped withfour max. 1L buckets (3000 rpm).
Liquid with soluble sarcoplasmatic proteins was
carefully poured from the protein sediment.

as Aipoor functionalitybo
Washing and sepation 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
¥oft/fabtf *nioRbRiIRrK MatefiaX By epBfisy tAe d
dispersed proteins over the sievilae 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 2 centrifugation vas required.
This resulted in asediment 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 be (Greiner) the
solution was centrifuged. The indexation was 100
wt% insoluble, ranking 0" 100 for nonsoluble to
completely soluble.

Emulsion quality was assessed by stepwise addition of
pork fat and blending on a kitchen blender (Moulinex).
As a crule 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
the protein mass inta 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:i (10
penetration in mm) times 10.
Elasticity index by measurgn t h e
a Bohlin rheometer and manually.

Gé6 [/ Go

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 a ki ng a Afirst b
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].

[ll. RESULTSAND DISCUSSION

The 3 frations obtained from pork MDM were tested
for functionality. Functionalities were ranked in a
functional mapping a schematic. Figs 41 3
respectively show the functionality map of the: 1)
myofibrillar fraction, 2) collagen fraction and 3)
sarcoplasmatic &ction. 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 collagn 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
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Figure 1 Functionality of the myofibrillar fraction
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Figure 2 Functionality of the collagen fraction

tough on first bite, but the collagen material appeared
to have a texture feature that mot found in the

myofibrillar gel system8Vith further therme
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 setransparent gel.nl
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, onlynall
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 ligud 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 i SS chemistry in
texture/aggrgate formation of the three protein
fractions studied here. This points to only physical
interactions like FHbonds, hydrophobic stabilisations,
v/d Waals forces, ionic bonds as being responsible for
the macreproperties of meat and meat products [4].
Thisis 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 caibe 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
unravelthe pork meat protein functionality puzzle.
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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 functionéity 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 phasesystem. 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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Abstractd Lean minced chicken meat batters were
prepared with modified starch, soy proteins or
phosphate as well as their combinations; all
evaluated n 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 no't af fect
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 treaémt
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 reenforce
the structure. In the starch added treatment, the
swelled geldinized 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 Sue
Department, Guelph, ON, CANADA, N1G 2W1 (58244120 ext.
53369; fax: 518B24-6631; email: sbarbut@uoguelph.ca).

Index Termsd meat, microstructure,

protein, soy, texture.

poultry,

. INTRODUCTION

The meat industry is employing various nromeat
addtives, such as vegetable proteins and starches to
improve texture, moisture retention, and control cost.
(2). Current changes include consumer demand for low
fat meat products that taste good. In most cases extra
moisture is part of the formulation, anetefore 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 espially true when the
product is heated and the moisture retention of meat

Proceedings:

Effects of starch, soy protein isolates and phosphate on improving lean chicken meat batters

proteins is significantly reduced. The additives must
be compatible with the meat proteins otherwise they
disrupt the structure and can also lower vyield.
Beuschel et al. (2) indated that the contribution of
whey protein concentrate to a meat system depends on
the meat pH, solubility of the whey protein, and
heating temperature.

p Theydraported that gel hardness increased as whey

protein solubility decreased at pH 6.0, 7.0 and, 8.
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 noAmeat 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 protein;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.hefefore,
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 modifieal 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 Ilfier 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 cbiken breast meat batters.

Il. 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 ®#éan 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
addedat 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 tulaad
centrifuged to remove small air bubbles. Tubes were
heated (30 to 7Z) 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 &er
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 1r8/m

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 tita 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 structurenia 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%ifmalin for 10 h, dehydrated
with a series of increasing alcohol solutions. Samples
were later embedded in paraffin, @uto 4-6 i em 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 20mm (illumination D65, observer
10°) was used to evaluate three fresbly surfaces
from each cooked sample, to obtain the CIE L*
(lightness), a* (redness) and b* (yellowness) values.
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G. Statistical Analysis

The experiment was designed as a complete
randomized block, with three separate replications.
Statistical analysis waperformed using a software
package (sas version 8.02, sas institute, Cary, NC,
USA).

IIl. RESULTSAND 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&gauction 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 fihacooking
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). Phosphaseldition 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 les Overall, this combined
effect is what the industry is looking for since there are
several regulatory and economic restrictions
concerning the use of different nameat ingredients
(e.g., maximum of 0.5% phosphate regulation where
allowed; cost of modiéd 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 leesiveness 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
gel atinized Astarch i sl
thelowerhadness value, as
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 colesiveness values above the SPlis phosphate
effect (resulting from extracting additional myofibrular
proteins and acting synergistically with sodium
chloride) has been previously reported by Wigt(8).
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Using phosphate, starch and SPI together showed the The color was not much affected by the treatments

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 gelani zed
i slands0d were present,
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 eat 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 uporheat induced
gelation. The treatment with modified starch showed
starch granules dispersed within the protein matrix.
The size (250&#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
devebpment (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 tdo 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 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 tcetiend of cooking.

Proceedings:

(Table 1).

IV. CONCLUSION
The information presented points out the importance of

fi using r ac bombination of nemeat ingredients to
t h eptimize yietd and rexture &afta leanxpoultwanseat battec h

prepared with salt, phosphate, starch and soy proteins.
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Table 1 Effect of soy protein isolate (SPI), modified starch and tripolyphosphate (TPP) on cook loss, color and texture ofigetultry

batters.
Treatment Cook Loss| Color Hardness Cohesiveness| Lightness Redness Yellowness 1. Control
(%) (N) (ratio) (L) (@) (b%)

59a 8la 0.7b 11a 41c .36c2.SPI | 29b 79¢c 0.3a

11a 66 b 43 b 3. 09c 77d 0.3a 11a 65 b 42 b 4. SPI
SPI + + starch +
starch TPP

01lc 76 e 1.0c 9b 88 a .58 a 5. 26b 80 b 0.7b

Starch

1lla 40 c .33 d6. 0.8c 78 cd 1.8d 9c 80 a .58 a
TPP

ad Means in the same column followed by different letters are significantly different (p<0.05).
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PE4.41 Effect of manufacturing with vegetable juice powder as source of nitrites of cooked loitv4.00
MontserratVaquereMartin (1) ita-vagmarmo@itacyl.eJ Sanchedglesiag 1), B Martinez(1), B Rubio(1)
(1)Consejeria de Agricultura y Ganaderia de Castilla y Ledn. Instituto Tecnoldgico Agrario, Spain

Abstract The aim of this studywas to investigate the batch was pumped in a muiteedle injection machine with
addition of vegetable juice powder as alternative to the 20% brine containing the different additives depending of
direct addition of nitrite in the manufacture process of the batch. After brining, the meat was transferred to a
cooked loin. In that way three batches of cooked pork t umbl i ng machine and fimassage
loin were manufactured: Batch 1 (with nitrites added restperiods under vacuum during 5 hours and 20 minutes at
and without phosphates), Batch 2 (with vegetable juice 20C. After tumbling, the meat was introduced into elastic
powder and without phosphates) and Batch 3 (with mesh and the pieces were cooked in an oven to a core
vegetable juice powder and with _phosphaFe_5)- During the temperature of 68°C. During the cooked, a smoking step was
manufacture process (raw material, after injection, after applied to enhance the desir@dma and colour formation.

tumbling and after heating) samples were taken t@aTy  agter the heat treatment, the pieces were cooled in a chilling
out microbiological, physicochemical and sensory room to 2°C

analysis. The results obtained throughout' r_nanufacture The loins of each batch were sampled during the
process showed that the use of vegetable juice powder as

source of nitrite might be an alternative method in order manufacture process in d|fferent. sampling 'pom'gs: raw
to manufacture cooked loin. material, after injection, after tumbling, afteedting (final

product). Samples from each loin (a steak with 1 cm
thickness) were taken aseptically to carry out the analysis.
All authors are with the Consejeria de Agricultura y Ganaderia de In .the rawlmaterlal, the results for microbiological and
Castilla y Leén. Instituto Tecnolégico Agrario. Estacién Tecnolégica de Iphysicochemical parameters were calculated as average of

(corresponding author to provide phone: +3B %80688; fax: +34 923 ’

580353: email- rubherbe@ itacyl.es). evaluation was carried out in the final product.
METHODS
Keywords vegetable juice powdenitrate, nitrite, cooked loin, Microbiological analysis
culture starters. The samples were analysed for aerobic mesophilic bacteria
(3M Petrifilm Aerobic Count Plate (Bioser, Barcelona,
I. INTRODUCTION Spain) at 30°Cor 48 h)MicrococcaceagMSA (Scharlau,

ue to the recent recommendation from the Worl@pain) at 37°C for 48 h).

Cancer Research Fund to avoid the intake ofgs®ed
meat, it is necessary an urgent adaptation of meat procesditysicochemical analysis
industry in relation to the health value of processed meat¥itrite content was determined according to the ISO method
In this sense, alternatives for the use of nitrate and nitrig®91:1975 [3]. Nitrate content was determined by high
from meat processing have been proposed. So, még&rformance liquid chromatography [4]. Phospbatentent
products using/egetables juices as sources of nitrates aigs measurement by spectrophotometric method [1].
nitrites have been recently development. The aim of this
study was to investigate the influence of this productiolpstrumental colour measurement

system in cooked loin. Objective measurements of colour were taken at the surface
of loin using a reflectance spectrophotometer (CM
II. MATERIALS AND METHODS 2600d/2500d (Konica Minolta, Aquateknia S.A., Valencia,
MATERIALS Esparia). Colour coordinates were determined in the CIE

LAB system and the results were expressed as lightness

To achieve this objective three batclvésooked pork loin (L), redness (a*) and yellowness (b*)

were manufactured:

Sensory analysis
An acceptance sensory test was carried out by a trained
-Batch 2: with vegetable juice powder and withougightmember test panel. The sples were reheated in an
phosphates. oven to reach a centre temperature of 68°C. The samples
were kept in a sand bath at 50°C to present to the panellists
-Batch 3: with vegetable juice powder and withone at a time. The sensory attributes evaluated (colour,
phosphates. odour, taste, springiness, juiciness and overall adudipta
were scored using afwint scale (5 = excellent, 4 = good, 3
In that way, 9 loins were divided three batches and each= acceptable, 2 = fair and 1 = unacceptable).

-Batch 1: with nitrites added and without phosphates.
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Statistical analysis Finally, the results obtained for the sensory evaluation in
Data sets were statistically analyzed usingwag variance the final product are showed in the &ldl. In general, no
analysis (ANOVA) in order to determine any significantlear differences were found in the parameters evaluated
differences during the manufacture process in each batmong batches and all scores obtained were between 4 and 5
and between the different batches in each processed sfaphe scale used which correspond with a good or excellent
The means were separated by Tukewpest significant product.

difference test at 5% level. Data analyses were conducted

using STATISTICA 7.0 statisticgdackage. IV. CONCLUSION

On the basis of the results obtainedgah be concluded
IIl. RESULTSAND DISCUSSION that the use of vegetable juice powder instead of nitrite
The microbiological results (table 1) showed that thaddition had not effects on manufacture process of cooked
microorganisms numbers remained nearly constant in then. Besides, the final product obtained with this different
batch 1 (in raw material, after injection, after tumbling)production style showed good or excellent sensory
However, the aerobic mesophilic bacteria  andharactestics.

Micrococ@ceae counts increase after brining step and
remained constant in the tumbling process in the batches 2

ACKNOWLEDGEMENT

and 3. In the final product, these counts were underThjs research was supported ®grnipor S.L, CDTI and

detection limit in all batches.

Considering batches, differences (p<0.05) were found
between the lieh 1 and the batches 2 and 3 at the injection
and tumbling steps. The behaviour was expected taking irrfﬁ
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. fie pH values increased during the manufactugg,
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 fﬂ
this product [2], [5].

The nitrate contenin the batch 1 (without nitrate added)
was under detection limit throughout manufacture process.
However, the nitrate content increased after injection in thg
batches 2 and 3 (both with vegetables juice powder added)
and decreased in the cooked produnttar detection limit.

The behaviour for the nitrite content was different in the
three batches. After injection, the nitrite content decreaséd
up to the final product in the batch 1 (with nitrite added).
However, the nitrite content increased in the bat¢hand 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 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 mé#miure process in
the three batches, it did not allow establishing clear
behaviour for L*, a*, b*.

In the final product, no differences>{05) were found
for parameter L* among batches. However, the cooked loins
belong to the batch 3 presented the ldvegsvalues 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.
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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 3ahli¢h vege

juice powder and with phosphates).

BATCH 1 BATCH 2 BATCH 3

6O RAW MATERIAL A3.81+0.09 A3.81+0.09 A3.81+0.09

5% 5 AFTER INJECTION <1 A7.41+0.1Q A7.54+0.35

g o § AFTER TUMBLING A3.26+0.35 B7.39+0.9 B7.52+0.35
COOKED PRODUCT <1 <1 <1

[T RAW MATERIAL £2.36+0.3} £2.36+0.3% £2.36+0.3%

§ s AFTER INJECTION <2 A6.92+0.16 B7.31+0.06

3 § AFTER TUMBLING A2.98+0.35 B7.34+0.13 B7.15+0.34
= COOKED PRODUCT <2 <2 <2

ABMeans with different letters in the same row indicagmificant differences between batches (Tukey test: p<0.05).

3P Means with different letters in the same column for each microbial group indicate significant differences during thexgrocessi
(Tukey test: p<0.05).

Table 2 Evolution of physicochemitgarameters (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 amdtBatch 3
vegetable juice powder and withggphates).

BATCH 1 BATCH 2 BATCH 3
RAW MATERIAL A5.56+0.04 A5.56+0.04 A5.56+0.04
- AFTER INJECTION B5.69+0.03 A5.51+0.1Q AB5.61+0.0
o AFTER TUMBLING B5.64+0.03 A5.48+0.05 B5.59+0.03
COOKED PRODUCT A5.90+0.03 A5.81+0.06 A5.88+0.02
" RAW MATERIAL <50 <50 <50
= AFTER INJECTION <50 A74.0+17.3 104.3+11.5
= AFTER TUMBLING - - -
= COOKED PRODUCT <50 <50 <50
RAW MATERIAL A1.9+0.3 A1.9+0.3 £1.9+0.3
= AFTER INJECTION B71.1+13.9 A1L7+1.4 A8.412.7,
£ AFTER TUMBLING B40.745.7, A1.840.6 A4.8+1.3
“ COOKED PRODUCT A33.4+10.9 B109.2424.9 5129.1+6.Q

ABMeans with different letters in the same row indicate significant differences between batches (Tukey test: p<0.05).

abcdpeans with different letters in the same column fackeparameter 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 @redsiring the manufacture process of

different cooked loin batches &Bh 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
RAW MATERIAL A42.07+1.34 549.11+0.28 850.20+2.03
. AFTER INJECTION B56.29+1.82 A44.10+1.36 A42.62+2.05
- AFTER TUMBLING 49.18+1.5% A43.89+1.79 ABA5.12+2.06
COOKED PRODUCT A72.99+0.43 A70.51+2.35 A69.35+1.38
RAW MATERIAL B5.11+0.89 B3.89+0.62 A1.12+0.63
. AFTER INJECTION B5.52+0.69 £6.60+0.22 A2.12+0.32
© AFTER TUMBLING B5.32+0.78 AB4.31+0.36 A2.97+0.5Q
COOKED PRODUCT B5.84+0.53 B5.93+0.54 A4.34+0.54
RAW MATERIAL A11.62+0.53 £12.51+0.22 A11.16+0.52,
. AFTER INJECTION £11.09+0.29 €14.37+0.42 £9.95+0.14,
< AFTER TUMB LING A11.36+0.35 A10.95+0.91 A11.98+1.93
COOKED PRODUCT A8.60+0.34 £10.5620.3Q A8.68+0.6Q

ABMeans with different letters in the same row indicate significant differences between batches (Tukey test: p<0.05).
abcd\Means with different letteris 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: vith 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+0.4, 4.8+0.4, 4.5+0.5
ODOUR 4.920.2 4.510.5 4.5+0.5,
TASTE 4.9+0.3 4.8+0.4, 4.8+0.5
SPRINGINESS 4.5x0.5 4.7+0.5 4.6+0.5
JUICENESS 4.3+0.5 4.9+0.3 4.5+0.7,
OVERALL ACEPTABILITY 4.7+0.2 4.8+0.3 4.6+0.4,

abMeans with different letters in the same row indicate significant difte®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 manufacturiofy
AChorizod a Spanishl4800y fer mented sausage

B Rubio(1) rubherbe@itacyl.eMontserratVaquereMartin ( 1), MJ Sanche#glesias(1), B Martinez(1)

(1)Consejeria de Agricultura y Ganaderia de Castilla y Leon. Institutmdlégico Agrario, Spain

0 The objective of this study was to determine the  The objectiveof this study wmsto determine the effect of
effect of usingvegetable juice powderon microbiological using vegetable juice powder on microbiological and
and physicechemical characteristics during the physi®-chemical characteristicsduring the manufacture
manufacture process of a dry fermented sausagepr ocess of a dry fermented sa
Achori zodo. hi§am &oorhateheseof small
caliber fermented sausages were manufactured:- Il. MATERIALS AND METHODS
Control batch: without nitrates and nitrites added, 2- To achieve this aim four batches ofsmall caliber

batch 1: with nitrates and nitrites added,3- batch 2: with  fermented sausagesere manufacturedi- Control batch:
vegetable juice powder, andd- batch 3: with vegetable ithout nitrates andhitrites addedp- batch 1:with nitrates
juice powder and with starter cultures. Samples of each gndnitrites added3- batch 2:with vegetable juice powder
batch were analysed after 0, 5, 16 and 26 days ofand4- batch 3with vegetableijice powde and withstarter
processing. Microbiological and physicechemical o jtures

parameters were tesFed. In general, all microbiological  aj the sausages were manufactured the same day, using
counts increased during the mangfapture process ohé  the same technology and according to a traditional
four b atcchhoersandant differences or slight - formylation, which consisted of 75% pork meat and 25%
differences were found for the microorganisms studied pork packfat. Lean pork meat and pork backfat were rdince
in the final product. In all days of processing, the (p.32 FUERPLA, Valencia, Spain) to a particle size of
sausages manufactured with nitrite and nitrate added 5pout8 mm and subsequently mixed in a vacuum mixer (A
(batch 1) presented the highest valuefer the nitrate and g5 FUERPLA, Valencia, Spain) with the corresponding
nitritecontent and no differences (p>0.05) were found jngredients(table 1). The different sausage mixtures were
between the others three sausages batches. For thatsyyffed into casings (485 mm g). All sausages were
reason further studies are neccesary carried out 10 fermented in a drying chamber (Hermekit, Cenfrio, Spain) at
optimize the use of vegetable juice as sources of nitrates) 5oc and 96100% relative humidity (RH) for 18 h, 223°C
and nitrites in dry fermented meat products. and 90 % RH for 48 h, at 1%5°C and 8®0% RH for 10

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

All authors are with the Consejeria de Agricultura y Ganaderia d . .
Castilla y Lednlnstituto Tecnol6égico Agrario. Estacion Tecnoldgica de Ia&c theripening process (a total of 26 days).

Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca (Spain). Samplesof each batctwere takenduring the following

(correspondingauthor to prpvide phone: +34 923 580688; fax: +34 92hhases: initial sausage mixturday Q, after fermentation

580353; email: rubherbe@ itacyl.es). (day 5) and dry curing (days 16 and 26) to carry out the
different analysis

Index Term® chorizo, fermented sausages, nitrites, nitrates,

vegetable juice powder. Microbiological analysisThe samples were analysed for

aerobic mesophilic bacteria (3M Petrifilm AerobBount

| INTRODUCTION Plate @M, _Madrid, Spqin) at 30°C for 72 h),
Enterobacteriaceaé3M Petrifilm Enterobacteriaceae Count

T he ma_nufacture process of the cured meat prOd,UCtSF‘Ete BM, Madrid, Spain) at 37°C for 24h)actic acid

charactdzed by the addition of cured agents, nitrat§y, cteria LAB) (MRS Agar (Scharlau, Spain) at 30f& 48

and/or nitrite, which improve the microbiological safety an ), and Micrococcaceae(MSA Agar (Scharlau, Spainjt
contribute to the sensory characteristics. Nitrate is used a§7,‘%Cfor 48 h) ’

source of nitrite since it is reduced to nitrite by nitrate
redudase under anaerabtonditions[1], [6]. Nitrite is the Physicochemical analysipH was determined with a

active agent in the curing mixture and its role in cured megtison 2001 pH meter (Crison Instruments S.A., Barcelona,
products can be summarised aycharacteristic formation Spain) equipped with a punat electrode. Water activity

of cured_ meat c_oIour,b) in_hibi.tion of spd:lage and (a) was measured using a Decagon -ZXAQUALAB
pathogenic bacteriar) contribution to typiel flavour o ometer (Decagon Devices Inc., Pullman, WA, USA).
development and) contribution to oxidative stability of jirate and nitrite content were determined according to the

meat[4], [5]. An alternative to the usef nitrite in cured |50 methods 3091:1978] and 2918:197%] respectively.
meat productis to usevegetablguice powder (with nitrate

as a natural resource) and a starter culture with nitrate giaiigical analysis.Data sets werstatistically analysed
reductae activity. using oneway variance analysis (ANOVA) in order to
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determine any significant differences during the IV. CONCLUSION
manufacture process in each batch &etiveen thefour
different batches ieach timeThe means wergeparated by
Tukeyhonest significant difference test at 5% lev@hta
analyses were conducted us@fATISTICA 6.0 statistical
package.

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 steidiee neccesary
carried out to optimize the use of vegetable juice as sources

Il RESULTSAND DISCUSSION of nitrates and nitrites in dry fermented meat products.

The results of the microbiological analysis are showed in ACKNOWLEDGEMENT
the table 2In general, all micrablogical counts increased  this research wasupportedby Instituto Tecnolgico

during the manufacture process of the four batches @f -0 de castilla y Ledrand by FEDER (project PEP
fichorizad. At day 0, the sausages of the batch 3 presents, 06.00934).

higher counts for aerobic mesophilic bacteria, lactic acid

bacteria due to the addition of sta_rter culture in the REFERENCES

manufacture of these sausagés. the final product (26 _ . .
d differences or slight differences between batchélsl, Cammack, R., Joannou, C.L., Cui, X.Y., Torres Martinez, C., Maraj,
ays) no _ ghtd _ : S.R., & Hughes, M.N. (1999). Nitrite and nitrosyl compounds in food

were found in the counts obtained for the microorganims preservation. Biochimica et Biophysica Acta, 1411,-488.

studied. The typical microflora values obtained were usu[aZI] SO (International  Organizati ¢ Standarization) (1975)

B nternationa rganization O anaarization .
for this prqducin all bathes'. . Determination of nitrite content, ISO 2918:1975 standard. In
The weight losg(table 3) increased during the days of  International standards meat and meat ProGestéva, Switzerland:

processing in all batches up to 40%. No differences (p>0.05) International Organization for Standarization.
were found between batches in all samples times. [3] ISO (International Organization for Standarizationj1975).

During the manufacture process the pH values (table 3) Determination of nitrate content, ISO 3091:1975 standard. In

were reduced in all groups ﬂﬂ?ﬂﬂy due to the activity of Internat!onal standa_lrd; meat and meat Profﬂmieva, Switzerland:
. . X International Organization for Standarization.

lactic acid bacteria. The results qf é&able 3) showed a
decrease during the days of processing due to the dryify Marco, A, Navarro, J.L., & Flores, M. (2006). The influence of nitrite
process.n the final product, the sausages control (Without and nitrate on microbial, cl'_lemlcal and sensory parameters of slow dry

. o . fermented sausagkleat Science, 73, 66673.
nitrate and nitrite added) presented the highéktapd g

values. [5] Sebranek, J.G., Bacus, J. (2007). Cured meat products without direct

Th itrat d nitrit tent i h d in the fi 1 addition of nitrate or nitrite: what are the issues?. Meat Science 77:
€ nitrateé and nitrite content IS showed In the figure 1. 435747, Toldra, F. (2006). Norma Europea de aditivos:

Regarding nitrate pattern, the values obtained for this implicaciones de la reduccién de nitratos y nitritos en el jamén
parameter remained constant during the manufacture curadoCamica 2000, 33, 585.
process in the four batches. Significant differences (p<0.Q Toldra, F. (2006). Norma Europea de aditivos: implicaciones de la
were found between the batch 1 sausages (with nitrate reduccion de nitratos y nitritos @hjamén curado. Carnica 2000, 33,
added) and those the others three batches, however, no 57-65.
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 caitent 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 bhat8) showed a slight increase
at day 5 due to theitnate present wa reduced to nitrite by
the action of the microbial flora wititrate reductase
activity (present in the product or added as starter culture).
In all days of processing, the highest valie 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 infially 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 nittes in dry fermented meat products.
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Table 2. Microbial counts (log cfu/g) obtained during the
processing © f our b a b o h:e(@oatad fbatchi
20 without nitrates and nitrites added, batch 1: with nitrates and
» 200 nitrites added, batch 2: with vegetable juice powder and batch
g 150 - 3: with vegetable juice powder and with starter cultures).
£ Days of processin
© 100 4 . . Batch ——— ySorp 9
S a——— . ——— 0 5 16 26
%7 T Control  "6.67, 8.8,  8.65 9.15
0 : : : . . o2 1 "6.61, "8.82  “8.70, "9.26
0 5 10 15 20 25 30 g § 5 2 "6.72,  "8.66  "9.07.  "9.09
Days of processing 238 3 8740, "8.7Q,  “8.93  “8.95
150 E A B A C
5 Control 3.27, 5.48, 6.24 6.15
g 120 8 1 €3.73 85.48 6.48  "3.00,
£ g o -g 2 €3.81, A2.93, A6.27, B5.29
S 601 = 3 8348  ©5.48 %648  %6.17
= 30 \/./‘ ,_ = Control 6.0, "873  "8.78 "9.3%
0 . . —— — E2g,. 1 "6.00,  "879 ‘925 922
0 5 10 15 20 25 20 T S 8 2 B(S.OQa A8.7Q) B(?.QQ) A9.19)
Days of processing 3 A?.OZ.;l Bc8.7?b _ 9.1% 38.87b
g Control A6.395l AB?.OOab A6.8Qab A7.47b
N " s} 1 6.35 6.41, 6.7% 6.54,
+- controlbatch-A batchl +— batch2 —=- batch3 § % 5 AG.39, A6.07, A7, 57,16,
§ © A C: A A
S 3 7.20, 7.23, 7.35 6.78

Figure 1. Evolution of nitrate and nitrite content during the Yy i I T ndi
processing of four batches of dry fermented sausage chorizo _'Means with different letters in the same row In |cate.
manufactured: Control batch: without nitrates and nitrites significant _ differences during the processing (Tukey test:
added, batch 1:ith nitrates and nitrites added, batch 2: with p<0.05).

A,B,C . . .
vegetable juice powder and batch 3: with vegetable juice hMeansbwllth d|ffer<_an(;_|etters_|n_;c_he Sa(;‘.‘; column ;nd for
powder and with starter cultures. each microbial group indicate significant differences between

batches (Tukey test: p<0.05).

o

a,

Table 3. Evolution of weight loss, pH and,aduring the
processi ng o fc hfoowConitabatcle: wighaut of
nitrates and nitrites added, batch 1: with nitrates and nitrites
added, batch 2: with vegetable juice powder and batch 3: with

Table 1- Ingredients added to the four differents batches of 7 ;
vegetable juice powder and with starter cultures).

fic h o r manudagtured.

Batch Batch Days of processing
Ingredients Control 1 2 3 ate 0 5 16 26
Pork backfat (%) 25 25 25 25 = 83 34 =
NaCl (g/Kg) 20 20 20 20 S 1 : A11.26 73243 “41.46
Paprika(g/Kg) 19 19 19 19 §
Garlic (g/Kg) 1.5 1.5 1.5 1.5 - , A A A
Nitrates (ppm) == o == == £ 2 12.77, 31.2%, 40.53
Nitrites (ppm) — 100 — — g A A A
Vegetable juice 20 20 3 ' 13.48 33.14, 41.5%
d /K _ _
powder (g/Kg) Control %568 7520, U555  ©5.8%
Dextrose (g/Kg) — 10 — — A B B A
Polyphosphates ! 05.6& AS'S% A4'99" A5'0Q‘
(9/Ka) — 1.0 — — I 2 5.7% 5.22 4.86, 4.99
Ascorbate . 0.45 . . 3 6.8y "5.26  “5.14,  *5.05
sodium (g/Kg) ) - - 5 -
Oregano (g/Kg) 1.0 1.0 1.0 1.0 Control A0.97(:3, A0.964 ABO.QS?b A0.89Q1
Black pepper E 1 0.97% 0.96Q 0.929 0.863
(g/Kg) 1.0 1.0 1.0 1.0 2 "0.972 %0.962 “°0.93q  °0.884
Starter culture 3 "0.97% "0.963 "0.925 ®0.88Q
— — — 0.6 abed, ith different letters in th indicat
(g/Kg) Means with different letters in the same row indicate
significant differences during the prosesy (Tukey test:
p<0.05).*BC 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 sensori al characteri stmaoufactwedwitn dr y f er
different nitrite source or nitrite -free 146.00

B Martinez Dominguefl) mardomma@itacyl.edlaria JSIglesias(l), M Vaquero Martin(1), B Rubio Hernanddl)
(1)Consejeria de Agricultura y Ganaderia de Castilla y Leon. Instituto Tégico Agrario, Spain

Abstrac® Increased concerns about the potential nitrites in cooked meat products oliaig meat
health risk associated with the consumption of products of acceptable hygienic and sensory quality
processed meat have led the meat industry modify [7]. Nevertheless, no study about the use of these
traditional products to make them healthier. Recent substances in dry fermented sausage has been reported.
research has focused on the usd vegetable juices Therefore, the aim of this work was to know the effect
powder as source of nitrates and nitrites in cooked of the use of different nitrite osirce (chemicalvs.
meat products. Nevertheless, no study about the use vegetable juices powder) on the sensorial

of these substances in dry cured sausage has been

. ; characteristics of fichorizoo
reported. The aim of this work was to know the

effect of the use o_f different nitrte source (chemica_ll II. MATERIALS AND METHODS

vS. vegetable juices powder) on the sensorial )

characteristics of fi c hor iMaterigls To achieve this 3
objective four batches of FR&HKordizZfooer eat spanticshne sdroyf i
cured sausage, were manufactured: Control- according to a traditional formulation with lean pork

without nitrite and nitrate added, 1- with chemica meat and pork back fafhese formulations differed

nitrite and nitrate added, 2-with vegetable juice respect to nitrate and nitrite addition:

powder and 3- with vegetable juice powder and N Batch control without nitrite and nitrate added.

starter culture. CIE L* a* B* colour, texture N Batch 1:with nitrite (E252) and nitrate (251)

profile analyse, sensorial properties and consumer added.

prefgrences were analysed. In genera] the results N Batch 2: with vegetable juice powder (natural
obtained for the parameters evaluated did not show

source of nitrate).

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-4® mm
artificial casings ath a fermentation and drying process
in climate chambers, during a period of about 26 days.

All authors are with the Consejeria de Agricultura y Ganaderia de Analysis
Castilla y Leén. Instituto Tecnolégico Agrario. Estacion Tecnolégica The internal col our ofafichor

de ka Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca . .
(Spain). (corresponding author to provide phone: +34 923 580688; reflectance SpeCtrOphOtometer (MmOIta €a02;

clear differences between the batches studied. N
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 poder as source of nitrate
did not show any advantages versus to the sausage
manufacture without curing agents added.

fax: +34 923 580353;-mail: mardomma@ itacyl.es). Osaka, Japan). The illuminant used was D65 and the
standard observer position was 10°. Color results were
Index Term® dry fermented meat products, determined in the CHEAB system [2] and the
nitrite, nitrate, sensory, vegetdle juice powder. lightness (L*), redness (
yell owness (b*, yell owZzbl ue)
. INTRODUCTION Instrumental texture profile analysis (TPH)] was
Chorizo is a typical dry fermented sausage from  performed with atexture analyzer TAXT2 (Stable
Spain manufactured from a mixture of chopped meat, Micro Systems, Haslemere, UK). Six cubes of
lard, salt, additives (curing agents, antioxidants)) fchor i z o &), dothixed fxofn the eentre of the
sugars, starter cultures (optional) and spices. Nitrite is sausage were compressed twice with a cylindrical
the active agnt in the curing mixture and nitrate acts as ~ probe of 2.5 cm diameter, at a rate of 1 mm/s. The
a source of nitrite [5]. Nitrite is used with the purpose  compression level was 80 of the sample thickness.
of improve the microbiological safety and contribute to ~ Texture Expert version 1.20 (software Stable Micro
the sensory characteristics of this fermented sausage. Systems) was used to calculate the values of hardness
However, the increansls ofgl y(g)cspringness@Em)s éohesiveness, and chewiness (g
healthier products have led the meat industry modify ~ x mm).
these traditional products to contain fewer or no Sensory evaluatiorwas carried out by a trained
additives. Recent research has been focused on the use panelandby&@ onsumer 6s panel . Fir:s

of vegetable juices powder as source of nitrates and evaluated by an experiencedr@mber sensory panel
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[9] [10]. Six triangle testd11] were conducted to
determine if there were sensory differences between
t he di fferent batches of
guantitatve descriptive analysis was used to describe
the fAchorizod in each bat
the following sensory attributes: lean and fat colour,
odour intensity, hardness, juiciness, taste and overall
acceptance, on afoint intensity scale as fows: 5 =
maximum intensity and 1 minimum  intensity.
Finally, in order to know the consumers prefererzce,
preferencaanking test[8] (was carried out by &6-
member consumer 6s panel

Data sets were statistically analyzed using-wag
variance analysi (ANOVA) in order to determine any
significant differences between the four different
batches. The means were separated by Fhkegst
significant difference test at 5% level. Data analyses
were conducted using STATISTICA 6.0 statistical
package.

[ll. RESULTSAND DISCUSSION

Results of the instrumental measurements of colour
in the different batches
1. For L* and b* parameters, slight differences were
found and no differences (p>0.05) were found in
redness &*) between the four diches. 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 pduct or added as starter
culture). In relation to
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 fermentumor Staphylococcus xylosus
have the ability to change Mbp to cured meat
pigment NG Mb(Fe*).

Table 2 shows the instrumental measurement of
texture. Differences (p<0.05) were found in the values
obtained for the hardness and chewsmebetween
bat ches. AChorizod el
(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,hmsiveness 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 wereable to differentiate betweeft) i c h o r i
manufactured without nitrate and nitrite (control batch)
and fichorizodo manufactured
1, 2 and 3) and2) ichori zoo
chemical nitrite and nitrate added (bath 1) and

t

Proceedings:

(0]

aborated

Z Q

manufactured

fikori zod manufactured with
and starter culture (batch 3). The odour and the taste
wére lthe rmiaiz arametefsdtidat alioveed adtabligh
differences between these batches. On the other hand,
thén judgdshvweere ausablee tosdetecs (pe0wW%) | sanmeet e d
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 batche of Achorizoo for
parameters: lean and fat colour, odour, juiciness, taste
and overall acceptance. Nevertheless, significant
differences (p<0.05) were found for hardness. The

\

a

fichori zoo manufactur ed wi t h
nitrate added sheed lower (p<0.05) scores of
hardness than the control fi

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 usedn instrumental texture tests could explain
these differences [4].

f Regardingthe prefeyence feptecarded ky gonsumess, + 4 |

differences (p>0.05) were not detected between
fichori zoso from batch 2 a
significance differences (p<0.05) were axkbel

bet ween the Achorizosodo manu
and nitrate (control bat c
manufactured with vegetable juice powder (batches 2 y

3) and the fchorizoso el abor

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

best sopredh Jollqwedy By the Baishes 2139t 3w t ¢
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 fnitrate did not show any advantages versus to
the sausage manufacture without curing agents added.
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Table 3 Discriminant analysis between the different batches

(L*), redness (a*) and yellowness (b*) obtained on the of fichori zoo.
di fferent batches of fichori zodcompared Number of  Number of correct Significance
Batch L* a* b* samples judgements judgements level
Control 829.6+1.3 20.6 £ 2.7 455+3.2 Controland1 19 17 0.001
1 b9324+14 222435 79408 Controland2 16 14 0.001
e e e Controland 3 16 16 0.001
2 b340+21 24.8£36  °206+3.7 Land2 19 8 n.d
1and3 19 13 0.01
3 °36.3+4.8 20.8+5.0 82+35 2and3 16 7 n.d.
n.d.: not detected.

aPCyalues in the same column with different letters are
significantly different (p<0.05).

Table 2 Results (mean and standard deviation) obtained
from instrumental measurenteosf texture on the four batches
manufactured.

Batch Hardness(g, Springiness Cohesiveness Chewiness(g]

Control ?3281+763 0,49+0,05 0,35+0,06  °553+123
1  ®5954+161 0.53+0.05 0.38+0.05 1223445
2 40344972 0.48+0.04 0.35+0.05  %683+222
3 "4352+4161¢ 048+0.07 0.3620.06  746+260

abCyalues in the same column with different letters are
significantly different (p<0.05).
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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  3.70.5 3.6£0.6 3.3t0.5 3.5%0.5
Odour 3.6t0.6 3.6x05 3.5¢0.5 3.4+0.5
Hardness °3.4t0.5 23.0:0.0 *3.2+0.4 "3.5:0.5
Juiciness 3.#0.7 3.3£0.7 3.6£0.6  3.4+0.5x
Taste 3.40.5 3.7¢0.5 3.1+0.7 3.2+0.7
Overall 3805 35104  33t04 3.7:05
acceptance

abC values in the same row with different letterse ar
significantly different (p<0.05).
Scores: I minimum intensity, 5 maximum intensity.
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Physicochemical and sensory characteristics of cooked ham manufactured with vegetable juice

Maria JSlglesias(1) ita-sarigima@itacyl.esM VaquereMartin( 1), B Rubio Hernand(l), B Martinez Dominguez
(1)Consejeria de Agricultura y Ganaderia de Castilla y Leon. Instituto Tecnoldgico Agrario, Spain

Abstrac® Currently, consumers demand safe
food with all of their nutrit ional and sensory
properties without the use of chemich additives.
Recent research has focused on the use of vegetable
juices powder (natural resource of nitrate) and a
starter culture containing Staphylococcus s.pwith
nitrate -reductasa activity as an dternative 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 wermanufactured
using pork legs: batchA, 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.
Physicachemical (pH, &, 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 analysegooked ham
from batch A showed he 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 difference>0.05)
were found for the quality of odour, and overall
acceptance between batcB and batch C (control).
By considering the results obtained, cooked ham
manufactured with vegetable juice powder could
have similar physicechemical and sensory
characterists than cooked ham manufactured with
nitrites.

All authors are with the Consejeria de Agricultura y Ganaderia de
Castilla y Lednlnstituto Tecnoldgico Agrario. Estaciéon Tecnoldgica
de la Carne. C/ Filiberto Villalobos, s/n. 37770 Guijuelo, Salamanca
(Spain).(corresponding author phone: +323580688; fax: +34 923
580353; email: ita-saniglma@ itacyl.es)

Index Term® cooked ham, nitrite, quality, vegetable
juice powder.

I. INTRODUCTION
Nowadays, increasing concerabout the potential
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health risk associated with the consumption of
processed méa have promptedconsumers demand
additivesfree 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 cruciable for the
development bham colour. During the manufacture of
cooked product, nitrites involwaeat myoglon reacs

with nitric oxide to form nitric oxié myoglobin. Then,
when heat is appliedthe nitric oxide myoglobin
becomes nitrosohemochrome, and tt@oked ham
takes on atypical, cured pink colar [8]. For this
reason nitrite is an ingredient for which there is no
substitute An alternative to the usef sodiumnitrite
(E-250) in cooked meat product is to usegetable
juice powder (with a high concentration on nitrake |

a natural resource) and a starter culture containing
Staphylococcus.p. (with nitrate reductasactivity).

The objective of this study vas to determine the
effect of using different natural ingredientg.s.
chemical additives on physichemical and sensory
characteristics of cooked ham

IIl. MATERIALS AND METHODS

Three different batches ® cooked hams were
manufactured with different brine solution, using pork
legs The brine composition of each batch was:

-Batch A: commercial egetable juice powdeA,
starter culture,salt, phosphates, mix ofugars and
sodium ascorbate andatural antioxidants(clove,
cinnamon and extract of olive).

-Batch B: commercial vegetable juice powder B,
starter culture, salt, phdsates,dextrose and natural
antioxidant(phendics compounds).

-Batch C (control): @dium nitrite, salt, phosphate
dextrose andscorbic acid

Pork legs were debonednd skin, tendons and fatty
tissues were removed. The boneless hams were
pumped to 12430% of their green weight with
different brire solution, using a multieedle brine
injector Ogalsa CHL4). The injected hams were
massaged in a meat tumbler ($MImax) at slow
speed with cycles of time on and time off, at 2 °C.
Then, each ham were placed in psaaped ham
moulds and they were sten cookedin 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 acoolerat 2 °C The batches A and B were
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