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MPOBENEHHBIX HccienoBaHuid. Hambonee BBICO-
Kast 3¢ (EKTHBHOCTH TpoIlecca OUYMCTKH obectie-
YhBaeTCs TPU  3HAYCHUM  yIJla  HaKJIOHA
COpTHUpOBaJILHOTO croia [=8°, amruuTyne
Kojebanust A=65+75 MM, 4acToTe KOJIeOaHHsT n=
95+105 mMuH"', mMUpHHE KaHaIa, 0GPa30BAHHOIO
orpaxxarensiMu b=60 mm.

OMnBITHO-ITPOMBIIIICHHBIH 00pa3ell cernapa-
TOpa Uil OYMCTKU cadiiopa OT MPHIETHUKA IH-
POKOJIMCTHOTO PEKOMEH]TYETCsI TIPUMEHSITh B COC-
TaBe JIMTHUY TI0 MTPOU3BOJICTBY cadIopoBoro mMacia
B (ePMEPCKUX XO3SUCTBAX U MaJIbIX MPEIIPUs-
THUSIX TIepepabaThIBAIOIIEH MTPOMBIIILICHHOCTH.

Bui1600vt u 3axniouenue

Takum o0pa3oMm, NpeaIokKeHa TEXHOIO-
rudecKas JUHUS 1epepaboTku cadiiopa U Ipous-
BOJICTBA KA4eCTBEHHOIo cadiopoBOr0 Macia.
JlanHass JWMHUS TIPOM3BOACTBA  CadIOPOBOrO
Maclia co3JlaHa Ha 0a3e KpeCThSIHCKOTO XO035HCT-
Ba «Kynap» XKamObuickoii oonactu. 1o pe3ynb-
TaTaMm pacuéra YKOHOMUYECKOi 3PdekTHBHOCTH
CpenHsisi peHTa0eTbHOCTh IPOU3BOICTBA COCTAB-
nseT He MeHee 25%, 4To MOoATBEpPIKIAeT BBICO-
KyI0 JIOXOIHOCTb JJSI CElbX03TOBAPOIPOU3-
BOOAUTCIIA. JIOCTI/I)KCHI/IIO BBICOKOI'O KadeCTBa

UDC 637.049

KOHEYHOr0 MPOIYKTa HEMOCPEACTBEHHO CII0-
cobctByeT 99%-Has CTEleHb OYUCTKH cadiopa
OT TpuMecell, B TOM YHCIE€ OT TPYAHOOT/E-
JIMMBIX, THUIIA NPULCITHUKA IIUPOKOINUCTHOTO.
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COMBINED EFFECT OF LYCOPEN, ASCORBIC ACID AND PHOSPHATES ON THE
QUALITY CHARACTERISTICS OF COOKED SAUSAGES

HICIPUITEH ITY/KBIKTAPIBIH CAITIAJIBI CUTTATTAMACBIHA JIMKOIIMHHIH,
ACKOPBHUH KbIIIKBIJIBIHBIH ’KOHE ®OCPATTHIH /KUBIHTBIKTAPBIHbIH
I9CEPJIEPI

COBOKYITHBIN Y®P®EKT JIMKOIIMHA, ACKOPEMHOBOM KHUCJIOTHI U ®OCHPATOB
HA KAYECTBEHHBIX XAPAKTEPUCTHUK BAPEHbIX KOJIBAC
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The present article studies the technological possibilities of using a combined mixture of tomato
extract, ascorbic acid as an antioxidant synergist and sodium polyphosphate as a chelating agent with
a view to reducing the amount of nitrites added and enhancing the quality and safety of cooked
sausages. The results obtained demonstrate that the addition of tomato extract, containing 10%
Iycopene in combination with ascorbic acid and sodium polyphosphate resulted in a more saturated
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red colour and slowed the processes which induced lipid peroxidation reactions, reduce greatly the
added nitrite amount and contributed to improved overall quality of structureless cooked sausage.

bepinzen sicymvicma nampuii nonughocghamoinviyy xenam cevedi cuaKmol, KblUKbLI0AHY2A KAPCbl
cuHepeucm peminoe Kbl3aHAK ~CbI2bIHOBICHIHBIH, ~ JHCIHE ACKOPOUH  KbIUKBUIbIHbIY — KOCHANAPbIH
KOLOGHYObIH MEXHON0UANBIK MYMKIHOIKmepi 3epmmenzen. Onap nicipineen wiysculKmapowlH Canacobli
JHCIHe Kayincizoicin apmmulpysl HcaHe HUMPUM CAHOAPBIHBIH KbICKAPMYbl MAKCAMMAPLIHOA KOCbLIAObL.
Homuoicenep ootivinua Kypamvinoa 10% nukonunsl 6ap Kbl3aHAK Cbl2bIHOLICLIHBIH KOCHUIYbL JHCIHE
ACKOPOUH KbIWKbLIbL MeH Hampuil noaugocamoinviy yiinecyi wiyyHcblKmapea KaHblK Kbl3bll MYC
Oepemindizin  Jcone  apMMLIPAHbIH, COHBIMEH Kamap Junuomi nepoxcuoazanap ypoiciHiH
0asaynamKaHobIZbIH JHCIHE KOCHUIZAH HUMPUM IPeKemiHiH YKeH OeHzelloe JHCeHiI0emKeHOIZIH Kopyze
oonaowl. byn Kocnanap nicipineen Kypamacwiz wysHcolKmapowlH CAnACblH apmmaolpaobsl.

B nacmosaweit pabome ucciedosanvl mexnHoa0zuNecKue 603MONCHOCU NPUMEHEHUs cmeceil
U3 MOMAMHOZ0 IKCMPAKMA U ACKOPOUHO60U KUCTIOMbL 6 Kauecmee AHMUOKCUOAHMHO20
cunepzucma, KaxK u noaugochama nampus, é Kauecmee xenammnozo azenma. Onu 006agaawmca ¢
Uenblo pedyyuposanus Koauuecmea HUMPUmMoe U NOGbIEHUA KAYecmed U 0e30naACHOCHU 6aPEHbIX
Konoac. Pezynomamout nokazsiearom, umo 000aenenue momMamnozo IKcmpakma, cooepicauiezo 10%
JUKONUHA 8 COUYeMAaHUU C ACKOPOUHOGOH KUCAOMOU U noaugochamom nampus, yaydyuiaem u
npuoaem Konpacam HACblufeHHbLI KPACHBLIL UBenl, 3aMedisiem NPoueccsl TURUOHOI NEPOKCUOA3bl U
6 Oonvuieil cmenenu peoyyupyem oelicmeue 000a61€HHO20 HUMPUMA. MU cMecU Yayuuiaom
Kauecmeo 8apenbix 6ecCmpyKmypHbIX Konoac.

Key words: sausages, lycopene, ascorbic acid, polyphosphate, quality.
Herisri ce3aep: micipiireH HIykKpIKTap, TUKONNH, ACKOPOUH KbIIIKbLIbI, NoJudocharTap, cana.

KuaroueBble cj10oBa: BapeHbIe KOJ'lﬁaCbI, JIMKOITHH, aCKOPGHHOBaﬂ KHNCJI0TA, HOJII/I(l)OC(l)aTbI, Ka4veCTBO.

Introduction industry and valued for its antioxidant properties.

In recent years the meat industry has The synergistic antioxidant effect between
demonstrated a marked tendency towards lipophilic lycopene and hydrophilic vitamin C
focusing experts’ attention on the manufacture of and ascorbate in relation to biological systems
products having the desired sensory character- has also been proved [7-8]. Provoked by the
ristics, origin and composition which are natural search for both safe and healthy meat products,
to the maximum extent possible, with emphasis research and development activities are currently
on enhanced safety and wholesomeness. focused on finding alternative substances for
According to the WHO recommendations, nitrite replacement and reduction without any
considerable research has been conducted on the negative consequences on the technological
possibilities of using natural preservatives, process or the qualitative and quantitative
colourants and flavours in food that would properties of the end product.
partially or fully replace the synthetic ones used The aim of the present study was to
so far [1]. At the same time, the addition of investigate the technological possibilities of using a
nitrites, nitrates and colourants for the purpose of combined mixture of tomato extract, ascorbic acid
improving the colour or imparting a desired (an antioxidant synergist) and sodium polypho-
colour to finished products is common practice sphate (a chelating agent) with a view to reducing
in meat product manufacture [2-4]. the amount of nitrites added and enhancing the

The ongoing importance of the food quality and safety of cooked sausages.
quality and safety issue as well as the lack of Materials and methods
sufficient evidence of the harmlessness of the Dry tomato extract containing 10% lycopene
colourants currently used, including carmine [5- was used as a natural product in this study. The
6], has created a lasting interest in new, extract was obtained by grinding the tomatoes and
alternative sources of natural colourants. separating the juice, then subjecting the tomato
Lycopene is one of the most popular natural cellulose mass to ethyl acetate extraction. The end
pigments approved as a food additive in the food product was obtained after solvent removal via

21
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vacuum evaporation at 40-60°C. The lycopene
quantity was determined by HPLC and absorption
measurement at A 440 nm. For the preparation of
the test samples, the tomato extract quantity was re-

calculated on the basis of lycopene quantity added
to 1 kg of meat batter.

Figure 1 shows a schematic representation
of the experimental setup.

Boned refrigerated pork

| Hardening at t= -3+-5°C for 4 hours

|

| Batter preparation in a cutter with the addition of salting materials and spices.

|

l

l

)

|

Sample RNRL
(with
50 mg.kg! nitrite
and 20 mg kg
lycopene).

Sample RLPh
(with 50 mg kg
nitrite, 20 mg.kg
lycopene and 2
gke'
polyphosphate).

Sample RLA
(with 50 mg kg
nitrite, 20 mg.kg'
lycopene and 0,2
gkg " ascorbic
acid).

Sample RLPhA
(with 50 mg.kg"
nitrite, 20 mg.kg
lycopene, 2 g kg
polyphosphate and
0,2 g.kg" ascorbic
acid).

Sample SLPhA
(with 50 mg.kg"
nitrite, 20 mg kg
lycopene, 2 g kg
polyphosphate and
0,2 g kg ascorbic
acid).

}

}

}

}

| Sample taking for analysis

v

| Filling and shaping

| Heat treatment and sample taking for analysis

| Water and air cooling

!

| Refrigerated storage at t= 0+2°C

!

| Sample taking for analysis

!

v

v

Finished product
1 d of storage

Finished product
4 d of storage

Finished product
8 d of storage

Figure 1 - Experimental setup.

The experiments were conducted using
structureless sausage according to the BDS 127-
83 recipe and technological instruction for the
production of Strandzha frankfurters: 30% lean
pork, 70% semi-fat pork, 2.2% sodium chloride,
0.1% sugar, 0.4% white pepper, and 0.1%
nutmeg. For the preparation of the samples,
sodium  nitrite, ascorbic acid, sodium
polyphosphate and lycopene were added in the
amounts shown in the experimental setup in Fig.
1. During cutting, flaky ice was added in a
quantity equal to 30% of the meat mass weight.
The samples were prepared at the Training and
Production Facility of the Meat and Fish
Technology Department. Boned refrigerated
pork with pH = 6.13 + 0.15 bought at retail stores
was used for the purpose of the study.

The meat batter was stuffed into artificial
polyamide casings. After shaping, the sausages
were heat-treated as follows: 1) 55°C chamber

22

temperature for 10 min; 2) 65°C chamber
temperature for 15 min; 3) 75°C chamber
temperature for 15 min; and 4) 80°C chamber
temperature until the temperature in the centre of
the sausage reached 72°C. The cooked sausages
were cooled under running water for 15 + 20 min
until the temperature of individual sausages was
equal to the ambient temperature. The
refrigerated sausages were stored in a cooling
chamber at 1 + 0°C until the time of the analyses.

For evaluation of the effect of lycopene,
ascorbic acid and sodium polyphosphate upon the
quality indices of the cooked sausage, the changes
in pH, colour, residual nitrites, peroxide value
(POV) and sensory characteristics were monitored.

The pH values of the samples were
determined wusing an MS 2004 pH meter
(Microsyst, Bulgaria). The residual nitrite
quantity in the cooked sausage samples studied
was evaluated spectrophotometrically using a
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UV/VIS spectrophotometer (Camspec, model M
550) according to BDS EN 12014-3 [9]. The
colour characteristics of the tested sausage
samples were determined using a Minolta
Chroma Meter (model CR 410, Osaka, Japan) in
the CIE Lab system, where L* was brightness, a*
was the red colour component and b* was the
yellow colour component. The measurement was
conducted using illuminant C and 2° standard
observation angle. All measurements were taken
five times in non-overlapping zones, and the
mean values and standard deviation were
calculated. The data related to a* and b* were
used for the calculation of colour saturation h
according to the formula
h=tan"'(b"/a")x(180/7), and the colour of hue

C according to the formula C =+a? +57 .

The peroxide value (POV) of the lipids in
the samples tested was determined using the
standard iodine-measuring semi-micro method.
The lipid fraction extraction from the sausage
samples was carried out according to the Bligh &
Dyer method [10].

The sensory evaluation of the samples was
made on the 4th day of refrigerated storage at a
temperature of 0 + 4°C. The analysis was
performed by a five-member tasting panel along
a hedonic scale. For each of the indices
evaluated, i.e. appearance, cut colour, taste, smell
and texture, a scale of 1 to 5 was used, 1 being
the dislike extremely, and 5 the like extremely
evaluation of the respective attribute.

StatPlus 2009 software was used for the
statistical processing of the results.

Results and discussion

The analysis of the data related to the pH
values of the cooked sausages (Table 1) showed
that the changes in all five samples followed a
similar trend. It was found that during the tech-
nological process, after heat treatment (singeing
and boiling) in particular, the active acidity of all
sausage samples increased, reaching maximum
values on the first day of the finished product
storage. During refrigerated storage, there was a
clear tendency towards a decrease in pH values.

Table 1 - Changes in the pH values during the technological process and refrigerated storage of cooked sausages.

Sample During manufacture During refrigerated storage

Meat batter After heat treatment 1d 4d 8d
RNRL 6.09+0.01 6.34+£0.01 6.35+0.01 6.25 £0.03 6.03 £0.02
RLPh 6.12+0.01 6.36 +£0.02 6.36 +0.01 6.30 +£0.05 6.18 £0.01
RLA 5.98+0.00 6.22 £0.03 6.24 +£0.02 6.12 +£0.02 5.97 £0.03
RLPhA 6.04+ 0.02 6.32 £0.05 6.34 +£0.01 6.26 £0.00 6.09 £0.02
SLPhA 6.05 +0.01 6.32 £0.03 6.34 +£0.02 6.27 £0.01 6.13 £0.02

After 8 days of refrigerated storage, the
lowest value was observed in the RLA sample,
and the highest value in the RLPh sample, or
5.97+0.03 and 6.18+0.01 respectively (Table 1).
In samples RLPhA and SLPhA no statistical
differences (p>0.01) were observed in the pH
values during the manufacture and storage of
cooked sausages. This confirmed our previous
findings that the addition of lycopene did not
affect active acidity. Phosphate addition to the
batter had no significant effect on the pH value
of the samples either (p>0.05), whereas the
addition of ascorbic acid (sample RLA) had
considerable influence on pH (p < 0.05).

A reduction in the residual nitrite quantity
was established in all sausage samples after heat
treatment and during storage (Fig. 1).

The addition of ascorbic acid (sample RLA,
SLPhA and RLPhA) exerted significant influence
on the reduction of the residual nitrite quantity in
the meat batter, which has been reported by other

23

authors as well (Gibson et al, 1984??7). The
comparison of the data related to samples SLPhA
and RLPhA showed that the addition of lycopene
in 20 mg.kg-1 and 40 mg.kg-1 amounts had a much
weaker effect on residual nitrite compared to the
addition of ascorbic acid.

After the heat treatment and during the
storage of the sausages, the peroxide value
increased in all samples studied (Fig. 2). The
lowest value during the manufacture and storage of
the samples was established for the SLPhA sample.

The changes established in the peroxide
value of cooked sausage samples showed that the
combined effect of lycopene, ascorbic acid and
polyphosphate contributed to a delay in the
formation of primary lipid peroxidation products
during cooked sausage processing and storage.

The results of the spectrophotometric
evaluations of colour in individual samples
during storage have been presented in Fig. 3.
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2 é 3 g QRLPh
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Time, d

Figure 1 - Changes in the residual nitrite quantity (mg.kg-
1) after heat treatment and during storage of the samples.
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Figure 2 - Changes in the peroxide value in cooked
sausages manufactured with the addition of lycopene,
ascorbic acid and polyphosphate.
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Figure 3 - Changes in the colour indices of cooked sausage samples during storage (on the 1st, 4th and 8th day):

(a) L* values, (b) a* values, and (c) b* values.

The comparison of samples RLA, RLPh,
and RLPhA to sample RNRL along index L*(C)
on the first day of storage showed that the addition
of ascorbic acid and/or sodium polyphosphate led
to an increase in colour brightness by 1.36, 1.7 and
1.39 units respectively. The analysis of the data on
samples RLPhA and SLPhA confirmed the trend
found in one of our previous experiments (our

24

paper) that the increase in the quantity of lycopene
added reduced the colour brightness value. During
refrigerated storage, index L*(C) decreased slightly
in all samples (Fig. 3a).

In all samples studied, differences in the red
component values were found except for the RLA
and RLPA samples, where these values were
statistically indistinguishable both on the 1st day
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and during storage. The red colour development in
the sausage samples was mainly due to the addition
of tomato extract containing 10% lycopene,
whereas the ascorbic acid addition played a
secondary role by stabilising the sausage colour
during refrigerated storage (Fig. 3b).

The analysis of the results obtained on the
yellow colour component values in the cooked
sausage samples (Fig. 3¢) showed that the lycopene
quantity had a significant effect both on a* and b*.

Nevertheless, after its addition in combination with
ascorbic acid, statistically lower b*(C) values were
measured in samples RLA and RLPhA compared
to the lycopene-free sample (RNRL).

For a more comprehensive study of the
effect of lycopene, ascorbic acid and/or sodium
phosphate addition, hue colour h(C) (Fig. 4 b)
and colour intensity C(C) (Fig. 4 a) were also
calculated.

h
38 -
36 -
24 | — 1d
a _ — 0 4d
32 | = = o 8d
mEN=sE\SSENEEEN =
RLPhA SLPhA RLA RLPH RNRL
C
26 -
24 | §§
— 1d
22 —
b — — O 4d
20 1 — — — — € 8d
18 — — — —
RLPhA SLPhA RLA RLPH RNRL

Figure 4 - Changes in the h values (a) and C values (b) of the cooked sausage samples during storage (on the

1st, 4th and 8th day).

The trends observed for colour saturation C
in the samples studied were inversely proportional
to those for colour brightness (L*) and could be
arranged in the following order: SLPhA > RLA,
RLPhA > RNRL, RLPh (Fig. 4b).

Fig. 4a shows that the lowest h(C) values
were recorded in samples SLPhA, RLPhA and
RLAin the following order: RLPhA < RLA<
SLPhA. With regard to the fact that higher H are
indicative of a colour shift towards the yellow
domain, the most saturated red colour was
observed in RLPhA and RLA.

The analysis of the results provided a basis
for a conclusion that the combined addition of
lycopene and ascorbic acid contributed to a more
saturated red colour, which was also confirmed
by the results of the sensory analysis of
appearance and colour.

The analysis of the data related to the
appearance and colour of the cut surface of the
samples made with the addition of ascorbic acid
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showed that the latter had a considerable effect
on these two indices (Fig. 5). The highest colour
evaluation was given to sample RLPhA,
followed by samples RLA and SLPhA.

The lower cut surface appearance and
colour values in the other two samples (RNRL
and RLPh) were probably due to the weaker
colour formation processes during singeing and
boiling, which correlated with the results of the
objectively measured colour indices in the
cooked sausage samples. The opposite trend was
observed with the texture index.

The comparative analysis of the mean taste
and smell evaluations of samples RLPhA and
SLPhA demonstrated that the combination of
ascorbic acid, phosphate and lycopene had a
positive effect on them. This could be attributed
to their synergistic effect with regard to the auto-
oxidation of lycopene and fats in the samples that
could lead to changes in the taste and smell of
cooked sausages during storage.
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Figure 5 - Sensory evaluation of cooked sausage
samples.

The highest overall evaluation was given
to sample RLPhA: 4.55 along a 5-grade scale.
The total scores for samples RNRL and RLPh
were statistically indistinguishable (p>0.05) and
the lowest compared to the other samples. Mid-
range total scores, which were also statistically
indistinguishable (p>0.05), were given to
samples SLPhA and RLA.

Conclusion

The addition of lycopene (20 mg.kg -1) in
combination with ascorbic acid and sodium
polyphosphate contributed to improved overall
quality of structureless cooked sausages of the
Strandzha frankfurter type. The combined
addition of lycopene, ascorbic acid and
polyphosphate resulted in a more saturated red
colour and slowed the processes which induced
chain lipid peroxidation reactions during the
processing and storage of cooked sausages. The
combination of lycopene in a 20 mgkg-1
quantity with ascorbic acid and sodium
polyphosphate can be efficiently used to reduce
greatly the added nitrite amount in cooked
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sausage production, which is a serious
prerequisite for the manufacture of a finished
product characterised by improved sensory
characteristics and chemical safety as regards
residual nitrites.
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