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In this paper, the physico—chemical and sensory characteristics of reduced—fat (ap-
proximately 35 % lower) cooked sausage, made with addition of 5% inulin, (sausage A)
were examined and compared with those of conventionally cooked sausage (sausage B).
Chemical composition was evaluated according to standard ISO methods. Instrumental
measurements of colour (L*a*b*) and texture (Warner—Bratzler test) were performed.
Sensory characteristics were estimated by a hedonic test. Protein content in sausages of
A and B group (10.56 %: 10.59 %) did not differ significantly (P > 0.05). Energy value of
sausage A (822.8 kJ/100g) was significantly lower (P < 0.001) than that of sausage B
(1199.4 kJ/100g). Sausages with reduced fat content and with added inulin (A) had a sig-
nificantly (P < 0.001) lower L* value, i.e. were darker (L* = 66.21: 69.74), significantly
lower (P < 0.001) b* value (b* =13.39: 14.86), and significantly higher (P < 0.001) a*
value (a* = 16.18: 12.08), comparing with the control sausages (B). Textural properties
(tenderness) of both groups of sausages and sensory characteristics were evaluated as
optimal, and the results of Warner—Bratzler test did not differ significantly (P > 0.05)
(3.63 N: 3.77 N) between the two groups. The results obtained in this paper indicate that
it is possible to produce cooked sausage with significanly reduced fat content, i.e.
reduced energy value, enriched with inulin, of optimal physico-chemical and sensory
characteristics.

KEY WORDS: cooked sausages, inulin, physico-chemical and sensory characteristics,
energy value
INTRODUCTION
Sausages are popular meat products enjoyed by millions of consumers worldwide (1).

In Serbia, cooked sausages represent one—half of the total meat production. Cooked sau-
sages are manufactured from a mixture of chopped meat (pork or beef), pork fat, ice wa-
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ter, soy proteins, starch, salt, additives and spices (2). Fat, as a food component, contribu-
tes to the flavour, texture, appearance of foods and increases the feeling of satiety during
meals. From a physiological standpoint, fat is a source of vitamins and essential fatty
acids and constitutes the most concentrated source of energy in the diet (37 kig™) (1).
However, fat intake is associated with increased risk of obesity, some types of cancer,
high blood cholesterol and coronary heart disease. For these reasons, several health-rela-
ted organizations (American Heart Association, American Cancer Society and World
Health Organization) have proposed to limit total fat intake to no more than 30% of total
calories (3). Several dietetic fibres have been used in meat products, not only to determi-
ne their possible beneficial effects on health but also as potential fat substitutes. There-
fore, increased proportions of fibre in foods are known to reduce the risk of colon cancer,
obesity and cardiovascular diseases. On the other hand, the addition of dietary fibre in
cooked sausages has positive influence on the texture and sensory quality of the products
(4). Results of Caceres et al (3) have shown that the optimal contents of added dietary
fibres in fat—reduced (approximately 35% lower) cooked sausages were between 2—-12%,
depending on the type of fiber. Inulin is a soluble dietary fibre (SDF) composed of a
blend of fructose polymers extracted from plants. It is used as a fat substitute because of
its contribution mouthfeel and low caloric value (lkcal/g) (5). With these beneficial
effects in mind, this study was designed with the aim to determine the effect of inulin
addition to the physico—chemical and sensory properties of fat reduced cooked sausages
by comparing these sausages with the product prepared with the standard fat levels used
in the industrial production.

EXPERIMENTAL

Two groups of sausages were produced. Control samples (sausages B, n= 5) were
made from 55% pork meat, 30% pork fat, 10% ice water and 5% of a commercial mix-
ture of spices and additives. In sausage A (n=5), the percentage of pork fat was reduced
by approximately 40% compared to the control, and formulation was the following: 55%
pork meat, 18% pork fat, 17% ice water, 5% of the commercial mixture of spices and
additives, and 5% powder — inulin. After homogenization the mixture was stuffed into ar-
tificial casings (@55) and sausages were kept in the bath until the geometric center of
each chub which corresponds to the thickest part of the product reached 72°C. Both
groups of sausages (500 g each) were stored at 4 °C for 15 days until analyzed. All mea-
surements were performed on five sausages from each batch. Moisture, fat, protein (Kjel-
dahl N x 6.25) and ash contents of samples were determined according to the methods
described by AOAC (6). Carbohydrates were calculated by the difference (7). Total ca-
lories (kJ) were calculated in relation to 100g of samples using the values corresponding
to fat (37 kdg™"), protein (17 kJg™") and carbohydrates (17 kJg™') (8). Samples for colour
measurements were taken from the central part of sausages. The CIE L*a*b* (L*- light-
ness; a*— redness; b* —yellowness) colour coordinates (9) were determined using a MI-
NOLTA Chroma Meter CR-400 (Minolta Co., Ltd., Osaka, Japan) with the D-65 lighting,
a 2° standard observer angle and a 8-mm apperture in the measuring head. Tenderness
was measured as the shear force (N) using Warner—Bratzler shear machine (Model SD-50

158



APTEFF, 42, 1-288 (2011) UDC: 637.524+637.521.47]:547.455.65
DOI: 10.2298/APT1142157S BIBLID: 1450-7188 (2011) 42, 157-164
Original scientific paper

of 50 Ib or 222 N capacity, John Chatillon & Sons, New York, NY, USA). Individual
sensory quality characteristics with the following factors of significance (fs) were evalua-
ted: external appearance of sausage (fs=3), appearance and composition of cut surface
(fs=3), colour and colour maintenance on the cutting (fs=4), odor and taste (fs=6), texture
and juiciness (fs=4). The overall sensory quality of sausages was evaluated according to
the following expression: Overall sensory quality = (external appearance of sausage x 3 +
appearance and composition of cut surface x 3 + colour and colour maintenance on the
cutting x 4 + odor and taste x 6 + texture and juiciness x 4) / 20. Sensory evaluation of
investigated sausages was performed by a panel consisting of 7 trained differently aged
members. Evaluations were performed according to the point system of analytical des-
criptive test (10), using a scale from 0 to 5.

Statistical analysis
The results were evaluated statistically using the independent t-test and correlations
by the software package STATISTICA 8.0 Analysis System (11).
RESULTS AND DISCUSSION

The chemical composition of the reduced—fat and inulin—-added sausage (sausage
A) and control (sausage B) are shown in Table 1.

Table 1. Chemical compositon and energy values of reduced—fat sausage with the
addition of inulin compared to control

Groups of Moisture Fat Protein Ash Total Energy value
sausages [%] [%6] [%6] [%6] carbohydrateses [%6] [kJ/100g]
A 63.74 17.06 10.56 2.72 5.92 822.75
B 57.55 26.27 10.59 2.81 2.79 1199.40
T 49.707*** | 67.994*** | 0.246™ | 2.652* 15.527*** 79.73***
P 0.000 0.000 0.811 0.024 0.000 0.000

Different superscript letters represent significant differences among sausage samples.
Superscript letters * (P<0.05), ** (P<0.01), *** (P<0.001) and ™ (P >0.05)

Moisture content in the sausage A (63.74%) was significantly higher (P < 0.001)
compared to control (57.55%). On the other hand, the fat content in sausage A (17.06%)
was significantly (P < 0.001) lower compared to sausage B (26.27%). Good correlation
was found between the moisture and fat contents (r= —1; P < 0.001) (Table 3). Protein
content in sausages of A and B groups (10.56 %: 10.59 %) did not differ significantly (P
> 0.05), and the values were within the standard defined by Serbian legislation (2). The
obtained values of chemical composition are typical for cooked sausages and the results
are in agreement with the literature data (12). Content of total carbohydrates in sausage A
was significantly (P < 0.001) higher than in sausage B, and it was a consequence of the
inulin addition. Energy value of sausage A showed a decrease by about 30 % comparing
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to sausage B, what was related to the decrease in the fat level by about 30%. Namely, the
energy value in the reduced—fat sausage with 5% of added inulin was significantly lower
(P < 0.001) compared to control. A similar result was reported in (1) for fermented sausa-
ges with added inulin.

Colour is a very interesting parameter for cooked meat products because consumers
associate this type of meat products with a bright and characteristic pink colour (3). Co-
lour values of the reduced—fat sausage with added inulin and control are shown in Table
2. Sausage (A) had significantly lower (P < 0.001) L* value (L* = 66.21: 69.74) and sig-
nificantly higher (P < 0.001) a* value (a* = 16.18: 12.08) comparing with the control
(sausage B). Namely, in A batch, sausages were darker and redder than control. Correla-
tions were found between the L* value (lightness) and fat content (r = 0.99; P < 0.001)
and also between the a* value (redness) and fat content (r = —1.00; P < 0.001) (Table 3.).
This was expected since the increase in the fat proportion contributes to the increase in
L* value and also to the decrease in a* value. Similar results for this type of meat pro-
ducts were reported by several authors (13-15). On the other hand, the increase of total
carbohydrates content influences a decrease of the L* value and increase of the a* value
(Table 3). These results were in contrast with the literature data. The addition of the die-
tary fibres to cooked sausages did not seem to modify this colour in any significant way
since the obtained values were very similar, and the differences appeared to be indepen-
dent of the amount of added fibres (16). Comparing with the sausage B, the b* value for
sausage A was significantly lower (P < 0.001). The values of yellowness (b*) were re-
lated to the fat content and total carbohydrates content (Table 3).

Table 2. Colour parameters of reduced—fat sausage with addition inulin compared to

control
Groups of sausages | L* (lightness) | a* (redness) | b* (yellowness)
A 66.21 16.18 13.39
B 69.74 12.08 14.86
T 14.849 *** 47.752 *** 15.155 ***
P 0.000 0.000 0.000

Different superscript letters represent significant differences among sausage samples.
Superscript letters * (P<0.05), ** (P<0.01), *** (P<0.001) and " (P > 0.05)

Tenderness have been employed by many authors to evaluate the texture of different
low-fat sausages (1, 3, 17 ). This parametar may define the quality of the sausages and
can contribute to the selection of the best functional ingredients (18). The measured valu-
es of tenderness of the reduced—fat sausages with added inulin and control are shown in
Table 4. The numeric average value of shear force for sausage A (3.63 N) was slightly
lower comparing to sausage B (3.77 N), but significant difference was not observed (P >
0.05).
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Table 3. Correlation between chemical composition and shear force value and colour of
examined sausages

Moisture Fat Protein Ash [%] Total Shear P i 5
[%] [%] [%] ) carbohydrates [%] | force [N] }

Moisture [%] 1.00 -1.00%** | .0.06 ns -0.65% 0.98*** -0.12 ns -0.98*** 1.00%** | .0.98***
Fat [%] 1.00 0.06 ns 0.65* -0.99%** 0.11 ns 0,99 *** -1.00%** | 0.98%**
Protein [%] 1.00 -0.27 ns -0.17 ns -0.04 ns 0.13 ns -0.08 ns 0.04 ns

Ash [%] 1.00 -0.64* -0.19 ns 0.57 * -0.64*% 0.63*
Total carbohydrates [%)] 1.00 -0.08 ns -0.98*** 0.99%** | .0.96***
Shear force [N] 1.00 0.08 ns -0.08 ns 0.10 ns
L 1.00 -0.99##% 0.97%**
a 1.00 -0.98%**

b 1.00

Different superscript letters represent significant differences among sausage samples.
Superscript letters * (P<0.05), ** (P<0.01), *** (P<0.001) and " (P > 0.05)

Shear the force values for both groups of sausages were not significantly different be-
cause the protein contents for both groups of sausages were very similar and low (A=
10.56 %; B=10.59 %). Protein content appears to play a major role in the tenderness of
the cooked sausages and that reduced fat sausages with low protein content had very si-
milar shear force values compared to conventional sausages with the same protein con-
tent (19). However, these results are in contrast with those for similar meat products re-
ported by the authors who found that the lower fat content (20) or dietary fibre addition
(21, 22) caused significant increase in the tenderness (shear force value).

Table 4. Shear properties of reduced fat sausages with addition of inulin compared to

control
Groups of sausages Shear force [N]
A 3.63
B 3.77
T 0.328"™
P 0.749

Different superscript letters represent significant differences among sausage samples.
Superscript letters * (P<0.05), ** (P<0.01), *** (P<0.001) and "™ (P > 0.05)

Results of the sensory evaluation are presented in Table 5. External appearance did
not differ significantly (P > 0.05) between groups, while average score for the appearance
and composition of cut surface in sausage A was significantly higher (P < 0.05) com-
pared to control (sausage B). Score of colour and colour maintenance on the cutting for
sausage A was significantly higher than control (P < 0.01). Also, sausage A had signi-
ficantly higher (P < 0.01) score for odour and taste than control (sausage B). This seems
to indicate that fat reduction and inulin addition had improved the odour and taste of the
sausage. Similar results were reported in (3). However, these results contrast with those
for similar meat products studied by some other authors (21, 23). The scores for sensory
evaluated textural properties for sausage A were not significantly different (P > 0.05) bet-
ween both groups of sausages. Inulin has a high capacity to bind water and form gels that
are firm, soft and stable, so the inulin addition contributed to formation of optimal sen-
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sory—evaluated textural characteristics of sausages A, even when the fat content was re-
duced. And finally, the overall sensory quality of reduced—fat sausage with added inulin
was significantly better than of control (P < 0.01).

Table 5. Sensory characteristics and overall acceptability of reduced—fat sausage with

addition inulin compared to control

Groups External Appearance Colour and Texture Overall
and colour Odour
of appearance ition of int d tast and sensory
sausages | of sausage composition o maintenance and taste juiciness quality
cut surface on the cutting
A 4.72 4.36 4.70 4.62 4.65 4.63
B 4.53 3.93 4.39 4.26 4.82 4.39
t 0.921™ 2.968 * 4279 ** 3.678 ** 0.952"™ 3.878 **
P 0.379 0.014 0.002 0.004 0.354 0.003

Different superscript letters represent significant differences among sausage samples.
Superscript letters * (P<0.05), ** (P<0.01), *** (P<0.001) and "™ (P>0.05)

CONCLUSION

It is possible to manufacture cooked sausages that have 30% less energy value and are
enriched with the inulin with optimal physico—chemical and sensorial quality. Therefore,
it is evident that this is a new functional food product, ready to be incorporated into our
diet, hypocaloric and rich in a dietary fibre, which would have a favourable impact on
health.
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YTHUIAJ JOOJATKA UHYJINHA HA ®U3NYKO-XEMUJCKE U CEH30PHE
KAPAKTEPUCTUKE ®MHO YCUTIbBEHUX BAPEHUX KOBACHUIIA CA
CMABEHUM CAJIP)KAJEM MACTH

Bpanucnag B. [llojuh *, Jbuwana C. [lemposuh °, Buwvana M. Iewosuh °, Bradumup M.
Tomosuh ®, Mapuja P. Joxanosuh ®, Hamanuja P. unuki ® u Haene I1. Canumpexcuh °

2 Vuusepsurer y HoBom Cany, Texuonomku ¢akynrer, Bynesap uapa Jlasapa 1, 21000 Hoeu Can, Cpbuja
*pum ”HenesskoBuh”, 3maj JoBuHa 13, 22425 Illammuanu, Cpouja

Y OBOM pagy KOMIIApaTHBHO Cy MCIHMTaHE (PU3MYKO-XEMH]CKE M CEH30pHE KapakTe-
pucTHKe (UHO YCUTH,CHHX OapeHUX KoOaculla NMpOM3BEAEHHUX ca AoaaTkoM 5% auje-
TETCKUX BJlakaHa (MHYJIMHA) U ca cMameHuM (3a 35%) ynenom mactu (kobacuna A) y
OJTHOCY Ha KOHBEHIMOHaNIHO u3paljeHy koOacumy (koOacuna bB). OcHOBHM XeMUjcKu
cacraB ojpehen je crangapauum MCO meronama. Boja (L*a*b* BpenHoctu) u Tekcrypa
(Wb -cuna npecenama) yrBpl)eHU Cy HHCTPYMEHTAIHO.

Canpxaj YKyITHAX MIPOTEHHA HUje ce cTatucThyku 3HavajHo (I1 > 0,05) pasmmkoBao y
ucnutaHuM koOacumama A u b rpyme (10,56% : 10,59%). Eneprercka BpemHocT Koba-
cure A (822,8 kJ/100 g) 6una je craructuuku 3uaqajuo mama (I1 < 0,05) y oxHocy Ha
eHepreTcky BpenHoct kobacuie b (1199,4 kJ/100 g). Y nopeljeby ca KOHBEHIIMOHATHOM
kobacutiom (B), kobGacuia n3palhena ca 104aTKOM HWHYIWHA U Ca MalbUM yIIEJIOM MacTH
(A) 6una je craructiuku 3Ha4yajuo (I1 < 0,05) tamuuja (L* = 66,21 : 69,74), upsenuja
(a* = 16,18: 12,08), nok je kobacuiia b umana 3uauajuo (I1< 0,05) Behu yuaeo xyte 6oje
(b* =13,39 : 14,86). TekcTypa 06e rpyre KobacHIia je CEH30PHO OlCHEHa Ka0 ONMTHMA-
Ha, a JI00MjeHe BPEJHOCTH MHCTPYMEHTAIHOT ojpeljuBama NoTpeOHe cuile CMUIlamba ce
uucy 3uadajuo (I1 > 0,05) paznukosane (3,63 N : 3,77 N).

AHanu30M JOOHjeHUX pe3yiTaTta MOXe Cce 3aKJbYYHTH Jla ce 3HAYajHHUM CMamCHheM
caJpikaja MacTH, y3 AoJarak npexpaMOeHUX BiakaHa (MHYJIHHA) MOXKEe IPOU3BECTH (PUHO
ycuTHeHa OapeHa KoOacWila ONTUMATHUX (U3WYKO-XEMHUjCKUX CBOjCTaBa, CMambeHE
CHEPreTCKe BPEIHOCTH.

Kibyune peun: GapeHe kobacuile, HHYJIMH, PHU3NYKO-XEMH]CKE U CEH30pHE
KapaKTePUCTUKE, CHEPreTCKa BPEIHOCT
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