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Abstract

This study was conducted to evaluate physicochemical and textural properties, and antimicrobial effects of
low-fat comminuted sausages manufactured with sodium lactate (3.3% SL) and various levels 0.1~0.3%) of
grapefruit seed extract (GSE, DF-100) during refrigerated storage for 10 weeks. Low-fat comminuted sausages
(LFCS) has pH ranges of 6.09~6.26, 74~76% moisture, <3% fat, 16~17% protein. The addition of SL (3.3%)
and GSE with various levels (0.1~0.3%) didn't impair water holding capacity (WHC), vacuum purge (VP) and
Hunter color values (L, a, b). LFCS containing SL (3.3%) increased hardness and chewiness, whereas most TPA
values were not affected by the addition of various levels (0.1~0.3%) of GSE. LFCS containing 0.2% or 0.3%
GSE retarded the microbial growth of Listeria monocytogenes (LM). The addition of 0.3% GSE in LFCS showed
similar antimicrobial effect to 3.3% SL, which kept 10° CFU/g until 10 weeks of refrigerated storage. Yellowness,
VP and cohesiveness tended to be increased with increased storage time. These results indicated that the addition
of 0.3% GSE as a replacer for synthetic preservatives particuladly inhibited the microbial growth of LM, resulting
in antimicrobial effect similar to those of 3.3% SL treatment without quality defects.
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Adonnee] Ad BEAe] AL Y ALgd] BE Bilo]
HZE) 1 YrHKim e al., 1994).
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A A BEAL AME 1(Cai et al., 2002; Lee and Shin,
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A 4Ze] FF thal FTdS HES Bt o (Yang et
al., 1995), A A% FAE 93 A BEA Y d7% 4
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Listeria monocytogenes (LM)2| BZ&
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dov %

pH-meter(304, Mettler-Toledo, Sch-

Table 1. Formulation of comminuted sausages manufac-
tured with sodium lactate (SL) and various levels
(0.1~0.3%) of grapefruit seed extract(GSE)

Non-meat ingredients Amount (%)
Fat replacerl) 2.00
Salt 1.80
Sodium tripolyphosphate 0.40
Salt / Sodium Nitrite 0.25
Sodium erythorbate 0.05
Sugar 1.00
Maltodextrin 1.00
Non-fat dry milk 1.00
Sodium caseinate 1.00
Mixed spices 1.00

Total 10.00

D Fat replacer=Konjac flour : Carrageenan : Soy protein isolate (1
:1:3)
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Table 2. Non-meat ingredients for the manufacture of comminuted sausages

Treatments” Meat Added water Non-meat ingredient sodium lactate grapefruit seed extract
(o)

CTL 55 35.0 10

SL 3.3% 55 317 10 : 33

GSE 0.1% 55 34.9 10 . 0.1

GSE 0.2% 55 34.8 10 . 0.2

GSE 0.3% 55 34.7 10 - 0.3

) Treatments : CTL=low-fat control; SL=sodium lactate, 60% solution, 3.3%.
GSE 0.1%= grapefruit seed extract; 0.1%; GSE 0.2%= grapefruit seed extract 0.2%.

GSE 0.3%= grapefruit seed extract 0.3%.
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Table 4. Expressible moisture and vacuum purge of low-fat
sausages with sodium lactate (SL, 60%) and vari-
pous levels of grapefruit seed extract (GSE)

(unit : %)
Treatrents” Expressible moisture (%) Vacuum purge (%)
CTL 28.0 + 4.73% 4.06 + 0.89
SL 3.3% 26.2 + 458 458 + 0.94
GSE 0.1% 259 + 442 3.85 £ 0.96
GSE 0.2% 27.7 + 421 4.17 + 0.70
GSE 0.3% 27.0 £ 3.55 448 + 093

" Treatment : same as in Table 1.. ¥ Mean % SD.
Means with same column without superscripts are not different
(p>0.05).
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Table 3. pH and proximate composition of low-fat comminuted sausages with sodium lactate (SL, 60%) and various levels

(0.1~0.3%9 of grapefruit seed extract (GSE)

proximate analysis (%)

Treatrment” pH

Moisture Fat Protein
CIL 6.17 £ 0.18° 75.5 = 1.05 1.3 + 0.30° 17.1 £ 1.55°
SL 3.3% 626 = 0.17° 73.9 + 0.61° 2.0 + 0.90° 16.5 + 0.54°
GSE 0.1% 6.14 = 0.16° 75.4 + 0.64° 24 % 0.61° 15.8 + 0.39°
GSE 0.2% 6.12 £ 0.16° 75.9 + 0.91° 1.8 + 0.31° 164 + 0.46°
GSE 0.3% 6.09 £ 0.17° 75.9 + 0.85° 22 + 0.30° 16.0 + 0.36°

D Treatment : same as in Table 1: ¥ Mean + SD.

*® Means with same column having same superscripts are not different (p>0.05).
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Table 5. Hunter color values of low-fat sausages manu-
factured with sodium lactate (SL, 60%) and va-
rious levels (0.1~0.3% of grapefiuit seed extract

Treatments” Lightness (L) Redness (a) Yellowness (b)

CTL 67.0 £ 0847 116 £ 2.18  6.59 + 1.05

SL 3.3% 66.2 £ 0.74 11.8 £ 2.09 648 + 1.01

GSE 0.1% 664 + 091 12.1 = 2.90 6.05 £ 1.17

GSE 0.2% 67.2 = 0.92 112 £ 0.62 6.81 + 0.53

GSE 0.3% 66.0 = 1.70 11.3 + 0.69 6.80 + 0.43
" Treatments : same as in Table 1.: ? Mean + SD.

Means with same column without superscript are not different
(p>0.05).

Table 6. Textwre profile analysis (TPA) values of low-fat
sausages manufactured with sodium lactate (SL,
60% and various levels (0.1~0.3%) of grape-
fruit seed extract (GSE)

Parameters”

Treatments”
FR HA Sp GU CH CO

CTL 4,020° 5139 0270 935° 256" 0.19°
SL 33% 5452 6,112* 030° 1,125 367° 0.19°
GSE 0.1%  4,174° 5017° 026° 882" 238° 0.8
GSE 02% 3,658 4,742° 025 851 215° 0.18°
GSE 03% 3,823 4740 025 86" 212° 0.8

D Treatments : same as in Table I.

% Parameters : FR=fracturability (g); HA=hardness (g);
SP=springiness (cm); GU=gumminess; CH=chewiness;
CO=cohesiveness.

** Means with same column having same superscript are not
different (p>0.05).
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HFg. 1. Changes of Listeria monocytogenes in low-fat sausage
as affected by the addition of sodium lactate and
various levels (0.1~0.3%) of grapefruit seed extract,
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Table 7. Physicochemical and textural characteristics, and microbial counts of Listeria monocytohenes of low-fat sausages as

affected by storage time

Parameters’ Storage time (weeks)

0 2 4 6 8 10
pH 591 6.18° 627" 6.29° 6.26" 6.02°
EM (%) 253 26.7 255 284 26.9 29.0
VP (%) . 371° 3.64° 439" 4.88° 452
Hunter L 67.1 67.1 66.0 66.6 66.5 66.2
Hunter a 12.7 10.7 11.2 13.0 10.8 11.1
Hunter b 537 6.73% 6.84° 6.12% 7.00° 7.16°
FR 4,108 3,952 4,513 4233 4,624 3,903
HA 4,524 5,194 4,975 5,545 5,309 5,356
SP 0.25 0.25 0.26 0.27 0.28 0.28
GU 822 829 891 984 1,007 1,010
CH 226 215 244 280 291 291
CO 0.18° 0.17° 0.18° 0.19° 0.19% 0.20°

Storage time (weeks)

0 1 3 4 8 10

LM 2.83° 3.23° 3.81° 3.84° 4.03* 4,08
D parameters : EM=expressible moisture; VP=vacuum purge; FR=fracturability; HA=hardness; SP=springiness; GU=gumminess;

CH=chewiness; CO=cohesiveness; LM=Listeria monocytogenes.

*4 Means with same row having same superscript are not different (p>0.05).
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