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Study on Development of Fermented Sausage using Grapefruit Extract and Kimchi
Extracted Starter Culture
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ABSTRACT

This study was conducted to develop natural additive for the improvement of lipid stability and the suppression of
pathogenic contamination during the storage periods of fermented sausage. Fermented sausage prepared with grapefruit extract
showed good suppression of lipid oxidation and pathogenic bacterial growth, and it was higher than that of fermented sausage
prepared with nitrate until 7 days of storage. Fermented sausage prepared with treatment A (sodium nitrate and L. acidophilus),
B (sodium nitrate and L. brevis), C (ascorbic acid and L. brevis) and D (grapefruit extract and L. brevis) were compared.
As results, treatment C and D showed the lowest pH changes among treatments, and the highest growth of lactic acid bacteria
was represented in treatment D. In the suppression effect of E. coli, the bacterial count was below 100 in all treatment except
the treatment A. There were no differences among treatment in the brightness of meat color (p<0.05). Treatment D showed
significantly high values in the redness, but showed the lowest values in the yellowness. In sensory and texture test, treatment
C and D were superior compared to others. Therefore, grapefruit was represented as a good source of antioxidant for fermented
sausage, and L. brevis isolated from kimchi was effect in lowering pH value of sausage during fermentation and it was also
effective to persist fermentation during storage period and to reduce the occurrence of pathogenic bacteria by the suppression

of their growth.
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Table 1. Experiment design for the evaluation of the effect of grapefruit extract supplementation in fermented sausage

Ingredients
Treatment”
Grapefruit extract(%) L. brevis(mL) NaCl(%) Ascorbic acid(%) Nitrate(g) Dextrose(g) Water(mL) Meat(%)
GFL 3.5 2.5 0.5 0 0 1 10 83
ANL 0 2.5 0.5 0.1 0.05 1 13.5 82
L 0 2.5 0.5 0 0 1 13.5 83

Y GFL: Grapefruit + L. brevis, ANL: Ascorbic acid + nitrate + L. brevis, L: L. brevis.

Table 2. Experiment design for the evaluation of the effect of fermented grapefruit and L. brevis supplementation in fer-
mented sausage

Ingredients
Treatment"
Grapefruit extract(%) L. brevis(mL) NaCl(%) Ascorbic acid(%) Nitrate(g) Dextrose(g) Water(mL) Meat(%)
A 0 2.5° 0.5 0 0.05 1 13 83
B 0 2.5° 0.5 0 0.05 1 13 83
C 0 2.5° 0.5 0.1 0 1 13 83
D 35 2.5° 0.5 0 0 1 10 83

D" A: sodium nitrate + L. acidophilus, B: sodium nitrate + L. brevis, C: ascorbic acid + L. brevis, D: grapefruit + L. brevis.
> For used starter culture strains, superscripts * mean Lactobacillus acidophilus and ° Lactobacillus brevis, respectively.
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Table 3. pH profiles during storage periods of different
fermented sausages

Storage time (days)

Treatment"
0 5 7 14

GFL 5.47+0.027%Y 4.5740.07° 4.36+0.07° 4.29+0.04°

ANL
5.5240.02°  4.75+0.04° 4.74+0.03° 4.67+0.03°

(Control 1)

L

4.73£0.06° 4.71+0.08° 4.72+0.04°
(Control 2)

5.61£0.01°

Y GFL: Grapefruit + L. brevis, ANL: Ascorbic acid + nitrate + L.
brevis, L: L. brevis.

? Mean + standard deviation with triplicate.

% Different superscripts in same column mean significantly di-
fferent(p<0.05).
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Fig. 1. Lactobacillus counts during storage periods of fer-
mented sausage inoculated with L. brevis as starter culture.
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Table 4. Coliform and E. coli occurrences during storage
periods of fermented sausage (Log CFU/g)

Storage time Treatment”
(days) GFL ANL L
0 0? 0 0
5 0 2.1+0.2 3.240.6
7 0 2.840.3 3.540.4
14 1.840.2 3.5+0.3 5.4+0.5

Y GFL: Grapefruit + L. brevis, ANL: Ascorbic acid + nitrate +
L. brevis, L: L. brevis.
? Mean + standard deviation with triplicate.
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al felelAl & TBARSE UEljo] A3 7|2t % A4
o7 Ad A} o FolAn e AT 5 Atk

olggt A= Agol wol =] = flavonoids(fla-
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7} ATPS} AR 24 54% 2w Qo) Bt 5agel
ATP A 919 ARFo2A AL Z2 A%} 22 57
2 g st 7] wiEd] AR AY7hE %] o m (Hong KP
2011, Vanamala et al 2006, Yu et al 2005), 215 A7 713t

Table 5. TBARS profiles during storage of fermented
sausage (mg MDA/kg)

Storage time (days)

Treatment”
5 7 14

GFL  0.03£0.002*% 0.18+0.005* 0.31+0.004* 0.35+0.005°
ANL  0.04£0.004°  0.30+0.004° 0.35+0.007° 0.36+0.007°

L 0.09+£0.004°  0.43+0.007° 0.43+0.005° 0.41+0.009°

Y GFL: Grapefruit + L. brevis, ANL: Ascorbic acid + nitrate +
L. brevis, L: L. brevis.

? Mean + standard deviation with triplicate.

% Different superscripts in same column mean significantly di-
fferent(p<0.05).
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Table 6. Effects of different additives on the pH changes
of fermented sausage during storage periods

Storage time (days)

Treatment"
0 4 7 14
A 55+£0.1  5.0£0.2%Y 4.8+0.1°  4.7+0.2°
B 5540.1  5.040.1°  4.7£02%  4.6£0.1°
C 54402  4.8+02°  4.6%0.1° 4.5+02°
D 54402  4.7£0.1°  45£02°  4.4202°

Y A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid + L. brevis, D: grapefruit+ L. brevis.

? Mean + standard deviation with triplicate.

® Different superscripts in same column mean significantly di-
fferent(p<0.05).
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Table 7. Chemical composition of fermented sausages

with different additives (%)
Treatment" Moisture Crude protein  Crude fat
A 56.742.36”  12.3+1.32 15.6+3.12
B 55.9+1.72 10.8+2.15 16.1+£2.87
C 56.1+2.13 11.9+2.73 15.7£2.36
D 56.3+£2.45 12.1£2.91 16.3£1.94

Y A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid + L. brevis, D: grapefruit + L. brevis.
? Mean + standard deviation with triplicate.
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Table 8. Effects of different additives on the growth of
lactic acid bacteria of fermented sausage during storage pe-

o

riods (Log CFU/g)
Storage time (days)
Treatment”
0 4 7 14

A 6.1£0.2? 72403  6.8+0.3° 6.1+0.1°
B 7.140.1 8.2+0.1° 8.140.2°  8.2+0.3°
C 7.240.1 8.3+0.5" 8.3+0.4°  8.0+0.2°
D 7.1x0.1 8.94+0.2° 9.1+0.1*  8.5+0.1*

Y A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid + L. brevis, D: grapefruit+L. brevis.

? Mean + standard deviation with triplicate.

? Different superscripts in same column mean significantly di-
fferent(p<0.05).

Table 9. Effects of different additives on the occurrence
of E. coli from fermented sausage during storage periods

(Log CFU/g)
Storage time(days)
Treatment”
0 4 7 14
A ND ND 1.540.17  2.1+0.3%
B ND ND 1.12£0.3 1.6£0.2°
C ND ND 1.12£0.2 1.5£0.2°
D ND ND ND 1.3+0.1°

Y A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid + L. brevis, D: grapefruit+L. brevis.

» Mean + standard deviation with triplicate.

? Different superscripts in same column mean significantly di-
fferent(p<0.05).
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Table 10. Effects of different additives on the color (bri-
ghtness, L) development of fermented sausage during storage
periods

Storage times (days)

Treatment"
0 4 7 14
A 58.1£1.52” 56.0+1.15 54.3£0.88  52.0+0.57
B 58.2+0.57 54.3+0.88 52.0+1.15  52.0£0.57
C 56.3+1.73  53.7+1.20 53.0+1.52  52.30.88
D 58.0£0.57 56.0+0.57 54.3+0.88  53.0£0.56

V" A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid+ L. brevis, D: grapefruit + L. brevis.
? Mean + standard deviation with triplicate.
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Table 11. Effects of different additives on the color (red-
ness, a) development of fermented sausage during storage
periods
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Table 12. Effects of different additives on the color (yel-
lowness, b) development of fermented sausage during storage
periods

Storage time (days)

Treatment"
0 4 7 14
A 12.120.217 13.9+0.17%  16.2£0.17°  16.9+0.06"
B 12.6£0.24% 1558025  17.240.17°C  17.5£0.25
C 12.4£024%  143+0.12"®  16.5£0.25™C 16.4+0.05"
D 12.7£0.12%  13.4+0.14®  14.4£025C  14.7+0.08

D A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid + L. brevis, D: grapefruit + L. brevis.

? Mean + standard deviation with triplicate.

% Different superscripts in same column®™®
significantly different(p<0.05).
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Table 13. Texture profiles of four types of fermented
sausages

Treatment” 1
0 4 7 14 Treatments"
Texture
A 12.040.5779 9.040.57"®  6.6+0.33°C  5.43+0.29°° A B C D
B 11.840.44*  10.0+£0.57® 8.040.57°C  6.16+0.43° Hardness 56740477  5.67+125 5214047  5.91+1.25
C 11.940474  9.740.14™8  7.8+0.26°C 6.56+0.23"" Adhesiveness 5.23+0.94  4.67+047 5.00+1.63  5.43+1.64
D 1264021 10.9£0.29" 9.0+0.15C  7.13+0.12%° Chewiness  4.33+0.47% 5.67+047"% 533+1.25%% 6.33+047"
D A: sodium nitrate + L. acidophilus, B: sodium nitrate + L. D A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.

brevis, C: ascorbic acid + L. brevis, D: grapefruit + L. brevis.

? Mean + standard deviation with triplicate.
(a~c) (A~D)

? Different superscripts in same column and row mean

significantly different(p<0.05).

brevis, C: ascorbic acid+ L. brevis, D: grapefruit+ L. brevis.
? Mean + standard deviation with triplicate.
? Different superscripts in same row mean significantly di-
fferent(p<0.05).
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Table 14. Sensory evaluation results of four types of
fermented sausages

Treatment" Taste Flavor Color
A 8.60.2°> 7.5+0.3¢ 7.4+0.5"
B 8.3+0.1% 8.0+0.2° 7.840.2°
C 8.5+0.3" 8.3+0.1° 8.2+0.2°
D 8.240.5" 8.8+0.1° 8.5+0.3°

D A: sodium nitrate + L. acidophilus, B: sodium nitrate + L.
brevis, C: ascorbic acid + L. brevis, D: grapefruit+L. brevis.

? Mean + standard deviation with triplicate.

? Different superscripts in same column mean significantly di-
fferent(p<0.05).
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