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ABSTRACT

Objectives of this study were to investigate the lipid oxidation of liver sausages, one of the most
favorite meet products and to examine the applicability of pork liver to sausages. Sausages containing
different proportions of pork liver were manufactured with various processes and were tested and
analysed by means of lipid oxidation. |

Based on the basic recipe for manufacturing sausages, fifteen recipies were proposed with different
combinations of ingredients, followed by evaluations on their contents of crude fat, AV, POV, and MA.
Sausages manufactured with different methods(sliceable, spreadable, smoked spreadable) and different
proportions of liver were also evaluated. In addition, the storage experiments were carried out. The
findings from these experiments are summarized as follows :

The content of crude fat was 17.12%. As the percentage of the liver increased, fat content of
sausages siginificantly decreased.

In the storage experiment, it was found that the acid value, peroxide value, and malonaldehyde con-
tent significantly increased in all samples regardless of the amount of liver or the storage time. The AV
of experimental sausages was significantly increased by adding liver. There were significant differences
in proportions of components but little differences were observed in contents among the samples.
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Table 1. Proximate composition of experimental materials

(%)
Crude Crude Carbohydrate
Moisture , - - Ash
Protein Fat Nonfibrous Fiber
Pork lean meat 68.38 15.43 14.52 0.41 0.00 1.26
Pork fat meat 58.10 11.32 29.61 0.23 0.00 0.74
Pork liver 72.95 18.83 4.61 2.24 0.00 1.28
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Table 2. Composition of the experimental sausages
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N&? 1:”c_)‘:rrl]:e r:llci-::z::ln P(r);gaiat Stock Liver
Sliceable sausages |

Liver 0% | 30.00 60.00 10.00

Liver 5% 28.58 57.14 - 9,52 4.76

Liver 15% 26.09 52.17 8.70 13.08

Liver 30% 23.08 46.15 7.69 23.08

Liver 45% 20.69 41.38 6.90 31.03

Spreadable Sausages ‘ |

Liver 0% 30.00 60.00 10.00

Liver 5% 28.58 57.14 9.52 4.76

Liver 15% 26.09 92.17 - 8.70 13.08

Liver 30% 23.08 46.15 o 7.69 23.08

Liver 45% 20.69 41.38 6.90 31.03

Smoked spreadable sausages

Liver 0% - 30.00 60.00 10.00

Liver 5% 28.58 57.14 9.52 4.76

Liver 15% 26.09 52.17 8.70 - 13.08

Liver 30% 23.08 46.15 7.69 23.08

Liver 45% 20.69 41.38 6.90 31.03
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Fig. 1. The manufacturing processes for experimental spreadable liver sausages.
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Table 3. Crude fat content of liver sausages.

(%)

Crude Fat

Sliceable sausages

Liver 0% 19.14x1.56°%
Liver 5% 18.27x0.94°
Liver 15% 17.20%0.87°
Liver 30% 15.56 % 0.89°
Liver 45% 14.62%0.67°
Spreadable sausages
Liver 0% 22.78%0.55°
Liver 5% 21.37%0.94°
Liver 15% 17.25% 2.06°
Liver 30% 16.81x2.05"
Liver 45% 13.59x1.68°
Smoked spreadable sausages

Liver 0% 21.83x0.97°
Liver 5% 20.21%0.67°
Liver 15% 19.41x1.33°
Liver 30% 17.05% 0.64°
Liver 45%

Y Meanx Standard deviation.

14.52%x0.51°

2 Means with differernt letters within a column(a, b, c, d, e) are
significantly different from each other at a=0. 01 as determined by

Duncan’s multiple range test,
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Table 4. Changes in AV of experimental sausage containing liver upon storage.

Storage time(days)

Sample o? 7 14 21 28
Sliceable Sausages
Liver 0% 1.84x057°"  219%1.05™ 2.75%0.78%  3.18x0.86%  3.34x1.56”
Liver 5% 1.83x0.14% 2.17%0.50™  2.78x0.64"  3.17x0.95”  3.34x0.84"
Liver 15% 1.85%0.41° 2.18x1.06™  2.80x0.58%  3.18x0.80”  3.37x0.92% -
Liver 30% 1.89x0.82* 2.18X%0.92  2.77x0.64°  3.19x0.41"  3.35%0.64”
Liver 45% 1.87%0.56™ 2.18%0.67™  2.79x0.86"  3.18x1.21°  3.37x0.35”
Spreadable sausages
Liver 0% 1.74%0.37% 1.87%0.48”  2.74x0.67%  3.18x0.69”  3.40x0.997
Liver 5% 1.75X0.94% 1.87%x0.88"  2.75x1.07%  3.19%0.60”  3.40%0.55"
Liver 15% 1.82x0.45% 1.91x0.90”  2.78x0.68% 3.18x0.77°  3.44x1.62°
Liver 30% 1.77%1.01% 1.91%0.30”  2.77x0.945  3.20x0.84™  3.44x0.78"
Liver 45% 1.76 X 0.84% 1.94%0.70”  2.76%0.69%  3.22x1.62”  3.47%0.93”
Smoked spreadable sausages
Liver 0% 1.78%0.97% 2.10%0.80”  2.80x0.21¥  3.19%0.36”  3.39x0.88
Liver 5% 1.77%0.68% 2.10%0.60%  2.77x0.81¥  3.18x0.60”  3.39x0.77”
Liver 15% 1.780.66" 2.00%0.68%  2.79%0.84%  3.20x0.89"  3.40x0.69"
Liver 30% 1.80%0.83% 2.12%0.57™  2.79%0.95"  3.20%0.65”  3.46x1.31"
Liver 45% 1.80x0.91% 2.62X0.69"  2.82%0.60%  3.20%0.67°  3.45%0.52"

Y Mean x Standard deviation.

) Means with differernt letters within a column(a, b, ¢, d, e, f, g) are significantly different from each
other at a=0.05 as determined by Duncan’s multiple range test.

Y Means with differernt letters within a row(y, z) are significantly different from each other at «a=0.05
as determined by Duncan’s multiple range test.

Y 0 day is before storage.

._38___



Vol. 14. No. 1(1997)

5ol A FE A Fe fAe FAA JAEE
Ueldl= 7ol ddh 7He Frtgs A3y e G
3 LAIA] AIEE 4TC(3~5T)o ARsAHA 7d
1t o2 AE 53 A3 Table 49 2}, Az
dojl= AlAY AAA T HAZAYH 2AABG A7)
o)3HA =A JeEldteEd(P<0.01) o]l 4oz 9l
gt AAjR 9] A Aol iy 55 F
AT HAY 2AAE FAEA] & HAY AR 9
A7F 1.74~1.808.c} ¢ ¥ A7HE Jepdg. A
7he SHHUE APEAQL ol & Koy 7he] Hrtgol
7855 A7 F7vske A el e A3
iR ARy 4 AEEo] fYdtA SIS &
F ed AR F43] Frtsiart 21?4_—:—1%1‘-
A 8] S8k A& B & A

23 3u &5 AZPPol e 22N 47 o) B AT 7

2) F38E7L

Zve] 3 A2FAHE @8 2AAE 4¢E~
s5C)el] ¥ AFshaA 74 Aoz H}AEIE
2245 A3 Table 59 2,

8187 e 74 AAAEE {F948 e
H (P<0.01) A77re] ZAAgel wel F3iA &
Vel Ag8E Jehf Ao A2 dods AlAE 4
A 9] FAEIF AR AAA S HAI3HE L b
=R AT 74 FHEe AHAZYF 2AAS AA
g 2AA 9 s E7 MR ¥ x§ A E YERY
Pov FA HAY A A Y FAASEI MY Wt
ok A% 14 ol Fd= HAFY AAA 9 FAEETL
7} 86~882 AAH AAA Y HAIsHE T 85~86H T
=2 FAE JeEped, 219 = 7F 580 #HA

Table 5. Changes in AV of experimental sausage containing liver upon storage

Storage time(days)

Sample '
o 7 14 21 28
Sliceable Sausages | | .
Liver 0% 29.43%0.17°""Y 50.03%0.22”  85.8040.77" 108.64x0.42™ 118.58%0.06™
Liver 5% 28.22x0.18%  50.06%0.11° 85.35-+0.38"” 108.88%0.89™ 117.86x0.71""
Liver 15% 28.70%0.25”  50.04x0.04* 86.81+1.22" 109.49x%0.17™ 118.46x0.23™
Liver 30% 29.57x0.14”  49.54x1.05” 86.14+0.217 108.85x0.86™ 118.69%0.07™"
Liver 45% 28.85X0.16"  49.47X4.52" 86.914+1.09” 109.72x0.07™ 119.37x0.04"
Spreadable sausages
Liver 0% 27.72%0.92% 51.14x2.09% 87.30+0.49" 142.25x7.73™ 138.66x0.02™
Liver 5% 27.69%0.34  50.46x0.81" 86.91+0.50" 121.89x0.44™ 138.85%0.64°"
Liver 15% 27.78x0.16%  50.25x0.20 88.56+0.30” 122.74%0.71™ 139.70x0.40%"
Liver 30% 27.19%0.27" 48.54x5.85”  88.03+0.26” 124.08x0.70™ 143.75%0.18""
Liver 45% 27.19%0.52%  49.06x5.45% 87.0240.52” 125.66x0.02" 144.12%0.90"
Smoked spreadable sausages
Liver 0% 27.44x0.81°  41.39x0.41” 87.29+1.06” 120.82%0.39™ 133.10x0.23"
Liver 5% 27.82x0.22°  42.27x1.00” 86.9740.96” 120.89x0.08™ 133.52x0.21"
Liver 15% 27.39%0.10  42.48%0.86” 87.92+0.53% 121.80%0.22™ 143.62x0.09"
Liver 30% 28.43%0.64%  42.67x0.18% 88.13+0.26” 121.50x%0.37™ 114.73%0.35™
Liver 45% 28.29%0.23%  42.93%0.84% 88.06+1.73” 122.89x0.93™ 145.14%1.00™"

”Meanx Standard deviation,

2'Means with differernt letters within a column(a, b, ¢, d, e, {f, g, h) are significantly different from each
other at «==0.01 as determined by Duncan’s multiple range test.

Y Means with differernt letters within a row(w, x, vy, z) are significantly different from each at «==0.01 as

determined by Duncan’s multiple range test,

Yo day is before storage,
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Table 6. Changes in MA content of experimental sausage containing liver upon storage

(1e/g)
Storage time(days)
Sample o" 14 21 28
Sliceable Sausages :
Liver 0% 2.72x0.187?Y  457%x1.50%  9.20x1.077  14.09%0.617 16.39%0.59™
Liver 5% 2.73%0.57* 458%0.50%  9.21x0.94” 14.09%0.72" 16.40%0.48™
Liver 15% 2.72X0.61% 457x0.60°  9.21x0.64” 14.10x0.48" 16.41%0.67™
Liver 30% 2.72%0.29% 458%0.80° 9.21%0.91¥ 14.10x0.99” 16.39%0.88"
Liver 45% 2.73%1.08% 458x0.57°  9.21%0.217  14.11%0.48” 16.40%0.74™
Spreadable sausages
Liver 0% 1.33X%1.00° 421%0.70°  9.13x0.53”7  14.34x0.36” 18.21x0.65"
Liver 5% 1.32x0.87° 421x%0.80%  9.13x%0.077 14.32x0.54” 18.22x0.90
Liver 15% 1.32x0.54% 441x0.64%  912x0.257  14.31x0.58” 18.24%0.86™
Liver 30% 1.32%0.69 422x0.99  0.13%0.34”  14.34x%0.49” 18.26%0.31™
Liver 45% 1.32%0.37% 423%0.58% 9.14x1.627 14.35x0.54* 18.31x0.27*
Smoked spreadable sausages

Liver 0% 2.59%0.55" 431%0.16™  9.16x0.44”  14.29%0.18” 17.99%0.64"
Liver 5% 2.60%0.64> 4.32x1.51%  9.16x0.26”  14.28%0.22” 17.97%0.87
Liver 15% 2.59%0.95™ 433%1.44”  917x0.82” 14.25%0.67” 17.99%0.63"
Liver 30% 2.60% 0.25™ 4.32x1.66%  9.17x0.39™ 14.25x0.24% 18.03x0.91**
Liver 45% 2.59x0.64™ 4.33x0.74%  9.16x0.65” 14.28x0.14% 17.98x0.77

1)

Mean X Standard deviation,
2)

Means with differernt letters within a column(a, b, ¢, d, e, f) are significantly different from each

other at a=0.01 as determined by Duncan’s multiple range test,

K}

Means with differernt letters within a row(w, x, y, z) are significantly different from each other at «

=(.01 as determined by Duncan’s multiple range test.

Y0 day is before storage.

— 40—
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Yol malonaldehydes] #JFE& B 14.234g/g
(14.09~14.35.g /g) & Ve 2 28Ao+= 17.55
1€ /8(16.39~18.31g /g& YERGUTE AxAd =
AAE AAA, FA HAY XA, {HIAYH LA 9
40 & malonaldehyde®] 83ko] Tk A 28
ol HIAY HAA}F MAF 2AARY &
malonaldehyde §%-& el o]A & AxFY
e AEE 2AAY ¢ FHLE 1E malonal-
dehyde®] o] o AR7|Ze] B33

oo} $ROT A HEHO| HolHs] WE] WY

3 AA A B} 2& malonaldehyde %8 1epdth
3L Ajzbdr

AwtH o7 AR 7HEAF e AFY e 0~10T
A 304 BETE AF 2719 A 337t 1Y
gl o} AA =& malonaldehydes} Bo] A sy
A A3 Futrlde A EE] FAs] "E
of TBA®C] gto]l ZA& e AE¢E Bl Byt 9l
Qo™ B A ALL-g AXNA e A Futs] A
A Bo] 7BAsE 717474 malonaldehydes] §
F2 AR gRoevz B Age] A= A7)
7+E<te] malonaldehyde $F3ko] Al £718H4A A
o8 AzZtEr,

N.2 <

B AFE 8 §R3kA & 2AAY 147 5%,
15%, 30%. 45%%] 7+& T+ M43 (sliceable) 3}
3 A ¥ (spreadable) 2] FE 333 (smoked
spreadable) AA|A} & A R3] AR A 2] A S
233l B8 viojt). A1 A FE QoF3d o
3} 72t

1. 2A R o] = FFE 7re] gFo] FHEFTE
ZA ko] FolslA golxle AoE YeEpdch
AzFRd s Z8d 71 45% Tf 2A1A 9] A5
= ARFAd AR gle] 15%0]3te] we xuk
2 vehfo] 7he] gkl wa} L)X o] 2 g
Fo 3k 2ol 7t ASE & F UG

2. Azl AIAY SARA 7 HIYEF LA|A R
A7} F3HAl T4 JeEl e FAS HAFH 44
A FA3kx 2 HIY 2AAY A7F 1.74~
1.808.t} ¢} #& A7HE YUY Avte SR/

&3 AzEo) B ZANNY AW Ao FF AT 9

2 JhAQl Aol g Bout 7k Yol FHE T E
A717F A F7vsheE 7o) vEldt.

3. 7t AAAY AFA] AAAEvtE 7k g3
Az dugle] fFog AolE Yepdlen A%
717ke] Z el ae} Frhste AzAele 27.19~
29.4301 e} A A 1499+ 85.35~88.562.8 A
28Ul 117.86~145.142 Z7}8l9 .

4. Malonaldehyde %32 7t2] §3Fo] o}E x}oj
E Aoy Az MEA AR 272~
2.73g /g2 2 7} %-& malonaldehyde §%& U
gliiglen, FdstA] &2 HIAF AAA o) 1.32~
1.33xg /g2 2 7H8 9& X E YUY 237
Z4oll w}2} malonaldehyde$] & 5713t d.
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