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Department of Food and Nutrition, Myong-Ji University

Abstract

The purposes of this study were to investigate the applicability of pork liver in manufacturing sausages and to
examine the nutritional components of liver sausages prepared. Sausages containing different proportions of pork
liver were manufactured with various processes and were analysed for their nutritional value. Based on the basic
recipe for manufacturing sausages, fifteen recipes were proposed with different combinations of ingredients. Sau-
sages manufactured with different methods (sliceable, spreadable, smoked spreadable) and different proportions of
liver also were evaluated. The results were obtained as follows : 1. The average contents of moisture, protein, fat,
carbohydrate, fiber, ash, and energy were 62.31%, 15.71%, 17.12%, 3.88%, 0.24%, 1.48%, and 234.04 kcal/100 g
respectively. As the percentage of liver increased, the fat content and total energy were decreased significantly. 2.
As the percentage of liver in sausage increased, the content of amino acids including valine, leucine, isoleucine,
threonine, lysine, phenylalanine, arginine, aspartic acid, glycine, proline, tyrosine, and cysteine was increased.
However, the contents of histidine, methionine, glutamic acid, and alanine were decreased. 3. The vitamin A con-
tent of liver sausage was increased by 11 times compared with the control, however, the content of vitamin B was
slightly decreased. 4. As the percentage of the liver was increased in sausage, the content of minerals such as cal-
cium, magnesium, phosphorus, sodium, potassium, and iron were increased.
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Table 1. Proximate composition of experimental material (%)
. . Carbohydrate
Moisture Crude Protein Crude Fat Ash
Non-fibrous Fiber
Pork lean meat 68.38 15.43 14.52 041 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 4.61 224 0.00 1.28
Table 2. Composition of experimental sausage (%)
Sample Ingredients Pork lean meat Pork fat meat Stock Liver
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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Table 3. Instruments and operating conditions for amino
acids
Instrument

Jasco PU-980 PUMP 2ea

Jasco HG-980-30 - High pressure gradient module
Jasco 851-AS Autosampler

Jasco UV-975 UV/VIS Detector

Jasco 807-IT integrator

Column oven

Column Pico-Tag column(3.9< 150 mm, 4 pum)
Wave length UV 254 nm

Flow rate Eluent A
-0.14M  Sodium acetate trihydrate, 0.05%
Triethylamine
-1L HPLC grade Water — pH 64 with
Phosphoric acid

Eluent B - 60% Acetonitrile
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Table 4. Instruments and operating conditions for vitamin B,

HPLC(High Performance Liquid Chromatograph)

A (FeyZ 712 3]3pgell me} Aal2)sle) ICP(Inductively

Coupled Plasma) emission spectro  analyzer(Jobin

Injector UK Yvon JY. 38 S, France)*& Al&3}ed 7} 2A|X|¢e} 2
Column 1 Bondapak C,, 714 ¥FE $A31%c} ICP emission spectro analyzer
Carrier 0.05M Ammonium Acetate : MeOH =72 : 28 o] BMFxAL Table 59 2k
Speed 0.8 ml/min (7) FH A=
Solution Pericyan Potassium, Sodium hydroxide(0.7 mi/ BE AL 33 ojAtel WIEAIFE F3}e] SAS
min) (Statistical Analysis System)& 24 5}ic}. 2Aupy o
Ditector HD 2 ¥, RFA3), EAFHLY (Analysis of variance :
UV/VIS Spectrophotometer ANOVA), Duncan®] o895 (Duncan's multiple
Wave length 254 nm range test) 2 Al A] 5} o}
Table 5. The operating conditions for ICP emission spectro analyzer
ltem Mineral
Ca P Mg Na K Fe
Wavelength spectrum(nm) 3934 213.6 279.6 589.0 766.5 2382
Line gas pressure(psi) 70.0 70.0 70.0 70.0 70.0 70.0
Coolant gas flow rate(/min) 120 12.0 120 120 120 12,0
Nebulizer
Sample gas pressure(psi) 40.0 400 40.0 400 400 400
Carrier gas flow rate(//min) 04 04 04 04 04 04
Pump rate(/min) 1.5 1.5 L5 1.5 15 15
Integration period(sec) 100 10.0 10.0 100 100 10.0
Table 6. Proximate composition of liver sausage
Sample Moisture(%)  Crude protein(%) Crude fat(%) Carbohydrate Ash(%)  Energy(kcal)
Non-fibrous (%)  Fiber (%)
Sliceable sausages
Liver 0% 62.87£0.85"" 12754085 1914156 3.82+090°  021%0.11 121+£026° 258.55+1.21%
Liver 5% 63.56+0.65° 12881065  1827+094° 3.83%085  021+0.16 1.25£033° 231274125
Liver 15% 64.28+0.51" 13.11£051° 17204087  390£076°  020%0.13 1324042° 222824132
Liver 30% 6343+ 1.71° 1545+1.72°  1556+0.89° 3.92+£1.06° 020+0.18 1444065  217.53+144"
Liver 45% 61.12+0.36" 1828+033"  14.624067° 395+074°  020+0.11 183+ 1.10° 22050+ 183"
Spreadable sausages
Liver 0% 59.12+£0.75° 12774075 22.78+0.55° 382+1.07  021+0.14 1254098  271.38+0.85°
Liver 5% 60.41+0.51' 1292+ 1.50° 21371094 383%126°  022+0.16 126£061°  259.32+026°
Liver 15% 64.28+0.22° 13.10£0.22"  17.25£2.06° 388+1.15  020+0.11 1.321086" 2231841328
Liver 30% 61.27+0,35° 1645£0.35" 16811205 393+£085°  020+0.13 134+047"  232.81£0.94"
Liver 45% 65.28+ 049" 18411£049°  1359+168 3954075  021%0.16 1.56+0.59"  184.75+0.56
Smoked spreadable sausages
Liver 0% 60.17+0.55' 12924047 21.83+097° 383135  021£0.18 1233068  262.71+£023"
Liver 5% 61.56+047 12924047 2021+067" 384+085  022+0.11 1.25£022° 24893+0.25°
Liver 15% 6206030 13.111030" 1941133  389+077° 0221020 1.31£0.58 24270+ 031°
Liver 30% 60.96x0.55' 1643+0.55" 17051064 3.93%x081°  021+0.16 1424031°  234.89+042'
Liver 45% 65301047 18431047 14.5240.51" 3.95+065  021%0.12 1.58+0.12°  184.22+1.23'

"Mean F Standard deviation.

“Means with different letters within a column(a~i) are significantly different from each other at #=0.01, 0=0.001 as determined by

Duncan'’s multiple range test.
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Table 7. Essential amino acid contents of liver sausages.
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(unit : mg%)

Sample VAL LEU ILE MET THR LYS PHE HIS

Sliceable sausages

Liver 0% 52846 1007.56° 521.66° 437.46" 65395  113825° 616.22° 681.60°

Liver 30% 62545  1642.79° 572.70° 346.86° 959.94*  1934.57° 648.29" 640.96°
Spreadable sausages

Liver 0% 614.69°  1190.34° 598.81° 515.2%° 58046° 108426 537.93' 900.29°

Liver 30% 860.10°  1583.18° 823.80° 407.94° 91051°  137237° 817.38" 649.76°
Smoked spreadable sausages

Liver 0% 527.34° 116922 734.84° 604.09' 64630° 167443 759.90° 659.18°

Liver 30% 687.89"  1589.31° 767.64° 565.61° 911.33  1875.60° 843.78° 629.96°

"Means with different letters within a column(a~f) are significantly different from each other at 0=0.01, 0=0.001 as determined by

Duncan's multiple range test.

Table 8. Amino acid contents of liver sausage

(unit : mg%)

Sample ARG ASP GLU SER GLY ALA PRO TYR CYS

Sliceable sausages

Liver 0% 86365 111140° 190437 36431  73381° 677.10° 58199  47260° 10627

Liver 30% 94471° 132782 184027 51679 91405 59455  67503°  756.00° 17129
Spreadable sausages

Liver 0% 919.85" 43453 287354" 86476  662.56° 90666 61225 49534 88.60°

Liver 30% 1278.08°  166299° 210635°  599.88° 94927  67276' 84294 61665  170.06°
Smoked spreadable sausages

Liver 0% 1012.14°  1602.32° 308095  81501° 73242 87433  74406°  44724" 14970

Liver 30% 108341°  171509° 3056.22°  788.88°  92747°  860.80°  822.13° 71365 20581

YMeans with different letters within a column(a~f) are significantly different from each other at 0¢=0.01, a=0.001 as determined by

Duncan's multiple range test.
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Table 9. Vitamin A and vitamin B, contents of liver sausages

Sample Vitamin A (IU/100 g) Vitamin B, (mg/100g)
Sliceable sausages
Liver 0% 24.57£0.13" 095+001°
Liver 30% 4153.50+0.82° 0.6610.01°
Spreadable sausages
Liver 0% 2334+ 1.50" 1.00+0.04°
Liver 30% 1454.25+0.49° 0.8140.03"
Smoked spreadable sausages
Liver 0% 25.34+0.77' 0.97+0.02"
Liver 30% 3301.6410.84° 0.78+0.05°

"Mean *+ Standard deviation.

“Means with different letters within a column(a~d) are
significantly different from each other at 0:=0.01, 0:=0.05 as
determined by Duncan'’s multiple range test.

Table 10. Ca, P, Mg. Na, P, Fe contents of liver sausages (mg%)
Sample Ca P Na K Fe
Sliceable sausages
Liver 0% 60.01£0.10""  125.85+0.11" 14.85£0.14° 466.1410.06° 189.81£0.21" 14.7440.10°
Liver 5% 51.65+0.15' 124.38+0.56" 153740.13" 429.69:+0.08° 203.2040.05" 16.6440.05"
Liver 15% 56.11£061' 147.12+027' 15741 0.1° 396.75+£021° 207.91£0.10 33.06£0.16°
Liver 30% 60.13%0.06" 168.31+0.01° 15824015 427.55+0.05" 211.4740.06' 52814044
Liver 45% 63.00£0.02° 209.18%0.06° 16,68+ 0.09* 449.64%0.16° 228.05£0.05" 88.07+0.01°
Spreadable sausages
Liver 0% 49.62+021" 207.28+0.08 1431£0.08° 539.01£007" 200.92:£0.01" 17.19+0.02°
Liver 5% 55.55+0.31' 170.79£0.01° 14.01£0.05° 579.86£0.15" 208.73%0.00" 18.24+0.06'
Liver 15% 60.04:£021° 199.1540.12" 13.86£0.01° 570.40%0.09" 212.23£0.03 40.16%0.04°
Liver 30% 66.39£0.28" 231.6620.00" 14.02+0.06 584.33+0.11" 217.79£0.08' 46.65+£0.12°
Liver 45% 67.67£0.16° 259.59+0.06° 13.324051° 584.39+ 0,01 220.98+0.04" 67.15£0.20°
Smoked spreadable sausages
Liver 0% 44.10+0.09 164.62+0.02° 15.68+0.21° 462.24+0.06° 180.00£0.06" 12.94+0.07°
Liver 5% 51.514£0.12 138.22£0.16" 14.88+0.04° 433.94%0.02" 191.68+0.07 16.68+0.02°
Liver 15% 5848+ 0.17 165.55+£0.05° 14.50£0.06 437.09+0.07" 196.11£0.09° 28.80+0.02°
Liver 30% 58.87+0.06° 197.77+0.14" 16.210.09" 438.48+0.05" 200.74%0.08" 55.4240.06"
Liver 45% 58.37£0.09° 256.36+0.13" 17.50£0.24° 456.05%0.06° 200.84£0.07" 76.91+£0.04°

"Mean + Standard deviation

"Means with different letters within a column(a~i) are significantly different from each other at 0=0.0t, a=0.001 as determined by

Duncan's multiple range test.
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A2)9] vlell B, #ake 0.65~0.97 mg/100 g2 A<
+d o|i= nlelul B2 §afe] ¥ 1] o] 30%
U 917 dE2o2 gzdoh

4. Zt2AX| el 27|A R

AR F713 S BAS A Table 102
2}

7+ R2] B4 (Ca), J1(P), Pkl (Mg), ZHF(K),
A (Fe)| Tk 71e] Fego] ZFvlshaM frelsHl 37t
3= AL JePIThP<0.001). ©]F ZF(Cay A
FHRF AAE 28, B2t via, $Y, Z3=F
2E 2AX)9) BH(Ca) FF TF 17.5 mg/100 g(12
~32mg/100 g)s} w3y o9 Fe AYE & 5 A
A+t

AA1A)2] M (Fe) Tk 7F T3 2AIA ¢ T 30%
g6 AR, 22T 7 45% F &ARE vl ashd
Z}zt 34600, 5.1940 © Wk}, =3 AlEAARE AA
5 AR5 A(Fe) ] HT 1.35 mg/100 g} ¥
a7 - AR A (Fe) TRkl v B A
< o 4 9lgdeh. Oellingrathe} Slindel™= T27] % o]
289 1%5 HVgol gt HFe) TFel FT 39
mgkgd F718Igom, ARl 1% A& M F
& ] H(Fe)e] °F 6 mg/ kg FVI8ctT BaslslE
¥ o) B d79 Azse fAEAH

Ve <%

B 3 18 A 42 2AR 9 42 5%,
15%, 30%, 45%2] 7+2 -8 A3 (sliceable)?t 33
¥ (spreadable) 28] 32 ¥<1 ¥ 3 & (smoked spreadable)
AR E AZSle ofPE-S FAsle] okt ¢
43} AN E 2HET] g 7 2ARE vRiEkaA} 3t
oot AFAARE g9kl &3 2o

AN AE HF S8 kol 62.31%, 2WA
15.71%, ZAY}F 17.12%, 32 3.88%, TAF4 0.24%,
Z3|2 148%2 TAIE] e B2 234.04 keal=
vepdet 7haARle] S8, kAl ol aelE 23
2o ghke 71e] Fepo] F1EF F1e wby 24
whal o gke 2hAslgle

A A9 ofuaAl #HEke 71 30% i AARAI7E
7} B34 AA)X]o) H]3} valine, leucine, isoleucine,

threonine, lysine, phenylalanine, arginine, aspartic

- 609 -

acid, glycine, proline, tyrosine, cystine®] o] wj-$-
=92 histidine, methionine, glutamic acid, alanine
o) g @duh

7k 9 vleRl A9 R 7 e AR
404~ 439 TU/100 gl wl8) 7t 30% §h £A1A19) #
Rl A9 gk 2520~7200 [U/100 g% 11907} &
steh. wlelml B ol k2 2 TR XA 094~
1.00 mg/100 g1 ¥l Bl 7+ 30% ¥F- 2AAE 0.65~
097 mg/100 g 2. 2 @& £XE Yelfigiet

ZhaerR) o] F714 F 2 (Ca), AP), ok EMp),
ZE(K), Fer> 719 ¥l T35 F7lse 3
Fg e}

olAe] ATAAE FYsI & W TAAAE AT
ol Apdglel 7] gede) FUIE wjel BE Al
9J8t o} ook Ee] gl FUIEl, T 30% Fi
AAPL 7t FI AAIR R R o2 $pRl F 08
Hrpsilc}. =3t 7k 30% $f AR F BeFA A
I HAY 29 7|E=r) 7HY 5 AoE vehd,
7 30% - HAY A7 ASHLEE FYHOR
= M 48 L2 Yeig.
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