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Effects of Storage Days- and Cooking Method
on Lipid Oxidation in Processed Meat Products
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(Received March, 30, 1995)

ABSTRACT

Ham, sausage and bacon were treated with common household processing techniques including
refrigerated storage(0, 14, 28 days) and cooking(pan-frying, microwaving, boiling).

Lipid oxidation was evaluated by measuring fatty acid composition, malonaldehyde(MA), TBA values
and by measuring fluorescent products.

Major fatty acid composition were oleic acid and followed respectively palmitic acid, stearic acid, lino-
leic acid, linolenic acid.

There was no significant difference 1n fatty acid composition by cooking method but there was a tend-
ency of being increased of unsaturated fatty acid during 28days storage.

Ma, TBA and fluorescent products showed a tendency of being increased continually according to
storage days rather than cooking method.
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Table 1. Instruments and operation conditions for
gas chromatograph.
Instrument Varian 3700
Column 3m stainless steel unisal 3000
Column Temp. 195°C
Detector Temp. ¥ID at 240°C
Injection Temp. 230°C

(2) Malonaldehyde ¥

@ Chloroform—methanol& o]-&3F X|& F&

Pikul 52 o] vl utg} chloroform3} methanol
< o] &3} Fig. 19|49} o] A& F&319 0.

@ Malonaldehyde ¥4

CMyo= FZd dry fat(1~8mg)o] 0.8mL<
ZF9 8.1%<] Sodium dodecyl sulfute(SDS) 0.
2mLE wo| EEI T 20% acetic acid 1.5mLE H
7}&teh. o] acetic acid®] NaOHE ©]-8-3te pH 4
B2 ZASY 20%9] acetic acid7HA] @ 71SF tudeol]
0.8% <8 TBASY 15mLE 78 & 0.5%
ethanol 0.1mLE 7}3tc} o] AL B BdlA 608
7hE g & d421%7) 95 A4E81(4000g, 10°C, 15
min) §tc}, Y4B E A|RAA FHANE HE &
UV —spectrophotometer (SHIMADZU UV -3100.
UV~-Vis—NIR Spectrophotometer)=2 532nmol] A}
FHEE &X3a, BEF 92 AEE W JoiXE
T ol A atod v i o)

@ TMPE o} &3 EF 83 A

Malonaldehyde®] mg&a TBA numberE 2%
3l7] fgled EEEAR 1, 1, 3, 3-Tetramethoxy -
propane(©] 3} TMP) & A28t}

£7b8 AT A% 2 zegel AWl mAE 9 3

Total Fat Extraction

—sample 5g+D. W 3mlL+
CM(1:2) sol'n 30mL

— Homogenation for 30sec
at homagenizer

Homogenate

+—Centrifugation for Smin
at 3000rpm, 10°C

Residue Supernatant{A)

—M:C:W (2:1:0.8) sol'n 35mL
— Homogenation for 30sec

——Recentrifugation for Smin
at 3000rpm, 10°C

Supernatant (B)

L— Supernatant(A)+(B) ——

—C 20mL-+D. W 20mL
-—Mixing

—Standing overnight at 4°C

Organic phase

— Add 0.3g hydrous sodium
sulfate

—Inversion and filtration

—-Dried by nitragen evapor-
ation at temperatures not
higher than 35°C

Weigh of dry fat

Malonaldehyde analysis
Fig. 1. Total Fat extraction from ham, sausage, bacon.
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(4) 8 B2 A (fluorescence) A WHY

Dry fat

Fat 1~8mg-+D. W. 0.8mL+8.1% SDS 0.2mL

Vortexing

Add 20% acetic acid 1.5mL

Acetic acid adjust to pH 4.0 with NaOH
All tube
Add 0.8% aqueous TBA sol’'n 1.5mL
Heat in boiling water for 60min
Cool in tapwater

Centrifugation for 15min at 12.000rpm. 10°C

Reading the absorbance at
532nm of spectrophotometer

Fig. 2. Malonaldehyde analysis from ham, sausage,
bacon.
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Table 2. Fatty acid composition of ham during storage and cooking method

(% in total fat)

Storage time Cooking method Fatty acid”
1010 1210  14l0 160 1el1  18l0 1811  18[2
Uncooking 0.143 0027  L17 2292 350 1145 4451 12.43
Microwaving 0.154 0.040 1.25 2425 375 1120 4414 12.31
0 day Pan-frying 0.165 0028 1.20 2282 375  10.83 4558 1272
Boiling 0.141 0027 1.25 2335 365 11.08 4415 12.52
Uncooking 1.900 0.042 216 3734 507 1781 5754  9.85
Microwaving 2.466 2937 319 2335 617 1177 3773  6.62
14 days Pan-frying 0.405 0127 1.54 2691  3.92 1198 4219 7.16
Boiling 0.136 0131  1.81 2816  3.39 1426 3947 10.68
Uncooking 4397 0.601 11.56 2444 283 1243 3875  12.03
Microwaving 1.973 0.388 149 2242 341 9.88  41.96 13.71
28 days Pan-frying 2110  0.269  1.24 2239 299  11.99 4206  13.09
Boiling 2192 0.636 222 2147 367 1004 4238 1232

* Number of carbon atoms : number of double bhonds.
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capric acid(C 10:0), lauric acid{C 18:1), myristic
acid(C 14:0), palmitic acid(C 16:0), palmitoleic
acid(C 16:1) stearic acid(C 18:0), oleic acid(C
18:1), linoleic acid(C 18:2) % 87} &F = &3
T AU

S718 AFY A 9 2ol AL vl R])= o3&k 5

= T8 AAHE oleic aicd > palmitic acid > stea-
ric acid > linoleic acids=2.2 o] {5 2ie
o A% o] R uE At FFa 2 Aot
7FE = A JERd oleic aicd?] A% 049l @ > 4A)
A > ol ¢o 2 {3 YRS uncooking,
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Table 3. Fatty acid composition of sausage during storage and cooking method

(% in total fat)

Storage time  Cooking method Fatty acid”
1010 1210 14l0 1610 16i1 1810 18]1 1812
Uncooking 0.433 0.029 130 2382  3.02 1336 43.24 0.94
Microwaving 0.306 0.034 146 2499 317 1295 4282  10.43
0 day Pan-frying 0.280 0.090 197 22.00 3.00 13.03 4280  11.06
Boiling 0.228 0.034 135 2297 319 1224 4458  11.56
Uncooking 0.442 2591  1.63 4366  2.70  20.05 24.72 1.30
Microwaving 1.469  5.009  6.17  28.62  7.24  14.53  29.85 3.26
14 days Pan-frying 3.079  1.421 307 4133 176  20.54 2285 2.10
Boiling 6.066 4.563  9.03  26.29 1259 1210  11.46 4.63
Uncooking 1.731  0.324 156 2298 292 1187 4102 12.84
Microwaving 2.320 0.272  1.38 2222 302  11.07 4137  13.60
28 days Pan-frying 1544 0325 177 2375 334 1157 4269  10.25
Boiling 2869 0478 174 2501 291 1271 3848  11.96
* Number of carbon atoms : number of double bonds.
Table 4. Fatty acid composition of bacon during storage and cooking method -
(% in total fat)
. : Fatty acid*
Storage time Cooking method
1010 1210  14lo  16l0  16l1 1810 1811 1812
Uncooking 0.067 0.031 145 2418  3.07 1445 4121  10.77
Microwaving 0.334 0.043 1.47 27.45 3.65 15.17 47.55 12.88
0 day Pan-frying 0.063 0.031  1.37 2402 298 1390 40.78  12.09
Boiling 0.075 0.030 1.44 2493 314 1340 4110 12.04
Uncooking 3.418 0.985 3.39 40.63 2.10 18.41 22.04 3.37
Microwaving 0.131 0.105 158 2560  3.66  11.88  41.11  12.08
14 days Pan-frying 5219 1543 613 2641 419 1475 2716  3.95
Boiling 0.809 0.175 220 3689 032 1990 2150 3.45
Uncooking 1.545 0.310 167 2337 350 11.12 4551  10.16
Microwaving 1.103  1.145 209 2438 357  11.85  43.13 8.95
28 days Pan—frying 2203 0.454 1,53 2392 338  11.36 4355  11.64
Boiling 0.218 0.457 162 2576 351 1255  43.36 8.68

* Number of carbon atoms : number of double bonds.
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¥ 33.06 g2 = 3uf o] f3HA (p <0.05) F7}
o t}&& bailing > microwaving > pan—fr-
ying T2 2 F7}8l ). £AIRE pan—fringo) A 0
U Aul], 7.45ug00 A 28U F 20.774g 2.2 4n] o]}
o3t (p>0.05) 5748 2™ microwaving >
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AA vebsth HWo]H-2 uncookingdlA 0¥ Ul
10.27 gl A 289 ¥ 41.004g2.8 4u] AE §9)3}
Al (p<0.05) 7t 29, 1 th3-2 boiling > mi-
crowaving > pan—fring «£2. 8 1 3tgko] F713y

ct.

icrowaving, pan—frying and boiling method in ham during

(ng/g)

Cooking method

Storage time

14 days 28 days

0 day
Uncooking 7 10.25240.767%
Microwaving X 9,925+0.773%
Pan-frying 2 6.417+0.186"
Boiling 2 4.914+0.798°

Y 11.808+1.123%
7 12.921+0.647%
" 8.386+1.040"
Y 7.886+0.720"

*) 33.059+0.968%
*) 21.890+0.781"
~ 9,148 +0.551"
* 10.935+0.513°

Values are Means + S. D.

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)

abcd for cooking method
xyz for storage time

Table 6. Malonaldehyde content of uncooking, mic
storage

rowaving, pan—frying and boiling method in sausage during

(ng/g)

Cooking method

Storage time

14 days

28 days

0 day
Uncooking ¥ 10.332+0.378%
Microwaving x} 9.197+0.738"
Pan-frying 2 7.447+0.437°
Boiling % 10.778 +0.743%

" 12,363 +1.402"
" 26.449+0.968%
¥ 12.430+1.576"
¥) 13.274+0.723"

*) 30.802+1.423"
) 43.604 +0.396"
* 99.769+0.702"
*) 27.890+0.919°

Values are Means * S. D,

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)

abcd for cooking method
xyz for storage time
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Table 7. Malonaldehyde content of uncooking, microwaving, pan—frying and boiling method in bacon during

storage.
(rg/g)
St ti

Cooking method orage ¢

0 day 14 days 28 days -
Uncooking ) 10.265+1.273" v} 31.628+1.798% ) 41.00140.954*
Microwaving Y 9.604+1.031" v) 10.407 +1.030% X 25 182+0.339
Pan-frying % 14.412+0.867 ¥ 93.335+0.950" ® 33 707 +0.901

Boiling 2 6.900%1.503° %) 91 754 +0.869" ) 18.084 +0.994

Values are Means £ S, D,

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)
abced for cooking method

xvz for storage time

Table 8. TBA number of ham during storage and cooking methods

(TBA number)
Cooking method Storage time
0 day 14 days 28 days
Uncooking *) 1.09040.233" " 0.563+0.250° " 0.376+0.089" ¥
Microwaving 7 0.793+0.051 ' 0.7900.045% ¢ 7 0.366+0.062*
Pan-frying 2 0.902+0.275 ) 1.430+0.048° ~ 0.274+0.084"
Boiling ¥ 0.776 +£0.148% * 0.881+0.180" 7 0.437+0.025%

Values are Means = S, D.

Means with different lowercase letter are Significantly different by Duncan’s multiple range test{(p<0.05)
abcd for cooking method

xyz for storage time
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Table 9. TBA number of sausage during storage and cooking methods

(TBA number)
Cooking method Storage time

0 day 14 days 28 days

Uncooking *1.31240.441 7 ) 1.354+0.106" ) 1.314+0.150 "
Microwaving *1.27340.454% 7  1.442+0.225" * 1.510+0.124%
Pan-frying ? 0.645+0.125" *) 1.474+0.153% ¥ 1.092+0.079"
Boiling * 1.449+0.214" 2 0.889+0.211% 2 1,304 +0.299"
Values are Means + S. D.

Means with different lowercase letter are Slgmflcantly different by Duncan’s multiple range test(p<0.05)

abcd for cooking method
xyz for storage time

Table 10. TBA number of bacon during Storage and cooking methods

(TBA number)
Cooking method Storage time
0 day 14 days 28 days
Uncooking *) 1.088+0.665% v).0.340+0.110” % 0.820+0.019”
Microwaving ) 0.759+0.258° ) 0.645+0.068% 7 0.283+0.111¢
Pan-frying M) 1.438+0.062% " 0.526+0.149% Y *) 0.497 +£0.150"
Boiling MIY) .798+0.366 ¥ 0.362+0.014" ) 0.952+0.120"

Values are Means + S. D.

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)

abcd for cooking method
xyz for storage time
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Table 11. Fluorescence products in organic layer from Folch extracted ham during storage

| ) (FU/g sample)
Cooking method Storage time

0 day 14 days 28 days
Uncooking ¥ 0.012+0.001% “ 0.007+0.001" ) 0.0210.001"
Microwaving % 0.010+0.001* " 0.013+0.002% x 0.025+0.001>
Pan—frying ¥ 0,011 £0.002% 2 0.0080.001> * 0,024 +0.002%
Boiling 0.011+0.002% Y 0.009+0.002" * 0.023+0.001%

Values are Means + S. D.

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)
abcd for cooking method

xyz for storage time

Table 12. Fluorescence products in organic layer from Folch extracted sausage during storage
(FU/g sample)

Storage time

Cooking method

0 day 14 days 28 days
Uncooking ) 0.009+0.004” * 0.010+0.004* *0.013+0.000’
Microwaving 7} 0.008 +£0.002* 7 0.009£0.002% ¥ 0.016+0.001%
Pan~frying * 0.006 +0.001" 7 0.010+0.002% ) 0,016+0.001”
Boiling 7 0.010+0.004% " 0,0080.002% ~ 0.01540.001"°

Values are Means + S. D.

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)
abcd for cooking method

xyz for storage time

Table 13. Fluorescence products in organic layer from Foich extracted bacon during storage
(FU/g sample)

St ti
Cooking method orage tume

0 day 14 days 28 days
Uncooking ¥ 0.004 +0.001" ) 0.006+0.001% ) 0.004+0.000¢
Microwaving ' 0.0034+0.001" Y 0.004%0.001" ) 0.009+0.003"
Pan-—frying ) 0.00640.001% Y 0.00540.001 ® 0.015%0.001
Boiling ¥ 0.003+0.001 Y 0.0040.001" % 0.006+0.0017

Values are Means + S. D.

Means with different lowercase letter are Significantly different by Duncan’s multiple range test(p<0.05)
abcd for cooking method

xyz for storage time
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