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Effects of Conjugated Linoleic Acid—Triglyceride Additives on
Quality Characteristics of Pressed Ham
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Advanced Swine Research Institute, Gyeongnam Province, Sanchung-gun 666-962, Korea

ABSTRACT

Conjugated linoleic acid (CLA) was chemically synthesized using the alkaline isomerization method of corn oil. CLA-TG
was synthesized by reaction with sodium methoxide. Five different treatments were devised based on differences in the
amount of CLA-TG added into the pressed ham. For controls, 10% of pork back fat among the total component was only
added without any CLA-TG. For the first treatment, 5% of CLA-TG among the lard component added into the press ham was
replaced. For the 2nd, 3rd and 4th treatments, 10%, 15% and 20% of CLA-TG was respectively replaced. Pressed ham man-
ufactured using CLA-TG was vacuum packaged and then stored for 1, 7, 14, 21 and 28 days at 4°C. Samples were analyzed
for chemical composition, physico-chemical properties (pH, color), and texture characteristics. Typical chemical composition
characteristics (moisture, crude protein, crude fat) were not significantly different between controls and CLA-TG treatment
groups. Crude fat content of CLA-TG treatment groups was significantly lower than that of controls (p<0.05). pH values of
controls was higher than that of CLA-TG treatment groups. The pH of control and CLA-TG treatment groups increased sig-
nificantly as the storage period increased (p<0.05). Meat color (CIE L*, b*) of CLA-TG treatment groups was higher than
that of controls. a* values were decreased by replacement of CLA-TG, but appeared to be unaffected by storage length. There
was no significant difference in texture between controls and CLA-TG treatment groups. Based on these findings, we con-
clude that the physico-chemical properties and texture characteristics of manufactured pressed ham were not affected by
CLA-TG addition. Also, our results indicate that high-quality pressed ham can be manufactured with CLA accumulation.
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Table 1. Formular of press ham with CLA-TG (unit : g)

Material Pork lean meat

\
Chopping Chopper (7 mm plate)
2
Meat mixer (30 min)
s
48 hrs at cold room
v
Stuffing Stuffer (fibrous casing 1SL)
\
Steam chamber (75°C 45 min)
{
Chilling Cold water (10°C/20 min)
A
Refrigerator (4+1°C)

Fig. 1. Procedure of press ham manufacture.
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) Treatment”
Ingredients Content (%)

Control Treat 1 Treat 2 Treat 3 Treat 4
Pork lean meat 70.0 4,200 4,200 4,200 4,200 4,200
Back fat 10 600 570 540 510 480
CLA-TG 0 0 30 60 90 120
California ham spice 1.0 60 60 60 60 60
Regal brine mix 1.5 90 90 90 90 90
Necleotide 0.5 30 30 30 30 30
Phosphate 0.5 30 30 30 30 30
NaCl 1.0 60 60 60 60 60
Sugar 0.5 30 30 30 30 30
Corn starch 5.0 300 300 300 300 300
Ice water 10.0 600 600 600 600 600
Total 100 6,000 6,000 6,000 6,000 6,000

Y Control, pork backfat; Treat 1, replacement of pork back fat with 5% CLA-TG; Treat 2, replacement of pork back fat with 10% CLA-
TG; Treat 3, replacement of pork back fat with 15% CLA-TG; and Treat 4, replacement of pork back fat with 20% CLA-TG.
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Table 2. Conditions of computer and Rheo meter for texture
analysis

Table 3. Effects of CLA-TG additives on chemical composi-
tion of press ham

Items Conditions

Computer conditions

Table speed 120 mm/m
Sample speed 60 ms
Load cell 10 kg
Adapter area 5 mm
Sample area 10 mm
Sample move 15 mm
Sample length 10 mm
Force unit g/em?

X axis unit Time (sec)
Rheo meter conditions

Mode 21

R/H Real

R/T Press

Rep. 2

Max. 10kg

15.0 mm

120 mm/m

1 sec

7) =AY £
Test typeS Mastication testollA] 137, computer}
Rheo meter =& th2 Table 29 2T}

SHEY

B Ao dolzl Age] EA AT SAS(Statistical
Analysis System, 1999Y2 o83} A8 A%
a1, A Hake] #-24 72-8(p<0.0512 Duncan®] HF
247 (multiple range test, Snedecor and Cochran, 1980)
oz AT 94 Rl st

2n % 2#

=2 M=A| CLA-TG #2717t k2 Hstol Ofx|

= Y&

Y2 A2A] FrEe =HA FALY EFE CLA-
TGZ At Axg & JgEe] wslE xAt 4
1= Table 33} 2T},

AFE ARA AtEe A YFE CLA-TGE W
Azt =z ~he Zﬂ;‘ﬂ L1 5‘*4 H3LE AR
A= o 2o a5 FEe 79 CLA-TG
Azt frelAgl Zpol7t ‘319\12‘1‘4, AQHeZ 63.13-
63.60%°] HHAE BH{Th olgt 2 A= i%?ﬁ“ﬁi
AE AZA AFRS daso) SRy HrEe
fé}ako] Y3 wiFel ATt FojF] X}OV} 5

Ao AlsEt). YutH o g g FAMNE AE 3
%‘co] oF 90%ol, UmA] oF 10%7} Rl RE 2T

Chemical composition

Treatment"

Moisture Crud'e Crude fat Ash
protein
Control  63.50+0.05 47.54+1.80 12.32+0.13 6.97+0.02*
Treat 1  63.51%0.07 50.70+0.78 12.36+0.13 6.80+0.05°
Treat2  63.33£0.45 50.58+1.94 12.40+0.06 6.77+0.05°
Treat3  63.60£0.15 49.16+1.04 12.39£0.09 6.66+0.02¢
Treat4  63.13£0.30 4821x1.46 12.33+0.07 6.53£0.01°

D Treatments are the same as in Table 1.
ABCD £ feans with different superscript in the same column are sig-
nificantly differ at p<0.05.

7} CLA-TG A&7 vlsl thah =8 58S 1Y
Aolgt AAHA T HrtEe A Ak CLA-TG
o] 27] Eo -2 Jol7t gle ASE Yehgtt
CZuE ke g2 79l CLA-TG A1t /213
o] o7} glgor, FAHOR 47.54-51.58%2] BE
By}l ole} 2o Aib= AF AZA| AT 9859
o) AR FAs) wWTo] oA o] T
3 Rog vehgtt A g dix7-9} CLA-TG A
gzt 989l &ol7) fiRem, HERTFE 1232%9)
?JE& BYen, CLA-TG AT 12.33-12.40%2] T

< ol AFE ARA AriEE FAYY dAFS CLA-
TGE YAsle] F7letde Zx ghgoll= o7} gl
Aoz vEhdth 23E g tlE77F CLA-TG A3
Toll mlgle feojFoz ¥ FEFS B (p<0.05),
CLA-TG Hel77tle talapstol 7188 238 &
ZFo] FoHo g Ade AT EHATHp<0.05). AHR

JO%/\] A7)EE V)54 BHQ) CLAE Ak $2] gut

AR A2} FFS VAR f= _& VeSO ™ (Lee
et al., 2001), =3+ CLA7} 49 & o]-8-3te] A

Fe Az dubdR dde § 4&101 ol Q=
Ao UeRsiTHLee ef al., 2004). ¥ A7 A7 )%
A AANEAYL CLA-TGE SAZE AR Arlee §
At ko] 5-20% tiAstE 2|3 ARl A
7 GEre MR Lot CLA-TGZ} 234 7154 17
SAF Aato] FPssitha weEh

=R A MZA| CLA-TG &717} pHOl DI Xj= A&

A3 AFA FJ7EE HA SAEe Y45FE CLA-
TGE WAste] Axg & YT @C)lA 2887 A
ASPAA pHe W3lE W we AF= Table 49 2}

CLA-TG tjAls=Fo] Zy|23e] pH W3l vXe 9
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e ke WX pH #e UESH H/HES wiE Hl
£ wet xpol7) 9o SAFY B, §4, 23,
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Table 4. Effects of CLA-TG additives on pH of press ham during 28 days of storage at 4°C

Treatment” Storage (days)
1 7 14 21 28
Control 6.29+0.015¢ 6.31+0.00%° 6.32+0.00%° 6.31+0.01"° 6.37+0.01%¢
Treat 1 6.28+0.005 6.28+0.00%¢ 6.28+0.01 6.30+0.0148° 6.35+0.0052
Treat 2 6.30£0.014° 6.29+0.034BY 6.31+0.01B% 6.30::0.0048 6.37+0.0142
Treat 3 6.28+0.005¢ 6.28+0.00% 6.29+0.01¢° 6.29+0.005° 6.35+0.0152
Treat 4 6.27+0.01% 6.2840.015%¢ 6.29+0.01% 6.29+0.015° 6.37+0.0142

") Treatments are the same as in Table 1.

ABC Means with different superscript in the same column are significantly differ at p<0.05.
abed Means with different superscript in the same row are significantly differ at p<0.05.

d=st 23y Fof FZWst 2 A doX= F
gk aclo g g3 Miller ef al., 1986).
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(1994)E lactobacilli®] ZH&3 SAF S ZHE CO, gas
o] o g A3 Aolgtal R, & A+ 2
o= dX3HA] skt

=P A3 MZA| CLA-TG 7P SM40f 0|xl= L&

ZP 2y ARA ArlEE @A) FAYY] dFE CLA-
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Table 5. Effects of CLA-TG additives on CIE L" value (lightness) of press ham during 28 days of storage at 4°C

Treatment! Storage (days)
1 7 14 21 28
Control 69.69+0.72¢ 70.15+0.528 69.10+0.94® 69.77+1.108 69.60+0.348
Treat 1 70.04+0.62¢° 71.33£0.9542 70.69+1.0042 71.26+0.494 71.21£0.55%
Treat 2 70.77+0.455% 71.64+0.627° 70.80+0.2840 70.10+1.114B° 70.94+0.5052°
Treat 3 71.56+0.46" 71.54+0.25%2 70.53+0.5842 70.99+0.374Bab 71.00+£0.36"°
Treat 4 71.62+0.4442 71.57+£0.35% 71.07+1.0740 70.30+£1.114B% 71.01£1.15%

 Treatments are the same as in Table 1.

ABC Means with different superscript in the same column are significantly differ at p<0.03.
3 Means with different superscript in the same row are significantly differ at p<0.05.

Table 6. Effects of CLA-TG additives on CIE a“ value (redness) of press ham during 28 days of storage at 4°C

Treatment? Storage (days)
1 7 14 21 28
Control 9.32+0.344Bb 10.23£0.374 10.04+0.33? 10.14+0.714 10.29+0.374
Treat 1 9.72+0.40% 9.14+0.428 9.73+0.69 9.24+0.578 9.48+0.758
Treat 2 9.50+0.484P 9.60+0.428 9.51+0.35 9.76+0.354B 9.74+0.274B
Treat 3 8.93+0.405¢ 9.71+0.50AB® 9.75+0.49* 9.18+0.255% 9.89+0.36"B2
Treat 4 9.10+0.534B° 9.67+0.265 9.81+0.50% 9.76+0.565% 9.94+0.55482

D Treatments are the same as in Table 1.

AB Means with different superscript in the same column are significantly differ at p<0.05.

s Means with different superscript in the same row are significantly differ at p<0.05.
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Table 7. Effects of CLA-TG additives on CIE b" value (yellowness) of press ham during 28 days of storage at 4°C

Treatment!’ Storage (days)
1 7 14 21 28
Control 6.23£0.18%° 6.60+0,208¢0 6.44:0.275% 6.75+0.378 6.60+0.50%
Treat 1 6.55+0.218 6.34+0.22° 6.73+0.34"Bab 6.83£0.275 6.5140.45%
Treat 2 6.72+0.2148 6.67+0.16P 6.73+0.1348 6.81+0.338 6.69+0.26
Treat 3 6.84+0.254B 6.70+£0.274B 6.67£0.2278 6.91+0.308 6.86+£0.28
Treat 4 7.0440.32A% 6.93+0.094° 7.00£0.377% 7.3420.344° 6.91+0.20°

D Treatments are the same as in Table 1.

ABC Means with different superscript in the same column are significantly differ at p<0.05.
e Means with different superscript in the same row are significantly differ at p<0.05.
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Table 8. Effects of CLA-TG additives on texture property of press ham during 28 days of storage at 4°C

T " Storage (days)
reatment
1 7 14 21 28
Control 380.14+43.47° 475.26+49.0442 401.66+96.57° 372.05£56.175° 350.46+21.37°
Hardness Treat 1 376.63+41.22° 374.61£56.70%° 394.51+73.36% 356.42+51.175 443.41ﬁ:35.74:‘3a
(g/om?) Treat 2 360.12+57.90 441.56+43.26" 346.38+45.09° 406.72465.744B% 447 36+18.4072
Treat 3 359.69+28.61 369.18+68.96° 416.80+80.41 404.27+55.0048 383.55458.58P
Treat 4 341.52+55.02° 363.47+£52.255° 369.60+90.45° 444.,18£30.174 400.45+37.398¢
Control 69.00+ 6.23 68.17+12.35 64.17+14.65 59.00+14.74 54.67+ 4.41°
Adhesiveness Treat 1 73.33+14.09° 67.00+12.95% 76.17+18.32° 55.33+11.94° 70.33:&10.63"2’
(efem?) Treat 2 78.67+10.54 71.00£19.99 73.67+ 8.26 60.50+17.64 63.83% 8.424
Treat 3 81.17+13.45° 63.83% 7.68" 81.83+16.18° 58.67+16.60° 56.67+10.295°
Treat 4 74.17+14.66 61.33£17.16 68.00+10.51 66.17+13.69 69.00£12.024
Control 70.71£12.0045%  81.93+14.76" 71.52+20.53% 58.10+16.94% 4501+ 3.258¢
Cohesiveness Treat 1 82.38+12.60% 66.71+16.45%8%  $4.49+12.56° 56.03x 8.01° 63.66i18.08A"b
%) Treat 2 64.91£23.1948% 771141723482 50.60+10.62° 61.10+£13.43% 63.08+11.76"
Treat 3 55.02+ 5.68P 56.53+19.528 63.29+19.15 6523+ 9.69 58.16+ 9.924B
Treat 4 68.11+13.83782 68.85+13.20/82 59.77£19.58% 59.10+13.42% 4776+ 1.85%
Control 93.68+20.13% 130.05+41.26%5*  104.16£22.05% 80.74+14.34% 71.92+ 3.708¢
Springiness Treat 1 134.66+61.82 92.10+16.274% 89.57+11.83 80.97+ 5.72 86.72+15.64*
%) Treat 2 89.11£20.29° 139.024+67.08%% 91.04429.46° 85.96+13.43° 85.63+11.174
Treat 3 86.05+ 7.71 85.20+19,07° 91.04+18.45 88.18+10.34 80.08+ 8.30B
Treat 4 95.26+14.75 94.86+12.54482 89.44+18.26° 81.86+10.52% 72.44+ 3,178
Control 307.45+54.58% 426.25+66.04 330.12+111.41° 274.20£65.94% 233.09425.598¢
Gumminess Treat 1 313.51+78.05% 321.31468.64% 32428+ 77.02°°  256.34+48.46" 349.38i67.91’“*b
@ Treat 2 305.15+88.48% 373.08+71.114%  269.03+ 57.55" 297.05+79.99% 348.57+35.85
Treat 3 281.37422.74 304.74+93.178 342.60+ 89.89 316.34+44 31 294.82+75.898
Treat 4 267.124£52.76 300.70+55.598 288.21+100.88 328.99+52.39 282.01+24.24"
Control 300.90+105.58" 47975+ 99.20%*  325.32+136.94° 227.48+ 87.53%*  168.36+ 26.02%°
Brittleness Treat 1 303.39£110.60 287.85+ 85308  295.02+ 91.87 213.97+52.23 311.25:&111.132
@ Treat 2 265.43+ 86.28° 431.87+119.534% 24339+ 82.00° 263.62+110.33° 317.79+ 74.004%
Treat 3 24141+ 19.23 242.76+110.928 306.96+114.96 281.94+ 66.13 240.88+ 83.84B
Treat 4 246.43+ 73.08 291.10+ 88.42%  272.50+149.89 273.28+ 73.81 203.90+ 14.568

" Treatments are the same as in Table 1.
ABC Means with different superscript in the same column are significantly differ at p<0.05.
e Means with different superscript in the same row are significantly differ at p<0.05.

CLAT alkaline isomerization HHH O 2 21282 o]83}
o] 3lEkE 02 $A3E1H oM, CLA-TGE sodium methoxide
£ ol&3td st oz AT AT Y
o] H7k=ElE CLA-TGE %ol Wt 5709] AF7-2 wjx)s}
Aot H27= CLA-TGE AVpsHA &1 & 78 5
10%%F vHF FAES Jrlsidoh AT 12 ZHaY
Az H7VEe A &F T 5%F CLA-TGE thA|A|

on AT 28 F7lEE Ao 10%S CLA-TGE
A, AT 3L 15%E CLA-TGE tlA), A3+ 45

20%Z CLA-TGE A5l AZ8160. Alzd Zy -~
L& AFZAS YALE ORI 1, 7, 14, 21 2 28Y
7t AAsPEA CLA-TG 37k =@l 231e] i, o]
318k EAEA(H, §4), 234 S4E4E AR
o} g, 2eE 2 2 e gi29) CLA-
TG A |77l f23Q] Zpol7} gller, 3% I=Fe
IZT7F CLA-TG gl sl folxoz = g
29 1B ATh(p<0.05). 2T} CLA-TG AT vk
E& pHE BT A37|7ke] Ao wE pH ¥sl= A
A7t 7o) At wt fojFog S8
Th(p<0.05). 4 WH3lollA 274 Hlsle] CLA-TG Y
A FEo] F7FESE Pr) AT 32 FUkeka B
o JNZ gk Zadhe A BEth A7 %
o] w2 EstlME TS Helrt It 227k |

o o



Conjugated Linoleic Acid-Triglyceride 717} m|AgHo| EXIEAMV Ojxl= FE 15

rll‘o}.Lﬁ_ZL'i?L

10.

0] 7ksste 17)%
=dh

79} CLA-TG A2]7:3ke] Bl A f-212<]
AAEJAA T F513 o] gilon, #3713t
733l w wslelMz 3% syt gigich. ol
o] A7} T~ AZA| CLA- TG 7k ol3sts &
2 ZA 7 3RS w|x] A rom CLAE Z2AA)7)
4 SAF Ate] stk A

M
ol

-3 gl

Ho
o

. Chan, W. K. M., Faustman, C., and Renerre, M. (1996)

Model system for studying pigment and lipid oxidation rele-
vant to muscle based foods. In natural antioxidants, chemis-
iry, health effects and application. Ed. Fereidoon Shahidi.
ACDS Press, Champaign, Iilinois, Ch. 20, pp.319-330.

. Du, M., Ahn, D. U., Nam, K. C., and Sell, J. L. (2000) Influ-

ence of dietary conjugated linoleic acid on volatile profiles,
color and lipid oxidation of irradiated raw chicken meat.
Meat Sci. 56, 387-395.

. Folch, J., Lees, M., and Sloane-Stanley, G. H. (1957) A sim-

ple method for the isolation and purification of total lipid
from animal tissues. J. Biol. Chem. 226, 497-509.

. Ha, Y. L., Grimm, N. K., and Pariza, M. W. (1987) Anticar-

cinigens from fried ground beef: Heat-altered derivatives of
linoleic acid. Carcinogenesis 8, 1881-1887.

. Hughes, P. E., Hunter, W. J., and Tove, S. B. (1982) Biohy-

drogenation of unsaturated fatty acids. Purification and prop-
erties of cis,9-transoctadeca -dienoate reductase. J. Biol.
Chem. 257, 3643-3649.

. Jahreis, G, Kraftm J., Tischendorf, F., Schone, F., and von

Loeffelholz, C. (2000) Conjugated linoleic acid; Physiologi-
cal effects in animal and man with special regard to body
composition. Euro. J. Lipid Sci. & Technol. 102, 695-703.

. Khanal, R. C. (2004) Potential health benefits of conjugated

linoleic acid (CLA): A review. Asian-Austral. J. Anim. Sci.
17, 1315-1328.

. Larsen, T. M., Toubro, S., and Astrup, A. (2003) Efficacy

and safety of dietary supplements containing CLA for the
treatment of obesity: evidence from animal and human stud-
ies. J. Lipid Res. 44, 2234-2241.

. Lee, J. 1., Choi, C. S., Park, J. D., Park, J. C., Kim, Y. H.,

Moon, H. K., Joo, S. T., and Park, G. B. (2001) Effect of
dietary conjugated linoleic acid on pork quality. Kor J.
Anim. Sci. & Technol. 43, 735-746.

Lee,J. 1., Ha, Y. I, Jung, J. D., Kang, K. H., Hur, S. J., Park,
G. B. Lee, J. D., and Do, C. H. (2004) Changes of quality
characteristics of manufactured press ham using conjugated
linoleic acid (CLA) accumulated pork during storage peri-

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

ods. Kor. J. Anim. Sci. & Technol. 46, 645-658.

. Lee, J. 1., Lee, J. H., Kwack, S. C,, Ha, Y. J., Jung, J. D., Lee,

J. W, Lee, J. R, Joo, S. T., and Park, G. B. (2003) Effects of
CLA-vegetable oils and CLLA-lard additives on quality char-
acteristics of emulsion-type sausage. Kor. J. Anim. Sci. &
Technol. 45, 283-296.

Martin, J. C. and Valeille, K. (2002) Conjugated linoleic
acids: all the same or to everyone its own function. Reprod.
Nutr. Dev. 42, 525-536.

Miller, M. F., Davis, G. W., Seideman, S. C., and Ramsey, C.
B. (1986) Effects of chloride salts on appearance, palatabil-
ity, and storage traits of flaked and formed beef bullock
restructured steaks. J. Food Sci. 51, 1424.

Mossoba, M. M., McDonald, R. E., and Armstrong, D. J.
(1991) Identification of minor c¢18 triene and conjugated
diene isomers in hydrogenated soybean oil and margarine by
GC-MI-FT-IR spectroscopy. J. Chromatogr. Sci. 29, 324-
330.

O'Shea, M., Bassaganya-Riera, J., and Mohede, 1. C. M,,
(2004) Immunomodulatory properties of conjugated linoleic
acid. Am. J. Clin. Nutr: 79, 1199-1206.

Paneras, E. D. and Bloukas, J. G. (1994) Vegetable oils
replace pork backfat for low-fat frankfurters. J. Food Sci. 59,
725.

Pariza, M. W. (2004) Perspective on the safety and effective-
ness of conjugated linoleic acid. Am. J. Clin. Nutr. 79, 1132-
1136.

SAS (1999) SAS/STAT Software for PC. Release 6.11, SAS
Institute Inc., Cary, NC, USA.

. Simard, R. E., Lee, B. H., Laleye, C. L., and Holley, R. A.

1983. Effects of temperature, light and storage time on the
physicochemical and sensory characteristics of vacuum-or
nitrogen-packed frankfurters. J. Food Prot. 46, 188.
Snedecor, G. W. and Cochran, W. G. 1980. Statistical Meth-
ods(7th ed.). lowa State University Press. Ames, JA.
Terpstra, A. H. (2004) Effect of conjugated linoleic acid on
body composition and plasma lipids in humans: an overview
of the literature. Am. J. Clin. Nutr. 79, 352-361.

Wahle, K. W. J., Heys, S. D., and Rotondo, D. (2004) Conju-
gated linoleic acids: are they beneficial or detrimental to
health. Prog. Lipid Res. 43, 553-587.

Wang, Y. W, and Jones, P. J. H. (2004) Dietary conjugated
linoleic acid and body composition. Am. J. Clin. Nutr. 79,
1153-1158.

Watkins, B. A., Li, Y., Lippman, H. E., Reinwald, S., and
Seifert, M. F. (2004) A test of Ockham's razor: implication
of conjugated linoleic acid in bone biology. Am. J. Clin. Nutr.
79, 1175-1185.

(2006. 6. 8. F4=/2006. 12. 10. RH{EH)



