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Effect of Supercritical Carbon Dioxide on Physicochemical Properties
and Microbial Reduction of Freeze-Dried Bovine Liver

Hye-Min Kim', Sung-Woon Woo', Ah-Na Kim? Ho-Jin Heo? Ji-Yeon Chun®, and Sung-Gil Choi’
'AMICOGEN Ltd.
2Department of Agricultural Chemistry and Food Science and Technology

(Institute of Agriculture and Life Sciences), Gyeongsang National University
BDepartment of Food Technology, Sunchon National University

ABSTRACT Supercritical carbon dioxide (SC-CO,) treatment has been becoming an important method for substituting
the use of organic solvents for samples extraction prior to analysis due to its low toxicity, ease of handling, low
cost of disposal etc. Freeze-dried bovine liver was treated with SC-CO» under different pressures (200, 300, and 450
bar) in order to investigate effects on physicochemical properties and reduction of microbial load. The yield of lipid
extraction from bovine liver by SC-CO, treatment increased with increasing pressure, with values of 84, 86, and 90%
in response to 200, 300, and 450 bar, respectively. Results of high performance liquid chromatography analysis showed
that vitamin A and coenzyme Qjo (CoQio), which is soluble in lipid, were almost removed from bovine liver by
SC-CO, treatment. Saturated fatty acids ratio of bovine liver decreased with increasing pressure, whereas polyunsaturated
fatty acids increased with increasing pressure. Total content of amino acids in bovine liver treated by SC-CO, was
less than that of the control sample without treatment. The number of aerobic bacteria in bovine liver, which was
stored at 5°C for 5 days and freeze-dried, decreased from 6.2 to 4.2 log CFU/g by SC-CO, treatment at 100 bar
for 3 h. Interestingly, coliform bacteria were not found in the bovine liver sample by SC-CO, at 100 bar for 3 h
under all storage conditions. This indicates that SC-CO, treatment can effectively reduce coliform bacteria in the food
matrix even at low moisture. In conclusion, freeze-dried bovine liver by proper SC-CO, treatment may be used as
a potential high protein source, with increasing microbial safety and stability of lipid oxidation.
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Fig. 1. Schematic diagram of supercritical carbon dioxide (SC-CO,) system: 1, CO, cylinder; 2, electronic balance; 3, chiller; 4,
CO, pump; 5, controller; 6, cosolvent reservoir; 7, cosolvent pump; 8, heating bath; 9, circulation pump; 10, extractor; 11, separator
1; 12, separator 2; V-1, valve 1, V-2, valve 2; V-3, valve 3; BPR, back pressure regulator; dotted lines, water line; solid lines, CO; line.
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Table 1. Analytical conditions of vitamin A and CoQ;o by HPLC

Vitamin A CoQio
Mobile phase A: ACN A: Ethanol

B: Methanol B: Methanol
Isocratic condition A: 75 A: 35

B: 25 B: 65

Flow rate 1 mL/min 1 mL/min
Column temperature 35°C 25°C
Detector uv uv
Wavelength 325 nm 275 nm
Injection volume 20 pL 20 pL
Column Luna Cis (150 mmX4.6 mm X5 pm)
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Table 2. Proximate composition of freeze-dried bovine liver treated by SC-CO, or organic solvents (Unit: %)
Control SC-CO; treatment Organic solvents
200 bar 300 bar 450 bar Ether CcMP
Moisture 4.78+0.14" 5.96+1.23% 6.78+1.46™ 6.49+0.96™ 7.81£0.23 7.4342 46"
Ash 11.61+0.64™ 10.38+2.87° 11.0120.34% 11.57+2.25% 14.86+0.21° 12.97+0.27%
Crude protein 49.26+1.93° 59.99+1.38" 60.04+3.56° 60.99+2.40° 55.19+1.22° 57.06£1.66™
Crude fat 32.09+0.60° 5.04+1.38° 4.49+0.38° 3.08+0.36° 9.50£0.30° 9.52+2.47°

All measurements were performed in triplicate.
Chloroform : methanol (2:1, v/v).

?Means with different letters in a row were different significantly at P<0.05 by Duncan's multiple range test.

Table 3. Mineral contents of freeze-dried bovine liver treated by SC-CO, or organic solvents

(Unit: mg/100 g of freeze-dried bovine liver)

SC-CO; treatment

Organic solvents

Mineral Control

200 bar 300 bar 450 bar Ether cm?
K 168.05+0.51™ 295.54+1.07° 289.42+1.36° 210.08+0.34¢ 264.65+1.22° 188.85+2.15°
Ca 8.35+0.04° 12.30+0.03° 9.76+0.03° 9.77+0.12° 6.07+0.82¢ 6.29+1.08°
Mg 68.84+0.20° 73.56+0.14 73.05+0.09" 74.83+0.17" 46.85+1.21¢ 31.40+0.25°
Na 252.32+0.59" 360.87+0.63° 332.54+0.18° 319.61+0.25¢ 297.84+0.34° 339.74+0.27°
Cu 25.64+0.07° 14.8240.03¢ 23.16+0.05° 9.24+0.01° 7.05+1.92° 12.49+0.43¢
Mn 0.68+0.00° 0.92+0.00° 0.93+0.00° 0.66+0.00° 0.44+0.02° 0.40£0.14°
Zn 6.20+0.05° 13.79+0.05° 13.29+0.05° 7.46+0.07° 4.29+0.02° 3.85+0.03"
Fe 32.36+0.24° 38.10+0.11° 38.05+0.12° 28.58+0.27° 7.46£0.31° 19.83+0.26°
P 1,077.39+2.32¢ 1,349.9842.15°  1,.306.17+3.06°  1,247.01£7.90° 661.70+1.74° 300.58+1.92

All measurements were performed in triplicate.
Chloroform : methanol (2:1, v/v).

?Means with different letters in a row were different significantly at P<0.05 by Duncan's multiple range test.
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Table 4. The values of vitamin A and CoQio in freeze-dried bovine liver treated by SC-CO, or organic solvents

(Unit: mg/100 g of freeze-dried bovine liver)

SC-CO; treatment

Organic solvents

Vitamins Control

200 bar 300 bar 450 bar Ether cm?
Vitamin A 75.4840.43* 14.28+1.27° 5.2842.00° 2.60+£0.21¢ 3.75+0.93¢ 1.28+0.41°
CoQ1o 5.74+0.11° 0.00:0.00° 0.00:0.00° 0.000.00° 0.000.00° 0.000.00°

All measurements were performed in triplicate.
"Chloroform : methanol (2:1, v/v).

*Means with different letters in a row were different significantly at P<0.05 by Duncan's multiple range test.
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Fig. 2. The amount of lipid extracted from freeze-dried bovine
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organic solvents. Yield of extraction was calculated as follows:
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Table 5. The contents of fatty acids extracted from freeze-dried bovine liver by SC-CO, or organic solvents (Unit: %)
Fatty acids SC-CO; treatment Organic solvents
Y 200 bar 300 bar 450 bar Ether cm?
SFA? 64.52 54.37 50.61 55.80 53.38
Caprylic acid 0.12+0.11™ 0.00+0.00° 1.01+0.20° 0.00+0.00° 0.000.00"
Lauric acid 0.73+0.02° 0.66+0.23° 0.22+0.12° 0.35+0.01° 0.55+0.00°
Myristic acid 10.54+0.04° 10.51£0.07° 5.16+2.53° 9.3340.04 8.24+0.01°
Palmitic acid 53.13+0.39" 43.20+1.19° 44.2243.05™ 46.12+0.08" 44.59+0.29"
MUFA?Y 16.19 14.11 18.49 11.94 6.34
Myristoleic acid 2.44+0.01° 3.04+0.62° 0.88+0.46° 1.24+0.02° 0.000.00"
Palmitoleic acid 10.33+0.06° 7.27+2.78" 6.04+3.36" 6.32+0.04° 420+0.81°
Oleic acid 3.42+0.14% 2.70+1.09% 5.35+1.40° 4.38+0.08™ 2.14+0.45¢
Gadoleic acid 0.000.00° 1.10£0.13° 6.22+8.79° 0.000.00° 0.00£0.00°
PUFAY 18.91 30.89 31.92 22.26 24.09
Linoleic acid 12.07+0.22% 9.25+4.05° 12.08+0.86™ 12.13+0.56™ 14.77+0.03"
GLA” 0.950.40° 0.81+0.03° 3.30+1.90° 0.000.00° 0.560.01°
ALA® 2.02+0.04° 0.500.08° 6.47+0.65° 1.37£0.31° 0.00+0.00°
Arachidonic acid 3.61£1.45° 5.64+0.15" 10.07+3.64° 8.76+0.90° 8.75+0.12°
EPA” 0.26+0.02° 4.69+0.77" 0.000.00° 0.000.00° 0.00£0.00°

All measurements were performed in triplicate.
Chloroform : methanol (2:1, v/v).

’SFA: sum of saturated fatty acid. MUFA: sum of monounsaturated fatty acid. “PUFA: sum of polyunsaturated fatty acid.
GLA: y-linolenic acid. 9ALA: o-linolenic acid. "EPA: eicosapentaenoic acid.
®Means with different letters in a row were different significantly at P<0.05 by Duncan's multiple range test.
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Table 6. Amino acids content of freeze-dried bovine liver treated by SC-CO, or organic solvents
(Unit: mg/100 g freeze-dried bovine liver)
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Amino acids

SC-CO; treatment

Organic solvents

Control 200 bar 300 bar 450 bar Ether cMm?

Total essential

amino acids 9,718.68 8,033.95 8,132.15 7,959.40 5,624.79 4,035.68
Threonine 507.03£2.63"Y  367.78+£0.21°  349.34+0.62°  330.42+2.27° 260.29+1.22° 187.02+0.26
Valine 1,199.2543.16"  910.80+2.84°  941.63+£3.16°  993.85+0.21° 663.49£2.45°  452.5242.15"
Methionine 491.64+1.00°  448.43+£2.94°  43529+326°  399.58+0.02° 301.97£2.51°  215.31£2.21F
Isoleucine 742434036  562.88+0.39°  585.93+£1.95°  625.82+1.49° 461.82+1.29°  290.70+1.69"
Leucine 2,059.96+2.51°  1,571.4120.28° 1,675.56£0.39° 1,729.67+0.19°  1,003.82+0.21°  862.16+0.35
Phenylalanine 1,165.55¢3.37"  912.10£2.04°  984.65£2.10° 1,001.13+4.00° 629.12£1.95°  503.070.54"
Histidine 495.06£2.62°  432.45+0.05°  412.63x1.39°  375.38+2.81° 406.56+£1.22°  195.96+2.09
Lysine 1,649.63+2.15"  1,505.79+1.69° 1,443.20£0.33° 1,360.90+3.20°  1,122.59+2.43%  717.92+2.29"
Arginine 1,408.1343.16"  1,322.3123.30° 1,303.92+£0.32° 1,142.65+2.45° 775.13£2.64°  611.01=1.43"

Total non essential
amino acids
Aspartic acid
Serine
Glutamic acid
Proline
Glycine
Alanine
Cysteine
Tyrosine

6,263.24
132.24+2.61°
71.66+1.37°
13.73£2.12°
1,371.24+1.11°
833.94+2.01°
2,707.15+2.17"
299.02+2.96"
834.26+1.41°

5,269.69 5,192.50
63.70£0.11° 62.38+0.46°
40.153.10° 33.4042.63°

8.55+1.09° 7.69+2.10°

1,136.67+1.00°
675.61£2.21°
2,335.73£2.01°
276.97+2.06°
732.22+3.83°

1,138.77+4.10°
620.10+2.08°
2,328.59+4.12°
278.5840.49°
722.99+£2.01°

5,073.43

52.76+1.32¢
20.18+1.44°
6.93+2.87"
1,210.2842.92°
605.42+1.05
2,225.5542.74
291.87+1.93°
651.44+3 .26

4,034.89

60.03+1.03¢
24.68+2.11¢
7.02+1.28°
921.4542.18¢
730.40+1.47°
1,420.2142.19°
230.52+1.97°
640.58+2.74°

3,184.98
59.81+2.11°
19.80+0.24°

7.49+3 .41°
609.66+2.11°
673.05+3.33¢
1,106.66+3.25"
141.80+2.40°
566.71x2.57°

Total amino acids

15,981.92

13,532.60

13,573.00

12,555.52

9,659.68

7,220.66

All measurements were performed in triplicate.
])Chloroform methanol (2:1, V/V)

Means with different letters in a row were different significantly at P<0.05 by Duncan's multiple range test.
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Fig. 3. Effects of different treatment times on aerobic bacteria (A) and coliform group (B) by supercritical carbon dioxide (SC-
CO») treatment at 100 bar and 45°C. Data were expressed as meantSD in triplicate. Different letters (a-¢) on the bars indicate
significant differences among groups by Duncan's multiple range tests at P<0.05. RF0, RF1, RF3, RF5 and RF7 indicate that
samples were refrigerated for 0, 1, 3, 5 and 7 days at 4°C, respectively and then were freeze-dried.
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