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Abstract 
Meats contain visible and/or intramuscular fat. Dietary recommendations encourage consumers to protect 

themselves against chronic diseases by increasing their intake of healthy foods and reducing their intake of fat. Extracting 

fat from ground meat using supercritical carbon dioxide (SC-CO2) has several advantages (no residual effect, low toxicity 

and reduction of extraction time) compared to traditional organic solvents. The objectives of the study were to produce 

low-fat ground lamb meat (LFGLM) using SC-CO2 extraction and to determine its quality (proximate composition, 

rehydration ability, rehydration capacity, instrumental color and sensory characteristics) compared to freeze dried, 

commercial low fat and minced lamb (control) meats. The visible fat of lamb meat shoulder was trimmed. The trimmed 

meat was minced (CO) portion was freeze dried (FD). LFGLM was produced by extracting FD minced meat using SC-

CO2 extraction. Seventy eight percent of the original fat was extracted at 45
o
C, pressures 500 bar and a CO2 flow rate of 3 

ml min
-1

. The results showed that, LFGLM had the lowest moisture and fat content and the highest protein and ash. 

Rehydrated SC-CO2 and FD meats had similar rehydration ability and rehydration capacity. Rehydrated SC- CO2 meat 

had a lighter color with less redness (highest L* values and the lowest a* values). Trained sensory panel results indicated 

that LFGLM had similar lamb aroma, fat aroma and overall quality intensities, and significantly lower blood aroma, 
color, surface shine and greasy touch intensities compared to the CO meat. Healthy and stable low fat ground lamb meat 

can be produced by SC-CO2 extraction. 
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1. Introduction 
Dietary recommendations encourage people to reduce their intake of fat and added sugar and increase their intake of 

healthy foods to protect themselves against chronic diseases diabetes, hypertension, stroke, and some types of cancer 

(USDA 2005). Availability and price will be a deciding factor in choosing the healthy foods. Jetter and Cassady (2006) 

reported that healthier food products costs 17-19% more compared to standard products.  

In meat, fats are divided into intramuscular fat (marbling fat) which present in the intramuscular adipose tissue and 

in the muscle fibers and subcutaneous or visible fat which present under skin (Raes and others 2004). The meat fat can be 

reduced by shifting from fatty breeds, improving breeding, husbandry practices and feeding (Atti and Mahouachi, 2009). 

The visible fat affects consumers' willingness to purchase and eat meat. Brewer and others. (2001) reported that highly 

marbled meat (3.46% fat) appeared lighter. The lean meat had lower appearance ratings and had higher tenderness, 

juiciness and flavor ratings. Although lamb meat is often perceived by consumers as fatty meat, but its eating quality was 

not affected (Savell and Cross, 1988; Seerad, 2004). Meat tenderness and juiciness are linked to the fat level especially 

the intra-muscular fat (Dikeman, 1987). Cholesterol content and some saturated fatty acids (myristic and palmitic acids) 

were associated with different diseases (Ulbricht, 1991, Lough and others., 1992, 1993; Solomon and others., 1992; 

Aharoni and others., 1995). 

 Lean meat can be produced by trimming the visible fat from the surface but the intramuscular fat, the invisible 

within the muscles, cannot be easily removed. Large portion of fat in lamb meat is intramuscular and its 

removal/extraction proves to be a real challenge. The use of organic solvents is not recommended in food industry, as it 

requires solvent separation unit and any solvent residue remaining in the sample causes health concern. In addition, the 

use of organic solvents may affect the texture of the produced meat. Supercritical carbon dioxide (SC-CO2) has been 

recently suggested as an extraction solvent. Rozzi and Singh (2002) reported that SC-CO2 is not toxic, very effectiveness 

in extracting the intramuscular fat and does not require solvent extraction unit. SC- CO2 has been successfully used to 
extract fat from beef (King and others 1996) patties (King and others 1993) and fish muscle (King and others 1989). 

The objectives of the study were: (1) to produce low-fat ground lamb meat (LFGLM) using supercritical carbon dioxide 

SC-CO2 extraction and (2) to assess the quality of LFGLM (physicochemical characteristics and sensory properties) 

produced by SC-CO2. 
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2. Materials and Methods 
 

2.1 Meat  
Fat content varies with meat cuts, as well as with animal age. Taher and others (2011) reported that Australian 

shoulder and leg, contain almost similar amount of fat (35.4% and 36.5%), compared to Indian leg (16.2%). Australian 

lamb meat (shoulder) was purchased from a local supermarket (Al Ain, UAE). Visible/surface fat was trimmed, meat was 

minced using meat grinder (Molinex, Sirman, Italy), then divided to two portions. One portion was packed in plastic 

freezer bags and stored at -16.8 ºC as a control (CO). The other portion was freeze-dried (Cryodos – 80, Telstar, Span) at 

-18 ºC, 0.05 mbar for 48 h. The freeze-dried meat was divided into two portions. One portion was packed in tightly 

closed container and stored at -16.8 ºC as freeze-dried (FD). The other portion was extracted with the super critical 

carbon dioxide system. 

 

2.2 Fat extraction using SC-CO2 
A laboratory-scale extractor was used to extract the fat from the FD lamb meat. The extraction apparatus consisted 

of CO2 cylinder with a dip tube, CO2 high pressure syringe pump (Model 260D, ISCO, USA); pump controller (ISCO, 

SFX 200, USA) and supercritical fluid extraction unit (ISCO, SFX 220, USA). Extraction unit consisted of an extraction 
chamber with two 10 ml stainless steel cells and a temperature controlled incubator of maximum 150 ◦C (ISCO, SFX 

220). Pump controller had a control panel displaying time, pressure, CO2 flow rate and volume of CO2 passed to the 

extraction cell. The condition for Australian shoulder meat fat extraction was optimized (Taher and others (2011). Fat 

was extracted at 55 ºC, pressures 300 bar and a flow rate of 3ml.min
-1

. The extracted meat, low-fat ground lamb meat 

(LFGLM) was stored under the same conditions in tightly closed container. Commercial low fat lamb meat (CCLFM) 

was purchased from the same supermarket and stored at the same conditions. 

 

2.3 Color Measurement 
Meats color was measured using Hunterlab (Color Flex; HunterLab Inc., USA). White and black standard 

plates/tiles were used for calibration. Freeze dried and SC-CO2 extracted meats were rehydration before measuring the 

color. Results were expressed as CIE Lab values, L* (Lightness), a* (redness), b*(yellowness). The color for all meat 

samples were measured in triplications. 

 

2.4 Proximate Analysis 
Chemical composition (moisture,  protein, fat and ash) of all meat  samples was conducted in duplicate following 

standard methods (AOAC 2000): 

 

2.5 Rehydration 
Preliminary experiments were done to optimize the rehydration conditions for both FD and SC-CO2 meat samples 

before conducting the sensory test. Experimental conditions included water meat ratio, time, and temperature. 

Rehydration ability was calculated according to Kramer and others (1994); while rehydration capacity was calculated 

according to Le Loch-Bonazzi and others (1992). 

Rehydration ability = 
product  theofmatter dry 

nrehydratioafter content Water 
 

Rehydration capacity = 
drying during removed water ofweight 

nrehydratio during absorbed water ofWeight 
 

2.6 Sensory Analysis  
A panel of 9 members was recruited from students registered for sensory evaluation course at the Department of 

Food Science, UAE University. Three training sessions were conducted to develop the descriptors, evaluate the reference 

sample and agree on its intensities. The evaluation was conducted in the sensory evaluation laboratory (Department of 

Food Science, Maqam campus) equipped with partitioned booths under fluorescent light. Meat samples were presented in 

transparent plastic dished marked with 3-digit codes, and served to the panelists' modonically. Sensory characteristics of 

meat (lamb aroma, blood aroma, fat aroma, meat color, color intensity, evenness of color, greasy touch, surface shine and 

overall quality) were evaluated using 15 cm line scale. 

 

2.7 Statistical Analysis 
Data analysis was conducted using SPSS Statistical Software (version 17, SPSS Inc., Chicago, IL). Sensory data 

were statistically tested using ANOVA to determine if a statistical difference existed (P ≤ 0.05) and the least significance 

difference (LSD) was used for means comparison. 

 

3. Results and Discussion 
Table 1 shows proximate composition of the control, commercial low fat meat, freeze dried and SC-CO2 extracted 

meat. There is no significant different between freeze-dried and SC-CO2 extracted meat for moisture. However, the 

moisture content in SC-CO2 extracted meat was slightly higher than freeze dried meat sample this may be due to 

absorbing of water vapor during preparation of sample for supercritical fluid extraction. Furthermore, there was 
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significant difference between control (CO), commercial low fat meat (CLFM) and both freeze dried and extracted meat 

samples in moisture content. 

Fat content varied among all the samples; data showed that trimming the visible fat from meat reduced fat content 

from 28.19% in the control to 16.39% in low fat meat (42% reduction). While, SC-CO2 extraction reduce fat content to 

6.10% (78% reduction) due to removal of  all visible fat and most of intramuscular marbling fat from meat tissue. 

Whereas, FD sample had higher fat content compared with control (CO) due to the reduction in moisture content during 

drying process. Data shows a significant difference among all the samples in protein and ash content. SC-CO2 extracted 

sample had the highest values due to the reduction in both fat and moisture content. 

Table 1. Proximate analysis of four meat samples 

Samples
A
 Moisture Fat* Protein* Ash* 

CO 71.32(0.27)
b
 28.19(0.74)

c
 67.66(0.80)

b
 4.16(0.06)

a
 

CLFM 76.21(1.06)
b
 16.39(1.08)

b
 79.02(1.20)

c
 4.60(0.11)

b
 

FD 05.00(0.11)
a
 34.75(0.21)

d
 61.46(0.26)

a
 3.99(0.01)

a
 

SC-CO2 06.03(0.04)
a
 06.10(0.21)

a
 84.03(0.53)

d
 5.55(0.06)

c
 

*
gm/100g dry base 

Mean (standard error) 
A 

Co = Control; CLFM = Low Fat Meat; FD = Freeze Dried Meat; SC-CO2 = Supercritical Carbon Dioxide Extract Meat  
a to d 

Means within the same column with different superscripts are different (P < 0.05). 

Table 2 shows the rehydration ability and rehydration capacity of FD and SC-CO2 meat samples. The preliminary 

results showed that the best condition to hydrate the FD and SC-CO2 meat samples was 1:6 meat to water ratio at 55ºC, 

for 10min although SC-CO2 required less time. Both FD and SC-CO2 meat samples had similar rehydration ability while 

FD meat had slightly higher rehydration capacity compared to SC-CO2 meat. 

Table 2. Rehydration ability and rehydration capacity of FD and SC-CO2 meat samples 

Rehydration
A
 R-FD R-SC-CO2 

Rehydration Ability 0.34(0.04)
a
 0.34(0.05)

 a
 

Rehydration Capacity 66.30(2.0)
 a
 65.27(1.6)

 a
 

Mean (standard error) 
A
 R-FD = Rehydrated Freeze Dried Meat; R-SC-CO2 = Rehydrated Supercritical Carbon Dioxide Extract Meat. 

Tables 3 illustrate significant difference in L-values between all samples before and after rehydration. Lightness 
slightly reduced in FD sample after rehydration while the lightness on the SC-CO2 extracted was sharply decreased after 

rehydration this might be due to variation in the amount of fat content between samples. In another hand, all samples 

showed a significant difference in redness between before and after rehydration. In case of FD samples, redness was 

declined after returning to fresh form , in contrast, SC-CO2 samples was slightly increased in redness after rehydration 

but this increment was not visible by sight. Moreover, R-FD samples was reddish than R- SC-CO2. Regarding to b-value 

(yellowish), there was no significant difference between rehydrate of all samples before and after absorption of water 

during rehydration except between FD and R- SC-CO2 meat samples. 

Table 3. Color of FD and SC-CO2 meat samples 

Samples
A
 L* a* b* 

FD 61.36(0.25)
a
 8.06(0.23)

b
 21.98(0.27)

b
 

SC-CO2 74.55(0.20)
 b
 3.02(0.05)

a
 17.29(0.09)

a
 

Mean (standard error) 
A
 FD = Freeze Dried Meat; SC-CO2 = Supercritical Carbon Dioxide Extract Meat. 

a to b 
Means within the same column with different superscripts are different (P < 0.05). 

Table 4 shows the comparison between color parameters of all meat samples. Results showed that rehydrated freeze 

dried sample had highest L-value (lightness) due to its content of most intramuscular marbling fat inside meat tissue. 

Moreover, removing fat even visible part as in low fat meat or by extraction with SC-CO2 caused reduction of lightening 

this might be due to the relation between presence of fat and scattering light. This reduction was higher in R-SC-CO2 

sample compared with R-FD. 
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Moreover, there was significant difference between all samples in redness (a- value). Low fat meat was reddish than 

control sample because it contained less fat. While it was less in SC-CO2 sample compared with freeze dried sample due 

to the extraction conditions (presence of CO2 gas under pressure). 

In other hand, there was no difference between all samples in yellowish color (b-value). 

Table 4. Color of meat samples 

Samples
A
 L a* b* 

CO 46.12(0.08)
b
 15.67(0.06)

c
 18.10(0.20)

a
 

CLFM 37.33(0.16)
a
 16.82(0.16)

d
 17.37(0.13)

a
 

R- FD 60.15(0.04)
c
 05.94(0.03)

b
 17.79(0.03)

a
 

R- SC-CO2 45.90(0.09)
b
 03.73(0.05)

a
 16.34(1.54)

a
 

Mean (standard error) 
A
 CO = Control; CLFM = Commercial Low Fat Meat; R-FD = Rehydrated Freeze Dried Meat; R-SC-CO2 = Rehydrated 

Supercritical Carbon Dioxide Extract Meat. 
a to c 

Means within the same column with different superscripts are different (P < 0.05). 

Data in Table (5) shows a no difference between all meat samples in all kind of aroma (lamb, bloody and fat 

aromas).In contrast results showed significant difference between all samples in meat color. CLFM showed light red 

color while CO, R-FD and R-SC-CO2 were light brown color.   

Samples showed no significant difference in both intensity and evenness of color and greasy touch. While there was 

significant difference in surface shine between CO, CLFM and R-FD and R-SC-CO2. Results also shows that by 

removing fat in CLFM or by extracting with super critical fluid in R-SC-CO2 surface shine was increased this might be 

due to eliminating the effect of fat on shining of myoglobin pigment in meat. 

Results show no difference in overall quality between CO and CLFM and also no difference between R-FD and R-SC-

CO2. Furthermore, both CO and CLFM showed higher score in overall quality than both R-FD and R-SC-CO2 this might 

be due to similarity in fat content in these samples. 

Table 5. Sensory quality of meat samples 

samples  lamb  

aroma 

blood  

aroma 

fat  

aroma 

meat  

color 

evenness 

color 

greasy 

touch 

surface 

shine 

overall 

quality 

CO 9.0(0.6)
a
 8.8(1.0)

b
 6.1(0.9)

a
 9.3(1.6)

a
 9.6(1.8)

a
 9.5(1.4)

b
 9.5(1.7)

b
 10.7(1.8)

a
 

CLFM 8.5(1.0)
a
 8.7(2.1)

b
 6.5(1.8)

a
 8.7(1.4)

a
 9.0(1.0)

a
 9.2(1.2)

b
 11.1(1.8)

b
 10.8(1.4)

 a
 

R-FD 9.1(0.9)
a
 5.0(1.3)

a
 6.5(1.4)

a
 7.4(1.6)

b
 8.8(1.4)

a
 6.2(1.5)

a
 5.8(1.6)

a
 8.8(1.3)

a
 

R-SC-CO2 8.0(1.5)
a
 5.6(1.6)

a
 5.9(1.9)

a
 7.2(1.7)

b
 8.0(1.2)

a
 5.1(1.1)

a
 6.1(1.8)

a
 9.1(1.9)

a
 

Mean (standard error) 
A
 Co = Control; CLFM = Commercial low Fat Meat; R-FD = Rehydrated Freeze Dried Meat;  

R-SC-CO2 = Rehydrated Supercritical Carbon Dioxide Extract Meat. 

 

Conclusion 
Extraction of fat using supercritical carbon dioxide technique removed 78.36% of the total fat. Low fat, stable and 

healthy ground lamb meat was produced by SC-CO2 extraction. 
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