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Lipid Oxidation of Raw and Cooked Meats During Cold Storage as Compared to Raw Meats Stored Frozen
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Abstract.  The effects of cold storage in a household refrigerator at 4(C for up to 7 days on lipid oxidation of raw and cooked leg and shoulder meat cuts from beef, camel, Najdi lamb and Merino lamb as well as thigh and breast chicken were studied by TBA test and by Gas Chromatography for aldehydes compounds.  Raw samples of the same meat cuts were also frozen and stored at -18(C for up to 60 days and the oxidation changes in their lipids were determined.  Lipid oxidation proceeded at a moderate speed during storage up to 7 days in refrigerated raw beef and lamb meat cuts and chicken thigh.  Cooking of all samples before cold storage caused the highest increase in lipid oxidation in all meat cuts studied specially lamb meat and chicken thigh.  Freezing storage was significantly the most effective treatment that controlled lipid oxidation in all raw cuts of meats studied for up to 6 months storage period.  The study showed that household freezer practice was able to control lipid oxidation in raw muscles of various species even if long time is used.

Introduction

Meat quality, excluding bacterial and enzymatic spoilage, deteriorates on standing due to lipid oxidation.  Lipid oxidation of meat can directly affect the nutritive value by decreasing the essential fatty acids and the destruction of fat-soluble vitamins [1] and the safety due to the oxidation products of unsaturated fatty acids and of cholesterol that may cause damage to proteins, membranes, and biological components [2,3].  It can also affect many quality attributes such as the flavor by the formation of undesirable volatile compounds causing rancidity, the color by Maillard-type reactions between reducing substances originating from lipids and proteins, and the texture by cross-linking reactions of proteins [4, pp.41-67, 5].  Lipid oxidation can occur in meat all the way from the handling of the raw meat, through storage, and distribution to the processing and final treatment for consumption.  The susceptibility of muscle tissues to lipid oxidation differs among species and may also vary among muscles of the same species [6, pp.222-269].

Lipid oxidation is a complex process that involves the reaction between unsaturated fatty acids with molecular oxygen via a free radical chain reaction process [7, pp.1-16].  The primary products of lipid oxidation, hydroperoxides, are odorless and tasteless.  However, they are unstable and readily decomposed to secondary products such as aldehydes, ketones, alcohols, acids, and epoxy compounds which contribute to oxidative rancidity [8, pp.95-139].  Lipid oxidation products such as malonaldehyde (MA) and hexanal in meat have been associated with oxidative rancidity [9, 10].  Oxidation changes in lipids can become a serious flavor problem for uncooked meat when it is subjected to grinding, freeze-thawing, temperature abuses in handling and distribution, and/or prolonged storage [11, 12, pp. 287-300].  Lipid oxidation in raw meat may be stimulated by enzymes such as lipoxygenase [13, pp.74-103], by nonheme iron [14, 15], or by metmyoglobin activated by hydrogen peroxide (MetMb-H2O2) [16].  Cooked meat is more susceptible to lipid oxidation than raw (uncooked) meat.  Additionally, any degree of lipid oxidation in raw meat accelerates the development of oxidative rancidity in cooked meat.  However, in cooked meat, lipid oxidation is totally dependent on nonenzymatic reactions [15, 17 pp.19-39].  Oxidation of the highly unsaturated membrane phospholipids is the primary cause of lipid oxidation in cooked meat [18].  The catalyst may be nonheme iron released from heme pigments during cooking [14, 19]. Cooking denatures meat pigments and results in an increase in the amount of nonheme iron [20].  Cooking also disrupts meat tissues, and thus increases the release of polyunsaturated fatty acids [21].  The warm climate in the Kingdom of Saudi Arabia and the increasing demand for raw and ready-to-eat meat products in the marketplace, restaurants and fast food service chains, provide potential for consumer exposure to meat products with some degree of lipid oxidation.


The most popular meat sources in the Kingdom of Saudi Arabia are lamb especially from Najdi and Merino breeds, chicken, camel, and beef.  It is common to store meat cuts and chicken in the home freezer for few months until needed.  Sometimes, such meats consume immediately after slaughter.  Meat cuts or chicken may also be kept refrigerated –raw or cooked- at the consumer home for few days before consumption.  Little or no information are available concerning the lipid oxidation of raw or cooked local lamb and camel meats during cold storage.  The lipid oxidation during freezing storage of local meats needs to be studied.

The objectives of the present study were to study lipid oxidation potential of raw or cooked meats from chicken, beef, camel, and lamb of Najdi and Merino as measured by TBA value and aldehydes compounds during housekeeper practices in order to assess the actual oxidative changes caused by household refrigerator during up to 7days storage.  The effect of freezing storage in a household freezer of the raw meats at -18(C for up to 6 months was also investigated.

Materials and Methods

Preparation of meat samples

Beef and camel (12 months of age) and lamb of Najdi and Merino breeds (6-9 months of age) carcasses were purchased from a local butcher and transferred to the Department of Food Science and Nutrition at King Saud University in Riyadh City, Saudi Arabia.  Carcasses had not been frozen before purchasing and were used immediately.  Beef, camel, Najdi, and Merino (legs and shoulders) cuts were obtained from carcasses after 12 hr slaughter.  The meat cuts were excised from three carcasses, deboned manually, trimmed of all visible tallow and connective tissue, and cut into 2.0 cm (approx. 10g) cubes.  Samples were randomly selected from each carcass.

Fresh broilers (45-50 days of age) carcasses were purchased from a local retailer store.  Immediately after arrival in the laboratory, dark (thigh) and white (breast) muscles were removed from each carcass.  The skin and bones were removed from the muscles. Samples were randomly assigned for raw and cooked home hold refrigerator and for raw home hold freezer.

For assays on raw muscles, a 500-g portion of each muscle was placed in “Ziploc” plastic bag.  The plastic bags were stored in a household refrigerator at 4(C for 0, 2, 4, and 7 days (treatment 1) or in a household freezer at -18(C for 0, 15, 30, and 60 days (treatment 3).

For assays on cooked muscles, a 1000-g of each muscle was placed in a stainless steel tray and roasted in a conventional oven (Hobart) set at 170(C to a final internal temperature of 71(C (Thermocouple Rusche-Cobimeter P14 No. 42077702).  The cooked meat was cooled at room temperature and evaluated for lipid oxidation at 0, 2, 4, and 7 days of storage in a household refrigerator at 4(C (treatment 2).

Determination of moisture and fat

Percent moisture and fat of raw and cooked muscles were determined using the standard methods 950.46 and 960.39 of the Association of Official Analytical Chemists [22].

Determination of lipid oxidation by thiobarbituric acid (TBA) test

The development of lipid oxidation was measured using the distillation method of Tarladgis et al. [23].  The distillation procedure was performed using a Kemmerer-Hallet type microKjeldahl steam distillation unit (Fisher Scientific, Fair Lawn, NJ).  TBA values (mg malondialdehyde/kg meat) were calculated by multiplying the absorbance values at 530 nm (LKB Biochrom Ultrospec II 4050) by a constant coefficient K (6.27).  The constant coefficient value was calculated from standard curves of 1,1,3,3-tetraethoxypropane (TEP) (Sigma Chemical, St Louis, MO) according to the procedure of Pikul et al. [24].  The TBA values were expressed as mg malonaldehyde / kg meat.

Determination of lipid oxidation by capillary gas chromatography (GC) of volatile compounds

The steam distillation and headspace sampling method of Lin and Jeon was used to prepare volatile compounds [25].  A sample (30 g) of raw and cooked refrigerated, or raw frozen meat was homogenized (SEB Maxi Chopper, 300, France, Type 8505.61) with 100 mL of deionized double distilled water for 30 sec twice.  Slurry meat (46 mL) was placed into a 250 mL distillation flask of the steam distillation unit.  Fifty μL of 2-butanol (10 (g/g) as internal standard, few drops of 1% antifoam A, and 4 mL of 4 N hydrochloric acid were added.  The mixture was steam-distilled into 10 mL graduated centrifuge tubes submerged in an ice bath.  After 2 min of introduction of live steam into the sample, 5 mL of distillate were collected in 3 min and 3 mL of the distillate were transferred to a 5 mL serum vial containing 1.5 g of sodium sulfate and capped with a Teflon septum cap (Fisher Scientific, Fair Lawn, NJ).  The samples were heated in a water bath for 8 min at 60(C.

One milliliter of the headspace gas was withdrawn using a gas-tight syringe (Fisher Scientific, Fair Lawn, NJ) and injected into gas chromatography.  The gas chromatography (Shimadzu-GC017A) equipped with a flame ionization detector and integrator (Shimadzu C-R6A Chromatopac).  Compounds were separated on an HP-5 capillary column (25 m X 0.32 mm i.d. X 0.52 (m film thickness of cross-linked 5% phenyl methyl silicone, Hewlett-Packard, Palo Alto, CA).  The oven temperature was programmed to start at 40(C, held for 5 min, then elevated to 120(C at 10(C/min and held for 10 min at the final temperature.  The injection port and detector temperatures were both at 200(C.  The carrier gas was helium with flow rate at 17.0 mL/min.  Volatile compounds were identified by comparing their retention times with authentic standards (Sigma Chemical, St Louis, MO).

To quantify compounds found in the meat samples, a stock solution (1000 (g/mL) of pentanal, hexanal, heptanal, octanal, and nonanal was prepared.  The meat sample was spiked with the stock solution to reach a concentration of 2 (g/g.  The meat sample was steam-distilled and analyzed as described in the previous section.  The peak areas of volatile compounds were normalized against the area of 10 (g/g of 2-butanol.  Quantification of added compounds was calculated by subtracting the peak areas of spiked samples from the areas of control samples.  These analyses were performed in triplicate.

Statistical analysis

Muscles were randomly sampled from three carcasses and analyzed in triplicate.  All data values were analyzed by analysis of variance (ANOVA) using Statistical Analysis System (SAS) statistical software (Version 6.12, SAS Inst., Cary, N.C., USA).  Differences among mean values were evaluated by Duncan’s Multiple Range Test procedure.    Mean values and standard deviations (SD) were reported and significance was defined at P<0.05.  Correlation tests were performed between TBA values and concentration of the five major aldehyde compounds.

Results and Discussion

Fat and moisture

Fat and moisture contents of raw and cooked meat cuts of various species are shown in Table 1. There were significant differences (P<0.05) in fat contents between meat cuts in the same species, for both raw and cooked samples, except for raw camel meat cuts. Merino shoulder and chicken thigh had the highest fat content and chicken breast and beef leg had the lowest for both raw and cooked samples.  Some differences (P<0.05) in moisture of raw samples were found. Camel leg and shoulder and beef shoulder had the higher moisture than chicken thigh and breast and Merino shoulder.  Cooked chicken and camel meat cuts had a more (P<0.05) moisture contents than other samples.  Chicken breast, beef, and camel leg and shoulder had the lowest fat content and chicken thigh and breast and camel leg and shoulder had the highest moisture content among cooked samples.

Table 1. Means and standard deviations of moisture and fat contents of raw and cooked meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken

	Species
	Meat cuts
	Moisture (g/100g)*
	Fat (g/100g) *

	Raw meat cuts

	Beef
	Leg
	77.50(0.96bc
	0.22(0.04g

	Beef
	Shoulder
	78.61(0.38a
	0.65(0.08f

	Camel
	Leg
	78.71(0.32a
	0.84(0.11f

	Camel
	Shoulder
	78.11(0.37ab
	0.80(0.05f

	Najdi
	Leg
	76.76(0.11cd
	2.48(0.01e

	Najdi
	Shoulder
	76.49(0.23de
	3.73(0.01c

	Merino
	Leg
	75.79(0.71ef
	2.96(0.29d

	Merino
	Shoulder
	74.94(0.55f
	5.12(0.08a

	Chicken
	Thigh
	75.52(0.49f
	4.11(0.60b

	Chicken
	Breast
	75.05(0.11f
	0.56(0.10fg

	
	
	
	

	Cooked meat cuts

	Beef
	Leg
	59.37(0.01d
	1.40(0.04e

	Beef
	Shoulder
	59.62(0.08d
	0.68(0.09f

	Camel
	Leg
	67.71(1.24ab
	1.50(0.14e

	Camel
	Shoulder
	67.44(2.01b
	1.16(0.02ef

	Najdi
	Leg
	60.13(0.04d
	4.87(0.04d

	Najdi
	Shoulder
	60.91(0.03cd
	6.50(0.09c

	Merino
	Leg
	62.31(0.46c
	6.90(0.04bc

	Merino
	Shoulder
	61.89(0.99c
	10.76(0.16a

	Chicken
	Thigh
	67.91(1.59ab
	7.35(1.04b

	Chicken
	Breast
	69.12(0.61a
	0.88(0.13ef


* Means in the same column (a-g) with different letters are significantly different (p<0.05).

TBA values of raw refrigerated meat

The TBA values of meat cuts of various species during storage at 4(C are presented in Table 2.  The TBA values of all muscles increased gradually (P<0.05) throughout storage period.  The TBA values of both raw chicken muscles were initially higher than that of other samples and increased (P<0.05) during storage time.  Chicken thigh had higher (P<0.05) TBA values than chicken breast at 4 and 7 days.  The TBA values of both beef meat cuts increased (P<0.05) over time, with the beef leg oxidized more rapidly (P<0.05) than beef shoulder after 4 and 7 days.  Both camel muscles had initially low TBA values (0.14-0.17 mg MA/kg) and increased slightly (P<0.05) during storage; however, camel leg had more (P<0.05) TBA value than camel shoulder at day 7.  For Najdi meat cuts, the TBA values on 0 day was 0.13 mg MA/kg and increased (P<0.05) after 4 and 7 days.  The Najdi leg had higher (P<0.05) TBA values than that of the shoulder throughout storage, except at 0 day.  The TBA values of Merino meat cuts were initially (0.11-0.15 mg MA/kg) and increased (P<0.05) in the leg samples during storage.  By comparison, the TBA values were not significantly different in the Merino leg than in the shoulder during storage.

Table 2.  Means and standard deviations of TBA values (mg malondialdehyde/kg meat)* of meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken during refrigeration and frozen storage

	Species
	Meat cuts
	Day 0
	Day 2
	Day 4
	Day 7

	Raw-refrigerated at 4 (C

	Beef
	Leg
	a0.18(0.02f
	b0.46(0.09e
	c1.11(0.09e
	d2.09(0.05e

	Beef
	Shoulder
	a0.17(0.03f
	b0.45(0.01e
	c0.75(0.02f
	d1.23(0.24g

	Camel
	Leg
	a0.14(0.02f
	b0.26(0.02gh
	c0.34(0.03hi
	d0.68(0.03h

	Camel
	Shoulder
	a0.17(0.02f
	a0.18(0.03h
	ab0.22(0.03i
	b0.26(0.06j

	Najdi
	Leg
	a0.13(0.02f
	ab0.32(0.02fg
	b0.60(0.14g
	c1.52(0.29f

	Najdi
	Shoulder
	a0.13(0.01f
	a0.16(0.03h
	b0.39(0.05h
	c1.22(0.19g

	Merino
	Leg
	a0.11(0.51f
	b0.23(0.03h
	c0.35(0.06hi
	d0.44(0.02hij

	Merino
	Shoulder
	a0.15(0.08f
	ab0.21(0.06h
	bc0.27(0.03hi
	c0.35(0.05ij

	Chicken
	Thigh
	a0.32(0.03e
	a0.44(0.10e
	b0.62(0.11fg
	c1.60(0.07f

	Chicken
	Breast
	a0.34(0.09e
	a0.39(0.02ef
	ab0.41(0.12h
	b0.54(0.06hi

	Cooked-refrigerated at 4 (C

	Beef
	Leg
	a0.17(0.03g
	b3.02(0.47g
	c9.01(0.67g
	d16.58(1.16i

	Beef
	Shoulder
	a0.20(0.02g
	b3.26(0.63g
	c8.35(0.74g
	d11.70(0.59k

	Camel
	Leg
	a0.98(0.27f
	b8.87(0.86f
	c11.12(0.27f
	d14.27(1.28j

	Camel
	Shoulder
	a0.98(0.13f
	b4.36(1.08g
	c7.59(0.52g
	d11.98(0.33k

	Najdi
	Leg
	a1.17(0.12ef
	b10.70(0.96e
	c18.32(0.70e
	d22.16(0.79fg

	Najdi
	Shoulder
	a1.01(0.56f
	b11.50(0.39e
	c16.68(0.82e
	d23.36(0.83ef

	Merino
	Leg
	a1.17(0.17ef
	b12.02(1.33e
	c17.72(2.71e
	d24.95(1.91e

	Merino
	Shoulder
	a1.55(0.12e
	b8.61(1.25f
	c17.83(1.27e
	d20.90(2.41gh

	Chicken
	Thigh
	a1.62(0.44e
	b7.43(0.93f
	c12.01(0.09f
	d18.99(0.05h

	Chicken
	Breast
	a0.96(0.07f
	b4.35(1.44g
	b4.38(0.26h
	c10.16(0.13k

	Raw-frozen at -18 (C
	Day 0
	Day 15 
	Day 30
	Day 60

	Beef
	Leg
	a0.18(0.02f
	b0.23(0.01fg
	c0.30(0.01fgh
	c0.33(0.02fg

	Beef
	Shoulder
	a0.17(0.03f
	b0.29(0.07ef
	b0.31(0.01fgh
	b0.31(0.04fgh

	Camel
	Leg
	a0.14(0.02f
	b0.27(0.03ef
	c0.37(0.08e
	c0.43(0.03e

	Camel
	Shoulder
	a0.14(0.02f
	a0.17(0.02gh
	b0.22(0.01i
	b0.26(0.03h

	Najdi
	Leg
	a0.13(0.02f
	a0.13(0.03h
	b0.25(0.01hi
	c0.46(0.03e

	Najdi
	Shoulder
	a0.13(0.01f
	a0.14(0.01h
	b0.26(0.01ghi
	c0.45(0.02e

	Merino
	Leg
	a0.14(0.06f
	b0.22(0.02fg
	b0.23(0.02i
	b0.27(0.03h

	Merino
	Shoulder
	a0.15(0.08f
	ab0.18(0.02gh
	ab0.21(0.01i
	b0.25(0.05h

	Chicken
	Thigh
	a0.27(0.03e
	ab0.30(0.02ef
	ab0.32(0.03efg
	b0.42(0.03e

	Chicken
	Breast
	a0.26(0.09e
	ab0.34(0.06e
	ab0.35(0.05ef
	b0.35(0.02f


Means in the same row (a-d) or in the same column within the same storage condition (e-k) with different letters are significantly different (p<0.05).
At 0 day, both chicken muscles had significantly higher (P<0.05) TBA values than all other muscles.  At day 2, Merino leg and shoulder and camel and Najdi shoulder had the lowest TBA values and beef leg and shoulder and chicken thigh had the highest TBA values among species.  At day 4, camel and Merino leg and shoulder had the lowest TBA values and beef leg and shoulder, chicken thigh, and Najdi leg had the highest TBA values.  At day 7, the TBA values of camel shoulder, Merino leg and shoulder, and chicken breast were significantly lower (P<0.05) than that of beef, Najdi leg and shoulder, and chicken thigh.


The highest level of oxidative rancidity was observed in the leg and thigh muscles compared to shoulder and breast muscles for the same species from 4 to 7 days of storage, except for camel muscles at day 4 and Merino muscles at 4 and 7 days.  The TBA values of beef meat cuts were higher than that of chicken muscles.  Rhee and Ziprin [26] and Siu and Draper [27] found raw beef had higher TBA values compared to raw chicken.  Beef and Najdi meat cuts and chicken thigh oxidized more rapidly than other muscles.

TBA values of cooked refrigerated meat

Mean TBA values for cooked meat of various species stored at 4(C are presented in Table 2.  The data indicated that the development of TBA values in cooked samples were the highest among all the raw refrigerated and frozen samples.  This suggested that lipid oxidation was promoted by the cooking process and accelerated by refrigerated storage.

The initial TBA values of both chicken muscles were high and increased rapidly (P<0.05) over storage time.  The cooked chicken thigh had higher (P<0.05) TBA values than that of chicken breast throughout storage time.  For beef meat cuts, the initial TBA values were low, but increased rapidly (P<0.05) during storage.  There were no significant differences between TBA values of beef leg and shoulder over storage, except at day 7.  The increase in TBA values of camel muscles was rapid (P<0.05).  Camel leg had higher (P<0.05) TBA values than camel shoulder through storage time.  The TBA values of Najdi meat cuts were initially high (>1.00 mg MA/kg) and increased sharply (P<0.05) during storage.  However, there were no significant differences between TBA values of Najdi leg and shoulder over storage time.  The TBA values of Merino meat cuts were also high (>1.00 mg MA/kg) at 0 day and increased rapidly (P<0.05) throughout storage time.  The TBA values of Merino leg were higher (P<0.05) than that of shoulder at 2 and 7 days.

At 0 day, beef leg and shoulder had the lowest TBA values among muscles of all species.  At day 2, beef leg and shoulder and camel shoulder and chicken breast had the lowest TBA values and Najdi leg and shoulder and Merino leg had the highest TBA values among species.  At day 4, beef leg and shoulder and camel shoulder had the lowest TBA values and Najdi and Merino meat cuts had the highest TBA values.  At day 7, Merino leg and Najdi leg and shoulder had the highest TBA values, while chicken breast and beef and camel shoulder had the lowest TBA values.

Cooked leg and thigh muscles were found to oxidize more rapidly than cooked shoulder and breast muscles of the same species from 2 to 7 days of storage, except for beef meat cuts at days 2 and 4, Najdi muscles at days 2, 4, and 7, and Merino meat cuts at day 4.  Beef and camel shoulder and chicken breast were found to have the least lipid oxidation, while Merino and Najdi leg and shoulder and chicken thigh were found to have the most oxidized muscles.

Generally, cooking is expected to initiate the rapid development of lipid oxidation by liberating iron from the various heme proteins and by disrupting tissue membranes, thus bringing lipid substrates and catalysts into closer proximity [21].  In addition, the external surface would have more extensive exposure to oxygen, thus accelerate the lipid oxidation in cooked samples.  There are many factors such as animal diet, fat content, prooxidant concentrations (e.g. iron), antioxidant types and concentrations (e.g. tocopherol and antioxidant enzymes) that could be responsible for some of the differences in lipid oxidation rates of the muscles from the five different species.  These results agreed with the findings of Rhee et al. [28].  They found that TBA values were higher in cooked chicken muscles than in cooked beef muscles stored at 4(C for 6 days.  The oxidative rancidity of cooked muscles from Najdi, Merino, and camel were not previously tested during refrigeration storage.

TBA values of raw frozen meat

The effect of frozen condition on TBA values of raw muscles from several species during storage at -18 °C for up to 60 days is shown in Table 2.  TBA values of the raw frozen muscles were initially low (0.13-0.27 mg MA/kg) and increased slightly during storage time.  The TBA values of both chicken muscles slightly increased (1.30 to 1.60 times) during the 60 days of frozen storage.  The TBA values of chicken thigh were only higher (P<0.05) than that of chicken breast at day 60.  Beef leg and shoulder had initially TBA values 0.17-0.18 mg MA/kg and increased slightly during storage time.  There were no differences (P>0.05) between the TBA values of beef leg and shoulder during the 60 days storage.  Camel meat cuts had initial TBA value (0.14 mg MA/kg) and increased slightly during storage.  However, the camel leg had higher (P<0.05) TBA values than the shoulder over storage time.  Najdi meat cuts had initial TBA value of 0.13 mg MA/kg and increased slightly (P<0.05) over storage time.  Najdi leg did not have TBA values higher than that of shoulder until day 60.  Merino meat cuts, had initial TBA value of 0.14 – 0.15 MA/kg and changed slowly over storage time.  The differences between TBA values of Merino leg and shoulder were not significant (P>0.05) during storage.

At 0 day, chicken thigh and breast had higher TBA values than all other meat cuts.  At 15 days, Najdi leg and shoulder and camel and Merino shoulder had the lowest TBA values and both chicken muscles and beef leg and shoulder and camel leg had the highest TBA values.  At 30 days, Merino leg and shoulder and camel shoulder had lower TBA values than that of chicken thigh and breast and camel leg.  At 60 days, Najdi leg and shoulder, camel leg, and chicken thigh had the highest TBA values, while Merino leg and shoulder and camel shoulder had the lowest TBA values.  The lipid oxidation was found to be highest in chicken thigh and Najdi leg and lowest in Merino muscles and camel shoulder. This trend was seen for raw refrigerated meat.  These results agreed with the results obtained by Rhee et al. [28].  They found that chicken thigh and breast were least susceptible to lipid oxidation than beef muscles when stored at -20 °C for 150 days.
Headspace volatiles

The headspace volatile compounds are considered (pentanal, hexanal, heptanal, octanal, and nonanal) common markers of lipid oxidation in foods.  They were determined by G.C. and the results are presented in Table 3-7.  Aldehydes have been used to measure lipid oxidation in foods [29, 30].

Table 3.  Means and standard deviations of hexanal contents (mg hexanal/kg meat)* of meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken during refrigeration and frozen storage

	Species
	Meat cuts
	Day 0
	Day 2
	Day 4
	Day 7

	Raw-refrigerated at 4 (C

	Beef
	Leg
	a0.04(0.01ef
	a0.06(0.03f
	ab0.16(0.02e
	b0.28(0.15e

	Beef
	Shoulder
	a0.05(0.05e
	a0.08(0.01e
	a0.10(0.04efg
	a0.16(0.11ef

	Camel
	Leg
	a0.04(0.02ef
	ab0.07(0.01ef
	ab0.08(0.04fgh
	b0.11(0.01f

	Camel
	Shoulder
	a0.05(0.02e
	a0.07(0.04ef
	a0.10(0.05efg
	a0.10(0.04f

	Najdi
	Leg
	a0.03(0.01f
	a0.08(0.02e
	a0.10(0.02efg
	b0.32(0.19e

	Najdi
	Shoulder
	a0.03(0.01f
	a0.03(0.01g
	a0.07(0.04fgh
	b0.30(0.11e

	Merino
	Leg
	a0.05(0.02e
	a0.06(0.02f
	ab0.09(0.04fg
	b0.11(0.01f

	Merino
	Shoulder
	a0.05(0.02e
	ab0.07(0.02ef
	b0.08(0.01fgh
	b0.09(0.01f

	Chicken
	Thigh
	a0.00(0.00g
	b0.03(0.01g
	b0.03(0.01h
	c0.15(0.04ef

	Chicken
	Breast
	a0.00(0.00g
	b0.03(0.00g
	b0.03(0.00h
	c0.05(0.01f

	Cooked-refrigerated at 4 (C

	Beef
	Leg
	a0.06(0.00g
	a1.77(1.50g
	b5.29(1.38gh
	c13.76(5.36ef

	Beef
	Shoulder
	a0.07(0.03g
	ab2.25(0.82g
	b4.78(1.84hi
	c8.59(1.87fg

	Camel
	Leg
	a0.66(0.25efg
	b8.69(2.69e
	c12.07(1.98e
	c13.86(4.57ef

	Camel
	Shoulder
	a1.19(0.46e
	ab3.27(1.42fg
	bc7.56(1.55fgh
	c11.08(5.57efg

	Najdi
	Leg
	a0.43(0.34fg
	b9.78(3.40e
	b9.91(2.45ef
	c16.10(4.82e

	Najdi
	Shoulder
	a0.42(0.31fg
	b8.62(1.34e
	b9.15(4.79ef
	c13.10(0.16ef

	Merino
	Leg
	a0.83(0.44ef
	b6.99(1.97ef
	bc7.33(0.45fgh
	c9.34(1.71fg

	Merino
	Shoulder
	a0.82(0.38ef
	b8.84(0.56e
	b8.83(2.12fg
	c11.04(1.62efg

	Chicken
	Thigh
	a1.11(0.39ef
	a1.39(0.66g
	b5.98(2.17gh
	b7.93(0.60fg

	Chicken
	Breast
	a0.44(0.37fg
	a1.76(1.16g
	a2.26(0.63i
	b6.34(3.18g

	Raw-frozen at -18 (C
	Day 0
	Day 15 
	Day 30
	Day 60

	Beef
	Leg
	a0.04(0.01e
	ab0.06(0.02e
	b0.08(0.02e
	b0.09(0.03e

	Beef
	Shoulder
	a0.05(0.05e
	a0.05(0.02e
	a0.06(0.01e
	a0.09(0.04e

	Camel
	Leg
	a0.04(0.02e
	ab0.07(0.02e
	b0.09(0.02e
	b0.10(0.03e

	Camel
	Shoulder
	a0.05(0.02e
	a0.05(0.02e
	a0.08(0.02e
	a0.10(0.05e

	Najdi
	Leg
	a0.03(0.01ef
	a0.05(0.01e
	a0.05(0.01e
	b0.11(0.10e

	Najdi
	Shoulder
	a0.03(0.00ef
	a0.04(0.02e
	a0.05(0.00e
	b0.10(0.05e

	Merino
	Leg
	a0.05(0.02e
	a0.05(0.02e
	a0.06(0.02e
	b0.10(0.08e

	Merino
	Shoulder
	a0.04(0.02e
	a0.05(0.00e
	a0.05(0.01e
	a0.07(0.01e

	Chicken
	Thigh
	a0.00(0.00f
	a0.00(0.00f
	a0.00(0.00f
	a0.00(0.00f

	Chicken
	Breast
	a0.00(0.00f
	a0.00(0.00f
	a0.00(0.00f
	a0.00(0.00f


* Means in the same row (a-c) or in the same column within the same storage condition (e-i) with different letters are significantly different (p<0.05).

Table 4.  Means and standard deviations of pentanal contents (mg pentanal/kg meat)* of cooked meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken stored at 4 ºC

	Species
	Meat cuts
	Day 0
	Day 2
	Day 4
	Day 7

	Beef
	Leg
	a0.00(0.00g
	ab0.08(0.07h
	b0.23(0.04fg
	c0.49(0.13efg

	Beef
	Shoulder
	a0.00(0.00g
	b0.11(0.03gh
	c0.23(0.04fg
	d0.53(0.09ef

	Camel
	Leg
	a0.06(0.05e
	b0.35(0.06e
	bc0.44(0.07e
	c0.57(0.17e

	Camel
	Shoulder
	a0.08(0.03e
	ab0.21(0.14fg
	b0.35(0.11ef
	b0.37(0.13efgh

	Najdi
	Leg
	a0.00(0.00g
	b0.29(0.06ef
	b0.30(0.01ef
	c0.43(0.07efg

	Najdi
	Shoulder
	a0.00(0.00g
	b0.27(0.01ef
	b0.36(0.17ef
	c0.51(0.05efg

	Merino
	Leg
	a0.03(0.03fg
	b0.25(0.07ef
	b0.27(0.05ef
	b0.30(0.06gh

	Merino
	Shoulder
	a0.04(0.02ef
	ab0.18(0.04fg
	b0.25(0.15ef
	b0.28(0.01gh

	Chicken
	Thigh
	a0.06(0.03e
	a0.07(0.01h
	b0.32(0.18ef
	b0.33(0.06fgh

	Chicken
	Breast
	a0.00(0.00g
	a0.07(0.03h
	a0.07(0.02g
	b0.30(0.17gh


* Means in the same row (a-d) or in the same column (e-h) with different letters are significantly different (p<0.05).

Table 5.  Means and standard deviations of heptanal content (mg heptanal /kg meat)* of cooked meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken stored at 4 ºC

	Species
	Meat cuts
	Day 0
	Day 2
	Day 4
	Day 7

	Beef
	Leg
	a0.00(0.00g
	a0.00(0.00i
	b0.42(0.15hi
	c0.92(0.68gh

	Beef
	Shoulder
	a0.00(0.00g
	a0.00(0.00i
	b0.28(0.14i
	c0.91(0.57gh

	Camel
	Leg
	a0.25(0.10ef
	b1.92(1.04e
	b1.93(1.09ef
	c2.59(0.73ef

	Camel
	Shoulder
	a0.37(0.15e
	a0.61(0.47fgh
	a0.94(0.24ghi
	b1.82(1.47efgh

	Najdi
	Leg
	a0.00(0.00g
	b1.01(0.60fgh
	b1.41(0.68fg
	b1.48(2.03fgh

	Najdi
	Shoulder
	a0.00(0.00g
	b0.68(0.51fgh
	bc1.12(0.42fghi
	c1.35(0.12fgh

	Merino
	Leg
	a0.35(0.14e
	b1.08(0.43fg
	bc1.24(0.47fgh
	c1.91(0.28efg

	Merino
	Shoulder
	a0.24(0.20ef
	b1.38(0.18ef
	c2.64(0.67e
	c2.82(0.24e

	Chicken
	Thigh
	a0.16(0.02f
	a0.18(0.05h
	b0.62(0.39ghi
	b0.90(0.18gh

	Chicken
	Breast
	a0.00(0.00g
	ab0.26(0.16gh
	ab0.31(0.15i
	b0.57(0.27h


* Means in the same row (a-c) or in the same column (e-i) with different letters are significantly different (p<0.05).

Table 6.  Means and standard deviations of octanal content (mg octanal/kg meat)* of cooked meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken stored at 4 ºC

	Species
	Meat cuts
	Day 0
	Day 2
	Day 4
	Day 7

	Beef
	Leg
	a0.00(0.00f
	a0.00(0.00f
	b0.04(0.01h
	c0.14(0.01g

	Beef
	Shoulder
	a0.00(0.00f
	a0.00(0.00f
	a0.00(0.00h
	a0.00(0.00g

	Camel
	Leg
	a0.00(0.00f
	ab0.07(0.03ef
	b0.18(0.14fg
	b0.20(0.13fg

	Camel
	Shoulder
	a0.05(0.04e
	a0.08(0.04ef
	a0.08(0.02gh
	b0.28(0.03efg

	Najdi
	Leg
	a0.00(0.00f
	a0.11(0.09e
	ab0.35(0.10e
	b0.62(0.45e

	Najdi
	Shoulder
	a0.00(0.00f
	a0.04(0.02ef
	b0.10(0.06fgh
	c0.25(0.02fg

	Merino
	Leg
	a0.06(0.02e
	a0.08(0.04ef
	a0.10(0.08fgh
	a0.11(0.01g

	Merino
	Shoulder
	a0.05(0.02e
	a0.10(0.04e
	a0.23(0.05f
	b0.53(0.22ef

	Chicken
	Thigh
	a0.04(0.01e
	a0.04(0.01ef
	b0.12(0.12fgh
	b0.16(0.08g

	Chicken
	Breast
	a0.00(0.00f
	ab0.07(0.03ef
	ab0.09(0.04gh
	b0.11(0.10g


* Means in the same row (a-c) or in the same column (e-h) with different letters are significantly different (p<0.05).

Table 7.  Means and standard deviations of nonanal content (mg nonanal /kg meat)* of cooked meat cuts from beef, camel, Najdi and Merino breeds of lamb, and chicken stored at 4 ºC

	Species
	Meat cuts
	Day 0
	Day 2
	Day 4
	Day 7

	Beef
	Leg
	a0.03(0.00ef
	a0.04(0.02e
	a0.05(0.01g
	b0.12(0.02f

	Beef
	Shoulder
	a0.03(0.02ef
	a0.04(0.03e
	a0.04(0.01g
	a0.06(0.02f

	Camel
	Leg
	a0.04(0.03ef
	a0.06(0.17e
	a0.15(0.22fg
	a0.27(0.03f

	Camel
	Shoulder
	a0.06(0.05ef
	a0.07(0.04e
	a0.11(0.03fg
	a0.36(0.10ef

	Najdi
	Leg
	a0.07(0.02e
	ab0.16(0.20e
	ab0.73(0.22e
	b0.85(0.71e

	Najdi
	Shoulder
	a0.02(0.00ef
	a0.03(0.01e
	ab0.09(0.05fg
	b0.31(0.05ef

	Merino
	Leg
	a0.03(0.01ef
	ab0.06(0.03e
	ab0.06(0.02g
	b0.08(0.01f

	Merino
	Shoulder
	a0.04(0.03ef
	a0.05(0.01e
	b0.26(0.06f
	c0.47(0.12ef

	Chicken
	Thigh
	a0.04(0.03ef
	a0.05(0.02e
	a0.10(0.10fg
	a0.18(0.11f

	Chicken
	Breast
	a0.00(0.00f
	a0.07(0.01e
	a0.11(0.10fg
	a0.13(0.10f


* Means in the same row (a-c) or in the same column (e-g) with different letters are significantly different (p<0.05).

Headspace volatiles of raw refrigerated meat

  Concentrations of pentanal, heptanal, octanal, and nonanal were not detected in raw muscles of the all species stored at 4(C.  The effect of refrigeration in raw muscles of various species over storage time as measured by hexanal formation is presented in Table 3.  The average concentration of hexanal of raw muscles were very low and did not significantly increase (P>0.05) during the four days period except for chicken thigh and breast at day 2, and Merino shoulder at 4 day.  At day 7, hexanal formation was significantly higher (P<0.05) in all meat cuts than in the samples at days 0 and 2 except for beef and camel shoulder.

At 0 day, both chicken muscles were found to have the lowest hexanal content than the rest of the muscles.  At day 2, chicken thigh and breast and Najdi shoulder had the lowest hexanal concentration among the all meat cuts.  At day 4, beef and camel leg and shoulder had higher hexanal contents than chicken thigh and breast.  At day 7, Najdi leg and shoulder and beef leg had a higher hexanal formation than Merino and camel leg and shoulder and chicken breast.

Headspace volatiles of cooked refrigerated meat

The effect of cooking process and refrigerator storage in meat cuts of various species as indicated by hexanal formation during storage at 4(C is shown in Table 3. The concentrations of hexanal increased linearly (p<0.05) in cooked muscles of all species throughout the storage time.  For chicken muscles the hexanal content increased (P<0.05) at day 4 for chicken leg and at day 7 for chicken breast.  Furthermore, no significant differences (P>0.05) were found between the hexanal formation of the chicken thigh and breast, except at day 4 of storage time.  The hexanal contents of beef muscles were initially 0.06-0.07 mg/kg and increased remarkably during the 7 days of storage at 4(C.  However, no significant differences (P>0.05) were found in the formation of hexanal between beef leg and shoulder.  The hexanal concentration in cooked camel muscles increased remarkably during storage, but its concentration in camel leg was a higher (P<0.05) than that in camel shoulder, except at day 0 and 7.  The concentrations of hexanal increased significantly (P<0.05) in Najdi meat cuts during the 7 days of storage.  However, no differences (P>0.05) occurred between the formation of hexanal for Najdi leg or shoulder.  The formation of hexanal in Merino meat cuts followed the same pattern as in Najdi meat cuts.

At zero day, camel shoulder, chicken thigh, and Merino leg and shoulder had higher (P<0.05) hexanal contents than beef leg and shoulder.  At day 2, the formation of hexanal in chicken thigh and breast and beef leg and shoulder was lower (P<0.05) than that in Najdi leg and shoulder, Merino shoulder, and camel leg.  At day 4 of storage, chicken breast and beef shoulder had lower (P<0.05) hexanal contents than camel leg and Najdi leg and shoulder.  At day 7, Najdi leg and shoulder and camel and beef leg had higher (P<0.05) hexanal concentrations than chicken breast.

No significant differences in hexanal concentrations between different muscles of the same species were observed, except for camel muscles at 2 and 4 days and chicken muscles at 4 days.  Therefore muscles type had no effect on hexanal formation of cooked meats.

The formation of aldehydes such as pentanal, heptanal, octanal, and nonanal in cooked muscles of all the species during refrigerated storage is presented in Tables 4 – 7.  The aldehyde concentrations increased (P<0.05) in cooked samples during the 7 days storage, except for octanal in beef shoulder and Merino leg (Table 6) and for nonanal in chicken thigh and breast, camel leg and shoulder, and beef shoulder (Table 7).  At day 2, chicken muscles and beef leg had a lower (P<0.05) pentanal formation than camel and Merino leg and Najdi leg and shoulder.  At day 4, the concentration of pentanal was higher (P<0.05) in camel leg than in chicken breast and beef leg and shoulder.  At day 7, camel leg had a higher (P<0.05) pentanal content than Merino leg and shoulder, chicken thigh and breast.  The heptanal formation was the lowest (P<0.05) in beef leg and shoulder than other samples at 2 day.  At day 4, Merino shoulder, camel and Najdi leg had a higher (P<0.05) heptanal content than beef leg and shoulder and chicken breast.  At day 7, Merino shoulder, camel leg had a higher (P<0.05) heptanal formation than chicken thigh and breast and beef leg and shoulder.  At day 2, no differences (P>0.05) occurred in the formation of octanal among the all samples.  At day 4, Najdi leg, Merino shoulder had higher (P<0.05) octanal content than beef leg and shoulder, chicken breast, and camel shoulder.  At day 7, Najdi leg had a higher (P<0.05) octanal concentration than beef leg and shoulder, chicken thigh and breast, and Merino leg.  At day 2, no differences (P>0.05) were found in nonanal concentrations among the all meat cuts.  At day 4, there were significantly differences in nonanal content (P>0.05) among Najdi leg, Merino shoulder, and beef leg and shoulder and Merino shoulder.  At day 7, Najdi leg had a higher (P<0.05) nonanal formation than beef and chicken muscles and Merino and camel leg.

Many studies reported that hexanal was the predominant volatile compound in cooked beef [31, pp.165-191] and in cooked chicken [32].  Ajuyah et al. [33] reported that the volatile aldehydes (C5 to C10) of cooked chicken muscles increased during storage at 4ºC for 15 days and hexanal increased at the most rapid rate.  Frankel & Tappel reported that hexanal and pentanal were oxidation products of linoleic fatty acid [30].

Headspace volatiles of raw frozen meat

No pentanal, heptanal, octanal, or nonanal were detected in frozen meat cuts stored at -18ºC.  The hexanal concentrations for all muscles of various species were very low and did not increase (P>0.05) during storage, except for beef and camel leg at days 30 and 60, and for Najdi leg and shoulder at day 60 (Table 3).  After 15 and 30 days, both chicken muscles had the lowest (P<0.05) hexanal contents among the muscles of various species.  At day 60 both Najdi meat cuts had the highest hexanal formation and both chicken muscles had the lowest among the studied meat cuts.  The effect of storage on hexanal contents of frozen beef, camel, and Merino meat cuts was not statistically different (P>0.05) throughout the storage period.

Relationship between TBA values and headspace volatiles


The relationship among the TBA values and the GC headspace aldehydes were statistically evaluated (Table 8).  Correlation coefficients of determination and probabilities were calculated from the cooked data of 120 muscles-storage time-repetition combinations.  The concentrations of TBA values and aldehyde increased with storage time.  Therefore, they were correlated positively to one another and the correlation coefficients of determination were highly significant (P<0.001).  TBA values showed a strong correlation (r2 = 0.81) with hexanal and good correlation (r2 = 0.70 to 0.48) with pentanal, heptanal, octanal, and nonanal.  Hexanal, like TBA values, showed a strong correlation (r2 = 0.88 to 0.57) with pentanal, heptanal, octanal, and nonanal.  These results are in agreement with that of St. Angelo et al. and St. Angelo et al. [34, 35].

Table 8.  Correlation coefficients of determinations between TBA values and aldehydes contents*
	
	TBA
	Pentanal
	Hexanal
	Heptanal
	Octanal
	Nonanal

	TBA
	1.00
	0.70
	0.81
	0.68
	0.59
	0.48

	Pentanal
	0.70
	1.00
	0.88
	0.61
	0.38
	0.35

	Hexanal
	0.81
	0.88
	1.00
	0.73
	0.64
	0.57

	Heptanal
	0.68
	0.61
	0.73
	1.00
	0.60
	0.46

	Octanal
	0.59
	0.38
	0.64
	0.60
	1.00
	0.89

	Nonanal
	0.48
	0.35
	0.57
	0.46
	0.89
	1.00


* All correlation coefficients of determination are significant at P<0.001, n = 120

Conclusions

When the muscles from five species (beef, camel, Najdi, and Merino leg and shoulder and chicken thigh and breast) were kept in household refrigerator at 4ºC for 7 days as raw, camel and Merino muscles and chicken breast were least susceptible to lipid oxidation.  The raw frozen meat cuts of different species were slightly oxidized throughout the 60 days frozen storage. Cooked camel and beef meat cuts and chicken breast had lower lipid oxidation than cooked Najdi and Merino muscles and chicken thigh.  TBA values and aldehyde content correlated highly, especially with hexanal.  This suggests that aldehyde evaluation of especially hexanal and pentanal could be a useful method to study development of lipid oxidation in cooked muscles.
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أكسدة دهون اللحوم غير المطبوخة والمطبوخة أثناء الحفظ بالتبريد بالمقارنة مع اللحوم غير المطبوخة المخزنة بالتجميد
محمد عبدالله الفواز

قسم علوم الأغذية والتغذية، كلية الزراعة، جامعة الملك سعود

ص.ب. 2460 الرياض 11451، المملكة العربية السعودية
(قدم للنشر في 18/9/1423 هـ ؛ وقبل للنشر في 27/7/1424

ملخص البحث.  تم في هذا البحث دراسة تأثير الحفظ بالتبريد في ثلاجة المنزل (عند 4ْ م ولمدة 7 أيام) على أكسدة الدهون في اللحوم غير المطبوخة والمطبوخة.  كما تمت دراسة تأثير الحفظ بالتجميد على أكسدة الدهون باستخدام المجمد المنزلي (عند –18ْ م ولمدة 60 يوماً) في اللحوم غير المطبوخة.  استخدمت عضلات الكتف والأرجل من البقر والجمل والغنم النجدي والنعمي وصدور وأفخاذ الدجاج.  تم تقدير أكسدة الدهون في اللحوم بواسطة اختبارTBA  وبواسطة كروموتجرافيا الغاز للمركبات الألدهيدات المتطايرة.  أظهرت النتائج أن أكسدة الدهون كانت عند معدل متوسط خلال الحفظ لمدة 7 أيام في الثلاجة في قطعيات كل من لحم الجمل والغنم وفي أفخاذ الدجاج.  كما بينت النتائج أن عملية طبخ اللحوم قبل حفظها بالتبريد يسبب زيادة كبيرة في معدل أكسدة الدهون في جميع قطعيات اللحوم تحت الدراسة وخاصة لحوم النجدي والنعيمي وأفخاذ الدجاج.  أظهرت الدراسة أن الحفظ بالتجميد يعتبر أفضل الطرق للتحكم في معدل أكسدة الدهون في اللحوم الغير مطبوخة من مختلف القطعيات التي تمت دراستها لمدة 60 يوم.  من نتائج البحث يمكن الاستنتاج أنه باستخدام المجمد المنزلي يتم التحكم في مدى تزنخ الدهون في اللحوم غير المطبوخة من أجناس متنوعة وقطعيات مختلفة حتى لو تم تخزينها لفترات طويلة.
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