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SUMMARY
effects of vitamin C mix, spread and dip treatments on pigment and lipid stability in beef longissimus lumborum were studied

°r 16 days of illuminated display at 4°C. 1) Vitamin C mix treatment showed low pigment and lipid oxidation in raw ground beef 
to the control, and it retarded metmyoglobin formation and lipid oxidation for 5 days compared with the control. 2) Spreading a 

>ltamin C solution in the ratio of 0.1 ml solution to 20 g meat resulted in less metmyoglobin than for the control after 4 days of display. 
1(1 C spread treatment delayed metmyoglobin formation for 3 days compared to the control. 3) Dip treatment with a 1 % vitamin C

"'as effective in maintaining stability of beef pigment and lipid.
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INTRODUCTION
Metmyoglobin formation and lipid oxidation in beef are the most important problems in maintaining a stable display of retail meat, 
desirable brown metmyoglobin results from oxidation of the red oxymyoglobin and purple deoxymyoglobin, and metmyoglobin acts 

Viator of lipid oxidation (Kanner and Harel, 1985; Rhee et al., 1987). Ground meat tends to become brown and rancid more rapidly 
°̂le muscle retail cuts of meat. Grinding not only exposes more surface to air and microbial contamination, but also accelerates the 

^hacellular reductants, such as reduced nicotinamide-adenine dinucleotide which minimizes metmyoglobin formation (Ledward and 
âne, 1 9 7 ^
Thnere are some reports in which the color of ground meat or a meat cut was stabilized by application of vitamin C which is aCal Antioxidant. Addition of vitamin C increased pigment and lipid stability in ground pork (Watts and Lehmann, 1952a) and ground
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;er than the control after day 9.
lhe other hand, vitamin C acts as a prooxidant in the model solutions at high concentrations (over 0.5%; Watts and Lehmann, 
low concentrations (under 0.0176%; Kanner et al., 1977) with trace metal ions. Therefore, appropriate concentrations of vitamin¡t (jp ,determined that will be effective in retarding pigment and lipid oxidation of beef.

Thj. le purpose of our work was to investigate the effects of mix, spread and dip treatments of vitamin C solution on pigment and lipid 
V M beef.

Vell et al., 1960; Greene et al., 1971; Shivas et al., 1984). Costilow et al. (1955) reported that spraying beef with a 1% vitamin 
"sing an atomizer delayed the discoloration of the surface of beef for about one day. Harbers et al. (1981) reported that dip 

°f beef psoas major steaks in a 5% vitamin C solution retarded pigment oxidation and protected muscle color more than untreated 
°r muscles treated in 0, 0.5 or 1.0% vitamin C solutions. Okayama et al. (1987) reported that dip treatment of beef short loin steaks 
v'tamin C solution showed a higher surface metmyoglobin percentage than the control at day 3 after treatment, but vitamin treatment 
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MATERIALS AND METHODS

nidssimus lumborum (LL) from six crossbred beef steers, eleven Holstein steers and nine (4 crossbred beef plus 5 Holstein) steers
 ̂ ln experiments 1 (Mitsumoto et al., 1991a), 2 (Mitsumoto et al., 1991b) and 3 (Mitsumoto et al., 1991c), respectively. Animals were

diet of 90% high-moisture com plus supplement, and 10% com silage. The steers were slaughtered at Packerland Pkg. Co., Green
« ’ a°d the left strip loin from each steer was removed at 24 hr post-mortem. These sub-primal cuts were then vacuum-packaged and *

10 the University of Wisconsin-Madison meat lab and stored for an additional 6  days at 4°C. The a-tocopherol contents in LL
"'ere measured by the method of Cort et al. (1983).

Chi, mix (Exp. 1)
tetracycline (CTC, Sigma Chemical Co.) was dissolved in distilled water (3 mg/ml). Vitamin C solution was freshly prepared
ng L-ascorbic acid sodium salt (Sigma Chemical Co.) in CTC solution (50 mg/ml). Vitamin C was added at a concentration of

® l*Ssue into ground meat. CTC was blended into ground meat at 30 mg/kg tissue for prevention of microbial growth in all treatments
■e clear the effect of vitamin C addition 
°xygen utilization in raw ground beef.
CAudal 15 cm of each LL muscle was 
and connective tissue were removed. Two 200 g aliquots of the ground meat were allotted to the following treatments: 2 ml CTC

l"1hai!V e dear the effect of vitamin C addition. Hutchins et al. (1967) determined that CTC did not affect either metmyoglobin reducing' Or
The caudal 15 cm of each LL muscle was ground three times through a 0.45 cm plate of a laboratory meat grinder at 4°C after all fat
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solution (control) and 2 ml vitamin C solution (vitamin C mix treatment). Immediately after these solutions were added, each grouD1 

sample was thoroughly hand-mixed. Samples of 20 g of the treated meat were then shaped into miniature beef patties using the bott01" , j 
of a tissue culture dish (15 x 60 mm). Molding of the samples in this way allowed for a consistent surface area : volume ratio he 
samples. These patties were placed into 100 ml disposable weigh boats, over-wrapped with PVC film (MW 4, 0 2 transmission is 10^ 
ml/645 cm2/24 hr at 23°C, Filmco Ind. Inc., Aurora, OH) and displayed under cool white fluorescent lights (2475 lux) at 4°C for 7 ® 
Vitamin C spread (Exp. 2)

LL muscles were sliced into 1 cm thick steaks, and 50 mm diameter pieces were cut from these sliced steaks using a template  ̂
Samples were randomly allotted to control or vitamin C spread treatment. After the weight of each sample was determined, the vol1),I, 
control or vitamin C solution were spread according to the ratio of 0.1 ml solution to 20 g meat. The control solution was sterile distill 
and vitamin C solution was 10% L-ascorbic acid sodium salt (Sigma Chemical Co.) in sterile distilled water. Immediately after the 
was dropped on the surface of the sample, it was spread with a sterile glass rod bent at a 70° angle. The sample was then placed h1*0 

ml disposable weigh boat, over-wrapped with PVC film and displayed under cool white fluorescent lights at 4°C for 16 days.
Vitamin C dip (Exp. 3)

LL muscles were sliced into 1 cm thick steaks, and 50 mm diameter pieces were cut from these sliced steaks with a template 
Samples were randomly allotted to undipped control or dip treatments with vitamin C solution. The latter samples were dipped for 
a solution of 1% L-ascorbic acid sodium salt (Sigma Chemical Co.), prepared with sterile distilled water, and drained for 10 sec. All 
were individually placed on styrofoam, over-wrapped with PVC film and displayed under cool white fluorescent lights at 4°C for 
Pigment analyses

Surface metmyoglobin, oxymyoglobin and deoxymyoglobin percentages were determined at day 1, 3, 5 and 7 (Exp. 1) and ^
7, 10, 13 and 16 (Exp. 2 and 3) by reflectance spectrophotometry (Krzywicki, 1979) using a Shimadzu UV-265 FW spectroph0*0 

Extract metmyoglobin percentage of the patty (Exp. 1) was determined at day 1, 3, 5 and 7 by the method of Krzywicki (1982). A 
DU-65 spectrophotometer was used for spectrophotometric analysis of extracts.
Lipid oxidation analysis
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2-Thiobarbituric acid (TBA) values were measured by the method of Witte et al. (1970) in Exp. 1 and 3. Trichloroacetic a1cid s0
(20% w/v) was used for the extraction blending. A Beckman DU-65 spectrophotometer was used for spectrophotometric analyslS' 
of absorbance at 530 nm were multiplied by 5.2 and expressed as mg malonaldehyde equivalent per kg meat.
Statistical analyses

Data were analyzed by the General Linear Models procedure of SAS (1985). Pairwise comparisons of means were 
Scheffe's test (Snedecor and Cochran, 1980).
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RESULTS AND DISCUSSION
Exp. 1

Vitamin C mix treatment showed much better pigment and lipid stability compared to the control. The control showed large d
of surface (from 24.2% to 57.6%; Fig. 1) and extract (from 38.3% to 73.4%; Fig. 2) metmyoglobin percentages and TBA values (fr°‘
to 4.34; Fig. 3) during 7 days of display. Vitamin C mix treatment showed small increases of surface (from 23.3% to 26.7%; ^  j  
extract (from 9.9% to 24.3%; Fig. 2) metmyoglobin percentages and TBA values (from 0.23 to 1.52; Fig. 3) during the saffle '
display. Vitamin C mix treatment retarded metmyoglobin formation and lipid oxidation at least for 5 days compared with the con1 u
workers also observed that the addition of vitamin C maintained a good color in ground pork (Watts and Lehmann, 1952a) and 
(Caldwell et al., 1960; Greene et al., 1971; Shivas et al., 1984), and that the addition of vitamin C retarded rancidity in ground 
et al., 1971; Shivas et al., 1984).

AShivas et al. (1984) reported that vitamin C added in ground beef to achieve final concentrations of 500 ppm and 1000 ppIfl  ̂ f
A .display life as determined by visual color scores, spectrophotometric color analyses and TBA values when compared to controls a° J

ppm level after 5 days of display. Benedict et al. (1975) reported that 50 ppm vitamin C addition to ground beef showed greater 4 ® . i■ wthan for the control treatment. Vitamin C at concentrations over 5000 ppm in a hemoglobin solution can act as a prooxidant r j

Lehmann, 1952b) and vitamin C under 176 ppm in an aqueous carotene-linoleate solution will also act as a prooxidant with  ̂ ^* i K(Kanner et al., 1977). Therefore, when vitamin C is used at low concentrations (under 176 ppm), the addition of metal chelators "'a1 Ul V
to suppress the prooxidant reactions (Mahoney and Graf, 1986; Cheng and Cocoma, 1989). Since meats contain about 0.7 ppm V11 |a| f  
ppm Fe3+ (Anderson et al., 1985), a range of 200 -  1000 ppm vitamin C should be sufficient to act as an antioxidant without use 
In our study 500 ppm vitamin C concentration in ground beef was adequate to retard discoloration and rancidity.

The 30 ppm CTC suppressed microbial growth (Messer et al., 1984) in samples (from 280 to 2190 colony-forming uni'
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' The data indicated that spreading of vitamin C solution on beef steak was a very useful treatment to retard metmyoglobin formation. 
°Xymyoglobin percentage in control became smaller than that of vitamin C-treated meat after day 10. The difference between 

■r°Slobin percentages of the vitamin C and control treatments was equal to the difference between oxymyoglobin percentages plus the 
nce between deoxymyoglobin percentages.
<-ostilow et al. (1955) reported that spraying with 1% vitamin C solution delayed the discoloration of the surface of beef for about 

In our study, the spreading of 10% vitamin C solution with the ratio of 0.1 ml solution to 20 g beef retarded the metmyoglobin
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"'CTC samples (from 1980 to 253330 units) during 7 days of display.
I

Meat spread with vitamin C solution showed lower metmyoglobin percentages than control, and higher oxymyoglobin percentages 
^trol after day 4 (Fig. 4). Vitamin C spread treatment delayed metmyoglobin increase of the meat at least for 3 days compared to the

l0t> for three days. Therefore, a 10% vitamin C solution may be more effective than a 1% solution for this purpose.

treatment in vitamin C solution was effective in retarding oxidation of beef color and lipid in comparison with undipped control.
C dip treatment showed lower metmyoglobin percentages (Fig. 5) from day 7 and TBA values (Fig. 6 ) from day 1 than the undipped

barbers et al. (1981) reported that dip treatment of beef psoas major steaks in a 5% vitamin C solution showed an initial discoloration 
first 30 min then slowly increased in brightness in the presence of radiant energy. Okayama et al. (1987) reported that dip treatment 

sI>ort loin steaks in a 3% vitamin C solution showed a higher surface metmyoglobin percentage than controls at day 3 after treatment. 
study, a 1 % vitamin C dip treatment showed greater pigment and lipid stability than undipped control during 16 days of display. 
Vitamin C functions as an antioxidant with some substrates by scavenging oxygen and inhibiting radical formation at double bonds 
1982). Tappel et al. (1961) indicated that vitamin C could act synergistically with vitamin E to inhibit lipid oxidation. The natural 

content of fresh meat is usually considered to be negligible (0 ppm in meat; Anderson et al., 1985). On the other hand, there were 
2.8 and 3.4 mg a-tocopherol/kg tissue in the LL muscles from steers in experiment 1, 2 and 3, respectively. We considered that 
tnix treatment had the antioxidant activity of 4,3 ppm vitamin E in muscle plus 500 ppm of added vitamin C. Also, vitamin C

4.3, 
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i("l i,ln the spread and dip treatments probably penetrated into the meat to some extent where it acted as an antioxidant with vitamin E

> i Vitamin C spread
Metmyoglobin »— ■ Metmyoglobinoxymyoglobin • —  • Oxymyoglobindeoxymyoglobin A— * Deoxymyoglobin

7 tODays displayedt,¡¿Nps __
Th,VVeen days displayed and percentages of the three ' ’■ f> ?pread t B s,9nl,,cance of each difference between control „’r®a,rnent Is shown within a day. ns, not significant; • P«0.01; ***, p<0.001.

1 3  5 7
Days displayed

Fig. 2. Relationship between days displayed and extract metmyoglobin percentages. Standard error bars are Indicated.

70

10 --*--*--* *--1-'1--*---‘--‘-1—*—'—11—*—'—‘1 4 7 10 13 16Days displayed
Fig. 5. Relationship Of vitamin C dip treatment x days displayed on surface metmyoglobin percentages. The significance of difference between control and vitamin C dip treatment Is shown within a day. ns, not significant; *, P<0.05.

Days displayed
Fig. 6. Relationship of vitamin C dip treatment x days displayed on TBA values. The significance of difference between control and vitamin C dip treatment Is shown within a day. *, P*o.05.
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in the meat surface layer and improved stability of pigments and lipid.

CONCLUSION
Vitamin C mix treatment (500 ppm) improved pigment and lipid stability in raw ground beef compared to the control. ^ ta) 

spread and dip treatments retarded pigment and lipid oxidation in beef cuts in comparison with controls.
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