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Transaminase Affects Accumulation of Free
Amino Acids in Electrically Stimulated Beef
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ABSTRACT
Electrical stimulation (ES) of a beef carcass increases the
content of free amino acids, which affects meat flavor. Lev-
els of glutamic acid (Glu)-aminopeptidase activity were simi-
lar in both control and ES meat but decreased during storage
to about 65% at 14 days. When 2-ketoglutaric acid (a sub-
strate of transaminase) was added to the sarcoplasm, the
level of Glu increased. Transaminase activity was unaffected
by storage and was about 20% greater in ES than in the con-
trol. Transaminase activity in beef was confirmed when ra-
dioactive 2-ketoglutaric acid was added to the sarcoplasm.
Results suggest that transaminase contributes to accumu-
lation of some amino acids such as Glu in beef during condi-
tioning.
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coplasm (0.1 mL) was incubated with 0.4 mL of 1.2 mM glutamyl-3-
naphthylamide in a 0.1M phosphate buffer (pH 7.2) containing 1 mM
threo-1,4-dimercapto-2,3-butanediol at 37°C for 10 min. The released
3-naphthylamine was measured at 540 nm by ygsdigethylamino-
cinnamaldehyde.

Transaminase (glutamic-pyruvic transaminase [GPT], E.C. 2.61.2)
activity was measured with a GPT clinical test kit (Wako Co., Tokyo).
The sarcoplasm (0.2 mL) was incubated with a 0.08M phosphate
buffer (pH 7.4) containing 80 mM Ala, 18 mM 2-ketoglutaric acid,
0.12 mM 3-NADH, and 1400 u/mL LDH. The activity was measured
as the decrease in absorbancy at 340 nm for 2 or 10 min. Results were
recorded as change in absorption/min/g meat.

Samples of sarcoplasm were treated at day 1 with 10 umol radioac-
tive 2-ketoglutaric acido(-[14CU]-; DuPont, France) and incubated
for 48h at 4°C. Radioactive amino acids or other substrates were
identified by thin-layer chromatography (TLC) with coated silica gels

(Wako, Tokyo) and 2 solvents: (1): chloroform/methanol/ammonia
(17%) in the ratio 40:40:20 and (2): phenol/water in the ratio 75:25.
The radioactivity was recorded on an imaging plate with a Bio-Imag-
INTRODUCTION ing Analyzer (Fuji Co., Tokyo), and the amino acids were detected by
ELECTRICAL STIMULATION (ES)OF A BEEF CARCASSINCREASES  ninhydrin reaction.
the rates at which pH drops and glycogen levels decline. Because E®ach analysis was done at least in duplicate. The significance of
and hot boning may markedly affect processing, economics, and tifferences among treatment groups was determined by analysis of
derness of meat, both treatments have been the subject of seygfighnce with Duncan’s multiple-range test or Studerest (SAS

studies (Cross and Seideman 1985). ES has the advantages of staiitute, Cary, NC). Significance of differences was defined at P<0.05.
lizing color and increasing tenderness of meat (Devine et al., 1984;

Chrystall and Devine, 1985; Uytterhaegen et al., 1992; Ho et al., RESULTS & DISCUSSION

1996). It also increases the content of free amino acids during storaggr PREVIOUSSTUDIES(MIKAMI ETAL., 1994; EKIKAWA ETAL.,
which affects meat flavor (Mikami et al., 1994; Morris et al., 1997)996) and those of others have shown that almost all free amino acids
Nishimura et al. (1994) considered the primary reason for this acf{ibeef increase during storage (Field et al., 1971; Feidt et al., 1996).
mulation to be the action of protease, peptidase, or both. Howewg{e mean values for each storage day indicated that Ala was present at
Sekikawa et al. (1996) found that the increase in each amino acid #gshighest concentrations, and that hydroxyproline and cysteine were
not uniform: alanine (Ala) increased only slightly compared wit§resent at the lowest. In this study, the mean values for Ala were also
glutamic acid (Glu). The objectives of our study were to compare i highest overall of the free amino acids analyzed, regardless of
effects of ES on content of amino acids and to investigate anoti{gktment (Table 1). Nishimura et al. (1988) stated that Ala was one of
mechanism: contribution of transaminase to amino acid accumulatga major free amino acids in beef, pork, and chicken muscle tissue.
in beef during storage. This accumulation of free amino acids in meat may contribute to an
improvement in flavor development during roasting (Morris et al.,
MATERIALS & METHODS 1997). However, glutamine (GIn), which was not determined in our
FOURHOLSTEINSTEERS(21-23VI0 OLD) WERECONVENTIONALLY  study or that of Nishimura et al.(1988), is the most abundant free
slaughtered and assigned to 1 of 2 groups: control (not stimulated@fino acid in human plasma and muscle (Perriello et al., 1995). GIn
electrically stimulated for 60s at 40V, 13.8 Hz, within 10 min afan be synthesized by skeletal muscle, where high concentrations are
slaughter. Samples (30g) of ground quadriceps femoris muscle wgigd.
taken 24h after slaughter and stored at 4°C in a refrigerator. Sampleg, our previous study (Mikami et al., 1994; Sekikawa et al., 1996),
were then homogenized with 90g of 0.1M phosphate buffer (pH 7|@)cine and phenylalanine in the control increased more than Ala, and
at1,27, and 14 days. The homogenate was centrifuged (110@0 x Ala in ES decreased slightly. We confirmed this decrease in the current

min at 1°C, and the supernatant was filtered (Qr}to produce the study, but do not understand the cause. The increase in amino acid
sarcoplasm. Free amino acids in the sarcoplasm were analyzed in a 2%

trichloroacetic acid—soluble fraction with an amino acid analyzer (Hi-

tachi 835, .TOky.O)' . . . Table 1—Effect of ES on Ala and Glu content during storage
Glutamic acid—aminopeptidase was measured by using glutamie

acid—beta-naphthylamide as a substrate (Nakai et al., 1995). The sar- Control ES

Days 1 14 1 14
The authors are affiliated with the Dept. of Bioresource Science, Obihiro Univ. GlU 17-6: 66.8: 60-5bb 85-0:
of Agriculture & Veterinary Medicine, Inada, Obihiro 080, Japan. Address_Al2 252.9 340.4 3011 272.4

inquiries to Dr. Mitsuo Sekikawa. a-bMeans with same letter not significantly different (p>0.05) within the same rows. (umol/

100g meat, n=2).
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levels during storage has been thought to be due to the actiofable 2—Glu and Ala content of sarcoplasm with (1) H,0, (2) 2-keto-
proteolytic enzymes located in cytoplasm or released partly from ly@ytaric acid, or (3) maleic acid

somes, including aminopeptidase and cathepsins (Etherington et al., 0 hr Incubated for 48h with
1990; Koohmaraie, 1992; Nishimura et al., 1994; Dransfield, 1994, 0 @ ®
Sekikawa et al., 1998). The increase in ES meat was probably related .

- Gl 22.9° 32.6° 113.6 33.7
to the action of lysosomal enzymes (Dutson et al., 1980) following, 207.1° 209.52 120.0° 210.6°

dleUptIOﬂ ofthe m.USde structure (Sa\(ell et al" 1978; Will et al" 19t§g"rhe sarcoplasm from 1 day after slaughter incubated with (1) Hp), 50 uM of (2) 2-
Chrystall and Devine, 1985; Takahasi et al., 1987). It appears thatnglutaric acid or (3) maleic acid for 48h at 4°C. Means with same letter not significantly
lysosomal enzymes released by ES acted more rapidly on the mekfe (°>0-09) with the same fows. (umol100g meat, n=2).

Daily means of Glu-aminopeptidase activity were similar in both
treatments but decreased during storage to about 65% at 14 days (Fig.
1). Nakai et al. (1995) stated that aminopeptidase activity in b@gbdreover, when radioactive 2-ketoglutaric acid was added to the saf-
decreased with storage. The levels of most amino acids identifieg#plasm, the hot spot corresponding to Glu was detected on the TLL.C
our studies increased almost linearly throughout storage, but theplate (Fig. 2). However, because there were a few hot spots of other
crease in individual amino acid levels was not uniform. Ala changaghino acids on the TLC, more reliable, detailed analyses are needed.
only slightly compared with Glu in ES meat. Therefore, aminopepti- As well as providing movement and locomotion, skeletal muscle
dase alone was not the explanation for the increases. also generates heat, helps to maintain body temperature, and generates

A possible reason for the increasing Glu vs decreasing Ala migintino acids to maintain a homeostatic level. Muscle lacks glucose-6-
be transaminase, which transfers the alpha-amino group of Ala tpResphatase and is therefore unable to produce glucose. During fast-
ketoglutaric acid to yield Glu. GPT and glutamic-oxaloacetic transaing it serves as an energy reservoir, and its proteins are degraded to
inase are found in the liver, the heart, and skeletal muscles (Garbaigiho acids, many of which are converted to pyruvate, which is then
al., 1976, Townsend and Davis, 1992). The transaminase activitytvegisaminated to alanine. The alanine is transported in the bloodstream
measured was unaffected by storage and was about 20% greater i ESe liver, where it is transaminated back to pyruvate, a glucose
than in the control (Fig. 1). Hamm et al. (1969) reported that theecursor (Voet and Voet, 1995).
activity of transaminase in post mortem beef and pig muscles de-
creased only slightly during storage at 4° for a week. CONCLUSION

Transaminase activity in beef was confirmed when 2-ketoglutatiz/rR DATA INDICATE THAT TRANSAMINASE CONTRIBUTES TO
acid (a substrate of transaminase) was added to the sarcoplasmtfAdiaccumulation of amino acids such as Glu during beef condition-
level of Glu increased (Table 2) but remained unaffected upon add. We presumed that ES had an effect not only on proteases but also
tion of maleic acid (an inhibitor of transaminase; Garber et al., 193 other enzymes such as transaminase. The mechanism by which
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Fig. 2—RI-TLC chromatogram of sarcoplasma incubated with 2-keto-
glutaric acid («-['*CU]-).
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Fig. 1—Mean values of glutamic acid-aminopeptidase (A) and GPT (B)
activities in ES and control samples. Mean differences between ES
and control were not significant (A) and significant (B) using Student’s
t-test (p<0.05).
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Transaminase Affects Amino Acids Accumulation...

amino acids accumulate in meat is important to meat scientists astmulation on the peptide and free amino acid contents of beef homogenate and

i H i i i ey i i arcoplasma during storage. Anim. Sci. & Technol. 65: 1034-1043.
biochemists, especially those investigating ischemia of muscle cql|3cE 2T S R > Miler RK. Acuff. G R.. and Savell J.W. 1997 Improving the
To elucidate the role of various enzymatic systems such as transarmavor of calcium chloride and lactic acid injected mature beef top round steaks.
i Hiani § Meat Sci. 45: 531-537.
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