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A 2x2 factorial experimental design with 2 replications was

used to study the effects of a combination of electrical stimulation

and delayed chilling of pre-rigor muscle on meat characteristics.

Twenty Standard and Good grade beef cattle were slaughtered and 5

carcasses were assigned to each of the 4 treatments. Meat charac-

teristics were evaluated subjectively (sensory panel evaluation) and

objectively (W-B shear device). Other relative parameters were also

measured. Electrically stimulated carcasses cooled faster in the

first hr postmortem; thereafter the order of further cooling was re-

versed. The 24 hr postmortem weight loss in the electrically stimu-

lated with delayed chilling did not differ (P > . 05) from those receiv-

ing electrical stimulation plus immediate chilling nor those not

stimulated but chilled immediately. For delayed chill carcasses,

24 hr postmortem weight loss was lower (P < . 05) in electrically

stimulated than in non-stimulated groups. Electrical stimulation



reduced (P < . 05) cooking losses. A further reduction (P < . 05) in

cooking losses was achieved by the electrical stimulation-delayed

chilling treatment. The difference in sarcomere lengths among the 4

treatments was not significant (P > . 05). At the microstructural

level, an open triad and T- system were observed immediately follow-

ing electrical stimulation. As early as 24 hr postmortem, consider-

able Z-line degradation was observed in the electrically stimulated and

delayed chilled samples.

2. PROTEIN QUALITY OF PRESSURIZED MEAT

The effect of hydrostatic pressurization of pre-rigor beef

round muscle (semitendinosus) on protein quality was biologically and

chemically determined. For biological evaluation rats (Long-Evans

strain) were used. Chemical evaluation was carried out by amino

acid analysis. The biological and chemical protein efficiency ratios

(PER) of pressurized meat were 2.47 and 2. 7 respectively, com-

pared to 2.60 and 2.84 for the control meat. Pressurization did not

affect the apparent biological value (BV) or net protein utilization

(NPU) of meat but significantly (P <. 05) improved protein digestibility.

Total essential and non-essential amino acid contents of pressurized

samples were not different from that of the control. At the range

tested, the protein quality of meat was not adversely affected by

pressure treatment.
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MEAT TENDERNESS STUDIES: 1. ELECTRICAL STIMULATION-
DELAYED CHILLING OF BEEF CARCASSES

INTRODUC TION

Development of cold shortening upon immediate chilling (0 -2 °C)

of pre-rigor muscle has been shown to increase beef muscle tough-

ness (Locker and Hagyard, 1963). Since the recognition of this fact,

several tenderization techniques have been suggested to avoid cold

shortening and/or improve meat tenderness.

Excised pre-rigor muscles aged at 16°C for 2 days were more

tender than those aged in the conventional manner (Busch et al., 1967).

Also meat from beef carcasses held at 16°C for 12-20 hrs immedi-

ately after slaughter was significantly more tender than meat from

carcasses held at 2°C (Smith et 21., 1971). These studies demon-

strate that delayed chilling improves meat tenderness. Prevention of

cold shortening was cited as the primary reason for the observed in-

crease in meat tenderness at elevated temperature.

Some of the factors conducive to cold shortening were greatly

reduced by electrical stimulation treatments. Low pH and ATP levels

following electrical stimulation of beef (Bendall et al., 1976; Davey

et 21., 1976 and Will et al. , 1979) and lamb (Chrystall and Hagyard,

1976) have been reported. Low voltage, 2.5-45 V, (Bouton et al.,

1980 and Taylor and Marshall, 1980) or high voltage in the order of
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250-3600 V (Chrystall and. Hagyard, 1976; Davey et al., 1976 and

Bendall et ,al. 1976) have been effective in improving meat tender-

ness.

Many investigators have utilized one single technique to improve

meat tenderness and/or to prevent cold shortening. A combination of

the hip-free suspension method and elevated temperature resulted in

a more tender beef muscle than either of the treatments alone or the

aging of beef in the traditional way (Hostetler et al., 1976).

The objective of the current study was to compare the com-

bined effect of electrical stimulation and delayed chilling (at 16°C

for 12 hrs) on some biochemical, organoleptic and histological traits

of bovine muscles.
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EXPERIMENTAL

Twenty U.S. Standard and Good grade beef cattle, with live

weight ranging from 459-510 kg, were slaughtered at Oregon State

University Meat Science Laboratory. Immediately after slaughter,

the carcasses were skinned, eviscerated and split. One side of each

carcass was electrically stimulated with 600 V, 7 amp and 60 hz for

1 min. A total of 20 sides were stimulated while the corresponding

20 sides were unstimulated, with 10 sides assigned to each of the

treatments described in Table 1.

Sample pH was measured with a probe-type combined electrode

inserted in the Longissimus dorsi (LD). The temperature was mea-

sured with an electronic digital thermometer inserted to about 40 mm

in the center of the LD. Both parameters were recorded initially

following carcass splitting and electrical stimulation and at 1, 2, 3,

4, 6, 12 and 24 hr postmortem.

Electron Microscopy

Immediately following experimental treatments and at 24 hr

postmortem, samples were taken from the LD muscle and placed in

sodium cacodylate buffered glutaraldehyde fixative. At this stage

small fiber bundles were teased from larger muscle pieces to speed
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Table ]

Treatment Description

Item Description

UNS+2°Ca Immediate chilling at 2°C, without electrical

stimulation, for 7 days.

ES+2°Cb Electrical stimulation and immediate chilling

at 2°C for 7 days.

UNS +]6 °C Delayed chilling at ]60C for ]2 hr without

electrical stimulation, then aging at 2°C for

the balance of 7 days.

ES +]6 °C Electrical stimulation and delayed chilling

at 16°C for 12 hr. Then aging at 2°C for

the balance of 7 days.

aUNS = Unstimulated

bES = Electrically stimulated
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Table 2

Mean values for certain carcass traits

Traita UNS+2°C ES+2°C UNS+]6°C ES +]6 °C

11 carcass weight, kg 143.8 143.3 148.5 148.0

Quality gradeb 11.0 11.0 10.0 10.0

USDA yield grade 2.3 2.3 2.5 2.5

Fat thickness, 12th rib, in. .29 .26 .27 .31

Longissimus dorsi muscle, area, in. 2 11.6 11.4 10.9 11.0

Maturity A- A- A- A-

aEach trait is a mean of 10 sides

bQuality grade, Avg. prime = 16, Avg. choice = 14, Avg. good = 11,

Avg. standard = 8
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penetration of the solution and to assure sectioning. After fixation,

samples were washed in fresh buffer, osmified, dehydrated with

acetone, stained with a saturated solution of uranyl acetate, infil-

trated and embedded with Spurr's epoxy resin. Sliver sections of

longitudinally oriented fiber were cut using a diamond knife and

Porter-Blum MT-I Ultramicrotome, stained with lead citrate and

examined in a Phillips EM-300 electron microscope.

Sarcomere Length Measurement

Sarcomere length measurements were made 72 hr postmortem

on uncooked LD samples. Approximately 4 g were blended with 35 ml

of 0.25 M sucrose solution for 30 sec at low speed in a Waring blender

(Customer solid state 750). A phase contrast microscope equipped

with filar micrometer was used to measure the length of 10 sarco-

meres in each of 15 randomly selected myofibrils. Each mean of

these measurements was taken to be the sarcomere length of the

sample and expressed in micrometers (p.m).

Cooking and Taste Panel Tests

At 7 days postmortem, 3 steaks (each 3.5 cm in thickness) were

removed from the rib-eye section (11-13th rib) of each side, wrapped

in plastic-coated freezer paper and frozen at -18°C. Three frozen
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steaks per side were weighed, placed on broil pans (approx 15 cm

from the flame) and broiled using 2 identical home-style gas ranges.

All the steaks were cooked to an internal temperature of 70°C moni-

tored with thermocouples (inserted into the center of each steak)

attached to a recording potentiometer. The cooked steaks were

weighed, 2 steaks randomly assigned for sensory panel evaluation

and one steak was utilized for shear testing. A method similar to

that described by Kennick et al. (1980) was used for Warner-Bratzler

shear force measurement. For sensory panel evaluation the steaks

were wrapped in aluminum foil, placed under an amber holding light

until cut and served within 10 min after cooking. Each steak was cut

into 5 serving portions with a given judge always receiving the same

section from each sample. The same 10 judges served on all panels.

Cooking losses were taken as the difference between the weight

of steaks before and after cooking and expressed in percentage.

Statistical Analysis

A 2x2 factorial experimental design with 2 replications was

utilized. Analysis of variance (Steele and Torrie, 1960) was used to

determine the effect of treatments. Where significant F-values were

obtained, the least significant difference (LSD) was calculated and used

to determine significant differences among means.
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RESULTS AND DISCUSSION

The results of pH and temperature measurements from immedi-

ately after slaughtering up to 24 hr postmortem are presented graphi-

cally in Figures 1, 2 and 3. The pH and temperature at which mus-

cles enter into the state of rigor mortis has pronounced effects on

meat tenderness and other organoleptic properties (Parrish et al.,

1969 and Goll et aL , 1964). At 12 hr postmortem, the highest rate

of pH fall (. 09 unit/hr) was observed for the unstimulated group held

at elevated temperature. The pH fall rates of the two stimulated

groups held at chilling or elevated temperature were the same (0. 07

unit/hr). The 24 hr pH of all treatment groups was not significantly

(P > . 05) different. The average pH of the stimulated carcasses with

delayed chilling or immediate chilling had dropped to 6. 0 in 2 and

3 hr postmortem (Fig. 2) respectively. It is worth noting that the

temperature at these times were 34.6 and 26.5°C respectively.

The non-stimulated carcasses chilled at 2°C had a temperature

below 10°C when the pH was still above 6. 0. Such a pH-temperature

combination is very conducive to cold shortening and its effect could

be reflected on tenderness ratings.

In the 1st hr postmortem, electrically stimulated carcasses

immediately chilled at 2°C, cooled faster than the control carcasses

under the same chilling conditions however, after that, the rate of
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cooling is faster in the latter (Fig. 3). No explanation can be given

at this stage, however, Savell et al. (1979) observed an early muscu-

lature firmness in the favor of electrically treated carcasses. At 3 hr

postmortem, the electrically stimulated group with delayed chilling

for 12 hr had a pH of 5. 9 and a temperature of 31.5°C (Fig. 2).

These conditions are very conducive to pale, soft, exudative (PSE)

meat, however the % chill shrink (Table 3) of that group was not

different (P > . 05) when compared with the unstimulated or stimu-

lated groups chilled at 2°C.

The sarcomere lengths (Table 3) of all treatment groups were

similar (P > . 05). This indicates that mechanisms other than or in

addition to prevention of cold shortening are responsible for the ob-

served improvement in meat tenderness with electrical stimulation.

A combination of low pH and high temperature after electrical stimu-

lation could have caused an early release and increased activity of

lysosomal enzymes (Moeller et al., 1977).

Cooking loss results are summarized in Table 3. Both elec-

trically stimulated groups (at 2 and 16°C) had significantly (P < . 05,

P < . 01) lower cooking losses than the non-stimulated group chilled

at 2°C; however they had similar (P > . 05) cooking losses as the non-

stimulated delay chilled (16°C for 12 hr) group. No differences in

cooking losses were observed within the electrically stimulated groups



Table 3

Chill shrink, cooking loss, sarcomere length and. W-B values of beef loin steaks subjected to
different treatment

Treatment LSDd

Item UNS+2 °C ES+2 °C UNS+16 °C ES+16 °C . 05 0. 01

Chill shrinks 1.70 1.57 2.50 1.82 .44 NS

Sarcomere length,
2b

1.74 1.76 1.73 1.75 NS NS

W-B, kg /cm 8.30 5.60 8.00 6.00 .61 .85

Cooking loss, °C 30.36 27.16 28.04 26.42 2.61 3.51

aDifference in hot carcass wt and 24 hr wt expressed as % of the hot carcass wt

bMean of 10 carcasses per treatment with 6 observations per carcass

cMean of 10 carcasses per treatment with 3 observations per carcass

dLSD = Least significant difference
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(ES+2 and ES+16°C). Our results here seem contradictory to

Savell et al. (1978) findings that electrically stimulated meat has

significantly higher cooking losses than the unstimulated meat.

Unfortunately, comparisons are not valid as different stimulation

techniques and conditions were used in the two studies.

W-B shear values (Table 3) for electrically stimulated groups

were lower (P < . 05) at both holding temperatures when compared to

the non-stimulated groups. The electrically stimulated with delayed

chilling group had W-B shear values similar (P > . 05) to those from

the electrically stimulated and immediate chilling group. The inter-

action between temperature and electrical stimulation was not signifi-

cant (P > . 05). This suggests that both systems might work on the

same principle to bring about their observed effects on tenderness in

this study or early studies by other investigators (Parrish et al.,

1969; Busch et al., 1967; Davey et al., 1976; Chrystall and Hagyard,

1976 and Bendall et al., 1976). Shear force values (Table 3) for the

non-stimulated group held at 16°C for 12 hr then aged at 2°C for the

balance of 7 days were only slightly lower (P > . 05) than values re-

ported for the non-stimulated group held immediately and throughout

the aging period at 2°C. This is in agreement with previous findings

by Locker and Daines (1976), that the final stages of rigor onset are

more critical than the rest of the postmortem history of muscles.

The taste panel results are shown in Table 4. Among the four



Table 4

Sensory panel evaluation of beef loin steaks subjected to different treatments

Itema
Treatment

LasDb

UNS+2 °C ES+2 °C UNS+16 °C ES+16 °C . 05 0.01

Aromac 5.24 5.30 5.24 5.27 NS NS

Tendernessc 4.03 4.81 4.36 4.84 .63 NS

Juicinessc 4.75 5.06 4.73 4.67 NS NS

Flavor 4.84 5.12 4.91 4.81 NS NS

Overall Desirabilityc 4.35 4.89 4.62 4.54 NS NS

aValues for each item based on eight-point scale, desirability increasing with score

bLSD = Least significant difference

cn/mean = 10j x 10 rep. = 100j/mean



Figure 4. Electron micrographs of Longissimus dorsi muscle. A) Sampled and fixed
immediately after electrical stimulation (13, 000X). B) Unstimulated
Longissimus dorsi sampled and fixed immediately after splitting of carcass
(13, 000X).

rn
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treatments the panelists were able to detect improvement in tender-

ness due to electrical stimulation. However, they did not differenti-

ate between the electrically stimulated group held at elevated tempera-

ture and that chilled immediately after stimulation. This results is in

close agreement with the W-B shear force results discussed earlier.

The panelists were unable to detect any significant (P > . 05) differ-

ences in aroma, flavor, juiciness and overall desirability between

treatment means.

Several investigators (Bendall et al., 1976; Dutson et al., 1977;

Savell et 21. , 1978 and Will et al. , 1980) have used the electron micro-

scope technique to detect electrical stimulation-induced changes in

meat. Appearance of contraction bands, disruption of sarcomere

integrity, swelling of sarcoplasmic reticulum and mitochondria were

all reported. Comparison of unstimulated I.D. muscle, sampled and

fixed within 15 min of carcass splitting with the corresponding muscle

from stimulated sides, under the same conditions revealed striking

differences in their ultrastructure. Whereas the triad and T-systems

are closed in the unstimulated sample (Fig. 4b) they are open in the

electrically stimulated sample (Fig. 4a). In addition a narrower

I-band. and shrunken Z-line were noted in the electrically stimulated

sample. At 24 hr postmortem, the combination of electrical stimula-

tion and aging at elevated temperature for 12 hr had a pronounced



Figure 5 . Electron micrographs of Longissimus dorsi muscle sampled and fixed 24 hr
postmortem. A) Stimulated sample aged for 12 hrs at 16°C (13, 000X).
B) Unstimulated sample aged for 12 hrs at 16°C (13, 000X).



Figure 6. Electron micrographs of Longissimus dorsi muscle sampled and fixed 24 hr
postmortem. A) Stimulated sample aged at 2°C (13, 000X). B) Unstimulated
sample aged at 2°C (13, 000X).
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degradation effect on Z-line (Fig. 5a). However such Z-line degrada-

tion was not noted (Fig. 6a) at 24 hr postmortem in the electrically

stimulated samples aged at 2 °C immediately after the treatment.

From this observation it seems reasonable to suggest that the benefit

of electrical stimulation can be maintained and the aging period be

reduced if electrically stimulated carcasses are held at elevated

temperature (16 °C) for 12 hr. At 24 hr postmortem, electron micro-

graphs of unstimulated LD aged at 2°C (Fig. 6b) show no Z-line

degradation whereas some Z-line degradation can be seen in the

unstimulated LD aged at 16°C for 12 hr postmortem (Fig. 5b).
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CONCLUSIONS

1. Regardless of carcass holding temperature ES was effective

in improving meat tenderness.

2. The effects of ES and temperature were not additive.

3. Mechanisms other than or in addition to prevention of cold

shortening may be involved to account for the observed

improvement in meat tenderness of electrically stimulated

samples.
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PART II

PROTEIN QUALITY OF PRESSURIZED MEAT
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INTRODUC TION

Due to the increasing world-wide demand for grain as human

food, the need for finishing beef cattle on forage is continuously

increasing. The expected drop in the eating quality of such beef

(Bowling et al., 1977; Smith et al., 1977; Williams et al., 1979),

especially in tenderness, will necessitate introducing new tenderizing

techniques capable of maintaining tenderness at an acceptable level

to the consumer.

It has been demonstrated that pressurization of pre-rigor mus-

cle significantly improves tenderness (Macfarlane, 1973; Elgasim,

1977; Kennick et al., 1980). The usefulness of this technique is

related to its possible effect upon the protein quality of meat as mea-

sured by protein efficiency ratio (PER). Several investigators

(Ivanov et al. , 1960; Ikkai and Ooi, 1966, 1969; Josephs and Harring-

ton, 1967) have studied the effect of pressure on the characteristics of

protein constituents of meat but did not report its effect on the nutri-

tional quality. Alsmeyer et al. (1974), using regression equations to

predict PER from amino acid composition, found that histidine levels

positively affected PER.

The objective of the present study was to determine whether pre-

rigor pressurization of beef muscles affected the protein efficiency

ratio, biological value and net protein utilization of pressurized meat.



EXPERIMENTAL

Sample Preparation

24

Samples were obtained from 12 beef cattle (approx weight 450

kg) slaughtered at Oregon State University Meat Science Laboratory.

Eye-of-round muscle (semitendinosus) from one side of each carcass

was excised immediately after washing of the beef carcasses (approx

25 min. after slaughtering), vacuum packed in Cry-o-Vac bags, in-

serted in a pressure chamber (10.2 cm in diameter and 30.5 cm long)

which was then tightly closed and a pressure of 103.5 MNm
2

(15, 000

lb/sq. in) was applied for 2 minutes. Matching muscles on the

opposite sides were left on the carcasses and chilled at 0 ± 1 °C

according to commercial practices. On the seventh day the match-

ing muscles from the control sides were removed from the carcasses,

vacuum packed and stored at -18°C along with the treated samples until

required for further study.

Diet Preparation

Meat samples were thawed and ground in a Hobart (Hobart Inc.,

Troy, Ohio) meat grinder with a 3.1 mm shear plat opening. Ingredi-

ents shown in Table 1 were thoroughly mixed in a Hobart Industrial

Food. Mixer, packed in Dow Ziploc storage seal bags (Dow Chem. Co.,

Indianapolis, Inc. ) and stored in a freezer. Packages were thawed
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Table 1

Composition of the Experimental Diets

Ingredient

% in the dieta

Control Treatment

Sucrose 15.2 15.2

Corn oil 3.0 3.0

Jones-Foster Mineral Mix 3.0 3.0

Vitamin Supplement .8 .8

Alpha Cell (Cellulose) 2.3 2.3

Corn Starch 41.1 41.1

Meat 34.6 34.6

aon as fed basis
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approximately 18 hrs before Eceding to rats. Protein content

(N X 6. 25) of each diet was determined by Macro-Kjeldahl method

(AOAC, 1975) and found to be 9.5%.

Protein Efficiency Ratio

Protein efficiency ratios (PER) were biologically determined

by AOAC (1975) methods. Twenty weanling male rats (Long-Evans

strain), 31 days old, were randomly assigned for control and treat-

ment diets. The average initial body weights of control and treatment

rats were 103.3 g and 105.1 g, respectively. The rats were housed

in individual cages and supplied with water and feed ad libitum for 28

days. A correction factor for moisture loss during the feeding period

was made by exposing feeding samples to experimental conditions and

sampling them 3 times per day. This was repeated each day for the

first week of the feeding trial. Official methods of the AOAC (1975)

for meat and meat products were used to determine moisture loss.

Metabolism Study

After 28 days 20 rats (10 on each diet) were housed individually

in metabolism cages where urine and feces were collected separately

for 10 days and kept under refrigeration until they were analyzed for

nitrogen content by Kjeldahl method as described above. Protein
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intake was measured and apparent digestibility, net protein utiliza-

tion (NPU) and biological values were calculated.

Amino Acid Analysis

Three grams of meat tissue were homogenized with a tissu-

mizer in 15 mls distilled water. One ml aliquot of the homogenized

sample was hydrolyzed for 22 hrs in evacuated sealed ampules by

6 N HC1 and 110°C in Toluene bath. Amino acid contents were deter-

mined in duplicate using Beckman 120B amino acid analyzer (Spinco

Division of Beckman Instrument, Ind., Palo Alto, Calif.).

Statistical Analysis

Analyses of variance (Steele and Torrie, 1960) were used to

test for significant differences between the control and the treatment

means of the variables measured.
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RESULTS AND DISCUSSION

The daily food consumption of the two groups (Table 2) was not

significantly (P > . 05) different. On the average the control group

gained 36.1 g per week while the treatment group gained 35.2 g. The

growth response curves (Fig. 1) of rats on the two diets were similar.

Results of PER study are shown in Table 2. The PER values

obtained for the treated samples were very comparable to the control

PER values and to those reported in the literature for raw ground

beef. Hopkins et al. (1976) found a PER value of 2.56 for ground

beef.

Results of the metabolism study are summarized in Table 2.

Pressure treatment significantly (P < . 05) increased apparent digesti-

bility of meat proteins. Since grinding of meat during preparation of

test samples could have eliminated much of the structural differences

brought about by pressurization (Fig. 2), namely partial destruction

of the sarcolemma, the observed improvement in digestibility might

be due to changes in the chemical bonding of meat proteins.

Correction for endogenous losses was not made in this study,

therefore, values obtained for digestibility, BV and NPU are apparent

values. Net protein utilization of meat ranges from 62 to 78 (FAO,

1970). Bender and Zia (1976) reported a NPU of 69 for low quality



Table 2

Protein efficiency ratio, biological value, net protein utilization and
protein digestibility of pressure treated and control beef muscles

Item

aDiet Significance
of t-valueControl Treatment

Initial body wt, g 101.3 ± 2.72 105.1 4.2
Final body wt, g 245.8 ± 3.13 246.7 5.3 ns
Daily food intake, g 20.9 ± .27 21.4 . 93 ns
Protein intake, g 1.99 ± . 03 2.03 . 09 ns
PERc 2.6 . 08 2.47 . 07 ns
Urinary N loss (x 6.25), g 4.09 .52 3.50 .74
Fecal N loss (x 6.25), g 1.91 ± .10 1.60 .11
Total N loss (x 6. 25)d, g 6.0 .20 5.1 .21
Apparent BVe, % 76.1 1.04 78.0 1.5 ns
Apparent NPUf, % 68.14 ± 1.08 70.3 1.4 ns
Protein apparent digestibilityg, % 88.9 .44 90.8 .43

aBoth diets 9. 5% protein
bns = not significant, *significant (P < . 05)
cPER = Protein efficiency ratio = wt gain, g/protein intake, g

dTotal N loss = fecal N loss + urinary N loss
eBV = Biological value = ( I-F-U) x 100, I = protein intake, F = fecalI-F
fNPU = Net protein utilization - (I

-F-U) x 100
IFgProtein digestibility - () x 100
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the control.
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Fig. 2. Scanning Electron Micrograph (1000 X) of control (left) and pressure treated (right)

semitendinosus muscle.
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(23.6% collagen) meat and 82 for high quality (2. 5% collagen) meat.

Processing, e.g., canning, cooking, nitrite curing, was found to

reduce protein quality of meat significantly (Hendricks et al., 1977;

Bender and Husaini, 1976) but this is not the case with pressure treat-

ment where both apparent biological value and net protein utilization

were not significantly (P > . 05) different from the control values.

The amino acid composition of treated and control meat sam-

ples is shown in Table 3. Tryptophan content was not determined.

Pressure treatment reduced histidine and tyrosine levels by 12. 5%

and 10. 0% respectively, but cysteine concentration was increased by

60% over the control samples. The free c-amino group of lysine is

very labile to processing conditions, e.g., heating which reduces the

availability of this amino acid. Concentration of lysine (Table 3) in

the treated sample almost equalled that of the control sample, and as

such, no evidence of any damage to this amino acid as a result of

pressure treatment can be reported here. In general, there was very

little variation in the essential amino acid composition between the

treatment and control. Total essential amino acid content of the con-

trol samples was only 2. 0% higher than the treatment. This is con-

sidered to be insignificant and lies within the error of determination.

Pressure treatment increased concentration of alanine, proline

and glycine by 14.3%, 11.1% and 10.6% respectively when compared
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Table 3

Amino acid composition of pressure treated and
control semitendinosus musclea

Amino Acid Controlb Treated Difference %

Essential Amino Acids

His 4.8 4.2 12.5

Ile 5.0 4.9

Leu 8.3 8.0

Lys 8.3 8.2

Met 2.8 2.7

Phe 4.0 4.2 --
Thr 5.3 5.4

Trp N.D. N.D. c

Val 6. 0 6. 0

TOTAL 44.5 43.6 2.0
Non-Essential Amino Acids

Ala 8.4 9. 6 14.3

Arg 5.0 4.7 -

Asp 9. 3 9. 4

1/2 Cys .5 . 8 60.0

Glu 13.0 12.6

Gly 6.6 7.3 10.6

Pro 4.5 5.0 11.1

Ser 4.6 4.2
Tyr 3.0 2.7 10.0

TOTAL 54.9 56.3 2.6

aExpressed as grams of amino acid residue per 100 grams of
total amino acid residues

bMeans of duplicate
c N.D. = not determined
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to the control. It is noteworthy that these are the major amino acids

of collagen. This leads to the possible conclusion that pressurization

enhances degradation of collagen. However, this should not lead to

any improvement in the protein quality of meat because collagen is

deficient in essential amino acids, particularly valine, tryptophan and

sulphur containing amino acids.

The equations of Alsmeyer et al. (1974) were used to calculate

PER values for the control and treatment samples from amino acid

analysis. Two of the equations gave PER values of 2. 84 and 2. 70 for

control and pressure treated samples respectively which are in rea-

sonable agreement with the values obtained by the biological evalua-

tion. The third equation over-estimated the PER values.

From the results presented and the foregoing discussion, we

can conclude that pressure treatment at the range tested:

(i) significantly improved, the apparent digestibility of meat.

This is particularly important and more significant when

we are dealing with tough meat samples.

(ii) had no adverse effect on the apparent biological value and

net protein utilization.

(iii) was not deterimental to the protein quality, as its PER

was not significantly different from that of the control.
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