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INTRODUCTION

Restructured meat products are manu-
factured from the less expensive
cuts. Thus, these resulting products
lack tenderness when high levels of
connective tissue are present because
of the presence of fibrillar colla-
gen.

Tenderness of these products can be
increased through degradation of the
intrinsic collagen structure to pro-
duce the desired tenderness and tex-
ture, i.e. without extensive degrad-
ation of muscle fibers (Cronlund and
Woychik, 1987). Enzymatic breakdown
of collagen with plant proteinases
such as papain, bromelain and ficin
and with bacterial collagenases has
been used as a method of tenderiza-
tion; (Dransfield and Etherington,
1981; Foegeding and Larick, 1987).
Furthermore, the postmortem injection
of bacterial collagenase into bovine
muscle has been shown to produce an
increase in collagen solubility
(Cronlund and Woychik, 1987; Elkaha-
lifa and Marriott, 1988) and a reduc-
tion in denaturation temperature (TD)
of collagen (Bernal and Stanley,
1986; Elkhalifa and Marriott, 1988).
Collagenases from many sources have
been active on isolated collagen
(Bernal and Stanley, 1987; Cronlund
and Woychik, 1987) but unsuccessful
in a meat product (Foegeding and Lar-
ick, 1986). Catheptic enzymes of
bovine spleen have been shown to de-
grade myofibrillar Z-bands and sarco-
lemma (Robbins and Cohen, 1976; Cohen
et al., 1982).

One disadvantage of enzymatic tender-
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ization of meats with plant ]
microbial proteases is the prefere”
tial hydrolysis of myofibrillar &°

sarcoplasmic proteins over stfogi
tissue proteins (Fogle et al., 198'Ve
i

This action can result in extens ’
degradation of the muscle structu’
and undesirable textural quality:
A viable technique for the tenderli
ing of meat is the use of orgé™
acids. Acetic acid has been usé®
marinade meat for tenderness impron

ment (Gault, 1984). Strange 3Of
Whiting (1988) immersed stripsand
Supraspinatus, Infraspinatus,

Triceps brachii muscles in 0.5 ¥ 1%;
tic acid solution for 30 min at 23e
They found that lactic acid decfea?al
the shear force values of epimyszﬂ
connective tissue in restruct!

beef steaks. Thus, the objectiveef

fect of acetic, citric and
acids on the tenderness of rest
tured beef steaks.

yuc’

MATERIALS AND METHODS

Product Preparation

)
High collagen (HC) muscles (Eﬁggii;
carpi radialis, Flexor gggzi ggﬂj
alis, Flexor capri ulnaris, §EB$£;;5
ial digital flexor and Deep dl 0.5
flexor) were removed from 20
Good steer carcasses 72 hr P?stﬂWE
tem. Low collagen (LC) nggyﬁbgg
dorsi muscles were excised fro® 4t
8th to 1lth thoracic vertebra®: ;s
ticle reduction of these muscl® atl
accomplished through a kidney pmyd
grind. The HC muscles were seP?” ,ye
into five equal batches that

allotted to each of the fo} ‘
treatments: (a) HC-uncOnd%ti
control (HUC); (b) HC condi® ;3
control (HCC); (c) HC—ace?}c acw
treated (A); (d) HC-citri€
treated (C); and (e) HC-1act1® wer®
treated (L). The LC muscle%)'
allotted to the LC-control (L6




The re

. Structured beef roasts for the

mngrol samples were manufactured by
Watlng the ground muscle with 10%
Mﬂer’ 13 NaCl and 0.3% sodium tri-
weryPhOSPhate (STP). These samples
¢ thoroughly mixed for 10 min,

St
irluffed into 64.5 mm diameter cas-
485 frozen to -20°C and tempered to

15 for 16 hr. The restructured
ﬁis were then pressed into the de-
7 &d shape using a Ross Superform

D) Spress, sliced to a thickness of
W& Im, and wrapped separately in
Sq Coated freezer paper. The HCC
Ples and the other acid-treated

§3

atmples (A, C and L) were conditioned

st © for 120 hr prior to freezer
®Tage

Ao o

qﬁth, citric and lactic acid solu-

Ofrm Were prepared to provide 0.75%
ture € total weight of the restruc-
the, PYoduct. These products were
Sae Subsequently processed in the
Manner as the control samples.

Co
% Solubility
Co
%Qiig?n solubility was determined
Q966dlng to the method of Hill
) Approximately 5 g samples
] freeze-dried for 48 bl The
%reze‘dried samples were then pow-
leg, PY a Wiley mill through a 20
Sqénsleve. Twenty-five mL of 1/4
anq .8th Ringer’s solution was added
fop ;' mixture was heated to 90°C
Bhe - Br in a shaking water bath.
fop Mxture was centrifuged (400 x g

Y, .~ Min) after which the super-
ﬂqth was decanted and saved for
4 = analysis. An additional 8 mL

%Med Strength Ringer’s solution was
35 ., 0 the residue. The mixture
%iﬁlen vortexed for 10 sec and cen-

Mn'ged again at 4000 x g for 10

the

wiHISHPErnatant was then combined
%ta € first fraction. The super-
#wivi and residue fractions were
Q.f dually hydrolyzed with 50 mL 6N
tralior 20 hr at 120°C. After neu-

Ation of the hydrolyzates with

1089

6N NaOH using methyl red as a titrat-
ing indicator, the hydroxyproline
content of each fraction was deter-
mined according to the procedure of
Bergman and Loxley (1963). The hy-
droxyproline contents of the resi-
due and the supernatant were multi-
plied by 7.25 and 7.52, respectively
to yield the collagen contents. To-
tal collagen contents of the sample
was taken as the sum of the collagen
contents of both residue and super-
natant. Percentage soluble collagen
was calculated by dividing the col-
lagen content of the supernatant by
the total collagen.

Protein Solubility

The method of Hwang et al. (1977) was
used to determine the protein solu-
bility of the different protein frac-
tions. Twenty-five mL of precooled
0.03M phosphate buffer was added to
2 g samples. The mixture was homog-
enized at 40,000 rpm with a Brinkman
Polytron for 5 sec at 22°C to extract
the sarcoplasmic proteins. The ho-
mogenate was transferred to a centri-
fuge tube. The homogenizer blades
were rinsed in 10 mL buffer which was
added to the homogenate. The homog-
enate was centrifuged at 27,000 x g
for 15 min at 4°C. The residue was
then similarly extracted with pre-
cooled 1.1IM KI in 0.1M potassium
phosphate buffer to separate the myo-
fibrillar proteins. The protein con-
tent of the different extracts was
measured by the biuret method (Clarke
and Switzer, 1977).

Shear Force Determination

Frozen samples from each treatment
were tempered at -4°C for 16 hr with
subsequent placement in Whirl-pak
bags (530 mL) for cookery in a pre-
heated water bath (80°C) to an inter-
nal temperature of 65°C. Upon reach-
ing the desired endpoint temperature,
the samples were cooled to room tem-
perature. The restructured products
were divided into approximately 3.5




x 1.5 x 1.5 cm samples. The volumes
of the samples were measured using an
air/comparison pyncnometer. The
shear force values were determined
using the Instron Universal Testing
Machine (Model 1123) with a Kramer
shear attachment controlled by a
microcomputer. A crosshead speed and
full scale load of 100 mm/min and
10,000 newtons, respectively were
used. These parameters were set and
maximum peak forces were acquired by
a micro-computer. Shear force values
were expressed in newtons/cm3.

Differential Scanning Calorimetry

Collagen was isolated by the proce-
dure of Fujii and Murota (1982).
Twenty g of minced muscle were homo-
genized with a Brinkman Polytron
(40,000 rpm) for 5 sec at 22°C in 5
volumes (v/w) of 10 mM Tris-maleate
containing 0.1 M KC1 (pH 7.2). The
homogenate was then stirred rapidly
for 12 hr. The fibrous material was
collected by passing the homogenate
through cheese cloth. This material
was subsequently extracted with: (a)
20 volumes (v/w) of Hasselbach-
Schneider solution (3 repetitions)
and (b) 20 volumes (v/w) of 0.6 M KI-
0.06 M Na,S0; (2 repetitions). After
the final extraction, the collagen
was rinsed with distilled water,
freeze-dried for 48 hr and stored
desiccated at -20°C until required.

Collagen samples from each treatment
were ground once through a Wiley Mill
with a 20 mesh sieve. A 50 mg sample
was rehydrated in 5 mL of distilled
water for 24 hr at 4°C. The rehydra-
ted sample was then allowed to pass
through a glass fiber filter disc (19
mm diameter). The filtered samples
(15-30 mg) were weighed in Perkin-
Elmer sample cups and sealed. With
a sealed empty cup serving as the
reference, the samples were heated in
a Perkin Elmer Differential Scanning
Calorimeter (Model 4) from 25 to
100°C at a heating rate of 5° C/min.
This instrument was previously cali-

brated with an indium standard bY
heating from 50 to 175°C at a heating
rate of 10°C per min. The onset te®”
perature as determined by the Perkin
Elmer data station was taken as th®

denaturation temperature of collage?

(TD).
Color Determination

The HunterLab colorimeter (Mod61"D
25), was used to measure the "L
"a" and "b" values of both the
uncooked and cooked samples. Thre®
readings at different locations £°F
each sample were taken. Four of the
samples were cooked according to © A
procedure described for Shear Forc®
Determination.

Statistical Analyses

This entire experiment was conducteg
as a randomized complete block desiSa
with three replications. The datr
were analyzed by the General Line®
Models Procedure (SAS User GUide:
1982). Treatments were compared us
ing the multiple range test (Duﬂcazz
1955) at the 5% level of signif
cance.

RESULTS AND DISCUSSION

Collagen Solubility
of the

The collagen solubilities K8
acid-treated restructured beef 5t635)
(A, C and L) were greater (PSO'GG
than the control steaks (HUC and Hl%
made of high collagen beef (Table 16
Among the three acids, lactic #°
was the least effective, haviré .
collagen solutility closest to thjata
controls (HUC and HCC). Thesée ot
suggest that citric acid was the P
effective, having a collagen sol¥
ity closest to the low collagen
trol (LC).

é
Total collagen of the acid-treagzr
samples was greater (P<0.05) thmnThe
the two HC controls (Table 1) 1e$
pH values of the acid-treated sa®
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e 10,5 (P<0.05) than the control.
12 & result, protein denaturation
thwered the water-holding capacity of
Waz Proteins and induced the loss of
us €r from the samples producing un-
Yally elevated levels of total col-
:ieh in the samples. The higher
treal collagen content of the acid-
e dted samples correspond with
ater shear force values (Table 2).
whfrend was observed (Table 2) in
reCh the shear force values for
dtments A and L were numerically
8her but not significantly (P>0.05)
e::ter than treatment HCC. Treat-
lde C had a shear force value nearly
tentiCal to treatment HCC; whereas,
Y Shear force values for the acid-
(p 9ted samples were not different
:05) than the HC control (HCC).
on S treatment had a hardening effect
& Other muscle proteins in addition
No Solubilizing effect on collagen.
QolIPOSitive correlation between
measagen solubility and shear force
Urements was observed.

'y
£4¢&13 Solubility

0

(;Egnic acids did not have any effect
niq '05) on the amount of sarcoplas-
mutprotein. Yet, acid treatment re-
briled In a lesser amount of myofi-
Sone ar protein compared with the
mmlrols (HUC, HCC, and LC). Treat-
bui L had the least effect on solu-
the %Y. The addition of acid lowered
thus possibly inhibiting the
tion of muscle proteins by
This phenomena
decrease the extractability of
Yillar protein.

q

ezgrada
legEHOus enzymes.
Wogyy,

i
; SLential Scanning Calorimetry
Co
aglﬂgen from samples treated with
dqm.exhibited a decrease (P<0.05) in
g Uration temperature (T,) and the
Dare: PY of denaturation (AH) com-
Rye © With the controls (treatments
thand HCC). These results indicate
Qwatacid treatment resulted in dena-
hytheon of the collagen as indicated
lower denaturation tempera-
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Table 1. Solubility and collagen
content of treatments
with organic acids.

Treatment % Collagen Total

Solubility? Collagen®
(mg/g tissue)
X X
High collagen 20.66 29,96
unconditioned (1.86) NS
control

High collagen 18.23P 24.,08°¢

conditioned (1.93) (2.07)
control

Low collagen 42.83¢ 4.48°

control (5.82) (0.33)
High collagen 33.23%  3p 30ef
acetic acid (1.52) (4.66)

treated

High collagen 38.35¢f 43.73f

citric acid (131 (1L.78)
treated

High collagen 27.56% 32.59%

lactic acid (0.95) (1.54)

®Standard error values ranged from
0.33 to 5.82.

bedef Means in the same column with
identical superscripts are
not different (P>0.05).

tures. The acid appeared to enhance
alterations in the structural stabil-
ity of the collagen, with the effect

being least pronounced in samples
treated with lactic acid.

Color

The wuncooked acid-treated samples

yielded lower "a" values (Table 3).
The changes in color of the uncooked




Table 2. Mean shear values of
differing treatments.
Treatment Shear Force
(Newtons/cmS)
X S.E.
High collagen 114.16° 1025
unconditioned
control
High collagen  141.20% 17.16
conditioned
control
Low collagen 35.07¢ 0.83
control
High collagen 180.28% 16.75
acetic acid
treated
High collagen 141, 617 15.67
cltric acid
treated
High collagen 178.58°2 14 .66

lactic acid
treated

8¢ Means in the same column with
identical superscripts are
not different (P>0.05).

products are further reflected in the
cooked samples (Table 4). Subjective
visual observations indicated that
uncooked acid-treated samples were
brownish in appearance whereas the
cooked acid-treated samples were
whiter when compared with their con-
trol counterparts. The acid treat-
ment appeared to enhance the conver-
sion of myoglobin to metmyoglobin
which has a lower color intensity.
Furthermore, the lowered pH values of
the acid-treated samples may have re-
sulted in denaturation of the sarco-
plasmic and myofibrillar proteins.
The amount of water dispersed among

Table 3. Hunter "a" wvalues of ¢
uncooked restructured bee
with different treatments:

n

Treatment "a
Value

Y.’

High collagen 10.59° 0.5
unconditioned

control

High collagen 6.65° 0.17
conditioned
control
Low collagen 10.73" 0.3
control
High collagen 4,599 018
acetic acid
treated
6
High collagen 4,339 0.1
eitric acid
treated
0
High collagen 55225 0.2
lactic acid
treated

sbed Moans in the same column witP

identical superscripts are

not different (P>0.05).

e

the muscle fibers could affect %ﬂ
reflectance ability of the meat:
a similar study, Whiting and St
(1988) found 1lactic acid t° i
caused some color changes in rest’
tured beef steaks made from mu505M
that were previously 1mmersed in
lactic acid for 30 min at 23°C-

rang®
hV

CONCLUSION
¢
thé
This research has demonstrated pric
the incorporation of acetic, o sed
and lactic acid into restryc
beef steaks has the potential ©
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Table 4

Hunter "a" wvalues of
cooked restructured beef
with different treatments.

Treatment ngn

value

P< |
%5}
=1

H.

‘gh collagen
UNcondi tioned
°0ntr01

5,15% 0.14

H.

‘&h Collagen
“onditioned
Contrel

4.86% 0.14

Lo
¥ collagen 4.21b 0.10

°°ntr01

j

igh collagen
dcetic acid
Teateq

3.07F 0.15

3.23° (0)aL5

3.29°¢ 0.17

Teateq

e

Means in the same column with
dentical superscripts are
MOt different (P>0.05).

q teri
h“t Ng properties of the collagen.
®F studies to determine the
concentration of acid that
Cause minimum alterations in
aroperties of the other proteins
PPropriate.
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