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Introduction

Marinading is recognised in culinary circles as a means of imparting flavour
to meat and improving its tenderness. The technique involves immersing meat
in a marinading solution under refrigerated conditions, generally for a time
period of between 1 and 24 h prior to cooking. The active tenderizing
ingredients are thought to be the organic acids found in typical marinading
solutions such as vinegar, wine or fruit juice.

The early work of Griswold (1955a) however, indicated that there was no
increase in the tenderness of joints of beef round which were braised after
marinading for 48 h in 2.5 percent distilled vinegar. Wenham and Locker
(1976) later showed that marinading in 1.5 percent acetic acid for 43 h
produced a 3-fold increase in the tenderness of relatively thin strips of beef
M. sternomandibularis muscle. However, only marginal benefits were achieved
when much thicker beef M. longissimus dorsi steaks were treated under similar
conditions. Wenham and Locker 1976) thus concluded that marinading was only
effective in tenderizing muscles rich in collagen, claiming that the
beneficial effect of marinading was in creating a more acidic meat environment
in which the susceptibility of collagen to degradation during cooking was
enhanced.

It is clear that under the experimental conditions used by Griswold (1955a, b)
and Wenham and Locker (1976), complete penetration of marinade into the meat
was never achieved. Consequently, the conclusions reached by these authors do
not accurately reflect or explain the potential effectiveness of marinading as
a method for tenderizing beef. The present study was therefore planned to
investigate the influence of a range of acetic acid concentrations on the
efficiency of marinading as a method for tenderizing beef
M. longissimus lumborum muscle under standardised conditions which were
selected to ensure that penetration of the marinading acid throughout the meat
was complete.

Materials and Methods

M. longissimus lumborum muscles from four young steers were obtained
commercially three days after slaughter. These were cut transversely on a
gravity feed slicer into steaks approximately 1.0 cm thick, from which discs
of meat 3.0 cm in diameter (weight 7.5 + 1.0 g) were prepared using a cork
borer. To facilitate slicing and coring, transverse blocks of muscle and
steaks were tempered individually at -25°C until the surfaces were rigid.

Acetic acid solutions of the following strength were used as marinades:
0.01 N, 0.025 N, 0.05 N, 0.075 N, 0.10 N, 0.25 N, 0.50 N, 0.75 N, 1..00 N,
1.25 N, 1.50 N, 2.00 N and 3.00 N Each meat disc was accurately weighed and
placed in a 200 ml capacity screw-cap polystyrene jar to which 50 ml chilled
(4°C) acetic acid solution was added. Marinading was continued for 48 h at

4°C with continuous swirling at 120 rpm in a Gallenkamp Cooled Orbital
Incubator. Untreated meat discs stored under the same conditions were used as
controls. Each treatment was replicated four times for each animal.

After marinading, meat discs were reweighed after surface drying with paper
towelling. Two discs from each treatment were individually cooked in sealed
polythene bags in a water bath at 80°C for 20 min and immediately chilled in
an ice-water bath. They were then surface dried as before and reweighed. The
weight of each marinaded meat disc, before and after cooking, was divided by
the corresponding raw meat weight to express change in weight as a swelling
ratio. Cores of meat 0.9 cm in diameter were cut from each meat disc parallel
to the muscle fibre direction (where possible) for tenderness assessment on an
Instron Model 1122 Universal Testing Instrument fitted with a Warner-Bratzler
shear device. The average tenderness value for each meat disc was calculated
from the mean of either 4 (control samples and those marinaded in <0.05 M
acetic acid) or 6 (samples marinaded in >0.075 N acetic acid) measurements of
peak shear force.

The remaining two meat discs from each treatment were individually homogenised
and made up to 100 ml with distilled water. The pH of each solution was
measured on a Phillips PW 9414 digital ion activity meter fitted with a Pye-
Unicam model no. 401/E7 combination glass electrode. Titratable acidity was
determined on a 25 m1 aliquot of each solution against 0.01 Nor 0.1 N NaOH
using a phenol phthalein indicator. Total nitrogen was determined on a 10 ml
aliquot of the solution by the Kjeldahl method as described by the A.0.A.C.
(1980) but incorporating a selenium, rather than mercury-based, catalyst. All
marinading solutions were assessed for total nitrogen (25 ml aliquot),
titratable acidity (5 ml aliquot) and pH by the methods described above.

Values obtained for titratable acidity were used to calculate the
concentration (N) and total weight (g) of acetic acid in the fresh and used
marinades, and the total weight of acetic acid in the marinaded meat. The
weight of acetic acid was also calculated as a percentage of the used marinade
volume and the marinaded meat weight. Values obtained from the nitrogen
analyses were used to calculate the percentage total nitrogen content of the
raw meat discs present in the used marinades.

Results

Analyses of variance were computed to examine the differences between
marinading treatments for each parameter measured. The results shown in
Table 1 summarise the effect of each marinading treatment on meat swelling (or
shrinkage) before and after cooking, and on its tenderness after cooking.
Also included in Table 1 are the mean pH values obtained from homogenates of
the uncooked marinaded meat discs.

It is clear that acetic acid concentration had a profound effect on the
swelling characteristics of meat discs marinaded under the conditions used in
this study. In the uncooked state, control samples and those marinaded in
0.01 N acetic acid showed a slight weight loss. However, there was a narked
increase in the weight of meat discs with incre ng marinade strength, the
maximum swelling achieved in 1.00 N acetic acid corresponding to slightly more
than a 100 percent increase in weight. It is also interesting to note that
more than an 80 percent weight increase was achieved in weat discs marinaded
in acetic acid solutions covering the range 0.25 N to 3.00 N.
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Table 1. The influence of acetic acid concentration on.the SME el

Characteristics, tenderness, and pH of marinaded discs

M. longissimus lumborum muscle (f8 or ¥16 observations per mean)’/

Acetic acid concentration (N) of fresh marinades 0 3,00 59(‘

Cont 0.01 .025 0.05 .075 0,10 0.25 0.50 0.75 1.00 1.25 1.50 2:/"

$RMS 0.94 0.97 1.18 1.38 1.52 1.57 1.80 1.92 1.95 2.04 2,01 1.97 1.9 11A'.:

TEMS 0,59 0.50 0.64 1,01 1.22 1,36 1,58 1.74 1.76 1.84 1.83 1.8 1.76 gt
+CMT 6.53 6.62 5.44 2,66 1.40 0.96 0.72 0.45 0.39 0.30 n.33 0.32 0. 2 .4'

tpH 5.33 4.61 4.43 4.31 4.19 4.12 3.84 3.65 3.50 3.44 3.34 3.29 izird/‘

#

Note: RMS = raw meat swe%\ing TTMS = cooked meat swelling : CMI = cooke

tenderness (kg cm™¢) * effective standard error of the means

W
Cooking resulted in a loss of weight from all the marinaded meat "‘OSBS'N‘“,
extensive shrinkage in the control samples and those marinaded e aW;
0.025 N acetic acid solutions. However, swelling was suhstantianxninisf":‘
after cooking in the remaining samples, weight loss proqressive]y “thac ‘H
with an increase in marinade strength. Consequently it is ':warhout v
structural integrity of the meat discs was maintained throud
concentration range studied, and during cooking. i
a2\
The influence of marinading on meat tenderness was quite remﬂrkab‘:l;e 0-”!5;
fold increase occurring over the relatively narrow concentration rate,‘aefr‘l,g
to 0.10 N acetic acid. There was a further three fold increase 1N -eved "\
with increasing marinade strength, the maximum benefit being ach! t0 3l [
1.00 N acetic acid. However, as the marinade strength increase
acetic acid, there was little further change in tenderness. t"

to ¥y |
It can therefore be clearly seen that tenderness is strongly 'e”tﬁdinq, s
swelling characteristics of the meat and that the maximum swe d
tenderizing benefits of marinading were achieved when the pH of t e |
had fallen to pH 3.44. Ce,g

Lt
Table 2 summarises those aspects of the marinading conditions of fel:rvibl‘w'
the extent of penetration of acetic acid into the meat, its dlic i
between marinading solution and the meat, and the influence such ]eaC“
have on the loss of nitrogenous components from the meat discs b
and/or solubilization.

ar
A comparison of the acetic acid normalities of the used and fres".ma
indicates that the apparent acetic acid content of the weakest ma as 2
increased markedly during marinading.  An equilibrium situation ¥ grid
with the 0.05 N acetic acid marinade, beyond which there was
decrease in the normality of the used compared to the fresh mar
comparative decrease reached a limit of approximately 12 percent 2 cher® it
acid concentration of 0.25 N in the fresh marinade, beyond Wh‘c"uge
little further change. A similar trend is mirrored if the percef ch @
acid contents of the fresh and used marinades are compared. uaceti‘ ‘v!('
would suggest that approximately 12 percent maximum absorption of Howev
by the meat discs occurred under the conditions used in this St”dy'becw‘t
calculations based on normality are inappropriate in this context 11in%
the large volume decrease of the stronger marinades due to meat swe

Mms ?0 |
Consequently, acetic acid content is also expressed in absolute teraddm‘[}’-
a more accurate account of its distribution due to marinading. 4 me? gt
acetic acid content of the used marinade to that of the mar‘"aN i
becomes clear that over the concentration range 0,01 Nto 0.10 'mafi"‘
acid balance consistently exceeds that of the corresponding fresh
a value of approximately 0,06 g which is virtually identical t0 4 '
acetic acid content of the control samples. It is also € eriﬂad?"ﬂif
distribution of acetic acid between the used marinades and th a" e !
increased markedly with increasing marinade strength over the r;Surpl
This is indicative of the proportionately greater apparent"’de sty
available acetic acid by the meat discs with decreasing marina®otit )
This trend is more clearly seen by comparing the percentade ades (,u\'"
contents of the marinaded meat discs with those of the used mar\f‘“ ‘;_ ‘
the distribution balance is reached in the 0.50 N acetic acid "‘aﬂa’.inﬂ‘“
which the balance progressively increases in favour of the used M 12

it
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The remaining results in Table 2 indicate that the pH of the Use.?ore!w,‘
fell gradually from pH 4.41 to pH 2.71 over the range studied- ‘se mﬂrc(‘
percent of the nitrogen content of the meat discs was found in t
covering the range 0.01 N to 0.50 M acetic acid, reaching @ r‘a(ne"e, $'y
percent in the 0.075 N acetic acid marinade. !‘Ievertheless.m e’
progressive decrease in the loss of nitrogen from the meat Wit i NS
marinade strength, reaching a minimum of 16.0 percent with the

acid marinade.

Table 2 The influence of marinading conditions

Characteristics of used marinade solutions, nitrogen so\uhi“t‘,
acid distribution* between meat and marinade (*8 or ¥16 opservat

\°
=
2 e

Acetic acid concentration (N) of fresh marinaf'e; i
Cont 0.01 .025 0,05 .075 0.10 0.25 0.50 0,75 1.00 1.25 1. &

WY - .018 0.03 0.05 N.07 0.09 0.22 0.44 0.65 0.87 1.10
$pHY - 4,41 4,22 3.99 3.90 3.80 3.53 3.29 3.16 3.06 2.97 2.
#NY - 20.6 21,0 22.1 23.8 23.6 21.9 20.5 19.8 18.7 18.4
sraf - .030 .075 .150 .225 .300 .750 1.50 2.25 3.00 3.75
$TAYU - ,055 .084 .138 .195 .248 ,568 1.12 1.66 2,21 2.79

1
{TAM .059 .036 .050 .071 .91 .114 .221 .393 .604 .306 .967

0.06 0.15 0,30 0.45 0.60 1.50 3.00 4.50 6.00 7.50
- 0.11 0.17 0.29 0.42 0.55 1,30 2.A2 3.89 5.24 6.57
).81 0.48 N.53 0,67 0.77 0.92 1.62 2.60 3.99 5.11 6.30

Tote: Superscripts f, ind 7 Fefer to fresh marinade,
narinaded meat ectively: N = normality of acetic
percentage of the total nitrogen content of the fresh "0‘(‘
in the used marinades: TA total content of aceticC ,“b
percentage acetic acid present on a wt/wt (meat) or W wly1
basis: * titratable acidity calculated as acetic acl
sanples, including controls: ** effective standard errof

&=
Ao, ’

frig
N




Solys timportant aspe study is that marinading in relatively weak
~ l?nd rnefs of acetic been shown to have a profound influen on the
T"Edryy ,‘;S of longissimus mbo muscle. It has also been
B M fpcheacmonstr “increase in tenderness is strongly related to

ight of the meat due to absorption of marinading fluid,
= S substantially retained during cooking.

“‘“‘I:aqr;‘iently, the conclusions reached by Wenham and Locker (1976), that
e ju;t]nfg. h tenderizing effect beef M, longissimus dorsi le, can
M"twns led only in relation to traditional culinary practice where large
<1 :Ene itmof Meat are used, but not under ideal conditions where adequate
32“ ,3"Cerninn of the marinade is achieved. lar opinion can be expressed
- Catay bg the work of Griswold 1955a, b In the present study, problems
Sub Y the slow rate of diffusion of acetic acid solution into meat were

Overcome by using relatively small portions of meat and
i a relatively long time under agitated conditions. The benefits
nt_?]_(;' :f’tu’mdc?‘ were also achieved to a certain
iy ' Strips of beef M. sternomandibularis muscle, showing that
1"E‘v.xr N9 was effective in tenderi 51ng muscles rich in connective tissue.
¥hepg -+ When their results are viewed in the light of the present study,
re extensive penetration of the meat by marinade was achieved, it is
G the beneficial effect observed lenham and Locker (1976) was
AR ¢ the general swelling characteristics of beef
rather than the s bility of its collagen to
g cooking, partic the present study has clearly
aded M. lonc with an acetic acid content of

than 14 ' LTI
Tng, 14 Percent an pH mains structurally intact after

extent by Wenhan and Locker

el mpds b
! Mg 8 Subgy
t! n Nad antial

f N proportion of nitrogen was 1 from the meat discs during
1y the loe. 't Would seem that the traditional culinary technique may result
5@ Ve SS of Nutrients and flavour components from the meat by 1 aching.

e ; % C J
Mgt SS""US ]. in view of the promising results achieved in tenderizing M.
: Umborum, marinading of beef may prove attractive to commercial

S 1n the future, particularly if modern technology is adapt to
roblems created by the slow diffusion of weak acetic acid
‘0 the meat.
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