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Introduction

Marinading 1s recognised in culinary c irc les 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 prio r to cooking. The active  tenderizing 
ingredients are thought to be the organic acids found in typical marinading 
solutions such as vinegar, wine or fru it  juice.

The ea rly  work of Griswold (1955a) however, Indicated that there was no 
increase in the tenderness of jo in ts  of beef round which were braised a fte r  
marinading fo r 48 h in 2.5 percent d is t i l le d  vinegar. Wenham and Locker 
(1976) la te r  showed that marinading in 1.5 percent acetic  acid fo r 43 h 
produced a 3-fold increase in the tenderness of re la tive ly thin strips of beef 
M. sternomandibularls muscle. However, only marginal benefits were achieved 
when much thicker beef M. lonqissimus dorsi steaks were treated under sim ilar 
conditions. Wenham andTocker (1976) tfwT^:oncluded that marinading was only 
e ffe c tiv e  in tenderizing muscles rich  in collagen, claim ing that the 
beneficial effect of marinading was in creating a more acidic meat environment 
in which the su sc e p tib ility  of collagen to degradation during cooking was 
enhanced.
I t  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 
e f f i c i e n c y  o f m arin ad in g  as a method fo r  te n d e r iz in g  beef 
M. lonqissimus 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. lonqissimus lumborum muscles from four young steers were obtained 
commercial ly  three days a fte r  slaughter. These were cut transverse ly on a 
gravity feed s lice r into steaks approximately 1.0 cm thick, from which discs 
of meat 3.0 cm in diameter (weight 7.5 t  1.0 g) were prepared using a cork 
borer. To f a c i l i t a t e  s lic in g  and coring, transverse blocks of muscle and 
steaks were tempered individually at -25°C until the surfaces were rigid.

Acetic acid solutions of the fo llow ing 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 ja r to which 50jnl chilled
(4°C) acetic  acid solution was added. “  - *■ JMarinading was continued fo r 48 h at
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Table 1. The influence of acetic  acid concentration on th  ̂ of 
c h a r a c t e r is t ic s ,  tenderness, and pH of marinaded d isc 
M. lonqissimus lumborum muscle (+8 or f l 6 observations per mean) ^ ^

Cont 0.01
Acetic acid concentration (N) of fresh marinades 3,00Sl

.025 0.05 .075 0.10 0.25 0.50 0.75 1.00 1.25 1.50 2.uo

ÍRMS 0.94 0.97 1.18 1.38 1.52 1.1.57 1.80 1.92 1.95 2.04 2.01 1.97 1 - f  V;» X  
1.34 1.58 1.74 1.76 1.84 1.83 1.84 l . ' °  0-36 . JtCMS 0.59 0.50 0.64 1.01 1.22 1.34 1.58 1.74 1.76 1.84 1.83 l.oe 0.3J 

tCMT 6.53 6.62 5.44 2.66 1.40 0.96 0.72 0.45 0.39 0.30 0.33 0.32 0. 3_)S
tpH 5]33 4; «  4!43 À!31 4 Í19 4! 12 3.84 3.65 3.50 3.44 3.34

N o te : RMS = raw  m eat s w e l l in g  : IMS - cooked  m eat s w e l l in g  : CM! = 
te n d e r n e s s  (kg  cm- 2 ) *  e f f e c t i v e  s ta n d a rd  e r r o r  o f  t h e  means <4’

Cooking resulted in a loss of weight from a ll the marinaded meat■ ^ o i  « ¡¡J 
extensive shrinkage in the control samples and those marinaded ..tan.d i in au cv  reta> ,

0.025 N acetic acid solutions. However, swelling was substantia 
after cooking in the remaining samples, weight loss progressively thj t e 
w ith an increase in marinade strength. Consequently i t  is  . rOugh0',t 
structura l in te g r ity  of the meat discs was maintained t
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concentration range studied, and during cooking.

The influence of marinading on meat tenderness was quite remarkably ^- - ■ ' concentration J “ten(ie
eve“1 ."ill

s quite Vangs
fold increase occurring over the re la tive ly  narrow concentration tender .,t 
to 0.10 N acetic acid. There was a further three fold increase hjeye4 ¡1 
with increasing marinade strength, the maximum benefit being to !■ 
1.00 N acetic  acid. However, as the marinade strength increa 
acetic acid, there was l i t t le  further change in tenderness. t<<
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I t  can therefore be c le a r ly  seen that tenderness is strongly re,ae liin! 
sw elling  ch a ra c te r is t ic s  of the meat and that the maximum ^  0 
tenderizing benefits of marinading were achieved when the pH or 
had fa lle n  to pH 3.44.

f re1eV.al it'1Table 2 summarises those aspects of the marinading conditions o dist r ib.utjoi';
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the extent of penetration of acetic acid into the meat, i t s  c0r»dlt j(i| 
between marinading solution and the meat, and the influence py l ea 
have on the loss of nitrogenous components from the meat disc 
and/or solubilization.

A comparison of the acetic acid normalities of the used and f r®*rinade5/ j  
indicates that the apparent acetic acid content of the weake^. was ^ ^
Increased markedly during marinading. An equilibrium situa a pP
with the 0.05 N acetic  acid marinade, beyond which the,re "  1nadeS* ,et>c 
decrease in the normality of the used compared to the fresh md> an « 
comparative decrease reached a lim it of approximately 12 percent h 
acid concentration of 0.25 N in the fresh marinade, beyond wni ^  a „ 
l i t t le  further change. A sim ilar trend is mirrored i f  the per suCh a acifl 
acid contents of the fresh and used marinades are compared. aCetic 
would suggest that approximately 12 percent maximum orl*. dy* H°,,se'
by the meat discs occurred under the conditions used in this s beCa 
calculations based on normality are inappropriate in this cont 
the large volume decrease of the stronger marinades due to meat
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4°C with continuous sw ir lin g  at 120 rpm in a Gallenkamp Cooled Orb ital 
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 Uarner-Bratzler 
shear device. The average tenderness value for each meat disc was calculated 
from the mean of e ith e r 4 (control samples and those marinaded in <0.05 N 
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 w ith d is t i l le d  water. The pH of each so lu tion was 
measured on a Ph illip s  PW 9414 d ig ital ion ac tiv ity  meter fitted  with a Pye- 
Unicam model no. 401/E7 combination glass electrode. T itratable acidity was 
determined on a 25 ml a liquot of each so lu tion against 0.01 N or 0.1 N NaOH 
using a phenol phthalein indicator. Total nitrogen was determined on a 10 ml 
a liquot of the solution by the Kjeldahl method as described by the A.O.A.C. 
(1980) but incorporating a selenium, rather than mercury-based, catalyst. All 
marinading solutions were assessed fo r to ta l nitrogen (25 ml a liq uo t), 
titra tab le  acid ity (5 ml aliquot) and pH by the methods described above.

Values obtained fo r  t i t r a t a b le  a c id i t y  were used to c a lc u la te  the 
concentration (N) and to ta l weight (g) of acetic  acid in the fresh and used 
marinades, and the to ta l 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 d ifferences between 
marinading treatments for each parameter measured. The resu lts  shown In 
Table 1 summarise the effect of each marinading treatment on meat swelling (or 
shrinkage) before and a fte r cooking, and on it s  tenderness a fte r  cooking. 
Also included in Table 1 are the mean pH values obtained from homogenates of 
the uncooked marinaded meat discs.

I t  Is  c lea r that acetic  acid concentration had a profound effec t on the 
swelling characteristics of meat discs marinaded under the conditions used in 
th is  study. In the uncooked sta te , control samples and those marinaded in 
0.01 N acetic acid showed a slight weight loss. However, there was a marked 
Increase in the weight of meat discs with Increasing marinade strength, the 
maximum swelling achieved 1n 1.00 N acetic acid corresponding to sligh tly more 
than a 100 percent Increase in weight. I t  1s also In teresting  to note that 
more than an 80 percent weight increase was achieved in meat discs marinaded 
in acetic acid solutions covering the range 0.25 N to 3.00 N.

Dnsequently, acetic acid content is also expressed in absolute
... _ Î. . £ : L.  4 W. rtlkiif i nn At la trt mAl'l DaHI flO*

snsequentiy, acetic aciu wm-em, i3 « r  gy
more accurate account of its  distribution due to marinading. dedn>-ce 

ce tic  acid content of the used marinade to that of the mar 1 the 
ecomes c lea r that over the concentration range 0.01 N to u. ■ 
cid balance consistently exceeds that of the corresponding Tre the 
value of approximately 0.06 g which is v irtua lly  identica , ear 

ce tic  acid content of the control samples. I t  is also c r in3%,(l'y 
istributlon of acetic acid between the used marinades and tne ^  
ncreased markedly with increasing marinade strength over tne ofP* ifl,
his is in d ica tive  of the proportionately greater apparent 5t ,c
v a ilab le  acetic  acid by the meat discs with decreasing roan aCet 
his trend is more c le a r ly  seen by comparing the percent 
ontents of the marinaded meat discs with those of the used ** inad*»«> 
he distribution balance is reached in the 0.50 N acetic acid ^ r ^ 3 
ihich the balance progressively increases in favour of the use

he remaining resu lts  1n Table 2 ind icate  that the pH of the $ /
el 1 gradually from pH 4.41 to pH 2.71 over the range studied. ^  * u  , 
lercent of the nitrogen content of the meat discs was found in aXi 
•overing the range 0.01 N to 0.50 N acetic  acid, reaching a t „er* 
lercent in the 0.075 N acetic  acid marinade. N e ve r th e le s s »^ ^ ,«  
irogresslve decrease in the loss of nitrogen from the meat « 3.0 p
narinade strength, reaching a minimum of 16.0 percent with 
icid marinade. .(l

t pe Cf>i
rab le 2 The in f lu en ce  of m arinading c o n d i t i o n s a ^ r r  
:haracteristies of used marinade so lu tions, nitrogen soluD ation5 /  
acid distribution* between meat and marinade (+8 or t l 6 obser

la r a c ie r ib t  i t s  ui u jm  . . . - -  - ^
id distribution* between meat and marinade (+8 or T16 obser

Acetic acid concentration (N) of fresh marinade* 3* 
Cont 0.01 .025 0.05 .075 0.10 0.25 0.50 0.75 1.00 1.25 l «51

, 6» 'f i
------------  , « 1 .7 3  i l l  ?.018 0.03 0.05 0.07 O.09 0.22 0.44 0.65 0.87 1.10 1.34 fl3 l-y

4.41 4.32 3.99 3.90 3.80 3.53 3.20 3.16 3.06 2.97 2.91 4
20.6 21.0 22.1 23.8 23.6 21.9 20.5 19.8 18.7 18.4 17.3 j0'¡

1.00 ? it'r
.030 .075 .150 .225 .300 .750 1.50 2.25 3.00 3.75 4.50 K j 
.055 .084 .138 .195 .248 .568 1.12 1.66 2.21 2.79 3.36 ^  !■lu - .055 .084 .138 .195 .248 .568 1.12 1.66 L.r.l i . o  ,45 ' (

ln .059 . 036 . 050 . 071 .091 .114 . 221 .393 . 604 . 806 . 967 1.‘ ‘

lf  - 0.06 0.15 0.30 0.45 0.60 1.50 3.00 4.50 6.00 7.50 9.00 J 2_4 l j j •
0.11 0.17 0.29 0.42 0.55 1.30 2.62 3.89 6.24 6.57 7.8  ̂ Qy l

1 6.00 7.50 9.00 j2;4 lj;
lu - 0.11 0.1/ il.2y U.‘i4 0.55 i.5 " 5*"3 5.24 6.57 7.  ̂ 82
l™ 0.01 0.48 0.53 0.67 0.77 0.92 1.62 2.60 3.99 5.11 6.30 7.4

■ '5 u p e r s T r T p '€ s T " i r i r i 3 " p  r e f e r  fo f r e s o  m a r in o S e ,  ''4e' V
n a r in a r t o r i  n o a t  r e s p e c t i v e l y :  1 ■ n o r a a l l t y  o f  a c p t  t  i' y.j 
p e r c e n ta g e  o f  th e  t o t a l  n i t r o g e n  c o n te n t  o f  th e  f r e s n  ^ i v j i y  
i n  t h e  u se d  m a r in a d e s :  TA « t o t a l  c o n t e n t  o f  a c e t  . 
p e r c e n ta g e  a c e t i c  a c id  p r e s e n t  on a w t/ w t  (m o a t) o*" w: l< d  in»he * 
b a s i s :  *  t i t r a t a b l e  a c i d i t y  c a l c u l a t e d  a s  a c e t i c  0f t
s a n p le s ,  in c lu d in g  c o n t r o l s :  * *  e f f e c t i v e  s ta n d a rd  e r r u
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i "on i
t "tlons of0rtdnt aspect of this study is that marinading in re la tive ly weak 
rin<lerness f acetic acid has been shown to have a profound influence on the 
£ ®*rly d of cooked beef M. lonqissimus lunborun muscle. I t  has also been 
n ir|CreaSp0r?strated that this ’ ncrease tenderness is strongly related to 
^  that t h ' ln  we1ght of the meat due to absorption of marinading flu id ,

>•01)55
¡ W " * .  t,1e conclusions reached by lienham and Locker (1976), that 
Oft Ustif1o!?s no tenderizing effect on beef M. lonqissimus dorsi muscle, can 

rtion$ of only re la tion  to trad it io n a l-cu linary p ractice  where large 
r!neiri>tion *eat are used* but not onder ideal conditions where adequate 
CrnCernino mI  mannade is achieved. A sim ilar opinion can be expressed 
5U?ate<| (jy be work of Griswold (1955a, b). In the present study, problems

is substantially retained during cooking.

JD5£,
overcome by using re la t iv e ly  small portions of meat and 

/.Nils ann ° r a re1atively long time under agitated conditions. The benefits 
with°ach were also achieved to a certain extent by Wenhan and Locker 

W na<,ino strips of beef sternomandibulari s muscle, showing that 
¿ J ever ¿ .Was e ffe c tive  in tenderising muscles rich  in connective tissue, 
c) e "lore f.6? t *1̂ r resu lts  are viewed in the ligh t of the present study, 
Pe!ir thdt t h ensive Penetration of the meat by marinade was achieved, i t  is 
H % s d the benefic ia l e ffec t observed by Wenham and Locker (1976) was 
6»%!lD0iiairf«TOre t0 the 9eneral sw e llin g  c h a r a c t e r is t ic s  of beef 

ea«>---j^nd^buj a r ijs, rather than the su sc e p tib ility  of its  collagen to

slow rate of diffusion of acetic acid solution into meat were

t h a t ^  cooking, p a r t icu la r ly  since the present study has c le a r ly  
cqJ  than i . arinaded lonqissimus lumborum, with an acetic acid content of 

*'Hg, Percent and a pH value of 3.15, remains structurally intact after
^ce a sub
1nrJ[!a<l1 r»qbstAnt 1 al proportion of nitrogen was lost from the meat discs during 
Vfthe Vss Would seem that the traditional culinary technique may result 
lonn^eU«.* nutrients and flavour components from the meat by leaching. 
^ar^iOlus i in view of the Promisi’ ng resu lts  achieved in tenderizing M. 
oyeJ. Jiiillborum, marinading of beef may prove attractive to commercial- 
so)|!lCo"e th ^  10 ûture* particu larly i f  modern technology is adapted to 

uti°ns Pr °blems created by the slow diffusion  of weak acetic  acid 
^  Int0 the meat.
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