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for .Tumb l in g  or massag ing o f  meat i s  a r e l a t i v e l y  new process  
l 963*mpcovi ng the q u a l i t y  c h a r a c t e r i s t i c s  o f  cured meat (Mass,  
I 970* ^ s t  and O lsen ,  1973; Krause e t  a l . ,  1978b; Cass idy  et a l .  
advanf Theno e t  a l .  (1977) and Ockerman (1980) desc r ibed  both  

^a<3es and d isadvan tages  o f  t h i s  new techno logy .  
incCeCaSSidy et  a l * (1978) repo rted  that  tumbling leads  to  
nuciGased ce l l  membrane d i s r u p t i o n ,  d i s o r g a n i z a t i o n  o f  c e l l  
with AKand dec re a s in g  c l a r i t y  of  s t r i a t i o n .  Tumbling combined 
found ”e 5eported  d i s ru p t i o n  o f  the muscle sarcolemma has been 
inter *Kn*Pe e t  a l . ,  1981) to f o rc e  microorganisms in to  the 
s u b " ! 1 reg ions  of the tumbled meat, thus in c re a s in g  the  
Surf. face m ic ro b ia l  numbers w h i le  ap pa ren t ly  reducing  the 
the eCe exuda te  b a c t e r i a l  counts .  Reduced m ic ro b ia l  numbers in 
tumbvUdate were observed a f t e r  15 and 18 hours o f  in te rm it ten t  
^ade t by KniPe et  a l * (1981 ) ,  but  in t h i s  s tudy no e f f o r t  was 

ne i f  the microorganisms were m igrat ing  in to  the  
exudafg 6d fcrssue thus r e s u l t i n g  in reduced numbers in the

ti E d i t i o n  o f  a l k a l i n e  phosphates to in c rease  y i e l d s  of
impCoe!  tba t a re  tumbled and cured i s  a l s o  important fo r  
tumbiVi n9 water ho ld ing  c ap ac i ty  and improving cohes iveness  o f
r>. A6 d me* ____ _ in i’ , ,  tr________ — l. 1 a io .  ■°ok. meats (Yasu i  e t  a l . ,  1964; Krause e t  a l . ,  1978a;
U k a l i 3"  et a l . ,  1978; S ie g 4 l  et  a l . ,  1978; E l l i g n e r ,  1972).  
and th06 phosPhates  a l s o  in c rease  the pH o f  the cured product  
This e r e fo re  re ta rd  the reduc t ion  o f  n i t r i t e  to n i t r o u s  ac id .  
ntOre p^duction o f  n i t ro u s  ac id  should make the meat environment
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growth a l s o  in c re a se s  (Lechowich, 1971) w ith  in creased
a h igher  water  a c t i v i t y  (Aw) the ad d i t ion  o f  a l k a l i n e

es could  r e s u l t  in an in c re a se  in m ic ro b ia l  numbers.— '-muiu icauii. xii an lubicaac a 11 in.e.vM.ux M •
Of o b j e c t i v e s  o f  t h i s  p r o j e c t  were to  determine the e f f e c t

Jhling  at 3°C and 23°C on:
Plahta*Tbe number ° f  s u r f a c e  and su b su r fa c e  L a c t o b a c i l l u s  
oyci esrurn a f t e r  in o c u la t io n  dur ing  tumbling and nontumbling

2 .The r e s id u a l  n i t r i t e  a t  v a r iou s  s t a g e s  o f  tumbling.

and Methods

cl ° s e i i xi e?' '" 1 . 0 - 1 . 2  kg pi eces o f  f r e s h  bone le s s  pork shou lde r ,  
y brimmed o f  e x t e rn a l  f a t  and v i s i b l e  connect ive  t i s s u e  

load a^e?ared u s i n9 s t e r i l e  techniques  to keep the m ic rob ia l  
st i tCh low as P o s s i b l e  f o r  t h i s  experiment.  Each p ie c e  was 
cOmpos PuraPed to 1 2 0 % o f  green weight  w ith  cu r ing  s o lu t i o n s  

ed o f  the f o l l o w in g  in g r e d i e n t s  by weight (w /w ) : 14.3%

F i g .  1 -Logs  o f  s u r f a c e ,  su b su r fa c e  and nontumbling  
exudate fo r  L. p lantarum at  3°C (upper ) and 23 C 
( l o w e r ) .

sn t . ->
•»Ittlt su9 a r ;  0.29% sodium e ry th o rb a te ;  0.0935% sodium

2 . 7 5 % sodium t r ip o lyp h osp h a te  and 79.80% wate r .  
o fese l 6 samples a l low ed  4 r e p l i c a t i o n s  in each treatment  

or nontumbled ( c o n t r o l )  a t  each o f  two 
choSe t u r e s (3 ° c  and 2 3 ° C ) . These temperatures were  
tef t i q tQ r e Present  room temperature and meat ho ld ing  
Sul>< H v ^ ated temperature .  Each 1 .0 -1 .2  kg p ie c e  o f  t i s s u e  was 

i o r  to a n a ly s i s  in to  2 p ie c e s  which r e s u l t e d  in a 
^2 samples.

8tudy we Pure c u l t u r e  o f  L a c t o b a c i l l u s  p lantarum used in th i s  
°hio s t 9S o b t a in ed from The Department o f  M ic rob io lo gy  at  The 
PtePar Ur,i v® ^ s i t y .  The pure c u l t u r e  media used fo r  inocu la  
P1«ntar , n was ATP Broth (D i f c o )  in which the pure c u l t u r e  L .  
h C* AlT W3S a l lowed  to m u l t ip ly  fo r  48 hr a t  a temperature  of  

r samples were in ocu la ted  by p la c in g  50 ml o f  the  
« ea l  SusPension  on the su r f a c e  o f  the meat p ie c e s  a f t e r  

SUsP©ns^e s t l t c b  pumped w ith  cu r ing  s o lu t i o n .  The b a c t e r i a l  
" 'l. Imm1̂ "  COntained  approx im ate ly  5 X 108 v i a b l e  c e l l s  per  
p(ecGs Gdi a t e l v  a f f o r  rn n f-a m in a H o n  nnp h a l f  o f  the muscle! a t e l y  a f t e r  contamination one h a l f  o f  the muscle
Qther vW®re  randomly ass igned  to the tumbling treatments and the 

non! f  t 0  tbe nontumbling treatment ( c o n t r o l ) .  Both tumbled 
v°°m t tumb led  samples were p laced  in a c o o le r  a t  3°C or at  
4 1n,b i i nmperature at 23°C fo r  the 18 hr treatment p e r io d .  The

9 process  invo lved  an in te rm it t en t  c y c le  o f  15 min on and
k Sam i each  hr f o r  18 h r *
.tine i p le s  in v e s t i g a t i o n  were taken at  6 s t a g e s ;  p r i o r  to
^tnes -¿Sect ion  (m ic r o b io l o g i c a l  c o n t r o l )  and at  p rocess ing  
a9d a ft  ^ ( a f t e r  b r in e  in j e c t i o n  and in o c u l a t in )  12, 15, 18 hr 
^ ¿ 3  cooking ( in  a g l a s s  v e s s e l  in b o i l i n g  water  bath  fo r
Sarnp l in n) to an in t e r n a l  temperature o f  6 8 °C .  At each 
SucfaCGg p e r iod approx im ate ly  a 0.5 cm s l i c e  was taken from the 
ateQ Qt of the meat and another 0.5 cm s l i c e  from the subsu r face  
®aeh s same l o c a t i o n .  A m ic r o b io l o g i c a l  sample was taken at
-^eatnienv1 lng Pe r i ° d from the exudate  o f  the nontumbling

V J t i. The samples were homogenized with d i l u e n t  (0.5%
, ate<j ®ptone) , d i l u t i o n s  made and the samples subsequent ly  
'^ck6c n ^TP Agar and incubated fou r  days  a t  25°C

Than '  1982) fo r  de term inat ion  o f  L a c t o b a c i l l u s  plantarum.  
^ter *  Po r t ion  o f  the su r f a c e  and sub su r face  samples remaining

m ic r o b i o l o g i c a l  a n a ly s i s  was obta ined  was mixedq . v u A u i u y  i L C l i  a u a A y o A n  w a a  u is t - a A i i c u  m a » t . -  *
eSct ib  an^ * t i e s  fo r  a n a ly s i s  o f  n i t r i t e  us ing  the procedure  

bY Ockerman (1982' 
v a r iance  (- -  . . . . a n c e  (Harvey, 1960) was used to determine  

®ct ° f  tumbling , temperature ,  time ( l i n e a r ,  q u a d r a t i c ,  
the t b e * r i n t e r a c t i o n  on the lo g .  o f  the m ic r o b ia l  number 

8ea to n l t r * te  l e v e l .  An a d d i t i o n a l  a n a ly s i s  o f  v a r iance  was 
compare va lues  b e fo r e  and a f t e r  cooking .

— di s cus s i on

1 i l l u s t r a t e s  the log  o f  L a c t o b a c i l l u s  plantarum o f  
in ' *6*) t 8b° u ld e r  t i s s u e  a t  3°C (upper ) and 23°C 
«a u®nc C* atment temperatures .  The f i g u r e  a l s o  shows the  
1 8ut f ae ° f  tumbling and nontumbling as w e l l  as l o c a t io n  such 

sub su r face  and nontumbling exudate on the m ic rob ia l  
* cured pork du r ing  18 hr o f  p roce ss in g .

The a n a l y s i s  o f  v a r ian ce  in d ic a ted  tha t  tumbling was 
s i g n i f i c a n t  (P<0.05) and that  l i n e a r  time and lo c a t i o n  were 
h ig h ly  s i g n i f i c a n t  (P<0.01) fo r  m ic r o b i a l  p l a t e  count fo r  L .  
plantarum. Temperature was not s i g n i f i c a n t  and a l l  o f  the  
i n t e r a c t i o n s  proved a l s o  to be n o n s i g n i f i c a n t  at the 5% l e v e l .  
The major d i f f e r e n c e s  f o r  m ic r o b ia l  numbers in  F i g .  1 are  
a t t r i b u t e d  to  lo c a t i o n  w ith  numbers s i g n i f i c a n t l y  dec re a s in g  
from exudate to su r f a c e  to in t e rn a l  samples in both 3 C and 
23 °C . Tumbling r e s u l t e d  in h ighe r  numbers o f  microorgan isms  
in the in t e r n a l  t i s s u e  o f  p roduct tumbled 18 hours at  23 C.
Th is  i s  as would be p o s tu la ted  w ith  d i s ru p t i o n  o f  t i s s u e  as  
suggested  by Cass idy  et a l .  (1978) and w ith  a more optimal  
growth temperature  fo r  L .  p lantarum. There i s  some 
n o n s i g n i f i c a n t  sugge s t ion  tha t  the 3°C tumbled s u r fa c e  
t i s s u e  absorbed microorganisms from the exudate e a r l y  in the 
tumbling c y c l e  and that  t h i s  l e v e l  was reduced in  the l a t e r  
s ta ge s  o f  tumbling p robab ly  due to in t e rn a l  m ig ra t io n .  Th is  
would agree  with  the ob s e rv a t io n s  o f  Knipe e t  a l .  (1 9 8 1 ) . QThe 
l e v e l  o f  L .  p lantarum in the in t e rn a l  tumbled t i s s u e  a t  3 C 
would a l s o  suggest  g r e a t e r  m ic r o b i a l  m ig ra t ion  from the inoculum 
in to  the t i s s u e  at  t h i s  temperature .  The tumbled su r f a c e  t i s s u e  
had e s s e n t i a l l y  the same number o f  L .  p lantarum microorganisms  
as the nontumbled su r f a c e  t i s s u e  a t  23 C sugges t ing  that  
ab so rp t ion  o f  the exudate microorganisms had p o s s i b l y  occurred  
p r i o r  to the 12 hr sampling pe r iod  and that  m igrat ion  toward the  
center  o f  the sample had a l s o  occurred  at  a more rap id  r a t e  than 
a t  3 °C . The smal l  in c rease  observed on the su r f a c e  t i s s u e s  
from 12 to 18 hr at  23°C p robab ly  was caused by the 
f a v o r a b l e  growth temperature . Cooking reduced the number o f  L .  
plantarum to a nondetectab le  l e v e l  in both the s u r f a c e  and 
sub su r face  t i s s u e  f o r  a l l  treatments .

F ig .  2 i l l u s t r a t e s  the l e v e l  o f  n i t r i t e  in meat during  
tumbling and nontumbling p roce ss in g  a t  3°C and 23°C. The 
a n a l y s i s  o f  v a r iance  in d ica ted  that  tumbling time and tumbling  
temperature i n t e r a c t i o n s  were h ig h ly  s i g n i f i c a n t .  Th is  can be 
seen in F i g .  2. A f t e r  12 hr o f  treatment, tumbling a t  23°C 
r e s u l t e d  in lower n i t r i t e  l e v e l s  than the o ther  3 t reatments .  
This  agrees  w ith  the r e p o r t s  o f  M i l l s  e t  a l .  (1980 ) ,  Ockerman 
and O rgan isc iak  (1978a,b )  and V a r t o r e l l a  (1975),  who s t a ted  that  
tumbling improves cure  d i s t r i b u t i o n s ,  speeds cure  m ig ra t ion s  and 
improves c o lo r  development. The nontumbled t i s s u e  processed  at  
23PC had s i g n i f i c a n t l y  h ighe r  r e s i d u a l  n i t r i t e  than the 
other 3 treatments a f t e r  15 and 18 hrs  o f  p rocess ing  and a f t e r  
p roce ss in g  and cook ing .  Th is  can p a r t i a l l y  be e xp la ined  by the 
nontumbling treatment and a l s o  that  increased  temperature would 
promote the formation o f  n i t r a t e  from n i t r i t e  as d e s c r ib ed  by 
Lee e t  a l .  (1978 ) .  Th is  cou ld  e x p l a in  the r e l a t i v e l y  lower  
n i t r i t e  l e v e l s  during  nontumbling a t  3°C and the r e l a t i v e l y  
h ighe r  l e v e l s  o f  n i t r i t e  in nontumbled meat at  a temperature o f  
23®C. The sugges t ion  that  tumbling at  23°C reduced  
n i t r i t e  l e v e l  in uncooked meat does not agree  with  Krause et  a l .  
(1978a) that tumbling r e s u l t e d  in an increased  r e s id u a l  n i t r i t e .  
The cooking procedure  r e s u l t e d  in a h ig h ly  s i g n i f i c a n t  (P<0«01)  
reduc t ion  in r e s id u a l  n i t r i t e .
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F ig .  2 -Contents o f  sodium n i t r i t e  du r ing  tumbling and 
nontumbling p rocess  a t  3°C and 23°C.
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