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In troduction

Good manufacturing p rac tice s  (G .M .P .) during slaughter include a l l  measures 
necessary to produce meat with the lowest possib le  m icrob ial contam ination.
Th is  is  on ly a tta in ab le  i f  the whole process is  s t r i c t l y  con tro lled  (W.H.O. 
VPH/83.42). M icrob io log ica l examination o f carcass surfaces should be used to 
id e n t ify  c r i t i c a l  hazard points in  slaughter lin e s  (Gerats e t a l . ,  1981). Data 
thus obtained may be used in steering  the process in  order to a tta in  a 
s a t is fa c to ry  product.

U sua lly  pig sk in  i s  h e av ily  contaminated with b a c te ria . During scald ing and 
dehairing and p a r t ic u la r ly  during singeing a sub stan tia l reduction o f the 
b a cte ria l load i s  achieved (S n ijd e r s , 1976). In the b lackscraper and po lish ing  
machinery, however, pig carcasses are often severe ly  recontaminated (S n ijd e r s , 
1976; Gerats e t a l . ,  1981). I f  cleaning and d is in fe c t io n  are inadequate, 
considerable q u an tit ie s  o f d ir t  (h a ire s , p arts o f the epidermis e t c .)  remain 
in  the machinery. Consequently, the blackscraping and po lish ing  machinery acts  
as a continuous source o f b a cte ria l contam ination. In c a t t le  and veal s laughter 
lin e s  the skinning process e n ta i ls  severe hygien ic problems. Mechanical 
skinning i s  therefo re  p re fe rab le .
Ev isce ra tio n  i s  another c r i t i c a l  p o in t, Carcasses should be opened c a re fu lly  
to prevent severing o f the in te s t in e s . The rectum should be cut out and tied  
o f f .
Furthermore, an in te g ra l part o f G.M .P. i s  the t ra in in g , in s tru c t io n , and 
m otivation o f personnel working a t s laughter lin e s  (G erats e t a l . ,  1982).

Decontamination is  another p o s s ib il i t y  fo r  reducing the contamination of 
ca rca sse s , c u ts , and by-products. However, i t  has often been asked whether 
decontamination procedures are r e a lly  required when advanced hygiene measures 
and adequate re fr ig e ra t io n  are applied along slaughtering  and processing l in e s .  
Whenever and wherever, in s p ite  o f hyg ien ic p ra c t ic e s , meat su rfaces or cuts 
do become (c ro ss ) contaminated, such a term inal decontamination may be useful 
(Smulders and W oolthuis, 1983).
L a c t ic  acid  (LA) i s  an acceptable decontaminant, because i )  i t  i s  a natural 
product; i i )  i t  i s  physio log ica l and not to x ic ; i i i )  i t  i s  often used in the 
meat in d u stry , and a lso  produced fo rtu ito u s ly  in  meat products as a re s u lt  o f 
ferm entation (Barendsen e t a l . ,  1984).
Th is  paper is  an attempt to in te r re la te  the data obtained by our Department 
in  several experiments on la c t ic  acid  decontamination.

M ateria ls and methods

Experiments were conducted on p ig , v e a l , and c a t t le  s laughter l in e s .
Carcasses were sprayed w ith LA so lu tions a t approximately 45 minutes post 
mortem (p .m .) , and subsequently c h ille d  in  conventional c h i l l  rooms (3 ± 1°C ). 
In one experiment hot deboned pig b e l l ie s  were sprayed w ith 5% v/v la c t ic  a c id , 
3 hours p .m ., and subsequently stored under re fr ig e ra t io n  a t 7°C fo r 8 days. 
Porcine l iv e r s  were dipped fo r  5 minutes in  a 0.20% v/v la c t ic  acid 
so lu tio n , allowed to d ra in  fo r 30 s,and subsequently vacuum Dackaged and 
stored a t 3 ± 1 °C . Veal b ra ins were sprayed with 1.25 LA a fte r  manual

Table 1: The e f fe c t  on the aerob ic colony counts (ACC) o f pig carcasses of 
cleaning and d is in fe c t io n  o f the po lish ing  machinery with or witno 

an add itio na l 1 % v/v la c t ic  ac id  spray on the carcasses (applied  45 min P*^
).

Treatment ACC in  log N/cm2

1. Ir re g u la r  cleaning 4 .2  ± 0 .5  * ä

2 . system atic foam cleaning 3 .3  ± 0 .3

3. Mechanisation o f foam cleaning 
and d is in fe c t io n 2 .8  ± 0 .3 c

4 . as 3 , and subsequently LA spray 2 .3  ± 0 .4 d
. . .

Each mean value comprises 20 ob servatio ns . From each carcass samples we ^  
pooled from the rin d  on the cheek, the b reast and the back. The values 
d if fe re n t  su p e rsc rip ts  d i f f e r  s ig n if ic a n t ly  (p < .01) .

that on hot carcasses the b acteria  a re  s t i l l  in the w aterfilm  and have notye 
become attached to the su rface  (Notermans and Kampelmâcher, 1983).
The b reast o f a c a t t le  carcass i s  contaminated s ig n if ic a n t ly  more than the ^ 
shoulder (Table 3 ) . Therefore la c t ic  acid  decontamination i s  most e ffective  . 
th is  spot (S n ijd e rs  et a l . ,  1979). A fte r 3 days o f c h i l l in g  some delayed & 5 
of la c t ic  acid  decontamination i s  s t i l l  n o tice ab le , although not as c lea rly  
shown in Tabel 2 .

Table 2: The e f fe c t  o f 5 % v/v  la c t ic  acid  (applied  3 h p .m .) on aerobic (A 
and Enterobacteriaceae colony counts (ECC) (log  N/cm2) o f hot deboned p i9 
b e l lie s  stored a t 7°C.

Days 0 2 3 6 8

ACC
contro ls 4 .7  ± 0.4 7 .4  ± 0 .2 8.0  ± 0.1 8 .7  ± 0 .3 9 .2  ± 0.1

treated 3 .8  ± 0 .4 4 .0  ± 0 .7 5 .2  ± 1 .3 6 .4  ± 0 .7 7.6  ± 0.5

A 0 .9 3 .4 2.8 2 .3 1.6
ECC
contro ls 2 .7 ± 0 .5 3.1 ± 1.5 4 .6  ± 0 .6 6 .0  ± 0 .5 5 .5  t  0.4

treated < 1 .3 < 1 .3 1 .7  ± 0 .7 2 .7  ± 1 .5 3 .3  t  1.3

A > 1.4 a 1.8 2 .9 3 .3 2.2

4 s ig n if ic a n t  reduction (p < .01) n=8

Th is  delayed e f fe c t , which i s  probably the re s u lt  o f a prolonged lag phase ° |n 
ac id -in ju re d  micro-organisms su rv iv in g  LA decontamination, can a lso  be se®n-5| 
veal carcasses during prolonged storage time (Table  4 , Smulders and W o o ltn u  
1984).

Experiments have shown the u ltim ate value fo r  LA spraying which does not c3^ r 
permanent d isco lou ration  o f the meat to be 1 % v/v fo r beef and 1.25 % v/v 
v e a l. However, immediately a f t e r  LA spraying a s lig h t  d isco lou ration  occl?ri!iiy 
which disappears a f t e r  1 day o f c h i l l in g .  The LA concentration may be s W  
higher fo r veal than fo r  beef because veal i s  p a le r . N evertheless, LA

e x t irp a t io n . In a specia l cleaning and d is in fe c t io n  u n it (a perspex tube with 
a diameter o f 6 cm and two f l a t  spray nozzles) te s ts  w ith and without LA were 
c a rr ie d  out on s ta in le s s  s tee l p la te s . LA so lu tions were prepared by d ilu t in g  
a 90% L - la c t ic  ac id  stock so lu tion  (Chemie Combinatie Amsterdam).
The surface  pH o f carcasses was assessed with a pH meter and combined e lectrodes 
(R u sse ll pH L td , Auchtermuchty, F i f e ,  Sco tland ). The colour score o f carcasses 
a fte r  LA treatment was assessed v is u a l ly  by two trained  graders. Veal 
longissimus chops were evaluated s e n s o r ic a lly  by a 15 member consumer pane!.

Sampling fo r  b acte rio lo g ica l examination was c a rried  out using an exc is io n  
technique (S n i jd e r s , 1976; 1984). T issue  d iscs were sampled by means o f s t e r i le  
cork b o re rs , s c a lp e ls , and tw eezers, a f t e r  which they were co llected  
in  p la s t ic  bags. A fte r peptone-saline so lu tion  had been added, samples were 
macerated in a Stomacher fo r 2 m inutes. Colony counts were expressed in colony 
forming u n its  ( c . f . u . )  per cm2 (except those from veal b ra ins which were 
expressed per gram) and then converted to logarithm s base^g. The fo llow ing 
c r i t e r ia  fo r  meat samples were determined: M esophilic aerob ic colony counts 
(ACC) in  p la te  count agar o r Tryptone Glucose Beef E x tra c t Agar (poured p late 
method, incubation a t 30°C fo r  3 d ays); Enterobacteriaceae colony count (ECC) 
in v io le t  red b ile  glucose agar (poured p late  method with o v e rla ye r , incubation 
a t 37°C fo r 1 day)

As a su b stitu te  fo r kn ife b lad es , s ta in le s s  stee l p la tes (9 x 4 ,5  cm) were used. 
They were overlayered with buffered Tryptone Soya Broth Agar (D ire c t Surface 
Agar P la te  method). For th is  examination colony counts were expressed in c . f . u .  
per k n ife . D ifferences between c . f . u .  counts were assessed using a Student 
t - t e s t  and a Wilcoxon te s t .

R esu lts  and Discussion

The importance o f cleaning and d is in fe c t io n  as part o f GMP is  c le a r ly  shown in 
tab le  1. Aerobic colony counts o f 4 .2  log N per cm2 were found on pork skins 
a ft e r  they had passed polish ing  machinery which had not been cleaned re g u la r ly  
(S n ijd e rs  1976).

When cleaning was ca rr ie d  out more sys tem atica lly  but without d a ily  
d is in fe c t io n , the contamination o f the carcasses was reduced to 3 .3 log N per 
cm2. Mechanizing the cleaning procedure by using ro tating  spraying devices 
combined with a d a ily  d is in fe c t io n  programme resu lted  in a fu rth e r reduction of 
contam ination. When the carcasses were sprayed with a 1 % v/v la c t ic  acid 
so lu tion  (2 L o f so lu tion  fo r 25 sec per ca rcass ) a fte r  having passed the 
po lish ing  machinery, an add itional reduction o f 0 .5 log N per cm2 was obtained. 
The e f fe c t  of LA decontamination depends among other th ings on concentration , 
ap p lica tio n  tim e, temperature, the attachment o f micro-organisms to su rfa ce s , 
and the ap p lica tio n  method (spraying  or immersing) (van Netten and Mossel, 1980, 
Notermans and Kampelmacher, 1983).
A 5 % LA spray re su lts  in  a high reduction (tab le  2 ) ,  but causes an unacceptable 
d isco lou ration  o f the treated c u ts .

N evertheless, the data in table 2 show very c le a r ly  the immediate and delayed 
b acterio lo g ica l e ffe c ts  o f LA decontamination on hot deboned pig b e l lie s  under 
experim entally inadequate storage conditions (7 °C ). E sp e c ia lly  
Enterobacteriaceae were strong ly inh ib ited  in th e ir  development. In fu rthe r 
stud ies (van Netten et a l . ,  1984) i t  was found that LA decontamination e ffe c ts  
a s h i f t  on the m icro flo ra  towards the Gram p o s it iv e  population and provides a 
higher p rotection against the possib le  enteropathogenic Gram negative 
a sso c ia tio n . Spraying o f hot carcasses a t 45 minutes p.m. resu lted  in a greater 
e f fe c t  than spraying o f c h ille d  ca rcasse s . Th is  is  probably due to the fa c t

Table 3 : The e f fe c t  on the b a cte rio lo g ica l condition o f c a t t le  carcasses 
a 1 % v/v la c t ic  acid  spray (app lied  45 min. p .m .)

Days
Aerobic colony count 

0 3
Enterobacteriaceae colony count 

0 3

Breast
con tro ls 4 .7  ± 0 .4 5 .3  ± 0.9 2.0  ± 0.6 75%*2.1 ± 0.8
treated 2 .9  ± 0 .8 2 .9  ± 0.7 < 1.3 < 1 .3

A 1.8 2.4 a 0.7 a 0.7

shoulder
con tro ls 3.1 ± 0.7 3 .9  ± 1 .4 13 % 1 .9 13 % 2 .8

treated 2 .5  ± 0 .7 2.6  ± 0.8 < 1.3 < 1.3

A 0.6 1.3

A s ig n if ic a n t  reduction p <.05 (n=8 )

* percentage o f p la tes appropriate fo r  enumeration from which means have 
ca lcu la te d  (% : log N cm2 s i .3 )

Table 4 : The e f fe c t  on the b a cte rio lo g ica l condition (log  N/cm2) o f veal 
carcasses o f a 1.25 % v/v la c t ic  acid  spray (app lied  45 min p .m .)  ̂ /

Aerobic colony count Enterobacteriaceae colony count
Days 0 14 0 14

shoulder
con tro ls 3 .2  ± 0 .5 4 .6  ± 1.2 24 «*1 .9  ± 0 .4 29 X 2 .7  t  0.0
treated 2 .5  ± 0 .5 3 .3  ± 0 .8 6 % 1.3 6 *  2.2

A 0 .7 1 .3 a 0.6 a 0 .5  ^

A s ig n if ic a n t  reduction (p <.01) n=l7

* percentage o f p la tes  appropriate fo r enumeration from which means have 
ca lcu la ted  U :  log N cm2 a 1 .3 )

✓
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after'f J?a!!t ly  (p <-01) from 7 .0  to 3 .7 . At 24 h post mortem the pH was 5 .6 , and 
treated h no s ig n if ic a n t  d iffe rence  in  su rface  pH could be observed between 
^Perimoa?d untreated ca rca sse s .
With ? vnts consumer ta ste  panels have shown veal longissim us chops treated 
c°ntro l:  v/v LA spray during 30 s not to be s ig n if ic a n t ly  d if fe re n t  from the 
E ld e rs  ?hereas a treatment w ith 4 % v/v  LA could be id e n tif ie d  (Woolthuis and

Slides
1984).

5 ) .However S?£ayi n9» cuts or organs can a lso  be immersed in  LA so lu tio n s  (Table 
reduced’ * the inversion time is  prolonged, the LA concentration has to be 
With 1 ? c V nh ib it d isco lo u ra tio n  (Woolthuis e t a l . ,  1984). Spraying veal b rains 
but sh; u HV / v  9ave a small immediate e f fe c t  (reduction o f 0 .3  log N per g ) , 
’ nacceotAKi 6 d iscouraged because a ft e r  one week of storage b ra in s showed an 

d isco lo u ra tio n , whereas the b a cte ria l load was not s ig n if ic a n t ly  
from that of co n tro ls  (Smulders e t a l . ,  1984).

Table 5.
dcid for c0m̂ ned e ffe c ts  o f decontamination by immersion in  0.20 % v/v la c t ic  
the SUrfJ 3 min followed by vacuum packing on the b a cte rio lo g ica l condition at 
*•*---- ° f  porcine l iv e r  (log  N/cm2)

D̂ays

CWtrols

tr'ated

Aerobic colony count Enterobacteriaceae colony count 
1 5

4 .4  ± 0 .4 5 .2  ± 0 .5 2.1 ± 0.6 2.2  ± 0.6
2 .2  ± 0 .3 2 .4  ± 0 .6 17 %*1.7 ± 0.1 17 X I . 5 ± 0.1

2.2 2.8 > 0.4 > 0.7

» ^ n ific>nt reduction (p < . 001) n=12 
ca lrn i^ ge P la te s appropriate fo r enumeration from which means have been 

CU ated (%: log N/cm2* 1 .3 )

»  to-«* a is in f EEC reg u latio ns the temperature o f water used fo r cleaning
il^ rsinn  ° f  too ls during slaughtering  has to be a t le a s t  82°C (1 8 0 °F ).
"hich . ko ife  fo r 15 sec in  water o f 82°C e ffe c ts  a reduction o f 2 .2  log N, 
•n’ t with , § n; f ic a n t l y  lower than the reduction obtained in the d is in fe c t io n  

is not n Table 6 ) .  D is in fe c t io n  o f knives a t 82°C i s  fa r  from optimal i f  
p d isinfe_? receded by mechanical c lean ing . The la t t e r  i s  possib le  i f  one uses 
„  n°22les f j 0ri.un it  in which water is  sprayed onto the k n ife su rfa ce  through 
w be redi n i d̂ers e t a l*»  1984)* By adding LA to the water i t s  temperature 
Wa$ ° btaino^ed’ and d is in fe c t io n  by spraying re su lted  in  a b ette r e f fe c t  than 
^  d 1n standing w ater.

on thp6 e^ e9t  o f c leaning and d is in fe c t io n  o f knives in  a d is in fe c t io n  
, essure of ? f robic colony count with or without 2.7% v/v  la c t ic  ac id  and a 

_____15 ato a t d if fe re n t  temperatures and spraying times
Lime
S

5
15

«.5

temperature
°C

20
20
45

reduction 
A log N

0.2* “
0 A  “ 
0 .7  b

reduction w ith LA 
a log N

.....¡7 J
3 .2  H 
3.1 d

* Ea ~

i 116 b lu es '1 <a ûe.comprises 20 observations
,evei Wlth d if fe re n t  sup erscrip ts  d if f e r  s ig n if ic a n t ly  (p < .0 1 ). The mean 
°9 N. ° ntamination on the knives which were used as co n tro ls  was 3 .3  ± 0 .2
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