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introduction

The method used in Australia for a number of years for 
the disinfection of meat chilling rooms involves the liberation 
of> formaldehyde vapour by heating proprietary preparations of 
Paraformaldehyde (Anon. 1938). The disadvantages of this method 
are that it is sometimes necessary to leave the rooms empty for
O)

36 hours, or until all the formaldehyde vapour has dissipated,
ahd care has also to be taken to avoid placing beef in chilling

r°oms still containing perceptible amounts of formaldehyde.
Bourdillon, Lidwell, and Schuster (19^8^) tested a

hmber of compounds as air disinfectants in hospitals and dining-
r ° o m s and found lactic acid to be the most effective of all those
ested. Consequently, and because of the availability of this
Ü  and its low toxicity, experiments were carried out to measure

its performance under cold room conditions. It was also of
interest to ascertain whether the paraformaldehyde method, with 
i t attendant disadvantages, could be dispensed with through the 
Use °f lactic acid.

^ISRIals AND METHODS

The initial experiments were carried out in a small
l>efrigerated room with a volume of about 1 0 .5  cu m, in which the
emPerature and relative humidity were varied from 0-1 0°C and
rom 7 5-9c$ respectively. Micro-organisms were introduced into 

th e test room from an atomizing device and the air was sampled 
V means of a slit sampler (Bourdillon, Lidwell, and Schuster

disinfectant was introduced with the spray described



by Kaess and Weidemann (1 9 6 2).

The organisms tested were all isolated from chilled beef 
and were all psychrophilic. They were; Penicil Hum M107,

Y':-ast 18, Ps.g,ua9ffigna§ 1*+82, Lactobacillus 89

^  MiffrpgQgQU? 3^, from the culture collection maintained in 
the laboratory.

The rate of loss of cells from the air was expressed in 
terms of decrease of loge population per hour and represented 
by the symbol K, as defined and calculated by Bourdillon et al.
(19**8fc). The death rate,. K£), due to the disinfectant was 
alculated from the formula; Kp = K^-Ki, where K2 and represent 
the rate of removal of organisms in the presence and absence of 
the disinfectant.

Experiments were also carried out in commercial chill
1’°oms of 850 - 1100 cu m total capacity. In these there was
n° control of relative humidity but the temperature was some- 
times adjusted to the required level. The relative humidity 
during an experiment was measured with an Assman hygrometer.
s

0 of the rooms were cooled by a forced-draft system, and 
the others by convection only.

No micro-organisms were introduced into the chillers, 
th
e natural population being used for evaluating the effectiveness 

of disinfectants. The air was sampled at five positions in the 
0tI1j the slit sampler being placed on a trolley with a rubber 

Pointing vertically upwards so that each sampling position 
Was about half-way between floor and ceiling. Nutrient agar
pig j .

Gs were rotated at two revolutions per minute and exposed 
°ne minute, so that 28 litres of air was sampled each time.

All y- ̂ , Q
Plates were incubated at 20 C for four days before counting 

bhe colonies.

Lactic acid was sprayed from a 50l v/v solution by
means of a spray-painting unit set to deliver about b o  ml per 
3-hUte as a fine aerosol. The chillers were treated with
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formaldehyde by heating paraformaldehyde in four small spirit 
stoves (Anon. 1938).

Disinfection of the wall population was followed by 
wiping areas of about 1000 sq. cm with sterile cotton-wool swabs 
Moistened with sterile saline. The swabs were placed in 

100 ml sterile saline, vigorously shaken, and the washings diluted 
and plated.

The effect of the disinfectants on both air and walls 
was recorded as the percentage reduction of the original population 
P r e s e n t .

r esults AND DISCUSSION 

^actic acid disinfection

In the more closely controlled experiments, carried out
l n  t h e  s m a l l  e x p e r i m e n t a l  t e s t  room, l a c t i c  a c i d  was more e f f e c t i v e

75-85$ R.H. than at 90$ R.H. With only one exception, a
Maximum of activity was reached at a concentration of 300 mg
lactic acid/cu m. The exception was Pcnicillinm M107 at 90$ R.H.
and 0-1 c. Excluding this case, all other combinations of
0:pganisms, temperature, and relative humidity gave no increase
a death rate with further increase in concentration.

Plots of the death rate against temperature for two
s P a c i e s  o f  mould, a y e a s t ,  and  t h r e e  t y p e s  o f  b a c t e r i a ,  a t  two

levcls of spray concentration, revealed that the effect of 
t ̂yQ1Perature was most marked under conditions where the maximum 
^ 1 1 1 had not been reached.

Disinfection rate increased with temperature up to
"I q Oq

’ the highest temperature tested. The graphs also revealed 
that moulds are more resistant than yeasts and bacteria, and that 
a°teria are the least resistant. The best conditions for 

1 1 ° acid disinfection in the test rooms were thus shown to 
^5-85;J R.K., 5-1 0°C, and a lactic acid concentration in the 

air of 300 mg/ cu m.



Disinfection of commercial chillers with lactic acid 
w&s at first investigated under conditions normally prevailing 
in the chillers - i.e. a low temperature (0-2°C) and a high 
relative humidity (90-9 9 3). The smalf-scale experiments have 
shown these conditions to be not the most favourable for 
disinfection by means of lactic acid.

Spraying CQnQpftt&LtaQlljL- Table 1 shows the effect 
of the concentration of lactic acid in the air on disinfection 
ln the commercial rooms. It can be seen that a concentration of 
300 mg/cu m gave a reduction of air-borne population of only 
ntout 60$ after 3 hours, with the temperature at 1°C and relative 
humidity at 99?. These were the normal conditions. At about 
the same temperature (2°C) a concentration of 500 mg lactic acid/ 
^ m gave about a 90,? reduction in 3 hours. A concentration of 

00 lactic acid/cu m gave only a slightly better result than 
ls’ even when the air was sampled after 1h hr. However, when 

the lactic acid was heated for 2 hours at 121°C before use, a 
c°hcentrâtion of 300 mg/cu m was sufficient to give 3 0 % reduction 

the air-borne population! increasing the concentration of 
heated lactic acid to 500 mg/cu gave no greater reduction, 
heating of lactic acid under the above conditions is reported

4

0 cause depolymerization (Umbreit, Burris, and Stauffer 1959).

Atmospher-i c Snvironment. - Table 1 also shows the

ect temperature and relative humidity on disinfection with
aCtlc acid aerosol in the commercial rooms. It was noted that,

Ilühna£ed lactic acid at an air concentration of 300 mg/cu m,
^ c r e a s i n g  t h e  room t e m p e r a t u r e  t o  6-10°C gave 80-90% r e d u c t i o n  o f

p° P u i a t i o n .  This c o n f i r m s  t h e  r e s u l t s  i n  t h e  t e s t  room, where  
i t ^as shown that an increase in temperature favoured lactic acid 
^infection.

No greater improvement was obtained by decreasing the
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relative humidity to about 7 0 % , Thus, a concentration of 
3°0 mg aaksaJi&fl lactic acid/cu m gave nearly 90,1 reduction in 
population, but increasing the concentration to 500 mg lactic 
acid/cu m at this relative humidity had little further effect.
A 9 0 % reduction in the air-borne micro-organisms in the chillers • 
seems to be the maximum reduction attainable under all conditions 
tested.

To summarize, a 90% reduction of air-borne micro
organisms can be obtained by any of four methods?

Increasing the room temperature to 5-6°C and using 300 mg 
unheated lactic acid/cu m when the relative humidity is 
high.

Decreasing the relative humidity to 703 and using 300 mg 
unheated lactic acid/ eu m when the temperature is low.
Using 500 mg unheated lactic acid/cu m when the temperature 
is low and relative humidity is high (normal conditions). 
Heating the lactic acid for 2 hours at 121°C and using 
300 mg/cu m of this heated lactic acid, again under 
normal conditions of temperature and relative humidity.

^iie^Effect of Repeated Applications of Lactic Acid.- During 
some experiments the chillers were being used for normal 
commercial production. In one case the chilling room had a low 
initial population of micro-organisms and in the other the 
initial population was high. In the first case, i.e., with the 
iow initial population, the population after two sprayings was 
°nly 1 37  of the initial, oven though the room was constantly 
bcing loaded and unloaded. With the high initial population, 
bhc population after a period of 57 days (with four sprayings 
over a period of 29 days) was only about 26% of the initial.
At 36 days the population was down to 13 e of the initial. During 
the last three weeks no further treatment was given and the

(1)

(2)

(3)

( b )
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Population rose by only 13l (of the initial) during this time.

Frequent use of lactic acid had the effect of reducing 
the air-borne population, irrespective of the initial level of 

contamination. However, no reduction of the wall population was 
achieved with lactic acid disinfection. In all these experiments 
in chill rooms, it was found that approximately 90,1 of the 
organisms remaining in the air were moulds.

Formaldehyde disinfection

Disinfection with formaldehyde was carried out to 
ascertain the relative effectiveness of the two disinfectants 
under conditions prevailing in the meat chilling rooms.

In only one instance out of four a 90 i reduction in 
air-borne population was achieved in I k  hours. In three of 
these instances there was no reduction at all. In a further 
°ur experiments, with samplings at 38 hours, the reduction 

ranged from 83% to 911. In two other experiments, when samples 

WCI>e taken at hours, the reduction achieved was 661 in one

CaSQ, 88'" in the other* In an experiment with samplings at 
» 2l+) and 38 hours, the air-borne population continued to 

decrease with time, with a 3 3 1 reduction at 1*+ hours, 6*f1 at 
hours, and 89I after 38 hours. As with lactic acid, only a 

9° 1 final reduction of air-borne micro-organisms was achieved.

^ L £ £ £eC t o f  Hcprnt r r )  A p p l i c a t i o n s  o f  Forms] - I n  ^

iment with a low initial population, formaldehyde prevented 
Population increase without causing any further reduction. 

t WCVcr» U  was noticed that on another occasion rooms treated by 
abattoir staff with four treatments over a period of six

^ GkS W£re rGduced from a population to a population approx
imating to the level obtained in this experiment.

A Disinfection by formaldehyde achieved a 6O-80I reduction
W al1 population* This is one advantage of disinfection with 

^aldehyde, since no reduction in wall population occurred with



lactic acid.

CONCLUSIONS

A comparison of lactic acid and formaldehyde as chiller 
disinfectants shows that lactic acid has some distinct advantages 
over formaldehyde. They ares

(1) Lactic acid is non-toxic whereas formaldehyde is toxic.
(2) Lactic acid achieves a 90% reduction in 3 hr but 

formaldehyde needs 2 b - 36 hr. This gives a considerable 
saving in time and chiller space.

(3) Lactic acid is a normal constituent of muscle and its 
presence, in these concentrations, will not be a problem.

Formaldehyde has the advantage of reducing the wall 
Population, but preliminary tests have shown that an 0 , 2 %  v/v 
active solution of quaternary ammonium compounds gave a reduction 
of about 953 on the number of bacteria, yeasts, and moulds on the 
chiller walls. This washing requires very little in the way 
of time and labour and can be done just prior to loading the 
^ooms with meat. It is likely, therefore, that, in conjunction 
with this wall washing, lactic acid spraying can provide a safe 
and useful means of keeping chillers in good prophylactic
condition.

SUMMARY

Lactic acid spraying of the room atmosphere was 
compared with existing methods of disinfecting chilling rooms by 
means of formaldehyde fumigation.

In a small experimental room it was shown that lactic 
acid was a very good disinfectant, and a reduction approaching 

°O fo of air-borne microbial flora was achieved. It was most 
effective against bacteria, with yeasts more sensitive than 
Moulds. The rate of disinfection increased on raising the air
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temperature from 0°G to 1 0 °C. Disinfection was more effective 
between 75 and 85* R.H. than at 90.1 R.H.

Lactic acid when sprayed into meat chilling rooms from 
a 50* v / v  solution has been shown to have some disinfecting 
Power. With a concentration in the air of 300 mg pre-heated 
lactic acid/cu m a decrease in the air-borne population of 901 

was obtained in three hours. The effect of repeated sprayings 
Vas to keep the population down to a low level, but no effect 
°h the wall population was observed. On the other hand, the 
conventional paraformaldehyde method required 2 ^ -3 6 hr for a 
90.1 reduction of microbial population. Paraformaldehyde is 
toxic and must be completely dissipatc-d before loading the rooms 
with meat, but does give a 60 -8 0 5 reduction in wall population.

Lactic acid is proposed as being more suitable for 
billing room disinfection because of its speed of action and 
lack of toxicity. Wall growth can be easily retarded by washing 
the walls with quaternary ammonium compounds.
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1 E ffe ct  of  temperature, r e l a t i v e  humidity, and 

concentration on l a c t i c  acid d is in fe c t io n  in 

meat c h i l l i n g  rooms

Temp. 

C)
' Relative 

Humidity 
(*)

Lactic
Acid

(mg/cu m) i

Reduction in < 
(?> of 

¿ h r  3 hr

air  population 
o r ig e )

1 if hr

99 300

!
i
1
i

if 6 59 - -

96 vn o o

1t
j

5V 89 —

96 1000
i
1i 57 91 92

96 300*

i
i
\ 80 91 « ...

9*+ 500* ! 79 90 —

95 300 65 88 91

95 300 50 8o+ - -

68 300

4

6if 89 - -

69 o o 61 90 —

* Lactic acid pre-heated 2 hr at 121°C. 

+ Sampled after 2 hr.



F i g u r e  1 .  E f f e c t  o f  c o n c e n t r a t i o n  o f  l a c t i c  a c i d  on

v a l u e s  u s i n g  P c n i c i l l i u n  M107 a t  0 . 1 °C a t  d i f f e r e n t  

r e l a t i v e  h u m i d i t i e s .

(1) 90/) R.H. (2) 85/ R.H. (3) 80/ R.H.
i k )  75/ R.H.

Figure 2a. Effect of temperature and type of micro-organism 

on Kp values with lactic acid
(1) Penicillium M107: (2) Spopptpjchte 7*+; (3) Yeast 18-,
( b )  Lactobacillus 89; (5) Mi,c;jPC9g.<aLff 3^; (6) f,agw3lQnQaa&
1*+82. Lactic acid concentration 120 mg/ cu m; 90/ R*H.

Figure 2b. Lactic acid at a concentration 300 mg/cu m;

9 0 /  R.H.

Figure 3 . Effect of repeated disinfections with lactic acid 
and formaldehyde on the air population of neat chilling rooms.
(1) Spraying with 300 mg heated lactic acid/cu n starting 

with a low initial population,
(2 )  R e p e a te d  s p r a y i n g s  w i t h  300 mg h e a t e d  l a c t i c  a c i d /  cu  m 

s t a r t i n g  w i t h  a h i g h  i n i t i a l  p o p u l a t i o n .

(3) R e p e a te d  t r e a t m e n t  w i t h  f o r m a ld e h y d e  v a p o u r .

N o te .  The l a c t i c  a c i d  was s p r a y e d  i n ,  o r  t h e  

p a r a f o r m a l d e h y d e  b u r n e r s  l i t ,  a t  t i m e s  marked thus ^  .



ZUSAMMENFASSUNG DER ABHANDLUNG
"DESINFEKTION DER LUFT IN KUHLRAUMEN MIT MILCHSÄURE" 

von MAXWELL K. SHAW.
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* tA  s

Die "bekannte Methode,  n a c h  d e r  Kühlräume d u rc h  F o rm a l -  
d e h y d e -A u s rä u c h e ru n g  d e s i n f i z i e r t  w erden ,  wurde v e r g l i c h e n  
mit  d e r  B e s tä u b u n g  des  Raumes d u r c h  M i l c h s ä u r e .

I n  e inem  k l e i n e n  V ersu c h s ra u m  wurde g e z e i g t ,  d a s s  
M i l c h s ä u r e  e i n  s e h r  g u t e s  D e s i n f e k t i o n s m i t t e l  i s t ;  d i e  
Mi k r  oh e n -  F l o r a  i n  d e r  L u f t  wurde um B e in a h e  100 r e d u z i e r t ,  
ü i e  war  ä u s s e r s t  w i rk sam  g eg en  B a k t e r i e n ,  und zwar war Hefe  
e m p f i n d l i c h e r  a l s  Schimmel.  Die D e s i n f e k t i o n s w i r k u n g  s t e i g e r t e  
s i c h  m i t  dem T e m p e r a t u r a n s t i e g  von 0° C a u f  10° C. Auch war 
¿ i e  W irkung h e i  e i n e r  r e l a t i v e n  L u f t f e u c h t i g k e i t  z w isc h e n  
75 und 06 $  g r ö s s e r  a l s  h e i  90 $>,

M i l c h s ä u r e ,  d i e  i n  e i n e r  5 0 - ^ - i g e n  v / v  Lösung i n  
f l e i s c h - K ü h l r ä u m e n  v e r s p r ü h t  wurde ,  h a t t e  d e s i n f i z i e r e n d e  
W irkung.  B e i  e i n e r  K o n z e n t r a t i o n  i n  d e r  L u f t  von 300 mg v o r -  
g e h e i z t e r  M i l c h s ä u r e  p e r  m^wurde e i n  9 0 - ^ i g e r  Rückgang d e r  
-tjU f t - K l e i n l e b e w e s e n  i n  d r e i  S tu n d e n  e r z i e l t .  Durch w i e d e r 
h o l t e s  S t ä u b e n  k o n n te  d i e  Z ah l  d e r  K l e i n l e b e w e s e n  a u f  e inem 
Minimum g e h a l t e n  w e rd en ,  es wurde  j e d o c h  k e i n e  Wirkung a u f  
Ü e  K l e i n l e b e w e s e n  an  d e r  Wand e r z i e l t .  A n d r e r s e i t s  e r f p r d e r t e  
h i e  Ü b l i c h e  Methode m i t  P a r a f o r m a l d e h y d e  24 -  36 S tu n d e n ,  um 
d i e  M ikroben  um 90 i° zu v e r r i n g e r n .  P a r a f o r m a l d e h y d e  i s t  
g i f t i g  und muss v o r  dem F ü l l e n  d e r  Räume m i t  F l e i s c h  v ö l l i g  
v e rschw unden  s e i n .  Es r e d u z i e r t  d i e  Wand-Mikroben a l l e r d i n g s  
um 60 -  00 Io,

I n f o l g e  s e i n e r  s c h n e l l e n  W irk s a m k e i t  und H a r m l o s i g k e i t  
b e z ü g l i c h  G i f t  w i r d  M i l c h s ä u r e  a l s  g e e i g n e t e r  z u r  D e s i n f e k t i o n  
v °n  Kühlräum en b e t r a c h t e t .  A u s b r e i t u n g  d e r  Wand-Mikroben 
bann l e i c h t  v e r h i n d e r t  w e rd en ,  indem man d i e  Wände m i t  
q u a r t e r n ä r e r  Ammoniak-Verbindung w ä s c h t .



PRECIS D * EPREUVE
" I A PSGINFECTION DS L'AIR DES CHAMBRES BROIDES PAR

L'ACIDE LACTIQUE1'
p a r  MAXWELL K. SHAW
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La p u l v é r i s a t i o n  de 1 ' a tm o s p h è r e  de l a  chambre p a r  
a c i d e  l a c t i q u e  f u t  comparée  aux  m é thodes  e x i s t a n t e s  de 
d e s i n f e c t i o n  des  chambres  f r i g o r i f i q u e s  p a r  f u m i g a t i o n  
f o r m a l d é h y d e .

Dans une  p e t i t e  chambre d ' e s s a i ,  i l  f u t  démontré" que 
l ' a c i d e  l a c t i q u e  é t a i t  un  t r è s  bon  d é s i n f e c t a n t  e t  une 
r é d u c t i o n  de p r é s  de 100 des  m ic r o b e s  v é g é t a u x  de l ' a i r  
f u t  a c h e v é e .  I l  f u t  t r è s  e f f i c a c e  c o n t r e  l e s  b a c t é r i e s ,  
p l u s  s e n s i b l e  av ec  l e s  l e v u r e s  q u ' a v e c  l e s  m o i s i s s u r e s .  Le 
t a u x  de d é s i n f e c t i o n  s ' a c c r u t  l o r s  de l ' é l é v a t i o n  de l a  
t e m p é r a t u r e  de l ' a i r  de 0°C a 10°C. La d é s i n f e c t i o n  f u t  
p l u s  e f f i c a c e  e n t r e  75 e t  85 1° R.H. q u ' a  90 % R.H.

Un a c i d e  l a c t i q u e  d 'u n e  s o l u t i o n  de v / v  507° v a p o r i s e  
dans  une chambre f r i g o r i f i q u e  p o u r  v i a n d e s  a  d é m o n t r é  a v o i r  
un p o u v o i r  d é s i n f e c t a n t .  En c o n c e n t r a n t  dans  l ' a i r  300 mg 
l ’a c i d e  l a c t i q u e  p r é a l a b l e m e n t  c h a u f f é  l ' o n  a  pu o b t e n i r  en 
t r o i s  h e u r e s  une d i m i n u t i o n  de 90 'A des m ic r o b e s  de l ' a i r .
Pes p u l v é r i s a t i o n s  r e p é t é e s  a v a i e n t  p o u r  e f f e t  de g a r d e r  l a  
q u a n t i t é  des  m ic r o b e s  de l ' a i r  a un n i v e a u  t r è s  b a s ,  mais  
aucun  e f f e t  s u r .  l e s  m ic r o b e s  des  p a r o i s  ne  f u t  c o n s ta t e " .
P ' u n  a u t r e  cô te ' ,  l a  méthode c o n v e n t i o n n e l l e  p a r a f o r m a l d é h y d e  
demande 24 -36  h e u r e s  p o u r  une  r é d u c t i o n  de 90 $ des  m i c r o b e s .  
P a r a f o r m a l d é h y d e  e s t  t o x i q u e  e t  d o i t  e t r e  com plè tem en t  d i s s i p e "  
a v a n t  l ' e n t r e p ô t  de v i a n d e s  dans  l e s  ch am b res ,  m a i s ,  i l  donne 
hue r é d u c t i o n  de 60 -80  $  des  m ic r o b e s  m uraux .

L ' a c i d e  l a c t i q u e  e s t  p r o p o s é  corame é t a n t  l e  p l u s  p r o p r e  
a l a  d é s i n f e c t i o n  des  chambres  f r o i d e s  en r a i s o n  de l a  
r a p i d i t é  de son  a c t i o n  e t  de son  manque de t o x i q u i t é .  Le 
P r o g r è s  des  m ic r o b e s  muraux p e u t  ê t r e  a i s é m e n t  r e t a r d é  p a r  
l e  l a v a g e  des  p a r o i s  av ec  des  c o m p s o t io n s  d'ammonium
quaternaire.


