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enH
^Peraturp,. pr(XllJC^s o f  m icrobial growth on meat stored 1n a ir  at ch il l  
Sflelf-H fe  S aCe maj ° r components o f  the "o ff-odou rs" which signal the end o f 
nu*ieriCai 1C '°  d a te ’ inoculation o f  s t e r i le  meat with s ing le  strains o f  the 
SPP and Brorh°fw important type* o f  aerobic spoilage bacteria i . e .  Pseudomonas 
attftnptr^-j-----nothrix thermosphacta has been the experimental method o f choice ii 
Hlt>bard lo a n e r  1s"  the chemical id en tity  o f  spoilage compounds (Dainty A 
Wh'i 1 Stdn1e^ e t a1 • J981; Dainty e t a l . 1984).

extraPolUaiin tudies provide a source o f  read ily  reproducible data, d irect
f l 0ra n tbe findings to  natura lly  contaminated samples supporting a 

Hi* necessari?U' d misieading. For example, r e la t iv e ly  few, and therefore 
, len>ents o f th representat1ve, stra ins have been studied; numerically minor 
^fween organ' f1° ra may contribute t0 spoilage processes; and in teractionsvol «11 es p. ’ r 15 and/or th e ir  end products could produce a d if fe r e n t  pattern o f 

that derived from simple combinations o f  the pure cu lture resu lts .
Hdvg *l

.®Te^0re id en tified  the v o la t i le s  produced during storage o f  natura lly  
i °  , i l es yJcb b°u9ht at r e t a i l .  The time course o f appearance o f  the 
n<1ividual r d S°  established by sem iquantitative determinations o f the 

i°d, toat»fh^°unds at re9u^ar sampling in terva ls  throughout the storage 
rhta is ess»nJ?,\ w1th the associated m icrobio logica l and sensory changes. Such 
^ ic a l  cha°t la  any attempt to evaluate the potential usefulness o f 
CceP t a b i i as ^nd^cators o f  microbial qu a lity  and/or product

On 2

were'
(0*1,

to°Ps» triiw nL000351005» stew ing or b ra is in g - s te a k  was o b tain ed  from local 
• r® Placed < 0 f f a t » c u t  *n t0  cubes c .  3cnr and m ixed. R e p lic a te  50g samples 

nty et *1 ° s t e r H e  250ml co n ica l f la s k s  f i t t e d  w ith m odified  Dreschel heads 
1984) and s to re d  a t  +5dC.

IU sv°LAt;

Jfter stor
^ a1ysed fop6* ^  ° f  headspace gases were removed with a gas t ig h t  syringe . 
etector, v o lat1 le sulphur compounds by g . l . c .  using a flame photometric 

Ren • • ' ^uan* l t at1on was by peak height measurements.

o f^ o^ «dspace 9ases were entrained onto Porapak Q porous polymer in a 
,c•/*.$, N? and thermally desorbed for analysis by combined cap illa ry

ctram e t a l . 1982). Quantitation was by peak area measurement o f

odd-numbered aids were present in on ly one o f  the experiments (Table 1 ).

Only towards the end o f  storage were sulphur containing compounds detected, 
dimethylsulphide alone in experiment 1, but together with the corresponding 
th io l and disulphide in experiment 2.

Amongst the hydrocarbons, 1-undecene was produced in small amounts and on a 
s im ilar time scale to the esters in both experiments. However three others, 
toluene and 2 dimethyl benzenes, were present in the in it ia l  samples and showed a 
tendency to  decline in concentration with storage, although the pattern o f 
change was not consisten t.

Discussion

The absence o f storage-associated concentration increases, despite substantial 
m icrobial growth, is  good evidence o f  a non-microbial o r ig in  for that compound. 
With the exception o f 1-undecene, th is  was the case fo r  a ll the hydrocarbons 
detected in the present study thus confirming e a r lie r  findings on v o la t i le  
compound formation during storage o f  s t e r i le  and pure cu lture inoculated meat 
samples (P itta rd  e t  a l . 1982; Dainty e t a l . 1984). Both groups concluded that 
1-undecene was a product o f  the growth o f  Pseudomonas spp and the resu lts  o f 
Dainty e t  a l . (1984) suggested that i t  had potentia l value as a spoilage 
in d ica to r. The r e la t iv e ly  small amounts detected in the present study, and its  
appearance at a la te  stage o f storage, throw doubt on that suggestion.

A ll the other compounds have previously been shown to  be by-products o f  common 
spoilage organisms grown in pure cu lture on meat; esters and sulphur compounds 
o f  Pseudomonas spp (Dainty e t  a l . 1984); aceto in , d iacety l and 
3-methyl-1-butanol o f Broc. thermosphacta (Dainty A Hibbard 1980; Stanley et 
a l . 1981). Data from the present s tu d y o f natura lly  contaminated meat are 
consistent with these particu lar sources. For example, more o f  the suspected 
end products o f  Broc. thermosphacta metabolism were detected , and in greater 
amounts in the f i r s t  experiment, when the nunbers o f  th is  organism r e la t iv e  to  
Pseudomonas spp were g rea te r . Furthermore, the e a r lie r  appearance o f  Broc. 
thermosphacta1s end products is  consistent with glucose being the preferred 
growth substrate fo r  a ll the common spoilage bacteria (G il l  1976). Thus, 
acetoin and d iacety l are major end products o f  the energy y ie ld in g  metabolism o f 
glucose by Broc. thermosphacta (Dainty A Hibbard 1980; Stanley e t a l . 1981), 
while carbon d ioxide is  the expected end product o f  the complete oxidation o f 
organic compounds carried  out by Pseudomonas spp. Not until glucose was 
nearing depletion at the surface of1 the meat would the la t t e r  organisms begin to 
metabolize amino acids with the resu lting formation o f  compounds such as es te rs , 
sulphur compounds e tc .

Hence the particu lar order o f appearance o f v o la t i le  compounds found in the 
present study could reasonably be expected to hold when Broc. thermosphacta 1s a 
co-dom1nant element o f  the f lo r a , a s ituation  sometimes reported f o r  meats 
stored under gas permeable membranes. Under the more common condition o f  a 
pseudomonad dominated f lo r a ,  esters  would be expected to be amongst the e a r lie s t  
detectab le products and therefore o f  greatest potential use as ind icators o f 
such growth. This is  because pure cu lture experiments suggest ester rather 
than sulphur compound formation (Dainty e t a l . 1984) to  be a more widespread

property o f  those Pseudomonas stra ins which ty p ic a lly  predominate on meat stored 
ch illed  in a ir ,  1 .e . the c lu ster 2 strains o f Shaw A Latty (1982).

The time course o f  v o l t i l e  compound appearance correlated  c lo s e ly  with that o f  
the perceived odours, which were In i t i a l l y  described as d a iry , bu ttery, cheesey, 
then sweet, fru ity  and f in a l ly  pu trid . I t  th erefore seems reasonable to 
conclude that amongst the compounds Id en tified  were those responsible fo r  the 
odours. Fruity odours and ester formation have been linked (C aste ll A 
Greenough 1959; McGugan 1980; Dainty e t al1. 1984) while the odours o f  d iacety l 
and 3-methyl-l-butanol have been described as da iry , buttery (McGugan 1980).
And, amongst the many d iffe re n t  types o f compound associated with the term 
putrid are sulphur compounds (McGugan 1980). Dimethylsulphide and 
dim elthyldlsulphide were major components o f  the headspace v o la t i le s  associated 
with a putrid o ff-con d ition  o f  minced beef (S tu tz 1978) and the author suggested 
th e ir  use, together with two ketones, as Indicators o f  m icrobial growth. Their 
la te  appearance 1n our present study suggest they have less  potential than 
es te rs .

C learly  any discrepancies such as that ju st noted, need to be c la r i f ie d  before 
any general conclusions regarding the use o f  particu lar compounds as ind icators 
o f  microbial growth/acceptab 11 i t y  can be made. While they may simply r e f le c t  
analytica l methodology, they could resu lt from in ev itab le  inter-sample flo ra  
d iffe ren ces , 1n which case analysis o f a range o f compounds w ill be necessary.

References

C a s te ll, C.H. A Greenough, M.F. 1959 Journal o f the Fisheries Research Board, 
Canada, 16, 21-31.
Dainty, R.H. A Hibbard, C.M. 1980. Journal o f Applied Bacteriology 48, 387-396. 
Dainty, R.H., Edwards, RA. A Hibbard, C.M. 1984. Journal o f  Applied 
B acterio logy , 56, ........
G i l l ,  C.0. 197?“  Journal o f Applied Bacterio logy, 41, 401-410.
ISO (In ternational Standards Organisation) ISO 5552-1979(E)
Mottram, D .S., Edwards, R.A. A MacFie, H.J.H. 1982 Journal o f  the Science o f 
Food and Agricu ltu re 33, 934-944.
McGugan, W.A. 1980 Food Research Reports, Food Research In s titu te , Agricu lture 
Canada, Ottawa. 40, 13-16.
P itta rd , B .T ., Freeman, L .R ., La ter, D.W. A Lee, M.L. 1982 Applied and 
Environmental Microbiology 43, 1504-1506.
Shaw, B.G. A La tty , J.B . 19?? Journal o f Applied B acterio logy 52, 219-228 
Stanley, G ., Shaw, K.S. A Egan, A.F. 1981. Applied and Environmental 
M icrobiology, 41_, 816-818.
S tu tz , H .K . 197?. PhD T h e s is , U n ive rs ity  o f Massachusetts.

245



Table 1. Changes in  m icrobial numbers, odours and v o la t i le  compounds during 
storage o f n a tu ra lly  contaminated stewing steak a t 5°C in a i r

Day 0 Day 3 Day 4 Day 5 Day 6

Organi sms Counts (lo g 1Qno./g)

Total v iab le  organisms 
Pseudomonas spp 
Brochothrix thermosphacta 
Enterobacteri aceae

6 .4
5.9
5 .8
2.8

9 .1
8 .9
8 .6
6.5

9 .4
9.3 
9 .0
7.4

9 .9
9.6
9.1
7.8

9.9
9 .8  
9.1
7.9

V o la t ile  compounds 
(a ) non-sulphur containing C h a ra cte ris t ic  mass spectrum ion (no.•xlO"3)

Diacetyl 2 199 89 40 48
3-methyl-l-butanol 0 . 1 25 28 33 33
Acetoin 0 .8 257 278 264 257
Ethyl acetate - - 0 .3 14 15
Ethyl propionate - - - t 2
Ethyl butanoate - - 0.2 3 0.9
Ethyl Isova le rate - - 0 .3 3 10
Ethyl hexanoate - 0.2 2 3 4
Toluene 172 19 31 53 25
1 ,2-dimethyl benzene 10 6 4 3 20
1,4-dimethyl benzene 26 22 20 12 30
1-undecene - t 0 .2 0.4 1
1 ,4-undecadiene - - - t t

(b) sulphur containing Peak height from g .c .  chromatogram

Dimethylsul phide - - - 0 .7 n o

Odour d escrip tions

Meaty Creamy Creamy Sweet Sweet
Fresh Dairy Dairy F ru ity F ru ity

Cheesey Cheesey
Sweet Putrid

Each value i s  the mean o f 2 re p lica tes  except day 0 when s in g le  sample was 
analysed;
- ,  not detected; t ,  < 0 .1 .

Table 2 . Changes in  m icrobial numbers, odours ang v o la t i le  compounds during 
storage o f n a tu ra lly  contaminated chuck steak a t 5 C in a i r .

Day 0 Day 2 Day 3 Day 4 Day 7

Organisms: Counts (lo g 10no./g)

Total v iab le  organisms 5.4 7.9 9.1 9.7 10.2
Pseudomonas spp 4.9 7.8 9.6 9.6 10.1
Brochothrix thermosphacta 4 .3 7 .0 8 .2 8.7 8 .9
Enterobacteri aceae 2.7 4.6 6.2 6.4 7.7

V o la t ile  compounds:

(a ) non-sulphur containing C h a ra cte ris tic  mass spectruu ion (no .xlO -3 )

Acetoin 7 13 37 35 0.1
Ethyl acetate - t 5 12 21
Ethyl butanoate - - 0.2 1 0.2
Ethyl hexanoate - - t 0 .9 1
Toluene 183 5 5 17 0 .4
1,2-dimethyl benzene 13 0 .9 1 5 0.1
1,4-d imethylben zene 36 3 1 2 0.9
1-undecene “ - 0 .2 0 .4 0.1

(b) sulphur containing Peak height from g .c . chromatogram

Methanethiol . _ _ _ 190
Dimethylsulphide - - - - 10880
Dimethyldisul phide " ' ' '

135

Odour d escrip tions

Meaty Bl and Fatty Sweet Sweet
Fresh Dairy Putrid

Each value 1s the mean o f 2 re p lica te s  except days 0 and 7 when s in g le  samples 
were analysed.
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