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Introduction

In a ll probability the human population w il l increase d rastic ly  world-wide in the next 
decades and a t the same tim e food stu ffes and especia lly  m eat w ill become more scarce 
and precious, because even by using advanced methods in breeding, feeding and pro­
duction o f livestock not enough m eat w ill be ava ilab le  for the many people who like to 
eat it  (World Conference on Anim al Production, 1983). Therefore , it w ill become even 
more necessary than to-day to prevent spoilage o f m eat. In this regard the use of 
sprays for ca rcass meat stored w ith  l it t le  or no re frig e ra tio n  and the dissem ination of 
simple technologies for the preparation o f safe m eat products storable without r e f r i­
geration could be valuable contributions (Le istn e r, 1983).

T rad itional interm ediate m oisture m eats (a -range 0.90 - 0 .60), which need no re fr ig e ­
ration , are encountered in A sia  (tsusou-gan,Wnjorsou-gan, sou-song e tc . o f China, 
dengdeng giling o f Indonesia), in A fr ic a  (biltong, khundi, quanta, e tc .)  and in A m erica  
(beef je rky , charque, carne de sol, e tc .) . In Europe interm ediate m oisture m eats (IM- 
M eats) ore not common. However, i f  traditional meats, such as ferm ented sausages,

' Bruhdauerwurst, Speckwurst, raw  hams, dried beef (B indenfleisch) are in tensive ly  dried, 
then these products may acquire an a < 0 .90 (Le istn e r et a l . ,  1981). The a adjustment 
o f traditional m eats in the interm ediate m oisture range is ach ieved by drying and addi­
tion o f sa lt or sugar or both. In our laboratories we investigated the attribu tes o f trad i­
tional IM-Meats from  A fr ic a  and A sia  (Le istn e r, 1984), w ith  the intention to suggest 
sim ple processes for safe meat products which could be o f benefit for developing coun­
trie s . We found that especia lly  traditional Chinese m eat products are recommendable 
from  the sensoric and hygenic point o f v iew , the refo re the microbiology and technology 
o f these products is described here.

Chinese meat products are known from tim e im m em orial, however, apparently became 
only recen tly  a subject o f meat science. L in  e t a l. (1980,1981) as well as Ockerm an 
and Kuo (1982) investigated the m anufacturing o f these m eats. Our laboratories studied 
the m icrobiological stab ility  of Chinese dried m eats (Shin et a l . ,  1982; Shin and Le istne r, 
1983; Shin, 1984; Le istne r, 1984) and Chinese sausage (L in  and Le istn e r, 1984).

Chinese D ried  Meats

In China these m eat products are highly esteem ed for their taste  and nutritional value, 
and are considered to be sa fe . Apparently for decades or even centuries in China 
em p irical technologies have been used fo r making tsusou-gan and sou-song from  pork 
or njorsou-gan from  beef. Huang (1974) b r ie fly  described three recipes o f these Chinese 
m eats. We v is ited  several m anufacturers in Taiw an and Singapore, and attem pted to 
reproduce and standardize Chinese m eat products in our laboratories. R ecen tly  we 
published the recipes and technology o f seven Chinese m eat products (Shin e t a l . ,  1984).

Three d iffe ren t processes are distinguishable in the m anufacturing o f Chinese dried 
m eats and can be sum m arized as fo llow s: Process 1 (pork and beef in s lices ): Lean  meat 
is  cu t along the grain into very thin slices , then mixed w ith  sugar, sa lt, soya sauce, 
monosodium g lutam ate , and spices (anise, cinnam on, clove , fennel, watchau). The p ickle  
is held for 24 h a t room -tem perature. A fte rw ard s the meat s lices are spread side by 
side and overlapping on bamboo matting and dried fo r several hours a t 50 - 60°C to

Table I. Average data o f 35 com m ercial Chinese dried m eat products which pro**1 
m icrob io log ically stable

Product Pro­
cess

Samples
n aw pH Sugar

X
N aC l

% $ppon J y
Pork slices I 7 0.64 5.9 34 3.7 13 ^ *
Beef slices I 6 0.62 5.8 32 4.3 13 2
Pork cubes 11 2 0.66 5.9 25 3.6 15
Beef cubes II 3 0.59 5.9 25 4.9 14
Pork pieces II 1 0.57 6.0 34 3.9 14

:
Beef pieces II 6 0.63 5.9 23 4.8 16
Ch icken pieces II 2 0.48 5.9 41 4.1 7 1

Pork floss III 7 0.40 5.8 22 4.6 7
ft

1
it

1Chicken floss III 1 0.48 5.9 32 5.1 8

during the usual processing by heat applied. Enterococci may survive the proces*/b 
die during storage o f the products. Spores o f b ac ill i and Clostrid ia decrease during 
cessing and storage too, but do not disappear com plete ly . Most organism s recovcf 
from  imported Chinese m eats belonged to the genus Bac illu s .

Since recontam ination o f Chinese IM-M eats a fte r  processing is lik e ly . Shin (1 ?8^ °J 
investigated the survivo l o f m icroorganism s inoculated onto imported and reprodo<*“ 
m eats. He observed that during storage o f stable IM-M eats the number o f org 
decreased, especia lly  in products close to the c r it ic a l a 0 .69 . Staphylococci andjf, 
decreased rapid ly, salm onellae more slow ly, and enterococci and b ac ill i survived ^  
Th is study confirm ed that Chinese dried m eat products are safe products, beccw** f 
heat treatm ent e lim inates most organism s present in the raw  m ate ria l, and survjv J  
w e ll as m icroorganism s which recontam inate the product are inhibited and inacHv%  
by the a^ . Therefore , Chinese dried m eats i f  properly processed are indeed safe

Chinese Sausage

Apparently l it t le  is known about the physico-chem ical and m icrobio logical data o f j  
Chinese sausage. It  is not even c lear whether this product should be ca lled  a feffTl̂  
sausage, in the precise sense o f the word. Our experim enta l studies revealed son* 
growth o f la c t ic  acid  bacteria  in  eve ry  batch during the ripening o f Chinese sau*°»a 
However, this product is p rim arly  preserved by a rapid decrease o f a and not by y  
because the number o f la c t ic  acid  b acte ria  increases ra ther slow ly inwth is sausag*' 
therefore the pH rem ains quite high in spite o f a large amount o f sugar present- 
ducts w ith  very high numbers of la c t ic  acid  b acte ria  and a corresponding low pH ¡ j  
even considered to be spoiled. Therefore , the m icrobiology o f Chinese sausage Is ** 
id en tica l w ith  the m icrobial processes in ferm ented sausages o f the European t/P*2 
which have been reviewed rece n tly  by LUcke (1984). Another p ecu lia rity  o f Chine*! if 
sausage is the fa c t that this product genera lly is warm ed up before consumption . 
eaten in the hot sta te . Th is custom e lim inates undesirable b acte ria  and parasit«5 
trich inae ), which may be present in the product. Fo rtunate ly , fo r the processing ° ^  
Chinese sausage only simple equipment and no precise c lim a tic  contro l is needed/ 
fore such a product could be eas ily  m anufactured in developing countries .

35 -  5 % m oisture content. Then the m eat laye r is  cu t into squares, which are grilled 
™  f« w ™ nutes at,  130 C  o «  fin a lly  fu rther dried a t room -tem perature to a
< 0 .69 . P rocess 11 (pork, beef or ch icken in pieces or cubes): Lean  pork or beef isWcut 
in fa ir ly  large chunks and cooked w ith  10 % w ater over medium heat. Then the m eat i 
cooled, drained (liquid retained) and cut into  p ieces or cubes. To the liquid sugar, salt 
soya, sauce, monosodium g lutam ate and spices (such as anise, cinnamon, c love , fennel, 
watchau, ginger, paprika, cayenne pepper or cu rry  powder) are then added. The meat 
is  placed in a pan w ith  the liquid and stirred  over low heat until the m ixture is dry. 
F in a lly  the meat is  spread f la t  on p lates and dried fo r several hours a t 50 - 70°C to a
< 0.69.^Process 111 (pork floss): Lean  pork is  cut along the grain in pieces and cooked ' 
w ith  10 % w ater until so ft. The m eat is drained and the liquid evaporated to 10 % o f i 
volum e. To this liquid sugar, sa lt, soya sauce, monosodium g lutam ate and spices are 
added. The cooked m eat is  mashed, i .e . separated into fibers , and added to the liquid. 
F in a lly , the flakes are stirred  for several hours a t 80 - 90°C  until very dry (a < 0.6) 
To make the flakes crispy , about 20 % hot vegetable oil or lard is added and Hfie pro­
duct is fu rther stirred  over low heat until d ry and golden brown (a < 0 .4 ). From  beef, 
ch icken or fish  s im ilar products are made w ith  the same technology^.

Chinese dried m eats are preferobly prepared from  hot-boned m eat (but ch illed  m eat 
is suitable too) and also need not much energy and only simple equipment for processing. 
Depending on the anim al species from which the m eat orginates (pork, beef, poultry) 
and the type o f spices added, about 30 d iffe ren t types o f Chinese m eat products ore 
d istinguishable. These m eats may be stored without re frig e ra tio n  for at least one months, 
but it  not su ff ic ie n tly  dried the products are spoiled by moulds, in p a rticu lar by the 
A^glaucus-group. R anc id ity  is the lim iting  fac to r for the sh e lflife  o f m icrobio logically 
stable products, but i f  the products are sp icy, ranc id ity  is less noticeable and if  they 
are vacuum packaged, it  is delayed. For pork floss vacuum packaging is not advisable.

We imported 42 com m ercial Chinese IM-M eats from  Taiw an (20 samples), Singapore 
(18) and Hong Kong (4) for analysis. These products had at the tim e o f a rr iv a l watei 
a c t iv it ie s  in the range 0 .785 - 0 .200, and a pH-range 6.21 - 5 .27 . In order to exam ine 
the m icrobial stab ility  of these products, portions were inoculated w ith pools o f xero- 
tolerant moulds o f the A . gloucus-group and stored 3 months a t 25°C. O f the 42 samples 
tested, 35 (83 X) proved stable . These stable m eats had an a 0.69, which therefore 
could be regarded as the c r it ic a l w ater a c t iv ity  for m icrob io log ically stable Chinese 
IM-M eats (Shin et a l., 1982). In Table I are listed  the average physico-chem ical data of 
the 35 m icrob io log ically stable products, which represented 9 d iffe ren t Chinese IM-Meats.

From  a ll the data obtained in the investigation o f the 35 stable products, it may be 
concluded that such m eats, i f  prepared according to process I and II, range in a from
0.55 - 0.69 and in pH from  5.8 - 6 .0 , and contain 15 - 35 % sucrose, 3 - 5 X Na'fcl and 
10 - 20 % m oisture. I f  process III was applied, an a -range o f 0.20 - 0.59 and a  moisture 
content from 2 - 12 X was encountered in com m ercial products, i .e . such m eats are no 
longer interm ediate moisture foods (IM F), but low m oisture foods (LM F ). The same was 
true for some products prepared w ith  processes I and II, which were dried more inten­
sive ly  than required fo r m icrobial s tab ility .

The m icrob ial stab ility  of Chinese dried m eats depends p rim arily  on the hurdles a  and 
F ,  i .e . w ater a c t iv ity  and heat treatm ent, w ith  lit t le  contribution from the pH hurcile. 
N itra te  and n itr ite , which are sometimes added to these meat products, improve their 
color but not the stab ility , because the residual n itr ite  leve ls are low (Table I). C ontrary 
to A fr ica n  b ilton, which depends on the hurdles a and pH only, few  microorganisms 
are prejpnt in Chinese m eats. From  stable, imported products we rare ly , recovered more 
than 10 m icroorganism s/g, and most samples were in the range 1 0 - 1 0 V g . Shin (1984) 
conducted in our laboratories inoculation studies w ith  reproduced Chinese IM-Meats and 
observed that salm onellae, pathogenic staphylococci, yeasts and moulds are elim inated

Table II. Ingredients (in gram ) used for Chinese sousage produced in our labored1,ri«5

Leon pork (from  ham ) 75 % l  
Back fa t (from  pork) 25 X J

Sucrose
N itr ite  curing salt 
Liquor (K ao -L ian , Chinese product) 
Monosodium glutam ate 
5-spice powder*
Cinnamon 
Pepper (white)
Sodium erythrobate

1000,0

Cinnamon, an ise, ciove , fennel, w atchau; ra tio  2 :1 :1 :1 :1

The components of the Chinese sausage produced fo r our studies are listed  In 
Trad itio na lly  for this sausage only pork is  used which often is hot-boned; we 
pork for our experim ents. The lean meat and the back fa t  are coarsely ground 
w ith the add itives. Then the batte r is  stu ffed  into thin swine casings (sm all int«5̂ - .  
25 mm in d iam eter), because this fa c ilita te s  the drying process considerably- ° ot.  ^ , 
perim ental sausages were dried for 5 .5  hours a t  45 -  2°C , in it ia lly  for one hour O' ̂  
R H  and then 4 .5  hours a t 60 X R H . In Chinese butchers' shops, charcoal is  oftenpH 
for this drying procedure. A fte r  drying , we stored the sausages a t 15°C and 80 % A 
up to 20 days. Chinese sausages are eaten preferab ly around New Y e ar (in F ebfU<L  
therefore they a re  produced m ain ly in the cold season, and thus the product can D 
ripened a t room tem perature .

Table I II . Changes o f a^ , pH and m icrob ial flo ra  (per gram ) in Chinese sausag® ^
20 days o f ripening (average data o f severa l experim ents) y

Ripening 
tim e (days)

aw pH Total
count

L a c t ic  acid  
bacteria

Enterobac-
teriaceae

yec

0 (1 ) 0.96 5.7 1 x 104 i  x 103 3 x 103

___
4 *

0 (2) 0.94 5.7 3 x I0 5 t x I0 3 5 x I0 2 1 *
1 (3) 0.93 5.7 4 x tO5 2 x 104 2 x !0 2 3 *
2 0.92 5.7 5 x I0 3 4 x I04 1 x I0 3 1 *
3 0.91 5.7 5 x !0 5 5 x I04 1 x !0 3 1 *
4 0.90 5.7 4 x 103 1 x I0 3 7 x I0 2 2 *

6 0.88 5.7 1 x I0 4 ? x 105 5 x 102 6 *
8 0.86 5.6 2 x tO4 2 x 104 3 x 102 4 *

10 0.84 5.6 2 x 104 2 x 104 4 ,  I0 2 1 *

12 0.83 5.7 I x !0 4 1 x 104 5 x 102 2 *
16 0.80 5.7 1 x 104 1 x  I0 4 1 x !0 2 4 *

20 0.79 5.7 1 x I0 4 1 x I0 4 1 x 102 6 *
(1) B a tte r before being stuffed ;
(2) Sausage a fte r  5 .5 hours drying at 45 -  2*C ;
(3) E ve ry  day another sausage from the same batch was investigated.
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durinq0f UCe<̂  fourteen batches o f Chinese sausage and recorded in each experim ent
,Wefnty days of r iPenin9/ the a and PH as wel1 05 the totai count and the 

°f Q t . lactic  acid  bacteria , Enterobacteriaceoe and yeasts. In Tabelle III the data 
flora irf ru- are listed , indicating the observed changes in aw, pH und the m icro-
the small '**nese sausage during processing. Due to the added hum ectants (sugar, sa lt) , 
Cre°sed iCa*‘ r̂e ° f  the sausage and the in tensive drying, the a o f the product de­
ader Q 0 ready w ithin six  hours to 0 .94 , and a fte r  one day of ripening to 0 .93 . Th ere­
to  pr<v?radlJQ decrease o f a was observed, and a fte r  four to five  days o f ripening, 
c h o n ^  W° S Qlready in the interm ediate moisture range. There occured only l it t le  
teriQ ¡n *n pH of the sausage during the whole ripening tim e . The la c t ic  acid  bac- 
°b°ut siCrePSed slow ly and constituted the main component of the total count a fte r  
fgrlgce X dQys of ripening. We observed a l it t le  tem porary increase in the Enterobac- 

COunt and a slow increase o f the yeast count. The m icro flo ra  recorded in 
nel! her cause spoilage nor food-poisoning. I f  Chinese sausage was ex- 

inoculated w ith a pool o f osm otolerant, yeasts (genera Debaryom yces and 
oT 2q̂  yeasts also increased only from  1(T to lO V g  during the sausage ripening 

ys and caused no spoilage.

°̂ble |v d ,
of Salm onella spp. and Staphylococcus aureus in 
•ening (average data of several experim ents)

Chinese sausage

aw pH Salm onella spp. 
(per gram)

S . aureus 
Tper gram)

0.96 5.8 6 x 104 6 x  104

0.94 5.8 4  *  104 1 x 103

0.93 5.8 3 x !0 4 2 x !0 4

0.93 5.8 2 x 104 3 x  105

0.92 5.7 2 x  104 1 x  10*

0.91 5.7 i  x 103 3 x 104

0.88 5.7 5 x  !0 3 8 x  104

0.85 5.7 4 x  103 9 x  104

0.84 5.7 3 x 103 1 x !0 7

0.82 5.7 3 x  103 4 x 104

0.81 5.7 2 x  I0 3 1 x 104

0.80 5.7 1 x 103 8 x  105
(lj
2) Sou!er a^ er being inoculated;

(3) EVera9® afte r 5 .5  hours drying a t 45 -  2°C ;
V day another sausage from the same batch was investigated , d iffe ren t batches 

'"^ '^^_^nt>culated w ith  salm oriellae or staphylococci.

S c ci irTpL,^ we Ql so investigated the behaviour o f salm onellae and pathogenic staphy- 
Qs • Chinese sausage, using pools o f Salm onella spp. or Staphylococcus aureus iso- 

jLCr«ase n° Cu,um. Typ ica l resu lts are sum m arized in Table IV . Due to the rapid a^  
j  it ‘monellae are o f no concern in Chinese sausage, since a steady decline of„nürnber
' < h

¡ng occurs during ripening o f the product, and the survivors are elim inated
>e êQt*n0 o f the sausage before consumption. However, Staphylococcus aure„  . . . . .  sausage be tore consumption, how ever, QTapnyiococcus aureus

0 Problem, because th is organism survives the drying process a t 45°C  and grows
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Up Jq .
(J* Used^H^bers during the ripening o f the product. I f  la cto b ac illi as sta rte r cu ltures 
Ck- *  addin ° ferm ent 66' F a - M üller, G ießen, West Germ any) or glucono-delta-lactone 
0,hir*se  1 ion to the product) or potassium sorbate (0.1 % addition) are added to 
p US°9e, then the m u ltip lication  o f S. aureus is inhibited , however, the number
ort,rt êr stu(4"® en*c  staphylococci rem ains on the sam e leve l as o rig ina lly  present, 
d isab le .Ud,6S on the e lim ination  o f the risk o f S . aureus in Chinese sausage are

in?y « 4 f t  n?eats (IM -Meats) are simple to prepare, nutritious and sa fe . Therefore 
t ere$t Q| e introduced into developing countries outside o f A s ia . They could be of 
L  Sw®et rn° *°  *ood ^ s ig n e rs  in industrialized  countries . However, for people unused 
Md t*is ir ab lCat Products , the sweetish taste might be strange. In v iew  o f th is , it  might 
c * of ^ .e *°  replace sugar by hum ectants w ith  neutra l taste in m eat products out- 
0> C a „ v Q- F*ow«ver, sugar is  not only re la t iv e ly  cheap, eas ily  ava ilab le  and toxi- 
hi. 'r*eQt pr U.n°bjectionab le , but it  has benefica l e f fe c ts  on the textu re  and p la stic ity  
^ectQpf . Ucts. Hence it is d iff ic u lt  to replace sugar, and unfortunately no better 
ĥi ^ Qt Present w >fbin sight.

Pr. sj  ®Pote Qnj S^ e c°a ld  also be o f benefit for developing countries , since it is  easy to 
^ 6° Se of d0eS not need Prec ise*y contro lled ripening conditions. Due to the rapid 
pj^-pois aw during the drying process, th is product is not inclined to spoil and most 

th*n  ̂ ° r9an‘ sms are e f fe c t iv e ly  contro lled . However, S. aureus could pose a 
erefore further research is needed to e lim inate  this r isk . ger)

S i d  knowledge and fa c ilit ie s  of meat research in industrialized  countries
Pt° verne SCd more frequently and e f fe c t iv e ly  fo r a  better understanding and the 

° f  meat preservation in developing countries .
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