U

6:11 Microbiology and Technology of Chinese Meat Products

L. LEISTNER, H.K. SHIN, H. HECHELMANN AND S.Y. LIN
Federal Centre for Meat Research, 8650 Kulmbach, Federal Republic of Germany
Introduction

In all probability the human population will increase drasticly world-wide in the next
decodes and at the same time food stuffes and especially meat will become more scarce
and precious, because even by using advanced methods in breeding, feeding and pro-
duction of livestock not enough meat will be available for the many people who like to
eat it (World Conference on Animal Production, 1983). Therefore, it will become even
more necessary than to-day to prevent spoilage of meat. In this regard the use of
sprays for carcass meat stored with little or no refrigeration and the dissemination of
simple technologies for the preparation of safe meat products storable without refri-
geration could be valuable contributions (Leistner, 1983).

Traditional intermediate moisture meats (a -range 0.90 - 0.60), which need no refrige
ration, are encountered in Asia (tsusou—gcn)”njorsou—gon, sou-song etc. of Ching,
dengdeng giling of Indonesia), in Africa (biltong, khundi, quanta, etc.) and in America
(beef jerky, charque, carne de sol, etc.). In Europe intermediate moisture meats (IM-
Meats) are not common. However, if traditional meats, such as fermented sousages,
Bruhdaverwurst, Speckwurst, raw hams, dried beef (Bindenfleisch) are intensively dried
then these products may acquire an a_ < 0.90 (Leistner et al,, 1981). The a_ adjustment
of traditional meats in the intermediofe moisture range is achieved by drying and addi-
tion of salt or sugar or both. In our laboratories we investigated the attributes of tradi-
tional IM-Meats from Africa and Asia (Leistner, 1984), with the intention fo suggest
simple processes for safe meat products which could be of benefit for developing coun-
tries. We found that especially traditional Chinese meat products are recommendable
from the sensoric and hygenic point of view, therefore the microbiology and technology
of these products is described here.

Chinese meat products are known from time immemorial, however, apparently became
only recently a subject of meat science. Lin et al. (1980,1981) as well as Ockerman

and Kuo (1982) investigated the manufacturing of these meats. Our laboratories studied
the microbiological stability of Chinese dried meats (Shin et al., 1982; Shin and Leistner,
1983; Shin, 1984; Leistner, 1984) and Chinese sausage (Lin and Leistner, 1984).

Chinese Dried Meats

In China these meat products are highly esteemed for their taste and nutritional value,
ond are considered to be safe. Apparently for decades or even centuries in China
empirical technologies have been used for making tsusou-gan and sou-song from pork

or njorsou-gan from beef. Huang (1974) briefly described three recipes of these Chinese
meats. We visited several manufacturers in Toiwan and Singapore, and attempted to
reproduce and standardize Chinese meat products in our laboratories. Recently we
published the recipes and technology of seven Chinese meat products (Shin et al., 1984).

Three different processes are distinguishable in the manufacturing of Chinese dried
meats and can be summarized as follows: Process | (pork and beef in slices): Lean meat
is cut along the grain into very thin slices, then mixed with sugar, salt, soyo sauce,
monosodium glutamate, and spices (anise, cinnamon, clove, fennel, watchau). The pickle
is held for 24 h at room-temperature. Afterwards the meat slices are spread side by
side and overlapping on bamboo matting and dried for several hours at 50 - 40°C to

352 5 % moisture content. Then the meat layer is cut into squares, which are grilled
for few minutes ot 130°C and are finally further dried ot room-temperature to a

< 0.89. Process Il (pork, beef or chicken in pieces or cubes): Lean pork or beef is*cut
in fairly Targe chunks and cooked with 10 % water over medium heat. Then the meat is
cooled, drained (liquid retained) and cut into pieces or cubes. To the liquid sugar, salt,
soya, sauce, monosodium glutamate and spices (such as anise, cinnamon, clove, fenrel,
watchau, ginger, paprika, cayenne pepper or curry powder) are then added. The meat
is placed in a pan with the liquid and stirred over low heat until the mixture is dry.
Finally the meat is spread flat on plates and dried for several hours at 50 -70°C to @
< 0.69. Process Il (pork floss): Lean pork is cut along the grain in pieces and cooked *
with 10 % water until soft. The meat is drained and the liquid evaporated to 10 % of its
volume. To this liquid sugar, salt, soya sauce, monosodium glutamate and spices are
added. The cooked meat is mashed, i.e. separated into fibers, and added to the liquid.
Finally, the flakes are stirred for several hours ot 80 - 90°C until very dry (a_ < 0.6).
To make the flakes crispy, about 20 % hot vegetable oil or lord is added and Phe pro-
duct is further stirred over low heat until dry and golden brown (a_ < 0.4). From beef,
chicken or fish similar products are made with the same technology.

Chinese dried meats are preferably prepared from hot-boned meat (but chilled meat

is svitable too), and also need not much energy and only simple equipment for processing.

Depending on the animal species from which the meat orginates (pork, beef, poultry)

ond the type of spices added, about 30 different types of Chinese meat products are
distinguishable. These meats may be stored without refrigeration for at least one months,
but if not sufficiently dried the products are spoiled by moulds, in particular by the

A. glaucus-group. Rancidity is the limiting factor for the shelflife of microbiologically
stable products, but if the products are spicy, roncidity is less noticeable and if they

ore vocuum packaged, it is deloyed. For pork floss vacuum packaging is not advisable.

We imported 42 commercial Chinese IM-Meats from Taiwan (20 samples), Singapore

(18) and Hong Kong (4) for analysis. These products had at the time of arrival water
activities in the range 0.785 - 0.200, and a pH-range 6.21 - 5.27. In order to examine
the microbial stability of these products, portions were inoculated with pools of xero-
toleront moulds of the A. gloucus-group and stored 3 months at 25°C. OFf the 42 samples
tested, 35 (83 %) proved stable. These stable meats had an a £ 0.69, which therefore
could be regarded as the critical water activity for microbiomgically stable Chinese
IM-Meats (Shin et al., 1982). In Table I are listed the average physico-chemical data of

the 35 microbiologically stable products, which represented 9 different Chinese IM-Meats.

From all the data obtained in the investigation of the 35 stable products, it may be
concluded that such meats, if prepared according to process | and 1I, range in a_ from
0.55 - 0.69 and in pH from 5.8 - 6.0, and contain 15 - 35 % sucrose, 3 - 5 % No€l and
10 - 20 % moisture. If process Ill was applied, an a_-range of 0.20 - 0.59 and a moisture
content from 2 - 12 % was encountered in commerd&ial products, i.e. such meats are no
longer intermediate moisture foods (IMF), but low moisture foods (LMF). The same was
true for some products prepared with processes I and Il, which were dried more inten-
sively than required for microbial stability.

The microbial stability of Chinese dried meats depends primarily on the hurdles a_ and
F, i.e. water activity and heat treatment, with little contribution from the pH hutdle.
Nitrate and nitrite, which are sometimes added to these meat products, improve their
color but not the stability, because the residual nitrite levels are low (Table I). Contrary
to African bilton, which depends on the hurdles a_ and pH only, few microorganisms
are pregent in Chinese meats. From stable, imporVed products we r?"ﬂ’] recovered more
than 10" microorganisms/g, and most samples were in the range 10°-10/g. Shin (1984)
conducted in our laboratories inoculation studies with reproduced Chinese IM-Meats and
observed that salmonellae, pathogenic staphylococci, yeasts and moulds are eliminated
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Table L. Average data of 35 commercial Chinese dried meat products which P”’"ed
microbiologically stable

Ex5 BNECE T 1 )

Pro-  Samples : Sugar  NaCl H,0 NO

Product e * a, pH % % %2 PP':/#
e —— w’
Pork slices 1 7 0.64 5.9 34 37 13 2 i
Beef slices I é 0.62 5.8 32 4.3 13 2

L]
Pork cubes i} 2 0.66 5.9 25 3.6 15 3 W
Beef cubes I 3 0.59>+85.9 25 4.9 14 2 |
Pork pieces 1 1 0.57 6.0 34 3.9 14 1 "

i
Beef pieces 1l 3 0.63 5.9 23 4.8 16 3 |
Chicken pieces 1l 2 0.48 5.9 41 4.1 7 I

it
Pork floss m 7 22 4.6 7 1 i
Chicken floss i 1 32 5.1 8 L/

D"’

during the usuol processing by heat applied. Enterococei may survive the proces¥ 4
die during storage of the products. Spores of bacilli and clostridia decrease d‘J”"g‘
cessing and storage foo, but do not disappear completely. Most organisms recoV®
from imported Chinese meats belonged to the genus Bacillus.

ol
Since reconfamination of Chinese IM-Meats after processing is likely, Shin (195‘):[
investigated the survivol of microorgenisms inoculated onto imported and rep"’df’ms
meats. He erved that during storage of stable IM-Meats the number of organ® o
decreased, especially in products close to the critical ¢  0.49. Staphylococci ﬂ"dw(.
decreased ropidly, salmonellue more slowly, and enterocbeci and bacilli surviv e
This study confirmed that Chinese dried meat products are safe products, becavs® ¢
heat treatment eliminates most organisms present in the row material, and sutvaa
well as microorganisms which recontominate the product are inhibited and if‘“c"?oﬁ
by the Q- Therefore, Chinese dried meats if properly processed are indeed saf®

Chinese Sausage

Apparently little is known about the physico-chemical and microbiological data 0;‘,1"’
Chinese sausage. It is not even clear whether this product should be called a fer'
sausoge, in the precise sense of the word. Our experimental studies revealed 50'2:9,.
growth of lactic acid bacteria in every batch during the ripening of Chinese soV! ’,F,
However, this product is primarly preserved by o rapid decrease of a_ and not bY o
because the number of lactic acid bacteria increases rather slowly in"this sausag®
therefore the pH remains quite high in spite of o large omount of sugar present:
ducts with very high numbers of lactic acid bacteria and a corresponding low P! ol
even considered to be spoiled. Therefore, the microbiology of Chinese sausage is
identical with the microbial processes in fermented sausages of the European 'Ypile
which have been reviewed recently by Lucke (1984). Another peculiarity of Chl"e’,nﬂ
sausage is the fact that this product generally is warmed up before consumption (ed
eaten in the hot state. This custom eliminates undesirable bacteria and parasifes f
trichinae), which may be present in the product. Fortunately, for the proceSSi"go,u"
Chinese sausage only simple equipment and no precise climatic control is needed/
fore such o product could be easily manufactured in developing countries.

et
Table IL Ingredients (in gram) used for Chinese sausage produced in our laborato*

Leon pork (from ham) 75 %

Back fat (from pork) 25 % ‘ $00
Sucrose 100,0
Nitrite curing salt 20,0
Liquor (Kao-Lian, Chinese product) 10,0
Monosodium glutamate 50
5-spice powder* 0,5
Cinnamon 0,5
Pepper (white) 0,5
Sodium erythrobate 0,5

* Cinnamon, anise, ciove, fennel, wotchau; ratio 2:1:1:1:

b
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The components of the Chinese sausage produced for our studies are listed in T'jﬂd"‘u:
Traditionally for this sausage only pork is used which often is hot-boned; we s /i
pork for our experiments. The lean meat and the back fot are coarsely gl'ou"‘d "ﬂ,,g;
with the odditives. Then the batter is stuffed into thin swine casings (small ""ei ¥
25 mm in diometer), because this facilitates the drying process considerably- ouu,ﬂ
perimental sousages were dried for 5.5 hours at 45 £ 2°C, initially for one houf nu"J
RH and then 4.5 hours at 60 %¥ RH. In Chinese butchers' shops, charcoal is oftefl
for this drying procedure. After drying, we stored the sausages at 15°C ond 80 ,,affb
up to 20 doys. Chinese sausages are eaten preferably around New Year (in Febr
therefore they are produced mainly in the cold season, and thus the product co”
ripened at room temperature.

i
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Table 1. Changes of a_, pH and microbial flora (per gram) in Chinese sausag® d
20 days of ripening (avéftage data of several experiments) 4

Ripening u o pH ToTo’li Loctic ucidv& En'erobuc» Ye””
time (days) " count bacteria terioceae f
o) 0.96 57 ixie 6 x 10° 3 x10° 4 ":0’
02 094 57  3x10° 1x10° 5 x 102 14
13 093 57  4x10° 2 x 10 9 x 102 s
2 0.92 57 5x10° 4x 10t 1x10° T
3 0.91 57  5x10° 5 x 10* 1x10° 1
4 0.90 57 - Axi0° 1x10° 7 x 102 1
6 0.88 57k 00 9 x 10° 5 x 102 s
8 0.86 56 2x10f 2x 108 3 x 102 408
10 0.84 56 2x10° 2 x 10 4 x 102 144
12 0.83 57 1x10® 1x 10 5 x 102 27
16 0.80 57  1x10 1 x 10% 1 x 102 4 M

20 0.79 57 1x10 1x 108 1 x 10 o

(1) Batter before being stuffed;
(2) Sousage after 5.5 hours drying at 45 2 2°C; /
(3) Every day another sausage from the some batch was investigated. -
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We
Prodye,

dvring 'w:n‘: fourteen batches of Chinese sausage and recorded in each experiment
3 Y days of ripening, the a  ond pH as well as the total count and the

Wb,

s >

?fq 'Ypi:g lactic qacid bacteria, Enterobacteriacece ond yeasts. In Tabelle Il the data
lorg Ch

® smal ¢,

iniﬂfth are listed, indicating the observed changes in a , pH und the micro
l‘Se sausage during processing. Due to the added humectants (sugar, salt),
Cleaseq u‘c ibre of the sausage and the intensive drying, the a_ of the product de-
Ofter o o899y within six hours to 0.94, and after one day of ripening to 0.93. There-
the %ad“ﬂl decrease of a_ was observed, and after four to five days of ripening,
Vet was already in thé intermediate moisture range. There occured only little

ges in
terig ihue; € pH of the sausage during the whole ripening time. The lactic acid bac-
Gboy} s sed slowly and constituted the main component of the total count after

'Hiqce X days of ripening. We observed a little temporary increase in the Enterobac-

%ITIECCOUM and a slow increase of the yeast coLn?. Tyhe microflora recorded in

léerimemoT“lfi neither cause spoilage nor food-poisoning. If Chinese sausage was ex-

% Y inoculated with a pool of osmofolergnf, yegsts (genera Debaryomyces and

oF 20 yeasts also increased only from 10~ to 107/g during the sausage ripening
¥$ and caused no spoilage.

Tnb]e . Be

dUring 20 duh"\’iour' of Salmonella spp. and Staphylococcus gureus in Chinese sausage
s ¥$ of ripening (average data of several experiments)

ﬁxn(i:i‘g . 9 et Aa pH Salmonella s;np‘ - S. aureus

L TR L e
00y 0.96 5.8 v 10: e 10:
% 0.94 5.8 4 10% 1l
; 0.93 5.8 3x10 2 x 10
: 0.93 5.8 2 x 0% 3x10°
4 0.92 5.7 2 x 10t 1 x 10%
6 0.91 57 6 x10° 3 10°
8 0.88 5.7 5x10° 8 x 10°
16 0.85 5.7 4x10° 9 x 10°
i 0.84 5.7 3x10° 1107
i 0.82 5.7 3x10° 4x10°
2 0.81 5.7 2x10° 1x 10%
0.80 5.7 1 x10° 8 x 10°

ny
(2) Bu::e, after being inoculated;
) EVernge after 5.5 hours drying at 45 £2°%C;
wereyxn")' another sausage from the same batch was investigated, different batches
oculated with salmonellae or staphylococci.

“i‘/ we also investigated the behaviour of salmonellae and pathogenic staphy-
g 08 imcul"‘fSe sausage, using pools of Sulr_nonel‘la spp. or Staphylococcus aureus iso-
"mfe , salm m. Typical results are summarized in Table IV. Due to the ropid a,
i t ny . °°ﬂelloe are of no concern in Chinese sausage, since a steady decline of
‘%‘lﬂu the he ﬁcurs during ripening of the product, and the survivors are eliminated

d he o ating of the sausage before consumption. However, Staphylococcus aureus
Problem, because this organism survives the drying process at 45°C and grows

W tgp:

(e Nigh

(:‘3 Usedg D::T?ers during the ripening of the product. If lactobacilli as starter cultures

Chi, % “ddhloo erment 44, Fa. Muller, GieBen, West Germany) or glucono-delta-lactone

u"?"! saus, N to the product) or potassium sorbate (0.1 % addition) are added to

pu"h!se puﬂ?ge' f_hen the multiplication of S. aureus is inhibited, however, the number

Ay er S'Udiogemc staphylococci remains on the same level as originally present.
lsablg, ' ©n the elimination of the risk of S. aureus in Chinese sausage are

Chj

ne

Hhanese g

,:,:Vt %Dlréed
113 alse

e".leuvs (IM-Meats) are simple to prepare, nutritious and safe. Therefore
fo g h";'roducefi into developing countries outside of Asia. They could be of
4 et e st ood designers in industrialized countries. However, for people unused
Sldees"d‘le 'Oproducfs, the sweetish taste might be strange. In view of this, it might
<o, 9f Asiq, H teplace sugar by humectants with neutral taste in meat products out-
of °Qicu||y i Z.Wever, sugar is not only relatively cheap, easily available and toxi-
h\.m"‘ﬂut prOdnc jectionable, but it has benefical effects on the texture and plasticity
®Ctany isu':*fh Hence it is difficult to replace sugar, and unfortunately no better
hine ot present within sight.
Prep, ¢ Sa
de?: e un‘ésﬂge could also be of benefit for developing countries, since it is easy to
fon05e o °°e5 not need precisely controlled ripening conditions. Due to the rapid
pfbb;pci5°ninw duﬁﬂ_g the drying process, this product is not inclined to spoil and most
em, erg f°"9m1|sms are effectively controlled. However, S. aureus could pose a
efore further research is needed to eliminate this risk.

erql 4,
Mo us;‘kno\vledge and facilities of meat research in industrialized countries
bv!"hem f"ﬂore frequently and effectively for a better understanding and the
OF meat preservation in developing countries.
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