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ABSTRACT

A canned vegetable protein product 
(or meat analog) consisting of wheat 
gluten, textured soy protein, hydro-
genated vegetable fat and seasonings 
was analyzed to study the character-
istics of the raw materials, estimate 
the microbial bioburden of the canned 
product prior to retorting and evaluate 
processing stages critical in the control 
of microbial growth. Two hundred and 
eighty-eight lots of this product were 
analyzed within a 24-month period. The 
highest aerobic mesophilic counts were 

RIASSUNTO

Gli obiettivi di questo lavoro erano 
quelli di studiare le caratteristiche del-
le materie prime (proteine di soia strut-
turate e glutine di frumento) di un pro-
dotto in scatola di origine vegetale, ana-
logo della carne, valutare la carica mi-
crobica del prodotto inscatolato prima 
del processo di sterilizzazione e valutare 
i punti critici di processo, per il control-
lo della crescita microbica. Lotti (288) 
di questo prodotto sono stati analizzati 
durante un periodo di 24 mesi. I più alti 
livelli di flora batterica aerobica mesofi-
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4.96 log CFU/g for soy protein raw ma-
terial, 6.76 log CFU/g for ground soy 
protein and 7.15 log CFU/g for canned 
meat analog before retorting at 121°C. 
The high bioburden level of textured soy 
protein and exposure of this raw mate-
rial to conditions that promoted growth 
during processing caused an increase 
in the pre-processing bioburden. How-
ever, the sterility tests of the final prod-
uct demonstrated the efficacy of the re-
torting process.

la riscontrati sono stati 4,96 log UFC/g 
per le proteine di soia grezze, 6,76 log 
UFC/g per la proteina di soia macina-
ta e 7,15 log UFC/g per il prodotto ana-
logo della carne inscatolato prima del 
trattamento di sterilizzazione a 121°C. 
L’alta carica microbica della proteina 
di soia e l’esposizione di questa mate-
ria prima a condizioni che hanno pro-
mosso la crescita microbica durante il 
processo di lavorazione hanno causa-
to un incremento della carica microbi-
ca prima della sterilizzazione. Comun-
que, i test di sterilità condotti sul pro-
dotto finito hanno dimostrato l’efficacia 
del processo di sterilizzazione.

INTRODUCTION

Vegetarianism is receiving more atten-
tion than ever before from both the gen-
eral public and the food industry. There 
is a strong and growing demand for food 
that is natural, convenient and contains 
few additives. Although there has been 
a marked increase in the sale of vege-
tarian food, the safety of these products 
should be fully evaluated (MESSINA and 
MESSINA, 1997). In the United States, 
the “meat analog (and substitute)” cat-
egory has achieved double-digit growth 
annually for the last five years (RAJARAM 
and SABATÉ, 2000). Scientific evidence 
points to a correlation between a vegetar-
ian diet and reduced risk of such chron-
ic diseases as obesity, coronary disease, 
hypertension, diabetes, and some types 
of cancer. Historically, vegetarian diets 
have met nutritional needs in many cul-
tures, but other reasons for being vege-
tarian include religious beliefs, econom-
ic status, environmental and ecological 
concerns, and personal health.

Meat analogs are products processed 
from vegetable protein to resemble meat 
in texture and flavor. Meat analog prod-

ucts can be obtained via the following 
procedures: (i) spinning isolated soy 
protein into a “tow” of fibers, followed 
by shaping and flavoring to make meat-
like products; (ii) processing formulated 
soy flour through an extruder into dif-
ferent sizes and shapes to give chewa-
ble products with the desired flavor, and 
(iii) by using heat and pressure during 
continuous extrusion of soy protein for-
mula of small chunks which, when hy-
drated, present a chewable texture and 
a taste similar to meat. The principal ad-
vantage of this third method is the use 
of low cost soy flour in the preparation 
rather than the more expensive isolated 
protein (SMITH and CIRCLE, 1972).

Meat analogs are made from natural 
sources, such as soybeans, peanuts, 
wheat, and corn. The biological quali-
ty of the protein in the vegetable protein 
product should be at least 80 percent ca-
sein, which is determined by using the 
Protein Efficiency Ratio (PER) scale. The 
meat analog should contain at least 18 
percent protein of the hydrated weight 
(w/w) after preparation (USDA, 1991).

Wheat gluten alone, when measured 
against the standard casein reference 
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(PER = 2.5) in rat bioassays, rates rath-
er low on the PER scale, from 0.7 to 1.0 
or 28 to 40% of the casein value. Vege-
table proteins, in general, rate low on 
the PER scale because they frequently 
lack one or more essential amino acids. 
Blends of different vegetable proteins 
often result in higher PER values. For a 
wheat gluten/soy protein ratio of 30:70, 
a PER value of 2.4 is achieved, or rough-
ly three times the rating of wheat gluten 
alone (AAOCC, 1964).

The canned vegetable protein product 
in this study consisted of wheat gluten, 
textured soy protein, hydrogenated veg-
etable fat, garlic, onion, salt, meat fla-
voring, caramel color and seasonings; it 
was processed to resemble ground meat 
in appearance and flavor. It is a ready-
to-eat food, readily available in Brazil-
ian supermarkets and is used in many 
vegetarian recipes. It is also used as a 
protein supplement, especially for chil-
dren and adult lunch programs, at pub-
lic institutions. The preservation of this 
canned product is assured by controlling 
the sanitary quality of the raw materials 
and the extent of heat processing.

The objectives of this paper were to 
study the characteristics of the raw 
materials (textured soy protein and 
wheat gluten), estimate the microbial 
bioburden of the canned product pri-
or to retorting and to identify the criti-
cal processing stages to control the mi-
crobial growth.

MATERIALS AND METHODS

Meat analog manufacture

The product was prepared in a vege-
table protein pilot plant (Superbom Food 
Industry, SP, BR), following a procedure 
illustrated in the flow diagram shown in 
Fig. 1. The raw materials (Table 1), in 
the proportion of 12% textured soy pro-
tein (53% protein; 1% fat; 6% moisture; 
12.7 mm particle size) and 15% wheat 

gluten (77% protein; 0.7% fat; 1% ash; 
7.5% moisture) were mixed in amounts 
necessary to prepare one batch of the fi-
nal vegetable protein product. A produc-
tion lot of approximately 200 kg corre-
sponded to 250 metallic cans each con-
taining 850 g of the final product. The 
textured soy protein was always acquired 
from the same supplier (Bunge Alimen-
tos, SC, BR), as was the wheat gluten (Al-
vol, Mendoza, Argentina). The chemical 
characteristics of the raw material were 
analyzed by a nationally certified labo-
ratory (Adolfo Lutz Laboratory) following 
the AOAC (1996).

Soy preparation

The textured soy protein was placed 
in a stainless steel tank (Quiminox, SP, 
Br) and uniformly hydrated with wa-
ter (1:3 wt/wt). The mixture was main-
tained at 70°C for 20 min using steam 
provided from an open coil (perforated 
underside) located at the bottom of the 
tank. Propellers installed in the center 
of the tank stirred the mixture constant-
ly. The hydrated soy protein was trans-
ferred to a basket (400 nylon mesh) at-
tached to a bowl centrifuge (1.0 m di-
ameter; Westfalia Separator, SP, Br) and 
was washed by continuous jets of wa-
ter (3.0 m3/h, at room temperature 25°-
30°C) introduced in the center of the 
product mass, while being centrifuged 
at 1,200 rpm for 15 min. After wash-
ing, the soy protein was centrifuged at 
1,200 rpm for an additional 20 min, to 
attain a mass moisture of around 60% 
wt/wt. Washing and drying of the soy 
protein was needed to reduce the natu-
ral off-flavor of soy in the final product. 
Soy protein was minced into particles of 
an average size of 1.5 cm with a rota-
ry disc meat cutter (IbrasmaK, SP, Br) 
with knives (25 cm in diameter spaced 
3.5 cm in the center). The ground soy 
protein was held for no longer than two 
hours before mixing with other ingredi-
ents at 45°C for 15 min.
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Fig. 1 - Flow diagram of vegetable protein production (*sampling points).
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Gluten preparation

Wheat gluten was processed into a ho-
mogenous hydrated viscous mass with 
water (1:1.5 wt/wt) in a planetary blend-
er (Usi Ram, SP, Br) at 80 rpm for 20 min, 
at a temperature of 25°-30°C. The glu-
ten mass was then cut into pieces (about 
2.0 kg/each) in a rotary disc meat cut-
ter (IbrasmaK, SP, Br), and cooked in 
a water bath at 95°C for 20 min in the 
stainless steel tank (Quiminox, SP, Br), 
forming a gelatinous material stabilized 
by the denatured protein. The large gel 
pieces were cut into particles of 0.8 cm in 
diameter in the rotary disc cutter (Ibras-
maK, SP, Br).

Mixture of ingredients
and other steps

The minced soy protein (36%) and 
gluten mass (32%) were mixed with 
seasonings (0.4%), hydrogenated veg-
etable fat (3.0%), liquid caramel color 
(0.2%), meat flavors (0.1%) and wa-
ter (28.3%) in a blender (Sigma-blade; 
50 rpm; 250 L capacity; Usi Ram, SP, 
Br), at 45°C for 15 min to achieve the 
appearance of a moist dough with the 
light brown color characteristic of the 
meat analog product. Each cylindri-
cal metal can (99x118 mm; with an 
inner facing of epoxiphenolic sani-
tary varnish and a lid for sealing) was 
filled with 850 g of the final product 
(kept at 40°-45°C) with an automatic 
filler (Welbba, SP, Br). The cans were 
placed in a mechanical vacuum-seal-
ing machine, and the sealing process 
was completed in a vacuum of approx-
imately 70 kPa. After passing through 
a warm (45°-50°C) water shower to re-
move any product adhering to the sur-
face, the cans were distributed among 
three autoclave trucks (316 cans per 
truck) for sterilization (set at 121°C 
for 30 min, with total processing time 
of 88 min from initial ramping up to 
cool down).

Microbiological analyses

Microbiological analyses were per-
formed on 288 lots covering two succes-
sive years of production. The number of 
viable microorganisms prior to steriliza-
tion was determined for each lot, and in-
cluded analysis of the raw materials, the 
ground soy protein, the gluten mass, the 
ingredient mixture and the final canned 
meat analog product prior to retorting. 
Eight hundred and sixty-four samples 
were collected; sampling occurred dur-
ing 4 production days per month with 9 
samples being taken at different times 
throughout the production day. The 
samples (200-250 g) were aseptical-
ly collected in sterile bags in triplicate 
from every stage, as proposed by ANVI-
SA (2001). Every effort was made to in-
sure that the samples of the raw mate-
rial were representative of all lots of the 
manufactured products.

Twenty-five grams from each sample 
was transferred into a sterile Stomach-
er bag (16.0x26.0 cm) and mixed with 
225 mL of 0.1% (w/v) peptone water, 
homogenized in a Stomacher (Tekmar, 
Model 4001, Cincinnati, Ohio, USA) for 
1 min. Serial decimal dilutions of 0.1% 
peptone water were prepared, and sam-
ples of appropriate dilutions were poured 
in duplicate on plate count agar (“PCA”, 
Difco Laboratories, Sparks, MD, USA) 
plates for mesophilic (37°±2°C for 48h) 
and thermophilic (60°±2°C) counts. Di-
lutions were also plated on potato dex-
trose agar (“PDA”, Difco) plates, acidified 
with sterile 10% tartaric acid (pH = 3.5) 
for yeast and mold (25°C for 72h) counts. 
The colony forming unit counts (CFU/g) 
were performed on plates of up to 200 
colonies. Reinforced clostridial medium 
(“RCM”, Difco) incubated at 35°±0.1°C 
for 72h in anaerobic jars (Gas-Pack 
System, Cockeysville, MD, USA) were 
used to measure anaerobic counts. For 
spore enumeration, samples were heat-
ed to 80°±0.2°C for 10 min prior to being 
poured. For total coliforms, each sam-



Ital. J. Food Sci. n. 3, vol. 17 - 2005 275

ple dilution was inoculated in triplicate 
into lauryl sulfate tryptose (“LST”, Difco) 
tubes, which were incubated at 35°±1°C 
and the results are reported as the most 
probable number (MPN) of coliform bac-
teria per gram (APHA, 1992). The posi-
tive LST tubes were checked (i) for colif-
orm bacteria by subculture and put into 
brilliant green bile (“BGB”, Difco) broth 
tubes and incubated at 35°±0.5°C for 
48±2 h; and (ii) for fecal coliform bacte-
ria by subculture into E. coli (“EC”, Difco) 
broth tubes, and incubated for 24±2 h at 
45.5°±0.2°C in a controlled water bath.

Analysis of final retorted product

The final composition of the canned 
product was analyzed in accordance with 
AOAC (1996). The final retorted product 
was analyzed by the commercial sterility 
test by incubating 20 cans of each lot at 
37°±2°C for 10 days. Cans were also ex-
amined for abnormal conditions such as 
leakage, swelling, and odor. The vacuum 
and pH were measured, and microscop-
ic examinations were performed.

Microbiological tests
of process water

The central industrial reservoir re-
ceives potable municipal water. The tank 
walls were sanitized with sodium hy-
pochlorite (100 ppm total chlorine) bian-
nually during mechanical cleaning. Wa-
ter used in processing vegetable protein 
was treated with cartridge filters (1,000 
L capacity, Acqua Domini, SP, Br) con-
sisting of four layers (active charcoal 
with salts of colloidal silver, quartz, and 
dolomite). The water was tested accord-
ing to Brazilian state and federal regu-
lations and followed the methodology of 
APHA (1995). The free chlorine content 
in the processing water was monitored 
daily and maintained at 0.5-1.0 ppm. 
The analyses of standard aerobic mes-
ophilic and coliform counts were con-
ducted twice each week.

Microbiological testing of equipment, 
facilities and worker’s hands

The analyses of samples from the 
equipment, facilities and worker’s hands 
in the processing plant were performed 
according to Brazilian state and federal 
regulations and followed the methodol-
ogy of APHA (1992).

Approximately 100 cm2 per area was 
swabbed using a rayon-tipped appli-
cator. Samples of surfaces of worker’s 
hands were collected by the “swab con-
tact method” and subjected to the same 
microbiological analyses as equipment 
swab samples. Before the first lot and at 
the end of the production day, the follow-
ing analyses were performed after clean-
ing and sanitizing of the equipment: to-
tal count of mesophilic and coliform bac-
teria, Staphylococcus aureus (coagula-
se positive), yeasts and molds. Cleaning 
and sanitizing the equipment and facili-
ties consisted of an initial rinse with po-
table water (45°C) to remove gross con-
tamination, followed by washing with a 
2% v/v alkaline (62% NaOH) non-ionic 
detergent solution (Quimistrol SU 186, 
Lever Industrial, SP, Br) at 45°C for 10 
min and rinsing again with potable wa-
ter. Next, the equipment and facilities 
were sanitized with a solution (1% v/v) of 
sodium hypochlorite (Divosan Sol L, pH 
11.5; Lever Industrial SP, Br) at 5 ppm 
residual chorine for 5 min, followed by 
a water rinse.

Statistical analysis

All microbiological counts were con-
verted to decimal logarithms for statis-
tical analysis. Data were analyzed with 
the SGWIN program (Statgraphics Plus 
for Windows version 1.4 – Statistical 
graphics Corporation, 1995). The mean, 
standard deviation, and range were cal-
culated for every n = 12 samples collect-
ed. Differences between means were de-
tected by a one-way analysis of variance 
and are expressed as confidence inter-
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vals (CI). Probabilities of ≤0.05 were con-
sidered significant.

RESULTS AND DISCUSSION

The canned meat analog (pH = 
6.58±0.04) had a protein content greater 
than 18% which is the minimum required 
for vegetable protein products (SMITH and 
CIRCLE, 1972) in accordance with the fol-
lowing percentages of the product: pro-
tein (dry basis; Nx6.25%=20.69±0.80%), 
fat (1.92±0.37%), carbohydrates 
(2.90±0.34%), moisture (69.48±0.55%), 
fiber (1.47±0.18%), iron (1.65±0.12 
mg/100 g) and phosphorous (63.30 
mg/100 g), totaling 127.00±1.49 calo-
ries per 100 g of product. The high-pro-
tein and moisture content of the canned 
product make it a highly favorable medi-
um for microorganisms before it is proc-
essed. It is essential to maintain sanitary 
conditions of the raw materials during 
the processing stages as this contrib-
utes to the final microbial bioburden of 
the product.

The microbiological characteristics 
for the water used in the different steps 
of preparation met the requirements of 
APHA (1995). The standard plate counts 
were less than 2 log10 CFU/mL of water 
analyzed and no coliforms were detected. 
Samples from the equipment and work-
ers in the processing plant were neg-
ative for S. aureus and for yeasts and 
molds. In addition, coliforms and mes-
ophilic groups were present at less than 
2.0 log10 CFU/cm2.

The samples of each raw material 
presented a range of standard counts 
in plates from a minimum of 0.50 log10 
CFU/g to a maximum of 1.50 log10 CFU/
g for wheat gluten; from a minimum of 
4.61 log10 CFU/g to a maximum 4.96 
log10 CFU/g for textured soy protein. 
Yeast and mold counts ranged from 0.42 
to 1.75 log10 CFU/g for wheat gluten to 
an average of 2.0 log10 CFU /g for tex-
tured soy protein. The absence of colif-

orms and S. aureus in 1.0 g of analyzed 
sample, and of Salmonella spp. in 25 g 
of sample was certified in every raw ma-
terial (Table 2). The high microbial pop-
ulations present in the soy protein raw 
material shows a potential risk that must 
be controlled during processing.

KELLER et al. (2002) evaluated the ef-
ficacy of sanitation and cleaning meth-
ods in a small apple cider mill by sur-
face swab methods as well as the micro-
biological characteristics of the incom-
ing raw ingredients and the final prod-
uct. They observed that, in general, the 
microbiological quality of the final prod-
uct reflects the microbial load of the raw 
ingredients.

Soy preparation

After hydration, washing and grind-
ing of the textured soy protein (Fig. 1), 
the average standard count increased by 
as much as 2 log10 cycles (Table 3) with 
respect to the microbial populations of 
the raw material. The highest total mes-
ophilic aerobic count was observed in 
November 2002 (6.76±0.20), while the 
highest total mesophilic anaerobic count 
was observed in April 2001 (5.65±0.11 
log10 CFU/g). The highest yeast and mold 
count was observed in September 2001 
(3.64±0.16 log10 CFU/g). The total ther-
mophilic anaerobic and aerobic counts 
were generally lower and ranged from 1 
to 2 log10 CFU/g. Despite the apparent 
absence of coliforms within the soy pro-
tein raw material, an average population 
of greater than 3 log10 MPN/g for colif-
orms and fecal coliforms was observed 
in the ground soy protein. This increase 
may have resulted from the favorable 
temperature and time conditions present 
during the hydration and washing stag-
es prior to retorting and /or the transfer 
of microorganisms from the equipment 
to the ground product.

At the end of hydration (70°C for 20 
min) the temperature of the soy pro-
tein was approximately 45°C, an ideal 



Ital. J. Food Sci. n. 3, vol. 17 - 2005 277

T
a
b
le

 2
 -

 M
ic

ro
b
io

lo
gi

ca
l 
ch

a
ra

ct
er

is
ti

cs
 o

f 
th

e 
ra

w
 m

a
te

ri
a
ls

. 
T
h

e 
co

u
n

ts
 a

re
 e

xp
re

ss
ed

 i
n

 d
ec

im
a
l 
lo

ga
ri

th
m

s.

 
Te

xtu
re

d 
so

y p
ro

te
in(

log
 C

FU
/g

)

Ye
ar

 2
00

1 
Ja

nu
ar

y 
Fe

br
ua

ry
 

M
ar

ch
 

Ap
ril 

M
ay

 
Ju

ne
 

Ju
ly 

Au
gu

st 
Se

pt
em

be
r 

Oc
to

be
r 

No
ve

m
be

r 
De

ce
m

be
r

Gr
ou

ps
 o

f M
icr

oo
rg

an
ism

s 
M

ea
n±

CI
 

M
ea

n±
CI

 
M

ea
n±

CI
 

M
ea

n±
CI

 
M

ea
n±

CI
 

M
ea

n±
CI

 
M

ea
n±

CI
 

M
ea

n±
CI

 
M

ea
n±

CI
 

M
ea

n±
CI

 
M

ea
n±

CI
 

M
ea

n±
CI

St
an

da
rd

 p
lat

e 
co

un
t 

4.
61

±0
.2

0 
4.

92
±0

.2
3 

4.
92

±0
.2

3 
4.

94
±0

.2
8 

4.
92

±0
.2

3 
4.

90
±0

.2
1 

4.
94

±0
.2

8 
4.

96
±0

.2
5 

4.
92

±0
.2

3 
4.

69
±0

.2
7 

4.
90

±0
.2

1 
4.

92
±0

.2
3

*Y
ea

sts
 a

nd
 M

old
s (

< 
3.

00
) 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0

*C
oli

for
m

s (
< 

2.
00

) 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

*E
sc

hr
ich

ia
 co

li 
(<

 1
.0

0)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*S

. a
ur

eu
s (

po
sit

ive
 co

ag
ula

se
) (

<2
.0

0)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*S

al
m

on
el

la
 sp

. (
25

 g
 sa

m
ple

) 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

Ye
ar

 2
00

2
St

an
da

rd
 p

lat
e 

co
un

t 
4.

61
±0

.2
0 

4.
92

±0
.2

3 
4.

92
±0

.2
3 

4.
94

±0
.2

8 
4.

92
±0

.2
3 

4.
90

±0
.2

1 
4.

94
±0

.2
8 

4.
96

±0
.2

5 
4.

92
±0

.2
3 

4.
69

±0
.2

7 
4.

90
±0

.2
1 

4.
92

±0
.2

3
*Y

ea
sts

 a
nd

 M
old

s (
< 

3.
00

) 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0 
2.

00
±0

.0
0 

2.
00

±0
.0

0
*C

oli
for

m
s (

< 
2.

00
 lo

g 
NM

P/
g)

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

*E
sc

he
ric

hi
a 

co
li 

(<
 1

.0
0 

log
 N

M
P/

g)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*S

. a
ur

eu
s (

po
sit

ive
 co

ag
ula

se
) (

<2
.0

0)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*S

al
m

on
el

la
 sp

. (
25

 g
 sa

m
ple

) 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
W

he
at

 g
lut

en
 (l

og
 C

FU
/g

)

Ye
ar

 2
00

1 
Ja

nu
ar

y 
Fe

br
ua

ry
 

M
ar

ch
 

Ap
ril 

M
ay

 
Ju

ne
 

Ju
ly 

Au
gu

st 
Se

pt
em

be
r 

Oc
to

be
r 

No
ve

m
be

r 
De

ce
m

be
r

St
an

da
rd

 p
lat

e 
co

un
t 

0.
58

±0
.3

8 
0.

67
±0

.4
4 

0.
67

±0
.2

8 
1.

00
±0

.4
2 

1.
00

±0
.4

2 
1.

50
±0

.3
0 

1.
25

±0
.3

5 
0.

58
+ 

0.
29

 
1.

42
±0

.2
9 

0.
58

±0
.2

9 
0.

58
±0

.2
9 

0.
75

±0
.2

6
*Y

ea
sts

 a
nd

 M
old

s (
< 

3.
00

) 
1.

67
±0

.0
0 

1.
25

±0
.0

0 
1.

25
±0

.0
0 

1.
75

±0
.0

0 
1.

75
±0

.0
0 

1.
50

±0
.0

0 
1.

50
±0

.0
0 

1.
58

±0
.0

0 
1.

50
±0

.0
0 

0.
83

±0
.0

0 
1.

00
±0

.0
0 

1.
50

±0
.0

0
*C

oli
for

m
s (

< 
2.

00
 lo

g 
NM

P/
g)

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

*E
sc

he
ric

hi
a 

co
li 

(<
 1

.0
0 

log
 N

M
P/

g)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*S

. a
ur

eu
s (

po
sit

ive
 co

ag
ula

se
) (

<2
.0

0)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*S

al
m

on
el

la
 sp

. (
25

 g
 sa

m
ple

) 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

Ye
ar

 2
00

2
St

an
da

rd
 p

lat
e 

co
un

t 
0.

50
±0

.3
0 

0.
92

±0
.4

5 
0.

67
±0

.2
8 

0.
92

±0
.3

8 
1.

00
±0

.0
0 

1.
50

±0
.3

0 
1.

00
±0

.0
0 

0.
50

+ 
0.

00
 

0.
75

±0
.2

6 
1.

25
±0

.0
0 

0.
92

±0
.4

5 
1.

00
±0

.4
2

*Y
ea

sts
 a

nd
 M

old
s (

< 
3.

00
) 

0.
42

±0
.0

0 
0.

83
±0

.0
0 

0.
58

±0
.0

0 
0.

58
±0

.0
0 

1.
17

±0
.0

0 
1.

25
±0

.0
0 

0.
25

±0
.0

0 
0.

75
±0

.0
0 

1.
50

±0
.0

0 
1.

08
±0

.0
0 

1.
58

±0
.0

0 
1.

17
±0

.0
0

*C
oli

for
m

s (
< 

2.
00

 lo
g 

NM
P/

g)
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
*E

sc
he

ric
hi

a 
co

li 
(<

 1
.0

0 
log

 N
M

P/
g)

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

*S
. a

ur
eu

s (
po

sit
ive

 co
ag

ula
se

) (
<2

.0
0)

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

 
0.

00
 

0.
00

*S
al

m
on

el
la

 sp
. (

25
 g

 sa
m

ple
) 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt

* B
ra

sil
, R

es
olu

tio
n 

- A
NV

IS
A 

- M
ini

str
y o

f H
ea

lth
.

CI
 =

 co
nfi

de
nc

e 
int

er
va

l (
n 

= 
12

; p
<0

.0
5)

.



278 Ital. J. Food Sci. n. 3, vol. 17 - 2005

temperature for coliform and fecal colif-
orm development. Hydration of the soy 
protein is required for product quality 
and can promote microbial growth. The 
ground soy protein was stored for ap-
proximately 2 h prior to mixing the in-
gredients. This stage of production also 
contributed to the development of col-
iforms. Dried products (including the 
raw materials used here), in general, 
have been considered as one of the saf-
est modes of food storage since the dry 
state does not promote microbial sur-
vival or growth. Low water activity (aw < 
0.85), among other factors (FUNG and 
GAILANI, 1986), prevents microbial de-
velopment and may maintain popula-
tions at undetectable levels. Unfortu-
nately, such hurdles are removed upon 
the addition of water for processing.

Although post-disinfection surface 
specifications for coliforms are not com-
monly available (because these values 
are likely to depend upon the environ-
ment, product and process) target val-
ues of <2.5 CFU/cm2 have been sug-
gested and are generally attainable for 
a range of surfaces (MOORE and GRIF-
FITH, 2002). It should be noted that the 
presence of very low concentrations (<2.0 
log10 CFU/cm2) of bacteria on surfaces 
may still be a significant risk factor for 
contamination thus emphasizing the im-
portance of effective cleaning and disin-
fection procedures.

Wheat gluten preparation

In general, the ground gluten mass 
(Fig. 1) had lower viable counts (Ta-
ble 4) compared to the soy protein (Ta-
ble 3). The highest average counts were 
3.19±0.18 (April 2002) and 1.83 log10 
CFU/g (February and June 2001) for 
mesophilic aerobes and anaerobes, re-
spectively. Less than or equal to 10 CFU/
g were observed for all other counts, and 
fecal coliforms were never detected. It is 
likely that the cooking operation (95o for 
20 min) required for the sliced hydrated 

gluten mass, helped to maintain its bi-
oburden relatively unchanged from the 
raw material (Table 2).

Mixture of ingredients
and filled canned product

The product had mean total mes-
ophilic aerobes above 6.5 log10 CFU/g 
after mixing, with a high of 7.28 log10 
CFU/g observed in December 2001 (Ta-
ble 5). Total mesophilic anaerobic counts 
were above 5 log10 CFU/g, with a high 
of 6.21 log10 CFU/g observed in April of 
2002. Similar results were observed in 
the canned product (Table 6), since the 
can filling process was automated and 
did not contribute to the bioburden of the 
final product. Mesophilic sporeforming 
aerobic and anaerobic plate counts were 
generally close to or higher than 4 log10 
CFU/g in the mixed (Table 5) and filled 
(Table 6) product. Thermophilic aerobic 
and anaerobic counts increased by about 
1 log10 CFU/g during mixing (Table 5) 
relative to the counts in the ground soy 
protein (Table 3), most likely due to the 
presence of thermophilic organisms in 
the non-protein ingredients. Other than 
this exception, counts of other organisms 
were generally similar to those obtained 
in the ground soy protein.

TESSI et al. (2002) evaluated the 
microbiological quality and safety of 
ready-to-eat cooked foods from a cen-
tralized school kitchen in Argentina. 
The detection of large aerobic and En-
terobacteriaceae counts in ready-to-eat 
cooked foods showed that improvements 
in manufacturing, cooking and delivery 
were needed to enhance the microbio-
logical safety of these foods. This study 
highlighted the importance of the control 
and maintenance of appropriate temper-
atures during various stages of the food 
preparation process.

Raw materials have been reported as 
the primary sources of microbial con-
tamination during the processing of var-
ious types of food (FUNG and GAILANI, 
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1986; KELLER et al., 2002). Microorgan-
isms from the raw materials accumu-
late on the equipment and work surfac-
es, and are therefore distributed to all 
products passing through the system 
(MOORE and GRIFFITH, 2002).

Retorting canned meat analog involves 
stabilizing the heating and cooling tem-
peratures of the product in pressurized 
cookers or autoclaves. The shelf-life of 
this canned product is established dur-
ing hygienic processing and the final 
thermal treatment. In spite of the high 
mesophilic counts (including spore form-
ers) in the canned product, the auto-
claved cans, which were incubated for 
10 days at 35°C (ANVISA, 2001), proved 
that the autoclaving was sufficient and 
the product attained commercial sterili-
ty, with no detection of any of the micro-
organisms analyzed. In Brazil, the direc-
tive for processed food in hermetic pack-
ing, which must be stable at room tem-
perature, has not established a micro-
biological standard for the vegetable 
protein product (meat substitute) or at 
any stage of the process, including the 
canned products before the autoclaving 
operation.

The present study describes the im-
portance of microbial control of the raw 
vegetable proteins and at all processing 
stages. Due to the high levels of micro-
organisms in the soy protein raw mate-
rial, exposure of this protein to the opti-
mal growth conditions during process-
ing caused a considerable increase in the 
bioburden of the canned product, previ-
ous to moist heat treatment.
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