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Abstract - The objective was to investigate the
biogenic amines and quality characteristics of
Chinese-style sausage formulated with high sugar
and low salt implanted in rice bran bed fermented by
different lactic acid bacteria (P:Lactobacillus
plantarum; A:Lactobacillus acidophilus;
L:Lactococcus lactis subsp. lactis; M:mixed of three
strains). The pH value and lactic acid bacteria counts
(LAB) of fermented rice bran bed were analysed.
Stuffed sausage was implanted in fermented rice
bran bed for 72 hours then was dried by 10C, RH
80%, and then vacuum packaged products were
stored at 0-4°C for 8 weeks. The Chinese-style
sausage samples were collected for analysis of water
activity, pH, TBARS value, biogenic amines, total
plate count (TPC) and lactic acid bacteria count
(LAB). The results showed that the pH of the
fermented rice bran bed decreased while LAB counts
was increased (P<0.05) at the first day of
fermentation. Water activity of Chinese-style sausage
decreased during storage. pH decreased from
5.42-5.70 to 4.13-4.51 (P<0.05) during 0-3 week
storage. At 1st week, TBARS value increased
(P<0.05). Biogenic amines were variable, and the
total content of biogenic amines in group L and M
was lower; tyramine could be detected in all groups;
cadaverine was only detected at 0 week; putrescine
was not detected; histamine content was low in all
groups, and group P was not detected in any sample.
TPC and LAB increased (P <0.05) at 2-4 week of
storage, then gradually increased during storage,
TPC of group P was lower (P <0.05) than other
groups.

Key Words - Chinese-style sausage, rice bran,
starter culture, biogenic amines

. INTRODUCTION

Meat products through fermentation process can
increase the nutrients and functional abilities.
Fermented sausages usually add starter cultures for
fermentation to produce organic acids rapidly [1].
Fermented sausages usually use lactic acid bacteria
to produce acids to increase slice ability and
preserve the products, produce antibacterial
substances, prevent oxidation of fatty acids, and
cause proteolysis and lipolytic activity to produce
flavors and decrease residual nitrite, but they can
also cause amino acid decarboxylation and form
biogenic amines [2]. Biogenic amines are basic
nitrogenous compounds. These substances have
been proposed as possible indicators of food quality
of fermented products [3]. The most important
factors that influence the biogenic amine content of
meat products are starter cultures [4], the quality of

raw materials, the hygienic conditions of the
processing environment, temperature or relative
humidity also have been proposed as possible
indicators of high contents of biogenic amines [5].
Rice bran is the outer layer of grain, and a
by-product through grain processing. It contains
carbohydrates, oils, most proteins in rice, vitamin
B; and B,, dietary fibers and some antioxidants, for
example, y-oryzanol, phytic acid, tocopherol and
tocotrienol. In Japan, people always use rice bran
bed called nukadoko to pickle vegetables, the
microorganisms used in rice bran beds are
lactobacilli [6]. The aim of this research was to
study the biogenic amines and quality
characteristics of Chinese-style sausage implanted
in fermented rice bran formulated with high sugar
and low salt and dried by 10°C, RH 80% condition.

. MATERIALS AND METHODS

Fermented rice bran

The fermented rice bran was prepared by the
modified method of Nakayama et al. [6]. It was
separated into four groups, P: Lactobacillus
plantarum  BCRC  12944;  A:Lactobacillus
acidophilus B161; L: Lactococcus lactis subsp.
lactis; M: remixed 3 stains with 1:1:1, all strains
were previously subcultured twice in MRS broth
(Merck). Materials (Table 1) were mixed and
sterilized at 120°C for 20 min, cooled and
incubated with starter cultures for 7 d. To make the
rice bran bed to reach 10° CFU g™, P group was
cultured at 30°C, other groups were incubated at
37°C. The fermented rice bran was stirred once
every day.

Table 1. The materials of rice bran bed

Material (%)
distilled water 120
whey protein powder 5
skimmed milk powder 5
salt 3

Chinese-style sausage

Chinese-style sausage was prepared by mixing 80
9 ground pork ham (95/5) and 209 diced fat
(0/100), with non-meat ingredients (Table 2). Each
of the sausage batters was stuffed into hog casing
(28 mm, Taiwan). Each sausage had a ca. length of
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10 cm. The sausage was implanted into a rice bran
bed and ripened for 72 h at 0-4°C, removed and
dried for 72 h at 10°C and relative humidity (RH) at
80-85%, vacuum packaged (-0.92bar) and stored at
0-4°C for 8 wk, and analyzed each week. The
fermented rice bran was analyzed for pH (SP-2200
Suntex pH meter, Taiwan), total plate counts (TPC)
and lactic acid bacteria counts (LAB) (FDA
Bacteriological Analytical Manual for Foods
method [7]) every day. The Chinese-style sausages
were analyzed for water activity (Rotronic Ag,
HygroPalm AW 1-SET/14, Taiwan), pH, TBARS
value (Salih et al. [8] with modifications), biogenic
amines (extracted according to the method of
Konosu et al. [9] and benzoylation of standard
amine solution according to Yen and Hsieh [10]
with modifications), total plate counts (TPC) and
lactic acid bacteria counts (LAB) every day.

Table 2. The non-meat ingredients of Chinese-style
sausage, meat weight as 100%

Material (%)
polyphosphate 0.25

salt 15

sugar 12
sodium nitrite 0.015

Statistical analysis

Statistical analysis was performed with the SAS
program for Windows V9.1 (SAS Institute, Cary,
NC, USA). ANOVA with Turkey’s multiple range
tests was carried out to analyze the significant
differences among treatments (P<0.05).

I1l. RESULTS AND DISCUSSION

The pH of the rice bran bed in groups P and L was
significant lower (P<0.05) (Fig. 1), and the pH
value of group P was the lowest. The initial pH of
all groups were between 6.08-6.22, and decreased
significantly (P<0.05) at the first day. LAB counts
of rice bran bed of group M was significant higher
than other groups (P<0.05) during the fermentation
period (Fig. 2). LAB counts of all groups increased
significantly during 2 d (P<0.05). LAB counts
reached 6.15-7.13 log CFU g after 7 d of storage.
Lactic acid bacteria and other acid-producing
bacteria could produce organic acids to cause the
decreased of pH. Garriga et al. [11] found that L.
plantarum could produce acid rapidly, but it could
over acidify in some case.

The water activity of Chinese-style sausage was
not significantly different among the groups (Fig.
3), and decreased during storage.
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Figure 1. pH of rice bran beds fermented by lactic acid bacteria
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Figure 2. Counts of lactic acid bacteria in rice bran bed
fermented by lactic acid bacteria
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Figure 3. Changes in water activity of Chinese-style sausage
implanted in rice bran bed fermented by lactic acid bacteria
during 0-4°C storage

The pH of sausage was 5.42-5.70 at the first week
(Fig. 4), and group P was significantly lower than
other groups (P<0.05) at the early period of storage
(0-3 week), the pH of group L and M decreased at
the first week (P<0.05). Group A, L and M reached
a minimum pH of 5.25-5.32 at 6-7 weeks of storage.
In this experiment, the rice bran bed of group P
fermented by L. plantarum had the lowest pH to
cause the pH of sausage to be lower. This result
agrees with that of other researchers [12, 13, 14].
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Figure 4. Changes in pH value of Chinese-style sausage
implanted in rice bran bed fermented by lactic acid bacteria
during 0-4°C storage
TBARS value of sausages were similar among
treatments (Fig. 5), and The TBARS of all
treatments increased significantly in the first week
(P<0.05). Fermented sausage relies on the
degradation of proteins and fats to produce special
flavors, but it also could cause fat oxidation, to
produce rancid substances during fermentation
period. Starter cultures are the most important

factor during fermentation [15].
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Figure 5. Changes in TBARS values of Chinese-style sausage
implanted in a rice bran bed fermented by lactic acid bacteria
during 0-4°C storage
Standard chromatograms of biogenic amines
detected by HPLC are shown in Fig. 6. Putrescine
was not detected in all groups during storage,
cadaverine only detected at 0 week (267-403
mg/kg), spermine only detected in Group P, A and
M and at 0-1 week, spermidine was below 8.90
mg/kg and 2-phenylethylamine was below 68
mg/kg in all groups during storage, tryptamine was
34-85 mg/kg during storage, histamine was not
detected in group P, tyramine was detected in all
groups during storage time. Putrescine, cadaverine
and polyamines can be the indicator of pork
spoilage, polyamines and putrescine may be
naturally present in raw meat, but high
concentration of putrescine and other amines may
due to the growth of undesired microorganism [16].
Putrescine was not detected in this experiment and
spermine was higher than other studies, but
polyamines could exist in meat naturally, spermine

was higher than spermidine usually [17]. Tyramine
and histamine are the most important biogenic
amines in toxicology [13]. Histamine is the only
biogenic amine subjected to legal regulations in
some fish species, with an upper limit of 100 mg/kg
in Europe [18]. FDA guideline value of histamine
in fish product is 50 mg/kg [19]. Nout [20] pointed
out that histamine of fermented sausages must
between 50-100 mg/kg. Tyramine is the most
productive biogenic amine [21] and some
researchers point out that levels below 500 mg/kg
are safer [22]. The biogenic amines content in
fermented meat varies, even if using the same
starters, the same brand and the same batch
fermented sausages, the content of biogenic amines
may be significant different, showing that biogenic
amines are affected by many factors [23].
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Figure 6. HPLC chromatograms of biogenic amine standards.
(a) Putrescine, Put. (b) Cadaverine, Cad. (c) Tryptamine, Tryp.
(d) Phenylethylamine, 2-phe. (e) Spermidine, Spd. (f)
Spermine, Sper. (g) Histamine, His. (h) Tyramine, Tyr.
HPLC: Hitachi (Japan) with RP-18 column (Merck). Mobile
phase: methanol-water, 50:50 v/v at first, 60:40 v/v for 15 mins,
70:30 v/v for 3 mins, then maintain 50:50 v/v for 50 minute.
Injected volumn: 20 pL, flow rate: 0.8 mL/min, UV-detector:
254 nm

The TPC of group P was significantly lower than
other groups (P<0.05) (Fig. 7). TPC was between
3.28-4.12 log CFU g* on first day, total plate
counts of group A, L and M increased significantly
to 5.20-5.84 log CFU g™ (P<0.05) at 2 wks; LAB
counts of each group were not significantly
different (Fig. 8). LAB counts were between
3.16-4.22 log CFU g on the first day, and the LAB
counts was similar to TPC.
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Figure 7. Changes in total plate counts of Chinese-style
sausage implanted in rice bran bed fermented by lactic acid

58th International Congress of Meat Science and Technology, 12-17th August 2012, Montreal, Canada



lactic acid bacteria count (log CFU/g)
N w = w [=2] ~l co

[uN

bacteria during 0-4°C storage.

storage time (week)

Figure 8. Changes in lactic acid bacteria counts of

Chinese-style sausage implanted in rice bran bed fermented by

lactic acid bacteria during 0-4°C storage.

IV. CONCLUSIONS

The results from this study showed that the
formation of biogenic amines in fermented sausage

was effects by manufacturing methods.

The

biogenic amines and quality characteristics of
Chinese-style sausage implanted in rice bran bed
fermented by lactic acid bacteria were controlled by

vacuum packaged and stored at

refrigerated

condition.

REFERENCES

1.

2.

Jessen, B. (1995). Starter
fermentation. Blackie, London.
Suzzi, G. and Gardinib, F. (2003). Biogenic amines
in dry fermented sausages: a review. International
Journal of Food Microbiology 88: 41-54.
Silla-Santos, M.H. (1996). Biogenic amines: their
importance in foods. International Journal of Food
Microbiology 29: 213 231.

Maijala, R., Nurmi, F. and Fischer, A. (1995).
Influence of processing temperature on the
formation of biogenic amines in dry sausages. Meat
Science 39: 19-22.

Bover-Cid, S., lzquierdo-Pulido, M. and
Vidal-Carou, M.C. (2001). Effect of the interaction
between a low tyramine-producing Lactobacillus
and proteolytic staphylococci on biogenic amine
production during ripening and storage of dry
sausages.  International  Journal of  Food
Microbiology 65:113—- 123.

Nakayama, J., Hoshiko, H., Fukuda, M., Tanaka, H.,
Sakamoto, N., Tanaka, S., Ohue, K., Sakai, K. and
Sonomoto, K. (2007). Molecular monitoring of
bacterial community structure in long-aged
nukadoko: pickling bed of fermented rice bran
dominated by slow-growing lactobacilli. Journal of
BioScience and Bioengineering 104: 481-489.

FDA. (1996). Bacteriological Analytical Manual for
Foods. U. S. Government printing Office
Washington. DC. USA.

Salih, A.M., Smith, D.M., Price, J.F. and Dawson,
L.E. (1987). Modified extract action 2-thiobarbituric

cultures for meat

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

acid method for measuring lipid oxidation in poultry.
Poultry Science 66: 1483-1488.

Konosu, S., Watanabe, K. and Shimizu, T. (1974).
Distribution of nitrogenous constituents in the
muscle extracts of eight species of fish. Bulletin of
the Japanese Society of Scientific Fisheries 40:
909-915.

Yen, G.C. and Hsieh, C.L. (1991). Simultaneous
analysis of biogenic amines in canned fish by HPLC.
Journal of Food Science 56: 158-160.

Garriga, M., Hugas, M., Aymerich, T. and Monfort,
JM. (1993). Bacteriocinogenic activity of
lactobacilli from fermented sausages. Journal of
Applied Bacteriology 75: 142-148.

Genccelep, H., Gizin, K. and Mukerrem, K. (2007).
Effects of starter cultures and nitrite levels on
formation of biogenic amines in sucuk. Meat
Science 77: 424-430.

Komprda, T., Sladkov4, P. and Dohnal, V. (2008).
Biogenic amine content in dry fermented sausages
as influenced by a producer, spice mix, starter
culture, sausage diameter and time of ripening. Meat
Science 83: 534-542.

Gucukoglu, A. and Ozlem, K. (2010). The effect of
different starter cultures and ripening temperatures.
European Food Research and Technology 230:
875-884.

Huang, C.C. and CW. Lin. (1993). Drying
temperature and time affect quality of Chinese-style
sausage inoculated with lactic acid bacteria. Journal
of Food Science. 58: 249-253.

Eerola, S., Sagues, A.X.R., Lilleberg, L. and Aalto,
H. (1997). Biogenic amines in dry sausages during
shelf-life  storage. Zeitung Lebensmittel For
Untersuchung und Forschung A. 205: 351-355.
Kurt, S. and Zorba, O. (2009). The effects of
ripening period, nitrite level and heat treatment on
biogenic amine formation of “’sucuk™ - a Turkish
dry fermented sausage. Meat Science 82:179-184
Commission Regulation (EC) No. 2073 (2005).
Microbiological criteria for foodstuffs. Official
Journal of the European Union.

FDA. (2001). Fish and Fisheries Products Hazards
and Controls Guidance. 3rd Edition. Washington,
DC, USA.

Nout, M.J.R. (1994). Fermented food and food
safety. Food Research International 27: 291.
Bover-Cid, S., lzquierdo-Pulido, M. and
Vidal-Carou, M.C. (2001). Effectiveness of a
Lactobacillus sakei starter culture in reduction of
biogenic amine accumulation as a function of the
raw material quality. Journal of Food Protection 64:
367-373.

Latorre-Moratalla, M.L., Veciana-Nogués, T.,
Bover-Cid, S., Garriga, M., Coppola, T., Zanardi, E.,
lanieri, A., Fraqueza, M.J. Patarata, L. and Drosinos,
E.H. (2008). Biogenic amines in traditional
fermented sausages produced in selected European
countries. Food Chemistry 107: 912-921.

58th International Congress of Meat Science and Technology, 12-17th August 2012, Montreal, Canada





