Abstract

Research on development of unique natural beef products delimited firstly to the development of
fermented beef products, using known sources of raw native Thai beef materials produced under natural
production system. The major emphasis was to use bacteriocin-producing and potentially probiotic lactic
acid bacteria, discovered by researchers of the Meat Technology Research Network Center (MTRNC), as
starter culture. The second research delimitation was to study branding potential of beef products,
produced mainly from rough cuts and value-added primal cuts. Total study period was 3 years. The first
year of the study focused on the development of meat fermentation laboratory and knowledge and
technical transfer on Western style fermented meat (salami) production. The second and third years of
study focused on performing research on the development of unique natural native Thai beef products,
which consisted of 3 major parts of study as follows.

Part 1: the development of natural beef products with potential for promoting as branded
products, which consisted of 2 groups of products. Firstly, western style beef products included emulsion
type meat products, beef ham, beef bacon, and beef jerky. Secondly, Thai native meat products included
mirror beef product, beef dad-deaw, nham, and sour sausages.

Part 2: The development of fermented native Thai meat products (probiotic beef nham) consisted
of 3 research projects as follows.

2.1 Effects of Lactococcus lactis subsp. lactis P 2 and Sb 2 on microbiological property and
quality of beef nham: The objective was to study the potential of using Lactococcus lactis subsp. lactis P
2 and Sb 2 as starter culture for producing beef nham (utilizing beef tendon instead of the traditional
ingredient, pork rind). The goal was to produce safer fermented beef products and to obtain unique
fermented Thai beef products.

The results of this research showed that comparing to treatment without starter culture,
Lactococcus lactis subsp. lactis P 2 and Sb 2 were the best in inhibiting yeast and mold and coliforms. In
addition, no growth of Escherichea coli (E. coli), Salmonella spp., and Staphylococcus aureus (S. aureus)
was observed in all treatments. For nham quality, the use of starter cultures affected total acidity, pH
values, and instrumental color (CIE L*, a*, and b*). Nham with Lc. lactis subsp. lactis P 2 resulted in the
highest total acidity and lowest pH values. Comparing to control, the use of both Lc. lactis subsp. lactis P
2 and Sb 2 resulted in redder products. Therefore, both Lc. lactis subsp. lactis P 2 and Sb 2 could be used
as a starter culture, with probiotic potential property, for producing safer beef nham with more palatable

color.



2.2 Microbiological property and quality of beef nham produced either with Pediococcus
pentasaceus TISTR 536 (P. pentasaceus TISTR 536) or Lactobacillus salivarius D 4 (Lb. salivarius D4):
The objective was to study the potential of using P. pentasaceus TISTR 536 and Lb. salivarius D 4 as a
starter culture for producing beef nham (utilizing beef tendon instead of the traditional ingredient, pork
rind). The goal was to produce safer fermented beef products and to obtain unique fermented Thai beef
products.

The results of this research showed that comparing to control, each treatment with starter culture,
including commercial starter culture (Pacovis RCI — 47, Germany), P. pentasaceus TISTR 536, and Lb.
salivarius D 4, respectively, had more lactic acid bacterial numbers. This property is preferable as lactic
acid bacteria produce substances which can inhibit spoilage and pathogenic microorganisms. Treatment
added with P. pentasaceus TISTR 536 resulted in the lowest number of yeast and mold. After 3 days of
fermentation, the number of coliforms was reduced in all treatments produced with starter cultures. In
addition, no growth of E. coli, Salmonella spp., and S. aureus was observed in all treatments. For quality
of beef nham, the starter culture added treatments had lower pH values and higher amount of total acid
compared to control. The Lb. salivarius D 4 treatment had the lowest pH value with highest amount of
total acid. In addition, treatment with Pacovis RCI — 47 resulted in the highest L* value (lightest color)
with the most decreased a* value (the least red), resulting in less palatable product. Therefore, there is a
potential in using P. pentasaceus TISTR 536 and Lb. salivarius D 4 as a starter culture for beef nham
production.

2.3 The study on quality, refrigerated shelf-life, and consumer acceptance of fermented native
Thai meat product (beef nham without tendon and chilli peppers added). The objective was to study the
potential of using the 4 bacteriocins producing with probiotic potential lactic acid bacteria, which were
discovered by researchers of MTRNC, as a starter culture in beef nham production. The study
investigated chemical, physical, and microbiological quality, as well as consumer acceptance, as
preliminary information for choosing starter culture for further in-depth research on beef nham quality.
For this study, due to much variation occurred during instrumental texture profile analysis and sensory
evaluation in previous studies (2.1 and 2.2), beef tendon and chilli peppers were not added in beef nham.

Results showed that after 3 days of fermentation, nham produced without starter culture had no
difference in total acidity and pH value, compared to the starter culture added treatments. Except for
treatment with P. pentosaceus TISTR 536 which had higher pH value than the other treatments did after 3
days of fermentation at 30°C and after 4 days of storage at 4°C. All treatments had high moisture content
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beef nham using plastic casing resulted in less water evaporation from the product. After 3 days of
fermentation, all treatments had no difference in the number of lactic acid bacteria. In addition, no growth
of E. coli, Salmonella spp., and S. aureus was observed in all treatments. In overall, the number of
coliforms decreased after 3 days of fermentation. Treatments with Pacovis RCI — 47 and Lc. lactis spp.
lactis Sb 2 tended to have lower number of coliforms when compared to the control treatment.
Furthermore, the number of yeast and mold of all treatments decreased after 3 days of fermentation.
However, the level of yeast and mold in all treatments was higher than 2 log cfu/g, the recommended
level by the Thai community standard 470/2548 for beef nham. Results indicated that Lc. lactis spp.
lactis Sb 2 had the lowest (P<0.05) yeast and mold number compared to other treatments, but did not
(P>0.05) different from that of P. pentosaceus TISTR 536.

For color quality, nham with Pacovis RCI — 47 treatment tended to be paler (lighter, more yellow,
and less red) compared to other treatments (P<0.05). After 3 days of fermentation, the outer surface color
measured through the package of treatments with lactis spp. lactis P 2 and Sb 2 was redder (P<0.05) than
that of the control treatment. However, after 4 days of refrigerated storage, treatments with lactis spp.
lactis P 2 and Sb 2, as well as P. pentosaceus TISTR 536, had redder (P<0.05) outer surface color
compared to control.

For instrumental hardness measurement, after 3 days of fermentation, the control treatment was
harder (P<0.05) than those with starter cultures. But no difference (P>0.05) in hardness values was
observed among treatments with starter cultures. After 4 days of refrigerated storage, the control treatment
continued to have the highest (P<0.05) hardness value compared to treatments with starter cultures added.
However, the P. pentosaceus TISTR 536 treatment had lower (P<0.05) hardness value compared to lactis
spp. lactis P 2 and Sb 2, respectively.

Results on consumer acceptance on color of beef nham were in agreement with instrumental
measurement. Consumers scored their likeness on color of beef nham treated with Pacovis RCI — 47 and
Lb. salivarius D 4 lower than other treatments (P<0.05). Color likeness scores of nham treated with Lc.
lactis spp. lactis P 2, P. pentosaceus TISTR 536, and Lc. lactis spp. lactis Sb 2 were not different
(P>0.05) from that of control. However, consumer likeness score on tangy or sour taste of treatment with
P. pentosaceus TISTR 536 was lower (P<0.05) than those of control, Lc. lactis spp. lactis P 2, and Sb 2,
respectively. In overall, likeness scores on tangy taste, nham aroma, nham flavor, and overall
characteristics of treatments with Lc. lactis spp. lactis P 2 and Sb 2 did not differ (P>0.05) from those of
control. But treatment with Lc. lactis spp. lactis Sb 2 tended to inhibit yeast and mold better than (P<0.05)

the control and Lc. lactis spp. lactis P 2 treatments. Therefore, Lc. lactis spp. lactis Sb 2 could be



bacteriocin producing and potential probiotic starter culture for beef nham production. However, due to
slower pH reduction in beef nham, fermentation time should be extended longer than 3 days. Furthermore,
the addition of glucono-delta-lactone may help accelerate pH reduction to a safer level for raw
consumption.

Part 3: The development of semi-dried fermented western style meat products, which normally
were added with imported commercial starter culture. The research consisted of 2 study projects as
follows.

3.1 Semi-dried fermented western style meat product produced from native Thai beef. This
project consisted of 2 parts as follows.

3.1.1 Preliminary study on the development of Thai native semi-dried fermented western
style beef products (Beef Snack Sticks or Slim Jims). The objectives were to 1) develop the recipe of Thai
native dried or semi-dried fermented western style beef products (Beef Snack Sticks or Slim Jims); 2)
develop the fermentation and ripening (drying) time for production of Thai native dried or semi-dried
fermented western beef products; and 3) obtain the preliminary information on chemical and
microbiological quality of the developed product.

The preliminary study was done by production of 3 slim jims recipes; 1) American recipe, 2)
spicy recipe, and 3) recipe adjusted from mum, the Thai northeastern fermented meat product. Collagen
casing with diameter of 19 mm. were used. Each slim jims sausage was linked into 6-inch long and
fermented and dried in a temperature and relative humidity controlled chamber. The production steps
included fermentation, heating, and ripening (or drying). The drying step was conducted at lower
temperature and relative humidity.

From preliminary quality examination, the western and mum recipe slim jims had basic
property of dried or semi-dried sausages. However, increasing fermentation time longer than 17 hours
could help reducing pH value and moisture content of the products. For the spicy recipe, problem with
case-hardening was found. This might be due to the difference in rate of moisture migration from the
center of the sausage and that from sausage surface to the environment, which could also be influenced by
a shorter fermentation period.

The heating step, by increasing the chamber temperature to 70°C for 2 hours after
fermentation period, could increase product safety by reducing some pathogenic microorganisms. The use
of heating in fermented meat product production is practiced in the US fermented meat production.
However, heating to 70°C might destroy probiotic lactic acid bacteria. If probiotic lactic acid bacteria can

tolerate 700C, the products added with these starter cultures and produced with heating step will be much



safer. In the next study, heating temperature might be reduced to SOOC, a temperature at which was
previously indicated that P. pentosaceus TISTR 536 could survive and was able to produce bacteriocins.

3.1.2 Development of semi western style semi-dried fermented native Thai beef product:
Semi-dried Mum Snack Stick. The objectives of this research were to 1) develop semi western style semi-
dried fermented native Thai beef product (Semi-dried Mum Snack Stick), produce a safer product by
using western style fermented sausage production technology, and perform preliminary study on its
quality examination; 2) study the effects of using bacteriocin producing and potential probiotic lactic acid
bacteria as starter culture compared to the use of imported commercial starter culture (Pacovis RCI-47)
and to that produced without starter culture on basic quality of the product; and 3) to study consumer
acceptance of the product.

Preliminary study from 3.1.1 resulted in the use of mum recipe for this present study. In
addition, heating temperature was reduced to 6OOC, a maximum temperature at which a starter culture
might be able to survive. Results indicated that mum snack sticks produced by using western style
production technology could be considered as dried or semi-dried beef product. This assumption was
based on its pH value of less than 5.3, Aw of 0.82-0.83 which was lower than 0.91, and a moisture content
of 35%. After production, mum sticks had more than 50% moisture lost. These properties, therefore,
could be considered as shelf-stable meat product when it was kept in a proper packaging system.
However, more study on other quality characteristics, shelf-life, and consumer acceptance, using larger
numbers of consumers, should be performed. Production of mum sticks using starter cultures together
with 2-hour heating process at 60°C were able to increase product safety by controlling coliforms and
yeasts. Under the study condition, P. pentosaceus TISTR 536 grew better than L.  lactis spp. lactis P 2.
However, the effects of starter culture with heating process on pathogen control should be confirmed by
microbial challenge study. Microbiology and chemical quality of treatment added with P. pentosaceus
TISTR 536 were not different from those using commercial starter culture (Pacovis RCI-47). But mum
sticks produced with Pacovis RCI-47 were redder than those produced using starter cultures discovered by
the MTRN researchers. However, darker red color of mum sticks is a common color found in the
traditional Thai mum product. In addition, further study on their probiotic property, starter culture
survival during the production process, and product shelf-life, as well as its health benefit are needed.

3.2 Delopment of semi-dried fermented meat product (salami with green tea added): the
objectives were to 1) study the effects of green tea extract on microbiology and quality of salami. 2) study
the effects of green tea extract on extending shelf-life of fresh meat and salami. 3) study the optimum

fermentation and ripening periods for beef salami production.
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Effects of green tea extract at concentration of 0, 10, 20 g/kg on salami oxidation were observed
on 0, 7, 14, 21, 28, 35 and 42 days of production time. Results indicated that green tea extract inherits
anti-oxidative activity. The 2-Thiobarbituric acid reactive substances (TBARS) values of green tea extract
added treatments were consistent (0.273 mg malonaldehyde (MDA)/kg salami) during production time,
while that of control treatment was at 0.782 MDA/kg. For microbiological quality, lactic acid bacteria, the
beneficial bacteria, were higher in treatments with green tea extract than the control treatment. Coliforms
were lower in treatments with green tea extract added than in the control treatment. Yeasts and molds on
casing surface were lower in green tea extract added treatments. No difference on pH values was found
between treatments. But the control treatment had Aw (0.898) and moisture content (36.38%) higher
(P<0.0001) than those in the green tea extract added treatments. However, no difference in Aw and
moisture content was found between the green tea extract added treatments.

From this study, it can be concluded that the optimum production time for beef salami was 28
days, considering from products Aw of less than 0.91, moisture content of less than 35%, and pH value of
less than 5.2. At 28 days of production, treatments with 0, 10, and 20 g green tea extract/kg had Aw of
0.870, 0.884, and 0.887, moisture content of 29.69, 31.21, and 31.15%, and pH values of 4.56, 4.51, and
4.52, respectively.

Considering the appearance of salami, treatment with 20 g green tea extract/kg was less red
compared to other treatments. Since red color is preferred by consumers. The addition of green tea extract
at 10 g/kg would be sufficient for increasing product safety of salami produced with natural native Thai
beef as main raw material. In addition, production of beef salami with good color quality added with this

level (10 g/kg) of green tea extract could be done in the same production time.
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