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ABSTRACT

Post-acidification is a major problem that affects on physico-chemical
properties, shelf-life and acceptability of Nham, a Thai fermented pork sausage. The aim of this
study was to develop a strategy to control the post-acidification changes in Nham inoculated with
Lactobacillys plantarum BCC 9546 by limitation of carbohydrate sources. Glucose and fructose
either in free or bound forms were the major sugars found in Nham in which cooked rice and
garlic contributed to glucose and fructose, respectively. The varying amounts of cooked rice and
garlic added to Nham not only affected the initial amounts of total glucose (T,) and total fructose
(T¢) but also influenced the utilization of these sugars during fermentation. Limitation of total
glucose and fructose (T, ;) resulted in higher percentage utilization of T,,.. However, the amount
of utilized T, and T, varied largely depending on the initial amounts of T, and T,. Garlic was
found to play a major role as carbohydrate source for Nham fermentation as higher proportion of
garlic resulted in an increase in rate of pH drop, lactic acid production and less production of
biogenic amine in Nham, Meanwhile, decrease in garlic proportion led to higher production of
tyramine. Incorporating varying levels of sucrose had no effect on biogenic amine formation. The
omission of cooked rice resulted in lower amounts of T, and T, thus causing in lower
production of lactic acid but higher biogenic amine production. This showed that cooked rice was
also another essential carbohydrate substrate for Nham fermentation. Based on principal
component analysis (PCA), Nham successfully fermented was disciminated from those with fail
fermentation (Ultimate pH, pH, > 4.6) by higher amount of garlic added, T,, free fructose, lactic

acid, and lower pH,. Nham produced by using standard formulation (SF) was discriminated from



v

those processed with carbohydrate limitation strategies by higher T, ., T, cooked rice, bound
glucose, and lower pH;; and changes in post-acidification pH (pH,,). To minimize pH changes
and excessive lactic acid production during post-acidification in Nham inoculated with L.
plantarum BCC 9546 and fermented at 30 °C, garlic and cooked rice should be added in order to
control T;, T, and T, at 3.17+0.14, 7.97+0.40 and 12.70+2.40 g kg'l, respectively. In
comparison with Nham produced by standard formulation, Nham fermented with limited
carbohydrate sources exhibited better physico-chemical properties, longer shelf-life, and lower
dietary biogenic amine content suggesting that limitation of carbohydrate sources could control

post-acidification changes in Nham.
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CHAPTER1
INTRODUCTION

Nham is one of the most famous traditional fermented pork products which is
widely consumed in Thailand. Nham fermentation is known to be initiated by lactic acid bacteria
(LAB) naturally present in Nham ingredients and/or selected starter LAB added. All ingredients
are mixed, wrap in a microaerobic condition, and allowed to ferment at ambient temperature
approximately 48-72 h. During the fermentation, acid production is suggested to be a desirable
process that contributes to the formation of acid aroma, sour taste, cohesive texture and the safety
for consumption. However, the continuous and excessive decrease in pH of Nham during
fermentation and storage or post-acidification generally leads to unacceptable characteristics of
Nham which eventually results in quality losses which can be noticeable by dripping,
discoloration, texture softening and off-flavor. Lactic acid bacteria (LAB) are the microorganisms
that play important roles on Nham fermentation and became dominant microorganisms
throughout the end of fermentation. With the excess amount of carbohydrate substrates used in
Nham processing, they can continuously grow, produce lactic acid and be involved in post-
acidification. Therefore, this study aimed to develop a strategy to minimize quality losses in
Nham through the control of post-acidification changes in Nham by limitation of carbohydrate
substrates. In this study, major Nham ingredients i.e. minced pork, pork rind, cooked rice, garlic
and chilli were collected and subjected to total and free sugar analysis. Several batches of Nham
were prepared according to standard Nham formulation with inoculation of L. plantarum BCC
9546 at the level of 1x10" CFU/g. Total glucose and fructose (T,;) required for the completion of
Nham fermentation were determined. Total lactic acid bacteria (Total, ,,), pH and organic acid
were analyzed. Based on the amount of T, required to reach pH 4.6, the pH of Nham with
various controlled fermentation strategies were evaluated during prolonged incubation period.
Finally, changes in physico-chemical properties and consumer acceptability of Nham produced by
controlled fermentation strategies and standard formulation during storage were compared. The
information gained from this study would be beneficial to the Nham producers in the way that

they can apply this strategy to control and minimize loss in quality caused by post-acidification.



CHAPTER 2
LITERATURE REVIEWS

1. Nham

Fermentation is one of the oldest food preservation practices of mankind. Nham
is one of the most popular traditional fermented pork sausages of Thailand. It is prepared from
ground pork, cooked pork rind, garlic, cooked rice, salt, chili, sugar and sodium nitrite. The
mixture is thoroughly mixed and tightly packed in banana leaves or plastic sheet. The product is
allowed to ferment at ambient temperature over 3-4 days to attain a final pH of 4.5 (Valyasevi and

Rolle, 2002). The processing of Nham shares a basic technology as shown in Figure 1.

cooked rice, sugar, garlic, salt, fresh lean pork pork rind

nitrite, erythorbate, phosphate

l

mince mince boil and slice

mix and beat
bird chilli ————p l

mix

l

wrap tightly in banana leaves or plastic bag
ferment at room temperature for 3-5 days

l

finished product : Nham

Figure 1 The processing of Nham (Modified from Phithakpol et al., 1995),



1.1 The ingredients of Nham

1.1.1 Pork and cooked pork rind

Among typical ingredients used in Nham, minced pork and cooked pork rind are
two major ingredients which comprise over 90% of raw mix. As they are an important source of
protein (about 60% of Nham dry weight), they are mainly responsible for the unique
characteristics of Nham particularly, texture and color. Changes in Nham characteristics may be
associated with physico-chemical and biochemical changes in meat and cooked pork rind.
(Visessanguan et al., 2005). The quality of minced pork used is also important to the quality of
products. To minimize excess water affecting drip loss in Nham, DFD (dark, firn and dry) and
normal meat are generally used (Warner et al., 1997). Myofibrillar proteins play the most critical
role during meat processing as they are responsible for cohesive structure and the firm texture of
meat products. Nham is mainly induced by the slow lowering of pH affecting the conformation of
the muscle proteins and thus their functional properties. It is likely that acid-induced gelation of
these proteins was mainly responsible for the formation of Nham texture (Visessanguan et al.,
2004). Proteolysis is one of the most important biochemical changes occurring during ripening of
fermented sausages (Hughes et al., 2002; Kaban, 2009; Roseiro et al., 2008; Spazini et al., 2009).
It influences both texture and flavor development due to the formation of several low molecular
weight compounds, including peptides, amino acids, aldehydes, organic acids and amines, which
are important flavor compounds, or precursors of flavor compounds. These phenomena are
determined by both endogenous muscle enzymes and microbial enzymes, the contribution of
which depends on the type of process used (Fernandez et al., 2000). The importance of muscle
proteinases in the initial breakdown of sarcoplasmic and myofibrillar proteins degradation has
been reported (Molly et al., 1997).

All the changes occurring on meat proteins during processing are very important
because they will affect not only the texture but also the interactions between the generated flavor
compounds and the proteins and peptides and, finally, these interactions will be responsible for
different sensory perceptions (Toldra and Flores, 1998). Therefore, the interaction between pork
meat proteins and volatiles compounds has been studied. Actomyosin was able to bind hexanal
and octanal that are volatile compounds present in dry-cured ham (Pérez-Juan et al., 2007). The

sarcoplasmic homogenates bound higher quantities of the volatile compounds (3-methylbutanal,



2- methylbutanal, 2-pentanone, hexanal, methional and octanal than myofibrillar homogenates
(Pérez-Juan et al., 2008). Collagen is the main component of the skin. Collagen and other
connective tissue proteins play a negligible in gel formation in sausage batters. During Nham
fermentation, most proteolytic enzymes have little activity against native collagen, although they
readily degrade denatured collagen (Visessanguan et al., 2004). However, Berge et al. (2001)
reported a direct effect of lactic acid on collagen is a swelling of perimysium. The changes found
in collagen stability were probably the result of an increased collagenolytic activity of the
cathepsins due to their earlier release from the lysosomes and the favorable conditions due to

acidification.

1.1.2 Cooked rice

The cooked rice and glutinous rice can be used as the carbon sources for
microorganisms in Nham. Wiriyacharee et al. (1993) found that 3% cooked rice and 1% cooked
glutinous rice in Nham formulation, when fermented at 30 °C, for 48 h caused rapid pH reduction
(pH 4.3) and lactic acid increase to 1.09 % (w/w). In addition, Wiriyacharee et al. (1994) reported
that cooked rice is the suitable source of carbohydrate for Nham production which using starter
cultures (L. plantarum, P. cerevisiae and Micrococcus varians). Rice is most often used and the
ability of LAB to ferment rice starch is believed to be required for the reduction of pH in product
prepared without indigenous starter cultures (Lee, 1997). The lightly salt fermented fish products
always contain a carbohydrate source and in Som-fak, rice starch is assumed to be the substrate
for fermentation by LAB (Ostergaard et al., 1998). However, increasing percentage of rice in
Som-fak from 5 to 20% caused only a slight extra decrease in pH (Saisithi et al., 1986). Likewise,
rice has been assumed to be the major carbohydrate source in Burong isda, an indigenous

fermented fish product of Philipphines (Olympia et al., 1995).

1.1.3 Garlic

Garlic is usually added in Nham but the actual amount of this ingredient may be
varied in various Nham formulations. Garlic affected growth of starter cultures as well as their
lactic acid production. Three commercial meat starter cultures, L. curvatus, L. sakei and P.

acidilactici, were used as starter cultures in Nham. It was found that garlic enhanced both the



growth of lactic acid bacteria and their lactic acid production. Nham mixture containing 5% garlic
had higher lactic acid than that without garlic (Swetwivathana et al., 1999). The result of an
increasing in lactic acid could be due to microbial catabolism of carbohydrates from garlic.
Baumgartner et al. (2000) reported characterization of a high molecular weight fructan isolated
from garlic. It was found that the garlic fructan belongs to the neoketose family. It has a (2—1)-
linked B-D-fructose backbone with (2—>6)-linked -D-fructose side chains. A structural model
was postulated for a degree of polymerization of about 58, as shown in Figure 2. The major
volatile compounds formed in Nham were di-2-propenyl disulfide, methyl thiirane and methyl-2-
propenyl disulfide, respectively. Formation of these compounds might be due to changes in
sulfur-containing compound in garlic by activity of microorganisms (Valyasevi et al.; 2003). In
addition, garlic possesses an antimicrobial activity that could be used as a natural preservative, to
control the microbial growths against food-borne pathogens such as Staphylococcus aureus,
Escherichia coli, Salmonella typhi and Listeria monocytogenes. Though, it was found that E. coli
was the most sensitive and L. monocytogenes was the least sensitive (Kumar and Berwal, 1998).
Recently, chemical characterization of their sulfur compounds has allowed stating that they are
main active antimicrobial agent (Corzo-Martinez et al., 2007). To fully eliminate Salmonella in
the product a combination of 8% garlic and use of L. plantarum 509 as a starter culture was
necessary (Bembom et al., 2009) Besides having antimicrobial activity, several components of
garlic and garlic extracts such as alliin, diallyl sulfide, allyl sulfide and propyl sulfide have
antioxidant activity which is responsible for the antioxidant effect in dose-dependent manner
(Yang et al., 1993). Sallam et al. (2004) suggested that fresh garlic and garlic powder, through
their combined antioxidant and antimicrobial effects, are potentially useful in preserving meat

products.

1.1.4 Sugar

Sucrose is usually used as carbon source for growth and acid production of lactic
acid bacteria. Nham with 0.5% glucose, after fermentation at 30 °C for 48 h, are acceptable as
determined by sensory analysis. The pH and percentage of lactic acid were found to be 4.23 and
1.04%, respectively (Wiriyacharee et al., 1994). Sugar (glucose and occasionally lactose or

saccharose) are usually included for the industrial manufacture of fermented meat products also
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Figure 2 Suggested structure of the garlic fructan ; n=9 for a dp (degree of polymerization) of 58

(Baumgartner et al., 2000).

traditionally in Spain, Chorizo is manufactured with little or no added sugar. During fermentation
and ripening, lactic acid bacteria convert glucose (their primary energy source) to lactic acid,
which is the main component responsible for the pH decrease (Bover-Cid et al., 2001). Gonzalez-
Fernandez et al. (2006) reported about the effect of added glucose on textural properties, hardness
and chewiness of Chorizos-Spanish dry-cured sausage at the end of ripening revealed lower

values in the 0.1% glucose batch than in samples of 0.5% and 1% glucose batches.

1.1.5 Sedium chloride
NaCl is usually added to the mixture at a concentration of 2-3% depending on
Nham formulation. Salt gives the taste of product and helps the binding between meat pieces due

to the function of two important proteins. Actin and myosin are proteins in meat which can



dissolve in the present of slight amount of salt. Increased solubilization of proteins found in
whole muscles treated with NaCl. NaCl addition results in protein conformational changes,
probably by altering hydrophobic and electrostatic interactions that stabilize the protein structure.
These changes collaborate in the binding and posterior retention of water inside the tissue by any
of the mechanisms proposed for the action of NaCl. This event would be the reason of the
increase water holding capacity of meat (Pighin et al., 2008). Cook loss in chicken batter showed
a decrease when salt level was increased. The high salt level helped to extract more proteins
which improve the water binding (Somboonpanyakul et al., 2007).

Salt, which is multifunctional ingredients in dry-cured ham elaboration, affect
both quality and safety. The NaCl reduction increase proteolytic activity during the-traditional
process of dry-cured ham. Consequently, proteolysis increases the incidence of ham with
excessive softness (Costa-Corredor et al., 2009). The concentration of salt also has influence on
proteolysis during ripening and storage of dry fermented sausage. Painho de Portalegre dry
fermented sausage prepared with 6% of salt addition show lower water activity (a ) values at the
end of processing and in the early storage stages than 3% of salt. This could be determined by the
influence of NaCl on the muscle structure, traduced as higher water binding capacity. The
extension of myosin hydrolysis in Painho de Portalegre with 6% of salt addition exhibit fewer
changes than 3% of salt addition. This evidence demonstrates the inhibition of cathepsin by salt
(Roseiro et al., 2008).

An impressive difference between the dry fermented pork sausage with two
concentrations of salt (3% and 6%) was observed in the study of Roseiro et al. (2006). Samples
with the 3% salt presented higher biogenic amines levels than the 6% salt. The effect of NaCl
content on the biogenic amines formation in Painho de Portalegre could be related with
differences observed in the microbial development pattern, with relevance to those microrganisms
that affect the production of biogenic amines. In addition, salt also promotes the growth of lactic
acid bacteria while delaying the growth of some microorganisms that cause the product to be
rotten (Prescott and Dunn, 1959). Generally, the amount of salt in fermented sausage is in the
range of 2.0-3.5% depending on the type of product. However, the study of Paludan-Miiller et al.
(2002a) indicates an optimal growth of LAB is dependent on the salt concentration. Salt

concentration should not be higher than 6 to 7% (w/w) for the fermentation of Plaa-som to occur



within 4 or 7 days because LAB exhibit slower growth when prepare Plaa-som with high salt

concentration (9 and 11%),).

1.1.6 Nitrite and nitrate compounds

Nitrite and nitrate compound are important and widely used as food additives.
They are related to the development of pink or red color in meat products. Naturally, meat has a
purple-red pigment which is called myoglobin. In the first step of color development in meat
product, nitrate is reduced to nitrite by temperature, bacteria or acid condition. Then nitrite is
reduced to nitric oxide in acidic condition. The occurring nitric oxide reacts with myoglobin to
form nitrosomyoglobin which has a red color (Price and Schweigert, 1973). The mechanism of
color development is shown in Figure 3. Muscles cured with 100 mg nitrite’kg meat formed
products with higher a values (redness) than those cured with the lower (25 mg kg'1 meat) nitrite
level (Dineen et al., 2000). Staphylococci/Micrococci were dominant at early phase of Nham
fermentation (0 to 12 h) (Visessanguan et al., 2006). Wiriyacharee et al. (1990) proposed that
Micrococcus varians produces nitrate reductase which is important in converting nitrate to
nitroso-haemoglobin, thus, imparting a pink color to the product.

The effect of nitrite in cured products has been studied for many years and can
be summarized as: formation of the characteristic red color; growth inhibition of spoilage and
pathogenic bacteria such as Clostridium botulinum; contribution of development of typical cured
meat flavor and delaying the oxidative rancidity (Flores and Toldra, 1993). Gonzilez and Diez,
(2002) reported sodium nitrite and starter culture have significant inhibitory effect on
Enterobacteriaceae count but did not on Micrococcaceae. Microbiological stability of Chorizo
after processing depends on the combination of several hurdle (action of nitrite, water activity,
and acidification).

Curing salts had a pronounced effect on the level of volatile compounds. In
particular, curing with nitrate instead of nitrite resulted in a striking difference. Generally, nitrate
increased the level of volatile compounds compared to nitrite (Olesen et al., 2004). It is known
that nitrites added to meat products become rapidly depleted as a result of such factors as heat
formation of nitrite by inhibiting the growth of nitrate reducing bacteria, such as Enterobacteria,

during Paocai fermentation.
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Figure 3 Simplified mechanism of curing agent for color development in sausage (Modified

from Kunawasen, 2000).

treatment, prpduct composition, storage temperature, etc. Residual nitrite levels in foodstuffs are
extremely important, partly because of their potential to react with amines and amides to form
carcinogens, and partly because of their contribution as a source of nitrite in human nutrition (Lee
et al., 1976). Honikel (2008) reported that nitrite can cause negative effect on human health such
as formation of carcinogenic nitrosamines by reaction between nitrite and biogenic amines.
Therefore, many countries have the regulations to limit the residual amount of nitrate and nitrite
including Thailand. The maximum allowable level of nitrite and nitrate residues in Nham is 125
and 500 ppm, respectively (Thailand Industrial Standard, 2003). However, the concentration of
nitrite could be reduced by using LAB starter cultures. Yan et al. (2008) reported about the LAB

starters, namely L. pentosus and Leuconostoc mesenteroides, are effective in reducing the
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formation of nitrite by inhibiting the growth of nitrate reducing bacteria, such as Enterobacteria,
during Paocai fermentation.

1.1.7 Erythorbate and ascorbic acid compounds

Sodium erythorbate, sodium iso-ascorbate, sodium ascorbate, ascorbic acid and
iso-ascorbic acid are used in meat product for improvement of color. They are catalyst in
development of pink-red color in meat and maintenance of the occurring color during storage
time. There is the report which showed the effect of using the combination of ascorbic acid and
nitrite compound in pork product. The color, flavor, and taste of pork product were improved
when used both of ascorbic acid and nitrite compound (Watts and Lehmann, 1952). Ascorbic acid
possesses antioxidant properties, although it can act as an antioxidant or as a prooxidant
depending on the concentration, the presence of metal ions and the tocopherol content (Schaefer
et al., 1995).

The efficiency of ascorbic acid to retard oxidation of meat pigment has been
reported. The use of ascorbic acid (500 ppm) in beef patties was effective in inhibiting
metmyoglobin formation, resulting in higher a* value than sample without ascorbic acid
(Sanchez-Escalante et al., 2001). Addition of ascorbic acid prevented color changes in irradiated
beef. The ground beef added with ascorbic acid had lower oxidation-reduction potential (ORP)
than control, and the low ORP of meat helped maintaining the heme pigments in reduced form
(Ahn and Nam, 2004). Ascorbic acid at 1%, 3% and 10% can inhibit a rapid discoloration
in beef, 3% and 10% were more affective at maximizing color stability (Mancini et al., 2007).
Erythorbate-treated beef patties had greater cooked internal a* value than untreated patties at 60
and 66 °C for all storage conditions (Suman et al., 2005). The optimum level of sodium ascorbate
was found to be 500 ppm for preblending with ground buffalo meat to improve its quality,
especially meat colour and odour, by minimizing pigment and lipid oxidation processes during
refrigerated storage. Its shelf-life is extended from 4 to 8 days under refrigerated storage
(Sahoo and Anjaneyulu, 1997). Powdered sodium erythorbate and glucono-delta-lactone/sodium
erythorbate reduce microbial counts and improve color during the storage of meats
(Barringer et al., 2005). In addition, the presence of ascorbate produces an increase in the
headspace concentration of the volatile compounds in dry cured ham, particularly 3-methyl

butanal and 2-pentanone (Flores et al., 2007).



11

1.1.8 Phosphate compounds

Phosphate refer to compounds in which the P atoms are surrounded tetrahedrally
by four oxygen atoms. The linear chain illustrated in Figure 4. Phosphoric acid and its salts could
be transformed into various forms classification of phosphates into three types: orthophosphates,
pyrophosphates and metaphosphates. Orthophosphates are compounds containing discrete PO:'
ions. The pyrophosphates and metaphosphates are now known as condensed phosphates, which
are formed by repeated condensation (polymerization) of tetrahedral [PO,] units. This results in
chains of tetrahedra, each sharing the O atom at one or two comers of the [PO,] tetrahedron.
Diphosphate (pyrophosphate), P2074' is the simplest condensed phosphate anion, formed by
condensation of two orthophosphate anions. The term metaphosphate refers to cyclic anion which
have the exact composition (PO3)n"_. In older literature, long chain polyphosphates are frequently
referred to as metaphosphates because they have approximately the same composition (Rashchi
and Finch, 2000).

Polyphosphate and pyrophosphate compounds are widely used in meat products.
Phosphates function by the sequestration of metal ions and the dissociation of the actomyosin
complex bringing about an increase in water-holding capacity (WHC). Another important reason
for using phosphates is their ability to increase meat pH and to slow discoloration by stabilizing
vitamin C. Several polyphosphates are used in the meat industry and they differ from one another
in their properties. Those with a low degree of polymerization (mono and diphosphates) increase
water-holding capacity in meat but their use is limited by their low and slow solubility, especially
in cold brine. In contrast, triphosphate is soluble and dissolves rapidly but its effect on water-
holding capacity in meat is slow because of the need for conversion (enzymic and acid
hydrolysis) to pyrophosphate. For this reason the use of a mixture of polyphosphates with
different chain lengths is more effective (DuSek et al., 2003). These compounds improve the
quality of product in chemical and physical properties such as texture, color, stability and water
absorption of product. Addition of phosphate not only raises the pH of meat mixture, causing a
shift away from the pl of myofibrillar proteins, but also increases the total negative charges on the
myofibrillar proteins (Pearson and Gillett, 1996). Both actions accounted for increased WHC.
There are many studies reported about the use of phosphate to improve water holding capacity of

meat products. Trisodiumphosphate could improve water holding capacity of low-fat Chinese
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style sausage (Lin and Lin, 2002). Polyphosphate improved water holding, are generally produced
more tender and more juicy than control stake. Steaks containing 5% polyphosphate and cooked
to 80 °C were more tender and as juicy as steaks without polyphosphate cooked to the lower
centre temperature (Sheard et al., 1999).

Phosphate compounds also have buffering capacity in meat product. They
prevent an increase in pH during the early stage of meat fermentation, and extend time
before the drop in pH (Bacus, 1984). Pretreatment with pyrophosphate resulted in the retarded
protein denaturation as evidenced by the reduced changes in sulthydryl content and surface
hydrophobicity during the extended storage of seabass slices. Increase in water uptake ability
accompanied by the decreased exudates loss was observed in samples pretreated with
phosphates, especially pyrophosphate (Masniyom et al., 2005). The effectiveness of phosphates
as antimicrobial agents in meat products depends on the type of phosphate, the amount used,
specific food product and conditions under which they are used (Sofos, 1986). Wager and Busta
(1985) reported that pyrophosphate was more inhibitory toward microorganisms than
tripolyphosphate or longer phosphates in a sausage. Trisodiumphosphate was not only maintains
the redness, it could reduce the number of E. coli, Salmonella spp., coliforms and aerobic bacteria
in ground beef (Pohlman et al., 2002). The amount of added phosphates in Nham is limited to

3000 ppm (expressed as P,0O,) (Thailand Industrial Standard, 1994) because they may chelate
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important metals ions (calcium and magnesium) (Dusek et al., 2003).

1.1.9 Other ingredients

Pepper and bird chilli are usually added in Nham but the actual amount of these
ingredients may be varied in various Nham formulations. Wiriyacharee et al. (1994) found that
0.05% of pepper and 1% of minced bird chili had significant effects on the production of lactic
acid. Moreover, the spices could increase the efficient use of carbohydrates for lactic acid bacteria
{(Ingolf and Skjelkvale, 1982). In addition, monosodium glutamate is frequently used to enhance

umami taste.

2. Lactic acid bacteria (LAB)

Lactic acid bacteria have been used to ferment or culture food for at least 4000
years. The taxonomy of lactic acid bacteria has been based on the Gram reaction and the
production of lactic acid from various fermentable carbohydrates. Lactobacilli vary in
morphology from long, slender rods to short coccobacilli, which frequently form chains. Typical
LAB are gram-positive, nonsporing, catalase-negative, devoid of cytochromes, anaerobic but
aerotolerant cocci or rods that are acid tolerant and produce lactic acid as the major end product
during sugar fermentation. Besides, they can grow at temperatures from 5 to 45 °C. The growth is
optimum at pH 5.5-6.5. LAB consist of bacterial genera within the phylum Firmicutes comprised
of about 20 genera. The genera Lactococcus, Lactobacillus, Streptococcus, Leuconostoc,
Pediococcus, Aerococcus, Carnobacterium, Enterococcus, Oenococcus, Tetragenococcus,
Vagococcus and Weisella are the main members of the LAB. Lactobacillus is largest of these
genera, comprising around 80 recognized species (Axelsson, 2004).

Lactic acid bacteria are widely classified into 2 groups by using final products
from carbohydrate metabolism (Reddy et al., 2008),

a) Homofermentative lactic acid bacteria (lactococci, pediococci, streptococci and
homofermentative lactobacilli) refer to the group that use Embden-Meyerhof-Pamas (EMP)
pathway for glucose fermentation. Homolactic fermentation of glucose results in 2 moles of lactic

acid and a net gain of 2 ATP per mole of glucose consumed (Figure 5).
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Figure 5 Major fermentation pathways of glucose;

A) homolactic fermentation (glycolysis, Embden-Meyerhof-Parnas pathway)

B) heterolactic fermentation (6-phosphogluconate/phosphoketolase pathway).

b) Heterofermentative lactic acid bacteria such as leuconostoc, weissella and
heterofermentative lactobacilli, refer to the group of lactic acid bacteria that uses the 6-
phosphogluconate/phosphoketolase (6-PG/PK) pathway. Heterolactic fermentation of glucose

through the 6-PG/PK pathway gives 1 mole each of lactic acid, ethanol, and CO, and 1 ATP per
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mole of glucose (Figure 5).

LAB cause rapid acidification of the raw material through the production of
organic acids, mainly lactic acid. The acidification process is one of the most desirable effects of
their growth. The pH may drop to as low as 4.0, low enough to inhibit the growth of most other
microorganisms including the most common human pathogens, thus allowing these foods
to prolong shelf-life (Reddy et al., 2008). The production of ethanol, aroma compounds,
bacteriocins, exopolysaccharides, and several enzymes is of importance for enhancing product
quality, shelf life, microbial safety (Leroy and Vuyst, 2004), and improved nutritional value
(Holzapfel, 1997).

LAB possess the property of producing lactic acid from carbohydrates through
fermentation. Carbohydrate pathway of L. plantarum in different medium (Plumed-Ferrer et al.,
2008) is shown in Figure 6. For fermented meat product, glucose was added 0.1-0.2%. Adding
the excess amount of glucose made the product too sour and unwanted growth of the
microorganisms (Krockel, 1996). The fermenting properties of Lactobacillus strains were in
general associated with the main carbohydrate substrate of their origin such as starch fermenting
strains originated from cooked rice and garlic or inulin fermenting strains from garlic and banana
leaves. In Som-fak, Paludan-Miiller et al. (1999) suggest that garlic may be more important than
rice-starch as a carbohydrate source for fermentation by L. plantarum which is garlic fermenting
strain. An initial presence and growth of LAB with a capacity to ferment garlic is essential for a
rapid decrease in pH (Paludan-Miiller et al., 1999). In addition, characteristics of carbon sources
are important on substrates remaining and products formed. De Castro et al. (1998) reported that a
blanching step is essential to achieve the controlled fermentation of garlic using a starter culture
of L. plantarum, besides preventing the appearance unwanted effects (e.g. green colour). The
effect of sucrose, rice, and garlic, on flavor profiles of Nham was studied in Nham with natural
fermentation and Nham with Lactobacillus sakei. It is found that garlic gave an important effect
on the flavour profiles. Nham without garlic showed no occurrence of eight sulfur-containing
compounds. Nham without sucrose or cooked rice showed decreasing of alcohols and increasing
of hydrocarbons and sulfur-containing compounds. Nham with natural fermentation without
garlic, sugar or cooked rice took fermentation time longer than control batch. Sucrose or cooked

rice had no effect on production of aldehydes, ketones, alcohols, sulfur-containing compounds
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Figure 6 Carbohydrate pathways used by L. plantarum strains REB1 and MLBPLI1. Expression

of the identified enzymes that catalyze the different steps is indicated by white (MRS),
gray (cucumber), and black (feed) bars. The strain and statistical significance of each
protein pattern is indicated by R (REB1) or M (MLBPL1) and by black (P<0.01) or
gray (P>0.01). Abbreviations: Ackl, acetate kinase; Als, acetolactate synthase;
EnoAl, enolase 1; Fba, fructose bisphosphate aldolase; FruK, 1-phosphofructokinase;
GalU, UTP-glucose-1-phosphate uridylyltransferase; GapB, glyceraldehyde-3-
phosphate dehydrogenase; Glk, glucokinase; Gnd2, phosphogluconate dehydrogenase;
Gpd, Glucose-6-phosphate 1-dehydrogenase; LdhD, D-lactate dehydrogenase; LdhL1,
L-lactate dehydrogenase; Lox, lactate oxidase; LoxD, lactate oxidase (oxidoreductase);
Mae, malic enzyme; Map, maltose phosphorylase; MleS, malolactic enzyme; MtiD,
mannitol-1-phosphate 5-dehydrogenase; Pfk, 6-phosphofructokinase; Pgi, glucose-6-
phosphate isomerase; Pgk, phosphoglycerate kinase; Pgm, phosphoglucomutase;
Pmg9, phosphoglyceromutase 2; Pmi, mannose-6-phosphate isomerase; Pox2, pyruvate

oxidase; Prs1, ribose-phosphate pyrophosphokinase; Pts9AB, mannose PTS, EIIAB,;
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Ptsl, phosphoenolpyruvate-protein phosphatase; Pyk, pyruvate kinase; RbsK2,
ribokinase; Rpe, ribulose-phosphate 3-epimerase; RpiA, ribose 5-phosphate isomerase

A; Sack, fructokinase; TpiA, triosephosphate isomerase; Xpkl, phosphoketolase,

and hydrocarbons of L. sakei. However, Nham inoculated with L. sakei resulted generation of
various flavour compounds more than Nham with natural fermentation (Khuanburi, 2005).

Lactic acid bacteria play essential role in the production of fermented meat
product. Lactobacillus being the main species is used in the European type of fermented meat
products (Hugas and Monfort, 1997). The main species found in the fermented sausages produced
in Greece, Hungary and Italy was L. plantarum, L. curvatus and L. sakei (Rantsiou et al., 2005).
The most commonly identified in French traditional fermented sausages were L. sakei, L.
curvatus and L. plantarum (Lebert et al., 2007). L. sakei and L. curvatus are the main species
found in the traditional fermented sausage produced in North of Italy (Cocolin et al., 2009). L.
sakei, L. plantarum and L. curvatus were the dominant flora during the ripening of Sardinian
sausages (Greco et al., 2005). The Salami microflora was dominated by homofermentative
lactobacilli; approximately 63% of them could be identified as L. sake; 40% showing the traits of
a racemase negative variant of this species, once referred to L. bavaricus (Coppola et al., 2000).

In spontaneous meat fermentation, the lactic acid bacteria derived from the raw
materials or the environment are responsible for both lactic acid production resulting from
carbohydrate utilization, and also a low pH value (5.9-4.6). As a consequence of this, the muscle
protein coagulates, resulting in the sliceability, firmness and cohesiveness found in the final
product. Ripening is also favored when pH values decrease and approach the isoelectric point of
proteins. The development of curing color occurs also in acidic conditions when nitric oxide is
produced from nitrite and can then react with myoglobin. Finally, the inhibition of pathogenic and
spoilage bacteria is a consequence of the accumulation of lactic acid as well as acetic acid, formic
acid, ethanol, ammonium, fatty acids, hydrogen peroxide, acetaldehyde, antibiotics and
bacteriocins (Hugas and Monfort, 1997).

The primary contribution of LAB to flavor generation is ascribed to the
production of large amounts of lactic acid and some acetic acid, although they also produce

volatiles through fermentation of carbohydrates (Molly et al., 1996). They usually do not possess
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strong proteolytic or lipolytic properties, although a degree of peptidase and lipase activity has
been observed for some meat strains. Basic flavor results from the interaction of taste (mainly
determined by lactic acid production and the pattern of peptides and free amino acids resulting
from tissue-generated proteolysis) and aroma (mainly determined by volatile components derived
from bacterial metabolism and lipid autoxidation) (Claeys et al., 2004). Proteolytic events that
take place during the processing of meat products result in an increase in small peptides and free
amino acids. The composition of these compounds contributes to the overall flavor in
fermented meat products (Pereira et al., 2001). Exopeptidases from meat lactobacilli contribute, in
conjunction with muscle aminopeptidases, to the generation of free amino acids, contributing to
flavour (Demeyer et al., 2000). LAB isolated from Greek sausages exhibited high in vitro leucine
and valine aminopeptidase activities (Papamanoli et al., 2003). L. curvatus and L. homohiochii
isolated from Portuguese traditional dry fermented sausage showed the proteolytic acitivity
(Pereira et al., 2001).

Lipolysis is believed to play a central role in aroma formation. Little information
is available about the lipolytic activity of lactobacilli during sausage fermentation. L. plantarum
(DSMZ 12028) is isolated from “Chourico”, a traditional Portuguese dry fermented
sausage, exhibit extracellular lipase (de Fatima Silva Lopes et al., 2002). However, lipases from
lactobacilli often display little or no activity under conditions found in fermented sausages
(Demeyer et al., 2000), although for some the production of lipase appears to be significant under

conditions relevant for sausage ripening (de Fatima Silva Lopes et al., 1999).

3. The microbiology of Nham

Nham is produced by a mixed bacterial fermentation during which biochemical
changes in the micro-environment promote the successive growth of microorganisms
(Valyasevi and Rolle, 2002). Nham fermentation took 3-5 days and relies mainly on adventitious
microorganisms which are normally found in raw materials (Khieokhachee et al., 1997).
There were many reports on the microflora during the fermentation of Nham.

From the study of Tachapinyawat (1975), the total microorganisms at early
phase of Nham fermentation was high. After 24 h of fermentation, some microorganisms were

reduced. During 24-72 h of fermentation, both homo-and hetero-fermentative lactobacilli and
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homo-fermentative cocci had rapidly growth and high lactic acid production. After 72 h of
fermentation, the group of homo-fermentative lactobacilli such as L. plantarum had the highest
growth. Most of microorganisms which cannot resist acids were reduced by acidic condition in
Nham.

Nham microflora has identified lactobacilli (L. plantarum, L. pentosus and L.
sake) and pediococci (P. acidilactici and P. pentosaceus) as the predominant microorganisms
in Nham fermentation (Tanasupawat and Komagata, 1995). Other microorganisms including
Micrococcus varians, yeast and molds were identified at early phase of fermentation.
Wiriyacharee (1990) proposed that L. plantarum and P. cereviseae are important for acid
production and that M. varians produces nitrite reductase which is important in converting nitrate
to nitroso-haemoglobin, thus, imparting a pink color to the product.

Kunawasen (2000) have focused on the identification of LAB in Nham from
different commercial brands. The study was used both phenotypic and Randomly Amplified
Polymorphism DNA (RAPD) to confirm the identification of lactic acid bacteria strains during
Nham fermentation. The results from this study have shown that the dominant genetic groups are
members of lactobacilli including L. acidophilus, L. cellubiose, L. graminis, L plantarum, L.
pentosus, L. curvatus, L. sake, L. delbruckeii, L. paracasei and L. brevis, while Leuconostoc
mesenteroides and P. pentosaceus were found in much lower proportion.

Based on ITS-PCR database and 16S rDNA sequencing, the diversity of LAB
species is clearly different when comparing microbial diversity of natural and starter cultured
Nham at each sampling time of fermentation. However, both types of Nham showed a dramatic
succession of LAB species during fermentation. In natural fermentation, the dominant LAB
species were Lactococcus garvieae, Lactococcus lactis, L. plantarum and P. pentosaceus. In
contrast, starter cultured Nham, were found to contain only 3 dominant LAB species during
fermentation. Three species belonged to Lc. garvieae, Lc. lactis and L. plantarum (Kongtong,
2008).

In order to investigate the role of L. plantarum BCC 9546 during Nham
fermentation, LpBCC9546 was transformed with a recombinant plasmid pRV8S to produce the
recombinant strain LpG11 which is resistant to erythromycin and emit green fluorescence. LpG11

was used as starter culture for Nham fermentation. During Nham fermentation, the numbers of
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LpGl1 increased ten fold during the first 12 h of fermentation, reaching maximum numbers of
between 10’ and 10° CFU/g after 24 h, and then declining after 60 h to 10° CFU/gat 168 h
(Laxananil et al., 2009).

As a consequence of natural fermentation, the quality and consistency of Nham
cannot be controlled. Nham is generally consumed without further cooking, which is of concern
as contamination of Nham with entire pathogens has been reported. Contamination with
pathogens can be reduced by the use of appropriate starter culture (Petchsing and Woodburn,
1990) to achieve an acidic pH of < 4.6 during fermentation (Paukatong and Kunawasen, 2001).
Developments of starter formula for Nham have been carried out by Valyasevi et al. (2001) to
improve control of microbial processes. Selected isolates from the dominant genetic groups has
been selected for using as starter. Nham products were evaluated by their sensory quality and the
ability of the starter culture bacteria to ferment based on different quality factors of the final
product such as final pH, total acidity, color and texture. Both L. curvatus and L. plantarum BCC
9546 were found to give product with higher scores of overall acceptability based on 9 points
hedonic scale sensory analysis than natural fermented Nham. L. plantarum BCC 9546 has been
used commercially as a starter culture for Nham fermentation (Valyasevi et al., 1999). Therefore,

L. plantarum BCC 9546 was used as a starter culture for Nham fermentation in this study.

4. Changes in qualities of Nham during fermentation

Fermentation of Nham generally takes 3-5 days at room temperature (~30 °C).
Nham usually has a pH 4.4-4.8 with titratable acidity values of 0.77-1.60% (Phithakpol et al.,
1995). The fermentation of Nham involved successive growth of different microorganisms
dominated by lactic acid bacteria (Valyasevi et al., 2001). LAB produces organic acids from
carbohydrates and causes the pH drop, which contribute to changes in physico-chemical

properties of Nham.

4.1 pH
Nham pH generally decreased with increasing fermentation time. Nham
inoculated with L. curvatus exhibited lower pH than the uninoculated Nham. The pH gradually

decreased to 4.6 within 72, 48 and 36 h for the uninoculated Nham, inoculated Nham at the level
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10" and 10° CFU/g, respectively (Visessanguan et al., 2006)

4.2 Color

Visessanguan et al. (2004) reported that lightness (L*) of natural Nham
fermentation decreased during the first 12 h and then continuously increased to a maximum at 36
h before remaining relatively constant thereafter. Redness (a*) increased during the first 12 h of
fermentation. However, no significant difference changes in redness were observed in later stage
of fermentation (P>0.05). Besides, yellowness (b*) slightly decreased during first 24 h but a
decrease in yellowness was more pronounced at 36 h. The color of Nham inoculated with L.
curvatus during fermentation indicated an increase in both lightness and redness but a decrease in
yellowness. Inoculation with L. curvatus accelerated both the increase in L* values and the

decrease in b* values of Nham during fermentation (Visessanguan et al., 2006).

4.3 Weight loss, release water and expressible moisture

Weight loss in meat products is mainly associated with loss in water and water
holding capacity (WHC) of meat. Released water is generally referred to as the water retained in
the casing and at the surface. In contrast, expressible moisture is the water remaining in the
sample, which can be released when pressure is applied. Weight of fermenting Nham generally
decreased as the fermentation time increased. Visessanguan et al. (2006) reported that as the
fermentation time proceeded, Nham inoculated with L.curvatus had greater weight loss than
unioculated Nham (P<0.05). Increasing amount of released and expressible water are possibly
responsible for an increase in weight loss. In addition, Nham with increasing proportion of
minced pork generally resulted in higher weight losses and amount of water released during

fermentation (Visessanguan et al., 2005).

4.4 Texture

Fermented Nham showed a marked increase in all TPA texture attributes,
compared to non-fermented Nham. With increasing fermentation time Nham became more rigid,
elastic, cohesive and less adhesive. Considerable changes in TPA were observed, particularly

with in 24 h of fermentation (P<0.05) (Visessanguan et al., 2004). Inoculation of L. curvatus
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resulted in faster and higher development in all TPA texture attributes, compared to Nham

naturally fermented (Visessanguan et al., 2006).

4.5 Proteolysis

The initial hydrolysis of muscle proteins attributed mainly to endogenous
cathepsins, and followed by the action of bacterial enzymes, which actively degrade oligopeptides
to small peptides and free amino acids (Molly et al., 1997). Visessanguan et al. (2004) reported
that proteolysis of both myofibrillar and sarcoplasmic proteins occurred as a result of
fermentation. Degradation of myofibrillar and sarcoplasmic proteins resulted in an increase in
peptides and free amino acids, which may be related to the development of flavor and aroma of
Nham. Besides, the level of inoculation affected on the progressive of proteolysis. Inoculation of
L. curvatus at the level 10° CFU/g showed the fastest and largest decrease in both myofibrillar
and sarcoplasmic protein fractions, followed by the inoculums level at 10" CFU/g and
uninoculated Nham, respectively. It was possible that both myofibrillar and sarcoplasmic proteins

were degraded or became insoluble due to acid-induced denaturation (Visessanguan et al., 2006).

4.6 Lipolysis and lipid oxidation

Greater free fatty acids (FFA) content was observed with increasing
fermentation time, indicating lipolysis of Nham lipids during fermentation. FFA content at the
beginning of the process represented 0.3% of lipid content and increased to 3% at the end of
fermentation (Visessanguan et al., 2006). The inoculation at 10° CFU/g of Nham had the highest
free fatty acid, followed by 10° CFU/g and uninoculated Nham, respectively. Peroxides value
(PV) was used as index to assess lipid oxidation of Nham. With increasing fermentation time,
Nham inoculated with L. curvatus at the level 10° CFU/g exhibited the fastest and largest increase

in PV, compared to the level 10" CFU/g and uninoculated Nham, respectively.

4.7 Biogenic amines
Biogenic amines are basic nitrogenous compounds formed mainly by
decarboxylation of amino acids or by amination and transamination of aldehydes and ketones

(Silla Santos, 1996). They are compounds commonly present in living organisms in which they
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are responsible for many essential functions. They can be naturally present in many foods, which
contain proteins or free amino acid, such as fruits and vegetables, meat, fish, chocolate and milk
but they can also be produced in high amounts by microorganisms through the activity of amino
acid decarboxylases (Suzzi and Gardini, 2003). The chemical structure of biogenic amines can
either be aliphatic (putrescine, cadaverine, spermine and spermidine), aromatic (tyramine and
phenylethylamine), and heterocyclic (histamine and tryptamine). The most important biogenic
amines occurring in foods are histamine, putrescine, cadaverine, tyramine, tryptamine, [3-
phenylethylamine, spermine, and spermidine. Excessive consumption of these amines can be of
health concern because they are not equilibrate assumption in human organism can generate
different degrees of diseases determined by their action on nervous, gastric and intestinal systems
and blood pressure. Amino acid decarboxylation is the most common mode of synthesis of
amines in foods, and the aromatic amines may render a food toxic (Shalaby, 1996). On the other
hand, it must be taken into account that secondary amines such as putrecine and cadaverine ¢an
react with nitrite to form heterocyclic carcinogenic nitrosamines, nitrosopyrrolidine and
nitrosopiperidine (Silla Santos, 1996).

For fermented sausages, high concentrations of putrescine and the presence of
other amines have been attributed to microbial growth and depend on meat freshness (Suzzi and
Gardini, 2003). Analysis for biogenic amines is being proposed as a quality index for fresh meat.
(Vinci and Antonelli, 2002). Fermentation of foods leads to the formation of biogenic amines
during the aging or ripening process (McCabe-Sellers et al., 2006). There are many reports
about biogenic amine in fermented sausages. Maijala and Eerola (1993) detected increased
concentrations of histamine and tyramine during sausage fermentation. Turkish dry fermented
sausage, Sucuk, is the most popular meat product in Turkey. The most important biogenic amine
in 30 samples of Sucuk obtained from retailed market were tyramine (range 2.4-676 mg kg—l),
followed by putrescine varied from not detected to 364 mg ln:g'l Histamine content was under 50
mg kg in 80% of the samples while it was over 100 mg kg ' in only one sample. Tryptamine
was detected in 16 of 30 samples in the range of 1.2-82.3 mg kg'l (Gengcelep et al., 2008).
Aminogenesis in traditional fermented sausages produced in Europe was studied. Tyramine was
the major amine, follow by putrescine and cadaverine, although the occurrence of di-amines was

much more variable (Latorre-Moratalla et al., 2008). Total level of biogenic amines in “Salami
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Italiani alla cacciatore PDO” ranged from 71 to 586 mg kg'l. The amine recovered in higher
concentrations was tyramine 372 mg kgﬁl, followed by histamine (165 mg kg'l) (Coisson et al.,
2004).

During fermentation of Nham, cadaverine, tyramine and putrescine were main
biogenic amines detected while the other amines were not detectable. These amines were mostly
formed with the increased time of fermentation (Limsuwan, 2004). Moreover, Nham incubated at
either 30 or 40 °C contained higher amounts of all biogenic amines detected (£<0.05). During
storage, lesser changes in biogenic amines in Nham were observed at -20 °C and 4 °C in
comparison with those observed at 30 °C. However, there are the studies have been attempted in
order to reduce biogenic amine formation. It has been pointed out that starter cultures result in
formation of smaller amounts of biogenic amines than when natural microflora is responsible of
fermentation (Silla Santos, 1996). The use of a modified atmosphere pack (MAP) with carbon
dioxide has been shown lowest amines content when compared with vacuum pack (VP)
and air at 4 °C during storage (Ozogul and Ozogul, 2006). Addition of starter culture with high
concentration of additives (nitrite, nitrate, «-tocopherol, ascorbic acid, potassium sorbate,
potassium pyrophosphate and di-potassium hydrogenphosphate) decreased the formation of
biogenic amine (Bozkurt and Erkmen, 2002). The use of decarboxylase negative lactic acid
bacteria as starter cultures, which produces a rapid decrease on the pH of the meat mixture, and
the use of a sugar concentration (mainly glucose) in a range of 0.5-1%, are two important factors
to be considered in order to reduce the levels of biogenic amines in Chorizo dry sausage
(Gonzilez-Femandez et al., 2003). Starter culture and nitrite in sucuk manufacture hindered
formation of putrescine, cadaverine and tyramine. The addition of sodium nitrite (75 ppm) with
starter cultures was enough to reduce biogenic amines formation in sucuk (Gengcelep et al.,

2007).

5. Post-acidification

Nham is one of the most famous Thai traditional fermented meat products which
is allowed to ferment approximately 48-72 h or until pH dropped to 4.6. Many producers favor to
keep Nham at room temperature, which can cause over-fermentation or post-acidification leading

to unacceptable characteristics of product. There are a few studies have been attempted in order to
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stop the post-acidifcation in various types of fermented foods. Yoghurt fermented by
Lactobacillus delbrueckii subsp. bulgaricus mutants with reduced membrane-bound H' ATPase
activity can reduce post-acidification and enhance viability of Bifidobacterium breve during
refrigerated storage. Consumer preference indicated that yoghurt fermented using the mutant
strain had the desired sour taste and is acceptable for consumption (Ongol et al., 2007). The short
shelf-life of Som-fug, mainly caused by over-fermentation, is a drawback of this product. The
growth of LAB and the changes in Som-fug properties still occur during storage (Valyasevi and
Rolle, 2002). Riebroy et al. (2007) reported that Som-fug produced from bigeye snapper could be
extended by using irradiation at 2 kGy in combination with refrigerated storage. Gamma
irradiation could retard microbial growth in Som-fug leading to the retardation of spoilage and
over-fermentation.

Post-acidification or over-fermentation is the most pressing problem that affect
on physical and chemical properties of fermented food. For Nham, excessive acid production
results in quality losses which can be noticeable by water release, undesirable pale appearance,
and off-flavor. Over-production of lactic acid is considered to be chiefly responsible for a product
with the state of over-acidity, which is not accepted. The over-fermented Nham cause changes in
texture and sensory leading to unacceptable characteristics from consumers. During fermentation,
indigeneous lactobacilli continue to grow and diversity at the end of fermentation was high
evidenced by 5 species of Lactobacillus had been found. The use of ITS-PCR and rRNA analysis
indicated that 6 types of lactic acid bacteria have been involved in over-fermentation.
Chaicherdsakul et al. (2006) reported that L. plantarum was the dominant species in over-
fermented Nham therefore, minimizing the numbers of L. plantarum might be one alternative in

prolonging the shelf-life of Nham when stored at room temperature.

6. Principal component analysis (PCA)

Principal component analysis is a data compression method based on the
correlation among variables. Its aim is to group correlated variables, and replace them by new sets
called principal components, PCs. PCs are completely uncorrelated and they are built as a simple
linear combination of the original variables. It should be stressed that PCs contain most of the

data set variability, but in a much lower-dimensional space. The first principal component, PC1,
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is defined as the direction of maximum variance of the whole data set. PC2 is the direction that
describes the maximum variance in the orthogonal subspace to PC1. The subsequent components
are taken orthogonally to the ones previously chosen and describe the maximum of the remaining
variance. When redundancy is removed, only the first few principal components are required to
describe most of the information contained in the original data set (Ferreira et al., 2000;
Malinowski, 1991; Sharaf et al., 1986). Therefore, PCA method has been numerously used to
characterize meat (Qiao et al., 2007; De la Fuente et al., 2009; Costa et al., 2009; Kwasiborski et
al., 2009) and meat product such as: Spanish dry-cured sausage (Ruiz Pérez-Chacho et al., 2005),
Italian traditional fermented sausage (Casaburi et al., 2008), Portuguese meat product (Patarata et
al., 2008) and cooked ham (Casiraghi et al., 2007). In these studies reported about the parameters
related to their physico-chemical properties. In the present study an attempt has been taken to
collect parameters associated with successive or failed fermentation of Nham produced by

limitation of carbohydrate sources.
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CHAPTER 3
MATERIALS AND METHODS

1. Chemical reagents and media

Acetic acid (CH,COOH), agar, formic acid (CH,0,), fructose, D(+)-glucose-
monohydrate, isooctane, maltose monohydrate, meat extract, perchloric acid (HC10,), di-
potassium hydrogen phosphate (K,HPO,), pyridine (C;H,N), sodium acetate (CH,COONa),
sodium hydroxide (NaOH), sulfuric acid (H,SO,) and yeast extract were purchased from Merck
(Darmstadt, Germany). Ethyl alcohol (C,H,OH), lead (II) acetate [Pb(CH,COO),.3H,0],
magnesium sulfate heptahydrate (MgSO,.7H,0), manganese sulfate monohydrate (MnSO,. H,0),
sodium oxalate (COONa), and sucrose (C,,H,,0,,) were purchased from Carlo Erba Reagenti
(Lambadia, Italy). Di-ammonium hydrogen citrate [(NH),HCH,O,] and Tween 80 were
purchased from BDH Labolatory Supplies (Poole, UK). Calcium carbonate (CaCO,), DL-lactic
acid (C,H,0,) and L(+)-rhamnose monohydrate (C;H,,0,,H,0) were purchased from Fluka
Biochemika (Switzerland). Acetonitrile (ACN) and hydrochloric acid (HC1) were purchased from
Fisher (Loughborough, UK). Chlorotrimethylsilane (C,H,CISi), dansyl chloride, 1,7-
diaminoheptane, hexamethyldisilasane (C{H,NSi,), hydroxylamine hydrochloride (NH,OH.
HCI), and methyl-a-D-glucopyranoside (C,H,,O,) were purchased from Sigma-Aldrich (MO,
USA). Proteose Peptone No.3 was purchased from Difco (Detriot, USA).

2. Nham starter

L. plantarum BCC 9546 used in this work was obtained from the BIOTEC-
Culture Collection, National Center for Biotechnology and Genetic Engineering (BIOTEC),
Thailand. The culture was maintained at -80°C in De Man Rogasa and Sharpe (MRS) broth

(Appendix A) containing 40% (v/v) glycerol.

3. Inoculum preparation
A loopful of stock culture of L. plantarum BCC 9546 was streaked on MRS agar
and incubated at 30°C for 48 h. A single colony was transferred to MRS broth and incubated at 30

°C for 12 h. When cell concentration in MRS broth was reached approximately 10° CFU/ml, cells
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were harvested by centrifugation at 4°C at 10,300 x g for 15 min using a refrigerated centrifuge
(Eppendorf model 5810R, Germany), washed twice with 0.1% peptone water and subsequently
suspended in the same solution. Dilution of the starter culture was made to obtain required cell

concentration before using for inoculum.

4. Experimental procedure
4.1 Nham preparation

Unless otherwise stated, Nham were prepared according to the standard Nham
formulation of The Department of Livestock, Thailand (Table 1). Lean meat obtained from local
retailer was trimmed of all visible fat and connective tissue. After trimming, the meat was minced
through a 2 mm plate. Pork skin was trimmed of all visible fat and brought to a boil in water to
cook and ensure removal of pig hair from the follicle. After scalding, the de-fatted skin was finely
shredded. During mixing of the ingredients, L. plantarum BCC 9546 was added at the level 10
CFU/g. Samples of the pork sausage were extruded through the stuffing horn into polyethylene
casing with a diameter of 3.0 cm (approximately 200 g each) and sealed tightly. Samples were
incubated at 30 °C and 50 + 2% relative humidity in an incubator (Memmert, BE 600, Germany).

To estimate the amounts of total glucose and fructose required for complete
fermentation of Nham inoculated with L. plantarum BCC 9546, 6 batches of Nham were prepared
according to the standard Nham formulation. The samples were collected to analyse pH, sugar
and lactic acid content at 0 h (raw mix) and 12-h or 24-h intervals. The average amount of T, T,
and T, utilized during fermentation to reach pH 4.6 were estimated by subtraction of Initial T,
T,, and T, with those determined from Nham with pH 4.6, respectively.

To study the effect of various carbohydrate sources (Figure 7), 4 separated
experiments were carried out with a slight modification to obtain the initial T, at 12.7+2.4
g kgnl, compared to those formulated with standard formulation (SF-1 to SF-4). For Experiment I
(Nham IF-1 to IF-5), sucrose was omitted and the amounts of cooked rice and garlic were varied
from 0.6 to 3.7 and 0.8 to 6.3, respectively. In the experiment, the amounts of T and T, were
roughly estimated based on the average sugar composition data obtained from raw materials used
in each study. For Experiment II (Nham IF-7 to IF-11), Nham were produced to study the effect

of cooked rice and sucrose on biogenic amine production. In the experiment, garlic was added at
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the optimal amount previously determined from the Experiment I, whereas the amounts of cooked
rice and sucrose were varied from 0 to 1.3 and 0.1 to 0.5, respectively. To study the effect of
cooked rice and garlic, Nham IF-12 to IF-14 in Experiment III were formulated with varying
amounts of garlic and cooked rice in which the initial amounts of total fructose (T;) in Nham
were varied from 8.5t0 11.0 g kg'l. To study the effect of cooked rice, Nham IF-13 and IF-15 in
Experiment IV were formulated with the presence and absence of cooked rice. Lastly, to
investigate the changes in Nham quality during fermentation and post-acidification, Nham IF-16
was produced by an optimal controlled fermentation strategy in which the Tg,;, T; and T, were

limited to ~12.7, ~3 and ~8 g kg'l, respectively.

4.2 Sample collection
Nham ingredients including minced pork, cooked pork rind, cooked rice, garlic
and chili were collected and subjected to free and total sugar analysis using oxime-TMS
procedure (Valyasevi et al., 2003) as the method described in 5.2.3 and 5.2.4. Nham samples were
randomly sampled for pH and sugar analyses at 12-h or 24-h intervals up to 7 days, except 14
days for Nham SF-4 and IF-16. The average amounts of total and free sugars utilized during
fermentation to reach pH 4.6 were determined. Total LAB count, pH, organic acid and biogenic

amines were determined as the methods described in 5.1.1, 5.2.1, 5.2.2, and 5.2.4, respectively.

4.3 Sample preparation for analysis
In order to prepare the sample for analysis, after removing the outer casing,
samples were thoroughly cut up and ground in a meat grinder (Osterizer, USA) until

homogeneous sample was obtained.
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Table 1 Standard Nham formulation used in the study

Nham ingredients (%)
Ground pork 52.1
Pork rind 34.7
Cooked rice 43
Fresh garlic 43
Sucrose 0.3
Curing salt 1.9
Sodium tripolyphosphate 0.2
Monosodium glutamate 0.2
Erythorbate 0.2
Chilli 1.7

5. Analytical procedures
5.1 Microbiological analyse

5.1.1 Total LAB count

Nham samples (25 g) were aseptically suspended in 225 ml of 0.1% peptone
water and macerated for 60 s. by using a stomacher (Seward: model 400, England). The
homogenate was 10-fold serially diluted with the same solution. The aliquot (0.1 ml) of three
proper dilutions were spread on MRS agar containing 0.5% (w/v) calcium carbonate (Appendix
A). Each dilution was performed in duplicate. The plates were incubated at 30 °C for 48 h. The
numbers of colonies surrounded by clear zone were counted and expressed as total number of

lactic acid bacteria (as colony-forming unit, CFU) per gram sample.

5.2 Chemical analyses
5.2.1 pH measurement
The ultimate pH (pH,) and post-acidification pH values of Nham were
determined by using a pH meter (SevenEasy: Mettler-Toledo, Switzerland). The pH measurement

was done in triplicates in 3 separate samples.
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5.2.2 Determination of organic acids

Organic acids in Nham were extracted according to the method of Visessanguan
et al. (2004). Formic acid (50 mg/ml) 1 ml was added to coarsely gfound samples (5 g) and
extracted with 44 ml of deionized water using an Ultra Turrax homogeniser at 8,000 rpm for 30 s.
The homogenate was centrifuged at 4 °C at 6,800 x g for 10 min by using a centrifuge (eppendorf
model 5416, Germany). The supernatant (500 pl) was taken into microcentrifuge tube. Then, the
mixture was deproteinised with 1 ml of 0.5 N perchloric acid. The mixture was stood for 5 min at
room temperature (~25 °C) and centrifuged at 4 °C at 15,300 x g for 10 min to remove the
precipitated proteins. The supernatant was collected and filtered through a 0.45 pim membrane
filter prior to analysis by high performance liquid chromatography (HPLC). The HPLC system
included an Aminex HPX-87H ion exclusion column (300 mm x 7.8 mm i.d.). The column was
heated to 65 °C. A Waters Separation Module 2690 was operated to give a flow rate of 0.6
ml/min of the solvent, 0.02 N H,SO,. A sample, 20 Ju, was injected and a photo diode array
(Model Waters 996), set at the wavelength of 210 nm, was used as the detector. Data were
processed and analysed using Millennium 32 software. The organic acid concentration was

expressed as a percentage of each organic acid in Nham (w/w).

5.2.3 Determination of free sugars

Free sugar was determined according to the method modified by Valyasevi et al.
(2003). Ten grams of Nham was coarsely ground by using a blender (Osterizer, USA). Sample
was added with 200 pl of 50 mg/ml rhamnose solution and extracted with 125 ml of 75% ethanol
by using an Ultra Turrax homogeniser at 9,500 rpm for 2 min. The homogenate was filtered
through filter paper (Whatman No.1). The resulting sample (100 ml) was evaporated to 5 ml by
using an evaporator system (BUCHI, Switzerland). Sample was added with 0.5 ml of lead (II)
acetate solution to precipitate protein and then, adjusted volume to 10 ml with distilled water and
mixed thoroughly. The mixture was left at room temperature for 15 min and then centrifuged at
2,200 x g for 15 min. The supernatant was added with sodium oxalate to precipitated Pb’ and
centrifuged at 2,200 x g for 15 min. The supernatant (1 ml) was added with 20 pl of 50 mg/ml
methyl-o-D-glucopyranoside before freeze-drying until the dry extract was obtained. To prepare

Oxime-TMS ether derivatives, 1 ml of 2.5% (w/v) hydroxylamine hydrochloride in anhydrous
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pyridine was added to the dry extract then, mixed thoroughly and sonicated for 3 min. The extract
was heated at 75 °C for 30 min by using a heating block (Stuart Sciencetific, UK). The heated
extract was centrifuged at 4 °C at 15,300 x g for 15 min. The supernatant (0.7 ml) was pipetted to
vial and dried with N, in heating block at 55 °C. Then, 0.5 ml of anhydrous pyridine was added to
dried extract and mixed with a vortex mixer for 1 min. The extract was added with 200 pl of
chlorotrimethylsilane and 300 pl of hexamethyldisilasane, respectively and mixed for 1 min. The
derivatives were stood for 1 h at room temperature and centrifuged at 4 °C at 15,300 x g for 15
min. The resulting supernatant (0.7 ml) was dried with N, in heating block at 55 °C. The dried
derivatives were added with 0.7 ml of isooctane, mixed for 2 min and centrifuged at 15,300 x g
for 15 min. The supernatant (1 ml) was injected to gas chromatography (GC) which consists of
DB-1 column (30 m x 0.25 mm i. d.). Heating profile of the column was heated to 170 °C for 35
min then heated to 280 °C for 19 min with rate of heating 10 °C/min. Helium was used as carrier

gas at flow rate 1.5 ml/min. Flame ionization detector (FID) was used as the detector.

5.2.4 Determination of total sugars

Nham samples (5 g) were hydrolysed with 1 M HCI at 80 °C for 6 h. The
resulting hydrolysate was cooled immediately, adjusted pH to 7.0 and then centrifuged at 4 °C at
27,200 x g for 15 min. The supernatant was transferred to 50 ml volumetric flask. The precipitate
was washed with 15 ml of distilled water and then centrifuged at 4 °C at 27,200 x g for 15 min.
The resulting supernatant from precipitate was collected and combined with previous supernatant.
Combined supernatant was adjusted volume to 50 ml. Five ml of supernatant was added with 0.5
ml of lead (II) acetate solution and left to room temperature for 15 min and then centrifuged at
2,200 x g for 15 min. The supernatant was added with sodium oxalate to precipitated Pb” and
centrifuged at 2,200 x g for 15 min. The supernatant (1 ml) was added with 20 pl of 50 mg/ml
methyl-a-D-glucopyranoside before freeze-drying until the dry extract was obtained. Oxime-
TMS ether derivatives were prepared and analysed with gas chromatography as previous

described in free sugar determination.
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Table 2 Gradient mobile phases for biogenic amines analysis

Time (min) Flow rate (ml/min) 0.1% Acetic acid 0.1% Acetic acid

in acetonitrile

0 1 50 50
25 1 10 90
35 1 50 50
40 1 50 50

5.2.5 Determination of biogenic amines

Biogenic amines in Nham were extracted according to the method of Eerola et
al. (1993). 1,7-Diaminoheptane (1 mg/ml) 500 pl was added to ground Nham samples (5 g) and
extracted with 24.5 ml of perchloric acid (0.4 N) then, macerated by using stomacher at 200 rpm
for 8 min. The homogenate was centrifuged at 4 °C 12,800 x g for 15 min. The supernatant (300
ul) was prepared to dansyl derivatives by react with dansyl chloride and filtered through a 0.45
um membrane filter prior to analysis by high performance liquid chromatography. The HPLC
system included a Sulfire C18 column (200 mm x 4.6 mm i.d.). A Waters Separation Module
2690 was operated to give a gradient flow rate showed in Table 2. A sample (20 pl) was injected
and a photo diode array detector (Model Waters 996), set at the wavelength of 254 nm, and was
used as the detector. Data were processed and analysed using Millennium 32 software. The

concentration of biogenic amines in Nham was expressed as mg kg-l based on wet weight basis.

5.3 Physical analyses
5.3.1 Color measurement
The surface color of Nham samples were measured by using a tristimulus
colorimeter (Minolta Colour Meter CR300; Minolta Camera Ltd., Osaka, Japan). Before each
measurement, the apparatus was standardized against a white tile (L = 90.7, a=-0.9 and b = -0.1).
Color parameters (L*: lightness, a*: redness and b*: yellowness) were measured in the CIE Lab
mode. The variation of each measurement was compensated by recording the average of three

reading taken on the round surface of sample.
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5.3.2 Weight loss

Weight loss was determined as described by Nakao et al. (1991). Nham with
casing (200 g) were accurately weighted before fermentation using a balance (Model AG 204:
Mettler Toledo, Switzerland). During fermentation process, Nham was taken and then reweighed.

Difference in weight of Nham before and after fermentation was referred to weight loss.

5.3.3 Released water

Drip was used to describe exudate. Drip loss was measured immediately upon
sample collection. The percentage of water released from samples was measured immediately
upon sample collection according to the method of Nakao et al. (1991). Sample with casing was
weighed (A). After removing the sample from the casings, water released on the surface was
absorbed using filter paper and sample was weighed (B). The empty casing was weighed (C). The
percentage of released water will be calculated according to the following equation:

Released water (%) = 100 x {(A-B)-C}/(A-C)

5.3.4 Expressible moisture
The percentage of expressible moisture from Nham was measured by the method
of Funami et al. (1998) with a slight modification. The expressible moisture was measured as the
weight loss resulting from the compression of sample. Samples were cut into a cylinder form (1.5
cm height x 3.0 cm diameter), placed between double layers of filter papers (Whatman No. 4) and
subjected to compression using a texture analyzer with cylindrical aluminium probe (50 mm
diameter). The measurement was performed with crosshead speed of 3 mm/s to 70% strain for 60
s. The expressible moisture content (g/100 g) was calculated as the ratio of the apparent
expressible moisture to the total moisture content of the Nham according to the following
equation:
%Expressible moisture = 100 x {(apparent expressible moisture) / (moisture content (%)
in Nham)}

5.3.5 Texture Profile Analysis (TPA)

TPA measurements were carried out using a TA-XT2i texture analyser (Stable
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Micro System, UK) with cylindrical aluminium probe (50 mm diameter). The samples were cut
into cylinders (30 mm high x 30 mm diameter) and placed on the instrument’s base. The tests
were performed with two compression cycles. TPA parameters were measured at room
temperature with the following testing conditions: crosshead speed 5.0 mm/s, 50% strain, surface
sensing force 99.0 g, threshold 30.0 g, and time interval between first and second stroke 1 s. The
Texture Expert version 1.0 software was used to collect and process the data. TPA analyses were
defined and calculated as previously described by Bourne (1976). Hardness, springiness,
cohesiveness, adhesiveness fracturability and resilience were calculated from the force-time

curves generated for each sample.

5.4 Sensory evaluation

Sensory evaluation was carried out by thirty untrained panelists. The panelists
were recruited from staff of BIOTEC who consumed Nham regularly. Nham sample were cut and
halved into 1 c¢m thick pieces. A semicircle of Nham per sample was served uncooked in a small
cup at room temperature. Samples were coded with three digit random number and presented at
the same time in randomized number. The panelists were asked to assess samples for their
appearance as well as their general liking on a nine-point scale (1 = dislike extremely, 9 = like
extremely) (Appendix B). The ratings of each attribute were converted to numerical scores for
further statistical analysis. Treatments receiving overall acceptance score = 5 were considered to
be acceptable for human consumption and score < 5 unacceptable and rejected. The maximum
shelf life for each treatment was defined as the last sampling day where the treatment received a

score of 5 or above.

5.5 Statistical analysis
All statistical analysis methods in this study were used the statistical package
SPSS 15.0 software for Windows (SPSS Inc., Chicago, IL). One-way ANOVA was carried out to
determined significant difference of each formulation and treatment study at 95% confident
interval (P<0.05). Mean comparisons were run by Duncan’s multiple range test.
To simplify and understand the structure of a correlation within group of

chemical analysis, all 14 chemical parameters changes during Nham fermentation were analyzed
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by principal component analysis (PCA) extracted by Varimax method with rotated component.
The PCA is primarily used for data reduction or structure detection. The purpose of data reduction
is to remove redundant (highly correlated) variables from the data file, perhaps replacing the
entire data file with a smaller number of uncorrelated variables. The principal components
method of extraction begins by finding a linear combination of variables (a component) that
accounts for as much of the remaining variation as possible and is uncorrelated with the previous
component, continuing in this way until there are as many components as original variables.
Usually, a few components will account for most of the variation, and these components can be
used to replace the original variables. This method is most often used to reduce the number of

variables in the data file.



CHAPTER 4
RESULTS AND DISCUSSION

1. Sugar composition of major Nham ingredients

Glucose (G) and fructose (F) either in free or bound forms were the major sugars
found in all Nham ingredients tested, except cooked pork rind (Table 3). Minced pork contributed
glucose which was mainly found in free form in the range between 0.8-1.4 mg g'l. In post-mortem
meat, glucose was probably formed from glycogen which is the principal storage form of glucose
in muscle via glycogenolysis pathway (Pos6 and Puolanne, 2005; Scheffler and Gerrard, 2007).
Compared to Wood (1985), the values obtained were in agreement with those found in fresh post-
rigor pork (1.26 mg g'l). Garlic mainly contributed fructose and glucose which also were mainly
present in bound form, Total fructose (T;) and total glucose (T;) were in the ranges between 116
to 168 mg g‘l and 10 to 17 mg g'l, respectively. Sharma et al. (2006) reported that garlic contained
approximately 30% of fructo-oligasaccharide in the form of inulin. Losso and Nakai (1997) found
that garlic contained a high concentration of fructose, ranging from 125 to 235 mg g'l on a wet
weight basis and the fructose:glucose ratio presented in garlic was about 15:1. Cooked rice
contributed mainly glucose in bound form. Amylose and amylopectin were the major
storage components in rice which are composed of glucose monomer (Mukerjea et al., 2007).
Chili mainly contributed glucose and sucrose in free form. Although, cellulose is one of the most
abundant polysaccharides in plants but bound glucose could not be detected in this study. It is
well established that fermentable carbohydrates have influence on development of the typical
organoleptic characteristics of the fermented sausages (Bacus, 1984). During fermentation, lactic
acid bacteria especially L. plantarum is able to convert glucose, fructose, sucrose, and mannose
(their primary energy source) to lactic acid, which is the main component responsible for the pH
decrease (Plumed-Ferrer et al., 2008). In addition, this acidification has a preservative effect due
to inhibition of pathogenic and spoilage bacteria little resistant to low pH (Bover-Cid et al.,

2001b).
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Table 3 The sugar composition” of the important Nham ingredients

Moisture content Tg Te Fg Fe Fg Fy

Nham ingredients 1 " o N N .
(%) (mgg ) (mgg) (mgg) (mgg) (mgg) (mgg)

Ground pork (n'=4) 67.7242.18 101036 ND’ 1.10£027  ND ND ND
Cooked pork rind (n=4)  66.461.36 ND ND ND ND ND ND
Garlic (n=13) 65.3412.35 13.66+3.68  141.52426.50 ND 0.57+0.45 12.01£3.03 ND
Cooked rice (n=4) 62.10+0.62 290.14+23.99 ND ND ND ND ND
Chilli (n=4) 76.02+1.82 ND ND 2.6112.00 ND 3.6611.42 ND

*Means + SD. Tg, Tg, Fg, F, Fg and F, represent the amounts of total glucose, total fructose, free
glucose, free fructose, free sucrose, and free maltose, respectively.
Pep» represent the number of replication.

“ND: not detectable.

2. Estimation of total glucose and fructose required for completion the fermentation of
Nham
2.1 Sugar composition of Nham

Estimations of the amounts of sugars based on sugar composition in Table 3 and
the actual values determined from each batch of Nham prepared from different occasions are
shown in the Table 4. Estimated T, T;, T and Fg were considered to be similar to their actual
values found in Nham. However, slight differences in F;, F and F,, between estimated and actual
values were observed. With the smaller amount of these sugars, their effects on the total sugar
composition and utilization would be less significant. Glucose, fructose, sucrose and maltose
were the sugars found in Nham. These sugars could be served as carbohydrate substrates for LAB
during Nham fermentation. Valyasevi et al. (2003) reported that glucose, fructose and sucrose
were preferentially utilized at the higher rate than maltose during Nham fermentation. This was
probably explained by the fact that glucose, fructose and sucrose were translocated and
phosphorylated in a single step at lower expense of ATP than maltose (Neves et al., 2005). Based
on standard formulation (Table 1) commonly used in Nham processing, it could be estimated that
glucose and fructose initially found in Nham were present in the bound form (Table 4). In Nham,

approximately 82% of T and 78% of T, were derived from cooked rice and garlic, respectively.
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Table 4 Estimation of total and free sugar in Nham

-
Estimated sugar (g kg )

Nham ingredients (%)

T To Te Fs Fy Fg Fu
Ground pork 52.1 - 0.53 NDh 0.57 ND ND ND
Cooked pork rind 34.7 - ND ND ND ND ND ND
Garlic 43 - 0.59 6.14 ND 0.02 0.52 ND
Cooked rice 43 - 12.59 ND ND ND ND ND
Sucrose 03 - 1.70 1.70 ND ND 3.40 ND
Chilli 1.7 i ND ND 0.05 ND 0.06 ND

Estimated total and
2 23.25 15.41 7.84 0.62 0.02 3.98 ND

RN
free sugar{g kg )

Actual total and

a4 . 21.61+3.96 13.1623.24 8.45+2.74 1.25+0.49 0.1610.11 4.54+1.23 0.99+0.29
free sugar (g kg } (n=6)

T, Fg, F, Fg and F, represent the amounts of total glucose, total fructose, free glucose, free
fructose, free sucrose, and free maltose, respectively. T, . represent the summation of total
glucose and total fructose.

"ND: not detectable.
“Estimated total and free sugars are calculated from data shown in Table 3.
“Actual total and free sugars were obtained from the experimental determinations from 6 batches

of Nham that prepared from different occasions.

While simple sugars including glucose, fructose, and sucrose were present only 4%, 0.3% and
17%, respectively. The results showed that cooked rice and garlic were the important source of
fermentable sugars for lactic acid production by which these complex carbohydrates must be

degraded to more simple sugars before uptake and utilized by the cells.

2.2 Sugar utilization during fermentation of Nham inoculated with L. plantarum
BCC 9546
Table 5 depicts the average amounts of total glucose and total fructose present
and utilized in 6 batches of Nham that inoculated with L. plantarum BCC 9546 after fermentation
at 30 °C to pH 4.6. From the results, T, required fof acidification of Nham to pH 4.6 was

estimated to be 12.70i2.40gkg'1. The value obtained in this study was quite similar to the
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amount of dextrose required to achieve the final product pH in other fermented sausage. For
example, to achieve final product pH of Lebanon Bologna at 4.4-4.6 at 100 F, it is recommended
toadd 10-15 g kg'l of dextrose. Based on the amount of T, utilized in Nham, only 61-62 % of
the T and T, were utilized in which the excess glucose and fructose were in the bound forms. It
is noted that total glucose was depleted at higher rate and extent than total fructose during Nham
fermentation. Generally, glucose is a preferred energy source over fructose and other
carbohydrate sources by many microorganisms (Fisher, 1987; Pastan and Adhya, 1976; Posma
and Lengeler, 1985). Passos et al. (1994) reported that at high concentrations, glucose was
degraded faster than fructose in cucumber juice fermentation by L. plantarum MOP3. In
homofermentative LAB, such as L. plantarum, glucose and fructose are transported into cells via
the phosphoenolpyruvate (PEP)-dependent sugar phosphotransferase system (PTS) (Romano et
al., 1979; Thompson, 1987) and metabolized via glycolysis (Embden-Meyerhof pathway) to
produce primarily lactic acid (Thompson, 1987). The metabolism of the two sugars differs only in
the sugar transport step and the subsequent 1 or two steps of glycolysis. Glucose is transported
into cells via the glucose-PTS and mannose-PTS (Thompson, 1987). The transport process is
coupled to the phosphorylation of glucose to glucose-6-phosphate, which in turn converts to
fructose-6-phosphate. Fructose is transported into cells via mannose-PTS and fructose-PTS,
producing fructose-6-phosphate and fructose-1-phosphate, respectively (Thompson, 1987). The
study on Lactococcus lactis (Thompson and Thomas, 1977) suggested that the mannose-PTS
catalyses the transport and phosphorylation of sugars in the order: glucose > 2-deoxy-D-glucose >
mannose > glucosamine > fructose. Therefore, the transport of glucose is much faster than the

transport of fructose via mannose-PTS.

2.3 Changes in lactic acid and pH of Nham during post-acidification
As a result of lactic acid accumulation through post-acidification period, the
continuous decreases in pH were typically observed in Nham processed with standard formulation
(Figure 8). The pH of Nham could be lowered to 4.2 or lower during prolonged incubation at 30
°C up to 168 h. In agreement with changes in pH, lactic acid was produced rapidly during 48 t096
h and increased slowly thereafter. The remaining carbohydrates both complex and simple sugars

due to the excess amounts of cooked rice, garlic and sucrose after the completion of Nham
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Table 5 Sugar utilization and lactic acid production’ during fermentation of Nham

Nham inoculated with L. plantarum BCC 9546

Characteristics .
at 10 CFU/g (n=6)

Initial T, (zkg ) 13.1643.24
Utilized T, (g kg ) 7712121
Utilized T, (%) 61.1£16.2
Rate of T utilization (g kg-1 h—l) 0.16+0.04
Initial T, (g kg ) 8.45+2.74
Utilized T, (g kg ) 5.00+1.69
Utilized T, (%) 62.0£24.3
Rate of T, utilization (gkg h ) 0.100.02
Initial T, (gkg ) 21.6143.96
Utilized T, (gkg ) 12.7042.40
Utilized T, (%) 61.0£18.3
Rate of T, utilization (g kg'1 h-l) 0.26+0.04
Lactic acid production (g%) 2.14+0.49
Fermentation time (h) 50+11

*Means + SD from 6 batches of Nham that prepared from different occasions. Initial T, Trand
T,.rrepresent the amounts of total glucose, total fructose, and the summation of total glucose and
total fructose in Nham raw mix, respectively.

Utilized T;, Tp and T, were calculated by subtraction of the initial T, Ty, and T, with those

G+F
determined from Nham with pH 4.6, respectively.
Rate of utilization was calculated by divided utilized T, Tpand T, with time of fermentation

required to reach pH 4.6.
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Figure 8 Typical changes in lactic acid and pH during post-acidification of Nham with standard

formulation (n=6).

fermentation at pH 4.6 should primarily serve as carbohydrate sources for unwanted lactic acid
production during post-acidification. Chaicherdsakul et al. (2006) reported that total organic acid
at the over-fermentation period increased continuously with correlation to the decreases of total

glucose, fructose and pH of Nham during storage at room temperature (~30 C).

3. Evaluation of various carbohydrate controlling strategies on post-acidification of Nham
Nham with varying amounts of cooked rice, garlic, and sucrose were prepared to
study the effect of these carbohydrate sources on fermentation characteristics and some important
physico-chemical properties that are indications of quality and safety of Nham. Equal amounts of
minced pork, cooked pork rind, seasonings and other ingredients were added to each batch of
Nham. Based on the total Nham weight, T, and T, were limited and varied at different levels in
which the T, in all formulations was controlled at 12.70+2.40 g kg-l (Table 6). Nham samples

were incubated at 30 °C up to 168 h. Changes in pH of Nham during fermentation, sugar
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utilization, LAB count, lactic acid and biogenic amines were determined.

3.1 Effect of varying levels of cooked rice and garlic
3.1.1 Sugar utilization

In this study, initial T, and T, of Nham were limited by omitting sucrose and
varying the levels of cooked rice and garlic added. Varying levels of cooked rice and garlic added
affected not only on the initial amounts of total glucose and total fructose present in Nham but
also the utilization of these substrates during fermentation (Table 6). Compared to Nham prepared
with standard formulation (SF-1), limitation of carbohydrate substrates by varying amount of
cooked rice and garlic resulted in lower initial amounts of T, T,, and T, (P<0.05). An increase
in amount of cooked rice added resulted in Nham with high T, whereas an increase in amount of
garlic added resulted in Nham with high T,. Concerning the sugar utilization, limitation of T,
resulted in higher percentage utilization of T, (P<0.05). However, the extent of utilized T, and
T varied largely depending on the initial amount of T and T;. In Nham IF-1, IF-2, and IF-3 that
contained T, lower than 5 g kg'l, the utilization of T, was much higher than T, (P<0.05). In
addition, T was still present in Nham, although the initial T, was at the lowest level added in this
study. In contrast to Nham IF-4 and IF-5 that contained T, lower than 3 g kg'l, the utilization of
T, was higher but T, was found to be completely exhausted. The results indicated that T, was
more preferred substrate in fermentation of Nham inoculated with L. plantarum BCC 9546. This
is probably due to the capacity to ferment garlic of L. plantarum BCC 9546 used in this study
(Valyasevi et al., 2003). Purification of inulinase which is enzyme used for inulin degradation
from L. plantarum has been reported (Takahashi, 1975). Therefore, the ability to ferment garlic
was paralleled by a capacity to ferment inulin (Paludan-Miiller et al., 1999). In addition, IF-2 was
likely to be the most appropriate formulation in which about 82% of carbohydrate substrates were

utilized.

3.1.2 pH of Nham
Varying levels of cooked rice and garlic resulted in marked differences in the
ultimate pH (pH,;) of Nham and their changes during post-acidification (P<0.05) (Figure 9). Only

Nham IF-1 and IF-2 exhibited pH,, lower than 4.6 within 48 h of fermentation. According to
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Table 6 Effect of cooked rice and garlic on sugar utilization at 48 h of fermentation

Nham formulations

Nham ingredients (%)

SF-1 IF-1 IF-2 IF-3 1IF-4 IF-5
Ground pork 52.1 533 53.8 54.1 54.4 54.7
Pork rind 34.7 355 358 36.1 36.3 364
Cooked rice 43 0.6 1.7 2.5 32 37
Fresh garlic 43 6.3 4.5 3.0 18 0.8
Sucrose 03 - . - - -
Initial Tg; (g kg_l) 14.17 £ 0.49d 2.96 + 0.22a 3.62 + 0.58ab 498 +0.67b 9.26 + 1.27¢ 9.71 £0.55¢
Utilized Tg; (g kg_l) 5.07 +0.49b 243 £0.22a 1.59 + 0.58a 1.58 £ 0.67a 6.79 £1.27¢ 6.85 £ 0.55¢
Utilized T (%) 35.7 +2.2ab 82.0+1.3d 432 +9.1b 31.1+9.2a 73.1 £3.7cd 70.5 +1.7¢
Initial Ty (g kg'l) 10.19 +£0.39¢ 11.08 +0.53f 8.48 +0.40d 5.48 £ 0.28¢ 3.09 £0.07b 1.29 £ 0.04a
Utilized T (g kg'l) 4.37 £0.39¢ 8.19 £0.53¢ 7.97 £ 0.40e 5.48 + 0.28d 3.09 £0.07b 1.29 2 0.04a
Utilized Tg (%) 42.8 +2.2a 739+ 1.2b 94.0 +£0.3¢ 100.0 + 0.0d 100.0 +0.0d 100.0 +0.04
Initial T, (g kg.l) 24.36 £ 0.62d 14.04 £ 0.69¢ 11.86 + 0.56ab 10.30 £ 0.75a 12.34 £ 1.34b 10.99 £ 0.58ab
Utilized Tg,p (g kg_l) 9.44 +0.62bc 10.63 + 0.69¢ 9.68 + 0.56bc 6.90 £0.76a 9.88 +1.35bc 8.12 £ 0.59ab
Utilized T, (%) 38.7 x 1.6a 75.6 +1.2¢ 81.6 +0.9d 66.9 +2.4b 79.9 +2.2d 73.9 + l.4c
Fermentation time (h) 48 48 48 48 48 48

*Means + SD from three determinations. Different letters (a, b, c) in the same row indicate
significant differences (P<0.05).

Initial T, T and T, represent the amounts of total glucose, total fructose, and the summation of
total glucose and total fructose in Nham raw mix, respectively.

Utilized T, T, and T, were calculated by subtraction of the initial T;, T, and T, with those

determined from Nham at 48 h of fermentation, respectively.

Nham standard TIS 1219-2546 (2003) issued by the Thai Industrial Standards Institute, Ministry
of Industry, Nham is recommended to be fermented until pH < 4.6 before consumption. Since
Nham is normally consumed without cooking, the occurrence of pathogens such as Salmonella
spp., Staphylococcus aureus, and Listeria monocytogenes was found specially in Nham with pH
higher than 4.6 (Paukatong and Kunawasen, 2001). Recently, the study of Chokesajjawatee et al.
(2009) showed that pH is a key risk factor for S. aureus exposure from Nham consumption. The
risk of S. aureus exposure was almost four-fold higher for consumption of Nham with pH > 4.6

than Nham with pH of < 4.6.
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Figure 9 Effect of cooked rice and garlic on changes in pH during post-acidification. Different

letters (a, b, ¢) indicate significant differences within each formulation (£<0.05).

Considering with the sugar utilization, the results obviously suggested a
significant role of garlic on the ultimate pH values of Nham, especially when garlic
fermenting LAB strain like L. plantarum BCC 9546 was used as a starter (Valyasevi et al., 2003).
The amount of garlic added might be more important than cooked rice to determine whether the
fermentation would succeed to pH 4.6 or fail. Although the higher utilization of T, was observed
particularly when T was totally depleted, pH of Nham could not be lowered below 4.6 within 48
h of fermentation. Compared to Nham prepared with the standard formulation in which
carbohydrate sources were not limited, Nham with varying levels of cooked rice and garlic

exhibited much lesser changes in post-acidification pH. Therefore, IF-2 was found to be the most
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Figure 10 Effect of cooked rice and garlic on lactic acid production at 48 h of fermentation.

Different letters (a, b, c) indicate significant differences between formulations

(P<0.05).

appropriate formulation among all formulations tested in this study and the optimal initial T,

should be about 8 g kg'l.

3.1.3 Lactic acid production
Nham containing high T, or high amount of garlic had higher production of
lactic acid (Figure 10). Lactic acid was the major organic acid formed during fermentation of
Nham (Visessanguan et al., 2004). In agreement with the ultimate pH values, to have pH;, below

4.6 the content of lactic acid formed in Nham should exceed 2.5 g%.

3.1.4 LAB count
Incorporating varying levels of cooked rice and garlic had no effect on the
counts of LAB in Nham during post-acidification (£>0.05). The number of lactic acid bacteria of
all formulations remained constant at ~8 log CFU/g during 48-96 h of fermentation and slightly

decreased with the increasing incubation time (Figure 11). Similar result was reported by



48

85

LAB count (Log CFU/g Nham)

=3
th
1

7-0 T T T T T T T T T T
48 72 96 120 144 168
Time (h)
Figure 11 Effect of cooked rice and garlic on LAB count. Different letters (a, b, c¢) indicate

significant differences within each formulation (P<0.05).

Chaicherdsakul et al. (2006) that the LAB population decreased after 96"h of fermentation,

possibly due to the inhibition by higher amount of acid formed.

3.1.5 Biogenic amines
Nham containing lower proportion of garlic had higher amount of total biogenic
amines (Figure 12). Among Nham with varying levels of cooked rice and garlic, Nham IF-1
showed the lowest amount of total biogenic amines (P<0.05). No marked differences in total
biogenic amines was observed between Nham IF-1 and control (P>0.05). As shown by Nham IF-
2, IF-3, IF-4, and IF-5, Nham containing T, lower than 11.08 g kg-l, exhibited higher production

of total biogenic amines. The production of biogenic amines is a characteristic of several groups
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Figure 12 Effect of cooked rice and garlic on biogenic amines production at 48 h of
fermentation. Different letters (a, b, c) indicate significant differences between
formulations (P<0.05). Total BA: total biogenic amines, PUT: putrescine, CAD:

cadaverine, TYR: tyramine, SPD: spermidine and SPM: spermine.

of microorganisms such as Enterobacteriaceae, lactic acid bacteria and Micrococcaceae (Suzzi
and Gardini, 2003). The results indicated that garlic may play an important role on the inhibition
of microorganisms with amino acid decarboxylase activity. In agreement with the study of
Mah et al. (2009), the garlic extract was effective in inhibiting the bacterial growth, and thereby
suppressing the total biogenic amines production in Myeolchi-joet. The growth or decarboxylase
activity of amines-produced microorganisms might be suppressed by antimicrobial components,
such as allicin, in garlic. Some authors have reported that the main responsible factor for low
levels of biogenic amines is the low pH reached during the manufacture process of dry sausages
(Gonzalez-Fernandez et al., 2003; Bover-Cid et al., 2001a; Maijala et al., 1993). Putrescine and
cadaverine were found to be the major biogenic amines in Nham. Suzzi and Gardini (2003) and
Bover-Cid et al. (2001a) reported that Enterobacteriaceae play an important role on putrescine
and cadaverine formation. Nham with the proportion of garlic lower than 6.3% contained higher

amount of putrescine and cadaverine (P<0.05). Decrease in garlic proportion resulted in higher
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production of tyramine. However, spermidine and spermine was not significant differences
among all formulations of Nham (P>0.05). Hernandez-Jover et al. (1997) emphasized that
spermidine and spermine were only type of amine that are always detected in meat and meat
products. These amines can naturally occur in fresh beef and they are present in significant levels
in the meat used for fermented sausage production. These results showed that biogenic amines
production in Nham depended on T, garlic content and rate of pH drop.

Garlic plays a major role as carbohydrate source for LAB in Nham, specially
that inoculated with Lactobacillus plantarum BCC 9546. These results indicated that at least
4.5% of garlic which is equivalent to T, of ~8 g kg-l was prerequisite for the completion of Nham
fermentation. As a consequence, pH changes and lactic acid production” could be minimized
during post-acidification. In this study, Nham IF-2 seemed to be the most appropriate formulation
though the high amount of biogenic amines were observed. Bover-Cid et al. (2001c¢) reported that
the omission of sugars in the sausage formulation would not be recommended because this
procedure leads to sausages with higher amine contents. In order to reduce biogenic amines
production, effect of sucrose and cooked rice on biogenic amines production of Nham produced
by controlled fermentation strategy was studied and Nham IF-2 was used as control in this

experiment.

3.2 Effect of varying levels of sucrose and cooked rice
3.2.1 Sugar utilization

Higher amount of sucrose added had no effect on T, utilization (Table 7).
There are no marked differences were observed among all Nham formulations (P<0.05).
Although a decrease in cooked rice content resulted in lower amount of T, it was not exhausted
in all formulations except Nham IF-11. An increase in sucrose content yielded higher initial T,,
however it was found to be lower than 8 g kg'l which was the optimal initial T,. As a result, TF
was completely exhausted in all formulations of Nham tested. Since similar phenomenon was
also observed with the control that processed with the same formulation as IF-2, this could be
explained by the variation of T, contained in garlic used in this experiment. Though, the same
amount of garlic was added, the fermentation was apparently limited by the amount of

fermentable sugars due to the variation of sugar composition in garlic.
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Table 7 Effect of sucrose and cooked rice on sugar utilization® at 48 h of fermentation

Nham formulations

Nham ingredients (%)

1F-6 IF-7 1F-8 IF-9 1F-10 IF-11
Ground pork 538 54.0 54.1 542 543 54.5
Pork rind 358 36.0 36.1 36.1 36.2 36.3
Cooked rice 1.7 1.3 1.0 0.6 03 -
Fresh garlic 4.5 45 45 4.5 45 45
Sucrose h 0.1 0.2 03 0.4 0.5
Initial T (g kg-l) 5.43 £ 1.84d 4.86 £0.42cd 5.23+0.27d 4.41 £0.09¢ 3.40 £0.03a 3.62 £0.07b
Utilized T (g kgll) 3.82 £ 1.84b 427 £0.42b 442 +0.27b 432 +£0.09 3.38 £0.03a 3.62 £0.07a
Utilized T (%) 839 +54a 878 £1.1a 84.5+0.8a 97.8 £0.1b 99.6 +0.0c 100.0 £0.0d
Initial T (g kghl) 5.46 £0.54a 6.25 +0.48a 6.04 +0.48a 7.32+0.32b 7.47 £0.20b 7.40 £0.28b
Utilized T; (g kg.l) 5.46 £0.54a 6.25 £0.48b 6.04 = 0.48ab 7.32£0.32¢ 7.47 £0.20c 7.40 £0.28¢c
Utilized T (%) 100.0 + 0.0a 100.0 +0.0a 100.0 £ 0.0a 100.0 £0.0a 100.0 +0.0a 100.0 +0.0a
Initial Tg,; (g kghl) 9.72 £ 1.63a 11.11 £0.68a 11.27 £0.75a 11.73 £ 0.41a 10.87 £0.32a 11.02 £0.20a
Utilized T, (g kg-l) 9.03 £1.63a 10.52 +£0.68a 10.46 £0.75a 11.16 £ 0.41a 10.85 +0.32a 11.02 £0.20a
Utilized Tg, (%) 928+ 1.2a 94.7 £0.3ab 92.8 +0.5a 95.2+0.2b 99.8 +0.0c 100.0 £ 0.0d
Fermentation time (h) 48 48 48 48 48 48

*Means + SD from three determinations. Different letters (a, b, c) in the same row indicate
significant differences (P<0.05).

Initial T, T;and T, represent the amounts of total glucose, total fructose, and the summation of
total glucose and total fructose in Nham raw mix, respectively.

Utilized T,, Trand T, were calculated by subtraction of the initial T, T, and T, with those

determined from Nham at 48 h of fermentation, respectively.

3.2.2 pH of Nham
Addition of sucrose had no effect on pH;, and post-acidification pH of Nham
(Figure 13). All formulations of Nham exhibited pH higher than 4.6 which is not acceptable due
to the safety for consumption and showed an increase in pH during post-acidification period
which is a sign of spoilage. Therefore, the fermentation was considered fail as acid production in

all Nham formulations studied was limited by an inadequate initial T especially from garlic.

3.2.3 Lactic acid production

Higher amount of sucrose had no significant effect on lactic acid production
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Figure 13 Effect of sucrose and cooked rice on changes in pH during post-acidification.
Different letters (a, b, c) indicate significant differences within each formulation

(P<0.05).

(Figure 14). However, lactic acid content was inadequate to decrease pH below 4.6 in all

formulations tested.

3.2.4 Biogenic amines
In this study, incorporating varying levels of sucrose had no effect on biogenic
amines formation (Figure 15). Due to the insufficient initial T,, all formulations of Nham
contained high amount of total biogenic amines (458.57-618.09 mg kg'l). Formation of biogenic

amines in food generally occurs due to decarboxylation of amines are also of concern in relation
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Figure 14 Effect of sucrose and cooked rice on lactic acid preduction at 48 h of fermentation.
Different letters (a, b, c¢) indicate significant differences between formulations

(P<0.05).

to food spoilage because they result from decarboxylase activity of spoilage microflora during the
storage of food (Vidal-Carou et al., 1990). The results indicated that addition of sucrose which is
simple sugar could not reduce biogenic amines formation in Nham. These results disagreed with
and Gonzalez-Fernandez et al. (2006). Bover-Cid et al. (2001c) suggested that sugar omission
(glucose and lactose) was not recommended because it might increase biogenic amines
accumulation during the manufacture and storage of slightly fermented sausages. Gonzalez-
Fernandez et al. (2006) reported that the use of sugar concentration (mainly glucose) in a range of
0.5-1% was the important factor to be considered in order to reduce the level of biogenic amines
in Chorizo dry sausage. The production of biogenic amines is an extremely complex
phenomenon, dependant on several variables, such as the growth kinetics of the microorganisms,
their proteolytic and decarboxylase activities (Suzzi and Gardini, 2003), type of starter culture,
level of sugar and good quality of raw materials (Gonzalez-Fernandez et al., 2006). The values of
spermidine and spermine were in the range 0.54-2.90 mg kg'l and 18.19-23.90 mg kg'l.The results

indicated effect of pH on growth inhibition of microorganisms. In this case, meat pH was not
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Figure 15 Effect of sucrose and cooked rice on biogenic amines production at 48 h of
fermentation. Different letters (a, b, ¢) indicate significant differences between
formulations (P<0.05). (Total BA: total biogenic amines, PUT: putrescine, CAD:

cadaverine, TYR: tyramine, SPD: spermidine and SPM: spermine.

low enough to prevent the growth of spoilage microorganisms. Since this is considered failed, so
the protective effect of sucrose could not be achieved. However, the significant role of fructose in
garlic could be emphasized. Therefore, to accurate estimation of sugar in Nham in controlled
fermentation strategy, the amount of garlic added should be adjusted based on the actual T, in

garlic added.

3.3 Effect of varying levels of cooked rice and garlic
3.3.1 Sugar utilization
Increase in amount of garlic resulted in higher T, and T, utilization (Table 8).

Nham with higher proportion of garlic showed more T, and T, utilization (P<0.05). It was

G+F
possibly due to an ability to ferment inulin of this starter. However, no significant differences
were observed in T, utilization (P>0.05). The amount of cooked rice and garlic had no effect on

fermentation time of Nham.



Table 8 Effect of cooked rice and garlic on sugar utilization” at 48 h of fermentation

Nham formulations

Nham ingredients (%)

IF-12 IF-13 IF-14
Ground pork 51.3 51.8 52.4
Pork rind 342 34.6 34.9
Cocoked rice 0.54 0.70 0.86
Fresh garlic 9.8 8.8 7.7
Sucrose i B -
Initial T, (gkg ) 3380162 372015  3.80 £0.02a
Utilized T (g kgal) 3.00 £0.16a 3.17 £0.15a 3.12 £0.02a
Utilized T (%) 88.7 £0.5b 90.7 £ 0.4c 82.0 £0.9a
Initial T; (g kg ) 12.83 £0.63b  11.54 £0.57b 8.90 = 0.88a
Utilized T (g kg-l) 11.78 £ 0.63b 10.60 £0.57b 7.78 £0.88a
Utilized T (%) 91.8 £0.4a 91.8 £0.4a 92.7 £0.1a
Initial T, (g kg’l) 16.11 £0.63b 15.04 £0.5% 12.70 £1.08a
Utilized T, (g kg‘]) 15.03 £0.63b 13.97 £0.59b 10.99 £1.08a
Utilized T, (%) 93.3 £0.3b 94.6 £0.2¢ 91.0 £0.0a
Fermentation time (h) 48 48 48

*Means + SD from three determinations. Different letters (a, b, ¢) in the same row indicate
significant differences (P<0.05).

Initial T, Tpand T, represent the amounts of total glucose, total fructose, and the summation of
total glucose and total fructose in Nham raw mix, respectively.

Utilized T;, T, and T, were calculated by subtraction of the initial T, T, and T, with those

determined from Nham at 48 h of fermentation, respectively.
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Figure 16 Effect of cooked rice and garlic on changes in pH during post-acidification. Different

letters (a, b, ¢) indicate significant differences within each formulation (P<0.05).

3.3.2 pH of Nham
Higher proportion of garlic had no effect on pH;; and post-acidification pH of
Nham (Figure 16). No marked differences in pH,; of Nham were observed (P>0.05). As post-
acidification proceeded, no significant differences in post-acidification pH of Nham were
observed (P>0.05). The pH,; of all formulations had lower than 4.6 and still below 4.6 through
post-acidification period. It indicated an adequate amount of fructose from garlic gave the

satisfied pH,; (<4.6) and less changes in post-acidification pH.
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Figure 17 Effect cooked rice and garlic on lactic acid production at 48 h of fermentation.

Different letters (a, b, ¢) indicate significant differences between formulations

(P<0.05).

3.3.3 Lactic acid production

Nham with higher proportion of garlic exhibited higher lactic acid production
(P<0.05) (Figure 17). This results was similar to Paludan-Miiller et al. (2002), in Som-fak with
garlic, a maximum level of 2.8% (w/w) lactic acid was produced after 4 days, whereas in Som-fak
without garlic, no more than 1.8% (w/w) lactic acid was produced during the fermentation period.
Although Nham with higher proportion of garlic exhibited higher lactic acid production but their
pH,, was not significant differences. It might be due to buffering capacity of protein in Nham.
Opaswatcharanon (2004) reported that ground pork and cook pork rind which are the major
ingredients in Nham contained large amount of protein. The charge group on proteins can be very

important for the ability to resist changes in pH of Nham.

3.3.4 Biogenic amines

Higher proportion of garlic resulted in higher the total biogenic amines

especially, tyramine (Figure 18). Nham IF-12 had the highest amount of total biogenic amines
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Figure 18 Effect of cooked rice and garlic on biogenic amines production at 48 h of
fermentation. Different letters (a, b, ¢) indicate significant differences between
formulations (P<0.05). (Total BA: total biogenic amines, PUT: putrescine, CAD:

cadaverine, TYR: tyramine, SPD: spermidine and SPM: spermine).

(P<0.05). Tyramine was the most abundant biogenic amines found in this formulation. Strains of
lactobacilli belonging to the species L. buchneri, L. alimentarius, L. plantarum, L. curvatus, L.
Sarciminis, L. bavaricus, L. homohiochii, L. reuteri and L. sakei were amine-positive and
tyramine is quantitatively the most important biogenic amines produced (Masson et al., 1996;
Montel et al., 1999; Bover-Cid et al., 2001a; Pereira et al., 2001; De las Rivas et al., 2008). With
the highest lactic acid content in Nham IF-12, the function of biogenic amine production in
microorganisms is believed to be a protective mechanism developed to maintain the intracellular
pH homoeostasis when growing in acid conditions. Indeed, the decarboxylase enzymes are
induced by the presence of the specific precursor amino acid as well as acid environment. The
decarboxylation reaction consumes a proton, which results in an increased pH in the cytoplasm.
Decarboxylase enzymes function in cooperation with an amino acid/amine antiporter system,
which moves the amine to the outside of the cell in exchange for an extracellular amino acid.

(Molenaar et al., 1993; Bearson et al., 1997). However, cadaverine was detected in small amount
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and putrescine was not detectable in all formulations of Nham. In agreement with Mah et al.
(2009), garlic extract caused a considerable delay in the formation of putrescine and cadaverine
during early ripening of Myeolchi-joet. Spermidine was detected in small amount (1.79 to 5.61

mg kg ). Spermine was found in the range 18.55 to 21.19 mgkg .

3.4 Effect of cooked rice
3.4.1 Sugar utilization

In previous section (3.3), cooked rice was added into Nham with controlled
fermentation strategy in very small amount. Therefore, Nham IF-13 and IF-15 were prepared to
study effect of cooked rice on changes in physico-chemical properties during post acidification.
Omission of cooked rice resulted in lower amount of T, and T utilization (Table 9). Nham IF-
15 exhibited lower T, and T, utilization (P<0.05). It was possibly due to cooked rice
contributed glucose as the major sugar. Therefore, omission of cooked rice had effect on initial
amount of T, . and T,. With lower amount of T;, T; was exhausted during fermentation of

Nham.

3.4.2 pH of Nham

Omission of cooked rice resulted in higher pH,, and post-acidification pH of
Nham (Figure 19). Nham IF-15 had higher pH,, than 4.6 (P<0.05). Therefore, the fermentation
was considered to be failed. Although T, was sufficient to complete fermentation but it could not
decrease pH lower than 4.6. It has been suggested that the main role of rice was to reduce the high
buffering capacity of the fish in order to obtain a rapid decrease in pH of fermented fish product
(Owen and Mendoza, 1985). During post-acidification, a larger extent in post-acidification pH
was observed in Nham IF-15 (£<0.05). Therefore, cooked rice is assumed to be another essential
carbohydrate substrate for fermentation by LAB which has to be added when produced Nham

with controlled fermentation strategy. From this study, the optimal initial T, was about 3 g kg-l.
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Table 9 Effect of cooked rice on sugar utilization® at 48 h of fermentation

Nham formulations

Nham ingredients (%)

IF-13 IF-15
Ground pork 51.8 54.5
Pork rind 34.6 36.3
Cooked rice 0.70 -
Fresh garlic 8.8 8.8
Sucrose - -
Initial T, (g kg ) 3.50 +0.14b 2.14 £0.07a
Utilized T, (g kg ) 3.17 % 0.14b 2.14 £0.07a
Utilized T, (%) 90.7 +0.4a 100.0  0.0b
Initial T, (g kg ) 11.54 £0.57a 10.88 +£0.58a
Utilized Ty (g kg ) 10.60 +0.57a 1035 £0.58a
Utilized T, (%) 91.8 +0.4a 95.0 £0.3b
Initial T, ; (g kg ) 15.04 +0.59% 13.05 +0.65a
Utilized Tz (g kg ) 13.97 +0.59b 12,51 £0.65a
Utilized T, (%) 94.6 + (0.2a 95.9 +0.2b
Fermentation time (h) 48 48

*Means + SD from three determinations.

Different letters (a, b, ¢) in the same row indicate significant differences (P<0.05).

Initial T, Tpand T, represent the amounts of total glucose, total fructose, and the summation of
total glucose and total fructose in Nham raw mix, respectively.

Utilized T, T;and Tg,, were calculated by subtraction of the initial T, T, and T, with those

determined from Nham at 48 h of fermentation, respectively.



61

49
& IF-13 = IF-15
48 1
b
b
47 A b
b
a

= i
T 46

4.4 1

43 T T T T T T T T T T
43 72 96 120 144 168

Time (h)

Figure 19 Effect of cooked rice on changes in pH during post-acidification. Different letters (a,

b, ¢) indicate significant differences within each formulation (P<0.05).

3.4.3 Lactic acid production
The omission of cooked rice resulted in lower production of lactic acid (Figure
20). Nham IF-15 exhibited lower lactic acid content than with cooked rice (£<0.05). It was

possibly due to lower amount of carbohydrate substrate in Nham IF-15.

3.4.4 Biogenic amines
Omission of cooked rice resulted in higher biogenic amines production (Figure

21). Nham processed without cooked rice exhibited higher total biogenic amines production than
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Figure 20 Effect of cooked rice on lactic acid production at 48 h of fermentation. Different

letters (a, b, ¢} indicate significant differences between formulation (P<0.05).
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Figure 21 Effect of cooked rice on biogenic amines production at 48 h of fermentation. Different

letters (a, b, ¢) indicate significant differences between formulation (P<0.05). (Total

BA: total biogenic amines, PUT: putrescine, CAD: cadaverine, TYR: tyramine, SPD:

spermidine and SPM: spermine.
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that processed with cooked rice (P<0.05). Tyramine was found to be the major amine detected in
Nham with no cooked rice added, followed by putrescine and cadaverine, respectively.
Spermidine and spermine were in the range 2.07-3.12 mg kg and 19.80-21.19 mg kg,

respectively.

4. Chemical parameters related to pH; and changes in post-acidification pH (pH,,) of
Nham

To simplify and understand the correlation structure among chemical
parameters, obtained data were analyzed by factor analysis by principle component analysis
(PCA). The data consisted of 14 variables measured in 18 Nham formulations as shown in Table
10.

Fourteen variables explained differences in pH, and changes in pH,, of Nham
during post-acidification were reduced into 4 components. The 35.54% of the total variance was
explained by PC1, 26.34% by the PC2 and so on (Table 11). Generally, a cumulative explained
variance percentage above 50% is considered satisfactory for the extracted factors with the first
PC accounting for the major part of the total variance (Mataragus et al., 2007). Therefore, the first
two principle components (PCs) were only extracted which explained the 61.88% of total
variance. PC1 contained 35.54% of the total variance, and the loading indicated that there were
significant contributions of total fructose, garlic content, lactic acid content, free fructose, with
positive loadings and pH;; with negative loading. The latter variable was inversely correlated to
the four former ones. The second PC described 26.34% of the total variance and presented high
positive loadings for cooked rice content, total glucose, total glucose and fructose variables
whereas pH,, variable presented high negative loading in PC2.

The score and loading plots for PC1 versus PC2 are presented in Figure 22 and
23. The PC2 scores discriminated Nham produced by using standard formulation (SF, positive
scores) from those processed with improved formulations with carbohydrate limitation strategies
(IF, negative scores) (Figure 21). Nham produced by standard formulation was characterized by
higher cooked rice content, T, T, and lower pH,, and pH,, (Figure 22). The results indicated
that high amount of cooked rice in Nham produced by standard formulation which contributed to

total glucose had effect on the increases in total glucose and fructose and resulting in lower pH;;



Table 10 The data set” of variables measured in all formulations of Nham

Cooked rice Garlic Sucrose Tour Tg Tr Fg Fe Fg pHy pHP: Lactic acid Acctic acid Tolal biogenic amines
Nham Formulations
[(ew] (GC) (80) (TGF) (TG) (TF) (FG) (FF) (FS) (pHU) (pHPA) (LA) {AA) (BA)
SF-1 4.3 =00 43200 0300 24.37 =0.62 14.17 =049 1020 £0,39 159 £0.24 0.23 £0.03 372012 4.49 =0.03 -2,3E-03 =2.53E-04 245 =0.11 0.057 0,006 81.62 =13.81
SF-2 43 =040 43=00 0.3 =00 21.76 =124 1238 2,02 7.92 =0.80 0.96 £0.07 0.16 £0.01 3.12 %0.08 4,53 £0.02 -7.6E-04 x 1.11E-04 2.61 £0.03 0.090 £0.010 483.10 £ 10.06
SF-3 4.3 +00 43 =00 0300 17.17 004 10.57 =0.10 6.60 0.14 1.63 £0.02 0.34 £0.03 3.08 £0.28 452=003  -1.2E-03 £8.40E-04 2,65 £0.01 0.062 £ 0,002 34265 =638
1F-1 0.6 x0.0 6.3 0.0 00 +0.0 14.05 = 0.70 2,97 £0.22 11.08 £0.52 0.96 £0.03 0.15 =0.01 .31 £0.02 4.51 £0.02 ~7.2E-(4 +2.45E-04 274 £0.11 0,040 0,004 74.93 £6.37
1F-2 1.7 200 4.5£0.0 0.0 0.0 11.86 £ 0.40 3.62 £0.41 8.48 =040 0.99 £0.04 0.11 £0.01 0.22 £0.01 4.57 £0.04 -4.1E-(4 = 7.84E-(4 2.67 £0.24 0.045 +0.004 140.88 £4.98
1F-3 2.5 0.0 3.0+0.0 0.0 £0.0 10.31 £0.54 4.98 048 5.48 £0.28 100 £0.04 0.07 = 0.00 0.15 £0.01 4.65 £ 0.10 5.1E-04 =9.83E-04 1.94 =0.11 0.042 £0.001 134.89 £ 2.03
IF-4 32 £00 1.8£00 0.0 £0.0 1234 =095 9.26 £0.90 3.09 £0.05 1.01 =0.08 0.06 +0.00 0.09 0.0t 4.77 £0.10 4.4E-04 = 1.22E-03 1.87 £ 0.05 0.044 +0.002 129.24 = 11.47
IF-5 3700 0800 0.0 £0.0 10.99 £0.41 9.71 =0.39 1.29 =0.04 171 £0,08 0.06 =0.01 0.05 £0.00 490 £0.13 1.8E-03 = 3.75E-4 1,76 £0.11 0.049 £ 0.006 123.89 +8.13
IF-6 17 £0.0 4.5 0.0 0.0 £0.0 272z 115 543 £ 184 546 £0.55 1.06 £0.05 0.11 =0.04 0,36 =0.01 4.68 0,02 1.2E-03 < 6,H6E-G4 2.36 £ 0.09 0.079 +0,006 615,12 £19.29
IF-7 1.3 0.0 4.5 0.0 0.4 £0.0 1L1E =068 4.86 =042 6.25 =048 0.89 £0.06 0.11 £0.01 L19 £0.03 4.75 = 0.00 3.2E-04 £ {.16E-03 2,18 £0.07 0.077 +0.00¢ 528.73£7.33
IF-8 1.0x0.0 45=00 0200 1127 £0.75 523 =027 6.04 =048 113 +0.03 0.12 =0.00 2.08 +0.04 4.62 +0.01 7.5E-04 +4.52E-(4 2,17 £0.10 0.062 +0.019 458.57 £5.68
IF-9 06=00 45=00 03 £00 11.58 £0.39 4.28 £0.24 730=023 0.82 £0.06 0.14 £0.01 3.07 =007 4.77 0.02 7.7E-04 + 2.50E-(4 1.97 £0.08 0.094 =0.024 618,09 £ 19.65
IF-10 0.3=00 4500 04 0.0 11.21 =040 747 %0.20 340 £0.03 0.62 £0.02 0.14 £0.01 3.99 003 4.78 £0.02 1.1E-03 = 5.11E-04 2.24 £0.03 0.081 £0.005 615,12 £19.29
1F-11 0.0 0.0 4.5=00 0.5 =0.0 11.02 =0.20 3.62 =0.08 740 £0.28 0.72 £0.02 0.17 £0.01 447 =0.19 4.73 £0.02 1.2E-03 £ 5.70E-04 246 £0.0) 0,099 £0.011 524,01 £23.39
IF-12 0500 9.8 0.0 0.0 £0.0 16.11 £0.45 138 016 12.83 £0.45 1.17 £0.07 0.43 £0.02 0.76 £40.06 4.49 =0.05 1.2E-04 = 2.64E-04 304 £0.38 0.103 £0.006 114.80 £9.26
IF-13 0.7 +00 8.4 0.0 G0 =00 15.04 £0.59 3150 0.4 11.55 £0.57 1.50 = 0.05 0.54 £0.04 0.62 £0.10 447 £0.00 1.5E-04 = 3,28E-04 2.96 £0.04 0.152 £0.004 48,31 £535
IF-14 09 =00 7.7 £0.0 0.0 =00 12,70 = 1.08 3.80 =0.20 B89 +0.88 1.58 £0.20 041 =0.04 0.59 £0.07 4,46 £0.04 -1.2E-04 = 5.79E-04 2.55 £0.09 0.000 = 0.000 48.87 =843
IF-15 0.0=0.0 8.8 £0.0 0.0 £0.0 13.05 £ 046 2.14 =006 10.88 +0.42 0.87 =0.10 0.44 =0.05 0.56 =0.09 4.61 =0.04 6.6E-04 +2.33E-(4 2.67 £0.05 0.074 =0.005 272,69 = 17.56

*Means + SD from three determinations.
prP 4 15 calculated from equation: (pH at the end of fermentation - pH at the end of post-acidification)/(time at the end of post-acidification - time at the end of fermentation).

Positive values (+) indicate an increase in pH,,,;

Negative values (-) indicate a decrease in pH,,.
SF refers to standard formulation. IF refers to improved formulation by controlled fermentation strategy; IF-1 - IF-5: Nham with varying amount of cooked rice and garlic (lot No.
1), TF-6 - IF-11: Nham with varying amount of cooked rice and sucrose, IF-12 - IF-14: Nham with varying amount of cooked rice and garlic (lot No. 2) and IF-15: Nham without

cooked rice.

9



Table 11 Loadings for the principle components and their respective variances

Variables PCl PC2 PC3

Total fructose (TF) 0.949 0.031 -0.039
Garlic content (GC) 0.936 -0.273 -0.058
Lactic acid content (LA) 0.932 0.066 0.030
Free fructose (FF) 0.867 0.023 -0.089
pH, -0.835 -0.381 0.165
Cooked rice content (CC) -0.376 0.869 -0.097
Total glucose (TG) -0.366 0.863 0.232
Total glucose and fructose (TGF) 0.429 0.835 0.219
pH,, -0.379 -0.793 0.043
Free glucose (FG) ! 0.132 0.600 -0.470
Sucrose content (SC) -0.120 0.191 0.925
Free sucrose (FS) -0.004 0.255 0.922
Total biogenic amines (BA) -0.327 -0.343 0.762
Acetic acid (AA) 0.372 -0.235 0.532
% of total variance 35.54 26.34 21.04

Cumulative % variance 35.54 61.88 82.92

Positive value (+) indicated positive correlation between variables and PCs.

Negative value (-) indicated negative correlation between variables and PCs.
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and higher changes in pH,,. PC1 scores discriminated Nham successfully fermented (pH,; < 4.6)
(positive scores) from those failed fermentation (pH,, > 4.6) (negative scores) (Figure 21). Nham
with successive fermentation was characterized by higher amount of garlic added, T,, free
fructose, lactic acid, and lower pH,, (see loading in Figure 22).

The results showed that high amount of garlic in Nham produced by controlled
fermentation strategy which contributed to bound fructose, had effect on the increases in total
fructose, free fructose, resulting in higher lactic acid content, lower pH,; and lesser changes in
pH,,. Therefore, addition of garlic with high amount of bound fructose into Nham produced by
controlled fermentation strategy was essential for a success of fermentation and less changes in
pH,,. Although, IF-15 was Nham with failed fermentation but it was classified into the group of

successful fermentation. It might be due to its marginal pH,, value (pH,=4.61).
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Figure 22 Score plot of all formulations of Nharmn on the PC1-PC2 space.
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5. Study on the changes in Nham quality during fermentation and post-acidification

Nham produced by controlled fermentation strategies which contained the
optimal amount of T, T, and T, (~12.7, ~3 and ~8 g kg") was prepared (IF-16) to study
changes in physico-chemical properties and acceptability for consumption, compared with that

produced by standard formulation (SF-4) up to 14 days.

5.1 Effect on sugar utilization

Controlled fermentation strategy resulted in lower amount of initial and utilized
T, (Table 12). However, amount of T, of Nham produced by standard formulation was about
15¢g kg'l which was in the range of T, required for completion of Nham fermentation (10 to 15
g kg'l). This was possibly due to variation of T in garlic. Based on T} had to be added at 8 g kg'l,
Nham produced by controlled fermentation strategy was added with higher amount of garlic and
lower amount of cooked rice than standard formulation. Therefore, amount of initial T, found in
Nham produced by controlled fermentation strategy was lower than standard formulation about
two folds whereas initial T, was higher than standard formulation. T, in Nham produced by
controlled fermentation strategy was utilized lower than standard formulation around two folds.
T, in Nham produced by standard formulation could not be detected at the complete fermentation
time. It was shown that T, in Nham produced by standard formulation was not sufficient and
glucose was utilized as secondary carbohydrate source. This evidence resulted in the delay
complete fermentation time. Fermentation of Nham produced by standard formulation and
controlled fermentation strategy took 42 and 36 h, respectively. It was shown that Nham produced
by standard formulations showed the complete fermentation time longer than controlled

fermentation strategy.

5.2 Effect on pH;; and post-acidification pH
Controlled fermentation strategy resulted in faster, lower pH,; and lesser changes
in post-acidification pH when compared with standard formulation (P<0.05) (Table 13). Nham
produced by controlled fermentation strategy exhibited faster and lower pH,, than standard

formulation (36 and 42 h, respectively) (P<0.05). A rapid decrease in pH of Nham with



Table 12 Effect of controlled fermentation strategy on sugar utilization®

Nham formulations

Nham ingredients (%)

SF-4 IF-16
Ground pork 52.1 52
Pork rind 347 347
Cooked rice 43 0.8
Fresh garlic 43 8.3
Sucrose 0.3 -
Initial T, (gkg ) 8.75 + 0.36b 4.14+033a
Utilized T, (g kg ) 7.11 +0.36b 3.73 £0.33a
Utilized T (%) 81.2 +0.82 90.2 +0.7b
Initial T, (g kg ) 6.06 % 0.52a 831 £0.01b
Utilized T, (g kg ) 6.06 £0.52a 7.63 0.01b
Utilized T, (%) 100.0 % 0.0b 91.8 +0.0a
Initial T, (g kg ) 14.81 +0.80b 12.26 £ 0.03a
Utilized T, (gkg ) 13.17 % 0.80b 11.17 +0.03a
Utilized T (%) 88.9 + 0.6a 91.2 +0.0b
Fermentation time (h) 42 36

*Means + SD from three determinations. Different letters (a, b, ¢) in the same row indicate
significant differences (P<0.05).

Initial T, T and T, represent the amounts of total glucose, total fructose, and the summation of
total glucose and total fructose in Nham raw mix, respectively.

Utilized T, T and T, were calculated by subtraction of the initial T, T,, and T . with those

determined from Nham with pH 4.6, respectively.
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Table 13 Effect of controlled fermentation strategy on changes in pH' of Nham during post-

acidification

pH
Time (h)
SF-4 IF-16

at pH;, 4.57 £0.02bB 451 +£0.03aB
48 4.50 £0.01bB 445 £0.01aAB
72 4.56 £ 0.02bB 4.45 +0.06aAB
96 4.54 £ 0.06bB 451 £0.01aB
120 441 £0.05aA 443 £0.01aAB
168 4.52 £ 0.03bB 4.43 £ 0.02aA
240 4.41 £ 0.04aA 4.44 + 0.04aA
336 4.775 £0.01bC 448 £0.01aAB

*Means + SD from three determinations.

The small letters in the same row indicate significant differences (P<0.05).

The capital letters in the same column indicate significant differences (P<0.05).

controlled fermentation strategy during fermentation was possibly due to higher amount of garlic

substrate and the ability to degrade inulin of L. plantarum BCC 9546 (Valyasevi et al., 2003). An

association of garlic content and L. plantarum that had a capacity to ferment garlic

was found in this study in accordance with Paludan-Miiller et al. (1999, 2002). During post-

acidification period, Nham produced by controlled fermentation strategy gave lesser changes in

post-acidification pH and still lower than 4.6. While the post-acidification pH of Nham produced

by standard formulation gradually decreased and finally increased to 4.75. An increase in post-

acidification pH indicated the spoilage of Nham. Demeyer et al. (1979) and Bover-Cid et al.

(1999) reported that pH increase during the last period of storage was probably due to the

liberation of ammonical compounds.
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5.3 Effect on acid production

Controlled fermentation strategy resulted in higher production of lactic acid than
standard formulation (Figure 24). At the end of fermentation, no significant differences in lactic
acid content were observed between Nham produced by controlled fermentation strategy and
standard formulation (P>0.05). When post-acidification proceeded, Nham produced by controlled
fermentation strategy exhibited higher extent in lactic acid production than standard formulation.
Garlic might be directly involved in the fermentation process of Nham with supplying the garlic
fermenting starter. In Som-fak with garlic, a maximum level of 2.8% (w/w) lactic acid was
produced after 4 days, whereas in Som-fak without garlic, no more than 1.8% (w/w)
lactic acid was produced during the fermentation period (Paludan-Miiller et al.,"2002). Controlled
fermentation strategy resulted in lower production of acetic acid content. Acetic acid continually
increased when post-acidification proceeded (Figure 25). At the end of fermentation, Nham
produced by standard formulation exhibited higher acetic acid content when compared with
controlled fermentation strategy (P<0.05). When post-acidification increased, the extent of acetic
acid in Nham produced by standard formulation had greater than controlled fermentation strategy
(P<0.05). L. plantarum BCC 9546 was the homofermentative lactic acid bacteria which gave only
lactic acid by carbohydrate fermentation. Therefore, acetic acid in Nham might be produced from
undesirable bacteria. Due to the rate of pH drop, Nham produced by standard formulation had
more undesirable bacteria which resulted in higher production of acetic acid. In addition, acetic
acid formed during post-acidification period might affect on decreases in post-acidification pH of

Nham produced by standard formulation.

5.4 Effect on biogenic amines production
Controlled fermentation strategy could reduce biogenic amines production and
their accumulation in Nham (Figure 26). At the end of fermentation, Nham produced by
controlled fermentation strategy exhibited lower biogenic amines than standard formulation
(P<0.05). It was possibly due to higher proportion of garlic as a source of carbohydrate. An
adequate amount of garlic results in rapid decrease in pH and consequently, amine-produced
microorganisms were inhibited. Some authors have reported that the main responsible factor for

low levels of biogenic amines is the low pH reached during the manufacture process of dry
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Figure 26 Changes in biogenic amines of Nham produced by standard formulation ((3J) and

controlled fermentation strategy ([ ) duning post-acidification. The small letters

indicate significant differences between formulations at the same post-acidification

time (P<0.05). The capital letters indicate significant differences within each

formulation (P<0.05).

sausages (Gonzalez-Femandez et al., 2003; Maijala et al., 1993). In addition, the growth or

decarboxylase activity of amines-produced microorganisms might be suppressed by antimicrobial

components, such as allicin, in garlic. Mah et al. (2009) reported that the total biogenic amines

production in Myoelchi-joet sample treated with garlic extract was reduced by 8.7%. Although,

Nham produced by standard formulation had an excess amount of carbohydrate sources which
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resulted in a decrease in pH below 4.6 but a large amount of biogenic amines was observed. It
might be due to the slower pH drop when compared with Nham produced by controlled
fermentation strategy. In this study, putrescine, cadaverine and tyramine were found to be the
main biogenic amines in Nham. At the end of fermentation, putrescine, cadaverine and tyramine
in Nham produced by controlled fermentation strategy were not detected. While Nham produced
by standard formulation exhibited high amount of putrescine (115.59 mg kg-l), cadaverine
(166.23 mg kg') and tyramine (45.96 mg kg'). These amines were the major biogenic
amines formed in Nham and other fermented sausages (Limsuwan, 2004; Bover-Cid et al.,
2001a; Gonzilez-Fernandez et al., 2003; Gengcelep et al., 2008). These amines showed the
corresponding free amino acid (FAA) precursors such as ornitine, lysine and tyrosine™(Virgili et
al., 2007). When post-acidification period increased, Nham produced by standard formulation had
greater extent in total biogenic amines production than controlled fermentation strategy (P<0.05).
Similar to other studies, biogenic amines continuously increased during storage of fermented
sausages (Limsuwan, 2004; Kurt and Zorba, 2009). The generation of biogenic amines during
aging is influenced by proteolytic, decarboxylase enzyme activity for free amino acid and
degradation to biogenic amines (Virgili et al., 2007). Putrescine in Nham produced by standard
formulation showed a large increase at 336 h. Nham produced by standard formulation had higher
amount of cadaverine than controlled fermentation strategy. Tyramine in Nham produced by
standard formulation continually increased and had the highest content at 336 h of post-
acidification. High levels of histamine, putrescine and cadaverine formed indicated the spoilage
of fish and meat (Brink et al., 1990). The value of spermidine (2.19-5.40 mg kg’l) was low in both
formulations. Amount of spermine was slightly increased in both samples (P<0.05). Small
changes in contents of these amines are usually found during sausage fermentation because these
amines are naturally present in raw materials and they are not formed by microbial

decarboxylation of amino acids (Hernandez-Jover et al., 1997),

5.5 Effect on weight loss, released water and expressible moisture
Nham produced by controlled fermentation strategy had lower weight loss and
released water. Weight loss, released water and expressible moisture were continually increased

when post-acidification proceeded (Table 14). Weight loss in meat products is mainly associated



75

with loss in water and water-holding capacity (WHC) of meat. Increasing amounts of released
and expressible water are possibly responsible for an increase in weight loss. Increases in the
amount of expressible water and released water were presumably caused by proteolysis and
denaturation of Nham proteins during fermentation (Visessanguan et al., 2004). Proteolytic
activity during sausage ripening can be mainly attributed to the endogenous proteases while
bacteria seem to be a minor role during sausages ripening (Molly et al., 1997; Fernendez et al.,
2000; Visessanguan et al., 2004). In this study, the same amount of ground meat was added into
both formulations, thus endogenous proteases activity might not difference. Controlled
fermentation strategy resulted in lower pH than standard formulation which could inhibit growth
of proteolytic microorganisms. The results indicated that the main responsible factor for the
development of released water and expressible moisture in Nham produced by standard
formulation is the action of bacterial enzyme, which actively degrade oligopeptides to small
peptides and free amino acids (Molly et al., 1997). In both formulations exhibited the increases
in weight loss, released water and expressible moisture during post-acidification. Nham produced
by controlled fermentation strategy gradually increased in weight loss whereas Nham produced
by standard formulation had a great increase at 72 h of post-acidification. Nham produced by
controlled fermentation strategy showed lesser extent of released water than standard formulation.
Controlled fermentation strategy had no effect on expressible moisture of Nham. Nevertheless,

both formulations showed the gradual increases in expressible moisture during post-acidification.

5.6 Effect on Nham color
L*, a* and b* values of Nham samples during post-acidification were depicted
in Table 15. Nham produced by controlled fermentation strategy had no effect on lightness,
redness and yellowness of Nham. No significant differences in L*, a* and b* values were
observed between Nham produced by controlled fermentation strategy and standard formulation
(P>0.05). An increase in post-acidification period had no effect on lightness, redness and

yellowness of Nham.
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Table 14 Effect of controlled fermentation strategy on weight loss’, released water and

expressible moisture of Nham during post-acidification

) Weight loss (g/100g) Released water (g/100g) Expressible moisture (g/100g)

Time (&) SF-5 IF-16 SF-35 IF-16 SF-5 IF-16

at pH} 1.08 £ 0.88bA 0.14 £0.01aA 1.40 £0.11bA 0.71 £0.09aA 1.72 £0.19bBC 1.35 £0.12aA
48 1.30 £ 0.97bA 0.20 £ 0.00aABC 1.13 £0.43aA 0.80 + 0.04aA 1.63 £ 0.04aAB 1.64 £ 0.20aBC
72 297 £0.26bB 0.28 + 0.00aABC 1.25 £0.51aA 0.95 £ 0.232A 1.46 + 0.04aA 1.39 £ 0.19aAB
96 3.11 £0.29bB 0.40 +0.10aBCD 1.45 £ 0.58aA 1.60 £0.17aB 1.74 £ 0.20aBC 1.67 £ 0.08aC
120 3.17 £0.29bB 0.48 +0.14aCDE 1.71 £ 0.6%9aA 1.82 £0.13aB 1.87 £ 0.02aCDE 1.78 £0.17aC
168 3.25+0.28bB 0.61 +0.12aDEF 3.12 £0.42aB 3.07 £0.10aC 1.94 + 0.06aDE 1.88 +0.18aC
240 3.29 £0.27bB 0.67 £0.11aEF 4.80 £0.37bC 3.80 £ 0.08aD 1.82 £0.07aBCD 1.90 £ 0.08aC
336 3.36 £0.27bB 0.73 £0.11aF 8.40 +£0.02bD 4.58 + 0.35aE 2.03 £ 0.02aE 1.90 £0.12aC

*Means + SD from three determinations.
The small letters in the same row indicate significant difference (P<0.05).

The capital letters in the same column indicate significant difference (P<0.05).

Table 15 Effect of controlled fermentation strategy on color (L*, a*, b*) of Nham during post-

acidification
L* (tightness) a* (redness) b* (yellowness)
Time (h)
SF-5 IF-16 SF-5 IF-16 SF-5 IF-16

at pH, 56.24 £ 1.152A  56.09 £ 1.01aA 8.00 £ 0.50a2A 7.09 £0,76aA 5.32 £0.35aA 5.31 £0.50aA
48 5497 £1.40aA  55.89 +0.862A 7.82 £0.432A 7.36 £0.73aA 5.69 £0.27aA 5.87 £0.56aA
72 56.20 £ 1.61aA  55.57 £0.39aA 7.66 +0.60aA 7.23 £0.67aA 5.74 £0.38aA 5.59 £ 0.46aA
96 5486 + 1.87aA  56.01 +1.14aA 7.97 £0.01bA 7.20 £0.32aA 5.15 £0.10aA 5.75 £0.41aA
120 56.32 + 1.82aA 5575 £ 1.24aA 7.53 £0.36aA 8.03 +£0.30aA 5.05 £0.71aA 6.36 +0.56aA
168 55.13 £0.55aA 5522 + 1.33aA 7.36 £0.18aA 821 £0.71aA 5.33 £0.82aA 5.50 £0.48aA
240 56.12 £0.99aA  56.02 £ 0.53aA 8.81 £ 0.452A 8.43 £0.33aA 5.03 £0.71aA 5.48 £0.36aA
336 53.31 £ 1.85aA  55.06 £2.61aA 8.01 £0.17aA 8.13 £0.43aA 4.85+0.05aA 6.04 £ 0.60bA

"Means + SD from three determinations.

The small letters in the same row indicate significant difference (P<0.05).

The capital letters in the same column indicate significant difference (P<0.05).
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5.7 Effect on textural characteristics of Nham

Controlled fermentation strategy resulted in an increase in rigidity of Nham.
However, both formulations became less rigid, adhesive, cohesive and elastic when post-
acidification period increased (Figure 27). At the end of fermentation, Nham produced by
controlled fermentation strategy exhibited higher hardness than standard formulation (P<0.05). A
decrease in pH affected the conformational changes of muscle protein and their functional
properties. It was most likely that acid-induced gelation of these proteins was mainly responsible
for the formation of Nham texture (Visessanguan et al., 2006). Due to faster fermentation rate of
Nham produced by controlled fermentation strategy, the fermentation rate might affect hardness
of Nham. No significant differences in other TPA texture attributes were observed (P>0.05).""
Substantial decreases in all TPA texture attributes of both formulations were observed during
post-acidification (P<0.05). This evidence was caused by endogenous protease in meat and

proteolytic enzyme of bacteria.

5.8 Sensory evaluation

Controlled fermentation strategy had no effect on sensory scores (color, flavor,
sourness, texture and overall acceptance) (Figure 28). No significant differences in sensory scores
were observed during post acidification. Due to the pH and safety for consumption of Nham
during post-acidification, Nham produced by standard formulation was served as uncooked from
to 240 h, whereas Nham produced by controlled fermentation strategy was served from 36 h to
336 h. Nham samples were considered to be acceptable for human consumption until the overall
acceptance score reached 5. Acceptability of Nham produced by controlled fermentation strategy
was longer than standard formulation about 72 h or 3 days. Most of consumers gave the overall
acceptance scores below 5 and rejected for consumption because they could detect putrid, unusual

smell (off-flavor) and texture softened which were characterized to spoil of Nham.



78

Figure 27 Changes in TPA texture attributes of Nham produced by standard formulation ((73)

and controlled fermentation strategy ( 1) during post-acidification. The small letters

indicate significant differences between formulations at the same post-acidification

time (P<0.05). The capital letters indicate significant differences within each

formulation (P<0.05).
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CHAPTER 5
CONCLUSIONS

1. Glucose (G) and fructose (F) either in free or bound forms were the major sugars found in all
Nham ingredients tested, except cooked pork rind (Table 3). Minced pork contributed to glucose
which was mainly found in free form in the range between 0.8-1.4 mg g‘l. Garlic mainly
contributed to fructose and glucose which also were mainly present in bound form. Total fructose
(Tg) and total glucose (T;) were in the ranges between 116 to 168 mg g and 10 to 17 mg g'l,
respectively. Cooked rice contributed mainly glucose in bound form in the ranges between 266 to

3l4mgg .

2. Based on standard formulation commonly used in Nham processing, it could be estimated that
glucose and fructose initially found in Nham were present in the bound form. In Nham,
approximately 82% of T, and 78% of T, were derived from cooked rice and garlic, respectively.
While simple sugars including glucose, fructose, and sucrose were present only 4%, 0.3% and
17%, respectively. The results showed that cooked rice and garlic were the important source of
fermentable sugars for lactic acid production by which these complex carbohydrates must be

degraded to more simple sugars before uptake and utilized by the cells.

3. The average amount of total glucose and total fructose (Tj,;) utilized from 6 batches of Nham
that inoculated with L. plantarum BCC9546 after fermentation at 30 °C to pH 4.6 was estimated
to be 12.70 + 2.40 g kg . Based on the amount of T, utilized in Nham, only 61-62 % of the T
and T, were utilized in which the excess glucose and fructose were in the bound forms. Through
post-acidification period, the continuous decreases in pH were typically observed in Nham
processed with standard formulation. The pH of Nham could be lowered to 4.2 or lower during
prolonged incubation at 30 °C up to 168 h. To minimize pH changes and excessive lactic acid
production during post-acidification, T; and T, were limited and varied at different levels in

which the T, in all formulations was controlled at 12.70+2.40 g kg’l.
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4. Varying levels of cooked rice and garlic added affected not only on the initial amounts of total
glucose and total fructose present in Nham but also the utilization of these substrates during
fermentation. Compared to Nham prepared with standard formulation (SF), limitation of
carbohydrate substrates by varying amount of cooked rice and garlic resulted in lower initial
amounts of T, T, and T,.. An increase in amount of cooked rice added resulted in Nham with
high T,, whereas an increase in amount of garlic added resulted in Nham with high T
Concemning the sugar utilization, limitation of T, resulted in higher percentage utilization of
T,.¢- However, the extent of utilized T; and T, varied largely depending on the initial amount of
T, and T,. The results indicated that T, was more preferred substrate in fermentation of Nham

inoculated with L. plantarum BCC9546.

5. Garlic plays a major role as carbohydrate source for LAB in Nham, specially that inoculated
with Lactobacillus plantarum BCC9546. Using cooked rice and garlic at appropriate ratio and
level could minimize pH changes and excessive lactic acid production during post-acidification.
The amount of garlic added might be more important than cooked rice to determine whether the
fermentation would succeed to pH 4.6 or fail. Compared to Nham prepared with the standard
formulation in which carbohydrate sources were not limited, Nham with varying levels of cooked
rice and garlic exhibited much lesser changes in post-acidification pH. The optimal initial T,
should be about 8 g kg-l. Nham containing high T; or high amount of garlic had higher production
of lactic acid. In agreement with the ultimate pH values, to have pH,, below 4.6 the content of
lactic acid formed in Nham should exceed 2.5 g%. Decrease in garlic proportion resulted in
higher production of tyramine. These results showed that biogenic amines production in Nham

depended on T, garlic content and rate of pH drop.

6. Incorporating varying levels of sucrose had no effect on biogenic amines formation. Due to the
insufficient initial T, and failed fermentation, all formulations of Nham contained high amount of
total biogenic amines. Therefore, to accurate estimation of sugar in Nham in controlled
fermentation strategy, the amount of garlic added should be adjusted based on the actual T, in

garlic added.
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7. Omission of cooked rice resulted in lower amount of T, and T,. With lower amount of T,
T, was exhausted during fermentation of Nham. The omission of cooked rice resulted in lower
production of lactic acid and higher biogenic amines production. Therefore, the fermentation was
considered to be failed. Although T, was sufficient to complete fermentation but it could not
decrease pH lower than 4.6. Therefore, cooked rice is assumed to be another essential
carbohydrate substrate for fermentation by LAB which has to be added when produced Nham

with controlled fermentation strategy. From this study, the optimal initial T, was about 3 g kg'!.

8. To simplify and understand the correlation structure among chemical parameters, obtained
data were analyzed by factor analysis by principle component analysis (PCA). The data consisted
of 17 variables measured in 21 Nham formulations. Seventeen variables explained differences in
pH,, and changes in pH,, of Nham during post-acidification were reduced into 2 components
(PC1 and PC2) with the total variance explained of 63.1%. PC1 discriminated Nham successfully
fermented (pH, < 4.6) (positive scores) from those failed fermentation (pH,, > 4.6) (negative
scores) by higher amount of garlic added, T;, free fructose, lactic acid, and lower pH,,. The PC2
discriminated Nham produced by using standard formulation (SF, positive scores) from those
processed with improved formulations with carbohydrate limitation strategies (IF, negative
scores). Nham produced by standard formulation was characterized by higher Tg,., T;, cooked
rice, bound glucose, and lower pH;, and pH,,. The results indicated that high amount of cooked
rice in Nham produced by standard formulation which contributed to bound glucose, had effect
on the increases in total glucose and fructose and total glucose, resulting in lower pH;; and higher

changes in pH,,.

9. Nham produced by controlled fermentation strategy exhibited faster and lower pH,, than
standard formulation (36 and 42 h, respectively). A rapid decrease in pH of Nham with controlled
fermentation strategy during fermentation was possibly due to higher amount of garlic substrate
and the ability to degrade inulin of L. plantarum BCC9546. During post-acidification period,
Nham produced by controlled fermentation strategy gave lesser changes in post-acidification pH

and still lower than 4.6.
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10. Controlled fermentation strategy could reduce biogenic amines production and their
accumulation in Nham. At the end of fermentation, Nham produced by controlled fermentation
strategy exhibited lower biogenic amines than standard formulation. At the end of fermentation,
putrescine, cadaverine and tyramine in Nham produced by controlled fermentation strategy were
not detected. While Nham produced by standard formulation exhibited high amount of putrescine
(115.59 mg/kg), cadaverine (166.23 mg/kg) and tyramine (45.96 mg/kg). When post-acidification
period increased, Nham produced by standard formulation had greater extent in total biogenic

amines production than controlled fermentation strategy.

11. Nham produced by controlled fermentation strategy had lower weight loss and released water
but had no effect on expressible moisture, color properties of Nham during post-acidification. At
the end of fermentation, Nham produced by controlled fermentation strategy exhibited higher
hardness than standard formulation. Controlled fermentation strategy had no effect on sensory
scores (color, flavor, sourness, texture and overall acceptance). Acceptability of Nham produced
by controlled fermentation strategy was longer shelf-life than standard formulation about 72 h or

3 days.
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FUTURE WORKS

In this study, a controlled strategy relies mainly on the estimation of the actual
amounts of glucose and fructose in both total and free forms. Therefore, for industrial application,
further study is still needed to enable the processors and Nham formulators to limit sugar
substrates in Nham based on the actual amount of raw materials added. Due to a variation of
sugar composition in raw materials, specially for garlic and cooked rice, more data on total
glucose and fructose of these raw materials as affected by variety, season, storage time, and
processing methods is needed. Lastly, to ensure the safety of products, the effect of limiting
carbohydrate substrates on the survival of some important food-bome pathogens should also be

studied.
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Medium preparation

MRS agar + 0.5% calcium carbonate (1 L)

Proteose peptone No. 3 10 g
Meat extract 10 g
Yeast extract 5 g
Glucose 10 g
Tween 80 1 g
Di-potassium hydrogen phosphate 2 g
Sodium acetate 2 g
Di-ammonium citrate 0.2 g
Magnesium sulfate heptahydrate 0.5 g
Manganese sulfate monohydrate 005 g
Agar 15 g
Calcium carbonate 5 g
Distilled water 1000 ml

Note: Mix the ingredients and sterilize at 121 °C for 15 min.
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Ballot for sensory evaluation
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