CHAPTER 1V

PHYSIOCHEMICAL AND MICROBIOLOGIAL CHANGES OF (%l
MASH INNOCULATED WITH LACTIC ACID BACTERI\

4.1 INTRODUCTION “

Lactic acid fermentation of vegetables is a traditional bio-pre Nm method for the

al lfermentation of
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(Holzapfel, 2002) and modigg the¥er 1t Uéﬁﬁ low growth and proliferation of
&

ormally in small numbers (2.0 to 4.0

needed either to undertake or sut

naturally existing LAB. hgcti®aci iia a

log cfu/g) of the aLQhL'Q)nOL B O biQ@that lead into spontaneous fermentation
Tw’e < : (i

when \'cgctublcs!r ned (Aler 01k‘,1984). Fermentation of food is an art where at

times the cl N i fermentation conditions encourage the growth of undesirable

microor

s that changed the sensory properties or unsuccessful fermentation that
could not™hibit the growth of spoilage and pathogenic microorganism (Di Cagno et

al., 2008a; 2008b).
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The practice of using starter cultures in fermented milk, sausage, cheese and leavened
well known. The application of using starter culture in fermented vegetables is
increasing only recently (Molin, 2001; Montet et al., 2006). Applying startgggulture
has become attractive especially to manufacturers. It leads into reductio@}e ts (eg.
Energy), reduced fermentation times, reduced of spoilage, improveoﬂess control
and sensory quality, improved safety attributes and reducedqir‘ation of final
products (Holzafel el al., 2002). Petdji et al. (2000) inocul ed?ﬁimenlarius and P.
pentosacues strain POHK to ferment sour cabbage ir gty erved that

L4
inoculated LAB lead into effective fermentation a%}{ dekbrea d's@@i-canlly
compared to control group within 48 h fermentatv 0% T L.\]}gsenn-oides

=
ian®er & Korhonen,

~

and P. dextrinicus lead to production of lowca uer
2002). LAB starter strains consisted of L. c%m w

W. confusa inoculated into red and ie?g chill pe@bers %es and stored in 1%

sodium chloride (w/v) for 30 dqys w25 uced% eptable and shelf stable
? [ §

product (Di Cagno et al., 200% \:J@

N
Lactic acid bacteria c%\ it 1‘(1?’!15 (sgff'ter culture in controlled lactic acid
fermentation of v %res o YOits, @y can be either from autochthonous or
& £ o5

allochthonous *&1 The selected @3 must have the ability to be adapted to the

intrinsic cha@mslics of the new raw materials (Di Cagno et al., 2008a, 2009). A

strongggtarf@w culture could minimize dry matter loses, avoid contamination with

&

(@)

pathogenic and toxigenic bacteria and moulds, and minimizes the risk of incidental
microflora that cause off-flavor. Di Cagno et al. (2011b) and Bourdichon et al. (2012)
observed that autochothonous survive better than the allochothonous suited for

vegetable fermentation.
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The common attributes of chili are hot and spicy taste and they are made into products
such as chili paste, chili sauce, chili powder which are then made from dried or fresh
chili. Fermented chili mash prepared under anaerobic condition was okeggyed to
produce desirable and acceptable flavor as evaluated by sensory paneligfs 1scussed
in Chapter III. This Chapter reports the effect of three LAB stramﬂ. plantarum
ALOl, L. pentosus ALO2, and L. plantarum AU2), and %mtion time on

I
physiochemical and microbiological profile of fermented ¢ iliw.

42  MATERIALS AND METHODS é J | _\o}
2 \3'

4.2.1 Preparation of Bacterial Strain \ \
The LAB used were L. plantarug AT, L9emosus
isolated from different source%;crib in ,1'123}22

4.2.2 Preparation 0@1 %(}hﬁbq«ash
g Z) &
&) R

Cilibangi I‘ruiAwe obtained fro @anjung Karang, and then selected free from
blemishes, dc? yis and insect damages. The pericarps were removed and the chilies
were @wilh portable water to remove any impurities then ground using a food
blender (Panasonic), packed 500g in Scott bottles with 6% rock salt added. The
samples were subjected to three treatments three namely, (a) pre-pasteurized (80°C, 10
min) then with and without LAB inoculation, and (b) non-pasteurized samples with

and without LAB inoculation. LAB was inoculated at 1% (v/v) of 24 h culture LAB in
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phosphate buffer saline (PBS) to 500 g of chili mash. All the treatments were layered
with 10% (v/v) sunflower oil to create anaerobic environment. All samples were

fermented at 30°C for 28 days.
4.2.3 pH Measurement %

The changes in pH during 28 days fermentation were mon'to?&scribed in section
3. 248

4.2.4 Titratable Acidity Measurement

The total amount of acid present during tt

described in section 3.2.7.2. \

4.2.5 Microbial Measurement

4.2.6. St:ltistical%

The analysis ? Ariance (ANOVA) was conducted to study the effect of experimental
['aclor@*malion time, heating and LAB isolates) and their interaction on the
microbial count (Logiocfu/ml), pH and titratable acidity. The ANOVA analysis
(Minitabl6 Statistical Software., USA) was carried out to determine the statistical

differences at (p<0.05) (APPENDIX D).
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4.3 RESULTS

T

4.3.1 Changes in Microbial Count, pH and Titratable Acndl&} LAB
Inoculated in Fermented Chili Mash in Non-Pasteurization Treatm$
Changes in LAB, TPC and yeast and mold count during 2 dag Termentation of 7.

|

plantarum ALO] inoculated unpasteurized fermented chiffgash i s F iguu 9
The total count of L. plantarum ALO1 was signiﬁcantl%Q 05)fe &m initial
logio 10.02 to logio 7.16 after 28 days felmentatl 1e S vhggle in th

ranged of logio 7.31 but was at logio 7.87 afi ay. Wll 0 Qﬁi yeast count

showed slight increased from logio 4.65 tti® f&‘a& % then decreased to
N
logio 6.34 after 28 days fermentation. % @

A
’ >

N '

The initial pH value of L. plant LOI:L%)_L% rmented chili mash was 4.56

then significantly (p<0.05) ghcrc®sed l!) 3.2 pfter @ys and remained unchanged until
N

28 days. The concenhat@?lafiéa? 'ollgéliﬁcc)amly (p<0.05) increased from 0.938
initially then incm@'&%a (,}): a \ut decreased to 1.65 after 21 days, and
X

slightly increase .86 after 28 day @nentahon Figure 10).
ghtly YRE g

N
S
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FIGURE 9: Microbial Changes in L. plantarum ALO1 Inoculated Fermented Chili

Mash
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A difte rend was observed in non-pasteurized fermented chili mash inoculated

with L. pentosus ALO2. Initial LAB count was logio 10.00 then decreased
significantly (p<0.05) to logio 7.60 after 21 days followed by an increased to logio
8.00 after 28 days fermentation (Figure 11). TPC showed slight increased to logio 7.06

after 14 days was observed to achieve logio 7.86 almost similar to fermented chili
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mash inoculated with L. plantarum ALO]1 after 28 days. Fermenting chilli mash with

L. pentosus ALO2 was able to maintain the yeast and mold count at logio 5.64

¥

A rapid reduction in pH was observed in L. pentosus ALO2 fermenfeﬁili mash. The

throughout the 28 days fermentation.

pH was significantly (p<0.05) decreased from 4.48 to 3.21 ﬂe days, remained

unchanged until 21 days, then increased to 3.5 after 28,da 1mllarly, lactic acid

concentration increased rapidly from 0.9 to 3.6 after 7 lhe | ed slightly to
o

3.2 after 28 days fermentation (Figure 12). \

wz-

FIGURE 11: Microbial Changes in L. pe wL 2|Ingelilat ¢e1mented Chili
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FIGURE 12: pH and Titratable Acidity of L. pentosus ALO?2 Inoculated Fermented

Chili Mash
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different trend in total LAB count wa erved. g
0 ; S

was observed (Figure 13) in whic ABxgoun d‘écrt&d slightly (p >0.05) from

S

logio 10.08 to logio 8.05 afigr Wys. pnili P(i%n 0 day was logio 7.82 then
t‘) N
05 vl

increased significantly (P<0«\) i "%Q ™ days, then decreased gradually to
logio 7.54 after 28 day&&ma ou N@e initial count of mold and yeast was
logio 6.06 on 0 dz@om{ d.

increased to fswwl c{ﬂ

fov]
&
O, -

(lg logio 4.72 after 7 days, then the number

\
d$ and remained unchanged until 28 days

&
I'crmcnlalio\ S
Reduc in pH was similar to non-pasteurized fermented chili mash inoculated with

L. plantarum ALOland L. pentosus ALO2. pH of fermented chili mash inoculated
with L. plantarum AU2 decreased significantly (p<0.05) from 4.56 to 3.20 after 7

days, then remained unchanged until 28 days fermentation (Figure 14). Titratable
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acidity of fermented chili mash inoculated with L. plantarum AU2 increased
significantly (p<0.05) from 1.0 to 3.2 g/L lactic acid equivalent after 14 days and

decreased slightly to 2.7 after 28 days (Figure 14).

FIGURE 13: Microbial Changes in L. plantarum AU2 Inoculated E&eﬂed Chili
Mash. Yv
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4.3.2 Changes in Microbial Count, pH and Titratable Acidity of LAB

Inoculated in Fermented Chili Mash in Pasteurization Treatment.

A similar trend in total LAB count was observed between non-zﬁi Dlnd and

pasteurized fermented chili mash inoculated with L. plantarum A nowever, the
LAB count was significantly (p<0.05) reduced from initial logio 04 to logio 6.07
after 28 days. TPC was observed to be between logig 7.12 %; , higher than
LAB count at 14 days, 21 days and 28 days. Mold agd yc™t ¢ unt lcd at

\
-{"

logio 1.26 to logio 1.40 during 28 days telmenlallon ure 15}

The pH of pasteurized fermented chili 1@0111&&: th 0“7#(717/(11 um ALOI

decreased significantly (p<0.05) from 56 t @amed at 3.2 until 28
n =
days. Titratable acidity increased (p sigit y ﬁgo%() 9 to 3.2 g/L lactic acid

dag& and increased slightly to 3.5

g/L lactic acid after 28 day iffe en
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FIGURE 15: Microbial Changes in L. plantarum ALO1 Inoculated Fermented Chili
Mash
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Pasteu 4 fermented chili mash inoculated with L. pentosus ALO2 showed different
trend of LAB, TPC and mold and yeast count as compared to non-pasteurized
fermented chili mash inoculated with L. pentosus ALO2. LAB decreased gradually
from logio 10.52 to logio 8.96 after 14 days and remained stable at logio 7.43 after 28

days. TPC count was slightly lower than the LAB count started at 14 days to 28 days
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with LAB count around logio 8.51 to logio 7.13 with gradual decreased trend differ
with non-pasteurized fermented chili mash inoculated with L. penrosus ALO2.
Conversely, mold and yeast count gradually increased from logio 1.29 tw

after 28 days (Figure 17). c\

Pasteurized fermented chili mash inoculated with L. petosuy ALO2 showed
persistent trend of pH and titratable acidity as comparedgo asteuuzed fermented

chili mash with L. pentosus ALO2 inoculated. pH d w<0 .05) from

4.56 to 3.20 and remain persisted until 28 days. The table hcigdj ‘n&ﬁésed from

0.9 /L lactic acid equivalent to 3.4 during 7 dayw.amegk 8 d (Flgule 1),
FIGURE 17: Microbial Changes in L. peneNL 3‘11 lat a$1mented Chili
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FIGURE 18: pH and TitratableAcidity of L. pentosus ALO2 Inoculated Fermented

Chili Mash
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Rapid reduction of LAB count was C%ved i t%r ﬁ\fermented chili mash
o N

inoculated with L. plantarum AU " tQ hon a‘Ste@ed fermented chili mash

. N\
inoculated with L. plantarum A e c’yun cggl significantly (p<0.05) from
(

logi010.22 to logio 6.29 after ;5 ays & fhal decrease until logio 5.52 after 28

days. TPC mimic the 1@11 i@l thgé mber of logio cfu/ml count almost to
|
’
be the same. Mold %ycat Q éh@v d gradual increased which its number
\

remained at log @Tmli’l fps. TI8n, it increased (p>0.05) slightly to logio 2.42
A 2
a

after 21 dzl_\'\ 1creased signiﬁéhly (p<0.05) to logio 4.00 after 28 days achieved
similarge s non-pasteurized fermented chili mash inoculated with L. plantarum
AU2Q 19).

Initially, pH reduced significantly (p<0.05) from 4.56 to 3.20 after 14 days, decreased
slightly (p>0.05) to 2.6 after 14 days and persisted until 28 days. Concomitantly,

titratable acidity increased from 0.9 g/L lactic acid equivalent to 3.4 after 14 days,
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then decreased slightly (p>0.05) to 2.8 g/L lactic acid equivalent after 28 days have
similar trend as non-pasteurized fermented chili mash inoculated with L. plantarum
AU2 (Figure 20).

FIGURE 19: Microbial Changes of L. plantarum AU?2 Inoculated Ferx% Chili
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4.4 DISCUSSION

Natural or spontaneous fermentation of vegetables involved the natura

microorganisms. It is dependent on trial and error, traditional skills ¢ ftn time
consuming (Holzapfel, 2002; Plengvidhya et al., 2004). To overcon&urcs during
fermentation, therefore, the application of starter culture to .oet z*producible and
improved quality of fermented vegetables is considered. Th?!a of starter culture
was ideally to prepare material containing large num m u@ms that can

: Di Cagno e a' tﬁv

accelerate the fermentation process (Ruiz-Barba et al., 2

e etab umcmatlon are

The main criteria for selecting the starters lhcw le T

(i) rate of growth; (ii) changes in pH and (1Myrate\of
profile (Karovicova et al., 2003; Ga J cipa i 7!0 @\umslc factor such as

temperature, degree of substmlux ntmtlon of fermentable

carbohydrate, buffering cap % alum} inhj }&1 mw vegetable can affect the

—

'u,.igodumon 1v) color

NS

lactic acid bacterial (*10\\& el af ratydf acidi¥cation (Demir et al., 2006).

&
1 O
’ ")
A protocol for ll ILPI S 0)5 dt@fumcmcd chili mash was set up under 28

days fermentggo p esses at 100 mpualm 30°C. This step was adapted and
modified by ional production of fermented chili mash in Lousiana, USA (Koh et

)5). Y this study two treatments (pasteurized or non-pasteurized prior to LAB
inoculation) were applied to produce fermented chili mash. Pasteurization of chili
mash reduced the mold and yeast count until logio 1.03 as compared to non-
pasteurized fermented chili mash (logio 5.12) during 0 day (Figure 15, 17 and 19),

Similarly, growth of yeast and mold in pasteurized fermented chili mash inoculated
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with L. plantarum ALO1, L. pentosus ALO2 and L. plantarum AU2 was kept at low
number throughout 28 days fermentation (Figure 15, 17 and 19). Pre-treat by
blanching (85°C, for 2 min) of red and yellow chill mash and inoculated with L.
plantarum before fermentation inhibit the growth of yeast and mold i MYl:ashed
during processing and storage (Di Cagno et al., 2009). In this H&layering the
fermented chili mash with the sun-flower oil create anaerobic en\mient that favor
the growth of LAB and maintains the counts >log06 (Fi u??,ﬁ ,13,15,17 and 19)

during the 28 days fermentation. Layering the veget ur ac@tla)il is one of

| ]
popular traditional method used in pickling of vegeta®wgo prevint gfo fth‘gggpoilage
-

2009 A4; eitoi’Wrreira et al.,
2001). (—}' W(\ Qé\v

Presence of yeast and mold in veget? rigehtati cax@ause detrimental effect.

9 Q
Beall. et al. (2012) reported that th esi eas@sulted in spoiled fermented
chilli mash from the produdy ¥ exceds a ol!o@oduclion. Yeast and mold are
f &
tzed @‘{wmed chili mash and the counts

dominant microorganism Non-}ias
N

increased with LAB C(Nn’ 1gh 2 "iységdnentation (Figure 9 and 13). Similarly,

Albert et al. (201 ved that ghulrk fermentation is dominated with both LAB
v ¥
and yeast. PCIQA’& 1 (2001) sugge@a possible synergistic effect between yeast and

LAB in \\'hl? > autolysis of yeast after alcoholic fermentation released nutrient that
are 1@ for bacterial growth.

However, the growth of yeast alone or interaction with LAB and yeast are highly
desirable for different flavor profile; a wide range of volatile and non-volatile flavor

compounds are produced as end products of sugar fermentation (Romano et al., 2003).
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This only can be achieved if the fermentation is conducted under controlled

environment where the yeast population can be controlled during the fermentation

\Y'

LAB strain inoculated in this study survived well at >logio Ncr 28 days

process. Otherwise, fermentation failure could happen.

fermentation (Figure 9,11,13,15 and 17). Other researchers reg;rled that LAB

survived well in vegetables substrate such as cabbage, radish, and chili after long

1 3\'“3 numbers of

L4
LAB (logio 7 to 9) in early stages of fermentation offwggetablgs co ac@'ale the
fermentation process as suggested by de Castr am (%' ele@ﬁd blanched
garlic inoculated with L. plantarum resulted EWQIete‘"he rmel‘$on after 2 days.
Completeness of cabbage fermentation as evigated by 01;1'{ st on cabbage juice
showed that fermentation was com Q vhit‘ﬂ‘m ’2 h @'mentation in samples
4 6
inoculated with L. plantarum (I\M AP 'ovi@'a, 2004). In this study, L.

pentosus ALO2 grew very %@Cmpar d l}‘ olllmb‘LAB in both pasteurized and

$ &
unpasteurized fermented Mmas‘h : lhc@l LAB count was at loglOio 7
~N L
throughout the 28 dayc'c eniptipn ‘;glquglandﬁ).

AN

Y-

been isolated from different food sources like

p—t

o
~

Additionally, str&n Of L. pentosus hg
cheese, yog xnilk. sauerkraut and kimchi, and was found to be well adapted in
vegelgbleWgbstrate (Tamminen et al.,, 2004; Panagou et al., 2003). L. plantarum
ALOI showed good survivability in fermented chili mash even though fluctuation in
total count was observed during the 28d fermentation (Figure 9 & 15). In contrast the
growth pattern of L. plantarum AU2 was different, a gradual decrease in total count

was observed and can be predicted (Figure 13 & 19). This ditference suggesied the
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ability of microbe to convert lactose, sucrose, glucose and fructose at different
conversion rate and its ability to utilize pectin in plant products (Fu & Mathews,
1999). L. plantarum is the most popular culture strain and are often used for fermented

commodities such as sausage, pickles, olives, cucumber and silage

2012; Albert et al., 2010). {

This study used single LAB starter inoculation to the chilj nhT’llh 6% salt added,

et al.,

However, differences in TPC between pasteurized a n- Q? Fermented

chili mash was observed (Figure 9 to 20). The TP

astefrize 1':1.11\@3}1 chili

mash was within the same values as LAB count, 4

in% oth@acteria was
Y-

ﬂ?ed rmel@ chili mash has

involved (Figure 15,17 and 19). In contrast, tw
lower TPC value than the LAB count (Figp 3 3), WHis is in accordance

N
with Holzapfel (2002) where sing u;p%i\ald%\ lead to mixed-strain

‘i01\0&1 noculation. The TPC count

>d hc'(li& population since the numbers

fermentation if the raw materials Im slj' i
|

in pasteurized fermented c 111% resen)

are almost equal (Figure 0g>stln at the ulaled LAB is responsible for the

(=}

NS
fermentation. LAB 1 lla vg Dapte 12(,&3‘5 the ability to grow under aerobic

condition and gro E% a}d rea avemigh cell densities incubated under aerobic

)

13). Single u@a e fermentation under controlled fermentation
.

offers consis?\nd product quality over extended period of times.

‘.&,

condition (11 A

Lactic acid bacteria caused acid production in vegetables fermentation (Albert et al.,
2010; Kohajdova et al., 2009; Sakai et al., 2008). The presence of acid in fermentation
is highly desirable since it can be the key factor of preserving effect as well as

producing laterally sour taste and atypical aroma (Kohajdova et al., 2009; Karovicova
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& Kohajdova, 2003). Rapid acid production in chili mash can only be obtained by
inoculating lactic acid producer starter whereas non-lactic acid producer starter will
not result into acid production. Bozkurt et al., (2004) reported that tradigional chili
paste inoculated with Saccharomyces spp. and Streptomyces gze} btained
minimum pH value 4.08 and maximum titratable acidity value 1.37‘!&11 46 days of
fermentation, higher than the final pH of lactic acid 1‘61‘111@@;461%165 which
obtain normal pH range 3.5 to 3.8 (Karovicova & Kohajdové,?&).
I
N,

The amount of salt added to ferment vegetables vari®whetweep 4 t ]'5‘01&;@“&“%
on type of vegetables used. Kimchi achiev % ity \\)Yﬁh 4% salt
concentration, sauerkraut with 0.5% salt anw oli enlaﬁf.wilh 8 to 15%
salt (Meen & Kwon, 1984; Viander et al.,m RQ,;Q

- 7@ . The added salt in
30 )

fermented vegetables draws water an;l?oa lq\iﬂ‘ltiaty fern@tation (Jay et al., 2005).
7]

LAB utilized the available carbohy Js,r glu<@e and fructose, reducing the
pH by lactic acid production v et a}., 20 }.'@crcased in pH and increased in

lactic acid concentrationgi1wgll 'In\ui cl@

&

observed in this slu@gu c ol 2 ﬁl bgdnd 18). Rapid decreased in pH and
increased in titre z &Eidipf N S
-l 5

chili mash SAI g fermemali(&%

similar to t!?\gscrvation made by Kohajdova et al. (2009). Presence of oxidative

yeasigaccCNate the removal of lactic acid and lead to rapid increase in pH, decreased

hm

e §

w2

uccessful for all LAB inoculated sample

in titratable acidity and gas formation that cause bloating in the case of cucumber
fermentation. (Wendy et al., 2011) Once microbial lactic acid is utilized by yeast, a
higher pH developed and a variety of putrefactive microorganisms would grow, fetid

odors and loss in color in fermented vegetable may happen (Binsted et al., 1962).
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4.5 CONCLUSIONS

This study showed that rapid fermentation can be obtained by LAB inoculated
fermented chili mash after 7 days fermentation. Pre-pasteurized fermm&\ li mash
strain to

resulted to controlled fermentation. L. pentosus ALO2 is the b

conduct chili mash fermentation. L. pentosus ALO2 grew well in !ie fermented chili

mash with final count >logio 6 and inhibit mold and yeast gro og1o 2. In addition,
it resulted to stable pH reduction and expectable titrat 1 ty@ed during 28

L4
days fermentation. The rapid fermentation process of fguentedfchil n‘ashc_) y useful

for industrial chili paste production that can short ong des tat@)eriod.

s
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