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ABSTRACT: Browning of fresh minimally processed bamboo shoots is often encountered during
storage and sale, making it unacceptable to consumers. Such browning can be prevented by
using sulfide group chemicals. However, the use of chemicals may cause allergic reactions in
consumers. Currently, the production of minimally processed products tries to find out a safe
method using biological substances. Thus, this research aimed to study the optimum
concentration of cell free supernatant (CFS) from Pediococcus lolii and soaking duration for
browning inhibition of fresh minimally processed bamboo (Dendrocalamus asper Backer ex K.
Heyne) shoots. The experiment was performed in 3 x 3 factorial in completely randomized
design. Two factors, concentrations of CFS were 0, 50, and 100% (by volume), and the soaking
duration were 5, 10, and 20 minutes, consisting of 9 treatments, 8 replications each. The non-
treated and treated fresh minimally processed bamboo shoots were packed in a foam tray then
wrapped with PVC plastic, and stored at a temperature of 10°C, 90 + 5% RH for 8 days. It was
found that fresh minimally processed bamboo shoots soaked in 100% concentration of CFS at
all soaking durations, showed the inhibition of browning and the growth of microorganisms
effectively (P < 0.01) throughout the storage life, without affecting changes in appearance, taste,
and texture (P > 0.05). Therefore, the CFS from lactic acid bacteria, Pediococcus lolii, can be
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used as a substitute for chemicals to inhibit the browning which is safe for consumers and

environmentally friendly.
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Table 1 Weight loss (%) of minimally processed sweet bamboo shoots soaked with the cell-
free supernatant (CFS) from Pediococcus lolii of 0, 50, and 100% for 5, 10, and 20
minutes, stored at 10°C, 90 + 5% RH for 8 days

Weight loss (%)

Concentration Soaking

of CFS duration Storage time (day)

(%) (v/v) (minute) o 2 4 6 8

0 5 0000 09+02° 23+02® 34203 4.0=x0.3"
10 0000 09+01° 20+01™ 30x02 38=+0.1™
20 0000 1.0+£00° 23+01® 3501 51+02°

50 5 00+£00 1.5+04° 25+03 26+01 40=+0.1°
10 0000 1.2+02° 16+01% 27x04 34zx01%
20 00+00 08+01° 15+01° 20+01 35+01“

100 5 00£00 08+0.1° 21+02™ 22+00 31=x0.1°
10 00+£00 1.0+£01° 15+01% 22+02 3702
20 0000 15+£02° 19+01°* 23+01 38=+0.1%

Concentration of CFS - ns * * **

Soaking duration - ns ** ns **

Concentration of CFS x Soaking duration - ** * ns **

CV (%) - 47.09 23.76 23.20 11.04

Values are mean =+ standard error. Means within a column followed by the different letters are

significantly different according to Least Significant Difference. *, ** Statistically significant

difference at P < 0.05 and P < 0.01, respectively. ns = non-significant difference, CV = coefficient

of variation.
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Table 3 Browning (Score) of minimally processed sweet bamboo shoots soaked with the cell-
free supernatant (CFS) from Pediococcus lolii of 0, 50, and 100% for 5, 10, and 20
minutes, stored at 10°C, 90 + 5% RH for 8 days

Browning (score)

Concentration Soaking

of CFS duration Storage time (day)

(%) (v/v) (minute) 0 2 q 6 8

0 5 1.0+ 0.0 1.0+00 18+0.1° 34+02° 40+00°
10 1.0+ 0.0 1.0+00 19+01° 35+01° 40+00°
20 1.0 + 0.0 1.0£00 20+00° 32+01° 37=+0.1°

50 5 1.0 £ 0.0 1.0 £ 0.0 1.5+0.2° 23 +0.1° 25+0.2°
10 1.0 + 0.0 1.0+00 1.1+01° 20+00" 21+0.1°
20 1.0 £ 0.0 1.0+00 1.0+00° 20+00° 19=+02°

100 5 1.0 £ 0.0 1.0 £ 0.0 1.0 + 0.0° 1.0 + 0.0° 1.0 = 0.0°
10 1.0 £ 0.0 1.0 £ 0.0 1.0 £ 0.0° 1.0 £ 0.0° 1.0 £ 0.0°
20 1.0 £ 0.0 1.0 £ 0.0 1.0 £ 0.0° 1.0 £ 0.0° 1.0 £ 0.0°

Concentration of CFS ns ns ** ** **

Soaking duration ns ns ns ** **

Concentration of CFS x Soaking duration ns ns w* * *

CV (%) 0.0 0.0 17.94 8.98 11.23

Values are mean + standard error. Means within a column followed by the different letters are

significantly different according to Least Significant Difference. *, ** Statistically significant

difference at P < 0.05 and P < 0.01, respectively. ns = non-significant difference, CV = coefficient

of variation.
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Figure 1 Browning of minimally processed sweet bamboo shoots soaked with the cell-free
supernatant (CFS) from Pedliococcus (olii of 0, 50, and 100% for 5, 10, and 20 minutes,
stored at 10°C, 90 + 5% RH for 8 days. DW = distilled water, DO = initial day of storage,
D2-D8 = at day 2, 4, 6, and 8 of storage, respectively.

90



Tuvausy ualdllinsandnwsanngluiin
Wuseezingn 5-10 w1l A&N YL ADUINIWIAS

msdudatuesndaulusinaminulan denali

Lﬂmﬂaﬂimaaﬂmmma mimmammal@aam
i’mlﬁ? AU ULALTDLUATIIIINTALAARNAIY
WU 50 wag 100 L‘l.I@iL‘ZI‘lm ANNTOVLADNTD

a

v o3 . . v
Fugenisiinduinnatunusldlinsandnwsslea

a

pgniiusEavEnm Fensdudinisindinmass
fsvansamfintuiiessoznanisutlutiiaes
\Fouupfiunsauaniniiiudu (P < 0.01) @enrdas
fuemAdeluuzhudouifaussiivhuuudg
viovudes wazudluiidsndenuaiionse
wamfn Pediococcus lolii ANULTNTY 100
Woasidud (neUsunnsg) seuiian 10 wiil @uise
sraensiindianaludonzisdauddlgogned
Usezansnw (Chaisirikul et al.,

fifn pH Aauda (pH~4.5) F1019daNanszNy
GiamivﬁwusuaaLaui%ﬂﬁﬁmeﬁaaﬁmﬁﬁm?{
u’lma Ly poLyphenoL oxidase Wag peroxidase
Hudu shldnsindiiaaanas (Theerakulkait,
2015)
Usunawweaudefiazanetinldesvan
wioldlinsandnunsiudlutindeonie
wuaTi3unsananfniiszduaruidudu 100
wWasidus [Wusvesiian 5 way 20 w7 fUsuna
mauﬁﬁazmaﬁﬂﬁﬁ%mm (Total soluble solid,
TSS) WiumuUszana 3-5 sarusng luds 2-4
Sy vasmssiusne luvait e lsilinsansnusa
Autluhidssdeduna 10 wift fUsua TsS
it 2 eernuing Tt 2 vesmsiiusien anthy

2016) wanaINU
Yy ¥ ¥ oo - ) ..
ULAYWYBLUANILINIALAARNN Pediococcus olii

Usuaw TSS flwurlduanasuazAeudieasd
(Table @) wavifloSeuiieutunisldlinsandn
wAanss13sau wu wisldilinsandauaaiiuegly
didsadouuniiBensauaniniisesuarududiu
100 wWesidus fluSunu TSS wnnnimueldlinag
ansiaudafiudluiidsadeuuaiionsauanin
seAUANITNTU 50 Wasidud waznialilinsan
FaussnssuisnuauedsildodAgydamsais
(P < 0.01) Wil s¥ELAMISWYETUIY 20 Wi
A lUSHN TSS anastinanINSHUYENIUTL 5 Lay
10 11 ognsiitiedAgyneEda (P < 0.01)

NAN1IANYIIIAUABAARDINUNITANE
7l Lactobacillus plantarum Ag30E19LAY7
niesaunvlalngrudunalatey (Nephelium
lappaceum) Tnatfiusnwil 25 uay 10 aeen
wailoa Anuaudmg 75 wWosdusd unan 10
wag 15 U wua1 L. plantarum ANUIDAIAINTIN
vosdnaldosnstnisunasannisguyderesinin
waznshi L. plantarum \igeeg1anenaoldsi
fulalagnu a1u13asNYIAMN MBI kazAL
il TSS waz TA (Martinez-Castellanos
et al., 2009) wonanil viuelsilsinsandaussiing
TudidsadouuediZonsauaniin Tnglanizogn
Sefiszdupnandudiu 100 Wesdud diiinsmela
LLaumimamLaﬁﬁuﬁaaﬂdmﬁdﬁlﬁimmﬁﬂL,wiq
ﬂ‘i'ﬁﬂJ’Jﬁﬂ’JUﬂN lml,amsua:ua) Faih Feonafuly
lmmualﬁlwmammLmeL%MuWLaENLGUEJ
wuafidonsananininisidsunlamesuSu
drmadadiuemsazauiioudndon edanalsi
Usune TSS wnnniuieldlinsansdinumninssuid
AIUAY

JsasIneIMansinuas UA 54 aUUA 1 UNSIAL-INLIEU 2566 91



e MiseugoMsIAnFUnanaudLK DI

Table 4 Total soluble solids of minimally processed sweet bamboo shoots soaked with the
cell-free supernatant (CFS) from Pediococcus lolii of 0, 50, and 100% for 5, 10, and 20
minutes, stored at 10°C, 90 + 5% RH for 8 days

Total soluble solids (°Brix)

Concentration of Soaking

CFS duration Storage time (day)

(‘Vo) (V/V) (minute) 0 2 q 6 8

0 5 58+0.1 57+01° 50+01° 50+01° 45+0.1°
10 58+0.1 51+00° 502015 49+01° 45=0.1°
20 58+0.1 52+01 51x01° 46+01% 46=x01¢

50 5 58+0.1 53+01% 51x+01° 49+01° 45=0.1°
10 58+0.1 55+01 51+00 49+0.1° 46=x0.1“
20 58+01 55+019 51+01° 48+0.1° 48=x0.1°

100 5 58+0.1 63+01° 63+01° 61+£02° 59=+01°
10 58+01 60+01° 58+01° 55+01° 54+01°
20 58+0.1 61+01® 61+01° 59+01° 57=+01°

Concentration of CFS ns x* *x x* *x

Soaking duration ns ** ns ** *

Concentration of CFS x Soaking duration ns ** ** ** *

CV (%) 4.18 4.71 475 5.61 5.38

Values are mean + standard error. Means within a column followed by the different letters are

significantly different according to Least Significant Difference. *, ** Statistically significant

difference at P < 0.05 and P < 0.01, respectively. ns = non-significant difference, CV = coefficient

of variation.
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Table 5 pH of minimally processed sweet bamboo shoots soaked with the cell-free supernatant
(CFS) from Pediococcus lolii of 0, 50, and 100% for 5, 10, and 20 minutes, stored at

10°C, 90 + 5% RH for 8 days

. Soaking PH
Concentration of CFS . .
duration Storage time (day)
(%) (v/v) (minute)
minute 0 4 8
0 5 6.0 +0.0 5.5+ 0.0™ 55+ 0.0™
10 6.0+ 0.0 58 +0.1% 53+ 0.3
20 6.0 +0.0 6.0 + 0.0° 6.0 £ 0.0°
50 5 6.0+ 0.0 59+0.1° 5.8+ 0.3"
10 6.0 +0.0 5.9 + 0.0° 59 +0.1%
20 6.0+ 0.0 6.0 £ 0.0° 6.0 £ 0.0°
100 5 6.0 0.0 5.4 +0.1° 53 +0.1¢
10 6.0 +0.0 5.0 +0.0° 5.0 + 0.0°
20 6.0+ 0.0 5.0 +0.0° 5.0 + 0.0°
Concentration of CFS ns ** **
Soaking duration ns ns *
Concentration of CFS x Soaking duration ns ** *
CV (%) 0.0 3.1 4.9

Values are mean =+ standard error. Means within a column followed by the different letters are

significantly different according to Least Significant Difference. *, ** Statistically significant

difference at P < 0.05 and P < 0.01, respectively. ns = non-significant difference, CV = coefficient

of variation.
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Figure 2 Total count of microorganisms of minimally processed sweet bamboo shoots soaked
with the cell-free supernatant (CFS) from Pediococcus lolii of 0, 50, and 100% for 5,
10, and 20 minutes, stored at 10°C, 90 + 5% RH for 8 days. DW = distilled water,
DO = initial day of storage, D2-D8 = at day 2, 4, 6, and 8 of storage, respectively.
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Table 6 Total count of microorganisms of minimally processed sweet bamboo shoots soaked

with the cell-free supernatant (CFS) from Pediococcus lolii of 0, 50, and 100% for 5,

10, and 20 minutes, stored at 10°C, 90 + 5% RH for 8 days

Total count of microorganisms (CFU/g)

Concentration Soaking
of CES duration Storage time (day)
(minute)
(%) (v/v) 0 2 4 6 8
0 5 4.1x10°+ 4.7x10°  5.3x10° £ 6.2x10°  5.4x10° + 5.3x10®  9.7x10° + 2.1x10™
10 50x10°+ 2.3x10°  8.6x10°+ 88x10™  7.8x10°+ 1.4x10™  1.8x10°+ 2.8x10™
20 0 20x10°+ 1.7x10°  1.0x10°+ 7.0x10® 1.2x10°+ 2.8x10™  1.5x10°+ 1.5x10™
50 5 00+00 6.0x10%+ 2.3x10°  3.6x10°+ 4.9x10°  4.1x10° + 9.6x10°
10 0000 0.0 +0.0° 1.2x10°+ 1.5x10°  1.6x10° + 7.4x10™
20 0.0+00 0.0 +0.0° 9.4x10 + 53x10°  4.7x10% £ 2.2x10™
100 5 00+00 0.0 + 0.0 0.0 +0.0° 00 +00°
10 0 00+ 00 0.0 +00° 0.0+ 0.0° 00 +00°
20 0 00+ 00 0.0 +0.0° 0.0+ 0.0° 00 +00°
Concentration of CFS - ** ** o **
Soaking duration - ns ** ns ns
Concentration of CFS x Soaking duration - ns . * >
V(%) - 1289 318 76.0 49.8

Values are mean + standard error. Means within a column followed by the different letters are

significantly different according to Least Significant Difference. *, ** Statistically significant

difference at P < 0.05 and P < 0.01, respectively. ns = non-significant difference, CV = coefficient

of variation.
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Table 7 Visual acceptance of minimally processed sweet bamboo shoots soaked with the cell-
free supernatant (CFS) from Pediococcus lolii of 0, 50, and 100% for 5, 10, and 20
minutes, stored at 10°C, 90 + 5% RH for 8 days

Visual acceptance (score)

Concentration Soaking

of CFS duration Storage time (day)

%) (v/' minute

(%) (v/v) (minute) 0 ) p p 8

0 5 4.0 +£0.0 34+02 32+02 3.0x05 28 +0.5
10 4.0 +0.0 36+02 3602 32x02 26+04
20 4.0 +0.0 34+02 36+02 32+02 26+04

50 5 4.0 £ 0.0 3602 3602 36+02 36=+02
10 4.0 +£0.0 38+0.2 40+00 40x00 38=+02
20 4.0 +0.0 40+0.0 38+02 40x00 38+0.2

100 5 4.0 £ 0.0 38+0.2 3602 40x00 4.0 £ 0.0
10 4.0 £ 0.0 4.0+0.0 3602 40x00 4.0 £ 0.0
20 4.0 £0.0 38+0.2 38+02 38x02 4.0 +£0.0

Concentration of CFS - * ns ** **

Soaking duration - ns ns ns ns

Concentration of CFS x Soaking duration - ns ns ns ns

CV (%) 0.0 12.05 13.25 14.17 17.99

Values are mean =+ standard error. Means within a column followed by the different letters are
significantly different according to Least Significant Difference. *, ** Statistically significant
difference at P < 0.05 and P < 0.01, respectively. ns = non-significant difference, CV = coefficient
of variation.
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Table 9 Storage time of minimally processed sweet bamboo shoots soaked with the cell-free
supernatant (CFS) from Pediococcus (olii of 0, 50, and 100% for 5, 10, and 20 minutes
then stored at 10°C for 8 days

Concentration of CFS (%) (v/v) Soaking duration (minute) Storage time (day)

0 5 4.3 + 0.3
10 4.0 £ 0.0°
20 4.0 + 0.0°
50 5 7.8+ 0.3°
10 6.5+ 0.3°
20 7.8+ 0.3°
100 5 8.0 £ 0.0°
10 8.0 £ 0.0°
20 8.0 +0.0°
Concentration of CFS **
Soaking duration *x
Concentration of CFS x Soaking duration **
CV (%) 791

Values are mean + standard error. Means within a column followed by the different letters are
significantly different according to Least Significant Difference. ** Statistically significant difference
at P < 0.01. ns = non-significant difference, CV = coefficient of variation.
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