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Development of controlled ethanol vapor release sachet for shelf life
extension of fresh-cut Baby Cos lettuce
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ABSTRACT: Baby Cos lettuce is a salad that was popularly consumed due to its sweet taste and crispy texture.
However, ready-to-eat Baby Cos lettuce has a short shelf life, typically only lasting 3 days at 4+1°C. Baby Cos lettuce
is easily spoiled because there is a large amount of water content within the cells, and the wounds from trimming
are easy for bacteria to grow. If it was a disease-causing bacterium, it could be dangerous to consumers. Therefore,
the objective of this research were to develop an ethanol vapor release sachet to be applied with packaging of pre-
trimmed and ready-to-eat Baby Cos lettuce, as well as to study the effects of using the ethanol vapor release sachet
on the shelf life of ready-to-eat Baby Cos lettuce. The ethanol sachet, size 3x3 cm, consisted of 1 gram of silica gel
saturated with ethanol liquid. Three types of laminated film were used with the ethanol sachet, namely low density
polyethylene (LDPE), fresh&fresh and perforated aluminium/PE sealed with aluminium/PE on the other side. The
study demonstrated that using aluminum/PE vapor release envelopes with small holes, combined with ethanol
evaporation sachet, effectively slows down the growth of microorganisms in fresh cut baby cos lettuce. This method
was significantly more effective compared to the control samples that did not use ethanol released sachet, as
indicated by a statistical significance (p<0.05). In terms of sensory quality, the study found that consumers preferred
the salad packaged with these ethanol vapor release envelopes. These vegetables were rated higher for freshness,
color, aroma, and less browning of the cut areas, This suggests that the ethanol vapor release sachet are effective
not only in extending the shelf life by preventing microbial growth but also in maintaining the sensory quality of the
vegetables. Using the ethanol vapor release sachet, the maximum shelf life of the ready-to-eat fresh-cut baby cos
lettuce was extended to 6 days. In contrast, the control samples, which did not use the ethanol vapor release
sachet, had a shelf life of only 3 days at a temperature of 4+1 degrees Celsius. This demonstrates the significant
benefit of using ethanol vapor release packets in preserving the quality and extending the shelf life of fresh-cut
vegetables.

Keywords: ethanol vapour controlled release sachet; ready to eat baby cos lettuce; shelf-life extension; active
packaging
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Table 1 The maximum ethanol vapor concentration released from a different ethanol vapor release sachet in a

450 mL incubated at 4 °C and 85% RH

Treatment Ethanol vapor concentration (ppm)
Control -

LDPE 29,598.9 + 1,487.8°

F&F 33,706.9 + 1,512.5%
Perforated Al/PE 39,889.6 + 1,746.7°

Values are the mean of three replicates + SD. Means followed by the same letter are not significantly different

(P>0.05) within the same storage period. Lower case letters are used for treatment comparison during storage.
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Figure 1 Ethanol vapor concentration of ethanol vapor release sachet in chambers box contains 450 mL, kept at

4 °C and 85% RH.
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Table 2 Weight-loss percentage, total chlorophyll content of baby cos lettuce kept in packaging with a different

ethanol release sachet during storage period at 4°C and 85%RH

Storage period total chlorophyll content

(day) Treatment Weight loss (%) (mg/kg™)

0 control 0.00+0.00 0.089+0.001°
LDPE 0.000.00 0.082+0.002°

F&F 0.00+0.00 0.072+0.000°

Perforated Al/PE 0.00+0.00 0.096+0.001°
3 control 0.12+0.04 0.073+0.002°°
LDPE 0.12+0.02 0.069+0.000%

F&F 0.09+0.01 0.068+0.002"

Perforated Al/PE 0.09+0.01 0.075+0.002°

5 control 0.17+0.04 0.069+0.001
LDPE 0.16+0.02 0.070+0.001

F&F 0.13+0.01 0.067+0.002

Perforated Al/PE 0.10+0.01 0.067+0.001

7 control 0.24+0.05° 0.060+0.008
LDPE 0.21+0.02°° 0.052+0.000

F&F 0.17+0.01% 0.055+0.001

Perforated Al/PE 0.12+0.01° 0.056+0.001

Values are the mean of three replicates + SD. Means followed by the same letter are not significantly different

(P>0.05) within the same storage period. Lower case letter are used for treatment comparison during storage
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Figure 2 Weight-loss percentage (a), total chlorophyll content (b) of baby cos lettuce during storage period at 4°C
and 85%RH.
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Table 3 Antioxidant Activity and Total Phenolic Content of baby cos lettuce kept in packaging with a different

ethanol release sachet during storage period at 4°C and 85%RH

Storage period (day) Treatment Antioxidant Activity Total Phenolic Content

(ugTrolox/g FW)

(bgGallic/g FW)

0 control 195.36+3.85° 9622.5+75.2°
LDPE 192.22+0.85° 9679.5+164.2°
F&F 205.31+1.34° 9541.7+147.6°
Perforated AU/PE 206.44+1.77° 9268.9+75.7°

3 control 202.19+3.83° 9628.8+141.7°
LDPE 217.31+0.81° 10149.9+167.6°
F&F 218.76+3.10 9800.1+96.2°
Perforated Al/PE 208.84+0.51° 9780.3+107.1°

5 control 218.53+1.25° 10359.0+62.4°
LDPE 216.52+1.43° 10089.7+135.0°
F&F 233.50+0.79" 9818.2+92.8°
Perforated Al/PE 237.69+1.91° 9983.3+116.9°

7 control 254.48+2.62° 10640.7+116.8°
LDPE 239.33+3.20° 9969.7+193.1°
F&F 239.06+1.37° 10197.0+107.1°

Perforated Al/PE

233.06+£1.17°

9931.8+92.8°

Values are the mean of three replicates + SD. Means followed by the same letter are not significantly different

(P>0.05) within the same storage period. Lower case letter are used for treatment comparison during storage

MNMINTITATIERTegAunEEnyTUiina total aerobic bacteria vosinadaiudnearausmiouudlnaiiliues
muaﬂaizmawmuaaﬁg& 3 wiln WisUIBURUgAnIUAY Seriemsiiuinuiigumall 41 ssmwaiBea uszeznan 7
Ju (Day 0, 3, 5, 7) wudndiAuLAnA el tsd Agyn19ads (p<0.05) Feiunltnfiudumnuszesnansiiusnwm lag
fnadauinearausmiouuslnaynaiuauiiusina total aerobic bacteria wnnnindnadauineadaurmiouuilnadily
gosdoslespimeienuoatis 3 vwila (Table 4) lnglufuil 5 dnadaudaoaiaudmdonuiined yaauau Tusiade
wnnIgenuallessvelenueatia F&F, LDPE wayPerforated AUPE iy 7.36+0.00 5.49+0.00 5.39+0.00 Uag
4.38+0.01 log CFU/g snuansu (Table 4) %aﬁJuwammmlmmaLamuaaﬁﬂmauﬁﬁiumimaaﬂmﬁwmLe?iyaﬁﬁw%é
(Antimicrobial activity) @eandesfiunuIdevesdsime wazane (2560) lunisligesdaeslosumeieniueasiniuussg
Ausiussquzaznadaussaanuin vssadusifidnisldsesaoslessiveieniuea Idnenmlunisvzasnisiaiaues

Woqdunsdlafanindmaaeniunu IufiuiuTeaues Bai et al. (2011) Menuiitlessimelemueatieszaonisiia

AUNIIUTIUMUVDIRNIYET
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dwiunstssfiulszamdudamadnuazdsingauninlasuvesdnadaud noadaudanieuuilaadldves
muaulessmelenuear 3 ¥in wWisuifisuiugnmuny (dldesmuaunisUdeslossmeienueassnitnisfvinud
gaunnil 4+1 ssmwaidea 1uszeziian 7 Ju (Day 0, 3,5, 7) Wmf']rﬂ’ﬂaé{mLuffﬂaaﬁmwhw%'auﬁimsqmmuq:u wagen
adaiudroadausmionulnaillivesmunulessiveieniueatia 3 sladianuuanisiuediedifoddymaada (p<0.05)
Tnglutuil 5 wuidnadaudaoadaudmisuuilnagpamuauiinzuuunsiudnuuzdnngaunimlaessnidnadaud
ﬂaaﬁﬂLLGNW%E]JJU%IJWﬂﬁi‘g‘l]aﬂﬂ’mﬂiﬂaizLWJL@VI’Iuaaﬁgﬁ 3 %ila (Table 4, Figure 3) wansliiuindnadaud noasauss
niouvslnafilivesnuanlossmeleniuoas 3 vindieavaomaiinds warBaorgnisadminevesinadaudneadin
uimfouuilng aonadosiuauidevesuniom uasany (2560) Amenuiwavetlosseomutisrrasnnindina
U31IMHAYDIABINGY LATTIBNUTBS Suzuki et al. (2004) Faldsenuinlessmelionusailiiusonodilifnadaideudy
i vseneafilullldresdeslesumeiouea Ssmaiindihmadsasdednuns meueniidunalddeniavesinadadn

weansouUslnale

Table 4 Microbiological analysis, sensory quality and Shelf-life Evaluation of baby cos lettuce during storage period

at 4°C and 85%RH

Storage period (day) Treatment Total Aerobic Bacteria Sensory Quality
(logCFU/9) (score)

0 control 3.40+0.00 9.00+0.00
LDPE 3.40+0.00 9.00+0.00
F&F 3.40+0.00 9.00+0.00
Perforated AV/PE 3.40+0.00 9.00+0.00

3 control 5.31+0.00° 6.80+0.33°
LDPE 3.51+0.01° 8.20+0.33
F&F 3.44+0.00° 8.40+0.22°
Perforated AV/PE 3.30+0.01¢ 8.80+0.18°

5 control 7.36+0.00° 4.80+0.18°
LDPE 5.39+0.00° 7.00+0.28°
F&F 5.49+0.00° 7.60+0.22°
Perforated AV/PE 4.38+0.01° 8.40+0.22°

7 Perforated Al/PE 6.21+0.01 7.60+0.22

Values are the mean of three replicates + SD. Means followed by the same letter are not significantly different

(P>0.05) within the same storage period. Lower case letter are used for treatment comparison during storage
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Figure 3 Sensory quality of baby cos lettuce during storage period at 4°C and 85%RH.
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v
a o t%

Wluvsege/nassmanain 1ludu seylilidviugduvsgvianun doendn 6 log CFU/g §sa1nnanisvaassnuindnadaiud

Aoadaunsanuslng veaamuAudusunandegdunsdeglunaeinissensuauiisiud 3 veansiiiuinu@asiniidn

adnulneadnusianiouuilnaflivasnunuloseveiemusans 3 vin lne goswiln Perforated AUPE, F&F uag LDPE &

918MTININUY 6 T, 5 U Uag 5 Tu Awa1U (Tableb)

Table 5 Shelf-life evaluation of baby cos lettuce during storage period at 4°C and 85%RH.

Treatment Shelf-life (day)
Control 3
LDPE 5
F&F 5
Perforated Al/PE 6

GR

3

M navesmsUdesloszmetemusannvesmugunsUdeslosemeiomusanuinyinvesianiitianiies
Udegleszmelemusaiinasiouuunisudsslessmelionusadsiimnudutuvedloszivelemusaiiuandnaiu Tnswves
Uneglossivglomueaviinegiiilonnesdiang (perforated AVPE) dfnanuntutulessiveionueageganasnsseslian
mafiudnm mudievesUdeslosemesin F&F uar LDPE Tnsfidaududulossmeenusannasnmudidu Snilges
Udeslossmsiomusariinegiiiemesdiansy (Perforated AVPE) anunsafnwiguninvasinadaiudaoadausmion

Uslaalnefiusedvannvzasnisagdetnanuesinadn seaonisidendaisvesnaslsiladuazansdnueyyadase veaonis

WSAULATeRAunTd waserassiUasulUawinvusUIngneuenveIinasauUneadnuinsauuslna Fanvae
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