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Abstract

This study aimed to determine the most suitable lyoprotectant for preserving bacteria by standard
lyophilization. Three lyoprotectants, including skim milk, sucrose and monosodium glutamate (MSG), were
evaluated at concentrations of 10%(w/v) were evaluated for their protective effects on the survival of the Gram-
negative bacteria, Escherichia coli, and Gram-positive bacteria, Staphylococcus aureus and the spore-forming gram-
positive bacterium Bacillus subtilis. In addition, a modified lyophilization process was developed by replacing
primary drying step with liquid nitrogen to reduce the processing time while maintaining long-term bacterial viability
and stability. The highest survival rate of all tested bacteria obtained when 10% (w/v) MSG was used as
lyoprotectant for lyophilization with primary drying and secondary drying of 3 and 2 h, respectively, after 6 months
preservation at 4°C. The survival rate of £. Coli, S. Aureus, and B. Subtilis were 99.02+0.43%, 96.03+0.24%, and
94.02 + 0.30%, respectively. However, this method was time-consuming. Therefore, this study used liquid nitrogen
instead of the primary drying step and selected a 10% MSG as the lyoprotectant. The modified lyophilization
process involved immersing ampoules containing bacteria in liquid nitrogen for 30 seconds, followed by a
secondary drying step for 3 h. The results showed that the modified lyophilization method yielded survival rates
after 24 months of storage at 4°C for E. Coli, S. Aureus, and B. Subtilis of 97.46 + 0.53%, 96.89 + 0.68% and 91.54
+ 0.10%, respectively. These survival rates were similar to those achieved with the traditional lyophilization process,
which had survival rates for E. Coli, S. Aureus and B. Subtilis of 96.28 + 0.25%, 98.15 = 0.33% Wag 92.25 + 0.17%
respectively. Therefore, we concluded that liquid nitrogen can successfully replace the primary drying step,

reducing the lyophilization process by 2 h while maintaining effective long-term bacterial preservation.

Keywords: Lyophilization Alternative Method, Liquid Nitrogen, Lyoprotectant Mechanism, Microbial Culture
Collection, Survival
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Tudumou Secondary Drying wuin nsuglulpsiauwman 30 3wt saufuduney Secondary Drying 3 $lua N1550AT3R
484 E. coli, S. aureus wag B. subtilis Winfu 97.46 + 0.53%, 96.89 + 0.68% Wag 91.54 + 0.10% pud iy Fefinnssen
FAnilndidssiunsrurunslalefilawiuisunsgiunniige AdnsseatinvesnuaiiBowintu 96.28 + 0.25%, 98.15 +
0.33% wag 92.25 + 0.17% auddu Waiiusnwidune 24 ey feumail 4 ssrnwaldoa (nmdl 1)
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aaa 2 1 .- 5 bbb o a b b b
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Standard LN 20s+SD 2h LN 30s+SD 2h LN 20s+SD 3h LN 30s+SD 3h LN 20s+SD 4h LN 30s+SD 4h LN 20s+SD 5h LN 30s+SD 5h

TR (%)

RTINTTTOA

M Ecoli W S.aureus B.subtilis
AN 1 11558ATTM03 E. coli, S. aureus wag B.subtilis vaanszuiun1shalefllawduisuinsgiu (Standard) wazly
Tulnsiauman (LN = Liquid Nitrogen, SD = Secondary Drying) siaganstasiumatudu 10% MSG tiusnwnduiian
24 \fiou Ngaunadl 4 e waldea (enysnuanaaiu (a, b) vinefrnuuandsiusgaideddgymisaiinseduning
A o
193U 95%)

3. MsvagauandulRvasuaiSevasnsiuRsuUBanuls
NNMINTIIAOUAN e NFUg I INEMazNndeURuaLTRvaUATISElnennaeuTuadl uazasIvaeuAIy
AYINIATDIVAOALDNNAVDIUATIFEYY 3 vlla wuTmnaznszuIunslalefllawduuaznniainisiuine axliua



Multidisciplinary Digital Procedia, 2026; 002(03): 0205 Page 8 of 11

nsvegeuiiwilounu Insuuaiissudasvlanaanssuiunisialeflawduidnwaeneduguingwaranaudizad
willeufuwupfisensunssuIumslaleillawdu daanddunisiei 2

A58 2 dnvaizynsduguiveuarauauRTLAluarAu gy IN AT IROALENNATOILUATISY

ANYUENNAUFIUINYY/

o o < E. coli S. aureus B. subtilis
Fumll/ANuUdugyINe

anwurnglindeanssal  deufindung JUTuns deufindiae gUswnan  dewfindiiag sUstwiien adwales

MR + + -
VP - + +

TSI acid butt/acid slant, Gas acid butt/acid slant alkaline butt/acid slant
Citrate - + +
Msiadeud + - +
ﬂ’J’]QJL‘UuﬁEUiU’m’]ﬂ + + +

NHYLNG) Lﬂiammﬁl + MN8EN Positive result/‘waafﬂLﬂUL“UE]lJmmuJu YINA LASBINUNY - WD Negative result

dmsveliinsvesnszuiunislaleflawiitnasguiiimaudsiusiavesensiestuaubutiu wuth MsG §
Funusionaonsifign uazdeiUsuieusunuii 2 nszuiums suinssuiunslaleilawdulagldlulanaumadud
Fumuiininiinszurunislaledlawduisuinsgiulssann 1 vmdenasn lasfunuvesnsyuiunislalefilawduis
unsgrutuiisamasnay 53.16 v lurngdduuesnszuiunslalefilawdulaslilulnsauvaitunaonas
51.97 - 52.72 um Tnesuyuiinilisuagunsaiuararsemsdug Anamealifuararsiostueiudu (el 3)

= o= = 1% ' Vo1 a v aa v a [ <
M99 3 L‘UiEJ‘UL‘VIEJUﬂ'J']iJF’]JJVJHF"I'ﬂ‘U?]’]EJ‘U’ENﬂi%U’J‘LJﬂ']ﬂﬁI’EJWI@L"?IGU‘L!‘VIlIﬂ']iLLUiNu‘Uu@ﬁ’ﬁ‘ljaﬂﬂUﬂ’ﬂllLEJ‘LJ

fuvusiaaan (Um)

Bnsiusnu

Skim milk ylasd MSG
Primary drying 3h+Secondary drying 2h 53.37 53.24 53.16
Liquid nitrogen 20s+Secondary drying 2h - - 51.97
Liquid nitrogen 30s+Secondary drying 2h - - 51.97
Liquid nitrogen 20s+Secondary drying 3h - - 52.28
Liquid nitrogen 30s+Secondary drying 3h - - 52.28
Liquid nitrogen 20s+Secondary drying 4h - - 52.47
Liquid nitrogen 30s+Secondary drying 4h - - 52.47
Liquid nitrogen 20s+Secondary drying 5h - - 52.72
Liquid nitrogen 30s+Secondary drying 5h - - 52.72

d3UNaN1337
PARansagauNsIiUSvUATiSefensyuIunslalefllawduiilds unou Primary Drying 3 $2lus uas
Fupou Secondary Drying 2 $2luwes £, coli, S. aureus wae B. subtilis wuilumswiusnunduna 6 e Viqquﬁ il
ssmgaidea 1314 10% MSG (uanstlostuauidy vilfnissondinvosuuaiiSens 3 mﬁmﬁﬁqm lnan155en3ined £
coli, S. aureus way B. subtilis LYiNAU 99.02 + 0.43%, 96. 03 + 0.24% Uay 94.02 + 0.30% auansy fafunisld 10%
MSG Faduanstlostuauduiivans awaﬂmmmwﬂmiam 3 ¥l IﬂEJIMﬂ’]'i'iEJWU’JG]‘UENLLUﬂVlLiEJﬂV]ﬁﬂ
ﬁ]’]ﬂﬂ’]iUiUﬂiﬂﬂiuU’JumﬂaIanaL%‘Uui(ﬂﬂi‘iﬂuim%ﬁ]umaﬁLLVI‘LJ‘ZJ upew Primary Drying unu3naunsaan
Funounsyianuld 4 Tunsunazanszeviiainisineuld 2 $alug mmmmﬂiumumﬂaIanaL%mﬁmmgmwaJ
11 Funounazldingn 5 $2lus Funeufianadlidmasdonissentinveauniide mssentinveuniiBeddndiAssiunns
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Ausnwdenszuaunslalefilawsuisunsgu Gnssviunslaleflawdulagldlulnsioumar 30 Junit uazdunon
Secondary Drying 3 $alua A4 10% MSG \Juanstiestuanudu TnnssentinveuuaiiSen 3 yilnfian Tngnnssen
F3mv04 E. coli, S. aureus way B. subtilis W¥infiu 97.46 + 0.53%, 96.89 + 0.68% Wag 91.54 + 0.10% ANA1FU LioLAv
Snwndunan 24 1eu ﬁqquﬁ 4 pemgaldea
\ensndeudnvurmsduguiveuasaaounuaiivesuuafidsnaznnaaeuanuiugynniavesviaon
uewwavaILUATi3esi 3 wlaudsnszuaumislalefilawiuiBunsgunasnszuaumslaleflawdulagldlulasiauman
Wushwiduna 24 Weou wud wueiieusazydafidnuvazmsdugine s auaudiduaiindouduiuafisenounis
iusssenszuaumslalolaiwdu mﬂmamimaauﬁmm’j’lLmﬂﬁﬁﬁlﬁ@mauﬁamﬁamau wenanidEnsasiusne
Isfszznanuuia 24 WeudesnuuaiiFeluvasauesmagniivluaninzayania foumgd 4 ssrnisaidea

aAUTINANIT DA DL UBLUZ

NanpgaUINATeinuin sl 10% MSG Wuastestuaundu wilnissendinvesundiiers 3 viad
fign 39 MSG LHunsnerdlufithnalinanauunadnaunsndndwadiumadorusaduarraomsnedvowdmiudals
Tukazueniwad AuguAIsueealudn wazanusadluviufasenduniaivondavestsiuiieriunuiaiiosves
lassasneqdunidfsaunsaunteqdunigananududnlad (Carvalho wazame, 2003) U389 Carvalho et al.
(2003) 714 MSG 1uanstestumnubudienseuiunisialeflawduiiefiusnuwuuaiide 5 vin léud Lactobacillus
bulgaricus, Lactobacillus plantarum, Lactobacillus rhamnosus, Enterococcus durans wa e Enterococcus faecalis
Wutian 120 Ju ﬁ'qquﬁ 20 serwaldua luililn Inouuaiisefin1ssendanwintu 95.25, 93.28, 97.59, 92.08 uay
96.20% AU FeeAdeinuin MsG WuanstestumnuduiifiussavsamilunsiusnuuuaiiSonannsauanin
MSG Hretfiunssendinseninemsiiuinw iesnamnuiaiiosvestassainalusiusewinagesilures MSG Funyans
vendavedlusiuveauniiise wenanil Lactobacillus acidophilus ATCC 4962 Mfiudnunsmensyuiunislalofilawedi
Tagld MSG Avandadu 0.39% Wunan 8 §Unvi figuwgdl 28 ssrwaldoa awsonTin 72.11% FesonTinuinniinisly
glasaduarsdestuanudunaznisliiinarstestuanuusgnininszuiunisialefilawdy (Pyar uay Peh, 2014)
dmSunIAeves Tanimomo wasAnz, 2016 fidnwinmsiiusne Bifidobacterium Crudilactis fenszurunslaleillaw
ﬂjﬂﬂumumau Primary Drying 69 mim hae Secondary Drymg 6 mlm wagld MsG Wuanstesiuanudy aunsaiu
snwifigungdl 4 ssmwaifoa 1uszezinan 6 e WLLUﬂMstmssammUs W4 90% dmTun1sUTUYTe
ﬂiumumﬂaIaW"LaLazjsuuiﬂaiﬁluimwumaumusuumau Primary Drying 1u wuAfiiseiinssendingufieuiindunisly
nszvrunslalefilawtuidunsgruvdsnsiivinuiigungd 4 ssrwadea 1Wuna 24 1ieu TnefuuafiFedns
AniaTRviTouAiliAsunlas fiaenndeatunuideves Strasser et al. (2009) Aildnwinsiunvinueiizondnnsn
wanRn 2 ¥l fe Enterococcus faecium waz Lactobacillus plantarum fenszurunishalelawduiildasdestu
anudu 4 vila Ao nalaa glasa nisnlaa uazuealaanaiu tAvinwifioamai 4, 22 way 35 ssAwaldea wui
wUASETs 2 mﬁmﬁﬁmiﬁafﬂ‘?ﬁmlé’ﬁﬁqmﬁmﬁu%’nmﬁqmmﬁ 4 psrwadea uagluiifin uazeuiduves Shekh et al.
(2020) Al¥nszuaumslalefilawdulunisyiuis Lactobacillus plantarum GP sreanstlosfiunnuunatssiin vieens
deafuenduviiafenazuan 1wy wanlaa glasa warusmsosiuue lnafuinwiiguvnd 4 ssmwaidoa 1unan 6
Wau wud Lactobacillus plantarum GP 1439580311089 98% wazdnsanaudainilousial

nsvvaumslalefilawdulngldlulnsaumaiunuduneu Primary Drying avtisanszeziatsiiunisogan
suaUsEndaus ey ﬁﬁunu@iﬂ%mﬁ’l uazanAlginereInIAIn 1o mmmﬁmixmumﬂaiamaL%%’uﬁﬂ%’uﬂqqﬁlﬂ
UssndldiunuaiiSeunsuuinuasuaiiGeunsuausiindu sasBaduaruiinduilddniunmaiounsaeunasanide
YBINIATYVIRATIINGT AULINYIANENS JUIRINTAUNMINGISY ﬁm%’umﬁ%’mﬁmﬁﬂuamﬂm fmsAnwnisiiusne
qdunsdnn 9 T WJunanegiedes 5 T vedeuniig mimmﬂwwaumwammwamauammu -20 DA LALT B E
Wisuisuiuifuinunilgamgil 4 ssmwaldea samfenisaaeuansiesiuanuburindu o Hanuuriaisuaye
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