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ABSTRACT

Probiotic lactic acid bacteria require robust culture and freeze-drying processes to maintain high viability for functional food
applications. In this study, the culture and freeze-drying conditions were optimized to produce a high-density freeze-dried powder
of the Lacticaseibacillus rhamnosus 1.22-FR28 (KACC 92513P). The strain was cultivated in a food-grade medium containing
2.5% yeast extract, 1%-2% peptone, and the antioxidant L-cysteine, with glucose concentrations of 3% (BC3) and 5% (BCS).
Cultivation was caried out in 5 L fermenters with the pH maintained at 5.7. After cultivation, the cells were harvested by
centrifugation, resuspended in a cryoprotectant mixture [2% (v/v), based on culture volume], rapidly frozen, and freeze-dried to
obtain probiotic powders. The freeze-dried powder produced in 5% glucose medium showed a viable cell count of 3.74 X 10"
CFU/g and a freeze-drying survival rate of 81.66%, which were significantly higher than those obtained in the 3% glucose
medium (1.91 X 10" CFU/g and 63.88%, respectively). These results suggest that the optimized culture and freeze-drying
conditions established in this study enable the production of high-density, high-viability L. rhamnosus 1.22-FR28 powder and
may be useful for manufacturing industrial-scale probiotics.
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THEH FHYRAYEL23Y(KACC)ol| KACC 92513P Mo =
7Z1g=o] ok AdA BHE 7= L rhamnosus 1.22-FR28
g 1 mLell 100% glycerol 0.5 mLE &33le] —80T %
-2 W5 3(DF8517, llshin BioBase Co., Ltd, Dongducheon,
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TFE 3153 5 MRS agar(Difco, BD, Franklin Lakes, NI,
USA)o| =&ate] 37ColA 24 hr Wit AE @
ks TS v 23] F7F Al B kg & A= Hj <]
ARESEATE A= Hlge Ed3tE T HEE MRS
broth(Difco, BD, Franklin Lakes, NJ, USA)°l| 1%(v/v) B]&
2 FHFslo] 37CAA 18 hr A=A wjksllon, HAujge
A= g S Al 1%(viv) &R FFst] 2
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& Table 19 AASIATE ]S 21F5+ viA] 3.0 L= =)
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Table 1. Food-grade medium compositions used for cultivation of L. rhamnosus 1.22-FR28 (unit: %, w/v)

A B C D E BC CC BC3 BCS
Glucose 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0
Sodium acetate 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
K,HPO, 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
MnSO4 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
MgSO0, 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Tween80 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Peptone - 1.0 2.0 - 1.0 1.0 2.0 1.0 1.0
Yeast extract 2.5 2.5 2.5 2.5 1.0 2.5 2.5 2.5 2.5
L-cysteine - - - 0.1 - 0.1 - 0.1 0.1
2. Flask Bi} M54 F4 3 sfAAZE =X} 74 WA= Azt ek E56ke] 1214 15 min &
Flask scaledl| A L. rhamnosus 1.22-FR282] A Hl|okA| 7t QF 1S 7] Hste] sk T HiE wiRE A 2oA
< AR Yste], @A FFZ MRS broth(Difco, BD, 888 ¥, L. rhamnosus 122-FR28 A= WHFH-Z 1%(v/v)
Franklin Lakes, NJ, USA)ell 1%(v/v) H] &2 FHF3 F 37C vl &2 HFste] 37CA 24 hr B+ FX] vt L
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HjFd o] FHEE 600 nmoll A 3F=A(GENESYS 108,
Thermo Scientific, Madison, WI, USA)E- o]-&-3}o] =743}
o} ZF Al7H 9] ODgy 3k L. rhamnosus 1.22-FR28-2 flask
scale® =208 33| wjkate] S g ko] HHow A
ot U3527] F5 AIEE ddslr] fsted xS
F A, t)Arele] R Al RS E(AODg/A)E Al
A5t o H, o714 AODgoe 69} ti9l1412] ODgoo #421 2Fel,
A= 5 AR Atele] kAR o= g eletiTt. bl
Ad] JEEE7) 7H4dte] 09l] FH 3L ODey 57HF B A
He AdS AAVAEA7]) YAz e e
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Survival rate (%) =
Total viable cell count after freeze-drying 100
X

Total viable cell count before freeze-drying
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RE Ae S o® 33 o vbE Fgsiilon, ¢
o7 Hlo]E]& SPSS Statistics ver. 23(IBM Corp., Armonk,

NY, USA)= ©]-&sto] £Aeiqith Adte Hd+EFAA=E
R AT BC39F BCS, BC9F CCot 2o 7 A2 75 H
w3k Afol= SYREE -7 (independent-samples t-test)=
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1. L. rhamnosus L22-FR28 H|tA|Z}F %A 5}

Flask scale]] MRS brothol] vl3t L. rhamnosus 1.22-
FR289] A82H S BA3 ATNFig. 1), 5 ATE )k
11 hr77bA] ODgo #k°] A|&2 o2 718l aL, vieF 11~13
hr P e S7F Fo] A fdasiiich 2 Azt e
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Fig. 1. Growth curve and specific growth rate of L.

rhamnosus 122-FR28 in MRS broth at flask scale. Optical
density at 600 nm (ODgy) and interval growth rate (AODggo/
At) were monitored during incubation to determine the
optimal harvesting time in the exponential phase.
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Hl<F 11 hr o] $REl= AFEE7E 4ste] vk 13 hr Al
Ao A= AODgy/A7F 09 FH3tdTh viek 13 hr o] =
ODgoo #4- Al =5 v el A 5 plateau W32 B3 om
F7HER] 7k A #EEA] Eskonz, o] AlFlA L.
rhamnosus L22-FR28°] ti521712 28311 A A7) 2
A3 Aoz FAstt) wheba flask scaleol| A Q] A-&2%Q]
A v FAIZ rﬂrv*—.‘ﬂ Z8 AH v 12 hr AFE
ARt slo] Adsitta ddsion, HujgFe R gt
g 12T grbE &4 l w2 2}7] A 8 (self-inhibition)
£ # A3 -?45]] o] AujeF & 5 L jar fermenter HEuj ok

ME 12 hrE HEF WIYAIZE 79%0}3511:} QALFO
MRS v} 2ol 470 e B4R HH° ) gg
a2 G7)Ak xq oj ok 7‘:‘1 H A3 = ola] Al

4 ANE Aom A% Swrt ek, B4 olF 44
bl Al AE YEET 71ege] AskE 5 slems
(Leroy F & Vuyst LD 2001; Papadimitriou K 5 2016), ==
Hlo] 98 YA NN ARTH, HASE, pH - 20E

ol - dad HobA oF AT

Ao AA 53 RS ARAE A F5 ¥5 A=

T T 1
M AEET 75 Al %ﬁé}v}ﬂ Huwn
ATHSin PY & 2024). webA] & AtellA] A ek EF vl
B

GAIZY 12 hre L. rhamnosus 1.22-FR282] DA XU T 3
o} FAl HEg 2B~ wES 5] 91¢ FelAel
Tolet AtrdEnh ojg Ade - g3l R ol
2 A A vt TR A A e 24EA 27
= AgsiH, 3 =2 HA5E gall w5 =83 7]
54 fA%e U 288 5 9 Aoz DuEd,

2. HiX|=Mo|| & dHsEY

Hj=] 2ol WE L. rhamnosus 1L22-FR282] A5 542
Bkl flal, Ay Bxla 245 2l 55 wiA]
(A~E)ell T2 AFate] gt & 53 vATEE vl
SISATHFig. 2). 25 WAl 2E(E=T 3%, 7719, HEIA}
Syl AREZE 25%wN S TEOZ E3E A~D HlA
oA, Wi 24 hr 7] AODgoo["H%F 0 hro} 24 hr Aol
ODgo ZF0l]E BEIE 1.0%)914 7.98, C(EHE 2.0%)00 4]
93002 7P Eskon, ARFEE TEE L.0%E HEE
HIA] o] A= AODgo°] 5.96. 2% 7H4 SktH(data not shown).

Microscope
magnification
(x 400)

Microscope
magnification
(x 400)

Fig. 2. Microscopic images of L. rhamnosus 1.22-FR28 cultivated in different medium. (A~E) Cultures grown in candidate
medium A~E containing different nitrogen sources and additives (see Table 1 for detailed compositions). (BC) Culture in
BC medium (3% glucose, 1.0% peptone, 0.1% L-cysteine). (CC) Culture in CC medium (3% glucose, 2.0% peptone, no
L-cysteine). (BC3, BCS) Cultures grown in BC medium containing 3% and 5% glucose, respectively. Cells were collected
at the end of incubation and observed by light microscopy (x 400).
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Fig. 2. Continued

T3 HE FE 1%B)S 2%(C) Hlaol A= AODgwol 1.32
S71% B, ERFEE FEE 2.5-1.0%=2 1H4A1Z] BoE
B Wol| A& AODg©| 2.02 74431, L. rhamnosus 1.22-FR28
ANA ERFZE FEIt A5 nAe dFFe] = FEE
oo 2 Ao® ERIHATE ol ARFZEC] o
HEN, 7Ee eEE 5 53 Jd4dS =
S op e} Akt nE UL FHUoR 288
Aol A& Al S SAATIH, HE dEET B2
AE 9z Fgo 7loitte A8 A7 Aol dx|gtt
(Liu B & 2010; Choi GH & 2021; Tao Z & 2022).
du)7g B A}, vl 7 hre Al B} C HlA] & A
Ao & AE Bret 37 AlErt golg] dHE eA =
A71-8-% (auto-aggregation) F/do] FEE A thFig. 2). A7
SR ikt e Tl g g Al ofs) wizEw A
B E 52 A A AdkE ZRulo]oE 54O
2 By v glov HAEe P widd A SUbet =
2 FE THE s gl vy 2 A £
4 )t Zawistowska-Rojek A & Tyski S 2018; Wang S &
2024). ¥FA, LA 2H Q1S Btz H7sl D vjA| oA =
T AZHel] AlEZ7) g oz 2 FakE PeE dEy
A1, 2 F Folgle] 4 Wlmrt askithFig. 2). L-
A|2ER1E frabat vl dell 4] ShdA] B gatkst B A2 A}
SEm, 58 2ddA g F 48t 2EHAE gElsta
Az AEE e AT 5 P Easo] ot
(Dave RI & Shah NP 1997; Santiesteban-Lopez A & 2013).
B AT9] flask scale 704 L-A]2HQl X7} AODgy
I+ & A5S Tl S7HI7IAE gked, dnd &
F2 Bl AIE &3 A =E dslehe A4 A Aol gl
on, $& Y TREX 4 A gL wiF % g 58
Hale d Bxxon &483 + S slor Add
= Z3151H, L. rhamnosus 1L22-FR282] 14|
T oulgs sliAe HE TR STMeRE AV A

o=
 ERFEE FUS TR KA%R 2] TR, L

3Q i N
_ll
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lo ki S
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ot
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A zH QT e Bz RS B8d) st e e o
glels Aol 3% & FHolA T & S AlAE
th. WebA 5 L jar fermenter A @A E ASo] S35 B &
C HIRZ 72 A o2 Mdsta, of 7] L-AAH S X
ZAAE F743 A2 s

3. LAIAHIQl Aol e ds &4

Flask scale W Foll 4] A5o] 93 B, C vix|E vl
2, HEY LA2H 240] T2 F ZABC: HE 1.0%,
L-A1 Z=E€1 0.1%; CC: E 2.0%, L-A]2=H]¢l FH7hS 5L
jar fermenter ¥j%Fol] K83k L. rhamnosus 1.22-FR282] A
£ 5AS vBlwstddnh M 12 hroll A BCO] §3=F At
e 2+ 1.1076, 9.70 x 10° CFU/MLY L, CCE 1.0714,
7.60 x 10° CFU/mL=E YEFE O H(Table 2), SHEE 3%
(independent-samples ttest) 23 F =7 b zko]l= BAIY
o2 FoaAthp<0.05). WA U TED FE(3%)
ZANA BEEFEE TS 25%WNVE FAGHEA HE
< 1.0%(wv) = A8 3aL, 7)o L-A|Z~H|Ql 0.1%(w/v)S K
zo1A 72 H7IE 2ABC)C], FES 2.0%(wWV)E F7H7]
I LA 2HOLS H7FeA] &2 ZZA(CO)ET L. rhamnosus
L22-FR289] A W 3o Felgt Aoz dAdtw k. &
u| 7 B2 A3KFig. 2), CC viA| A= vl F7](12 hr) H)
Gl A T S A 7F T B v, BC HiR] ol A
= AE ddd ez BAkE FEE fAee A BN

Table 2. Growth of L. rhamnosus 1.22-FR28 in a 5 L jar
fermenter under BC and CC medium conditions at 12 hr

Medium ODso0 Viable cell count (CFU/mL)

BC 1.1076+0.0117 (9.70+0.12) x 10°

cc 1.0714+0.0134 (7.60£0.09) x 10°

Values are expressed as mean+S.D. (n=3).
" p<0.05 between BC and CC (independent-samples r-test).
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t} o] flask scale W&ol Al FzH Azlel AR|5HH, L-A]
2®H|Ql A7V} L. rhamnosus 122-FR289] =3t 27124 &
gatslo] vl el A M7 dds EAEEE Fe
e R AR AbERe AE 2 Bao o
249 AT W HEE ZAAIL, B2 - 9%
2 gribE FhkE Adliste] Td st v s el
Aoz A Yo P F(Wang S T 2024), 4 43t
Aoz thF wfdelx o] A& 917373: Hdste adle=
xuug T Atk B Ao A= vjoke] Akslsd A Lt Al

ZEdH 1‘;_]—13147\1 TZE A ] ;(4 ax% o]—X]—E- o}oloq, L—/\]’\Eﬂ
’\]"FL HH o]:o“ }\1 39 Z—ﬂ o AR }\7.] Xﬂ
(oxygen scavenger)@Z AFE-%T, woF W A& 3PPl dH-
Z2ulo] 98 FFo] AEPL JAstE Aoz Huro]

$)THDave RI & Shah NP 1997; Rodrigues D & 2011). w2}
A L. rhamnosus 122-FR28-5 v ke uf L-A|~H|Q1S A7}
g AL Y = redox 2EHAE sl AT 3H E

=

il

X0 oy =
ezl -HJ

of

ole Umdow

4R S Pl IF oz g3 ulA, 5 L jar fermenter
Hjek Al AFE A STk 3R e 71938E 7Fs A
o] & Ao R AlmETh B 5 L R vl A L-Al /\Eﬂ
9ol H7} ZABC)°] FH47 ZACC)ET FolsH] B A
¥ UEel Ho #dgk Ax B4 A E Biitke 2,

L. rhamnosus 1.22-FR289] 284 wjoF 7 A4 L-A]
¢l % 0.1% FFo 2 B2 Hrleh= Zo] fae ek
AR 2 Ao A= ORP, ROS, 9 o
%4 } | Esken®, L-A|2HQ1S] 74
IF A A% R

ow g3 O% vz ¥ $E8
3%(BC3)<} 5%(BC5)E 22]ste] 5 L jar fermenterolA] L.
rhamnosus 122-FR28S w3l 23} %% ¥ ZZd
A HE HAE S0 FelstAl 7kl thFig. 3). F &3
oA wljeF AlRto] 3ol wet ODgw ot a7t 5
7hsteh7t wi o kol A S Blom, & vl Al
7re BC39A] 9 hr, BC59lA] 10.5 hr2, E5T 5% 5% %
Ao 4217171 1.5 hr A= AT ODgoo> 1% 3 hr
o A= BC39} BCS 1t 2] gk 2ol 7} ERIs]A] eagkont,
% 6, 7 hroll A= BC37} BCSE T f-2l8HA] =3ka, vk 9
hroll & BC57F BC3E T F-2l8H A1 <15 A thp<0.05).
HloF F8 AJFA ODgeS BC3 1.0780+0.0029, BC5E
1.4630+0.0003 2. & BC59l|A] o)A o & =9tHp<0.05). A
= ODgo®t FAFE &S Hod, ule 3 hroll A BC3(9.20
x 107 CFU/mL)$} BC5(8.87 x 107 CFU/mL)= EAA o=

HHXI

=

. Xo]—u]% 1 oél

HoFA oF BAEREAERS

zpol 7} 1oy, wiek 6, 7, 9 hrell = BC37} BCSETE 9]
S B8 FE Ethp<0.05). Wik £8 AldelE BC3
7.93 x 10° CFU/mL, BC5 1.35 x 10'© CFU/mLZ BC5l|A]
L7 =& AEUErE ERIEAT mep X" F2E
5% 771 271 - 271 g dAlA = BC3% A}
SHAY tha g A5 Ho|Awh, 714 Fgel ¥ o &
A =hA W5EF2 717 AdE o] HF A o] feldom
Z7Vele Ao 2 Hddn)

HjF AIZE St AHEED) $E2F pH WEE ZUHE
& A3KFig. 3B), 7 £ B4 wgke] z1agel w}ﬁ‘r
E= pH7E dasiohrl, di4E27] S8 ol Fell=
7} pH #Havt w3k = e Bt pHell ik 49
B2 Axh A A7l A BC3eF BC5 3 pH Xfo

Aoz fFelatAthp<0.05). 27191 F 22 25 pH 6.
ol A ul ko] AlAFE o, w ko] X E 45 BC5oA
pH7} 5.7 W7HA] O] wh2A asle] e I 27

HE rN
offt 3 o

i}

T
= 5

JHUP
m—(n

|

J_:

oAl A *3“ o] Erﬁr ksl FalE Ao @ o AgTh
% AT BF HE U] pH 5.7~6.0 W Ao]E %

O

om, o] Z%’&iu A7 Ak As) 2wl frele MY
2 434 9).om(Papadimitriou K 5 2016), ¥ A7 A}
ME F A BFolA A7 aMEEE ATt fAE =
t 719% Ao g Alrdt) AR EEY) Azl tha L

Az}, B AZHHClA B39k BCS 3 A9 E
2ol BAIA SR wig- o5k TtHp<0.05). 27| 2
BC37} 2F 3.0%, BC57} F 5.0%% BC57F ©] &3tom, uj
/\]7}0] _7:_7]_81-/‘i = z7 25 x}ﬂ—o] @—_/;_5‘].33\1:].. BC3=
7 hr ©]% zgo] A9 0.00%7H] ARE whA BC5E 7 hr
of] 2.31%, 10.5 hrol] 0.23%2] zHgo] ol glof o <l 7]zt
et 71do] FFEE IS BT &, BC3 2HM=
AZ7F vlwd w2A 714e AREY 6~9 hrofl =2
ODgoo 2t ATFE Holu o] F24o] FA| = ¥, BCS
A= 71do] AL EAF ] wet 2717 A
A FTRHL HF AE D27 Y 24 fAEHE AR @
ME) ol Akt A EUE vjfol A 83 V1A FF
7 A3 pH Aloj7t HF AAZY F&& S7MIZITE
/48 A-H(Schiraldi C 5 2003; Papadimitriou K & 2016)<}
= LX) webA L. rhamnosus 1.22-FR282] "’/‘1]4‘%]-.1::‘
AS Yl e I=Y TEE 5% o ® A%3sla pH
£ 57 AT Alofale 34 o] fFES o=
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Fig. 3. Growth curve and viable cell counts (A), and changes in pH and residual sugar (B) of L. rhamnosus 122-FR28
cultivated in BC3 and BC5 medium. (A) -@-, ODg in BC3; -O-, ODgy in BCS; -M-, viable cell counts in BC3; -[]-,
viable cell counts in BC5. (B) -@-, pH in BC3; -O-, pH in BC5; -M-, residual sugar in BC3; -[J-, residual sugar in BC5.
Asterisks indicate significant differences between BC3 and BCS5 at the same incubation time (p<0.05).

5. L. rhamnosus L22-FR28 SZ27x T 3|2t 4 39.97+0.43 g© & BC57} BC3ET} oF 1.28H] =9kom, 54
NEE A% F 348 A2 B9 BC3olA] 26.5740.49 g, BCS
HjoF 2Ad w2 F4) 3Ty SAAZ Bie] A of| A 29.45+0.38 g© 2 BC57} BC3H.t} oF [.11u] Egkon}
S Hwa AT Table 39 AASFATE 1 L kel 7]5zo.  ©] Aole G Aol vl A os AgiH. o= &
2 35" 5% o= BC3lA 31.25+0.29 g, BC5A] d F3] 7]FEo R 3 A2 & BCsAA B BkAIN
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Table 3. Process yields and freeze-drying survival of L. rhamnosus 122-FR28 cultivated in BC3 and BC5 medium

Process steps and indicators

BC3 BC5

Viable cell count of the culture (CFU/mL)
Cell pellet weight after centrifugation (g wet weight/L)
Freeze-dried weight (g/L)
Viable cell count of the freeze-dried powder (CFU/g)

Survival rate after freeze-drying (%)

(7.93+0.28) x 10° (1.35£0.04) x 10"

31.25+0.29 39.97+0.43"
26.57+0.49 29.45+0.38"
(1.91£0.14) x 10" (3.74+0.12) x 10"

63.8843.66 81.66+1.26"

Values are expressed as meantS.D. (n=3).

* Significantly different between BC3 and BC5 at p<0.05 (independent-samples f-test).

Aol FA thzA] @& Aor FHH
= BC39A] (7.93+0.28) x 10° CFU/mL,

Az el 523} §20] AAL oo &4 A
3

Hlal <k 1.70 v =& Al UE2S BAthp<0.05). S241%
F Bub | gF AFSE BC3AA (1.91+0.14) x 10" CFU/g,
BC5°l14] (3.74+0.12) x 10" CFU/gS. &, BC5olA 2F 1.964)
= GEFTT} FlE A (p<0.05), BEE-S BC37} 63.88+
3.66%, BC57} 81.66+1.26%% BC57} <F 1.284) &2 &l
B THp<0.05). ©1& gt A= vk DAl FAE A
o] AEA et 27 Agrt sANE T AEEY AT
Ao fradrd AR8ARA &S xve J8 A5 2
FHolw U x| eck(Siaterlis A 5 2009; Jofré A 5 2015; Tyagi
N 5 2023).

AP AFEo] m2w, G A 2ol HHEeH] e
vjok oM S48 A Ee A AFEE = 5
1 2EH 2 BE V)R] D] FRHA @k, X
9 A oA AbEo] FUNstE AdE Hole Aoz W
1% 31 UtkSiaterlis A 5 2009; Celik OF & O’Sullivan DJ
2013). ¥FH 273 €A - A4 FF3 pH Ao} SellA]
od MEE w AR BH3A £FE ~EY A HE thilg
o] Aoz & fAH] F
Aoz delA 9o, TARIAS HF83 A A7) A%
TAE & AEES AT F AUthes Bt o Alx g
o] Qlti(Peighambardoust SH 5 2011; Jofré¢ A % 2015;
Noufeu T 5 2025). ¥ 5|4 BC39} BC59l| T4 542
H3AE AggSo%E BCsOA B & AESo] Ay
AL BoA| 29 Ao|Hths asE 718 2304 vk
H Aaze] A - Al e Apolrt AR WA Aol 7
WS e S AALRITE e Z2uto] 9 A F-2 7HE-
A7 A oA FES AEEo] FA|F o) ez,
Z7] #AZHCFU/g)e] Sistel 443 TR TA 9L £
AA AAZE FA Bl A4 ehw 7z Yrhofre

gy

in)

Az F Y2 FoE

£

015; Wang J & Chen L 2021). 24 %
42 ARbA o g A2 - AFEdd A=
PGSR, Lol D - - Abhe] =5
dol  mhEA  AskE 3
(Peighambardoust SH - 2011; Jofré A 5 2015), A% 2
5 A BHollM exo} FESA, AR =ES FH ST
2 #fefstes o] Fastth & ATelA 2Kk BCS
2 1 L vkl 715 3.74 x 10" CFU/g 52 1%%
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