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Milk kefir, an ancient fermented beverage, originates from the Caucasus Mountains,
Eastern Europe, and the Balkans, with a history dating back centuries. In recent years,
kefir has gained global popularity due to its health-promoting properties, resulting in
increased market availability. However, the unique biological structure and variability of
kefir grains pose challenges for industrial-scale production. Therefore, this study aimed
to simplify the production process and preserve the traditional sensory qualities of kefir
by using a defined mixture of kefir-isolated microorganisms.

This study consists of two main parts. The first part focused on kefir production.
Traditional kefir was made with kefir grains, and pure culture kefir was made with four
dominant kefir-derived strains (Lactobacillus kefiranofaciens M1, Lactobacillus kefiri
B15, Lactococcus lactis MK4, and Kluyveromyces marxianus E3). Frozen kefir grains
were activated by three successive fermentations (10% w/v in fresh milk at 20 °C for 20
hours), followed by weekly subculturing. For pure culture kefir, each strain was
individually activated in broth, then combined based on their proportional abundance in
kefir grains and inoculated into milk, followed by fermentation at 20 °C for 48 hours. All
samples were stored at 4 °C for subsequent analysis. The second part evaluated the
physicochemical and microbial characteristics of both kefir types every seven days over
a 21-day storage period. Parameters assessed included pH, titratable acidity, total
microbial counts, qPCR (quantitative polymerase chain reaction)-based microbial
quantification, texture profile, viscosity, organic acid content, and consumer preference.
Results showed that the pH of pure culture kefir (4.21-4.39) was significantly higher than
that of traditional kefir (4.04-4.14), and declined gradually during storage. Titratable
acidity was consistently higher in traditional kefir and increased slowly over time in both

groups. Texture profile analysis revealed that firmness, consistency, cohesiveness, and
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work of cohesion were higher in pure culture kefir, though differences were not
statistically significant. All texture attributes declined during storage. Viscosity was
significantly higher in the pure culture group, but also decreased over time. LAB counts
were significantly different between the groups; pure culture kefir maintained ~9 log
CFU/mL, whereas traditional kefir experienced a ~1 log reduction from day 7 to 14. Yeast
counts increased by ~1 log in both groups during storage, potentially contributing to the
LAB decline in traditional kefir. Quantitative-PCR (qPCR) analysis indicated that Lb.
kefiranofaciens dominated in traditional kefir, while Lc. lactis was most abundant in pure
culture kefir. All strains, except K. marxianus, declined during storage in both groups.
The organic acid assay indicated that except for citric acid, the contents of lactic acid,
formic acid, acetic acid and butyric acid are higher in traditional group than pure culture
group. The concentrations for organic acids had no significant difference during storage
except for citric acid in traditional group. For ethanol content, there were no significant
differences between two groups, but the concentration increased significantly during
storage. The consumer preference test revealed that the pure culture group at day 0 had
the highest score, but still lower than traditional group. According to the results, the main
factors that affect the acceptance were texture and flavor. Some testers reported that there
was distinct alcohol taste in pure culture group at day 14 and 21. Furthermore, there were
small curds presence in pure culture group at day 14, hence it got the lowest score. In
conclusion, kefir can be successfully produced using a simplified four-strain system.
However, batch-to-batch consistency and stability remain challenges. Further
optimization of microbial ratios and inoculation methods is needed for industrial
scalability, as well as for reducing fermentation time and improving the flavor and texture

during storage.

Key words: kefir, fermented milk, pure culture, lactic acid bacteria, yeast
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AR A AR BT AN 2L R BAERESL S X T AL
(milk kefir) £2-ks5. % f (water kefir) » @ & ¥ “rdgehn # f 5 F*5 > f - 4
Bl e B A Lok gL BmESLE o g ,;gﬁk LA e s y §, 2 f i -
fad SR AL A PR OE R “f TR EE R A L v R B
4 HE A

B DlHAEEE SRR gk vR o Rp 8 S22 L £ R € (oA (CODEX standards

o F CREME W (LT 1%) B oA R kR R T

for fermented milks, CXS 243-2003,2003) » 5 2 f# 5 §1* 5 % § ¥ (kefir grains) &
BEAMAITL: A& #F R 0 8 2% A5 Lactobacillus kefiri » ™1 2
Leuconostoc ~ Lactococcus & Acetobacter 7§ ° “/T‘ 15 bh’[ﬁ [ EAR I
s Z3 VORISR 7 (Pl D Kluyveromyces marxianus) v & ZEFUHEG
¥ crpk2 7 [ bl4e @ Saccharomyces unisporus (3. ¢ % Kazachstania unisporus) ~ S.
cerevisae 11 % S. exiguous (. & 3 Kaz. exigua) )~ izt 4 0 X 4 073 i 5 A
B Y o AR AR A PRI o ¥ bk B R R A R e TG
Bakehiaied > SRS E-HRiFIE - F PREKE RN -
(-)n# p el ic

Gl LA L S e LI S R 5 ML A et~ BB
BEFLP R R PR G REGH B A B RAR AR LA E A
B d BRI T £AF T U F RS By oo A Ea bt Bl 5 2~10%
(W/v) » 3% 20~25°C# % 18~24 -] p¥ » E F| pH i | 4.2~4.6 (Saleem et al., 2023) °
PR E LB A BHIE R 2 Y ERERRESOEF L AE 2B AR
Ty " FREBALFLERB DR ELLY F AT H iy
CURTEPIEY Y FIEE F ST PP e F e R

iz e ? f IF L F &~ (mother culture) » I 14 1~3% (v/v) vt GldEAE R A
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# = Russian method # back-slopping method (Nielsen et al., 2014) © i& 5 f& > 2 &g
B E G AT A A ARB R (R B A RS TR

FAAMAE S s AR F BN S 4@ 25 (Bintsis et al., 2022) e

B4R 53 g enE 2 (10~10° CFU/ML £ i 22 10°~107 CFU/mL s
BI) o 1R B BN EA S o kot B SRR~ 5k SRS > BT
o AR~ ped &k (B 1-1) © 1995 Hertzleretal. (2003) =7 3 3 41 > 41 % 50 %
Bwrid apa abe o RELALS B ikt FE A BB (B
galactosidase) > I ¥ A pEEARY MFUBEA RS LSBT B FHSGBT R
WA AR A o B P A A ERY AL Ry L
v g~ = F YE - W7 (bacteriocins) (Powell et al., 2006) % = ;% i I p v
% o Ik #3 P L AE (Salmonella) ~ £ ¥ % F/b (Shigella)~ ¥ 5 % 76
(Staphylococcus) ~ s F* L3 %€ 3% 7 (Helicobacter pylori) ~ = % 1% 7] (Escherichia coli)
Tl AR Y ¢ L3R F (Candida albicans) (Rosa et al., 2017) % 3 »T o f
- JfRf#% ¢ (Ostadrahimi et al., 2015) g > § & F % = A fjop s & L &

AH/PA X600 FLhn Ao BEHF S N A EE T T M LR A

el

B4 Fo R A HEREE AR S Sl A BB 2 SRy
MBI B e s MIEB T g Th2 5 F B i‘?ﬁ'ﬁ"?“gﬁﬁm’?éjﬁr%
(cytokines) & # 12 % Rig % e d B i 4 s IgA & IgG (Adiloglu et al., 2013) -
AT EFARBEIH T N EH Y hEd FE MG E TS Mo
Y PR AR s g At R FAF o 0 R R
g fho s B S Py WGERA K T 4R i 4 o Huseinietal. (2012) 45 1 0 3t A
= RES PR A% F (Pseudomonas aeruginosa) e~ B 4f 1050 % 5P
PAELAERASDRYE > BRFISRERT G E Y R =g g4l (Silver
sulfadiazine) shewlfpit » L B EFR LA F A & umqq LR B RS T

i b A2 SN EY S N IR o R U B B P PR Sag
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Anticarcinogenic or anticarcinomic effect
Beneficial to immune system
Ease to digest lactose Hepatoprotective effect
Cholesterol lowering effect
/ Blood-sugar reducing effect \
é Anti-microbial effect <~
Modification of /’ Water Kefir
— : ’
gastrointestinal system /
\\ACE inhibitory activity
\Beneﬁcial to blood pressure
Improve wound healing
Anti-inflammatory effect

Anti-oxidant effect

Anti-allergic effect
Gastroprotective effect
Improve serum lipid profile

Increase bone mineral density

Anti-fatique effect
BT f ks sk as e
Fig. 1- 1 Health effects of milk kefir and water kefir.

(Guzel-Seydim et al., 2021)
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ERAERBFERS 2 T g3 ARt PR RA ARSI LR
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thermophilus) > & 2 h vk ~ v g ~ Fp B FP T g Ban A fg 7L R o ¥ b
BUBELARESH 2R ET FAB AL AREH 2 A F D

* R 7B R B S TR E T AR TR PR AR

o

3% %% . (Bintsis and Papademas, 2022) » i&@ i & 555 A 4 %1

S RAER
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A F R TERE gt FOER o bRk B RRGKR S <) HEIL 229 X
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SEIHAE  TRAEMAFRFNLT > DT UMLER S - H R Foy
(biofilm) (Wang etal., 2012) » 5 % fi de g AL FF 7 E 2 50 v L f s I
KGR B R PR STORIPTERBE SRS ALY § 5 B bdef Gulet
al. (2015) e#t 3 @ kA A LR AR 0 B R BT Al A A F R - F
Fe e FREREFHANLARG LR o kR ARRBfoR LA BTG FS L
BoHAARmIEEP A & THER o P XTI BFHMAT AR hARIRL T

o B E G Aol gt oA D i 3Ek (Guzel-Seydim et al., 2021) ©

Bl 1-2 B fdig (Gentry et al., 2023)

Fig. 1- 2 Macroscopic structure of kefir grains.
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LARRY B AR AR FARARMES Fo 4 T §] CERR
Flo d FEEAFROY I MG - BRI A RET R R I TR F ER
B2 Bl A anfisg s o B E o bAoA B KRR Y 7
RO S BPREREREFR LA EREN R E R ER R E BT S
it et ey - TR DLE (& 1-1)(Nejatietal,,2020) o i 7 o &
REni A Eo bt e g ot LR > v R IE G Lactobacillus spp.
Leuconostoc spp. ~ Streptococcus spp. ~ Lactococcus spp. % 5“fa 7] » 1 Lactobacillus
kefiranofaciens £ Lb. kefiri % 1 & g% A 0 @ pE* FR 2 Kluyveromyces
marxianus % §E Ffh 2w B 5 Kazachstania spp. & Saccharomyces spp. % Ffd
B WL B G LFVEE R S B X 65~80% 0 H AR BRI FE R R
(Arslan, 2015) -

% Blascheetal. (2021) 7 3 ¢ IR > B2k 2 o nE € & 36 ) PR 3 4o
T10% HpgA e v adE A o om AR R A2 PR T o A PEA
oAk Lt R R FHMA LD kefiranofaciens * £ > “{1e % Le. lactis &
Leuconostoc mesenteroides =ik # £ > B (s P| Z_Lb. kefiri &2 Acetobacter fabarum -
Bor A s @ g pREARY > A Rk A P e g m BN 0 LR

FERpGEERRta eI AP o

=
|
»

ARERFAT S G AHE LS FRFHA P 2N A7 > & Chen etal. (2008)
T 7 ¢ o 0Lk dE A3 %2 (culture-dependent method) ~ 22k #F A3 & (culture-
independent method) 14 2 R & fe4ddf & J&-% 128 2 8 T A (polymerase chain
reaction-denaturing gradient gel electrophoresis, PCR-DGGE) = ;% 4*¥t37+ ~ # ff &2
v KRR, ® fRGEFFAR A 1T S R B = fE d Y 4 Lb. kefiranofaciens
v 5 Lb. kefiri (Tt 50% 1) S gE EfE 0 H &M 5 Leu. mesenteroides £
Lactococcus lactis (% 1-2) - Wangetal. (2008) P44 # 5 # f opg* FaEeiE(7

45 0 e 01 PCR-DGGE 4 45 %R AT6 2 54 cnis & e % M7 0 w2

doi:10.6342/NTU202502025



Hov g F K marxianus GO R Bt B iE 76% H 4R L Saccharomyces

turicensis ¥ Pichia fermentans (% 1-3) °
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Table 1-1 Microbial composition of kefir samples of different geographical locations.

Geographic Location of Studied Method of Analysis Identified Bacteria or Yeasts
Sample
France. Ireland and the Metagenomics (16S rRNA Lb. kefiranofaciens, Leuconostoc spp., Lb. helveticus, Acetobacter

pasteurianus, Saccharomyces spp. and Kazachstania spp.

United Kingdom and ITS sequencing)
‘ Metagenomics (16S and Lb. kefiranofaciens or Lc. lactis, Lb. kefiri, Acetobacter spp. and Enterobacter
Belgium . spp., KI. marxianus, Kazachstania exigua and Nauvomozyma spp.
26S rRNA sequencing)
) Metagenomics (16S rRNA
Malaysia . Lb. kefiranofaciens and Lb. kefiri
sequencing)
. Lb. kefiranofaciens as dominant and Lb. kefiri, Enterococcus spp., Lc. lactis
Metagenomics (16S rRNA and ) )
Italy and Acetobacter spp. as subdominant bacteria, Dekkera anomalus, Kz. exigua,

26S rRNA sequencing)

Saccharomyces cerevisiae

doi:10.6342/NTU202502025
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Table 1-1 Microbial composition of kefir samples of different geographical locations

Geographic Location of Studied Method of Analysis Identified Bacteria or Yeasts
Sample
PCR-DGGE Lb. kefiranofaciens and Lb. kefiri
) ) Lactobacillus spp., such as Lb. kefiranofaciens subsp. kefirgranum, and
Brazil Metagenomics
) subsp. kefiranofaciens, Lb. kefiri, Lb. parakefiri, Lb. parabuchneri, Lb.
(16S rRNA sequencing) ] , )
amilovorus, Lb. crispatus and Lb. buchneri
Turk Metagenomics Lb. kefiranofaciens, Lb. buchneri, Lb. helveticus
urke
Y (16S rRNA sequencing)
Lb. kefiranofaciens, Lb. kefiri, Lb. buchneri,
Turkey PCR-DGGE Lb. sunkii, Lb. otakiensis
Culture dependent Lec. lactis, Leuconostoc mesenteroides, Lb. kefiri
Lb. kefiranofaciens, Lb. kefiri, Lb. parakefiri,
Russia Culture dependent Jiranoft i P /i

Lc. lactis and Leuconostoc spp.

(Nejati et al., 2020)
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Table 1-2 Sequences information from the 16S rDNA obtained from the LAB species isolated from three kefir grains
Distribution (%) (identified

Classified group Closet relative Identity * (%) -
number/total isolates)
Hsinchu
HLI Lb. kefiranoficiens 100 43 (30/69)
HL2 Lb. kefiri 99 53 (36/69)
HL3 Leu. mesenteroides 100 3 (2/69)
HL4 Lc. lactis 100 1(1/69)
Mongolia
ML1 Lb. kefiranoficiens 100 24 (8/50)
ML2 Lb. kefiri 100 58 (29/50)
ML3 Leu. mesenteroides 99 16 (12/50)
ML4 Lc. lactis 100 2 (1/50)
Ilan
IL1 Lb. kefiranoficiens 100 40 (22/55)
IL2 Lb. kefiri 100 58 (32/55)
IL3 Leu. mesenteroides 99 2 (1/55)

]dentical nucleotides percentage in the sequence obtained from the agarose band and the sequence obtained found in NCBI.
(Chen et al., 2008)
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Table 1-3 Sequences information from the 26S rDNA obtained from the yeast species isolated from kefir grains
Distribution (%) (identified

Strains isolated from kefir grains  Closet relative Identity ! (%) )
number/total isolates)

HY1 Kluyveromyces marxianus 100 76 (69/91)

HY?2 Saccharomyces turicensis 99 22 (20/91)

HY3 Pichia fermentans 99 2(2/91)

Identical nucleotide percentage in the sequence obtained from the agarose band and the sequence obtained found in the NCBI database.
(Wang et al., 2008)
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LAY et B BB (T RL B M AR RS £ E g
WP AR R R R A TR T (AR T A L B

FE s E R AR B AR 2 B eniT* (Nejati et al., 2020) -

fr# 2 AR i § fLp e © 1F % (assimilation) ~ 2 4 - F 1Y
FF REYRZLwEAE - RFREAY §F A 78 5 DIk § 1 br
&R 7L ESBE R R R 0 blde S cerevisiae ¥ 1 * FUEL 1T G RUR
AR RER  TUHETREATL R AR Rt RERY 0§40 F
FEEN-FRAEAF FORST RS EE RS IRE Aot £ o2 HE
FRAT 5 N BA S L (cross-feeding) BF R CUAIRE Y 2 3 o iR R

AFAERTFG CRABREFTEIRARY > TiREE L E o

AL R mEE m R R SRS 2 BT chda A D o & Blasche
etal. (2019) %= % @ 35 &\ > Lb. kefiranofaciens ¥ Leu. mesenteroides 173 4~ 4 <
7 P AR & 0 @ Acetobacter fabarum T Ff 36 | B S A BasA & > Lb. kefiri B
BEREFRERY B LTS IR E R FAONBAS L K o G
FleP™ & 0 F & FfEde S cerevisiae € &b 5 EsEg KFr | i pEA Fead £ o b4
K. marxianus % 2% Saccharomyces Ff&. °

% Blascheetal. (2021) %= 3 ¥ 4 I > Lb. kefiranofaciens ¥ Leu. mesenteroides
AEFFEFINELAM G BRFR FANY G I ERAR RGP T 2

4 % ~DNA #& 2 ~ DNA P B35 5P > B8 @ 2 0GR Lb. kefiranofaciens v fit

S
A
4

» e ¥ 103 4v Leu. mesenteroides g it vk % o H AR R 4P 2 3t & Lb.
kefiranofaciens % #2 % o ¥ — > & > F'E ¥ ¢ ik 5 Leu. mesenteroides e & 1% 38
AP B 5B FUELY P B IRGE Lb. kefiranofaciens <02 & 0 ¥ttt e fi s pH B
R R KR o R R A F 3 AW A4 Lb. kefiranofaciens ¢

Fov ok fEa 4 AT A e S PkA B3 Leu. mesenteroides 02 £ > Leu. mesenteroides

A LB EBATA A PP & i K AR Lb. kefiranofaciens 14 £ o
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(Z)w? Fopea) =
st R p A P ECFF bd TR o lmre e B R T A A

PR P R L R R (kefiran) £- fid F YEEFFBE LB edn
A4 ipr (B 1-3) 7 d SIS fAE F A e > b4 Lb. kefiranofaciens ~ Lb.
kefirgranum ~ Lb. parakefir ~ Lb. kefir r2 % Lb. delbrueckii subsp. bulgaricus (Micheli
et al., 1999) o % Cheirsilp et al., (2003) £ Cheirsilp and Radchabut (2011) %= 3 #
indi 0§ FYEL ) L. kefiranofaciens ¥ f* 7] S. cerevisiae % ¥ & PF » ¥ 5 4 5 2EH

A BRI C Frs A i enle s s B P frd e r B enpd T 2 E AP
HAR e84 2P B -1 54 A8 F AT #4130 508 Ea) s 5]
PP BeiBehnd By g R YR EAc s A d 4 E o A Wang
etal,(2012) 5= 5 ¢ HFHRLAFRVHER - P E4 50 & L8 f st fen
BAF AT R T B bR AR S R AR EEES N KRS
AR AR G R R S S R B () 1-4) 0 SRAGL A | A dehs
fe Fl P2 &7 p BB} (auto-aggregation) ~ & o352 = iy 4 s i & oG proR AR
At e 5% TR A Lb. kefiranofaciens HL1 c0p R g av 4 B2 & fe > B 3
Lb. kefiri HL2 » ¥ ¢t > pH @3>0 p R i 4 7 EFHF > apHES 42 p R

it A pH E 62 FF{ B2 L 4F - w4 w g k12> % > 12 Lb. kefiranofaciens
HL1 ¥ Lb. kefiri HL2 engr-K i~ > @ Le. lactis s0gy KR #A o Lb. kefiri HL2
A F A A AR i 4 0 AR I R e R R D e 2 P € T 4P
W AR P F N o fpt 22T o Lb. kefiranofaciens HL1 25 = %R i F % R
oo fpER F et A o 1S turicensis HY2 g B i 4 B4F 0 @ pH BT
A REa 4 RIARFRE S wricensis HY2 » § oip chlniz gn-kfd » =0 %
K. marxianus HY 1 © S. turicensis HY2 ) = en2 3 4% 3533 » m P _fermentans HY3 2
X HERREE 0 4 F E e A

PABAYET QLR AR N pH42 S # & R # (co-aggregation)

fv 3 W0 pH6.2 PR -2 L 4F o ¥ Lb. kefiranofaciens HL1 ¥ K. marxianus HY1 & S.
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turicensis HY2 » v4 % Lb. kefiri HL2 £ S. turicensis HY2 + 32 % P55 EdfF e B &

‘aﬁl
(=t

et o AP G0 Lb. kefiri HL2 25 R R B ¥ T FH > X e 2 [F €
IR G ROk AR AER AR L TR §REE XA
&g S (B 1-5A-D) e § 52 ¢ che B RS Z EEE B AR B¢
A BenfER N A K RREPREASE FRE MR B RAES
Bih kg iEAn i (B 1-SE)e 495 5 i Rl 7 i s A o) 2 ehipgh (B
1-6) » & 4= d Lb. kefiranofaciens ¥2 S. turicensis £ 7 p R E 2 £ B &> a ¥ pH &
TE o RN € WSk o T S $ER o S8 Lb. kefiri ~ K. marxianus & P,
fermentans R|* F FIRE R DA G 0 i@ A5 4 e 2 SR AR RS ARFER
BRI 0 BB BAL A 2 A ﬁ#ogi,g,{ BRALE® Al £ F ARRAR S dime
HRY R g R A R F oo R A B RAR B A o

# (2024) 2 THRE A F P ahjicd $o Lb. kefiranofaciens~ Lentilactobacillus
kefiri ~ Leu. mesenteroides ~ Lc. lactis ~ Lentilactobacillus parakefiri ~ Kaz. turicensis £2

K. marxianus >+ 2 5L ¢ 247

<5

£ BB RBRS LSS B 54
B AL TSR R AR B0 2 BRIVATRITS X RV g E o O

BREFFUALLAE R BT ILEL YA 7%.3%@—:’:%;;’%5@%%#55\

4.¢

Mg s el PR E RO A AR E Y P s g
poe - Az s gIApRE Rt B (B 7)) SRS g T J K
BAFR e AR H R TR A AR AR S ARG o7 B R AT R
TR APFELIEBT VR FREFEBRSH L S el

SPEA R 4 > i@ RS "I:,\.bt’:'\ik;,_‘xi.-ﬁl‘}“#ﬁlum“l“f#_ (BB 1-8)
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OH

HOH, gﬁ

o 6)-B-D-Glep—(1 - 6(2))-B-D-Galp—(1 -m4)—0—D—-Galp—(1 -3 3)-B-D—Galp—(1-m 4)—p-D—-Glep—(1 —sb

B-D-Glcp

B 1-3 5 2@ (kefiran) it g% -

Fig. 1- 3 Chemical structure of kefiran.
(Micheli et al., 1999)
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15kV x3,000 S5pm

Bl 1-4 502 Bk ijicsd o (@) & fachet g 5 () & fokihp & o
Fig. 1- 4 The microstructure of kefir grains. The outer layer of kefir grain (a); the inner
layer of kefir grain (b).

(Wang et al., 2012)
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A Lb. kefi rzHL2

Bl 1-5 2 5% 46 2 58T F BAER < (A)Lb. kefiri HL2 ; (B) Lb. kefiri HL2
22 Klu. marxianus HY1 % 32 % 5 (C) Lb. kefiri HL2 22 S. turicensis HY2 % 2 % ; (D)
Lb. kefiri HL2 & P, fermentans HY3 £ 3 % ; (E)4 fAf MR A8 3 ARE* AL B % ©

Fig. 1- 5 Scanning electron micrographs of biofilm surface of (A) Lb. kefiri HL2; (B) Lb.
kefiri HL2 cultured with Klu. marxianus HY1; (C) Lb. kefiri HL2 cultured with S.
turicensis HY2; (D) Lb. kefiri HL2 cultured with P. fermentans HY3, and (E) 4 LAB
cultured with 3 yeasts.

Lactic acid bacteria (LAB): Lb kefiranofaciens HL1, Lb. kefiri HL2, Leuconostoc
mesenteroides HL3 and Lc. lactis HL4

Yeasts: K. marxianus HY 1, Saccharomyces turicensis HY?2 and Pichia fermentans

HY3

(Wang et al., 2012)
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Lb. kefiranofaciens

v S
'%@;"‘ S. mricensis

Auto-aggregation
Co-aggregation

(Attachment)

Lb. kefiri
Y )4—&' I, marxiaiits

> : Pfermentans

a

Le. lactis

Leu. mesenteroides

A. Small granule formation

B. Biofilm formation

C. Grain formation

D. Kefir grain

Bl 1-6 22 ) & eyt | o

Fig. 1- 6 The schematic model of kefir grain formation.

18

(Wang et al., 2012)
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G4 whole structure

(a)

Outer layer Inner layer

X
)
S
o
L
<
O

SEI i SEl 5k
NTU VM 202 NTU VM

G4 (5,000X)

04 Jun 2024

Bl 1-7 3R @Bt % 28 X £ R 22 FHh VT F BB RIPE - (2) 3pkk
AT R (16X 3% ~) & (b) £ & Hd (500X)° *F B ficiz 4 () 3,000X % (e)
5,000X #x~ gLz 5 p & 1 (d) 3,000X 2 (f) 5,000X < @LE o

Fig. 1- 7 The scanning electron micrographs of granular curd during day 28 after 7-day-
interval subcultures. (a) Morphology of granular curd under 16X magnification and (b)
surface structure under 500X magnification observations. Outer layer microstructure with
(c) 3,000X and (e) 5,000X magnification; inner layer with (d) 3,000X and (f) 5,000X
magnification to observe.

(%, 2024)
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% o
o<W 0 F th
As natural vector =3, 998, ew months

T\ e

O
 dl 8-:%00(;00
Granular
curd Kefir species attached to
granular curd

Become similar
appearance as kefir grain

Bl 1-8 Rk ki M B AR E B R A2 502 2L Bk o

Fig. 1- 8 Hypothesis of kefir grain formation by granular curd with dominant species co-culture method. (F,2024)
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Z B FAREELS | i

FENAA PR o F T E BRI | A RN kS g
EEFRE MDD ERGASL D F bR T BE R TR A R IE T
. Beshkova et al. (2002) 4 3 ¢ » 1= $REGH A 3P E TR Lactobacillus
helveticus MP12 ~ Lactococcus lactis subsp. lactis C15 12 2 Saccharomyces cerevisiae
Al13 > “4v 1} Lactobacillus delbrueckii subsp. bulgaricus HP1 £ Streptococcus

thermophilus T15 & 73 (B 1-9)> T & B & fFtke %871 0 &

‘e 7
W T

It

BenpH @~ RRERSARATARFLE A P2 - F PRURARR T BT L
ot BB LA R ARRASE AR EER) & COLLS R
f¥) fh2 KON ARIT 0 R R EIIR ) (cocel) & B AL At B (R
FURFE R R AR ¢ FE4E A (lactobacilli) ¥k Feh#icE 4piT 0 1F
FARRIAF G 0 A E B L 28°CH ¥ 45 ) P £ 11 20°CH ¥ 16 0] FF 0 R
WA Ag CmE 22CHAE BAFHERORA T PP SR RS2
EOoRBBEFVALAFABC) AR FTHET 0 00 10 5B h £ 4L e
Fel SRR SRR Z R PBEETES c BENT ALY AR B2ZFLG K
FLR 2R AE BARIARSE UG RIERDTE DR AR E 5
Zlavgiedt o 34 ARG A4oi & Bk ~ B R 4ok BUE foenfhek 1
A e B ERT o AR C Rl AL avb e B S5 iR 4

PR R SR R R P AR T R o
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(a) With pure cultures by simultaneous lactic
acid and yeast fermentation (kefir A)

Milk 3% milk fat

Homogenization 12.5-17.5 MPa
i at55°C

Pasteurization  92° C, 15 min

Cooling 22°C
Inoculation
S. thermophilus T15 +
L. bulgaricus HP1 — 2%
<«— L. helveticus MP12 — 2%
«— Lac. lactis C15 - 1%
«— S cerevisiae A13—0.5%
«— Sucrose —0.45%

Distribution in bottles
400 ml per
l bottle (500 ml)

Fermentation
22°C; for 16 h
to pH=4.7, (82° T)
Cooling and maturation
8%-10°C; 12 h;
pH=4.5, (91° T)

Storing 4° C

(b) With pure cultures by consecutive lactic
acid and yeast fermentation (kefir B)
Milk 3% milk fat
Homogenization 12.5-17.5 MPa
at55°C

Pasteurization 92° C, 15 min

Cooling 28°C

Inoculation
S. thermophilus T15 +
L. bulgaricus HP1 —2%
<«— L. helveticus MP12 — 2%
<«— Lac. lactis C15 - 1%
Lactic acid fermentation
28°C;for4.5h
l to pH=4.7, (75° T)
Cooling 20°C
Inoculation
<«— 8. cerevisiae A13 - 0.5%
<«— Sucrose — 0.45%

Distribution in bottles
400 ml per
bottle (500 ml)
Yeast fermentation
20° C; for 16 h;
l pH=4.35, (99° T)

Storing 4°C

(c)With kefir grains (kefir C)

Milk 3% milk fat
\
Homogenization 12.5-17.5 MPa
at55°C

Pasteurization 92° C, 15 min

|

Cooling 22°C

|

Inoculation
i <«— kefir grains —-3%

Fermentation
l 22°C; for22h
to pH=4.7, (75° T)
Cooling and maturation
8-10° C; 20 h;
l pH=4.5,(91°T)

Separation

l—) kefir grains

Traditional kefir

Distribution in bottles
400 ml per
bottle (500 ml)

Storing  4°C

Bl 1-9 i flRliF> 2 UBARFFEFFAREES F0 O SFHaRLE

FREER B TER ER O RS R -

Fig. 1- 9 Method of kefir production: (a)With pure cultures by simultaneous lactic acid

and yeast fermentation (kefir A), (b) with pure cultures by consecutive lactic acid and

yeast fermentation (kefir B), (c¢) with kefir grains (kefir C).

22

(Beshkova et al., 2002)
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w¥ - Ay ¢ (Nambouetal,2014) > 1% 7 6 fEiE 5 2 f ¢ &30 ki
RiE (T % > ¢ 7 Lactobacillus kefiri BD00002 ~ Lactobacillus delbrueckii ssp.
bulgaricus BD00014 ~ Lactococcus lactis BD00736 ~ Streptococcus thermophilus
BDO00089 ~ Leuconostoc mesenteroides BD01701 12 %2 Kluyvermyces marxianus
BD01004 » ¥ R 7 o2t pl o 2 7% (£ 1-4) BP? DR FHEL KA
X TR e R SO SUEE F e 4 e AR L B § O R AT 5 MK
4 e AT A SRR e T GER i A 3 B FE e £ HS
BRA F A P s R A e S NF AR
o opH EAFFES 24 ) BF A2 4.06~4.32 548 /] pF /13t 386~4.12 2% B &
(pH & 4.3~4.4) 112 & 2 gt (pH & 4.29~4.40) v A Apifeine AR b b 0 F
% 0.044~0.055 Pa's » H s = 11%3‘}3 v B oendbfk & 43T 0.014~0.050 Pasz B o
CERER BERE | PF 5 1085~1569 mg/kg ; 48 /] FF 5 1802~3681 mg/kg ° i
FRINCER S SRS RS0 S Rk o gt o d 30kl B9 2 4
» BE* B K omarxianus > A &0 » G WRITIC AR 0 2V AR TSR Y e iR AL
dpE* AA L c FPRER WS 48 L 723~1418 gkg o 21 H ik ?')}%ﬂ?% 28
BEAPT e AL F PSPt He B BAL A Epin ML FEL L b

SAREFMEEF -
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Table 1-4 Microbial composition and inoculum concentration (%, v/v) of formulated combination of starter cultures.

Combinations Microbial composition and inoculum concentration ®

k1 Lb. delbruekii ssp. bulgaricus BD00014 (1%): St. thermophilus BD00089 (1%)

K2 Lb. delbruekii ssp. bulgaricus BD00014 (0.5%): St. thermophilus BD00089 (0.5%):
K. marxianus BD01004 (1%)

K3 Lb. delbruekii ssp. bulgaricus BD00014 (0.5%): Lc. lactis BD00736 (0.5%): St.
thermophilus BD00089 (0.5%): K. marxianus BD01004

k4 Lb. kefiri BD00002 (0.5%): Lb. delbruekii ssp. bulgaricus BD00014 (0.5%): St.

thermophilus BD00089 (0.5%): Ln. mesenteroides BD0O1701 (0.5%): K. marxianus
BDO01004 (1%)

K5 Lb. delbruekii ssp. bulgaricus BD00014 (0.5%): St. thermophilus BD00089 (0.5%):
Ln. mesenteroides BD01701 (0.5%): K. marxianus BD01004 (1%)
k6 Lb. kefiri BD00002 (0.5%): Lb. delbruekii ssp. bulgaricus BD00014 (0.5%): Lc.

lactis BD00736 (0.5%): St. thermophilus BD00089 (0.5%): Ln. mesenteroides
BDO01701 (0.5%): K. marxianus BD01004 (1%)

K7 Lb. kefiri BD00002 (0.5%): Lc. lactis BD00736 (0.5%): St. thermophilus BD00089
(0.5%): Ln. mesenteroides BD01701 (0.5%): K. marxianus BD01004 (1%)

2 K., Kluyveromyces; Lb., Lactobacillus; Lc., Lactococcus; Ln., Leuconostoc; St., Streptococcus. (Nambou et al., 2014)
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Bourrie et al (2023) B E 1% € e 2 | AEE S HE P 2 PR .
BB % 7 Acetobacter pasteurianus KC001 ~ Le. lactis KC002 ~ Leu. mesenteroides
KCO003 ~ Lt. kefiri KC004 ~ Lb. kefiranofaciens KC005 ~ P. fermentans KC006 ~ S.
cerevisiae KC007 ~ Kaz. unispora KC008 12 % K. marxianus KC009 % 4 f& Ftk
BAA MR B @RS AR MRS HERE pH B 5
TREFLRL  AHAF OIS LBRLAFEE

EPFTRHEFLB 0 B AR PR ERE NS AT B i

M«

A RIE GRS G R bldve BT RS R TR B F T IS
FREFOL B A SA g 20 B B 12 B 18 E iRz T
W18 PP P il F W el oM F R G HFRS o RN
Pegridesn A FAPRERFETAHASF DT E 67 B 2 EELP T
FREOL AR ARILT g3 RF PRFEERT FFA T FAve

B b lene g e B A RN E G S R i
Mowd FlEnd B g Hg iy »H £ chA 104 & o 50 FRiTE
KA AR S BT L AR ER T O g T R il e d g
B - R o Ft R R R ot B R Y A P AT AR
Cod TG FALAR RRGAL R BB RT B A |G L
e ¥ b - AR K BFRGDD ZV UPEEGL AR DR RE A FH
Ll R ERITRALA R L 2 SR Ay T il A s

LR ARAT 0 Ptk SR AT S R ARG 0 A RDRRE -
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A LR A E R 0 U oo BRI R LT § Bk

1

vk~ Fie v B B ShE A S 2 B0 g R - S SRk
BEF AFAMEEDES > bt L SR AR C F R RARE S G
FoR AR DTG fRd < RS A 02 02 o B A ok A
feo Mg RAFLHEF T4 > AR R ENRERE RAS

E4F AR S R

SRR ERI AEd L FAAZEFRY > TR IYMY o4 T iy
BARgpchend e ptob s SR ERS Y kA AT a6 5 T & B B F e

ARFERS S RRENASQBLAR AR L T 5] AR P A ER
RASR A FREBPEBELAET R

AP RGN A MR S RS %R
AELI RS PRI CRBL AF R hRE S G LFLBALAP
FAR ARG AITVR LA ST AR D L h B EL LA R

Ao RAAERE xRtk g L VRAST G S AEOERNT

s}

BERE o L F P AR FHR PR AE e PR RN T R AR

FoOFLRS T m R Fb et o 2 TR IS g A AN Adp e
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F-& AR RPAARLECAERL Y
- REREF

(A)

Activate in milk
Frozen kefir grains for 3 times

£\ I % Ferment at 20°C . '

L+ for 20 hours b .

(]
Kefir grains @ ) . —
10% (w/v) t Kefir grains Kefir
Separate into
— different tubes
and store at 4°C

(B)

Lactobacillus kefiranofaciens M1 ﬁ G
Taiwanese Lactobacillus kefiri B15 Activate for 3

kefir grains Lactococcus lactis MK4 times in broth
Kluyveromyces marxianus E3

[
Ferment at 20°C for 48

hours

Mix all microorganisms §eparate into
in milk different tubes

Store at 4°C

Inoculate individually
into milk

Bl3-1 @5 (A) 28 EKk B) 2 f4lire g o

Fig. 3- 1 Flow chart of traditional and pure culture kefir production.
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=R R RRE T
1. 35
L1 52 Fokd ik
ARSI R LA P A B MR B A E
BHWE L H AL 297G o fIkE 7 S B F Lb. kefiranofaciens M1 ~ Lb.

kefiri B15 ~ Lc. lactis MK4 2 3 f%* 7] K. marxianus E3 o

12 55 %

KRR AT TRELFRARE FRRFL AL 2805

13 M2 $ 2 A

Lactobacilli MRS 3 % # (Lactobacilli de Man, Rogosa and Sharpe broth,
Acumedia Manufactures, Lansing, Michigan, USA) ~ PDB #2 & % (Potato dextrose
broth, PDB, Acumedia Manufactures) ~ M17 ¥ % & + 0.5% $'# (0.5% lactose +

M17 broth, Biolife, Milano, Italy) °

2. B&
2.1 FpkiE i

‘?%”’%Tﬁ“ﬁﬂﬁﬁi %03 -80°C A i P > @ % 7 F LB 51 o Lb.
kefiranofaciens M1 ¥ Lb. kefiri B15 '#3> MRSbroth # ~30°C % =% 48 /| p¥ ;
Le. lactis MK4 >t M17 broth+0.5% 5 #&7 ~30°C 2 % 24 -] P ; K. marxianus E3

* PDBbroth # ~25°C~ 150 pm B3 % 24 [/« L HMEAF L5 = o

22 Btk A R AT &
HeE 1 08 R 3500 tpm A 10 A B 1 RS R o KR e~ B

® 0.85% # F 8 Bk BT DER RATE 0 £ 12 3500 rpm s 10 A48 0 2t
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T A L EAG s KR R SHA S o FRL 8 BORFREE (50 4

FERRL A FRES R L FRE T2 FREN AR

23 A g2y

B R P PER A FL 085% S RKAAIFEIEE B G 0 kg
i #0.1mL AR 4R A H AL o S 0 MRS agar ~ 30°C RE B & &
fe s g M17 agar + 0.5%F #% ~ 30°C3% % 5 f¥* 7'+ PDBagar ~ 25°C32 % - = %
e P~ iE T E B FE S 30300 s & w3t B o H =17 colony forming unit

(CFUYmL 4 7+ -

24 BB R T
Bk TR 2 A B R 1 10% (W) 2 Db ~
Fod o2 20°CH & 20 ] B 2 {5 00 B e g a i A oA 3 1 4c » S

BRSO EF =X o B2 IFFEF- AT o

BN El
1. 5 HH
L1 &1 s enie & s Btk
LR RELAR RS RAKRKD M R RS PE RS (B

RS R o e 1 fdok THORE S F o H2 - LA R Fkes

FPERARIREZLEFAEASFTRTELERGRELERHT L A2 2@ o
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2. @
2.1 B A E 2 fiE

BB VA Bk 10% (W) S0t Blde » @EFLY 5 2T 32 & 48 ¢ 1 20°C
B& 20 L PF AR R A (S B 0R FiB end el S o o R A D 50mL

BT R 4°C ) FEE AT o R A BB » R R e

22 HEAtkE TR AR

Bl i S LR PGB T R S IR A LA A B i
e @S R L HBMERE T HHE 2 S - S22 - LA B AR
@ 2> CFUML 38 - A ? P e 19954 (2024) «#F £ @ 20 Lb.
kefiranofaciens % 108 CFU/mL;Lb. kefiri % 107 CFU/mL; Lc. lactis % 10 CFU/mL;
K. marxianus % 10° CFU/mL o /?]‘ v 3 A 3P agut b (viv) & 0 Lb. kefiranofaciens
5% ~ Lb. kefiri 4.25% ~ Lc. lactis 2.5% ~ K. marxianus 0.5% ° = tk g 4c » @ 54 38 &
B3 B 20°C B A 48 B o BFRESL AT SOmL e g o 2 8

B3 4°C rkfa¢ Br 0 FEF A
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Traditional kefir Pure culture kefir

Analyze at day 0, 7, 14, 21

/ pH value and titratable acidity \
Microorganism counts

* qPCR (quantification for each
microorganisms)
* Texture profile analysis (TPA)
* Viscosity
Organic acids and ethanol content
K Consumer preference test /

B 3-2 Bt Ephs & f I B R 22 kR

Fig. 3- 2 Experimental design of physicochemical properties analysis for traditional and

pure culture kefir.
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S TR AR L e
L s
1.1 #pEs
Wi THMEE 225 - 22  PFRr i  FRI2BALEENE R
BEirz AR o

2. B2

2.1 pEA S Al 8
%ﬁﬁ%ﬁ%uﬁﬁkﬂSWBiﬂ%ﬁ«ﬁﬂﬁﬁiﬁg%$g,yﬁlmL

WirkHEIe4Ar > £ 4w 58 > MRS 2 4 A2 30C R¥ % > PDA

BAANC BE 2 A BERFARKY S 30300 s A L FE G REFE

%% 12 CFU/mL # 57 MRS 2 % A 0@ % #c i f A2 F A%k PDAB £ A0 5

B L i e o

l““b

22 FpESY E R AL T
221 $#f & a2

3 EAR 5 ¢ Bog AR S 400l I 2mL B ¢ > 12 20000 x g ~ 4°C
e 5 Lk 3 “,%j Fikts > 4ex 01N & § 40 (sodium hydroxide, NaOH,
AppliChem, Darmstadt, Germany) >tk ® & 4758 it » £ 12 20000 x g~4°C 3
N PR Ft RS & ﬁi’k%ﬁuﬁ@—%’”%ﬁ“f TR HIFEEA TG F
4h ST (5 0 HTIKF 12 400uL & ] 0.85%2 1S BoRRIE > St R TRE Y b~
1uL 4 B 4&_ (propidium monoazide, PMA, Biotium Inc., CA, USA) » # 3t 2 w5 ¢ #2
B 10 » 480 2 {6 % PMA /BB etk &8 3tk o £ 9 500nm 2 kg kS

Ak o i€ PMA 257 WmjFj2 DNA g & » nfrq|H PCR F g o
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222 HpEFH 52 F)t DNA 55
2.2.2.1 DNA % B~

PMA AJZ3E {6 2 1% 501 5000rpm ~4°C g 15 4 4515 34 vk 1 i o de it
7 DNA Z B~ o 30k @ 4~ ) 300mg ..“:&fsr%‘ilﬂ[gﬁfﬂi (0.1mm zirconia/silica beads,
Bio-Spec Products Inc., OK, USA) £ 500 uL DNA extraction buffer [200mM Tris-HCI
(Amresco Inc.,Solon, OH, USA), 80mM EDTA (pH 9.0, Sigma-Aldrich Inc., St. Louis,
MO, USA) £ 10% sodium dodecyl sulfate (SDS, Biotools Co. Ltd., New Taipei City,
Taiwan) /2 5:1 v ;2 &£] & * FastPrep-24™ 5G 325 % (MP Biomedicals, CA,
USA) 17 5.0m/s 2 i# F 325 30 §) > #-Fi i T 4 DNA > 2 £ 2 12000 rpm
4°C o 10 & 480 w63 B~ 400 pl b i 3 Arenda g @ 0 34 » 400 uL PCI
7% % (phenol: chloroform: isoamyl alcohol solution=25: 24: 1, Sigma-Aldrich Inc.) » 1«
4.0 m/s ¥2F 45 F5i¢ F-o B4 0 £ 12 12000 rpm ~ 4°C Fres 10 A 48 0 B~ 250 pl

diFd 1LSmL MR g F g o

2.2.2.2 DNA Tk

* PCI AR i {8 22 250uL b e @ 4o~ 25uL 3M fispedph i3 i (sodium acetate,
pH 5.4, Showa Chemical Co. Ltd., Meguroku, Tokyo, Japan) 14 2 250uL £ 7 f%
(isopropanol, Sigma-Aldrich Inc.) > & * Z F #4 3000rpm 2 F 30 #) > “§
12000rpm ~ 4°C .o 10 445 0 3 “,‘TTJ Gikts o 4v o 500uL 70% ¢ f% (ethanol,
Honeywell Research Chemicals, Morris Plains, NJ, USA) > 2 12000rpm ~ 4°C #t.< 5
A I ",%J ik T4~ 500uL 100% 2 fg £ 12 12000rpm ~ 4°C g 5 4 4 1
4 %_‘ Gk #7773 DNA B R E 3R r» Eicke P T E 7 h 4230 248>

MPLZFFE#E S P FERGTIRR -

2223 DNA ® /%

= 2k dgis 4o » S0pl & 2 35 -k w3 0 2 NanoDrop 2000 (Thermo Fisher
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Scientific Inc., Waltham, MA, USA) #] 2 DNA k& & 55 » 415 % DNA & & i 3

3-20°C Fiivie Rk o

223 TR & pF4as) F ks (real-time/quantitative polymerase chain reaction)

%+ % ¥ qPCR f%% £ = [Fast SYBR Green Master Mix (2X) Kit, Applied
Biosystems, Waltham, MA, USA] fe @882 2 & > 1 qPCR & {7 & W Fth2 T & ©
%% - 0.ImLPCR ¥ J&¢ © 4 » 5pLFast SYBR Green Master Mix (2X) ~ 0.2 uL 2
10 uM forward primer ~ 0.2 uL 2. 10 uM reverse primer » /4 %2 2 ulL # B DNA & » »
£ FjE AT R H AR D 10uL - B PS4 EHk DNA 2 %~ DNA & 7
HRIEFER &% PREREFAYF R (QuantStudio 3 real-time PCR system,
Applies Biosystems) & {7 4 7o W R & feddsy F TR *F 2 31 F B F B iE 2o d

3-182 32 9 7 o
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£330 kAR RO Y L TR S AL R 1S

Table 3-1 qPCR primers for different kefir species

Species Primer Oligonucleotide sequence (5°-3”) Reference
LK1-2F GAGCGGAACCAGCAGAATCA

Lb. kefiranofaciens Wang et al., 2018
LK1-2R GCTGTTCATGCGAACTGCTT
LK-F CAAACCAACGACTTGAAGAAG

Lb. kefiri Tanizawa et al., 2017
LK-R CAAGCTTTTGGCGTTGATCG
Lc-F TACCAACTGGATGAGCAGCG

Lc. lactis #,2024
Lc-R GCCTTGGTGAGCCTTTACCT
KluMx-F GGGCTGCGTGTCAAGTCTAT

K. marxianus #2024
KluMx-R AAGCCGTATGCCTCAAGGAG
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#3-2 WwER & ALY F B2 F iE i

Table. 3-2 Reaction conditions for gPCR

Stage Step Temperature (°C) Time
50 2 min
Hold stage
Initial denaturation 95 10 min
Denaturation 95 15 sec
PCR stage (40 cycles)
Annealing and extension 60 1 min
95 15 sec
Melt curve stage 50 1 min
95 15 sec
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23 FpEF 2. pH EP|E
Hp pEF AR5 3 16 1 pH i) Tk (AB41PH pH meter, Aquasearcher, Ohaus,
Parsippany, NJ, USA) |7 o #F # X T 22 F i BT B2er U9 » 2

PHEFLEH S YL RE2Z pHE -

24'%[2713[‘7 ‘“/ﬁv’”—“ & B 2
2.4.1 k& Rl
£ B 0 2 24 ISO/TS 11869:2012 » #-i4 wenik v B 3 28 {6 > #-H

WAR 353 > BB 10g 2455 0 £ 4o r 10mL kiR 305§ F o

242 F %

BF E 20N & F MARRERES > KR F L HBIRE Y o T
B BOF peptdnor Al Tk BRSO MRS FEWE o RE IR S
Mk A d DB AP ST H D T WL AR B BT

L5 “HUF - VIF IR IEE 22 5% ISO/TS 11869:2012 © 2 5 40T

<

x 0.9
m

B ow i F 100g 57 51 hip ik

w =

V & iF e Hend § A4 (mL)

m & 3 g £ (g)

25 FREEFLFE A4

P AR ATC k4 BANiS s B R R e o B 30g FEES D
T&ir e o L E 247 &k (TAXT2 plus texture analyzer, Stable Micro Systems,
Surry, UK) B % o & 7k %% Skg B4 BUZ FREESCE Y gk HREE (A/BE-

d35, back extrusion rig 35mm disc) » B TS HceE TE 0 BIEE TR B (pre-test speed)
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% 2 mm/s; BlEE#E A (test speed) % 1 mm/s; Bl:E{s:# B (post-test speed) & 10
mm/s ; fE4E (distance) 5 10 mm ; 3 4 i (trigger force) % 0.5 g Bhpfpiid
F % 500 pulse per second (pps) ° % i #- %8 (Exponentv 6.1.16.0, Stable Micro Systems,
Surry, UK) & {7 #icdhp A~ 47 > Bl & chdo~ &% & & 2F & (firmness) ; & Ew f &
# AFfk B (consistency) ; &+ f & &~ & p B % (cohesiveness) ; f E & fF X & p

& ¥ (work of cohesion) °

2,6 FEES R &2 ARR (viscosity) Bl 2

BREFE SRR 5305 15 0 B33t 4°C ¢ ¥ o @ % ik (RST-CPS
Touch Rheometer, Brookfield Engineering Laboratories Inc., MA, USA) & {7 ALK B T_°
SRR T S 2l 2mL 2 FEESUR S0 # TR 445 g (RPT-50 mm spindle) » ¥
ME E 5 lmm> »t 4°C T 10§ 2 & (shearrate) 30s-1 4§ pl < 2 300 §) - & 15 %)

jedk— X #cdy 0 4 E ta-f) (millipascal-second, mPa-s) % 7 A& o

2.7 WG WERE R ZERT
2.7.1 $f & a2

ez p Vénicaetal. (2014) 9> % o B~4AmL #F s &2 S50mL 4o g @
v~ 2 #2 0.0IN #ipk (sulfuric acid 98%, for HPLC LiChropur, Supelco Inc.,
Germany) > B F 1 » 48R £353 15 > 12 10000 x g *+ 4°C .o 10 ~ 48 > o {812
I mL 4325 04 mL *} ‘J%ifi’ » 02 0.22 um Jp ¥ ie I HPLC & &¥g@ o %

F30-20°C 0 BFis A 4T o

2.7.2 B »xae ik 4p & 7 (HPLC)Z 4 45
# % B orxat kAP k& 47 &R (PU-2089 plus quaternary high performance liquid
chromatography, Jasco International Co. Ltd, Japan)> 2 0.01 N #:f& (sulfuric acid 98%,

for HPLC LiChropur, Supelco Inc., Germany) &5 #% #4p » /i 3% 25 0.5mL/min >
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A 5 2 33 -k (double distilled water, ddH,O) » W |k & 5 UV 210 nm » 14
BBt BB 10 L 8wl » 5L s E Y o & 4741 (Carbomix H NPS, 8%
Crosslinking, 7.8 x 300 mm, Sepax Technologies Inc., USA) & & %k Z_5 40°C » B 2_

RS 3S Aas o BRI R PR TR P RIFE (% 5 HPLC

% * > Sigma-AldrichInc.) #### 2 it § % 5 872 » HPLC » 47 » g Wiz 5 $pah
*%.L‘%Eb' f‘g;f!\bh’ ];_17;" = ﬁ}_}\ ) :t&-é{-,?”ri v 7 %i/év\\i ﬁ% ]L )\ ETF"‘S ﬁi;\ 1l ‘}\:”;’;4 ﬁﬁﬁg
&Y 278

B RUFPE & * 4741 % Sugar SH1011, 8.0 x 300mm (Resonac Corporation,
Tokyo, Japan) » 72 0.0IN Fifgk il s # & 4p > i K T 5 1.0mL/min > % 45% 5 3 3¢
+ -k (ddH,0) » & * 37845 (refractive index, RT) W B % » 2 p B4k Bex B~ 5 ul
Bl R EL B R o R THE R R TS S0°C R T ERF L 20 A4k RS
99.8% @ p& (Fisher scientific, Loughborough, UK) > #f# 1 if ¥ B 381~ HPLC

ar o g GLPEE iR S B AR e

28 W F B R
k202 30 A WA HBRALAE B RHERLD EapEd s kR AT
BFHMBIAEE LI 9 A28 R § FHEVES S | R R

BoOMNETPZEAARER LR o

2.9 it e

% o> 4538 P 278 3| ehdicdz 14 GraphPad Prism v9.0.0 (GraphPad Software Inc.,
Boston, MA, U.S.A)) & 7532472 B 4§ W - dicdp 0 E 5|3 % & #c~ 47 (one-
way ANOVA) & 75+ % 2 &~ 7 (two-way ANOVA) & 7 4 37 » £ 11 Tucky’s
multiple comparisons test it 3 ¥ {& # 2 (post-hoc) o #7F £ %|*"& s pF [ g8k P~ =

Bi&E (n=3)c Fgp TIHEEHE L (mean+ SD) % 7 o
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2-25%
F-& AR RPAARLECAERL Y
-~ AR E i a g2 gl
Lo d ARk E

E R L A kY A 3R SRR Lb. kefiranofaciens ~ Lb. kefiri ~ Le. lactis

# K marxianus & 50 5 & 24 £ 48 G 0 F R RS RE (W 4
Do 3 iz REAF T P BAEDFRT AL > AN RN o e AL p 2

Fue 1% (s ¥ ® 5 0 Lb. kefiranofaciens 6.33x107 CFU/mL ~ Lb. kefiri 2.4%x108

CFU/mL -~ Lc. lactis 4.2x108 CFU/mL ~ K. marxianus 3.77%x10® CFU/mL -

2. FEEi 2 WiE

BrLEe SRS B S RAc R 420 AR AR (Fl4-2A)
FOUBRRIIFRES D G IVF S F e AR FATA S o §F LR S eho
ﬁ&@44BﬂémﬁﬁﬁiﬂﬁﬂEwﬁjgﬁﬁ@jmémmgﬁﬁjgwﬁM$ﬁm
AL LB 43 YT G IS RS PRSP DTS RAT N B T
Sy o F R FEMESRE TR { S REFEN S T GREa 2

SR B R TR LS AB A4 s DA AL E D R

3AC AR 1421 HF FRMAFARDRE @ Bt S F RS PIL S IRY
wHEIVFDAEL o RARBF AAFEDIRREFTAL - F LR
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Bl4-1 HEthd prr2gid 2E 24 & 48 [ FFis ¥ 3 5= &5 (A) Lb. kefiranofaciens (B) Lb. kefiri (C) K. marxianus (D) Lc. lactis »
7] F

Fig. 4- 1 Curds were formed after four microorganisms incubated individually in milk for 24 or 48 hours. (A) Lb. kefiranofaciens (B) Lb. kefiri (C)

K. marxianus (D) Lc. lactis.
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(A) (B)

B4-2 Bas 2 (A) g8Rk?E (B) Fpiez e

Fig. 4- 2 The appearances of traditional kefir (A) and pure culture kefir (B) after fermentation.
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Bl 4-3 &Ptk s o pR IS v

Fig. 4- 3 The appearange of pure culture kefir after fermentation.
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Bld-4 BALAE (A) HHEKRLEE (B) 2 4°C g 14 % (52 7hjae

Fig. 4- 4 The appearances of traditional kefir (A) and pure culture kefir (B) after 14 days of storage at 4°C.
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o8 BN EREL
- ~FEER 2 pH B A

l.pH &% it

Wi A f (TK) 2 EHkLLE (PC) chpH B 4oM 4-5A 2 4 4-1A

e (p<0.001)° TK 2% %5 (DO)

o FERE K> TK ehpH B4 ¥ <3t PC &
BFEFLE (p<0.01)-TK %

BT ©
PC 2% 439+0.07 > & @5

pH & % 4.04£0.03 » @
%14 X 94144001 > @ &5 21 X B A

e pH B (e 94.04£0.03 2 3
T2 409+0.16 KO HaFL 001 Al EFRM (p=0.73) PC

eenpH EASFFEE 74.39+0.07 FBrT L % 21 X c94.21+0.003 0 FR T

RIMFLE =014 k2 AP pH Ba% 7 24 FHFLE @

<0.05) -

2. F LEART
Bl 4-5B &4 4-1 B 3 3 g prit i LA
e (p<0.001) « TK fe e 2k & B3 s 4 &

B 21 2 EF T o R

j\F)L » TK % E'FJ’J,R,— {ﬁ’xf‘i&;’%‘r—g * PC &
1.13£0.01% > PC 25 0.86+0.04% > = 2/ 5 BgF £ R (p<0.05) - TK ‘crjf 2
1 E¥ LB (= 096) - PC

k5 PC

A3 1.16 £ 0.10% » & # A2 L

FE Bt i 73 8P Y LR Y
BFa D (p<0.01)- T2

P23 1.07+£0.03% » & pEis v 2

R
B RRMAEAEFE 14X BERELE T EESH A (p<0.05) -
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(A)

- TK
-% PC
3.8 I 1 1
0 7 14 21
Day
(B)
Titratable acidity
1.3-
- * -~ TK
2 1.2 = PC
o
© 1.1
Q
(3+] 1 0_
Q2
© 0.9+
o
i: 0.8
0.7 T | I
0 7 14 21
Day

B4-5(A) Rt e2l x B3P F2LpHER E B) Faprgt o

Fig. 4- 5 (A) The changes of pH value and (B) titratable acidity for fermented milk during
21-day storage. The data shown as mean + SD. *p< 0.05, **p< 0.01 indicates significant
difference between two groups. (n=3)

TK- Traditional kefir; PC- Pure culture kefir
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241(A) HFES A2 T EGHF2L pHES 2 (B) jf LRARM 2 LR

Table 4- 1 (A) The changes of pH value and (B) titratable acidity for fermented milk during 21-day storage

(A) pH value
Group Day 0 7 14 21
Traditional 4.04+0.03B 4.09 £0.04B 4.14+0.01 4.09+0.16
Pure culture 439+0.074 435+0.104 424+ 0.04 4.21 +£0.003
(B) Titratable acidity (%)
Group Day 0 7 14 21
Traditional 1.13£0.014 1.15+£0.08 1.13+£0.10 1.16 £0.10
Pure culture 0.86 + 0.04 BP 0.96 +£0.01% 1.01 £0.042 1.07+0.032

A-B different superscript letters in a same column were significantly different between groups (p <0.05).

&b different superscript letters in a same row were significantly different between days (p <0.05). (n=3)
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SRR T R
1. =5 & (Firmness)

f s TR ARA (46 A) (% 4-2A) o 3 L5 i % ¥ AT MFLE
(p=0.10) » BRE k 3 » 12 PC i F o PC och%F B g fsts 5 1697£232g &
P A REH PN ESTE D 14195123 g0 KT LG F RS (p=031) - TK
R EA 1676 £2.07 g T H T H 21 % 012,81 + 0.63 g0 44 T2 F B F e

s (p=0.13)

2. # & (Consistency)

BfE Sk R AER (F14-6 B) (% 42 B) o R A mapf2 ML) MFL
£ (p=0.08) » PC ‘2t & F * TK 2 o PC 2 i€ f% 16 £ 13537+ 21.45 g-sec iF i
3 11179 + 10.87 gsec » 25 EIBF LB (p=038) o TK e eifp & 132,15 +
1731 gsec T "% % %75 21 % {8¢199.42+651gsecs THERIL T HFLRE (p=

0.13) -

3. p B (Cohesiveness)

ApR MR- e R h-Azihic 4 o d B Re 3 Fansl 4 Lo p R oh
RMAFEAAERE DR, bR S P R E P AL LR DI R 2 R
FAA AR S S o b4k § AR (F14-6 C) (£ 420) 0 A R s

Bt BELPE (p=0.14)> 12 PC i d - PC lechph BIL o s psis 5 11.50 +

kS

157 g » 5% 7 A pFr pic b 2 3 11.86+1.29 g » %Efs P):iEB7 T '8 1 9.87 £0.97
g B 3 1 HFLE (p=049) - TK eehp B agpEis 5 1188 +
1.52g > iR % 21 AT 1 9.01£047g BT ks 27 EFEFL

£ (p=0.13)
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4. p F# (Work of cohesion)

T - B R > B A4 - H G T s o p R AR Rl
AR F B KT F 2 P48 F 5 A4 (Bl 4-6 D) (£ 4-2D) e & e ek B4l § B
FAE (p=018)> 1 PC B o PC manp R# g fris 5 552+ 1.88gsec’ T
Wy 7 R PR e b A 3 598 £0.86 grsec 0 20 16 PR BT E T 3.84 + 0.89 grsec 0
T F 23 EEFLE (p=046)° TK feep R g pEis 5 5.84+£1.19gsec &
FHrT R R H 21 X 613134099 gsec ) BT 4Ry 23 EFEFLE (p=

0.22)

5. 2k& (Viscosity)

4oW 4-68 # 4 42F 77 « R ki B BFEN 2 B3 MELE (p<
0.01) » PC 24 ¥ % ** TK & o PC o gkt f ¥ f2 & 14 5 299.84+38.51 mPas -
TP ik Wbt > B % 21 X 6926831+ 11.38 mPa's > AR FH RN R
4 EE RS (p=0.56) o TK M erdh At 2% & 14 5 258.63+ 11.46 mPa's » %
7% {67 '3 238.33+18.10mPa's > % 14 = pFx + 2 3 269.47+4.81 mPa's > & {&
PIT % 5] 24647 £ 1122 mPass» R IRF TR B DFN o 2T LG ENHEFLR

(p="0.20) -
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(A) (B)

Firmness Consistency
207 180+
i 7K - - TK
=187 = PC ? 1604 = PC
2 2
0 16 -
b > 140
[ T c
E 149 2 420-
= 7
ic ©»
124 c -
S 100
O
10 , , . 80 : . .
0 7 14 21 0 7 14 21
Day Day
Cohesiveness Work of cohesion
14 il
- TK & 1 - TK
= "
2 -2 PC o = PC
a =
®» 12 S
QO —
c o
4 =
2 0
2] ]
% 10 :g_
° $
81 T T 1 0 T T 1
0 7 14 21 0 7 14 21
Day Day

Bl4-6 @ AFES 2 A F3PFLEFR R - (A) TFAR B) f#E (O M FEE D) P RF -
Fig. 4- 6 The texture changes for two fermented milks during 21-day storage. (A) Firmness (B) Consistency (C) Cohesiveness (D) Work of cohesion.

The data shown as mean + SD. (n=3). TK- Traditional kefir; PC- Pure culture kefir

50 doi:10.6342/NTU202502025



Viscosity

Viscosity (mPa-s)

200

Day

B4-6 @ EHFES2 X FFHIFLT+ R (F)(BE) 44

-o- TK
= PC

Fig. 4- 6 The texture changes for two fermented milks during 21-day storage (continued). (E) Viscosity. The data shown as mean + SD. (n=3)

TK- Traditional kefir; PC- Pure culture kefir
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24-2 ABEFEF2 A EEHPFTFH R - (A) TR B) KR

Table 4- 2 The texture changes for two fermented milks during 21-day storage. (A) Firmness (B) Consistency

(A) Firmness (g)

Group Day 0 7 14 21

Traditional 16.76 + 2.07 14.44 £ 1.12 13.42 £ 0.99 12.81 £ 0.63

Pure culture 16.97 £2.32 17.07 +1.36 14.66 + 1.50 14.19 £ 1.23
(B) Consistency (g-sec)

Group Day 0 7 14 21

Traditional 132,15+ 17.31 110.93 + 8.54 104.13 +7.56 99.42 + 6.51

Pure culture 135.37 +21.45 135.87 + 13.66 116.37 + 13.26 111.79 + 10.87
(n=3)
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%4-2 B BEREF2 X EFHF TR0 () (O pRE (D) M EH

Table 4- 2 The texture changes for two fermented milks during 21-day storage (continued). (C) Cohesiveness (D) Work of cohesion

(C) Cohesiveness (g)
Group Day 0 7 14 21
Traditional 11.88 + 1.52 9.87 + 0.80 9.23 +0.88 9.01 +0.47
Pure culture 11.50 + 1.57 11.86 + 1.29 10.58 + 1.29 9.87 +0.97
(D) Work of cohesion (g-sec)
Group Day 0 7 14 21
Traditional 5.84+1.19 4.01+1.37 3.31+ 1.06 3.13+0.99
Pure culture 552 +1.88 5.98 + 0.86 4.61 + 1.34 3.84 +0.89
(n=3)

53

doi:10.6342/NTU202502025



#4-2 AP 2 XA FEFHPFLFE R (F)(E) 2R

Table 4- 2 The texture changes for two fermented milks during 21-day storage (continued). (E) Viscosity

(E) Viscosity (mPa-s)

Group Day 0 7 14 21
Traditional 258.63 £ 11.46 238.33 £ 18.10 269.47 + 4.81 246.47 +£11.22
Pure culture 299.84 + 38.51 285.02 + 22.54 284.24 + 23.55 268.31 +£11.38

(n=3)
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BRSO P RE R

VLR R R B2 A ﬁjﬁ,ﬁrab ¢ g ﬁi"“p"iﬁ—*—’i [;]\,,ﬂg;;o PC ¢ % #ic-2 * £
FEET o B4~ FIRPE o
1. §“f% 7 (LAB counts)

hoB 4-TA 24 43A T 0 FPRAKE A5 B BEFLE (p<0.0001) -
PC ¥ > g5 S pt ol 5 8.25log+0.15CFU/mL » 5.4 48 -] P& evgf fig 14
B8 % + 2 1 9.08log+0.04 log CFU/mML (p<0.0001) > @ A fs FenEFH P > /0
F el < 9 M4F A 9.03 + 0.05 log CFU/mL £ 9.14 + 0.03 log CFU/mL 2 ¥ >
FHEESARL (p>0.05)° % 071421 X chie® FEEFF N FED (9<0.0001) -
B TK 2@ > g 5 s 5L e Fendic® 5 8.90 + 0.05 log CFU/mL » »t % 7 X prff #ic ™
# 3 8.82+0.01logCFU/mL » @ %% 14 X PFRI B F B> 3 7.65+0.03 log CFU/mL

(p< 0.0001)

2. % 7 (Yeast counts)
4Bl 4-TBE £ 4-3B#7 o FR R > B* Al a0 2Py HF AR

(p=006)> ¥} &% 14 ApFd wFafc®§ HELE (p<005)° & PCa? »f

B

# Fedc R AF T 5 5.96+0.051og CFU/ML - G5 i 48 | P s 8 Bg % + =
% 6.40+0.20log CFU/mL (p<0.01) > 2 F| %% % 14 2 p& » & ﬁﬁﬂﬁ:{é‘gﬁ’ﬁ ¥ H

4t (p<0.05) > Bts 3| % 21 % prigc® 5 7.27+0.04 log CFU/mL © TK == f to

fi% 15 iR 5 6.56+0.17log CFU/mML » %73 7 = 5 8 A #c > 2 6.46+0.22 log

CFU/mL » %5 RI& %+ 2 3 § 14 = ¢717.44 + 0.08 log CFU/mL (p< 0.001) -
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(A)

LAB counts
9.5
*% *kkk *kkk gk kK - TK
-= PC
3 9.0
E
@ 8.5
QO
=]
o 1
8.0
7.5 T T T 1
2 0 7 14 21
Day
(B)
Yeast counts
8.0+
* -+ TK
7.5 = PC
E
5 7.0
)
= 6.5
o
6.0
5.5 T T T 1
2 0 7 14 21

Day

Bl4-7 » Bl w20 2 EPFPIEEA (ASRE* A B) E2 %1 -
Fig. 4- 7 The LAB counts (A) and yeast counts (B) for two fermented milks during 21-
day storage. The data shown as mean £+ SD. *p<0.05, **p<0.01, ****p<0.0001 indicates
significant difference between two groups. (n=3)

TK- Traditional kefir; PC- Pure culture kefir
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Table 4- 3 The LAB counts (A) and yeast counts (B) for two fermented milks during 21-day storage.

(A) LAB counts (CFU/mL)

N 2 0 7 14 21
Traditional - 8.90 + 0.05 B 8.82+0.01Bs 7.65 +0.03 B0 7.70 £ 0.10%
Pure culture 8.25+0.15" 9.08 + 0.0442 9.14 + 0.03 A2 9.05 + 0.03 A2 9.03 + 0,054

(B) Yeast counts (CFU/mL)

N -2 0 7 14 21
Traditional I 6.56+£0.17" 6.46 +0.22° 7.44 +0.0842 7.48 +0.02°
Pure culture 5.96 £0.05¢ 6.40 +0.20°¢ 6.72+0.07 " 7.12 £ 0.05B2 7.27 +0.042

A-B different superscript letters in a same column were significantly different between groups (p <0.05).

&b, ¢ d different superscript letters in a same row were significantly different between days (p <0.05). (n=3)
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Fig. 4- 8 The amount of four microorganisms in two fermented milks. (A) Lb. kefiranofaciens (B) Lb. kefiri (C) Lc. lactis (D) K. marxianus. The
data shown as mean + SD. *p< 0.05, ****p<0.0001 indicates significant difference between two groups. (n=3)

TK- Traditional kefir; PC- Pure culture kefir

59 doi:10.6342/NTU202502025



#4-4 B AEFETP W AL BE (A) Lb. kefiranofaciens (B) Lb. kefiri

Table 4- 4 The amount of four microorganisms in two fermented milks. (A) Lb. kefiranofaciens (B) Lb. kefiri

(A) Lb. kefiranofaciens (log cell/mL)

Group Day 0 7 14 21

Traditional 7.73 £0.001 7.70 £ 0.45 7.13 £0.89 7.59 +0.02

Pure culture 7.72 £0.06 7.54 +£0.09 7.12 +£0.60 6.97 + 0.58
(B) Lb. kefiri (log cell/mL)

Group Day 0 7 14 21

Traditional 6.99 £+ 0.02 B2 6.34 +0.268° 6.27 +0.015° 5.95+0.09B°

Pure culture 8.11+0.214 7.60 +0.024° 7.32 +0.224b¢ 6.98 + 0.04A¢

A-B different superscript letters in a same column were significantly different between groups (p <0.05).

a.b. ¢ different superscript letters in a same row were significantly different between days (p <0.05). (n=3)
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Table 4- 4 The amount of four microorganisms in two fermented milks. (continued) (C) Lc. lactis (D) K. marxianus

(C) Le. lactis (log cell/mL)

Group Day 0 7 14 21

Traditional 6.61 +0.06 52 5.70 £ 0.02 Bb 5.64 £ 0.05 Bbe 5.47 £0.07 B¢

Pure culture 8.93 £ 0.084a 8.71 £ 0.104a® 8.51 £ 0.154a® 8.15+£0.354°
(D) K. marxianus (log cell/mL)

Group Day 0 7 14 21

Traditional 576 £0.01B 6.01 £0.46 6.10 £ 0.56 6.07+£0.11

Pure culture 6.87+£0.124 6.77+0.20 7.01 £0.15 6.40 = 0.56

A-B different superscript letters in a same column were significantly different between groups (p <0.05).

a.b. ¢ different superscript letters in a same row were significantly different between days (p <0.05). (n=3)
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Fig. 4- 9 The differences of the amount for the four microorganisms in two fermented

milks. (A) Traditional kefir (TK) (B) Pure culture kefir (PC) The data shown as mean +

SD. (n=3)

62 doi:10.6342/NTU202502025



I CHRErY G BReEE T E
BEFRES Y § MR B4 4-10 22 & 45970 o ok (B 4-10 A)(# 4-5
A) 23R Sehip H i RAs eFFBFLE (p<0.0001): 2 TK &g
B 0 KB D691£0.16 mg/mL 2 % 7.22+0.02mg/mL > A A% 21 X pF
Pl % 3 6.89+0.01 mg/mL > & iFs 8 Bz $ B E g it (p=0.15) « PC & p| &5
%15 515.1240.51 mg/mL T % 3 % 7 % 14.68+0.39mg/mL> 2 {4 p|x + 2 3 5.09
+£0.53mg/mL > &G TR HEiF EEORL (p=0.73) - RER (B 4-10 B)(
4-5B) t 2B F BEFLE (p<0.0001) PC g B4 5 » KA p(S e 1.99 +
030 mg/mL T 3 % 7 % 1.82 + 020 mg/mL » 2 {$ ]+ %% & 1.83 £ 0.19
mg/mL> 2FFHFRZTHEFRT (=077) - TK iz £ 2R FHT % P
120+ 0.0l mg/mL ™ % 3 1.07+0.002mg/mL > § 3 ¥ ch% it (p<0.01) > @ j& %5
P14 %Az Pl BRI R R R e T iR (R 4-10C)(% 4-5C) & e
FTHELRE (p—020)0 TK 263 B AREa 14 22 F 4 988 s 025+ 001
mg/mL % 4 % 21 X EERIA AT % 3 024+£0.00l mg/mL> 2 F EFEELE (p=
0.052) « PC % f) & %75 7 % 2_ [ 4£_0.26 + 0.02 mg/mL ™ * % 0.23 + 0.01 mg/mL -
EFEELE (p<0.05)2 {50+ § % A 023+0.0l mg/mLe2 f (B 4-10D)(%
4-5D) ths £ e B/ H £3 (p<0.0001)> ™ TK ey £ #E - K s
£10.64%0.003 mg/mL i# 57+ 2 3 0.73£0.0l mg/mL-i2§ EFEFLE (p=0.16)
PC 2 B] 24 ** 0.43 £ 0.01 mg/mL £ 0.48 + 0.04 mg/mL 2. F » &% 5 H 24 &
¥R (p=045)° 7 & (B 4-10E)(% 4-5E) RIF 3 & TK 2@ @5 25 £
%7 8 R /€_0.36 = 0.0l mg/mL 2 3 040 £ 0.02 mg/mL > 2F EEH L (p=
0.09) = Pt (B 4-10 F)(# 4-5F) 7 £ &5 @41 %21 2 2 HFLE
FhEis TK eenz £ 3 > 4£.1.16 £ 0.03 mg/mL i&;#+ 2 3 1.85+0.15 mg/mL >
AEGHFN G EESL D (p<0.05)PC 2P| £ /€ 0.72+0.03 mg/mL + = 3 2.85

+0.34 mg/mL > WP S G REF a2 (p<0.0001) o

63 doi:10.6342/NTU202502025



(A)

Lactic acid
g—k* *kk *kk *k

ot

Concentration (mg/mL)
[=;]
1

Day

©)

Formic acid

0.30+
0.284
0.26-

0.24

0.22-

Concentration (mg/mL)

0.20 : .

Day

- TK
- PC

-~ TK
- PC

(B)

Citric acid
2.5-%% *%
E‘ 1
E |
= 1.5
S .
- P\.
Z 1.0 N.D. N.D.
c
[+}]
2 0.5
o
o
0.0 T T 1
0 7 14 21
Day
Acetic acid
0 8—** *kkk *kkk *%k%*

Concentration (mg/mL)

Bl 4-10 & f5 i 5y § ®meEi s £ (A) 96 (B) RigM (O " (D) ¢ i@

e
~
1

e
o
]

o
FY
1

e
w

o

B S

§

(=)
~ -

14 21
Day

- TK
-= PC

- TK
-= PC

Fig. 4- 10 The organic acids and ethanol content in two fermented milks. (A) Lactic acid (B) Citric acid (C) Formic acid (D) Acetic acid. The data

shown as mean + SD. **p< (.01, ***p< 0.001, ****p<(0.0001 indicates significant difference between two groups. (n=3)

TK- Traditional kefir; PC- Pure culture kefir; N.D.- Not detected
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Fig. 4- 10 The organic acids and ethanol content in two fermented milks (continued). (E) Butyric acid (F) Ethanol. The data shown as mean = SD.

%< 0.001. (n=3)

TK- Traditional kefir; PC- Pure culture kefir
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Table 4- 5 The organic acids and ethanol content in two fermented milks. (A) Lactic acid (B) Citric acid

(A) Lactic acid (mg/mL)

Group Day 0 7 14 21

Traditional 6.91+0.164 7.21+0.254 7.22 £0.024 6.89+0.014

Pure culture 512+0.518 4.68+0.398 4.88+0.698 5.09+0.538
(B) Citric acid (mg/mL)

Group Day 0 7 14 21

Traditional ] 1.20+£0.01 B2 1.07 £ 0.002 B° N.D. N.D.

Pure culture 1.99+0.304 1.82+0.204 1.83 +£0.19 1.83+0.19

A-B different superscript letters in a same column were significantly different between groups (p <0.05).
ab different superscript letters in a same row were significantly different between days (p <0.05). (n=3)

N.D.- Not detected
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Table 4- 5 The organic acids and ethanol content in two fermented milks (continued). (C) Formic acid (D) Acetic acid

(C) Formic acid (mg/mL)
Group Day 0 7 14 21
Traditional 0.25+0.01 0.25+0.01 0.25+0.01 0.24 + 0.001
Pure culture 0.26 + 0.02 0.23 + 0.005 0.23 +0.01 0.23 +0.01
(D) Acetic acid (mg/mL)
Group Day 0 7 14 21
Traditional 0.64 £ 0.0034 0.69 + 0.064 0.73 £ 0.014 0.72+0.014
Pure culture 0.48 + 0.04 B 0.43+0.018 0.47 + 0.06B 0.48 + 0.04B

A-B different superscript letters in a same column were significantly different between groups (p <0.05). (n=3)
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Table 4- 5 The organic acids and ethanol content in two fermented milks (continued). (E) Butyric acid (F) Ethanol

(E) Butyric acid (mg/mL)
Group Day 0 7 14 21
Traditional 0.36 £0.01 0.39 £ 0.004 0.40 £ 0.01 0.40 £0.02
Pure culture N.D. N.D. N.D. N.D.

(F) Ethanol (mg/mL)
Group Day 0 7 14 21
Traditional 1.16 £0.03° 1.33£0.17% 1.67 £0.04%* 1.85+0.15 B2
Pure culture 0.72+£0.03¢ 1.18 £0.14°% 1.65+0.28° 2.85+0.3442

A-B different superscript letters in a same column were significantly different between groups (p <0.05)

&b, ¢ different superscript letters in a same row were significantly different between days (p <0.05). N.D.- Not detected. (n=3)
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Fig. 4- 11 The scores of consumer preference test for two fermented milks and different

storage times. (n=21)
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Table 4- 6 The scores of consumer preference test for two fermented milks and different

storage times.

Day TK PC
Color
0 64+1.5 6.5+14
7 6.6+14 6.4=+1.6
14 6.5+1.5 63+14
21 6.5+1.3 6.5+14
Flavor
0 50+1.8 56+1.5%
7 51+1.6 5.1+£1.9%
14 48+1.6 4.0+ 1.6%
21 55+ 1.54 3.5+1.7B°
Smell
0 54+1.6 54+19
7 5.7£1.9 49+2.0
14 5414 50£1.6
21 57+1.4 52+1.7

TK- Traditional kefir; PC- Pure culture kefir

A.B different superscript letters in a same row were significantly different between groups
(p <0.05).

a5 ¢ different superscript letters in a same column were significantly different between

days (p <0.05). (n=21)
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Table 4- 6 The scores of consumer preference test for two fermented milks and different

storage times (continued).

Day TK PC
Texture
0 54+1.5 55+1.5°
7 52+1.6 48+1.72
14 53+144 33+1.68°
21 6.0+1.24 47+1.78
Effervescence
0 32+21 2.1+£1.6°
7 32+2.14 2.0+ 1.75°
14 3.6+23 3.1+£2.4%®
21 29+188 4.7+2.14
Overall acceptance
0 53+14 55+1.5°
7 49+18 50+1.6%
14 51+£1.74 3.8+ 1.58
21 54+134 40+1.68

TK- Traditional kefir; PC- Pure culture kefir

A.B different superscript letters in a same row were significantly different between groups

(p <0.05).

a5 ¢ different superscript letters in a same column were significantly different between

days (p <0.05). (n=21)
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