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Effects of Psychrotrophic Bacteria Acinetobacter genomospecies 10
and Serratia liquefaciens on Raw Milk Quality
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Abstract

This study was conducted to investigate effect of psychrotrophic bacteria on the quality of raw milk. Acinetobacter geno-
mospecies 10 was selected as lipolytic species, and Serratia liquefaciens as proteolytic species. Lipase present in inoculated
raw milk with Acinetobacter genomospecies 10 did not affect total solid and fat contents. However, the free fatty acid (FFA)
content, especially short chain FFAs, of milk with Acinetobacter genomospecies 10 was dramatically increased. FFAs pro-
duced by lipolysis of milk fat are important in flavor of dairy products, excessive lipolysis occurring in milk and dairy prod-
ucts could cause off-flavor, and produced FFAs may have an underiable effect on their flavor. In addition, protease influenced
the quality of inoculated raw milk with Serratia liguefaciens. In degradation patterns of casein by SDS-PAGE analysis from
inoculatred raw milk with Serratia liquefaciens, casein content was gradually decreased during storage at 4°C, and extensive
degradation of x-casein was observed on the storage day of 13. The free amino acids such as leucine, valine, arginine, and
tyrosine were dramatically increased, which causes bitter taste in raw milk. These excessive peptides in dairy products, pro-
duced by psychrotrophic bacteria, can be possible to develop off-flavors and be responsible for gelling of milk by degrada-

tion.
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3l XA v ABES] 46%7} Pseudomonas &01H, 71 =
T1%e NS Balslal 85%= AlolalS Bajgitia B
3} cH(Bockelmann, 1970). WA wlAEo] Aakst= A
R EAE FANS wellete] FrElAEEE A3,
Az Ape] Falle el FAIES ranciditys 2§
t}. Kosikowski®} Iwaski(1975)= Q- W P fluorescens’}
A At Eae X2 AR Sox et FHA
WAHmedium chain fatty acidsyS F-2JA17 223 off- ﬂavor
= AT, P fluorescens7} AY73e T AR S| G A=
K-caseins- v:OHO]-OE] para-i-casein®] AJ4dol| AOH H A «]
gel3lE Zesh, oA e &gtoln| s
9J3}d bitterness®}t off-flavor A4S VeRdtha l'ﬂ.J_O}ﬁi
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Pseudomonas viscose= Cottage cheese?] &S A3}
o frAIEe] ¥ FAFia Bt
2 A7 299 WA vdEo] Ao F2 A

£ G ATe] Adtel ARRARL) AR E
o) gAo] B FEE AIE FHE Aol WEL
A4 5 A7) o) AE de 2B o A

e %
L4 o|dEe| st Mz £
WA A Eo] el mXE G 24 A
TS AE8A] &2 dx2ay A asgdido] =2 o
F2 ArE Acinetobacter genomospecies 103} TH¥ 2 F-5])
Aol F& T2 AYE Serratia liquefaciens(Shin
et al., 2013)2 Aol HEHAth H7 22 F3skA
1 75°CAA 15%3F A3 AL, Acinetobacter genomo-
species 102 5.00 Log CFU/mLY] T2 HESIH o™,
Serratia liquefaciens= 2.00 Log CFU/mL2} 5.00 Log CFU/
mLe| FEE HET F 4°CollA WAL AFS
YA, D U] AukAS= 7 (Wehr and Frank, 2004)
< AF 04, 3¢, 5¢, 79 H 100l AAEAH

Ut Aol 24

o) i, 2A L 20U S BAL NEE
(B1ELIoRELAA, 2010)] LAEAEHo] weh as)

Aok, A U 2, 2AY D EEE 25 AT 09

A} 14270 A EAT.

FE|X[eHite] 24

FAARe] 22418 De Jong Badings(1990)8] WS
W33} FFAP column(50 m x 0.25 mm, 0.25 pm)e| 2He
Agilent model 6890 GC-FID(Agilent, USA)S A}&-3}33T}.
Carrier gas(nitrogen)?] <2 2 mL/min®|3, LB 25+
HZ 65°CollA] 3 10°CE =0]aL 240°CTHA] G-2A1A &
AsAtt. AE719) L5 250°C, FUTY] SEE 260°C
2 ZAst ARSsHATE FEIARE 24S 918 A
= w8t AR 1 g& A% & 3 g anhydrous Na,SO,2}
0.3 mL H,S0,(2.5 mol/L)2} 1.0 mL ¥FE284-S H7}st
Aot WHEEFEZL enantic acid(C7:0)9} margaric acid
(C17:00Z AFE51Sh &892 3 mLe] ether/heptane(1:1,
viv) &N F FE3k 2,500 rpmell A 5E F1t AT
3l NS F3IATE. A 2= anion-exchange
methodE AHE-5}$33L, aminopropyl column(Waters, USA)2-
10 mL2] heptane® 2 ZASIA|A A3} FEHq) &
ke T8RS AASE] 18k 10 mLe] chloroform:2-
propanol(2:1, v/v)Z &EA|Z2.H, 2% formic acid’} X+
H diethyl ether 2.5 mLE £&3F AL HFA|gdgqo0 =7

ARSSIAT. A Wi ARl AR B4 HF 0, 7Y
S 14de] AABIAaL, HEAPEAS 1L FHsk
Ak sk

SDS-PAGE

SDS-PAGEE Laemmli®] % (1970)S & slo] 2A)s}
Ao} Gele] T4 15%2] resolving geld} 4%2] stacking
gelZ AFE3I AL, 7t laneE 2 WA 20 ug¥® H7FsFc)
il d g2e BCA protein assay kit(Thermo Fisher sci-
entific, USAYE A&3le] 2AI5I¥ oM, F4-2 bovine
serum albumin® = ZHJ8}3 ). SDS-PAGER A|E& 62.5
mMTris-HCI(pH 6.8), 2% SDS, 25% glycerol, 0.01% bro-
mophenol blueE 3+ Laemmli sample buffer(Bio-Rad,
USA)9} B-mercaptoethanol (Bio-Rad, USA)S- &7 &3s}
o 100°CollA] 5 &Rt 7he-8te] FH]8t}. SDS-PAGE
= mini-PROTEIN Tetra Cell(Bio-Rad, USA)S ©]-&3}a]
0 VE ARE EeFo] AArI8I59eH, SDS-PAGE7} €1
gel2 Coomassie Brilliant Blue R-250(Bio-Rad, USA)® 2
FAst] MEE 15T

wloto| itel 24

il A B gsrdido] B2 Serratia liquefacienss 5.00
Log CFU/ML®] F5=2 HF3+ § 4°Coll A WA7dshar
A9 a3,

fjolr)i=ake] HAE]= AQC-precolumn derivatization B
9 (Hong, 1994)°.2 2IA|3}901, HPLC-FLD(Waters, USA)
9} Waters AccQ. Tag amino acid analyzing column(Nova-
Pak Cy,150 mm x 3.9 mm, 4 puL)S “F2ste] 41314t
E2X3%) olu|=Ake] FF-+= aspartic acid(Asp), serine(Ser),
glutamic acid(Glu), glycine(Gly), histidine(His), arginine
(Arg), threo-nine(Thr), alanine(Ala), proline(Pro), cysteine
(Cys), tyrosine(Tyr), valine(Val), methionine(Met), lysine
(Lys), isoleucine(lle), leucine(Leu) & phenylalanine(Phe)=
1759] opp|=ihs BEAsIRon, opv|ellt RFEEd=E
hydrolysate standard(Waters, USA)2} 327522 amino-
butyric acidE AH&-8F frEjotr|=ihs ARSI FF
A5G-l olm] it F5=8-0(Waters, USA) 40 uL= #3}
o 32/ 960 uLE H718e] AR e, WlHEE
29 (internal standard> gamma-aminobutyric acid(Sigma,
USA)E 0.1 M HClol| 2.5 mMe] =2 H7lste] 24513
t}. A|89] F=Ag= 6-aminoquinolyl-N-hydroxy succini-
midylcarbamate(AQC), 0.2 M borate buffer % DNA-grade
acetonitrile® T-AE FE=A|SASF kit(Waters, USAYS A}
310, FEAA2RR] AQCE acetonitrileS 713 &
55°ColA 10 &<t 71Eat Bafsto] A8ttt 5
§99] FEAISHE URIEFE 40 uLo} ol Al EFE
A 40 uLoll & 920 uL= 78 -89S 10 uL F3l] 02 M
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borate buffer 70 uLE 7}k & 4 27+ & £§ sl o
71 AQCE 20 pLE H71gH & A4 13 % HH]
sfal, 55°ColA 103 &<t 7HEste FEAlslet § 358
o2 gt A5 AAHE AR 0.5g0 SFF 5mL
= 71t & EgAo] 1 g2 sulphosalicylic acid(Sigma,
USA)S H7F8lar 100°CoA] 308 B¢t 7138t o)
3,500 g2 158 B¢ YRS 2 A ALS 045 um
membrane filter(Pall corporation, USA)Z 33 & 7134E
Zste] 1mL9 0.1 N HClo| =<1 A|@-8-98 783}
A HoE FEASkATE Af W f]obr| =it &
Ae FE 0, 79 B 14U AASHAT

£ A9S miEe R syslglon dddd= SAS =
Z(2010yS ©]83l] FAHEAS A5kl Duncan?]
H=AdHE B9l 5% FEolA 22T Bagk H o
BE A

2t 4=
2kl 1#55(Shin et al,, 2013)?] Acinetobacter genomo-
species 10 HET Aok HEoHA| 2 72 & 1Y

7 A e Table 100] VRIS HE 0dell=
Afrl F 1T T2 1220%01001, HE F 14900
1245%2X F24Q1 &g 2Apol7t gle A= Yt
FAEe] g g JE F 090l 3.79%°1R e, HE
$ 1490 3.67%EA F994 2pol7} It 2T HA
AET At LT AP g wiskE UeEhslth o
2}A Acinetobacter genomospecies 10 1442 WAR A
At AJEo] Hslel= F3Fs T4 ge AoE AdE

Table 1. Compositional concentrations of inoculated raw milk

Composition (%) 0 day 14 days
Total solid 12.25+0.18* 12.43+0.07°
Control Fat 3.79+0.13* 3.6620.20°
Protein 3.19+0.38% 3.17+£1.05%
Total solid 12.20+0.09* 12.45+0.05%
Fat (5.0 log a b
+ +
Sample CFU/mL) 3.79+0.38 3.67+0.63
Protein (5.0 log a N
+ +
CFU/mL) 3.20+1.01 3.18+0.60

“®Means with different superscripts within same rows are signifi-
cantly different, p<0.05.
Values were expressed as meantstandard deviation(S.D.)(n=3).

10 A13F Lol 5.00 Log CFUMLE 3E3te] WAH
wehe= F Lyt Al WskE vebd 2 Fig 13
2o A% WgnE 39, 59 9 793 AfolA 22
5.86 Log CFU/mL, 6.48 Log CFU/mL % 7.44 Log CFU/
mLE 3 STl A3 VERIIAL, WEES 1094
Yol e 742 Log CFU/MLE 79x}F Aol vis) 2 W
ke BEE R 29t} Sasano 5(1977)2 AfollA 2a)dt
WYX R EQ Pseudomonas A, Pseudomonas B, Flavo-
bacterium, Klebsiellas Ao|Alvfold-g-elof wjkstd=H,
7 A} vk 384 6-7 Log CFU/MLE S2]819aL, 5AA)
+= 8Log CFUMLE, 10¥4#= 9 Log CFUmML7}A] Z7}35}
At o= & AFlx el &3 Acinetobacter genomo-
species 109] T AF}ETHE & 3102 B
ol WA PldEY] TRV t27] WiEe s ddE

el K|t

Acinetobacter genomospecies 102 HE3F 79} HE3)
A B2 xT] FAGAE Tk Table 291 2} A3
H 78 Aike) £44& ER1S51H7] 915t short-chain free
fatty acids(SCFFA, C4:0-C8:0), medium-chain free fatty
acids(MCFFA, C10:0-C12:0) 2 long-chain free fatty acids
(LCFFA, C14:0-C18:2)% -3} YeRNAT}. Acinetobac-
ter genomospecies 10&] ol W& YARAV|ZF F Af
0 R g wske Sl W, o2 E A4 A
Rl Ese] PO sjel Aie] 2 A Wsh
ke 2L stk Az WA PR AE F A
AaHC4:0-C18:2)2] $HFS 163.7 mg/keo] Ao, WA
7Y Folle 185.6 mgkgl 2 F7FsIATE EAFEEAH
A 1494 F AR 454.9 mgkg o 24 WA
7 o]F of 258 SISk & 1449 WAARTIRT T
SCFFAT= 15.8 mg/kgoll A 59.1 mg/kg® 2 3.7917} 575k
7P =8 Z7H-S e o1, MCFFAE 14.0 mg/kgoll A
33.1 mg/kgS 2 24917} F718199.2 4, LCFFAE 133.9 mg/
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Fig. 1. Total bacterial counts from inoculated raw milk with
Acinetobacter genomospecies 10 during storage at 4°C.
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Table 2. Concentrations of free fatty acid in inoculated raw

milk

F(z:nttg /;:g)d 0 day 7 days 14 days
C4:0 5.6£0.1° 5.6£0.0° 5.60.0°
C6:0 5.040.12 5.040.1° 5.0+0.0°
C8:0 5.2+0.1° 5.120.0° 5.140.1°
C10:0 7.1%0.12 7.240.1° 7.240.1°
C12:0 6.7+0.4 6.7+0.1° 7.0£0.1°
C14:0 9.440.1? 9.240.4° 9.3+0.2°
Conirol C16:0 56.4£2.3*  56.6£1.6°  56.5+1.4°
C18:0 34.141.1°  35.4+1.4°  36.2+1.6°
C18:1 37.240.9°  35.4+1.0°  35.5+0.3°
Cl18:2 6.420.0° 6.3%0.0° 6.3+0.1°
SCFFA 15.8£0.0°  15.8£0.1*  15.7£0.2°
MCFFA 13.8£0.4°  13.9£0.2*°  14.240.1°
LCFFA  143.5£4.3% 142.9+3.3" 143.7+3.2°
Total FFA  173.1+4.1° 172.6£3.4* 173.743.2°
C4:0 5.6+0.0° 9.7+0.1°  33.3+0.0°
C6:0 5.0+0.12 7.4+0.1°>  15.5+0.1°
C8:0 5.2+0.1° 6.3£0.1°>  10.2+0.1¢
C10:0 7.2+0.1% 8.3+0.2°  16.3+0.1°
C12:0 6.8+0.1° 6.8£0.2°  16.8+0.1°
C14:0 8.9+5.1° 8.7£0.5*  29.5+0.4°
Sample C16:0 52.542.7°  56.9£0.4° 107.9£2.6°
C18:0 32242.1*  353+04°  66.6+1.8°
C18:1 33.3+£0.9°  39.2+£0.4° 141.3£1.5°
C18:2 7.0+£0.6* 7.0£0.2°  17.6+0.2°
SCFFA 15.840.2*  23.4+03>  59.1+0.2¢
MCFFA 14.0£0.2°  15.1£0.3>  33.120.2°
LCFFA  133.9£53% 147.0+1.8° 362.8+5.9°
Total FFA  163.7£5.1°  185.6+2.3%  454.9+5.8°

“®Means with different superscripts within same rows are signifi-
cantly different, p<0.05.

Values were expressed as meantstandard deviation(S.D.)(n=3).
SCFFA=Short-chain FFA(sum of C4:0 to C8:0); MCFFA=medium-
chain FFA(sum of C10:0 to C12:0); LCFFA=long-chain FFA(sum
of C14:0 to C18:2); Total FFA(sum of C4:0 to C18:2)

keoll A 362.8 mg/kg®. 2 2,787} Z7kakeTt. A el
WAke] dHeS LCFFA7Y 7P =71 YERsE O, SCFFAC
/= butyrate(C4:0)7} LCFFAC| A<= palmitate(C16:0), ste-
reate(C18:0) & oleate(C18:17} =2 X|WPAko|Qt}. Ouattara
5(2004) 135 WA eSS HES 1Y FEA
A717H10Y) T reElAke] WstsE s A9 BE &
ZAPAo] ZTBIM e, 115 53] SCFFA2] butyrate(C4:
0)9} LCFFA®] oleate(C18:1)7} 71 o] Z7l8te] 2 <
T-oF AR 73] AAE UERNITE. Walstra®} Jenness
(1984y= A2 vl B2 9] SCFFAS X338 9l
o, ZF At 5 SCFFAE 21%= X}A|S)al butyrate(C4:
0Y= 8.5%= xXJgl=t], ©|2]g+ SCFFA % 97%2] butyrate
(C4:0)2} 84%2] caporate(C6:0)= triglyceride®] sn-3° $|X]
kel B3kt Weihrauch, 1988). & Atollx] 714 &
2 37H-S ¥]l SCFFAY] {2 A4k butyric acid(C4:0)

o] 0™, caporate(C6:0)7} FHAZ ERATh b e
ol HE3} Acinetobacter genomospecies 100] X433k 2|1t
T EAE sn-300 YR 2R Eafjo] Solido] =
FoZ ALREQT B3 755 FESHA &2 Ao o
ZTe At F AR o] 173.1 mgkgo| 3
3, YA 1447E 173.7 mghke 2 VFER} £-9]7¢]
F Hs} gle 2102 UERSTHp<0.05). 9 W A
ajjo] ¥A-S indigenous lipase, lipoprotein lipase(LPL)
o] txE o), XL G4 triacylglyceride®] ester
FozHE A mono B diglycerideE A/335t=
WA, LPLS ol i EQFY&ted, HTST At (72°C, 15
Zpel oJsie] Ao BEslsle o= d#x AUck(Beuvier
and Buchin, 2004; Farkye er al, 1995). A|52 A
fre Al asgddo] =2 w9 HE A HTST <
o] AtAEE sk7] WiEoll o et glo] 22 el
HE9 Acinetobacter genomospecies 100 2&f A|WHEs)|a
A27F A RS Blste] SCFFA, MCFFA 2 LCFFAS] A
doll AHARN JEFS F+= AS & 5 A HES
o] ARt aart A A Wl F ARk &
g A ARl T} vlaske] oF 2,60 o =
UERstth AR JE frAake] 249 ke A
A0l thFT9} vlwste] SCFFA, MCFFA 2 LCFFAZ}
BT =2 S Uepidlen olF 53] SCFFAS] 5
7HEo] 71 =& ASE YT fE AR X2 5
o] FTHE FAshs WY =4 A AR A=
AZA wig F83 v, A WY AuR A=
Ao Atsloll o3t off-flavore] AT A, A4H
AR 4 ARG O 2HEE7] 48 o=
4 A AT Aubourg, 2001). 53] DAY} SR
ko] AL 73t Fwle] Ao g 9o Frlo FA83
QA FES A HH, S7H AR o] 1.5 mM
oY g tiEEY ABRpA ARDS fdehe A

e offt MT oot ¥

O

Jo

o2 K35 THUrbach, 1993). wabx Ao A&
Acinetobacter genomospecies 10> 95 W] A EsE

© 7 SCFFAS} MCFFAS dA|51A SV Ao, o]& 2l
st o) Ful 59 Aol AHH oz FAAsl A<
F2 Aslo] Gee A v Ao AlgdHL).

LHdY o|d=e| CHYRES S At #Rel ER 01X

=Xt

=

oA B)|gAdo] =& Serratia liquefacienss 7453 ¥
frob HESHA 22 A7y 2 d a2 Table 19 Y
BRI HF 090l o] e k2 3.20%= W
ERkom, HE & 14UAE 3.18%2A oA T A
o} gl A2 Uehdeh dET A BT 059} 5
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Fig. 2. Total bacterial counts from inoculated raw milk with
Serratia liquefaciens during storage at 4°C. Sample A;
inoculated raw milk with Serratia liquefaciens 1x10?
CFU/mL, Sample B; inoculated raw milk withSerratia
liquefaciens 1x10° CFU/mL.

L3 e = wsts YehlA. WA Serratia lique-
Jaciens= 14942] WARY T Zohald ghge] wstol]
Fol gle Aoz IAHUH

H3hk= Fig. 20 YERS vlo} 2t} HE %+ 2.00 Log
CFU/mL9} 5.00 Log CFU/mMLS] T 71| 2702 443}
A°H, 2,00 Log CFUMLE HE3 A8 AS HE &
WA 34, 59, 79 2 1094 LfolA] ZF2E 3.16 Log
CFU/mL, 3.64 Log CFU/mL, 6.57 Log CFU/mL % 8.45 Log
CFU/MLE Z2)8}91.91, 5.0 Log CFU/mLE HE3 A&
= 2+ 5.56 Log CFU/mL, 6.16 Log CFU/mL, 8.86 Log CFU/
mL % 9.29 Log CFUmMLE Z213HS & 5= AUtk F Al
5 BT AR 597AE ol A8 FTteitht 5

ol55E F23) 27K & 5 AAOM, 2.00 Log CFU/
mLE HED A5e] A9ole WA 72 olE of
A ke S7h FAE e

CHiElof
oA Bl Ease] o] 2 Serratia liquefacienss &
THE HES IR Tl 2gusts A flshe]
SDS-PAGEZS 533+ A3}= Fig. 39 YeRd nke} o)
2.00 Log CFU/mMLS] F=2 53 2] W7ol
1097HA= A+ Aleolal 23 2 WSt Yeh A o
o), AR 13YAFEHE a-AolA F k-Aolple] Hi=
7F dA3] AT AS 1T 5 AUk E=gE 5.00 Log
CFUmLY] =2 FFe Ao A7t 5 ¥iske A
Z 10Y7HA 2 W3t glsle, A% 1394 AlsellA]
£ wHolAle] WES Ad Akl Ao et o
2 WA wAE, &3] Serratia liquefaciens?} A73%F o
Wd FalEae kAlolhlS Ealiste] HAAL] Aolilat
oz P YIS HA= ALE . o
+ Fajardo-Lira 5-(2000)2] ®u9l= FAFSE A3Z Pseu-
domonas fluorescens M3/6 T5E -0 53l 7°Co|
A s AA SDS-PAGES 53) Aolaly fyEgo=w
Lhro] gl A0S HluAEeh 2 A9, 4F 3¢
A A8 Alolile] sk As #EAS F AAeH
ol= ¥ A9 Serratialiquefacienss FESE A7 1394]
LfrellA wAo)Rlo] sl Al7|ETRE T #2 ATt
At} Fairbaim¥} Law(1986y= ThIEAS) U4 njgEe]
el Pseudomonas 9] 73-%-, thi-2o] vz R g i
k-A|0]A1H para-k-Al oAl falste] Alo|dluto]dS Bt
ASAA Y SaA8ol FPFE vRvkar Bkt
BEZE Bames 5(1999)2 9 W WA =l 2% &
A Balle Fad F 53] wAolild Al

X
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Fig. 3. Changes pattern of casein from inoculated raw milk inoculated with Serrati aliquefaciens during storage at 4°C. Lane 1,10;
prestained molecular mass standard (kilodalton), Lane 2; 0 day, Lane 3; 3 days, Lane 4; 5 days, Lane S; 7 days, Lane 6;
10 days, Lane 7; 13 days, Lane 2~7; inoculated 10> CFU/mL, Lane 8; uninoculated raw milk, Lane 9; pasteurized milk,
Lane 11; 0 day, Lane 12; 3 day, Lane 13; 5 day, Lane 14; 7 day, Lane 15; 10 day, Lane 16; 13 day, Lane 11~16; inoculated

105 CFU/mL.
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Agiths A7-EAE RS Sasano 5(1977)2 459
A5ollA E2let WA v|A8E, = Pseudomonas A, Pseu-
domonas B, Flavobacterium 2 Klebsiella®l 23} cai=a
ZA W3l A Pseudomonas A= 5ol H=<8F X 547
oll, Pseudomonas B} Flavobacteriume 3% 1085 og-
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Fig. 4. Concentration of free amino acids in raw milk without
(A) and with inoculation (B). Asp;aspartic acid, Ser;
serine, Glu;glutamic acid, Gly;glycine, His;histidine,
Arg;arginine, Thr;threonine, Ala;alanine, Pro;proline,
Cys;cysteine, Tyr;tyrosine, Val;valine, Met;methion-
ine, Lys;lysine, Ile;isoleucine,Leu;leucine, Phe;pheny-
lalanine.
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