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Effects of storage temperature on pasteurized milk quality were analyzed by electronic
tongue combined with microorganism sequencing
DING Ruixue', MING Liyan?, LIU Xianqi', LUO Xue', SHI Haisu', WU Junrui'*
(1. School of Food Science and Technology, Shenyang Agricultural University, Shenyang 110866, China; 2.
Shenyang Food Inspection Institute, Shenyang 110136, China)

Abstract: The shelf life of pasteurized milk is very short, and its storage and transportation temperature has great
influence on its flavor quality. In this study, two rapid modern detection technologies of electronic tongue
combined with high-throughput sequencing were used to determine the sensory quality and bacterial diversity of
five pasteurized milk samples stored at different temperatures and at different times. Furthermore, statistical
software was used to analyze the main components and correlation of various taste values and bacterial species, in
an attempt to reveal the influence of storage temperature on the sensory quality and microorganism of pasteurized
milk, and the relationship between the main microorganisms and the sensory quality of pasteurized milk during
storage and transportation. The results show that the pasteurized milk under 0 ‘C, 4 C, 10°C storage within the 3
d can keep good incense smell, under the condition of 15°C, 25°C storage can lead to a significant drop of
sweetness. With the increase of storage temperature and time, the growth of microorganisms also led to the
fermentation corruption of pasteurized milk, and the bacterial diversity and community structure were significantly

correlated with the sensory quality of pasteurized milk. The study found that Aeromonas, Cronobacter, Serratia
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and Costridium had the least influence on flavor and taste, and showed negative correlation on the bitterness,
saltiness and sweetness of pasteurized milk. In addition, all other species showed significant positive correlation to
bitter taste. Therefore, these fungi may be the key factors that lead to corruption and deterioration of milk products,
which provides a theoretical basis for better analysis of the interaction between species composition and quality
changes, as well as rapid and accurate determination of quality changes of dairy products.

Keywords: pasteurized milk; electronic tongue technology; sensory analysis; microbial diversity
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Fig. 1 Radar diagram of sensory characteristics of pasteurized milk under different storage conditions
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B2 R 0°C (1), 4°C (2), 10°C (3), 15°C (4), 25°C (5) BERAHARTEEREE

Fig2 Stored at 0°C (1), 4°C (2). 10°C (3). 15°C (4), 25°C (5) pasteurized milk electronic tongue radar map
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Fig.3 Electronic tongue taste of pasteurized milk and analysis of bacterial diversity
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Fig.4 Heat map analysis of the relationship between tongue taste and bacterial diversity in pasteurized milk
HE4FR, BRAEALTHEWRSHEZ RV BRI, & 4058 B a0 R ik /&
ISR/,  Aeromonas (C‘UHAIUEEJE ). Cronobacter(B & iz #T ). Serratia (V03 KK ). Costridium
(BOIRZF MM D SR 52U FAHRME. RIFER,  FiRYi i et # 2 AR B FLIE IR . Rk
EHRA & T OCPE . ARFARI, LTI s B IE A IR A 1 T AE K, & 580 AR MBS 4R 1 Fh
0 Z R HEAT 0, AT LR E B JF H, BRAeromonas (LR &) clostridium (12
RZEBUFFE ). Serratia (V07 K# ). paenibacillus (CEZEFFT ). pseudomonas (fEZFAFfIE) 4, H
B ACF )P B R IS B (W IR AR DG, X B B T e A B T AR T T T ) D B A
Fo MHRFFAWIET T, RMEXMEe /1 RAAETHER/F, EfhPaenibacillus spp (CREEFEM B
Viridibacillus spp (ZRZEMUATEE) BU, (HIX BB RRIKIR 2 2R PI7E R R4 1 N2 B i R R A



W BRRZ RETY

3 it

A T L7 B FL A A SR AT 00T, RIS NSRWRSERILE,  WRE AR AR B S e Y R .
= RUREIRE i P H R ) TR X o N & B AR S B AR AR, 45 ArrheniusZ)) )2 TR E 1 BER
Wy S D SRR RIS 28 FE AT B A M TN o A Ik T v o 2 i) P Yk TN 7 2 43 R B 4 A
ZERER,  PUSEBRE s, AR S AR A7 O7 SR A AN EE A A ) 5 i R TN 5 SR BE RSB . Yoshida ]
FHR DA% S 2 WIS 1 24407 i FE B 5% R 1467 7L R 28 BESR I L 1 DU e AR ——RIR IR
EIRFIEER . W FCAHL, WL B WY R AR AR RS A WK IE AR AL, Ar Rk AN EEDR FEAR, TR A
FRMRIE N . AERXAMESL T, BT, A EIRENABEIR &1 S B, AR b RN RO I 4 3
BORAER) P2 A3 . AHIE TR B, AR B L I T B 2 ROR AL A . R BHOR AR, R
MRy VBRGSO E B IAT R I A, B e R AN TR R, SRR LA R
25 RA R 31 .

[FII, Mizota 558 AP AE WS HWRIE HEAT 1R TT, ACIUAE A G535 Bl A v e O AU 2 4l i) St 28
WA, FEAMEA IR, B T RCE R AR BLAL, A B/ 3Rl (PLS) AN [ 2%
CANNs) FRI A= G5 it b iR 240 1 AR K R B R At 1 N R it 06 45 2R 00, FEMeid #E b, X 24
FE AN S E BREENURE BEREAT 1 IE, HIRALIEBAE PCA A CA Erh R I R, SRR,
PZITVEA] T M0 R B e O PR B 5 6 JoT e A N () B0 A A SCRIE TR 45 SRR, R D S R )
FEAFE-ACAFA# T, P HL T8 V0 R A8 A FT00 2 A it T 1) 4 A7 S 5O JE 07 o, — S JE ik
AR BT JE  ASSIFTE R ) BE O BT Al ) S BT A A, AT L it Al (0 B S R W B 2
DAURES, A, AW, 5 3LH] AT A G T BB CERE 28 AT B . AROIRZF AT =D B,
FEAE Wik Jot BoA ) ) B EEAR AR (VG FA T, ABATR] BE 2 BRES W= CR BB, R, XA iR
YIREVE (0 L IR T LA At P AR AE RO E ) S LA A7 25 AR It SR K2 i 4142 o A6 R F - 6 1
ANTRIE A T B B2 PR T FLHEAT OV O, WE T Ml s R R R R IR, XA S KR A
FU AP A A R B S i G i U SO O, 1 0 2 SR R LA I ) S A R R R T L 2R AT
B YDTE IR RIS I B R A T R RO AR, AT B B R M A T PR T L A R A i
Biie [RIS, B A s RABIGAE T o 7 GRS AR E M L B AR RS O e 0. KRBk
JSFH TG AN (DR B P« AN R FAAE FEAYS A LAt ot PRI G, BRAL S5 T T 45 5 REW SE AR IR T
FLA b SO IR O ME Mt R A T 2R AT
SR
[1JCLAEYS W L, CARDOEN S, DAUBE G, et al. Raw or heated cow milk consumption:review of risks and benefits. Food Control,
2013, 31(1): 251-262.

[21E0, BI0SF, XI%, 45 A R UHT 208 A K RE [0 & 5 RE,2010,31(17): 228-231.

[3]MOTTA J,NAUDTS M. ERAEASEBEEKEIALIE (B 2K HE AL &5 LR se. HEFLIE, 2005, (7): 50-54.
[4JR P4, 28] F. CIRREAFUH UHT 2R3 20 2ok A 550K ,2003,26(4):149-153.

[STMf 3, SEEMN, 20505, 25, ANIE O IR B % AR R W it 3 ) Ml [, & Bk 22,2011,32(09): 14-17.

[613kFa, FmH, MR, S5 3RS G o O A Ay B 3R V5 B0 A S0 R [J/OL]. & fh R 42,2018.1-9

[71RE K7, TKIGHN, skME. 75 A RS FU kR (7] A% A% 5 R 48,2007,26(2):4-7.

[81EZ, 5, T 5. BT S T5 75 S AT 78 35 7 o o2 (7] 400k TF2,2004,20(2):292-295.

[913E Mk, ki, AL, AL HORTE B SUS OB IE 5 B (D] 6t BH,2007(7):20-24.

(101, X% 55, Wk, PIS PN 5k i 7812k 7] Meat Research, 2014, 28(4):32-37.

[11]TOKO K., IYOTA T., MIZOTA Y., et.al. Heat effect on the taste of milk studied using a taste sensor. 1995., 34, 6287-6291.
[12]DIAS L A, PERES A M, VELOSO A C A, et al. An electronic tongue taste evaluation: Identification of goat milk adulteration with
bovine milk[J].Sensors and Actuators B:Chenical,2009,136:209-217.

[I31RMTE, TR, WAk, T E RS 5 5 2 B R AR B SRR S AT 0] 4% R 5441,2010,23(1):5-9.



W BRRZ RETY

[141=MTE, R, TR, BT H A ERFR S ECE U EE [T AR T2 2441:,2010,26(6):226-230.

[ISTHEAER, BhE1A, FHT—. FeT la 7 5 AU i it SRR P SORT S L PPN (7], 0 i 55 B 10K, 2009,35(6):177-181.

[T6]TEAER, &1, HIT—. T T H A BB FL R PR AR I T]. 22 4K,2011,11(2):202-207.

[17]FE R, EEIAR, HLT SRR T8 7E U i i 5T S Bt 2 S0 47 o ¥ S F S (0] 80 Ak A42,2009,11(6)343-346.

[18IMRAHE, AR, FLT B B B HCAE £ Tl i S IR AR LR 2010(7):26-29.

[19JHARTYANI P, DALMADI I, CSERHALMI Z, et al. Physical-chenical and sensory properties of pulsed electric field and high
hudrostatic pressure treated citrus juices.Innovative Food Science and Emerging Technologies,2011,12(3):  255-260.

[20]REINHARD H, SAGER F, ZOLLER O. Citrus juice classification by SPME-GC-MS and electronic nose measurements. LWT-Food
Science and Technology, 2008, 41(10):1906-1912.

[21JROSSVOLL, E., RONNING, H.T., GRANUM, PE., et al. Toxin production and growth of pathogens subjected to temperature
fluctuations. simulating consumer handling of cold cuts. Int. J. Food Microbiol. 2014. (185): 82-92.

[22]SCHMIDT, V.S.J., KAUFMANN, V., KULOZIK, U., et al. Microbial biodiversity, quality and shelf life of microfiltered and
pasteurized extended shelf life (ESL) milk from Germany, Austria and Switzerland. Int. J. Food Microbiol. 2012, (154): 1-9.
[23]PEARCE L. E, SMYTHE B. W, CRAWFORD R A, et al. Pasteurization of milk: The heat inactivation kinetics of milk-borne dairy
pathogens under commercial-type conditions of turbulent flow". Journal of Dairy Science. 2012. 95 (1): 20-35.

[24]PAWEL, LAWNICZAK, KATARZYNA, et al. Impedance spectroscopy studies of proton conductivity in imidazolium malonate[J].
Solid State Ionics, 2017.

[25]JERCOLINI D, RUSSO F. TORRIERI E., et al. Changes in the spoilage related microbiota of beef during refrigerated storage under
different packaging conditions. Applied and Environmental Microbiology, 2016, 72, 4663-4671.

[26]JAASKELAINEN E., HULTMAN J., PARSHINTSEV J, et al. Development of spoilage bacterial community and volatile compounds
in chilled beef under vacuum or high oxygen atmospheres. International Journal of Food Microbiology, 2016, 223, 25-32.

[27]E FCA B LB VT %40 0. A [ S & Tk AT E RHB101-2004

[28] NIELSEN S D, JANSSON T, LE T T, et al. Correlation between sensory properties and peptides derived from?hydrolysed-lactose
UHT milk during storage[J]. International Dairy Journal, 2017, 68:23-31.

[29]SAMAR Z D, ZAMBERLIN S..& POGA C T. Psychrotrophic bacteria and milk and dairy products quality. Mljekarstvo. 2012, 62(2)
77e95.

[30]ZHENBO W , JUN W , XI Z. Monitoring of quality and storage time of unsealed pasteurized milk by voltammetric electronic
tongue[J]. Electrochimica Acta, 2013, 88(Complete):231-239.

[31]IVY R A., RANIERI M L., MARTIN N H, et al. Identification and characterization of psychrotolerant sporeformers associated with
fluid milk production and processing. Applied and Environmental Microbiology, 2012, 78(6), 1853e1864.

[320FRI ST, KT ML 22 B Ay L B SR TN U7 VAR 7S D]. 2017.

[33]YOSHIDA M., SHINOHARA H., SUGIYAMA T., et al.. Taste of milk from inflamed breasts of breastfeeding mothers with mastitis
evaluated using a taste sensor. Breastfeeding Medicine.2014, 9, 92-97.

[34]MIZOTA Y., MATSUI H., IKEDA M., et al. Flavor evaluation using taste sensor for UHT processed milk stored in cartons having
different light permeabilities. Milchwissenschaft. 2009, 64, 143—146.

[35]YAMADA H.,MIZOTA Y., TOKO K., et al. Highly sensitive discrimination of taste of milk with homogenization treatment using a
taste sensor. Mater. Sci. Eng.1997, 5, 41-45.

[36]WINQUIST F, KRANTZ-RULCKER C., WIDE P., et al. Monitoring of freshness of milk by an electronic tongue on the basis of
voltammetry. Meas. Sci. Technol.1998, 9, 1937-1946

[37]7ZHENBO W, JUN W, XI Z. Monitoring of quality and storage time of unsealed pasteurized milk by voltammetric electronic
tongue[J]. Electrochimica Acta, 2013, 88.

[38]PINU F. Early detection of food pathogens and food spoilage microorganisms: Application of metabolomics. Trends in Food Science
& Technology, 2016, 54, 213-215.

[39]DOYLE C J., GLEESON D., JORDAN K., et al. Anaerobic sporeformers and their significance with respect to milk and dairy



W BRRZ RETY

products. International Journal of Food Microbiology, 2015, 197, 77¢87

[40]BIENVENUE A. In Dairy spore seminar and spore 101.Session 1, page 3, slide 6 in Spore Conference, Denver, CO. Arlington, VA:
US Dairy Export Council.2014.

[41]JPARPALANI F F., HAROUTOUNIAN S A., NYCHAS G J.& BOZIARIS I S. Microbiological spoilage and volatiles production of
gutted European sea bass stored under air and commercial modified atmosphere package at 2°C. Food Microbiology, 2015, 50, 44-53.

[42]GRAM L, RAVN L., RASCH M., et al. Food spoilage-interactions between food spoilage bacteria. International Journal of Food
Microbiology, 2002, 78, 79-97.



