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Abstract: Objective: To understand bacterial composition and ob-
tain isolated fermentative strains found in kombucha. Methods:
The bacterial composition and dominant strains were analyzed u-
sing 16S rDNA high-throughput sequencing technology and tradi-
tional microbial culture method. Results: High-throughput se-

quencing showed that the bacterial community is richer and more

diverse than the fungi community. Komagataeibacter,
Acetobacter and Lactobacillus were the dominant bacterial
strains, while Dekkera and Zygosacchaormyces were the

dominant fungal strains. At the same time, 7 strains of acetic acid
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bacteria, 3 strains of yeast and 1 strain of lactic acid bacteria were
isolated by traditional plate culture method, including 1 strain of
Komagataeibacter saccharivorans, 1 strain of Acetobacter malo-
rum , 4 strains of Komagataeibacter xylinus, 1 strain of Aceto-
bacter , 2 strains of Zygosaccharomyces bailii, 1 strain of
Dekkera bruxelensis and 1 strain of Lactobacillus plantarum.
Conclusion: The results from high throughput sequencing were
consistent with those obtained from traditional culture method.

Keywords: kombucha; microbial phase; dominant bacteria; high-

throughput sequencing; microbial plate culture method
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DNA Marker Taq i .dNTP 5] 4 . B g b . 40 7 5% &
41 DNA $#BUAH £ B 5 4 DNA 2 BGLH & AR
AR D A BRZA A
1.1.2 AP KR

LR A g TP IR R A R A A

MRS ¥ 35 3 (Elliker K5 75 3% . YPD 55 5 3k . RE iV
KA T H A A BRA A 5

TR R SR I R T I e T PR .
1.2 UH/5EE

PE R B 5248 - HT-400B B, -85 65 FBF 4 (3 A BRA 7] 5

& B MW R % 0 L. Sorvall ST S8R B, % H
Thermo fisher Scientific 2\ &) ;

BEREIRAR K 42 73T B B8 - Gel Doc XR+ #1, 2 E 111 2k
BIO-RAD A #l

P H{YLETC 811 PCR #4, |- i 3 A 2% A PR 7] 5
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£ PR T 5

B R AY : Multiskan GO A, 2% [E Thermo /A & ;

HL KA : DYY-6D &, b gt 78 — AU A8
1.3 R AIE
1.3.1  LIATHERBEME A H% 10 g GRERHA NI W6 1 T
K I3 10 min, FZ A a3 385 A 80 g HEWE . HIZE 1K
EARE 1 000 mL, 4 % T & 5 BB A, 90 TR
10 min, ¥ HIJS 8RB £ 8 00 B2 B i o 21 2% T BE T 3
FF2m s W kw12 d. 458 pH{E R 2.3~2.9 W4
FTH R WETH -
1.3.2 RJH 16S rDNA F1 ITS =5 3 & 4 57 21 5% 1 b i 4
PIALBE, e B L0 A T A PR S AR il 38 47 0 2 00 TR AR R
5 KA AN 16S TDNA FIELE TTS W RE L i) 2%
i R YR A PR A ) 5E R .

(1) DNA $2ICE A 5 - >R FH 3 B 40 4 BOia 77 45 42 B
B DNA. DL 20~30 ng DNA Sy 8 # , 40 i £ % V4~ V5
Xl Y 85 341F F1 806 R ) 16S rDNA i K 317
oot B Bk B S Y ITSIF 1 ITS2 f9 ITS X it 47
PCR ¥ #8507, 51 i it W3 1,
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O FH4FS 4k 8 33 lumina Miseq 7 38 &
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Table 1 Primers of PCR

Hiv NI by E i ElEZ 2]

F1 5-AYTGGGYDTAAAGNG
R5 5-CCGTCAATTYYTTTRAGTTT

T

ITS1  5-CTTGGTCATTTAGAGGAAGTAA-3'

HIE
5'-GCTGCGTTCTTCATCGATGC-3'

1TS2

@ Alpha Z 843 H7 AR foc AIK 4 I 5 R B2, BE WL
SFHRIOTU 3= B 56 B o 1 B A HE A9, IR QIIME #k
Mt E G ADREARMEY 2K, £ M5 Shanno,
Simpson.Chaol . Ace $§ % 257,

@ JrEAF R Bid RDP classifier 244 X & £
O OTUAKKEATIT A B BB KB 28581t
1.3.3  ZLATE T EE TR IH FLIR A 19 B TR 1 0 3% 5 4

(1) HEARWIIR 2 BT iEBED Y Ik s R B B,
W 2L W R T AR IR B2 107,10 °, 107 ik B (9
mi s TR AT N [R5 Ak b WL T 9 REAE B B R A 1
JEA W X 40 TR 0 22 S A2 5l . e IR I 5 B A %
FEHEE LA B LS 2 R M T E b
NG I 58 BH P Y A bR 8 A0 B O S BR 1A /£ MRS J¢
Elliker #5775 1 ¥k 6 A W] 0 08 %% T2 45 L 85 22 Q4 60 B
A3 A Al U 5 B T R W O LR T 7E YPD #
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TR S W0 20 W A TR R TR
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PCR 438 77 Wy 3 25 7 JH B duht B0 A4 A KR 52 4 24 w) 647
7, NP 25 2R B AL NCBI % % #E 47 BLAST 7248 LE X
S3 T 6
1.3.4  $Egitsr#r K SPSS 16.0 il Origin 8.5 #&
153 1 R AL FRECHE
2 A
21 AFEPHEMEAEHFESHEERIAR
2,11 T K EIE Alpha ZAE 1M R 2 WAL LT
AN M B Y Coverage (435 %] 99.9% LA |, FHI#
AR 25 AL AT LA S R 1 L ST 0, B R IRORE B A
BUAY . b Ab. 2025 B H 40 B ) Shannon, Simpson, ACE,
Chaol #5401 OTU i # 4% . 3% K T H# (P <<0.01),
RHAMEREFE R ES MR TERE. 5HRE5Y0
iR —H

#® 2 Alpha Z#H'

Table 2 Alpha diversity
2H 51 Shannon 3§ %% Simpson 8 % Chao 5% ACE 831 OTU % Coverage/ %
2 T 1.8240.15 0.50+0.05 307.004+21.51 307.004+22.51 307.00424.00 99.99+0.00
A 1.4740.11%% 0.4740.09% % 39.0043.25%% 39.00£2.22%% 38.00£2.00% % 99.95+0.00

ToF HEASHEAREA RFEEZEF(P<0.05); 8 . AW 5ME4 LR AW B FME2EF (P<0.0D),



&M | Vol.38, No.4

2.1.2 MERIHCEWER B 1@ AL ETTRET
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(Proteobacteria) AR X 75 1 7 26 X {6 3, 400 F & & 3k
99.20% . FL ¥k Ny )2 BE & ] (Firmicutes ), 18 %F = B Ny
0.54 %0 HABBH I TR FEE R 0.07% Zefa . RItL. 721K
SRR LA AR T A . & 1Ch) AT AL 1R 4
JKET  SRME 5 AT, Ko F R & 12 o B
W (Alpha proteobacteria) s 1%t 32 B b 99.20 % 22 A7, Hk
AT 2 (Bacillo) , FAXF 325 R 0.50 06 o HoAl B 49 6 4k 3=
JETE 0.07T % 2247 B o B TE AN N R #E. iE 1(o)A]
HLAEHKETR S by 5 AN H . 3 B R E i S
B2 H (Acetobacteralesc) , At 5 4 99.20 % , H k&3,
W H (Lactobacillales) . & 5 i 0.48% i A7 /b & () HUFF
H (Bacteroidales) . % ¥ ¥ H (Fusobacterium ) Fl A $
W H (Thermales) (5 0.07% Z£47) , 2 W] H /K T it i
W H R E AR A DAL FERDKET
FLUCE 6 A RE T IR R R R 18 B (Acero-
bacteraceae) 15 92.20 % , ok = FLAF 6 B} (Lactobacillace-
ae), W] BB ¥ B Bl (Leuconostocaceae ), 43 H| 5 0.45%,
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0.03 % & /& W HUFF T B (Bacteroidaceae) KR FF B
(Fusobacteriaceae) WiINFE FF(Thermaceae) (F£ 1 0.05%
ZeA0) R IR T B R W R FLAF R AT
B LT FE IR KT 2R ME 7 A0 T B
FY 2 5 I IR A B (Komagataeibacter) (5 97.85 % , ¥k 2 fit
BRFF 1% J& (Acetobacter) . FLFF Wi J& (Lactobacillus) 43 5 5
1.23%,0.43 % . i A5 /042 119 W B K 1 T8 (Leuconostoc ) AU
% J& (Bacteroides) f5 #T 1 J& (Cetobacterium) V. 7 4\  J&
(Meiothermus) GAARFERE R 0.08 % ZE4) - F IR IE R AT 6
A Tt AT 8 ) 0 LR AT 8 Jm O (34 7 . 5 X 260 45 1A
. B RFFIE 2 00 L e A il A A 4R B
FEERRE I BR L AE T LR T A RS ER N . R TR XA
BURR B 5 e P RUBR ) B i T8 I B G T 2. ZLIRAT W s 2
ZL258 TR R TR T i DL 1Y O 48 T i o e s £ 2% T 11 J B S R
M AR R PRI IR BRI BRI AT
Po K TR B AN R BT AT T AL B BB KR R B AR
RH B E QLA 2),

H L 2 TR 215 A R T YT AN R R A, R
YT PG JE (97.85 20 (R 1 J (1.23 06 I 3L R 1 )
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Figure 1 Relative percentage of bacterial community at each level
B T8 AT T (97.85%)
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Figure 2 Microbial community composition of bacteria
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Figure 3 The relative percentage of microorganisms at the various level
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Figure 4 Microbial community composition of fungus
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Figure 5 Bacterial colonies and individual morphology of each strain



&M | Vol.38, No.4

REZZ AFEAHEAIVTRABENIBESLEE

®3 BHBEENEEESMRERESHSERMZR

Table 3 The described of colony morphology and microscopic morphology of acetic acid bacteria

[R73 TR [CRIZS RAIE S Bk B S
1478 I » B 955 e - - 30 2% 5 5 5 B L A R T R PN RE ) 2= LR R B G-I
1480 W I » A 41 i - - 3200 2% 8 55 5 B . A R I TR A7 AR SR B GREAT
1506 B TE » i 85 i 1 » 2 % B 57 2 BhtS L A R f oR 7= I RE ) R B w RO B G/ N
1508 B FE - i 5 i 1> 20 % B 57 B BRI i ok 7= I RE ) R B w RO B G/ N
1510 B FE D 21 i T » 320 2% B 5% B kS A R i ok RERE b BB 1B G- AT
1512 A TE » it 5 i 1 » 20 2% 8 5% 2 kS L A R ik ok 7 I RE ) R B B B G AT
1514 FTE - iy 85 i T » 320 2% B 57 2 RS . A R i ok 7 I RE ) iR A B B G AT

NCBI $(##% 2 #47 BLAST FE£R b R 3, T #k 1478 5 &
WG IE (AT B (Komagataeibacter saccharivorans) H X3
WU v 98%. B Bk L4805 5 R A R FF
(Acetobacter malorum) Ft3F AL EE F 99% , B ¥k 1506/
1508/1512/1514 5 KW K W ( Komagataeibacter xyli-
nus) Fo X A ABLEE 35 O 10026, B Bk 1510 5 B /R 4T B )R
(Acetobacter) EXTHIE R 100% ., 25 S BERR M KBS
AITE A5 7 - 275 40 18 % FONE . 7T LU S8 T Bk 1478
BRI Y [CAT 18 1480 Jy Ji 42 59 2R 1 B2 AT 14 L 1506/
1508/1512/1514 Sy AR B JE [C T g B2 B . 1510 Jy 5 B2 AT B8
B o TR KRB 4 AR 2 AR S RE R TR AR Y
B > 2R WG 0 88 Y TR S A0 A T Bk L o 1506/1508/
1512/1514 RYIY (G B 1 77 B2 GE 1 - 7 B BB Jy #5055 1478
BRI TR DGR A A £ 3 00 B 0 5 HL AR T AR AR 2 KUk )
J L 1510 i W AT B 28 B R R ST A

2.2.2 BERERORIESSE WX LA TE R T
AT R0 0 5 7 326 » PR J2E HE 3 bk B L TR B T A o L T R E AN
BERTE S ML IEL 7 R R IR AR LR 4,

P L8 AL TG e YK B B e e — L T K
BE¥ R 600 bp Zidi o A% 3 Bk BB A TP 45 2R | 4% NCBI
B AT BLAST fEZR L X & B, Wbk 1482,1484 15
FEH A B (Zygosaccharomyces bailii) b %F AH L B #4
100 %%, B Bk 1486 55 A1 - 58 /- 48 50 7 W% B (Dekkera
bruxellensis) b X HILEE h 98%0 . 45 A BERF R VR L & .4
WIL T . 52 FL5 %2 TV 77 LUK 5 O 32 19 H 1Y 1
BT 1482 J 1484 Jy FEH He 5 B BF L 1486y A 8 ZE /R 15
SO TR A 0 3 R R B Sy S B B R AR
1 2 3 4 5 6

7 M

2000 bp
1 000 bp

M J DNA Marker; 1 ~ 8 & % Jy 1 £k 1478.1480.1506. 1508,
1510.1512 F1 1514 @9 K=
B 6 PCR Z# &R

Figure 6 Electrophoresis of PCR products

TEREEEIR 2 R L5 s BT ST A R AW S T IR
T OB B R RO PSRk P R R 1482 S 1484 T
B A B E 900 T 4% B A T8 )l A9 26 L 26, AR
IR 0 B TR R XUBR A 5 T R 1486 R T E B AR 2

(a) WHELE

(b) WRES
M BEA KK G5 1482,1484,1486
B7 SHAGAEZLARTLS

Figure 7 Bacterial colonies and individual morphology

of each strain

4 BEEERSMEAESHSLEERR
Table 4 Cellular and colonial morphology of yeast

BAR G WEIE S BRE A

W B35 . 2 0 96 W - 4 K 1
1482 AT AR 2
M L UL

WA TE G 7 » 2 DL L AR R
SIE i P NE R
[ E B 7 » 2 TG L AR R

1486 BT 5/
Mg R @ WD

1484 WH IR | b i AR

1 2 3 M

2 000 bp
1 000 bp
750 bp
500 bp
M 5 DNA Marker; 1~3 fUCH i #k 1482, 1484 Fl 1486 Hy 71
L/}
B8 PCR F#HwikH
Figure 8 Electrophoresis of PCR products
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P 3 8 o T TR

2.2.3 FLRE ML S L% M MRS K Elliker J5 37 2
Hh 7 10 RE T Y T 5 LB B R A B A 2 IR i
A A i A T A R A 2 O B o — R R TR L
AN GIBITE 0 GRS AR RS L L AR D T B
BT R AE A AT S I I 9 BT

(a) W% (b) Wik
B9 Wik1298 M E % AABER
Figure 9 Morphology of bacterial colonies and

bacteria of strain 1298

B 10 AT 3 P s ko Y M R B — R B
K AEEH 1500 bp 7245, 4 BBk A9 )7 45 5 I 4% NCBI
PR BE gt 4T BLAST 7648 bt & B, T bk 1298 544 5L
i (Lactobacillus. plantarum) 1[5 1K 99% . &5 &
FLIR VRS RIE S 40 7 225 40 04 %5 & T, 7T LA
YE TR E R B B PLIR T 1298 AW FLAT . 5 BT
FEEERAHW - 32 BT 40 8 1 0 R R Ol A TR AR, A EL
FFE DR L0255 B OR B DA S5 bk B 7 LR T IR 4%

#%‘I‘im 2]

2000 bp

1,000 bp

M & DNA Marker;1 HE#k 1298 3§18 7= 4
B 10 PCR Z# & #iA

Figure 10 Electrophoresis of PCR products

3 &k

R JH 168 rDNA F1 TTS 538 it 73 7 T 2028 B A I
T 2 . e T T A R R L A R R R
SRRk T ECE . A0 3T 1K AR 3 (Komagataei-
bacter) it B8 ¥F 7 J& (Acetobacter) F1 3L ¥ H J& ( Lactoba-
cillus) 0T Bk s 00 P 78 50 19 B & (Dekkera) FHE &
113 J& (Zygosacchaormyces) AL HE Rk . #1345 55 - He
SEEARIBEBR B T B 20 A O OB B E IRAT I 1478
(Komagataeibacter saccharivorans 1478) | J& 14 3% J fl BR
FFE 1480 (Acetobacter malorum 1480) ., K U JE K
1506/1508/1512/1514 ( Komagataeibacter xylinus 1506/
1508/1512/1514) FE FR 4T i J& 1510 (Acetobacter1510) ;
REREE 3 Bk A0 5100 FE A TR 1482/1484 (Zygosac-
charomyces bailii 1482/1484) Fll i & € /R 15 53 105 & W 1

B 246 #3 | 2022 F 4 B | RBSVUR

1486 (Dekkera bruxellensis 1486) LR B 1 ¥k, M A W) 3L
PP 1298 (Lactobacillus. plantarum 1298) , J5 8275 SHG
PR PERE AT IR A ST .

5% 3Lk

[1] MINDANTI I, NILAKSHI J, CANDY C, et al. Retracted: Application
of the Kombucha ‘tea fungus’ for the enhancement of antioxidant
and starch hydrolase inhibitory properties of ten herbal teas[J]. Food
Chemistry, 2016, 194(1): 304-311.

[2] XIA X D, DAL Y Q, WU H, et al. Kombucha fermentation enhances
the health-promoting properties of soymilk beverage[J]. Journal of
Functional Foods, 2019, 62: 103549.

[3] SOMNATH C, SEMANTEE B, ANTONIS C, et al. Kombucha tea
fermentation: Microbial and biochemical dynamics[J]. International
Journal of Food Microbiology, 2016, 220(30): 63-72.

[4] B, BB BH, BRAR I, 5. B T2k D A R G B A2 e 40 2%

o TR IR L ARG T AR B [0, A Tl R4, 2018, 39(5):
119-129.
XU Wei, GE Yang-yang, CHEN Cui-ting, et al. Microorganism
composition and main metabolic pathways analysis of tradition-
alKombucha by metagenomic technology [J]. Technology Science
and Technology of Food Industry, 2018, 39(5): 119-129.

[5] GAO F F, ZENG G H, WANG B, et al. Discrimination of the geo-

graphic origins and varieties of wine grapes using high-throughput

sequencing assisted by a random forest model [J]. LWT-Food

Science and Technology, 2021, 145: 111333.

A, BR, TR E, GF. R A BRI T ER W JIE Eh FLER 1 1 23 B

T E (0], & S LA, 2018, 34(7): 23-28.

LI 'Y, ZHAO X, ZHANG Y, et al. Separation and screening of lactic

[6

acid bacteria from the traditional yak yogurt resistant against of acid
and bile salts[J]. Food & Machinery, 2018, 34(7): 23-28.

[71 LIN S P, HUANG Y H, CHEN Y K, et al. Isolation and identifica-
tion of cellulose-producing strain Komagataeibacter intermedius
from fermented fruit juice[J]. Carbohydrate Polymers, 2016, 151
(20): 827-833.

[8] RUAN R, FENG T, LI Y, et al. Screening and identification of fe-
male-specific DNA sequences in octaploid sturgeon using compara-
tive genomics with high-throughput sequencing[J]. Genomics, 2021,
113(6): 4 237-4 244.

[9] GULITZ A, STADIE J, EHRMANN M, et al. Comparative phylo-
biomic analysis of the bacterial community of water kefir by 16S
rRNA gene amplicon sequencing and ARDRA analysis[J]. Appl Mi-
crobiol, 2013, 114(4): 1 082-1 091.

[10] E KB, MR, £ 80, 55, £0A5 1 i R v I B 18 19 43 B9

S E MFEME AR AT 9], B A, 2020, 39(3): 126-130.
WANG Jie-chen, CHEN Zhi-zhou, WANG Ying, et al. Isolation, i-
dentification and interaction of acetic acid bacteria and yeast in
kombucha[J]. Chinese Brew, 2020, 39(3): 126-130.

[11] FRaEAR, Tk2EHk, BOWE K, 45 Y 3% b K A 0 IR 46 5L IR 14 1Y
7 8 K A= 2 R PE BT FE (0] A A 5 R I8 Tl 2019, 45C17):



&M | Vol.38, No.4

66-72.

GUO Zhi-hua, ZHANG Xing-tao, DUAN Teng-fei, et al. Screening
and biological characterization of nitrite degrading lactic acid bacteria in
kimchi[J]. Food and Fermentation Industries, 2019, 45(17): 66-72.
Mg, 950, I R, 45 S B AR AR W T R A3 A RO
eV 58 [J]. HF [ EL i, 2020, 39(8): 70-76.

CHEN Chong, SUN Ya-ping, YUE Ya-xin, et al. Analysis of mi-

[12

crobial community in Malus pruniflolia Jiaosu and preliminary
study on its function[J]. Chinese Brew, 2020, 39(8): 70-76.

[13] IANG Y, LU X, ZHANG C, et al. Microbial dynamics and flavor
formation during the traditional brewing of Monascus vinegar[J].
Food Research International, 2019, 125: 108531.

[14] PEI J J, JIN W G, GUO X Y, et al. Isolation, purification, and
structural identification of a new Dbacteriocin made by
Lactobacillus plantarum found in conventional kombucha[J]. Food
Control, 2020, 110: 106923.

[15] F A7 . 2028 WK 9 DORE T B TR RE 20 A7 5 D0 BE ST AR [D]. Kt
KERHE K2, 2017: 20-27.

WANG Chun-long. Microflora analysis and functional evaluation
of kombucha fermented beverage[D]. Tianjin: Tianjin University of
Science and Technology, 2017: 20-27.

[16] HIRST M B, RICHTER C L. Review of aroma formation through

metabolic pathways of Saccharomyces cerevisiae in beverage fer-

mentations[J]. American Journal of Enology and Viticulture, 2016,

67(4): 361-370.

REZZ AFEAHEAIVTRABENIBESLEE

[17] DE ROOS J, DE VUYST L. Acetic acid bacteria in fermented
foods and beverages[J]. Current Opinion in Biotechnology, 2018,
49: 115-119.

[18] AHMET E, YETIMAN ZULAL K. Identification of acetic acid
bacteria in traditionally produced vinegar and mother of vinegar
by using different molecular techniques[J]. International Journal of
Food Microbiology, 2015, 204: 9-16.

[19] GAGGIA F, BAFFONI L, GALIANO M, et al. Kombucha bever-
age from green, black and rooibos teas: A comparative study loo-
king at microbiology, chemistry and antioxidant activity[J]. Nutri-
ents, 2019, 11(1): 1-22.

[20] MARSH A J, O’ SULLIVAN O, HILL C, et al. Sequence-based a-
nalysis of the bacterial and fungal compositions of multiple kom-
bucha (tea fungus) samples[J]. Food Microbiology, 2014, 38(1):
171-178.

RIEIOT, 2K, ZCT, 5. MY 3L 1 R B 2R BT R
W F 5 IR (], £ il 5 R W Tk, 2021, 47(16): 300-307.
ZHAO Qin-yu, LAN Tian, YUAN Qu-yu, et al. Research progress
on the effect of Lactobacillus plantarum fermentation on juice
quality [J]. Food and Fermentation Industries, 2021, 47 (16):
300-307.

[22] LIN R Q, SUN Y, MU P Q, et al. Lactobacillus rhamnosus GG
supplementation modulates the gut microbiota to promote butyrate
production, protecting against deoxynivalenol exposure in nude

mice[J]. Biochemical Pharmacology, 2020, 175: 113868.

(3% 41 70

[31] JING H, KITTS D D. Chemical and biochemical properties of ca-
sein-sugarMaillard reaction products[J]. Food and Chemical Toxi-
cology, 2002, 40(7): 1 007-1 015.

[32] R & Fy, EREWR, WA, 5. B 3L 548 KN Y JL AN R B
JE[0). BACE SR, 2010, 26(5): 441-444.
WU Hui-ling, WANG Zhi-qiang, HAN Chun, et al. Factors
affecting the Maillard reaction[J]. Modern Food Science and Tech-
nology, 2010, 26(5): 441-444.

[33] HODGE J E. Chemistry of browning reactions in model systems[J].
Journal of Agricultural and Food Chemistry, 1953, 1(15): 928-943.

[34] YAYLAYAN V A, HUYGHUES-DESPOINTES A. Chemistry of
Amadori rearrangement products: Analysis, synthesis, kinetics, re-

actions, and spectroscopic properties[J]. Critical Reviews in Food

Science and Nutrition, 1994, 34(4): 321-369.

[35] BRANDS C M J, BOEKEL MARTINUS A J S. Kinetic Modeling
of reactions in heated monosaccharide-Casein systems[J]. Journal
of Agricultural and Food Chemistry, 2002, 50(23): 6 725-6 739.

[36] YAYLAYAN Varoujan A, KEYHANI Anahita. Origin of carbohy-
drate degradation products in L-Alanine/D-["* C] glucose model
systems[J]. Journal of Agricultural and Food Chemistry, 2000, 48
(6): 2 415-2 419.

[37] WEENEN H. Reactive intermediates and carbohydrate fragmentation in
Maillard chemistry[J]. Food Chemistry, 1998, 62(4): 393-401.

[38] SMARRITO-MENOZZI C, MATTHEY-DORET W, DEVAUD-
GOUMOENS S, et al. Glycerol, an underestimated flavor

precursor in the Maillard reaction[J]. Journal of Agricultural and

Food Chemistry, 2013, 61(43): 10 225-10 230.

(L% 46 7O

[16] VALENTOVA H, SKROVANKOVA S, PANOVSKA Z, et al.
Time-intensity studies of astringent taste[J]. Food Chemistry, 2002,
78(1): 29-37.

[17] OZDAL T, CAPANOGLU E, ALTAY F. A review on protein-phe-
nolic interactions and associated changes[J]. Food Research Inter-
national, 2013, 51(2): 954-970.

(18] E 26, YT B, 2. 775 5 B SRS 1 22 S PR BF 5
R[] A iS5 HLBK, 2016, 32¢D: 213-216, 220.

WANG Xing-ya, PANG Guang-chang, LI Yang. Research progress
of difference between electronic tongue and real taste evaluation[J].
Food & Machinery, 2016, 32(1): 213-216, 220.
[19] sk ¥4, Sk 3% . 44 TR AL U4 K 24 B0 HE A BIF 5 0E R (0], 12
525, 2007, 9(2): 60-63.
ZHANG Qing-hua, ZHANG Ling. Research advance in chemical
action of chrysanthemum

composition and pharmacological

morifolium[J]. Food and Drug, 2007, 9(2): 60-63.

53



