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Inhibition of Angiotensin-converting Enzyme and Acetylcholinesterase of

Red Beetroot Juice Fermented with Lactobacillus acidophilus
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(1.College of Forestry, Northeast Forestry University, Harbin 150040, China)
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Abstract: The effects of red beetroot juice fermentation by Lactobacillus acidophilus LA-5 on the activity of angiotensin-converting
enzyme (ACE), acetylcholinesterase (AChE), and antioxidants, and its relationship with active substances were studied. The number of viable
bacteria at the end of fermentation was 6.29x10%8 CFU/mL. The contents of betacyanins and total acid increased by 13.63% and 302.21%,
respectively. The contents of reducing sugar, betaxanthins, and flavones decreased by 63.87%, 43.09%, and 0.05%, respectively. After
fermentation, the clearance rates of ‘O, ‘OHyand ABTS"- increased by 29.13%, 96.36%, and 77.49%, respectively, and the inhibition rates of
AChE and ACE increased by 59.15% and 35.37%, respectively. Twelve betalains were identified by UHPLC-Q-TOF-MS/MS. Correlation
analysis showed that the aforementioned functional indexes had a very significant positive correlation with the betacyanin content (p<0.01).
Three principal components, with a total contribution rate of 90.63%, were extracted using principal component analysis. The main active
components were betanin, betanidin, 17-decarboxy-betanidin, 2-decarboxy-neobotanin, 6’-O-ferroyl-betanin, vulgaxanthin I, and betalamic acid.
Q-type cluster analysis classified the fermentation process into three categories: slow growth, significant change, and flat periods. R-type cluster
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analysis grouped the active components and functional indexes into three categories. In summary, red beetroot juice fermented by L. acidophilus

LA-5 is a source of high-quality antioxidants, as well as AChE and ACE inhibitors dominated by betacyanins, which prevent the development of

Alzheimer’s disease.

Key words: betalains; Alzheimer’s disease; angiotensin-converting enzyme; acetylcholinesterase; antioxidation
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Table 1 Analysis of constituents of betalain

il AR G E/min - 5FX MS MS/MS
A betanin 0.70 CosHaeN2013 551.1509  389.097 3
B indicaxanthin 0.79 CisHiN20s  309.1079  263.103 9
C betanidin 0.86 CisHigN2Os  389.0982  343.093 6
D 17-decarboxy-betanidin 0.88 Ci7HisN20s  344.0971  300.100 8
E 2-decarboxy-neobetanin 0.99 CsHaaN2O11 504.1456  297.103 3
F betalamic acid 1.06 GCoHoNOs ~ 212.0554  166.047 1
G 2-decarboxy-2,3-dehydro-neobetanin 1.43 C3HaoN2Opr - 503.1300  341.0782
H vulgaxanthin I 1.53 CiuHi7N:;O7 - 339.1070  321.096 2
I miraxanthin V 1.58 Ci7HisN2Os  347.1367  303.0379
J vulgaxanthin IV 1.58 CisHaoN20s  ©325:1696  209.084 4
K 6’-O-feruloyl-betanin 1.63 C34H3aN2016  727.1975 . 389.097 1
L cyclo-DOPA 1.90 CoHoNO4 195064 8 ' 149.061 7
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Fig.4 Metabolic pathway of beet glycoside and color change of its metabolites
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(2-Decarboxy-2,3-Dehydro-Neobetanin )« 3 FElf St  FE & 12 MESER AR AR 41.67%. HEER] L,

% (Indicaxanthin. Miraxanthin V. Vulgaxanthin IV)

FESR AR ATAEYI T (Cyclo-DOPA),  FEAK HIEH % = AT,

R2 REBEIEPIHREEZSHMENSE

Table 2 Relative content of betalain components in fermentation process

R IR IR P R S (0 3 5% AR R 35 B AR A LA S 2T

HEEFE L& WHy LS E/Y%

& El/h
B C D E F G H I J K L
0 830 11.73 772 0.00 0.00 592 3032 463 1082 2021 0.00 17.96
6 860 13.12 10.08 751 000 13.88 1459 933 1025 16.16 7.17 898
12 926 11.82 983 11.01 0.00 1215 7.15 970 945 1384 926 8.64
18 951 1022 10.70 1241 000 89 659 1022 1007 11.12 1193 830
24 9.68 1033 1038 1139 1889 7.81 956 11.15 1029 925 1217 829
30 1134 10.15 9.64 1193 20.76 829 657 1077 898 668 1193 753
36 1128 922 1045 1130 16.80 929 595 11.61 1040  6.86- 1236 8.39
42 1124 845 1028 1054 17.69 989 793 1196 1025 639 '12.14 697
48 1093 7.70 1036 1194 13.89 980 496 1135 10.09 /505 1129 11.85
54 987 726 1055 1196 1198 14.01 640 927 . 941/ 443 11.74 13.09

E: FHEALRE#MEEEZSAS, HLE L

24 g EITABIRYHEAME TN
Zz HENETEHE  =9ABTS HHE
80T it ey B obe 3c
© 70 - = %; ;: &
= 60 - %% =
& 50y l
30 ’%
H :
m 20
10 7 g
0 BN RN RN RN SNBZ 5
0 6 12 18 24 30

i} 1E] / h
5 LIEHSGT AR E BEERAE
Fig.5 Free radical scavenging ability of red beetroot juice
fermentation broth
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i1 42.90% (0h) % 5540% (54h), B4HNT 29.13%:
FE 18 h iEF T i 5 60.10%, 5 0h AHELIE N T
40.09%. -OH {5 R ZFAE KIS R BT (p<<0.05),
1 38.50% (0h) % 75.60% (54h), BT 96.36%,
HAE 54 h iE3 [iERER M M. ABTSTIGRIIE KT
R BRI (p<<0.05), H1 43.10% (0 h) B % 76.50%
(54h), HINT 77.49%, HAE 54h k3 kbR
Ao ABLARIAZ, Sawicki ST R IFELLEIE 48 h BRI
ABTS" 3  Al DPPH /5 b 2 5 R VAR LE 2 Tl 32

104

Ft 0.16 81 0.15 pmol Trolox/mL; Degirmencioglu S5
AEAN A AN B Nl ke R AT
HEFHHEMEL R, SRS ABTS - ER%E
AL e T B (p<<0.05) $2TF9.00%, FA5H 53
[ E EREERAE . BT IRR A R I £LR ST
BABEPUE R DI s T AR KR, HELR
BERNBOR T BT BRI AERF LRI I H L R

2.5 R KEEIAE P ERAE VR A

LIRS R PO ACE AT AChE 1l E /1A 6
Fiic. Wil 6 vIEn, SoRRIEFEAREL, K EREEGD
HlEE T RERTE (p<<0.05). BEE REEHKHEATEEINHIAE
TR FFEEE R RJEETRENES . AChE
P2 R AR A WG (p<<0.05), HH 38.60%

(0h) 4% 61.43% (54h), T 59.15%; fE24h
A T H0H R A 77.18%, 5 0h AL D T
99.95%. ACE il Za /e K It A2 B 2 R (p<<0.05),
1 46.03% (0 h) HHIZE 62.31% (54 h) BN T 35.37%:
1E 24 h IS B T EFRF 5= A 70.38%, 5 0 h FHEEIE N
T 52.90%. K 24~54 h BENEIGES A BT R I%, EAT
TR TEFE, . Sawicki ZIS0IZE I 2 B DA TR 21 i
A ERIA R TT R ACE $H5R BE ToR K.
HAY R AE RS T, KRB EH ACE i3
BF (p<<0.05) BT 31.00%. PLEHTE, 20t
KTt REERA A B8 AChE #I 8 S, 2 —
FhEA TR B ACE #0055, BRI Al@id 5% AChE
F ACE #1158 J13E 5% AD FIT 5| R #2218 AT P ARS8,
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ol ; i SRR B LT Pearson HICHEAHT, 4 Hick
o T0F 10 R 3.
s st 1o 2 RS T AORARAAEAR A RS b
E ol 19 & R REFEbR R E EAR (p<0.01) FIAFRFEER)
2l 125 suRX. BAREE. KEARS LA
< as) = AChEHIHI% o ACEHIIZ 14 < RAAHRECZ AR (p>0.05), {HEZYR A
| 140 BUAILAE 1), X300 E3R DN RERLARL A 1 3t
35 35

0 6 1I2 1I8 2I4 3I0 3I6 4I2 4I8 5I4
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Fig.6 Inhibition of angiotensin converting enzyme and

acetylcholinesterase in red beetroot juice fermentation broth

26 WEMEMBTG AN T BEIPE B A8 K

i

261 #WEEE. LB, ZRE5RAMLES.
B34 Ak 77 4B KM AT

FIRFCR B DUAARE J7. BRI BE /1 S iE
JRERNRR, ¥ LRGSR R K

RAEVER .. FiRPUEIRE ) SRR R B R A
K (p<0.01), 5554 3 Fhig A 2 6pH e EAH ¢
ARE, VRS R R R BN A SR [
FE, B BRSO 78 T 2000 KRR R R 2L K
MY, SEERY S H AR IR e, &R
RINEH R AL B b 5% DPPH-\NO> - ABTS"™
F-OH H HHERE I AHE THEEH, 5 iR H hEE
THERAE S 2R FIEAE (=0.936~0.955), HJF[A
RIS R RE LB, @B S 25~ Eiz
PR i s L FE IR L S ik, IS 542
YIRS AR 5 SR ] FH3E FIE BRI R,

262 (HEEFE MY HIRAMAE S BgIH
At A1 A X AT

*®3 HERE. ARAENDE. RIS ESMANES. BHIREEXME

Table 3 Correlation between the contents of betaxanthins, betacyanins, total phenols, flavonoids and antioxidant capacity and enzyme

inhibition capacity
R B O FThR % -OH Fifk & ABTS “# R % AChE #p#1] % ACE #p#) %
ES v -0.507 -0.914%* -0.871%* -0.546 -0.415
WELE 0.815%% 0.779%x 0.807+* 0.851%* 0.850%*
BB 0.478 -0.057 -0.014 0.244 0.417
Sy 0.385 0.334 0.295 0.450 0.517

E: YRRAE 0.05 09 KF T RFAK, FHETA 001 B KFTHEFMK
®4 MRERBHIENSESMEANEED. BIHEEDEX SR

Table 4 Correlation analysis of betalain with antioxidant capacity and enzyme inhibition capacity

HEEF Oritk % -OH #MRE  ABTS"#RF  AChE 4#1F  ACE 44 %
betanin 0.628 0.799** 0.854%* 0.662* 0.492
indicaxanthin -0.576 -0.941** -0.850** -0.470 -0.427
betanidin 0.827** 0.696* 0.758* 0.701* 0.756*
17-decarboxy-betanidin 0.902** 0.756* 0.831%** 0.855%%* 0.893**
2-decarboxy-neobetanin 0.451 0.693* 0.717* 0.631 0.506
betalamic acid 0.101 0.095 0.267 -0.149 0.068
2-decarboxy-2,3-dehydro-neobetanin ~ -0.874** -0.770%** -0.863** -0.801** -0.831**
vulgaxanthin I 0.806%** 0.724%* 0.814%* 0.797** 0.773**
miraxanthin V -0.385 -0.278 -0.425 -0.384 -0.466
vulgaxanthin [V -0.751* -0.957** -0.976** -0.722* -0.676*
6’-O-feruloyl-betanin 0.922%* 0.820%** 0.887** 0.890** 0.878**
cyclo-DOPA -0.690* -0.326 -0.488 -0.685* -0.668*

E: FRTE 005 B KFTEFARK, *ETA 001 B9KFTHEFMK,
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NIRNIRTCR R S P RE ST B RE 1 1Y)
KA, RREER RO & B A& R 5 DR
PREEATAHRANE AT, 0T R R 4.

HIZ% 4 AN, PUEALRE ) ARG A ) 5S4
% (Betanin. Betanidin « 17-Decarboxy-Betanidin -
2-Decarboxy-Neobetanin. 6'-O-Feruloyl-Betanin). &3
B % (Vulgaxanthin D FIEHSEEZFTAY)N (Betalamic
Acid) B EIMAFREER IE ARG Horb, #iSea s
#& LA Betanin 1 Betanidin 97 BR H B & ) 3 26 ],
HIre k2 B Ry B 7 (AR AT i 732 44, 2L
I JF R (AR, ARALLRR) S, B BRSO EE ST L0
KIER IR AT FH AR 5 H AR RE ) 2% R Bl
t, ZWTUE E IR R 23R 4170 Betanin.,
Isobetanin. Phyllocactin I Isophyllocactin, ' Betanin
FTERR H AR EE RSy . A, Sawicki P TT T

ZLRSET KB R (03K 5 ACE #IdIRE TG R,
2 W 4> B % € J5 K L Betanin .« Betanidin .
6’-O-Feruloyl-Betanin. 2-Decarboxy-Neobetanin #& &t
ACE I Re I T2t 5 ACRES 73 At SRAHTR] .

27 BRERERD LSRN BITH

7180 E R AT

BRI RRE RS S E S L EI M, FEXTAH
KNG B G5 AT AN FEFRE, F4 B S L3R 12 Moy
3 P AR 2 A 2 Rl A 0t 17 MRV EE
WA S AT E RO 04T, IEEURHIEE >1 H% F Ry
KT 22 TR = 85% 3 i B 1 gy s A3 Al SR
w5 FE 7 s

x5 ERSTHFHEE, REKEMRITREE

Table 5 The eigenvalue, contribution rate and the cumulative contribution rate of principal components

‘ 83 RS HILEE
B5 H47
PCl PC2 PC3
A betanin 0.781 0.508 0.041
B indicaxanthin -0.698 -0.414 0.560
C betanidin 0.871 -0.338 0.037
D 17-decarboxy-betanidin 0.960 -0.228 0.082
E 2-decarboxy-neobetanin 0.664 0.620 0.068
F betalamic acid 0.249 -0.747 -0.409
G 2-decarboxy-2,3-dehydro-neobetanin -0.959 0.218 -0.034
H vulgaxanthin I 0914 0.003 0.287
I miraxanthin V -0.477 0.693 0.443
J vulgaxanthin TV -0.924 -0.260 0.247
K 6’-O-feruloyl-betanin 0.985 -0.061 0.126
L cyclo-DOPA -0.676 0.242 -0.626
M Oy if TR F 0.910 -0.075 0.139
N ‘OH FR % 0.890 0.285 -0.310
(0] ABTS" iR % 0.940 0.165 -0.246
P ACE #p4) % 0.891 -0.107 0.080
Q AChE 4741 % 0.860 -0.143 0.246
A AR 11.579 2341 1.487
T £ TUREE Y, 68.11 13.77 8.75
Bt £ TR E/% 68.11 81.88 90.63

Bl 7a TN, BT 3 N FEROTRFEE R T 1,
5 WTAEET 3 AN FERGE sl PCLL PC2. PC3 £oR)
[R5 2 BTk BRFIAE] 90.63%, FIIREH 90.63%M 5G
. HER S FE 70 v, BB E TR N
68.11%, FEAE 3 FifraLAE T 2 MBI HE 1A
=%t 2% (Betanin. Betanidin. 17-Decarboxy-Betanidin.
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2-Decarboxy-Neobetanin. Betalamic Acid. Vulgaxanthin
I, 6’-O-Feruloyl-Betanin) H. 12 M5 H 21EMHHS; 26
TSI T EETTRE N 13.77%, FEEE-OH &R
% . ABTS™ i B % Ml it 3¢ 4 £ ( Betanin .

2-Decarboxy-Neobetanin) H. 4 MEFr H 2 1EM K, &
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Fig.7 Scree plot (a) and Principal component analysis diagram
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Fig.8 Q-type cluster analysis (a) of different fermentation time
and R-type cluster analysis among indicators (b) pedigree
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