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Al ( Streptococcaceae) « B # Tk B £} ( Leuconosto-
caceae) &, W T & F0E A 2GR ] . FEK
Bk AR b, FLIRR R A AR i 7K e Il 55 kA P il 2R T o
WA BRI BIRSEREL, ¥K0 T2
Y AR AN A ST, T R AR R
J£o 0 LIU 0 B 50R U FLAT 1 NCU137 R HIAT
N RERENGS G Zh, RaHEEZH &5, WME
ARG, 1IN 2 M AL Bl AT S A P Bl T s WU
SR A 6 Rl BR W RIS RTT, RIS 1Y
GRS, TR R EAR S BRI OC: LI &
WHEREL, B4 4 PR E K EE G, B & &M
bRy, HA5HEER AT~ T & & 2 IEAH G,
U, LR T R I B A & i TR R SR R AR v L AR S
PERA 2T B

A 2k B A it 22 W () 4 T AR T A ) B S E AR
AR, T P LR T R TRk B A v Iy 2R A 4 gk
AT T o BR300 2 A LR T R I T
Bk B S TR T B R, SRR BT T RE,
{E RS FE YRR A AT VA S BT YU 250 )k e A fit
F1R) MALYPG P BE R BV 2 TE T 6 MR B AN 4 M R
R AR K T 5 BOAH S R HEAT HU B BRI, i K
H 3 A WAL BRI (YA PRINFDE AT v
PVEEBRBTD 0Bk B2 AR EAT R, DIk LR T R I X B
B T AT 1t B P S B3 IS . DA R B A
ik 22 M B0 B A W e A T AR BB B R AR W, D7 o0 R Bk
B A SR IT R AR AL B o

1 #MR5RZE

L1 #R5RF

BRE A 2021 4F 6 HRET mtEE . mmbrd.
ZEEE. B, ZEOl; EYWEAE . EIKE
FRRCRINADE Rl P RFLRBESR B, | ARE MY E
g by O (g0 . =K (g, (EE
Merck AF]; WEFEKR. D (+) -TL/AKEEFE. B[R
Bl 2,2 BRE-X-3- L R T HE I -6- R R (2, 2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid), ABTS) . 1,1-
TR HE2-Z R ME (1, 1-diphenyl-2-picrylhydrazyl,
DPPH) \ X fiff 25k 2 J -o-D- ML R 76 %) B% - (4-nitrophenyl-
a-D glucopyranoside, PNPG) . 2= i#f — F JE 5 I R B8
(trolox), FiGJEMHAEMRIHARAR: FT. 246
= (2-MEmE 3 ) = (2,4,6-tripyridin-2-yl-1,3,5-triazine,
TPTZ), LigRTH T AR BN A RA ;o5 &b
H i (700 000 U/mL) , JEHERERBEARAFE; &
& HEE. Big (AEES, 3£E Millipore A 7 ;
FRGE N [E = 7 At
1.2 UFE5RE

1290 Infinity LC 8 H iAH (i 4%, 56 [H 21 A
A]; AB Triple TOF 6600 Jii i 1%, 3% % # A4 8 A A
DHG-9240A FLAVEIR THEAE, Bl FFIRB A A IR A
A]; SUPERR-SS HL T K-, MG EANM AR A

SpectraMax Plus384 B 5 X , &4 70 FAX & A PR & 7
RV3 V jightzgkas, R EAIRAR]; SB25-12DTDS
EAERIEEN, THEHNZEAREARAA; ZZ11-
ZHQ702 itk Z A, AL HORAAZRBMES .

1.3 R HE

1.3.1  SkE B Ao & 5%

S IRAER U (75, K FLRR 1% 2% R B
& MRS (de man, rogosa and sharp medium) {45 7%
b, 7E37 C FHEFE 24 higth 2 4R, BEVE S EUH R R
84 (colony forming units, CFU) Fox, f#H Pk
T HE B S B0 1x10° CFU/mL 3 Bl . 8k
KA aiE v e I, 78 60 °C &4 F 4% 10 min, HX
HIT, I 1:20 B EEI N ZE TR AKIT AT, SR K

(121 °C, 15min), BHEHEALHEEGRINES
I, %I 2% (viv) BOEIEFREW, 20 I(E 37 C HIR
B A P ORRE 0. 12, 24, 36, 48, 60h, %% J5HL
20 mL KEE, 7E 4 000 r/min R E L 10 min, B &,
BT, BJa B T-20 C VKPR . B4 KR
WE 3 MNEYFPAT.

132 EBf SRS Z L

M SR AIE: K Folin-Ciocalteau!'? J5 L &
By & & (total phenolic content, TPC) » ZE R KRN
mg KB TFRAE/lg TR, (mg/g).

R B IE . R A NaNO,-AI(NO,); J7 vkl &
MR 2 & (total flavonoids content, TFC) U8, 45 %
NN mg T M &g TR, (mg/g) .

1.33 #FAMZF MG E

ABTS [l B BE R0 E: 3% WANG 217
(K51 S5 REIR Nug Trolox & /mg THIHR (ng/mg) .

DPPH H 237 F 6 71 1l 52 : 2% BOUYAHIA
SRV T 9k . 45 B3R R A pg Trolox ¥ i /mg T 4
Ji, (mg/g) .

B B F 38 J7 88 /1 (ferric ion reducing antioxidant
power, FRAP): &% KUT %Y 71, FE 5 FRAP
{5 FeSO, &K R, RINERZ e S A 2T FeSO, )
i, (ug/mg).

1.3.4 ZHRCRAEEEIH

PR Sy AL T & . DL A hU AL TE I 45 R,
P R I T S MG A I Sk B B AR AT v RGO
i /> Hr. 2% ABDELLATIF 22 (053, 45T
FEATET 1000 pL B, SRJ5 1 0.22 pm 8 51 9E
BEREAARY 20 uL, BN A O (A M8 0.1% H
K (B), BREEEMAEFWR: 0~4min, 5% A: 5~
6 min, 10% A; 7~51min, 30% A; 52~65min, 100%
A; 66~75min, 5% A. UUXTERERHER., FHER. T
. THEE. MR, RRKETILERRE TR
KR WEERR . AR R M S AR HE s o 8T L
AH BRI i 7E 280 nm YA AL B PR BB Ta] i i ffg s 4
A BOR AT E M E R, 45 RERRN ng/100 g T
B4 (ug/100 g) .
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1.3.5  AEfem Rt 5 547

2 %] [RIRE 2 A T 0 B T S PR Bk B A ARbRE o it
1T AR e - R BT RE (UHPLC-Q-TOF MS) 43 #7 -
ZAF R, K 0.40 mL/min, KRR 40 °C, #EREAA
2 uL. VEIA A: FEEEREE (25 mol/mL) FIHEZK (0.5%),
WBEIFH B: HEE. BB W : 0~0.5min, 5%
B: 0.6~9.0 min, 5~100% B; 10.0~11 .0min, 100% B;
12.0~12.1 min, 100% % 5% B; 13.0~16.0 min, 5% B.
7t AB Triple TOF 6 600 - F L1 25 HL B (electrospray
ionization, ESI) 7E 1E & F 6 2 FA 20 R 3t 47 . ESIIE
AR EWT: =7 Gasl 4 60 (pounds per square
inch, psi). B Gas2 (60 psi). B TS (30 psid
JREE (600 C) . B FIRHEFZ ( £5500V) .
TOF-MS 1# m/z JE [ (60~1 000 Da) . - fr ( +

60 V). flifERER (35+15eV).
1.4 HUEALIE

UG S5 R DU SE bR ZE R~ . K SPSS 20.0 &
T 2R EE 2 W (P <0.05), KM Origin 2021 I
RIETE (WA 4.0.3) WEE 31T 4 BIA R 70t . AHOG
Z 0@ XUE Pearson R 511 H .

2 HBREZH

JEE A pH &

H P 1R, B R BT, Bk B AR L
W BOZHTIG N, pH (BB T, A IEEMAEMEK
k. HAFEREE 0~24h N, 5 B 20 Kool R ik,
pH BN I R A bR, i DR LR T R R e AR T
KREFLRFANE, S pH T .

2.1

—s— AN Lactobacillus plantarum  —e— {RIFINEFLET 1 Bulgaria lactobacillus  —a— WEIGERR I Streptococcus thermophilus
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Fig.1

16 3 FPPLER A AR, W HAVEE R B R S I B RO K
AN TR, UG AE ) FUAT B AL RN R FLAT B
TERIE 48 h J5, MDA S W ECH I T > i,
JER DR A AL BB K LA AR AL R, TR 2 E
75 pH M N R, I 7RI E A KL
22 REMBESE

ML 2 BT, e By i 24 I A R T (1] F S K 1 35
16 R 48 h WA B e il , 5 AN Mo B8k B A bz 1),
RS EERKION: Bl sk, =i,
RN mmEEN, SAREKRKEE, ohlitmm T
43%- 52%- 51%. 40% F1 45%. Hrh =gk kA
FiRt 28 3k W AV K B RN R0 R S FLAT B 7E K B 48 h S 1A

GRS E RS, —HELEEER (P >0.05),
AN 120.67 A1 115.23 mg/g. AHRHEREM, WMAEMEK
R Al A A P R S BRI BRI R B, S
FEEREE 48 h JE AR TR, TR AR
TR FLRR B B i A, S EURI & B AR,

W 2 s, e TR A I A R IR N ) ) S K 1
hn, FEREE 48 h I ik Bl b =B, 5 AN B BR B A Rt

KB AR 4R R B FHE AR pH AE R AL L

Changes in the viable cell count of and pH value during the Dendrobium officinale fermentation process

B, MEESESEKRN: sEEK. sMEE. &~
MM, =il mF . mF Bk A AR
BRI B A % 48 h BEE i & =5, N 23.39 mg/g.
TR A R R T U R £ T DR T A A )
Ak, R TR R . BAR. SRR,
SEE AN F T R, fEREE 48 h 5 RIS R
AR, TR DA [FRE AT B8 2 LR b 0 35 W 2R A1)
(I B R RN AL VE
23 ImMEKEEN

P 3 A, A M ABTS HHESE —EM
TEBRVER, JF ELRE A & B (8] (4 2E K 7 PR A8 B BE 2 Tt
B, CUREERTAIR)E 48 h I, JERRAE DA BTG, B
B BRI LA B K B 48 h IS ABTS H
L BRBE IR s, RIRN: mE sl wrF R
R mEBM. sEER, SARE T 32%.
33%- 31%- 21% A1 38%, = 318k 7 A ik ABTS H
i 5 B AE Sl 159.08 mg/g b7+ #) 288.51 mg/g, 1m0
T 0.81 fir. HHULTTTE, LRNAE FLAT B X 2 B SO 8k Rz
FHY ABTS H HEIEFRAE IR K, X 5 85 A
BIEE A B A ST
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[ #¥3LH BLactobacillus plantarum  [2] AINAIE AN 8 Bulgaria lactobacillus [ 6 #4555k B Streptococcus thermophilus
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Note: Different characters of the same index indicate significant differences (P<<0.05), the same below.

B2 AEdAEdRi s it Eme i

AF TAF A

Fig.2 Changes in the total phenolic content and total flavonoid content of Dendrobium officinale during the fermentation process
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B3 FUBRE L B4k % it ABTS. DPPH A s FTREE A A4k B TR R LA 09 %
Fig.3 Effects of lactic acid bacteria fermentation on the ABTS ( 2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid )) , DPPH (1, 1-
diphenyl-2-picrylhydrazyl) free radical scavenging abilities and FRAP (ferric ion reducing antioxidant power) of Dendrobium officinale

P 3 /1S, DPPH H HZEiEFRAE /15 ABTS ##
— 5, B A DPPH H IR A — & MiERIER,
F HLIt 5 A e i ) () ZE KT PR e D bl 2 Ty, G %
R 2L 48 h B, JHBREESTA BITlE, BES N S
KF, & HER R A A R I A TR R R B 48 h S
DPPH H H & [FiEFR 8 1850, PRI N: =R SCl>
o > B> oM RN m M, 5R K
EL o BI3E R T 57%. 55%- 42%- 36% Al 39%. = ¢
R R A 2 ORI ARSI FLAT B K 1% 48 h Iy DPPH H HH 2%

THEERAE R, 11.04 mg/g ETHE] 34.34 mg/g, BN
T 201 1%, %45 RS HRED s — 8.

HE 34, %EFiRR A ek iEi s
DPPH Il ABTS H HE{E FrEe /1Bt —8, Uk
E IS () 21k 48 h ), RS ik IR fe y ik Bl sl Bl S
TR AN [ Xk R A R IS I8 SR RR ) &R A
R B FGIK KN : mmBEMN>a MR > MEE>A M
Rili>m . (EEEYANE LR 48 h J5, o5l
BET 57% 34%. 19%. 45%. 34%. Hrf, =il
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Bk R A iR 22 v FABE IR B R B S FLER S L R BE
112.71 mg/g ETH#] 170.83 mg/g, N7 0.52 5. &1
6 JE e T8 45 5 5 DPPH A1 ABTS H HI &35 R At
gt IR —2, JRE R TA1Z P A LR R,
24 BEAREZEAIREERSTLIER

BT A AUS S R DR PUEIREE 1 2
RHATLEE T, = SCIL R B A A AR R AL AT B
K% 48 h B L D REVE T Ao, BRI BRI A T BORE
HEAT B GBAR Ea 1 e T, 5 AR R BERE AT UL,
AN 4 mTEL, AR S Bk B A bR SR K E 16
RN EY . fERIG, A 4 b ERAET BED
Ak, HAPTEHERMOSE (155 H 0.65 mg/g 1N 2
1.14 mg/g, T 75.38%, &EHER (1§ 16) H 2.60 mg/g
BnE) 3.19 mg/g, N T 22.70%, MRHEETILER
HETREE (1% 10) | 2.92 mg/g /NE] 0.47 mg/g, IR
/NT 83.90%. BEAL, AKHER (U 12) AUAE RIS IR i
R E . FIREE R UL, AR LRI U Bk
e, RAETBIEM I EFAEA, FEB~ET
— L By R S

1 LZEAEBMEUEMEETNHE

Table 1 Changes in phenolic compound content before and after
fermentation (mg-100 g™")
5 waEw R e
No. Compound Before fermentation After fermentation
1 BETR 0.59+0.01 0.31£0.02
2 BRI 1.15+0.02 1.64+0.04
3 X PR R R 0.67+0.02 1.07+0.05
4 RILFER 2.58+0.06 2.36+0.04
5 THR 0.65+0.05 1.14+0.04
6 —AER ND ND
7 THE 0.10+0.01 0.34+0.04
8 R BR PR 0.42+0.05 0.37+0.03
9 WP 1.06+0.04 0.98+0.02
10 REETILHRRERE TR 2.92+0.01 0.47+0.03
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Effects of lactic acid bacteria fermentation on the antioxidant activity and
phenolic compounds of Dendrobium officinale

JIANG Bingting' , LI Rurui' , FANG Yue! , ZHENG Wenjie' , ZHOU Ying?, LI Nengbo?,
HE Xiahong® , WANG Zhenxing'™

(1. Key Laboratory of Conservation and Utilization of Southwest Mountain Forest Resources, College of Biological Science and Food
Engineering, Southwest Forestry University, Kunming 650224, China; 2. Institute of Caulis Dendrobii of Longling County, Baoshan
678300, China)

Abstract: The fermentation of lactic acid bacteria can enhance the transformation of active substances, such as polyphenols in
food. This study aims to explore the effects of lactic acid bacteria fermentation on their functional activities and phenolic
compounds in Dendrobium officinale (DO). Three commonly used lactic acid bacteria were first selected to ferment the DO
from five regions. Then, a systematic investigation was implemented to determine the total phenolic and flavonoid contents and
the antioxidant activity of DO before and after fermentation. The phenolic components and metabolite composition were finally
characterized using high-performance liquid chromatography (HPLC) and ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS). The results showed that the viable cell counts gradually increased in the DO fermentation
broth, as the fermentation progressed, whereas, there was a gradual decrease in the pH value. The growth rate of viable cells
was highest during the first 0 to 24 h fermentation, as the decline rate of pH value. All three lactic acid bacteria enhanced the
contents of total phenolic and total flavonoid, as well as the antioxidant activity of DO. The most significant enhancement was
observed to ferment with Lactobacillus bulgaricus for 48 h in the DO in Wenshan City, Yunnan Province. The total phenolic
and total flavonoid contents of the fermented DO were 120.67 and 23.39 mg/g, respectively, under the same condition.
Additionally, the radical scavenging abilities against the cationic ABTS radical (2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid)) and DPPH (1,1-diphenyl-2-picrylhydrazyl) as well as the ferric reducing ability (FRAP) were highest at 288.51,
34.34, and 136.32 mg/g, respectively, which increased of 0.81, 2.11, and 0.58 times than before fermentation. 16 phenolic
compounds were selected before and after DO fermentation using HPLC. Specifically, the content of sinapic acid increased
from 0.65 to 1.14 mg/g (an increase of 75.38%), while the content of vanillic acid rose from 2.60 to 3.19 mg/g (an increase of
22.70%). However, the content of (-)-epicatechin gallate decreased from 2.92 mg/g to 0.47 mg/g (a decrease of 83.90%).
Moreover, the salicylic acid was only detected in the post-fermentation samples. Non-targeted metabolomics analysis revealed
that a total of 1,298 metabolites were identified from Dendrobium officinale before and after fermentation. Among them, 100
and 85 metabolites were significantly upregulated in the positive and negative ion modes, respectively, while 211 and 180
metabolites were significantly downregulated. The number of upregulated metabolites was notably lower than that of
downregulated metabolites. The upregulated metabolites were primarily concentrated in the fatty acids, nucleosides, and
alkaloids, whereas, the downregulated metabolites were found mainly in the flavonoids, phenolic compounds, and terpenes. It
infers that these metabolites were gradually consumed or metabolically transformed during fermentation. Correlation analysis
demonstrated a high correlation between antioxidant activity and phenolic compounds. Enrichment analysis of metabolic
pathways was performed during Dendrobium officinale fermentation using the Kyoto Encyclopedia of Genes and Genomes
(KEGG). The most likely metabolic pathways were the ABC transport pathway, biosynthesis of various secondary metabolites -
part II, and metabolism of alanine, aspartate, and glutamate. In conclusion, the fermentation of lactic acid bacteria significantly
improved the antioxidant activity of DO, especially Lactobacillus bulgaricus. This improvement was closely related to the
transformation and release of phenolic compounds during fermentation. Dendrobium officinale can be expected to serve as the
biotransformation of active components in natural products/foods.

Keywords: Dendrobium officinale; lactobacillus; fermentation; phenolic compounds; antioxidant; high-performance liquid
chromatography; metabolomics
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