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Abstract: In this study, buckwheat syrup was used as the raw material and was fermented by kombucha to produce the
buckwheat vinegar. Based on the total acid content and the sensory score of buckwheat vinegar, the effects of different
content of soluble solid, inoculation amount of kombucha and fermentation temperature on the quality of buckwheat
vinegar were investigated, and the optimal process conditions for buckwheat syrup fermentation by kombucha were
determined. Subsequently, the buckwheat vinegar was fermented under these optimal technological conditions, changes in
pH value, total acids, total phenols, total flavonoids as well as organic acids of buckwheat syrup during the fermentation
process were explored. The results showed that the optimal fermentation conditions of buckwheat vinegar by kombucha
were as follows: Soluble solid content was 13%, kombucha fungus inoculation amount was 15%, fermentation temperature

was 30 °C. Under this optimized condition, during the fermentation process, pH was decreased, the total acid was increased,
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the reducing sugar content was increased first and then decreased, the total phenol content was increased, the flavonoid

content was decreased first and then increased, the contents of acetic acid, lactic acid and succinic acid increased, while the

contents of malic acid and malonic acid increased first and then decreased. After 9 days of fermentation, the total acid, total

phenol and total flavonoid contents of the obtained buckwheat vinegar were 32.96, 1.72 and 2.55 g/L, respectively. The

final vinegar had suitable acidity, soft taste, strong buckwheat aroma, and health care function.
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Table 1 Orthogonal test factor level table of kombucha
fermented buckwheat milk syrup process
KT AFREHSSC(%)  BLLZRHHEAE(%)  CREERE(TC)
-1 10 10 25
0 13 15 30
1 16 20 35

G AL Sk S 2R A (i, TELLAS
BRI PSR 22 3R AT S0, Xob R & i R B P
TR PRI TG IALPYS3, B 2 FRARA R, LA 43
100 43it. BFRS IEAESMME 40 51, BUE VENAE
IHE 60 43, LRGP0 A FE RN 53 2 il
Y, =ax il
W,
2 Y, FoRAEFRINAUAS 53, 35 a FORFEAAGE
I3 AE, 53 W KR8 b 52 PRl 86 45 2%, /L 8557
W, FR A0 28 R (iR e (B A 36.15 g/L, J&&

BB E N 88 43), g/L 845
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Table 2  Criteria for sensory evaluation of buckwheat
fermented beverage

Efsa bR HE(10053)

BT, HA TR B I R 5
T RS (21~30)
s ROk, BAT T A TR R <, %
L R A LA (11~20)
T A TS TRYER ', BAR R (1~10)
FURAE, BRI L, TE R0k (21~30)
T, BRFEANIE B, To R (11~20)
IR 2, BRIEAE T, A Rk (1~10) 30
TR, B, FVFAEAE R TE (16~20)
ks TR B I, B, A TTTE(8~15) "
= WA, REY], AR ZUIE(1~7)
@RS, Bk ((21~30)
-~ (), BRI IR (5(11~20) 0
EFRIR, REG(1~10)

E(100%)

1.2.6.3 FEEANHIREF pH E 2% GB /T 5009.
237-2016"CEAh pH EGINGE ), fHH pH T EHERE .
1.2.6.4 FEEFR AR EFERHSENE 3%
FALREY kgl AR £ . T [l
JTFE A y=0.9864x-0.0024, JLE FZEL R>=0.9981., HX
KA 1 mL, A EAn e th 2L IR T, ARYE ]
VE TR O o i

1.2.6.5 FEEER AT SENE R Folin-
Ciocalteu L1 E Sl & &, =% Wu S0y 4
TR FRRbrERR L . ESr T RN y=15.618x+
0.0652, YA REL R?=0.9919.

R Sy I W BORE S 0.5 mL, 4%
EEFIRhREIN SR T, SR R SEEZ
IR R Ay
1.2.6.6 FEEFF LIRS SEINEG ®ENE =%
Li S8y ikl il s T AR 2. 57 [ 5 F
A y=0.7724x—0.016, PE5E FREX R?=0.9923

R PR P R TR B I B 1 mL ARV,
P T AMEIMEL BRI T, SR A R A R R h
ST
1.2.6.7 FEFIK KBS REPAEYRR S ENE R
HPLC 75 52 7, DiamonsilC, ¢ (3544, Wi 340 M
0.04 mol/L #§fR &4 (pH2.7), ik 0.4 mL/min, £
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I 30 °C, FREE 20 L, K4S 210 nm.

I AE « BUR TR S5 5222 2K VB, 42 0.22 pm
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SRR ST E ), ke A AR SRR T TR
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Fig.1 Effects of SSC on the total acid in the fermentation
process of buckwheat syrup
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35.80 F1 34.76 g/L. Z5 SRR YL AHE R E N
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B, ANF R BRI R R IR o e R I
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Fig.2 Effects of kombucha inoculation amount on total acid in
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the fermentation process of buckwheat syrup
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Fig.3 Effects of fermentation temperature on the total acid in
the fermentation process of buckwheat syrup

BR S BRI N 36.56. 33.00, 27.80 A1 19.16 g/L. 45
SEFE KR 30 °C I BRI T2 25 B A e Fe 2
I, MEAF N RBUEARA S B & i B SR A I R WEK o
22 AFREAMFERITZIEZRE

LIAS A R ISR 2 T2 58 i g0 435 SR S 5y
Mranse 3 FioR, #5 B 3 3522 R T i & o5t
i) /N R K TR B> A I SSC>LT 2 PR 42 P it R
AR ST 2257013 4 TTH, FRZEIE SSC ML A
FERP R X R IR AR o e FLAA 3 R )
(P<0.05), KRR BEXTFEAZ IR R TR B R & S A
BEP<0.01), BREHIFESAEANA G A,B,C,,
HNZEZIK SSC13%. LI LM E 15% . KBRS
30 C.

FHEE 3 Al A, 25 I ZE X R4 3 R e B B T 5
SEMA R/ INR LS A i >FE 2 I SSC>K Wi 3 5
FH I PR 2253 HT 3R 5 TN, FEEZ 3K SSC LT A%
DRIt X SR A I R BB B Vo HA i 35 RS
(P<0.05), RIFEIEXTFRAZ IR TRERUB B VP53 52 Rk
R (P<0.01); BB S 1IEAC IR A4 A,B,C,,
HNFEZ2 3K SSC13%. LLAS A 10% . KW EE
30 °C.
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Table 3 Orthogonal test results and visual analysis of kombucha fermented buckwheat syrup process

SEHGA AFEHISSC BLLAS P CEEEHLE B ARl BB (41) LA (1)
1 -1 -1 -1 28.40 79 81.74
2 -1 0 0 33.98 88 93.41
3 -1 1 1 31.56 77 83.57
4 0 -1 0 34.94 87 93.70
5 0 0 1 36.15 84 92.89
6 0 1 -1 29.91 80 83.93
7 1 -1 1 32.76 86 90.84
8 1 0 -1 29.64 75 80.29
9 1 1 0 32.68 74 82.67

Xof SR B SN
K1 92.44 97.44 87.95
K2 101.00 99.77 101.60
K3 95.08 94.15 100.47
k1 30.81 32.48 29.32
k2 33.67 33.26 33.87
k3 31.69 31.38 33.49
R 8.56 5.62 13.65
[ 2P C>A>B
4l & A,B,C,
X IEE T R 5 M)
K1 244.00 252.00 234.00
K2 251.00 247.00 249.00
K3 235.00 231.00 247.00
k1 81.33 84.00 78.00
k2 83.67 82.33 83.00
k3 78.33 77.00 82.33
R 16 21 15
FE W7 B>A>C
A A A,B,C,
XA TN (A5 R
K1 258.82 266.28 245.96
K2 270.52 266.59 269.78
K3 253.80 250.71 267.30
k1 86.27 88.76 81.99
K2 90.17 88.86 89.93
K3 84.60 83.39 89.10
R 16.72 15.88 23.82
FEWIFC>A>B
LA A,B,C,

K4 BMREETEIER

Table 4 Results of variance analysis of total acid content

xS OREVEN T 20 HE

Table 5 Results of variance analysis of sensory evaluation

5 SEA HmE fRME2E FE BEN ES SRR AME b FE Bt
A 52.96 6 35.93 * LAY 221.81 6 24.01 *
A-FEFEISSC 9.28 1 0.31 37.76 * A-FRAEIKSSC 94.50 1 0.77 61.38 *
B-LIAS R 24.06 1 0.67 98.73 * B-ZIZ5 4RI 81.48 1 1.67 52.92 *
C- KB 36.27 1 0.67 147.59 ok C- RIS 44.02 1 1.67 28.59 o
B2 0.4914 2 B2 3.08 2
Jo¥il 53.46 8 A 224.89 8

: *FIRP<0.05, **FIRP<0.01; F£5~FK6[M,

Ve BB PR (B R, R & Ik .

ZEE T E BT AN 3 FioR, IE38 36
AR LR G VP H e s G N FRE I SSC10%. 41755
IR 10%. ABEHEE 30 C, AMH F152I3E
W K WM A TR JEE N 34.94 o/L, JECEVESY Sl 87
535 X IE ARG A A T BT, £ R 25 S PR

R4 AEN A,B,C,, BIFFEZEIK SSC13% . L1 AR EeFP
B 15%., KBERIE 30 °C, 2 KX 2200 L em 4
B VVSTRE W Ry R IR >3 5 22 3 SSC>L1 5 TRl F22 i
Hr, KI, R SCERE BRI AR B S P A
LG A,B,C,, BEITEFFZE I SSC13%. LLAS TR {2 F)
B 15%. KR 30 °C HIFEFEER R, HAh, g
BIPMNM T 22003 6 T, 3R SSC. LI A B R
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Table 6 Results of variance analysis of comprehensive

evaluation
(SN THEM AME bRfE2E R BN
FRR 24530 6 29.78 *
A-FREISSC 9231 1 0.72 67.23 *
B-LIRMWEA R 93.44 1 1.58 68.05 *
C- Rz 103.48 1 1.58 75.37 *
B2z 2.75 2
Jsyiil 248.05 8

23 FERABIRED pH REBRSETHK

BPEHUEAZ IR e R 2K, 245229 SSC13%,
LIZNBR BN INED 15%, KIEIRE 30 °C BF X5 3% H
LIS T R, TR I R et B pH FILER &
AL & 4 BN, FR4230% pH 7E R ERT 8 d I 35T
[ (P<0.05), k&2 1% pH ¥aTAaE, 265 9 d B pH %
A 3.10; FEE IR BR O R R R AR v W BT
(P<0.05), AR 0d W 6.72 g/L EFESE 9od 1Y
32.96 g/L.

>

o

(=]

40 - @ —s 15.0
—
35+ b ¢ d P b al45
e ¢ c & F14.0
30r gd & | |l{35
S5t e Tl L]
5 13.0
=20t £ 125 %
= g
w15t h 120
0F ;i 1
] 11.0
1]
0 0.0

2 3 4 5 6 7 8 9
RWEFRAL (d)
K4 FRAIRAWHIFE pH FEIR & 721k
Fig.4 Changes in pH and total acid concentration of buckwheat
syrup during the fermentation

E: ER AR NG TR 2257 3% (P<0.05); 5] 5~ 6 [F].

24 FERLBIEPLERSETNK

TEFA P F KO N X 5522 AT L0245 o R %,
I A2 I W L R v A SO B i AR AR AN 1R 5 TR, i
JEHE S BETE AT 5 d B 5 2 o #«(P<0.05),
FHEE 0d Y 8.60 g/ _LFHEIEE 5 d Y 29.09 g/L, 4k
LR A 5 B 3 R (P<0.05), 255 9 d ik
PEEEREE AL 3.71 g/L.
25 FERABIEPEBEDEREETW

i &l 6a AT, FRZAZIRAE A Wt At b B 5 i
3 FIHP<0.05), FI55 0d /9 0.78 g/L _FTH&IE5 9 d
M 1.72 g/L; 37242 SAE R Il R v B0l 2 s A8 Ak
&l 6b s, KEERT 3 d R EERCD S S B T
[ (P<0.05), %5 0 d /Yy 2.05 g/L FREZEHS 3 d M0
1.52 g/L, k&8 A 19 2 I v B i) 5 i 35 - H(P<

2022 4F 8 A
36
32r a
~ %8} E3
S
5o 24 + b
o8 20 F
%16- : $
o2k
}S—'J S'F‘
4t &
O 1 1 1 1 1 |%| J
0 1 3 5 7 9
RTEFREL (d)

K5 FRAH R EES R Id s 5 e Al
Fig.5 Changes of reducing sugar content in buckwheat syrup
during the fermentation
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REEREL (d)
281
~ 24+ b
220t e
&
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REEREL (d)
Kl 6 FRAe I R AR v G M G B 5 i A Al
Fig.6 Changes in contents of total phenols and flavonoids in
buckwheat syrup during the fermentation
T a FRFEE R R EEL R P B & AR b RoRFFE KK
Bt F v S I & AR A

[ XS

0.05), 55 9 d i} ETFIN 2.55 g/L, H AR 4B
T ) S S TR AR B R A 5 (P<0.05) .

2.6 FERABIREDEIRIETN

2.6.1 APRRIBAGIRMEMELR ARG HLIRILE

] TR R ARt T B 3R 7 TR, A PR
PR e BB (R?)YRT 0.9910, I K 4F-AYLk
PEC R LA A5

2.6.2 FEEWKRBELBRP AR S AL 2055

REEFEZ I AR A VLR & =AM 8 iR, 78
R 2R & IR 2 B2 FFH(P<0.05), hFE
I K R e AR ) E A PLER RIS, A 0 d
M) 1.40 g/L ETFZE% 9d 1Y 18.53 g/Ls FLER & EAE
REETFEP S 0d i 048 g/L B3 FIFEIE 9 d
i 6.46 g/L(P<0.05), 55 9 d I & E{URK T L BR;
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R 7 REHLRRLRER ] W T AR b b £k 5 e

Table 7 Retention time, peak area and standard curve equation of different organic acids

P A HLERRNZ s ] U TR bR 2512 DUE RBR
1 SRR 9.404 5.9044 y=1.0750x+3.2170 0.9997
2 [5ptivd 10.166 4.9277 y=1.2586x+1.7811 0.9988
3 L-7% 11.354 3.2927 y=0.7048x—0.1425 0.9998
4 2.1 12.528 3.5577 y=0.6782x—0.2679 0.9991
5 W SR 15.199 4.0488 y=0.7378x+2.2042 0.9942
6 BEHAMR 16.482 5.0246 y=0.9422x+2.669 0.9971
# 8 FEKEELSIBETASAIRE 7L
Table 8 Changes in the contents of organic acids during the fermentation of buckwheat syrup
KE(d)
HHLER (g L")
0 1 5 7 9
R 0.29+0.03° 1.2140.03° 3.78+0.12° 4.29+0.03¢ 7.19+0.04¢ 2.92+0.06
W 0.97+0.05° 2.69+0.06° 9.91+0.13¢ 12.28+1.25¢ 1.52+0.08* 0.41%0.05°
L-3L#2 0.48+0.05" 1.17+0.06° 1.59+0.03¢ 2.73+0.08¢ 5.42+0.05° 6.46+0.08"
2.1 1.40+0.08* 6.90+0.09° 8.36:0.24° 9.49+0.05¢ 13.2+0.11° 18.53+0.14
R 0.02+0.00° 0.02+0.00° 0.02+0.00° 0.03+0.00° 0.03+0.00" 0.04+0.00°
BEFIR 2.38+0.03° 3.29+0.02° 3.49+0.14° 3.81+0.07¢ 3.98+0.12¢ 3.99+0.11¢

H: RPAFFRRR 257 B3 (P<0.05)

SESRR S RAE RN 7 d B3 EFH(P<0.05), 55 7d
S R B R s 7.19 g/L, 4Rs K I IR me & 1 i 3
TR (P<0.05); N R & b AE R IENT S d W3 1Tt
(P<0.05), 255 5 d Bl & Bk iy 12.28 g/L, 4k4:
REN R & B i 5 T RE(P<0.05); BRFAMR & HAER
Fzt A Je i LIS AR, RIS 9 d B i
A1 3.99 g/Ls & R A R IR G I AR L
TREEMR(P>0.05), KIEES 9dtE SRS &
0.04 g/L,
3 g

TELTZN B R SR A2 I T2 s R /9L v, it
SSC B /b, KIS & a BFt. XJEHh
TAHEFEZ I IR INGE B RS, £U55 58 T AR
P T B RN LI B R FH RERE A A SR OC R AR T &
PRAEA VLR, FHURMR & & _ L F; 350U SSC K,
] e X R T A R T A — R B RIAE L R 2
SSC Mt 13% B, SR & B A ITREAIRNS . SR MY
SEUO T 2T 5% R R R OB TSR WL 2R BT 4 SSC 2k
14% B}, PR s, kS 10%. 18% 1 6%, Bt
WALRIE LY SSC A F T4l B Fh & IR

TE LT X A R X AR & B s i i e v, &
BEZEE 9 d BHERR 15% LI 3XTH B0 & BERUEIR & Fefie
&, HR S i 20%. 10% Fll 5% HIFEZE 3,
B T M LA PR AP RN, PR R AR B
FEARIE R I, (AR R e — T T S (P AR T R B
A5 R B 0 R AL ke BE S R R, SR IR
SR SRR, Dy T AR R B o AR A
W= A B . H IR

TE X R TR I e 16 b, RS 9 d

AF7E 30 °C &4 T REIRAS SR & i R m ISR 28 3
FEwk, Hik M 25, 20 Fll 35 °C 5510 R3304 A 0K,
R R T2 R R R T I, b A PN e P
15, S E AR, AR 2 P T PP 48 v s AFLIRLEE
o S AR i AR, (AR RS R A, P S
R PR AR B R AT

LIASBAAE R SR 22 i A v = A R i 5 | &
BE pH T I, TER TS 9 d B R TR pH 4
% 3.10. LLASTR R IHSEEZ ALRE LB R BEFNHES TR &
TEP AT BE, Al R W T B, IR 3222 bl
PR PR R FH R = 2 L BE AT C O, J HH SR Il 192 e T
BB, BETR B A PR R = A 1) s i LR 5 22
FAPLE, bbb, ZLIE A A fE L) B r A = a8
AR, e A FLIRY . PR A s | R & T
W pH FEAIG, FR22 36 HE K I 8~9 d Bt pH JCHH B ARk,
IEHSERARR B B SRR N, 3T BB il TLL A R A
ZZ P VE, ML SR A A R CO, TR GS =4
HCO, , SHEVRFTR N H &R, SEEMELE
TR R T BERENS ™ Rl pH AT

Fr WAE KT AR PR OB S i S E S BT S
TREET, BOR R AL R B, TS
T PR AN B ELE2 R FH IRERE SO FH IR BEAR N, AT
BEEA AR T A AR U TR, K Rl 0 S i e BRI R
HRH3, DI & B s ol & i i 2% T H(P<0.05) .
ARER K e 28 K e b B R A NE . SR 2,
Pt LS R S B s A e A B B, (el A 2 b . SRbE
S AL IR . IR RIETT=Y), (RIS B
PR PR 1 ISR A B 2 B, DR A T 5
PIR GEN N

FEEIAE R AR P A e BT, B
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2022 4 8 H

WA SR R TR 3 d B IRITRAIR, dRE R lEnt 2
T, FEEEI R TR v B R R e R 5y
FHAT BRI R TFRE2 P e sk, AE R R T
R IR PR O (AR AL B A B o b R A5 R il 25, {345
Rt Th 2l G AT IS MO R G ) 43 s L0 g
—J7 T, L1 T BERE OB AR B (1 RSG5 22 T A0
BRI BT AR TR N B 2 M RS A S, (8
Z AN R AR K B BRI Wi R BT R R
Hh SVEE TR B i B R AT REJR T R BRI AR A&
WEIRESEIS) T 2 S R P A5 S TR A, (8
RIS 0T v ) B H BT | A M BT L LSSy Rt Rz
R,

VAN AR A i U SN N e e =
PLERFPIS, TE R TR 2 B R T B B, LR PR A B
FREA LR S i 3 T (P<0.05), Bt B AR DI s
Fefbh 418, i L1 Er a8 25 B TH(P<0.05), [FIA R
BRI LB R e R TR AT A BB AR, BRHAMR &
B2 ETHEFE(P<0.05)P, SESR R K TN ARl & iz
FOEAT & e B W T dksk Rt A BSIR & 1M B,

A B AEAT SRS T R A K B, A A N 2 i
SE A 218, B 2R S B RIS IS Ak, BETR e
e S ALPEZIS Y BT A P I RR S A 2B R, P —
A AR LR M BRFATR , T R THAINER 53 LR B AT
ISP F LR & T8 (Malo-lactic fermentation, MLF)
BT — M S RSEARR, AR ELIR I CO, P, st
K BEARIA R B PR O A W R BT T AR
B & SRVE NSRS PRl =4, B ISR
KRR T IAA 2E H S AN, R E S
TERAEPREHES AR S KA P
4 g

AFFR LAFEZZ B R JEORE, SR FHLL S e R I il 45
FEEIBEIR . FBETIRFTEE I SSC. LA P & .
R R R 32 I R R AR & B AR B VR4 5%
Wi, B FR2 I A R T T 245372807 SSC13%.
LIZSTREERT R 15% . RIFRIRE 30 °C; Bdefl L
AT LA R IESRAZ B IR, K IREE TR & IR EA iR
BN 32.96 g/L, SRR B RSB I R R TR
# FFH(P<0.05); ZMEAER IR T R IR 1R &
HLI IR I i 2 (P<0.05), Z RN MR R
18.53 g/L, HR ZLie K BEFAmR . VAT 5, il T4l
A AR BERAS IR RS IR BES B . MG, B
RS IR SR, I BSR4 B
EFENE, BRI NI A —FP LA MBI B IK
EHEAESZS . SR TSR A AU E 2, Zh s
e, XMELABA AR LTSS R & B ORI AR e M B e A,
I, FEA IS BIFGE v N IR AR ST R DI PR ] R,
R SEBRAE P BRI AR
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