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Development and Volatile Flavor Substances Analysis of Purple
Carrot Compound Fermented Beverage

YUAN Xinrui', YANG Qichang', WANG Fang', LIN Zhitong'*"

(1.Institute of Urban Agriculture, Chinese Academy of Agriculture Sciences, Chengdu 610065, China;
2.SiChuan TianWei Food Group Co., Ltd, Chengdu 610200, China)

Abstract: Using kale, Mesembryanthemum crystallinum and purple carrot as the main raw materials, and angel
Lactobacillus as fermentation strains, the purple carrot compound fermented beverage was prepared. Orthogonal
experiment was used to optimize the sugar addition, inoculum amount, fermentation temperature and fermentation time.
Results showed that the optimal sugar addition of the fermented vegetable beverage was 7%, the lactic acid bacteria
inoculation amount was 5%, the fermentation temperature was 41 °C, the fermentation time was 38 h. The final compound
fermented beverage with moderate sour and sweetness taste, and bright red color was obtained. And the total sugar was
0.21 g/L, the total acid was 0.38 g/L, the dietary fiber content was 0.41 g/L, the number of Lactobacillus was 7.42x10’
CFU/g, the sensory score was 93.3. A total of 71 volatile flavor substances were detected, mainly ketones and aldehydes,
followed by alcohols, acids, esters and other compounds. Among them, the highest concentrations of geranylacetone, acetic
acid and (2E)-2-decenal were 15.60%, 13.14% and 6.40%, respectively, which were the main sources of fermented
beverage flavor. This study provides new ideas for the development of vegetable beverages and provides a reference for the

further development of agricultural and sideline products.
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1.2 %
1.2.1 585 MNE S RN
1.2.1.1 T2 ks R TR -t
UE— IV B — 34 BT — 200 R T 18 R — K I
— Sl
1.2.1.2 BREEN B B BE T I H i
T, YR 100 °C, BFE] 1 min, B L 1:30
(g:mL),

FIIE: B AL FRAT- 1 PIAC H i . VKRS S [ 4y
BILLUERE L 1:2 i e 5 aid kIR S TR HTH .

g KRS IL 100 HZDATFS RN

VEIIC: B PIACH U | VSRR 2 b =R rt
LURE LY 5:5: 11RG, IIAB ST ERE 7% 0k
RGNS,

. HdE R 4000 r/min 38 1 min,

SNH: BHRG WM, B

AP, FRIR AR ENE] 40 °C, 3% 7% HL I im A
KW, IE 5]

KE: 1E 40 °C fHIR & F &KW 36 h 545
KW
1.2.2 PFAPRIZRSCE:  HRYEATITISE g4, SRS BOPR IS
. FLARBEHEAI T | R TR IR IR A1 iE A TR A
1.2.2.1 HESIE  BOEREEINGE 535128 4%, 5%.
6% 7% 8%, LRI A T%o, KIEIRE A 40 °C, K
BHEI SR 36 h MEA TR TE, WS ASRIBE A 0 f Xk 5815
N 52 G R ORI BTS2
1.2.22 FLRRpEHEME e FLIR RN 535
4%eo. 5%o0. 6%o. 7%0. 8%o, FHEAS IR 7%, K EIEEE
Sk 40 °C, ERIERTTRIY 36 h AT & 7, WS AN R ZLAR
PRHEAPEEXT 5008 N S5 I ORHS, JBT rgsE ]
1.2.23 KEEREE e REHRE 5512k 38, 39,
40, 41, 42 C, BRGNS R 7%, Fehh gl 7%o, K IF%
BRI 36 h HEAT & 17, BIFSEAS [R) 2 B B %o 55 6 55
N2 G R IR BTS2
1.2.2.4 REERFNR] B8 R BT W 552 30, 32,
34.36. 38 h, BEARINEN 7%, ZLERBEEEFN R 7%,
RERE Ry 40 °C HEA TR, WFFEAS[R] & IRt A X 58
B A RO A 52
1.2.3 IEACEES  FEARIE SR, SRS
08 235 HL 52 W B R MBS N &L (A) © LR T 422 Fh it
(B) . RIEER)E(C) . KEERTE] (D)4 A~ R 1T
Lo (3" IEASHAIRES . PRI 1.
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Table 1 Factors and levels for orthogonal experiments

IR
" ABEVR NI (%) BELAREHERI R (%) CHRBEIE (C) DERERH (h)
1 6 5 39 34
2 7 6 40 36
3 8 7 41 38

1.2.4 FALFEARAME  SPE A I E : & GB
5009.7-2016 KU %, B JFHE AR AT, SR
FAIIAE : $2 08 GB/T 12293-90 3% PG E 1k, MR LIFL
MR, FEELT4ERIIIRE : $2 GB 5009.88-2014¢ &
i PR B A LRI Y e . FLER P MRS %
FERAEI TR o
1.2.5 #HRMERBRYITNE SHEE s 1
WaRzssti WRlLpEN
1.2.5.1 FESMIBTALER o 3 mL B SIN A TRZS iR
i, F 60 C ZAF FAEHL 55 min.
1.2.52 GC %M i tE: SH-Rtx-Wax 5B 1% M E
4543 (30 m=0.32 mm, 0.25 um); 45 °C {%43F 3 min,
LI 3 °C/min FFIE ZE 180 °C, %35 3 min, £ F LA
12 °C FHilk 2= 220 °C, £ FF 3 min; < (He) i i#
1.67 mL/min, JE/J 19.0 kPa; 43/ kL 10: 1,
1.2.5.3 MS 5&AF Bk st mrs&d s i B
AEE 70 eV; B TIRIEEE 200 °C; I FISER : 3 min; 1Y
R FEL: 1.16; PrEFAYERT m/z 35~500,
1.2.6 BRETHM SHEEHOBEERY i idme ki
F2 Y NEA R T N AR
Table 2 Sensory evaluation standards of purple carrot
compound fermented beverage

Bt PO bR S

A AN N E D e 15~20

{077 (2043) AR ZED iz 8~14
MELL(n, JOGE 0~7

TCULTE, W, Bty 5] 15~20

B RE(2043) BDVFUTRE, WM, ity s) 8~14
M, BULE, B A5 0~7

BA MR R AR, TH K 21~30

F(304%) TRIRFHIRIR, Jo75 5k 11~20
TCRAR, WK 0~10

FURGAN, Wk, KUK B 21~30

PR (304)) PR AN, BRRE H, 11 fd 11~20

I RS, 1 R A, L 0~10

POBHIBRE P4 FRE, 72 AE 4 °C RV 24 h, iF
10 2Bl N GUARYE = S (0P8 . B RE L /0. T8GR
HEATPEST, W43 100 53, PEFRTENLR 2.
1.3 IR
AR ER 3 K, G5 RBR AP E AR

ZEM RN T . BRSE I Excel 2010 k{43
17, 2R JH SPSS 25.0 x4 3 47 B P& W =5 vk o bt
(P<0.05).
2 BR5SH
2.1 BERTLWER
2.1.1 HHESINEXT SR N RS & BB B 52
ORI AR A AT R S, FLIR B P
TG AR A T AN SRR, AT R FH s paiie
PR, TN 3 fras, BEE VRGN B, S
B LT, R AT 4R RO 2R R, MR & R Ye Tt
A TRRGE, TR B T PR e T m I, &
P A2 HR AR HR A LR AS TR SR A8 e R et
N3, BEEINEN 4%~5% B, BN ER, AR 2L
St A AR R R TR R I RE R, BGOSR
BFET 4200 AT RENR 1 36 B AU H =R B8 /1, PRlL
SR S | TS PR EORIURR B P A . S gy
5%~7% B, ZLIR B B 58, % AR TR & =
Tt I BECLE 7% B3k B 5 KA B INE R 7%~
8% I, YshNE it £, Yok nuis & IR e, $h] T 2LIR
PR BIAE AU R, TR IRFLER B dkez =2, B
I XS R B B PRS- R B S, SN IS 58K
TE R BRI ] N TG BURFIR I 2 T AR, 30 SR
B R I 5 B0 e s R D R R A e, TR
T BRI RRER U FEERTITE R 7% B, O
PHIR LS T, BB P i . Bk, S5 NES& A
B IE BRGNS I 7%,
2.1.2 EeRpim X SR NI G R RO BT Y 5

R 4 fias, BERE B E g3, SR . TR EE0E
Wi, BRSO E PR TR R IS, R
Lr Y& srCH WA, UEIARE A 4RI AR R E Y &
BEARAS . 4 FP N 4%, i T FLER A & B IK,
FERR IR AR, YRR AR B2 /0, HHTE AR AIC .
WO B e B Y In I HLAA Sk, PRIHEE VT
Sy E R, IEREN 5%0~6%ol1T, Ak )RR B
Wi LT, SSOPE S SR, DA —E e T,

3 BEASIR TGS NS R RO

Table 3  Effects of sugar addition on the quality of purple carrot compound fermented beverage

BRI (%) BB (g L) MR(gL) HEHH (10" CFU-g ™) JREE T4k (%) BRI (43)
4 6.387+0.143° 0.296+0.015¢ 3.347+0.181¢ 0.377+0.005° 64.113+2.384°
5 8.093:0.146" 0.330+0.010° 6.673+0.301° 0.383+0.006" 67.703+3.457¢
6 14.973+0.417° 0.356+0.005 8.237+0.106" 0.377+0.015" 72.733+4.234°
7 21.433+0.071° 0.356+0.011% 8.637+0.073 0.390+0.010° 92.013+6.046°
8 23.177+0.212° 0.358+0.010° 8.233+0.087" 0.387+0.015" 85.963+6.518"

R BRI, REARSIA 22 57 (P<0.05), 4~K6ll,
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Table 4 Effect of lactic acid bacteria inoculation amount on the quality of purple carrot compound fermented beverage

FURR TR At (%o) Bl BR(gL) THEA(10" CFU-g ") B LT 4E(%) BER (1)
4 28.307+0.117° 0.2630.005° 1.527+0.012° 0.3800.020° 73.743+0.487
5 26.503+0.146° 0.323+0.015° 1.977+0.031° 0.383+0.015° 79.003:£0.294¢
6 23.277+0.083° 0.343+0.012° 3.530+0.249° 0.380+0.010° 86.223+0.316"
7 21.387+0.067° 0.360+0.010° 8.280+0.076" 0.380+0.026" 91.960+0.318°
8 20.403+0.183¢ 0.361+0.015° 13.8430.305° 0.381+0.017° 86.770+0.389"

SR i AP SR TEAHDG, SO S i S e i
A YHEREAE 7%0~8%olT, MCRHI BRI
ANEH ., 3 RIS E In, AFUBCE PR A BRAIR, 7EE2
At 79%ob ik B e iy o X E 1 T RLAR TR & R OR)
PR R, 3 R R R R R T S R R,
[F) s LI P RSB A R AR pH AN 5 CO, ZK-FRe
ZEBE PR, LRUE TR B4y RS (R S B
HERL RS, B IR BT AEL P, [RIa = AR s | s
SENFEPEASCHAR, PATITSRE R ORI 180T, 242 i
A 7%, BRJEEIE v, BWEHEAIR, TS TR, BE T
i PRI, 56 NG R UCEHIE e i
K 7%o.

2.1.3 RERREXTEEE N E G R BEORH T 5
M AN S5 PR, Bl & IR s, UORk R
BT S ARSI T, BRI AR B
A, OB S B R R BRI, SR VRS Je I N S
Ao R R ok v s AR 5 5 e R R ) AR AR
W YRR N 38~39°C B, AR T I A9 13 B
KPR EE RS, T M A R N TG R, S IR R
FNA W BE, AR T FLIR B A, S 3UE IR & &
I BB E PP RARE O, IR 41~42°C 1Y,
e e R A KA L 22 AR T, 24
VSRR TR . A, Sk LR TR A IHERE
WA, XU BT AR SRy, [l e e S a8ok
BRI S 2105 B R R R, S EURE TR
25 IR ERORHRAE R IR 41 °C, AEMGIR

LR TR PR, B DTS e o
2.1.4 JBERHEIXT SN N2 A A WEUCRH TR A
W M 6 AT HY, SOBHRE A A R ] B4 ZE K
YL, BRI, 1 A IS TR, R
LT Y I AR, IR PR ek RS WS IR
AR, AEE EAEFN RN, B A& IR ] i s,
FLI BT B s RS g JE P, )5 TR
EPY. NFR 6 s, 76 30~32 h X [a) i B E s
1%, 32~36 h X [a]H#E 3 [ F, T 36~38 h I B EE n
PP ZE M, 7F 38 h B V% B B i o LA i B U2
32 h H ALY, LR B Al N RS, G Bl oA
GE, PRI, RBRANME, BCE PFAMIK; 32~36 h X [E] R
XY, PR AR KR, AR e, BER & R AL T
1575 36~38 h DX W]y e, BRI BB e, — 2 i)
PR BT CAS B IRUBR SR U5 I b, A PR .« 2 iR N
BN IFEIEAS A B, A AR AN XA ST AR 52
ez, AR R Al RN R XU R R, iR 22,
FEURE I N 25 L EERR Y 36 h B, BE
PRy faers, UCBRHXUAR A, 16 PR A . PR, okt
MR AR & RS ] A7 36 ho
2.2 IEXRE

A PR R SCG, PR IN R (A) . FLIR PR B
i (B) . REREE (C) . K EEEHE (D) VE N % 2L A
R, LUBETEE NI FERR, 3547 4 IR 3 /K
TEAS TR, IS5 Ky 265301 L3 7 FN 8.

#5 EREREX KN NEAEREYCRHT NN
Table 5 Effects of fermentation temperature on the quality of purple carrot compound fermented beverage
KRR (C) BpE(e L) B (gL) G (10" CFU-g ") BB T4 (%) BB TR (43)
38 32.303+0.144° 0.267+0.012¢ 1.290+0.157¢ 0.377+0.006° 81.797+1.340°¢
39 27.527+0.137° 0.277+0.015¢ 3.250+0.095¢ 0.377+0.012° 84.673+0.116°
40 23.467+0.132° 0.323+0.060° 8.077+0.212° 0.377+0.006* 90.660+£0.411°
41 21.49740.151¢ 0.370+0.010° 8.777+0.090* 0.377+0.015° 92.537+0.656"
42 18.270+0.062° 0.437+0.006* 7.360+0.080° 0.380+0.020° 86.177+0.452¢

Ko RBENED IS NS AR

Table 6 Effects of fermentation time on the quality of purple carrot compound fermented beverage

R (h) BFE(g L) M (gL) (10" CFU-g ™) NEEEF4E(%) BB
30 24.460+0.151° 0.307+0.012° 3.557+0.065¢ 0.353+0.025" 73.817+0.528°
32 24.383+0.215 0.317+0.015° 4.740+0.080¢ 0.367+£0.015" 80.640+0.422¢
34 22.173+0.092° 0.377+0.006" 7.673+0.222° 0.357+0.015° 88.7203+0.370°
36 21.420+0.055° 0.397+0.015® 8.970+0.142° 0.360+0.017* 93.597+0.450°
38 21.303+0.021° 0.417+0.006" 9.020+0.335" 0.353+0.025" 90.073+0.296
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Table 7 Results and analysis of orthogonal experiments for
fermentation technology optimization of purple carrot
compound fermented beverage

SRS A B C D BB (4))
1 1 3 2 3 73.84
2 2 3 3 1 87.11
3 2 2 1 3 78.32
4 1 2 3 2 8231
5 3 2 2 1 74.56
6 3 1 3 3 90.21
7 1 1 1 1 64.86
8 3 3 1 2 73.34
9 2 1 2 2 82.12

K, 22101 237.19 21652 226.53
K, 24755 23519 23052 237.77
K, 238.11 23429  259.63 24237
K, 73.67 7906 7217 7551
k, 8252 7840 7684 7926
k 7337 7810  86.54  80.79
R 9.15 0.96 14.37 5.8

8 IEIRRATR T E

Table 8 Variance analysis of orthogonal experiment results

HE  WEFIM AME 77 F BN
A 259.889 2 129.945 381411 o
B 0.984 2 0.492 1.444
C 669.799 2 334.899  982.990 o
D 109.592 2 54796 160.837 *
W 3.066 9 0.341

s F Rk 8 (P<0.01); *F5% i35 (P<0.05) .

FH2E 7 Me 255 AT a SR T A, 4 PR AT S0l 8 b
A R E B PR R B SR ST IR A &
BRSSP AN > & IR R>FLAR A BefP i . FH3R 8
7 2E5 AT EE ST, BEAS IR R R X 1A 4
AR CR B PG B A (i 535 (P<0.01), &
Pz ]t e HE i f2 25 (P<0.05) , (EFL AR B BB X
HAZ A 2 (P>0.05) .

SEEGES IRV SRS b & R UCRH AL &
W5 A,B,CD,, BIVEES NG 7%, FLER B 22
T 5%, KBEIRE 41 °C . KHERTIE] 38 h, {HIEAZ 56
HR A AH A, ST A TYRIE, S TIE TS B
PESHE 0.21 g/L, BB & i 038 g/L, JEE A4S i
0.41 g/L, 7E %X 7.42x107 CFU/g, BB 1Py f i N
93.3 1.

23 EBAMRRIREER KL SEST

FH2E 9 AN, A S A G R ROk, A L
71 PR PE AR Y BT . AL FE 22 FREESZS . 16 FhiER
25015 PR . 8 IR . 3 RIS, DU S HAhfb &
Y7 PP, SRS RIS A, R 32.24%, Hak
EEEAEY), N 31.61%, SRIGEBSALEY) . BRIE
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Table 9 Content and kinds of volatile compounds of purple carrot compound fermented beverage
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