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[(FEE] BM: PRI FEFT I DU-106 K BEFR KSR o XUk 5 #AL PR BT i 28 A A . ik RAFLIR 2R 40
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[Abstract] Objective: To reveal the changing patterns of the flavor and physical and chemical properties of Citri
Reticulatae Pericarpium (CRP) during fermentation with Bacillus sp. DU-106. Methods: The CRP was fermented with
Bacillus sp. DU-106, and the fermentation broth was sampled on days 0, 2, 4, 6, 8, and 10. The pH of the fermentation broth
was determined by a pH meter. The total acid content was determined according to the method in GB/T 12456—2008
"Determination of total acid in foods." The content of nitrite, organic acids, volatile components, and free amino acids was
determined via the N-1-naphthylethylenediamine dihydrochloride method, high performance liquid chromatography, solid-
phase microextraction-gas chromatography-mass spectrometry, and a fully automatic amino acid analyzer, respectively.
Results: After inoculation of Bacillus sp. DU-106, the fermentation broth rapidly reached pH 3.2, with the highest total acid
content of 4.67 g-kg '. The content of nitrite ranged from 0.14 mg-kg ' to 0.54 mg-kg ', far lower than the standard limit

of 20 mg-kg '. The content of lactic acid reached up to 166.29 mg-g ', and the increasing content of organic acids enriched
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the taste of fermented CRP. The content of free amino acids reduced from 3 914.30 mg-kg ' to 608.91 mg-kg ' during

fermentation. A total of 75 volatile components were identified in fermented CRP, mainly including terpenes, esters,

aldehydes, alcohols, ketones, phenols, acids, and ethers, among which terpenes were more abundant than other compounds.

The relative content of most terpenes increased, while that of esters, aldehydes, and alcohols decreased at the late stage of

fermentation. Conclusion: Bacillus sp. DU-106 is able to enrich the taste of fermented CRP, and the changes in volatile

components during fermentation endow fermented CRP with unique lemon, herbal, floral, and fruity aromas. This study

provides a theoretical basis for the deep processing and application of CRP.
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HY A8 B AR b K 2 f vk 2082 5 0 O A B Citrus
reticulata cv. 'Chachiensis' F) T8 il VR |2 s FLMR 25
1T DU-106, B R 13107 CFU-g ', HER
A v K28 08 -5 D REPE ORI T KL P4 Hh O PR 5
e . SR, WERFEILE . SR, TNEREN
SFRFEERR . EIRZEZ M. SRRk (4
Brat, J7MAR2EER ) s A R AN A HE T W
(200 pg-mL ', FilEd& oA LR A RAF);
YT ATR . SERR . AR, 4R, ITER. 35
IR (40 B =98%, 4it*5 437y B25312. B20937.
B21929. B30424. B21313. B20534, I ¥ 5 M/
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AMRARD); L-8900 %14 H sz B A (HAH
SN E) s 7890B-5977A HU A AH {033 - R i B AL
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2.2 pHFLEERAYIE

KR T RRES B (B TEEFhRE &M
MR E Y (GB 12456—2021) J7#:1, i ff] pH
T e, P2 BAFLER 0. 0901,
2.3 VREERER A 2

I TR Bz T ke S RS R ER 1 I 2 S I (&
A 284 TR SR RRVE A AR I R k5 A R R A S )
(GB 5009. 33—2016) JyiE", RHERIRZE 4 Mk,
2.4 PRI E

2.4.1 XGRS RAE U AR .
RiR. M. L. HFER . BRI 6 41X B 4
ST I B 0.932 9. 0.483 4, 0.287 3, 0.624 0,
0.387 6 mg-mL ' 5AN[G] BT v TR A5 % R A T A
2.4.2 KRR MERRRRICT A5 ) K B K
FEdh 2.0 g, WHEIRHE AR S0 mL L&, ITAE
4i7k 40 mL, T8 5 PG EALH HEH 30 min, ¥ A
JGAE4 000 remin "B.0>20 min (B02EE N 10em),
b WUE L B 100 mL R, BRI i A 4k
20 mL BRI, AIF RIEW, BAUKESR, 0.22 um
UEREYE T I RFI

2.4.3 {0 3% 4 Agilent Polaris C A {5 i #
(250 mmx4. 6 mm, 5 pm), ¥ishAHR 0. 1% H,PO,
KB, WE K 1.0 mL-min ', PEFER N 20 pL,
TR RS RIS, R K R 210 nm, AN
40 °C. HRHE R BA B ) R FHAMR L 04T 2 fi 20 AT
2.4.4 JTIEEEER

2.4.4.1 PRUEIMZ AR R 2. 4. 300 F (A3
S5 7 R GRG0 R SR U, DO B A TR o
W B AR (X)), BRI (Y) 2l
HERRZR , N 1 i, JrA o B A v il £ [ml 05
I r>0. 999, KU IR ZME R RIT

R1 BRERHPEVNRNERE#RZHEZESH

a&Y EIEp:F r

AR Y=243.73X - 1.644 1 0.999 9
SRR Y=134.92X - 0.240 1 0.999 2
FLR ¥=75.794X - 3.760 0 0.999 9
% Y=104.573X+1.091 5 0.999 9
FHEIR Y=184.54X - 2.293 9 0.999 8
IR ¥=98.357X+1.565 3 0.999 2

2.4.4.2 MEERAE  BURSX AR, EE
FEo W, MiEiEmfl, Wamk., SRR, 2k, &
e . PR . BEHIRR I RSD4r 1M 0. 75%. 1.21%.
0.83%. 0.65%. 1.13%. 0.37%, FUPRHE R
2.4.4.3 FUETEIRE  REEPREUCT IR0 R WEVR A
0.2 g, $%2.4. 200 F ikl g i, o
0. 2. 4, 6. 8, 12, 24 higbfE, AR, FR
2. FLWR. SR . FriEk . JEHIR M RSD 73 5
0.45%. 0.51%. 0.73%. 0.58%. 0.71%. 0.67%,
TR SV TR AE 24 h MR e T R AF .

2.4.4.4 BEEMERE FEEPRECT RN R BV R
0.2 g, FAT6HY, 22, 4. 250 F )7 ikl 4 s i
W, SRR, WA, FRER., AR, LR,
PR . BREIIR 1Y P 3 i it 4y B0k 5.25. 1,23,
5.67. 86.57. 3.85. 0.27 mg-g ', RSD % %l N
0.75%. 1.21%. 0.83%. 0.65%. 1.13%. 0.37%,
KWL REE R

2.4.4.5 JMEERDCRIRES RS R 1) K B
FEREM0.25 g, “FATOM, 43 0lkE % I AR & X IR
faE A, PRI T VR B A A R, EREAR
W, SFEIMEEECR (R2). WA, SERR. A
MR, LW, fERR . BRI 07 X mi 355 5
99.50%. 101.17%. 100.17%. 99.78%. 101.45%.
100. 84%, RSDZF M 1.4%. 1.8%. 1.3%. 2.4%.
2.5%. 2.8%, FWFIBCRELS.

R2 BREH6NAVBRMEEUEXELER

aEx) Pt /g Fealh &t /mg X RR S A G /mg MR /mg ST/ % P34 /% RSD/%
AR 0.2523 1.324 6 0.662 3 1.9873 100.06 99.50 1.4

0.2515 13203 0.662 3 1.986 7 100.61

0.252 4 1.325 1 0.662 3 1.993 2 100.87

0.250 8 13167 1.324 6 2.658 2 101.28

0.253 1 13819 13246 2.668 7 97.15

0.2517 13491 1.324 6 2.6336 96.97

0.2529 12923 1.986 9 3.278 8 99.98

0.250 3 13165 1.986 9 3.2842 99.03

0.251 4 1.2947 1.986 9 3.2730 99.57
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&gR2
&) FrEEtt/g Fefhhf it /mg ARSI A /mg M4 /mg 13/ % SER IR % RSD/%
R 0.253 1 03113 0.1557 0.473 2 103.98 101.17 1.8
0.254 1 03125 0.1557 0.470 8 101.67
0.2532 03139 0.1557 0.468 9 99.55
0.259 3 0.321 4 03113 0.6329 100.06
0.250 6 03110 03113 0.637 6 104.91
0.2519 03126 03113 0.630 2 102.02
0.254 2 03165 0.466 9 0.788 7 101.14
0.2573 0.3203 0.466 9 0.782 1 98.91
0.259 5 03217 0.466 9 0.780 8 98.33
Lk 0.2523 14305 0.714 3 2.1458 100.14 100.17 1.3
0.2542 1.428 5 0.714 3 2.149 4 100.92
0.250 8 1.429 8 0.714 3 2.140 3 99.47
0.250 3 14328 1.428 5 2.860 2 99.92
0.253 2 1.428 7 1.428 5 2.8632 100.42
0.2515 1.426 0 14285 2.856 8 100.16
0.2511 14298 2.1429 3.5703 99.89
0.249 8 14228 2.1429 3.5753 100.45
0.257 1 14313 2.1429 3.5773 100.14
2% 0.253 2 219234 10.962 9 32.690 4 98.27 99.78 2.4
0.252 1 21.6425 10.960 4 32.9617 103.28
0.253 8 21.784 8 10.960 9 32,4823 97.63
0.259 6 21.9832 21.9313 432135 96.81
0.2575 21.8342 21.9332 43.9929 101.05
0.2547 21.390 6 21.9345 43.144 6 99.18
0.2522 212514 32.8827 542120 100.24
0.2553 21.760 3 32.8819 54.752 6 10033
0.256 3 215825 32.880 7 54.8718 101.25
Frksmn 0.258 2 0.994 1 0.497 1 1.4953 100.83 101.45 2.5
0.253 3 0.975 2 0.497 1 1.498 2 105.21
0.2537 0.976 7 0.497 1 1.490 8 103.42
0.2577 0.992 1 0.994 1 1.987 6 100.14
0.2515 0.968 3 0.994 1 1.9832 102.13
0.2528 0.973 3 0.994 1 1.9805 101.32
0.255 4 0.983 3 1.4913 2.479 8 100.35
0.258 5 0.995 2 1.4913 24782 99.44
0.254 4 0.979 4 1.4913 24737 100.20
B H 0.2518 0.068 0 0.034 3 0.101 3 97.08 100.84 2.8
0.253 6 0.068 5 0.034 3 0.104 2 104.08
0.250 1 0.067 5 0.034 3 0.1027 102.62
0.2512 0.070 3 0.068 5 0.138 5 99.56
0.258 3 0.067 2 0.068 5 0.136 4 101.02
0.2552 0.068 9 0.068 5 0.139 6 103.21
0.2540 0.071 1 0.103 1 0.179 3 104.95
0.253 7 0.073 6 0.103 1 0.174 5 97.87
0.252 6 0.070 7 0.103 1 0.170 9 97.19
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2.5 VB ASLRRII E

BT RAES 0.1 g TR T, In ARF A 50k
5% R K B IRE W 3 mL, FEOMEE#E 1 h, T
12 000 r*min "B.0> 10 min (B.02E42 4 10 cm), HL
FVEW 0. 22 pm AL G, MEWCR 4 A 3h
GRS TG T E o
2.6 AERVER I E
2.6.1 T [EABAER (HS-SPME) A BRI
FHEREA 0.5 g B T 50 mL TS % &, 7870 °C
K V-7 10 min J5 K A8 Bk 45 A T 25 0 R
30 min, #E HUE BE £ 4k Sk 45 A SOM 6035 & St
3 min, f#WIEEE R 250 °C.
2.6.2 SAHEORE-FEE (GC-MS) % HP-5MS
RERE (30 mx0. 25 mm, 0.25 wm), Rj#ERE IR
#1250 °C, #HS M He, W N1.0mL-min ', 5
30 : 1. THERT: #IiAHEC 70 °C, £4RF2 min, L
4°C-min 'JF2 210 °C. B FIFEE R 230 °C, MUK
FRHRLEE M 150 °C; BT Xoh b v 2 &5 1l
(ED, HFREEAT0eV, Tl m/z 30~450,
2.6.3 Fduortr KBS AR £ S HLTE NIST 14
WEERE, BE TR, ERICEE>90 (K
KAE R 100) S AE R PEgs A s g FLE —1k
8 AR B3 AR 5 1
2.7 GEilsH

FRAFECE Y 3R L F B, R (v £5)
Fn o SR HISPSS 26.0 i 17 B FE AT, RH
Origin 2019 1 Excel 2019 #E17 F £ 24

3 HBRE55H
3.1 REHI AR pH FLE R B 3 By A2 Ak

Wk B 5 T ol 2 o 9 pHORILEG R R AL LI 1. &
1 i3] pH R R R, R IR AR E AE 3.2 i A
SR JBT S MO S R R R T, R TR
E . JFTERE 10 d A 2 fe KME 4. 67 g-kg 'o X
e O RS 10 LR B R W, 7R A
ARG KA 7 IR, S B0 pH LB T RS R o i KX
W TE s KR, A I RE N G R Y B 5T A
TILMRBE A A, ™ IR R ZE , pH ALE R
i oy BORR B W AR R, X S AR A I S A R
—H

5.5- -6
—s—pH
ol e MEEESNH 15
. - -
A / 4 2
— 7 :
45t i g
e s
4.0t » &
42 gg
=
350 1
l\.
\.\./-
3.0 1 1 1 1 1 0
0 2 4 6 8 10
J RST8] /d

Bl BREABIEGDpHMEBRENHTNE G, n=3)
3.2 RREEREPWAEERE F AL

VA 1 6 A B SR M R T AR, B ER
GobrfE (BTG5 R YRE) (GB2762—
2017) "I AR, HE TS S O R R R
20 mg-kg o R B & B AR PO A R L O AR AR
UL 2, TEBR R R R, RS & T
JEREAR, TEARFE2 ARSI, 40.54 mg-kg ',
JE S AR R & LA W PR IO AR E 7E 0. 1 mg-kg ' /A2
o REEWINFLIR G T ACHEAR, #3246 5 b
i T2 30 D It 4 R 2 TN TS PR 6 38 s R A R 8, B
PO 06 5 Bl A e T Ay TR) AR B, LR T o e 34
P, TR pH AT, 400 2% v 4 Q™ A= A R 3k Y
[ EF bR 1 S A R AR B R A R B, B BEAERR R
IR B o HES e T A AR v R R 1 R S
P F 20 mg-kg ', HARSHEHZ M.

0.6

e
W

=
i

=
w

S
o

TR EE 5 &4 B/ mg - kg

/

|

0 2 4 3 g 10
R 8] /d
B2 FBREABIREFIHEBRBHNTN G, n=3)
3.3 KRBT AYLIER & E AR L
A LR & PEA IR 158 % 5 KUK B B 228, B
A HUIR 2 B0 I BR R R IE YR —FE o B R o 72
+ 2113 -
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6N A LRI BRI 2], KB 10 d BREZ A HLRR
B8 KN FLIR> 2> A TR > 35 1R > F7 16 1R > S
R (K3), FLMRMIRE, 1M LB
di B SR, & B 10 d 3L T i o B = ] Gk
166.29 mgrg ', FEJFFEFLIRMEAE LB R4
K EFLR . SRRV, H 5T & 53 8 S 4
KR h B S, RJEAiA127.52 mg-g ', W)
e e B O R R JEOREAS B S A R TR
B —FROR BRI, 2R LR 1Y 3L RV E A R T
FRTH AR B AR, Bt R TR TR B 4, A
2. FPEETR . SRR . BRI I T ORI FE B AR
b, XA Bk R 1 g™ A B

3.4 Rl AR il R A R AR R
B P B SRR R AR T, BR

e WE I AR P il B A AR AR AL IR 4 PR, K
P R LG I i 16 PP IR, L h L ds 7 Rb R &R
SEPR AN O AR AT 2 IR . thR 4 T, BREC A e
PEP R LR IEAR, (AR, RKBEi AR
HEMR e WAL, AR BN IR A RE R
M. AERR. WER ., HEARMHERS . R
Kato S5 S MR 028, AT o BEIR IR, A
P FC i B T, A M) T B e A TR R B PR S
WR ;IR G SR U A O B (B, TR 52 8 R R A
JRUR B4 35 TN B s i o e e R R R B R Y
&R AR, (AAEFLRR A B P A
AR BRE R AR Tl B R TR, TR I PR A
Ba2E . BER AW B ETR™, AR E IR 2
K WE WL, KBS PR B Ul A R R A R
FEAI

®3 BFEABIEPEVNBRRESBHENL (s, n=3)

1

mg-g
& 0d 2d 4d 6d 8d 10d
AR 5.25+0.57° 28.80+1.95¢ 32.63+1.28" 28.96+0.53¢ 30.80+1.88° 33.84+1.06°
SRR 1.23+£0.32° 0.57+0.17° 0.69+0.06" 0.37+0.08° 0.48+0.07° 0.49+0.03°
FLR 5.67+0.36 65.37+0.68° 134.060.08" 145.8620.40° 161.80£0.11° 166.290.05"
IR 86.57+1.74° 96.79+0.31° 94.90+0.20° 97.78+0.10° 107.0120.23 127.52+0.02*
Frigm 3.85+0.25° 3.43+0.32¢ 3.2040.02" 3.33+0.25° 4.77+0.02° 5.31+0.38"
BEFAR 0.27+0.02" 1.0120.50° 2.47£0.08" 4.09+0.41° 6.60+0.55 10.18+0.05"
e FSIARNG FREFRIR P<0.05; F4~51F,
R4 BEEZEBSEPHESIERRESBNOTN Gk, n=3)
mg-g !
oty 0d 2d 4d 6d 8d 10d

KREAMR 633.20+13.23" 323.10+0.61° 288.23£1.92° 62.72+2.09° 86.91+3.37 35.14+1.62"
TR 67.43+0.20° 39.11+2.36° 42.62+0.51° 17.44+0° 17.72+1.68° 13.53+0.30¢
22508 702.01+4.80° 443.4242.63" 412.00+1.81° 61.09+1.12° 84.31+2.42¢ 31.23+0.71"
BHER 16.54%1.79° 123.12+0.47° 178.12+11.91° 151.34£9.57° 177.02+8.70° 167.10£1.53
HaHm 88.02+6.91° 51.10+£2.59° 57.81+1.52° 41.80+1.29° 47.70+2.11° 31.84+1.62"
N 767.12+3.01° 443.59+0.48" 426.28+2.40° 208.40+2.22° 273.31+3.44¢ 165.92+0.14
AR 54.01+1.19° 12.60+0.49° 9.42+0.30 15.34+0.22° 10.8120.10° 16.80+0.09"
EeaR 40.8242.14° 21.53+0.09¢ 21.64+1.12° 22.91+0.13° 21.92+0.10° 22.2440°
HAMR 6.38+0.79" 3.32+1.09° 2.44+0.12° 2.23£0.11° 1.74+0.29° 1.39+0.12°
SRR 26.92+0.71° 22.23+0.42° 12.90+0.20° 8.34+0.22° 4.51+0.30° 7.81£0.24¢
SERIR 51.92+4.61° 15.03+0.40° 8.40+0.31° 7.0240.40° 11.69+0.30° 11.91+1.57
RPN 38.34+3.52° 4.91+0.30° 7.80+1.34° 10.50+0.24" 6.94+0.50¢ 7.21+1.32¢
bz 19.14+0.70° 15.20+0.36° 16.22+0.10° 18.80+1.14° 18.34+0.32° 21.61£3.12°
HEATR 105.70+0.13° 50.63+1.91° 52.12+0.51° 26.20+0.56° 13.20+1.39" 25.24+0.93°
ANz 49.01+1.42° 26.63+3.32" 18.02+0° 5.80+0.09° 4.9140.27° 4.54+0.72°
a2 1212.10£9.27 653.69+3.83" 624.43+25.22° 67.50+13.02° 91.21+9.80° 51.61+4.12"
Ui s A HE IR 3914.30+13.36 2248.70+13.0° 2 178.41+27.56° 725.01£12.12° 865.42+15.44° 608.91£9.65"
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3.5 KRR RE B

X i HS-SPME-GC-MS #6418 5 Kz Hh i) # &
PRy, BLRYE &R o BB T R UL 3, Ak
ARG 5 £ WL IR 4 e 5 AN TR) & e [ o g e )
TS AR, HhERE0, 2. 4. 6. 8, 10d
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mESE 3k 457 0.10£0.01°  0.18£0.01" 0.20£0.01" 0.32£0.07* 0.30£0.01° 0.34+0.06"
TR 473 0.42+0.04° 0.7120.04° 0.7320.06° 1.13+£0.20" 1.04+0.02° 1.17+0.14" JHEfarif
ks 5.58  0.10+0.01° 0.16+0 0.15+0.02°  0.22+0.04" 0.19+0.01° 0.18+0.02° HMIHEMH . Pk
I TE-B-TE M 5.68  0.63+0.05° 0.92+0 0.92+£0.09"  1.32+0.18" 1.19£0.02" 1.22+0.11° TR, MHEHR
R 594 136+0.15° 1.90+0.02° 1.95+0.22° 2.73+0.36" 2.53+0.08" 247+029° FFHIMK . HHHIK
a-7K I 632 0.06£0.01°  0.09+0 0.09+0.01°  0.12+0.02°  0.11%0° 0.10£0.01° M@k . P2k
o-1Hfi f I 6.64  0.3240.03° 0.43+0° 0.46+0.06°  0.66+0.10° 0.59+0.02° 0.55+0.07° HiZhbk, Frigk
D-Frig 7.08 32.13+1.88° 35.97+0.04° 35.47+2.17° 41.36£1.23" 40.14+£0.23" 38.7+1.93" Hrfif 5Lk
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YA A M 2092 0.03+0° 0.02£0.02"  0.03+0.01° ND 0.02+0° 0.02+0°  AKBR., FiZhjrk
54D 21.07  0.33+0.05* 0.31x0.01* 0.35+0.02° 0.27+0.02° 0.32+0° 0.3120.04" ARARFEK
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(E)-2-2 )51 14.10  0.05+0° 0.05%0°" 0.04£0.01°  0.04=0° 0.04%0° 0.02+0.02° R 0K
PRFERE 1441 0.47+0.03* 0.23+0.02" ND 0.11x0.11°  0.12+0.12°  0.15+0.15" FHBEE
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+ 1557  0.24+0.03* 0.22+0.02* 0.23+0° 0.18+0.01°  0.17+0° 0.18+0.01" FHiERE . £
(E)-2,4-%8 — I 15.87  0.05£0.01° 0.06£0.01° 0.06+0" 0.26+0.23"  0.04+0° 0.04+0.01" HIAEH . BRIk
(2E,62)-2,6-F — b Il 19.97  0.130.01° 0.15+0.01° 0.17+0.03* 0.11x0.01° 0.12+0 0.12:+0.02° M . FH KB
(E)-2-1 DU it 20.55  0.60£0.04"  0.630° 0.69£0.09"  0.47£0.05"  0.54+0" 0.56+0.09* MEIK . TEIk
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min 0d 2d 4d 6d 8d 10d
1A Rk 24.83  0.21£0.02° 0.19+0.01* 0.14+0° 0.11£0.01°  0.1240.01°  0.15+0.03" B M: . HfEk
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4-ZJfH-a,0,4- = HHE-3-(1- L 23.08 0.110.02°  0.08£0.01°  0.04+0.01°  0.03+0° 0.03+0° 0.02+0°  HrBik
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