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Abstract: This study investigated the regulatory effects of inoculation timing on the quality of navel orange wine in mixed-
culture fermentation. Fermentation protocols were established using Saccharomyces cerevisiae and non-Saccharomyces
cerevisiae under four modalities: Simultaneous co-inoculation, non-Saccharomyces cerevisiae pre-inoculation, non-Saccha-
romyces cerevisiae delayed inoculation, and Saccharomyces cerevisiae mono-culture fermentation. Characteristic compo-
nents and antioxidant activity were systematically analyzed via gas chromatography-mass spectrometry and ultraviolet
spectrophotometry. Results demonstrated significant quality modulation by inoculation timing. Mixed-culture fermentation
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generated 24 additional volatile compounds versus mono-culture. The pre-inoculation group exhibited peak levels of total
alcohols at 1500.09 mg/L and total esters at 198.43 mg/L. Total phenolic content reached 753.93 mg GAE/L in the pre-in-
oculation group, while total flavonoids peaked at 138.30 mg RE/L under simultaneous inoculation. Antioxidant capacity
was significantly enhanced in the pre-inoculation group, demonstrating ICy, values of 0.0483 mg/mL for DPPH radical
scavenging, 0.071 mg/mL for hydroxyl radical scavenging, and 0.152 mg/mL for ferricyanide reducing power. Sensory
evaluation favored the delayed inoculation (DC) and simultaneous inoculation groups (SC), with respective composite
scores of 82.13 and 80.13. In conclusion, inoculation timing critically governs flavor quality, functional components, and
antioxidant attributes in mixed-culture fermented navel orange wine. Systematic comparison across fermentation modes
elucidated yeast interaction mechanisms and quality formation patterns, providing theoretical and empirical foundations for
process optimization. This research facilitates value enhancement in citrus wine products and fosters sustainable develop-
ment in navel orange processing industries.
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Table 1 Sensory evaluation criteria for navel orange wine
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Table 2  Effect of inoculation chronology on physicochemical
indicators of navel orange wine
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Fig.1 Radar chart of the effect of inoculation chronology
on sensory evaluation of navel orange wine

23 BAEREERMHER D

2.3.1 JBRESRIEHE L TEMI 0T ARWFSER T A
I3 AH A B - (35 - BUERAR T T A AT 5
X IPFAE AR A T 2R (3R 3) o S5 2RRH, I5F
FEALI 5 49 P LAY, PRI . 1S IR . BET



%478 % 14 L, A PR SR A A IR IR R REE o3 BT AT PR A R - 193 -
K3 ORIRIERRET T A0 R R SR A4 R A A
Table 3 Volatile components and contents of navel orange wine with different inoculation methods
SWEE  MC4 SC4H PC4H DC#
B 4 4 4 4 RE
Fe BEMYRE MC#H(mg/L) SCH(mgL) PCH(mgL) DCZH(mg/L)  &FSHHE (mgl) OAVIE OAVE OAVI OAVIK
1 % A - - 1.27+0.36 - KA 0.1 - - 12.700 -
2 K 135.78+5.06°  307.09+3.00° 389.69+6.72* 290.32+6.37° IR 02762  491.60 1111.84 141090 1051.12
3 ST 22.60+2.82¢  202.49+3.78° 288.82+9.78" 236.02+6.37 P AR 27.22 0.83 7.44 10.61 8.67
4 S - 2.8140.08°  2.88+0.40° 3.27+6.37" A 0.01 - 281.00  288.00  327.00
5 FRL - - 2.97+0.40 - b WS 0.03 99.00
6 3398 546.81+6.48° 671.53+8.18" 743.12+4.83" 546.81+6.48° TEE 0.005  109362.00 134306.00 148624.00 109362.00
7 23-TEE 20.50£4.65° 18.83+6.06°  67.58+3.92°  49.01£6.37° KR, WHlisk 100 0.20 0.19 0.68 0.49
8 2- - - 3.73+1.10° - FreEm ek 1 - - 3.73 -
9 bl 6.41+4.07 - - - WA=, 0.005  1282.00 - - -
10 1E P - 4.54+0.09 - - &R 0.3 - 15.13 - -
/Mt 732.11£10.66° 1207.31£11.27°1500.09+13.46° 1125.46+14.29°
AR — H s —
11 ?Bz':?giﬁaﬁ 1.17£0.81°  0.69+£0.21®  0.502+0.16°  0.55+0.12" WA 0.05 23.40 13.80 10.04 11.00
H
12 LEIELEE  52.0245.63°  35.99+£327° - 49.12+1.97* LT FPEHK  0.005  10404.00 7198.00 - 9824.00
13 FERZEE  2047+£5.62° 16.94+2.40°  18.7243.63°  16.27+3.21° 2T 0.003 682333 5646.67 6240.00 5423.33
14 BRI 2.55+0.47° 2.71£0.45" 3.83+0.43" 3.49+0.74°  MFFEVWEF 0001 2550.00 2710.00 3830.00 3490.00
15 F R TR 3.07+0.68" 2.2140.46° - - KRR 0.008 38375  276.25 - -
16 KAGERH g - 2.10+0.12 - - ES LIRS 0.01 - 210.00 - -
17 TR - 9.3242.57 - - SR 0.05 - 186.40 - -
18 ZMRFIKEE  17.81£1.97%  53.46+4.50°  77.35+8.80"  59.69+1.89" FEE 0.5 35.62 106.92 15470  119.38
et RIURR . Wi
19 FEHBRZEE  3.00+1.55° 2.57+0.51°  3.73+1.19°  3.61+£1.21° ﬂﬁﬂﬁﬁ,ﬁ 0.0005  6000.00 5140.00 7460.00 7220.00
3-FHECERR " . . b
20 7 8.91+5.27 7.81£1.22 16.5241.56"  11.1044.73 R 0.003  2970.00 2603.33 5506.67 3700.00
H
21 RLFRTFH - - 1.58+0.51 - WS, 0.0008 - - 1975.00 -
3- A 7 e .
22 %Z%@hm& - 3.01£1.46®  3.45+0.97 2.99+0.41° HHEEF. AWEE  0.005 - 602.00  690.00  598.00
H
23 TR 12.74+1.44° - 16.53+2.07° - REWEEE 001 1274.00 - 1653.00 -
24 TR FR - - 0.75+0.37 - W& 0.0003 - - 2500.00 -
s | S
25 LR TR - - 55.42+3.74°  15.97+1.93° qz%‘&’% wH 0.84 - - 65.98 19.01
26 T/N\RZTR - - - 0.16+0.02° LEYSIUN <0.0001 - - - >1600.00
BE2/MT 121.77£9.93¢  136.85+6.90° 198.43£10.69* 162.95+6.79"
27 LR - - 28.7241.94°  29.01+£0.13*  HlFHES K 0.01 - - 2872.00  2901.00
28 R 1.38+2.98"  13.88+0.77°  14.26£1.06°  12.64£0.24* W K 0.0005  2760.00 27760.00 28520.00 25280.00
29 C iR - - 7.69+0.84"  4.38+0.79" R 0.001 - - 7690.00  4380.00
30 IEZ$R - - 0.53+0.16*  0.57+0.14*  XEEASE  0.0003 - - 1766.67  1900.00
. T T AR D
31 PR - 16.77+0.78 - - " %ﬁi T 0.0008 - 20962.50 - -
72NN 1.3842.98'  38.93+1.10° 51.2142.37°  46.61+0.85"
32 | 1.54+0.48° 1.99+0.37° 2.04+0.70° 6.04+1.60°  MREL KR 0.15 10.27 13.27 13.60 40.27
. Pk, AR
33 2-2¢ 10.62+5.55"  7.09+0.47° - 10.1042.34° ¥ H;; G 0.01 1062.00  709.00 - 1010.00
34 Z PR - 10.64+1.75 - 0.78+0.13° A PR Rk 0.3 - 35.47 - 2.60
35 FEMHENE - - 0.66+0.17° 1.110.28" R 0.0005 - - 1320.00  2220.00
AR . T
i .56+0.14 1.65£0.75°  0.99+0.04°  3.11x1.06 e X . X X
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Fig.2 Effect of inoculation chronology on volatile substance
content of navel orange wine
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Fig.5 Effect of inoculation chronology on flavonoid content
of navel orange wine

24 FHERBRSWEEST

2.4.1 DPPH H H IV BRFEM ST DAL
SEVEUY B S My S 0T R SR R R G SR AT e i R
TFEBR. WE 6 ff 7R, 46 0.04~0.20 mg/mL i [Fl P,
MC 20 DPPH H HZEIEEREETIMN 16% HE = 51%, SC
ZH . PC #H . DC 2H 7F 0.20 mg/mL B} 43 5l 35 62%.
69% . 60%, FHELT MC A B &= (P<0.05)
ICs, I 455 7, DPPH [ i 2L 15 BRAE 1 HETY M-
PC #H (0.0483 mg/mL)>SC 4 (0.086 mg/mL)>DC
£H.(0.1066 mg/mL)>MC £1(0.24 mg/mL), 5 Z W
F—, TAMAEED WP REHHT T R
WPEAS [RIFR S B B b e Ak RE J1 A8 1k, I 55 B & A
ISR T T CB5HT. SR BN, ERIB ARG

90 A -V,
~ 80 - - MC4
< ] ~scal
5 ~ PCA|
& 604 —-DC#l
Z 50
b
= 40 A
{0
T 30
& 201
(@]

10 -

0 0.64 0.'08 0.'12 0"16 0.'20
J R (mg/mL)
Kl 6 HERPET XA DPPH B B B BR R A 5200
Fig.6  Effect of inoculation chronology on DPPH radical
scavenging activity of navel orange wine

TR, B RS RN, Hp AR RE S AR Y
PGR8BI A A A TE AR DGO ZR R A AR SR BT
SEALRE S5 B & v ARG, R X SR AR
ARG SR
2.4.2 BRILARILIEERSNT  E 7 PR, B
S 5 RS Ve Wb R A LT R R R T
RS TGN, 0.14 mg/mL B 4% % I 2H 15 4 5%
ANFEl. L5 1C,, ¥k [ L3S BREE J1HEF 8 PC
2[.(0.071 mg/mL)>SC £1>DC Z{>MC 21(0.147 mg/
mL), TR PR & I B 0 TR R B . fERBEVI, dE
PR TP PR B T A ) 22 AP QPR 3] T AR . IX
BRI G R 1 . B BERRISSEY) ), EATTREE S
PRTPY PR S A A % AR EAE L, 2 TS i R P B 1)
KRR, O AU, dERERP R R b i S e AR
PR BES 5 U8 BRI I RE A IgHE AR, (it E el
SR -G LR , RS FNRElR A I, &
ITPTREEAES S A T SEIE BRIV, o35 18 1) POAs K 1
BRI P 0T, AN s R U i S AL R L AN, ]
FEEIE A IEATERR . AR, XS RHIA AT RERZ
SR o HA AR A A A B AR

90 7 =V,

80 1 - MCH
1 - SC#

1~ pc4l
& - DC#

0.02 0.04 0.06 0.08 0.10 0.12 0.14
JUERE (mg/mL)

P17 BRI IR RGP 2 [ P B BR AR A 520
Fig.7 Effect of inoculation chronology on hydroxyl radical
scavenging activity of navel orange wine

2.4.3 FEEALEIAIE 00T aniEl 8 IR, AR
TP AR A [ I o A B A I i R, VIR PR A 1
2 1 35 (P<0.05) = 1B TR A IR 2H HL AR 52 v BE AR RS s
B TYGHRIE Y, MC ¢HIRFR I 0.186 = 0.564, SC,

— VC

3 109 - mpikga
£ — [l R4
£ 084 — A EA
= o 5 K AL
% 0.6

o4

= 024

010 012 014 016 018 020
JHEH I (mg/mL)
P8 RN X A SRR Bk UL R A S5 1y e
Fig.8 Effect of inoculation chronology on reducing power
of potassium ferricyanide of navel orange wine



47 % 5 144 B M A SRR B AR R SR 10 B A S P AR - 197 -

PC. DC 0} Vo X IRAMAH A, 1 1C,, /5,
EREALEP IR )T PC 2H(0.152 mg/mL)>SC #H
>DC ZH>MC 2H(0.181 mg/mL), %5 5H 5igHE 2 7
FIBIFFE ISR, ERATARAET A S5 S AR S R L 1~ LA
J&L Fe*' oy Fe*' MR 1, i JF J1 58, 1C, (Hik /N, A
Mg, PC 4019 1Cs, fix/)y, FeBH IR R 8 ) i o
ZHET 5 B & (PC 40>SC 41>DC 4H>MC 4H)5¢
G 3, PN IS TR IS S A SRR T 1 25T
BRE o LG E Srig a3k, nlam st s TR L
i ERER AR ET, B B R a5 . 8
EZib &Y B EA — 2 EEe )T, (HES m A bt
H(SC i) ST HET A T8 4 — 2, U] R
LU BRI 34 SR ) P BT R Sl
3 iR

AT FEUE ISR PR & B R P 4 n] PR IR B T e
SR L T . TRTRT R IR AR BA TR R IR R B R Sy
22 Fp, WA TR CEHE., B | B (L
iR 218 . AKAATRF iR ) S REE S 5T, Horp PC 2%
2 B Ik 1500.09 mg/L . BEZE A0S 198.43 mg/L,
I 4b f5e i /K- o THRE AL A3 J7 T, PC 4 6 & R ik
753.93 mg GAE/L, SC £H % w5 i & 35 138.30 mg
RE/L, ¥ W 200 TR &l . PrafbifrE S it
3, PC A 7E 0.20 mg/mL ¥ F DPPH H 2
T BRAIR 69%, ¥Rk [ i 3k A s ia 5t gty
MG . BCE PR R, DC A 25 A A 4 82.13 47,
SC £H 80.13 47, FRHIEJ5 R0 (DC) FNR] BT 42281 (SC)
AR THAS RAEE ST, 4551 3%KHH, PC RIS
FIF DR R S5 H Ak ERERE T, DC B
BB RN, IZZE Ve ] R R R TR R R I LR T
VAP AEHEAR Y, Ak vl i — DA A E R P B4z
PR 11 DA SEE XU 5 D RR AR RG34

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution Li-
cense (https://creativecommons.org/licenses/by-nc-nd/4.0/).

SE K

(1] PAFE4 = LA R . 2024-2030 4 ¥ B B = Ak 55 447
B e AARFAM AR 4 [R]. A6 F AF -6 48 = AL B 50 FE: 2024,

[ China Research and Intelligence. Competitive analysis and devel-
opment scale forecast report of China navel orange industry from
2024 to 2030[R]. Beijing: China Research and Intelligence, 2024. ]
[2] MAFIREF. P BFAET L LRI 5 R T TR
4 (2024-2031 4 ) [R]. db 7% MLAF IR 4 M, 2024. [ China Re-
search and Intelligence. Analysis of development status and invest-
ment prospects research report on China's navel orange industry
(2024-2031) [R]. Beijing: China Research and Intelligence, 2024. |
[3] AF#7, W2, Ao R, 5. 688 BB xd A R I8 5= R 09 % vh
(J]. P B &, 2025,44(1): 148-155. [ ZHONG Ke, XIAO Jian,
TANG Xiaohong, et al. Effect of non-Saccharomyces cerevisiae on
the quality of navel orange fruit wine[J]. China Brewing, 2025, 44
(1):148-155.]
(4] 2, R, B3LTC, & R B BB TS RIB S R 09 o0

[J]. & o % 4§ #,2023(35): 147-152. [ WANG B, LIU J L,
QIAN Y F, et al. The effects of different yeasts on the quality of
navel orange fruit wine[J]. China Food Safety Magazine, 2023(35):
147-152. ]
[ 5] ZHANG Yu, LIU Weipeng, WEI Zehua, et al. Enhancement of
functional characteristics of blueberry juice fermented by Lacto-
bacillus plantarum[J]. LWT, 2021, 139: 110590.
[6] MAICAS S, MATEO J J. The life of Saccharomyces and non-
Saccharomyces yeasts in drinking wine[J]. Microorganisms, 2023,
11(5): 1178.
(7] #hF A, Ak Bim BF A 2 AR 05 2 AL b B B A S O R B AT
KHEB &R Ha (D] M. wn Kk X F, 2021 [XU
Qingliu. Screening of non-Saccharomyces cerevisiae strains and the
effect of mixed fermentation with Saccharomyces cerevisiae on
blueberry wine quality[D]. Yaan: Sichuan Agricultural University,
2021. ]
[ 8] SUN Wangsheng, FENG Sinuo, BI Pengfei, et al. Simultane-
ous inoculation of non-Saccharomyces yeast and lactic acid bacteria
for aromatic kiwifruit wine production[J]. Food Microbiology,
2024, 123: 1045809.
[9] TOFALO R, PERPETUINI G, ROSSETTI A P, et al. Impact
of Saccharomyces cerevisiae and non-Saccharomyces yeasts to im-
prove traditional sparkling wines production[J]. Food Microbiolo-
gy, 2022, 108: 104097.
[10] ZHANG Y, YE H, ZOU Y, et al. Flavor characteristics of
navel orange wine fermented by Saccharomyces cerevisiae SC-125
and Angel yeast SY [J]. Fermentation, 2023, 9(10): 872.
[11] XIONG Hua, ZHANG Yingyue, WANG Wanting, et al. En-
hancing the quality of low-alcohol navel orange wine through simul-
taneous co-fermentation using Saccharomyces cerevisiae SC-125,
angel yeast SY, and Lactiplantibacillus plantarum BC114[J].
Molecules, 2024, 29(8): 1781.
(12 o54h, XFdy i, HRAR. B4 RIS KR A8 T LA R AR A M
Rk 4 Jie -7 (3. F B 8L, 2021,40(1): 133-137. [ SU Wei,
DENG Shanhong, CHEN Gang. Optimization of low temperature
fermentation process and analysis of flavor compounds in navel or-
ange wine[J]. China Brewing, 2021, 40(1): 133-137. ]
[13] #ADE, 24, #7, F. RE B THAE R DS 0% H
(J]. & ok = & A 3%, 2021,42(5): 1-10,25. [ HU Xiaoqin, LIU
Wei, XU Wan, et al. Effect of different yeasts on the quality of navel
orange wine [J]. Science and Technology of Food Industry, 2021, 42
(5):1-10,25. ]
[14] ##Ut, AR, BAF, 5. FHELRBAR T EHRAALS
JiFA R I8 Kook R 8 50 57 [T, A e At 52,2019, 40(10):
171-177. [ ZHENG Shudan, CHEN Gang, QUE Faxiu, et al. Opti-
mization of fermentation process for whole navel orange wine and
comparative analysis of flavor components with navel orange juice
wine[J]. Food Science, 2019, 40(10): 171-177. ]
[15] #AmA, Ema, R, F. GC-0-MS & LA R i Ao
A A & B 0 A A R (0], BB A, 2019(3): 115-121.
[ HU Lixiang, WANG Lijin, SONG Huanlu, et al. Comparison of
active aroma components in navel orange wine and in navel orange
liquor by GC-O-MS[J]. Liquor-Making Science & Technology,
2019(3): 115-121. |
[16] #ib, EiM, 5, & AR F LR F A
b 84 % vl 4 A7 7). B8 A3, 2023(12):37-44,51. [ JIANG
Wenhong, WANG Runzheng, WANG Yong, et al. Effect of pre-
treatment on aroma components and antioxidant activity of hawthorn
wine[J]. Liquor-Making Science & Technology, 2023(12): 3744,


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.11882/j.issn.0254-5071.2025.01.022
https://doi.org/10.11882/j.issn.0254-5071.2025.01.022
https://doi.org/10.1016/j.lwt.2020.110590
https://doi.org/10.3390/microorganisms11051178
https://doi.org/10.1016/j.fm.2024.104589
https://doi.org/10.1016/j.fm.2022.104097
https://doi.org/10.1016/j.fm.2022.104097
https://doi.org/10.1016/j.fm.2022.104097
https://doi.org/10.3390/fermentation9100872
https://doi.org/10.3390/molecules29081781
https://doi.org/10.13386/j.issn1002-0306.2020060075
https://doi.org/10.13386/j.issn1002-0306.2020060075
https://doi.org/10.7506/spkx1002-6630-20181011-090
https://doi.org/10.7506/spkx1002-6630-20181011-090

- 198 - £ Tl B4

2026 4F 7 A

51.]
(17 ] bk, 2R 08 A i b BORF 3 3 2 B AR BT A (D],
% ra. Brayp e X 5, 2022. [ XIE Xinyu. Research on strawberry
fruit wine strain screening and sequential mixed bacteria fermenta-
tion technology [D]. Fuyang: Fuyang Normal University, 2022. ]
[18] X3, th$, M, F. vo m @RI RERBLBELL
Bk s oA (7], F B ki, 2021,40(1): 98-104. [ WU Jun,
HUANG Chuanshu, ZHAO Pei, et al. Optimization of fermentation
technology of mulberry wine by response surface methodology and
quality analysis[J]. China Brewing, 2021, 40(1): 98—104. ]
[19] 3hm 3. £ % EA RSB REAT R (D], & R E:
AT b A K 5, 2016. [ SUN Pengyao. The research on purifica-
tion and properties of curcuminoids[D]. Shijiazhuang: Hebei Uni-
versity of Science and Technology, 2016. ]
[20] Fade, £54h, EH R, & hAREERE T L AAMA
& a7 [J]. Bl , 2024, 51(1): 87-94. [ YU Kangfei, MAO
Qingzhong, QIU Zheling, et al. Study on brewing technology and
antioxidant activity in vitro of millet Huangjiu[J]. Liquor Making,
2024, 51(1): 87-94. ]
[21] Z4, @, FAR, F. R F FEIE B 5 88 B 2T A5
T8 4 A R E Kok v %ok [T]. & A5, 2023, 44(24): 179-187.
[ LI Tian, LEI Yu, LI Dong, et al. Impact of sequential fermenta-
tion with different non-Saccharomyces yeasts and Saccharomyces
cerevisiae on the aroma of Yinhong plum wine[J]. Food Science,
2023,44(24): 179-187. ]
[22] EHR, AHE, L0RE, F RFLAET 123 ERBAAOR
a-49%ea [J]. B EkiE, 2023, 42(9): 96-102. [ WANG Yanrong,
HU Haixia, SHI Xiaoxia, et al. Effects of mixed-strains fermenta-
tion on the aroma compounds of'123'cider[J]. China Brewing, 2023,
42(9): 96-102. ]
[23] DOMIZIO P, ROMANI C, LENCIONI L, et al. Outlining a
future for non-Saccharomyces yeasts: Selection of putative spoilage
wine strains to be used in association with Saccharomyces cerevisi-
ae for grape juice fermentation[J]. International Journal of Food
Microbiology, 2011, 147(3): 170-180.
[24] FEH, 2R, 40K, F. BARA TR B 5 008 B b
KBS B RAE A A W oa ] R S A 2021, 42(22):
216—223. [ YIN Xuelin, GONG Lijuan, ZHONG Wu, et al. Effect
of mixed fermentation with Saccharomyces cerevisiae and Torulas-
pora delbrueckii on the aroma of kiwifruit wine[J]. Food Science,
2021, 42(22):216-223. ]
[25] E#%3%, 234, Tmh, 5§ RBHEFS 2 sk miE &5 R
BR3F IR P ) 3 A AR (], RS AT 5L 5 I &, 2023, 44(11): 60-66.
[ WANG Jingyao, WANG Wenhua, WANG Liling, et al. Aroma
Enhancement Characteristics of Saccharomyces cerevisiae and two
strains of Non-Saccharomyces cerevisiae in Mixed Culture[J]. Food
Research and Development, 2023, 44(11): 60—66. ]
[26] SHEKHAWAT K, PATTERTON H, BAUER F F, et al.
RNA-seq based transcriptional analysis of Saccharomyces cerevisi-
ae and Lachancea thermotolerans in mixed-culture fermentations
under anaerobic conditions [J]. BMC Genomics, 2019, 20(1): 145.
[27] AYESTARAN B, MARTINEZ-LAPUENTE L, GUADA-

LUPE Z, et al. Effect of the winemaking process on the volatile
composition and aromatic profile of Tempranillo Blanco wines[J].
Food Chemistry, 2019, 276: 187—194.
[28] FERRAO L F V, JOHNSON T S, BENEVENUTO J, et al.
Genome-wide association of volatiles reveals candidate loci for
blueberry flavor[J]. New Phytologist, 2020, 226(6): 1725-1737.
[29] SHI Wenke, WANG Jia, CHEN Fusheng, et al. Effect of Is-
satchenkia terricola and Pichia kudriavzevii on wine flavor and
quality through simultaneous and sequential co-fermentation with
Saccharomyces cerevisiae[J]. LWT, 2019, 116: 108477.
[30] ##B, R, F3%, & Fe T R KRB & A4
FEW % em [T, o B B, 2023,42(10): 136-141. [ XIE Linjun,
CHENG Guo, WEI Lu, et al. Effect of mogrosides addition on aro-
ma characteristics of pitaya wine[J]. China Brewing, 2023, 42(10):
136-141. ]
[31] CEN Kaiyue, YU Xi, GAO Chengcheng, et al. Effects of
quinoa protein Pickering emulsion on the properties, structure and
intermolecular interactions of myofibrillar protein gel[J]. Food
Chemistry, 2022, 394: 133456.
[32] WA, & 24K, FERN, 5. Al R BRI A2 b 48 40 M Rk
b oy A [T, & s A 52, 2015,36(18): 155-161. [ KANG
Mingli, PAN Siyi, FAN Gang, et al. Changes in volatile compounds
in Satsuma mandarin wine with different fermentation periods[J].
Food Science, 2015, 36(18): 155-161. ]
(331 Woidlr, 300, 2.8, 5. WA KA 24 BOVERE VRGBT
Rt e ] 7 Tk XK 5 5 (8 KA 50, 2019,40(2):
123-131,139. [ XIAO Yongmei, LI Ming, MAO Pu, et al. Re-
search progress on biological modification and activity of flavonoids
[J]. Journal of Henan University of Technology (Natural Science
Edition), 2019, 40(2): 123-131,139. ]
[34] 1M, hirir, 4ok, 5. & 5 46506 3E AR B A AR 05
o KR B R AR P B E O T U] R A S, 2022,
43(20): 198—206. [ REN Xuemei, YAO Honghong, YAN Huanru,
et al. Screening and identification of non-Saccharomyces yeast
strains with high glycosidase production and changes in enzyme ac-
tivities during their fermentation[J]. Food Science, 2022, 43(20):
198-206.
[35] EA4h, I, BRI, 5. ARAUR B A B S AR L
HEAHE R R, & &% 2R 4N F K, 2019,1006):
1619-1625. [ WANG Dongwei, HUANG Yanfen, XIAO Moyan,
et al. Optimization of fermentation conditions and research on the
antioxidant properties of kiwi fruit wine[J]. Journal of Food Safety
& Quality, 2019, 10(6): 1619-1625. ]
[36 ] MM, FFH, LF4, F REABLRARBLILSE
PHARAC B A BAC AT Z (1), F B B, 2023, 42(8): 210-215.
[ WANG Jungang, LI Yuhui, SHI Xuewei, et al. Fermentation con-
dition optimization and antioxidant activity of jujube fruit wine by
mixed yeasts[J]. China Brewing, 2023, 42(8): 210-215. ]
[37] #i 2. B RRA 26 R IB 0 B T L B AA T Rt
£ [D]. 3£ %, 3¢ % X %7, 2020. [ XIE Jiayi. Brewing technology
and antioxidant function of Shanbei flavor Lentinus edodes millet
wine[D]. Yan’an: Yan’an University, 2020. |


https://doi.org/10.11882/j.issn.0254-5071.2021.01.019
https://doi.org/10.11882/j.issn.0254-5071.2021.01.019
https://doi.org/10.7506/spkx1002-6630-20230313-118
https://doi.org/10.7506/spkx1002-6630-20230313-118
https://doi.org/10.11882/j.issn.0254-5071.2023.09.017
https://doi.org/10.11882/j.issn.0254-5071.2023.09.017
https://doi.org/10.1016/j.ijfoodmicro.2011.03.020
https://doi.org/10.1016/j.ijfoodmicro.2011.03.020
https://doi.org/10.7506/spkx1002-6630-20200730-403
https://doi.org/10.7506/spkx1002-6630-20200730-403
https://doi.org/10.12161/j.issn.1005-6521.2023.11.009
https://doi.org/10.12161/j.issn.1005-6521.2023.11.009
https://doi.org/10.12161/j.issn.1005-6521.2023.11.009
https://doi.org/10.1186/s12864-019-5511-x
https://doi.org/10.1016/j.foodchem.2018.10.013
https://doi.org/10.1111/nph.16459
https://doi.org/10.1016/j.lwt.2019.108477
https://doi.org/10.1016/j.foodchem.2022.133456
https://doi.org/10.1016/j.foodchem.2022.133456
https://doi.org/10.7506/spkx1002-6630-201518028
https://doi.org/10.7506/spkx1002-6630-201518028
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.3969/j.issn.1673-2383.2019.02.021
https://doi.org/10.7506/spkx1002-6630-20211220-221
https://doi.org/10.7506/spkx1002-6630-20211220-221

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 脐橙果酒发酵工艺流程
	1.2.2 工艺操作要点

	1.2.3 脐橙果酒理化指标测定
	1.2.3.1 酒精度的测定
	1.2.3.2 可溶性固形物含量的测定
	1.2.3.3 pH的测定
	1.2.3.4 总酸含量的测定

	1.2.4 脐橙果酒感官评价
	1.2.5 脐橙果酒挥发性特征成分测定
	1.2.5.1 脐橙果酒处理方法
	1.2.5.2 色谱条件
	1.2.5.3 定性、定量方法
	1.2.5.4 脐橙果酒总酚和总黄酮含量的测定

	1.2.6 脐橙果酒抗氧化活性测定
	1.2.6.1 DPPH自由基清除率的测定
	1.2.6.2 羟基自由基清除率的测定
	1.2.6.3 铁氰化钾还原力的测定

	1.3 数据处理

	2 结果与分析
	2.1 脐橙果酒理化指标分析
	2.2 脐橙果酒感官评价
	2.3 脐橙果酒挥发性特征成分分析
	2.3.1 脐橙果酒挥发性成分分析
	2.3.2 共有香气成分与感官得分相关性分析
	2.3.3 脐橙果酒非挥发性成分分析

	2.4 脐橙果酒抗氧化活性分析
	2.4.1 DPPH自由基清除率的分析
	2.4.2 羟基自由基清除率的分析
	2.4.3 铁氰化钾还原力的分析


	3 结论
	参考文献

