174 517 B 2 4 T iR o Vol. 17 No. 17
2026 4£ 9 H Journal of Food Safety & Quality Sep., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20260323002

SIMMEN: Bk, BARE, kg, % IR KRR LA RILE ST [I]. B A BRI 2 4, 2026,
17(17): 141-150.

Luo Beibei, Zhao Mengyao, Zhang Lipan, et al. Optimization of fermentation process and aroma analysis of black tea made by
Forsythia suspensa leaves [J]. Journal of Food Safety & Quality, 2026, 17(17): 141-150. (in Chinese with English abstract).

HER£L A B 1 AR B 67 2o

B, wr? kB Iam & kY TS, TEREY AR®RC, HERC
(1. TEERERHA R A RN ], FBM 4500005 2. T A £ 50 R 20l TAEE AR G, FIN 450002;
3. MEGR KRR 222 B, AN 450002; 4. 3 HH R 25 K24 25408, KRN 450046; 5. TIRg Lol KA AR 0 & S =B,
N 450001; 6. WEIT K2 EE Rl 2222, $1%  453000)

\{

 E: BeY bt 2020 L2, SGEIHRAXR AL B, BT RE A Y AL R DU
SA TR IR AR, G R FRIAIAIR IR AR | R IR E B A I (B X 36 £ L 2% XU i S R 520, 2545
Box-Behnken i Ji 17 325 Ak e A & e 125 250 o 2R I TS [ A7 %5 B (headspace solid phase microextraction,
HS-SPME)#5 &S AR (4 3i%- T (gas chromatography-mass spectrometry, GC-MS) 3kt % & XU Ry, FHIET
SR FE{H (odor activity value, OAV)fi GRS IG YT, SR MO KR A LA A REERRE 32 °C,
KEERIA] 3.8 hy KEAREE 91%, T ZHI&MEBM 2R aa s, &0 . EUREE, B & B3t .
WA RS E 56 FE R XA LAY, [FEmEs . B2t W28, RS, MhZeaidl 8 K2 b 3-FRIZL T,
2-MBETmE, ROWE, SRERE . TRE. ROEE, o-tNIEE . FMEE. TR 5L -2,4-58 IR i I AL R
RHEAIEMYI ., 85 SRR L2 W] i GE I LRI KR, IS IR B AR B S A%
TR . AV T2 R0 nIAT, Al it LRSI A 7 BOXUAR B e d il — e 2%

KB RN LLAE, KUK AR BT JERE IR, IR R

FESES: S571.1 XERAIES: A XEHS: 2095-0381(2026)17-0141-10

Optimization of fermentation process and aroma analysis of black tea made
by Forsythia suspensa leaves

LUO Bei-Bei'?, ZHAO Meng-Yao', ZHANG Li-Pan'*", WANG Jun-Peng'?, LI Bing'?, JIA Zi-Lu’,
WANG Guan-Lan®, PANG Si-Yu’, CHEN Jian-Jun®

(1. Henan Commerce Science Institute Co., Ltd., Zhengzhou 450000, China; 2. Food Quality and Safety Control
Engineering Technology Research Center of Henan Province, Zhengzhou 450002, China; 3. College of Horticulture, Henan
Agricultural University, Zhengzhou 450002, China; 4. School of Pharmacy, Henan University of Chinese Medicine,
Zhengzhou 450046, China; 5. College of Food Science and Engineering, Henan University of Technology, Zhengzhou
450001, China; 6. College of Life Science, Henan Normal University, Xinxiang 453000, China)

Yrks B EA: 2026-03-23

EETE: WHaHR5] S0 BHE &R 405 H (220241471145); R4 BH4BeRHE R 0I5 H (241611016); 17 24 B KR %I
5 H (231100310200); {7344 T B & & 505 H (251111112300, 261111114900); i1 24 B Be 5 7 Bh k5 H (20253811001, 20253811002);
T R BB R A 40151 H (235200810019, 245200810024); 10 5 45 BH% 2 5235 H (262102110078)

F—EE: BEEE1990—), &, TN, EEPFR LI RES T FRERITTHCHE . E-mail: 578187660@qq.com

“BIEVESE: KL ZE(1982—), B, lt, W TN, LB Iy KR HE . &t k2%, E-mail: lipanzhang@163.com



142 B L4 T AR I 2 iR 617 %

ABSTRACT: Objective To optimize the processing technology of black tea made by Forsythia suspensa leaves,
improve and enhance its flavor quality, and clarify the composition of its characteristic aroma substances. Methods
Taking the comprehensive sensory evaluation score as the evaluation index, the effects of fermentation temperature,
fermentation humidity and fermentation time on the flavor quality of black tea made by Forsythia suspensa leaves were
explored through single-factor experiments, and the Box-Behnken response surface method was used to optimize the
optimal fermentation process conditions. The headspace solid phase microextraction (HS-SPME) combined with gas
chromatography-mass spectrometry (GC-MS) technology was applied to analyze the volatile flavor components of
samples, and the key aroma-active substances were screened based on odor activity value (OAV). Results The optimal
fermentation process parameters for black tea made by Forsythia suspensa leaves were determined as fermentation
temperature of 32 °C, fermentation time of 3.8 h and fermentation humidity of 91%. The tea prepared under these
conditions presented bright red liquor, elegant aroma and mellow taste, with significantly improved sensory quality. A
total of 56 volatile flavor compounds were identified from the samples, belonging to 8 categories, mainly including
aldehydes, alcohols, ketones, alkenes and phenols. Among them, 3-methylbutanal, 2-methylbutanal, phenylacetaldehyde,
linalool, nonanal, phenethyl alcohol, a-terpineol, geraniol, eugenol and trans, trans-2,4-decadienal were the key
aroma-active substances of black tea made by Forsythia suspensa leaves. Conclusion Appropriate fermentation
process can significantly improve the sensory flavor of black tea made by Forsythia suspensa leaves. Aldehydes and
alcohols are the core contributing components of its characteristic aroma. The optimized process in this study is stable
and feasible, which can provide a certain reference for the large-scale production and flavor quality regulation of black
tea made by Forsythia suspensa leaves.

KEY WORDS: black tea made by Forsythia suspensa leaves; flavor quality; sensory evaluation; response surface
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Table 1 Factors and levels of response surface methodologies
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Table 2 Scoring criteria table of sensory evaluation
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Fig.1 Effects of different factors on the flavor of black tea made by Forsythia suspensa leaves
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3 3 Box-Behnken MO EIRIELER
Table 3 Results of the Box-Behnken response surface test

2 A K B: KAt C: KB BB
5 M/ C []/h WEE /% LBy
1 -1 -1 0 3.15
2 0 0 0 3.57
3 0 1 1 3.21
4 -1 0 -1 3.13
5 1 1 0 3.49
6 0 -1 -1 3.18
7 1 0 1 3.54
8 0 0 0 3.70
9 1 -1 0 3.63
10 0 1 -1 3.39
11 1 0 -1 3.44
12 -1 1 0 3.20
13 0 0 0 3.72
14 0 0 0 3.59
15 0 0 0 3.77
16 0 -1 1 3.60
17 -1 0 1 3.28

ST P 0.0005, /NT0.05, DiBHMERIZE G % HAS
THEERE X KA P N 0.8450, KT 0.05, 45 RARE, i
B iz i A 00 A5 R LA R AR, RAR I R
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UE B A A 500 45 RO AR B A, T R X 3 S 21
KRBT LUATA AT . MRHE2 4 v F ol 0, sEnde
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WHEN(B). AN, st P AT, A, BC. 4°. B>, C* X%
21255 5 B B R (P<0.01), C &I 21 25 0 R
B E R (P<0.05).
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N T EE R TR | IR ) R PR P A8 A Ak
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A8 Iz Bl DR 25 A1 g b ) 7 (I P9 5% i) 1 DR 2R =2 i) 58 A R
SR, R RE, R AR R Sk O
I L = R QR D 2 s T VR SR ™ ol e ] i 5
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PR i ) 60 TS 6 X ) 7 (P9 5 W 34 B2 K i O T Ok
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SeH KR AR A A AR S o & TR A i) A0 2 P T 3 58 A
SR AR, W A T A ) R i IR R 1) 58 HAE F
LR SRRtk 5O 22 b i g R — 2
e TR T 5 TR R [0 19 5 AV KT 342 SR 21255 T 1 5 i
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Table 4 Analysis table of variance of regression model

5 22530t 5 A 9 s F P B EH B
el 0.7184 9 0.0798 15.6000 0.0008 o
A 0.2245 1 0.2245 43.8600 0.0003 o
B 0.0091 1 0.0091 1.7800 0.2239
C 0.0300 1 0.0300 5.8600 0.0460 *
AB 0.0090 1 0.0090 1.7600 0.2259
AC 0.0006 1 0.0006 0.1221 0.7370
BC 0.0900 1 0.0900 17.5900 0.0041 *ox
A 0.0947 1 0.0947 18.5100 0.0036 o
B 0.0979 1 0.0979 19.1300 0.0033 o
c 0.1253 1 0.1253 24.4800 0.0017 o
B2 0.0358 7 0.0051
AU 0.0060 3 0.0020 0.2696 0.8450
a2z 0.0298 4 0.0075
S 0.7542 16

R AT 3 25 5 (P<0.05); **3Ron HAT i 2 25 53 (P<0.01).
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Fig.2 Effects of interaction between 2 factors on the flavor of black tea made by Forsythia suspensa leaves



5517 3

BERE, & ML R AU S AT 147

23 ERMAZRMES NG

Xof 0 SO 1A S0 T A5 B U AR T A5 A S 2T A
KA EF T HS-SPME-GC-MS 4347, FffS B i i
FEI DL 3. FRIEIRTAL 2 558 B v A 280
BARR T BI04 E, RIRSL G Y S e f it T 3600

2.0E+06 -
1.6E+06 |

1.2E+06 |

£ JF/counts

8.0E+05 |

4.0E+05 +

0E+0

10 15 20 25 30 35 40 45
4 84 15} (8] /min
3 ERR4145 HS-SPME-GC-MS 4 BT i 85 117 (3 5]

Fig.3 Total ion chromatogram of black tea made by Forsythia
suspensa leaves by HS-SPME-GC-MS analysis
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Fig.4 Content proportion of different compound classes
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2 IR . JFREEERY OAV 430k 210, 202, 194, 161,
100, HRTET 100, X EMM KRN BARELELAE
ZLHTHR



148 £ L A SO A I A 4 F17%
x5 ERMARTRNESEEYR
Table 5 Aroma-active compounds in black tea made from Forsythia suspensa leaves
FE ket Nk WM Rugle) A ’i’l‘ig 0AV
1 3-FHEE TR i3 0.0400.002 EHR. HH 0.0002 194
2 2-FHOE T i3 0.060+0.003 HEH. PRER 0.0015 40
3 Tt I 0.020£0.010 R 0.0100 2
4 KT8 (3 0.150+0.010 WHAER . H& 0.0040 37
5 Oy i3 0.5300.080 . R AE 0.0053 100
6 TR i3 0.0900.010 HE . NG 0.0011 83
7 KB it 0.670+0.020 BOIALE . B 0.0032 210
8 a-FA T i 0.250+0.010 & 0.0046 54
9 TR R T i i 0.070+£0.010 WA A AHERR 0.0349 2
10 DA a1 i3 0.0200.002 . A 0.0020 11
11 o, 4- " HE-3-H O M-1-2 1 [ 0.030+0.003 HRE . B 0.0030 8
12 VAR E S N [} 0.1300.002 27 . MR 0.0100 13
13 i it 0.200£0.004 B . HFER 0.0010 202
14 2 -2-B5 I i3 0.004+0.000 M 0.0003 15
15 LS FoAth 0.030£0.001 bz 0.0110 3
16 2, [2-2,4-%% i (3 0.0100.000 HE 0.0001 161
17 1,1,6-=H%E-1,2- A %% HAl 0.0900.010 TR AT 0.0025 35
18 T 153 0.440+0.070 i 0.0060 73
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Box-Behnken i) )i/ 1] 20 56 X 142 821 2% & 1 L 2t — 2540
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