547 % T i Tl B Vol. 47 No.7
2026 4F 4 H Science and Technology of Food Industry Apr. 2026

WRICHE, B iE A, M, 55 el 9 T TR R I 8 i 25 T 2O A SRR At B4 D). Bl Tl Bk, 2026, 47(7): 251-261. doi:
10.13386/j.iss11002-0306.2025040085

CHEN Ailin, YANG Qinghua, LAI Qian, et al. Process Optimization and Flavor Quality Analysis of Eurotium cristatum Fermented
Penthorum chinense Pursh Leaf Tea[J]. Science and Technology of Food Industry, 2026, 47(7): 251-261. (in Chinese with English
abstract). doi: 10.13386/j.issn1002-0306.2025040085

- TEHEK -

R BER KB R RN R T
B B i 3 53 He

R, e, B L, EE,\E BYV,H B
(1.e9)| K 332 TH 25 14251, w)l REE 610065;
2. F B AR AL R AT B, w) JE 0 646500)

 EA BRI R IS LB AEEEZRETL. FERIWEAE, ALUARTIFSAHE, RALEE- AR
BRBRLEFERBEAAFLE R I ROREI LM, SBEAHMATEERITRORE M. %W
RBAER A £, WRTKEAAZZFR ARG H R, AREREN: SKE 27%. BMHE 21%. KB
Wi 16dB, AEARETEERLR/LE, RHEEFRER. 0B, FAWA, REFESH 9160 5. i
HFTESE, EHASELRRBALZ TR AEIRT 16.95% F= 18.70%, Hvh 5 S 4ok A A B L T IE
7.16%. AEEAEZRF e RERL BN SMNAsFotat o E X ERE T, ETHE, RX-2-THEE, (BE)-24-%
. PRAEBIREAAETFAL. MBS AR AAGELERS AT EETHHAE, MECTH. FHE, 2-
TEREEALRE. HEGWERXERSHZEIANEEF LA, BETHAREITHROFER, RETABLEXE
HRERER. AHEOH R, LRALZRZENERITR2ERUNEDAHE R E BN L4E, KR AAZZ e oyt
— S FRE 8 ARERE LA E,

KB A RE, LB, REREW, TEMAL, Kok, #ok

PB4 S:TS272.5 X EkFRINED: B X EHS:1002-0306(2026)07-0251-11
DOI: 10.13386/j.issn1002-0306.2025040085

Process Optimization and Flavor Quality Analysis of Eurotium cristatum
Fermented Penthorum chinense Pursh Leaf Tea
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Abstract: In the present work, Eurotium cristatum fermentation was applicated in Penthorum chinense Pursh (PCP) leaf tea
production, to reduce the bitterness, astringent tastes and pronounced herbaceous flavor of PCP leaves. Based on the results
of single-factor experiments and response surface methodology (RSM) according to sensory evaluation, the optimal
fermentation conditions were determined as follows: water contents 27%, incubation amount 21%, with 16 days of
incubation time. The E. cristatum fermented PCP leaf tea produced in the optimal condition had orange-yellow infusion
appearance with abundant E. cristatum colonization, tasting smooth and mellow with harmonious aroma, which achieved
the sensory score at 91.60, while the total polyphenols and total flavonoids contents were reduced by 16.95% and 18.70%,
respectively. Compared with the unfermented samples, the ratio of bitter and sweet amino acids of fermented PCP leaf tea
decreased by 7.16%. The results of HS-SPME-GC-MS showed that the undesirable volatile components (VOCs), including
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hexanal, trans-2-hexenal, (E,E)-2,4-heptadienal, and 6-methyl-5-hepten-2-one representing grassy, pungent, and irritating

odors, remarkably decreased, and the VOCs associated with floral, fruity, and fungal aromas, including acetophenone,

linalool, and 2-butanone were newly generated and increased in PCP leave tea after fermentation. In summary, the optimal

E. cristatum fermentation was confirmed to significantly improve the sensory quality of PCP leaf tea, especially eliminating

the undesirable flavors and tastes, which could be a promising technology applicated in PCP tea process.

Key words: Penthorum chinense Pursh; fermentation; Eurotium cristatum; process optimization; flavor; taste

EF 25 BE ( Penthorum chinense Pursh), i fR H-BL
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Fig.1 Process flow for preparing FPT inoculated
with Eurotium cristatum
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Table 1 Response surface experimental design and factor
levels for FPT preparation
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Table 2 Sensory evaluation standard
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Fig.2 Effect of water addition (A), inoculation amount (B)
and fermentation time (C) on FPT
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Table 3 Experimental design and results of response
surface analysis

g5 ANUKE B CREENE YREITES (D)
1 -1 -1 0 85.20
2 1 -1 0 83.76
3 -1 1 0 87.84
4 1 1 0 84.90
5 -1 0 -1 86.46
6 1 0 -1 82.86
7 -1 0 1 85.65
8 1 0 1 81.20
9 0 -1 -1 84.64
10 0 1 -1 87.28
11 0 -1 1 83.66
12 0 1 1 84.88
13 0 0 0 89.86
14 0 0 0 90.25
15 0 0 0 91.30
16 0 0 0 89.64
17 0 0 0 90.56
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Table 4 Variance analysis of regression model

P I AME ¥ F P B

(el 141.61 9 1573 3161 <0.0001 @3

AIUKHE 1931 1 1931 3879  0.0004 **
B-Hefhit 73 1 73 14.66  0.0065 o
C-EmEntE 428 1 428 8.59 0.022 *
AB 0.5625 1 05625 1.13  0.3231
AC 0.1806 1 0.1806 0.3628  0.5659
BC 0.5041 1 0.5041  1.01  0.3478
A? 37.51 1 37.51 7535 <0.0001 *E
B? 15.4 1 154 3093  0.0008 o
c? 4571 1 4571  91.81 <0.0001 o
B2 3.48 7 0.4978
AN 1.79 3 0.596 14 03641 A3
alifs 1.7 4 0.4242

B2 145.09 16

T #F IR S T 3 (P<0.01), *3ER 2% 5 5 (P<0.05) .
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Fig.3 Response surface diagram of the sensory score
of the FPT
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R 5 nl i, X5 5afE L E e fh e o8 B i &
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AT E S KFH BRI b REFE (P<
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Table 5 Color difference parameters of tea infusion

o I - b N
PT 94.09+0.06° —2.28+0.01° 14.3440.03° -
FPT 92.48+0.03 —2.49+0.00° 23.70+0.04° 9.50

TE: 25 R LIPS {E bR I 22 R (n=3) ; [6]— S8t L AR 5 0ERR
25 WE, P<0.05,

(A) (B)

K4 BRI IORRERT(A)JS (B)X L
Fig.4 Comparison of the Penthorum chinense Pursh leaf tea
infusion before (A) and after (B) fermentation
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o FREP AR T, R B B S 2
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T R%E 18.70%, {45 & P EE s B ST IR AR 55 .
JRREEFN(E 5),

160 A
140 4 CIPT

120

) ]
< 100

MW ST
5 EEETEIN R RS S 2 1 B T
Fig.5 Total phenolic and flavonoids contents of Penthorum
chinense Pursh leaf tea infusion before and after fermentation
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P S b A B T kA A, v h e R S SR T AR R i
Ko XATHE S MAEWACRTE 3h . SERIFER N . 25k
12 Ak 3 i RN 22 S I 5 AV I & ) o A5 A E A
SR AT LE R, 3l L R R S LR RE R
AIRAS I A TR, et | BiTRR S LR REHE T 25 0
PEEASFIHEIRE? , JE—25 50 M T 15, SRS 1T
o LSS R R R LR LI R 75.65% b 2 & &2
79.98%, iR 2 FEIR T &5 LBl 24.35% lik 2 FAIG
ZE 20.02%, v S EEETR S LR FU(E W3 N RE T
7.16%(P<0.05), X A] GEJeAE v s A it R I e
PERR R, [aIRH EsAd A
BERTE BEE (TAV) KT 1 B BIA  HA ok
BEIEPERS S R RIS B RS IR S LR AR R
FIEMR TAV B/NT 1, FEH B — S L% X 75 I FTEH

6 AR RITACE BRI R R AR A
Table 6 Profile of free amino acids in PT and FPT

Tt (mg/100 g) TAV
LK EUS B{E7 (mg/g)
PT FPT PT FPT
WER LS 0.6 29.33+0.59° 2.52+0.08° 0.49 0.04
RATkRE LS 15 135.43+3.38" 8.19+0.09" 0.9 0.05
B RABRE LS 25 3.32+0.03° 16.46+0.26° 0.01 0.07
HaEmR LS 13 2.51+0.09* 0.86+0.03" 0.02 0.01
iz LS 3 14.85+0.60° 2.33+0.03° 0.05 0.01
27 R LS 15 30.77+0.42 3.18+0.13" 0.21 0.01
INEIR HILZS 2.6 26.70+0.92° 2.57+0.13° 0.67 0.01
FR L S 242.91+3.80" 36.11+0.40°
KRE&HR i R 1 88.2+0.36" 10.24+0.08" 0.88 0.1
P-RBI TR ff 0.2 9.92+0.16° 1.1240.01° 0.5 0.06
KA fiff R 0.3 54.25+2.09° 26.35+1.22° 1.81 0.88
R SR B 152.37+2.61° 37.71+1.12°
A SiUS 0.5 3.810.03" 0.41%0.01° 0.08 0.01
MR LS 0.02 0.92+0.03" 0.75+0.03" 0.46 0.38
R SiUS 0.2 6.51+0.08" 1.76+0.05" 0.33 0.09
SAeE R FELS 0.9 21.43+0.35* 0.79+0.03" 0.24 0.01
AR SiUS 1.9 9.44+0.25° 0.66+0.02° 0.05 0
HiaAm FELS 0.5 10.08+0.41° 1.800.03 0.2 0.04
AR IR 0.3 0.76+0.01° 0.7120.00° 0.03 0.02
ENISE=N 7 FELS 0.9 12.97+0.49° 1.50+0.01° 0.14 0.02
i 22 1% JUUS 2.6 10.51+0.13" 1.77+0.05° 0.04 0.01
ETERN FELUS 0.4 32.50+0.01° 1.75+0.04° 0.81 0.04
{0 5R FiUS 0.9 18.30+1.02° 6.58+0.32" 0.2 0.07
RS LR S 127.23+2.22° 18.48+0.45"
PAVAIIE =B 8 ¥sS iy 522.51+1.03" 92.30+1.07°
FHIRZHERR b (%) 46.49+0.01° 39.12+0.00°
fEE IR G ER o5 1 (%) 29.16+0.00° 40.86+0.01°
R 5 1 (%) 24.35+0.00° 20.02+0.01°

: FATANRING PR RN 1 38 25 5 (P<0.05) 6
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R OTRR AT PR .  BERR LR AE K s b TAV ¥/hT
1, TERRIEEAS TN A /AR TAV KT 1,

DA 2% L, R e R ST S A SRR A E L T
bR g O BRI, & PR S R R A L R 1k,
TAV ST 2B U7 2 S IR A R A B i 25 1) 32
BRI T
25 BAMRS O
2.5.1 FFEHIM ISR EERTSIE R Y R T
TR RS A FE R A BT AR, SR TS [EAH

ZE B -ASOAH 235 -5 1% 36 19 77 1 (HS-SPME- GC-
MS) X S P e e I 55 4% A PR ) IO 5 B AR
BT s . R 7 nl %, KRN i wnt
ZerpddesE 65 PR MEYIITT, A FRIESS 12 Fh ., B
28 17 P, BESE 13 Bl KRS 13 b EE2E 5 PR A
2 5 R, Hrp LG 20 Fh, 5T A S %
RPEACE I 30.77%, BB & AT G H4 & MR o 22
SRR

Al 6 JR R T R IR e R 2 R ot

R TR BRI A BRI AR A P S M AR

Table 7 Qualitative analysis and relative content of volatile compounds of the PT and FPT

5 1%( FLI CAS EFEULED AR M Ee ) A R0
min) PT FPT
M
1 13.804 66-25-1 IECEE 3.25+0.83" 0.15+0.07° TR TR
2 15.02 1576-87-0 S -2- R 0.74+0.34° - MIRT . HHR
3 16.18 111-71-7 PR 1.40+0.12° - TR, AR A R R R
4 16.877 6728-26-3 ak-2-CE 7.28+0.55" 0.63+0.04° H IR
5 19.103 106-72-9 - S-S BEIEE 0.17+0.03* - B RIR G
6 20.531 432-24-6 o~ T 0.25+0.11° - iSRS
7 20.703 4313-03-5 (E,E)-2,4-BE Il 7.42+0.54° - H IR
8 22.49 557-48-2 J2-2- i-6-F —HiE 0.84+0.19* 0.180.04° H IR
9 23.446 122-78-1 AL 0.68+0.07° - i
10 23.227 40702-26-9 1,3,4- = F3L-3- OV - 1-FR 3.91+0.88* - /
11 23.589 116-26-7 TR AERE 1.21£0.10° - KA
12 19.69 124-19-6 TrE 1.38+0.30° 0.61£0.31° NEWI% | EEE
[iEES
13 18.822 110-93-0 FH B P J 15.82+1.71° 6.38+1.65° EELS
14 19.954 78-59-1 SR 3.64+0.39° 2.84+0.27° AT S A s
15 21.452 38284-27-4 (E,E)-3,5-3 —Jf-2-i 1.760.05* - PR | i
16 22.564 1604-28-0 6-F 3k-3,5- B — 42T 2.41£0.22° - R, AT
17 24.246 1125-21-9 AR 0.34+0.17* - A
18 26.686 689-67-8 TR 18.10+1.01° 1.48+0.24° AR T R
19 28.407 79-77-6 i Lo 2.46+0.68* - L N i
20 31.589 502-69-2 Fili i 0.14+0.02° 0.13+0.03" HER, AT
21 31.904 3548-78-5 (B)-y-48% [ 0.07+0.01° - LS
22 29.372 23267-57-4 W 0.71+0.18" 0.26+0.07° /
23 37.211 1117-52-8 e FE 1.60+0.47" 1.12+0.41* N
24 22.408 30434-65-2 3,4,4- = W IR G-2-J5 T 0.52+0.14* - /
25 23.62 98-86-2 K 1.30+0.45° 50.38+1.35° WA 5 &
26 8.396 78-93-3 2- T - 3.57+1.40° R IEE
27 17.944 111-13-7 T - 1.7240.54° N
28 18.565 2408-37-9 2,2,6- = HIHIR CL R - 0.39+0.03* AT i
29 26.553 17283-81-7 P - 0.49+0.11° 17
=S
30 20.211 3391-86-4 12743 1.810.05° 2.89+1.44° AT HIN T
31 15.558 616-25-1 1-13 -3 0.15+0.05° - R
32 18.387 1576-95-0 G- 2- P52, Pt 0.43+0.05° - H IR
33 21.551 78-70-6 Oy 0.99+0.29" 8.45+1.76" 2 LT BT G
34 17.612 100-42-5 W 0.05+0.03" 0.7120.09° BT 57
35 28.011 67858-77-9  5.9,13-=H1 34,8, 12| Pufise =4 1-Fit 0.47+0.04* - /
36 29.698 142-50-7 R AEA 0.21£0.06* - BT, R
37 26.262 106-25-2 AL 0.13+0.08° - T PR
38 20.208 104-76-7 2-Z I 2.16+0.38° - HHRIK, BOLRE




- 258 - Tk R 2026 4F 4 F
gk
N P
g REIEL s LA WHT me i A’)FPT R
39 17.236 6728-31-0 CIS-4- Pl 1.96+0.45 - FHHIER , JHIEIR
40 16.643 137-32-6 2-FRE T - 0.21£0.08" /
41 18.9 111-27-3 EC - 0.18+0.06" R
42 25.901 98-85-1 WEERE - 1.55+0.21° wE. R
fefa
43 16.611 112-40-3 -] 2.5440.35" 4.05+1.61* /
44 27.526 36144-40-8 1- T XA T b 0.11+0.02* - /
45 17.736 527-84-4 £B- SR 0.3240.13° - /
46 18.89 98-82-8 FRHIE 0.06+0.01* - /
47 13.63 17312-54-8 3,7- T HBE - 0.19+0.11° /
48 30.13 1209-61-6 4’9’12’1%22%1_? 0%4,'65]';%%{;}4¢i’% - 0.40+0.12° /
49 14.542 3387-41-5 i 0.72+1.39* - /
50 15511 123-35-3 JVEEM 3.95+0.51° 0.55+0.36" T P . R
51 16.485 138-86-3 Frigda 0.57+0.54° - MWHER . FrE
52 17.524 100-42-5 HK LN 0.110.33* - 5T
53 23.026 87-44-5 PN 0.75+0.26° - FAF AR
54 15.175 99805-90-0 B2y - - 0.08+0.04* N
55 35.528 30021-74-0 IR 0.14+0.02° - AR, BRI
firizk
56 21.949 2270-60-2 3,7- I Sk-6-2E I P e - 1.7940.23° HOLAY . WG
57 24.487 3050-69-9 EC R TR 0.33+0.12° - B AR
58 37.275 15356-74-8 AU P TR 0.68+0.26" 1.16£0.07° AT
59 34.558 628-97-7 KRR 2 Tk 0.06+0.01° - ¥
60 16.973 123-66-0 IEC TR FR - 0.75+0.06" N
oAt
61 21.274 1192-62-7 2-Z TSI 0.20£0.05° 1.8240.59° B
62 18.205 70424-14-5 (E)-2-(2- 135 ) v e 1.49+0.45° - O
63 28.792 1072-83-9 2-Z, BRI 0.25+0.02° 0.37+0.23" A, R
64 19.419 103-9-3 XF Bt - 0.78+0.11° /
65 5.326 71773-95-0 (S)-2-F H-N-Z HE R Bk 1.96+0.68" 3.74+0.68" /

TE: " FORARAGIM, /7 FR AR RN T TR, AT A RN TR 35 22 5 (P<0.05)

BRI FIAR XS BB PeAS A IR RS 21 i 428 2 1
GV HIRP S FAR XS & B (& 6., 3R 7), KIS Lk
WERTID T 32 PR A TEIL G, X et &4 24
PEE RO ARE . A RS [RIR, 2R
FRAET 13 MR E Y, X e ) B R
AL B R T AR R . R AR

a |

WEE ERZE EE2E KR WA Hft
Pl 6 L B 2 S I I 4 R P B A A
Fig.6 Volatile organic compounds profile of the PT and FPT
E s B A ) 5 B 2R A — SR AR TE P REA vp 22 7 B35,
P<0.05,
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AR R BT (P<0.05), Hih 2K R AEXS &
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AL LR p- U 2200, S AR X B i
W2 FA(P<0.05), LIDFIEEE . 1-250-3-BEAEXT & &
B, WAL, REEHU AT A A EE . 2-F LT mE RN
TECUEE, BEkRZE o B AR B B AN i 2, BT
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Pz e i P A A A ik I\ L2 BRI AR A 400 6 XU 1%
PERRIL GBI, = T 2R AR E MW 3,7-H %6
SEIATR F R FNIE LR 1R, AT . 15 1 SR
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P 4 B, 2- 2RI | 2- 2L PR SRR | X
LRSI FIT (S ) -2-50 F-N-Z FL DT Wi, 2L [RIH4 A%,
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2.5.2 GEEEERLIECR RS R MR 25 ST
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A 280 R*X=0.957. R*Y=0.995, R>X Fll R*Y &4
T 1 BERLES E , R RE T8 0°=0.998, O° KT
0.5 Ud BHASEARY (1) T G 7 B . Ay 56 TIFAR Y (1) m] 5
P, it 200 RAE SEGIE, T ASERIE) O a4k 5
YN B AR AE 85 R T8 (—0.589) , P IR R H Fia42)
HENG, BRI IFAT R
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4 B PT
T 2 FPT-2|  oPT-2
% 0. ° oPT-3
o Y FPT-18
< FPT-3
=2 T epr
—4
-6
40 -30 —20 -10 0 10 20 30

14[1]
RX[1]=0.937 R*Xo[1]=0.0201

AR B4 2R DT, DT 07358 H EE 22 AR NEA) T .
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A2 T F W, FER 2B TSN ER .
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IS E, KIS A E i 1.30% EFFE 50.38%, 2
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Fig.7 OPLS-DA score plots (A), replacement test results (B) and VIP scores (C) of volatile substances in PT and FPT
8 MR AR NG 22 R R AL S Y T e 4
Table 8 Differential volatile compounds screening results of the PT and FPT
i FULEY SR VIP{H PlE
1 E A &, o5& 4.604 <0.05
2 A IS P AR, R 2.682 <0.05
3 PR L s LS 2.000 <0.05
4 (E,E)-2,4- K I LS 1.818 <0.05
5 T B2 AT MG 1.796 <0.05
6 Jea-2-C A LS 1.693 <0.05
7 1,3,4- = 5-3- I M- 1-H B / 1.351 <0.05
8 2- T R EE 1.244 <0.05
9 AN A AE 1.206 <0.05
10 EC IS8/ SRS 1.139 <0.05
11 -5 Lt N 1.031 <0.05
12 6-H1JE-3,5- B —4f-2-Fil WK & 1.022 <0.05
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