EA4E 6 2
20254E 11 A

S PN

Journal of Huazhong Agricultural University

Vol.44 No.6
Nov. 2025,156~166

LR Wi R A S X A R 5 i M R B R S S B2 0T [T ] ARl 2R 4T, 2025, 44(6) £ 156-166.

DOI:10.13300/j.cnki.hnlkxb.2025.06.016

FER EXT S A R E RER
B RBEHFRT ST

ZHRLKR B R, EEF L AR

1. ¥ g B A TR NG 4 F W aaE),w T 4215005 2. TR X FME SR/ B RIME KA WA TR
A3/ BT VIR EH I E S S F AN 4500465 3. & 4 4 e B 3E N 8] # M 421001

FE N ERIT I R0 5 R R 4 IR A AT 5 R S A A e XUBR R E | LSS A R CXS1
SR B AR, B 4 Nt AU AR . NO (0 kg/hm?, CK) \N1(180 kg/hm?) \N2(210 kg/hm?) \N3(240 kg/hm?) , iil]
T IS MR SRR ok B SR A B 538 5 TE AE e/ N 3K 53T (OPLS-DA ) | i G5 2 SR br Hig b
HEBE BRI R GO R il 051G 0 mT LA i T8 A0 5 B BRI S AR R ; B i AU
B, T At R AR BRI (0 Ak B e S T s RN RIS ) SR S R T
T B M B TR WO S S T R R A T A 3 DS AT 2K AT ot S AR A 7 ) 5 Sk O30 AR A1 AS [l 280
S AL T AR DR IC R Ak A3 B, LR it R B A2 B i B TR A AR . X
B NS AT O e , TR0 e 1 21 A OCHE 22 S Wiy, Forh, 7R OCHE 2% S i3 RV R S L TEARDG, 2 R W

FOAE . SR, Bt UL TR A b PR B Y U

i (BRI 1) , B I3 e 5 0 A0 B4 I AN A e

1) 5 [RD I 33 5 i v B 2 R R I BRI L3, 4- TP RE-2, S-mR I R LA B A €Al S I 7 ) i R AT i A
F14 J e 3 K5, R — 2 B AR i R A SRR, = 8 A T AR R A A
KR R T B BRIy TR ECER Y R

RESHES S572; TS453 XEKARIRAZ A

L0 M LA B Sk R AR RS E R
FE AT ST KU R R T
AR5 2 4 A 0o FE B, A () b DX R 118 35 55 A A L A
FEOR B A WZ IR, AN 5] A A P JORRE 2 52 il 2 52 35 550 1)
JRUR 250 DRI, 489 5 MR R 5 A R R
KR IRASZIR 5 KR RFIE AR SC P BT, % [ 7
T 00 AR ORI A e b 2 KA R B

RE S I AR 22 K A B B T
BRI i it A R P I Y T 2 B i R
st . BRI T R B, AE— S P B
R G, K R A i e, R
AR & T AR BEER R FRRe < 5
T s AR S RS T A i 2 it

Wk H 9. 2024-12-16

BEA IR i g A A2 R B o2 RURHE R (2022430400240023 ) 5 H [ A G

L8R, E-mail : anran@foxmail.com
WAEVER « 14 &MY, E-mail : 89384059@qq.com

XEHS 1000-2421(2025)06-0156-11

IR B R R B A e A e R A R
A Z A OC AR, BT it R ) 4R R R e A
TRE TR RGN ER . HOAE T A R
S A, R MR R ) S K,
PRAREGEO B ST R VTR I T 7 X A A U
120 kg/hm? i eSO o0 2 b e, AU A
S ARSI A S . sk Y
KB V)1 38 AR it 2B A 165 kg/hm® I, 53
AR B U AU AR/ B b
PEGFRE R T = A X AR [ it 280K S T 380 e P
A5 it I B A BIF ST 45 2 7 L 210 kg /hm ()i
AV O Ol N TP R A e ) NG R e G e
i AR

P B3 N ) o R i MR B e A

ONEBTRE A FIRHE 0 H (HN2022KJ02)



4 6 3

TEHR A i U R I 5 A R

BB S B OGS i A 157

DR IF A 0 S5 L A2 T ke 4 R i 2
R T DG AR M 5T 2L 203 A B, SR T R PN 5%
Tt 2R X AR R BT R S e A Y, 2 R R T
XoF it O R 1) 8 B LA, e = DRI 5 R AR
S RHE R A5 2 4L FE 1) RGEPELR G PR o I it
R T BT i R T 25 R A ) BRI
B, TR Z RIS RN ST I, AR R AS
[F] &0 S A T (40 A 5 A P A T AR e R
SV, I T OE 32 I fe /N 3 H) 51 43 B (OPLS-
DA) s, 28 B AS [R) it 0t T 25 78 08 - Ak 2 B
F SR P 1) S5 22 S48 45 , R Pearson #H
KM R T H SR E RO R, DU E o @
] AR AR B8 5 0 T S KUK AR, Ay 2 4 [
511 AR P 18 AU REAE AR AR, 12 v X5 A AL
MR E MR R S
1 MRER=E
1.1 REH R

A 5 Al CX81 (il R 48 I BB 7 BF 5% BT 2
b)), 356 B R A BRI | i AT 2R o S AR — B0y
AT B L A R PR R R VR AR (LHS-150HC-1, 1
—EBFF A RA )RR E R 42 °C B E R
B 80Y0 , HEATHIR AW 25 d Jim ,AE g A kL
1.2 R =

TGS T 2023 A 7E W A A8 A7 B T 7 T R R
FhHAAE P2 e (26°107 N, 112°29 ' E, 4K 167.8 m) ik
7o At A 38 0T 1 2SR SR Ry 0 o 2 L SR IO A A
VR BE , - BE Ak % Bt hy « + 1€ pH 5.04, A LT
59.81 g/kg. 4= A 3.13 g/kg. & W 0.69 g/kg. 4= #
20.71 g/kg. W fift & 265.65 mg/kg. H ¥ W 11.78
mg/kg B 139 mg/kg.
1.3 Rt

R R H R HL X A 33T, 15 4 il R AL B
NO (0 kg/hm?, CK) | N1 (180 kg/hm?) . N2 (210
kg/hm?) \N3(240 kg/hm?) , BEA~AE B B 3IRE &,
124N X, A /DX L 80 mP, KM Bk T
4 A5 HBAR ATHIE N 1.2 mX0.4 m, HE3A 1 5: 5,
TR0 AT} F Y Ml R A w AR SRR A AR R
FEAE (8.5-10-11) =L HEZ T (20-9-0) ZRAF1E
JIE(2.76-0.59-1.1) HHFEL FIIE AL (10-0-32) K i B
(13.5-0-44) , 25 4b PR AL i FH &2 40 [, 0 T 2
310 kg/hm?, # I F 4 560 kg/hm?, BiEHE FIAR AR 43
S A5 BE B A (0-12-0) AR R 1 (0-0-50) #h 55 . 4R

PRRIAEAT T, [G] BB 25 73 4~5 R it o oAbk
B8 B[R] 1) AR R AR DR A — B0, 2 IR0 b 5 000 0
R PR AR AT -

14 RERRUE

Vo i TR S AN T] A 38 5 AR Pt 3 ) s T A B
110 mm, F42 14 mm B PFIRAFE &, 7TERLEE 18 °C AHXT
MEEE 70 %6 19 Binder fH R TH WPAR (KBF 240, AR5 L
B v s () 2 w)) B b IR 4 A R PP
P AL SR i A il b R R0 R s A LA A BT 5
MZFEATIL N B ZAA TR E I . S ISCk[14], R
FHO Gl bR B, X b 0 b T REAE AR IE e XUAS
FRIEHEATITAN o
1.5 EMUERSNE

HRAR 2 B D A 6 A B i ik « A i 4
B A BT (5 AA3—HR) , % B YC/T 161—
2002 € B Kz 4 R S SR shEE) |
YC/T 160—2002CHH 5 Kz A8 B i i SR A Bk i) ) s
HEEERENEY YC/T 249—2008 A K Al %5 i i 2
FI BRI 8 FESEH 83 ) . YC/T 159—2019¢C M 5 A
JRRL ) i KIS PERE RN 2 2k ahik) . YC/T 217-
2017 CHA B B R i B 000 A 3 SR 8k ) (Y C/
T 162-201 1€ 8 B R A 50 o) o 00 I 78 3% 2 3 30
) TP T ) R S R R L R L
1.6 HFHEHEFYRUE

A ST 5 E A K 8RR - AR B
FEWUE AT B I, A0 6 A (3 [ HP5890-
5972) # 4T GC-MS 4341 , i i NIST i e A6 3 e
PR A i, AR S R A T kA T A

GC 4% 1« 035 k- S HP-5MS A 2% & 240 45 k&
(30 m<0.32 mm>0.25 pm) ; 2 < R = 4l B AR
(He, 99.999%) , i # 1.3 mL/min; ¥F &£ 1 & &
250 °C, T RER A (/i e 102 1) s BRP THE - W 4R
IR 50 °C (A5 min) , A 3 °C/min F+ % 230 °C,
PL12 °C/min 7} £ 280 “C(f44% 10 min) .

MS &M B FURELJE R .70 eV B 1
PRI+ 230 °Ci AR 2 R - 250 “Cs Al X &4
5 L : 33~550 amu.

1.7 HiEAERIEE

fdi ] Excel 2021 47 %48 4 3, >R F SPSS 25.0
BT AR X B TEA T d5e /N . 3 22 599 (LSD) Fl EZ /R
b #H 5% 1 (Pearson correlation) 43 #7 , 1 i3 SIMCA



158

LS N AN S o ¢

944 %

141 3R SR AT 1E 52 D e /s — 3 41 531) 73 A (orthogonal
partial least squares-discriminant analysis, OPLS-
DA) . i ] Origin Pro 2021 % {2 1l B B i it 75 14
ST K L VTP [ RS OR SG P # AT 5 STM-
CA 14.1 ¥ {2 OPLS-DA #8115 43 4] ; TBtools-
11 efri22e ] DG B 22 S AR B R
2 HBR5Hh
21 AEBEERETSMEHHRERE

A Tl it 8 ek A PR S50 AR A SRR B AN A
IR s BURAAE B (BT 1A) B it AL 1Y
Fh e, S50 KA % b S5 R A A S S T S AR

Fe, N2 b BT B 00 AR A AU AR U
By 0T A4 B (EAABETEAT BT IRAR , A
MRS N1 AR BEA B B R IR ARk (1811B)
IN2 Ak B PR a8 2 P AR 50 XS 32 8 G T At Ak
AR A S A PITRAEARS 5 N2 A AL 7% T 38 R e
JEE TR N3 A B — 2, ¥4 iRk ALt 0 T 2550
PSR AIE 22 S AR (181 1C) |, A ] Ak 2R 5 5 A 24 A
AT A AR B A i, (E R Bt i 2 3
00 R A K A B, AR A DR AR T, E N3 Ak
M e . ZE kA, ARG R T SR E
Jitte: 22 S BOR, HL BB il S0 3G , A R |
FIEE AER T MR AR A T 5 55

A T B kI C e —=—NO
Aroma quality Smoke concentration Wood aroma N1
KE 60 TR o0 2 o —a—N2
Gray Aroma quantity I 4 Bean aroma
KA Herbal aroma \ 3y —v—IN3
= 1.
R R .
e Highlighting4%¢< TS moke intensity
| ORETE AL of cigar style
Combustibility Miscellaneous gas TEE EmE
f Hay aroma Pollen aroma

R

Trritant

i |
Sweetness
Gl

Aftertaste

i I

Richand mellow degree

Permeability Wik A

A

Glutinous rice aroma Sweet aroma

B1 AREEERETEMEERRA JESB) KRHFIEC FENEE RETN
Fig. 1 Sensory quality evaluation results of cigars in terms of quality, smoke and style characteristics of cigar tobac-

co leaves under different nitrogen application rate
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Table I Changes in chemical composition of cigar tobacco leaves under different nitrogen application rates

. L JE/ ) ) . Al AL

wm gy R e s wv wRy o mamu N A

= - Reducing L o . - . . Potassium Nitrogen

Treatment  Total sugar Nicotine Chlorine Potassium Total nitrogen Protein . . L .

sugar chlorine ratio nicotine ratio

NO 0.544+0.0la 0.250.0la 2.37£0.11d 0.84£0.02d 4.924+0.13b  3.11£0.07d  6.6940.09c 5.8340.22a 1.31£0.09a
N1 0.4840.02b  0.22£0.01b  2.8040.07c  0.960.02c  4.91£0.09b  3.3120.06c  6.8840.09bc 5.1240.02b  1.182£0.03b
N2 0.4540.01c  0.214=0.01b  3.34=£0.06b  1.01£0.01b  5.132£0.05a  3.460.04b  7.00%0.12b  5.0920.08b 1.04=0.02¢
N3 0.43£0.0lc  0.17£0.0lc  3.6040.09a 1.04£0.0la 5.23£0.08a  3.67£0.12a  7.614+0.16a 5.02£0.05b 1.0240.01c

VE « [R50 A 6] /N5 2R 36 7n A [R) Ab R A) A7 AE & 3% 25 5+ (P<<0.05) , FJAl . Note: The lowercase letters in the same column indicate that

there are significant differences between different treatments, the same as below.
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Table 2 Changes of neutral aroma components content in cigar tobacco leaves under different nitrogen application rates

B Sl HEY) R 1/ (pg/g) Content
Category Aroma constituents NO N1 N2 N3
2 Benzyl alcohol 5.2540.08c  7.734+0.08b  9.64+0.22a  9.334+0.17a
Z8 Z,1 Phenylethyl alcohol 7.0440.07d  14.7540.35¢  20.96£0.27a 19.49+0.31b
Xﬁﬁ@afi%ﬁﬁfr% R Benzaldehyde 0.16-£0.00d 0.33+0.0lc ~ 0.52£0.01b  0.6240.01a
Phenylalanines
degradation products 2. Phenyl acetaldehyde 6.0140.07c  1543+0.08a 15.7740.23a  10.8740.24b
/It Subtotal 18.4740.04d  38.244+0.27¢c  46.88+0.21a 40.32+0.36b
HEEE Furfural 11.0040.10d  15.6940.37¢c  17.4740.06b  20.21+0.25a
BB Furfuryl alcohol 1.1940.01c ~ 1.214£0.02c  1.76£0.01b  1.83+0.02a
5-F LR 5-Methylfurfural 0.2740.01d 0.5940.0lc ~ 0.65+0.01b  0.6940.01a
Ifi%ﬁif;?fﬂ 2-Z BEHEY 2-Acetylfuran 1.2940.02b  1.384+0.0la  14440.02a  1.42+0.02a
products 2-Z. WIS 2-Acetylpyrrole 1.08+£0.00c  1.38+0.03b  1.5340.02a  1.4840.0la
31%;1%3;;22?;@1 0.7840.01d  1.37£0.02c  1.77+0.03b  2.130.0la
/It Subtotal 15.60+0.11d  21.63+0.43c  24.62+0.03b  27.75+0.22a
FVURABER A )
Cembranoids of the class Hililiil Solanone 74.854+0.71a  22.06£0.16b  19.97£0.23c  15.904-0.20d
degradation products
B-K 5] B-Damascone 11.6340.23d  19.23+0.24c  25.76+0.49a 21.79+0.44b
B- A K G B-Dihydrodamascenone 5.8740.05d 10.86+0.12b 12.81+0.14a  8.68+0.06¢
3-$#24-3- A KD 3-Hydroxy-B-damascone  6.81+0.10d  8.834+0.18b  10.62+0.16a  8.1940.15¢
L & =i 1 Megastigmatrienone 1 8.43+0.11c  9.5040.09b  11.48+0.08a  8.48-+0.12¢
FL 5 =il 2 Megastigmatrienone 2 41.50+0.93d  51.334+0.33b  62.78+1.03a  48.87+0.41c
[ 17 =5 3 Megastigmatrienone 3 1.89+0.04c  4.24+0.06b  4.584+0.07a  4.15+0.05b
[ 7 =51 4 Megastigmatrienone 4 32.20£0.38d  41.96+0.78b  50.56+0.48a  38.13+0.42¢

LHE R
Carotenoid degradation
product

FeAb Bt i

Other aroma substances

nE R AR 4

Chlorophyll degradation products

Hh P W D

Total neutral aroma substances

ERERN I GHSS

Total amount of megastigmatrienone
6-Fl J-5- Pl -2-Fi 6-Methyl-5-hepten-2-ol
6-F1 %£-5-P#4fi-2-fl 6-Methyl-heptenone

S KT Isophorone

ALK Keto-isophorone

15 JE LN Farnesylacetone
F I JEN T Geranyl acetone

ZEURBERE TR Dihydroactinodiolide

B-FRFrERE B-Cyclocitral
8 24 i Bulbophyllone
5 1R Linalool
FRAEIE Safranal
/Nt Subtotal
HBIAM Guaiacol
2,6-T: Jfi% 2,6-Nonadienal
/I Subtotal

i M Neophytadiene

Rt (B — 4641

Total amount except neophytadiene

St Overall amount

81.804-1.87d

0.9140.02d
4.0540.02b
0.2240.01a
0.5620.01d
22.70£0.33a
6.4940.10c
2.5740.04b
0.4140.00c
3.1540.03d
0.5840.00d

103.404-1.34b

1.79+£0.02b

5.06£0.08a

0.194-0.01b

0.884=0.01c
19.770.44b
7.48+0.10a

2.39+0.02¢

0.41£0.00c

3.82:£0.09¢

0.854-0.01c

132.174+1.01a

1.94+0.01a
5.1040.07a
1.212£0.01a
17.9540.21c
6.53=20.09¢
2.382£0.05¢
1.13£0.01a
4.8140.03a
0.984-0.00b
0.214-0.00a

98.754-0.95¢

1.31£0.01c

5.06+£0.07a

1.012£0.01b
16.42+0.41d
7.06£0.02b

3.15+0.03a

0.9540.01b

4.11£0.06b

1.00£0.01a

0.194-0.00b

149.944-1.56d 188.64=£0.64b 220.864=1.83a 178.55*1.31c

1.6120.02a
0.45+0.01d
2.0620.01d

764.66£5.52d 879.5349.61b

260.91+1.44¢

1025.57=
5.24d

0.91£0.01b
1.4540.01c
2.36£0.02b

272.92+0.30b 315.20+2.08a

115245+
9.49b

0.8320.01c
2.0440.03a
2.8740.02a

1017.01+
84a

1332.21+
20.81a

0.7240.01d
1.5740.02b
2.29+0.02¢

832.08+£12.47¢

264.81+0.64c

1096.88+
12.67¢

T —FR/RAK . Note : — indicates that the item is not detected.
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Fig. 2 Differential abundance of chemical components in cigar tobacco leaves

modulated by nitrogen application rates
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Fig. 3 Venn diagram analysis of different chemical components in cigar tobacco leaves
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Fig. 4 OPLS-DA model of chemical components and aroma substances in cigar tobacco leaves
under different nitrogen application rates score distribution model (A) and cross validation results (B)
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Effects of nitrogen application rate on sensory quality
of cigar tobacco leaves in Hunan Province and analysis
of key chemical components

AN Ran', CHEN Yixin®, MU Tingting’,ZENG Huiyu', FAN Caiyin', DENG Guolin',
WAN Huaquan', SHI Xiangdong”, DING Songshuang”, XIAO Zhipeng®

1.Changning Branch of Hengyang Tobacco Company of Hunan Province, Hengyang 421500, China;
2.College of Tobacco Science, Henan Agricultural University/ National Tobacco Cultivation and
Physiology and Biochemistry Research Center/Key Laboratory for Tobacco Cultivation of
Tobacco Industry, Zhengzhou 450046, China;
3.Hengyang Tobacco Company of Hunan Province, Hengyang 421001, China

Abstract The cigar variety CX81 was used to study the material basis of nitrogen application rate af-
fecting the sensory quality of cigar tobacco and analyze the flavor characteristics of cigar tobacco leaves in
Hunan Province. 4 treatments of nitrogen application rate including NO (0 kg/hm*, CK), N1 (180 kg/
hm?) , N2 (210 kg/hm?) and N3 (240 kg/hm®) were set up to determine the sensory quality and main
chemical components of fermented tobacco leaves. The orthogonal partial least squares discriminant analysis
(OPLS-DA) was used to screen key differential indexes and analyze their relationship with sensory quality.
The results showed that the increase in nitrogen application rate enhanced the intensity of smoke, the rich
and mellow degree, pollen aroma, and glutinous rice aroma of cigar tobacco. The content of total nitro-
gen, nicotine and browning reaction products in cigar tobacco leaves increased significantly with the in-
crease of nitrogen application rate. The total amount of phenylalanine degradation products, carotenoid deg-
radation products, the neophytadiene and neutral aroma substances increased first and then decreased,
while the content of total sugar, reducing sugar, and cembranoid degradation products gradually decreased.
There was no unique chemical component in cigar tobacco leaves under different nitrogen application rate,
and the proportion of components with increased content of chemical components gradually increased with
the increase of nitrogen application rate. 21 key differential components were screened , of which 7 were sig-
nificantly positively correlated with sensory quality and 2 were significantly negatively correlated. It is indi-
cated that increasing the application of nitrogen fertilizer can increase the total amount of neutral aroma sub-
stances (except for neophytadiene ) , thereby enhancing the sweetness and woody aroma of cigar tobacco.
The intensity of smoke, the rich and mellow degree in smoke were further enhanced , and the pollen aroma
and glutinous rice aroma were enriched by increasing the content of total nitrogen, nicotine, benzaldehyde,
furfural, 3, 4-dimethyl-2, 5-furanedione, and browning reaction products, and reducing the mass fraction
of reducing sugars.

Keywords nitrogen application rate; cigar; sensory quality; routine chemical components; neutral
aroma component
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