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Main Non-volatile Organic Acid Concentrations and the Relative Enzymatic
Activity Changes during the Growth Periods of Flue-cured Tobacco

FU Xinyan,ZHANG Xiaoquan, YANG Tiezhao™ ,LI Fei,

LI Lihua, WANG Dong,XUE Gang, WU Yunjie
(College of Tobacco, Henan Agricultural University,Zhengzhou 450002)

Abstract: In order to clarify the changes of main non-volatile organic acid concentrations and metabolism re-
lated enzymatic activities in the process of the growth of flue-cured tobacco leaves, we used 12 flue-cured
tobacco varieties to study the dynamic changes of total organic acid content, malic acid content, citric acid
content, metabolism related enzymatic activities, the nicotine content and sensory quality of modulated
smoke sample. The results showed that: (1) With the growth of tobacco plants,flue-cured tobacco total or-
ganic acid content indicated a trend of first increased and then decreased,in the middle of leaf age 50~60 d
reached the highest value. The total organic acid content of different flue-cured tobacco variety middle leav-
es had significant differences in different age periods, while had little changes before and after modulation.
(2)Malic acid content had a trend of gradually growth. Citric acid content displayed a slow “increase-de-
crease” trend. Malic acid content and the NAD-MDH (malic dehydrogenase) activity had a significant nega-

tive correlation. Citric acid content and the CS(citrate synthase) activity had a significant positive correla-
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tion, while had little correlation with the NAD-IDH (isocitrate dehydrogenase) activity. (3) When the total

organic acid content was more than 32 % ,nicotine content was between 1. 5% and 2. 6% at the same time,

the higher “acid-base ratio”,the better sensory quality of flue-cured tobacco. In summary,the accumulation

of malic acid and citric acid in flue-cured tobacco leaf were regulated by the changes of its metabolism relat-

ed enzymatic activities. “ Acid-base ratio” influenced the smoke mildness of flue-cured tobacco. Through

regulating NAD-MDH and CS activities to adjust the contents of malic acid and citric acid, coordinating

“acid-base ratio” and improving the quality of tobacco.

Key words: flue-cured tobacco;non-volatile organic acid;malic acid;citric acid;acid-base ratio;sensory quali-

ty
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Table 1 The total organic acid contents in middle leaves during the growth period of flue-cured tobacco

B S [ i 1 3 A HLAR A f Total organic acid content at different leaf ages/ %
Variety 20 d 30 d 10 d 50 d 60 d 70d
CF222 22.4741.86BC 29.7241.07BCDE 25.55+1. 13F 30.58+1.43CD 34,39+1.93CD 32.74+1.16DE
NC89 25.3642.4AB 44,58+1.58A 38.66+1.12AB 41,78+ 1. 76A 42.864+2.19A 41.4240.70BC
Y8190 24.80+2.00AB 26.0240. 87E 29.24+1.44DEF 32.46+1.93BCD 35.13+2.20CD 37.20+1.31AB
8306 23.06+1. 12ABC 31. 1442, 25BCD 35,8440, 94BC 43,60+ 1. 14A 40, 8740.89AB 42.7840.90A
NC71 23.7840.94ABC 33.49+1.51B 27.33%1.98EF 33.69£1.71BCD 34,10%2.04CD 38.85+0. 77DE
8309 23.5440.59ABC 27.93+1.79CDE 38.73+1.09AB 31.33+1.77CD 37,5442, 21BC 34,1742, 17DE

Y11 21.7140. 89BC 32.2742.26BC 41.914+2.59A 37.08+1.66B 42,93+1.77A 33.90+0. 64DE

Y10 25.10+1.37AB 28.03+1.59CDE 33.18+1.44CD 29.4241.58D 37.64+2.34BC 36.51£0.76CD

Y6 24,5740, 66AB 31.9342.33BC 32.3740.66BC 33.1141.96BCD 36,0641, 74D 33.0240. 39DE

Y5 20.83+1.59C 30. 0942, 42BCDE 30.28+2.37DE 31.97£2.68CD 36.61+2.60BCD 31.06+1.89E
7Y203 23.3440.56 ABC 27.15+1.20DE 28.73+1.87EF 35.26+2.71BC 36.64+1.03BCD 34.26+1.53DE
ZY101 26.2541.43A 32.4940.91B 28.08+2, 40EF 32.2542. 10BCD 38.2742. 06 ABC 35.3241. 14BCD

T R R R AR 2 R SR 0% 0. 01 K257 8%

Note:Data are shown as means=®SD of three replicates; The different capital letters mean significant at 0. 01 level.
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Fig.1 The dynamic changes of middle leaves malic acid content (A) and citric acid (B) content

of flue-cured tobacco varieties ‘CF222”,*NC89” and ‘Y8190’
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Table 2 The correlation coefficients between acid content

and enzyme activity of middle leaves among 12 flue-

cured tobacco varieties at the leaf age of 50 days
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Table 3 The total organic acid content and nicotine

content in middle leaves among 12 flue-cured

tobacco varieties after modulation

L o 2 ity
ey FREmawE  temam SRR
Correlation NAD-MDH < M(ﬁﬂ: NAD-IDH
coefficient enzyme CS enzyme enzyme
activity activity "
activity
SRR & _ . _ _
Malic acid content 0. 801
o 1 i A B
Frism s i - 0.887 —0.165

Citric acid content

o x FURTE 0. 01 KT LB EMRK,

Note: * * indicate significance at 0. 01 levels.

A0 %

acid ratio

Y8190 34,9440. 93 1.51+0.22 23.14
7ZY101 32.9740.25 1.58+0.15 20. 87
CF222 30.184+1.17 1.65+0.13 18.29
Y11 32.2240.12 1.94+0.23 17.12
8306 35.0140.12 2.1240.14 16. 51
Y10 34,1540.13 2.09+0.19 16. 34
Y5 30.364-0. 87 1.86+0.21 16. 32
Y6 32.4740.11 2.25+0.24 14,43
NC71 36,0940, 14 2.53+0.17 14. 26
7Y203 33.9340.24 2.42+0.11 14,02
8309 32.8640.58 2.38+0.13 13.81
NC89 33.55+1.16 3.01+0.12 11.15
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Table 4 The sensory quality evaluation of middle leaves among 12 flue-cured tobacco varieties

B Dom Mroms Micaleous HHIE A% G e ke SR
Variety ~ romé ha SCEHANCOUS  y iiating  Aftertaste  Concentration . Combustibility Pessimistic  * 8818t gy
quality quantity gas fineness score
Y8190 6.5 6.0 6.0 6.5 6.0 6.0 6.5 7.00 7.0 69.16 1
ZY101 6.5 6.0 6.0 6.5 6.0 6.5 6.0 7.0 7.0 69.16 1
Y11 6.5 6.0 6.0 6.0 6.0 6.0 6.0 6.0 5.0 68.33 2
NC89 6.5 6.5 6.0 5.5 5.5 7.0 6.0 7.0 5.0 68. 22 3
CF222 6.0 6.0 6.0 6.0 6.5 6.0 6.5 5.0 5.0 67.60 4
8306 6.5 6.0 5.5 5.5 6.0 6.0 6.5 5.0 5.0 67.05 5
Y10 6.0 6.0 6.0 6.0 6.0 6.5 6.0 7.0 5.0 66. 66 6
Y6 6.0 6.5 6.0 5.5 5.5 7.0 5.5 7.0 5.0 66.55 7
NC71 6.0 6.0 5.5 6.0 6.0 6.0 6.5 5.0 5.0 66.22 8
Y5 6.0 6.0 6.0 5.5 6.0 6.0 6.0 6.0 5.0 65.83 9
7Y203 6.0 6.0 5.5 5.5 6.0 6.0 5.5 6.0 5.0 65.38 10
8309 6.0 6.0 5.5 5.0 6.0 6.0 6.0 5.0 5.0 64.55 11
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