Asian Agricultural Research 2025, 17 (3) ;22 -26

DOI: 10.19601/j. cnki. issn1943 —9903.2025. 03. 006

Effect of Different Drying Temperatures on Biochemical Profile of

Tobacco ( Nicotiana tabacum L. )

Yunxia LI', Shengjiang WU’ , Wenxuan QUAN', Chaochan LI'"
1. Key Laboratory for Information System of Mountainous Area and Protection of Ecological Environment of Guizhou Province, Guizhou Normal University, Guiyang

550001, China; 2. Guizhou Academy of Tobacco Science, Upland Flue-Cured Tobacco Quality & Ecology Key Laboratory of China Tobacco, Guiyang 550081,

China

Abstract [ Objectives | To elucidate the impact of different drying temperatures on the biochemical profile of tobacco ( Nicotiana tabacum 1..")

leaves, the chemical constituents and ultrastructure of Yunyan 87 leaves subjected to different curing temperature settings. [ Methods ] Near-

infrared spectroscopy techniques were utilized to analyze tobacco leaf samples, comparing the changes in chemical constituents at different cu-

ring temperatures. [ Results] The CK treatment resulted in lower concentrations of nicotine, total nitrogen, chlorine, potassium, and starch,

while simultaneously enhancing the levels of total sugar, reducing sugar, and protein. In comparison to the T treatment, the CK treatment ap-

propriately altered the cell structure, reducing the content of cell wall substances. [ Conclusions | These findings suggest that low-temperature

curing at 44 °C during the color-fixing stage is beneficial for improving the quality of tobacco leaves.
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0 Introduction

Tobacco ( Nicotiana tabacum L. ) holds significant economic
importance and serves as a vital model for investigating plant ge-
netics, breeding, and biochemical processes'' >'. The process of
leaf curing is crucial for enhancing the quality of tobacco leaves for
industrial applications and consists of several distinct stages:
yellowing, flue-curing color fixing, and drying. These stages in-
volve complex biochemical reactions in which carbohydrates and
proteins continually degrade and convert, yielding molecular me-

!, The curing quality di-

tabolites essential for tobacco quality”
rectly determines the final product’s quality and effectiveness.
However, the process faces several challenges, including the pre-
cise regulation of flue-curing temperature, duration, humidity,
and variations in raw material traits” 7', Particularly, tempera-
ture control during the flue-curing process influences the drying
rate and color of tobacco, and critically impacts the content and
aromatic profiles of volatile components”® ™’

The flue-curing color fixing stage is crucial for the drying and
enhancement of tobacco leaf quality. However, challenges such as
brief periods of temperature stabilization, rapid heating rates, and

inadequate calibration of parameters may result in undesirable out-
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comes, including stiffness, poor softness, insufficient aroma, ex-
cessive variegation, and uneven surfaces in the cured leav-
es!*™") . Temperatures of 44 °C and 48 °C are critical for effective
color fixing and aroma development. Stable curing at these tem-
peratures facilitates the complete degradation of macromolecules,
thereby achieving the desired yellowing and fragrance. Therefore,

targeted research on stable temperature curing at these key points
12-13]

is essential”

The flue-curing process has been the subject of extensive re-
search regarding its capacity to enhance the quality of tobacco
leaves. Excessively high dry bulb temperatures or rapid heating
rates during this process can hinder the formation of aromatic sub-
stances in tobacco leaves, thereby impairing their sensory quali-
ly[|4]

bulb temperature exceeding 68 “C during the drying stage can re-

. Bortolini et al. " found that maintaining a maximum dry

duce energy use and costs, while enhancing the physical proper-
ties, chemical constituents, and sensory quality of upper flue-
cured tobacco leaves. When the dry bulb temperature is 44 —47 °C
in the color fixing period, the water loss of tobacco leaves is less
than 50% , the relative humidity of the air is high, and the enzyme
activity is strong. After the curing process, the chemical constitu-
ents of the tobacco leaves are more coordinated, resulting in a com-
plete transformation of their contents, which ultimately enhances the
quality of flue-cured tobacco™™"®’.

In the baking of tobacco leaves, the temperature of dry ball has
a decisive effect on the quality of tobacco leaves. This study investi-
gates a key temperature point, specifically the dry ball temperature ,
and its effects on the micro-structures of tobacco leaves. The effect
of chemical constituent content clarifies the changes in the accumu-
lation content inside the tobacco leaves on the biological process of
quality control of tobacco leaves, identifies the key molecular mech-

anism, and determines the reasonable dry ball temperature. The ob-
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jective is to decrease the prevalence of smooth and stiff cigarettes.
Additionally, enhancements are made to the quality of the baking

process.

1 Materials and methods

1.1 Experimental site and materials From 2022 to 2023, a
field experiment was conducted at the Fuquan Experimental Base of
the Guizhou Academy of Tobacco Science using the flue-cured to-
bacco variety Yunyan-87. A flat, well-drained plot with a row-to-
plant spacing of 1.20 m x0.50 m was selected, and local high-qual-
ity production practices were implemented. The top 4 — 6 tobacco
leaves of the cigarette plant, exhibiting uniformity in phenotype
characteristics such as maturity, color, and size during the mature
period were used as experimental materials. The experimental cu-
ring barn, designed by the Guizhou Institute of Tobacco Science,
consisted of 6 dense electric bulk curing barns measuring 3.5 m in
length and 1.35 m in width. Three of these barns served as control
(CK) and the remaining three as treatment (T), each replicated
three times. Tobacco samples were placed on the second layer from
the top of the curing barn. Four rods of tobacco leaves were loaded
through the tobacco loading door, with one rod placed in each of the
left and right paths.

1.2 Experimental design In this experiment, fresh tobacco
leaves (F) were set up, and the dry bulb temperature at the initial
stage of color fixing was 44 °C for control (CK) and 46 °C for treat-
ment (T). In the mid-stage of color setting, the dry bulb tempera-
ture was adjusted to 44 C (CK) and 46 °C (T) respectively, and
kept for 87 h, while in other stages, it was carried out by three-
stage baking 7 ™"'.

1.3 Sampling method During the curing process, two key tem-
perature points, referred to as the dry bulb temperatures, were
44 °C (CK) and 46 °C (T). After the fresh samples were collected
in the field, they were promptly stored in a mixture of liquid nitro-
gen and formalin-aceto-alcohol (FAA) before being transported to
the laboratory for testing. The samples used for the determination of
chemical constituents consisted of flue-cured tobacco, with each
sample being repeated three times. For ultrastructural observation,
the samples included fresh tobacco leaves and flue-cured tobacco
leaves subjected to 44 °C and 46 °C.

1.4 Determination items and methods

1.4.1 Chemical index content analysis. Chemical indicators, in-
cluding reducing sugars, total sugars, nicotine, total nitrogen, total
potassium, and total chlorine, were quantified in dried and crushed
near-infrared

tobacco leaf  samples

(NIR) M-, Additionally, the protein and starch contents were al-

so determined using established Pl"OtOCols[Zl’zz].

using a spectrometer
The temperature
was maintained at 25 °C with 68% relative humidity for conventional
chemical constituent determination, while protein and starch deter-
mination were conducted at 15 C with 40% relative humidity. A
Bruker (Germany) MPA Fourier transform near-infrared spectrome-

ter, equipped with a diffuse reflection integrating sphere and a sam-

ple rotator, served as the primary instrument for this study. Spectra
were collected over the range of 12000 to 4 000 ¢cm ™' with a specitral
resolution of 8 em™. Each spectrum required 64 scans, approxi-
mately 30 sec per scan, and was obtained using the Windows XP
platform. Methodically, samples were evenly distributed into quartz
cups to a depth of 3 —4 mm and subsequently flattened using a sam-
ple press. Initial background spectrum scans were conducted prior
to the collection of the sample spectrum™’ .

1.4.2 Ultrastructural analysis. A specimen of 1 mm X2 mm was
excised using a sharp double-edged blade from the central region of
the main vein of flue-cured tobacco leaves. This specimen was sub-
sequently fixed in a 4% glutaraldehyde solution, followed by wash-
ing with a phosphate buffer solution at pH 7.2, and finally fixed in
a 1% osmium acid solution. Following fixation, standard ultrathin
sectioning procedures were carried out, including dehydration, infil-
tration, embedding, polymerization, sectioning, and staining using

2] Observations were

uranyl acetate-lead citrate double staining
made using a transmission electron microscope (JEM-1400, Japan)
at 100 kV, focusing on 10 fields of view and key indicators like ul-
trastructures, cell walls, chloroplasts, and nuclei.

1.4.3 Statistical analysis. The Origin 2022 sofiware was utilized
for data processing and plotting. The IBM SPSS Statistics 27 soft-
ware was employed to conduct variance and correlation analysis of
the data, so as to analyze the significance of differences between

different treatments at the 5% significance level.

2 Results and analysis

2.1 Changes in the chemical constituent of tobacco leaves The
nicotine content of high-quality grilled cigarettes in China is
1.5% —3.5% . The total nitrogen content is 1.5% -3.5% . The
starch content is 4% — 5% , while the total sugar content varies
from 18% to 22% . The reducing sugar content is reported to be
16% —18% . The potassium content exceeds 2% , and the chlo-
rine content is below 1% . The two-sugar ratio is greater than
0. 85, the sugar-alkali ratio ranges from 4 to 10, the nitrogen-alka-
li ratio is less than 1, and the potassium-chlorine ratio is equal to
or greater than 4. The nicotine content of tobacco cigarettes under
T treatment was about 4. 67% , while the total nitrogen content
was around 2. 8% . Additionally, the starch content was about
3.70% , and the two-sugar ratio was approximately 0.9% . These
values were more in line with the standards of high-quality ciga-
rettes. As can be seen from Fig. 1, with the advancement of the
curing process, the changing trend of chemical constituents of to-
bacco leaves was as follows.

The nicotine content in tobacco leaves increased. The nico-
tine content in tobacco leaves under CK treatment was about
3.76% , and that under T treatment was about 4. 67% . This re-
presents a significant increase of 0.91% .

The content of total sugar and reducing sugar decreased. The
contents of total sugar and reducing sugar in tobacco leaves under
CK treatment were about 21. 04% and 17. 19% , respectively,
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while those under T treatment were about 16.93% and 13.96% ,
respectively. The reductions in total sugar and reducing sugar
are statistically significant, amounting to 4. 11% and 3. 23%,
respectively.

The total nitrogen content increased. The total nitrogen con-
tent in tobacco leaves under CK treatment was about 2.46% , and
that under T treatment was about 2. 83% .
crease of 0.37%.

content in tobacco leaves under CK treatment was about 1.43% ,

This represents an in-

The chlorine content increased. The chlorine

and that under T treatment was about 1.65% .
increase of 0.22% .
tassium content in tobacco leaves under CK treatment was about
0.21% , and that under T treatment was about 0.32% . This re-

presents an increase of 0. 11% . The starch content increased. The

This represents an

The content of potassium increased. The po-

starch content in tobacco leaves under CK treatment was about
3.17% , and that under T treatment was about 3.61% . This re-
presents an increase of 0.44% . The content of protein decreased.
The protein content in tobacco leaves under CK treatment was
about 5. 88% , and that under T treatment was about 5.04% . This

represents a decrease of 0.44% .
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NOTE Error bars depict standard deviation. # means that there is a
significant difference between the two groups when P <0.01.
Fig.1 Contents of the main chemical constituents in Yunyan-87 to-

bacco leaves

2.2 Observation of the cell ultrastructure of tobacco leaves
Cell ultrastructural analysis of flue-cured tobacco leaves revealed
predominantly elliptical cells with some square or irregular shapes
(Fig.2). The cell membranes were observed to be continuous and
clear. In fresh tobacco leaves, chloroplasts and other organelles
were found to be clustered near the cell wall within the palisade
tissue. A large central vacuole contained numerous bubbles. Oval-
shaped chloroplasts displayed prominent starch and osmiophilic
granules. The cytoplasm contained irregular osmiophilic sub-
stances, while the mitochondria were sparse and difficult to ob-
serve. The cell nucleus exhibited a clear double-membrane struc-
and a

ture, distinct nucleolar boundaries, uniform chromatin,

dense nucleolus.

NOTE a-c. Supermicrostructural forms of fresh — like blades; d —f.

Supermicrostructural forms after CK treatment and baking; g —1.

Supermicrostructural forms of the leaves after baking. Cw. Cell
wall; Chl. Chloroplast; O. Osmiophilic granule; S. Starch
granule; V. Vacuole; N. Nucleus; Nm. Nuclear membrane;
Nu. Nucleolus; Ch. Chromatin.
Fig.2 Changes in the cell ultrastructure of Yunyan-87 tobacco
leaves

Exposure to the temperature of CK treatment resulted in a
slight curling of tobacco leaves. Cell organelles such as chloro-
plasts were scattered around the nucleus. Furthermore, there was
a notable decrease in the number of chloroplasts, with many ex-
hibiting deformation, cracking, and aggregation, and the nucleus
was condensed and deformed. The area of osmiophilic particles
within chloroplasts increased, showing cavitation, while mitochon-
dria disappeared. The central vacuole filled the central region of
the cell, and the number of large starch particles was small, but
small particles remained clearly observable.

Under T treatment, it was found by scanning electron micro-
scope that there were few identifiable substances in the cells. The
distribution of starch granules decreased, with osmiophilic gran-
ules being the most prominent among them. Cell nuclear shrinkage
and deformation were observed. The cell wall exhibited shrinkage
and twisting, resulting in a reduction in thickness, while its color-
ation became lighter and more diffuse. Furthermore, the phenome-

na of rupture and degradation were more obvious.

3 Discussion

3.1 Changes in the chemical constituent of tobacco leaves
during the tobacco curing process The chemical constituent of
tobacco leaves is crucial in determining their quality and charac-
teristics. During the curing process, various chemical constituents
undergo significant changes that impact the aroma, taste, and
overall quality of tobacco'™’. Nicotine and tar, which are essen-
tial to tobacco’s sensory attributes, undergo degradation and trans-

formation during the curing process, altering their distribution and



Yunxia LI et al. Effect of Different Drying Temperatures on Biochemical Profile of Tobacco ( Nicotiana tabacum L. ) 25

]

content in the final product™’. The key indicators of flue-cured

tobacco quality include total sugar, reducing sugars, nicotine, to-

. . [27-28]
tal nitrogen, and protein levels .

The optimal protein content in high-quality tobacco leaves
typically ranges from 7% to 9% , as excessive protein levels can
negatively affect aroma and taste. This study corroborates previous
findings that protein degradation during the curing process is grad-
ual and stable'””’.

differences in potassium or protein content among different curing

Additionally, the study found no significant

conditions, indicating consistent effects. With increasing dry bulb
temperature , the total and reducing sugar contents in the CK treat-
ment exceeded those in the T treatment, indicating an upward
trend™’ . Although the contents of both sugars were significantly
higher in the CK treatment than in the T treatment, the low sugar
content in the T treatment may lead to a sharp and irritating
smoke, negatively affecting the sensory quality of the tobacco leav-
es. The sugar contents in the CK treatment fall within the range
associated with high-quality tobacco leaves. Additionally, the nic-
otine, total sugar, reducing sugar, and chlorine contents in tobac-
co leaves under the CK and T treatments exhibited differences, in-
dicating that the different treatment methods have a differential im-
pact on these constituents. The environmental and soil conditions
during tobacco cultivation also influence the chemical constituent,
affecting the levels of total nitrogen, sugar, chlorine, and protein.
Sugars and lipids are primary precursors for tobacco aroma, and
their transformation during curing is crucial for aroma develop-
ment”". During the color-fixation stage of tobacco leaves, the
transformation of aromatic compounds is relatively active. Howev-
er, as the dry bulb temperature becomes excessively high, the
chemical reactions in the tobacco leaves essentially cease, leading
to the easy volatilization and loss of aromatic substances'”’

Under the treatment condition of 46 “C, the dehydration of
tobacco leaves occurs rapidly, with a higher degree of membrane
lipid peroxidation and an accelerated decline in physiological func-
tion, ultimately resulting in a higher total nitrogen content ™ .
Studies by Su ef al. **' have shown that within a certain range, the
higher the total nitrogen content in tobacco leaves, the more likely
it is for the cured leaves to become stiff. The technique of reduc-
ing the curing temperature has a positive impact on decreasing the
proportion of stiff tobacco leaves, which may be related to the de-
gree of degradation of macromolecular substances within the leav-
es. Appropriate moisture and temperature are necessary to ensure
the activity of cell wall enzymes and amylase, allowing for the

degradation of the corresponding macromolecular

[35]

thorough

substances
3.2 Observation of the ultrastructure of tobacco leaves Cu-
ring is a critical stage in flue-cured tobacco production, signifi-
cantly influencing the quality and flavor of the final product. This
process induces significant structural changes in tobacco leaves,
affecting their physiological and biochemical characteristics ™ .
Electron microscopy of fresh tobacco leaves revealed closely ar-
ranged organelles near the cell wall, oval chloroplasts, intact cell
membranes, sparse mitochondria, clear nuclear structures with
uniform chromatin and dense nucleoli, and thick, dark cell walls.
As flue-curing progresses and temperature increases, the distortion

and rupture of cell organelles and walls become pronounced. The
starch granule content decreases, and low electron density osmio-
philic substances accumulate within the cells. Electron microscopy
revealed that before 44 °C, tobacco leaf cells exhibit significant
structural and compositional changes, triggering intense cellular
responses and partial damage. At 46 °C, severe cell membrane
damage occurs, impairing normal functions. The pre-46 °C stage
is thus critical for the physiology and ultrastructure of tobacco
leaves, influencing tissue quality.

Research shows that osmiophilic particles in palisade tissue
are crucial for determining tobacco leaf aroma and oil content, ac-
cumulating lipid substances likely derived from chloroplast inner
membrane system degradation’”’. As the curing process ad-
vances, tobacco leaf cells gradually lose vitality, halting substance
transformation. Consequently, this significantly changes the cell
structure,, shape, and internal constituents, along with a decrease
in cellular water content. The cell walls undergo hardening, while
the leaf color transitions to a brown hue. Physiological and bio-
chemical processes cease, leading to a reduction in identifiable
substances. Additionally, there is a decrease in starch granules,
shrinkage of nuclei, and contraction and twisting of cell walls.
This leads to thinner, lighter-colored cells with increased degrada-

tion and rupture™ .

4 Conclusions

This study showed that lowering the dry bulb temperature led
to a timely softening of the leaf texture, improved tissue structure,
and reduced proportion of stiffness in the cured leaves. The curing
treatment at 44 °C was observed to induce a more appropriate level
of disruption to the cellular structures and a reduction in cell wall
substance content when compared to the 46 °C curing treatment.
These findings offer further insights into the physiological and bio-
chemical changes associated with tobacco leaf curing.
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