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Abstract
Storage of oilseed raw materials is a critical post-harvest operation because moisture con-

tent, temperature, aeration, microbial activity, and storage duration collectively determine the 
rate of quality deterioration. In the present study, an analytical assessment was conducted of 
the factors affecting the storage of sunflower seeds (Helianthus annuus L.) and cottonseed 
(Gossypium hirsutum L.), which are of practical importance to the vegetable oil industry of 
the Syrdarya Region, Uzbekistan. The findings of the initial study were compared with con-
temporary published data on moisture content, temperature conditions, storage duration, and 
quality indicators. In the initial study, an increased risk of quality deterioration was observed at 
moisture contents above 10–12% for sunflower seeds and above 9–10% for cottonseed, while 
a temperature range of 5–15 °C was considered rational for slowing biochemical processes. 
Under favorable storage conditions, the main quality characteristics were reported to remain 
stable for approximately 6–8 months, whereas under unfavorable conditions, deterioration 
could occur within 2–3 months. These values should be regarded only as indicative ranges 
for the conditions investigated. Comparison with current literature confirms the key role of 
moisture and temperature control, as well as the need to consider relative humidity, aeration, 
and microbiological risks. An integrated technological scheme is proposed, including lot clas-
sification, cleaning, moisture adjustment, cooling, aeration, controlled storage, and periodic 
laboratory monitoring. The quantitative data presented in Tables 6 and 7 were obtained from 
published studies and do not represent original measurements by the authors of the present 
study. The main limitation is the absence of a complete primary dataset from the initial inves-
tigation, including detailed information on replication and statistical analysis. Therefore, final 
validation of the proposed storage conditions requires a specifically designed experiment under 
the environmental and technological conditions of the Syrdarya Region.
Keywords: sunflower seeds; cottonseed; oilseed crops; storage; moisture content; tempera-
ture; relative humidity; acid value; peroxide value; aeration; seed quality; Syrdarya Region
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Introduction
Oilseed crops are biologically active raw 

materials whose quality changes continuous-
ly between harvest and processing. Sunflow-
er seeds and cottonseed are of considerable 
practical importance in Uzbekistan because 
they are used for the production of vegetable 
oil and valuable by-products. During storage, 
seeds continue to respire and exchange mois-
ture with the surrounding environment. The 
accumulation of heat and moisture within the 
stored seed mass can intensify respiration, 
microbial activity, enzymatic reactions, and 
lipid deterioration, ultimately reducing the 
technological suitability of the raw material.

Moisture content is one of the principal 
factors determining the storage stability of 
oilseed raw materials. According to FAO rec-
ommendations for storage under hot climat-
ic conditions, a moisture content of approx-
imately 9% is considered an indicative level 
for long-term storage of sunflower seeds [6]. 
Recent studies on cottonseed have demon-
strated a pronounced dependence of storage 
stability on moisture content and storage 
system. In a  12‑month study, samples with 
higher initial moisture content exhibited 
substantially greater quality deterioration, 
whereas storage at lower moisture content 
under hermetic conditions provided consid-
erably better preservation (Fatima, F., Kha-
lid, E., Afzal, I., et al., 2025).

Temperature acts in interaction with 
moisture content and environmental condi-
tions. Controlled studies of sunflower seeds 
have shown that elevated temperature and 
exposure to light accelerate changes in acid 
and peroxide values and promote oxidative 
processes (Xu, W., Yao, J., Yi, Y., Wang, H.-X., 
Wang, L.-M., 2019). Studies conducted under 
cyclic variations in temperature and relative 
humidity have also demonstrated that realistic 
fluctuations in storage conditions can result in 
different patterns of changes in moisture con-
tent and peroxide value compared with con-
stant storage conditions (Liu, J., Yang, Y., Xu, 
Z., Wang, Q., Liu, B., Wu, Y., 2022).

Modern approaches to quality control 
increasingly incorporate rapid, non-destruc-
tive technologies. In particular, hyperspec-
tral imaging combined with chemometric 
analysis has been used to assess the viabili-
ty and moisture content of sunflower seeds, 

whereas Raman microspectroscopy is con-
sidered a  promising method for the rapid 
assessment of sunflower seed freshness and 
viability (Huang, P., Yuan, J., Yang, P., Xiao, 
F., Zhao, Y., 2024; Ma, J., Yang, L., Gao, W., 
Chen, J., Li, J., Jin, L., Hou, R., 2024).

The aim of the present study was to an-
alytically assess the principal factors affect-
ing the storage of sunflower seeds and cot-
tonseed, compare the findings of the initial 
investigation with contemporary scientific 
evidence, and develop an integrated techno-
logical scheme for maintaining the quality of 
oilseed raw materials under the conditions of 
the Syrdarya Region, Uzbekistan.

Materials and Methods
The study was based on materials from 

the initial investigation conducted in the lab-
oratory of the Scientific Center of the Depart-
ment of Food Technologies at Gulistan State 
University, together with data obtained from 
published scientific sources. The objects of 
the initial investigation were sunflower seeds 
and cottonseed of practical importance to the 
vegetable oil industry of the Syrdarya Region, 
Uzbekistan. The initial study assessed mois-
ture content, temperature, storage duration, 
organoleptic condition, and physicochemical 
changes associated with biochemical pro-
cesses during storage.

The complete primary dataset, informa-
tion on the number of independent repli-
cates, sample sizes, analytical procedures, 
and statistical methods were not available 
in the source materials. Therefore, missing 
primary data were neither reconstructed nor 
presented as results of an original experi-
ment in the present study.

For subsequent local validation, inde-
pendent measurements of moisture content, 
seed-mass temperature, ambient relative 
humidity, acid value, peroxide value, oil con-
tent, germination/viability, and the degree of 
fungal contamination should be performed 
at predetermined sampling intervals.

The moisture-content ranges of 10–12% 
for sunflower seeds and 9–10% for cotton-
seed, the temperature range of 5–15 °C, and 
the reported periods of quality preservation 
of 6–8 months under favorable conditions 
and 2–3 months under unfavorable condi-
tions were retained from the initial study. 
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These values are considered indicative only and should not be interpreted as universally 
applicable storage standards.

Table 1. Key Factors Determining the Storage Stability of Oilseed Raw Materials

Factor Adverse Change Underlying 
Mechanism

Technological 
Measure

Moisture Con-
tent

Increase or Fluctuations Increased respiration, 
microbial activity, and 
hydrolytic processes

Drying and regular 
moisture monitoring

Temperature Heat accumulation or 
temperature increase

Increased respiration 
and oxidative processes

Cooling and aeration

Relative Hu-
midity

High or fluctuating rela-
tive humidity

Moisture exchange and 
increased risk of fungal 
growth

Environmental condi-
tion control

Impurities 
and Damaged 
Seeds

High Content Localized heating and 
microbial growth

Cleaning and grading

Storage Dura-
tion

Prolonged storage under 
unfavorable conditions

Cumulative quality dete-
rioration

Periodic quality moni-
toring

Results and Discussion
The initial study associated moisture con-

tents above 10–12% in sunflower seeds and 
9–10% in cottonseed with increased respi-
ration, microbial activity, and a  higher risk 
of self-heating. These findings are generally 
consistent with international scientific evi-
dence. According to FAO recommendations, 
a  moisture content of approximately 9% is 
considered an indicative level for the long-
term storage of sunflower seeds under hot 
climatic conditions (De Lucia, M., Assenna-
to, D., 1994). In a recent study of cottonseed, 
moisture contents of 6, 8, 10, and 12% were 
evaluated over a  12‑month storage period. 
The results showed that quality deterioration 
occurred substantially more rapidly at high-
er moisture contents, whereas storage at 6% 
moisture under hermetic conditions provided 
the best preservation among the conditions 
investigated (Fatima, F., Khalid, E., Afzal, 
I., et al., 2025). These findings indicate that 

moisture content should not be controlled 
as a single universal threshold, but rather as 
a range that interacts with temperature, rel-
ative humidity, packaging or storage system, 
and the intended storage duration. For long-
term cottonseed storage, the results of recent 
international studies obtained at lower mois-
ture contents indicate the need for additional 
local experimental validation before applying 
the broader 9–10% range identified in the 
initial study as a zone of increased risk.

Thus, under the conditions of the Syrdarya 
Region, it is advisable to simultaneously 
monitor seed moisture content, seed-mass 
temperature, and ambient relative humidity, 
because their combined effects determine the 
stability of the raw material during storage. 
This approach is consistent with the initial 
study, in which moisture content was identi-
fied as one of the key factors determining the 
storage stability of oilseed raw materials.

Table 2. Comparative Interpretation of Moisture-Related Storage Conditions

Oilseeds Conditions Main Outcome Practical Significance

Sunflower Long-term storage un-
der hot climatic condi-
tions

Indicative moisture con-
tent: ≈9%

Moisture control is a key 
condition for maintaining 
storage stability.
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Oilseeds Conditions Main Outcome Practical Significance

Sunflower Different temperature, 
light, and relative hu-
midity conditions

The rate of quality de-
terioration depends on 
the combined effects of 
storage conditions.

Moisture and temperature 
must be controlled.

Cottonseed Moisture contents of 
6, 8, 10, and 12%; 12 
months of storage

Higher moisture content 
accelerated quality dete-
rioration.

Dry and protected storage 
conditions should be prior-
itized.

Sunflower 
kernels

Increase in relative 
humidity

Higher relative humidity 
increased the risk of mi-
crobial contamination.

It is necessary to control 
not only seed moisture 
content but also ambient 
relative humidity.

Organoleptic assessment can serve as 
a rapid method for detecting signs of deteri-
oration in the quality of raw materials; how-
ever, it should not replace laboratory moni-
toring. Changes in the odor, color, and overall 
condition of seeds may indicate the develop-
ment of undesirable processes, but objective 
assessment requires additional determination 
of moisture content, acid value, peroxide val-
ue, and other physicochemical parameters.

A  recent study of sunflower seed kernels 
showed that an increase in relative humidity al-
ters the structure of the fungal community and 
increases the risk of microbial contamination 
(Liu, J., Yang, Y., Xu, Z., Wang, Q., Liu, B., Wu, 
Y. 2022). Therefore, during storage, it is neces-
sary to control not only the moisture content of 
the seeds themselves but also the relative hu-
midity of the air within the storage facility.

In the initial study, a  temperature range 
of 5–15 °C was considered rational, where-
as temperatures above 25  °C were consid-
ered unfavorable for storage. This conclusion 
should be regarded as a recommendation ap-
plicable to the specific conditions of the study 
rather than as a universal standard.

Studies on sunflower seed storage have 
shown that temperature interacts with light 
exposure and storage duration. Elevated 
temperature and exposure to light accelerate 
changes in acid and peroxide values and pro-
mote oxidative processes (Xu, W., Yao, J., Yi, 
Y., Wang, H.-X., Wang, L.-M., 2019).

Temperature and relative humidity fluctu-
ations are also important. Under cyclic chang-
es in these parameters, the dynamics of seed 
moisture content and peroxide value may dif-
fer from those observed under constant stor-
age conditions (Liu, J., Yang, Y., Xu, Z., Wang, 
Q., Liu, B., Wu, Y., 2022). Therefore, more re-
liable storage-management principles include 
preventing heat accumulation within the seed 
mass and detecting temperature increases at 
an early stage, rather than relying solely on 
a nominal average temperature.

Thus, under the storage conditions of the 
Syrdarya Region, Uzbekistan, continuous 
monitoring of temperature, seed moisture 
content, and relative humidity should be en-
sured for sunflower seeds and cottonseed. 
When a trend toward increasing temperature 
is detected, cooling and aeration should be 
promptly implemented.

Table 3. Interpretation of Temperature Conditions

Tempera-
ture

Interpretation within the 
Initial Study

Recommended Technological 
Measures

5–15 °C Rational range Preferred where technically feasible

15–25 °C Increased intensity of biochemi-
cal processes

Enhanced temperature monitoring and 
aeration

>25 °C Unfavorable conditions Cooling, aeration, and quality assessment 
of the raw material
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The initial study showed that under fa-
vorable storage conditions, the main quality 
characteristics were maintained for approxi-
mately 6–8 months, whereas under unfavor-
able conditions, quality deterioration could 
occur within as little as 2–3 months. How-
ever, these periods should not be regarded 
as guaranteed storage periods or universal 
shelf-life limits. The duration of safe storage 
depends on the initial quality of the raw ma-
terial, as well as on the combined effects of 
time, temperature, and moisture throughout 
the entire storage period.

According to the initial study, the main 
indicators of quality deterioration were the 
development of a  musty odor, darkening of 
the seeds, reduced germination, decreased 
oil content, and an increase in acid value. 
Since quantitative primary data were not 

available in the source materials, these indi-
cators are considered in the present study as 
descriptive observations from the initial in-
vestigation rather than statistically validated 
results of a new experiment.

It should also be considered that during 
prolonged storage, primary oxidation prod-
ucts, including peroxides and hydroperox-
ides, may subsequently decompose to form 
secondary oxidation products. Therefore, 
a  single measurement of peroxide value is 
insufficient to fully characterize the kinetics 
of oxidative processes (Xu, W., Yao, J., Yi, Y., 
Wang, H.-X., Wang, L.-M., 2019). For a more 
objective assessment of quality dynamics, pe-
riodic measurements of acid value and per-
oxide value should be conducted throughout 
the entire storage period.

Table 4. Recommended Quality Indicators for Validation of the Results

Indicator Information Obtained Priority
Moisture content (%) Storage stability; risk of microbial activity 

and increased respiration
Mandatory

Seed-mass temperature (°C) Risk of heat accumulation and self-heating Mandatory
Relative humidity (%) Moisture exchange and risk of fungal growth Mandatory
Acid value Degree of hydrolytic deterioration of lipids Mandatory
Peroxide value Primary lipid oxidation processes Mandatory
Oil content (%) echnological oil yield High
Seed germination / viability Physiological quality of seeds High
Fungal contamination Degree of microbiological quality deterioration High

Modern instrumental methods can addi-
tionally be applied for the rapid assessment 
of oilseed raw material quality. In particular, 
hyperspectral imaging has been shown to en-
able the assessment of viability and moisture 
content in sunflower seeds, whereas Raman 
microspectroscopy can be used to differenti-
ate fresh and aged sunflower seeds (Huang, 
P., Yuan, J., Yang, P., Xiao, F., Zhao, Y., 2024; 
Ma, J., Yang, L., Gao, W., Chen, J., Li, J., Jin, 
L., Hou, R., 2024).

It should be emphasized that these meth-
ods are proposed only as promising tools for 
further improvement of the quality-control 
system and were not used in the initial ex-
periment.

An integrated technological scheme for 
the storage of oilseed raw materials is pro-
posed. At the initial stage, incoming raw ma-

terials should be classified according to crop 
type, moisture content, temperature, impuri-
ty level, and initial quality.

Following classification, each batch 
should undergo cleaning and, when neces-
sary, drying to a predetermined target mois-
ture content that has been experimentally 
validated. Cooling and active aeration should 
be used to remove accumulated heat and ex-
cess moisture.

During storage, individual batches should 
be stored separately and subjected to peri-
odic monitoring. Monitoring should include 
assessment of temperature and moisture con-
tent, as well as the main quality indicators in 
accordance with the established monitoring 
system.

Thus, the proposed technology involves 
the following sequential operations:
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Receiving and classification → 
Cleaning and grading → Moisture ad-
justment (drying) → Cooling → Active 
aeration → Controlled storage → Peri-
odic quality monitoring → Transfer for 
processing.

The proposed scheme has been developed 
for the conditions of the Syrdarya Region and 

is considered a  technological framework re-
quiring subsequent quantitative validation 
under industrial conditions. In the initial 
study, this integrated approach was proposed 
for managing the quality of sunflower seed 
and cottonseed batches during storage.

Table 5. Integrated Technological Scheme for Improving 
the Storage of Oilseed Raw Materials

Stage Operation Critical Control Point Corrective Action

1. Receiving and classi-
fication

Moisture content, temperature, 
impurity level

Segregation of batches 
that do not meet estab-
lished requirements

2. Cleaning and grading Content of impurities and dam-
aged seeds

Additional cleaning

3. Drying / moisture 
adjustment

Experimentally validated target 
moisture content

Continued drying

4. Cooling Seed-mass temperature Intensification of cooling 
and/or aeration

5. Active aeration Temperature response and rela-
tive humidity

Adjustment of airflow 
intensity

6. Controlled storage Temperature, moisture content, 
relative humidity

Corrective measures to 
eliminate detected devi-
ations

7. Periodic monitoring Acid value (AV), peroxide value 
(PV), oil content, organoleptic 
indicators

Priority routing of the 
batch for processing

8. Transfer for process-
ing

Final raw-material quality Determination of quality 
class

The proposed system considers storage 
as a  dynamic process rather than an op-
eration conducted at a  fixed temperature. 
A  sustained increase in temperature or 
moisture content should serve as a basis for 
taking corrective action before visible signs 
of raw-material deterioration appear. This 
approach enables the timely detection of 
unfavorable changes in storage conditions 
and helps prevent further deterioration of 
seed quality.

To strengthen the quantitative interpre-
tation, without presenting published data as 
results of the present study conducted in the 
Syrdarya Region, selected numerical data 
from two published studies were incorporat-
ed. The cottonseed data were obtained from 

Fatima et al. (2025), in which cottonseed 
was stored for 12 months at initial moisture 
contents of 6, 8, 10, and 12% in hermetic 
bags. The sunflower seed data were obtained 
from Premović et al. (2014), in which seeds 
stored for 0, 6, and 12 months at tempera-
tures below 30  °C under good ventilation 
were investigated, with acid and peroxide 
values determined in the seeds and in the 
cold-pressed oil obtained from them. These 
data, derived from published literature, are 
used exclusively for comparative analysis 
and graphical interpretation; they are not 
part of the primary experimental dataset of 
the present study.
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Table 6. Cottonseed Germination after 12 Months of Hermetic Storage, 
Based on Data from the Published Literature (Fatima et al., 2025)

Initial Moisture 
Content (%) Storage System Storage Duration 

(months) Germination (%)

6 Hermetic bag 12 71,6
8 Hermetic bag 12 42,3

10 Hermetic bag 12 Almost complete loss
12 Hermetic bag 12 Almost complete loss

Figure 1. Relationship between cottonseed germination and initial 
moisture content after 12 months of hermetic storage, based on published 

data from Fatima et al. (2025). For moisture contents of 10% and 12%, 
the source reports an almost complete loss of germination; therefore, no 

numerical values for these treatments are interpreted in the graph

Table 7. Acid and Peroxide Values of Sunflower Seeds and Cold-Pressed Oil during 
Storage, Based on Data from the Published Literature (Premović et al., 2014)

Storage 
Duration 
(months)

Acid Val-
ue, Seeds 

(mg KOH/g

Acid Value, Oil 
(mg KOH/g)

Peroxide 
Value, Seeds 
(mmol/kg)

Peroxide Value, 
Oil (mmol/kg)

0 0,54 0,49 0,27 1,73
6 1,29 0,59 1,00 1,95

12 2,11 1,95 1,40 2,22

Published data on sunflower seeds show 
a noticeable increase in acid value with in-
creasing storage duration. In oil obtained 
from fresh seeds, the acid value was 0.49 ± 
0.01 mg KOH/g, increasing to 1.95 ± 0.02 
mg KOH/g after 12 months of storage. The 

peroxide value increased from 1.73 ± 0.02 
to 2.22 ± 0.07 mmol/kg. The corresponding 
values for the seeds also increased, although 
the magnitude of change varied depending 
on the parameter evaluated.
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Figure 2. Changes in acid value (AV) and peroxide value (PV) during sunflower 
seed storage based on data from a published literature source. The curves 

represent published values obtained after 0, 6, and 12 months of storage and 
do not constitute measurements performed as part of the present study

The practical significance of the study 
lies in the integration of moisture regulation, 
cooling, aeration, batch classification, and 
periodic quality control into a  unified stor-
age system adapted to the conditions of the 
Syrdarya Region for sunflower and cotton 
seeds. Comparison with recent international 
studies shows that the quality deterioration 
mechanisms described in the original study 
are generally consistent with current scien-
tific understanding; however, the specific 
quantitative limits require experimental vali-
dation under local conditions.

The proposed system can serve as a basis 
for developing a  local technological storage 
protocol and for conducting a  subsequent 
controlled experiment involving the simul-
taneous determination of moisture content, 
seed temperature, relative air humidity, acid 
value, peroxide value, oil content, and seed 
viability.

Conclusions
The storage stability of sunflower and 

cotton seeds is determined by the combined 
effects of moisture content, temperature, 
relative air humidity, storage duration, as 

well as biological and oxidative processes. In 
the original study, moisture contents above 
10–12% for sunflower seeds and 9–10% for 
cotton seeds were considered conditions of 
increased risk, while a temperature range of 
5–15 °C was regarded as rational. These val-
ues are indicative for the conditions investi-
gated and should not be considered universal 
regulatory limits.

Recent international studies confirm the 
critical role of moisture control and demon-
strate that elevated temperature, light ex-
posure, and fluctuations in environmental 
parameters can accelerate seed quality dete-
rioration. The proposed storage system in-
cludes batch classification, cleaning, moisture 
regulation, cooling, active aeration, controlled 
storage, and periodic laboratory monitoring.

For implementation of this system under 
the conditions of the Syrdarya Region, quan-
titative validation under local conditions is 
required. This should involve repeated mea-
surements of moisture content, temperature, 
relative air humidity, acid value, peroxide 
value, oil content, and seed viability, followed 
by appropriate statistical evaluation of the 
results.
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