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ABSTRACT

Ngoc Linh ginseng (Panax vietnamensis Ha et Grushv.) is a valuable endemic medicinal plant of
Vietnam. However, premature fruit abscission and low seed quality have limited the production of high-
quality seedlings for large-scale cultivation. This study aimed to evaluate the effects of gibberellic acid
(GAs3) on young fruit retention, seed quality, seedling establishment and the growth performance of
Ngoc Linh ginseng seedlings. The experiment was conducted from March 2022 to March 2024 at the
Ngoc Linh Ginseng and Medicinal Plant Development Center, Quang Nam Province, Vietnam. Four
treatments were arranged in a randomized complete block design with three replications, including water
spray (control), GA3 at 30 ppm, 60 ppm, and 90 ppm. The results showed that GA3 application had no
effect on flower color but significantly improved several reproductive and seedling characteristics
compared with the control. Application of GA3z at 60 ppm produced the highest number of flowers per
inflorescence (61.30 flowers), flower diameter (3.65 mm) and peduncle length (1.48 cm). The same
treatment also resulted in the highest germination percentage (82.48%), seedling establishment rate
(79.71%) and nursery survival rate (76.88%). Furthermore, seedlings treated with GA3 at 60 ppm
exhibited superior growth, with plant height, canopy diameter, stem diameter and fresh weight of 100
tubers reaching 15.65 cm, 10.62 cm, 1.95 mm and 133.84 g, respectively. These findings indicate that
foliar application of GA3 at 60 ppm is an effective approach to reducing premature fruit drop, improving
seed quality and enhancing seedling growth of Ngoc Linh ginseng, thereby contributing to the
production of high-quality planting materials for sustainable cultivation.
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1. INTRODUCTION

Ngoc Linh ginseng (Panax vietnamensis Ha et Grushv.), belonging to the family
Araliaceae, is an endemic medicinal plant species of Vietnam and is regarded as one of the most
valuable ginseng species in the world (Arun M et al., 2010). Naturally distributed in the Ngoc
Linh Mountain range of Quang Nam and Kon Tum provinces, this species possesses high
medicinal and economic value owing to its rich and unique phytochemical composition,
particularly the presence of numerous dammarane- and ocotillol-type saponins that are rarely
found in other ginseng species (Borror D.J. et al. 1989). Previous studies have demonstrated
that Ngoc Linh ginseng exhibits various pharmacological activities including
immunomodulatory, antioxidant, anti-stress, hepatoprotective and health-promoting effects
(Craig A Anderson et al. 1983).

The increasing demand for Ngoc Linh ginseng has promoted the expansion of cultivation
areas and highlighted the need for a stable supply of high-quality seedlings (Chen J e al., 2018).
In commercial production, seed propagation remains the principal method for maintaining
genetic purity and preserving desirable characteristics of the species (Christensen LP et al.,
2009). However, seed production is often constrained by premature fruit abscission, low seed
quality and poor seedling establishment, resulting in limited availability of planting materials
and reduced production efficiency (Erbay, Z et al., 2010).

Plant growth regulators play important roles in regulating flowering, fruit development,
seed maturation and seed germination. Among them, GA3 has been widely used to promote
reproductive growth, reduce fruit drop, enhance seed viability and stimulate seedling growth in
many crop species (Esraa A.M et al., 2024). Nevertheless, information regarding the application
of GAs in Ngoc Linh ginseng is still limited, particularly with respect to fruit retention and seed
quality.

Therefore, the present study was conducted to investigate the effects of different
concentrations of GA3 on preventing young fruit abscission and improving seed quality of Ngoc
Linh ginseng (Finch-Savage et al., 2006). In addition, the effects of GA3 on seed germination,
seedling establishment and early seedling growth were evaluated to provide a scientific basis
for producing high-quality seedlings and supporting the sustainable development of Ngoc Linh
ginseng cultivation (Hedden ef al., 2012).

2. MATERIAL AND METHODS
Study Material

Materials: Ngoc Linh ginseng plants and seeds (Panax vietnamensis Ha et Grushv.) collected
from plants aged five years or older (= 5 years) cultivated in the Ngoc Linh mountainous region,
Quang Nam Province, Vietnam.

Study location: Ngoc Linh Ginseng and Medicinal Materials Development Center.
Experimental period: March 2022 to March 2024.
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Research Contents

Content 1. To evaluate the effects of GA3 on reducing premature fruit abscission and improving
the seed quality of Ngoc Linh ginseng (Panax vietnamensis Ha et Grushv.).

Content 2. To investigate the effects of GA3 on seed germination and seedling growth of Ngoc
Linh ginseng.

Methods
- Four treatments were established as follows:

T1, water spray (control); T2, GA3 at 30 ppm; T3, GA3 at 60 ppm; and T4, GA3 at 90 ppm
(Igbal et al., 2011). The experiment was arranged in a randomized complete block design with
three replications. All non-treatment factors, including cultural practices, fertilization, irrigation

and other management conditions, were maintained uniformly among treatments (Irem et al.,
2022)

- Cultivation, Management, Protection, and Monitoring of the Seed Production Nursery

Raised beds were constructed with a width of 1.2-1.5 m, a length of 3-5 m or longer and
a height of 10-20 cm. The beds were reinforced with wooden borders to prevent erosion and the
loss of humus during heavy rainfall and storms. Well-decomposed forest humus was uniformly
spread over the bed surface (Kim et al., 2015). Forest humus was replenished annually to
maintain soil porosity and provide favorable conditions for the growth and development of Ngoc
Linh ginseng (Kim JH et al., 2012).

The planting density was maintained at 20,000 plants ha. An irrigation system was
installed to ensure adequate soil moisture throughout the growing period.

Regarding fertilization, the annual application rate was 4 tons/ha/year of forest humus
(Laxmi S et al, 2018). The entire amount of forest humus together with biofertilizer was
uniformly applied to the planting holes. Topdressing was carried out when the plants began to
exhibit leaf yellowing, corresponding to the overwintering stage of Ngoc Linh ginseng (Le, K
et al., 2021). Fertilizers were evenly distributed around the plant base and combined with soil
loosening and weed control practices (Lee SJ ef al., 2015).

The seed production nursery was regularly monitored and protected to ensure the timely
detection of any abnormalities, allowing appropriate management measures to be implemented
promptly (Lichun Z et al., 2025).

Monitoring indicators

- Germination percentage (%) = (Number of germinated seeds / Number of seeds sown) % 100.
- Seedling establishment percentage (%) = (Number of established seedlings / Number of seeds
sown) % 100. (Li-Min Lin et al. 2008)

- Nursery survival percentage (%) = (Number of seedlings ready for transplanting / Number of
seeds sown) x 100 (Malgorzata N et al., 2023).

- Number of fruits per infructescence (fruits): Fruits were counted on 10 randomly selected
plants in each treatment and the average number of fruits per plant was recorded (Park SK et al.,
2021).

- Number of flowers per inflorescence (flowers): Flowers were counted on 10 randomly selected
plants in each treatment and the average number of flowers per plant was calculated (Qi LW et
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al., 2011).

- Peduncle length (cm): The distance from the leaf axil to the calyx was measured.

- Flower diameter (mm): Flower diameter was measured along two perpendicular axes and the
mean value was calculated (Qianqgian Si et al., 2016).

- Flower color: Flower color was visually assessed and recorded.

- Plant height (cm): Plant height was measured from the stem base to the tip of the uppermost
leaf using a ruler or measuring tape.

- Canopy diameter (cm): Canopy diameter was determined by measuring two diagonal
directions across the canopy and calculating the average value (Ratan ZA et al., 2021).

- Stem diameter (mm): Stem diameter was measured at 1 cm above the stem base using a
micrometer.

- Weight of 100 tubers (g): The fresh weight of 100 tubers was determined using an analytical
balance (Shanmugaratnam, S. ef al. 2013).

Statistical Analysis

Experimental data were compiled and subjected to analysis of variance (ANOVA) using
IRRISTAT 5.0 and Microsoft Excel software (Siddiqui S.A et al., 2024).

3. RESULT AND DISCUSSION

Study on the effects of GA3 on germination and seedling establishment rates of Ngoc Linh
ginseng in the nursery.

GA3 is an important plant hormone that plays a crucial role in regulating seed germination
and the growth of stems, leaves and roots (Plant Protection Institute, 1997). It also stimulates
flowering and fruit set while improving both the quality and yield of agricultural products. The
effects of GA3 on the flowering characteristics of Ngoc Linh ginseng were investigated and the
results obtained are presented as follows:

Table 1. Effects of gibberellic acid GA3 on selected flowering characteristics

of Ngoc Linh ginseng.
Treatment Flower color Number of flowers per | Peduncle Flower
inflorescence (flowers) | length (cm) | diameter (mm)
T1 Light greenish-
(Control) vellow 58.97 1.36 3.45
T2 Light greenish- 59.39 1.42 3.53
yellow
T3 Light greenish- 61.30 1.48 3.65
yellow
T4 Light greenish- 60. 28 1.46 3.61
yellow
LSDo.os - 0.57 0.03 0.07
CV% - 5.5 5.0 6.2
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Note: Treatment 1: (Control): Water spray Treatment 2: GA3 at 30 ppm
Treatment 3: GA3 at 60 ppm Treatment 4: GA3 at 90 ppm
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Figure 1. Ngoc Linh ginseng flowers Fiure 2. Immature fruits of Ngoc Linh

before GAs application. ginseng.

Figure 3. Mature fruits of Ngoc Linh Figure 4. Ripe fruits of Ngoc Linh ginseng.
ginseng.
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As shown in Table 1, the application of GA3 had no effect on the flower color of Ngoc
Linh ginseng. All treatments produced flowers with a light greenish-yellow color. However,
the number of flowers per inflorescence, peduncle length and flower diameter were
significantly influenced by different GAs concentrations (Sparks, T., ef al. 2008).

As the GA3 concentration increased from 0 to 60 ppm, all flowering parameters increased
accordingly. Specifically, the number of flowers per inflorescence increased from 58.97 to
61.30 flowers, peduncle length increased from 1.36 cm to 1.48 cm, and flower diameter
increased from 3.45 mm to 3.65 mm. Treatment 3, in which GAs was applied at a concentration
of 60 ppm, produced the highest values, with 61.30 flowers per inflorescence, a peduncle length
of 1.48 cm and a flower diameter of 3.65 mm. These differences were statistically significant
at the 95% confidence level (Singh, A et al., 2020).

However, when the GA3 concentration was increased to 90 ppm, all flowering parameters
showed a decreasing trend compared with Treatment 3; however, these differences were not
statistically significant. Therefore, application of GA3 at 60 ppm was considered the most
suitable concentration for enhancing flower production in Ngoc Linh ginseng (Van L, T. et al.,
2010).

The effects of GA3 on fruit characteristics of Ngoc Linh ginseng were further evaluated
and the results obtained are presented below:

Table 2. Effects of GA3 on selected fruit characteristics of Ngoc Linh ginseng.

Number of Fruit color
fruits per Characteristics
Treatment | . . .
infructescence Reddish- | Greenish- of ripe fruits
(fruits) Red | b own yellow Green
1 Red fruits with a
39.55 15.23 8.16 7.81 8.35 black spot at the
(Control)

apex
Red fruits with a
T2 40.51 18.25 8.47 6.71 7.08 black spot at the

apex
Red fruits with a
T3 43.35 21.12 10.39 7.55 4.29 black spot at the

apex
Red fruits with a
T4 42.48 18.99 9.01 8.16 6.32 black spot at the

apex

LSDo.0s 0.9 - - - -
CV% 5.4 - - - -
Note: Treatment 1: (Control): Water spray Treatment 2: GA3 at 30 ppm
Treatment 3: GA3 at 60 ppm Treatment 4: GA3 at 90 ppm
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Evaluation of the effects of GA3 on fruit characteristics of Ngoc Linh ginseng showed
that GA3 concentration influenced both fruit number and fruit quality. The application of GA3
at 60 ppm resulted in the highest number of fruits per infructescence, reaching 43.35 fruits and
also produced the best fruit quality (Vega G.A et al., 2008).

This was evidenced by the highest proportion of red fruits, accounting for more than 48%
of the total fruits (21.12 red fruits out of 43.35 fruits), while the proportion of green fruits was
the lowest among all treatments (Yamaguchi, 2008).

The differences in fruit number among treatments were statistically significant at the 95%

confidence level.

F.

Figuré 5. Red fruits of Ngoc Linh ginseng Figure 6. Reddish-brown fruits of Ngoc Linh
ginseng

Figure 7. Greenish-yellow fruits of Ngoc Figure 8. Green fruits of Ngoc Linh ginseng
Linh ginseng
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Study on the effects of GA3 on selected growth parameters of Ngoc Linh ginseng in the
nursery.

Table 3. Effects of GA3 on germination and seedling establishment rates

of Ngoc Linh ginseng.
Treatment Germination rate Seedling establishment Marketable
(%) rate (%) seedling rate (%)
T1 (Control) 64.94 62.05 58.47
T2 78.43 76.87 73.91
T3 82.48 79.71 76.88
T4 77.98 77.40 75.07
LSDo.0s 2.49 3.11 2.35
CV% 4.5 59 4.3
Note: Treatment 1: (Control): Water spray Treatment 2: GA3 at 30 ppm
Treatment 3: GA3 at 60 ppm Treatment 4: GA3 at 90 ppm

As shown in Table 3, the application of GAj significantly affected seedling performance
in the nursery compared with the untreated control. Specifically, the control treatment (without
GAs application) resulted in a germination rate of 64.94%, a seedling establishment rate of
62.05%, and a nursery-ready seedling rate of 58.47%. These values were significantly lower
than those of the GAj treatments, with the differences being statistically significant at the 95%
confidence level.

s
v \

Figue 9. Monitoring the seedling Figure 10. Monitoring the nursery-ready
establishment rate. seedling rate.

The application of different GA3 concentrations resulted in different responses. The
treatment with GAs at 60 ppm gave the highest results, with germination rate, seedling
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establishment rate, and nursery-ready seedling rate reaching 82.48%, 79.71% and 76.88%,
respectively. Thus, foliar application of GA3 at a concentration of 60 ppm was considered most
suitable for enhancing the production of Ngoc Linh ginseng seedlings.

The effects of GAs on the growth parameters of Ngoc Linh ginseng seedlings in the
nursery were further investigated and the results are presented as follows:

Table 4. Effects of GA3 on selected growth parameters of Ngoc Linh ginseng seedlings.

Treatment Plant Canopy diameter | Stem diameter Weight of 100
height (cm) (cm) (mm) tubers (g)
CT 1 (d/c) 14.47 10.05 1.86 120.00
CT2 15.59 10.55 1.94 129.46
CT3 15.65 10.62 1.95 133.84
CT4 15.66 10.55 1.94 130.24
LSDo.os 0.25 0.46 0.08 3.75
CVy, 5.8 4.8 52 5.1
Note: Treatment 1 (Control): Water spray Treatment 2: GAz at 30 ppm
Treatment 3: GA3 at 60 ppm Treatment 4: GA3 at 90 ppm

The results in Table 4 show that GA3z application affected the quality of Ngoc Linh
ginseng seedlings in the nursery compared with the untreated control. The control treatment
exhibited significantly lower plant height than the other GAj3 treatments. Under the
experimental conditions, plant height ranged from 14.47 to 15.65 cm.

2
i %//

)
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i % ( 1
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Fiure . Monitoring pant elght. Figure 12. Monitoring canopy
diameter.
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Similarly to plant height, canopy diameter ranged from 10.05 to 10.62 cm and the control
treatment showed lower values than the GA3 treatments at a significant level (a = 0.05). Stem
diameter ranged from 1.86 to 1.95 mm.

For the parameter of weight of 100 tubers, the results varied from 120 g to 133.84 g. The
lowest value was recorded in the untreated control (120 g), while all GA3 treatments showed
higher values. The highest value was obtained in the treatment with GA3 at 60 ppm, reaching
133.84 g. Thus, GA3 application had a positive effect on the quality parameters of Ngoc Linh
ginseng seedlings, with the 60 ppm treatment showing the most optimal results overall.

4. CONCLUSIONS

Seed treatment with GA3 at a concentration of 60 ppm was found to be suitable for
enhancing flowering and fruit set in Ngoc Linh ginseng. At this concentration, the number of
flowers per inflorescence reached 61.30 flowers, peduncle length was 1.48 cm, and flower
diameter was 3.65 mm. The number of fruits per infructescence was the highest at 43.35 fruits
and fruit quality was also superior, with red fruits accounting for more than 48% (21.12 red
fruits out of 43.35 fruits), while the proportion of green fruits was the lowest among all
treatments. Different GA3 concentrations produced different results. The treatment with GA3 at
60 ppm gave the highest values for germination rate, seedling establishment rate and nursery-
ready seedling rate, reaching 82.48%, 79.71% and 76.88%, respectively and also resulted in the
highest weight of 100 tubers (133.84 g). GAs application did not affect the incidence of pests
and diseases in Ngoc Linh ginseng seedlings in the nursery.

Acknowledgements

This research was financially supported by the project entitled “Improvement of cultivation. crop management.
plant protection. harvesting. processing. and storage protocols for Ngoc Linh ginseng cultivated under forest
canopy conditions at an industrial scale in Quang Nam Province” (Project Code: SPQG.12.01.DA.01/21).

The authors sincerely thank the Ministry of Science and Technology, the National Institute of Medicinal Materials,
the People’s Committee of Tra Linh Commune and local residents for their support and favorable conditions
provided throughout the implementation of this study

References

[1] Arun M. Chung L.L. Drying Technology: Trends and Applications in Postharvest
Processing. Food and Bioprocess Technology, 2010, 3(6): 843-852.
DOI:10.1007/s11947-010-0353-1

[2] Borror D.J.. C.A. Triplehorn and N.F. Johnson. An introduction to the study of insects.
Sixth edition. Harcout College Publishers. Fort Worth Philadelphia San Diego New
York Orlando Austin San Antonio Toronto Montreal London Sydney Tokyo. 1989.
ISBN-10: 0-03-025397-7. pp 875.

[3] Craig A. Anderson. Abstract and concrete data in the perseverance of social theories:
When weak data lead to unshakeable beliefs. Journal of Experimental Social
Psychology, Volume 19 Issue 2, March 1983, Pages 93-108

25-


https://www.researchgate.net/profile/Arun-Mujumdar?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Chung-Law?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Food-and-Bioprocess-Technology-1935-5149
https://doi.org/10.1007/s11947-010-0353-1
https://www.sciencedirect.com/author/7404306567/craig-a-anderson

[10]

[11]

[12]

[13]

[14]

[15]

World News of Natural Sciences 68 (2026) 16-28

Chen J. Li M. Chen L. Wang Y. Li S. Zhang Y. Zhang L. Song M. Liu C. Hua M. Sun
Y. Effects of processing method on the pharmacokinetics and tissue distribution of
orally administered ginseng. J Ginseng Res. 2018 Jan, 42(1): 27-34. doi:
10.1016/].jgr.2016.12.008

Christensen LP. Ginsenosides: chemistry. biosynthesis. analysis. and potential health
effects. Advances in Food and Nutrition Research, 2009, 55: 1-99. DOI:10.1016/S1043-
4526(08)00401-4

Erbay. Z. and Icier. F. A Review of Thin Layer Drying of Foods: Theory. Modeling.
and Experimental Results. Critical Reviews in Food Science and Nutrition, 2010, 50,
441-464

Esraa A.M. Yus A.Y. Alhussein M.. Mohammad F. Investigating the Impact of Storage
Conditions on Quality and Shelf Life of Full-Fat and Defatted Roasted Date Seed
Powders. Food Technology Research Journal, 2024, 5(1): 3 4-51.
DOI:10.21608/ftrj.2024.313841.1090

Finch-Savage, W.E., & Leubner-Metzger, G. (2006). Seed dormancy and the control of
germination. New Phytologist, 171(3), 501-523. https://doi.org/10.1111/.1469-
8137.2006.01787.x

Hedden, P., & Thomas, S.G. (2012). Gibberellin biosynthesis and its regulation.
Biochemical Journal, 444(1), 11-25. https://doi.org/10.1042/BJ20120245

Igbal, N., Nazar, R., Khan, M.L.LR., Masood, A., & Khan, N.A. (2011). Role of
gibberellins in regulation of source-sink relations under optimal and limiting
environmental conditions. Current Science, 100(7), 998-1007

Irem Ozay-arancioglu, Hatice Bekiroglu, Ayse Karadag, Oznur Saroglu, Zeynep Hazal
Tekin-cakmak, Salih Karasu. Effect of different drying methods on the bioactive.
microstructural and in-vitro bioaccessibility of bioactive compounds of the pomegranate
arils. Food Science and Technology, 2022,42, €06221: 1-9. DOI:
https://doi.org/10.1590/1st.06221

Kim JH. Cardiovascular Diseases and Panax ginseng: A Review on Molecular
Mechanisms and Medical Applications. J Ginseng Res. 2012 Jan; 36(1): 16-26. doi:
10.5142/jgr.2012.36.1.16

Kim, Y.J., Zhang, D., & Yang, D.C. (2015). Biosynthesis and biotechnological
production of ginsenosides. Biotechnology Advances, 33(6), 717-735.
https://doi.org/10.1016/j.biotechadv.2015.03.001

Laxmi S., Monika D., Rakesh K.V, Santosh V.V. Kumar, Shashank K. Yadav, Suchitra
Pushkar, Sita Ram K., Arpan B., Viswanathan C. Auxin protects spikelet fertility and
grain yield under drought and heat stresses in rice. Environmental and Experimental
Botany, Volume 150, June 2018, 9-24. https://doi.org/10.1016/j.envexpbot.2018.02.013

Le. K.. Chu. D.. Mai. K.. Nguyen. H.. Phan. T.. Ngo. L.. Nguyen. C.. Tran. L.. & Ton
That. Q. Chemical constituents of Ngoc Linh ginseng leaves (Panax vietnamensis Ha et
Grushv.). VNUHCM Journal of Advanced Research in Natural Sciences, 2021, 5(4),
1627-1632. https://doi.org/https://doi.org/10.32508/stdjns.v514.1076

26-


https://doi.org/10.1016/s1043-4526(08)00401-4
https://doi.org/10.1016/s1043-4526(08)00401-4
https://www.researchgate.net/profile/Esraa-Ahmed-Mohamed-Mousa?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Yus-Yusof?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Alhussein-Al-Awaadh
https://www.researchgate.net/profile/Mohammad-Fikry?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Food-Technology-Research-Journal-2974-3990?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.21608/ftrj.2024.313841.1090
https://doi.org/10.1111/j.1469-8137.2006.01787.x
https://doi.org/10.1111/j.1469-8137.2006.01787.x
https://doi.org/10.1590/fst.06221
https://www.sciencedirect.com/author/55932439200/arpan-bhowmik
https://www.sciencedirect.com/author/7006424678/viswanathan-chinnusamy
https://www.sciencedirect.com/journal/environmental-and-experimental-botany/vol/150/suppl/C
https://doi.org/10.1016/j.envexpbot.2018.02.013
https://doi.org/https:/doi.org/10.32508/stdjns.v5i4.1076

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

World News of Natural Sciences 68 (2026) 16-28

Lee SJ. Kim Y. Kim MG. Changes in the ginsenoside content during the fermentation
process using microbial strains. J Ginseng Res. 2015 Oct, 39(4), 392-397. doi:
10.1016/j.jgr.2015.05.005

Lichun Z. Xinyu J. Hao Y. Xinze C. Wenchao W. Mengke L. Jiapin L. Qian Z. Xuhai
Y. Zhihua G. Heat Pump Technology in the Field of Fruit and Vegetable Drying: A
Review. Foods, 2025, 14(15), 2569. https://doi.org/10.3390/foods14152569

Li-Min Lin, Jen-Her Wu, Wen-Shen Shen, Robert A. Greenes. Testing the technology
acceptance model for evaluating healthcare professionals' intention to use an adverse

event reporting system. International Journal for Quality in Health Care. Volume 20,
Issue 2, April 2008, Pages 123 129. doi.org/10.1093/intghc/mzm074

Matgorzata N. Magdalena D. Urszula T. Drying Technologies in Food Processing.
Appl. Sci. 2023, 13(19), 10597. https://doi.org/10.3390/app131910597

Park SK. Hyun SH. In G. Park CK. Kwak YS. Jang YJ. Kim B. Kim JH. Han CK. The
antioxidant activities of Korean Red Ginseng (Panax ginseng) and ginsenosides: A
systemic review through in vivo and clinical trials. J Ginseng Res. 2021 Jan; 45(1): 41-
47. doi: 10.1016/].jgr.2020.09.006

Qi LW. Wang CZ. Yuan CS. Isolation and analysis of ginseng: advances and
challenges. Nat Prod Rep. 2011 Mar; 28(3): 467-95. doi: 10.1039/cOnp00057d

Qiangian Si, Yan Ma, Dekui Zang (2016). Effects of Different Treatments on
Physiological Characteristics of Cephalotaxus sinensis Seeds. American Journal of
Plant Sciences, Vol. 7, No. 14

Ratan ZA. Youn SH. Kwak YS. Han CK. Haidere MF. Kim JK. Min H. Jung YJ.
Hosseinzadeh H. Hyun SH. Cho JY. Adaptogenic effects of Panax ginseng on
modulation of immune functions. J Ginseng Res. 2021 Jan; 45(1): 32-40. doi:
10.1016/j.jgr.2020.09.004

Shanmugaratnam S., Mikunthan G. & Thurairatnam S. Potential of Withania somnifera
Dunal cultivation as a medicinal crop in Jaffna district. American-Eurasian Journal of
Agriculture and Environmental Science, 2013, 13(3), 357-361

Siddiqui. S. A.. Ucak. .. Jain. S.. Elsheikh. W.. Ali Redha. A.. Kurt. A.. & Toker. O. S.
Impact of drying on techno-functional and nutritional properties of food proteins and
carbohydrates - A comprehensive review. Drying Technology, 2024, 42(4), 592-611.
https://doi.org/10.1080/07373937.2024.2303580

Singh. A., Sharma. J., Paichha. M., Chakrabarti. R. Achyranthes aspera (prickly chaff
flower) leaves- and seeds-supplemented diets regulate growth. innate immunity. and

oxidative stress in Aeromonas hydrophila-challenged Labeo rohita. J. Appl. Aquacult.
2020, 32 (3): 250-267. doi.org/10.1080/10454438.2019.1615594

Sparks. T.. et al. Leaf Degradation. Macroinvertebrate Shredders and Energy Flow in
Stream. The American Biology Teacher 2008, 70, 90-94. doi.org/10.1662/0002-7685

Van L. T., Vontas. J., Tsagkarakou A., Dermauw W. & Tirry L. (2010). Acaricide
resistance mechanisms in the two-spotted spider mite Tetranychus urticae and other

27-


https://doi.org/10.3390/foods14152569
https://doi.org/10.1093/intqhc/mzm074
https://doi.org/10.3390/app131910597
https://www.scirp.org/journal/articles?searchcode=Qianqian+Si&searchfield=authors&page=1
https://www.scirp.org/journal/articles?searchcode=Yan+Ma&searchfield=authors&page=1
https://www.scirp.org/journal/articles?searchcode=Dekui+Zang&searchfield=authors&page=1
https://doi.org/10.1080/07373937.2024.2303580
https://doi.org/10.1080/10454438.2019.1615594

[29]

[30]

World News of Natural Sciences 68 (2026) 16-28

important Acari: a review. Insect Biochemistry and Molecular Biology, 40(8), 563-572.
doi.org/10.1016/4.ibmb.2010.05.008

Vega G.A. Lemus M.R. Bilbao S.C. Fito P. Andrés A. Effect of air drying temperature
on the quality of rehydrated dried red bell pepper (var. Lamuyo). Journal of Food
Engineering, 2008, 85(1), 42-50. DOI: 10.1016/j.jfoodeng.2007.06.032

Yamaguchi, S. (2008). Gibberellin metabolism and its regulation. Annual Review of
Plant Biology, 59, 225-251. https://doi.org/10.1146/annurev.arplant.59.032607.092804

8-


https://doi.org/10.1016/j.ibmb.2010.05.008
https://www.researchgate.net/journal/Journal-of-Food-Engineering-0260-8774?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Journal-of-Food-Engineering-0260-8774?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1016/j.jfoodeng.2007.06.032

