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USING PROTECTIVE COATING FOR REDUCTION OF LOSSES
WHILE STORING ASPARAGUS

Summary. Asparagus is a highly valuable and perishable crop. It is advisable to
use edible coating based on natural compounds to extend the shelf life of asparagus.
Alginate is an effective natural polysaccharide used to form coating. At the same time,
alginate coating is lacking in antioxidant properties. Therefore, the aim of the present
research is to determine the effect of coating based on sodium alginate and some
antioxidant substances on the preservation of asparagus. The article considers the effect
of coating based on sodium alginate and rutin on the extension of shelf life, reduction of
weight loss, marketability and organoleptic properties of the asparagus of two
differently coloured varieties.

The green asparagus of the Prius Flvariety and the green-purple Rosalie Flvariety
were researched. It has been found that the use of coating based on sodium alginate and
rutin can extend the shelf life of asparagus by 3...7 days (depending on the composition
of the coating). The combination of alginate and rutin can reduce weight loss 2.1...2.2
times, depending on the variety. The standard yield of asparagus treated with the
composition of alginate and rutin after storage was 88.14...91.79 %, with a 7-day longer
storage period. The amount of waste did not increase either. All the experimental
samples showed higher organoleptic scores then the control samples. However, alginate
and rutin-based coating did not have the desired effect in order to reduce the desiccation
of bases.

Keywords. Storage, green asparagus, green-purple asparagus, edible coating,
alginate, rutin, weight loss, marketability.

Problem statement. Food loss and waste are the manifestations of
inefficient food systems [1]. Fruit and vegetables are at the top of the food
waste and losses ranking (40-50% of their production), which leads to the
use of non-renewable resources to produce food that will not be consumed
(about 25% of all water used by agriculture each year and 23% of all arable
land, producing about 8% of annual global greenhouse gas emissions) [2].
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Reducing fruit and vegetable losses and waste can therefore be one of the
leading global strategies for achieving sustainable food security and
improving diets, reducing greenhouse gas emissions, reducing the pressure
on water and land resources, as well as increasing productivity and
economic growth.

Recent research and publications analysis. The main issue of high
level of losses during storage of fruit and vegetable products is high
moisture content (75-95%), intensive gas exchange, active metabolism,
abiotic and biotic stresses, which leads to rapid spoilage and decay. The
mechanisms of postharvest ageing and rapid quality loss are associated
with the development of oxidative stress [3]. Preventing the natural ageing
process and spoilage of fruit and vegetables in the process of storage is a
fundamental challenge from a technical point of view. The main way to
inhibit normal metabolism is by means of cooling and the use of coating
that slows down the gas exchange and affects tissue oxidation. The
application of edible coating on the surface of fruit and vegetable products
has been actively used abroad since the early 2000s. However, in recent
years, the increased attention of scientists has been paid to the
environmental friendliness of the used substances, which explains the
number of studies related to the use of edible coating based on natural
compounds in order to extend the shelf life of fruit and vegetable products.

Polysaccharides such as chitosan, carboxymethyl cellulose and pectin
demonstrate great perspective for preserving fruit quality and effectively
delay weight loss, reduce the content of anthocyanins and secondary
metabolites [4]. This edible coating provides a good antimicrobial effect
yet has significant drawbacks, such as low water resistance and
unsatisfactory mechanical properties. Other biopolymers including
starches, lipids and proteins are used for improvement of the functional
properties of chitosan coating [5]. Casein-based coating significantly
effects the moisture and gas exchange, slows down metabolism, but does
not have bactericidal properties. The coating of this type requires the
inclusion of antioxidant and antimicrobial agents [6]. Essential oils and
phenolic compounds are often used as antioxidants [7]. The inclusion of
essential oils in polysaccharide matrices increases their antimicrobial effect
as well as antioxidant properties. It has been found that the polysaccharide
matrix adapts the release of essential oils and thus affects the shelf life of
nutrition products [8]. However, these substances sometimes diffuse into
nutrition products, imparting an undesirable taste and aroma due to the
presence of a mixture of volatile and non-volatile components, which limits
their use [9]. Another approach to processing fruit and vegetable products
to reduce weight loss and extend shelf life is the use of bionanocomposite
coating [10]. The authors point out the antioxidant and antibacterial
properties of nanocomposite coating. Storage efficiency varies greatly,
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depending on the concentration of the treatment substances, storage
conditions and the type of fruit and its characteristics [11]. Excessive
concentrations of exogenous substances can be toxic to fruit cells due to
their pro-oxidant effects or ability to utilize reactive oxygen species, which
are necessary for cell functioning [12]. Despite the proven effectiveness of
using various treatments to reduce the loss of fruit and vegetable products,
the mechanism of influence of such coatings on the endogenous processes
underlying fruit preservation is still poorly understood.

Asparagus is a highly valuable vegetable crop with a short shelf life.
A number of coating types based on natural compounds are used to extend
the shelf life of asparagus [13]. Some studies on the use of coatings
containing alginate have been conducted [14]. Alginates are hydrophilic
colloidal carbohydrates extracted from various species of brown seaweed
belonging to the class Phaeophyceae [15]. Alginate is one of the most
effective natural polysaccharides for coating formation. It has non-toxic
and unique colloidal properties, such as thickening, stabilization,
suspension, film formation, gel formation and emulsion stabilization. Films
formed by alginate are uniform, transparent and represent good oxygen
barriers, though they have low water resistance due to their hydrophilic
nature. Tran, Y. T. N. et al. investigated the preservation of asparagus with
a protective coating based on chitosan and alginate. They found that such
coating reduces weight loss and extends shelf life by 3 days [16]. It can be
assumed that the introduction of antioxidant substances, which affect the
degree of tissue oxidation, into an alginate-based film will extend the shelf
life of asparagus.

Purpose statement. The purpose of the article is to determine the
effect of coating based on sodium alginate and antioxidant substances on
the preservation of asparagus.

To achieve this purpose, the following tasks were solved:

- the effect of the applied coating on the natural weight loss in the
process of asparagus storage was determined,;

- the effect of the applied coating on the marketable condition of
asparagus after storage was investigated,;

- the effect of the applied coating on changes in the organoleptic
characteristics of asparagus after storage was researched.

Materials and methods. The asparagus (Asparagus officinalis L.) of
two differently coloured varieties was used for the research (the green Prius
F1 variety and the green-purple Rosalie Flvariety). The asparagus was
grown in 2021 on the “Liubymivsky Saffron” farm in the Region of
Kherson, Ukraine. After harvesting, the samples were quickly cooled and
transported to the laboratory of Dmytro Motornyi Tavria State
Agrotechnological University within 4 hours. The asparagus spears, used
for the research, were intact, approximately the same length and diameter
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with closed bracts and met the requirements of CODEX STAN 225-2001
(the maximum allowable spear length for the green-purple and green
varieties was 27 cm) (Fig.1).

Fig. 1. Asparagus that was laid up for storage:
a — Rosalie F1; b — Prius F1

Coating application. An aqueous solution of 1% sodium alginate (A)
was prepared by gradually dissolving the preparation in hot water (t=45°C).
To prepare rutin solution, the dry preparation was dissolved in 96% ethyl
alcohol (5% by weight) and then adjusted with water to obtain a
concentration of 1% rutin (R). For the complex preparation of rutin with
alginate (R+A), alginate was added to the heated 1% rutin solution and left
to cool and gel uniformly for 20 minutes. The asparagus was completely
immersed in the cooled solutions, then left to drain off the remaining
solution and dry vertically for 1 hour. At the same time, a control sample
was prepared without treatment.

Control samples and processed asparagus were stored in an industrial
refrigerator at a temperature of 2°C + 0.5 and relative humidity of 95%=+1.

Determination of marketability. Asparagus marketability was
assessed based on the requirements of CODEX STAN 225-2001. Waste
included rotten produce and produce with signs of microbial damage. Non-
standard produce included spears that had lost turgidity as well as spears
with open bracts. Storage was considered complete when the amount of
losses and waste reached 10%.

The organoleptic parameters were determined by the characteristics of
turgidity (from fresh appearance to severe loss of turgidity), longitudinal
striation (from the absence of stripes to strong striation), desiccation of
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bases (from no desiccation to intensive desiccation), colour change (from
bright green or green-purple, typical for the variety, up to yellowing), the
presence of off-odour (from no odour to noticeable odour) and the absence
of microbial spoilage [17]. A four-point scale was used (4 — very good; 3 -
good; 2 - acceptable; 1 - unacceptable). In addition, the importance
coefficient of the indicators was taken into account: 0.3 - turgidity; 0.2 —
presence of off-odours and absence of microbial spoilage; 0.1 — other
indicators.

Natural weight loss was determined by weighing fixed samples during
the entire storage period.

The research was carried out in the laboratory of crops primary
processing and storage technology of Agrotechnology and Ecology RDC of
Melitopol Tavria State Agrotechnological University.

All studies were performed in fivefold recurrence and the data
obtained were presented as mean =+ standard deviation. Data analysis was
done by an analysis of variance, with mean separation by LSD at the 0.05
level.

Results and discussion. According to our data, control samples of
asparagus of both varieties were stored under cooling conditions for no
more than 14 days without significant loss of quality. During further
storage, the sprouts quickly turned yellow, lost their elasticity and became
woody. Under the same storage conditions, asparagus treated with
protective coating and processing variants was stored for 18...21 days. The
treatment with the R+A composition extended the shelf life as much as
possible. With this treatment, the shelf life was 1 week longer compared to
the control samples. Treatment with alginate or rutin alone extended the
shelf life by 3 days.

One of the ways to reduce losses during storage of fruit and vegetable
products is to reduce natural weight loss due to respiration and
transpiration. The process of transpiration occurs due to the pressure
gradient of water vapor between the shoots and the surrounding air.
Transpiration usually depends on the thickness of the epidermal cell layer.
Therefore, varietal differences in weight loss are quite possible. However,
according to our results, the natural weight loss of the Prius and Rosalie
varieties does not differ significantly (Table 1).

However, in previous studies it was found that the Prius F1 variety
showed higher activity of respiratory processes compared to the Rosalie F1
variety [18]. It can be assumed that the varietal differences were leveled
due to higher transpiration of the Rosalie F1 variety. The effect of the
treatments used obviously reduces weight loss. A significant reduction (1.8
times regardless a variety in 14 days, when control samples were removed
from storage) was observed when applying the alginate treatment.
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Table 1
Dynamics of natural weight loss, (%). M+SD, n=5

Variety Shelf life, days Control R+A R A
0...7 2.20+0.17 | 1.10+0.16* | 2.12+0.05 | 1.15+0.02*
7...14 1.64+0.23 | 0.69+0.02* | 1.194+0.04* | 1.00+0.07*
Prius F1 14...18 0.86+0.05 | 0.41+0.03* | 0.91+0.05 | 0.35+0.04*
18...21 0.74+0.09 | 0.35+0.02* | 0.68+0.04 | 0.37+0.09*
Total for 14 days | 3.844+0.39 | 1.79+0.16* | 3.32+0.06* | 2.15+0.07*
Total for 21 days | 5.44+0.48 | 2.55+0.13* | 4.90+0.08 | 2.86+0.16*
0...7 2.35+0.11 | 1.0140.09* | 2.32+0.08 | 1.28+0.17*
7...14 1.65+0.11 | 0.83+0.12* | 1.18+0.04* | 0.96+0.04*
Rosalie 14...18 1.29+0.07 | 0.55+0.07* | 0.91+0.03* | 0.73+0.03*
F1 18...21 0.78 £0.07 | 0.41+0.07* | 0.79+0.05 | 0.41+0.07*
Total for 14 days | 4.00+£0.21 | 1.84+0.20* | 3.50+0.07* | 2.24+0.18*
Total for 21 days | 6.07+0.32 | 2.80+0.32* | 5.21+0.12* | 3.38+0.26*

*— difference is significant as compared to control samples at p<0.05

The applied coating acts as an additional layer that covers the stomata,
which leads to a decrease in transpiration and, accordingly, a decrease in
weight loss, which is considered the main effect of protective coating. A
similar level of weight loss reduction was described by Spanish researchers
when using alginate coatings for plum storage [19]. Even greater reduction
in losses occurs when using the R+A composition: it makes 2.1 times for
the Prius F1 variety and 2.2 times for the Rosalie F1 variety. It is generally
accepted that weight losses are 75% due to moisture loss during
transportation and 25% due to the consumption of dry matter during
respiration. It has been proven that exogenous antioxidants can reduce the
loss of dry matter by inhibiting the intensity of respiratory processes [20].
Therefore, it is quite logical that the coating containing antioxidant rutin
helps to reduce weight loss.

The achieved reduction of weight loss is positively reflected in the
increase in the yield of standard production after storage (Fig. 2). The
standard production (taking into account weight loss) was 87.14-88.69 %
for the asparagus treated with rutin or alginate, depending on the variety
and treatment option. The standard production was higher for the asparagus
treated with R+A. This figure reached 91.79 % for the Prius Flvariety and
88.14 % for the Rosalie Flvariety, even with a 7-day longer storage period.
Samples of the asparagus treated with protective coating also had a lower
proportion of non-standard products.

However, extended storage leads to the increase in the amount of
waste. It should be noted that according to our data, Rosalie F1 had more
waste during storage. Treatment with protective coating allowed to
minimize the amount of waste for this variety. The amount of waste when
using the R+A composition did not significantly increase even with an
extended shelf life.
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*the results are shown taking into account weight loss
Fig. 2. Marketability of asparagus:
a— PriusF1; b — Rosalie F1,
O—standard products;o— non-standard products; m— waste

The organoleptic evaluation was carried out after 14 days of storage of
control samples, 18 days for samples treated with A and R, 21 days for the
R+A variant. The organoleptic evaluation of asparagus is shown in Fig. 3.

In general, all the experimental samples showed a larger profilograph
area in terms of organoleptic characteristics compared to the control
samples. The most noticeable difference is in the colour change. While the
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control asparagus of the Prius F1 variety had 2.2 points, the R+A sample
had 3.7 points. Slightly smaller colour changes were recorded for Rosalie
F1 asparagus. Here, the control samples had 2.6 points. On the other hand,
the R+A sample had only 3.3 points. This is less than R samples (3.8
points) and A samples (3.6 points). This, of course, can be explained by the
longer shelf life of the R+A samples. At the same time, the R+A
composition was more effective for the Prius F1 variety, even with a longer
shelf life.

4t15_rgi dity turgidity
microorganism _ longitudinal  microorganism longitudinal
spoilage I striation spoilage striation
desiccation of desiccation of
off-odours the bases off-odour the bases
colour changes colour changes
—4—Control -l A ==R+A == _Contro]l ==R A =—=R+A

a b
Fig. 2. Organoleptic profilograph: a — Prius F1; b — Rosalie F1

Reduced turgidity is associated with natural mass loss through
transpiration and respiration. Accordingly, a reduction in natural weight
loss correlates with better turgidity of asparagus. Longitudinal striation is
one of the important indicators that significantly reduce the marketability of
asparagus. The Prius F1 variety is more susceptible to this defect. The
applied treatment made it possible to virtually avoid the formation of
longitudinal striation. None of the tested samples had differences in the
odour inherent in fresh asparagus. The desiccation of the bases (the place of
cut) decreased the overall organoleptic score the most. Unfortunately, the
applied treatment did not have a positive effect on the desiccation of the
bases. This is partly due to the oblique (slanted) cut made during
harvesting. This obviously increases the area of moisture evaporation.
Aligning the cuts could have a positive result. However, such an operation
will increase the amount of waste. Therefore, it is necessary to perform an
even cut when harvesting asparagus in the field. For this reason, further
research is needed to find effective solutions to prevent this disadvantage.

Conclusions. In summary, the use of coating based on sodium alginate
and rutin can extend the shelf life of asparagus by 3...7 days (depending on
the composition of the coating) compared to untreated versions. Alginate
coating can significantly reduce weight loss. For example, the combination
of alginate and rutin reduces weight loss 2.1 times for the Prius F1 variety
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and 2.2 times for the Rosalie F1 variety. The standard production of the
asparagus treated with the composition of alginate and rutin after storage
was 91.79% for Prius F1 and 88.14% for Rosalie F1, even with a longer
storage period of 7 days. The amount of waste did not increase with the
extended storage period. The samples of asparagus treated with protective
coating also had a lower proportion of substandard produce.

It was found that all the experimental samples showed a larger
profilograph area in terms of organoleptic characteristics compared to the
control samples. The desiccation of the sections was the biggest problem
during storage. In fact, alginate and rutin coating did not have the desired
effect on this indicator. Therefore, further developments should be aimed
at finding effective solutions to eliminate this drawback during asparagus
storage.

References

1. FAO. Voluntary Code of Conduct for Food Loss and Waste
Reduction. 2022. Rome. https://doi.org/10.4060/cb9433en.

2. Cassani L., Gomez-Zavaglia A. Sustainable Food Systems in
Fruits and Vegetables Food Supply Chains. Frontiers in Nutrition. 2022.
Vol. 9. No 829061. https://doi.org/10.3389/fnut.2022.829061.

3. Gouda M. B., Zhang C., Wang J., Peng S. J., Chen Y. R., Luo H.
B., Yu L. J. ROS and MAPK cascades in the post-harvest senescence of
horticultural products. J. Proteomics Bioinform. 2020. Vol. 13(1). P. 1-7.

4. Nair M. S., Tomar M., Punia S., Kukula-Koch W., Kumar M.
Enhancing the functionality of chitosan-and alginate-based active edible
coatings/films for the preservation of fruits and vegetables: A review.
International Journal of Biological Macromolecules. 2020. Vol. 164. P.
304-320. https://doi.org/10.1016/j.ijbiomac.2020.07.083.

5. Zhu J., Wu H., Sun Q. Preparation of crosslinked active bilayer
film based on chitosan and alginate for regulating ascorbate-glutathione
cycle of postharvest cherry tomato (Lycopersicon esculentum).
International journal of biological macromolecules. 2019. Vol. 130. P.
584-594. https://doi.org/10.1016/j.ijbiomac.2019.03.006.

6. Khan M. R., Volpe S., Valentino M., Miele N. A., Cavella S.,
Torrieri E. Active casein coatings and films for perishable foods: structural
properties and shelf-life extension. Coatings. 2021. Vol. 11(8). P. 899.
https://doi.org/10.3390/coatings11080899.

7. Hasheminejad N., & Khodaiyan F. The effect of clove essential oil
loaded chitosan nanoparticles on the shelf life and quality of pomegranate
arils. Food chemistry. 2020. Vol. 309. P. 125-520. https://doi.org/10.1016/j.
foodchem.2019.125520.

8. Anis A., Pal K., Al-Zahrani S. M. Essential oil-containing
polysaccharide-based edible films and coatings for food security
applications. Polymers. 2021. Vol. 13(4). P. 575.
https://doi.org/10.3390/polym1 3040575.

Proceedings TSATU. 2023.23. 1


https://doi.org/10.4060/cb9433en
https://doi.org/10.3389/fnut.2022.829061
https://doi.org/10.1016/j.ijbiomac.2020.07.083
https://doi.org/10.1016/j.ijbiomac.2019.03.006
https://doi.org/10.3390/coatings11080899
https://doi.org/10.1016/j.%20foodchem.2019.125520
https://doi.org/10.1016/j.%20foodchem.2019.125520
https://doi.org/10.3390/polym1%203040575

@ [Ipani TAATY Bunyck 23. Tom 1
197

9. Gyawali R., Ibrahim S. A. Natural products as antimicrobial
agents. Food control. 2014. Vol. 46. P. 412-429. https://doi.org/10.1016/].
foodcont.2014.05.047.

10. Jafarzadeh S., Nafchi A. M., Salehabadi A., Oladzad-Abbasabadi
N., Jafari S. M. Application of bio-nanocomposite films and edible
coatings for extending the shelf life of fresh fruits and vegetables.
Advances in Colloid and Interface Science. 2021. Vol. 291. No 102405.
https://doi.org/10.1016/j.cis.2021.102405.

11. Bose S. K., Howlader P., Wang W., Yin H. Oligosaccharide is a
promising natural preservative for improving postharvest preservation of
fruit: A review. Food Chemistry. 2021. T. 341. No 128178.
https://doi.org/10.1016/j.foodchem.2020.128178.

12. Priss O. P., & Zhukova V. F. Optimized concentration of
exogenous antioxidants for the storage of zucchini fruit. Journal of
Chemistry and Technologies. 2019. Vol. 27(1). P. 40-47.
https://doi.org/10.15421/ 081904.

13. bynrako II. O., IIpicc O. II. 30epiranns cHnapxi 3
BUKOPHUCTAHHSIM 3aXMCHHUX MOKPHUTTIB 1 makyBaHHsa. The 13th International
scientific and practical conference “Information activity as a component of
science development” (April 04-07, 2023). Edmonton, Canada, 2023. P.
21-27. https://doi.org/10.46299/1SG.2023.1.13.

14. Cazon P., Velazquez G., Ramirez J. A., Vazquez M.
Polysaccharide-based films and coatings for food packaging: A review.
Food Hydrocolloids. 2017. Vol. 68. P. 136-148.
https://doi.org/10.1016/].foodhyd. 2016.09.009.

15. Costa M. J., Marques A. M., Pastrana L. M., Teixeira J. A.,
Sillankorva S. M., Cerqueira M. A. Physicochemical properties of alginate-
based films: Effect of ionic crosslinking and mannuronic and guluronic
acid ratio. Food hydrocolloids. 2018. Vol. 81. P. 442-448.
https://doi.org/10.1016/ J.foodhyd.2018.03.014.

16. Tran Y. T. N., Nguyen A. T. T., Bui A. N. N. A Study of
Asparagus Preservation Capacity of Chitosan-Alginate and Chitosan-
Carrageenan Biofilms. Journal of Food Engineering and Technology.
2020. Vol. 9(2). P. 89-94. https://doi.org/10.32732/jfet.2020.9.2.89.

17. Villanueva M. J., Tenorio M. D., Sagardoy M., Redondo A., Saco
M. D. Physical, chemical, histological and microbiological changes in fresh
green asparagus (Asparagus officinalis, L.) stored in modified atmosphere
packaging. Food Chemistry. 2005. Vol. 91(4). P. 609-619.
https://doi.org/10.1016 /j.foodchem.2004.06.030.

18. Priss O. P., Sukhenko V. Yu., Bulhakov P. O. Asparagus dry
soluble and insoluble matter during storage. Hayxoeuii sicnux THATY.
2023. Bum. 13, 1. 1. C. 289-298. https://doi.org/10.31388/ 2220-8674-2023-
1-24.

19. Valero D., Diaz-Mula H. M., Zapata P. J., Guillén F., Martinez-
Romero D., Castillo S., & Serrano M. Effects of alginate edible coating on

Proceedings TSATU. 2023.23. 1


https://doi.org/10.1016/j.%20foodcont.2014.05.047
https://doi.org/10.1016/j.%20foodcont.2014.05.047
https://doi.org/10.1016/j.cis.2021.102405
https://doi.org/10.1016/j.foodchem.2020.128178
https://doi.org/10.15421/%20081904
https://doi.org/10.46299/ISG.2023.1.13
https://doi.org/10.1016/j.foodhyd.%202016.09.009
https://doi.org/10.1016/%20j.foodhyd.2018.03.014
https://doi.org/10.32732/jfet.2020.9.2.89
https://doi.org/10.1016%20/j.foodchem.2004.06.030
https://doi.org/10.31388/%202220-8674-2023-1-24
https://doi.org/10.31388/%202220-8674-2023-1-24

[Ipani TAATY Bunyck 23. Tom 1
198

preserving fruit quality in four plum cultivars during postharvest storage.
Postharvest Biology and Technology. 2013. Vol. 77. P. 1-6.
https://doi.org/10. 1016/j.postharvbio.2012.10.011.

20. Priss O. Effect of heat treatment with antioxidants on respiratory
substrates during storage of cucumbers. Eastern-European Journal of
Enterprise Technologies. 2015. Ne 3(10). P. 19-25.
https://doi.org/10.15587/ 1729-4061.2015.44240.

Cmamms naoitiwna 0o pedaxyii 20.05.2023 p.

O. Ipicc?, IT. Byaraxos?, T.Koxicunuenxo®, JI. I'a33aBi-Poro3ina?
! Tappiiichkmii nepkaBHuii arpoTexHooriYnuii yniBepcuTer
imeni /Imurpa MoTopHoro
2 lepsxaBHuii 6ioTexHo oriunmii yHiBepcHTeT

CKOPOYEHHA BTPAT I1PU 35EPII'AHHI CITAPXI 31 3AXUCHUM
IHOKPUTTAM

Anomauin

@®pyKkTH Ta 0BOY1 3aliMalOTh MepIIe MICIe Y KUIBKOCTI XapuOBUX BIIXOJIIB 1 BTpAT.
[Ipn ix BupoIlIryBaHHI, BUKOPUCTOBYeThCA 25% yci€l BOAM, 110 BUKOPUCTOBYETHCS
CUIBCHKUM TOCIIOJApCTBOM LIOPOKY 1 23% yciX OpHUX YTiJb, MPOIYKYIOUH MPUOIU3HO
8% mopiyHUX TI00aTBPHUX BHUKWJIB TMapHUKOBHX Ta3iB. lle mpusBoguTh 10
BUKOPHUCTAHHS HEBITHOBIIOBAHUX PECYpPCIB JJIsi OTPUMAHHS XapuyOBUX MPOAYKTIB, SIKI
He OyayTh croxkuTi. ToMy CKOpOuYeHHS BTpaT 1 BIIXOIIB IUIOJJOOBOYEBOI MPOMYKIIii
MOXe OyTH OJIHI€I0 3 TMPOBITHUX TIOOAIBHUX CTpaTeriil JOCATHEHHS CTaJIol
MPOJIOBOJIHYOI OE3IMEeKH Ta TOKPAIICHHS DAIIOHIB Xap4YyBaHHs, CKOPOUCHHS BUKHIIB
MMapHUKOBUX Ta3iB, 3MEHIIICHHS HABAaHTAXCHHS HAa BOJHI Ta 3€MEJIbHI PECypCH, a TaKOXK
TIIBUIICHHS TIPOIYKTUBHOCTI Ta 3a0e3MedYeHHs] eKOHOMIYHOTO 3pocTaHHs. Crapka €
BHUCOKOI[IHHOIO 1 HIBUAKOIICYBHOIO OBOYEBOIO KYJIbTYpOr. JlJis MOAOBXKEHHS TEPMiHIB
30epiraHHs CHapki JIOIIJIBHO BUKOPUCTOBYBAaTH iCTIBHI TOKPUTTS Ha OCHOBI
MIPUPOJIHUX CIOJIYK. AJIbIIHAT € OJHUM 3 HAWIIKaBIIIUX TPUPOJTHKX IMOTICAXapuIiB s
dhopmyBaHHs MOKpUTTIB. OAHAK albriHATHI TUTIBKA HE BOJIOAIIOTh aHTHOKCHIAHTHUMH
BIIACTUBOCTAMHU. T0X, METOIO poOOTH OyJI0 BCTAHOBIICHHS BILIUBY IMOKPUTTIB HA OCHOBI
aNbriHaTy HATPIIO Ta PEYOBUH aHTHOKCUIAAHTHOI dii Ha 30epeKeHICTh crapxi. ¥ poOoTi
PO3IJIIHYTO BIUIMB IMOKPHUTTIB Ha OCHOBI aJIbI1HATy HATPIIO Ta PYTHHY Ha MOJOBXKEHHS
TepMiHIB 30epiraHHs, CKOpPOYEHHs BTpaT MacH, BHUXIJ TOBapHOi MPOIYKIi Ta
OpPraHOJICTITUYHI XapaKTePUCTUKH CHapKi JBOX COPTIB pi3HOro 3a0apBiICHHS.
JocmimpkyBanu 3eieny crapxy copty Prius F1 ta 3eneHo-dioneroBy copty Rosalie F1.
BcranoBieHo, 110 BUKOPUCTAaHHS MOKPUTTIB Ha OCHOBI ajbliHATY HATPIIO Ta PYTHHY
JI03BOJISI€ TIOJIOBXKUTU TepMiH 30epiraHHs crmapxi Ha 3...7 mi0 (3ajexHO BiJ CKIamy
nokputts). [loeaHaHHs anbriHaty Ta pyTHHY JO3BOJISiE CKOPOTUTH BTpAaTU MacH B 2,1-
2,2 pasu 3anexHo Big copry. CraHmapTHa mNpoayKuis Yy crapxi o0Opo0GieHoi
KOMIIO3MLII€I0 aJIbriHATy 1 pyTUHY micias 30epiranHa craHoBuia 88,14-91,79 %, npu
JIOBLIOMY Ha 7 JAHIB TepMiHi 30epiranHi. KiibKicTh BIJXO/IB TaKoXX HE 301IbIINIACK.
Bci pocninnHi 3pa3ku 3a OpraHoONENTUYHUMHU MMOKa3HUKAMU MOKa3aly BUIY OLIHKY, HiX
KOHTPOJIbHI BapianTu. [IpoTe, MOKPHUTTS HA OCHOBI anbriHaTy Ta PYTHHY HE Jalu
O6axcaHoro e(exTy A 3MEHILICHHs BUCUXaHHA 3pi3iB. ToX moJanpIli po3poOKH MaroTh
OyTH HampaBiieHI Ha MOUIYK €()eKTUBHUX PIIIEHb Ul YCYHEHHs LbOTO HEIOJIKy HpHU
30epiraHHi capxi.

Knwuoei cnosa. 30epiranns, 3eleHa crapxka, 3el1eHo-(piojaeToBa crnapxa, XapyoBi
MOKPUTTS, aNbliHAT, pyTHH, BTPATH MacH, TOBapHA MPOTYKIIisl.
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