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This article examines the factors that determine the stability and product-packaging compatibility of pediatric oral
rehydration salts (ORS) in both powder and ready-to-use liquid dosage forms. The relevance of the study is defined by
the persistent burden of diarrheal disease in children and by the central role of oral rehydration therapy in preventing
severe dehydration. Particular attention is given to the effects of package moisture permeability, seal integrity, and storage
conditions on the physicochemical stability of ORS powder blends, as well as to the technological advantages of transition
to pre-mixed oral solutions. The paper compares multilayer flexible packaging materials used for powders with bottle-
based systems used for liquids. It is shown that, for hygroscopic ORS powders, the highest level of protection is provided
by high-barrier laminates incorporating an aluminum layer, whereas for ready-to-use oral solutions the critical issue is
the integrity of the primary container closure system rather than moisture transfer through flexible films. As an example
of localization in Uzbekistan, the paper additionally considers Regidreyd (dextrose; sodium chloride; potassium chloride;
sodium citrate dihydrate), an oral solution manufactured by Samarkand England Eco-Medical in 100 ml, 250 ml, and 500
ml bottles. The concluding argument is that the selection of packaging for pediatric ORS should be determined not only by
economic considerations, but by the correspondence between dosage form and container system: high-barrier stick-packs
for powders, and sealed bottle-based systems for liquid ready-to-use formulations.
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INTRODUCTION

The problem of acute intestinal infections and the dehydration
associated with them continues to carry substantial medical
and social significance in pediatrics [7, 8]. Diarrheal diseases
remain among the leading causes of mortality in young
children, especially in low- and middle-income countries [9,
10, 12]. Oral rehydration therapy is regarded as the basic
and most accessible method [16] for preventing severe
complications of dehydration [14], while low-osmolarity oral
rehydration salts are included among the essential medicines
recognized by the World Health Organization [1-6].

For the Republic of Uzbekistan, this issue has not only
a clinical dimension, but also an organizational and
pharmaceutical one. According to WHO assessments, the
country’s health system in 2019 was undergoing an active
phase of reform; at the same time, a significant share of
healthcare expenditure was attributable to medical goods,
primarily medicines, while the accessibility of therapy for
the population depended to a considerable extent on the
cost and actual availability of pharmaceutical products [29].
Under such conditions, questions related to the stability
of dosage forms, shelf life, and the preservation of product
quality during transportation and storage acquire particular
practical importance [29].

In methodological terms, this means that pediatric ORS in
Uzbekistan should be analyzed through at least two different
packaging paradigms: moisture-protective flexible packaging
for powders and container-closure systems for ready-to-use
liquids.

Powdered ORS dosage forms are sensitive to moisture
exposure, and for that reason their therapeutic reliability
is determined to a large extent by the barrier properties of
the package, the integrity of the seals, and compliance with
storage conditions. This is especially important for countries
with hot climates and a substantial logistical burden, since
moisture uptake by the blend may lead to caking, impaired
flowability, and deterioration of the product’s consumer
characteristics. Therefore, the selection of an optimal
packaging system for pediatric ORS should be considered
part of the broader task of ensuring both the quality and the
accessibility of therapy [20-32].

The aim of the study is to provide a scientific rationale for
selecting an optimal packaging system for pediatric ORS,
taking into account barrier characteristics, seal integrity,
and storage conditions, as well as to assess the economic
efficiency of a modernized packaging process at a local
pharmaceutical manufacturing site.
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The scientific novelty of the study lies in the development
of an authorial model for optimizing the packaging process
of pediatric ORS formulations, a model that integrates
requirements for microbiological purity, the barrier
properties of multilayer films, and cost reduction through
minimized material consumption during the transition to
stick-pack packaging.

The author’s hypothesis assumes that the use of high-
barrier laminates with an aluminum layer in a stick-pack
format ensures preservation of the stability of the standard
ORS formulation for 24 months in climatic zones IVa and
IVb, while at the same time making it possible to reduce
production costs by 15-20% compared with traditional
packaging formats.

MATERIALS AND METHODS

The methodological foundation of the study consisted of
a systematic analysis of regulatory and scientific sources
published between 2017 and 2019, supplemented by
product-specific and technological data provided for the
present work. The source base included WHO and UNICEF
documents on ORS, publications addressing the clinical use
of low-osmolarity rehydration solutions in children, studies
on the hygroscopic behavior of powder blends, and research
focused on the barrier properties of multilayer packaging
materials.

The comparative technical analysis was conducted along
two main packaging pathways. The first pathway concerned
powdered ORS, for which the physicochemical and barrier
characteristics of multilayer flexible packaging materials

polyethylene terephthalate (PET), low-density polyethylene
(LDPE), aluminum foil (Al), and metallized PET (VMPET)
were evaluated using water vapor transmission rate
(WVTR) and oxygen transmission rate (OTR) as the principal
comparison parameters.

The second pathway concerned liquid ORS presentations, in
which the central analytical focus was shifted from flexible-
film permeability to the container-closure system. According
to the supplied manufacturing data, the oral solution
presentation was filled into an infusion-solution bottle
without a rubber cap, whereas the infusion line used plastic
bottles manufactured by blow-fill-seal (BFS) technology,
with the bottle fitted with a rubber cap. These configurations
were analyzed separately in order to avoid conflating the
requirements applicable to powder sachets/stick-packs with
those relevant to liquid bottle-based systems.

RESULTS AND DISCUSSION

Oral rehydration salts are complex multicomponent systems
comprising anhydrous glucose, sodium chloride, potassium
chloride, and sodium citrate. In accordance with WHO
standards adopted in 2003 and still reflected in the 2019
essential medicines framework, preference is given to
the low-osmolarity formulation with a total osmolarity of
245 mOsm/L, since this composition is associated with a
reduction in the frequency of vomiting and a decrease in the
need for intravenous therapy in children by approximately
one third [1, 13, 17].

Below, Table 1 presents the composition of low-osmolarity
oral rehydration salts according to the WHO and UNICEF.

Table 1. Composition of low-osmolarity oral rehydration salts according to the WHO and UNICEF (compiled by the author

based on [1, 2]).

Component Chemical formula |Concentration (g/L) |Role in the physiology of rehydration

Sodium chloride NacCl 2.6 Replenishment of sodium and chloride ion deficits
Glucose (anhydrous) 13.5 Stimulation of sodium and water cotransport
Potassium chloride KCl 1.5 Prevention of hypokalemia

Sodium citrate (dihydrate) 2.9 Correction of metabolic acidosis

Total osmolarity 245 mOsm/L Optimal absorption gradient

The principal factor limiting the shelf life of oral rehydration
salts is the high hygroscopicity of their components.
Anhydrous glucose and the constituent salts, once brought
into contact with atmospheric moisture, form microfilms of
saturated solutions on the crystal surface, which leads to the
phenomenon commonly described as caking. This process
does not merely complicate the use of the product in practical
terms; it also initiates chemical degradation [18, 19].

A key destructive mechanism in ORS is the Maillard reaction,
that is, non-enzymatic browning caused by the interaction of
the carbonyl group of glucose with amino groups of impurities
or auxiliary substances, with the process becoming more
pronounced in the presence of moisture. Powder darkening

toward a yellow-brown shade may therefore be regarded
as a direct visual indicator of declining product quality
and loss of acceptable stability characteristics [20, 23]. In
moisture-sensitive powder systems, even a modest increase
in water activity can accelerate undesirable physicochemical
transformations, which is precisely why protection from
water vapor ingress becomes a decisive packaging function
rather than a secondary technical consideration [20, 23,
24].

To ensure the stability of pediatric formulations that are
sensitive to moisture, multilayer laminates with high
barrier performance are required. In this setting, packaging
efficiency is determined above all by the water vapor
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transmission rate (WVTR), since that parameter directly
affects the slowing of sorption processes and the prevention
of component degradation. Oxygen barrier performance also
remains important, although, for ORS powders, resistance
to moisture transfer is typically the more critical variable

in preserving the original state of the formulation during
storage [21-25].

Table 2 presents the results of a comparative assessment of

the barrier properties of flexible packaging materials.

Table 2. Comparative characteristics of the barrier properties of flexible packaging materials (compiled by the author based

on [21, 22, 25,27, 28]).

Type of laminate Barrier layer WVTR (g/m?/day) Oxygen permeability (cc/m?/day)
PET/PE None 1.0-10.0 45-65

PET/VMPET/PE Metallized layer 0.5-5.0 0.1-1.0

PET/Al/PE Aluminum foil ~0.01 ~0.00

PET/AlOx/PE Aluminum oxide 0.5-2.0 0.5-2.0

Aluminum foil with a thickness of 7-9 um, when incorporated
into a multilayer laminate structure, provides nearly
complete protection against moisture and gases. Even so,
during transportation and repeated flexing particularly
under the conditions associated with delivery to rural
areas of Uzbekistan microcracks may form in the foil layer,
and these defects are capable of compromising the barrier
performance of the package. Under such circumstances,
metallized films (VMPET) tend to demonstrate greater
mechanical resilience, although their permeability remains
50-100 times higher than that of aluminum foil [21, 25].
For pediatric ORS formulations, where long-term stability
over a period of up to 2-3 years is critical, the PET/Al/PE
combination still tends to be regarded as the “gold standard”
[21-25].

Regional dynamics in ORS consumption reveal pronounced
variation, and that variation directly shapes the requirements
imposed on packaging systems and logistical solutions
[26]. In the United States and Europe, the comparatively
mature state of the market drives demand for ready-to-
use and flavored dosage forms, with emphasis placed on
convenience, patient acceptability, and the preservation of
stability over extended storage periods. In Uzbekistan, by
contrast, given the combination of harsh climatic conditions
and the remoteness of part of the consumer base, the
decisive consideration has traditionally been the resistance
of the package to moisture, temperature fluctuations, and
mechanical stress. That circumstance explains the priority
assigned to high-barrier multilayer laminates in the case of
locally relevant powder ORS formulations [20-32].

At the same time, the present analysis shows that the
packaging discussion in Uzbekistan can no longer be
limited to dry formulations alone. According to the product
data supplied for this study, the local market also includes
Regidreyd (dextrose; sodium chloride; potassium chloride;
sodium citrate dihydrate), registered as an oral solution
in 100 ml, 250 ml, and 500 ml bottles, manufactured by
Samarkand England Eco-Medical, CIT 00O. This fact is
analytically important, because it requires a distinction
between the packaging logic of powdered ORS in sachet or

stick-pack format and that of ready-to-use oral solutions in
bottles. The presence of alocalized ready-to-use oral solution
in the Uzbek pharmaceutical market changes the analytical
scope of the present study.

The inclusion of this product in the present discussion is
methodologically significant. Unlike dry ORS powders, which
require protection from environmental moisture ingress, the
oral solution is already in the hydrated state. Accordingly,
the decisive issue in such a case is no longer the WVTR of a
flexible laminate, but the integrity and compatibility of the
primary bottle system throughout storage and distribution.
Figure 1 will present a forecast of the global ORS market
volume through 2034.
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Figure 1. Forecast of the global ORS market volume through
2034 (compiled by the author based on [11, 23, 29]).

In the context of the late-2019 period, greater analytical
value lies not in speculative commercial forecasts of the ORS
market but in the practical task of ensuring the accessibility
and quality of rehydration therapies used in pediatric
care. For the Republic of Uzbekistan, this consideration
appears especially relevant due to the large size of the child
population.

Assessments published by the World Health Organization
suggest that the health-care system of Uzbekistan in 2019
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was undergoing a phase of active structural reform. Within
this environment, a considerable share of health expenditure
continued to be directed toward medical commodities,
primarily pharmaceutical products, which in turn increased
the importance of ensuring local access to stable and high-
quality medicinal formulations [29, 30, 34].

Additional relevance arises from the government’s policy
aimed at strengthening the national pharmaceutical industry.
The Presidential Decree of the Republic of Uzbekistan dated
10 April 2019 introduced a set of measures intended to
accelerate the development of the pharmaceutical sector,
including the expansion of domestic manufacturing capacity
and the modernization of sectoral infrastructure [30, 34, 35].
In this context, the investigation of stability and compatibility
within the “product-package” system for pediatric ORS
in Uzbekistan may be viewed as part of a broader effort
to improve the quality and reliability of pharmaceutical
provision for the population [29-31].

The implementation of a production modernization project
at the Samarkand pharmaceutical plant SEEM (Samarkand
England Eco-Medical) emerged as a response to the
market demand for locally manufactured, high-quality ORS
products intended for children. The proposed engineering
solution initially involved adapting the packaging line for
the manufacture of stick-pack powder formats instead of
conventional four-seal sachets. Such a configuration allowed
areduction in material consumption while improving dosing
precision, while preserving the long-term stability of the
powdered medicinal product (see Fig. 2).

M Standard Sachet
160 W Optimiced Stick (SEEM)

Indicator (% of baseline)

Material Intensity

Packaging Specd Logisties Costs Dosing Accuracy

Figure 2. Efficiency of stick-pack implementation at the
SEEM plant (compiled by the author based on [29-31]).

However, the technological relevance of the SEEM case is
broader than powder packaging alone. The data supplied for
the present work indicate that different dosage forms at the
enterprise were associated with different primary packaging
concepts. In particular, the infusion line used plastic bottles
manufactured by blow-fill-seal (BFS) technology, with
the bottle fitted with a rubber cap. By contrast, the oral
solution presentation was filled into an infusion-solution
bottle without a rubber cap. Since the article simultaneously
discusses powder stick-pack production and liquid bottle-
based presentations, these configurations must be clearly
distinguished. In order to avoid conflating dry powder
packaging with liquid bottle-based systems, the dosage forms
and container configurations considered in the present study
are differentiated in Table 3.

Table 3. Differentiation of dosage forms and primary packaging systems discussed in the study.

Product / line |Dosage form Primary packaging|Closure characteristic |Main packaging risk

format
Pediatric ORS|Powder for oral|Sachet/stick-pack |Heat-sealed laminate |Moisture ingress, caking, browning
powder reconstitution
Oral  solution|Ready-to-use oral|Bottle (infusion- |Without rubber cap Container integrity, physicochemical
(Regidreyd) solution solution type bottle) stability in liquid phase
Infusion line Infusion solution |Plastic BFS bottle With rubber cap Closure integrity, hermeticity,

suitability of BFS system

The distinction presented above is crucial for the correct
interpretation of the results. The comparative analysis of
WVTR, OTR, and laminate barrier performance applies
primarily to powdered ORS, whereas the analysis of liquid
oral and infusion presentations must be based on the
characteristics of the container-closure system rather than
flexible-film permeability.

The modernization of the packaging process at the SEEM
plant made it possible to obtain substantial technological
and economic gains. The decision to refuse from purchasing
costly horizontal sachet machines in favor of vertical

multilane form-fill-seal equipment (VFFS) designed for stick-
pack production yielded investment savings of 15-20% per
unit of installed capacity. At the same time, reducing the film
area required per dose from 700 mm? to 550 mm? led to a
22% decrease in packaging cost [15, 22].

The transition to stick packs also had a favorable effect on
ease of use and consumer acceptance. The geometry of the
package makes it easier to pour the powder into the narrow
neck of a child’s bottle, thereby reducing the risk of product
spillage by 30-40%, a point of more than minor importance
in the case of relatively costly medicinal products [22].
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Product quality, meanwhile, remained fully consistent with
the WHO formula, and the high seal integrity achieved in the
new format ensured preservation of compositional stability
during storage under the elevated temperature conditions
typical of the Samarkand region [1, 2, 23].

Nevertheless, the practical significance of the stick-pack
solution should be interpreted within the limits of the
powder dosage form. In the case of a ready-to-use oral
solution, convenience is achieved not through improved

pour control of a dry mixture, but through the elimination
of the reconstitution step altogether. This shift reduces user-
dependent preparation error and changes the hierarchy of
packagingrisks. For thatreason, adirect comparison between
powder stick-packs and bottled oral solution should be made
not only in economic terms, but also in terms of their distinct
quality determinants. Since the dominant mechanisms of
instability differ between powders and ready-to-use liquids,
the corresponding packaging requirements should be
compared separately, as shown in Table 4.

Table 4. Comparison of critical packaging determinants for powdered and liquid ORS presentations.

Parameter

Powdered ORS in sachet/stick-pack

Ready-to-use oral solution in bottle

Physical state Dry hygroscopic blend

Pre-mixed aqueous solution

Main cause of quality loss

Moisture uptake from environment

Loss of closure integrity / instability in liquid phase

Critical packaging function | High water-vapor barrier

Hermetic bottle-closure system

Main technical indicators |WVTR, OTR, seal integrity

Closure integrity, container compatibility, shelf-
life stability

Typical visible defect Caking, clumping, browning

Leakage, instability, contamination risk

User stage

Requires reconstitution before administration | Ready to use

As Table 4 demonstrates, the preferred packaging solution
depends directly on the dosage form. High-barrier flexible
laminates remain the rational option for powders, whereas
bottle-based systems are more appropriate for ready-to-use
liquid formulations.

A comparative analysis of the effectiveness of packaging
systems should rest on an integrated approach that takes

into account total cost of ownership (TCO) together with
the potential risks of complaints and product claims. That
approach makes it possible to evaluate not only the cost of
materials and equipment as such, but also the long-term
resistance of the product to degradation, the convenience of
use for the end consumer, and conformity with regulatory
requirements (see Table 5).

Table 5. Comparative analysis of ORS packaging formats (compiled by the author based on [22]).

Comparison factor Conventional sachet Modern stick pack
Material consumption (per 1,000 doses) 0.7-0.8 m? 0.5-0.6 m?
Material costs ($/1,000 units) $30-$40 $25-$32

Child-use accessibility (pour control)

Low (wide cut)

High (narrow spout)

Packaging speed (line output)

40-60 units/min

60-100 units/min

Dosing error +5-8%

+2-3%

Overall efficiency Baseline

+20-25% profit

The obtained results suggest that the use of multilayer
PET/Al/PE laminates in a stick-pack configuration can
noticeably reduce the probability of moisture ingress by
approximately 15-18% when compared with traditional
sachets manufactured from comparable materials. The effect
appears to arise primarily from the reduction in the overall
length ofheat-sealed seams per unitvolume of product. Fewer
and shorter seams, somewhat paradoxically, translate into
fewer potential pathways through which water vapor may
diffuse into the interior of the package, a factor repeatedly
emphasized in studies dealing with barrier integrity and
microdefects in flexible packaging structures [21, 25].

At the same time, the present study indicates that this
conclusion should not be generalized to all pediatric
ORS products irrespective of dosage form. For powdered

formulations, minimizing moisture transfer remains the
principal packaging objective. For liquid oral solutions,
including the localized product Regidreyd, the decisive issue
is the performance of the bottle-based primary package. Thus,
the practical outcome of the analysis is not the identification
of a single universal package, but the substantiation of a
dosage-form-specific packaging strategy.

Such a reduction in moisture penetration carries particular
importance for powdered ORS formulations. Maintaining
the anhydrous state of glucose within the mixture remains
essential, since even minor water uptake can initiate
localized dissolution and subsequent recrystallization
processes in contact with the surrounding salts. The resulting
microstructural changes often manifest as caking and loss
of powder flowability, and over longer storage periods may
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accelerate chemical interactions between components.
Consequently, improved seam geometry and enhanced
barrier protection directly contribute to the long-term
physicochemical stability of the formulation and, ultimately,
to the preservation of the therapeutic effectiveness of oral
rehydration salts [20, 23, 24].

CONCLUSION

The conducted study has shown that the stability of pediatric
oral rehydration products is determined not only by the
correctness of the pharmaceutical formulation, but also by the
quality of the packaging system as an independent factor in
ensuring therapeutic reliability. For powdered ORS mixtures
containing glucose and mineral salts, critical importance
attaches to protection against moisture, the integrity of
heat-sealed seams, and compliance with regulated storage
conditions. It is precisely the product-package system, taken
as a whole, that shapes the actual shelf life of the preparation
and its capacity to preserve its initial physicochemical
properties throughout the circulation period.

At the same time, the results of the present study show
that these requirements cannot be transferred without
modification to ready-to-use liquid formulations. In the case
of a bottled oral solution, the key quality determinants are
associated not with the moisture permeability of a flexible
laminate, but with the integrity and compatibility of the
primary bottle-closure system.

The analysis of the scientific and regulatory literature published
between 2017 and 2019 confirmed that the principal risk of
ORS degradation is the absorption of atmospheric moisture,
which leads to powder caking, deterioration of flowability,
and the initiation of chemical changes, including non-
enzymatic browning of the Maillard type. It was established
that even where the nominal composition remains formally
unchanged, moisture uptake reduces the technological
suitability and consumer acceptability of the mixture and,
consequently, its clinical reliability in pediatric practice. This
makes it possible to conclude that the moisture-protective
characteristics of packaging should be regarded as one of the
key quality criteria for pediatric ORS formulations alongside
pharmacopoeial indicators.

A comparison of the barrier properties of modern flexible
packaging materials demonstrated that the most effective
protection for hygroscopic powdered ORS mixtures is provided
by multilayer laminates incorporating an aluminum layer,
above all structures of the PET/Al/PE type. Taken together
in terms of WVTR and OTR, such materials outperform both
foil-free solutions and metallized analogues, providing what
is, in practical terms, the highest barrier against the transfer
of moisture and gases. At the same time, it was found that
high material barrier performance alone is not sufficient in
the absence of proper technological discipline: any loss of

seal integrity, microdamage during transportation, or storage
under conditions of elevated temperature and humidity may
nullify the advantages of even a high-barrier package.

However, the present study also demonstrates that liquid
ORS products require a different evaluative framework.
The example of Regidreyd, an oral solution manufactured
in Uzbekistan in 100 ml, 250 ml, and 500 ml bottles,
confirms the practical relevance of bottle-based ready-
to-use presentations in the local pharmaceutical context.
In addition, the technological data analyzed in this article
indicate the need to distinguish between oral solution bottles
without a rubber cap and plastic BFS infusion bottles with a
rubber cap, since these systems belong to different product
categories and involve different packaging risks.

Under the conditions of Uzbekistan, the conclusions of the
study carry particular practical significance. In a setting
defined by health-system reform, the development of local
pharmaceutical manufacturing, and the need to improve the
accessibility of quality medicines for children, the selection of
reliable packaging for ORS should be considered an element
of the broader state task of pharmaceutical provision. Given
the climatic features of the region, the logistical burdens
involved, and the risk of prolonged storage under unstable
conditions, it is specifically high-barrier packaging solutions
that are capable of preserving product quality at every stage
of the supply chain from manufacture to the final consumer.

Thus, the stated objective of the study has been achieved:
it has been scientifically substantiated that the optimal
packaging system for pediatric ORS should be determined
according to dosage form. For powdered ORS, the preferred
solution consists of individually sealed packets made of
multilayer high-barrier laminates, primarily those based on
aluminum foil, provided that strict control over seal quality
and compliance with storage conditions are maintained. For
ready-to-use liquid ORS, the more appropriate system is a
sealed bottle-based primary package, in which the decisive
parameters are closure integrity, material compatibility, and
maintenance of product quality throughout the declared
shelf life.

The practical conclusion of the work is that, in the
development and localization of ORS production, priority
should be given not merely to the minimization of initial
packaging costs, but to the selection of a packaging concept
appropriate to the formulation itself. For powders, this means
maximizing moisture protection through high-barrier stick-
pack or sachet structures; for liquids, it means selecting a
bottle-closure system capable of maintaining hermeticity
and stability under storage and distribution conditions. This
position may serve as a methodological basis for the further
standardization of packaging solutions in pediatric pharmacy
and for the improvement of local production of rehydration
products in Uzbekistan.
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