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EQUIPMENT FOR THE PRODUCTION OF SOFT SEAMLESS GELATIN CAPSULES
IN THE FOOD INDUSTRY: A COMPARATIVE ANALYSIS OF DROPLET
AND SPRAY-DRYING METHODS

Abstract: This paper presents a comparative analysis of the two primary technologies for producing
soft seamless gelatin capsules — droplet (coaxial) and spray-drying (spray-drying microencapsulation)
methods — as applied to the needs of the food industry and nutraceuticals. The structural features of the
equipment, key process parameters (capsule size and shape, shell composition, dosing accuracy,
productivity), and application areas for each technology are described. Based on a review of technical
documentation, scientific publications, and pharmacopeial standards (USP, EP), the advantages and
limitations of both methods are identified: the droplet method provides high dosing accuracy and an
aesthetically pleasing appearance of large spherical capsules with liquid cores, whereas spray-drying enables
mass production of microcapsules for bulk food blends and maintains the stability of sensitive ingredients.
Conclusions are drawn regarding the appropriateness of each method depending on the type of active
ingredient, required production volume, and storage conditions. Potential future developments — such as new
shell materials and gentler drying regimes — are also outlined.

Key words: seamless gelatin capsules; droplet method (coaxial encapsulation); spray-drying
(microencapsulation); food supplements and nutraceuticals; dosing accuracy; microcapsules; functional
products.

Soft Seamless Gelatin Capsules are uniform spherical shells made of gelatin filled with a
liquid core, without any seams or joints. Due to the absence of seams, such capsules are referred
to as “seamless”; they are usually transparent or colored, elastic, and contain a measured dose of
oil or another liquid inside [1]. In the food industry and nutraceuticals, seamless capsules are widely
used for the encapsulation of vitamin oils (e.g., omega-3 from fish oil), fat-soluble vitamins (A, D, E,
K), and flavor additives — this allows for masking the unpleasant taste or smell of ingredients and
protects them from oxidation [2]. Additionally, seamless encapsulation technology is applied in the
development of functional products — for example, capsules with peppermint oil are used in
chewing gums and confectionery, while microcapsules with probiotics are added to food products to
enhance their health benefits. This article focuses on equipment for producing seamless gelatin
capsules in the context of the food industry — primarily comparing two encapsulation methodologies
(droplet and spray methods), their design features, and the resulting capsule properties.

Introduction. Between 2021 and 2025, there has been growing interest in encapsulation
technologies in the food sector, driven by several key factors. Firstly, there is an increasing demand
for functional food additives and biologically active compounds that require hermetic packaging of
active substances. The global gelatin and capsule market has shown steady growth: according to
industry analysts, global gelatin consumption was valued at $6.7 billion in 2022 and is projected to
reach $8.5 billion by 2027 [3]. In parallel, the capsule industry is also expanding — the market for
empty capsules (for pharmaceuticals and nutraceuticals) may reach $3.2 billion by 2027, with an
average annual growth rate of ~7.4% [4]. These trends reflect the growing need among producers
of dietary supplements and functional foods for modern encapsulation technologies.
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Secondly, active research and development are being conducted to improve materials and
encapsulation methods. Despite the emergence of plant-based gelatin alternatives (such as
cellulose-based materials), gelatin capsules continue to dominate due to their low cost and excellent
consumer properties. At the same time, encapsulation methods themselves are evolving: the
relatively new droplet method (also known as the «bubble method»), introduced in the 1960s, has
significantly improved dosing capabilities in recent years — the maximum fill volume of a seamless
capsule has increased from ~0.3 ml to 0.75 ml thanks to advancements by researchers in Japan
and Israel [5, 7]. Simultaneously, spray drying and other microencapsulation techniques have
become well-established in the food industry as cost-effective methods of protecting sensitive
components (such as vitamins, flavorings, and probiotics) from external influences. The combination
of these factors makes the topic of selecting and comparing equipment for seamless encapsulation
particularly relevant for modern food manufacturing [6, 8].

Despite the emergence of plant-based gelatin analogues, gelatin capsules continue to
dominate due to their low cost and excellent consumer characteristics [9]. Spray drying and other
microencapsulation techniques have firmly established themselves in the food industry as
economical methods for protecting sensitive components (vitamins, flavorings, probiotics) from
external factors [10]. The combination of these factors makes the topic of choosing and comparing
equipment for seamless encapsulation highly relevant to today’s food production.

Methods and Methodology. Two fundamentally different approaches are used in the
industry for producing seamless gelatin capsules: droplet encapsulation (coaxial droplet formation)
and spray encapsulation (microencapsulation via spray drying).

1. Droplet Encapsulation (Coaxial Droplet Formation).

o Review of patents and technical specifications of equipment in accordance with USP
and European Pharmacopoeia recommendations [11, 12].

o Analysis of key operating parameters: gelatin temperature, core flow rate, cooling
conditions.

o Compilation of a comparative parameter table.

2. Spray Encapsulation (Spray Drying).

o Examination of technological guidelines from microencapsulation equipment
manufacturers.

o Analysis of emulsion systems used for shell materials.

o Evaluation of economic and energy efficiency parameters of the process.

This study utilized scientific literature and technical documentation from 2021-2025, as well
as USP 43-NF 38 and EP 10 standards [11, 12].

Droplet method («bubble method»). This method is based on the formation of gelatin
capsules using a coaxial droplet generator, from which the shell and the liquid core are
simultaneously extruded. A special dual-channel nozzle produces a two-phase droplet: the outer
layer consists of molten gelatin, while the inner one contains the filler liquid. Due to surface tension
forces, the droplet self-forms into a perfect sphere, "sealing" the core without any seams. The
capsule then passes through a cooling medium (usually chilled vegetable oil), where the gelatin shell
rapidly solidifies and retains its spherical shape The equipment used for the droplet method includes
several main components: a tank with heated gelatin mass, a container with the liquid filler, a coaxial
encapsulation head, a cooling oil delivery system (with a pump and chiller unit), and a control system
for dosing and temperature regulation. One of the encapsulator models is shown below in Figure 1,
featuring a vertical cooling column (transparent tube) in which capsules are formed and solidified:

Fig. 1 — Encapsulator
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Design of a typical encapsulator for seamless capsules (droplet method): the transparent
cooling column, electronic control panel, and stainless steel body are visible. The production process
on such equipment is continuous: the gelatin mass is maintained at a temperature of approximately
60-70 °C, the filler is supplied cooled (12-40 °C), and the cooling oil circulates in a closed loop at 5-
10 °C to ensure rapid shell gelation. The droplet formation frequency is adjustable (typically 1-5
pulses per second per nozzle) to control capsule size. Modern encapsulators are equipped with PLC
controllers and touchscreen panels, which allow for precise temperature control and synchronization
of shell/core feeding. As a result, the droplet method yields soft gelatin spheres with diameters
ranging from ~2 mm to 10-15 mm, with a very narrow mass variation — dosage deviations usually do
not exceed * 3%. Capsules are generally filled with hydrophobic liquids such as vegetable oils,
oil-based vitamin solutions, fish oil, and oil-based aromatic essences. This is because the gelatin
shell comes into contact with water during formation and must remain insoluble; therefore, direct
encapsulation of aqueous fillers using this method is difficult. After formation, the capsules are
washed from the oil medium, dried for 1-2 days, and packaged.

Spray-drying method. The term «spray-drying» typically refers to a technology widely used
for microencapsulation of food ingredients. The core concept of the method is as follows: a liquid
emulsion containing both the core material and the shell-forming agent is atomized into a stream of
hot air. The fine droplets dry almost instantly, and a powder of microcapsules is collected at the
outlet. In spray-drying, the shell material often consists of gelatin blended with polysaccharides —
such as gelatin combined with maltodextrin, gum arabic, or modified starch. These combinations
enable the formation of a solid matrix around the core during the drying process. Prior to spraying,
the core (active ingredient) is typically emulsified in the shell solution to ensure even distribution of
oil droplets within the capsules or uniform incorporation of a hydrophilic component A schematic
diagram of the spray-encapsulation process is shown in Figure 2:

Outlet gas

Heater Drying
Chamber Cyclone
Inlet air [I 8

Air filter  pump

Dried 'product

Fig. 2 — Diagram of a Spray Drying System for Microcapsule Production

Diagram of a spray-drying setup for producing microcapsules. A liquid feed solution is
pumped through a nozzle at the top of the drying chamber. Simultaneously, heated dry air (inlet air)
is introduced via an atomizing nozzle. The tiny droplets instantly dry in the air stream; the resulting
powder particles settle downward and are collected through a cyclone separator as the final dry
product (dried product), while the used moist air exits through an exhaust (outlet gas).

Spray-drying equipment includes a feed tank for the initial emulsion, a pump, and an
atomizing nozzle, which can be either a high-pressure nozzle or a centrifugal atomizer disc. The
drying unit consists of a vertical chamber (drying tower), into which hot air (typically 150-200 °C) is
introduced. A separation system — either a cyclone or a filter — is used to collect the dried
microcapsules. In industrial applications, both small laboratory-scale spray dryers (with a capacity of
1-5 liters of emulsion per hour) and large-scale units capable of processing up to approximately 100
liters per hour are available. Process parameters are selected according to the characteristics of the
product: the inlet temperature must be high enough for rapid drying, but not excessive so as to avoid
degrading bioactive substances. The outlet air temperature is controlled to regulate the residual
moisture of the powder. The final microcapsules are obtained as a dry powder. The particles are
spherical or slightly irregular in shape, with sizes ranging from approximately 10 um to several
hundred micrometers. Each particle contains the encapsulated substance (e.g., oil droplets,
aromatic compounds, vitamins, etc.) dispersed in a dried polymer matrix [4]. Thus, unlike the drop-
based method, spray-drying does not produce individual large capsules but yields a bulk powder
consisting of numerous microcapsules.
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Results. Based on the analysis of literature and equipment specifications, the key differences
between drop-form encapsulators and spray-drying microencapsulation systems are summarized in

Table 1.

Table 1 — Comparison of Encapsulation Methods

Parameter

Drop Method
(Seamless Soft Capsules)

Spray-Drying Method
(Microcapsules)

Capsule size
and shape

Spherical capsules with a diameter of
2-10 mm (up to 15 mm in some
cases). Perfectly round shape due to
the surface tension of gelatin.

Microcapsules with diameters from ~10 ym
to several hundred microns. The shape is
close to spherical; agglomeration may
occur in the powder.

Shell materials

Gelatin (bovine, porcine, or fish) with a
plasticizer (glycerin, sorbitol) — forms
an elastic gel-like shell. Solidifies upon
cooling.

Polymer combinations (gelatin, gum arabic,
maltodextrin, starch, etc.). The shell forms
during drying, transitioning from liquid to a
solid matrix.

Type of
encapsulated
core

Liquids immiscible with water: oils, fat-
soluble vitamin solutions, oil-based
extracts. Aqueous solutions and
suspensions are not used (they break
down gelatin).

Broad range of substances: oils and
aromatic compounds (emulsified within the
emulsion), as well as water-soluble
ingredients (vitamins, extracts),
suspensions, and even live cultures
(probiotics) combined with a carrier.

Productivity

15,000-60,000 capsules per hour,
depending on the model and capsule
size. For example, a 2-nozzle
encapsulator produces ~20
capsules/sec with a 3-4 mm diameter.

Very high (measured by mass, not
individual units): large spray dryers can
process 50-100 liters of emulsion per hour,
yielding tens of kilograms of microcapsules.
The process is continuous, limited by dryer
capacity and feed rate.

Dosing accuracy

High: filler mass deviation is no more
than +2-5% due to the consistency of
droplet size. Each capsule contains a
precisely dosed liquid core (~0.3-0.75
ml).

Difficult to assess per microcapsule due to
the bulk nature of the product. Total yield
and encapsulation efficiency are more
relevant: typically 80-95% of the active
ingredient is encapsulated. Losses may
occur (material sticking to dryer walls or
remaining on particle surfaces).

Includes units for gelatin melting, core
dosing, coaxial nozzles, a cooled
column or bath, a circulating cooling oil

Includes a spray system (nozzle or
centrifuge), a drying tower several meters
high, an air heater, and a cyclone for

]lcEquuoment system, and drying chambers. powder collection. Larger footprint; requires
eatures . . I . e
Requires sterile conditions and precise | dehumidification and dust removal systems.
temperature control. A compact line Precise control of parameters (temperature,
weighs ~200-1000 kg. air flow) is critical to product quality.
Nutraceuticals and pharmaceuticals: . . . )
capsules with fish oil, vitamins, and V\/_ldely used in the food industry: powders
o i with encapsulated flavors (for soups,
aromatic oils for oral use; food . e
) : . beverages), dairy products (fortified dry
products: e.g., floating «caviar-like» blends), baby food (microcapsules with
Applications capsules in drinks and desserts (if ’ y P

made with agar/alginate), flavor
capsules for tea. Also used in the
tobacco industry — menthol capsules
for cigarette filters.

Omega-3 in cereals), baked goods and
confectionery (bake-stable flavor powders).
Also for probiotic formulations, dry spices
with protected essential oils, etc.

As shown in Table 1, the drop method provides large, individually dosed capsules that are
convenient for personal consumption — similar to traditional soft gel capsules, but seamless. These
capsules are characterized by high filling accuracy and an attractive appearance («pearls» with a
liquid core); however, their application is limited to oily liquids. In contrast, the spray-drying method
is more versatile in terms of encapsulated substances and offers higher productivity. It is suitable for
large-scale production of microcapsules, which can then be blended with other dry ingredients. A
drawback of spray-drying is the multi-stage nature of the process and the need for careful control of
drying conditions to preserve the activity of sensitive components (e.g., vitamins may partially
degrade at high temperatures). Moreover, microcapsules are in powder form and are incorporated

ISSN 2788-7995 (Print)

ISSN 3006-0524 (Online)

Bectauk Yuusepcurera lllakapuma. Texuunueckue Hayku Ne 2(18) 2025 141
Bulletin of Shakarim University. Technical Sciences Ne 2(18) 2025



into products as part of a mixture, whereas drop-formed capsules can be consumed individually as
stand-alone dosed units (e.qg., fish oil capsules). Thus, each method has found its niche in the food
industry: drop encapsulation is used in the production of dietary supplements and functional
products for consumers, while spray microencapsulation is used in ingredient technology (such
as creating fortified powders, premixes, etc.).

Seamless gelatin capsules have firmly established themselves in the food industry and
related sectors due to their ability to protect, dose, and mask various active substances. The analysis
shows that two distinct approaches are used for their production, each with its own advantages Drop-
type encapsulators produce relatively large, precisely dosed spherical capsules, ideal for dietary
supplements and products requiring individual dosing and an appealing appearance. These
capsules ensure high bioavailability of ingredients and enhance consumer properties (no unpleasant
taste, ease of consumption). On the other hand, spray dryers and associated microencapsulation
technologies are indispensable for processing large volumes of raw material and embedding active
components into complex food matrices. Spray-dried microcapsules are easy to dose when mixing,
stable during storage and transportation, and capable of delivering controlled release of flavors and
nutrients in the final product. In the future, further improvements are expected for both methods: for
the drop method — expanding the range of encapsulated substances (possibly through new gelling
materials resistant to water); for the spray method — implementing gentle drying modes (e.g., using
vacuum or lyophilization) for especially sensitive bioactive compounds. Today, equipment
manufacturers already offer comprehensive solutions — from emulsion preparation to automated
drying and capsule packaging — reflecting the high level of technological maturity. Thus, equipment
for seamless gelatin capsules has become an integral part of modern food production,
enabling the creation of new products with improved consumer properties and preserving
the value of unstable ingredients. Competition and innovation in this field will continue to drive the
development of more efficient and flexible encapsulation methods, opening up new opportunities for
the food industry.

Conclusion. The conducted analysis has shown that the choice of encapsulation method is
determined by the following factors:

¢ The required size and form (individually dosed capsules vs. powder-form microcapsules).

e The type of active substance (oil-based solutions vs. hydrophilic components and live
cultures).

e Production volumes and economic feasibility.

e Stability and quality control requirements (USP and EP standards) [11, 12].

In the future, further improvements of both methods are expected: expansion of the range of
shell materials for the drop-based method, and implementation of gentle spray-drying modes
(vacuum drying, lyophilization) for especially sensitive compounds [5]. Competition and innovation
in seamless encapsulation equipment will continue to drive the development of more efficient and
flexible solutions, opening new opportunities for the food industry.
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TAFAM ©HEPKOSCIBIHAE XX¥MCAK LUBCI3 XXENATUHAI KANCYNANAP[AbI AlY XXABAbIKTAPbDI:
TAMLWbINATDBIMN XXOHE LWALLUBLIMN KEMNTIPY SAICTEPIHIH CAJNbICTbIPMAIBLI TAIIAAYbI

byn makanada maram eHepkoacibi MeH Hympuuesmukadarbl XXyMcak XiKci3 xenamuHoi karicynanapobl
6HOIipYyOiH eKi Heai32i mexHOI02usCbl — maMuwbliiamalr (Koakcuandbl) XeHe wawbin Kenmipy (crnpel-cywka)
— canbicmeipmarnsl mypde mandaHadel. ©p adicmid annapamyparblK epeKkuwersnikmepi, npouyecmid Heaisei
napamempirepi (karcynanapObiH enuwemi MeH ¢ghopmackl, kKabam KypambiHbiH canacbl, do3a 0andiei, eHim
whbiFapbIMObINbIFbl)  XOHe KondaHy cananapbl cunammanadsl. TexHukanblK Kyxammama, FfbiibIMu
bacbinbivdOap xeHe chapmakoriess cmaHOapmmapsl (USP, EP) HeziziHde emkisinzeH worsny HamuxeciHoe:
mamwbinamsin 8dic ipi, cylblKk sA0ponbl cepanbiK KarncynanapObl xofapbl 0as0ikneH dosanay MeH
acmemukarnblK mypfsbi@aH mapmbiMObl emyae MyMKIiHOIK 6epce, walibin Kenmipy MUuKpokarncynanapobi
YHMaKmbIK Kocrianapra xarinal eHai3yee xoHe cesiMmarl KOMIOHeHMmepOiH mypakmbifbifbiH KaMmamachI3
emyee Konalrsnbl ekeHi aHbikmandbl. ©0icmi maHO0ay akmue 3am mypiHe, eHOIpiC KeneMiHe xoHe cakmay
wapmmapsbiHa balinaHbicmbl Xy3eeze acbipbiiybl muic. COHbIMEH Kamap, Kesewlekme xaHa Kabammbik
Mamepuandap MeH XyMcaK Kernmipy pexumoepiH (8aKyymObi cripel-cywika, nuogunu3ayusi) eHaisy apKbirbi
mexHornoausinapdbl xemindipy nepcrekmusach! KepcemirneeH.

Tylin ce3dep: xikci3 xenamuHOi Karicynanap, mamuwbiiamsin 80ic (Koakcuandbl Karicynanay),
wauwbin Kenmipy (Mukpokarcynanay), maramOblK Kocranap MeH Hympuuyeemuka, 0o3a dandiei,
MUKpOKaricynanap, hyHKUUOHan0biK eHimoep.
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OBOPYNOBAHUE A5 NONYHEHUA MATKUX BECLUOBHbIX XXEJIATUHOBbIX KAMNCYI B
NMALLEBOU NPOMbILWUNEHHOCTU: CPABHUTEJIbHbIN AHAITU3 KANEJNIbHOIO U
PACNBIINTENBHOIO METOOOB

B cmambe npedcmasneH cpasHUmMesibHbIl aHanu3 08yX OCHOBHbLIX MEXHOI02ull MOoTyYeHUSsT MA2KUX
becwoeHbIX XennamuHoBbIX Karncysn — KanesfbHOo20 (KoakcualslbHO20) U pacrbiiumenibHo20 (criped-cywka)
mMemodo8 — MPUMEeHUMEesIbHO K MompebHOoCmsAM nuuesol rnpoMbilWIeHHOCMU U Hympuuesmuku. OnucaHbl
KOHCMPYKMu8Hble 0cobeHHocmu 060pydo8aHUsl, Kio4eebie napamempbl npouecca (pasmep u ¢hopma
Karicys, cocmae 060s104KU, MOYHOCMb Q03UpPOBaHUs, NPou3sodumesibHocme) U obracmu ucrnoib308aHUs
Kkaxdol mexHonoauu. Ha ocHose o0630pa mexHu4Yeckol OOKyMeHmauuu, Hay4HbIx nybnukauyuld u
gapmakonelHbix cmaHdapmoe (USP, EP) ebideneHbl npeumyuwjecmea u ogpaHu4yeHuUss oboux memodos:
KanernbHbIl Memod obecriedueaem 6bICOKYO MOYHOCMbL OO03UPOBKU U 3CMemuydHbil 8UO KpyrHbIX
cghepuyecKux Karcyr ¢ XUOKUM SOPOM, a pacrbiiumesibHas CywkKa — MacCco80e rpou3eodcmaeo MUKPOKarcy:l
0151 cbiny4ux nuwesbix cmecel u obecredyeHue cmabusibHOCMU YyecmaumeribHbIX KOMIoOHeHmMo8. CoesaHbl
8bi800bI O yeriecoobpasHocmu 6bibopa Memoda 8 3asucuUMOCMU OmM murna akmueHo20 eeulecmea,
mpebyemozo obbéma npouseodcmea U ycr108ull XxpaHeHus!, a makxe 0603Ha4yeHb! NepcrneKkmuebl pa3gumusi
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mexHorioauli (Hoeble 060s104KOBblE Mamepuarbl, Wadsauwue pexumbl Cywku). Ha ocHose ob3opa Hay4HoU
numepamypbl, mexHu4deckol OOKyMeHmauuu u gapmakonelHbix cmaHdapmosg coesiaHbl 8bi800bI O
npeumyuwecmasax U oepaHu4YeHUsIX kaxx0oz2o Memoda, a makxe 0aHbl pekomeHOauyuu ro ebibopy mexHosoauu
8 3agucuMOCmU OM mura aKkmugHo20 eeuwecmesa, 06bEmMos rpouzeodcmea u mpebosaHulli K cmabuibHOCMuU
npodykma.

Knroyeeble cnoea: becwosHble xenamuHosble KariCysibl, KaresbHbil mMemod (KoakcuarbHoe
KaricynupoeaHue), pacnblnumeribHas cyuka (MUKpokarcynuposaHue), nuuessie dobasku u Hympuyesmuka,
moYyHOCMb O03UPO8aHUS, MUKPOKarcyribl, (hyHKUUOHAarbHbIE MPOOYKMbI.
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