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THE USE OF A VIBRATING FLUIDIZED BED DRYER FOR THE MANUFACTURE OF
HIGH-PROTEIN PRODUCTS

Summary

Dairy industry liquid products have short termsvafidity. Therefore, it has become very populaptoduce dairy products in
the form of powder. This powder is obtained by e-$tep spray drying method. At an initial stages thw material is pre-

liminarily dried in a spray dryer (to get 10% maigt). At the following stage, it is thoroughly dtig1 a vibrating fluidized

bed dryer (3-4% moisture). Fluidization is a proges which dry grains of solid contact fluid tongeate a fluidized bed that
behaves similarly to boiling liquid. Owing to thpsocess, powder of improved physicochemical progeis formed. The aim
of our study was to describe the construction aadking principles of a whey vibrating fluidized bexyer.
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WYKORZYSTANIE WIBROFLUIDYZATORA DO PRODUKCJI PREPAR ATOW
WYSOKOBIALKOWYCH

Streszczenie

Ptynne produkty przemystu mleczarskiegognhaptkie terminy przydatrioi do spdycia. Dlatego popularne statogspro-
dukowanie sproszkowanych produktéw mlecznych. Bduygcji tych proszkéw stosuje sneto@ dwustopniowego susze-
nia rozpytowego. W pierwszej fazie surowiec jeszeny w suszarce rozpytowej (do 10% wilgétijp a nas¢pnie dosu-
szany w wibrofluidyzatorze (3-4% wilgotieg. Fluidyzacja to proces kontaktowania suchych ziaren ciata statego z pty-
nem, aby wytworzyzicze fluidalne, ktére zachowujeegpodobnie do wezej cieczy. Dzki temu procesowi powstaje pro-
szek o lepszych wiawasciach fizykochemicznych. Celem niniejszej praclygpsanie budowy i zasady dziatania wibro-
fluidyzatora do serwatki.

Stowa kluczowewibrofluidyzator, fluidyzacja, suszenie, serwatka

1. Introduction trostatic charging of the powder will improve thisablu-
tion rate of the powder in water.

Dairy industry products, especially liquid onegvé

different, often short terms of validity. Liquid e under-
goes a rapid fermentation, therefore it is very ylap to
convert it into whey powder. As a result, it is ieago
transport and store. On an industrial scale, whayder is
obtained by drying in roller driers and spray dgyimhe
product obtained by the first method is characéetiby
poor solubility and is of inferior quality becaukigh tem-
perature of drying causes protein denaturationayspiry-
ing allows for the production of whey powder haviag
good quality and good solubility (the ingrediensé prac-
tically the same form as in the starting raw matgriThe
moisture content of whey powder should remain at¢irel

of 3-4%. The most economical way of spray drying is

multi-stage drying using vibrating fluidized bed/ers [10].

2. Aim and scope of the study

The aim of our study was to describe the constct

and operation principles of whey vibrating fluidizded
dryer used to dry whey powder obtained by mearspody
drying, which will dissolve rapidly without stirrignand will
not stick to the walls of the package. Stickingref powder

to the walls of equipment and packages can be dalge

the presence of electrostatic charge. Such chargiag
cause a deterioration of the powder solubility iatev and
an increase in the dissolution time. The eliminatd elec-
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3. Properties of whey

Whey is a by-product of milk processing. Whey ten
divided into rennet whey, which is sweet and acliey
which is sour. Sweet whey is easy to process, wihie
problems in sour whey are calcium and lactic acidtig. 1
a classification of milk components in an exemplargd-
uct, which is cheese, is presented. In Table 1 Zrte
chemical composition of sweet and sour whey as all
the composition of liquid and powdered whey [2] are-
sented.

M cheese [%] W whey

Fig. 1. Classification of milk components [2]
Rys. 1. Klasyfikacja sktadnikéw mleka [2]
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Table 1. Chemical composition of sweet and sounpjBg Ultrafiltration membranes are permeable to sugalt,
Tab. 1. Sklad chemiczny serwatki stodkiej i 4veq [2] water molecules, and retain proteins and largetigbes,
therefore they are used for filtration of liquid &h

Sweet whey Sour whey
Dry matter 63-70 63-70 5. Spray drying
Lactose 46-52 44-46 L. )
Proteins 6-10 6-8 Spray drying is a process by which a powdered yorbd
Calcium 04-06 12-1.6 is formed from the starting liquid raw material g@alution
Phosphates 1-3 2-45 or a suspension).
Lactates 2 6.4 During the spray drying process four stages can be
Chlorides 1.1 1.1 distinguished:
O spraying the raw material into a mist - spraying liquid
Tab. 2. Composition of liquid and powdered whey [2] consists in dispersing the raw material with a teoae rotating
Tab. 2. Skfad serwatki ptynnej i sproszkowanej [2] disk to form microdroplets, which form a so-calledist”
Product Protein | Lactose| Mineral salts (millions of droplets With.a diameter F)f 10-3001). N
Sweet whey 6-10 | 460-52 >5.47 O contact of the resulting drops with a hot dryingdimen,
Sour whey 6-8 44-46 4372 O evaporation of the solvent,
WPC — 35 [g/100g] 35 50 7.2 O separation of the powder from the air stream.
WPC[g/100g] 65-80 1-4 3-5 The spraying of the liquid raw material takes plac
WPI [g/100g] 88-92 U1 2-3 the dryer chamber, where the liquid contacts thedhging
medium. High temperature, transferred to the ditsptd
4. Whey drying process the sprayed liquid, is contacted with a film-formin

substance, thanks to which thermolabile componeangs
&ss exposed to its action. With the increase éndigree to
which the solvent evaporates, the diameter of edddrop
decreases, and the concentration of solid substamtéts

Whey powder permeate is obtained from fresh chee
whey by ultrafiltration, and a subsequent sprayirdyy
Whey is neutral in taste, therefore it can act &iflem and

water-binding component. The first step of wheyingyis surface increases. Depending on the joint moveiktiie

membrane ultrafiltration. Currently, in addition ¢eramic | drying air and the sprayed material in the dbemco-
(inorganic, mineral) membranes, membranes of ocgani

L . . current, counter-current and mixed-flow dryers da@
origin (polymeric membranes) are used to fractiermatlk

roteins. The most commonlv used organic membrares distinguished. In industry, the most common areedty
P ’ y 9 operating with co-current direction of material aidflow.

membranes made of polytetrafiuoroethylene (PTFH) M hanks to this, rapid evaporation takes place, Wwhic

gggﬂggﬂg?g t;'g%'g; c(cl)ar}n/r?]z.lyi?sgénce)::gs meLTEber&nesshortens the contact time of the material with high

nite advantage of organic membranes consists mIdw;er transported to the dryer of a cyclone by meangyihg air,
cost and lower energy demand compared to ceramia-me

branes. Unfortunately, polymeric membranes havedequi in which the powder resuilting from the drying prees

low _chemlcatl)l stability and a shor.tetr S(tar;nce Iltfeturn,ccj:; . receptacle. The product that does not remain ircyictone
ramic membranes are very resistant to extreme M is removed from the drying air by means of a filler Fig.

and physical conditions: they can operate in a € ;
from %g to 13.5 and at temgeratureg above 100%2‘2% 3 and 4 a scheme of a spray dryer is presente].[6,
ever, in the case of ceramic membranes, it is epprtant
to perform temperature changes in a gradual manner
(<10°C per minute) to avoid breaking of the membgran
[20] The use of ultrafiltration allows for the pnaction of
serum protein concentrates (SPCs) with a proteitert of
34% and 80%, equivalent to whey protein concerdrate
(WPC). However, it should be remembered that dughéo
differences in the composition between SPC and WR,
functional and sensory properties of these produitslso
be different [9, 12].

The scheme of membrane ultrafiltration operatien i
shown in Fig. 2.

Ultrafiltration

membrane Fig. 3. A scheme of th&UCHI B-290 spray dryer [6, 9
o Particles >Lum 1 — a pneumatic nozzle spraying the solution dedideby a
peristaltic pump, 2 — a drying air heater, 3 —yirdy chamber,

4 — a cyclone for extracting powder, 5 — an exhairsfilter,
Monovalent ions Masromalecules 6 — an aspirator forcing the drying air flow

D . Rys. 3. Schemat suszarki rozpytowé&CHI B-290 [6, 9]:
1 - dysza pneumatyczna rozpyts roztwdr dostarczony
) . . przez pomeperystaltyczng, 2 - nagrzewnica powietrza sysz
_ Source: own work Zrodio: opracowanie wlasne oo 5 kgm’zra s%szenia, 4~ cyklon do ekstrakopzku,
Fig. 2. The scheme of membrane ultrafiltration agien 5 — filtr powietrza wylotowego, 6 — aspirator wymajgzy
Rys. 2. Schemat dziatania membran ultrafiltracyinyc przeptyw powietrza sugzego
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temperature. Subsequently, the dried particles are

separated from the moist air and transferred to the
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Fig. 4. A scheme of a spray dryer [6, 9]
Rys. 4. Schemat dziatania suszarki rozpytowej]6, 9

6. Construction and operation principles of vibrating
fluidized bed dryer

Fluidization is a process used for cooling, fragzand
drying. In this method, a grain solid placed onilarating
baffle is contacted with a fluid (fluidizing medigmwhich
flows upwards forming a stream. To obtain a suspens
with a high concentration of solid material, i.eflddized
bed, the so-called critical speed should be appligds is
such a flow rate of the fluidising medium, whichlwiause
an overpressure that exceeds the pressure of thinteted
on the baffle. Solid particles will start to movecreasing
the volume of the bed. Further increase in the flate of
the fluidising medium will loosen the bed, whichllwie-
semble a boiling liquid. Therefore, the solid stktger in
the fluidized state is called a pseudo-boiling taya this
state, a very complex — progressive and rotatingove-
ment of molecules takes place. This allows obtginin
much larger area of interfacial contact, thanke/ich it is
easier to transfer heat and mass between the ligagland
solid phases [4, 8, 14, 15, 16].

Vibrating fluidized bed dryers have a wide ran§eo-
plications in various industries. They are used doying
wet loose materials, including: coal, grain, cokegetables
and fruits, organic dyes, whey, casein, lactose, [8t 14].
In such equipment, the second drying of agglomdrated
granulated products is also conducted [8].

cated on a vibrating baffle. Drying with an ineraterial
may be an additional solution [16]. GEA Processib®ey-
ing INC.is one of the largest producers of powdsorery
equipment. They offer many solutions for two-stdggng.
They include devices such as: Vibro — Fluidizer®,[22],
FSD™ Spray Dryer [18, 22], MSD™ Spray Dryer [19] 22
Compact Dryer™ Spray Dryer [20, 22] and Filtermat™
Spray Dryer [21, 22].

Vibrating fluidized bed dryers have an uncompkcht
construction and operation scheme. A constructfoa a-
brating fluidized bed dryer is shown in Fig. 5.

Whey is pre-dried by means of spray drying to mois
content of up to 10%, and delivered (1) to the myycham-
ber of the vibrating fluidized bed dryer (5), farrther dry-
ing and agglomeration to obtain an instant produitte
drying chamber has a flume-like shape, thanks tiziwthe
gas flow rate decreases with its rise [14]. Thendyyham-
ber is divided into two parts by a vibrating baft®) into
which the wet whey powder falls. Most often, thédflea
are made of perforated sheet metal. In the industiyer
types of baffles are found. Lewicki reports thatoabar baf-
fles, felt baffles, as well as x sieve can alsoubed. The
baffle is designed to evenly distribute the fluidgz me-
dium in the fluidized layer. The vibration prevetits dried
material from sticking to the baffle, enables obiag a
homogeneous fluidized layer and intensifies theingdry
process itself [8, 14]. The fluidizing medium islidered

In the expertise “New trends in food drying” by under the baffle using a fan (2) and a heaterT(3¢. appro-

Witrowa-Rajchert various types of vibrating fluida bed
dryers used in the food industry are presented @exd
scribed. Fluidised bed dryers can be divided intisgd and
vibrating fluidized bed dryers. In pulsed bed dsyex fluid-
ising medium is delivered in a pulsating (not contus)
manner. In case of vibrating fluidized bed dry¢hs, fluid-
ising medium is delivered continuously at a speetkted-
ing the initial fluidization rate, and the fluididebed is lo-
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priate fluid flow rate through the baffle causegise of
loose whey and a formation of a fluidized bed hgwhar-
acteristics of a liquid. The appropriate fluid régeone that
significantly exceeds a free fall rate of solidtjdes in this
fluid [8]. The whey powder dried to a value of 3-4f@ist
content is placed in a container for the finisheadpct (7).
In contrast, dusts that are generated in the vity&tuid-

ized bed dryer are transported to the cyclone {Bgre, a
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separation of the dust from the air takes placeey\ust is
thrown into a container for the finished produchile the
cleaned air leaves the cyclone through a spedibigned
opening [1, 3, 8, 13, 14].
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impact on the quality of raw materials obtained fbe
manufacture of high-protein products.

Basic requirements for protein products mainlycawn:
moisture,

protein content,

ash content,

salmonella content.

I R R

7. Summary

The use of fluidized bed dryers in enterprisepriit-
able due to many advantages possessed by theses.drye
The first most important consists in the simplicaf/ the
device construction. Moreover, there is a poss$jbdf add-
ing an additional source of heat or cooling. Thastaic-
tion of vibrating fluidized bed dryers allows foigh inten-
sity of heat and mass transfer, thanks to whichstiiel has

Source: own elaboration based on [1, 5, 7, 14] ,g9ood contact with the liquid, can be thoroughly edxand
Zrédio: opracowanie wiasne na podst. [1, 5, 7, 14] has almost the same temperature throughout the[8at]

Fig. 5. Construction of a vibrating fluidized bexyet for dry-

ing whey: 1 — whey for drying, 2 — a fan, 3 — anteater,
4 — a baffle, 5 — a drying chamber, 6- a cyclonearcontainer
for the finished product

Rys. 5. Budowa wibrofluidyzatora do dosuszania atiw
1 — serwatka do dosuszenia, 2 — wentylator, 3 +zeagica
powietrza, 4 — przegroda, 5 — komora suszenia, dyklon,

7 — pojemnik na produkt gotowy

Temperature is one of the factors that signifiaaf-
fect the rate of enzymatic reactions. The reactaie in-
creases with increasing temperature, but only éowviue
above which the protein denaturation begins. The od
thermal denaturation of enzyme proteins is als@ady
proportional to the temperature. The optimum terapee
is the one at which the enzymatic reaction procetbds
fastest, but at the same time no enzymatic prateiatura-
tion is observed (Fig. 6) [11].

Rate of enzymatic reaction

Temperature

Fig. 6. Influence of temperature on the rate ofyematic
reaction [11]

Rys. 6. Wplyw temperatury na szy@koeakcji enzyma-
tycznej [11]

The optimum temperature of enzymes activity depend

on their origin. This value for animal enzymes lgse to
the body temperature. Enzymes of plant and mictogio
cal origin reveal a wide variation in optimal temgere,
even up to 90°C [11]. Knowledge of this issue \wdlve an
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7, 8]. In addition, this dryer has high limits foverheating
of individual pieces of dried material [7]. Low mé&knance
cost is the most important advantage of fluid begers.
Therefore, it is worth conducting further reseaoch new
applications of vibrating fluidized bed dryer in rias
branches of industry.
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