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PE3IOME
OnpepeneHu ca
agcopObumoHHuTE paBHOBECHM

M30TEPMWN HA EKCTpydaTu OT HaxyT,
NMosnydeHn Npu pPasriMyHy YCroBusi Ha
eKcTpyauMpaHe, npu TemnepaTypa
25°C. [Onana3oHbT Ha BogHaTta
aKTMBHOCT BKIlOMBa CTOMHOCTU OT
0.113 po 0.843, nonyyeHn upes

SUMMARY

The adsorption equilibrium
isotherms at a temperature of 25°C of
chickpea extrudates obtained under
different extrusion conditions were
determined.
The range of relative humidity
includes values from 0.113 to 0.843
obtained by saturated solutions of
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HacuTeHu pasTBopu Ha LiCl,
CH3;COOK, MgCl,, K,CO3, Mg(NOs)s,
NaBr, NaCl, KCI. CtovHoctute Ha
paBHOBECHUTE BMaXHOCTU npu
BCWYKM npobu ca B rpaHuMuute OT
2.97% c. M. 0o 25.46% c. m.

"pacpnyHmaT aHanms Ha
n3otrepMmute  nokasea  S-obpasHa
dopma, T.e. Te ca ot II'™ Tun cnpamo
KknacudukaumaTa Ha Brunauer.

MoHOoMonekynHata BIaXXHOCT
(MMC) e npecmeTHaTa kaTo ce
nuHeapusupa mogensT Ha Brunauer-
Emmett-Teller (BET). [HOaHHute Ha
nokasartens BapupaT oT 5.54% c. m.
0o 7.11% c. M. n oTroBapsT Ha BogHa
aKTMBHOCT B AmanasoHa ot 0.225 go
0.328.

[BynapameTpuyHnuTe MoZenm
Ha Oswin, Henderson, Chung-Pfost n
Halsey ca nsnonssaHu 3a onvcaHue
Ha nonyyeHute wusotepmn. Han-
332 0BOSIMTENHO OMUCBALUUAT MoAen
€ OLEHEeH 4pe3 KputepuuTe cpefHa
oTHocuTenHa (P, %) u ctaHgapTHa
rpewuka (SEM).

KnioyoBu aymu: copBuMOHHM

n3oTepmu, BOJHa aKTUBHOCT,
paBHOBecHa BNa)KHOCT,
MOHOMOJIEKYSIHA  BAXHOCT, HaxyT,
ekcTpyaaTtu

yBOoa4

CemeHarta Ha ©oboBuTte

pacTeHusi ca LeHHa xpaHa 3a xopaTta
M OOMalHWUTE >XMBOTHW. Bucokoto
cbabpXaHne Ha  6GenTbuvMHM B
cemMeHaTa UM e MnoBeYe, CpaBHEHO C
TOBa Ha CPEeAHO MO KAa4eCTBO roBEXA0
meco (19-20%). bBentbunte wum
CcbAbpXKaT NOYTU BCUYKU HE3AMEHUMU
amuHokmcenuHn. CemeHaTta Ha Hsikou
3bpHEHO-6060BM  KynTypu, OCBEH
GenTbyYMHM, CcbAbpXaT W MHOMO
Ma3HUHW, BUTAMUHU. MI3TOYHMK ca u©
Ha KOMMIIEKCHM BbrexuapaTy,
XpaHUTENHM BNaKHWUHM,
nonmMHeHacuTeHn CcBoBGOOHM MacTHU
KUCENUHM.

LiCl, CH3;COOK, MgCl,, K,CO3;, Mg
(NO3),, NaBr, NaCl, KCI.
The values of the equilibrium moisture
content for all samples are in the
range from 2.97% d. b. to 25.46% d.
b.

The graphical analysis of the
isotherms shows S-shape profiles, i.e.

they are type Il according to
Brunauer's classification.
The monolayer moisture

content (MMC) was calculated by
linearizing the Brunauer-Emmett-
Teller (BET) model. The indicator data
range from 5.54% d. b. to 7.11% d. b.
and correspond to water activity in the
range from 0.225 to 0.328.

Oswin, Henderson, Chung-
Pfost, and Halsey two-parameter
models were applied to describe the
obtained isotherms. The most
satisfactorily descriptive model was
evaluated by mean relative error (P,
%) and standard deviation (SEM).

Key words: sorption isotherms,
relative humidity, equilibrium moisture
content, monolayer moisture content,
chickpea, extrudates

INTRODUCTION

Legume seeds are valuable
food for humans and domestic
animals. The high protein content of
their seeds is more compared to that
of average quality beef (19-20%).

Their proteins contain almost all
essential amino acids.

The seeds of some legume, in
addition to proteins, also contain a lot
of fat and vitamins.

They are also a source of complex
carbohydrates, dietary fibre, and
polyunsaturated free fatty acids.
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Cyxute npoagyktu ot 60608Bu
KynTypu ca no-eBTMHM W MMmaT no-
NPOABLIPKUTENEH CpoK Ha
CbXpaHeHue.

HaxytbTt (Cicer arietinum L.) e
TpeTaTa Haul-BaxHa 6o6oBa KynTypa
B cBeTa (crep cyx 606 1 cyx rpax).

W3cnegBaHuATa nokaseaT, 4e
Kyntypata € OTfIMY4EH M3TOYHUK Ha
BenTbum (24.4%), XpaHuUTenHu
BnakHnHM  (9.0%), BBrNexngpatu
(60.0%), conatm n MUKpOENEMEHTH,

Kato Xens3o, MonubaeH, MaHraH
(Tharanthan and Mahadevamma,
2003; Bojianska et al, 2012;

Malunga et al., 2014). CrobwaBa ce,
Yye HaxyTbT HamansiBa HuBaTa Ha
Xoriectepona u KpbBHaTa rroko3sa, 1
e nogxogduw, npu 30paBOCIIOBHU
OVeTNn 3a HamansiBaHe pucka oT
CbpAeyYHO-CbaoBKU  3abonsBaHua U
anaber.

EkcTpyoupaHeto e  ,BMCOKO
TemnepaTypHa — KpaTKOBpeMeHHa“
obpaboTka, npu KOSITO oT
CENCKOCTOMaHCKNTE CYPOBWHM,
0OWKHOBEHO B rpaHynupaHa dopma
wnn nog dopmarta Ha npax, ce
nony4yaBaT rOTOBM 3a KOHCymauus
XpaHUTENHM MpoayKkTu. TepmuyHaTa
obpabotka Ha 6060BUTE pacTeHus
3HauMTENHO nopobpsiBa Ka4yecTBOTO
Ha GenTbLUuMTEe U TsXHATa YyCBOSIEMOCT
oT opraHvama, n Hamansiea
CbObPXaHNETO W/WUNM  MHaKTMBMpaA
aHTUXPaAHUTENHUTE PaKTOPW.

CopbunoHHuTe
XapaKkTepucTukn  (paBHoBecHa U
MOHOMOJIEKYNHA BMNaXHOCT) uWrpasT
Ba)XXHa pons npu onpegensHeTo Ha
pexnmm 3a obpaboTka,
TpaHcnopTUpaHe W CbXpaHeHue Ha
NMOpPecTn — XUrpOCKONMUYHU NPOOYKTU.

lNosHaBankn noBegeHNeTo Ha
XPaHUTENHUS NPoaYyKT BbB BPEMETO,
mMoraT gda O6baaT npeaBUAEHUM MIu
YMULLIIEHO MPOBOKUPaHKN onpeaeneHu
PUBMKO-XMUMUYHU 1 BUOMNOTrMYHM

Dry legume products are
cheaper and have a longer shelf life.

Chickpeas (Cicer arietinum L.)
are the third most important
leguminous crop in the world after dry
beans and dry peas.

Research shows that the crop
is an excellent source of proteins

(24.4%), dietary fibre  (9.0%),
carbohydrates (60.0%), folate and
microelements  such as iron,
molybdenum, manganese
(Tharanthan and Mahadevamma,
2003; Bojfianska et al., 2012

Malunga et al., 2014). Chickpeas are
reported to reduce cholesterol and
blood glucose levels, and are suitable
in healthy diets to reduce the risk of
cardiovascular disease and diabetes.

Extrusion is a "high
temperature — short time" processing
in which agricultural raw materials,
usually in granular or powder form,
are produced into ready-to-eat food
products.

Heat treatment of legumes
significantly improves the quality of
proteins and their digestibility by the
body, and reduces the content and/or
inactivates anti-nutritional factors.

Sorption characteristics
(equilibrium  and  monomolecular
moisture content) have an important
role in determining conditions of
processing, transportation and
storage of porous - hygroscopic
products.

Knowing the behavior of the

food product over time, certain
physicochemical and biological
processes can be predicted or

deliberately provoked.
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npouecwu. CopbuunoHHuTe
XapaKTepUCTUKun no3sondaBsart
MogenupaHe Ha npouecu, KaTo
CylleHe, OKUCMEHWe Ha nunuaw,

arnomMmepaums Ha GpalHeHn YacTuum
n T.H. KpanHata uen e makcummarHo
3anasBaHe Ha KayecTBeHUTe
XapakTePUCTUKN — LUBAT, MUPUC, BKYC
" orpaHn4aBaHe Ha
MuKpobuonornyHata 06CeMEHEHOCT B
ponyctummuTe Hopmu (Suppakul et al.,
2013; Muzaffar and Kumar, 2016; Lee
and Robertson, 2022).

OcHoBHaTa uen Ha
nscrnegBaHeto ce 06asupa  BbpXy
orpaHn4yeHnTEe Hay4YHM AaHHU OTHOCHO
copObunoHHUTE n3otepmmn Ha
eKcTpydaTu OT HaxyT, KOeTo Hanara
HeobxoQMMOCTTa OT OnpeaensiHeTo
M.

MATEPUAN U METOOU

3a npoeexaaHe Ha
€KCMepUMEHTaNHUTE M3crneaBaHvs e
nanonssaH Haxyt (Cicer arietinum L.)
copT Ne 27 ot pekonta 2019 =r., B
MHCTUTYTa No pacTUTENHU reHETUYHU
pecypcu ,KoHcTaHTMH Mankos® — rp.
Caposo.

PasgpobsiBaHeTo Ha HaxyTa ce
M3BbpWN C AOWckoBa Apobunka, a
CMUNaHeTo Ha BanumaiwmHa
(TpukpaTHO), nocrnenosartenHo
CbYeTaHO C MEXOUHHO NpecsBaHe Ha
nonyyennte dpakumn. M3bpaHnaT 3a
€KCTPY3us rpuc OT HaxyT e C Knac Ha
eapuvHa 28/42 (710 um/450 pym).

Kbm rpuca oT HaxyT
pobaBuMxme pectunvpaHa Boga 3a
nocTUraHe Ha >enaHata BM&XHOCT
(Tabnuua 1), cniep, koeTo npobute ce
XOMOreHusmpaxa M cbxpaHsBaxa 12
yaca npu 5°C B  3aTBOpEHM
nonveTtuneHosn nnukose. [pegm
eKCTpyaupaHe ce Temnepupaxa B
npoabImKEHNe Ha 2 Yaca npu cTarHa

Temneparypa.
MpuchbT oT HaxyT ce
ekcTpyaupa Ha eOHOLUHEKOB

The sorption characteristics allow the
modeling of processes such as
drying, lipid oxidation, agglomeration
of flour particles, etc.

The ultimate goal is maximum
preservation of quality characteristics
— color, odor, taste and limitation of
microbiological contamination within
the permissible limits (Suppakul et al.,
2013; Muzaffar and Kumar, 2016; Lee
and Robertson, 2022).

The main objective of the study
is based on the limited scientific data
regarding the sorption isotherms of
chickpea extrudates, which
necessitates their determination.

MATERIAL AND METHODS

Chickpea (Cicer arietinum L.)
variety Ne 27 from the 2019 harvest
was used for conducting the
experimental research, at the Institute
of Plant Genetic Resources
"Konstantin Malkov" — Sadovo.

The crushing of the chickpeas
are done with a disc mill crusher, and
the grinding on a rolling mill (three
times), successively combined with
intermediate sieving of the obtained
fractions. The chickpea semolina
chosen for extrusion has a size class
of 28/42 (710 um/450 pym).

Distilled water was added to the
chickpea semolina to achieve the
desired moisture content (Table 1),
after which the samples were
homogenized and stored for 12 hours
at 5°C in sealed polyethylene bags.
They were tempered for 2 hours at
room temperature before extrusion.

Chickpea semolina was
extruded in a single-screw laboratory
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nabopatopeH ekctpyaep “Brabender
20 DN* (IF'epmaHnus), obopyaBaH c
HeobxoammaTa n3mepBarernHa
anapaTypa, Npu pa3nu4Hn napameTpu
Ha npoueca, gageHun B Tabnuua 1. Mo
BpeMe Ha onuMTUTe TemnepaTtypute Ha
nbpBa M BTOpa 30Ha Ha ekcTpyaepa
Osixa cpmkcmpaHu cboTBeTHO Ha 100 u
150°C. Temnepatyparta Ha
MaTtpuuaTa, 4YectoTata Ha BbpTEHe
Ha OCHOBHMS W [03MpalUns LUHEK
BapvpaT B 3aBMCUMOCT OT MNfiaHa Ha
ekcnepumeHTa (Tabnuvua 1). OTBOPBT
Ha gto3ata Ha MaTpuuaTa € Kpbrbi C
anametsp 4 mm. CreneHTa Ha
Komnpecua Ha wHeka e 3:1.

extruder  "Brabender 20 DN"
(Germany), equipped with  the
necessary measuring equipment, at
different process parameters given in
Table 1. During the experiments, the
temperatures of the first and second
zone of the extruder were fixed
respectively at 100 and 150°C.

The die temperature, screw speed

and feed screw speed varied
depending on the experimental design
(Table 1).

The nozzle hole of the die is round
with a diameter of 4 mm.
The screw compression ratio is 3:1.

Ta6nuua 1. YcnoBusa Ha eKkcTpyaupaHe

Table 1. Extrusion conditions

TemnepaTtypa
Mpo6a BnakHoCT Ha YecTtoTa Ha BbpTEHe Ha YecToTa Ha BbpTeHe
- mMaTtpuuarta OCHOBHMS LLIHEK Ha A03MpaLYMA LWHEK
Sample Moisture
Barrel Screw speed Feed screw speed
Ne (%)
temperature (rpm) (rpm)
(°C)
1 17 160 170 50
2 29 160 170 50
3 23 140 170 50
4 23 180 170 50
5 23 160 130 50
6 23 160 210 20
7 23 160 170 20
8 23 160 170 80
9 23 160 170 50
Memodu Methods

Bnara, % cyxa maca — cnpsiMmo
AOAC 960.39, 1990.

CopbuUOHHU xapakmepucmuku

CopbumnoHHuTe pPaBHOBECHMU
n3oTepmu Ha n3crnegBaHuTe
eKcTpyaatu UM KOHTponHata npoba
(HeekcTpyompaHo OpallHO OT HaxyT)
ce onpegenat NoCcpeacTBOM
cTaHgapTeH cTaTnyeH
rpaBumeTpuyeH meton (Wolf et al.,
1985; Bell and Labuza, 2000),
LUMPOKO M3MNon3BaH OT Gbnrapcku wm
UYY)KOECTPaHHMU  HAY4YHW  KONEKTMBMU
(Ruskova, 2014; Toshkov et al., 2014;
Stepien et al., 2020; Aviara, 2020).

Moisture content, % dry basis,
according to AOAC 960.39, 1990.

Sorption characteristics

The sorption equilibrium
isotherms  of the investigated
extrudates and the control sample
(non-extruded chickpea flour) were
determined using a standard static
gravimetric method (Wolf et al., 1985;
Bell and Labuza, 2000), widely used
by Bulgarian and foreign scientific
teams (Ruskova, 2014; Toshkov et
al., 2014; Stepien et al., 2020; Aviara,
2020).
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MoagrotoBkata Ha npobute 3a
npoueca Ha apacopbuusa BKMOYBA:
npeaBapuTesniHO cMunaHe "
u3cylaBaHe Ha ekcTpygatute npu
105°C pgo nocTtosHHa Maca B
cywunHa kamepa 3a 24 daca. B
anyMMHUEBM TEIMOBHWM CbadeTa ce

npeternat npodu ot no 0.5000
g10.0050 g, kaTo ce nocTaBAT B
xurpoctatm (Hag OCeM HaCUTEHU

pa3tBopu Ha conu — LiCl, CH;COOK,
MgCl,, K,CO3, Mg(NOs),, NaBr, NaCl,
KCl), nogabpXxatum Hag
NMOBBPXHOCTTA CU BOAHA aKTMBHOCT B
ananasoHa ot 0.113 go 0.843. BbB
BCEKM eAMH  OT  Xurpocratute
noctaBMxme Tpu ycnopegHu npobwu,
KaTo Npwv CONMM C BOOHW aKTMBHOCTMU
Hag 0.4 ca HeobGxoanmu KpuctanyeTa

TMUMON 3a npegoTBpaTtsABaHe Ha
HexxenaHa (eBeHTyanHo
nneceHsicBaHe) MUKpobuonormyHa

obcemeHeHocT (Petrova, 2011).

Xurpocrtatute Temnepnpaxme B
TepmocTart npm MoCTOSHHA
TemnepaTypa ot  250.1°C B
npoabInKeHNe Ha eAuH Mecell.

PaBHoBecHaTa BMaXHOCT
onpegenuxme No CYLUMMHUA MeToa,
cnpamo AOAC (1990).

JocTturHatoTto paBHOBeCHE
yCTaHOBUXME ypes TpU
nocrnefoBaTtenHyu npeTernsHus  Ha

npobata ¢ aHanuTM4Ha Be3Ha (C
ToyHocT go + 0.0001 g), nokassawa
efHakbB pesyntat (C TOYHOCT A0
10.001 g) (Penov at al., 2013).

MamemamuyHo  moOenupaHe
Ha copbUUOHHUME XapaKkmepucmuku

3a onucaHve Ha nonyyeHuTe
COpOUNOHHN paBHOBECHM W30TEPMU
ca wu3bpaHn ABynapaMeTpUYHUTE
mogenn Ha Chung-Pfost, Halsey,
Oswin 1 Henderson, npenopbYaHn oT
American Society of Agricultural
Engineers (ASAE) (lgathinathane et
al., 2005):

The preparation of the samples
for the adsorption process includes:
pre-grinding and drying the extrudates
at 105°C to a constant weight in a
drying chamber for 24 hours.

Samples of 0.5000 g+0.0050 g each
were weighed in aluminum weighing
vessels, placing them in hygrostats
(over eight saturated salt solutions —
LiCl, CH;COOK, MgCl,, K,COsg,
Mg(NOg),, NaBr,  NacCl, KCI),
supporting above its surface relative
humidity in the range of 0.113 to
0.843.

Three parallel samples in each of the
hygrostats were placed, and for salts
with relative humidity above 0.4,
thymol crystals are needed to prevent
unwanted (possibly moldy)
microbiological contamination
(Petrova, 2011).

The hygrostats were tempered
in a thermostat at a constant
temperature of 25+0.1°C for one
month.

The equilibrium humidity
content was determined by the drying
method, according to AOAS (1990).

The reached equilibrium was
established by three consecutive
weighings of the sample with an
analytical balance (with an accuracy
of £ 0.0001 g) showing the same
result (with an accuracy of +0.001 g)
(Penov at al., 2013).

Mathematical
sorption characteristics

The two-parameter models of
Chung-Pfost, Halsey, Oswin, and
Henderson, recommended by the
American Society of Agricultural
Engineers (ASAE) (lgathinathane et
al., 2005) were chosen to describe the
obtained sorption equilibrium
isotherms:

modeling  of
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. aw B
Oswin M=A (1_aw)] Q)
Henderson (1 - a,,) = exp(—A = MB) 2
Chung-Pfost a,, = exp[—Aexp(—BM)] 3
Halsey a,, = exp(—AMB) (4)
kbgoeto: M e paBHOBecHa where: M is  equilibrium
BnaxHoct, % c¢.M.; a, — BoaHa | moisture content, % d. b.; a,, — relative

aKTMBHOCT; A n B — koedhnuymeHTw.

Kpumepuu 3a 2odHocm Ha
modenume

3a NnoTBbpXaaBaHe Ha
noaxoAsiLioto nogbupaHe Ha mopgen,
3aJ0BONUTENHO onvcealy
nony4yeHnTe COpOLMOHHN UK30TEPMMU
3a CbOTBETHAaTa npoba, ca
pasrnegaHn cnegHite Kputepuu 3a
OUueHKa W CcpaBHeHMe — cpegHa
oTHocuTenHa rpewka (P, %) w
CTaHgapTHO oTkNnoHeHune (SEM).

Mi_Mi
M;

SEM = Z(Mi_Mi)z
\l af

kboeto:. M, u M, ca
eKcnepumeHTanHa u npeackasaHa
paBHOBeCHa BnaxHocT; N e 6posT Ha
onutute; df ca cTeneHute Ha
cBobopa.

p= 1002

N

MopgenbT Ha Brunauer-Emmett-
Teler (BET) (YpaBHeHue 7), BanugeH
3a a,<0.5 (Brunauer et al.,, 1938), e
nnHeapusupaH (YpaBHeHue 8) 3a
onpefensHe Ha MOHOMOIEKyrnHaTa
BNaXHOCT:

_ MmnCay,
T (1—aw)(1-ay+Cay)

ay _
et — P+ Qa,,

humidity, decimal;, A and B -
coefficients.

Model fit criteria

To confirm the appropriate
selection of a model satisfactorily
describing the obtained sorption
isotherms for the respective sample,
the  following evaluation and
comparison criteria were considered —

mean relative error (P, %) and
standard deviation (SEM).
)
(6)
where: M, and M; are
experimentally observed and

predicted by the model value of the
equilibrium moisture content; N is the
number of data points; df is the
degree of freedom.

The Brunauer-Emmett-Teler
(BET) model (Eg. 7), valid for aw<0.5
(Brunauer et al., 1938), was linearized
(Eq. 8) to determine the monolayer
moisture content:

)

(8)
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KbAETO: Mn, e
MOHOMOJIEKYfNHaTa BraXHocT, M e
paBHOBECHATa BNaXHOCT, % C. M.; ay
€ BOAHaTta  aKTUBHOCT, C e

KOeULUMNEHT.

Bcuukm onutu ca npoBedeHu B
MUHUMarHa TpUKpaTHa
NoBTapsieMocCT.

PE3YNTATU U OBCBbXOAHE

PaBHoBecHaTa BRnaxHocT e
Ba)Ha CoOpOLUMOHHA XapaKTepucTuka
Ha BCeku npoaykTt. [octuraHeTto U
rapaHTmpa n3paBHsiBaHe Ha
napumanHoTo Hansaraxe Ha
HacMTEeHUTe BOAHM Mapu Hag n B
npoaykTa, B YCIOBUSI Ha MOCTOSIHHA

TemnepaTtypa.
Yucnosute CTOMHOCTMH,
OTroBapsily Ha MW3MEHEHMEeTO Ha

paBHOBECHATa BMaXXHOCT 3a npoueca
Ha apcopbums npu nNpoMsHa Ha
OTHOCuTEnHaTa BMa@XXHOCT Ha
cpegaTta M KOHCTaHTHa Temnepartypa
(25°C), ca npegcrtaBeHu B Tabnuvua 2
(3@ HeekcTpyaumpaHo OpawHO oOT
HaxyT — KOHTpona W ekcTpygatu oT
HaxyT — npobu ¢ Ne 1, 2, 3 n 4) un
Tabnuua 3 (3a ekcTpydaTn oT HaxyT —
npobun cNe 5,6,7,8un9).

M, is monolayer
moisture content; M is equilibrium
moisture content, % d. b.; a, is
relative humidity; C is coefficient.

where:

All experiments were performed
in minimum triplicate.

RESULTS AND DISCUSSION

Equilibrium moisture content is
an important sorption characteristic of
any product. Attainment of equilibrium
moisture ensures equalization of the
partial pressure of saturated water
vapor above and within the product,

under conditions of constant
temperature.
The numerical values

corresponding to the change in
equilibrium moisture content for the
adsorption process with a change in
the relative humidity of the relative air
humidity and constant temperature
are presented in Table 2 (for non-
extruded chickpea flour - control and
chickpea extrudates - samples Ne 1,
2, 3, and 4) and Table 3 (for chickpea
extrudates -samples Ne 5, 6, 7, 8 and
9).

Ta6nuua 2. PaBHoBecHa BnaxHocT (EMC, % c.M.) u cTaHQapTHO OTKIIOHEeHue
(SD) 3a npoueca Ha agcopbuusa Ha KOHTpPoJIHaTa Npoba u Ha eKCcTpyAaTn oT
HaxyT (npo6u Ne 1, 2, 3, 4) npu Temneparypa 25°C u a,,=0.113+0.843

Table 2. Equilibrium moisture content (EMC, % d.b.) and standard deviation
(SD) for adsorption process of the control sample and chickpea extrudates
(sample Ne 1, 2, 3, 4) at 25°C and a,=0.113+0.843

Konmpona
Control 1 2 3 4

Conu

Sel aw EMC SD EMC SD EMC SD EMC SD EMC | SD
LiCl 0.113 | 554 | 0.20 | 355 | 0,03 | 4.10 | 0.09 | 3.29 | 0.07 | 3.20 | 0.16
CH3;COOK | 0.225 | 6.73 | 0.23 | 543 | 0,03 | 584 | 0.25 | 553 | 0.08 | 5.08 | 0.05
MgCl, 0.328 | 7.99 | 0.17 | 6.82 | 0,21 | 7.02 | 0.04 | 656 | 0.12 | 6.38 | 0.05
K,CO3 0.432 | 10.65 | 0.15 | 9.89 | 0,26 | 10.15 | 0.19 | 9.37 | 0.10 | 10.03 | 0.21
Mg(NOs), 0.529 | 12.93 | 0.09 | 11.34 | 0,08 | 11.52 | 0.27 | 10.66 | 0.07 | 10.77 | 0.15
NaBr 0.576 | 16.52 | 0.16 | 12.04 | 0,27 | 12.24 | 0.27 | 12.03 | 0.24 | 11.70 | 0.18
NaCl 0.753 | 19.43 | 0.14 | 16.45 | 0,32 | 1544 | 0.19 | 16.75 | 0.23 | 17.16 | 0.09
KCI 0.843 | 25.46 | 0.24 | 21.92 | 0,36 | 22.64 | 0.31 | 23.17 | 0.20 | 22.04 | 0.26

*EMC — PaBHoBecHa BnaxHocT / Equilibrium moisture content
**SD — CtaHgapTHO OTKIoHeHue / Standard deviation
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Ta6nuua 3. PaBHoBecHa BnaxHocT (EMC, % c.m.) n ctaHgapTHoO
oTKknoHeHue (SD) 3a npoueca Ha agcopObuMAa Ha eKCTpyAaaTh OT HaxyT
(npo6u Ne 5, 6, 7, 8, 9) npu Temneparypa 25°C u a,,=0.113+0.843

Table 3. Equilibrium moisture content (EMC, % d.b.) and standard
deviation (SD) for adsorption process of chickpea extrudates (sample

Ne 5, 6, 7, 8, 9) at 25°C and a,,=0.113+0.843
5 6

7 8 9

Conu

Sel aw EMC | SD | EMC | SD | EMC | SD | EMC | SD | EMC | SD
LiCl 0.113 | 3.45 [ 0.09 | 326 | 0.05 | 2.97 [ 0.05] 2.99 [ 0.06 | 354 | 0.11
CH;COOK | 0.225 | 532 [ 0.05 [ 556 [ 0.02 | 490 | 0.03 | 472 [0.02 ] 509 |o0.01
MgCl, 0.328 | 6.74 | 013 | 6.47 | 0.05 | 6.27 [ 0.13 ] 598 | 0.05 | 6.04 | 0.05
K2CO3 0432 ] 915 [ 014 | 984 | 017 | 928 [ 0.15] 9.22 [ 010 | 9.01 | 0.06
Mg(NOs), | 0.529 | 10.97 | 0.18 | 10.81 | 0.25 | 10.88 | 0.10 | 10.22 | 0.15 | 10.92 | 0.16
NaBr 0.576 | 11.67 [ 0.11 | 11.88 | 0.11 | 11.84 [ 0.04 | 11.20 | 0.05 | 16.09 | 0.20
NaCl 0.753 | 17.35 | 0.29 | 17.29 | 0.15 [ 17.22 [ 0.14 | 16.30 | 0.08 | 17.35 | 0.36
KClI 0.843 | 23.43 | 0.28 | 23.39 | 0.34 | 23.55 [ 0.26 | 22.54 | 0.15 | 23.01 | 0.26
*EMC — PaBHoBecHa BnaxHocT / Equilibrium moisture content
**SD — CtaHgapTHO OTKNoHeHue / Standard deviation

[aHHuTe oT TabnuuuTte The data from the tables

notebpXgaBaT  TBbpAeHueTo, 4e | confirm the statement that the
yBENNUYEHNETO Ha BOOHATa aKTMBHOCT | increase in relative humidity is directly
e npaBonponopLUOHarnHo Ha | proportional to the  equilibrium
paBHoBecHaTa BJTaXXHOCT npu | moisture content at constant
KOHCTaHTHU CTOMHOCTU Ha | temperature values.
TemnepaTtypata. CrtomHocTuTe Ha | The equilibrium moisture values of all

PaBHOBECHUTE BIAXHOCTU Ha BCUYKU
npobwu ca B gManasoHa ot 2.97% c. M.
0o 25.46% c. M., KaTo KOHTpOnHaTa
npoba ce oTnM4aBa C MNO-BUCOKM
CTOMHOCTW. PaBHOBeCcHaTa BNa)XHOCT
3a ekcTpygaTute OT HaxyT — nNpobu c
Ne 1, 3,5,6,7,8n9 npu a,=0.432
Bapvpa B TecHu rpaHuum ot 9.01% c.

M. go 9.84% c¢. M. [logobHu
pesynraTtu ca [JoknagBaHu B
nacrneapaHe Ha eKcTpygatu,

nonydeHn o1 OpalHO OT OBECEHMU
A0KW, U3CYLLEH 3eNeH rpax, nicra u
CeEMEHa OT CMWHAYX, OpPU30BO MU
uapeBuyHo OGpawHo (Wani and
Kumar, 2016). 3a ekctpygatu ot
uapesuua, npoco, obeamacrneHa cos
M TpOMMYecKM cnagbk  KapTod
ropHaTa rpaHuua Ha paBHOBecHaTa
BNaXHoCT npu Temnepartypa 30°C
poctura go 30% c. m. (Sahu and
Patel, 2020). Pesyntatute, nony4eHu
npu wmscnegBaHe Ha COpPOUMOHHUTE
XapaKTepUCTUKM Ha HaxyTeHOo

samples ranged from 2.97% d. b. to
25.46% d. b., with the control sample
having higher values.

The equilibrium moisture content for
the chickpea extrudates — samples Ne
1, 3,5, 6,7 8, and 9 at a,=0.432
varied within narrow limits from 9.01%
d. b. to 9.84% d. b. Similar results
were reported in study of extrudates
obtained from oat flour, dried green
peas, fenugreek leaves and seeds,
rice and maize flour (Wani and
Kumar, 2016).

For corn, millet plant, defatted
soybean and elephant foot yam
extrudates, the upper limit of
equilibrium moisture content at 30°C
reaches 30% d. b. (Sahu and Patel,
2020).

The results obtained during the study
of the sorption characteristics of
chickpea flour show that the values
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OpaluHO NokaseaT, Ye CTOMHOCTUTE 3a
paBHOBECHa BMaXXHOCT npu
TemnepaTtypa 20°C Bapupatr B
rpaHuumTe oT 6.89% c. m. oo 23.85%
c. M., a npu Temnepartypa 30°C — ot
571% c¢. M. po 20.22% c. wm.
(Durakova and Menkov, 2005). Te
KopecnoHgupatr ¢ pesynrtatute oT
HaweTo npoy4saHe. Bbnpekn
Onunskute cpegHM CTOMHOCTM  3a
paBHOBECHA BNaXHOCT, BCEKW €OVH
oT nscnenBaHuTe NPOAYyKTH
nputexasa cBoA cneundurka
(dbun3nKo-xmMmMmyeH cbCTaB "
CTpyKTYypa), KOATO Hanara
WHAMBUAYANHOTO UM MPOY4YBaHe.
3aBucumoctTa mMexay
paBHOBecHaTa BRaXHOCT M BoAdHaTa

aKTMBHOCT Ce [JaBa OT ONWTHO
noctpoeHaTa npu onpeaeneHa
(nocTosiHHA) Temnepatypa
copbuuoHHa wu3otepma. durypa 1

NnoKasBa eKkCnepuMeHTarnHuTe AaHHW,
nonyyeHn cneg  apcopbumus  Ha
KOHTpornHaTta npoba u ekcTpygaTtute
OT HaxyT.

for equilibrium moisture content at a
temperature of 20°C range from
6.89% d. b. to 23.85% d. b., and at a
temperature of 30°C — from 5.71% d.
b. to 20.22% d. b. (Durakova and
Menkov, 2005).

They correspond with the results of
our study.

Despite the close average values for
equilibrium moisture content, each of
the studied products has its own
specificity (physicochemical
composition and structure), which
requires their individual study.

The relationship between
equilibrium  moisture content and
relative humidity is given by the
experimentally constructed sorption
isotherm at a certain (constant)
temperature. Figure 1 gives the
experimental data obtained after
adsorption performed on the control
sample and the chickpea extrudates.

Adsorption

30

25

- N
« =]

&=

Moisture content, % d.b.
-
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2
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x4
™ 5
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Water activity

®dur. 1. AgcopbumnoHHM nzotepmm npu 25°C

Fig. 1. Adsorption isotherms at 25°C
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N3oTtepmute pasar
Bb3MOXHOCT [da ce Ccbau 3a
Xapaktepa W  KONMYEeCTBOTO  Ha
pasnuMyHWTE BMOOBE CBbp3aHa Boaa.

OnutHOo mMoraT pga ObaaTt
nony4yeHun ypes HaBraXxHsiBaHe
(apcopbuus) Ha cyx Unu Ypes cylleHe
(oecopbuus) Ha BnaxeH npoaykt (Bell
and Labuza, 2000). MocTtpoeHuTe npu
25°C  cOpOUMOHHM K30TEPMU  Ha
KOHTporHaTa npoba u ekctpygatute
OT HaxyT umaT S-obpaseH xapakrep —
XapaKTepeH 3a NOBEYETO XpaHUTENHU
NPOAYKTU. Pesyntatute
KopecnoHavpart ¢ Teau, NofyyYeHun oT
apyrm aBTopcku konektmeu (Petrova,
2011; Ruskova, 2014; Wani and
Kumar, 2016; Sahu and Patel, 2020;
Stepien et al., 2020; Aviara, 2020).

ToBa ca paBHOBECHW U30TEPMHU
Ha KOMOWAHW  KanumsipHO-NMOPecTu

tena ot ™ Ttun  cnopen
knacudumkaumaTa Ha Brunauer et al.
(1938). Tlpu  Hucka  BR@XHOCT

Xxapaktepa Ha S-obpasHuTe n3oTepmu
€ TuWNuYeH 3a MOHOMOJSEKyNHaTa
agcopbumuss  (Bogpata € CUIHO
CBbp3aHa C TBbPAMUS CKeNeT), a npu
BMCOKa BNaXHOCT - 3a
nonumonekynHata apcopbums. OT
durypata ce BmKaa, Ye KOHTponHaTa

npoba nposiesiBa no-BMcoka
apcopbunoHHa cnoco6bHocT
(XMrpocKonUYHoOCT) cpaBHeHa c

n3crneaBaHUTE ekTpyaaTu, KOMTOo ca C
6nu3kn/nogobHn  egHM  Ha  Apyru
afacopbuMOHHM KanaunuTeTu.
MaTematnyHuTe Mogenu Ha
COpOUNOHHUTE M30TEPMM MO3BONABAT
Ja ce npeackaxe paBHOBecHaTa
BMaXXHOCT Ha MNpOAyKTa 3a YCroBwWS,
32 KOUTO He ca npoBexaaHu
ekcnepumeHTn. 3a onucaHWe Ha
paBHOBECHUTE n3oTepmu B
nitepatypaTta ca nNpensfioKeHn ronsam
Opoii  TEOPETMYHM U EeMMUPUYHU
mogenn. Ham-yecto wu3nonaesaHute
mMogenu 3a onucaHue Ha
copbunoHHUTE n3oTepMU Ha

Isotherms make it possible to
judge the nature and amount of
different types of bound water.

Experimentally, they can be

obtained by wetting (adsorption) of
dry product or by drying (desorption)
of wet product (Bell and Labuza,
2000). The sorption isotherms
obtained at 25°C of the control sample
and the chickpea extrudates have S-
shape profiles — characteristic of most
food products.
The results correspond with those
obtained by other author collectives
(Petrova, 2011; Ruskova, 2014; Wani
and Kumar, 2016; Sahu and Patel,
2020; Stepien et al.,, 2020; Aviara,
2020).

These are equilibrium sorption
isotherms of colloidal capillary-porous
bodies of type Il according to the
classification of Brunauer et al.
(1938). At low relative humidity, the
character of the S-shaped isotherms
is typical for monomolecular
adsorption (water is strongly
associated with the solid skeletal
system), and at high relative humidity
— for polymolecular adsorption. It can
be seen from the figure that the
control sample exhibits a higher
adsorption capacity (hygroscopicity)
compared to the examined
extrudates, which have close/similar
adsorption capacities.

Mathematical models of
sorption isotherms allow the
equilibrium moisture content of the
product to be predicted for conditions
for which no experiments have been
conducted. A large number of
theoretical and empirical models have
been proposed in the literature to
describe equilibrium sorption
isotherms. The most commonly used
models for describing the sorption
isotherms of extrudates, including the

469



ekcTpyaarture, BKNIOYBALLM
BMUSHWETO Ha TemnepaTtyparta, ca
ABynapaMeTpuyHuTe  MoJenn  Ha

Chung-Pfost, Halsey, Oswin n
Henderson (Petrova, 2011; Ruskova,
2014), KOUTO M HME CME MPUITOXMUIN.
MonyyeHuTe kKoedULMEHTN Ha
MoaenuTte, cpegHuTe OTHOCUTENHU
rpeLkn U CTaHOAPTHUTE OTKMOHEHUS
ca npencraeseHn B Tabnuua 4. Karto

KpaeH monaen, onuceall
3a0BONINTESTHO nony4vyeHute
COp6LI,I/IOHHVI n3oTepmMmun, Moxe pga ce
npeanoxwu MoaenbT, YUUTO

CTOMHOCTM Ha P n SEM ca Han-HuCKu

influence of temperature, are the two-
parameter models of Chung-Pfost,
Halsey, Oswin and Henderson
(Petrova, 2011; Ruskova, 2014),
which we have also applied.

The obtained coefficients of the
models, the average relative errors
and standard deviations are
presented in Table 4. As a final model
satisfactorily describing the obtained
sorption isotherms, the model with the
lowest P and SEM values can be
proposed (Petrova, 2011).

(Petrova, 2011).

Ta6nuua 4. KoecdmumeHtn Ha mogenute (A, B), cpeaHa oTHocuTenHa
rpeuwka (P, %) n ctaHgapTHo oTknoHeHue (SEM) 3a npoueca Ha agcopbuus
Ha KOHTpOJIHaTa Npoba u Ha eKCTpyaaTuTe OT HaxXyT Npu Temneparypa

25°C

Table 4. Coefficients of the models (A, B), mean relative error (P, %),
and standard deviation (SEM) for the process adsorption of the control
sample and chickpea extrudates at 25°C

Mpo6a Moaenu
SampleNe Models A B P SEM
Oswin 12.4105253 0.430367521 6.5651784 0.993033872
KoHTpona Henderson 0.0150267613 1.50009559 8.771198 1.033553
Control Chung-Pfost 3.34636052 0.121783909 10.20318 1.3452817
Halsey 24.3340551 1.44076463 8.888443 2.442686
Oswin 10.2307782 0.453310739 6.020905 0.511247
1 Henderson 0.0214423883 1.46861541 4.421458 0.566047
Chung-Pfost 3.27830641 0.144620504 5.879911 0.7834276
Halsey 14.9197659 1.33966127 11.40879 2.483647
Oswin 10.4239822 0.442467764 5.434434047 0.771285257
2 Henderson 0.0165306782 1.56835158 6.592011 1.062112
Chung-Pfost 3.64158097 0.152966733 6.94743 1.2854143
Halsey 19.4762128 1.4420529 9.89688 1.948816
Oswin 10.0214748 0.493469286 4.208491068 0.401553321
3 Henderson 0.0267457064 1.38665084 5.772172 0.785187
Chung-Pfost 3.08376426 0.141352734 7.794622 1.2157394
Halsey 13.8680071 1.31875338 10.16609 1.978619
Oswin 10.0091109 0.477477192 6.834446 0.585414102
4 Henderson 0.0282774262 1.36418959 5.256972 0.535953
Chung-Pfost 2.97856816 0.137708549 8.188599 0.844076
Halsey 11.5675127 1.24389257 12.17958 2.917252
Oswin 10.0633474 0.501207744 2.369391924 0.226211565
5 Henderson 0.0278405088 1.36759767 5.186225 0.749601
Chung-Pfost 3.03727671 0.139388364 7.947986 1.267105
Halsey 13.5312548 1.30788795 8.149328 1.889063
Oswin 10.1508084 0.494937346 4.570114378 0.455281048
6 Henderson 0.0275478697 1.36637149 6.553053 0.749301
Chung-Pfost 3.01768235 0.137217671 9.048821 1.1870314
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Halsey 13.1684891 1.2894304 10.94212 2.249355
Oswin 9.87494902 0.517365939 | 5.638301971 | 0.423426235
Henderson | 0.0342388687 | 1.28894668 4.913015 0.6118336
Chung-Pfost 2.80520019 0.132984987 8.580701 1.166501
Halsey 10.21122 1.19613833 11.80867 2.72855
Oswin 9.45597734 0.514003015 | 5.293013017 | 0.470766948
Henderson | 0.0346846154 | 1.30740538 6.263971 0.720904
Chung-Pfost 2.85904591 0.140991073 9.457913 1.215082
Halsey 10.0201811 1.21046147 11.26048 2.513659
Oswin 10.24100746 0.5277000 8.098919 1.91818
Henderson | 0.0361738127 | 1.23619146 11.22778 1.454587
Chung-Pfost 2.60977061 0.11796918 15.79984 1.715124
Halsey 9.77214692 1.15711564 14.23219 4.086678
AHanusnpankm nonyyeHvnTe Analyzing the statistical data

CTaTUCTUYECKM OAHHW U KpuTepuute
3a nogbop Ha noaxogsuw, moaen 3a
onucaHue Ha copbumoHHUTe
nsoTepmu, MogensbT Ha Oswin Moxe
Aa Obaoe npenopbYaH KaTo Haw-
noaxofsl, 3a KOHTponHaTta npoba u
ekcTpygatute OT HaxyT — npobu c
Ne2, 3,5,6, 7,81 9. 3a npobm Ne 1 u
4 moraT ga ce npunoxat mogenute
Ha Oswin u Henderson. NonyyeHute
pesyntatu CbOTBETCTBAT Ha Tesu,
yctaHoBeHn oOT Petrova (2011) wu
Ruskova (2014), kouTto ekctpyaupart
rpuc oT newa u A6LAKOBU NPECOBKU
Ha €HOLLHEKOB ekcTpyaep
(“Brabender 20 DN*, epmaHus) npu
pa3nuyHM napameTpu Ha npoueca. Te
ycTaHoBsBaT, Ye 3a ekcTpygaTute oT
newa wmogensT Ha Oswin e Ham-
noaxoasiy 3a onuncaHue Ha
COpPOUNOHHUTE KU30TEPMU, CHETWU MpU
Temnepartypa 25°C, a 3a
ekcTpyaatuTte oT A6bMKOBM NPECOBKM
— mogenbT Ha Oswin, crneggaH oT
TO31 Ha Henderson.

obtained and the criteria for selecting
a suitable model for describing the
sorption isotherms, the Oswin model
can be recommended as the most
suitable for the control sample and the
chickpea extrudates — samples Ne2,
3,5,6,7,8,and 9.

For samples Ne 1 and 4, the Oswin
and Henderson models can be
applied. The results obtained
correspond to those established by
Petrova (2011) and Ruskova (2014),
who extruded lentil semolina and
apple pomace in a single-screw
extruder  (“Brabender 20 DN,
Germany) at different process
parameters. They found that for lentil
extrudates the Oswin model was the
most suitable for describing the
sorption isotherms obtained at a
temperature of 25°C, and for apple
pomace extrudates the Oswin model
was the most suitable for describing
the sorption isotherms followed by
Henderson's.

CtoriHOCTTa Ha BRaxHOCTTa, The relative humidity
CbOTBETHAa Ha MOHOMorekyrnHaTa | corresponding to the monolayer
BMaXXHOCT € BaxHa copbumoHHa | moisture content is important sorption

XapakTepucTtumka Ha NnpoaykTa,
BlMdella OUPEKTHO BbPXy HerosaTa
cTabunHOCT M onpegensiHeTo U e oT
3HayeHue 3a NPOAYKT, KOUTO Noanexmu
Ha CbXpaHeHue. YcnosusaTa
(Temnepartypa " OTHOCUTErHa
BNaXHOCT Ha Bb3gyxa), Npu KOUTO
npoaykTbT € C  MOHOMOMEKyNHa

characteristic of the product, directly
affecting its  stability, and its
determination is important for a

product subject to storage.

The conditions (temperature and
relative air humidity) in which the
product has monolayer moisture
content can be considered optimal for
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BNaXHOCT MoraTt ga ce cuuTtaT 3a | its storage. Figures 2 and 3 show the
onTUmarnHu 3a cbxpaHeHumeTo My. Ha | dependence a,/[M(1-a,)]=f(aw).
durypa 2 wn 3 e nokasaHa

3aBuncumocTTa a,/[M(1-a,)]=f(ay).

0,09
y control = 0,1542x +0,0073
0,08 R2=0,9846
0,07
¥ 1=0,1334x +0,0228
= 0,06 R2=0,9508
- @ Control
T 0,05
C o]
2. 0,04
~x 02
< 0,03 y3=0,1408x +0.0231 o,
R?=10,9661
002 2=0,1431x +0,017 |
0.01 y Ri—0 ;(575 ’ y 4 =0,1206x + 0,0292
i ’ R2=0,8913
0
0 0,1 0,2 0,3 0,4 0,5

®dwur. 2. lluHeapmsauma Ha BET mogena 3a npoueca Ha agcopbuma Ha
KOHTpoOJiHaTa npoba n Ha eKkcTpyaaTu oT HaxyT (npobu Ne 1, 2, 3, 4)

Fig. 2. Linearization of BET model for adsorption process of the control
sample and chickpea extrudates (sample Ne 1, 2, 3, 4)

0,1
¥ 5=0,1477x +0,0212
0,09 R2=0,9902
0,08
0,07 ¥ 6 =0.1301x +0,0253
= R2=0,9226
£ 0,06 o5
< 0,05 T
5 0,04 ¥ § =0,1323x +0,0308 Y
& R2=0,9112
0,03 o3
0,02 ¥ 7=0,1283x +0,0303 ¥ 9=0,1598x +0,0207 0o
e i
0,01 R2=0,951 R2=0,9377
0
0 0,1 0,2 0,3 0,4 0,5

®ur. 3. llnHeapusauusa Ha BET mogena 3a npoueca Ha agcop6uus Ha
eKcTpyAaTu oT HaxyT (npobu Ne 5, 6, 7, 8, 9)

Fig. 3. Linearization of BET model for adsorption process of chickpea
extrudates (sample Ne 5, 6, 7, 8, 9)
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Ha ©asa Ha nony4vyeHuTe
KoedbUMEHTN Npu fNMHeapu3aummTe
Ha wMopaena Ha Brunauer-Emmett-
Teller, npeactaBenn Ha Purypa 2 u 3,
Ca M3YUCMEHU  MOHOMOMEKYIHUTE
BMaXXHOCTU Ha u3cnegBaHuTe npobwu
npu 25°C (Tabnuua 5). CtonHocTUTE
Ha nokasartens Bapupar B AnanasoHa
oT 554% c. m. po 7.11% c. M. u
OTroBapsT Ha BOAHA aKTUBHOCT B
AnanasoHa ot 0.225 no 0.328.

Pesyntatute kopecnoHampar ¢
Te3n, MOMNy4yeHn OT Apyrn aBTOPCKU
KONEKTUBW. MoHomonekynHaTa
BMaXXHOCT Ha eKkcTpyaaTtu oT neuwa e
oT 4.37% c. M. no 5.24% c. m., a 3a
ja 6bagaT Te ¢ BnaxHocT, 6nmska o
MOHOMOJIeKynHaTta, € Heobxogumo ga
Cce CbXpaHsiBaT npu BoAHa aKTMBHOCT
0.2-0.3 (Petrova, 2011).

MoHomonekynHaTa  BRaXHOCT
Ha eKCTpyanpaHu XpaHu 3a
CTOMaHCKM BuOoOBE pubu e wmexay
6.5% c. m. n 8.4% c. m. (Toshkov,
2011). Ha ekctpygoatw, nomnyyeHu ot
crMaHayHo OpallHO C MLEHWYEH rpuc
T4 € oT 3.33% c. m. go 11.99% c. m.
(Penov, 2000).

On the basis of the obtained
coefficients in the linearizations of the
Brunauer-Emmett-Teller model,
presented in Figure 2 and 3, the
monolayer moisture contents of the
studied samples at 25°C were
calculated (Table 5). The values of
the indicator vary in the range from
554% d. b. to 7.11% d. b. and
correspond to water activity in the
range from 0.225 to 0.328.

The results correspond with
those obtained by other author
collectives. The monolayer moisture
content of lentil extrudates is from
4.37% d. b. to 5.24% d. b, and in
order for them to have moisture close
to monomolecular, it is necessary to
store them at a water activity of 0.2-
0.3 (Petrova, 2011).

The monolayer moisture

content of extruded feeds for
commercial fish is between 6.5% d. b.
and 8.4% d. b. (Toshkov, 2011).
The monolayer moisture content of
extrudates obtained from spinach
flour with wheat semolina is from
3.33% d. b. to 11.99% d. b. (Penov,
2000).

Tabnuua 5. MoHomonekynHa BnaxHocT (MMC, % c.m.) 3a npoueca Ha agcopouums
Ha KOHTpOJIHaTa Npoba u Ha eKCTpyAaTy OT HaxyT 3a Temnepartypa 25°C

Table 5. Monolayer moisture content (MMC, % d. b.) for adsorption process for
adsorption process of the control sample and chickpea extrudates at 25°C

Kowrpona | 2 3 4 5 6 7 8 9
Control

MMC, % c.m.

MMC, % d. b. 6.19 711 | 6.25 | 6.10 | 6.68 | 592 | 6.44 | 6.31 | 6.13 | 554

MopabpkaHeTo Ha ycrnoBus Ha
CbXxpaHeHue: Temnepatypa 25°C wu
BOOHA aKTUBHOCT B rpaHuumte 0.225-

0.328 rapaHTupa ObNroTpanHo
3anasBaHe Ha KayecTBeHUTE
nokasarenu Ha n3cnegBaHute

eKCTpyaaTn OT HaxyT.

n3sogu
CopbuuoHHuTe

XapakTepucTMku — paBHOBECHa MU

Maintaining storage conditions:
temperature 25°C and water activity in
the range 0.225-0.328 guarantees
long-term preservation of the quality
indicators of the investigated chickpea
extrudates.

CONCLUSIONS
The sorption characteristics —
equilibrium and monolayer moisture

473



MOHOMOJEKyIHa BMNaXXHOCT Ha
eKkcTpyaatu oT HaxyT, ca
€KCMEePUMEHTANHO  MOMyYeHn Mpu
TemnepaTtypa ot 25°C wu BopgHa
aktuBHoct ot 0.113 po 0.843
NnocpeacTBOM cTaTnyeH

rpaBumeTpuyeH metod. CTomHocTute
Ha PaBHOBECHWUTE BMaXHOCTW ca B
ananasoHa oT 2.97% c. M. 8o 25.46%
C. M., KaTO KOHTposnHata npoba ce
OTNIN4YaBa C No-BUCOKN CTOMHOCTW.

Mpn a,=0.432 paBHOBeECHaTa
BMaXXHOCT 3a eKCTpygaTuTe OT HaxyT
(mpobn ¢ Ne 1, 3, 5, 6, 7, 8 n 9)
Bapupa B TecHu rpaHuum (ot 9.01% c.
M. 00 9.84% c. m.).

MocTpoeHuTe npu 25°C
COpPOLNOHHM n3oTepmun Ha
ekcTpygatute OT HaxyT wumart S-
obpaseH xapaktep, T.e. Te ca ot II™

TN cnope,u, macmcbmxau,mma Ha
Brunauer. Ha b6asza Ha
CTATUCTMYECKOTO MoZenvpaHe Ha

nornyyYyeHNTe AaHHW U KpUTepunte 3a
rogHOCT  Ha  [ABynapameTpuyHuUTe
mMogenu (cpenHa OoTHOCUTEnNHa
rpewka v CTaHfapTHO OTKIOHEHWeE)
mModenbT Ha Oswin moxe ga 6bae
npenopbYaH KaTo Han-nogxopsl 3a
eKkcTpyaatuTe OT HaxyT — npobu ¢ Ne
2,3,56,7,819. 3anpobn Ne1un4
MoraTt ga ce npunoxaTt mogenurte Ha
Oswin n Henderson.
JluHeapuaunpankn mopena Ha

content of chickpea extrudates were
experimentally  obtained at a
temperature of 25°C and relative
humidity from 0.113 to 0.843 by static
gravimetric method.

The values of the equilibrium moisture
content are in the range from 2.97%
d. b. to 25.46% d. b., with the control
sample having higher values.

At a,=0.432, the equilibrium
moisture content for the chickpea
extrudates (samples Ne 1, 3, 5, 6, 7,
8, and 9) varied within narrow limits
(from 9.01% d. b. t0 9.84% d. b.).

The sorption isotherms of the

chickpea extrudates otained at 25°C
have S-shape profiles, i.e. they are
type Il according to Brunauer's
classification.
Based on the statistical modeling of
the obtained data and the fit criteria of
the two-parameter models (mean
relative error and standard deviation),
the Oswin model can be
recommended as the most suitable
for the chickpea extrudates — samples
Ne2, 3,5, 6, 7, 8, and 9.

For samples Ne 1 and 4, the Oswin

and Henderson models can be

applied.
The

monolayer moisture

Brunauer-Emmett-Teller, ca | content of the chickpea extrudates
N34YnCreHn mMoHomonekynHute | (from 5.54% d. b. to 7.11% d. b.) were
BNaXHOCTWN Ha ekcTpyaaTute oT HaxyT | calculated by linearizing the
(01 5.54% c. M. 0o 7.11% c. m.). Brunauer-Emmett-Teller model.
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