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ABSTRACT

Whey diafiltration was carried out with a UF25-PAN polyacrylnitrilic membrane with
25 kDa molecular weight cut-off at volume reduction factors (VRF) VRF=2, VRF=4,
VRF=6, VRF=8, VRF=10. The values of the principal components dry matter, protein,
lactose and mineral substances in the retentates and permeate obtained were
established. The relative shares of protein, lactose and mineral substances in the dry
matter, the concentration factor (CF) values for dry matter, protein, lactose and
mineral substances, and the protein retention factor (RF) were determined. Linear
models were created for the CF of each investigated component according to the
VREF, and a logarithmic model was developed for the protein RF according to the
VREF. The results obtained demonstrated the efficiency of diafiltration for deep
treatment aimed at a further elimination of lactose and mineral substances and
subsequent utilization of the diafiltration concentrates low in lactose and mineral
substances as a liquid supplement in the manufacture of extruded cereal products.
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Pesome

lMpoBeaeHa e gnacunTpaums Ha ynTpagunTpaunoHeH CypoBaTbyeH KOHLEHTPAaT C
nonuakpunHMTpunHa memopaHa Y®25-NAH ¢ pasgenutenHa cnocobHocT 25 kDa
npu KoepuumeHT Ha HamansisaHe Ha obema VRF=2, VRF=4, VRF=6, VRF=8 n
VRF=10. YcTtaHOBEHM ca: CTOMHOCTUTE HA OCHOBHUTE CbCTaBKM CyXO BeELLEeCTBO,
NPOTEVH, NakTo3a U MUHeparHu BelecTBa B NolyYeHUTe KOHUEHTpaTu 1 puntpar;
CTOMHOCTUTE Ha OTHOCUTENHUA OAN Ha obLIKMA NPOTENH, NakTo3aTa U MUHEpPAnHUTe
BeLLeCTBa B CyXOTO BELECTBO; CTOMHOCTUTE Ha KoeuuneHTa Ha KOHLUEHTpUpaHe Ha
CyXOTO BeLLeCcTBO, NPOTENHA, NTakTo3aTa U MUHeparHUTe BeLecTBa; CTOMHOCTUTE Ha
KoedomumneHTa Ha 3agbpXKaHe Ha NpoTenHa; IMHENHU MOAENN 3a KoeduumneHTa Ha
KOHLEHTpUpaHe Ha BCAKa eqHa OT u3crneaBaHuTe CbCTaBKkM OT KoeduumMeHTa Ha
HamansaBaHe Ha obema; norapuTMmM4eH Mmogen 3a koedmumeHTa Ha 3agbpXKaHe Ha
NpOTENHa B 3aBUCMMOCT OT KoeduLmeHTa Ha HamanseaHe Ha obema. [NonyyeHnte
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pe3ynTaTu nokaseat epekTMBHOCTTa Ha Anaduntpaunsita 3a Abnbo4nHHa
obpaboTka c ornes AONbIHUMTENHOTO OTCTPaHsABaHE Ha nakTo3aTta ¥ MUHepanHuTe
BELLEeCTBa U Bb3MOXXHOCTUTE 3a M3MON3BaHe Ha MonyvyeHnTe AnadunTpaunoHHN
KOHLIEHTPaTV C HamManeHo CbAbp)KaHNe Ha NakTo3a 1 MMHeparHu BellecTBa KaTo
TeYHU [o6aBKM NpW NPOU3BOACTBOTO HA EKCTPYAMPAHU NPOAYKTW.

KnrouvoBu gymu: Cyposatka, YnTpaduntpauus, Quaduntpaums, bano canamypeHo
cupeHe

PasLlimnpeHo pestome

M3cnenBaHa e Bb3MOXHOCTTa 3a Ab1I6o4nMHHa 06paboTka Ha ynTpadunTpaumoHeH
KOHLEHTpaT OT cypoBaTka, NosfyyeHa npu npon3BoaCcTBOTO Ha Bs10 canamypeHo
cvpeHe. OcHoBHaTa Len Ha HacTosiwata paboTta e yCTaHOBSABaHE CbAbpXXaHMETO Ha
OCHOBHMWTE MJIEYHWN CbCTaBKM B NOMyYeHNTE AnacpmunTpaLMoHHM KOHLEHTPATK 1
dunTpaTn, CTOMHOCTUTE HA OTHOCUTENHMSA UM AN B CyXOTO BELLECTBO, KAKTO U
CTOMHOCTUTE Ha KOE(ULIMEHTUTE HA KOHLIEHTPMPaHe U 3agbpKaHe, ¢ ornes no-
€(hEeKTUBHOTO MM M3MNOS3BaHe KaTo TeYHN J06aBKM Npu NPoOM3BOACTBOTO Ha
EeKCTPYANpPaHN 3bpHEHN NPOLYKTU.

M3xogHaTa cypoBaTtka e rnosiydyeHa Kato BTOpUYEH NPOAYKT Npy NPOU3BOACTBOTO Ha
08110 canamypeHo cMpeHe OT KpaBe MNSKO. M3BbpLUEHO e nocrneasallo
OTCMEeTaHsiBaHe CbC cenapartop-otrcMmeTanuTen npu 40-450C. N3BbpLueHa e
nocneaBalla nactbopusaums npu 70-72°C 3a 15-20 s. NacTbopusmpaHata
cypoBaTtka e noasioxxeHa Ha yntpadunTtpaums npu pabotHa Temnepatypa 50 [15501C
00 KoeduUMEHT Ha HamansaBaHe Ha obema VRF=10.

lMpoBeneHa e nocreapalla gnadunTpaunsa Ha nonyyvyeHna yntpagounTpaumnoHeH
KOHEeUHTpaT npu KoeduumMeHTn Ha HamansaBaHe Ha obema VRF=2, VRF=4, VRF=6,
VRF=8 n VRF=10.

EkcnepumeHTUTE N0 MembpaHHaTa ounTpaumsa ca nposeaeHu Ha nabopaTtopHa
ypenba cbC cCMeHsieM MOCbK MeMBpaHeH Moayr, KOMMMEKTOBaH C
NONMaKpUITHUTPUNHa yntpadpuntpaumoHHa membpaHa ot Buga YP25-MNAH c
pasgenutenHa cnocobHocT 25 kDa.

[Mpu M3BBLPLUBAHETO HA BCUYKM OMUTUK Ca B3MMaHu Npobun: oT nonyvyeHus
ynTpaduntpaunoHeH koHueHTpart npu VRF=10, ot pa3speneHus
ynTpadunTpaunoHeH KOHLEHTpaT npeay gnadunrpauus, a npy anarnntpaumoHHO
KoHueHTpupaHe no VRF=2, VRF=4, VRF=6, VRF=8 n VRF=10 oT kOHUeHTpaTa n
duntpaTta. Bcudkm npobu ca aHanmMsmMpaHu no nokasaTennte: Cyxo BeLLecTBO, 0oLy,
NPOTEVH, NakTo3a u MMHeparnHu BeLlecTsa.

YcTaHoBEHM ca: CTOMHOCTUTE Ha OCHOBHUTE CbCTaBKU CyXO BELLECTBO, MPOTEMH,
NakTo3a Y MUHeparHun BELLECTBA B MOMy4YeHUTE KOHLEHTpaTK U uUnTparT;
CTOMHOCTUTE Ha OTHOCUTENHMS AAN Ha 06LLMSA NPOTEWH, NakTo3aTa ¥ MUHepanHuTe
BELLECTBA B CYXOTO BELLECTBO; CTOMHOCTUTE Ha KoedULIMEeHTa Ha KOHLIEHTpUpaHe Ha
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CYXOTO BeLLEeCTBO, NPOTENHA, NakTo3aTa N MMHEpPanHuTe BellecTBa; CTOMHOCTUTE Ha
KoedomumneHTa Ha 3agbpXaHe Ha npoTeunHa. Nony4yeHn ca nMHenHn Mmogenu 3a
koedmuMeHTa Ha KOHLIEHTpMpaHe Ha BCAKa efHa OT uscrefBaHnTe CbCTaBku OT
koedmuMeHTa Ha HamarnsBaHe Ha obemMa, KakTo 1 norapuTMu4eH Mogen 3a
koedmuMeHTa Ha 3aabpXXaHe Ha NpoTerHa B 3aBUCUMOCT OT KoeduuneHTa Ha
HamansieaHe Ha obema.

MonyyeHunTe pesynTtaTu nokaseat epekTUBHOCTTa Ha AuadunTpaumara 3a
AbnbovnHHa obpaboTka ¢ ornen AONbHUTENHOTO OTCTPaHSBaHe Ha flakTo3aTta U
MUHEpPanHuTe BELLLECTBA U Bb3MOXHOCTUTE 3a U3MNON3BaHe Ha NofnyyYyeHuTe
AnadunTpaunoHHM KOHLIEHTPATM C HaManeHo CbAabpXXaHne Ha NakTo3a u
MUHEpParnHn BELLLECTBA KaTo TeYHU 4obaBKM Npu NPON3BOACTBOTO HA 3bPHEHMU
eKCTpyanpaHu nNpoayKTu.

INTRODUCTION

White brined cheese is a semi-hard cheese made mainly in the Balkan countries. It is
the most widely produced cheese in Bulgaria with specific technological and flavour
characteristics due to its technology [4,9]. In recent years there has been a
permanent increase in the quantity of white brined cheese and whey released during
its production. It contains approximately 50 % of the dry matter and a significant part
of the whey proteins in milk. This has prompted the need to search for solutions
related to the utilization of the valuable whey components and to environmental
efficiency regarding wastewater purity. A number of investigations [3,5,6,12,22] on the
use of membrane methods in the dairy industry have aimed to show the possibilities
of solving the above-mentioned problems. Ultrafiltration can be successfully applied
to the production of whey protein concentrates [18,31,32].

Whey proteins are used in many branches of food industry because of their nutritive,
biological and functional characteristics [8,10,13,19]. Therefore the possibilities of
using them to enrich various products, such as baby foods, health foods and drinks,
meat, bread products and extruded products, have been explored by various authors
[14,23,25,28,29,30]. A number of investigations have aimed to determine the principal
components of various whey types and the subsequent characteristics and content of
the whey protein concentrates obtained [7,16,19,25,27]. Their rational use is impeded
by the high levels of mineral substances and lactose which are sensitive to chemical
reactions leading to changes in the organoleptic characteristics of the product
[1,15,21,24].

The aim of the present work was to investigate the possibility for deep treatment of
the ultrafiltration retentate of whey obtained during white brined cheese manufacture,
and to establish the content of the main milk components in the resultant diafiltration
retentates and permeate, the values of their relative shares in the dry matter, and the
concentration and RF values with a view to their more effective application as liquid
supplements in the manufacture of extruded cereal products.

JOURNAL

Central European Agriculture
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1009

Dushkova and Menkov: Diafiltration Of Ultrafiltration Retentate Of Whey From White Brined...

MATERIALS AND METHODS

The initial whey was obtained as a by-product in the production of white brined
cheese from cow’s milk. The whey was afterwards separated with a separator, then
pasteurized at 70-72°C for 15-20 s and subjected to ultrafiltration at an operating
temperature of 50+55°C to VRF=10.

Diafiltration of the ultrafiltration retentate obtained was carried out at the following
volume reduction factors: VRF=2, VRF=4, VRF=6, VRF=8 and VRF=10. The VRF
was calculated using the formula:

VRF= Yo
Ve (1)

where V_ and V. are the volumes of the diluted ultrafiltration retentate prior to
diafiltration, and the diafiltration retentate respectively.

The membrane filtration experiments were carried out on laboratory equipment with a
replaceable plate and frame membrane module fitted with a UF25-PAN
polyacrylnitrilic ultrafiltration membrane with 25 kDa molecular weight cut-off shown
in Fig.1. This equipment was supplied with a replaceable plate and frame membrane
module with membrane surface area of 1250 cm?, a three-plunger high pressure
pump (max 15 MPa) with capacity of 330 dm?3/h, a pipeline system with two
manometers (0-15 MPa) for measuring the inlet and outlet pressure, and a special
working pressure regulating valve.

In all experiments, samples of the ultrafiltration retentate obtained at VRF=10, of the
diluted ultrafiltration retentate prior to diafiltration and of the retentate and permeate
under diafiltration concentration from VRF=2 to VRF=10 were taken. They were
analyzed according to the following indices: dry matter (ISO 6731: 1989); protein
(ISO 8968-1: 2001); lactose (ISO 5765-1: 2002); mineral substances (ISO 936-1998).
The presented values were obtained on the basis of three repetitions of the
experiments.

In accordance with the results obtained, the CFs for dry matter, protein, lactose and
mineral substance were calculated using the formula:

e _Co
C
°,(2)
where C_and C_are the component concentrations in the diafiltration retentate and

the diluted ultrafiltration retentate prior to diafiltration respectively. On the basis of the
results obtained, the protein RF was calculated using the formula:
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R =(1—%j100
ARG )

where C_ and C_ are the protein concentrations in the diafiltration permeate and
retentate respectively.

RESULTS AND DISCUSSION

The principal components of the ultrafiltration retentate obtained at VRF=10, of the
diluted ultrafiltration retentate prior to diafiltration and of the retentates and permeate
obtained by diafiltration at different VRFs are presented in Fig.2 to Fig.5. Fig.2 shows
a continuous protein increase from 0.45% through 0.76%, 1.38%, 1.39%, 1.99%, to
3.00% in the diluted ultrafiltration retentate and the diafiltration retentates at VRF=2,
4, 6, 8, 10 respectively. The protein content in the initial ultrafiltration retentate at
VRF=10 (3.23 %) was close to those in the new diafiltration retentate at VRF=10
(3.00 %). The incorporation of these liquid diafiltration retentates in extruded cereal
products would lead to an increase in their biological and nutritive value because of
the higher amino-acid content [11]. The results in fig. 3 and 4 show a significant
decrease in lactose and mineral substances in the new diafiltration retentate at
VRF=10 compared to the initial ultrafiltration retentate at VRF=10: 0.3 % and 8.35 %
for lactose, 0.2 % and 0.88 % for mineral substances respectively. Similar results for
lactose and mineral substance reduction by diafiltration were obtained in [8,17]. The
incorporation of these liquid diafiltration retentates, which are low in lactose and
mineral substances, in extruded cereal products would lead to a longer shelf-life and
improved flavour of the extruded products. According to [21], the lower lactose and
mineral substance content helped to avoid the unfavorable reactions and off-flavours
during drying and storage of dried whey protein concentrates.

The data shown in Figure 6 (the average values of the three experiments were used)
provide useful information on the change in the principal components’ relative share
as a percentage of dry matter at each degree of concentration investigated. It can be
seen that the diafiltration of the ultrafiltration retentate at a VRF factor from 2 to 10
led to an increase in the relative share of protein from 22.84 % to 78.94 %. Relative
share of lactose and mineral substances in the dry matter decreased, from 65.48 %
to 7.89 % and from 17.26 % to 5.26 % respectively, which demonstrates the
diafiltration efficiency in increasing the protein content on the one hand, and reducing
the lactose and mineral substance content significantly on the other hand. These
data are in agreement with [32] and [19], which show that ultrafiltrafiltration/
diafiltration can result in a protein increase >75%. Along with the study of the
composition of the diafiltration retentates obtained, Fig. 7 shows the dry matter,
protein, lactose and mineral substance CFs which are qualitative indicators of the
process efficiency. The results demonstrate that at VRF=2 to VRF=10, the dry matter
CF increased 1.1 to, 1.92 times respectively. Under the same operating conditions
the protein CFs were from 1.69 to 6.67 respectively, the lactose CFs were from 0.71
to 0.23, and the mineral substance CFs were from 0.94 to 0.59. The results showed
that protein was concentrated as many times as the VRF value. It can also be seen
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that the lactose and mineral substance CFs decreased significantly when the VRF
increased from 2 to 10, which demonstrates the diafiltration efficiency for lactose and
mineral substance separation. The comparative results for the ultrafiltration and
diafiltration retentates at VRF=10 showed higher values of protein CFs and
significantly lower values of lactose and mineral substance CFs of the diafiltration
retentates obtained compared to the ultrafiltration retentates at the same
concentration degree. This is indicative of the possibility of applying diafiltration
treatment to obtain retentates with low lactose and mineral substance content. The
results related to the qualitative characteristic (selectivity) of the membrane used
(Fig. 8) showed that the rise in the VRF from 2 to 10 was accompanied by an
increase in the protein RF from 62.2 (VRF=2) to 93.2 (VRF=10). These results
confirmed the suitability of the choice of a membrane with satisfactory selectivity.
There are similar investigations [2] concerning protein retention for skim whey. They
show that protein retention increases with the increase in VRF and pressure. After
statistical processing, linear models for the CFs of each investigated component
according to the volume reduction factor, and a logarithmic model for the protein RF
according to the VRF were developed (Table 1).

CONCLUSION

Whey diafiltration was carried out with a UF25-PAN polyacrylnitrilic membrane with
25 kDa molecular weight cut-off at VRF =2 to VRF=10. The values of the principal
components dry matter, protein, lactose and mineral substances in the retentates and
permeate obtained were established. The relative shares of protein, lactose and
mineral substances in the dry matter, the CF values for dry matter, protein, lactose
and mineral substances, and the protein retention factor were determined. Linear
models were created for the CF of each investigated component according to the
VRF, and a logarithmic model was developed for the protein retention factor
according to the VRF. The results obtained demonstrated the efficiency of diafiltration
for deep treatment aimed at a further elimination of lactose and mineral substances
and subsequent utilization of the diafiltration concentrates low in lactose and mineral
substances as a liquid supplement in the manufacture of extruded cereal products.
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Tabnuua 1. PerpecnoHHn mogenu 3a KoeduumMeHTa Ha KOHLUEHTPUPaHe Ha CyxoTo
BELLEeCTBO, MPOTENHA, NakTo3aTa, MUHepanHuTe BelecTsa 1 koeduumeHTa Ha
3agbpKaHe Ha NpoTenHa B 3aBUCUMOCT OT KoeduumneHTa Ha HamangasaHe Ha obema
Table 1. Regression models for dry matter, protein, lactose, mineral substance CF
and protein RF according to the VRF

Concentration factor (CF) Linear model R?
Dry matter CF=0.1033.VRF+0.8949 1
Protein CF=0.62.VRF+0.5511 0.98
Lactose CF=-0.0441.VRF+1.0529 0.96
Mineral substances CF=-0.0651.VRF+0.8341 0.94
Retention factor (RF) Logarithmic model
Protein RF=19.941.In(VRF)+49.512 0.98
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R

dur.1. Cxema Ha nabopatopHa ypenba cbC CMeHsieM NIIOCbK MeMBpaHeH Moays

1 — BeHTUN; 2 — MaHomeTbp (0-5 MPa); 3 — BeHTUn; 4 — maHomeTbp (0-0.6 MPa); 5
— CMeHsieM Nnocbk MembpaHeH moayn; 6 — pesepsoap; 7 — Tpbvbonposoa; 8 —
maHomeTsp (0-0.8 MPa); 9 — BeHTun; 10 — maHomeTsp (0-15 MPa); 11 —
Tpbbonposoa; 12 — nomna; 13 — BeHTUN; 14 — TpbOONpoBoa; 15 — TpvbonpoBog;
16-pe3epBoap

fig. 1. Scheme of laboratory equipment with a replaceable plate and frame membrane
module: 1 — valve; 2 — manometer (0-5 MPa); 3 — valve; 4 — manometer (0-0.6 MPa);
5 — replaceable plate and frame membrane module; 6 — tank; 7 — pipeline; 8 —
manometer (0-0.8 MPa); 9 — valve; 10 — manometer (0-15 MPa); 11 — pipeline; 12 —
pump; 13 — valve; 14 — pipeline; 15 — pipeline; 16-tank

Protein, %

e at Permeate

a e a e a
VRF=10 after dilution VRF=2 VRF=4 VRF=6 VRF=8 VRF=10
before
diafiltration

dur.2. CbabpKaHue Ha NpoTeMHU B yNTpadunTpaumoHeH cypoBaTbyeH KOHLEeHTpaT
npn VRF=10, B pa3pegeH yntTpadunTpaunoHeH KOHLEHTPAT npean anadunrpauus u
B AnadunTpaunoHHu KoHueHTpatu n ountpat npu VRF =2 o 10

fig. 2. Protein content of ultrafiltration whey retentate at VRF=10, of diluted
ultrafiltration retentate prior to diafiltration and of diafiltrtaion retentates and permeate
at VRF=2to 10
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VRF=10 after dilution VRF=2 VRF=4 VRF=6 VRF=8 VRF=10
before
diafiltration
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dur.3. CbabpKaHMe Ha nakTo3a B yNnTpadunTpaunoHeH CypoBaTbyeH KOHLEHTpaT
npn VRF=10, B pa3peneH yntTpadounTpaunoHeH KOHLEHTPAT npean anadunrpaumus u
B AMaunTpaumMoHHn KoHueHTpatn n duntpat npmu VRF =2 no10

fig. 3. Lactose content of ultrafiltration whey retentate at VRF=10, of diluted
ultrafiltration retentate prior to diafiltration, and of diafiltrtaion retentates and permeate
at VRF=2to 10
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UF retentate at  UF retentate  DF retentate at DF retentate at DF retentate at DF retentate at DF retentate at ~ Permeate
VRF=10 after dilution VRF=2 VRF=4 VRF=6 VRF=8 VRF=10
before
diafiltration
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dur.4. CbaobpXKaHne Ha MUHepanHn BewecTsa B ynTpadunTpaumoHeH CypoBaTbyeH
KoHueHTpaT npu VRF =5, B paspeaeH yntpadunTtpaumoHeH KOHLUEHTpaT npean
Anaduntpauunsa v B guacuntpaumoHH KoHueHTpaTtn n duntpart npu VRF =2 oo 10
fig. 4. Mineral substance content of ultrafiltration whey retentate at VRF=10, of diluted
ultrafiltration retentate prior to diafiltration, and of diafiltrtaion retentates and permeate
at VRF=2to 10
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Dry matter, %

UF retentate at  UF retentate  DF retentate at DF retentate at DF retentate at DF retentate at DF retentate at Pem:
VRF=10 after dilution VRF=2 VRF=4 VRF=6 VRF=8 VRF=10
before
diafiltration

dur.5. CbabpKaHMe Ha Cyxo BELLECTBO B yNTpadunTpaunoHeEH CypoBaTbyeH
KoHUeHTpaT npu Kv=5, B paspeneH yntpadomnTtpaunoHeH KOHLEeHTpaT npeaun
avadunTtpaums n B guauntpaumMoHHN KoHUeHTpatu n duntpat npu VRF=2 go 10
fig. 5. Dry matter content of ultrafiltration whey retentate at VRF=10, of diluted
ultrafiltration retentate prior to diafiltration, and of diafiltrtaion retentates and permeate

at VRF=21to0 10
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dour. 6. OTHOCUTENEH ASAN HA OCHOBHUTE CbCTAaBKWU Ha yNTpaunTpaunoHeH
KOHLEHTpaT crnef paspexaaHe npeau guacuntpaumns n KOHUeHTpaTu, nonyyeHu
ypes gnadpuntpauma npu VRF=2 go 10

fig. 6. Relative share of the principal components of ultrafiltration retentate after
dilution prior to diafiltration, and of retentates obtained by diafiltration at VRF=2 to 10
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Volume reduction factor (VRF)

dur.7. CTOMHOCTM Ha KoeduumeHTa Ha koHueHTpupaHe (CF) npn VRF=2 no 10
fig. 7. Values of the concentration factor (CF) at VRF=2 to 10
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dwur.8. CTOMHOCTM Ha KoeuumeHTa Ha 3aabpkaHe Ha npoTteunHa (R) npu VRF=2 go
10

fig. 8. Values of the protein retention factor (R) at VRF=2 to 10
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