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Background and Objective: Plant-based proteins are considered a
suitable alternative to animal proteins due to their efficient use of
natural resources, reduced greenhouse gas emissions, and absence of
cholesterol. These sources not only minimize environmental impact
but also offer nutritional benefits such as improved digestive health,
reduced risk of cardiovascular diseases, and the provision of essential
amino acids. Among cereals, barley (Hordeum vulgare L.) is
recognized as a valuable protein source due to its rich protein
composition, resilience to adverse environmental conditions, and the
presence of bioactive compounds such as beta-glucans. Barley
protein contains a well-balanced composition of essential amino
acids, particularly lysine, and exhibits excellent emulsifying capacity
and stability properties, making it suitable for industrial applications.
In this study, an alkaline extraction followed by isoelectric
precipitation was employed to evaluate and optimize the emulsifying
capacity and emulsion stability of barley protein.

Materials and Methods: Barley flour was obtained from barley
grains and defatted using n-hexane. A suspension of flour and
distilled water with the ratio of 1:6 (v/w) was prepared, and its pH
was adjusted using sodium hydroxide based on values recommended
by response surface methodology (RSM). Following initial
centrifugation at 5428 rpm for 15 min, the supernatant was separated,
and its pH was adjusted to the isoelectric point using hydrochloric
acid. A second centrifugation was performed to precipitate the
protein. The resulting precipitate was washed, neutralized, and
freeze-dried at -38°C. The emulsifying capacity and emulsion
stability of the extracted protein were measured to assess its
functional properties. Optimization was conducted using response
surface methodology (RSM) with a central composite design (CCD)
in Design-Expert software. The effects of independent variables,
including alkaline pH (9.5-11.5), isoelectric pH (4.5-5.5), and
centrifugation temperature (4-24°C), on response variables were
evaluated in 20 experimental runs with six replications at the central
point. Statistical analysis was performed using the t-Student test
(p<0.05).
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Results: Analysis of variance (ANOVA) demonstrated that the
quadratic model was statistically significant for predicting the
emulsifying capacity of barley protein. The interactive effects of
alkaline pH x isoelectric pH, centrifugation temperature x alkaline
pH, and centrifugation temperature X isoelectric pH significantly
influenced emulsifying capacity (p< 0.05).Similarly, the model was
significant for predicting emulsion stability. The interactions of
centrifugation temperature X alkaline pH and -centrifugation
temperature % isoelectric pH had a significant impact on this response
variable (p < 0.05). These findings indicate that the quadratic model
effectively predicts the emulsifying properties and stability of barley
protein emulsions. During numerical optimization, the independent
variables were adjusted within the specified range, and the dependent
variables were assumed to achieve maximum efficiency.

Conclusion: The optimal conditions for achieving the highest
emulsifying capacity (25.91%) and emulsion stability (24.39%) were
identified at a centrifugation temperature of 23.91°C, an alkaline pH
of 11.5, and an isoelectric pH of 4.5. Protein extraction was
performed under these optimized conditions, and its functional
properties were assessed in three independent replicates. The t-
Student test indicated no significant difference between the observed
and predicted values (t Stat < t Critical).These results highlight that
precise control of processing conditions enhances the emulsifying
capacity and stability of extracted barley protein. Given the global
challenges in protein supply and the advantages of plant-based
proteins over animal sources, optimizing barley protein extraction
presents a sustainable and efficient approach for the food industries.
The findings of this study highlights the way for the effective
utilization of plant proteins in the development of innovative food
products.

Cite this article: Alikhani Faradonbeh, H., Zamindar, N. 2025. Investigating barley protein as
an agent of emulsion forming and stability. Food Processing and Preservation Journal,

17(2), 47-64.
© The Author(s). DOLI: 10.22069/fppj.2025.23384.1867

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

A


https://doi.org/10.22069/fppj.2025.23384.1867

SIS g0 (5 31g g 5397 5

- YLYr-rois gl Lyl s
A Gy s s TEYF_TACY 1 g il UL

7y s,
gl D

o 90 (5 51l g JuSid Jolo (y1gis 4 92 (aig 33 (g

B PRV OO rAPY P i T P PP TN

el 33T oK zils (Ol 522) Olgisl dmly dladias sl 5 5 10 (T (g5, 5LES 2aKEils £ lde Bl s eske 058 )l ulid)lS gl 515

Ol ! 0l

Ol Olghool o allal 15T oS> (Ol 52) Olghool d s tladins gl 3 5 1 0T (s355LES S22l mlio 5 ke 05 8 Ltils |

(n.zamindar@iau.ac.ir : J e odws 55 4Ll %)/

o_l& e lelb!
sl Ll Sl b @L:.a gy S e s 4 L;QLS S Sy, i 5 alw e &

s Sl G0 Gl eilie ol (Js S 3 pde 5 SIS
Ogzman sl das sble 5l Jamac s O pe OIS 1S 505l @L:A JSTUpE P S
32 xnl Sladed 5ali 5 Bs e 8 Glaissla ot 2alS ()18 calla s s
Sl (S 5l e S 5 Jdsay (Hordeum vulgare) s> (U Ole 53 X515, 55
Ol oS 58 dile b s LS 5 3 m 5 delasls Jaes Jaul 3 55 Jass
SIS s g 5 5d e atls plde @L:.p): o;Lé.:.ﬂl)C\Jsg;_M\ Sl Lads)l mce
5 Sl pol Sl 51 s 35 i s (S5 wal Gladeal 3| Jslaze S 5
ol 5l G il e cslie o las 8 gl 1 Of S il Sls s GUL gluL
2 S5es ol B85 5o b s gl Al G Solekigs 5 A SR

Sy ol O ol (MUY 5 e el b b e 51 O

DB ORAn b sy o Al o o el Sl Sl e s 2Tt S, g a0
rotes oS 550 Jslome U OTPH 5 08w e Ol 5 5,1 51 g gl gor o (235
oS (RSM) el mhar g5 el (b S5l 5 Ja 5 alsppmend sl Ll
b 4 OIPH Sy ISl Jshoms b 5 S3lalir 25 56 el 55k Sl 51 oy s S
238 lol s s 3l (sl a8 Sk Sl A skl S
s i slemil (S bau g (gle s sdsc e S 5l e Lol by
O 3l SOIAL 5 (G e gl b B ol aal (855 (63 Shas (ol 2Ll )0
SS 2 S a b s RSM) sl mla s b (5l Aol 5 5 S (5,805l
~4/0) W pH i e sls ize 36 s 1 b Design-Expert 53l ; s (CCD)
Yoos gl gl e (S Bl a5 E-8) Les 5 (0/0-8/0) S xSU1s 5 pH (V) /0
s testudent O se50 51 eslizad b glel o s S L5l 658 0 alais 55 LSS L

A el 433 0 Jlez! o

ha s ale LIS Wl

VEYNY/Y e sl s 'CLJU
VECR/ YY1l s s
VECE/0/N0 1y b

IS glaelly
Silwang

SR
S g ol 28 b
Uged 5ol SOIGL

£4


mailto:n.zamindar@iau.ac.ir

b e Sl pad ams Jioe S sl 0L bty Jk s ilaasily
pH x U5 pH Llize 5 ool s gme olal 51 o 05y 0 SUS0 5 5ol
b SRl pH X 5sa mle sles 5 WE pH X 554 Sl gles ¢ S a1y 5
oS 51y Ol Wesls o pimean (P <070 0)Wles g Iy e g s SANS O sd 5ol
PH x 35 sl slos Bt 3l Jlaline 55 0 sedsol (5 g e Joo ol
33 Ol s ime 50 aaly e cpl o GOl pH X i mlw glos 5 LS
5SSO sed ol Sy (g 550 b p 33 s Jde &S s e LIS ol pl (P <4/00)
Slarze cs3de (3w Lul b 53 S e St b s 0o Qs sel ol
Lol 2B S 4 ol sl el Gl s 5 S ek le ol s i

REER

(Lo Y0/AN )0 sed gl md B o i 0 ol (6l g ) 13 45 0l 0L i 1S
eWE pH 5 518 sl am 5 YW/AY 55wl los (A yoY /YA ) O gend ol (551G
Jp\?}uflegl%@l,;@a&;Jjﬂcl;awl.;ﬁi/o S syl pHg VY0 Jslas
T-student o ye31 43,5 sl sdd sty laesls b Jizes 1S5 aw 53 OF (55 Shes
5 eddedalin glaosls ol ime St &S sy 0L Ao 0 Jlassl b s
el b bl 5 335 s o sls OLES s (t Stat < t Critical)s )l 55 5 el i
@ ar s b sd e eddml Sl 5 Oseed sal GGG 5 S el Db s s 4 s
(Slam mbe 4 Cond ALS Sl itis bl 5 Sler a5 (sn el sl b
Sledss 5 1 mlo 5> LIS 5 5IL Sl W5 e s x50 S3lating 5 ) S
S5 3l ag 13 e Sl b S s Ll 55 o sy (ol Slaaly ASL - s

d)j&é.ox«»j‘)ﬂ\ ol 5 LK ole Olse 4 s 85 s (V80 E) il Ol tadla adsl 3 Slde szl

XY= YNV o i e (e s

DOI: 10.22069/fppj.2025.23384.1867

OB 5 © 8 S ek il 5 (5355l sl o1 150



https://doi.org/10.22069/fppj.2025.23384.1867

MO0 5 Al 9 anidlyd (Sle adla [ yamudgol (g4Il 9 JSWiT Jole lgic 4 g (g (ow )yt

Lo53 VY 5 o gt 5 pbeia (23 (o 3 32
(358 3 oSl Al (Sl IS
odasOLis 4 ol ol LIS (5 st 5 el
sl gladel 51 Sl OF UL sl i o)
S 3y e e 53 LB oS &l a5
S JeSe 3 a5 el alind el op5d
S5 5 Ol (00353 o3l (5Lwalae
O R S O T T
> ee S Shs g ) S S 2 S
(Dl 138 56 o
Ol M 235 bl 5 Ol ety s
Ods el Laim 5 e 5 ddy 3 Sl S0
Lo s clandss ias o Og58 (V)
Ji sl dile (W) sege 3 ,Shes sla S5
Sodsal 5 as 5 Ol e ((SaSUS L
23 Sos b DS 5wy ol 4 1yl g5l
Jolss 5l e (Dl 035 Jod 138 050l 50 3
bl (eiSt alS Glats p W s S
L sy 5t o ool s ol sl ] 5
Sla S 5 esS M UL s Shas 5 (o
J S dasls Al b opl S L 1) baol (65 Shes
£33 xSl PH L Lo 1l a5 355
55 Lok g Lt Jalse ) 125 el U
S il =il dls o AAS e
WO3gs golal 5 Salw s s & il
Ol Sl oy _ LB S
53 T 5 Sl sl i, 4yl s sl
L S iy LS glatis » ol
RN PV P - S SO ST NCNE PR W
S 4 e Sl (Sl g 3 5
5 S 25U O sy 51U Cimman 5 (555 30
oA s e 2 Shes 4525 S pH s

L e gl o 1 ot s 310 s

o)

Aol

Slp gledul 3 sLsli L 0, glds oo
Lol ey ol s Sl ol glaay S
S edd sl slalie W5 Dbl Comer 215
g5 ol elinlie ool (5151 s Sl b
Sl s Ll sla o (sl A i
Wobs 5 Sl Wile plaolay 4 e Wl 5 0 &S
Sl sl 5 i sie Glaoles gt
U yame sl Ll ol ol s oslle 5
23k Al b S 5 e ed e Sl
350 55 1y ok S Bl 555l s jlaes
OgrmnS Lslgtiy b S o - lae Dl o6
s LB L2alS Ye¥s L b b EAT-Lancet
349 Dbl ledd i SOl g ams L 26 5>
c\.;.« ar g s i e C_.AL sl e ils
SLageSsn i ol a8l (I LS 5
L b ptS 51 lie mlio 5o eolinal 550 aLS
ol ehcamles 1o 4 g aepll  ledd 52l
oyl alle (Kl slaay S 4 5L sl
Sheslizal Tl . (V)ssls 555 0LS Lo 31 eslinal
S Sle sl S asl bl ole glacss
s 2 e 5 Sy k5l LS b ;g

(D 5 w0l w0
03 03 7S sbas (Hordeum vulgare L.) s>~
Sl ol Ol ys 5058 0 CiS Ol ul
s eslaal pesle > culyls |y WLP; Wy g
ULl ol Sl slwdle 5 Glapdss sl
el sy 55 5 s BB i Calle ol
Bdes 45 Sl 55 Ao s YooV s (gl g 4l
Byhe (58 JS 3110V s sm el z Jels
2l e oS 5 Olpean lo 25 0852 0
S 02 agmse s (XS o fes p s sl

gquJ_yﬁ cwg}j; ‘Lfl}b ‘g_)’.‘.—""}j .l_é).i Y/\



EXZAN 4 D)l.o.n.:} Iy 5)5.3 c‘sﬂ.\.c b"o ‘.5)""&539(5)91)5

s b gla Shs o DAl G ol
2 O3 g S 0 SRS O ol S0l
PH i s el il ol s el ol =1 b
ssbeas o w S pH 5 Jaak SL 0 glas (oL
A3 o 2050 S ol S S5 silane
3,50 S e 3 KIS o pl 288
o o3linal (gl 1y Wy 5 LS ol g oS

33k al 3 0T )

loydg; 9 350
b*"i’)&—&vf“kﬂuué-‘p:’)ﬁzgﬁ—*“ﬂ}‘
S g o Ol et (65,5LES sl Sl Ly
=y lls Qyﬂ o> eslai Ul 55 3lse rl_‘d
PR ICOE URP INCK U5 PN VN L A P |
slge 458 a5l s ladily Wad 4 e O s
3l L;)Lcjv.il_.u slaals 5 LBas g3lowlas= Xl
MI-176NR) Jae 3 olbwl b wy 2=t
5 1 e 5 LS 5 5 (s I gl
S48 kAQ}A)T (abu‘ B £ ulﬂbgﬁ\ )\ oJ.ALqub«J.

23 8 15 eslazal
el g duiﬂﬁjﬁ ‘ui“ﬁji. U"‘ BE I\_hui't_g)
\ L}ga.:))b.l.«i ‘G‘)‘J‘j}) wb‘f}&w@‘ﬂ
d.:.;b)\.kla_}\ J)J&@bbﬂé)bb\)w\
D3l slgniy ol y cilses (slal 1 (sl a0
) ufmmb-wmwjfj]m);(\‘ Jsd>)
'/'-\JHJ}bw\{pHmﬁﬂ.bﬁw—gj}-\
5 A el JUge 170 SIS 5 oden il 5 505
OEYA 5 a&ds V0 i 5 & S5k Sl 553 5 Ol

oy

Lashdea s S 5 W3l s sl e 5T 5l esli
298 9 O ek Sl Bl U
Sl gad sol 5 CIl aSle (o3 Shas sls S5
Sy o) 4 Wlesls ol sl Slallbae e ls
G2 J S Lsl e 5T UL g osle
Lol o g oy oo 5 Sl Slkes ol 2
03 7S 3 )8 5 R PR PCNEPRE
QY s V)l o O s
2 s 2Ll 4SSOl el (S5
ydr by OlmiE sy S te pla aL
b SaSia sl ol jarld S JLs)s
—0E 50 GO s el S 3 s S Ul
5 el S 5w s S opl 45 3l o lal O
Sldlas (W)Ll Sos oy ol sl
me ol Sl bpn g oS Wlesls 0L
eSS S L Wl e s S
o AV B a3 Gl e 53 S5 s b
CS O gad 30l Pickering L;Lmr:_mﬁ_w BERSIRTES
e 5l ol s Slllas b (V1) &S
o2l Ll e Solm slasles 5 pH a8 il
Sl by Ol Gl s ls s |y s pis p eban
53 (V0)das bl sl slad s el 535,58
calises Sl guams A § s O st el 1Ie Cs
ssba a2l 5 a5 da e aer |
53 OV NVL,S ol 3 eslin il 5550 glos 28
sy n ey sl s g a0l
Slas S Olgsas SAS0 el (UL 5 Sas
e (Il s @l 2108 slge ann s )3 ol
Olseas s UL Jowily 4 a5 L (W)l 0l

%5:}_{&.&‘51?‘.5));@;4



MO0 5 Al 9 anidlyd (Sle adla [ yamudgol (g4Il 9 JSWiT Jole lgic 4 g (g (ow )yt

e 9 o sadls sl ag
O%an KaS 4

\ 4

uT 53,0 O sl g (550 osbe

Lo g JsIpH L 5 i
NaOH

A\ 4

3 Ol s &l 558 50
s @b Sl pH ks
590 Sla s HCl J oo oo

Gl s o b (5 S5l

A

i 53 SDlgu, 0sls 18
o LS 4 glaws 5 (golel

o> S 9w

A\ 4

A

2 oS gl Al ol ) IS

B 5 s G b S

= pH
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Figure 2. Diagram of the single-factor effect of alkaline pH on
the emulsifying capacity of barley protein
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Figure 3. Three-dimensional diagrams of the interaction effect of independent variables on the
emulsifying capacity of barley protein
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