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Background and Objectives: In recent years, with increasing
consumer awareness of the relationship between diet and health,
demand for low-fat dairy products, particularly yogurt, has
significantly increased. Low-fat yogurt is crucial in preventing
obesity and cardiovascular diseases due to its low caloric content
and favorable nutritional properties. However, reducing fat content
in yogurt leads to challenges in texture, flavor, and overall
acceptability. The use of functional compounds and fat replacers
could provide an appropriate solution to overcome these challenges.
Therefore, this study aimed to investigate the potential improvement
of physicochemical and sensory properties of low-fat yogurt through
the simultaneous incorporation of Aloe vera and beta-glucan as
functional ingredients and fat replacers.

Materials and Methods: In this study, low-fat yogurt (1% fat) was
produced with varying levels of Aloe vera (0, 0.5, and 1%) and beta-
glucan (0, 0.5, and 1%) using a central composite design. The
resulting samples were evaluated for physicochemical properties,
including acidity, pH, syneresis, and viscosity. Sensory evaluation
of the samples, including texture, flavor, and overall acceptance,
was performed by nine trained panelists using a 5-point hedonic
scale. The data were analyzed using response surface methodology
and principal component analysis (PCA).

Results: Results indicated that the addition of Aloe vera gel and
beta-glucan significantly decreased the acidity of samples from
0.843% to 0.820% lactic acid and increased pH from 4.65 to 4.72
(p<0.01). Syneresis values ranged from 38.99% to 40.19%, and
increasing the levels of these compounds significantly reduced
syneresis, indicating an enhanced water holding capacity. Viscosity
increased from 2284 to 3136 cP with higher concentrations of both
compounds, attributable to their hydrocolloid nature and ability to
form three-dimensional gel networks. In sensory evaluation,
increasing beta-glucan up to 1% significantly improved texture and
flavor scores and overall acceptance, while increasing Aloe vera
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improved texture scores but negatively impacted flavor and overall
acceptance. PCA analysis revealed that the first two principal
components explained 74.7% of the total variation. Significant
positive correlations were observed between texture, acidity, flavor,
and overall acceptance, while negative correlations were found
between viscosity and syneresis.

Conclusion: This research demonstrated that the simultaneous use
of Aloe vera and beta-glucan could be an effective approach for
improving the physicochemical and sensory properties of low-fat
yogurt. Numerical optimization showed that formulation containing
0.94% Aloe vera and 0.99% beta-glucan vyielded the best
characteristics with a desirability of 0.72. This formulation could be
introduced to the dairy industry as a functional product with
appropriate nutritional and functional properties, offering not only
reduced fat content but also the health benefits of Aloe vera and
beta-glucan. This product could meet the needs of consumers
seeking healthy, low-calorie dairy products with desirable sensory
characteristics.

Cite this article: Ghods Rohani, M., Najaf Najafi, M., Kashaninejad, M., Samiei, S. 2025.
Effect of Aloe Vera gel and Beta-glucan on Physicochemical and Sensory Properties
of Low-fat Yogurt: A Multivariate Analysis Approach. Food Processing and
Preservation Journal, 17(3), 23-42.

© The Author(s) d 10.22069/fppj.2025.23553.1877

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

)3


https://doi.org/10.22069/fppj.2025.23553.1877

SS90 (5 510eS g 5597 5

. YEYF-ross 1 ol LL D
< PEYYFALY 1 g I LLY

9 3o 59 38 Olwogad 9 YU ISLy 9 19diglT J5 31 (o y
0 ko> ki 8 13 g 5 3 2 S Camlo (>

¥ *'P"L:lS A S \'L-’- .
WJ?@'A‘ JJ:‘;’ ﬁf&ﬁuﬂ:’uéwgd }JU"”M

Ol dgdos ‘@,}us@)j;w:jfha@,aau)u ‘(ﬂgauf‘jﬁ»@u}djjjusb;)yuou,b.;,-sw&wGL;,,”}J;U; bl

Mortazakashaninejad @gmail.com :asbll, .ol clgie ¢ olde o s pole g e (08 3lse s slacs sl o S oot

a5 3 sl wlii Ol (b DLl 5 b wlin 5 $53LES a5sal 5 Sl S e o g Slaes sl b A5 (S350 A S s el 231

Ol ! gl (55,558

a.l:g.z_ Jle OleMb!
0 o B & e DS e AT 5051 o) sladle 5 1 5 Al Al g
s B b cale shsa i eS A OV e gl Lol el 5 1 s e S

o sthe Sl dns ol s nl G Glsee S @ meS cmle ol asly 15

Olimn 2alS Wl cnll oy (B ,om o laisslon 5 Bl 5l 68Ky 53 ege i

S Jpmame (S Bl s ek (L s (SIS Son e Sle 3 (0

ol ke Gl e L WIS e e sl o s | Ses LS 53 eslizal

Sl gt 35y Ol sy Gdia Uy it ol bialy ol s aoisl La il

Olgea OIS 5 1l U5 51 Ol san ealital b oS Conle pum 5 ploand 555 50 o
VY s b

A el g ol s SN ols s VEREUYE iy b

VECE/AY/N0 1l b

Ji e s L (o 1Y) oS Sl lad gl cadlllae 3 tla g, 5 300
S5 Sy b Sl eslimal L (o3 ) 5 0/0 ) OISy 5 (Ao s ) 5070 o) s )T
PH cana ol fols Sl 3 65 58 Ol st S b 51 su g sladsgal s W
on Jold Laas sad o 3l B S 5 L5l s 5e a5 Sy 5 M1
Ogme3l 3 eslial Ly sz s el O3yl o s IS 50l 5 ek w23 sl S5
dedos 5 el e s Sl el L ol slassls A plosl sleba 0 s

A S 3 ol o sa 5 55 50 (PCA) ol (slaail 3 (SIS slaejly

S Sl

3 s god ol J28lS o o OIS 5 15 T U5 035530 48 sl 0L ol Ly L AT J3
(P<0.01) us S E/VY a /70 SIPH il sl 5 SasVA sl Ao ys /AT 4 H/ALY R
Clale 18I e A o, Sl Aoy £0/18 5 YAAR o3L L3 (IIOT s rees kol slaadlse s
Dpams Ol (I b b T3l sdtiasolis (il alS (ls s 5 sbay SLS 5 ol S s

Yo


mailto:Mortazakashaninejad@gmail.com

oolst 5l il S ol il e SLa IV YYAE 51 Laas pos 4t 55 s
(e 20l 02 s LS S ol dman gaasSil JSUS GUIS 5 iS50
S IS By s eab (5L Sl s re 2 e Moo ) rlan OIS 1)
oy s oxb e B s 0,8 3l sl s e el Lsas T 5 Rl S s
Jeeboss s S o bika O ISy (VL sl 53 cenb s T i b cals S
a5 1 S 5l o3 VEY Lo g o5 5 Uyl Lol adle 53 o5 sl 0L25 PCA
o S 5 (IS 2y 5 b el (3L (ol e e Snen LIS 0

A edalioe LSJLL“-)Y 9 @.)M} O

LS I8 5 154 01 U5 5 Ol jam ealinwel 48 sls Q&S iasis o =5 16 5 4ol
Al S Cle e 5 et 55 Dles sa S5 Gl S LS LS
Ao /A4 5 a1 U5 Ay /A8 sl OV se b aS sl OLES (e3de b
Qg g0 2 ol A o sl VY g s Ol L 1) Sl gt o 2 O
S nlin (3,80 5 Sl dad ol b diad sl B d e S Ol Ll
3 U105 Ssaatln slilie Sl a8 i 2l 2 odle oS 358 (5 yme L
S il SEASO e 5L Sl Ll e Jgeames ol ol s, 5 50 O

s glle e Do et b g S80S 5 Wl ) Y e LS

9 l)}ct_n‘jﬂ Jj JSl O (\f.'f.) J‘.‘:@"“ el EJ"&;JA cJ\}dLﬁalS £3 gRamnn ‘Ja:uwu QM ‘@l;-}) U"’J"; alau!
Spo eSS 5 (ST 0 prna N WS 5 S 5500 oS Sl o 5 oot 5 53 Sl g2 O S
TYSLY (NV Ll

d 10.22069/fppj.2025.23553.1877 K5 ©
Qgﬁﬁcb)é))}wr}ka@hﬁb 4

1


https://doi.org/10.22069/fppj.2025.23553.1877

G500 3 g, (508 uetno | o lineisS 3 Sloogad 3 S HEs 9 Lgaill J5 51 (oo

Al oladel sl 5 Sdas slse e sl 5 couaze
el b Sy S 08 S (V)
S Sl SV 5 s Jsb o)l 3 3
A g andly Ot LB g J mdS edas S ol
5ol ol 5o (VL QU5 Jloms b S Olsis
Pl edle (S5 s 2 (V) sl U sl
Sl Sl 5 3L 3 g sl o slle (63 Ko
S Lres (odate yio Dl Ll Gl o meS
2l e 4 e 5 J eag Bl A0 il 5 e
Y b;u;ﬂ 3l eslatal aa 53 (g3t Soladlas

Azari-Anpar et al .ol el bl o SV geams
Ol gt e I U5 sl 5L ()
Sgmsn Sole i 5 25,500 (ol S50
J5 059581 4S5 sls LS CL:., A S s
s imn el el (A ¥=)) |y s T
Slaods s 5 3Ol O Jrals ay s S
SIS 053 Ul s s sloags S
Basannavar, Pothuraju « s (glaslllas ;5 .35
Jj sl esleul aS uss S 5158 (4) and Sharma
Sl e e 05N e 3 53 et ]
N3 e alS 5 il s ol IS b b
Ll ol oabs copman 1353 0 (5310
Jgmamme (S 200y 50 o s 1 03558
Sahan, Yasar «oLS S 5,50 3.0 o il
= OLS 81 055581 31 (\+) and Hayaloglu
5 b 5558 Ol gt |y (Ao s V=0 Y0)
A olis @l_b' ISVEYY A ufvS Cewle v,t.eb
sl i QLSS e ble il sl L as
Sl Ol 5 Sl (ol e sk 4 4y S
3 Shas eilSe (1)) il e 2alS (51
503,S op b o DY a3 OLS S

eSS LS LSl L cpl 48 Lsls 518

Yy

FPRT

s $lads polys Job o e le
o o3 gl LB a5 hse el
s el 5 oST OB S S e
o e Ol e (pl Ll s S
23 et B S s la S s S
b Foem B laglen 4 Ml 2alS
s O S8 Jlpl (V) S elie) S s
3 s =B pald e Ygens Soale
Syhe Jpame oo 5 AL (BL Dlo e
Sl Sk pab 5 Ysens S s
LS 5 (IS o3 Sl 531 e shlasls
Sl e s S S
L 1,0 o pdl a8 cl LAS glacys sdous
() 33l o amlpe il L OB ASS G ms

Al Ol an il DS 55 el
Ao el e eSS Cle OVsn B 53 o
el i LS Sl 5l el s
3 iy Sl ped LSy, SIS s s
SRl Sl s Ul s 4 S s
Sl gzt 3 g 5 ol LU sl a5
o glb—s Slos S5 5L S (o
o Al e Lgsas LS 5l L(F)iles STy
A A dE e ek 5 S sl 0 1) o
53, Shes ol 05500 L il 5 e o S
L&)l 5 1) dgmame lagdss o)l Shom il
(L) s

33 (B-glucan) oS 8Ly 5 (Aloe vera) |, s« Ji
5l (o3 Shee ol L o S 5
OgV o 03 Wil 5 oo oS Wted 4 5 JUB 25003
a0 S 3 eslial 3550 0z 0S Cle
Sl (B) aldlus ol b psls alS
slaa SLu b g5l S el Sl =1



\EXZ AN ¥ D)Lo.n.:} dY 8,9 4‘5{'..\.9 b‘,o d)‘.&e‘;ig‘_g)gi)é

A 1 1 O i3k 5 ladas 5500 5 03,8
Skl kol os Son Sl el o L o
A Ll e s dde Glag SL Slesdi
FS el bl G giy 5o Ll (ldl anils ol
Jold CmaS IS sl bl o) el
ol 0332 poim 5 (B (ol 558 sl S
Lol 5 b 5yl opl Co e b anllae ol
A

S ol s SRR ol el sl
Slopart OS85 sl Olajen 5 Jilize
Wl oS Cele e 5 (B ol S 8
s Wle o peanedin (5Ll (sl s Sl eslind
e bl ol gl (PCA) ol sLaail s
2 olgs cla S labs 5 caloe gls sl
el s ol Al s glaacr Kos sl laesls

(o5 =l el Dds JSsp ke 2l
5 (Ao V=0 ) a1 O 580 ol 3
Slopar (s V=) 0L S8k
D) o 5 58
(S ol 5 emb (L) o 5 (358 s
o= e Bl Jo e 5 0z S e
o el (bl L s Sl eslial U Lzl

9 d‘)\.l_:\ g_JT cpH (Ao

ke 35 e Ly o Sags ol CLJ NG
5 Bl Sloyar Lo zeS Cule Wl L

..))}T VA\J;Q

W dg, 9 dlge
b g P xS sl ad sl
(Aloe 5451 U5 (e sL2S o5 ,2) Sis
oS a) oS48 s, wvera barbadensis Miller)
Streptococcus ) cwle Sl iS5 (DSM

Lactobacillus delbrueckii ssp. s thermophilus

YA

St MGl Gl 4 e el Gla S b
s e Jymame 5 Sl g 5 S
Lsls olis 55 (VYY) Vasiljevic, Kealy and Mishra
(asls 8L Dles geast 54 5o dle O IS &S
S 1) Sl slag L clad 5 A Ll s
LSy e 1 O (Sl AT 5 03 S
S oalizal 4y 53 sdaze Slallas 345 L
N a0 po 3 53 OLS ST 5 s T )
3 Ologen Ol S eyl ey 0eSLS
ol S Sle 52 S sl RS er
S s OLS I8l 5 s Il el e
5 Slandns (g3 Shes olss Sl (63,54 amise
o S s = =B bl reu et ol
e 6u°>,jig 0> s dslze gla o 5ol s
b3 ot Sl L ool 1sa I J5 .l
5485y Sl egdle &Sl Oblene] il
ST 5T b (gl (el pl 3 s
{A) Cmul s (s 0S5 sldlas
Aibe el Sladd 1S 5 0m S Sk 53 &S 5
3y el etalitie sl 3 Sl s Uy
Vs 5 s Sl eddizl Sl 6 ek se OIS L
S B Ry b el g B 5 0558
JsadS 28 o gloaaslil Ol ol (gl
Lo sd 51 0T &S 3l oS Fob sk 5 P
oslizal (Y+) &S o leze gl dile s Jshome
syl gl Bles DI K5 e S 5 53 el Ol ges
SLas 58S 15w 1 slady Sy o) sbay bl
503, e | b 5l iU Sl e
LS a1 I3 ol 5 pl 8 50 0880
s Nes gl Sy mny bl 4o g
OLS S8 5 1545 1 Olojan 3 08 ¢ isuCwdhe
Sl g 35 53 (o 55 26 DS il e



G500 3 g, (508 uetno | o lineisS 3 Sloogad 3 S HEs 9 Lgaill J5 51 (oo

O an 5 SlsS=dl oy, las 1g 3100l Ol e
cb\b)‘}j}ﬁqﬁédj)ﬁ)ev\.i onJ(.u._fY o)Lo...i
Cod 03,5 ks 5l e ek yed (g3l Ol e
) adadly 5 GLSI gles jy aads Yo Sk 4 S

TS dewlee

O35 o 3 Ogaml ik — 055 adsl 4500

s o1 % =
Ois adsl 4 g

x 100

o a gme (25 e S Sl SRy
5ol 1l gl Jdiesl 0 eslizad A S o O
A ol bglses w558 s elul  (C30CS
2V e lJlw 042 0L 3l e g
s Kl 455 Y0 (glos ;o aids Yo e w4l
a5 o alb an Sy e J~.’.>J§ Jhes!
R P A VIR

L cle glnaspod o 2L 1 2150
Sty Sgda i, 4 slis Osail Sl eslinal
(0 o5 Gl b )y ot 5D slalai 0 053]
Gla Sy 5l 5l S Sl gar sV gles
8 s S 5 Sl b S S
53,0 0) o oL ﬁw@ui olulis,ls sl
O S I3 bl ayse (058

Sl b cnl s ol 6T 5 besT 2 b
S b B s Bl Sl s 4 il
Face-Centered Composite Design ) s;—S ,
e 33 Sl § 58 e dal 3 1SS =y L ((FCCD)
P)\Mﬁ&)ﬂd{ﬁ“ﬁbﬁ\&lﬁﬂszj
L s s () da)ds Sl 1Y bl
Design-Expert version ) s sl i -3le 5 3l eslizud
Response surface ) o ch ooy am (11
3L a5 as JUST (methodology  (RSM)

¥4

(Sokils sla o S S %) (bulgaricus
s ol s b ag o) iCewle and
Tamime & ) A& bosl csle W5 oy, ol
Jias oyl ol bl el (Robinson, 2007
3 S s sdrean OLS Sy 535y 5 1ses S
Al 5l ey Il DS 5 il e
sl iy A8 LS b Ol sl
S i pslie 05558l L L ad 500 sl las
b b Ll 4 L gad & 150501 U5 5 05 81
Sl aids 0 e w sl S ol s A sles
L Slas o 00 b ol i asle 5 s ol
e A S o3 VY il sl S O
Gilas) 03558 Lo sas o 550501 U5 5 0 81
3 :lj_fdb'b a3 80 s U i 5 (Y Jsds
Aol by Jame e T Bk 4 b
I A S AN VIPLR W I W VIV PV PR W C.S.l:
53 L el caalsl 53 a6 108 Wlbs SS90
O 9 oS SIS 3,8 Sl b sles
ot 25 LT e 5 et S5 ol

A S 3
L Ol s o) e el pH 5 ani—ul
G Jedll s el s e LS5 5ds
el i BB el (0Y)AS s AOAC 2005
Ol (Ul SV ) KsVaul ds s cow 5
Ve sl e S Ve i ek s S
Y g d o b e 5 o e DT 1) L
s xS s |8 O e ) sa> 5 (NaOH) JLe
S s L b<3)¢5 oyt Jdes K56
oo e PH Sleslinl Ly 55 pH fomi
(SO 3l g 28 S bl i g L
e s oSV 8 skl sla bl b olKas
S Sl o gandis 455 Y0 (sles 53 lads sai pH



AEXZAN ¥ D)Loa:? dY 8,9 c‘;j.‘.\& b"o d)‘@?(ﬁ)?i)é

PH 5 SesVa ol ds s /ALY 5 /AT s
OLE 50 by 50T 55 kze $/VY B 870
5 OLS S8 5 e I U5 Ao ot ol 1 aS sl
A3 80 Oliabl man pslaol Blie 3 pooean
sladds . Jss Hls e Laas s pH 5 and il
ey L (Y o) boly)) pss ax s laherin
2588 olapma pds 5 /AN | SV s s s
slaesls 1y a5l s o e o (P>0.05) 55 pls
B yALadis ol jsas il pH 5 agal

OLS S8 5 et M J5 Ao ss sdasolis 5

R
Acidity= 0.88 — 0.06A4 — o)
0.11B + 0.064B + 0.014% + 0.07B2
pH = 45+ 0.17A + )

0.37B — 0.184B — 0.01A4% — 0.22B2
= OS85 sl J5 Ao b IS

B: B-glucan (%)

(&)
(b)

A: Aloe vera (%)

Acidity (LA (%))

Gladozdiz g S5 e LIB s ol (sla e

LAl &)

Cwlo O_,;.-'Y_,aja J&aduﬁ d“;b C"h‘“_\ J‘,.\;-

s
Table 1.Actual levels of independent
variables in low-fat yogurt formulation
(Ao33) 08 8Lk (Loys) 1T J5 Slesd
B-glucan(%)  Aloe vera (%)  Treatment
0 0 1
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0.5 0.5 9
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Figure 1.Effect of Aloe vera and beta-glucan percentages on acidity (a) and pH (b) of yogurt samples
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Figure 2 .Effect of Aloe vera and beta-glucan percentages on syneresis of yogurt samples
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Figure 3. Effect of Aloe vera and beta-glucan percentages on viscosity of yogurt samples
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