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Introduction

Ice cream is a frozen product, which is obtained from milk by adding compounds such as sweeteners,
emulsifiers, stabilizers and flavoring agents. The structure of ice cream is a complex physicochemical system
composed of three phases: liquid, solid and gas. Scientific results have shown that there is a connection between
high fat consumption and cardiovascular diseases. Considering that ice cream is an almost fatty product and is
particularly popular among people in the society, there is a greater demand for consuming low-fat varieties of this
product. The food industry is also looking for new alternatives to minimize the negative effects of fat reduction on
quality of ice cream .Hydrocolloids, are carbohydrate-based fat substitutes, which can mimic the mouthfeel and
flow characteristics of fat cells due to their emulsifying and water binding capabilities. Eremurus luteus is one of
the rhizome plants belonging to the Asphodelaceae family, cultivated around the world, including Iran. Cerise root
gum is a new source of hydrocolloid with a glucose to mannose ratio of 1:1 to 1 from the family of glucomannans.
The intrinsic viscosity of this gum was measured as 6.32 and 6.35 dl/g according to Huggins and Kramer equations,
respectively, and it has the highest foam stability in concentrations of 0.2 to 0.5%. The rheological properties of
cerise root gum have proven its important role as a new thickener, stabilizer and foaming agent.

Materials and Methods

In this research, sterilized and homogenized milk (1.5% fat) from Mihan Dairy Industries Company, sterilized
and homogenized cream (25% fat) from Pegah Khorasan Dairy Industries Company, emulsifier 471 E from
Beldom Belgium Company, powdered skim milk from Pegah company.Sugar and vanilla from confectionery store.
Serish root gum was prepared according to the method of Salahi et al. (2020).

The amount of ingredients required for the normal sample (high-fat control) was determined based on primary
sources, including 10% fat, 11% fat-free milk solids, 12% sugar, 0.25% stabilizer, 0.15% emulsifier and 0.1%
vanilla. According to the definitions for reduced-fat ice cream, 75% fat reduction was made from the normal
sample (10% fat). In this regard, the investigated treatments were as follow: the amount of fat (2.5% fat: L), the
type of gum (SRG) and the concentration of gum (at four levels: 0.2, 0.3, 0.4, 0.5%) compared to the control
sample as high fat (10% fat: F).

First, the liquid ingredients, including milk and cream, were continuously stirred while heating up to a
maximum of 5 °C. After that, the mixture of solid materials (sugar, milk powder, gum, etc.) was added to the liquid
part and mixed with a stirrer for three minutes after dissolving thes solids. The resulting mixture was pasteurized
at 80°C for 25 seconds and homogenized with a homogenizer at 22,000 rpm for 1 minute and transferred to a
water, salt, and ice bath and cooled to 50°C. Then, it was kept in the refrigerator at a temperature of 5°C for 24
hours. Finally, the mixture was transferred to a non-continuous ice cream machine for 15 minutes for the freezing
stage, and the samples were poured into special containers with lids and coded, and placed in a freezer at -18 °C
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for at least 24 hours.

Results and Discussion

By adding gum and increasing its concentration, the amount of apparent viscosity, consistency coefficient,
yield stress, plastic viscosity, textural characteristics (hardness, adhesion, continuity and apparent modulus of
elasticity) increased. In the sensory evaluation section, the characteristics of creaminess, sweetness, viscosity,
roughness, coldness and hardness were evaluated by transient dominant sensation test and these changes were
significant in most cases. Sample containing 0.3% gum had the highest overall acceptance after the control sample
compared to other samples. The results showed that these variables have the ability to simulate rheological
properties (apparent viscosity, consistency coefficient, yield stress and plastic viscosity), melting speed and
sensory characteristics such as creaminess, roughness, cryogenicity, viscosity, hardness and overall acceptance of
the control sample with high fat as effective factors on the texture production process and the mouthfeel of the
product in low-fat ice creams. On the other hand, due to the absence of significant differences between the data
obtained from the pH and dry matter measurement tests, the applicability of Serish gum can be confirmed as a fat
substitute.

Conclusion

The examined samples all showed the loosening behavior with cutting. In the sample containing 0.2% gum,
the melting speed increased (from 0.32 to 0.39), also with the increase in the amount of gum in the samples, the
freezing temperature decreased by one degree Celsius (from39.4 to 39.5). Overall acceptance, pH and dry matter
did not change significantly, which indicates the usefulness and applicability of this method. Also, regarding the
rheological characteristics, the highest consistency coefficient in the 0.5% gum sample was 2.2605, similarly, the
highest yield stress was in 0.5% gum sample and was 6.7076 pa. Similarly, the highest amount of Plastic viscosity
and apparent viscosity belonged to the sample containing 0.5% gum. It was also shown that in the rheological
characteristics, with the increase in the amount of gum in the samples, the amount of the relevant parameter
increased significantly, and in all these parameters, sample containing 0.2% showed a lower amount than the
control sample.
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Syl Sl
Definitions Attributes
ol €815 g p 5 Bl (gyld diges Slaels
Sample has a soft and uniform texture. Creaminess
sl 3395 pl5n 3 (alls Lo pab e pab N
The taste is similar to that of pure sucrose when eaten. Sweetness
Sl e s B & sdius 5 hoo €8l S Caiono
Understanding the gummy and sticky texture that is chewy state. Gumminess
wiged 3 g slaaST oles! (23U e )3 (g el 3%
A rough feeling in the mouth due to the feeling of ice pieces in the sample. Roughness
iges (13,18 5l am lad )3 (60w wlus! Oy
Cold feeling in the mouth after placing the sample. Coldness
P 595 2 a5 25 Bo (sl (L) 3L2y90 (g sl (s
The amount of force required by the tongue to smooth the sample on the palate. Hardness

slable » (gl bxe MBS ol lis il yly Judodgds 0
sloiges S o3lo lje 2 8T carge iy fomo cilisee
N ojles dylilinl j3 (P>0.05) cowl odis (i il
Sz ole Jolas a5 canl sad 83 oLl sylslial e plosle
3 ok &)l @l adegl &5 Wb Mo VY Wb oy (w
2 lash |y SCis oole 3o ¥V 5l i badiges plad ¥ o>
(Cody et al., 2007) ) ,\Ken 5 588 bawgs 0 plocl g}
w2 dopd Ve ¥B /Y ol s sladiges s ool jlaie
Blde iyl 0 0,8 )15 xop FINVE B YV
oslo laze (Faraji Kashefgari et al., 2013) ,Ken 4 >,
e Sl gy o5luiS (65l S Ay (sladigel St
2 B piio ol 18l a8 wiily (o 8o )3 V¥ 1) Ligw cuig dgil
Kurt ) o), Kas g yg8 853905 o me (g)lol Jlas 31 Sis ool
2 1S gewo clale al33l b 1) ()b ime b 3 (et al., 2016

W0,S5 )5 S ladiges SiS ool

H
P PH Sl (S 1 Ske dunlie (905l gols ¥ ‘_J9J?p)3

56 Jsie 0 45 &5 lod sl 00 ol iy 4ol sladises
2 e W iy ) gawo (3938 sl 0 o3l )t
03,55 2l oy aw) 2ol diged b duslie > ladigeipH
3 ,LBEIF—FIY godgame > (i ollas PH (P24, 0) Cn!
2 dises PH o 5l bxe ciglas 2455 pac (Marshall, 2003)
(Poursani et al., 2021) | )\Kea § )5 lowg ciliie Slasiss
oher 5 (K o (Javidi et al., 2016) ) Ken 5 (sagl> o
plul (S0 3adm0 ) L Cuwl odw)y ¢S 4 5 (Beige et al., 2019)
uasuie (Poursani et al., 2021) )\ Ken § Jbys lawss ol

(¥) SIb Jsym (V) Gl 09l slae b ladiges (b > )3,
o odyg) delsl 5 el Lalg) 15 Aumlie (8) pleSies «(F) cyglS

o

T=(y)" (V)
=t + k()" (v)
t=Vk°C + k. \[y° (¥)
T="Tog + pp (¥°) ()
Sylel il

plos] 33las WolS )b & ygumty 5 51,55 93 55 Jhas bn ool
plol V8 a5es SPSS I3l 5 51 oslizel b Wnosls gybof U1 .0
2 S ol 5 A8 S )15 Luilyly T (om0 3 il 285
Jde (sl o oolditn] b 1Sl duslio (gly duoyd> A0 ‘_5)‘.9] oo
ey e g VO e Jl3leys 1 (Sojlgy laedly (s5be
1 3Lzl Yo OV ST l58ls 5 51 Loy sioeie

9 M oyl el YF 1 sy (it aieeel (S39le5) olos
I8 Gbil 3590 (gl 423 WA slod b5 )8 0 (6l
iy aaldl 3 g 05 bl Wntiges (g pmlls atyjgSmg L) )3 2,8
(S o g ol sla e b gitam a5l sladiges by
sl o Bl 2leg Jo 5 duolio pleSins ¢ 0y9l8

SaA sule

odlo s (S (pSbe dwslie (g0l @l ¥ Jgas )
2l oy Cawl 00 )l s AiSel (cladiges ;D i SiS



Y00 S S T3 2 o107 ol lgheds Gl oS adiy y g0 33T (a2 (1)K 5 (Slotn 05w

cde 4 Ylais] aoeis ol & 63,55 5155 i (sbodiges PH

oisize 3B PH 2 pety Ol g 9 S & g (29381 13,8
OlSen g o g0 5 135 FIE-FIY dgan 3 1, pH jlade g 3l

2y ) xe yui jaw jge 3, (139381 L ;5 (LU et al., 2014)

dovo Blido SBCBIE I (Al (lgisa (e dileuel SWid 23k -F Jga
Table 2- The dry matter of the ice cream mixture as a function of different concentrations of gum
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Table 3- pH of ice cream mixture as a function of different gum concentration
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Fig. 1. The melting speed of the ice cream samples of the title as a function of the different percentages of the root gum in
comparison with the high-fat control sample
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Table 4- Data related to general acceptance test under the influence of independent treatment of gum concentration
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6.45°¢

()lm.: C)) ch)"l )80 leb)lo.:.:" uL\.ﬂ u,ilm A ldo &55 g_§9)> (PEOOS) Cal )‘.!L;'uw M| pis omaol&.} uL.Sq g_és)>
Letters show significancy (same letters indicate no significant difference) lowercase letters show compare means



YoV S oS3 2 ot0% ol lgheds Gl oS adia y g0 33T (ouoy 2 (1) K02 5 (Slokn 0w

I5lse 335 45 HesiSYI (sloyadd o ol 035 il
2By e fllio )3 S (o3 S (g A joSumg 0B )1 (2 YL
L joSumy (i el o Ui ) Sty 4 b (B b ol Lo
Shahrampour et al., ) Lb o ials oy 5 il b Ll
Iy e 4 o (29381 dom 5> &y jeSy ial8l (2023
Sl oy (8) p2)> 4 Glye olerdsSpd jliabis
2 sge cnl Seoladg)dn e laljil 4y 9 435l )00
(Alghunaetal., 2015) cuuils by yo puis b ST b b sla Joloxo
It glalun S (i Mg wlp b 5 wdids
Gl ) Ol & wims o St |y 6,565 3 (sloals laagslS uum
Javidi et al., ) ams e Ll |y it 42 36Ss Ladls g 03,8
Sbgbp 4253 3 S)p b eSge 3929 Jdda el () (2018
G e 355 ol b gl (a5 geen e 9 Ok
Rl o 3 5 (JeUge and aisn (58)0m ) S o o5
ol 0ud (6)lBy pin by dayd iolidl Gl 5L gy Cuaglie
SYlasl oy i S oboljl L(Poursani et al., 2021) cul
SRl Bgdie s in e M ) Jise
9 Moo Rl gy bl gy S il 3 (6yalb aijgSian
Javidi et al., 2016, Bahramparvar et al., ) 54 o0 <ol Ly a5
(2011

258858, wol s

ol b8,

QLS (Lo oo ige) 05 Sty Sl 2 B, (90] @l
€y Sy b oigd )18, (S jsbody gt (sladiges oS Sad oo
@l b Al ladiges 4 Sy by ey GRIEIL 4
S & o gews doyde /Y 0,8 Al b osed e las
ORI L Lol aidl als iy StoMigdge Cuogad e
579 & b Gl gl (Swiss s ool iy deo 20
Sy GBIl Gy 3oy < 1D (g9l Wige L jeSung &5
Wr3 e L gl 45 jshailen .l LialS baaiges ylo §) i
Rl oo clale Gl L badises plad 4 jsSuny IS sk
5555ty A 5 (e 23 1Y sl i 32) Moo
0> G Sy Casgl Cople &y gl |y davo 039381 1 )0
sose | 7 Scine o e 125 (AMiri Eghdaie et al., 2012)
5l abisee SluS 5 g9l 5 030 Eremurus luteus s po (glads,
Cladwl g (o) AF/¥D) Clydngs S (Ao yd FIVY) (pigy dlox
obS (nl dovo 3 39290 Gl any)S el (303 AIF) Sl
laadgls's)dm g2 5 03,8 Gl 395 4 Ol ok ol Wil e
slaclynmg S 4 ogde (Salahietal., 2021) g6 o (gaodiwd
Age slyma 1 63k iz 35 gl blegS Y dlea I Calisea
w030 JoSiS |y oy 30 ol

A% ) Sy 5 Dl s

0/800
0/700
0/600
0/500
0/400
0/300
0/200
0/100

0/000
-100/00 0/00

Apparant Viscosity (Pa.5)

100/00

200/00
SRG (1/5)

Viscosity

—o&—control
—+—SR0O/2%
SRO/3%
—e—SRO/4%
—e—SRO/5%

300/00 400/00 500/00

Al diged b duglile 53y pw Al y Gowo iliseo s, (Gols 0SS FVEY Sdiges 5, Al 9N g O puds - S0
0£0°C (5lod ;5 (@2 )

Fig. 2. Changes in the apparent viscosity of the low-fat ice cream mix samples containing different percentages of Eremurus
root gum compared to the control (high-fat) sample at a temperature of 5+5 °C
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Table 5- Values of explanation coefficient (R%) and root mean square error (RMSE) of rheological models

Sample code Herschel Barkley Bingham
digod 95 oly ol U S 2 Pl B
RMSE R? RMSE R? RMSE R? RMSE R?
Control 0.1641 09997 0.0743 0.9999 1.2875 0.9815 0.7329 0.9941
0.2%SRG 0.4865 0.9998 0.0657 0.9999 0.7570 0.9875 0.4221 0.9961
0.3%SRG 0.3490 0.9992 0.1379 0.9998 19550 09724 0.7391 0.9902
0.4%SRG 0.3779 09992 0.1223 09999 22725 09705 1.3490 0.9896
0.5%SRG 0.5822 0.9989 0.1696 0.9999 33725 0.9640 1.0015 0.9938
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Table 6- Power model parameters for ice cream mix as a function of different gum percentages

Sample code R? K,(pa.s™) n,(-)
diges oS

Average Standard Average Standard

oSl deviation il deviation

sloe 1ol Sloo 1ol
Control 0.9997 1.2344b 0.046 0.6703? 0.004
0.2%SRG 0.9998 0.3472°¢ 0.061 0.7190¢ 0.009
0.3%SRG 0.9991 1.1535? 0.113 0.6341°¢ 0.057
0.4%SRG 0.9992 1.4255% 0.171 0.6175°¢ 0.012
0.5%SRG 0.9989 2.2605% 0.206 0.56044 0.011
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Table 7- Casson model parameters for ice cream mixes as a function of different gum percentages

Sample code
sigos S Toc (Pa) uc(Pa.s)
Average Standard deviation Average Standard deviation
Sk Yoo Bl oSk o Gl

Control 0.9941 3.0676% 0.171 0.0596°¢ 0.002
0.2%SRG 0.9961 0.8154¢ 0.155 0.0450¢ 0.035
0.3%SRG 0.9902 2.9902° 0.303 0.675b¢ 0.002
04%SRG  0.9896 3.7080" 0.453 0.0742b 0.074
05%SRG 0.9938 6.7076% 0.045 0.0954¢ 0.091
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Fig. 2. Change in the flow behavior index of ice cream mixes as a function of different percentages of gum
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Fig. 4. Variations in yield stress of mixed ice cream samples as a function of different percentages of gum
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Table 8- Apparent viscosity at cutting speed of 50 s~! and temperature of 5 degrees Celsius of ice cream mixture as a

Apparent viscosity (Pa.s) Standard deviation
S 2L & ey Slre Sl il
Control 0.2457¢ 0.1221
0.2%SRG 0.1562¢ 0.2456
0.3%SRG 0.3941°¢ 0.1423
0.4%SRG 0.4284b 0.313
0.5%SRG 0.64542 0.201

function of different gum concentrations
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Fig. 6. Changes in apparent viscosity as a function of different percentages of gum
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