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Highlights
* Adding 8% whey into ice cream improved the melting rate which were slower than full-
fat ice cream and low-fat ice cream contained 8% inulin
* Adding inulin as fat replacer enhanced the highest overrun of ice cream
* Mixing inulin into ice cream promoted viscosity higher than low-fat ice cream containing
whey and full-fat ice cream, and had physico-chemical similar to full-fat ice cream.

It suitable for low-fat ice cream formulation development

Abstract

This research studied the effect of two types of fat replacers, including whey and
inulin on changing physico-chemical properties in ice cream compared with full-fat ice
cream. Three ice cream formulations were yellow color, and full-fat ice cream showed the
lishtest color due to containing high fat content. Then, the result of hardness showed that
low-fat 8% whey ice cream presented the higher hardness than low fat 8% inulin ice cream
and full-fat ice cream. The highest overrun was found in low-fat 8% inulin ice cream which
was 48.93%, and had a significant difference (p<0.05) between low-fat 8% whey ice cream
and full-fat ice cream. Then, rheology result showed that 8% inulin low-fat ice cream had
the highest viscosity. It affected the low melting rate of low-fat 8% inulin ice cream and no

significant difference between low-fat ice cream mixed with 8% whey and full-fat ice cream.
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JSunaues Table 1

Table 1 The formulations of full-fat and low-fat ice cream containing 8% whey and 8%

inulin

low-fat ice cream

ingredients full-fat ice cream
whey 8% inulin 8%

milk 58.5 0 0
cream 24 0 0
skim milk 74.5 74.5
whey 8 0
inulin 0 8
skim milk powder 5 5
sugar 12 12 12
stabilizer and emulsifier 0.5 0.5 0.5
total 100 100 100

2. @ warmswavuwlasd

=

TaandvaalaAnsunlewmsaa colorimeter (ColorFlex EZ, Hunter Associates Laboratory Inc.,

USA) taasanduainuaing (%) aranududuns audediden @%) aanududindos audsduiku
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ke uilodudalernuaiuinios Texture Analyzer (TAXT-plus, Stable Micro
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3. MIIIATIENANANULVIVDUUDEUNE (hardness)

1A
Systems, UK) fiaffuia¥n P/36R cylindrical probe anansalunisnageuvindu 2 m/s szeznaan
20 mm ¥n1sMAaes 5 a1
4. Myeseilvsiunazlushiu
AagnmvsunalvdunaglusAuniuisues Association of Official Analytical Chemists

AOAC (2000)*?
Faninleniy 2 n$u UrlUsemenig water bath igaumgil 60°C U1 30 WIT MEIAINTIY
X 100

5. MTIATIZIIUTIUBTVIaNNA (total solid)
unlvevlugeuaudousianmgl 100°C uru 2 Falus vinliduly desiccators Ul dadninuay

AUIUUSUI VD ILTIVI9NUR AIEUNTT
USunauesdaanun = hvtingls (n5Y) + twdndegramdseu (n3y) - thwindqe (nSu)
Jmdnsiegasudu (n$y)

ANUIUANENNTT F191

6. MTAATIENANNTIUN (% overrun)
l(33)

Aas1ein1stun lngdadminlerniuwmad uazidmdnvedleansuaslunivuzusung 120
lorn3ufing - dindnleandumdstiy X 100

v
o

= UIMUN

{addns nU35ve9 Muse Uag Harte
AT (%) = sl
dmiinleansumdstiu
7. MTBATINENIINNTarate (melting rate)
wloansuwtudaigaugl -20°C wiu 24 Falue ungamilinwiiu 30 N3N 1198IUUNTIBNTOS
wilansguanais Tadsuinsvesleaniufiazatenn 9 5 Wi auATULIET 50 Uil Adminves

lornsuazansundannsinifeuiuan
10

8. NMTIATITHENURINYINTEUE (rheology)
24 Gi'ibﬂm mﬂaauﬁwm%aﬁiaﬁma% (HAAKE MARS 40, Thermo Fisher Scientific Inc., Karlsruhe,

Faauniavesdrunauloansuungnslududuwazlafiuiiiunisuigamgll 4-8°C uiu
Germany) tfegsdrunanloAniuysunng 20 fiadans ldlu coaxial cylinders lnsgamaiily
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n157aWinAY 4°C lon1snageuauLAIYn (strain sweep) Tuga9 0.01-1,000 WigA1a ANNDALT

WINAU 1 Hz

9. ANFIASILNNEDR

U TaYANMUAUITATIENAIAIULANANNIETH 1A8I1HUNTNARBLUY Completely

Randomized Design (CRD) 1121 3 91 waziU3euiilauanadslneds Duncan’s New Multiple
Range Test (DMRT) 1 aiﬁﬂumiuﬁ’n%ﬁ]gﬂ Statistical Analysis System (SAS, version 6.0) (SAS

Institute, Cary, NC, USA) fisgAuanugiatunsadiniosas 95

HAN1TNARDY

iHedinszimesdusznauniaaiives
loen3uiia 3 gns wuin fegrsaruaudl
Uinallusiugsninleanugnslusiumiifand

wadudu 8% Wiy 8.51 Wi delemnIuludu

'
o

dfsansgns dusualudusiafu 1.35%
uanandu Teanduludfumanaifundlusiu
8% flUsAugeiianiviniu 8.95% sosadufe
Frogramrunuuarleaninlusiuni gns
LANBYAY 8% HAWNAU 4.52% wag 1.75%

ANUE1AU (Table 2) USUNUUDILTTINUAYD

lomn3uludumgasiudlushunagdydu 8%

I wA

AWINAUAD 25.5 Udlunauvasbernsung 3

e pd)}

n5 urinaudRineinseuanguvgll 4°C
WUI drunaNveIfileg1InIuANLasleAnIy
lafuaniuiag 8% Sudsaninuaziuisu

anuzduvedva Weanuaseawingu 10 Pa

ANNLANDUAU

Y

<, i = ]
A01uzlUUVDINANUDAULATIANINNIT 100

Pa (Figure 1)

wazlamnsulusu 8% L3uLUAU

Table 2 The fat and protein content in full-fat ice cream, low-fat ice cream containing 8%

whey and 8% inulin

ice crea

m formulation

low-fat ice cream

low-fat ice cream

source fat free ice cream
(8% whey) (8% inulin)

lipid protein lipid protein lipid protein
milk 1.90+0.02 1.92+0.02 0+0.00 0+0.00 0+0.00 0+0.00
cream 8.24+0.01 0.85+0.03 0+0.00 0+0.00 0+0.00 0+0.00
skim milk 1.35+0.02 1.75+0.02 1.35+0.01 1.75+0.04 1.35+0.00 1.75+0.02
whey 0+0.00 0+0.00 Trace 7.2+0.01 0+0.00 0+0.00
inulin 0+0.00 0+0.00 0+0.00 0+0.00 trace trace
total 11.49 4.52 1.35 8.95 1.35 1.75
total solid 17.5 255 255
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Figure 1 The storage modules (G") and loss modules (G ) of a) full-fat ice cream, b) low-fat ice cream containing 8% whey

and c) low-fat ice cream containing 8% inulin

ethunigimanuin Aanuaing
(L) voslomnTulusiusingnsifundlusiu 8%
fiAAwaIganigainiu 94.08 uslsifiaana
WANFNININERR (p>0.05) AUAIBE1IAIUAY
(93.95) uaglon3ugnslusuduiudyau 8%
ffnauainsesfigaiiniu 92.68 uenantu
leanIunngnsidlulnufounies Jsan a*
vaslernsunnansiianduau laeloaniuludiy
AgnsiAndydu 8% f1 a* undign (-2.93)
sesaanleaniulusiumgnsiiundlusiu 8%
WU -1.54 wagAieg1eniuauial a* dee

Nanwiniu -0.89 egslsfmulaaniugns

'
o

lusfusnidung 8% fid b* esdian sosadun
fe fotnruauuazleansugnsludusm
{Audydu 8% A1 b* undiga Wity 12.05,
13.71 way 14.67 nuddu deloanudia 3
s flA1 a* way b* uanAneiuvneadia (o< 0.05)
naAn1sAsuLUaElngsaileifiouiu
frognruaunudt loandugaslududids

YAU 8% He1n1siAsunUadlagsiuuin

)

=

NgaLaziinuwnnA19iuN19ada (p<0.05)
AularnIugasluduindung 8% winiu 2.6

Ay 1.78 m1ua1su ¢4 Table 3
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Table 3 Effect of whey and inulin on color changing (L*, a*, b* uag AE) of ice cream

color
formulations
L* a* b* AE
full-fat ice cream 93.95%+0.04 -0.89°+0.02 13.71°+0.02 0°+0.00
low-fat ice cream (8% whey) 94.08°+0.03 -1.54°+0.01 12.05°40.01  1.78°+0.04
low-fat ice cream (8% inulin) 92.68°+0.03 -2.93°+0.03 14.67°+0.03 2.6°+0.05

Note: Values are means of three replicates. Different letters show significantly difference at p<0.05

wazillannsiegnaladnsuInAIAI1Y

< dy [ L% 1 % I
WUSUBILUBDAUNA (hardness) WU AIID81Y
AruANTAIAULTe B o dulauINTIgn
Wiy 24,329 ke force WagdAINULANANNI
atidl (p<0.05) fulemniugnsludunifueg
WagBUYAY 8% NN 9,420 kg force Wag

4,577 kg force muanu (Table 2) ezl

A1n15Tuyveslaaniu (overrun) Wy

'
0O A a a

leanTuansludunifiiududu 8% flA1gegn

Wiy 48.93% Uagfieg19aruAudAINISIu

'
o

AaAIiY 25.05% wagdAukanmaany
NEDR (p<0.05) Aularnulusiumiiaunng
TUsAY 8% Tadim iy 27.46% (Table 4)

Table 4 Effect of whey and inulin on hardness and overrun of ice cream

formulations hardness overrun
full-fat ice cream 2,2329°+0.03 25.05°+0.02
low-fat ice cream (8% whey) 2,9420°+0.05 27.46°+0.04
low-fat ice cream (8% inulin) 2,4577°+0.02 48.93°+0.01

Note: Values are means of three replicates. Different letters show significantly difference at p<0.05

nuuiegsleAniuia 3 ans u1in

[

mINITazay (melting rate) WUl Liotan
iululeaniuyngnsisnsinisagaiomuunn
u InglornIugnsladusiidniinisavane

san druloanSuansloduddumed way

9 Y

a

wdu 8% ddnsn1sazarsldunnaeiui

D) M ﬁkf

4391381 0-35 Uil vdeanduleAnIugns
lodfusianiag 8% d6nsn1sazatugegn ui

Lifimnuuansnmiada duleansugasludu

'
0O a a a

AUANBYRY 8% LaAIAI Figure 2 donAteiy

ArAuniinvasleaniuluiiuignsiiudyiu
8% dA1anunilngandnleaniugasluduni

LALLIE 8%
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—e— Full fat (control)

Melting rate (g)

--a--8% Whey - 8% Inulin

30
Melting time (1nin)

40 50 60

Figure 2 The melting rate of low-fat ice cream containing 8% whey and 8% inulin compared with full-fat ice cream.

32190
Nudteilidun1sAneinavedilg
a a d' Y LY a
wazdudu Nidluarsnaunuludulunings
loAnsuluduen WSsuiisuiuleAnsuuugns
losfutfudanisiudsuwlasaudinianivay
nenmvadtaansy lansleanTuuugnsludu
WudUSunalvsiuatnuusuwingu 11.49% @4
1 Y] 1 QA' <3 (v
wnasveslrduaindlulsenaumduuuin
WinAU 1.9% lufuainasuwinnu 8.24% way
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