
Food Research International xxx (2011) xxx–xxx

FRIN-03731; No of Pages 10

Contents lists available at ScienceDirect

Food Research International

j ourna l homepage: www.e lsev ie r.com/ locate / foodres
Producing ice cream using a substantial amount of juice from kiwifruit with green,
gold or red flesh

D. Sun-Waterhouse ⁎, L. Edmonds, S.S. Wadhwa, R. Wibisono
The New Zealand Institute for Plant & Food Research Limited, Private Bag 92169, Auckland 1020, New Zealand
⁎ Corresponding author at: Food Innovation, The New
Food Research Limited, 120 Mt Albert Road, Mt Albert
1020, New Zealand. Tel.: +64 9 9257230.

E-mail address: Dongxiao.Sun-Waterhouse@plantan
(D. Sun-Waterhouse).

0963-9969/$ – see front matter © 2011 Elsevier Ltd. Al
doi:10.1016/j.foodres.2011.05.030

Please cite this article as: Sun-Waterhouse,
or red flesh, Food Research International (2
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 7 December 2010
Accepted 18 May 2011
Available online xxxx

Keywords:
Kiwifruit
Natural color
Ice cream
Polyphenols
Rheological property
Vitamin C
Ice cream prepared using a substantial amount of juice from kiwifruit with green, gold or red flesh may have
consumer appeal, through the combination of kiwifruit's unique color, natural flavor and health-promoting
constituents. The aqueous fractions from purees of kiwifruit with green, gold and red flesh (AFKWs) were
added at 49% v/v to a basic low-fat ice creammix that contained no commercial flavoring and coloring agents.
The resultant ice creams were subjected to comparative product evaluation (e.g. overrun, melting behavior
and rheological properties) and chemical analyses of bioactives (e.g. total extractable polyphenol content
(TEPC), vitamin C, antioxidant capacity, polyphenol (PP) and carotenoid composition). Results revealed that
both the pH pre-adjustment and pre-heating of the AFKW played critical roles in ice cream making. The ice
creams retained the PP and vitamin C contents as well as natural color flavor of the kiwifruit used. The
rheological properties of all ice creams showed non-Newtonian flow behavior, and the storage modulus G′
decreased in the same pattern following the order of greenNgoldN red. The melting rate, overrun and vitamin
C content of the ice cream with green AFKW were the fastest, lowest and least, respectively. The TEPC and
antioxidant capacity in the ice creamwith red AFKWwere the highest. The amounts of PPs and vitamin Cwere
encouragingly high. Health beneficial compounds, dimethyl-caffeic acid hexoside, caffeic acid derivatives,
protocatechuic acid, syringic acid, salicylic acid/ο-coumaric acid, lutein and beta-carotene, were detected in
the final products. Thus, there are commercial possibilities for using AFKWwhich should be further evaluated.
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1. Introduction

The market for foods that provide nutritional function and new
eating experiences for consumers has grown rapidly in recent years
(de Graaf, 2007; Tuorila, 2007; Van Kleef, van Trijp, Luning, & Jongen,
2002; Williams, Stewart-Knox, & Rowland, 2004). Ice cream is one of
the most consumed dairy products in the world (Gorski, 1997; Hoyer,
1997) but the ice cream available commercially is generally poor in
natural antioxidants like vitamin C, colors and polyphenols (PPs).
Thus, it is of interest to explore the possibility of improving the
nutritional attributes of ice cream using ingredients with health
benefits, focusing on natural antioxidants, natural colorants, vitamins,
low fat and freedom from synthetic additives in light of consumer
expectations (El-Nagar, Clowes, Tudoric , Kuri, & Brennan, 2002;
Gidley, 2004; Starling, 2005; Van Kleef et al., 2002).

Kiwifruit (Actinidia sp.) has many appealing consumer traits
including flavor, color and nutritional content, especially vitamin C
(Ahmet, Sezai, & Nihat, 2007; Nishiyama, 2007). Consumption of
kiwifruit offers health benefits including alleviating constipation and
improving stool transit time and/or bulking (Chan, Leung, Tong, &
Wong, 2007; Duttaroy & Jørgensen, 2004; Ferguson, Philpott, &
Karunasinghe, 2004; Philpott, Mackay, Ferguson, Forbes, & Skinner,
2007; Rush, Patel, Plank, & Ferguson, 2002), because of constituents
such as vitamin C, PPs, carotenoids and fiber polysaccharides (Dawes
& Keene, 1999; Deters, Schröder, & Hensel, 2005; Lesperance, 2009).
Dietary intake of vitamin C is essential for humans because humans
cannot synthesize vitamin C (Davey et al., 2000; Ferraroni et al., 1994;
Minnunni, Wolleb, Mueller, Pfeifer, & Aeschbacher, 1992; Rababah,
Ereifey, & Howard, 2005). A single kiwifruit contains the minimum
daily requirement for vitamin C (Ferguson, 1991), suggesting that
kiwifruit-derived products could be an excellent source of this
essential vitamin. Kiwifruit flesh can have different colors derived
from pigments such as chlorophyll, carotenoids and anthocyanins
(Cano, 1991; Comeskey, Montefiori, Edwards, & McGhie, 2009;
McGhie & Ainge, 2002; Nishiyama, Fukudo, & Oota, 2005; Possingham,
Coote, & Hawker, 1980). Thus, kiwifruit may be suitable for the
development of a new ice cream product with a range of natural
colors and enhanced nutritional content.

Ice cream preparation typically involves a mix-making and a
freezing stage, with important processing steps being blending,
pasteurization, homogenization, cooling, flavoring and coloring,
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freezing, packaging, hardening and frozen storage (Schmidt, 2004).
Ice cream is made frommilk ingredients (milk fat andmilk solids-not-
fat), sugar, water, and other optional ingredients such as flavorings,
colors, stabilizers, and emulsifiers (Schmidt, 2004). The ice cream
flavor and color is normally generated through adding a small amount
(i.e. approximately 0.3% ice cream mix) of liquid flavors and colors
after aging and before freezing (Schmidt, 2004). Homogenization can
reduce the particle size and aggregation of fat globules at low
temperature, compensate the function of stabilizer, enhance ice cream
viscosity but elevate the oxidation of milk fat and instability of
proteins (Bodyfelt, Tobias, & Trout, 1988; Goff, 1999; Spreer, 1998;
Sweetsur & Muir, 1983). The pressure of homogenization influences
the viscosity but not the melting resistance (Thomsen & Holstborg,
1998). During aging, it is essential that the adsorbed protein is
partially desorbed from the fat globule surface. Overrun and melting
property are important variables for evaluating an ice cream product
and associated processing (Arbuckle, 1986).

The use of juice from kiwifruit for ice cream production may
eliminate the need to add commercially available flavoring and coloring
agents, but also presents technical challenges that are associated with
the nature of fruit juice. When fruit juice is mixed with milk protein,
various interactions are possible. Interactions among PPs and proteins
may lead to the formation of PP–protein complexes (Haslam, 1998;
Perez-Jimenez & Saura-Calixto, 2006; Rawel, Kroll, & Hohl, 2001; Rohn,
Rawel, & Kroll, 2004). Such complexation may result in effects such as
milk stabilization on heating (O'Connell, Fox, Tan-Kintia, & Fox, 1998)
and synergy in antioxidant capacity (Skrede, Larsen, Aaby, Jorgensen, &
Birkeland, 2004). The added fruit juice could change the pH of the ice
cream mix, which may lead to protein aggregation and peptide
precipitation if the pH approaches the isoelectric point (pI) (Amundson,
Watanawanichakorn, & Hill, 1982; Pearce, 1983), and induce hydro-
phobic interactions (Blondelle, Bfittner, & Houghten, 1992; Bull &
Breese, 1970; Léonil et al., 1994). Ice cream color may change with type
of kiwifruit when various kiwifruit juices are added to milk. The
naturally occurring pigments in kiwifruit (chlorophyll, carotenoids and
anthocyanins) are generally unstable, but may be more attractive to
consumers than synthetic coloring agents. The green pigments
(chlorophyll a and b) tend to lose the Mg2+ ion to form brown
pheophytin under acidic conditions (Cassano, Figoli, Tagarelli, Sindona,
& Drioli, 2006; Johnson & Steele, 1995; Lodge & Perera, 1995).
Carotenoids are particularly susceptible to heat destruction and
oxidation, because of their highly unsaturated chemical structure
(Stefanovich & Karel, 1982), while anthocyanins are degradable at
high temperatures, and undergo structural transformations with the
change inpH, forming interconvertible formsof redflavyliumcationand
blue quinoidal base (Kosir, Lapornik, Andersenk, Vrhovsek, & Kidric,
2004). Thus processing conditions need to be carefullymanaged if these
natural colorants are to be preserved in processed products.

This study aimed to examine the feasibility of producing a new
type of ice cream product through incorporating a substantial amount
of AFKW in the absence of any added flavoring agent, and provide
insights into the chemical and physical properties of this frozen
dessert format.
2. Materials and methods

2.1. Materials and chemicals

Pams® instant skim milk powder, Chelsea® white sugar, whole
milk (Anchor®), green and gold kiwifruits were purchased from the
Foodtown supermarket, St Lukes, Auckland. Red kiwifruit were
obtained from Plant & Food Research, New Zealand. Soya lecithin
(Yelkin, liquid) was obtained from Archer Daniels Midland Co.,
Decatur, IL, USA. Gelatin was obtained from Gelita NZ Ltd, Christ-
church, New Zealand.
Please cite this article as: Sun-Waterhouse, D., et al., Producing ice cream
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Methanol, n-hexane and formic acid were purchased from Ajax
Finechem (Auckland, New Zealand). Acetone was from Burdick &
Jackson (Muskegon,MI, USA). Folin–Ciocalteu phenol reagent, catechin,
epicatechin, phlorizin, phloretin, quercetin, rutin, and p-coumaric,
chlorogenic and caffeic acids were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Cyanidin 3-o-β-glucopyranoside chloride was
sourced from Polyphenols Laboratories AS (Hanaven, Sandnes,
Norway). Milli-Q Plus water was used for all the reagent preparation.

2.2. Ice cream preparation

Green, gold and red kiwifruits were firstly washed with water to
remove any external contaminants. Both ends of each fruit were cut
off and the skin was removed with a sterilized stainless peeler
(APS001; Andefia, Zhongshan, China). Kiwifruits were pureed using a
Juice Fountain Juicer (Model BJE 200C; Breville, Sydney, New South
Wales, Australia), centrifuged at a speed of 5000 ×g for 25 min at 4 °C
using a Sorvall Instrument RC5C (DuPont, Michigan, WI, USA) and a
Fibrelite F10s rotor (Piramoon Technologies Inc, Santa Clara, CA, USA),
and then filtered through a sterilized mesh cloth to separate the
AFKW from particles.

Ice cream was prepared using modified standard methods
(Marshall & Arbuckle, 1996; Schmidt, 2004). The gelatin (4.54 g)
was dissolved in water (30 mL) by gentle stirring over a boiling-water
bath. Skim milk powder (135 g) was first mixed with sugar (61 g) to
generate a “dry mix”. AFKWs (500 mL) were subjected to pre-
treatment which included adjustment of pH to 4.7–4.9 using baking
soda (Edmonds, from Goodmans Fielder Ltd., Auckland, New Zealand)
and heating at 55 °C for 1 min, and then mixed with whole milk
(500 mL) to generate the “liquid mix”. The “liquid mix” was sealed,
covered with tin foil, and heated to 30–40 °C in a water bath. The “dry
mix” was added slowly to the “liquid mix” with gentle stirring, and
gelatin solution and liquid lecithin ingredient (5.54 g) were then
added. The obtained mixture was blended using a mixer (L5T,
Silverson Machines Inc., East Longmeadow, MA, USA; emulsifying
screen, 3000 rpm, 1-min plus 2-min burst), pasteurized in a double
boiler at 80 °C for 30 s, homogenized using an Auestin EmulsiFlex C3
homogenizer (Ottawa, Canada) at 2000/500 psi, cooled to 4 °C, aged
in the fridge at 4 °C for 20 h, frozen and whipped in the ice cream
maker (Gelato di AmoreM916, Artisan Gelato Systems, Bologna, Italy)
at low speed for 23 min. The ice cream was collected at an exit
temperature of −5.5 °C, placed in a 1 L plastic container, sealed,
hardened for 1.5 h in a freezer (−80±3 °C, Thermo Electron Corp.,
Revco, Cambridge, UK), and stored at−20±2 °C (Skope TMEF65XL-D
freezer, Skope Industries Ltd, NSW, Australia) for 24 h before analysis.

2.3. Overrun and melting properties

Three batches of each type of kiwifruit ice cream were produced
for overrun and melting assessment (Arbuckle, 1986; Schmidt, 2004).
The overrun was calculated using the equation of “% Overrun=(Vol.
of ice cream−Vol. of mix used)/Vol. of mix used×100%”. Melting
behavior was assessed by withdrawing 120 g of ice cream from the
freezer at −20 °C and putting it into a dish that was kept at 20±2 °C
(humidity 53±2%). The times at which the first drop of ice cream
dripped andwhen completemelting had occurredwere recorded. The
volume of unmelted ice creamwas recorded at 30-min intervals using
a graduated cylinder. Melted ice cream was removed and weighed.

2.4. Total soluble solid content and pH values

The total soluble solid content was measured in triplicate using a
handheld refractometer (Pocket Pal-1, Atago, Tokyo, Japan) at 20 °C,
and expressed as °Brix. The pHwas determined in triplicate using a pH
meter (CG837, Schott Instruments, Germany) equipped with a glass
electrode (850, Schott Instruments, Mainz, Germany).
using a substantial amount of juice from kiwifruit with green, gold
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2.5. Rheological analysis

The sample preparation procedure was as follows: ice creams were
stored at −20 °C for 24 h before ice cream tablets (diameter 25 mm,
height 5 mm)were generated using a pre-cooled (−20 °C)metallic and
cutting cylinder. The ice cream tablets from each formulation were
loaded onto the rheometer (oscillatory rheometry, Physica MCR301,
Anton Parr GmbH, Graz, Austria). Profiled plate–plate geometry
(diameter 25 mm) was used to avoid wall slip for rheological
measurements, and plates were allowed to equilibrate with ice cream
samples for 2 min at either temperature (−5 or−10 °C) before testing
to avoid problems associated with melting at the surface of the
geometry.A Peltier hoodattachmentwasused topreventheatexchange
with the environment. Amplitude sweep tests for determining the linear
viscoelastic region were performed at a constant frequency of 10 s−1

and a strain range of 0.001 to 100%. The frequency sweep test was
conducted between 0.1 and 1000 Hz at −5 and −10 °C (gap setting,
2 mm). Datawere acquired (30measuring points for each analysis) and
elaborated with Rheoplus V2.66 (Anton Paar GMBH, Graz, Austria), and
the values with variations b5%were recorded. If the variation was N5%,
more duplicates were measured.

2.6. Preparation of polyphenol extracts using Accelerated Solvent
Extraction (ASE)

Extraction of PPs from AFKW or ice cream sample was performed
in triplicate using the Accelerated Solvent Extractor (ASE300, Dionex
Corp., Sunnyvale, CA, USA). The testing sample (3 g) was mixed with
diatomaceous earth (Celite®) (4 g) to facilitate homogenous mixing.
The resultant mixture was packed into 34-mL extraction cells, and
sequentially subjected to acetone, methanol and hexane extractions
under N2 (at 40 °C and 1500 psi, with 5 min heating and 10 min static
time). The obtained extracts were collected separately, concentrated
using the Ultra-Low Cold Trap Centrivap® (Model 78100–01,
Labconco Corp., Kansas City, MO), dried using a freeze drier (Telstar
Cryodos −80, Telstar Industrial SL, Spain), stored at −80 °C, and
reconstituted for Folin–Ciocalteu assay and HPLC analysis.

2.7. Extraction of chlorophylls and carotenoids using Accelerated Solvent
Extraction (ASE)

Extraction of chlorophyll and carotenoids of ice cream samples
was performed in triplicate using the Accelerated Solvent Extractor
(ASE300) unit (purging time, 90 s; flush volume, 60%; static time,
10 min for the 40 °C extraction and 2 min for the 100 °C extraction).
Ice cream samples (4 g) were mixed with diatomaceous earth
(Celite®) at a ratio of 1:1. Three extraction cycles were performed
and all extractions were conducted using acetone in a minimized
lighting environment. The extracts were collected and dried using an
Ultra-Low Cold Trap Centrivap® prior to HPLC analysis.

2.8. Total extractable polyphenol content and total antioxidant capacity

A Solid Phase Extraction columnwas used to pre-treat the extracts
derived from ASE, prior to the TEPC analysis, to eliminate the potential
interference of ascorbic acid with the Folin-Ciocalteu assay. The first
eluate from SPE was used for the analysis of vitamin C (Section 2.11).
The eluates resulting from each flush with 95% methanol (in an
aliquot of 5 mL) were collected for analysis.

TEPC values of the AFKWs and derived ice creams were analyzed in
triplicate following the method of Singleton, Orthofer, and Lamuela-
Raventos (1997). A calibration curve [Absorbance at 760 nmv. Catechin
concentration (mg catechin equivalent (CtE)/mL)] was established for
the extractionmediumusing amicroplate reader (SpectraMaxPlus 384,
Molecular Devices, Sunnyvale, USA).
Please cite this article as: Sun-Waterhouse, D., et al., Producing ice cream
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The ferric reducing antioxidant power (FRAP) assay (Benzie &
Strain, 1999) was used to determine (in triplicate) the total
antioxidant capacity. A calibration curve was established [Absorbance
at 593 nm v. antioxidant capacity (mg Trolox equivalent/mL)].

2.9. High Pressure Liquid Chromatography (HPLC) profiling of individual
polyphenols

Individual PPs of ASE extracts (Section 2.6) were analyzed in
duplicate by HPLC following the method of Stevenson, Wibisono,
Jensen, Stanley, and Cooney (2006). The HPLC analysis was run (at
280 and 530 nm) using a Shimadzu analytical HPLC with a column
oven (C40-10ASVP), auto-sampler (SIL-10AF), vacuum solvent degas
module and diode-array detector (SPD-M10AVP), fitted with a
Synergi® Polar-RP ether-linked column (250×4.6 mm, 4 μm particle
size, 80 Å ether-linked column, Phenomenex, Auckland, New Zeal-
and). The mobile phases (A) acetonitrile+0.1% formic acid and (B)
acetonitrile/water/formic acid (5:92:3) were pumped at 1.5 mL/min
at 45 °C. The injection volume was 40 μL. Individual PPs were
identified based on their retention time and absorbance maximum
(λmax). External standards, catechin, epicatechin, quercetin, 2,4-
dihydroxybenzoic, p-hydroxybenzoic, protocatechuic, salicylic, syrin-
gic, ferulic, p-, m-and o-coumaric acids were used to assist with PP
identification.

2.10. High Pressure Liquid Chromatography profiles of chlorophylls and
carotenoids

ASE extracts (Section 2.7) were analyzed in duplicate using the
Shimadzu analytical HPLC set up as discussed (Section 2.9). The
gradient system was established as described in Dwamena et al.
(2009). Carotenoid profiles were monitored at 450 nm with a photo
diode array 996Waters detector set at 300–700 nm. Chromatographic
peaks were identified by comparison with authentic standards of
beta-carotene, lutein, and antheraxanthin, violaxanthin, and zeaxan-
thin (Sigma, Australia). Where other standards (including chloro-
phylls) were not available, detected compounds were tentatively
identified according to their retention times and UV–vis spectra
(Jeffrey, Mantoura, & Wright, 1997; Rodriquez-Amaya, 1999). The
concentrations of such carotenoids were calculated using the lutein
calibration curve.

2.11. Determination of L-ascorbic acid

Dried eluate (3 g) from each type of ice cream (see Section 2.8.)
was dissolved in water (10 mL) to give a final concentration of 0.3 g/
mL for analysis (in triplicate) (Association of Official Analytical
Chemists, AOAC, 1990).

2.12. Statistical analysis

Replication in the experiment included three independent batches
for each control or kiwifruit juice ice cream. At least three
observations per analysis were done. Data were analyzed using one-
way ANOVA (Minitab 15).

3. Results and discussion

3.1. Product characteristics of ice cream made with kiwifruit juice
fraction

In this study, the AFKW from the green, gold or red kiwifruit had a
pH of 3.5, 3.6 and 3.8, and a total soluble solid content of 14.9, 13.8 and
15.6 °Brix, respectively. The ice creams derived from the green, gold
and red kiwifruit had the natural color of each type of kiwifruit,
appearing as light green, light yellow and pink, respectively. These
using a substantial amount of juice from kiwifruit with green, gold
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colors were the net result of the intrinsic opaque white color of milk
and the natural kiwifruit pigments such as chlorophylls, carotenoids
and/or anthocyanins (McGhie & Ainge, 2002; Montefiori, Comeskey,
Wohlers, & McGhie, 2009; Montefiori, McGhie, Costa, & Ferguson,
2005; Montefiori, McGhie, Hallett, & Costa, 2009; Nishiyama et al.,
2005).

The overrun of the ice creamcontaining green, gold and red kiwifruit
AFKWs was 90.5, 94.8 and 96.8%, respectively. The overrun depends
upon the fat, milk-solids-non-fat and solid content of the ice creammix.
The ice creams produced for this study had a fat content of 9.5%, which
classifies them as a low-fat product (the US standard 21 CFR 135.110).
An elevated fat content can enable a higher overrun, as more coalesced
fat droplets are available to trap a greater amount of air bubbles in the
ice cream (Abd El-Rahman, Madkor, Ibrahim, & Kilara, 1997). A change
in the emulsification capability of milk proteins such as the amphiphilic
property can alter their interactions with other components at the air-
cell interfaces of ice cream, resulting in different overrun values (Barfod,
Krog, Larsen, & Buchheim, 1991; Schmidt, 2004). The differences in the
soluble non-starch polysaccharide, protein and/or sugar contents of the
AFKW from the three types of kiwifruit would be responsible for the
detected overrunvalues. For example, therewere significant amounts of
pectic polysaccharides in the AFKWs (Sun-Waterhouse et al., 2009b;
Sun-Waterhouse, Wen, Wibisono, Melton, & Wadhwa, 2009a; Yuliarti
et al., 2008). These pectic polysaccharides would have influenced the
process of milk coagulation, rheological properties of the ice cream
emulsion, and consequently the ice cream microstructure (El-Nagar
et al., 2002; Fagan, O'Donnell, Cullen, & Brennan, 2006; Schmidt, 2004).
An extremely low overrun indicates little air has been included, causing
an excessively cold sensation in the mouth and lack of creaminess and
smoothness. If overrun was too high, the ice cream would be frothy.
Most countries (including New Zealand) set 100% as the legal overrun
limit for ice cream.

The melting behavior of the three kiwifruit ice creams was similar
(Fig. 1). It took longer for the ice cream containing a gold or red
kiwifruit juice fraction (157 and 160 min, respectively) to melt
completely than that with a green kiwifruit juice fraction (145 min).
The green kiwifruit ice cream started to melt approximately 1–2 min
earlier than the other two ice creams, and its melting rate was the
greatest especially after 100 min. These results might be associated
with fruit attributes— green is a different species to gold and red. The
kiwifruit with green, gold and red flesh had different compositions
and intrinsic enzymes (Dawes & Keene, 1999; Deters et al., 2005;
Lesperance, 2009; Nieuwenhuizen et al., 2007).
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Fig. 1.Melting curves of three types of kiwifruit ice cream, (A) green kiwifruit ice cream,
(B) gold kiwifruit ice cream and (C) red kiwifruit ice cream.
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3.2. Rheological tests

Rheological properties indicate the flow behavior and product
mouthfeel of ice cream. Amplitude sweep determined the linear
viscoelasticity (around 0.01% strain, Fig. 2A). Generally speaking, the
storage shear modulus G′ of a material is time dependent, demon-
strating the elastic behavior or the energy storage. In this study, there
was a linear viscoelastic region under which G′ was independent of
time, amplitude of the oscillating strain or stress, and applied
oscillating frequency: for green or gold kiwifruit ice creams in the
strain range of 0.001 to 0.2, and for red kiwifruit ice cream in a wider
strain range of 0.001 to 1. The change in G′ of the three ice creams as
strain was increased followed the same pattern but different
amplitude. The G′ ranked consistently, over the strain range of
0.001 to 100, in the decreasing order of greenNgoldNred. The lowest
G′ of the red kiwifruit ice cream might be associated with a stronger
fat destabilization caused by the AFKW of red kiwifruit, compared
with that of gold or green kiwifruit.

The relationship between G′ and frequency over the range 0.1–
1000 s−1 was not completely linear (Fig. 2B). The G′ of all the ice
creams exhibited a strong frequency dependence throughout the
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Fig. 2. Rheological analyses of three types of kiwifruit ice cream: (A), amplitude sweep
plots; (B) storage modulus G′ as a function of frequency.
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range tested in this study. The type of kiwifruit juice had less effect at
−5 °C than at −10 °C, and the average G′ values of the ice creams at
−10 °C were significantly higher than those −5 °C, indicating the
importance of ice cream temperature in the magnitude of the G′
values detected. Within the tested frequency and at the tested
temperature of −10 °C, G′ values decreased in the order of gold-
redNgreen, indicating a declining elastic component. At the tested
temperature of −5 °C, the G′ values of gold and red kiwifruit
formulations were nearly identical at a frequency b10 s−1, however
when the frequency was increased above 10 s−1, the G′ of red
kiwifruit ice cream was highest. Although the contribution of each
influencing factor to the G′ is unknown, the fact that the overrun was
similar for each formulation, and there was an apparent temperature
dependence, implies that each type of ice cream had nearly the same
ice phase fraction. Furthermore, the detected variation of 10 Pa in G′
due to a difference of 5 °C (between −10 °C and −5 °C) in ice cream
temperature, possibly resulted from a change in the activation
energies. As the temperature of the ice cream increased from
−10 °C to −5 °C, the G′ in this study decreased. The viscoelastic
attributes of ice creammixes are influenced by the size of fat globules,
distribution of air cells, physical properties of protein-emulsifier film
absorbed on the fat globule, as well as processing procedures such as
homogenization and storage period (Velez-Ruiz & Barbosa, 1997). The
degree of fat destabilization and the displacement of protein micelles
from the fat globule surface affected the elasticity of ice cream (Adapa,
Dingeldein, Schmidt, & Herald, 2000; Goff, Liboff, Jordan, & Kinsella,
1987; Hegenbart, 1996; Marshall & Arbuckle, 1996). Treatments
having a higher degree of destabilization may have a higher elastic
component (G′). The destabilized fat acts as a cementing agent and
provides support to the air bubbles primarily lined by proteins, and air
bubbles interact with fat in the surrounding medium to manipulate
the elasticity component even in low-fat ice creams (Adapa et al.,
2000; Goff et al., 1995).
3.3. Total extractable polyphenol content and antioxidant capacity of ice
creams

Red kiwifruit ice cream contained the highest amount of TEPC
(Fig. 3). The order of the TEPC in the three types of ice creams was the
same as the AFKW ingredients (redNgoldNgreen kiwifruit). The same
volume of AFKW (500 mL) was added to each ice cream formulation,
providing approximately 740, 845 and 925 mg PPs in the ice creams
made with green, gold or red kiwifruit, respectively. Based on the
obtained TEPC values (Fig. 3), the PP recovery for green, gold and red
kiwifruit ice creams after the same ASE extraction process was
calculated as 26.1, 27.5 and 43.1%, respectively. The similar PP
recovery values of the green and gold kiwifruit formulations despite
differing initial PPs in the formulation, suggest that extractability of
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Fig. 3. Total extractable polyphenol content of ice cream made from kiwifruit with
green, gold or red flesh. Error bars are the standard deviation of the mean.
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PPs from various kiwifruits differs in an ice cream matrix. This may
have resulted from the PPs in the AFKW forming complexes with ice
cream components such as milk proteins and polysaccharides during
mixing and/or aging processing (Arts et al., 2002).

The trends for total antioxidant capacity (Fig. 4) were similar to
those of TEPC (Fig. 2), indicating that the detected antioxidant
capacity (after the removal of ascorbic acid by the SPE step) was
mainly derived from TEPC (Rice-Evans, Miller, & Paganga, 1997). The
SPE step was used during the analysis because kiwifruit has a high
content of vitamin C but low concentration of PPs (Gil, Aguayo, &
Kader, 2006; Wills & Greenfield, 1981). It is worth noting that in
addition to the PPs and vitamin C in kiwifruits (Chun et al., 2005),
polysaccharides may also contribute to the overall antioxidant
capacity in a different way through interacting with antioxidants
such as PPs and ascorbic acid (Sun-Waterhouse, Melton, O'Connor,
Kilmartin, & Smith, 2008a; Sun-Waterhouse, Smith, O'Connor, &
Melton, 2008b; Sun-Waterhouse, Smith, et al., 2008). Gold and green
kiwifruits contain similar types of cell wall polysaccharides and a high
proportion of cellulose, with the gold having a higher proportion of
hemicellulosic polysaccharides and lower proportion of pectic poly-
saccharides (Sauvageau, Hinkley, Carnachan, & Sims, 2010).
3.4. HPLC phenolic and carotenoid profiles

Fig. 5 shows the HPLC chromatograms (at 280 and 530 nm
wavelengths) for PPs extracted from the ice creams containing
AFKW. The identified PPs in all the ice creams were those that are
commonly found in green, gold and red kiwifruits, including
protocatechuic acid, caffeic acid disaccharide/hexoside/derivative,
dimethyl-caffeic acid hexoside, syringic acid, salicylic acid and/or
ο-coumaric acid (Dawes & Keene, 1999; McGhie & Ainge, 2002; Sun-
Waterhouse, Chen, et al., 2009b; Sun-Waterhouse, Wen, et al., 2009a).
PPs in green kiwifruit were previously reported as derivatives of
coumaric and caffeic acids, chlorogenic acid, protocatechuic acid,
epicatechin, catechin, procyanidins (B3, B2, or B4 and oligomers), the
glycosides of quercetin (glucoside, rhamnoside, and rutinoside) and
kaempferol (rhamnoside and rutinoside) (Dawes & Keene, 1999). In
this study, ice creams made with aqueous fractions from green- and
gold-fleshed kiwifruits had a higher concentration of caffeic acid
disaccharide (peak 2) than those using red-fleshed kiwifruit. There
were unresolved peaks at the retention times from 10 to 11 min in the
280 nm HPLC profile of the red-fleshed kiwifruit ice cream, which
were possibly anthocyanins. The peak 9 at the retention time of
10 min in the HPLC chromatogram (λ=530 nm) of the red-fleshed
kiwifruit ice cream further confirmed the presence of anthocyanins
(possibly cyanidin 3-galactoside or delphinidins). Anthocyanins such
as delphinidin 3-[2-(xylosyl)galactoside], delphinidin 3-galactoside,
cyanidin 3-[2-(xylosyl)galactoside], cyanidin 3-galactoside, and
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Fig. 4. Total antioxidant capacity of ice cream made from kiwifruit with green, gold or
red flesh. Error bars are the standard deviation of the mean.
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cyanidin 3-glucoside have been found in the same red-fleshed
kiwifruit (Comeskey et al., 2009). These anthocyanins have been
found to be beneficial to human health (Ghosh & Konishi, 2007; Kong,
Chia, Goh, Chia, & Brouillard, 2003; Lila, 2004).

Fig. 6 shows the carotenoid profile (λ=450 nm) of the ice cream
made with AFKW from the green-, gold- or red-fleshed kiwifruit.
Lutein and beta-carotene were identified as the major carotenoids in
the three types of ice creams using the current analysis method,
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although a big and broad peak around the retention time 8 min was
detected in the profile of red-fleshed kiwifruit ice cream suggesting
the presence of compounds with high polarity. The ice cream made
with red-fleshed kiwifruit appeared to containmore species of greater
hydrophilic carotenoid compounds (at higher concentrations) than
the ice creams made with green- and gold-fleshed kiwifruit. The ice
cream made with green-fleshed kiwifruit contained the least amount
of lutein and a high concentration of chlorophyll (peak 3), while the
utes
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ice cream made with red-fleshed kiwifruit had the highest level of
beta-carotene. Carotenoids are very susceptible to heat destruction
and oxidation because of their highly unsaturated chemical structure
(Stefanovich & Karel, 1982). The retention of both lutein and beta-
carotene after ice cream making (including the pasteurization step)
indicates these carotenoids may be stable in the ice creammatrix. The
variations in the detected concentrations of lutein and beta-carotene
may result from the initial concentration of the color pigments in the
whole kiwifruit, timing of fruit harvest, storage conditions, and
interactions of these compounds with the constituents in ice creams
(Montefiori et al., 2005; Tavarini, Degl'Innocenti, Remorini, Massai, &
Guidi, 2008; Yeum & Russell, 2002). When the kiwifruit juice fraction
was mixed with milk to produce the ice cream mix, interactions
among all the ice creammix constituents could influence the structure
and functions of active components initially present in the AFKW such
as PPs and carotenoids. Interactions between these active components
have been previously observed, for example, PP-induced complexa-
tion through intermolecular or intramolecular co-pigmentation effect
(Rein & Heinonen, 2004).

3.5. Vitamin C content

Table 1 shows the initial vitamin C concentrations of the AFKWs
from the green-, gold- and red-fleshed kiwifruits (0.92, 10.5, 0.76 mg/
mL AFKW). In general, genotype or cultivar variations, physiological
maturity, harvest factors, storage status, and analysis method utilized
all contribute to the detected vitamin C content in fruits (Esti et al.,
1998; Gil et al., 2006; Imeh & Khokhar, 2002; Kalt, 2005; Lee & Kader,
2000; Rassam & Laing, 2005; Tavarini et al., 2008). The ascorbic acid
content of green and gold kiwifruits is reported as typically being
between 536 and 600 mg, and 528–641 mg, per 100 g dry solids,
respectively (Lesperance, 2009; Salunkhe, Bolin, & Reddy, 1991). The
AFKW from red-fleshed kiwifruit in this study contained relatively
lower concentrations of vitamin C possibly as a result of the longer
storage period for the red-fleshed kiwifruit puree to accommodate
fruit seasonal availability; green- and gold-fleshed kiwifruits, which
ripen later in the season, were not stored for as long a period. Thus, the
vitamin C content of the red AFKW could have been different from the
detected values in this study, if the red-fleshed kiwifruit had been
harvested later or stored for the same period as that for green- and
gold-fleshed kiwifruits.

The detected vitamin C content in the ice cream made with green
kiwifruit was significantly (Pb0.05) lower than those with gold- and
red-fleshed kiwifruits (Fig. 7). Interestingly, for the same quantity of
AFKW ingredients, the vitamin C content in green AFKW was
significantly higher (Pb0.05) than that in the red AFKW (with a
ratio of 1.21:1). This trend, however, reversed in the case of finished
ice cream product. For the same amount of kiwifruit ice creams that
contained the same quantity of added AFKW, the ratio of vitamin C
content in the green and red kiwifruit ice creamswas 1:1.46. Thus, the
type of kiwifruit affected the stability of its vitamin C in the ice cream
matrix. Furthermore, the result that the vitamin C derived from the
kiwifruit was considerably retained in the final ice cream is
encouraging, as an adequate quantity of ascorbic acid (also known
as vitamin C) through dietary intake is very important for humans,
who are not able to synthesize this compound but require it to
Table 1
Total extractable polyphenol and vitamin C contents in the aqueous fractions from
green, gold and red kiwifruit purees.

Aqueous fraction (AFKW) Green kiwifruit Gold kiwifruit Red kiwifruit

TEPC (CtE. mg/mL) 1.48±0.05a 1.69±0.04b 1.85±0.02c

Vitamin C (mg/mL) 0.92±0.02a 1.05±0.02b 0.76±0.03c

Data expressed as mean±standard deviations of triplicate measurements. Different
superscript letters in the horizontal rows indicate significant differences at Pb0.05.
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neutralize reactive oxygen species (Davey et al., 2000; Ferraroni et al.,
1994; Minnunni et al., 1992; Rababah et al., 2005).

3.6. Technical challenges during the ice cream preparation with kiwifruit
juices

Preliminary trials were performed to identify themost appropriate
volume of AFKW used in ice cream preparation; subsequently equal
amounts of AFKW and milk (500 mL:500 mL) were selected. It was
found that both pH pre-adjustment and pre-heating of the AFKW
played critical roles in ice creammaking. Use of AFKW introduced the
potential for interactions among the kiwifruit juice components, milk
proteins/fat and stabilizer during processing, and thus a change in the
degree of fat agglomeration in ice cream (Schmidt, 2004). For ice
cream making, agglomerated fat helps create ice cream structure: an
increasing degree of fat agglomeration is associated with a reduced
rate of melting and better ice cream shape retention (Schmidt, 2004).
Any alteration in the physical form of proteins in ice cream, such as
might be caused by AFKW addition, could cause a change in melting
properties (Schmidt, 2004) and ice cream microstructure (Boode,
1992; Van Boekel, 1980; Van Dam,Watts, Campbell, & Lips, 1995). The
AFKWs contained a significant amount of water soluble polysaccha-
rides from kiwifruits with viscosity imparting properties (Sun-
Waterhouse, Chen, et al., 2009b; Sun-Waterhouse, Wen, et al.,
2009a; Yuliarti et al., 2008). It was reported (El-Nagar et al., 2002)
that the addition of a soluble fiber polysaccharide such as inulin
altered the viscosity of ice cream mixes and the texture of the
resultant ice cream product. Soluble fiber polysaccharides play an
important role in milk coagulation kinetics (i.e. the gel time and
coagulum firming rates) (Fagan et al., 2006). Pectin has a pronounced
effect on the microstructure of milk gels, and such an effect was
determined by the concentration of pectin, e.g. pectin of 0.2–0.4% (w/
w) significantly reduces gel times (Fagan et al., 2006).

Severe curdling of ice cream mix occurred and kiwifruit juice
separated out during the pasteurization and aging steps when the
AFKWwas directly used for ice cream preparation (in the preliminary
trials of this study). It was found that a two-step pretreatment of the
AFKW (a pH pre-adjustment followed by heating at 55 °C for 1 min)
prior to addition to the ice creammix avoided curdling. Curdling of ice
cream mix still occurred if pH was pre-adjusted but heating was not
used. Heating at 40, 45 and 50 °C for 1–3 min was also insufficient to
prevent curdling. Interestingly, the minimal pH adjustment for green
kiwifruit, was lower than that for gold and red kiwifruits (4.7
compared to 4.9 respectively). The activity of enzymes like actinidin
in the AFKWs (Bublin et al., 2004; Nieuwenhuizen et al., 2007;
Nishiyama, 2007), change in the pH of ice cream mix caused by the
using a substantial amount of juice from kiwifruit with green, gold
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AFKW acidity, processing procedure like pasteurization, and in-
teractions between milk proteins and the PPs in AFKW, may have
all contributed to this (Arbuckle, 1986; Fox, 1989; Holt, 1995;
Gastaldi, Lagaude, & Tarodo De La Fuente, 1996; Gastaldi, Lagaude,
Marchesseau, & Tarodo de la Fuente, 1997; Augustin & Udabage,
2007).

The green and gold kiwifruits differed in abundance and cysteine
protease activity (Nieuwenhuizen et al., 2007). The total cysteine
protease activity in the gold kiwifruit was found to be smaller than
that of the green kiwifruit (Nieuwenhuizen et al., 2007). Gold
‘Hort16A’ and green ‘Hayward’ had similar levels of basic actinidin
isoform, but the gold did not express an acidic isoform, KFAct1a,
which was predominant in the green (Nieuwenhuizen et al., 2007).
Red kiwifruits are reported to have had a different profile of enzyme
system compared with green and gold kiwifruits (Wang, Maddumage
& Atkinson, 2009). Differences in the enzymes present in kiwifruit
might mean variations in a number of enzymatic reactions e.g.
actinidin-catalyzed hydrolysis of milk proteins and gelatin. In this
study, gelatin, a class of proteinaceous substances, was used as the
stabilizer, given its reported effect in improving elasticity, consistency
and stability (Johns & Courts, 1977; Zhou & Regenstein, 2006).
Enzymes including actinidin in the AFKW needed to be inactivated
through heating prior to the AFKW addition to the ice cream mix
(Katsaros, Katapodis, & Taoukis, 2009; Nam, Walsh, & Yang, 2006;
Wilson & Burns, 1983).

The pH of natural milk is around 6.64, at which the milk casein
micelles are very stable (Walstra, 1990). A decrease in pH results in an
excess of positive ions (H+) which can neutralize the negative
charges around the casein micelles, thus decreasing the electrostatic
boundary layers and resulting in casein micelles coalescing (Gastaldi
et al., 1996). In this study, the pH of the AFKW of green, gold and red
kiwifruit was 3.5, 3.6, and 3.8, respectively. When these AFKWs were
added to the ice cream mix, the pH of milk decreased significantly to
between 4.6 and 4.9 (the normal pH of ice cream is about 6.3)
(Arbuckle, 1986), which reduced the steric and electrostatic repulsion
between casein particles, and caused micellar aggregation (Gastaldi
et al., 1996). A high acidity is also associated with decreased whipping
rates and a less stable mix or possible coagulation during pasteuri-
zation and processing (Arbuckle, 1986) which is clearly undesirable.

Food process methods such as heating, acidification/alkali treat-
ment, addition of stabilizer/emulsifier, and homogenization, are
commonly used to optimize functionality of milk components
(Augustin & Udabage, 2007). Heating can induce changes in milk,
including inactivation of enzymes, denaturation of whey proteins
(N60 °C), and alteration of casein micelles association (Donovan &
Mulvihill, 1987; Fox, 1989; Holt, 1995). The extent of protein
denaturation is determined by the temperature applied and pH
during heating (Augustin & Udabage, 2007; Law & Leaver, 2000). A
decrease in the pH of milk systems prior to heating leads to more
association of the denatured whey proteins to the casein micelle
(Corredig & Dalgleish, 1996; Oldfield, Singh, Taylor, & Pearce, 2000;
Vasbinder & de Kruif, 2003). The pH adjustment before heating in this
study might have altered the gelation properties of milk, causing
differences in protein structures formed at the time of heating. Small
changes in pH (even though the digits after the decimal point) were
found to cause large difference in gel properties (Anema, Lee, Lowe, &
Klostermeyer, 2004). Fine-stranded gels with good water-binding
activity are formed when the milk protein is at a pH much above its PI
and low ionic strength, while particulate gels with a loose network of
large protein particles and low water-binding capacity, are formed
when the pH is nearer the isoelectric point and at high ionic strength
(Langton & Hermansson, 1992). Furthermore, the pH of the ice cream
mix before pasteurization would have played an important role in the
charge-related interactions between the polar PP compounds in the
AFKW and the milk caseins/whey proteins (Haslam, 1998; Léonil
et al., 1994; Perez-Jimenez & Saura-Calixto, 2006; Rawel et al., 2001;
Please cite this article as: Sun-Waterhouse, D., et al., Producing ice cream
or red flesh, Food Research International (2011), doi:10.1016/j.foodres.2
Rohn et al., 2004;Wegrzyn et al., 2008). This explains the requirement
of theminimal pH adjustment prior to pre-heating of AFKW for the ice
cream making in this study.

4. Conclusions

Health beneficial phytochemicals such as dimethyl-caffeic acid
hexoside, caffeic acid derivatives, protocatechuic acid, syringic acid,
salicylic acid/ο-coumaric acid, lutein and beta-carotene were com-
monly detected in the three kiwifruit ice creams, although with
differences in the PP and carotenoid HPLC profiles. Only the ice cream
made using red kiwifruit contained anthocyanins, and such ice cream
had the highest level of TEPC and antioxidant capacity, reflecting the
attributes of the AFKW ingredients. The vitamin C content in the green
kiwifruit ice creamwas the lowest, despite a higher vitamin C content
in the AFKW ingredient, indicating that the type of kiwifruit affected
the stability of vitamin C in the ice cream matrix. The G′ decreased in
the order of greenNgoldNred, suggesting that red kiwifruit AFKW
might facilitate stronger fat destabilization and consequently lower
elasticity in ice cream than gold or green kiwifruit AFKW. The ice
cream containing green kiwifruit had a shorter melting time and
lower overrun than the other two ice creams, which was associated
with the detected difference in G′. The variations in the properties of
ice creams reported here may result from the differences in the
composition of three types of kiwifruit (e.g. the concentrations of PPs,
vitamin C, pigments and the proteolytic enzyme actinidin), also the
acidity of kiwifruit purees and the derived AFKWs.

It is possible to use a substantial amount of AFKW (e.g. at a level of
49% v/v) to produce ice cream: the final products have retained much
of the natural colors as well as the unique vitamin C, PP and carotenoid
antioxidant contents of various kiwifruit. Futureworkmay include the
exploration of alternative approaches to control the undesired
enzyme activities in kiwifruit puree or its derived AFKW e.g.
ultrafiltration and high pressure processing. Flavor was not a focus
of this scoping study, although preliminary taste trials showed such
kiwifruit ice creams had natural and pleasant flavor of the kiwifruit
used. Formal consumer evaluation of this ice cream format would
need to be conducted after the optimization of formulation and
processing methods.

Acknowledgments

This work was funded by FRST Wellness Foods Programme
(C06X0405) and Plant & Food Research Novel Food Delivery
Capability project. The authors thank Dr Sara Jaeger for comments
on an earlier version, and Ms Jing Zhou for assisting with rheological
property assessment.

References

Abd El-Rahman, A. M., Madkor, S. A., Ibrahim, F. S., & Kilara, A. (1997). Physical
characteristics of frozen desserts made with cream, anhydrous milk fat, or milk fat
fractions. Journal of Dairy Science, 80(9), 1926–1935.

Adapa, S., Dingeldein, H., Schmidt, K. A., & Herald, T. J. (2000). Rheological properties of
ice cream mixes and frozen ice creams containing fat and fat replacers. Journal of
Dairy Science, 83, 2224–2229.

Ahmet, C., Sezai, E., & Nihat, T. (2007). Some physical, pomological and nutritional
properties of kiwifruit cv Hayward. International Journal of Food Sciences and
Nutrition, 58, 411–418.

Amundson, C. H., Watanawanichakorn, S., & Hill, C. G. (1982). Production of enriched
protein fractions of beta-lactoglobulin and alpha-lactalbumin from cheese whey.
Journal of Food Processing and Preservation, 6, 55–71.

Anema, S. G., Lee, S. K., Lowe, E. K., & Klostermeyer, H. (2004). Rheological properties of
acid gels prepared from heated pH-adjusted skim milk. Journal of Agriculture and
Food Chemistry, 52, 337–343.

AOAC (1990). Official methods of analysis of the Association of Official Analytical
Chemists. (15th ed). (Arlington, VA).

Arbuckle, W. S. (1986). Ice cream (Fourth Edition). New York: Van Nostrand Reinhold.
Arts, M., Haenen, G., Wilms, L., Beetstra, S., Heijnen, C., Voss, H. P., et al. (2002).

Interactions between flavonoids and proteins: Effect on the total antioxidant
capacity. Journal of Agricultural and Food Chemistry, 50, 1184–1187.
using a substantial amount of juice from kiwifruit with green, gold
011.05.030

http://dx.doi.org/10.1016/j.foodres.2011.05.030


9D. Sun-Waterhouse et al. / Food Research International xxx (2011) xxx–xxx
Augustin, M. A., & Udabage, P. (2007). Influence of processing on functionality of milk
and dairy proteins. Advances in Food and Nutrition Research, 53, 1–38.

Barfod, N. M., Krog, N., Larsen, G., & Buchheim, W. (1991). Effects of emulsions on
protein–fat interaction in ice cream nix during ageing. Quantitative analysis. Fat
Science Technology, 93. (pp. 24–29).

Benzie, I. F. F., & Strain, J. J. (1999). Ferric reducing/antioxidant power assay: Direct
measure of total antioxidant activity of biological fluids and modified version for
simultaneous measurement of total antioxidant power and ascorbic acid
concentration. Methods in Enzymology, 299, 57–67.

Blondelle, S. E., Bfittner, K., & Houghten, R. A. (1992). Evaluation of peptide–peptide
interactions using reversed-phase high-performance liquid chromatography.
Journal of Chromatography, 625, 199–206.

Bodyfelt, F. W., Tobias, J., & Trout, G. M. (1988). Sensory evaluation of ice cream and
related products. The sensory evaluation of dairy products. Westport, Conn: AVI.

K. Boode, (1992). Partial coalescence in oil-in-water emulsions. PhD Thesis, University
of Wageningen.

Bublin, M., Mari, A., Ebner, C., Knulst, A., Scheiner, O., Hoffmann-Sommergruber, K., et al.
(2004). IgE sensitization profiles toward green and gold kiwifruits differ among
patients allergic to kiwifruit from 3 European countries. Journal of Allergy and
Clinical Immunology, 114, 1169–1175.

Bull, H. B., & Breese, K. (1970). Water and solute binding by proteins, I. Electrolyte
Archives of Biochemistry and Biophysics, 137, 229–245.

Cano, M. P. (1991). HPLC separation of chlorophyll and carotenoid pigments of four
kiwi fruit cultivars. Journal of Agriculture and Food Chemistry, 39, 1786–1791.

Cassano, A., Figoli, A., Tagarelli, A., Sindona, G., & Drioli, E. (2006). Integrated membrane
process for theproductionof highlynutritional kiwifruit juice.Desalination, 189, 21–30.

Chan, A. O. O., Leung, G., Tong, T., &Wong, N. Y. H. (2007). Increasing dietary fiber intake
in terms of kiwifruit improves constipation in Chinese patients. World Journal of
Gastroenterology, 13, 4771–4775.

Chun, O. K., Kim, D. O., Smith, N., Schroeder, D., Han, J. T., & Lee, C. Y. (2005). Daily
consumption of phenolics and total antioxidant capacity from fruit and vegetables
in the American diet. Journal of the Science of Food and Agriculture., 85, 1715–1724.

Comeskey, D. J., Montefiori, M., Edwards, P. J. B., & McGhie, T. K. (2009). Isolation and
structural identification of the anthocyanin components of red kiwifruit. Journal of
Agriculture and Food Chemistry, 57, 2035–2039.

Corredig, M., & Dalgleish, D. G. (1996). Effect of temperature and pH on the interactions
of whey proteins with casein micelles in skim milk. Food Research International, 29,
49–55.

Davey, M. W., Van Montagu, M., Inze, D., Sanmartin, M., Kanellis, A., Smirnoff, N., et al.
(2000). Plant L-ascorbic acid: Chemistry, function, metabolism, bioavailability and
effects of processing. Journal of the Science of Food and Agriculture, 89, 825–860.

Dawes, H. M., & Keene, J. B. (1999). Phenolic composition of kiwifruit juice. Journal of
Agriculture and Food Chemistry, 47, 2398–2403.

de Graaf, C. (2007). Sensory influences on food choice and food intake. In L. Frewer, & H.
van Trijp (Eds.), Understanding consumers of food products (pp. 30–66). Cambridge:
Woodhead Publishing.

Deters, A. M., Schröder, K. R., & Hensel, A. (2005). Kiwi fruit (Actinidia chinensis L.)
polysaccharides exert stimulating effects on cell proliferation via enhanced growth
factor receptors, energy production, and collagen synthesis of human keratino-
cytes, fibroblasts, and skin equivalents. Journal of Cellular Physiology, 202, 717–722.

Donovan, M., & Mulvihill, D. M. (1987). Thermal denaturation and aggregation of whey
proteins. Irish Journal of Food Science and Technology, 11, 87–100.

Duttaroy, A. K., & Jørgensen, A. (2004). Effects of kiwifruit consumption on platelet
aggregation and plasma lipids in healthy human volunteers. Platelets, 15, 287–292.

Dwamena, C. A., McGhie, T., Wibisono, R., Montefiori, M., Hellens, R. P., & Allan, A. C.
(2009). The kiwifruit lycopene beta cyclase plays a significant role in carotenoid
accumulation in fruit. Journal of Experimental Biology, 60, 3765–3779.

El-Nagar, G., Clowes, G., Tudoric , C. M., Kuri, V., & Brennan, C. S. (2002). Rheological
quality and stability of yog-ice cream with added inulin. International Journal of
Dairy Technology, 55(2), 89–93.

Esti, M., Messia, M. C., Bertocchi, P., Sinesio, F., Moneta, E., Nicotra, A., et al. (1998).
Chemical compounds and sensory assessment of kiwifruit (Actinidia chinensis
(Plance) var. chinensis): Electrochemical and multivariate analyses. Food Chemistry,
3, 293–300.

Fagan, C. C., O'Donnell, C. P., Cullen, P. J., & Brennan, C. S. (2006). The effect of dietary fibre
inclusion on milk coagulation kinetics. Journal of Food Engineering, 77, 261–268.

Ferguson, A. R. (1991). Kiwifruit (Actinidia). Acta Horticulturae, 290, 603–653.
Ferguson, L. R., Philpott, M., & Karunasinghe, N. (2004). Dietary cancer and prevention

using antimutagens. Toxicology, 198, 147–159.
Ferraroni, M., Heinonen, O. P., Albanes, D., Heinonen, M., Rikkala, E., & Teppo, L. (1994).

Selected micronutrients intake and the risk of colorectal cancer. British Journal of
Cancer, 70, 1150–1155.

Fox, P. F. (1989). Heat-induced changes in milk. In P. F. Fox (Ed.), Bulletin of the
International Dairy Federation, No. 238, Brussels: International Dairy Federation.

Gastaldi, E., Lagaude, A., Marchesseau, S., & Tarodo de la Fuente, B. (1997). Acid milk gel
formation as affected by total solids content. Journal of Food Science, 62(4), 671–675
(687).

Gastaldi, E., Lagaude, A., & Tarodo De La Fuente, B. (1996). Micellar transition state in
casein between pH 5.5 and 5.0. Journal of Food Science, 61, 59–64 (68).

Ghosh, D., & Konishi, T. (2007). Anthocyanins and anthocyanin-rich extracts: Role in
diabetes and eye function. Asia Pacific Journal of Clinical Nutrition, 16(2), 200–208.

Gidley, M. J. (2004). Naturally functional foods — Challenges and opportunities. Asia
Pacific Journal of Clinical Nutrition, 13, S31–S.

Gil, M. I., Aguayo, E., & Kader, A. A. (2006). Quality changes and nutrient retention in
fresh-cut versus whole fruits during storage. Journal Agricultural and Food
Chemistry, 54, 4284–4296.
Please cite this article as: Sun-Waterhouse, D., et al., Producing ice cream
or red flesh, Food Research International (2011), doi:10.1016/j.foodres.2
Goff, H. D. (1999). http://www.uoguelph.ca/foodsci/dairyedu/html.
Goff, H. D., Freslon, B., Sahagian, M. E., Hauber, T. D., Stone, A. P., & Stanley, D. W. (1995).

Structural development in ice cream B dynamic rheological measurements. Journal
of Texture Studies, 26, 517–536.

Goff, H. D., Liboff, M., Jordan, W. K., & Kinsella, J. E. (1987). The effects of Polysorbate 80
on the fat emulsion in ice cream mix: Evidence from transmission electron
microscopy studies. Food Microstructure, 6, 193–198.

Gorski, D. (1997). American market trends. In W. Buchheim (Ed.), Session V: Market
trends in ice cream. Proceedings of the international symposium (pp. 145–151).
Athens, Greece: International Dairy Federation.

Haslam, E. (1998). Practical polyphenolics — From structure to molecular recognition
and physiological action. Cambridge, UK: Cambridge University Press.

Hegenbart, S. (1996). The ice cream evolution. Food Product Design, 6(7), 29–44.
Holt, C. (1995). Effect of heating and cooling on the milk salts and their interaction with

casein. In P. F. Fox (Ed.), Heat induced changes in milk (pp. 105–133). Brussels:
International Dairy Federation.

Hoyer, C. (1997). European market trends. In W. Buchheim (Ed.), Session V: Market
trends in ice cream. Proceedings of the international symposium (pp. 145–151).
Athens, Greece: International Dairy Federation.

Imeh, U., & Khokhar, S. (2002). Distribution of conjugated and free phenols in fruits:
Antioxidant activity and cultivar variations. Journal of Agricultural and Food
Chemistry, 50, 6301–6306.

Jeffrey, S. W., Mantoura, R. F. C., & Wright, S. W. (1997). Phytoplankton pigments in
oceanography: Guidelines to modern methods. Paris: UNESCO Publications.

Johns, R., & Courts, A. (1977). Relationship between collagen and gelatin. In A. G. Ward,
& A. Courts (Eds.), The science and technology of gelatin (pp. 137–177). New York:
Academic Press.

Johnson, R. L., & Steele, R. J. (1995). New strategies for kiwifruit processing. International
Journal of Food Science and Technology, 30, 13–21.

Kalt, W. (2005). Effects of production and processing factors on major fruit and
vegetable antioxidants. Journal of Food Science, 70, R11–R19.

Katsaros, G. I., Katapodis, P., & Taoukis, P. S. (2009). Modeling the effect of temperature
and high hydrostatic pressure on the proteolytic activity of kiwi fruit juice. Journal
of Food Engineering, 94, 40–45.

Kong, J. M., Chia, L. S., Goh, N. K., Chia, T. F., & Brouillard, R. (2003). Analysis and
biological activities of anthocyanins. Phytochemistry, 64(5), 923–933.

Kosir, I. J., Lapornik, B., Andersenk, S., Vrhovsek, U., & Kidric, J. (2004). Identification of
anthocyanins in wines by liquid chromatography, liquid chromatography–mass
spectrometry and nuclear magnetic resonance. Analytica Chimica Acta, 513,
277–282.

Langton, M., & Hermansson, A. M. (1992). Fine-stranded and particulate gels of
betalactoglobulin and whey protein at varying pH. Food Hydrocolloids, 5, 523–539.

Law, A. J. R., & Leaver, J. (2000). Effect of pH on the thermal denaturation of whey
proteins in milk. Journal of Agricultural and Food Chemistry, 48, 672–679.

Lee, S. K., & Kader, A. A. (2000). Pre-harvest and post-harvest factors influencing
vitamin C content of horticultural crops. Post-harvest Biology and Technology, 20,
207–220.

Léonil, J., Mollé, D., Bouhallab, S., & Henry, G. (1994). Precipitation of hydrophobic
peptides from tryptic casein hydrolysate by salt and pH. Enzyme and Microbial
Technology, 16(7), 591–595.

Lesperance, L. (2009). The concise New Zealand food composition tables. Wellington:
New Zealand Plant and Food Research and New Zealand Ministry of Health.

Lila, M. A. (2004). Anthocyanins and human health: An in vitro investigative approach.
Journal of Biomedicine and Biotechnology, 5, 306–313.

Lodge, N., & Perera, C. O. (1995). Processing of kiwifruit. (Retrieved: 6 January, 2008).
http://www.hortnet.co.nz/publications/science/lodge2.htm.

Marshall, R. T., & Arbuckle, W. S. (1996). Ice cream (5th edition). New York: Chapman
and Hall.

McGhie, T. K., & Ainge, G. D. (2002). Color in fruit of the genus Actinidia: carotenoid and
chlorophyll compositions. Journal of Agricultural and Food Chemistry, 50, 117–121.

Minnunni, M., Wolleb, U., Mueller, O., Pfeifer, A., & Aeschbacher, H. U. (1992). Natural
antioxidants as inhibitors of oxygen species induced mutagenicity. Mutation
Research, 269, 193–200.

Montefiori, M., Comeskey, D. J., Wohlers, M., & McGhie, T. K. (2009). Characterization
and quantification of anthocyanins in red kiwifruit (Actinidia spp.). Journal of
Agricultural and Food Chemistry, 57(15), 6856–6861.

Montefiori, M., McGhie, T., Costa, G., & Ferguson, A. R. (2005). Pigments in the fruit of
red-fleshed kiwifruit (Actinidia chinensis and Actinidia deliciosa). Journal of
Agricultural and Food Chemistry., 53, 9526–9530.

Montefiori, M., McGhie, T. K., Hallett, I. C., & Costa, G. (2009). Changes in pigments and
plastid ultrastructure during ripening of green-fleshed and yellow-fleshed
kiwifruit. Scientia Horticulturae, 119, 377–387.

Nam, S., Walsh, M. K., & Yang, K. (2006). The enzymatic properties of actinidine from
kiwifruit. Food Science Biotechnology, 15(3), 453–457.

Nieuwenhuizen, N. J., Beuning, L. L., Sutherland, P. W., Sharma, N. N., Cooney, J. M.,
Bieleski, L. R. F., et al. (2007). Identification and characterisation of acidic and novel
basic forms of actinidin, the highly abundant cysteine protease from kiwifruit.
Functional Plant Biology, 34, 946–961.

Nishiyama, I. (2007). Fruits of the Actinidia genus. Advances in Food and Nutrition
Research, 52, 293–324.

Nishiyama, I., Fukudo, T., & Oota, T. (2005). Genotypic differences in chlorophyll, lutein,
and b-carotene contents in the fruits of Actinidia species. Journal of Agricultural and
Food Chemistry, 53, 6403–6407.

O'Connell, J., Fox, P., Tan-Kintia, R., & Fox, P. (1998). Effects of tea, coffee and cocoa
extracts on the colloidal stability of milk and concentrated milk. International Dairy
Journal, 8, 689–693.
using a substantial amount of juice from kiwifruit with green, gold
011.05.030

http://www.uoguelph.ca/foodsci/dairyedu/html
http://www.hortnet.co.nz/publications/science/lodge2.htm
http://dx.doi.org/10.1016/j.foodres.2011.05.030


10 D. Sun-Waterhouse et al. / Food Research International xxx (2011) xxx–xxx
Oldfield, D. J., Singh, H., Taylor, M. W., & Pearce, K. N. (2000). Heat-induced interactions
of beta-lactoglobulin and alpha-lactalbumin with the casein micelle in pH-adjusted
skim milk. International Dairy Journal, 10, 509–518.

Pearce, R. J. (1983). Thermal separation of beta-lactoglobulin and alpha-lactalbumin in
bovine cheddar cheese whey. Australian Journal of Dairy Technology, 38, 144–149.

Perez-Jimenez, J., & Saura-Calixto, F. (2006). Effect of solvent and certain food
constituents on different antioxidant capacity assays. Food Research International,
39, 791–800.

Philpott, M., Mackay, L., Ferguson, L. R., Forbes, D., & Skinner, M. (2007). Cell culture
models in developing nutrigenomics foods for inflammatory bowel disease.
Mutation Research, 622, 94–102.

Possingham, J. V., Coote, M., & Hawker, S. (1980). The plastids and pigments of fresh and
dried Chinese gooseberry (Actinidia chinensis). Annals of Botany, 45, 529–533.

Rababah, T. M., Ereifey, K. T., & Howard, L. (2005). Effect of ascorbic acid and dehydration
on the concentration of total phenolics, anti-oxidant capacity, anthocyanins and color
in fruits. Journal of Agricultural and Food Chemistry, 53, 4444–4447.

Rassam, M., & Laing, W. (2005). Variation in ascorbic acid and oxalate levels in the fruit
of Actinidia chinensis tissues and genotypes. Journal of Agricultural and Food
Chemistry, 53, 2322–2326.

Rawel, H., Kroll, J., & Hohl, U. (2001). Model studies on reactions of plant phenols with
whey proteins. Nahrung, 45, 72–78.

Rein, M. J., & Heinonen, M. (2004). Stability and enhancement of berry juice colour.
Journal of Agriculture and Food Chemistry, 52, 3106–3114.

Rice-Evans, C. A., Miller, N. J., & Paganga, G. (1997). Antioxidant properties of phenolic
compounds. Trends in Plant Science Reviews, 2, S1380–S1385.

Rodriquez-Amaya, D. B. (1999). A guide to carotenoid analysis in foods.Washington, DC:
ILSI PRESS.

Rohn, S., Rawel, H., & Kroll, J. (2004). Antioxidant activity of proteinbound quercetin.
Journal of Agricultural and Food Chemistry, 52, 4725–4729.

Rush, E. C., Patel, M., Plank, L. D., & Ferguson, L. R. (2002). Kiwifruit promotes laxation in
the elderly. Asia Pacific Journal of Clinical Nutrition, 11, 164–168.

Salunkhe, D. K., Bolin, H. R., & Reddy, N. R. (1991). Storage, processing and nutritional
quality of fruits and vegetables, Volume 2, Boca Raton, Florida: CRC Press.

Sauvageau, J., Hinkley, S. F., Carnachan, S. M., & Sims, I. M. (2010). Characterisation of
polysaccharides from gold kiwifruit (Actinidia chinensis Planch. ‘Hort16A’).
Carbohydrate Polymers, 82, 1110–1115.

Schmidt, K. A. (2004). Dairy: Ice cream. Food processing — Principles and applications
(pp. 287–296). Ames, IA: Blackwell Publishing.

Singleton, V. L., Orthofer, R., & Lamuela-Raventos, R. M. (1997). Analysis of total phenols
and other oxidation substrates and antioxidants by means of the Folin Ciocalteu
reagent. Methods in Enzymology, 229A, 152–178.

Skrede, G., Larsen, V. B., Aaby, K., Jorgensen, A. S., & Birkeland, S. E. (2004). Antioxidative
properties of commercial fruit preparations and stability of bilberry and black
currant extracts in milk products. Journal of Food Science, 69, S351–S356.

Spreer, E. (1998). Milk and dairy product technology. New York: Marcel Dekker, Inc..
Starling, S. 2005. Fruit dons ‘healthy’ halo. Functional Foods & Nutraceuticals, pp. 6

(December).
Stefanovich, A. F., & Karel, M. (1982). Kinetics of β-carotene degradation at

temperatures typical of air drying of foods. Journal of Food Processing and
Preservation, 6, 227–242.

Stevenson, D., Wibisono, R., Jensen, D., Stanley, R., & Cooney, J. (2006). Direct acylation
of flavonoid glycosides with phenolic acids catalysed by Candida antarctica lipase B
(Novozym 435®). Enzyme and Microbial Technology, 2006(39), 1236–1241.

Sun-Waterhouse, D., Chen, J., Chuah, C., Wibisono, R., Melton, L. D., Laing, W., et al.
(2009). Kiwifruit-based polyphenols and related antioxidants for functional foods:
Kiwifruit extract-enhanced gluten-free bread. International Journal of Food Science
and Nutrition, 60(S7), 251–264.
Please cite this article as: Sun-Waterhouse, D., et al., Producing ice cream
or red flesh, Food Research International (2011), doi:10.1016/j.foodres.2
Sun-Waterhouse, D., Melton, L. D., O'Connor, C. J., Kilmartin, P. A., & Smith, B. G. (2008).
Effect of apple cell walls and their extracts on the activity of dietary antioxidants.
Journal of Agriculture and Food Chemistry, 56(1), 289–295.

Sun-Waterhouse, D., Smith, B. G., O'Connor, C. J., & Melton, L. D. (2008). Effect of raw
and cooked onion dietary fibre on the antioxidant activity of ascorbic acid and
quercetin. Food Chemistry, 111, 580–585.

Sun-Waterhouse, D., Wen, I., Wibisono, R., Melton, L. D., & Wadhwa, S. (2009).
Evaluation of the extraction efficiency for polyphenol extracts from by-products of
green kiwifruit juicing. International Journal of Food Science and Technology, 44,
2644–2652.

Sweetsur, A. W. M., & Muir, D. D. (1983). Effect of homogenization on the heat stability
of milk. Journal of Dairy Research, 50, 291–300.

Tavarini, S., Degl'Innocenti, E., Remorini, D., Massai, R., & Guidi, L. (2008). Antioxidant
capacity, ascorbic acid, total phenols and carotenoids changes during harvest and
after storage of Hayward kiwifruit. Food Chemistry, 107, 282–288.

Thomsen, M., & Holstborg, J. (1998). The effect of homogenisation pressure and
emulsifier type on ice cream mix and finished ice cream. International Dairy
Federation, special issue: Ice cream (pp. 105–111)..

Tuorila, H. (2007). Sensory perception as a basis for food acceptance and consumption.
In H. MacFie (Ed.), Consumer-led food product development (pp. 34–80). Cambridge:
Woodhead Publishing.

M.A.J.S. Van Boekel, (1980). Influence of fat crystals in the oil phase on stability of oil-in-
water emulsion. PhD Thesis, University of Wageningen.

Van Dam, B. M. C., Watts, K. M., Campbell, I. J., & Lips, A. (1995). On the stability of milk
protein-stabilized concentrated oil-in-water food emulsion. In E. Dickinson, & D.
Lorient (Eds.), Food macromolecules and colloids (pp. 215). Cambridge, UK: Royal
Society of Chemistry.

Van Kleef, E., van Trijp, H. C. M., Luning, P., & Jongen, W. M. F. (2002). Consumer-
oriented functional food development: How well do functional disciplines reflect
the ‘voice of the consumer’? Trends in Food Science and Technology, 13(3), 93–101.

Vasbinder, A. J., & de Kruif, C. G. (2003). Casein-whey protein interactions in heated
milk: The influence of pH. International Dairy Journal, 13, 669–677.

Velez-Ruiz, J., & Barbosa, G. V. (1997). Rheological properties of selected dairy products.
Critical Reviews in Food Science and Nutrition, 37(4), 311–359.

Walstra, P. (1990). On the stability of casein micelles. Journal of Dairy Science, 73,
1965–1979.

Wang, M., Maddumage, R., & Atkinson, R. (2009). Flavour volatiles and allergen levels in
four advanced kiwifruit selections – a preliminary study. Plant & Food Research
confidential internal report, November, 2009, Auckland, New Zealand.

Wegrzyn, T. F., Farr, J. M., Hunter, D. C., Au, J., Wohlers, M. W., Skinner, M. A., et al.
(2008). Stability of antioxidants in apple polyphenol-milk model system. Food
Chemistry, 109, 310–318.

Williams, E., Stewart-Knox, B., & Rowland, I. (2004). A qualitative analysis of consumer
perceptions of mood, food and mood-enhancing functional foods. Journal of
Nutraceuticals, Functional and Medical Foods, 4(3/4), 61–83.

Wills, R. B. H., & Greenfield, H. (1981). Methodological considerations in producing data
for food composition tables. Food Technology in Australia, 33, 122–124.

Wilson, E. L., & Burns, D. J. W. (1983). Kiwifruit juice processing using heat treatment
techniques and ultrafiltration. Journal of Food Science, 48, 1101–1105.

Yeum, K. -J., & Russell, R. M. (2002). Carotenoid bioavailability and bioconversion.
Annual Review of Nutrition, 22, 483–504.

Yuliarti, O., Goh, K., Matia-Merino, L., Mawson, J., Drummond, L., & Brennan, C. S.
(2008). Effect of extraction techniques and conditions on the physicochemical
properties of the water soluble polysaccharides from gold kiwifruit (Actinidia
chinensis). International Journal of Food Science and Technology, 43, 2268–2277.

Zhou, P., & Regenstein, J. M. (2006). Determination of total protein content in gelatin
solutions with the Lowry or Biuret assay. Journal of Food Science, 71(8), C474–C479.
using a substantial amount of juice from kiwifruit with green, gold
011.05.030

http://dx.doi.org/10.1016/j.foodres.2011.05.030

	Producing ice cream using a substantial amount of juice from kiwifruit with green, gold or red flesh
	1. Introduction
	2. Materials and methods
	2.1. Materials and chemicals
	2.2. Ice cream preparation
	2.3. Overrun and melting properties
	2.4. Total soluble solid content and pH values
	2.5. Rheological analysis
	2.6. Preparation of polyphenol extracts using Accelerated Solvent Extraction (ASE)
	2.7. Extraction of chlorophylls and carotenoids using Accelerated Solvent Extraction (ASE)
	2.8. Total extractable polyphenol content and total antioxidant capacity
	2.9. High Pressure Liquid Chromatography (HPLC) profiling of individual polyphenols
	2.10. High Pressure Liquid Chromatography profiles of chlorophylls and carotenoids
	2.11. Determination of l-ascorbic acid
	2.12. Statistical analysis

	3. Results and discussion
	3.1. Product characteristics of ice cream made with kiwifruit juice fraction
	3.2. Rheological tests
	3.3. Total extractable polyphenol content and antioxidant capacity of ice creams
	3.4. HPLC phenolic and carotenoid profiles
	3.5. Vitamin C content
	3.6. Technical challenges during the ice cream preparation with kiwifruit juices

	4. Conclusions
	Acknowledgments
	References


