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INTRODUCTION

The frozen dessert market has grown rapidly in recent
years and become one of the important consumer products
without seasonal restrictions.  Among the traditional ice
products, taro ice products have a unique flavor, smooth tex-
ture and special color that are especially appreciated by
Taiwanese consumers.  Based on the properties of the fin-
ished products, taro ice products can be classified into two
categories, namely, ice bars and ice cream.  Generally speak-
ing, the principal components of ice cream are fats (8-20%),
sugars (13-20%), stabilizers/emulsifiers (0-0.7%), and total
solids (36-43%)(1).  Compared to other ice products, the fat
content and overrun property of ice cream are greater than
other ice products.  According to the definitions and stan-
dards of identity published by the US Food and Drug
Administration (FDA), an ice product has to be comprised of
at least 10% of butterfat and 20% of total milk solid to be
called as ice cream(2).  The ice cream can be labeled “reduced
fat”, “low fat”, or “non fat” when its total fat content is lower
than 10% as desired by the market.  The Chinese National
Standard (CNS) defines that butterfat-containing ice cream
has to consist of equal or greater than 8% of butterfat and

greater than 30% of total solid content, whereas the butterfat
and total solid content have to be in the range of 2 to 8% and
greater than 28%, respectively, for ice bar products(3).

Commonly seen commercial ice-bar products can be
further categorized into two types depending on their outer
appearances.  One type is bar-shaped, also known as popsi-
cles.  The unit weight varies with brands, but usually is about
80±5 g, although unit weights up to 120 g can be seen in the
market.  The other type is small cube-shaped with unit weight
in the range of 20 to 25 g.  There are no standards that regu-
late the composition of cube-type ice bar products, but usual-
ly the fat content is lower.  Moreover, the manufacturers
place more emphasis on the development of new flavors so
that the life cycle for cube-type ice bar products is short
which in turn has an impact on the prices.  Therefore, the goal
for future development is to focus on the quality improve-
ment in order to meet the consumer’s demand for finer prod-
ucts(4).

The content of milk fats, types and quantity of sweeten-
ers, product overrun, and special flavors are the determining
factors of the sensory properties of ice products(5).  Although
the uses of artificial sweeteners can substitute sucrose for
sweetening purposes, they can only partially substitute the
properties presented by butterfat.  However, the shortcom-
ings of the substitution significantly affect viscosity, melting
rate and resistance to deformation of the ice products.

* Author for correspondence. Tel: 04-26328001~5302; 
Fax: 04-26318407; E-mail:yhchang@pu.edu.tw

Sensory and Physicochemical Analyses on 
Commercial Taro Ice Products

TING-JANG LU1, CHIH-WEN CHUANG2 AND YUNG-HO CHANG2*

1. Graduate Institute of Food Science and Technology, National Taiwan University

59, Lane 144, Kee-Lung Road, Sec. 4, Taipei, Taiwan 106, R.O.C.
2. Department of Food and Nutrition, Providence University

200 Chung-Chi Road, Shalu, Taiwan 43301, R.O.C.

(Received: June 19, 2001; Accepted: November 2, 2001)

ABSTRACT

Fourteen commercial taro ice products, including 8 ice-bar products and 6 ice-cream products, were used as the samples in the present
study.  The physicochemical properties of the commercial taro ice products such as color, moisture content, fat content, overrun, viscosity,
texture, melting rate and free-sugar composition were measured.  Sensory evaluation and principal component analysis (PCA) methods
were also employed to investigate the important sensory factors.  Results indicated that the ice creams showed lower levels of differences
in color and higher overrun values, whereas the ice bars had a higher value of hardness and lower melting rate.  Sucrose and lactose were
the major free-sugar components for most of the commercial taro ice products studied.  Ice-bar samples showed a significantly (p<0.05)
higher value of firmness in sensory evaluation, and the sweetness and creaminess scores of ice bars were less diverse than those of the ice
creams.  Results of PCA indicated that the sensory evaluation method distinguished the differences between the ice cream products in a
more sensitive manner than that of the ice-cream products.  The significant (p<0.05) attributes of the sensory evaluation to the first princi-
pal component of ice bars were sweetness, thickness, firmness and color whereas fattiness was the significant (p<0.05) item to the second
principal component.  For the ice creams, on the other hand, the significant (p<0.05) sensory evaluation items were color, creaminess,
sweetness, thickness (for the first principal component), overall score and taro flavor (for the second principal component).  Based on the
results of PCA, the evaluation of sweetness, color and thickness were the important sensory factors, which then could be used as a refer-
ence index in the development of taro ice products.
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Sucrose represents the majority of the sweeteners used in ice
products, and has become the standard of relative sweetness
for other sweeteners.  Recently, many ice products have turn
to other sugars such as fructose, corn syrup, honey, or mal-
todextrin to reduce the dependence on sucrose and to adjust
the sweetness, freezing point, and solid content(6-8).
Nevertheless, glucose, sucrose and maltose are the primary
compositions for these sweeteners.  

The moisture content(1), content and type of sugars(6-8),
and fat content(6,8) of the ice cream are the major factors
influencing how the ice cream is perceived by consumers.
The creaminess and butteriness of vanilla ice cream increase,
while the melting rate and the ratio of ice crystals decrease, as
the content of butterfat increases within the range of 3-12%.
The sugar content enhances the sweetness and caramel fla-
vor, but reduces the milkiness(9).  Guinard et al. investigated
the correlation between physiochemical properties and sen-
sory evaluation by multivariance analysis and found that the
strength of vanilla flavor, creaminess, fattiness and milkiness
positively impact the consumer acceptance of a product
whereas the shades of color, amounts of ice crystals and the
hardness measured by the texture profile analyzer impact the
acceptability in a negative manner(10).  Statistical analyses by
linear regression showed that 10 of the analyzed physio-
chemical properties significantly predicted the results
obtained from the sensory evaluation (p<0.05).  In contrast,
only the milky taste of the texture properties reflected the
outcomes of sensory evaluation at statistically significant
level (p<0.05).

There are limited research reports concerning ice prod-
ucts in Taiwan, of which even fewer are specifically dis-
cussed on taro ice products.  More research is needed for
quality improvement and product development of taro ice
products.  Furthermore, factors that affect the quality of ice
products are complex and hard to control while improving
and/or developing new products.  As a consequence, the pre-
sent study analyzed the compositions of market available taro
ice products on the market and conducted a comparative
assessment on physiochemical properties and sensory evalu-
ation in order to find the correlations.  Additionally, the
Principal Component Analysis (PCA) was applied to explore
the impact factor of each sensory evaluation attribute by mul-
tivariance analysis(11), in order to serve as references for
future development of similar products.  

MATERIALS AND METHODS

I.  Materials and Pretreatments

Assorted market available taro ice products of different
brands produced by different manufactures were purchased
from various supermarket chain stores within a 30-min dri-
ving distance to Providence University, Shalu, Taiwan.
Three liters and at least 2 kg of ice cream and ice bar, respec-
tively, were sampled.  The ice product samples were placed
in polyfoam thermoboxes upon obtaining and transported to
be stored at -20 ± 1˚C in a freezer within 30 min.  The senso-

ry evaluation, texture profile analysis, and physicochemical
measurements of color, melting rate and overrun were per-
formed 16 hr after receiving the samples.  

II. Analytical Methods

(I) Sensory Evaluation

The panelists for sensory evaluation were screened by
the Triangle test for their sensitivity to flavors and tex-
tures(12).  Those appeared to be more sensitive to different
tastes were selected for further training which provided
opportunities for repeated comparisons and panel discussion,
and ultimately to achieve panel agreement on the standards
of scoring.  Twelve panelists who demonstrated higher dis-
criminatory ability and consistency to others were chosen to
form the panel to perform the sensory evaluation.  The pan-
elists had to reach agreement as a group with respect to their
perceptions on the sensory properties(13).  The sensory evalu-
ation was repeated twice and was rated on a 9-point numeri-
cal scale for each of the descriptive attributes.  The items and
intensities for each item included for evaluation were firm-
ness (the level of firmness at the first bite of the taro ice prod-
ucts, very soft to very firm), taro flavor (the natural flavor of
taro, very weak to very strong), sweetness (the sweetness
tasted from the taro ice products after melting in the mouth,
very light to very sweet), color (the natural purple color of
taro, very light to very dense), creaminess (the ice crystals
sensed from the taro ice products in the mouth, very rough to
very smooth), thickness (the thickness felt from the taro ice
products after melting in the mouth, very thin to very thick),
fattiness (the fattiness sensed from the taro ice products in the
mouth, very light to very greasy), and overall score (the over-
all liking to the taro ice products from the panelists, very poor
to excellent).

(II) Texture Profile Analysis (TPA)

A stainless cylinder (6.0 cm inner diameter, 2.5 cm
height) was used to sample the ice products.  The samples
were kept at -20 ± 1˚C and the temperature of the test envi-
ronment was maintained at 15 ± 1˚C.  The samples were ana-
lyzed by a texture profile analyzer (TA-XT2 Texture
Analyzer, Stable Micro System Ltd., England) which imi-
tates chewing action within a 3-min completion cycle.  The
procedures of analysis were as follows: mounted the sample
onto the sample platform, compressed twice with P/3 cylin-
der probe (3 mm diameter) to 50% of its original depth at 2
mm/s rate.  The analytical texture profile curve of the indi-
vidual taro ice product was obtained and the dimensional
parameters were calculated(14).  Five measurements were
obtained for each sample.  

(III) Color

The colors of the taro ice products were analyzed by col-
orimeter (STC-1, Tokyo Denshoku Co., Japan).  Values taken
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were Hunter L (brightness), a (+a, red spectrum; -a, green
spectrum), and b (+b, yellow spectrum; -b, blue spectrum).
The following equation was used for the calculation of the
color index (E).

E = (L2+a2+b2)1/2

Each ice product was sampled 3 times and measure-
ments were made in duplicate.

(IV) Moisture Content

According to the method described in AOAC(15)

16.313, each sample was measured five times.  

(V) Crude Fat Content

Method described in the AOAC(15) 16.316 was adopted.
Five measurements were taken from each sample.  

(VI) Viscosity

A fixed volume of taro ice product sample was placed in
a 100-mL beaker and let stand until completely melted.  Four
hours after melting the viscosity was measured by a
Brookfield viscometer (model LVTDV-DV II, Brookfield
Engineering Lab., Inc., USA) at 12-rpm rotating rate under
room temperature.  Each taro ice product was sampled 3
times and measured in triplicate.  

(VII) Overrun

A cylinder of fixed volume (270 mL) was used for sam-
pling.  Each taro ice product was sampled five times for mea-
surements.  The measurement was taken after the ice product
sample was melted at room temperature and the volume of
the melted liquid was quantified with a measuring cylinder.
The overrun was calculated by the following equation(1):

Overrun = (volume before melting-volume after melting) /
(volume after melting)

(VIII) Melting Rate

The method established by Martionou-Voulasiki and
Zerfiridis(16) was adopted with minor modifications.  The
commercial taro ice products were allowed to melt on sieves
of 5 mesh after stored at -20 ± 1˚C for 16 hr.  The resulted
melted liquid drained from the sieves was collected and
weighed in 10-min intervals.  The melting rate for each indi-
vidual taro ice product was calculated from the slope of the
melting curve plotted as time against weight.  Each ice prod-
uct was sampled and measured in triplicate.  

(IX) Composition and Content of Free Sugars

Commercial taro ice products were instantly frozen to 
-30˚C followed by freeze-drying.  One gram of the dried
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sample was weighed and 20 mL of 75% alcohol was added.
Then the mixture was centrifuged at 1,500 x g for 10 min.
The procedure was repeated for 3 times to extract free sugars.
All of the extracts were collected and vacuum concentrated at
50˚C.  The concentrate was diluted to 25 mL in volumetric
flask with deionized water.  A 10-mL aliquot of the diluted
concentrate was passed through anionic resin bed (Amberlite
IRA-93, Sigma) followed by diluting to 100 mL with a volu-
metric flask.  The dilutant was filtered through a 0.45 µm
membrane then analyzed for free sugars by a high-perfor-
mance anion-exchange chromatography (Model DX500,
Dionex Corp., USA).  The separation was carried out by
injecting the sample dilutant onto a Dionex CarboPacTM PA1
analytical column (4 × 250 mm) followed by elution.
Eluents A and B were 50 mM sodium hydroxide (NaOH) and
50 mM NaOH/100 mM sodium acetate (CH3COONa),
respectively.  The procedure for concentration gradients was
programmed to contain eluent B as follows: 4% for 0 min,
4% for 15 min and 40% for 30 min at flow rate of 0.8
mL/min.  Each ice product was sampled 3 times and the
analysis was performed in triplicate.  

(X) Statistical Analysis

Data were analyzed by the Statistical Analysis System
(SAS)(17).  Analysis of variance (ANOVA), correlation
analysis, Duncan’s multiple rang test, and principal compo-
nent analysis (PCA) were performed as appropriate(11,18).

RESULTS AND DISCUSSION

I. Sensory Evaluation

Fourteen market available taro ice products were col-
lected for the present study and were separated in to two cat-
egories, i.e., ice bar products and ice cream products.  By the
order of sampling, the samples were labeled with the letters
A-H and I-N for ice bar and ice cream products, respectively,
then subjected to sensory evaluation.  The statistical analyses
are summarized in Table 1.  The differences among samples
were statistically significant (p<0.001) for all evaluated

Table 1. Analyses of variance of the descriptive attribute ratings (12
judges): degrees of freedom (df), F ratios, and error mean squares
(MSE)

F-ratios

Panelist Replication Product MSE

Firmness 3.41b 0.02 13.46c 3.45
Taro flavor 6.21c 0.95 15.52c 3.17
Sweetness 3.31b 1.52 14.39c 1.59
Color 3.10b 1.14 19.20c 3.36
Creaminess 4.98b 1.01 14.17c 2.41
Thickness 7.27c 3.89a 8.10c 1.84
Fattiness 8.45c 6.37a 12.27c 1.64
Overall score 2.46a 2.52 22.47c 7.18

df 11 1 13 143
a, b, c Significant at 5%, 1% and 0.1% levels, respectively.
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attributes.  Only ratings to the taro flavor, thickness, and fat-
tiness showed significant inter-panelist difference (p<0.001).
Variations among panelists to these sensory attributes are
common and are considered acceptable in descriptive senso-
ry analysis(10).  Because the rating to a given attribute was
significantly different among samples, the panelists had
demonstrated good agreement after appropriate training.
Besides, the differences between replications of any given
attribute rated by the same panelist were less significant com-
pared to inter-samples and inter-panelists (Table 1).

The results of sensory evaluation are shown in Table 2.
Except for sample N (4.12), the scores to firmness of the taro
ice cream products (2.57-3.77) were significantly lower than
those to the taro ice bar products (3.97-6.77) (p<0.05), indi-
cating that the firmness of ice products is largely determined
by the types of the products.  The flavor of taro ice products
were at lower scores (≤4.17), with the exception of samples
A (5.64) and H (5.32), which suggests that this sensory char-

acteristic in the commercial taro ice products, especially for
taro ice cream products, was not satisfied by the panelists.
Despite the proportion of taro raw material contained in the
products, it is speculated to be affected by the heat treatment
during raw material processing that might result in severe fla-
vor evaporation(19).  The scores of the sweetness and creami-
ness were more consistent for the ice bar products, whereas
those to the ice cream products were more diverse.  On the
contrary, the color and thickness scores were less diverse for
the ice cream products.  The ice bar products were evaluated
to be less greasy with better mouthfeel properties, as shown
by the lower fattiness scores.  The ice bar products also
received higher overall scores, indicating that the overall lik-
ing favored the ice bar products over the ice cream products.  

II. Physicochemical Analysis

The texture properties of the taro ice products were ana-

Table 2. Sensory evaluation on commercial taro ice products

Product Firmness Taro flavor Sweetness Color Creaminess Thickness Fattiness Overall score

Ice bar 
A 5.82b* 5.64a 5.91ab 5.45ab 3.55g 5.45ab 2.27d 5.91b

B 4.67cde 3.20b 4.50cd 3.58cd 6.17bc 4.58bcd 4.17bc 3.75e

C 5.00bcd 3.50b 4.58cd 5.17ab 4.50ef 4.33cde 4.50bc 4.42de

D 4.75cde 3.50b 4.42cd 4.00c 5.00def 4.42cd 3.83c 4.00de

E 4.67cde 3.50b 4.75cd 5.17ab 4.92def 3.92de 3.92c 3.83de

F 5.50bc 3.95b 4.55cd 1.90e 4.20fg 4.55bcd 4.20bc 5.35bc

G 6.77a 4.03b 6.37a 6.25a 6.83ab 6.06a 5.38ab 4.67cd

H 3.97def 5.32a 4.08d 2.72de 5.67cd 5.18abc 4.05c 6.92a

Ice cream
I 2.57h 1.73c 5.25bc 5.07b 5.70cd 3.43e 6.48a 2.35fg

J 3.77efg 1.77c 2.73e 2.12e 3.53g 2.47f 4.42bc 1.75g

K 2.52h 0.92c 5.15bcd 6.03ab 7.12a 4.48cd 5.77a 2.32fg

L 2.92gh 3.28b 4.16cd 5.03b 5.67cd 4.18de 6.05a 2.92f

M 3.42fgh 4.17b 5.13bcd 5.11b 4.83def 4.17de 3.72c 4.58cde

N 4.12def 3.85b 4.78cd 6.12ab 5.22de 4.31cde 4.13c 4.35de

* Means within column with different letters are significantly different at 5% level.

Table 3. Texture profile parameters of commercial taro ice products

Primary parameter Secondary parameter

Product Firmness Springiness Cohesiveness Adhesiveness Chewiness Gumminess 
(g-force) (g-force) (g-force) (g-force)

Ice bar 
A 4596 ± 167a 0.65 ± 0.05 0.025 ± 0.005 -35.5 ± 1.3 74.9 ± 2.9 114.6 ± 0.5
B 5883 ± 124 0.70 ± 0.05 0.008 ± 0.002 -23.0 ± 0.3 32.9 ± 1.1 47.3 ± 0.8
C 7728 ± 367 0.84 ± 0.02 0.066 ± 0.011 -30.6 ± 0.5 262.8 ± 2.9 312.2 ± 0.5
D 4952 ± 323 0.64 ± 0.03 0.025 ± 0.006 -57.0 ± 1.0 79.4 ± 1.4 123.8 ± 2.7
E 4930 ± 436 0.56 ± 0.05 0.029 ± 0.006 -40.2 ± 0.7 69.6 ± 2.5 124.0 ± 0.6
F 4879 ± 212 0.57 ± 0.03 0.034 ± 0.004 -41.9 ± 0.2 94.4 ± 3.0 166.2 ± 2.1
G 3698 ± 152 0.99 ± 0.02 0.040 ± 0.008 -19.6 ± 1.4 188.7 ± 1.6 189.9 ± 2.0
H 4403 ± 338 0.85 ± 0.03 0.035 ± 0.005 -32.8 ± 0.4 180.0 ± 1.9 227.9 ± 2.6

Ice cream
I 2447 ± 206 0.52 ± 0.01 0.027 ± 0.003 -21.4 ± 0.1 40.8 ± 0.6 74.0 ± 0.6
J 3268 ± 69 0.45 ± 0.03 0.078 ± 0.006 -35.0 ± 1.8 50.0 ± 1.5 74.8 ± 0.4
K 2734 ± 66 0.69 ± 0.01 0.055 ± 0.001 -41.9 ± 1.2 48.1 ± 0.6 90.8 ± 0.9
L 1285 ± 86 0.60 ± 0.01 0.038 ± 0.001 -36.2 ± 1.1 29.5 ± 0.8 48.8 ± 0.6
M 2666 ± 138 0.58 ± 0.01 0.042 ± 0.003 -47.7 ± 2.0 38.7 ± 0.2 63.5 ± 1.3
N 3937 ± 166 0.61 ± 0.01 0.038 ± 0.001 -33.5 ± 1.8 32.9 ± 0.1 89.7 ± 1.4

a Values are means ± standard deviations.
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lyzed by using of a texture analyzer.  The results showed that
among the primary parameters, the firmness scores were
higher for the ice bar products (3698-7728) than the ice
cream products (1285-3937) (Table 3), giving excellent cor-
relation with sensory ratings (Table 2).  As for the springi-
ness, cohesiveness, and adhesiveness, there were no pattern
to follow, mostly depending on the individual sample per se.
The chewiness and gumminess were the secondary parame-
ters derived from the primary parameters.  The scores of
these particular parameters were higher in the ice bar prod-
ucts than the ice cream products.  Because incorporation of
air is not required for ice bar as what was needed in the ice
cream products to enhance the overrun parameter, this might
partially explain the increased firmness presented in the ice
bar products.  In addition, the lacking of requirements for
standards of identity for ice bar products provides the manu-
factures liberty to add non-homogenized solids to diversify
the mouthfeel properties of the products.  The reason might
have contributed to the firmer texture demonstrated by the
ice bar products.  In contrast, due to the legal standard regu-
lated composition and the high overrun properties required
by the ice cream products, the firmness measured by the sim-
ulated chewing action would be lower compared to the ice
bar products.  Additionally, the lower energy required for
chewing-swallowing motions and the smaller and evener
homogenized solids embedded in the ice cream may provide
explanations for the lower chewiness and gumminess scores
measured from the ice cream products.  

The color of the ice products is a strong reflection of
their compositions.  This is particularly true when artificial
food coloring agents such as Blue No. 1, Red No. 6 and 7, or
Yellow No. 4 and 5 were added to the products.  The color
measured from the ice bar products were darker than the ice
cream products, indicating that the brightness is stronger in
the ice cream products as represented by the higher Hunter L
values (Table 4).  The Hunter values a and b for taro ice bar
products were in the range of +0.31 to +4.14 and -0.24 to
+3.55, respectively, and the color index (E values) were in

the range of 26.5 to 41.4.  In comparison, the a, b, and E val-
ues for the ice cream products were in the range of +0.41 to
+1.93, -2.39 to +2.53, and 37.5 to 47.9, respectively.  It is
then apparent from the value distributions that the color dif-
ferences were greater among the taro ice bar products.  This
may be due to the less homogenized solids in the ice bar
products.

The moisture content of the taro ice products was
between 61.39% and 81.01% (Table 5).  The fat content was
higher in the ice cream products (Table 5). The viscosity of
the ice products after melting varied with the brands.  In gen-
eral, the viscosity showed a positive correlation with the con-
tent of crude fat in the ice cream products (p<0.05), whereas
there was no significant correlation demonstrated by the ice
bar products (Table 5).  Budiaman and Fennema(20,21) sug-
gest that the viscosity of ice cream is significantly influenced
by the air bubbles.  In other words, the stability of the air bub-

Table 4. Color values of commercial taro ice products

Product L a b E

Ice bar
A 26.30 ± 0.22*f** 1.50 ± 0.08cd 2.53 ± 0.20b 26.5
B 37.68 ± 6.52cd 1.02 ± 0.37e 3.55 ± 0.64a 37.9
C 36.02 ± 2.35de 1.80 ± 0.52bc -0.24 ± 0.10d 36.1
D 37.52 ± 2.75cd 0.53 ± 0.09f 2.13 ± 0.36b 37.6
E 41.35 ± 1.51b 1.12 ± 0.16e -1.11 ± 0.08e 41.4
F 26.31 ± 0.06f 1.34 ± 0.29ed 2.49 ± 0.20b 26.5
G 40.11 ± 0.58bc 4.14 ± 0.10a -2.34 ± 0.19g 40.4
H 33.53 ± 0.55e 0.31 ± 0.05f 1.47 ± 0.35c 33.6

Ice cream
I 47.88 ± 0.01a 1.93 ± 0.05b -1.45 ± 0.05ef 47.9
J 37.41 ± 0.59cd 0.41 ± 0.04f 2.53 ± 0.09b 37.5
K 47.73 ± 0.20a 1.82 ± 0.02bc -1.38 ± 0.12ef 47.8
L 46.13 ± 0.22a 1.28 ± 0.01ed -2.39 ± 0.04g 46.2
M 47.68 ± 0.16a 1.25 ± 0.03ed -1.59 ± 0.07f 47.7
N 47.45 ± 0.13a 1.32 ± 0.01ed -1.11 ± 0.13e 47.5

* Values are means±standard deviations.
**Means within column with different letters are significantly different

at 5% level.

Table 5. Some properties of commercial taro ice products

Product Water (%) Crude fat (%) Viscosity (cps) Overrun Melting rate (g/min)

Ice bar 
A 75.28 ± 0.15a 0.04 ± 0.00 1800 ± 150 0.13 ± 0.08 0.51 ± 0.03
B 64.57 ± 0.18 6.24 ± 0.09 2650 ± 274 0.11 ± 0.06 0.98 ± 0.06
C 66.98 ± 0.32 2.22 ± 0.04 321 ± 18 0.49 ± 0.09 0.88 ± 0.01
D 77.24 ± 0.17 1.08 ± 0.01 3220 ± 325 0.18 ± 0.08 0.49 ± 0.02
E 70.85 ± 0.04 3.74 ± 0.09 267 ± 15 0.54 ± 0.11 1.02 ± 0.11
F 72.62 ± 0.04 0.14 ± 0.00 2390 ± 158 0.07 ± 0.01 0.31 ± 0.01
G 61.39 ± 0.11 1.65 ± 0.01 87 ± 17 0.62 ± 0.04 0.75 ± 0.03
H 75.85 ± 0.04 0.18 ± 0.02 3640 ± 315 0.05 ± 0.01 0.67 ± 0.05

Ice cream
I 66.24 ± 0.02 10.33 ± 0.01 1650 ± 131 0.81 ± 0.21 0.98 ± 0.06
J 81.01 ± 0.12 1.64 ± 0.01 144 ± 12 0.76 ± 0.19 0.52 ± 0.03
K 70.72 ± 0.16 5.35 ± 0.05 256 ± 141 1.63 ± 0.12 1.10 ± 0.02
L 62.76 ± 0.01 7.61 ± 0.03 1270 ± 141 2.05 ± 0.23 1.03 ± 0.05
M 63.12 ± 0.03 7.49 ± 0.04 1120 ± 104 2.48 ± 0.08 0.97 ± 0.03
N 65.83 ± 0.04 7.22 ± 0.03 1230 ± 98 1.87 ± 0.10 1.13 ± 0.05

a Values are means±standard deviations.
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bles incorporated in ice cream after melting is the determin-
ing factor for the presented viscosity of the ice cream.
Because the fat content has an effect on the stability of the air
bubbles, it is also correlative with the viscosity of the ice
cream.  

The overrun values were in the range of 0.13 to 0.62 and
0.76 to 2.48, respectively, for the ice bar and ice cream prod-
ucts (Table 5).  The differences were primarily due to the dif-
ferent production means of various product types.  Ice cream
products emphasize on the instant melting and homogenous
properties whereas the ice bar products emphasized on reach-
ing certain level of firmness.  Because most of the ice bar
products consisted of heterogeneous solids that left larger
pieces on the sieves, which was in contrast to the free flow
liquid demonstrated by the ice cream products.  As a conse-
quence, the melting rates of the ice cream products were
faster than the ice bar products.  However, the composition of
the products, such as the content of fat, also plays a part in the
rate of melting(16).  Therefore, the measured melting rates did
not completely follow the classification of the ice products
(Table 5).  

Only limited sweeteners are ever used in ice products.
Of which sucrose, corn syrup and malt syrup are the most
commonly seen(1).  Based on the free sugars measured from
the samples, sucrose was the major sweetener employed for
the commercial taro ice products collected in the present
study, followed by lactose (Table 6).  It is likely that the lac-
tose tested from the samples were from the dairy components
of the ice products.  Thereby, the major sweetener used in
commercial taro ice products, at least for those analyzed in
the present study, was sucrose.

III. Correlation Analysis

In order to determine the correlation between the
physicochemical properties and the sensory ratings, correla-
tion analysis was performed on the results obtained from the
physicochemical analysis and the sensory evaluation(17).  The

data showed that the moisture content was positively corre-
lated with the firmness (p<0.05) but was negatively correlat-
ed with the color and creaminess (p<0.05).  Because the size
of ice crystals is inversely proportional to the content of total
solids(10), and because the texture of the ice products is
directly affected by the size of the ice crystals(22), the firm-
ness and creaminess properties can be affected by the mois-
ture content of the ice products.  The content of crude fats
correlated with the firmness (p<0.01) and the overall rating
(p<0.05) in negative manners, but in a positive manner with
the fattiness (p<0.05).  These results were in agreement with
Guinard et al.(10), who showed that the content of sugars
added to the ice products affected sensory ratings such as fat-
tiness and creaminess, and oppositely affected the firmness
of the ice products.  The present study measured the content
of 5 free sugars in the ice products and the sum of the 5 sug-
ars was presented as the content of total free sugars (Table 6).
Statistical analysis showed that the total free sugar content
was in negative correlation with the firmness of the ice prod-
ucts (p<0.05) but was in positive correlation with the color
(p<0.01), creaminess (p<0.05), and fattiness (p<0.05) (Table
7).  The overrun of the ice products was inversely correlated
with the firmness (p<0.05), whereas the melting rate was cor-
rected with the color and creaminess (p<0.05) (Table 7).  

IV. Principal Component Analysis

As demonstrated by Table 7, it was clearly demonstrat-
ed that the overall acceptability of an ice product is com-
pounded by many factors, which is not easily expressed by a
simple liner regression equation.  This conclusion is consis-
tent with studies conducted in vanilla ice cream(10).
Therefore, principal component analysis(10,13,18,23) was per-
formed to evaluate the correlation between sensory ratings
and texture parameters on the ice bar and ice cream products.

The primary and secondary principal components
accounted for 40.04 and 28.33%, respectively, of variance of
the descriptive sensory ratings of the ice bar products (Figure

Table 6. Free sugar contents (mg/g of dry matter) of commercial taro ice products 

Product Glucose Sucrose Fructose Maltose Lactose Total free sugar

Ice bar 
A 0.52 ± 0.01a 3.87 ± 0.01 0.20 ± 0.01 1.87 ± 0.02 2.02 ± 0.02 8.48c

B 0.25 ± 0.01 6.74 ± 0.02 0.29 ± 0.01 0.05 ± 0.01 5.58 ± 0.03 12.91
C 1.29 ± 0.02 7.79 ± 0.02 0.29 ± 0.01 3.39 ± 0.01 2.40 ± 0.02 15.16
D 0.85 ± 0.01 4.20 ± 0.01 0.14 ± 0.01 0.19 ± 0.01 3.27 ± 0.01 8.65
E 0.69 ± 0.01 8.27 ± 0.01 0.09 ± 0.01 2.26 ± 0.01 2.08 ± 0.01 13.39
F 0.46 ± 0.01 3.83 ± 0.01 0.51 ± 0.01 0.31 ± 0.01 2.03 ± 0.01 7.14
G 0.44 ± 0.01 11.45 ± 0.03 0.29 ± 0.01 2.80 ± 0.02 – 14.98
H 0.14 ± 0.01 2.72 ± 0.01 0.22 ± 0.01 0.01 ± 0.01 5.08 ± 0.03 8.17

Ice cream
I 0.57 ± 0.01 10.19 ± 0.05 0.06 ± 0.01 2.16 ± 0.01 2.03 ± 0.05 15.01
J 0.67 ± 0.01 4.55 ± 0.01 0.10 ± 0.01 0.05 ± 0.01 2.42 ± 0.02 7.79
K 2.70 ± 0.02 –b 0.56 ± 0.01 3.16 ± 0.02 15.08 ± 0.05 21.50
L 0.76 ± 0.01 8.29 ± 0.03 0.15 ± 0.01 0.87 ± 0.01 1.56 ± 0.01 11.63
M 2.33 ± 0.01 1.21 ± 0.02 0.74 ± 0.01 0.89 ± 0.01 5.77 ± 0.01 10.94
N 5.01 ± 0.03 0.08 ± 0.01 0.85 ± 0.01 0.51 ± 0.01 8.13 ± 0.02 14.58

a Values are means ± standard deviations.     b Undetectable.     c Total free sugar = glucose + sucrose + fructose + maltose + lactose.
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1).  The tertiary principal component accounted for 17.57%
of variance (data not shown), also.  Based on these results,
the quality of ice bar products are affected by complex fac-
tors so that it is difficult to be described by sensory evalua-
tion.  This might be explained by the great variation in the
compositions of the ice bar products and also the sensory
items evaluated in the present study did not cover all of the
characteristics carried by the ice products.  The evaluated
sensory items that significantly (p<0.05) affected the prima-
ry principal component were sweetness (vector value=
0.5330), thickness (0.4822), firmness (0.4623) and color
(0.4045).  Other sensory items only slightly attributed to the
primary principal component and did not reach significance.
As to the secondary principal component, fattiness (0.5540)
was the significant affecting factor (p<0.05) whereas other
evaluated sensory items did not significantly affect the sec-
ondary principal component (p>0.05).  

Further investigation was carried out on the sensory
attributes that significantly (p<0.05) affected the primary or
secondary principal components.  The following regression
equations were obtained to represent the correlation: 

Pc1 (ice bar) = 0.95X3 + 0.86X6 + 0.83X1 + 0.72X4 + R

Pc2 (ice bar) = 0.83X7 + R 

where Pc1 and Pc2 were the primary and secondary
principal components, respectively; X1, X3, X4, X6, X7 and

R were the firmness, sweetness, color, thickness, fattiness
and the remaining evaluated sensory properties.

The primary and secondary principal components
accounted for 49.70 and 40.27%, respectively, of variance of
the descriptive sensory ratings of the ice bar products (Figure
2).  The tertiary principal component only accounted for
4.53% of variance (data not shown), also.  In other words, the
differences among ice cream products were more likely to be
distinguished by the sensory evaluation.  The evaluated sen-
sory items that significantly (p<0.05) affected the primary
principal component were color (vector value=0.4735),
creaminess (0.4679), sweetness (0.4552) and thickness
(0.4429).  Other sensory items were only minor factors and
insignificant factors that attributed to the primary principal
component.  As to the secondary principal component, the
overall liking score (0.5202) and the taro flavor (0.5092)
were the significant affecting factor (p<0.05) whereas other
evaluated sensory items did not significantly affect the sec-
ondary principal component (p>0.05).  

Similar to the ice bar products, the ice cream products
were further investigated for the correlation between the sen-
sory items that significantly (p<0.05) affected the primary or
secondary principal components.  Regression equations were
generated to as follows:

Pc1 (ice cream) = 0.94X4 + 0.93X5 + 0.91X3 + 0.88X6+ R
Pc2 (ice cream) = 0.93X8+ 0.91X2 + R

Figure 1. Vector plot for the first and second components of the princi-
pal component analysis on sensory evaluation of commercial taro ice-
bar products.

Figure 2. Vector plot for the first and second components of the princi-
pal component analysis on sensory evaluation of commercial taro ice-
cream products.

Table 7. Correlation analysis on the physicochemical properties and sensory evaluation of commercial taro ice products

Physicochemical properties

Sensory evaluation Water Crude fat Total free sugar Viscosity Overrun Melting rate

Firmness 0.661a -0.740b -0.641a 0.033 -0.560a -0.529a

Taro flavor -0.045 -0.426 -0.388 0.331 -0.086 -0.125
Sweetness -0.514 0.025 0.414 -0.145 0.088 0.177
Color -0.598a 0.407 0.687b -0.499 0.510 0.660a

Creaminess -0.549a 0.388 0.703b -0.045 0.292 0.570a

Thickness -0.277 -0.473 0.073 0.244 -0.127 -0.127
Fattiness -0.437 0.582a 0.538a -0.302 0.400 0.447
Overall score 0.069 -0.644a -0.403 0.515 -0.308 -0.382

a Significant at 5% level.     b Significant at 1% level.
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where Pc1 and Pc2 were the primary and secondary
principal components, respectively; X2, X3, X4, X5, X6, X8
and R were the taro flavor, sweetness, color, creaminess,
thickness, overall liking scores and the remaining evaluated
sensory parameters.  

The sensory characteristics significantly (p<0.05)
impacted the primary and secondary principal components of
the ice bar and ice cream products were compared and sum-
marized.  The sweetness, color, and thickness were the three
major sensory properties for the primary principal compo-
nent of both the ice bar and ice cream products, whereas the
firmness and creaminess were the important significant con-
tributing factors for the primary principal component of the
ice bar and ice cream products, respectively.  
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