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Abstract: Job’s tears ice cream recipe was developed by varying proportions of Job’s tears,
sucrose, salt and coconut milk. Product positioning mapping was used to identify the
sensory attributes that were drivers of preference, which appeared to be sweetness,
smoothness, richness, and coconut milk and Job's-tears flavours of the product. Cluster
analysis was used to differentiate consumers by their preference direction. Nutritional
composition, antioxidant capacity and total phenolic content of the final product were also
determined.
Key words: Job’s-tears, ice cream, antioxidant capacity, product positioning map,
cluster analysis

Introduction
Ice cream is a frozen product made from a combination of dairy products and one or more of the
following ingredients: eggs, sugar, dextrose, corn syrup and honey, with or without flavouring and
colouring, and with or without edible gelatin or vegetable stabiliser, and in the manufacture of which
freezing has been accomplished by agitation of the ingredients [1]. The body and texture of ice cream is
affected by many factors such as fat content, milk solid not fat content, type and relative amount of
sweetening agent, total solid content, type and amount of stabiliser, temperature history of the
ingredients, heat treatment of the mixture, temperature and pressure of homogenisation, rate of freezing
and hardening, amount of overrun, and temperature fluctuation during storage and delivery [2]. The
quantity of ingredients, including fat, milk solid not fat, sweeteners, stabilisers, and emulsifiers, is used
for general classification of ice cream and related products [1, 3-5]. In many countries non-dairy fat is
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not permitted in ice cream and products made with non-dairy fat must be described by an alternative
name. European Community countries permit the use of non-dairy fat but they apply the term “dairy”
ice cream where all the fat is milk fat [4].
In Thailand, commercial ice cream products are now legally controlled by Ministry of Public Health
Announcements Issue 222 (2001) and 257 (2002), which classify products into 5 categories, viz. dairy
ice cream, modified fat ice cream, mixed ice cream, ice cream in liquid or dried or powder forms, and
sweet and cold ice cream from non-dairy products [6-7]. Ice cream produced from non-dairy products
is easily available in both commercialised and home-made styles. Coconut milk, obtained by squeezing
coconut flesh that has been soaked in water, is a well-known raw material used for replacing dairy
products in ice cream production [8]. Ice cream made from other liquid foods has been developed such
as soy milk ice cream, brown rice ice cream [9-10] and fruit ice cream [11].
Job's-tears (Coix lacryma-jobi) is a kind of cereal used for both food [12-13] and Chinese and Indian
medicine [14-16], although it is not widely consumed in Thailand. The potential to develop Job’s-tearsbased ice cream has been investigated by us [17]. Thus, this work is aimed to develop Job’s-tears-based
ice cream recipe which is accepted by the consumers as well as potentially healthful.
Materials and Methods
Ingredients
All ingredients used were commercial products. These were Job’s-tears (Rai Tip brand), sucrose
(Mitr Phol brand), salt (Prung Thip brand), coconut milk (Chaokoh brand) and glucose syrup (5 Star
Elephant brand).
Study on optimal Job’s-tears content
Job’s-tears seeds were washed, soaked in water for 2 hours, boiled for 40 minutes and blended with
water in a ratio of 1:2 (boiled seeds:water) by means of a blender. The blended mixture contained 1315 % (w/w) of initial total solid (dry weight), which was subsequently adjusted by water addition to
four concentrations, i.e. 6, 8, 10 and 12 % (w/w), used for preparing ice cream. Coconut milk, glucose
syrup, sucrose and salt at 50, 32, 12 and 0.8 % (w/w) respectively of each diluted mixture were added.
The concoction was mixed with the blender and heated at 80 C for 15 min, then cooled rapidly and
stored overnight in the refrigerator. It was made into ice cream by means of a compressor ice cream
maker (JCS Technic Line Co., Ltd.). The ice cream was packed and kept in the freezer at least 1 week
before testing.
Study on concentration of sucrose and salt
The concentration of sucrose in the ice cream was varied at 12 and 20 % of the blended Job’s-tears
mixture while that of salt was varied at 0.4 and 0.8 %.
Study on quantity of coconut milk
The coconut milk quantity in the ice cream was varied at 50, 55, 60 and 65 % of the blended Job’stears mixture.
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Sensory property measurement
One hundred consumers were requested to evaluate the sensory attributes of the products, viz.
hardness, sweetness, saltiness, Job’s-tears flavour, coconut milk flavour, richness, smoothness and
aftertaste, together with their overall preference on each product by scoring each item on a scale of 1 to
10 (least to most).
Chemical analysis of the final product
Nutritional data, antioxidant capacity and total phenolic content of the final product were
determined. Moisture, protein, fat, ash and crude fibre content were determined in accordance with
AOAC methods [18], and carbohydrate content was calculated by subtraction. Antioxidant capacity was
evaluated by 3 different methods, namely ferric reducing/antioxidative power (FRAP) assay [19],
improved ABTS radical cation decolorisation assay [20] and DPPH free radical scavenging activity
[21]. Total phenolic content was analysed by Folin-Ciocalteau micro method [22].
For the analysis of antioxidant capacity and total phenolic content, 2 grams of sample was added
with 10 ml of 57% ethanol. The extraction was done by using a vortex mixer for 60 s. The mixture
was filtered by Whatman No 1 filter paper and the filtrate was used as the extract sample.
Briefly of FRAP assay, 6 ml of working FRAP reagent (0.1 M acetate buffer:0.02 M FeCl3:0.01 M
TPTZ = 10:1:1) prepared daily was mixed with 20 l of the extract sample. The absorbance at 593 nm
was recorded after a 30-min incubation at 37 °C.
For ABTS assay, the ABTS+ was produced by reacting 7 mM ABTS stock solution with 2.45 mM
postassium persulphate (final concentration) and allowing the mixture to stand in the dark at room
temperature for 12-16 hours before use. The ABTS+ solution was diluted with deionised water and 95
% ethanol (1:1) to an absorbance of 0.70 (+ 0.02) at 734 nm. Twenty l of the extract sample was
mixed with 6 ml of the diluted ABTS+ solution. The decrease of absorbance was recorded at 1 min
after mixing.
In the case of DPPH assay, 400 l of the extract sample was diluted to 5.4 ml using deionised water
and 95 % ethanol (1:1) before 0.6 ml of 0.8 mM DPPH solution was added and the mixture shaken
vigorously. The decrease of absorbance was recorded at 1 min after mixing. Vitamin C (0-40 µg)
were used as standard, and results were reported as mg vitamin C equivalent per 100 grams of product.
To determine total phenolic content, 60 l of the extract sample was diluted with deionised water to
4.8 ml before 300 l of Folin-Ciocalteau reagent was added with shaking. After that, 900 l of 20%
sodium carbonate was added with mixing. The mixture was left at 40° C for 30 min before reading of
the absorbance at 765 nm. Gallic acid (0-50 µg) was used as standard and results were reported as mg
gallic acid equivalent per 100 grams of product.
Statistical analysis
Sensory-attribute rating scores of products in each step were reduced by principal component
analysis (PCA) and its result was used to create the product positioning map for identifying sensory
attributes that were drivers of preference. Overall preference data were analysed by cluster analysis to
find out the different directions of consumer preference. Analysis of variance and Duncan’s new
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multiple range test were applied to differentiate products by consumer preference.
analysis was done by SPSS 16.0 Family.

All statistical

Results and Discussion
Study on optimal Job’s-tears content
Sensory attributes of ice cream produced from Job’s-tears at 6, 8, 10, and 12 % are reduced to 3
principal components (PCs) with 52.1% variance explained (Figure 1). Product positioning maps
created from 3 PCs show that products with more Job’s-tears total solid were harder and stronger in
Job’s-tears flavour and aftertaste while those with less total solid were smoother. In addition,
smoothness, richness, coconut milk flavour, sweetness and saltiness can be considered as drivers of
preference for this step because their vectors are in the same direction of the overall preference vector,
especially for smoothness (Figure 1). The smoothness of ice cream is not only due to ingredients but
also to the process used in the manufacture [1]. Fats, sweeteners and stabilisers are ingredients
influencing the texture of ice cream [2,4,5]. Temperature and pressure of homogenisation should be
optimised while freezing and hardening processes have to be very rapid to provide small ice crystals and
a smooth body of ice cream [2,3,5]. However, only used ingredients were studied to improve product
acceptance in this experiment. The amounts of sugar, salt and coconut milk therefore were varied in
further steps.
From 100 consumers, the mean overall preference scores of products with 6 and 8 % Job’s-tears
were significantly higher than those with 10 and 12 %. However, cluster analysis result show two
different directions of consumer preference. Sixty consumers preferred the product with 8 % Job’stears while forty preferred that with 12 % (Table 1). Thus, the former composition of Job’s-tears was
selected for producing the ice cream in the next step.
Table 1. Overall preference scores (mean + standard deviation) of ice cream produced from
6, 8, 10, and 12 % Job’s-tears
Content of Job's tears
total solid

Whole consumer

Consumer group 1

Consumer group 2

(n = 100)

(n1 = 60)

(n2 = 40)

6 % Total solid

5.31a + 2.13

5.65b + 1.99

4.80b + 2.25

8 % Total solid

5.59a + 2.13

6.58a + 1.79

4.10b + 1.69

10 % Total solid

4.34b + 2.07

3.89c + 1.94

5.03b + 2.10

12 % Total solid

4.66b + 2.02

3.62c + 1.57

6.20a + 1.59

Note : Means with different letters in the same column were significantly different (p<0.05).
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PC 2 (17.0% Variance explained)
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PC 3 (15.8% Variance explained)

PC 1 (19.3% Variance explained)

PC 1 (19.3% Variance explained)
Figure 1. Product positioning maps of ice cream produced from 6, 8, 10 and 12 % Job’s tears
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Study on concentration of sucrose and salt
Sucrose and salt were studied together because both of them affect the taste of the products.
Sensory attributes from sucrose and salt were reduced to 3 PCs with 55.0 % variance explained. From
their product positioning maps (Figure 2), the sweetness of products with 12 and 20 % sucrose was
reduced by increasing the quantity of salt, while the saltiness of products with 0.8% salt was also
reduced by the amount of sucrose added. This interaction is a physiological factor called suppression
[23]. Drivers of product preference in this step seem to be smoothness, richness, coconut milk flavour
and sweetness because their vectors are in the same direction of the overall preference vector. In this
step, saltiness was not the driver of preference anymore because saltiness perception was suppressed by
sweetness, and sweetness is one of the desired tastes for ice cream [5].
The mean overall preference scores from 100 consumers show that the products with 20% sucrose
were preferred to the ones with 12 % sucrose (Table 2). However, different directions of consumer
preference were found by cluster analysis. Sixty-five consumers preferred sweet products (20% sucrose
+ 0.4% salt > 20% sucrose + 0.8% salt > 12% sucrose + 0.4% salt > 12% sucrose + 0.8% salt), while
35 consumers preferred salty products (20% sucrose + 0.8% salt  12% sucrose + 0.8% salt  12%
sucrose + 0.4% salt > 20% sucrose + 0.4% salt). Therefore, 20% sucrose and 0.4% salt were selected
for producing Job’s-tears ice cream in the next step.

Table 2.

Overall preference scores (mean + standard deviation) of ice cream produced from 12 and
20 % sucrose and 0.4 and 0.8 % salt

Sugar and salt concentration
of product

Whole consumer

Consumer group 1

Consumer group 2

(n = 100)

(n1 = 65)

(n2 = 35)

12 % Sucrose + 0.4 % Salt

4.85b + 2.27

4.86c + 2.15

4.83b + 2.51

12 % Sucrose + 0.8 % Salt

4.58b + 2.21

4.31d + 2.19

5.09ab + 2.23

20 % Sucrose + 0.4 % Salt

5.90a + 2.33

7.13a + 1.68

3.63c + 1.52

20 % Sucrose + 0.8 % Salt

5.61a + 2.18

5.49b + 2.16

5.83a + 2.23

Note : Means with different letters in the same column were significantly different (p<0.05).
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PC 3 (14.4% Variance explained)

PC 1 (23.5% Variance explained)

PC 1 (23.5% Variance explained)
Figure 2. Product positioning maps of ice cream produced from 12 and 20% sucrose and 0.4 and 0.8%
salt.
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PC 2 (15.5% Variance explained)

Study on quantity of coconut milk
Sensory attributes of products with different quantities of coconut milk were reduced to 2 PCs with
43.2 % variance explained. The product positioning map (Figure 3) shows that products with high
coconut milk quantity were richer, sweeter, smoother and stronger in coconut milk and Job’s-tears
flavours. Drivers of preference of products in this step seem to be smoothness, richness, coconut milk
flavour, sweetness and Job’s-tears flavour because their vectors are in the same direction of the overall
preference vector. The mean overall preference scores of products from 100 consumers in this step are
not significantly different (p>0.05), but cluster analysis could separate 100 consumers into two different
groups (Table 3). Sixty-nine from 100 consumers preferred the product with 50% coconut milk while
the rest preferred products with 60-65% coconut milk. This result agrees with the previous work [17]
which found that only 36 from 100 consumers wanted more coconut milk in Job’s-tears ice cream.
Therefore, the product with 50% coconut milk was selected as the final product in this study.

PC 1 (27.7% Variance explained)
Figure 3. Product positioning map of ice cream with 50, 55, 60 and 65 % coconut milk
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Table 3. Overall preference scores (mean + standard deviation) of ice cream with different quantities
of coconut milk
Quantity of coconut milk in
product

Whole consumer ns

Consumer group 1

Consumer group 2

(n = 100)

(n1 = 69)

(n2 = 31)

50% Coconut milk

5.59 + 2.14

6.52a + 1.63

3.52c + 1.64

55% Coconut milk

5.05 + 2.13

4.67b + 2.11

4.71b + 2.03

60% Coconut milk

4.97 + 2.05

5.09b + 2.06

5.90a + 1.97

65% Coconut milk

5.07 + 2.05

4.70b + 2.05

5.91a + 1.82

Note : Means with different letters in the same column were significantly different (p<0.05).
ns
Means in this column were not significantly different (p>0.05).

Chemical analysis of the final product
Nutritional data, antioxidant capacity and total phenolic content of the final product were shown in
Table 4. Job’s-tears ice cream in this study was higher in carbohydrate and crude fibre, but lower in
protein, fat and ash compared to the regular ice cream reported by Nutrition Division [24]. However,
its antioxidant capacity was very high. In this study, the antioxidant capacity of 100 grams of Job’stears ice cream was equivalent to at least 47.12 mg of vitamin C, one of the antioxidant vitamins which
participate in physiological, biochemical and cellular processes that inactivate free radicals or prevent
free radical-initiated chemical reactions [25]. The antioxidant capacity of Job’s-tears is due to six
phenolic compounds, namely coniferyl alcohol, syringic acid, ferulic acid, syringaresinol, 4ketopinoresinol, and mayuenolide [26]. The lowest antioxidant capacity value determined in this study
(47.12 mg vitamin C equivalent/100 grams) is more than 75% of the daily value of vitamin C (about 60
mg) [27]. This information points to a very high antioxidant potential of Job’s-tears ice cream.
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Table 4. Nutritional data, antioxidant capacity and total phenolic content (mean + standard deviation)
of Job’s-tears ice cream
Wet basis

Dry basis

Moisture (%w/w)

67.66 + 0.36

-

Protein (%w/w)

1.00 ± 0.06

3.09 + 0.17

Fat (%w/w)

0.48 ± 0.12

1.49 + 0.38

Ash (%w/w)

0.34 ± 0.01

1.05 + 0.03

Carbohydrate (%w/w)

30.52 ± 0.56

94.37 + 0.39

Crude fibre (%w/w)

0.04 ± 0.01

0.10 ± 0.01

FRAP (mg vitamin C equivalent per 100 grams of product)

47.12 + 2.63

145.70 + 8.13

ABTS (mg vitamin C equivalent per 100 grams of product)

228.54 + 20.48

706.68 + 63.32

DPPH (mg vitamin C equivalent per 100 grams of product)

251.38 + 8.61

775.30 + 26.62

9.06 + 0.07

28.01 + 0.22

Antioxidant capacity

Total phenolic content
(mg gallic acid equivalent per 100 grams of product)

Conclusions
The developed Job’s-tears ice cream recipe was preferred by 69% of the consumers. It consists of a
mix containing 8% (w/w) Job’s-tears total solid with added sucrose (20% of the mix), salt (0.4% of the
mix) and coconut milk (50% of the mix), together with glucose syrup (32% of the mix). It is therefore
composed of 4.0, 45.4, 9.9, 0.2, 24.7, and 15.8 % (w/w) of Job’s tears total solid, water, sucrose, salt,
coconut milk, and glucose syrup respectively.
The resulting product may be rather high in
carbohydrate and low in protein and fat. However, it is very high in antioxidant capacity and therefore
potentially healthful.
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