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Influence of Jerusalem Artichoke as
Inulin Rich Component on Ice Milk Characteristics
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Abstract: Influence of Jerusalem artichoke powder as inulin rich component on ice milk characteristics was
studied in this research. For this aim, ice milk ingredients (fresh buffaloes skim milk, skim milk powder, sugar,
cream and Carboxy methyl cellulose (c.m.c) were mixed to obtained ice milk mix consisted of 5% milk fat, 14 %
milk solids not fat (MSNF), 15 % sucrose, 0.2 % c.m.c. and 0.06% vanilla and divided to four portions. The first
quantity was manufactured as a control. Jerusalem artichoke powder added at ratio 0.5, 0.75 and 1 % to create
three treatments. All ice milk mixes pasteurized at §1°C/5sec and aged overnight at 4.0+2°C just before freezing
in a batch freezer (at —5°C for 5-10 min. ) then 0.06 % vanilla was added to each mix. Results showed that ice milk
contained 2% milk fat and 1% Jerusalem artichoke powder had the highest score for sensory properties, melting
rate and overrun. Also, it could be noticed that the lowest score was for the control.
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INTRODUCTION

Inulin considered a nondigestable carbohydrate
containing naturally fracto-oligo saccharides possesses
some characteristics of dietary fibers [1]. Also considered
a prebiotic which stimulates the selective growth of bifid
bacteria and increases the absorption of calcium and
reduces the tri glycerides content of the serum inside the
liver [2]. Inulin has functional properties such as the
ability to act as a fat or sugar replacers without adversely
affecting flavor. Besides having stabilizers can reduce the
crystal growth during storage and improve the creamy
taste [3]. Jerusalem artichoke powder had higher content
of crude protein, crude fiber, ash, crude fat and inulin [4].
Also Jerusalem artichoke powder considered an excellent
source of oligosaccharides [S] and minerals, especially
iron, potassium and phosphorus. It also, contains vitamin
C, thiamine and niacin [6]. Therefore the aim of this
research was to study the influence of Jerusalem artichoke

powder as inulin rich component on ice milk
characteristics.
MATERIALS AND METHODS

Materials: The ingredients used in this study were fresh
skim buffaloes' milk (3.7% protein, 0.68% ash, 0.1% fat and

4.7% lactose) and fresh cream (40% fat) which were
obtained after separation the fresh buffaloes' milk;
supplied by the farm of Faculty of Agriculture, Al-Azhar
University, Cairo, Egypt. Commercial grade granulated
sugar cane (Sugar and Integrated Industries Co. Egypt),
vanilla and Indian carboxy methyl cellulose (c.m.c)
(high viscosity minimum assay 95%) purchased from
local markets. Skim milk powder (34% protein, 1.23% fat
and 4% moisture) was obtained from the Nile
Commercial Co., Cairo, Egypt. Jerusalem artichoke tubers
(Helianthus  tuberosus) were provided from the
Experimental Station, Agricultural Research Centre,
El-Kanater El-Khayria, Egypt.

Methods

Preparation of Jerusalem Artichoke Powders (J.A.):
Fresh Jerusalem artichoke tubers (JA) were washed with
tap water to remove the dust followed by distilled water
and cut into slices 2 mm in thickness using Braun slicer
machine (Combi Max 700), then soaked in diluted citric
acid solution (2%) to inhibit the activity of polyphenol
oxidase as recommended by Tchoné et al. [7]. The
obtained acidified slices were rinsed with distilled water,
transferred to an electric drying oven and dried at 55°C
for 12 hr. The dried plant samples were ground into a
fine powder in a mill and sieved to pass through 20 mesh
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sieve. Finally, the obtained powders of J.A. packed in
polyethylene bags and stored at room temperature in a
dry place to avoid moisture absorption as recommended
by Modler et al. [8].

Chemical Analysis of Jerusalem Artichoke Powder:
Moisture, protein, fat, ash , fiber and Minerals contents
(calcium, magnesium, sodium, potassium, copper, zinc and
iron) and Inulin contents (g/100g) of Jerusalem artichoke
powder were determined according to A.O.A.C. [9].
Total carbohydrates were calculated by difference as
follows: Available carbohydrate = 100 - (% moisture + %
protein + % fat + % ash+ % fiber).

Jerusalem Artichoke Ice Milk Manufacture: Ice milk
ingredients (fresh buffaloes skim milk, skim milk powder,
sugar, cream and Carboxy methyl cellulose (c.m.c)) were
mixed to obtained ice milk mix consisted of 5% milk fat,
14 % milk solids not fat (MSNF), 15 % sucrose , 0.2 %
c.m.c. and 0.06% vanilla [10] and divided to four portions.
The first quantity was manufactured as a control.
Jerusalem artichoke powder added at ratio 0.5, 0.75 and
1 % to create three treatments. All ice milk mixes
pasteurized at 81°C/5sec. and aged overnight at 4.0+£2°C.
just before freezing in a batch freezer (at -5°C for 5-10 min.)
then 0.06 % vanilla was added to each mix. The resultant
ice milk was filled into plastic cups, covered and hardened
in a deep freezer at -30°C for 24 h before analysis. Three
replicates were made from each treatment.

Analysis of Jerusalem Artichoke Ice Milk Mixes:
Moisture, total solids, fat, protein and ash contents of
Jerusalem artichoke ice milk were determined according to
A.O.A.C. [11]. The protein content was obtained by
multiplying the percentage of T.N. by 6.38 for milk
and 6.25 for plant Total
carbohydrate content was calculated by difference
[100 — (moisture + protein + fat + ash)] Apurba et al. [12].
pH value was measured using a Swiss Gallenkamp stick
pH meter with glass electrode. Viscosity of ice milk mix
was determined using Swiss made viscometer Drug type
TV aunevitesse. Readings (CP) were taken after aging
using spindle at 4.0+2°C. Three readings were recorded
for each mix.

ingredients ingredients.

Analysis of Frozen Jerusalem Artichoke Ice Milk:
Overrun was calculated for all treatments using the
weight-volume method [13]. Meltdown of frozen ice milk
was determined according to Arndt and Wehling [14],

by carefully cutting the foamed plastic cups from the ice
milk samples (~ 100 g), placing the samples onto wire
mesh over a glass funnel fitted on a conical flask and
weighing the amount of ice milk drained into the conical
flask at 30°C every 10 min until the entire sample had
melted. The total count of bacteria, coliform and moulds
& yeasts counts were determined according to A.P.H.A.
[15]. Organoleptic properties of different treatments were
assessed by members of the department according to the
following score card [10]. Appearance 30, Flavor 30, Body
20 and Texture 20.

Statistical Analysis: The data obtained from three
replicates were analyzed by (ANOVA) using the SPSS
statistical package program and differences among the
means were compared using the Duncan's Multiple Range
test [16]. A significant level of 0.05 was chosen.

RESULTS AND DISSCUSSION

Results displayed in Table (1) showed that the dried
Jerusalem artichoke contained 6.0, 8.33, 1.3, 6.4, 6.2 and
21.43% for moisture, protein, fat, ash, crude fiber and
other carbohydrates respectively. Also it was observed
that the inulin percentage was 56.34%, so the Jerusalem
artichoke considered a good source of inulin. These
results are in agreement with that observed by Ahmad
[17].

Table 1: Chemical composition of Jerusalem artichoke powder:

Components (% dry matter)
Moisture 6.0
Protein 8.33

Fat 1.3

Ash 6.4

Fiber 6.2

Inulin 56.34
Other Carbohydrates 21.43

Table 2: Minerals content (mg/100g) of Jerusalem artichoke powder:

Elements Mineral content (mg/100g weight basis)

Macro minerals

Potassium (K) 41.2
Calcium (Ca) 23.6
Sodium (Na) 5.01
Magnesium (Mg) 48.2
Micro minerals

Copper (Cu) 1.7
Manganese (Mn) 2.96
Iron (Fe) 13.14
Zinc (Zn) 6.14
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Table 3: Ingredients of control and Jerusalem artichoke ice milk mixes

(gkg):

Ingredients g/kg C T1 T2 T3
Liquid skim milk 642 642 642 642
Fresh cream (fat 40%) 125 100 75 50
Skim milk powder 80.4 80.4 80.4 80.4
Sucrose 150 150 150 150
CM.C 2 2 2 2
Vanillin (ml) 0.6 0.6 0.6 0.6
Jerusalem Artichoke - 5 7.5 10
Water (ml) - 20 42.5 65
Total lkg 1kg 1kg 1kg

C, control 5% fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3,
1% J.R, 2% fat.

Table 4: Effect of replacing milk fat with Jerusalem artichoke powder on
some physio-chemical properties of ice milk mixes:

Component C T1 T2 T3

Dry matter % 34.405* 33.45848 32.57348 31.688"°
Protein % 5.746" 5.681* 5.622% 5.5594
Fat % 4.8* 4.08 2.9¢ 2.0P
Ash % 0.988" 1.1168 1.11948 1.1974
Fiber % 0.0° 0.52¢ 0.758 1.1*
Total Carbohydrate % 22.8714 22.1414 22.182% 21.8324
Acidity 0.18* 0.18* 0.18* 0.174
pH 6.614 6.624 6.65% 6.694
Viscosity 27¢ 28¢ 308 324
Freezing point -104 -11.48 -11.6¢ -11.58¢

C, control, 5%fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3,
1% J.R, 2% fat

Minerals Content of Jerusalem Artichoke Powde:
Analyzed minerals of Jerusalem artichoke as shown in
(Table 2) indicated that Potassium, Calcium, Sodium,
Magnesium, Copper, Manganese, Iron and Zinc contents
were41.2,23.6,5.01,48.2,1.7,2.96,13.14 and 6.14 mg/100g
respectively. These results are in agreement with those
mentioned by Thanonkeo [18] and Wafaa et al. [19].

Ingredients of Control and Jerusalem Artichoke Ice
Milk Mixes (g/kg): Ingredients of control and
Jerusalem artichoke ice milk mixes (g/kg) shown in
Table (3). The milk fat of ice milk mixes substituted by
Jerusalem artichoke powder as inulin rich component and
fat replacer at the percentages of 0.5, 0.75 and 1% for
treatments contained 4, 3 and 2% milk fat respectively.

Effect of Replacing Milk Fat with Jerusalem Artichoke
Powder on Some Physio-Chemical Properties of Ice Milk
Mixes: As shown in (Table 4) the substation of milk fat
by Jerusalem artichoke powder has a significant effect on
the fat and fiber percentage between the control and the
others treatments at (P < 0.05). Also, the effect of
replacing milk fat by Jerusalem artichoke powder on the
protein, total carbohydrate, pH and acidity percentage

was not significant at (P < 0.05). While it was obvious
from (Table 4) that the substitution of milk fat by
Jerusalem artichoke powder increased the viscosity of ice
milk mixes and decreased the freezing point of frozen ice
milk. These results are in agreement with those mentioned
by Issariyachaikul [20].

Effect of Replacing Milk Fat with Jerusalem Artichoke
Powder on Organoleptic Properties of Resultant Ice
Milk: From (Figure 1) it could be observed that ice the
milk contained 2% milk fat and 1% Jerusalem artichoke
powder had the highest score. This may be due to the
balanced flavor between Jerusalem artichoke, sucrose
and serum solids and due to its good body & texture and
appearance. Also, it could be noticed that the lowest
score was for the control.

Effect of Replacing Milk Fat with Jerusalem Artichoke
Powder on Melting Rate of Resultant Ice Milk: It could
be observed from Fig. 2 that the melting rate of ice milk
decreased by increasing the Jerusalem artichoke powder
percentage. This may be due to the lowest melting rate
of Jerusalem artichoke treatments than the control.
These results are in agreement with those mentioned by
Issariyachaikul [20].

Effect of Replacing Milk Fat with Jerusalem Artichoke
Powder on Overrun of Resultant Ice Milk: As shown in
Figure 3 it could be noticed that the highest overrun was
for the 1% Jerusalem artichoke ice milk then 0.75%
Jerusalem artichoke ice milk. Also it could be observed
that the lowest overrun was for the control. These results
are in agreement with those mentioned by Wafaa et al.
[19].

It may be observed from the results presented in
Figure 4 that the caloric value of all treatments was lower
than that the control. This is due to decreased level of
milk fat which was a major contributor to calorie value in
treated samples.

The Effect of Replacing Milk Fat with Jerusalem
Artichoke Powder on Total Count, Coliform and Molds &
Yeasts of Resultant Ice Milk: It was obvious from the
results shown in Table 5 that the total count of bacteria in
all frozen ice milk containing Jerusalem artichoke powder
decreased than the control. This decreased reflective
extreme carefully in hygienic precautions during its
preparation. Also, it could be observed that the coliform
bacteria and molds & yeasts were absent in all frozen ice
milk treatments. These results are in agreement with those
mentioned by Egyptian Standard Specifications [21].
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Fig. 1: Effect of replacing milk fat with Jerusalem artichoke powder on organoleptic properties of resultant ice milk:

C, control, 5% fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3, 1% J.R, 2% fat
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Fig. 2: Effect of replacing milk fat with Jerusalem artichoke powder on melting rate of resultant ice milk:

C, control, 5% fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3, 1% J.R, 2% fat
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Fig. 3: Effect of replacing milk fat with Jerusalem artichoke powder on overrun of resultant ice milk:
C, control, 5% fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3, 1% J.R, 2% fat

Table 5: Effect of replacing milk fat with Jerusalem artichoke powder on total count, coliform and mold & yeast of resultant ice milk:

Properties C T1 T2 T3
Total Count 35x10! 27%10! 32x10! 24x10!
Coliform NF NF NF NF
Mold &yeast NF NF NF NF

C, control, 5% fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3, 1% J.R, 2 % fat. NF: not found
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Fig. 4: Effect of replacing milk fat with Jerusalem artichoke powder on the total calorie content of resultant ice milk:

C, control, 5% fat; T1, 0.5% J.R, 4% fat; T2, 0.75% J.R, 3% fat and T3, 1% J.R, 2% fat
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