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Abstract

The objectives of this study were to determine the effect of the ratio of whey protein isolate
and two carbohydrate based fat replacers (ADS-SU 09 and inulin), at the levels of 1:4, 1:1, and 4:1,
and to study the effect of using coconut sugar on the quality of reduced-fat coconut milk ice cream.
The levels of substitute sucrose with coconut sugar we're 0:100, 25:75, 50:50, 75:25 and 100:0 It was
found that combining whey protein isolate with carbohydrate-based fat replacer can improve some
of the characteristics of reduced-fat ice cream. Viscosity and hardness decreased and ice cream
smoothness increased. By reducing the amount of sucrose and adding coconut sugar, the overrun
significantly increased. The amount of TSS, viscosity, and hardness of the ice cream remarkably
decreased. Coconut milk ice cream using whey protein isolate with inulin at a 4:1 ratio and coconut
sugar to sucrose ratio of 50:50 was the closest quality to the control formula (p<0.05). The reduced-
fat coconut ice cream had total energy of 111.82 kcal, and energy from fat of 11.9 kcal. The chemical
compositions of fat, protein, carbohydrate, moisture, and ash content were 2.05, 6.36, 18.62, 72.02,

and 0.95, respectively.

Keywords: Reduced-fat coconut milk ice cream; Coconut sugar; Fat replacer; Carbohydrate-based

fat substitutes; Whey protein isolate; Product development
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Table 1 Physical quality of full fat and low-fat coconut milk ice creams and reduced-fat coconut

milk ice cream incorporated with different fat replacers.

TSS
(°Brix)

Overrun
(%)

Fat
(%)

Viscosity
(cP)

Treatments

Melting
Rates
(%/min.)

Textures

Hardness

(N)

Adhesiveness Cohesiveness

Control 9.87+0.12° 691.33+15.28° 34.83+0.29° 30.69+1.31°

1.21+0.02°

76.83+3.65%

1628.33+65.73"

0.14+0.20"

WPI 1.99+0.02° 532.00+28.84° 25.83+0.29" 36.65+0.28°

0.87+0.06°

73.75+2.32°

1628.00+78.31"

0.17+0.03™

WPI+SU (1:4) 2.17+0.12° 2644.00+51.03° 30.83+0.29" 30.20+0.59°

1.05+0.07°

84.70+8.20°

1932.00+58.89°

0.26+0.04°

WPI4+SU (1:1)  2.05+0.14° 2070.00+30.00° 29.83+0.29° 37.80+2.14°

1.04+0.08°

76.01£3.96°

1357.00+86.61°

0.22+0.08™

WPI+SU (4:1) 2.11+0.12° 1148.00+24.25° 29.50+0.50° 26.41+0.41°

1.05+0.07°

70.05+5.08°

1643.00+28.51°

0.14+0.04°

WPI+In (1:4)  2.18+0.38° 208.00+3.46° 28.67+0.58" 32.43+0.43"

1.06£0.07°

70.575.03°

789.00+71.01°

0.15+0.06"

WPI+In (1:1)  2.13+0.49° 248.00+19.29° 27.50+0.50° 23.45+0.65"

1.06+0.09°

68.50+3.28°

735.67+33.98°

0.15+0.02°

WPI+In (4:1)  2.11+0.16° 376.67+7.02" 27.50+0.50° 23.68+0.25

1.07£0.06°

68.67+3.68°

590.67+85.89°

0.16+0.01°

Values are presented as mean+SD. Values with different superscripts within the same column are significantly different

(p<0.05).
WPI=whey protein isolate, SU=ADS-SU 09, In=inulin
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Table 2 Sensory characteristics of full fat and reduced-fat coconut milk ice creams incorporated

with different fat replacers.

Color Overall
Treatments Smoothness Flavors Oiliness Viscosity Melting

ns) acceptability
Control 7.20£1.56°  7.56+1.20 6.68+1.87° 6.42+1.81° 6.42+1.64° 6.60+1.48° 6.98+1.55"
WPI 7.64+1.21%  7.86+£0.86 6.36+1.72° 6.74+2.00° 7.26+1.34° 6.92+1.31™ 7.36x1.14°
W+SU (1:4)  7.82+1.14°  7.74+0.96 6.98+1.27° 7.04+1.24® 7.08+1.14® 7.20+1.25" 7.44+0.86™
W+SU (1:1)  7.32+1.32®  7.70£1.02 6.70+1.78° 6.62+1.74° 6.70£1.57™ 6.96+1.64> 6.98+1.49°
W+SU (4:1)  7.66£1.10"  7.82+0.98 7.04+1.48° 6.72+1.34° 7.12+1.45° 6.94+1.30 7.34+1.21°
W+In (1:4)  7.24£1.20° 7.76+£0.92 6.88+1.30® 6.52+1.52° 6.66+1.41> 7.22+1.30®° 7.24+1.00°
W+In (1:1)  7.44£1.09"  7.76x1.00 6.92+1.58" 6.72+1.41° 6.72£1.44° 6.96+1.31 7.08+1.29"
W+In (4:1)  7.78+1.00° 7.98+0.87 7.52+1.28* 7.52+1.11° 7.34+1.04° 7.62+1.01* 7.90+1.05°

Values are presented as mean+SD. Values with different superscripts within the same column are significantly different

(p<0.05).
WPI=whey protein isolate, SU=ADS-SU 09, In=inulin
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Table 3 Physical quality of full fat and reduced-fat coconut milk ice cream from coconut sugar.

Physical Coconut sugar: Sucrose

quality 0:100 25:75 50:50 75:25 100:0
Viscosity (cP) 477.67+2.08° 410.07+9.74° 382.00+6.93° 288.40+4.21° 243.07+9.53°
TSS (°Brix) 27.33+0.58° 26.33+0.58" 25.67+0.58" 25.00+0.00° 24.00+0.00°
Overrun (%) 22.40+0.84° 23.68+0.25° 25.20+0.70° 33.54+0.48" 35.54+0.61°
Hardness (N) 96.79+2.41° 96.69+9.09° 88.65+3.57" 79.72+9.29" 48.26+7.85°
Adhesiveness (ns) 0.14+0.01 0.15+0.04 0.12+0.05 0.21+0.16 0.13+0.03

Cohesiveness (ns)  2567.33+494.09 2263.67+1429.39 1058.67+640.67 2455.33+952.30 1864.33+1342.20

L 63.91+0.53° 58.06+0.58° 62.85+1.12° 55.42+0.27° 53.77+0.60°
a* -0.89+0.04° -0.22+0.04° 0.12+0.06° 0.77+0.05° 1.33+0.05°
b* 8.67+0.49° 11.47+0.25° 14.76+0.38° 14.71+0.15° 16.16+0.26°

Values are presented as mean+SD. Values with different superscripts within the same row are significantly different
(p<0.05).
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Figure 1 Melting rates of reduce fat coconut ice creams from coconut sugar.
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Table 4 Sensory characteristics of reduced-fat coconut milk ice cream from coconut sugar.

Coconut
Melting Overall
sugar:  Smoothness Color (ns) Flavors Sweet Oiliness  Viscosity
(ns)  acceptability
Sucrose
0:100  7.88+£0.84° 8.04+8.04° 7.54+1.09" 7.53+1.50° 7.24+1.46> 7.37+1.03° 7.71+1.08 7.92+1.00°
2575  8.08+1.02° 7.90+7.80° 7.61+1.44° 6.90+1.52° 7.20+£1.43° 7.41+1.31° 7.63+1.07 7.78+0.80®
50:50  7.76+0.89°  7.82+7.82° 7.44+1.25® 7.00+£1.40°° 7.10+£1.22* 7.13+1.21%" 7.55+1.24 7.66+1.02°
75:25  7.77+1.12°  7.81+7.81° 7.2541.21™ 6.79+£1.31° 7.12+1.29° 7.10+1.25® 7.58+1.03 7.42+0.78"
100:0  7.24+1.48° 6.72+6.72° 6.88+1.75° 5.74+1.78 6.04+1.65° 6.62+1.37° 7.26+1.47  6.62+1.43°

Values are presented as mean+SD. Values with different superscripts within the same row are significantly different

(p<0.05).
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Table 5 Reducing sugar content and total sugar content of reduced-fat coconut milk ice cream.

Analysis list The ratio between coconut sugar and sucrose

(¢/1009) 0:100 25:75 50:50 75:25 100:0
Reducing sugar 532+0.04°  559+0.06  5.85+0.10° 5.9120.30° 7.090.16°

Total Sugar

Fructose Not Detected Not Detected Not Detected <0.50 0.57+0.12

Glucose Not Detected Not Detected Not Detected <0.50 0.59+0.13

Sucrose 12.18+0.18° 11.48+0.18° 9.73+0.31° 9.61+0.10™ 8.64+0.73°

Maltose Not Detected Not Detected Not Detected Not Detected Not Detected

Lactose 5.32+0.33° 5.59+0.37° 5.85+0.33° 5.91+0.10° 5.93+0.32°
Total Sugar 17.50+0.45° 17.07+0.49® 15.58+0.38" 15.52+0.23" 15.73+0.89"

Values are presented as mean+SD. Values with different superscripts within the same column are significantly different

(p<0.05).
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Table 6 Nutritional value of reduced-fat coconut milk ice cream from coconut sugar.

Full fat coconut Reduced-fat coconut milk ice cream
Analysis list

ice cream from coconut sugar (50:50)
Total energy (Kcal/100g) 187.12+2.80° 111.82+1.81°
Energy from fat (Kcal/100g) 87.84+1.41° 11.9+0.44°
Moisture content (g/100¢) 64.45+3.65° 72.02+1.43°
Fat content (g/100¢) 9.76+0.64° 2.05+0.07°
Protein content (%N x 6.25) (¢/100¢) 4.05+0.08° 6.36+0.48"
Carbohydrate content (g/100¢) 20.77+4.41° 18.62+2.0%a
Ash content (¢/100g) 0.97+0.04° 0.95+0.13°

Values are presented as mean+SD. Values with different superscripts within the same row are significantly different
(p<0.05).

Table 7 Pathogenic microorganisms in reduced-fat coconut ice cream from coconut sugar for health.

Notification of the Ministry
Reduced-fat coconut ice
Pathogenic microorganisms of Public Health

cream from coconut sugar
(No.416) B.E.2563 (2020)

Salmonella spp. (per 25 g) Not detected Not detected
Staphylococcus aureus (cfu/g) <100 <10

Bacillus cereus (cfu/g) <500 <10

Listeria monocytogenes (per 25 ¢) Not detected Not detected
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