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ABSTRACT: This research focuses on the spray drying of coconut milk powder with
high fat content (50% of dry weight). The spray drying was carried out by Mobile Minor TM-
2002 systems (Niro, Denmark). The influence of different technological parameters on the
spray drying was examined. The central composite design method was used for operation
optimization. Some optimal technological parameters of the spray drying were as follows: feed
concentration: 24% weight/ weight (w/w); inlet and outlet temperatures of drying agent:
155+2°C and 75+2°C, respectively; pump rate of feed: 1.6L/h and rotary speed of atomizer:
20.000rpm. In these conditions, the product recovery yield was 82.2%.
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1. INTRODUCTION

Coconut milk has been widely used in preparation of different foods in ASEAN countries
[5]. Coconut milk powder can be produced by the spray drying of coconut milk. Spray drying
has many advantages in comparison with other drying techniques. Short drying time and low
temperature of the product during spray drying permit to minimize the loss of heat sensitive
and volatile compounds in food. Therefore, the nutritional and sensory characteristics of the
final product are improved [3,4].

In the production of coconut milk powder with high fat content (50% of dry weight), spray
drying is one of the most important operations. High concentration of fat in the coconut milk
makes the realization of spray drying become impossible. The particles of coconut milk
powder are lumped and stuck on the drying chamber. In practice, fat microencapsulation
before spray drying is essential for preventing particle lumping in the obtained powder [1,5].

Up to present, only a few researches on fat microencapsulation in the production of
coconut milk powder with high fat content have been carried out in our country. Different
microencapsulating agents such as maltodextrin, lactose, whey, skim-milk... have been tested
for fat microencapsulation. The product recovery yield of the spray drying reached
approximately 60% [3]. This value is quite low and high loss in the spray drying augments
significantly the product price.

In this paper, the spray drying of coconut milk powder with high fat content was
examined. The objective of this study was optimizing some technological parameters of the
spray drying for improving the product recovery yield.

2. MATERIALS AND METHODS

Materials:

- Coconut: 11 month old coconut (Cocus nucifera) was supplied by a farm in Ben tre
(Vietnam).

- Additives: maltodextrin with Dextrose Equivalence DE17 (originated from Thailand)
and soya protein isolate with protein content: 90% of dry weight (originated from Japan) were
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used as fat microencapsulating agents. All chemicals used in this study were supplied by Hoa
nam Co., Ltd. (Ho Chi Minh city).

Experimental procedure:

Coconut milk powder was prepared by the following procedure: Coconut pulp —
Expression — Filtration — Centrifugation — Mixing with additives — Homogenization —
Spray drying — Packaging — Coconut milk powder [3].

Centrifugation (880*g) was realized for regulation of fat content in the coconut milk. Then
maltodextrin and soya protein isolate were added to the coconut milk. The content of
maltodextrin and soya protein isolate used in this procedure was 45% and 15% of fat content
in the coconut milk. After that, the mixture was homogenized by a two stage homogenizer
(APV, Denmark). The first and second stage pressure was 300bar and 60 bar, respectively.
Finally, the mixture was spray-dried by Mobile Minor TM-2002 systems (Niro, Denmark).
Air was used as drying agent.

Spray dryer Mobile Minor TM-2002 consists of drying chamber, rotary atomizer,
peristaltic pump for feed, air heater, distributor of drying agent, cyclone for product recovery
and centrifugal fan. The maximum of water evaporation rate is 7kg water/ hour. The inlet and
outlet temperatures of air are continuously and automatically measured by an equipment —
Erotherm, Model 5100E (United Kingdom) that is directly connected with spray dryer Mobile
Minor TM-2002.

Analytical methods:

- Total solids, moisture and fat content were quantified by the official analytical methods
of the Association of Official Analytical Chemists AOAC [2].

- Product recovery yield of spray drying: Y = TS,/TS; (%), where: TS;: total solid
content in the coconut milk sample before spray drying (g), TS,: total solid content in the
obtained coconut milk powder after spray drying (g), [3].

- Water evaporation rate during the spray drying was calculated as the content of
evaporated water (in kg) per 1 hour, [3].

Statistical treatment:

All experiments were carried out in triplicate. The obtained results were subjected to
analysis of variance (ANOVA), p<0.05 using Statgraphics plus, version 3.2.

3. RESULTS AND DISCUSSION

3.1. Influence of feed concentration

In this experiment, the coconut milk samples with different contents of total solids (18, 22,
26, 30, 34%) were alternatively spray-dried. Other technological parameters of spray drying
were as follows: temperature of inlet air: 150°C, rotary speed of atomizer: 20.000rpm and feed
rate: 1.73L/h. The results are presented in Table 1.

It can be noted that increase in feed concentration reduced slightly the moisture content of
the coconut milk powder. However, moisture content in all samples was lower than the
recommended maximum (5%) in powder technology.

When the feed concentration augmented from 18% to 34% w/w, the water evaporation
rate decreased from 24.8 to 19.9kg/h. Water evaporation in spray drying is realized by 2
successive stages: water diffusion from the center to the surface of the atomized droplets; and
water evaporation from the droplet surface into the environment. The first stage was carried
out by water concentration difference between the center and the surface of the droplets; and
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the second stage — by the pressure difference between the droplet surface and the environment
[4]. It is likely that high concentration of dry matters in the feed reduced water diffusion rate in
the droplets, so decreased the water evaporation rate.

Table 1. Influence of feed concentration on coconut milk spray drying

Feed concentration (% w/w) 18 22 26 30 34

Moisture of coconut milk powder (%) 3.0° 2.8° 2.8 2.6° 2.6°
Water evaporation rate (kg/h) 24.8° | 232° | 21.2° 20.8° | 19.9°
Product recovery yield (%) 71.7° 72.5° 77.9° 71.2° 71.6°

Each value represents mean and standard deviation of three independent samples.
Different letters in each row mean significant difference (P<0.05)

The product recovery yield became maximum (77.9%) when the feed concentration was
26% w/w. This concentration was therefore chosen for the following experiment.

3.2. Influence of drying agent temperature

In spray dryer Mobile Minor TM-2002, drying temperature is regulated by inlet air
temperature. Outlet air temperature cannot be regulated. In this experiment, the temperature of
the inlet air varied from 130 to 170°C. Other parameters of the operation were fixed: total
solids in the coconut milk before spray drying: 26%, rotary speed of atomizer: 20.000rpm,
feed rate: 1.73L/h. Table 2 shows the obtained results.

Table 2. Influence of drying agent temperature on coconut milk spray drying

Temperature of inlet air (°C) 130+2 140+2 15042 160+2 17042
Temperature of outlet air (°C) 54+2 59+2 65+2 712 77£2
Moisture of coconut milk powder 3.0° 2.8 2.8° 2.6° 2.6°
(%0)

Water evaporation rate (kg/h) 24.8° 23.2° 21.2° 20.8° 19.9°
Product recovery yield (%) 71.7° 72.5° 77.9° 71.2° 71.6°

Each value represents mean and standard deviation of three independent samples.
Different letters in each row mean significant difference (P<0.05)

The higher the inlet air temperature, the higher the outlet air temperature, the lower the
moisture content of coconut milk powder. In addition, increase in inlet temperature of the
drying agent augmented the water evaporation rate. Perhaps it was due to the acceleration of
water diffusion from the center to the surface of the atomized droplets in the drying chamber.

When the air inlet temperature increased from 130 to 150°C, the product recovery yield
augmented from 71.7 to 77.9%. However, increase in air inlet temperature from 150 to 170°C
reduced the recovery yield of the coconut milk powder. It was explained that too high
temperature of the drying agent made the coconut milk fat transform in liquid phase during the
spray drying. So some particles in the coconut milk powder were lumped and the product was
easily stuck on the drying chamber. This phenomenon decreased the product recovery yield.
Therefore, it can be concluded that 150°C was suitable temperature of the drying agent in the
spray drying of coconut milk powder.
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3.3. Influence of rotary speed of atomizer

In this experiment, the rotary speed of atomizer varied from 12.500 to 22.500rpm. Other
technological parameters of the spray drying were as follows: content of total solids in the
coconut milk: 26%, inlet air temperature: 150°C, feed rate: 1.73L/h.

The obtained results showed that change in rotary speed of atomizer did not influence
significantly on the product moisture and water evaporation rate during the spray drying. The
moisture content of the coconut milk and water evaporation rate varied from 2.8 to 3.0% and
from 23.1 to 23.9kg/h, respectively. Nevertheless, the product recovery yield was influenced
by the rotary speed of atomizer.

Figure 1 indicates that increase in rotary speed of atomizer augmented the recovery yield
of coconut milk powder. However, too high rotary speed of atomizer decreased the diameter of
atomized droplets in the drying chamber. Therefore, the product particle size became smaller
and the recovery of coconut milk powder by a cyclone became difficult. This phenomenon
reduced the product recovery yield.

When the rotary speed of atomizer was 20.000rpm, the recovery yield of coconut milk
powder was the highest (78.8%). This rotary speed of atomizer was therefore chosen for the
next experiments.
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Figure 1. Influence of rotary speed of atomizer on the recovery yield of coconut milk powder

3.4. Influence of pump rate of feed

The coconut milk was pumped to the drying chamber with different rates (1.47-2.00L/h).
The content of total solids in the coconut milk was 26%, the inlet air temperature — 150°C, the
rotary speed of atomizer — 20.000rpm. Table 4 presents the results.

Table 4. Influence of pump rate of feed on coconut milk spray drying

Pump rate of feed (L/h) 1.47 1.60 1.73 1.87 2.00
Moisture of coconut milk powder (%) | 2.7° 2.8° 3.0° 3.1° 3.2°
Water evaporation rate (kg/h) 18.3° 21.0° 23.4° 25.19 | 27.4°
Product recovery yield (%) 78.7" 80.7° 78.8" 78.2" | 71.6

Each value represents mean and standard deviation of three independent samples.
Different letters in each row mean significant difference (P<0.05)
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Increase in pump rate of feed augmented slightly the moisture of the coconut milk powder,
but augmented significantly the water evaporation rate. It can be explained that high pump rate
of feed increased the number of atomized droplets in the drying chamber. So the contact
surface between the droplets and the drying agent augmented. The water evaporation rate was
notably improved. The higher the pump rate of feed, the higher the water evaporation rate.

The maximum of product recovery yield was 80.7% when the pump rate of feed was
1.60L/h.

3.5. Optimization of spray drying in the production of coconut milk powder

A central composite design method was used in optimization of coconut milk spray
drying. Two factors were chosen:

- X: Feed concentration (%ow/w), with: X=[-1,+1], X(0)=26%, X(-)=24%, X(+)=28%

- Y: Inlet air temperature (°C), with: Y=[-1,+1], Y(0)=150°C, Y(-)=145°C, Y(+)=155°C.

Z, and Z, were product recovery yield (%) and water evaporation rate (kg/h), respectively.
Table 5 presents the experimental plan. The obtained results are showed in Table 5, Figure 2
and 3.

Table 5. Optimization of coconut milk spray drying - Experimental plan and results

Experiment X Y Z1 (%) Z, (kg/h)
number
1 + + 78.0 17.4
2 - + 81.4 19.2
3 + - 83.0 17.9
4 - - 79.0 22.1
5 + 0 78.8 17.2
6 - 0 78.8 19.5
7 0 + 81.8 18.9
8 0 - 79.2 19.1
9 0 0 78.1 194
10 0 0 78.6 19.9
11 0 0 77.6 19.5
12 0 0 78.1 19.3
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Fig 2. Influence of feed concentration (X) and inlet ~ Fig 3. Influence of feed concentration (X) and inlet
air temperature (Y) on product recovery yield Z, air temperature (Y) on water evaporation rate Z,
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The regression equations were as follows:

7,=78.49-1.84XY+1.89Y"

7,=20.24-0.41X+0.44Y

From the obtained regression equations, both values Z, and Z, reached maximum
(Z,=82.2%, Z,=21.09kg/h) when X=-1 and Y=I. In this case, the content of total solids in the
coconut milk before spray drying was 24%, the inlet and outlet temperatures of drying agent
were 155+2°C and 75+2°C, respectively. The moisture and fat contents in the obtained product
were 2.7% and 52.2%, respectively. In comparison with the results in part 3.1 and 3.4., the
product recovery yield in part 3.5. increased 4.3% and 1.5%, respectively.

4. CONCLUSION

Spray drying was the important operation in the production of coconut milk powder with
high fat content. Optimization of spray drying by the central composite design method
augmented the product recovery yield. The optimal parameters found in this study were
fundamental references for the application of spray drying in the production of coconut milk
powder with high fat content on industrial scale.

TOI UU HOA CAC THONG SO CONG NGHE TRONG QUA TRINH SAY
PHUN BOT SUA DUA CO HAM LUQNG BEO CAO

L& Vin Viét Man, Vuong Vin Minh
Truong Dai hoc Bach khoa, PHQG-HCM

TOM TAT: Bai bdo nay nghién ciru qud trinh sdy phun bt sita diva ¢é ham lrong béo
cao (chiém 50% khoi heong chat khé). Qud trinh sdy phun dwoc thiee hién trén h¢ thong thiét
bi Mobile Minor TM-2002 (Niro, Ban mach). Sy anh hwong cua cdc thong 6 cong nghé dén
quda trinh say phun dvoc khao sat. Phu’ong phap quy hoach thwc nghiém bdc hai - cau triic ¢6
tam -dwoc sir dung dé t6i wu héa qud trinh. Mot vai thong $6 cong nghé 16i wu ciia qua trinh
say phun bét sita diva nhie sau: Nong dé chat khé trong dich sita dira trieée khi sdy phun la
24% (w/w), nhiét dg tac nhan sdy tai cira vao va cira ra ciia budng sdy lan lwot la 155+2°C va
75+2°C, lweu lwong bom mau nguyén liéu vao thiét bi say la 1.6L/h va toc do quay cia ddu
phun ly tam la 20.000 vong/phit. Trong nhitng diéu kién trén, hiéu sudt thu hoi san pham bot
sita dira trong qud trinh sdy phun la 82.2%.
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