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ABSTRACT: The maturity of ginger rhizomes was studied by measuring their moisture content, fibre, density, and 6-
gingerol content. Ginger rhizomes were harvested and divided into three groups according to their age of 4-6, 7-9, and
10-12 months. The results revealed that as ginger rhizomes age, moisture content and density decreased, while fibre and
6-gingerol content increased. Therefore, ginger maturity with the age of 10-12 months was used in the drying process. The
effects of the drying aids maltodextrin and liquid glucose and inlet air temperatures on the properties of ginger powders
were assessed. Moisture content, water activity, bulk density, water adsorption index, 6-gingerol content, and colour values
of ginger powders decreased with increasing inlet air temperatures. Particle size, solubility, and water solubility index
increased with increasing inlet air temperatunes( 0.05). Moisture content, water activity, water adsorption index, and
particle size decreased with increasing the drying aids. Solubility, water solubility index, and yield increased with increasing
the drying aids. The addition of 5% liquid glucose and an inlet air temperature of 120 °C resulted in good properties and the
highest 6-gingerol content of the ginger powders. It was noted that liquid glucose could function as a drying aid and as an
encapsulating agent.
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INTRODUCTION laboratory spray dryers using maltodextrin with DE 6,
12, 19 as drying aids and obtained the ratio of additive
Ginger rhizome processing is difficult and requiresnaterials. Gupta produced free flow orange juice
imaginative new methods to give high yields withpowders using liquid glucose as a drying aid. He used
minimum cost to the village level processors. Thenany spray dryers with different atomizing systems
total export of ginger rhizomes from Thailand inand found that a powder flow film was formed when
2002/2003 was 26 908 tonnes. Excess production 8fe inlet air temperature was higher than the sticky
ginger from growing areas causes problems in movingoint. Carcamd studied the technical feasibility of
this volume of raw product to the market and prospray drying apple juice. Chegini and Ghobadian
cessing plants. Ginger rhizomes contain about 82.6%eund that spray drying of orange juice without any
moisture. Ginger rhizomes contain phytochemicadlrying aid could not produce dry orange juice powder
substances such as){gingerol, zingerone, anchf- and maltodextrin increased drying yield of 18—-35%.
shogaot which function as an antioxidant and anti-  The objectives of this work were to investigate
cancer agent Drying is the process of removing thethe maturity of ginger rhizomes. The effects of inlet
moisture from a food product which is accomplishedir temperatures and drying aids on moisture content,
by heating. In this process, two transport phenomenater activity, particle size, bulk density, solubility,
occur simultaneously: moisture movement and heatater solubility index, water absorption index, 6-
transfer. Spray drying of most fruit and vegetablegingerol content, and colour values of ginger powders
juices require drying aids to accomplish the dryingvere also determined.
process. Attiyat produced a free flow and good
quality tomato powder using an industrial spray dryemnATERIALS AND METHODS
Maltini et al* produced peach, pear, and apricot .
powders using vacuum belt and freeze drying. Baaturty
handari et a studied the conditions for producing Ginger rhizomes Zingiber officinaleRoscoe) were
blackcurrant, raspberry, and apricot powders with twbarvested from Petchaboon province, Thailand. The
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ginger rhizomes were divided into 3 groups accordingVater activity ( a.)

to their age of 4-6, 7-9, and 10-12 months. Moistur%mger powders of 0.5 g were determined using a

) 10 ;
content, fibre®, density’®, and 6-gingerol conteft o activity meter (AQUALAB series 3TE, Device
were determined. A completely randomized de&g&o_ Germany) at 25 °C.

was used to study the factors affecting ginger rhizome
maturity. Two replications were used to determine theolour
main factors. SPSS version 16 for Windows was us

to do ANOVA. the colour of ginger powder was measured using

Hunter Lab (ULTRASCAN XE U3115, Color Global
Spray drying Co.) and expressed &s, a*, andb* values.

Ginger rhizomes (10-12 months) were cleaned iWVater solubility index (WSI) and water
5 ppm chlorinated water and cut into small piecesabsorption index (WAI)

Ginger juice was extracted using a heavy duty hypater solubility index and water absorption index
draulic press (Samson). The spray drying experimen(, e qetermined using the method described in Ref.
were performed using a pilot plant spray dryer (PML-5 A gmagl| sample of dry powders (2.5 g) was added
20, Pamalyne). The feed rate of the spray dryer wa§ 30 m| of water at 30 °C in a 50 ml centrifuge tube,
14-18 mli/min by a peristaltic pump and the gingegyirreq intermittently for 30 min, and then centrifuged
juice was subjected to a rotary atomizer at 35000 ¢, 10 min at (5109). The superatant was carefully

An electric heater heated the inlet air to a temperaturﬁoured off into a Petri dish and oven-dried overnight.
of 120-150°C. The outlet air temperature Was 7SThe amount of solid in the dried supermatant as a

85°C. Maltodextrin and liquid glucose were used a3¢rcentage of the total dry solids in original 2.5 g
drying aids at the concentration of 0, 5, and, 10%. Th§ample gave an indication of the WSI. Wet solid
drying aids and their proportion with ginger juice Wer€gmaining after centrifugation was dried in an oven
chosen based on previous investigations. Drying a'Qﬁ/ernight. WAI was calculated as the weight of dry

should reduce hygroscopic and thermoplastic propegy)iq divided by the amount of dry sample.
ties with variation of the ginger juice properties and

should not alter the quality of the ginger powders. Th&olubility
pilot plant spray dryer was situated in a food procesE

ing pilot plant with a stable environment. The ambien f the method of Al-Kahtani and Bakd. A small

air temperature was 30.5 °C and the relative humiditgample of dry powders of 0.6 g was added to 400 ml
was 71.5+ 1.9%. Before starting the experiments, the f water at 7())/ °C in a 50 ml .beaker The mixture was

atmospheric temperature was measured with a da9 : N -
stirred using a magnetic stirrer at 7 rpm. Solubilit

logger (DT 800, Data Taker, Scoresby) and the rela- g d %h i taken t g ve th 21/

. - X was measured as the time taken to dissolve the dry

tive humidity was measured with a thermohygrometeigowders completel

(HD9216, DELTA OHM-VIAG Co., Galilei). In all y-

experiments, atomizer speed and air pressure Wege||k density

constant at 35000 and 3.0 kPa, respectively. A . . . .

completely randomized 2 3 x 3 factorial experiment Bcl:\ll\'/( d‘l??g'g;{)a;?eﬁigmu;ig Eylﬁ%t?gfg I'?o?(;i%m%ﬁ(ra

was used to study the main factors affecting the dryin 9 Y 9

process, namely, drying aids (maltodextrin, MD an ylinder on a vibrat.o.r for 1 min. The bulk density
liquid glucose, LG at the concentration of 0, 5, andVas calculated by dividing mass of the powders by the

10% by weight) and inlet air temperature (120, 135\{o|ume occupied in the cylindéf.

and 150 °C) and interaction between the main factorg ticje size

Duncan’s multiple range was used to determine the ) ) _ _
significant treatments at 95% confidence interval. Particle size of ginger powders was determined using
the method described by Fartal A sample of dry

olubility was determined using a modified version

QUALITY ANALYSIS ginger powder (100 g) was used. A suitable sieve
) shaker (Retsch, Serial No. 52109013, GmbH 8 Co.
Moisture content KG) and designated sizes of 30, 40, 50, 70, 100,

Moisture content was determined by the AOAC140, 200, and 300 mesh and a balance of accuracy
method. Mass loss after 5 g of each powder wast 0.01 g were used. The sample was placed on the
placed in an oven dryer at 105°C (U30, Memmertjop sieve of the shaker and it was operated until the
for 3 h was determined. weight of ginger powders on the finest sieve reached
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equilibrium, as determined by inspection and weigh- 1s -

ing at 5 min intervals after an initial sieving time of 16 ¢ == D0 %
10 min. The analysis of weight distribution data was_ o —— D5 %
based on the assumption that the distributions werg |, | =B D10 %
lognormal. The size of particle was reported in term& s - e Lcov
of geometric mean diameter(,) and geometric ~ © 1 e s,
standard deviationd,,,) by weight. We used ) — . - '
FN; — LG10 %

0 T 1

dgw = dso = particle diameter at 50% probability
= particle size at 84% probabilityls.,
= dg /particle diameter at 16% probability

120 135 150
Temperature (OC)

Fig. 1 The effect of inlet air temperatures and drying aids
Determination of 6-gingerol content on yield.

6-Gingerol of ginger powders was determined using

a method modified from Balladin et’#l A sample finished ginger powderg (< 0.05). High inlet drying

of dry powders (1 g) was extracted in 10 ml methanojr temperature often resulted in decreasing moisture
overnight, and then centrifuged for 10 min at 5300 content andh,,. Generally, the greater the tempera-
The supernatant was filtered through Whatman papgjre difference between the particles, the greater the
No. 2 and then the filtrate was filtered through &vyaporation rat®. Similar results have been reported
0.45 pm nylon filter. Reversed-phase high perforgg, spray dried tomato past& pineapple juicé®, and
mance liquid chromatography (HPLC) was used fogweet potato purée Moisture content also decreased
the determination of 6-gingerol in the extract of gingeiyith increasing maltodextrin concentration as a drying
rhizomes and ginger powders. 20 pl of the extracdid. This was due to the hygroscopic property of

was injected into the HPLC. The water HPLC systemnaltodextrin and hence its reduced moisture content
was used. The column was a reversed-phase HI5Gndq,, .

(150 mmx 4.6 mm), id 5 um (HiChrom) with Nova-
Pak Gg pre-column (Water Co.). The mobile phaseParticle size and bulk density

was methanol:double deionized water (70:30 V/V)Spray drying experiments were performed. Maltodex-

The solvent flow rate was 1.2 ml/min.  The UV,n (MD) and liquid glucose (LG) were used and
detector (Water 480) was set at 282 nm. functioned as drying aids. With these drying aids,

RESULTS AND DISCUSSION the yleld increasedFQg. 1) Results indicated that
. yield was increased to 15.7% with liquid glucose
Maturity concentration of 10% at 120 °C. The bulk density de-

The moisture content and density of ginger rhizomesreased with increasing inlet air temperatureg( 2).
decreased with the increasing fibre and 6-gingerdihe bulk density of ginger powders was in the range
content p < 0.05, Table ). The fibre contedf 480-830 kg/m. Particle size of ginger powders in-
and an active ingredient (6-gingerblincreased with creased with inlet air temperatures but decreased with
age. Baranowskf reported that 6-gingerol in ginger increased concentration of maltodextrin and liquid
increased with the age of plant from 12 to 34 weekglucose Fig. 3. The particle size of ginger powder
and found that the mature ginger that was 34 week&as in the range 47 to 84 um. This increment
old contained the highest 6-gingerol content. In thisften resulted in a rapid formation of a dried layer
work, the mature ginger aged 10-12 months (40—4& the droplet surface and the particle size was due to
weeks) contained the largest amount of 6-gingeraikinning over and case-hardening of the droplets at the
instead. Therefore, 10-12 month-old ginger was usdtigher temperatures. This leads to the formation of
in the spray drying process. vapour-impermeable film droplet surfaces, followed

] o by the formation of vapour bubbles and dropfets
Moisture content and water activity
Inlet air temperature and drying aids reduced the .
moisture content and, of the ginger powders to less >°!UPility, WSl and WAI
than 1.70%, which is desirable for the spray dryin@he instant properties of a powder involve the ability
process (able 2. Inlet air temperatures and drying of a powder to dissolve in water. Most powdered
aids had an effect on moisture content andof the foods are intended for rehydration. Hence the ideal
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Table 1 Maturity of ginger rhizomes.

Parameter Age of ginger rhizomes

4-6 months 7-9 months 10-12 months
Moisture content (%) 93.3%20.75% 90.34+ 1.14 82.64+ 4.81°
Fiber (% dry basis) 10.04 0.7F 10.82+0.3¢& 11.72+0.4%
Density (kg/ni) 1024.02+ 2.35° 999.87+ 6.9 986.55+ 0.9F
6-gingerol (mg/1000 g dry basis) 10154037.66 1682.20+ 81.74 2337.10+80.7%

Differing superscripts indicate significant differences{ 0.05).

Table 2 Moisture content, water activity, water solubility index and water absorption index of spray-dried ginger powders.

Drying aid Concentration (%) Inlet air temperature (°C) Moisture (%) aw WSI (%) WAI
MD 0 120 15.36-0.0° 0.43+0.0* 20.29+0.33 5.041+0.02
MD 0 135 9.37-0.0° 0.33+0.00 57.83-0.84 1.9294+0.01°
MD 0 150 7.78: 0.0 0.31+0.00" 88.554+-1.03 1.538+0.00F¢
MD 5 120 4.80+0.00 0.40+0.0° 35.06+1.68" 2.94540.02
MD 5 135 3.814+0.00 0.3940.00 88.15+0.44 1.54740.00f
MD 5 150 3.42+-0.00¢ 0.28+0.00¢ 91.844+1.3F 1.528+ 0.0CFef
MD 10 120 2.40:£0.00 0.37+0.0 87.71+1.37 1.540+0.00%
MD 10 135 1.67£0.03" 0.314+0.00 91.504+0.459 1.5164 0.0CFf
MD 10 150 0.74£0.00° 0.2540.01" 93.82+0.81° 1.5104+0.00
LG 0 120 15.36-0.02 0.434+ 0.0 20.29+0.33 5.0414+ 0.02
LG 0 135 9.37+0.0° 0.33+0.0d 57.83+0.84 1.929+0.0°
LG 0 150 7.78£0.09 0.314+0.00' 88.55+1.03 1.538+0.00°¢
LG 5 120 5.60+ 0.0 0.32+0.00 87.92+0.8§ 1.541+0.00¢
LG 5 135 5.25:0.04 0.29+0.0d 90.66+ 1.14¢ 1.51840.0C
LG 5 150 4.56-0.00" 0.25+0.00' 93.90+0.73 1.516+0.00F
LG 10 120 8.48-0.00 0.34+0.0F 89.83+1.15 1.51640.0C
LG 10 135 4.44-0.01 0.2840.00 93.39+0.48 1.5154 0.0
LG 10 150 1.84+0.01™ 0.274+0.00" 96.01+0.4% 1.50740.00
Differing superscripts indicate significant differencgs{ 0.05).
1000 100 —
== MDO0 % —— MDO0 %
m’E‘ 800 == MD5 % _ 80 4 =~ MD5 %
% 600 =& MD10 % 560 _E = \MD1o
é 400 == LG0% g —— Z’GO %
2 % 40 4
2 200 == LG5 % g - LG5 %
- 1G10% 20 - —A—1LG10%
0 -+ T 1
120 135 . 150 0 T T 1
Temperature ( C) 20 135 Temperature (“C) .

Fig. 2 The effect of inlet air temperatures and drying aids__ ] ] ) ]
on bulk density. Fig. 3 The effect of inlet air temperatures and drying aids

on mean diameter.

powder would wet quickly and thoroughly, sink rather

than float and disperse/dissolve without lurffhsThe  ginger powder. Water solubility index increased with
addition of maltodextrin and liquid glucose duringincreasing maltodextrin and liquid glucose up to 96%
spraying of ginger juice affected the solubility of(Table 9. Conversely, adding drying aids reduced the
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50 - 6-Gingerol content
40 f =0 10 % The HPLC resu!ts revealed thgt the drying.aids.re-
e tained more 6-gingerol than without the drying aids
20 - ’ (Table 3. Many researchers found that maltodextrin
z Balhe could decrease diffusion coefficients for dilute volatile
520 [ ——TG0% organic substances. As a consequence, a major goal
— s, in the design of concentration and drying processes
| was to establish conditions that lead rapidly to a high
10 —+—1G10% . .
concentration of major solutes at the surface thereby
0 : : . sealing or encapsulating the surface against further

volatiles losg€%23. The highest 6-gingerol remaining
was found with 5% liquid glucose. It was interesting
to note that liquid glucose could function as drying aid
Fig. 4 The effect of inlet air temperatures and drying aidsand as an encapsulating agent.

on solubility.

120 135 . 150
Temperature ( C)

Colour values

Colour was represented by* anda*/b* where L*
water-holding capacity of the ginger powdeFsd. 4 values range from black (0) to white (100). The
andTable 9. These effects of the drying aids coulda*/b* ratio described yellowness of ginger powder
be attributed to the inverse relationship between theroduct$?. As the inlet air temperatures were in-
drying aids concentration and the mean particle sizereased, thé.* value and yellowness of ginger pow-
(Fig. 3. The drying aids could form an outer layerders decreasedigble 3. In general, higher drying
on the drops and alter the surface stickiness of paair temperature affects colour of dried product due to
ticles due to the transformation into a glassy state a non-enzymatic browning reactiéh Maltodextrin
The changes in surface stickiness reduce the particland liquid glucose were able to preserve yellowness of
particle cohesion resulting in less agglomeration, anithe ginger powder products. The best colour value of
therefore, lower water-holding capacity of the powginger powder products were achieved at 120 °C inlet

derst8.

Table 3 Lightnessa™ /b* value, and 6-gingerol content of spray-dried ginger powders.

temperature and 5% liquid glucose.

Drying aid Concentration (%) Inlet air temperature (°C) L~ a”* /b* 6-gingerol (mg/1000 g sample)
MD 0 120 60.30£1.12 0.16+0.019 109.99+0.27"
MD 0 135 57.92:0.20 0.35+0.01° 62.90+ 3.45"
MD 0 150 52.23£0.5% 0.51+0.00% 25.714+3.17
MD 5 120 70.50:0.17 0.0440.00 627.024 12.3%°¢
MD 5 135 72.35£0.2£# 0.134+0.00 620.05+ 14.5P°¢
MD 5 150 68.19:0.78 0.43+0.00° 571.95+ 33.6%4
MD 10 120 78.86-0.47 0.09+0.00 427.45+ 3.5C°
MD 10 135 80.69- 0.3 0.11+0.01 382.69+ 6.77
MD 10 150 79.28: 1.0 0.16+ 0.007 315.14+ 1.42
LG 0 120 60.30:1.17 0.1640.018 109.99+0.27
LG 0 135 57.92:0.20 0.35+0.01° 62.90+ 3.45"
LG 0 150 52.240.55 0.51+ 0.00% 25.71+3.17
LG 5 120 75.69: 1.4 0.19+0.01 1029.72+ 50.44
LG 5 135 72.42£0.2& 0.18+0.00 659.81+ 46.8F
LG 5 150 72.27:0.1€ 0.21+0.0F 394.95+ 23.9F
LG 10 120 73.84£0.15" 0.11+0.00 623.35+ 87.96°°
LG 10 135 70.13:0.05 0.21+0.0¢F 523.20+ 3.45
LG 10 150 66.15:0.28" 0.26+ 0.0¢" 252.31+ 7.84

Differing superscripts indicate significant differencgs{ 0.05).
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CONCLUSIONS

The inlet air temperatures and drying aids affected
the quality of dried ginger powders. Liquid glucose
as a drying aid increased the drying yield to 15.7%.
Moisture contentga,,, bulk density, water adsorption 1¢
index, 6-gingerol and colour value of ginger pow-

ders decreased with increasing inlet air temperaturaz.

Particle size, solubility and water solubility index
increased with increasing inlet air temperatures. Water

solubility index and yield increased with increasingl8.

drying aids concentration. The best quality ginger
products were achieved at 120 °C inlet temperature
and 5% liquid glucose.

19.
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