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Abstract. Fresh galangal rhizome has a very short 

marketable life of 7 days at room temperature. To gain 

more opportunity for marketing purposes consequently to 

extend fresh galangal rhizome shelf life, therefore, this 

research was aimed to evaluate storage qualities after hot 

water treatment (HWT). The eight-month-old galangal 

rhizomes (Alpinia galanga L.) were harvested from a local 

orchard farm. Later, they were prepared and dipped in hot 

water at 40°C for 10 min followed by a tap water dip for 10 

min, then dried. The HWT treated samples were then 

packed in nylon-linear low-density polyethylene (LLDPE) 

and polypropylene (PP) bags and subjected to heat sealing. 

All samples were stored at 13±0.4°C with 85%RH for 36 

days, following the storage quality evaluations on 3 days 

intervals. The experimental results revealed that HWT 

treated samples presented no significant changes in L*-a*-

b*-H° (Pale yellow) values regardless of film pouch types. 

The hardness of HWT treated samples packed in all pouch 

types was not significantly different from the control. The 

microstructural assessment of control tissue and HWT 

galangal rhizome tissues at day 0 which were packed in 

both pouch types has presented similar appearances. In 

conclusion, HWT might help to minimize changes in some 

postharvest qualities of galangal rhizome during storage at 

low temperatures for 36 days regardless of packaging 

types. 
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1. Introduction

Galangal (Alpinia galangar) (lesser or greater galangal)

belongs to the Zingiberaceae family which provides food, 

spices, medicines, dyes, and perfumes, as well as 

antimicrobial agents [1]. The essential oil of rhizome and 

leaves have been reported to have about 31 and 28 

constituents, respectively, with the major compound being 

1,8-cineole [2]. Furthermore, galangal contains a wide 

variety of bioactive compounds with alternative 

pharmacological and medical properties [3]. Galangal 

rhizome is an edible rootstock that is commonly consumed 

around South East Asian countries. The main suppliers of 

galangal rhizome in the international markets are Thailand, 

Indonesia and India [3], [4].  

Heat treatment or hot water treatment (HWT) is widely 

used for postharvest treatment due to its many benefits 

such as, disease control, insect disinfestation, altering tissue 

responsiveness to cold storage, inhibiting ripening, 

chemical-free and maintaining fresh quality [5]-[14]. HWT 

varies according to production practices, season, growing 

location and fresh maturity. The applications of HWT are 

done at temperatures between 43 and 53°C for several min 

up to 2 h [15]. HWT at 42.5°C for 30 min. before LDPE 

and MAP could reduce weight loss, decay and mold 

growth, maintain firmness and inhibit the ripening process 

of tomato when stored at 10°C for 14 days [16]. A similar 

study has been reported that after NaCl washing, dipping 

guava at 40°C for 10 min. could reduce weight loss and 

decay during storage at 13°C for 30 days [17]. Mild heat 

treatment at 50°C for 60 seconds was also reported for 

suppresses phenylalanine ammonialyase (PAL), 

polyphenol oxidase (PPO), and peroxidase (POD) activities 

[18]. 

Shelf-life extension for fresh commodities via modified 

atmosphere packaging has been applied successfully. 

Alterations of O2 and CO2 concentrations are practiced to 

extend the shelf life of either whole or pre-cut fresh 

produce. Several studies are presenting this preservation 

technique which effectively minimizes the physiological 

and microbial deteriorations [19]-[24]. Additionally, low-

temperature storage, mild heat treatment, irradiation, 

chemical applications as well as CO2 and ethylene (C2H4) 

absorbers have been introduced to prolong fresh 

commodity shelf life because of the synergistic effects 

between these techniques and modified atmosphere 

packaging. Several studies have reported that postharvest 

management such as postharvest treatments, types of 

plastic bags, coating materials as well as storage 

temperature could extend the shelf life of fresh 

produce[25]-[29]. 
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Thailand is the primary supplier of fresh galangal to the 

international markets, especially to other Asian countries. 

The distribution of fresh galangal rhizome products is 

mostly done under ambient temperature resulting in the 

short shelf life of only 5-7 days. Consequently, ambient 

temperature storage results in postharvest losses due to 

high temperatures accelerating physiological and microbial 

deterioration. Furthermore, inadequate preparation and 

packaging processes result in food loss and food waste 

[30]. Therefore, this research was aimed to apply HWT 

prior fresh galangal rhizomes be stored in two types of 

pouches and kept at low temperature in order to minimize 

the storage quality deteriorations and could extend fresh 

galangal rhizome.  

2. Materials and Methods    

2.1 Plant Material Preparations 

The commercial mature (approx. eight-month-old) 

galangal (A. galanga) rhizomes were harvested from a local 

orchard, Thailand. The rhizomes were then washed with 

tap water to remove dirt and the stem and small roots 

trimmed, then 300 g  10 g galangal rhizomes were 

prepared as the samples. The samples were later treated 

with hot water at 40°C for 10 min according to the optimal 

condition obtained from a preliminary study (data not 

shown). After that, the samples were dipped in tap water 

for 10 min at room temperature to reduce the residual heat 

and dried with cheesecloth. The control sample was dipped 

in sterilized water for 10 min followed by a tap water dip 

for 10 min, then dried and packed in a plastic container 

without heat sealing. 

2.2  Packaging and Storage Conditions 

The storage bags used in this study were LLDPE and 

PP. LLDPE of 80 µm and PP of 180 µm thicknesses were 

chosen due to being generally used and giving high gas 

barrier. The HWT treated rhizomes were individually 

packed in LLDPE and PP bags and heat-sealed. The 

storage conditions for treated and control samples were at 

temperatures of 13 ± 0.4°C with 85% RH for 36 days. 

2.3 Storage Quality Measurements 

The storage quality changes in all samples were 

evaluated at 3-day intervals. Each treatments were assessed 

with five replicates for skin color (L*-a*-b*-H°), firmness 

and percentage of weight loss change analysis. The 

microstructural assessment was performed using a scanning 

electron microscope (SEM) for comparing the control 

tissue at day 0 and the treated samples at the end of storage. 

2.3.1 Skin Color 

Skin color was measured using a portable 

spectrophotometer (Miniscan EZ-MSEZ, Hunterlab, USA) 

set up at 10° observation with illuminant D65 with 

measuring the head diameter of 8 mm. Changes in skin 

color during storage were pursued by evaluating the 

rhizome skin color at same positions which were three 

different points marked around the rhizomes (previous 

study) to obtain the average values of L*, a*, b* and H°. 

The reported values represented the average of 15 samples 

for each treatment. L* indicates lightness on a scale of 0 

(black) to 100 (white), a* indicates green (-) to red (+), b* 

indicates blue (-) to yellow (+) and H° indicates surface 

coloration. 

2.3.2 Hardness and Percentages of Weight Loss 

The hardness was measured using a texture analyzer 

(TA-XTPlus, Stable Micro Systems, UK). Sample was 

placed on the sample platform of the texture analyzer 

which had previously installed an 8-mm diameter flat-

ended stainless steel cylindrical probe. During firmness 

test, the probe penetrated the rhizome flesh at 10 mm 

(depth) distance compression (Fcompress) to obtain the 

maximum force (Newton, N). The test parameter for the 

compression test was 2 mm.s-1 for pre-test and test speed. 

The force-distance curves were received and extracted to 

achieve the maximum force. Changes in weight loss during 

storage were measured and expressed in percentages. 

Samples for weight loss evaluation were designed to be 

different due to minimizing the storage interruption. 

2.3.3 Morphological Observations 

Tissue samples of control at day 0, control at day 18th, 

HWT treated and packed by LLDPE and PP pouches which 

stored for 36 days were cut along the axis with a razor 

blade. Observations of galangal rhizomes cross-sections 

were performed under an environmental SEM and energy 

dispersive x-ray spectrometer (SEM-EDS) (Quanta 250, 

FEI Company, Hillsboro, Oregon, US) without prior 

specimen preparation. Morphological observations of each 

samples were performed at 1000x magnifications. 

2.3.4 Statistical Analysis of Data 

The experiments were conducted using a completely 

randomized design in a factorial arrangement with five 

replicates. The analysis of variance (ANOVA) of the data 

was conducted using PASW statistics 18 (SPSS Inc., 

USA). The differences between the means were compared 

by Duncan multiple comparison method at P < 0.05. 

3. Results 

3.1 Effects of HWT on the Skin Color of 

Galangal Rhizome 

Table 1 shows the changes in L* and a* values with 

different treatments. The increasing trends but not 

significant of L* values of control and HWT treated and 

packed in LLDPE and PP pouches were observed. These 

increasing trends seemed to fluctuate. It was observed 

some significant drop in L* values of the control sample 

and HWT treated and packed in PP pouch on day 6 

followed swinging up. the L* values of control and treated 
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samples showed no significant changes compared to the L* 

values on day 0. The changing trend of a* values of HWT 

treated and packed in LLDPE and PP pouches was 

observed to be reduced most of them compared to the 

initial values but not significant. On the contrary, during 

storage, the a* values of control samples seem to be 

increased but not significant. After 36 days of storage, the 

a* values of HWT treated and packed in LLDPE and PP 

pouches presented some constant reduction but not 

significant while the a* values of the control sample 

displayed varying increases but not significant. 

Table 2 illustrates changes in b* and H° values of 

control and treated samples. The overall changing trends of 

b* values of HWT treated and packed in LLDPE and PP 

bags were reduced with some fluctuations. It was observed 

that b* values of HWT treated and packed in LLDPE and 

PP pouches were reduced with and without significance 

during storage. It was noticed that on day 6 the b* values of 

all samples were reduced drastically and significantly 

different from the initial values. However, at the end of 

storage, the b* values of HWT treated and packed in 

LLDPE bags and control samples were not significantly 

different from the initial values. While the samples treated 

by HWT and PP storage presented a significant reduction 

on day 36. 
Changes in H° values were observed and presented in 

Table 2. This study notes that there was some reduction 

and rise of H° values of HWT treated and packed in 

LLDPE and PP pouches but not significant during storage 

for 36 days. Changes of H° values on the color wheel 

indicated pale-yellow. The drops of H° value observed in 

the control sample were higher than that observed in HWT 

treated and packed with LLDPE and PP bags after storage 

for 36 days. 

3.2 Changes of Hardness and Weight Loss of 

Galangal Rhizomes 

Changes in hardness and percentages of weight loss of 

control and HWT treated and packed in LLDPE and PP 

bags were evaluated and the results are presented in Table 

3. This study observed that all samples showed reduction 

and increase in hardness during storage for 36 days but no 

significant differences. After 36 days of storage, the 

hardness of LLDPE and PP storage samples increased with 

no significant differences. Percentages of weight loss 

presented as growing up trends in all samples. For the 

percentages of weight loss, this study noted that the 

percentages of weight loss of samples treated by HWT and 

packed in LLDPE and PP bags were grown up consistently 

after being stored for 36 days. Besides, there were 

significant differences in weight loss percentages of the 

control sample after 36 days of storage. 

 

Colour parameters L* a* 

Storage days Control* LLDPE PP Control LLDPE PP 

0 40.1±1.7
abc

 43.8±1.3
cdef

 42.8±0.9
bcdef

 5.2±0.4
ab

 6.3±0.4
ab

 5.4±0.6
ab

 

3 43.4±1.5
bcdef

 45.4±0.9
cdef

 47.7±0.7
f
 6.0±0.7

ab
 6.0±0.6

ab
 5.0±0.6

ab
 

6 35.8±0.8
a
 40.5±1.7

abcd
 37.9±1.3

ab
 5.1±0.3

ab
 5.0±0.6

ab
 3.9±0.5

a
 

9 47.7±1.2
ef
 46.2±0.8

ef
 47.2±0.2

ef
 6.6±0.4

ab
 6.1±0.4

ab
 5.3±0.7

ab
 

12 42.0±0.6
bcdef

 42.0±1.3
bcde

 42.2±1.2
bcdef

 6.1±0.4
ab

 5.2±0.4
ab

 4.5±0.6
ab

 

15 45.3±1.0
cdef

 42.2±0.7
bcdef

 43.8±1.1
cdef

 6.9±0.3
ab

 5.2±0.4
ab

 4.6±0.3
ab

 

18 44.6±1.5
cdef

 43.7±0.8
cdef

 46.1±0.6
def

 7.7±0.4
b
 5.7±0.5

ab
 5.3±0.7

ab
 

21 - 43.8±1.3
cdef

 46.5±0.5
ef
 - 5.2±0.5

ab
 5.6±0.8

ab
 

24 - 44.3±1.3
cdef

 45.0±0.7
cdef

 - 5.3±0.5
ab

 5.4±1.0
ab

 

27 - 44.3±0.6
cdef

 44.2±0.9
cdef

 - 5.1±0.3
ab

 5.3±0.8
ab

 

30 - 46.3±0.9
ef
 45.8±0.8

def
 - 5.5±0.5

ab
 4.8±0.9

ab
 

33 - 43.2±0.9
bcdef

 45.1±0.4
cdef

 - 5.1±0.4
ab

 5.1±1.1
ab

 

36 - 44.2±0.8
cdef

 44.2±0.4
cdef

 - 5.2±0.4
ab

 5.0±1.0
ab

 

Table 1 Effects of HWT on L* and a* values of galangal rhizome when stored at 13±0.4°C with 85 %RH for 36 days. Numbers represent mean values 

(n=5) with standard error. Letters within columns indicate significant differences (P < 0.05). *The end of the control sample was on day 18 due to it being 
unable to be consumed. 
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Parameters b* H° 

Storage days Control* LLDPE PP Control LLDPE PP 

0 25.8±1.4
defg

 31.7±0.8
hi
 31.9±1.8

i
 76.8±3.0

bc
 78.7±0.6

bc
 80.6±0.7

c
 

3 23.3±0.7
cdef

 25.4±1.0
defg

 26.8±0.7
fghi

 75.6±1.8
bc

 76.8±0.8
bc

 79.5±1.1
c
 

6 14.4±1.0
a
 19.8±1.6

bc
 15.9±1.5

ab
 67.0±2.4

a
 75.6±0.8

bc
 77.0±0.9

bc
 

9 24.4±0.4
cdef

 25.6±0.3
defg

 27.0±0.4
fghi

 74.4±1.1
abc

 76.6±0.8
bc

 78.8±1.4
c
 

12 22.0±1.0
cdef

 21.2±1.1
cde

 21.0±0.9
cd

 74.0±1.5
abc

 76.5±0.5
bc

 78.3±1.6
bc

 

15 24.4±0.6
cdef

 21.6±0.8
cde

 22.0±0.7
cdef

 73.9±0.6
abc

 76.5±0.7
bc

 77.4±1.5
bc

 

18 25.2±1.0
def

 24.8±0.5
cdef

 25.1±0.3
def

 70.8±2.4
ab

 77.0±1.0
bc

 78.3±1.5
bc

 

21 - 23.2±1.5
cdef

 26.7±0.5
fgh

 - 77.5±0.5
bc

 78.3±1.7
bc

 

24 - 26.0±0.9
defg

 25.3±0.7
defg

 - 78.7±0.8
bc

 78.0±2.0
bc

 

27 - 24.5±0.5
cdef

 24.7±0.9
cdef

 - 78.0±0.6
bc

 77.7±1.6
bc

 

30 - 25.4±0.6
defg

 25.2±0.5
defg

 - 78.4±0.7
bc

 79.4±2.0
c
 

33 - 26.0±0.6
defg

 25.0±0.6
def

 - 79.0±0.8
c
 79.2±2.0

c
 

36 - 30.2±0.8
ghi

 26.3±0.6
efg

 - 78.8±0.9
c
 79.4±2.0

c
 

 

Table 2 Effects of HWT on b* and H° values of galangal rhizome when stored at 13±0.4°C with 85 %RH for 36 days. Numbers represent mean values 
(n=5) with standard error. Letters within columns indicate significant differences (P < 0.05). *The end of the control sample was on day 18 due to it being 

unable to be consumed. 

 

3.3 Effects of HWT on Morphological 

Galangal Tissues 

Fig. 1 exhibits the changes in morphological properties 

of control at day 0 (Fig. 1A), control at day 18th (Fig. 1B) 

and HWT treated and packed in LLDPE and PP pouches at 

day 36th (Fig. 1C, 1D) galangal rhizome samples. The 

tissues of control at day 0 galangal rhizome were 

distributed uniformly. Comparing the control at day 0 

tissue (Fig. 1A) with the control at day 18th tissue, it was 

observed clearly that the control at day 18th tissue showed 

a nonhomogeneous deformation and considerable 

shrinkage in the cellular structure. While the cellular 

arrangements of HWT were treated and packed in LLDPE 

and PP pouches at day 36th (Fig. 1C, 1D) samples were 

similar to that of control at day 0 tissue (Fig. 1A). 

However, this study noted that there were slight differences 

between samples in LLDPE and PP containers. The 

galangal tissues of HWT treated and stored in LLDPE 

pouch showed a more uniform distribution than the 

samples kept in PP pouch at the end of storage. 

4. Discussions 

There is a wide range of HWT that could maintain 

quality attributes of fresh-cut fruits and vegetables such as 

inhibiting microbial effect [31], [32], wound healing [33], 

delaying color development [16], [34]-[36], volatile 

emission [37] and reducing chilling injury [38], [39]. 

Similarly, this study found that during storage, the L*, b*, 

a* and Hue° (Pale yellow) of HWT treated samples stored 

by LLDPE and PP pouches shown no significant difference 

from the initial values. Reduction of b*value of samples 

stored by LLDPE and PP materials were consistent with 

previous studies on HWT and MAP [16], [34], [35], [36] 

and on HWT, activated carbon (AC) and MAP [40]. The 

possible explanation could be due to abiotic stress as a 

subsequent effect following HWT [41]. Our results showed 

no significant increase in L* and no significant decrease in 

a* and H° values hence it could be noted that HWT might 

have some effects on the color quality of fresh galangal 

rhizome during storage at low temperatures for 36 days 

regardless of storage materials.  

Effects of mild heat treatment on firmness maintenance 

have been reported for muskmelon [42], fresh-cut melon 

[43] and strawberry fruit [44]. Hot water dip contributed to 

the inhibition of endogenous enzymes related to cell wall 

degradation resulting in maintaining tissue firmness [42]. 

The present study revealed that the hardness of HWT 

treated samples was increased but not significant both in 

LLDPE and PP storages. It could be suggested that HWT 

might strengthen the galangal rhizome tissues as a result of 

increasing hardness. This is supported by the SEM analysis 

which showed that LLDPE (Fig.1C) and PP (Fig.1D) 

storage tissues distribute uniformly and similar to the 

control tissue at day 0 (Fig.1A) without damage at the end 

of storage.  
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Parameters Hardness (N) Weight loss (%) 

Storage days Control*
ns

 LLDPE
ns

 PP
ns

 Control LLDPE PP
ns

 

0 263.0±22.0 312.5±36.4 323.3±40.4 0.0±0.0
a
 0.0±0.0

a
 0.0±0.0 

3 355.9±76.8 391.9±52.5 469.8±47.5 7.6±0.6
b
 0.5±0.0

a
 0.2±0.0 

6 446.9±25.0 302.2±21.7 416.4±70.9 12.9±0.8
c
 0.7±0.0

a
 0.5±0.0 

9 297.0±24.6 245.7±24.2 266.0±18.4 18.4±1.3
d
 0.8±0.0

a
 0.6±0.0 

12 288.2±15.6 361.1±49.5 297.8±34.2 22.9±3.1
de

 1.0±0.0
a
 1.0±0.1 

15 296.4±52.4 431.7±48.2 321.4±42.4 24.3±2.7
e
 1.2±0.0

a
 1.0±0.1 

18 380.3±72.3 380.8±62.4 422.4±65.1 20.5±1.8
de

 1.2±0.0
a
 1.1±0.1 

21 - 343.6±57.8 461.3±53.6 - 1.4±0.0
a
 1.1±0.1 

24 - 348.9±34.6 410.0±54.3 - 1.4±0.0
a
 1.2±0.1 

27 - 399.8±48.7 395.0±23.1 - 2.0±0.0
a
 2.2±0.2 

30 - 428.3±57.2 401.6±41.0 - 2.3±0.1
a
 2.0±1.3 

33 - 315.8±28.7 322.2±47.6 - 2.6±0.1
ab

 2.3±1.3 

36 - 455.6±36.2 463.6±61.8 - 2.7±0.1
ab

 2.4±1.4 

 
Table 3 Effect of HWT on hardness and weight loss of galangal rhizome when stored at 13±0.4°C with 85 %RH for 36 days. Numbers represent mean 

values (n=5) with standard error. Letters within columns indicate significant differences (P < 0.05). *The end of the control sample was on day 18 due to it 

being unable to be consumed. 

 

  

   

 

Fig. 1 Effects of HWT on the microstructures of galangal tissues. The figure indicates the comparison of  SEM of galangal tissues between control and 
treated tissues after storage at 13±0.4°C with 85 %RH; control at day 0 (A), control at day 18th  (B), LLDPE at day 36th (C) and PP at day 36th  (D)

(B)  (

(D)  (

C)  

500 µm. 

500 µm. 
500 µm. 

500 µm. 

(C)  

(A)  
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5. Conclusion 

Reportedly, application of HWT prior fresh produces 

being stored could minimize changes, subsequently could 

prolong shelf life. This research concludes that HWT could 

minimize changes in postharvest quality of fresh galangal 

rhizomes stored by LLDPE and PP pouches during storage 

at low temperatures for 36 days. The results reveal that 

HWT is possible to delay the color changes in fresh 

galangal rhizome stored by LLDPE and PP bags. Also, it 

could be noted that HWT prior storage is possible to 

maintain the hardness of fresh galangal rhizome stored in 

LLDPE and PP pouches during cold storage as indicated by 

the microstructural observation. 
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