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บทคัดย่อ
แม้ว่าถั่วทองทองทอดกรอบเป็นอาหารว่างท่ีรู้จักกันดีในประเทศไทยและประเทศอ่ืนๆ ในเอเชีย  

แต่ยังไม่ค ่อยมีข ้อมูลด้านคุณภาพและผลกระทบจากสภาวะในกระบวนการผลิต ในการศึกษานี ้

จึงมีวัตถุประสงค ์ในการตรวจสอบผลของการเตรียมวัตถุดิบก ่อนการทอดและสภาวะการทอด  

ต่อคุณลักษณะของถั่วทองทอดกรอบ ท�าการประเมินคุณภาพถั่วทองทอดกรอบด้าน อัตราการขยายตัว  

ความแข็ง และการยอมรับทางประสาทสัมผัส (9-Point Hedonic Scale) ท�าการทดลองต้มถั่วทอง 

ที่อุณหภูมิ 100 องศาเซลเซียส ที่เวลา 1 3 และ 5 นาที ตามล�าดับ ผลการทดลองพบว่า ระยะเวลา 

การต้มส่งผลต่ออัตราการขยายตัวและความแข็งของผลิตภัณฑ์สุดท้ายอย่างมีนัยส�าคัญ (p < 0.05)  

แต่การต้มนาน 3 นาที ท�าให้ได้ถั่วทองทอดกรอบท่ีมีคะแนนความชอบโดยรวมสูงท่ีสุด (p < 0.05)  

จากนัน้ทดลองอบแห้งถัว่ทองทีมี่ความชืน้ฐานเปียกร้อยละ 56 น�าไปอบให้มคีวามชืน้ฐานเปียกร้อยละ 30 40  

และ 50 ตามล�าดับ ผลการทดลองพบว่า เมื่อความชื้นของถั่วทองก่อนทอดลดลงอัตราการขยายตัวของ

ถั่วทองทอดลดลงและมีความแข็งเพิ่มขึ้นอย่างมีนัยส�าคัญ (p < 0.05) จากนั้นท�าการเปรียบเทียบถั่วทอง 

ก่อนทอดที่น�าไปบ่มที่อุณหภูมิแตกต่างกัน ได้แก่ ท่ีอุณหภูมิบรรยากาศ (ประมาณ 35 องศาเซลเซียส)  

แช่เย็นที่ 4 องศาเซลเซียส และแช่เยือกแข็งที่ -20 องศาเซลเซียส เป็นเวลา 12 ชั่วโมง พบว่าถั่วทอง

ที่ผ่านการต้มแล้วน�าไปบ่มที่ -20 องศาเซียลเซียส ก่อนน�าไปทอด ให้ลักษณะของถั่วทองทอดที่มีอัตรา

การขยายตัว และคะแนนความชอบด้านเนื้อสัมผัสที่เพิ่มขึ้น และมีค่าความแข็งที่ลดลงอย่างมีนัยส�าคัญ  

(p < 0.05) อย่างไรก็ตาม สภาวะการบ่มไม่มีผลต่อคะแนนความชอบด้านลักษณะปรากฏ สีและคะแนน

ความชอบโดยรวมอย่างมีนัยส�าคัญ (p > 0.05) จากนั้นท�าการทดลองทอดถั่วทองที่ระดับความดัน

สุญญากาศต่างๆ (23-43 เซนติเมตรปรอท) และอุณหภูมิต่างๆ (130-145 เซลเซียส) ภายใต้

สภาวะแรงขับเนื่องจากความแตกต่างของอุณหภูมิของน�้ามันและจุดเดือดของน�้าที่คงที่ 60 องศาเซลเซียส  
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เปรียบเทียบกับการทอดในสภาวะบรรยากาศ (76 เซนติเมตรปรอท 160 องศาเซลเซียส) ผลการทดลอง

แสดงให้เห็นว่าการทอดถั่วทองภายใต้ความดันสุญญากาศที่ความดัน 43 เซนติเมตรปรอท อุณหภูมิ 145  

องศาเซลเซียส ท�าให้ได้ถั่วทองทอดที่มีอัตราการขยายตัวสูงท่ีสุด มีค่าความแข็งและค่าวอเตอร์แอคติวิตี้ 

ต�่าที่สุด การประเมินทางประสาทสัมผัสร่วมด้วยการวิเคราะห์ลักษณะโครงสร้างผ่านกล้องจุลทรรศน์ 

อิเล็คตรอนแบบส่องกราดชี้ให้เห็นว่าถั่วทองทอดภายใต้ความดันสุญญากาศ มีคุณลักษณะด้านเนื้อสัมผัส 

ที่ปรับปรุงขึ้นอย่างเห็นได้ชัด รวมทั้งยังได้รับคะแนนความชอบโดยรวมสูงกว่า เมื่อเปรียบเทียบกับถั่วทอง

ที่ทอดภายใต้ความดันบรรยากาศและถั่วทองทอดทางการค้า (p < 0.05) 

ค�ำส�ำคัญ: ถั่วทอง  อาหารว่าง  การทอด  สมบัติด้านเนื้อสัมผัส  คุณภาพทางประสาทสัมผัส

Abstract 
Although fried dehusked mung bean (DM) is a well known nutritious crispy snack in 

Thailand and other Asian countries, there is rare information regarding its quality and the influence 

of processing conditions. The objective of this study was therefore to investigate the effect of 

pre-frying treatments and frying methods on the quality attributes of crispy DM. Expansion ratio, 

hardness and sensory acceptance (9-point hedonic scale) were quality attributes evaluated for 

fried DM. Boiling of DM at temperature of 100˚C was performed at varied periods of 1, 3 and 

5 minutes respectively. The results indicated that boiling periods did not significantly influence on 

expansion ratio and hardness (p > 0.05) of final product but that for 3 minutes gave the highest 

overall liking score (p < 0.05). Subsequently, the boiled DM samples with moisture content of 

56%w.b. were dried at temperature of 60˚C to obtain varied moisture contents of 30, 40 and 

50%w.b., respectively. It was found that as the moisture content of pre-fried DM decreased, 

it’s expansion ratio significantly decreased and hardness significantly increased (p < 0.05).  

Then pre-fried DM aged at various conditions including atmospheric temperature (approx. 

35˚C), cooling at 4˚C and freezing at -20˚C for 12 hours were compared. It was found 

that ageing of cooked DM at -20˚C before frying gave significant increase in expansion ratio, 
textural liking score and significant decrease in hardness of fried DM (p < 0.05). Nevertheless,  

the ageing conditions did not significantly effect on liking scores for appearance, colour  

and overall liking score (p > 0.05). Then the vacuum frying was performed under varied vacuum  

pressures (23-43 cmHg) and frying temperatures (130-145˚C) under equivalent thermal 

driving force (ETDF) of 60˚C and compared with atmospheric condition (76 cmHg, 160˚C). 
The experimental results suggested that frying DM under vacuum pressures of 43 cmHg  

and temperatures of 145˚C gave the highest expansion ratio, the lowest hardness and the 
lowest water activity (a

w
) of the fried DM. Sensory evaluation along with SEM structural analysis 

indicated dramatically improved textural attributes with significantly higher overall liking score of 

fried DM under vacuum pressure over atmospheric counterpart and local commercial product  

(p < 0.05). 

Keywords: Dehusked Mung Bean, Snack, Frying, Textural Properties, Sensory Properties



143

วารสารมหาวิทยาลัยศรีนครินทรวิโรฒ (สาขาวิทยาศาสตร์และเทคโนโลยี) ปีที่ 11 ฉบับที่ 21 มกราคม - มิถุนายน 2562

Introduction
Mung bean (Vigna radiate) is known for 

a plant seed rich of nutritional components 

such as protein, carbohydrate, oil, vitamins, 

minerals and a good source of dietary  

fiber [1]. Apart from utilization of mungbean 

as an ingredient in cooking of varieties  

of foods, fried snack produced from its dehusked 

form is well known and widely consumed  

in Thailand and many other Asian countries [2]. 

An increasing consumers’ demand for healthy 

food products makes snack with nutritional 

value attractive to many food producers to 

develop new food product in this category [3]. 

For most starch based crispy snack, texture 

is a sensory attribute of uppermost importance 

for product preference [4]. Nevertheless, 

there is rare information regarding production  

and processing parameters associated with the 

quality attributes, especially texture of crispy 

fried mung bean product. 

Atmospher ic deep-fat f ry ing is a 

conventional method applied for crispy 

dehusked mung bean available in the market. 

Vacuum deep-fat frying is an alternative 

method providing many advantages over 

conventional method including lower frying 

temperature, decreasing loss of nutrients, 

color, flavour, oil uptake and water activity 

[5-8]. To compare atmospheric and vacuum 

frying thermal driving force that is the 

difference between the oil temperature and the 

boiling point of water or so called equivalent 

thermal driving force (ETDF) at the working 

pressure must be kept constant [7-8].

Pre-treatments prior frying is associated 

to the fried product quality. For material 

containing starch such as rice, mung bean, 

etc., gelatinization of starch and moisture 

content are determining factors for the 

expansion of fried product [7-10]. Degree 

of retrogradation of starch induced by low 

temperature is another factor effecting on 

characteristics of fried product [11]. Starch 

retrogradation depends upon the duration of 

chilled storage. It has been reported recently 

that the expansion of cracker increased when 

cooked starch gel was cooled before frying 

as a result of starch retrogradation [10]. 

Freezing pretreatment was also found to effect 

on decreasing hardness of fried carrot snacks 

as a consequence of rapid evaporation during 

frying due to ice crystal formation, resulting  

in a more fragile structure [12].

Objectives 
The objective of this study was to 

investigate the effect of pre-frying treatments 

(boiling, drying and ageing) and frying 

methods (Atmospheric and Vacuum) on 

the quality attributes of crispy dehusked 

mung bean (DM). Expansion ratio, hardness  

and sensory acceptance (9-point hedonic 

scale) were quality attributes evaluated for 

fried DM.

Methods 
Materials for crispy fried dehusked mung 

bean preparation

Commercial dehusked mung bean (Khao 

Thong Brand, Thai Food Industry Co., Ltd.) 

was used for preparation of fried samples. 

Vegetable oil for frying was palm oil (Morakot 

brand, Morakot Industry Co., Ltd.) purchased 

from local supermarket.
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Pre-frying process investigation: the 

effect of boiling period 

Dehusked mung bean (DM, 30 g) was 

cleaned by rinsing with tap water before 

soaking in water (100 ml) at atmospheric 

temperature for 120 minutes. Water was 

then drained, followed by boiling DM sample  

in 500 ml of water at 100˚C for varied 
periods of 1, 3 and 5 minutes, respectively. 

After boiling, the DM sample was cooled  

and ventilated under ambient temperature until 

the sample reached atmospheric condition. 

The sample was taken for moisture content 

determination. To fry the DM sample, palm 

oil was heated to 160˚C under atmospheric 

pressure and fried for 2 minutes. The fried 

samples was taken for expansion ratio, 

hardness and sensory evaluation. The boiling 

period that provided the highest expansion 

ratio, the lowest hardness and the highest 

sensory score was selected for the subsequent 

experiment.

Pre-frying process investigation: the 

effect of drying process

DM samples were prepared by following 

procedure described earlier above with 

selected boiling time, except before frying, 

the boiled samples were dried at 60˚C  
in hot air oven at varied times (13, 46  

and 78 min) as estimated by drying curve 

to obtain varied moisture contents of 3 

levels (50, 40 and 30%w.b., respectively).  

Boiled sample (moisture content 56%w.b.) 

without drying was treated as a control.  

The fr ied samples were analyzed for  

expansion ratio and hardness. Moisture 

content before frying corresponding to drying 

time that provided the highest expansion ratio 

and the lowest hardness was determined  

for the subsequent experiment.

Pre-frying process investigation: the 

effect of ageing process

Similarly, DM samples were prepared 

following procedure described earlier with 

selected cooking time and suitable moisture 

content which were then aged under various 

conditions for 12 hours including atmospheric 

temperature (approximately 35˚C), chilling 
(4˚C) and freezing (-20˚C). The samples 

were then evaluated for expansion ratio  

and hardness. The ageing condition that 

provided the highest expansion ratio and 

the lowest hardness was determined for the 

subsequent experiment.

The effect of frying methods

The suitable pretreatment was selected 

according to the prior experimental results 

for comparison between vacuum frying using 

locally produced vacuum frying chamber  

(OFM CO, Ltd., Thailand) and atmospheric 

frying. The experimental conditions are 

presented in Table 1 comprising 4 experiments 

for vacuum frying (1-4) and atmospheric 

condition (5) as a control. To allow comparison 

between the frying method, the frying was 

operated under equivalent thermal driving 

force (ETDF) of 60˚C. The fried samples 

were evaluated for expansion ratio, hardness 

and water activity (a
w
). The selected vacuum 

fried sample was subsequently evaluated for 

sensory acceptance using 9-point hedonic 

scale and compared with the atmospheric  

fried sample and a commercial product packed 

in sealed aluminum bag purchased from local 

supermarket.
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Table 1.  Experimental vacuum frying and atmospheric conditions under equivalent thermal driving 

force (ETDF) of 60˚C

Frying conditions 1 2 3 4 5

Pressure (cmHg) 23 29 36 43 76

Oil temperature (˚C) 130 135 140 145 160

Water boiling point (˚C) 70 75 80 85 100

Frying time (min) 8 7 6 5 2

ETDF (˚C) 60 60 60 60 60

Note: 1-4 = vacuum conditions, 5 = atmospheric condition (Control)

Product quality assessments

Expansion ratio of fried DM was measured 

from relative change in its volume before 

and after frying. The volume of sample was 

determined based on sesame replacement. 

Then volume expansion ratio was calculated 

from the following equation. 

Expansion ratio = Va/Vb

Where Vb = Volume of mungbean seeds  

   before frying

 Va = Volume of mungbean seeds  

   after frying

Hardness of sample was measured using 

Texture Analyzer (TA-TX2i, Stable Micro 

System CO, Ltd., UK with 5 kg load cell, 

cylindrical probe (P/50), set at 25 mm 

return distance, 10 mm/s return speed, 10 g 

contact force and 70% deformation, placing 5 

DM seeds for each measurement. 

Water activity (a
w
) of ground fried DM 

sample was measured using bench top 

water activity meter (Aqualab Series 4TE, 

Decagon Devices, Inc., Pullman, Washington, 

USA). Moisture content of each sample was 

measured following the standard procedure of 

AOAC (2000). 

Sensory evaluation was conducted using 

9-point hedonic scale (9 = like extremely,  

8 = like very much, 7 = like moderately,  

6 = like slightly, 5 = neither like nor dislike,  

4 = dislike slightly, 3 = dislike moderately,  

2 = dislike very much, and 1 = dislike 

extremely) with 50 untrained panelists. 

Product attributes evaluated were appearance, 

color, texture and overall liking.  

The microstructure analysis

The microstructure of selected experimental 

fried DM samples and a commercial product 

was depicted through Scanning Electron 

Microscope (SEM, JSM-IT300LV, JEOL 

Ltd. Japan). Individual fried DM seed was 

cross-section cut into pieces size of 0.5 mm 

each. Individual thin piece of fried DM was 

placed in a sample holder and coated with 

gold, then transferred to SEM and observed 

at an accelerating voltage of 10kV with 50x 

magnification.

Statistical analysis

All statistical data analysis were carried out 

using SPSS version 18.0 (2009) [13] as a 

facilitating tool. Whenever means values were 

compared, 3 replications of each treatment 
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were performed and Duncan’s new multiple 

ranges test was applied following analysis of 

variance (ANOVA). For sensory data analysis, 

randomized complete block design was applied 

with tasting panelists treated as blocks.  

The statistical significance was determined  

at 95% confidence (p < 0.05).

Results
The effect of boiling period

It was found that increasing boiling period 

resulted in significant increase in moisture 

content of boiled DM (p < 0.05) (Table 2). 

However, an increase in moisture content 

of boiled DM did not significantly effect on 

expansion ratio and hardness and colour 

of the fried product (p > 0.05). On the 

other hand, fried DM sample prepared from 

raw material boiled for 3 minutes received 

significantly higher liking scores for texture 

and overall liking (p < 0.05). Therefore, 

boiling DM for 3 minutes was chosen as a 

fixed condition for a subsequent investigation 

of drying effect.

The effect of drying process

The drying process was applied to boiled 

DM before frying in order to prepare samples 

with varied moisture content before frying. The 

results are presented in Table 4. It was found 

that as the moisture content of DM before 

frying increased, the expansion ratio of fried 

product significantly increased (p < 0.05) 

but the hardness significantly decreased  

(p < 0.05). 

The effect of ageing process

Based on earlier experimental results, 

boiled DM without drying process was used 

for investigation of the effect of ageing process 

which was performed under low temperature 

at 4 and -20˚C for 12 hours before frying. 
The results are presented in Table 5. It was 

found that ageing the boiled DM under lower 

temperature, significant increase in expansion 

ratio with significant decrease in hardness of 

fried DM product was observed (p < 0.05). 

The fried DM prepared from sample kept 

under freezing condition (-20˚C) provides 
the highest expansion ratio with the lowest 

hardness and consequently used for further 

investigation on the effect of frying methods.
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Table 2. Properties of fried dehusked mungbean (DM) prepared from various boiling period 

before frying

Boiling periods (min)
Moisture content of DM  

after boiling (% w.b)

Properties of fried DM

Expansion rations Hardness (N)ns

1 55.06+0.19c 1.64+0.03 1081.73+24.70

3 56.04+0.23b 1.66+0.03 1069.44+38.13

5 59.09+0.28a 1.69+0.02 1024.05+17.82

Note: The lowercase letters indicate significant differences amongst mean values (+sd) at 95% 

confidence (p < 0.05), ns: non-significant 

Table 3. Sensory scores of fried DM obtained from varied boiling periods.

Boiling periods 

(min)

Sensory liking score (9-point hedonic score)

Appearancens Colorns Texture Overall

1 6.94+0.89a 6.88+0.77a 5.98+0.98bc 6.10+0.95bc

3 7.06+0.93a 6.96+0.81a 6.82+0.96a 6.94+0.79a

5 6.89+0.73a 6.72+0.83a 6.22+1.07b 6.48+0.96b

Note: The lowercase letters indicate significant differences amongst mean values (+sd) at 95% 

confidence (p < 0.05), ns: non-significant

Table 4. Expansion ratio and hardness of fried DM at varied moisture content before frying.

Moisture content before frying (% w.b.) Expansion ratio Hardness (N)

56% 1.66+0.03a 1069.02+40.28d

50% 1.54+0.02b 1199.18+17.07c

40% 1.41+0.02c 1275.80+31.71b

30% 1.21+0.03d 1383.19+23.98a

Note: The lowercase letters indicate significant differences amongst mean values (+sd) at 95% 

confidence (p < 0.05)

The effect of frying methods

The pre-frying condition was determined 

according to earlier experimental results and 

used for investigation of the effect of frying 

methods comparing atmospheric condition 

and vacuum counterparts. As demonstrated 

in Table 6, it was observed that fried DM 

under vacuum pressure of 43 cmHg provided 

the highest expansion ratio with the lowest 

hardness and the lowest aw (p < 0.05). Under 

vacuum pressure, increasing pressure resulted 

in increasing expansion ratio, decreasing 
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hardness and a
w
 (p < 0.05).  Subsequently, 

the fried DM obtained from 43 cmHg vacuum 

frying was evaluated by 50 panelists using 

9-point hedonic scale and compared with 

those obtained from atmospheric frying  

(76 cmHg) and commerc ia l product .  

The result (Table 7.) indicated that fried 

DM from vacuum frying received significantly  

higher overall liking score (p < 0.05) 

as compared to those from experimental 

atmospheric frying and commercial one. 

However, all samples were not significantly 

different in colour liking score (p > 0.05) 

whilst experimental samples had significantly 

higher liking score for appearance. Liking 

score for texture of vacuum fried DM was 

significantly higher than that of commercial 

product (p < 0.05) but not significantly 

different from that obtained from atmospheric 

frying (p > 0.05). 

Table 5.   Expansion ratio and hardness of fried DM obtained from different ageing condition  

for 12 hours.

Ageing condition Expansion ratio Hardness (N)

Control (Atmosphere) 1.66+0.03c 1069.02+40.28a

Chilling (4˚C) 1.80+0.02b 924.92+27.17b

Freezing (-20˚C) 2.03+0.04a 824.84+30.54c

Note: The lowercase letters indicate significant differences amongst mean values (+sd) at 95% 

confidence (p < 0.05)

Table 6. Expansion ratio, hardness and aw of fried DM under varied vacuum pressure  

and atmospheric pressure.

Vacuum 

Pressure

(cmHg)

Frying  

temperature

(˚C )
Expansion ratio Hardness (N)

Water activity 

(a
w
)

23 130 1.99+0.03c 874.72+56.84a 0.09+0.002a

29 135 2.05+0.03b 759.68+45.37bc 0.08+0.003b

36 140 2.13+0.02a 727.96+26.70c 0.07+0.005c

43 145 2.15+0.01a 644.97+37.89d 0.04+0.003d

76* 160 2.04+0.03bc 824.84+30.54ab 0.21+0.02a

Note: The lowercase letters indicate significant differences amongst mean values (+sd) at 95% 

confidence (p < 0.05)
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Table 7. Liking scores of fried DM. 

Fried DM
Sensory Liking Score

Appearance Colour Texture Overall

Commercial 5.98+1.09b 6.68+0.77a 5.90+1.16b 5.52+1.38c

Atmospheric frying 

(76 cm Hg)

6.68+0.77a 6.82+0.80a 6.30+1.30ab 6.26+1.65b

Vacuum frying 

(43 cm Hg)

6.46+0.94a 6.72+0.86a 6.61+1.11a 7.10+1.09a

Note: The lowercase letters indicate significant differences amongst mean values (+sd) at 95% 

confidence (p < 0.05)

Microstructure of fried DM

The microstructure of fried DM was 

observed through SEM. The result was shown 

in Figure 1. It was found that the DM sample 

fried under vacuum pressure and atmospheric 

condition exhibited greater extent of porosity 

than commercial sample. This result is in 

agreement with textural and sensory properties 

previously discussed.  

 (a)   (b) (c)

Figure 1. Microstructure Of Fried DM (50x Magnification): (A) Atmospheric Frying,  

(B) Vacuum Frying, (C) Commercial Product.
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Fried DM 
Sensory Liking Score 

Appearance Colour Texture Overall 

Commercial 5.981.09b 6.680.77a 5.901.16b 5.521.38c 

Atmospheric frying  
(76 cm Hg) 

6.680.77a 6.820.80a 6.301.30ab 6.261.65b 

Vacuum frying  
(43 cm Hg) 

6.460.94a 6.720.86a 6.611.11a 7.101.09a 

Conclusions and Discussion 
Pre-frying treatments and frying methods 

ef fect on character is t ics and sensory 

acceptance of crispy fried DM. The suitable 

pre-frying conditions include boiling for  

3 minutes followed by ageing at -20˚C for 
12 hours before frying. Vacuum frying under 

pressure of 43 cm Hg provided improved 

texture and sensory acceptance of fried 

DM over those from atmospheric frying and 

commercial product.   

It was found that increasing boiling period 

resulted in significant increase in moisture 

content of boiled DM. An increase in moisture 

content of DM was associated with absorbed 

water and gel setting during the gelatinization 
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of starch influencing the expansion of starch 

based snacks [9-10]. However, an increase 

in moisture content of boiled DM did not 

significant effect on expansion ratio and 

hardness of the fried product and colour. 

Thus, the appropriate boiling period of 3 

minutes was justified by the highest sensory 

scores. The drying process was applied in 

this study to generate varied moisture content 

of DM samples before frying.  It was found 

that moisture content of DM before frying 

was positively associated with the expansion 

ratio but negatively associated with the 

hardness of fried product. This result could be 

explained by the effect of vaporization during 

frying process which induced the expansion 

of cell structure of frying material under its 

pressure and left air cells that created the 

porous structure after the water escaped  

[9, 14-15]. Therefore, the sample with  

higher moisture content enables more 

possibility to create more porosity with great 

expansion of the fried product. However, 

when the product expands, its air cell wall 

becomes thinner and susceptible to collapse 

with lower force applied [16] indicating  

increased crispiness of the fried product 

[8]. Thus, hardness or breaking force is an 

indicator of crispiness of fried DM. The lower 

the hardness or breaking force the higher 

the crispiness. Thus, the more expanded 

fried product, the higher hardness could be 

anticipated.    

The resul ts indicated that ageing 

the boiled DM under lower temperatures  

(4 and -20˚C for 12 hours before frying) 
effected on an increase in expansion ratio  

with noticeable decrease in hardness of 

fried DM product. This result could be 

explained by the retrogradation of starch  

in DM as induced by low temperature.  

When retrogradation occurs, starch gel 

releases water which subsequently evaporated 

during frying to create more air cells or 

porosity which produces light and crisp texture 

of snack [17]. In addition, as the degree 

of retrogradation increases, the air cell wall 

created from starch crystallinity in DM during 

frying becomes stronger which facilitates better 

porous structure formation and distribution 

influencing puffing characteristic of fried 

product [18]. Similar finding was reported 

by Yuksel; et al. [11] that the addition of  

stale bread as a result of retrogradation in 

deep-fried corn chip resulted in decreased 

hardness of the product. At very low 

temperature (-20˚C), higher degree of 
retrogradation could be expected. In addition, 

freezing pretreatment was also found to 

influence on decreasing hardness of fried 

snacks as a consequence of rapid evaporation 

during frying due to ice crystal formation, 

resulting in a more fragile structure [12]. 

It was observed that under vacuum 

condition, pressure was positively related to 

expansion ratio but inversely associated with 

hardness and a
w
 of fried DM. Expansion  

of fried foods has been previously explained 

by the concept of rapid increase in molecular 

volume of water during evaporation [19]. 

The higher the boiling point at higher 

vacuum pressure, the larger amount of 

water becomes trapped within the structure, 

increasing its expansion capacity during 
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frying by pressure of water vaporization.  

In addition, the rate of moisture removal 

was slower under higher vacuum pressure 

leading to reduced structural degradation and 

crust formation that might inhibit the escape 

of water [8] resulting in lower a
w
 in fried 

DM under pressure of 43 cmHg. According 

to sensory evaluation, microstructure and 

textural properties analysis, an improvement  

in quality of fried DM was found when  

su i tab le pre- t rea tments and vacuum 

frying method were applied. The suitable  

pre-frying treatment and frying condition found 

in this study could be beneficial to the food 

manufacturers who expect to improve fried 

DM quality for differentiated and value-added 

product.

Nomenclature

a
w
 Water Activity

DM Dehusked Mung Bean 

sd   Standard Deviation

SEM Scanning Electron Microscope

Vb Volume of Mungbean Seeds Before Frying

Va Volume of Mungbean Seeds After Frying

References 
[1] USDA nutrient database. (2006). Retrieved August 7, 2018, from https://ndb.nal.usda.

gov/ndb

[2] Dahiya, Pradeep K.; Linnemann, Anita R.; Nout, Martinus J. R.; Van Boekel, Martinus A. J. 

S.; Khetarpaul, Neelam K.; and Grewal, Raj B. (2014, February). Consumption habits 

and innovation potential of mung bean foods in Hisar District of Haryana State, India. 

Ecololy of Food and Nutrition. 53(2): 171-192.

[3] Dueik, Verónica; Moreno, Marĺa Carolina; and Bouchon, Pedro. (2012, August). 

Microstructural approach to understand oil absorption during vacuum and atmospheric 

frying. Journal of Food Engineering. 111: 528-536.

[4] Troncoso, Elizabeth.; Pedreshchi, Franco.; and Zuniga, Rommy N. (2009). Comparative 

study of physical and sensory properties of pre-treated potato slices during vacuum  

and atmospheric frying. LWT-Food Science and Technology. 42(1): 187-195.

[5] Villareal, Corazon P.; and Juliano, Bienvenido O. (1987, January). Varietal differences  

in quality characteristic of puffed rice. Journal of Cereal Chem. 64(4): 337-342.

[6]  Yang, Chen Shi. (1998). Vacuum frying and oil separation device. U.S. patent 4873920.

[7]  Mariscal, M.; and Bouchon, Pedro. (2008, April). Comparison between atmospheric  

and vacuum frying of apple slices. Food Chemistry. 107(4): 1561-1569.

[8] Oginni, O.C.; Philip, Sobukola Olajide; Henshaw, Folake Olayinka; Afolabi, Wasiu;  

and Munoz, Loreto A. (2008, December). Effect of starch gelatinization and vacuum 

frying conditions on structure development and associated quality attributes of cassava-

gluten based snack. Journal of Food structure. 3: 12-20.

[9] Chen, C-S.; Chang, C-Y.; and Hsieh, C-J. (2001). Improving the texture and colour of 

fried products. In J.B. Rossell, editor, Frying: Improving quality, Woodhead Publishing 

Ltd., pp. 337-358.



152

วารสารมหาวิทยาลัยศรีนครินทรวิโรฒ (สาขาวิทยาศาสตร์และเทคโนโลยี) ปีที่ 11 ฉบับที่ 21 มกราคม - มิถุนายน 2562

[10] Ramesh, Reshma; Shakilab, R. Jeya; Sivaramanb, Balasubramanian; Ponesakki, Ganesana; 

and Velayuthama, P. (2018, March). Optimization of the gelatinization conditions to 

improve the expansion and crispiness of fish crackers using RSM. LWT-Food Science 

and Technology. 89: 248-254.

[11] Yuksel, F.; Karaman S.; Gurbuz M.; Hayta, M.; Yalcin, H.; Dogan M.; and Kayacier, 

A. (2017, September). Production of deep-fried corn chips using stale bread 

powder: Effect of frying time, temperature and concentration. LWT-Food Science  

and Technology. 83: 235-242.

[12] Albertos, Irene; Martin-Diana, Ana B.; Sanz, Miguel Ángeles; Barat, Jose Manuel;  

Diez, Ana Marĺa; Jaime, Isabel.; and Ricoa, Daniel. (2016, February). Effect of high 

pressure processing or freezing technologies as pretreatment in vacuum fried carrot 

snacks. Innovative Food Science and Emerging Technologies. 33: 115-122.

[13] SPSS Inc. Released. (2009). PASW Statistics for Windows, Version 18.0. Chicago:  

SPSS Inc.

[14] Murugasan, Gurunathan; and Bhattacharya, Kshirod R. (1991, January). Effect of some 

pre-treatment on popping expansion of rice. Journal of Cereal Science. 13: 85-92.

[15] Hoke, K.; Housova, J.; & Houska, M. (2018, February). Optimum condition of rice  

puffing-Review. Journal of food sciences. 23(1): 1-11.

[16] Su, Ya.; Zhanga, Min.; Zhangc, Weiming.; Liud, Chunquan; and Adhikariea, Benu.  

(2018, March).  Ultrasonic microwave-assisted vacuum fryingtechnique as a novel 

frying method for potato chips at low frying temperature. Food and Bioproducts 

Processing. 108: 95-104.

[17] Lusas, Edmund W.; and Rooney, Lloyd W. (2001). Snack Foods Processing. 1st ed.  

CRC Press.

[18] Van der Sman, Ruud; and Broeze, Jan. (2013, February). Structuring of indirectly expanded 

snacks based on potato ingredients: A review. Journal of Food Engineering. 114:  

413-425.

[19] Rossell, J.B. (2001). Factors affecting the quality of frying oils and fats: Improving quality. 

Frying: Improving quality. England: Woodhead Publishing Limited.


