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Abstract. The effect of drying temperature on sensory and flavor of perilla was evaluated. The 
color, microstructure and flavor was evaluated. The drying temperature of 55 oC hold the color and 
microstructure of the dehydrated perilla as the control, while the temperature of 95 oC was effective 
to keep the flavor of the perilla. Hence, the drying temperature of 75 oC was an option to hold the 
sensory and flavor of dehydrated perilla. 

Introduction 
Perilla (Perilla frutescens L.) is an annual herbal crop belong to labiatae, that has been 

cultivated for a long time as a traditional oil crop in Asia [1]. Most perilla are dehydrated and 
consumed as a spice in daily life. Recently, health benefits of perilla have drew more and more 
attentions from the researchers, such as anti-allergic [2], anti-oxidation[1], anti-cancer[3], 
anti-tumor [4], antibacterial [5], and anti-HIV [6]. 

Perilla is usually dehydrated in an air-circulated over[7, 8]. The key criterion of the dehydrated 
perilla is the moisture content that is lower than 7 %. The sensory and flavor of the perilla was 
neglected in most case. The drying temperature was an important factor influencing the final quality 
of the products. Hence, the effect of drying temperature on sensory and flavor of perilla was 
evaluated. 

Material and Methods 
Dehydration of perilla. Perilla was picked from our Tongzhou farm (Tongzhou District Beijing, 

2014). The fresh leaf of the perilla was stored at 4 oC before use. The perilla was washed by the tap 
water at 4 oC to remove the soil and some inclusion. The washed perilla was heated at 55, 65, 75, 85 
and 95 oC in a air-circulated oven respectively. The moisture content of 7% was the termination for 
each treatment. During each treatment, the products were sampled for 7~9 times for the quality 
determination. The fresh perilla was designated as the control. 

Color determination. The sample was powdered and measured by a reflective mode in a 0.5 
cm cuvette, followed the recently reported method[9]. The color of samples was assessed in a LAB 
space with the dimension L* for lightness and a* and b* for the color-opponent dimensions by a 
spectrophotometer (CM3700d, Konica Minolta Sensing INC., Japan). Specifically, the value L* 
represents the lightness of the color (L* = 0 yields black and L* = 100 indicates diffuse white); the 
negative value a* indicates green while positive values indicate magenta; the negative value b* 
indicates blue and positive values indicate yellow. The fresh perilla was measured as the control. 

Microstructure. Microstructure of the samples was imaged by a scanning electron microscopy 
(S-4800, Hitachi Co., Japan). The specimens were attached with a double side tape and sputtered 
with gold. The cross-section and surface of the specimens were captured at an acceleration voltage 
of 5 kV. The perilla that was frozen dried was named as the control. 
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Flavor comparison. The flavor of the samples was compared by an electronic nose PEN2 
(Airsense Analytics GmbH, Schwerin, Germany), followed the recently method [10]. The electronic 
nose was turned on for 30 min and flushed the testing system for 180 s. The sample of 2 ml was put 
in the testing tube. And then the electronic sensor was put into the testing tube to collect the results 
for 60 s. The response of the sensor in 48~52 s were evaluated by a principal component analysis. 
The fresh perilla was designated as the control. 

Statistical Analysis. Analysis of variance (ANOVA) was used to compare mean differences of 
the results. If the differences in mean existed, multiple comparisons were performed using 
Duncan’s Multiple Range Test. All analysis was conducted using SPSS for Window Version 19. 
All experiments were done in triplicates or more. 

Results and Discussion 
Effect of drying temperature on color of perilla. The effect of drying temperature on color of 

perilla is shown in Figure 1. The color of the samples was expressed by the LAB system. the value 
L* represents the lightness of the color (L* = 0 yields black and L* = 100 indicates diffuse white) 
[11, 12]. The L* of the samples was decreased significantly after drying at each temperature. The 
L* of the samples dried at 55, 65, and 75 oC was significant lower than that dried at 85 and 95 oC.  

The negative value a* indicates green while positive values indicate magenta [13]. The a* value 
is closely related to the greenness of a sample. The greenness of the perilla was mainly came from 
the chlorophyll. Consequently, the a* value was an indicator of the chlorophyll content. The 
chlorophyll content is decrease due to its degradation. The chlorophyll degradation of the spinach 
[14] and kiwifruit puree [15] is found to follow the first-order kinetics. The a* of the perilla dried at 
75, 85 and 95 oC was significant higher than that dried at 55 and 65 oC. Consequently, the 
chlorophyll content of the perilla dried at 55 and 65 oC was higher than that dried at the other 
temperature. The phenomenon proved that a higher temperature leaded to the degradation of the 
chlorophyll as well as the color variety.  

The negative value b* indicates blue and positive values indicate yellow [13]. The b* value was 
increased when the drying temperature was enhanced. The b* of the perilla dried at 95 oC was 
significant higher than dried at the other temperature. 

Cont
rol 55 65 75 85 95

20

24

28

32

ccc

bb

 

L*

a

Cont
rol 55 65 75 85 95

-2.4

-2.0

-1.6

-1.2

-0.8 a
aa

b

c

b

a*

Treatment
Cont

rol 55 65 75 85 95

6

7

8

9

10

11

b

ccc
d

a

b*

 
Figure 1 Effect of drying temperature on color of perilla 
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Effect of drying temperature on flavor of perilla. The effect of drying temperature on flavor 
of perilla is shown in Figure 2. The principal component analysis showed that the flavor of the 
samples was mainly contributed by the main component 1 and main component 2. The main 
component 1 and main component 2 contributed 99.32 % and 0.63 % for the flavor of the perilla. 
The main component 1 and 2 accounted 99.95 % of the total flavor, which was effective to reflect 
the flavor of the perilla. Each treatment leaded to a significant difference compared with the flavor 
of the fresh perilla. Remarkably, the flavor of perilla dried at 95 oC was more similar to that dried at 
the other temperature. Consequently, a higher heating temperature resulted in a better flavor. The 
flavor of spearmint and peppermint also present in a similar manner [16, 17]. 

 

 
Figure 2 Effect of drying temperature on flavor of perilla 

 
Effect of drying temperature on microstructure of perilla. The effect of drying temperature 

on microstructure of p[13]erilla is shown in Figure 3. The surface of the control was smooth with a 
few flat blowhole, while the dehydrated perilla became shrink. Moreover, the ruga of the perilla was 
clear when being heated at 55, 65 and 75 oC, while that was blurry when being heated at 85 and 
95 oC. Hence, a higher temperature destroyed surface structure of the perilla. 

 

 

    
Figure 3 Effect of drying temperature on microstructure of perilla 
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Conclusions 
A lower temperature, for instants 55 oC, was effective to hold the greenness of the original color 

of perilla. Meanwhile, a lower temperature well hold the blowhole and shrink surface of the perilla, 
while a higher temperature destroyed the surface structure of the cell wall. The drying temperature 
of 95 oC kept the original flavor of the flavor. 
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