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Abstract

The objective  of  Jiaogulan  beverage  powder  development  by  spray  drying  

technique  to  optimize  the  method  of  Jiaogulan  extraction  and  also  study  in  the  suitable  

ratio  of  raw  material   packaging  and  shelf  life  for  Jiaogulan  beverage  powder.  Jiaogulan  

was  boiled  in  order  to  extract  essential  elements,  after  that  Jiaogulan  juice  was  mixed  

with  maltodextrin  and  feed  into  chamber  of  the  spray  dryer.  The  physical  properties  

(color  L,  a,  b),  chemical  properties  (acidity,  total  soluble  solid  and  water  activity)  and  

sensory  evaluation  were  used  to  determine  the  properties  of  the  final  product.

 Firstly,  the  extraction  method  of  Jiaogulan  between  opened  extraction  by  open  

system  and  vacuum  extraction  by  rotary  evaporation  were  studied.  It  was  found  that  

sensory  scores in  flavor,  clearness  and  overall  acceptability of  opened  extraction  (7.42,  6.75  

and  7.08  respectively)  has  higher   than  vacuum  extraction  (5.33,  5.13  and  5.60  

respectively)  (P 0.05)

 Secondly,  the  proportion  of  maltodextrin  and  Jiaogulan  extraction  juice  was  also  

investigated.  It  was  found  that  30%  of  maltodextrin  mixed  with  70%  of  Jiaogulan  

extracted  juice  gave  the  highest  sensory  scores  in  color,  flavor  and  overall  acceptability  

attribute  (7.42,  6.75  and  7.08  respectively)  and  gave  higher  drying  efficiency  than  another  

proportion.

 Finally, it  was  found  that  Jiaogulan  beverage  powder  could  be  kept  in  both  

polypropylene  bag  and  aluminum  foil  bag.  The  shelf  life  of  the  product  was  predicted  as       

6  months  at  room  temperature  (25 oC)
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 (Gynostemma pentaphyllum Makino)

 ( , 2547) 

 (Spray drying) 

 ( , 2532) 

 (Filler) 
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 ( , 2546) 

1.
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 (Jiaogulan)  

 (Jiaogulan)  Cucurbitaceae 

 4 - 5 

Gynostemma  pentaphyllum Makino  Sweet  tea  vine 

 (Amachazura)  

 ( , 2544) 

 1970 

 1  Gypenoside 

: NuLiv Science, 2006 

Gypenosides   Penaxoside 

 4 
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 Penaxoside 

 ( , 2544) 

 (Pentobarbital) 

 (Carbontetrachloride) 

 Iset of Langerhans 

 Dammarane glycosides  (Aerial parts) Gynostemma pentaphyllum
 Methyl alcohol  (MeOH)  Dammarane glycosides 

 Dammaranediol  family  Panax ginseng  Ginesengnosides 

 Dammarane  framework  Steroid hormones 

Androgen Testosterone  Corticosterone

 Fang and Zeng (1989) 

 (Rutin) 

 (Ombuoside)  (Saponin)  

 Natural killer cells 

 (Maltodextrin)  

 (Maltodextrin)  

 -  (D - glucose)  (Dextose) 

 1 - 4  (Dextrose Equivalent; DE)  20     

( , 2540) 

 20 
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 ( , 2544)  

 (Drying) 

 (Water activity, Aw) 
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(Hygroscopic materials) 

 (Non - Hygroscopic materials) ( , 2545) 

 2

 : , 2545 
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 : , 2545 
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  3

 B - C  

  A - B

  C  
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  E  ( , 2545) 

1.  

 (Convection) 

2.  

 (Conduction) 

3.  

4.  

 (Triple point) 

 (Freeze drying) 

 2 

1.  (Capillary force) 
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2.  (Diffusion) 

 (

)  (Capillary flow)       

  100 

1.

2.
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3.

4.

5.

6.

7.

 244 

1.

2.

 100 
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4.

 (Water activity, Aw) 

 (Water activity, Aw) 

 (Bound water)  (Free 

water) 

 ( , 2545) 

 0.20 - 0.40 

 1 
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  1

 Aw 

0.95
Pseudomonas, Bacillus, Clostridium perfingens 

0.90
Salmonella, Vibrio

parahaemolyticus, Lactobacillus
0.85

0.80 Staphylocooccus  aureus 
0.75  Halophillic bacteria 

0.70  Xerophillic fungi 

0.65  (Maillard reaction) 

0.60
  Osmophillic bacteria  Xerophillic yeast 

 Fungi 

0.55

0.40

0.25

 : ( , 2545) 

  50

 Aw  

 Aw  Aw  

  Aw   2 
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  2

Water activity 

(Aw)

0.95

Pseudomonas, Escherichia, 
Proteus, Shigella, Bacillus, 

Clostridium  perfringens,

-

0.91

Salmonella, Vibrio 
parahaemolyticus, C.botulinum, 

Serratia, Lactobacillus,

-

 55  (NaCl)  12

0.87

-  (Sponge 

cake)  65 

 (NaCl)  15 

0.80
Mycotoxigenic penicillia,
Staphylococcus aureus

-

0.75
Halophilic bacteria, Mycotoxigenic 

aspergilli
-

0.65 Xerophilic molds - 

0.60 Osmophilic yeasts 
- 15 - 20 

0.50
-  10 

-   12 

0.40 -  5 

0.30
-

 3 - 5 

 : , 2545 
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  0.70 

1.   (Auto oxidation) 

2.  

3.  

4.  

( , 2544) 
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 (Dryer) 

 2 

1.  Adiabatic dryer 

 Tray dryer, Cabinet dryer, Tunnel 

dryer, Kiln dryer, Spray dryer, Flow current dryer  Air - lift dryer 

2.  Solid surface transfer dryer 

 Drum dryer, Vacuum shelf dryer, Continuous vacuum dryer 

 Tray  Cabinet dryer 

 Tunnel dryer  Belt dryer 

 Kiln dryer 

Spray dryer 

Flow current  Air-lift dryer 

 Drum dryer 

 Vacuum shelf dryer 

 Continuous vacuum dryer 

 (Air lock) (

, 2546) 
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 (Spray drying) 

 (Feed) 

(Spray dryer) 

 (Spray drying) 

 (Spray dryers) 

 (Drying chamber) 

 (Atomizer) 

 Cyclone 

 10 - 200 
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150 - 300 

 90 - 100 

 40 - 50  (Atomize) 

 (Atomizer) 

1.  Centrifugal atomizer 

 90 - 200 /  50 - 60 

 4 (a) 

2.  Pressure nozzle atomizer   (700 - 2,000        

)  180 - 250

3. Two - fluid nozzle atomizer  4 (b) 

 Pressure nozzle atomizer 

 2 

 5  

 1 - 10 

 (Screw conveyor) 
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 4 :  (a)       (b) 

  5 

 80,000 
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 (Conveyer - band dryer) 

 (Bulk density) 

 (Agglomerator) 

 (‘Straight - through’ agglomeration) 

 ( , 2545) 

 4 

   1.  (Atomization of feed) 

 3 

-  Rotary atomizer  

 5,000 - 10,000 

 30 - 120 

-  Pressure nozzles atomizer  

 120 - 250 

-  Two - fluid nozzle atomizer (Pneumatic nozzle atomizer)  

 Nozzle 

 Nozzle 
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2.

-   (Co - current flow)  

 Spray dryer 

-  (Counter - current flow)

-  (Mixed flow)  

 Co - current  Counter - current 

 6  Spray dryer  Co - current flow,  Counter - current 

flow  Mixed flow 
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3.

4.

 Cyclone  Cyclone 

 Wet scrubber, Bag filter  Electrostatic precipitator 

 Spray dryer

1.  Open  cycle  system

2.  Closed  cycle  system

 Spray dryer 

 (Co - current)

Open cycle system                                    Closed cycle system

 7  Open cycle system  Closed cycle system 
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 1. 

   - 

   - 

  2. 

  3. 

  4.  
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  1.  ( )

   2. 

   3. 

   4. 

 10 - 300 

 1 - 20 

Evaporative cooling 

 (

)  (

)

 1 

6,000
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 25 - 60 

 Reverse osmosis  Filler 

 200 

300

 -  -  0.5 

 DE 25  40  1,000 

 (Homogenizer) 

 170+5

95+5  -  0.29 

 40  - 

 – 

 200  ( , 2532)

1.  

 (Pretreatment) 

 3 
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 (Case hardening) 

 3

( ) ( ) ( )

 11.5 21.0 10.5 

,  7.5 12.0 7.0 

,  7.0 8.0 5.5 

 17.0 22.0 8.0 

 13.0 13.5 5.0 

 14.0 20.0 5.0 
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(Agglomeration)  (  8) 

 (Wet ability)  (Sink ability) 

 (Dispensability)  (Solubility) 

 (Instant)  4 

 9 

 4

 8 

 9 
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  4 

(kg/m3) ( )

 480 3 - 5 

 ( ) 330 7 

 ( ) 330 2.5 

 470 3 

 560 12 

 340 2 - 4 

 640 2 - 4 

 550 2 - 4 

 960 0.2 

 800 0.5 

 450 12 

 :  Watt  Merrill (1975)  Peleg (1983) ( , 2545) 

2.

2 (Secondary product)  -  (  - lactone) 
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 -  (  - ionone) 

 10 

 24 

1.

2.

3.

3.  
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 4 - 5 

 38 

4.  

 8  62  10 

 5 

 5 - 10 

 (Digestibility) 
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  8 - 30   

 (Biological value) 

 5    

 3 - 10 

 5 - 40 

5.   (Rehydration)  

 ( , 2545)

 0.70 

 1.  (Auto oxidation) 

  2. 

  3. 
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  4. 

 (

, 2546) 



 -  

 -  

-

-

-

-  Rotary evaporator 

1.

  -  (Minolta camera, Chroma Meter  CR - 300/310, Japan, 1991) 

2.

  -  -  (EUTECH Instrument, Cyberscan 

pH 510, Singapore, 2000) 

-  Hand Refractometer (ATAGO, Japan, 2002) 

  - Aw - box (Novasina: AWC 200, Switzerland, 1995) 

3.

  -  (Autoclave, Hirayama: Model HA - 300MIV, Japan.) 

  -   (Incubator, Heraeus: Model D - 6450 Hanau, Germany.) 

4.

  - 

  -   ( )
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-   Statistix  version  7.0  (Analytical  software, 2000) 

1.

2.

 1  5  3 - 5 

  5 

3.

 50 - 60         

  80  

190

4.

 1

 -  Hunter (L a b)  (Minolta camera, Chroma Meter CR - 

300/310, Japan, 1991) 

 -   ( , 2549) 
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 -  -  -  (EUTECH 

Instrument, Cyberscan pH 510, Singapore, 2000) 

-  (Total Soluble Solid)  Hand 

Refractometer (ATAGO, Japan, 2002) 

 -  Aw - box (Novasina: AWC 200, Switzerland, 1995) 

 -   9 Points Hedonic Scale Scoring Test ( , 2545) 

 2

 Completely Randomized Design ( , 2547) 

 20 - 60 

 40 - 80   5

 5  Completely Randomized Design 

( )  ( )

1 20 80 

2 30 70 

3 40 60 

4 50 50 

5 60 40 

 :  2 
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 -  Hunter (L a b)  (Minolta camera, Chroma Meter CR - 

300/310, Japan, 1991) 

      -  ( , 2549) 

 -  (Sartorius MA 30, Germany, 2000) 

 -  -  -  (EUTECH 

Instrument, Cyber scan pH 510, Singapore, 2002) 

 -  Aw - box (Novasina: AWC 200, Switzerland, 1995) 

 -  (Total Soluble Solid)  Hand 

Refractometer (ATAGO, Japan, 2002) 

-  9 Points Hedonic Scale Scoring Test  ( , 2545)

  3

 Randomized  Completely  Block  Design (RCBD) ( , 2547) 

 30 

 12 (PET12/PE30/ALU7/Surlyn 40) 

135 x 187  Polypropylene  25, 30 

 37

 0, 2, 4, 8, 12, 16, 20  24

 -  Hunter (L a  b)  (Minolta camera, Chroma Meter CR - 

300/310, Japan, 1991) 

-  (Sartorius MA 30, Germany) 

 -  -  -  (EUTECH 

Instrument, Cyberscan pH 510, Singapore) 
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 -  Aw - box (Novasina: AWC 200, Switzerland, 1995) 

 -  (Total Soluble Solid)  Hand 

Refractometer  (ATAGO, Japan) 

-  (Total Plate Count) (AOAC., 2000)

-  (Yeast and Mold)  Pour plate (AOAC., 2000) 

- E. coli  Coliform (AOAC., 2000) 

-   Ideal Ratio Profile Technique ( , 2545) 



 1

 65 

 Rotary evaporator  150 

 5 

 6 

 L ( ) 80.35+0.02a* 75.95+0.15b

 a (  - ) -3.68+0.15a -7.05+0.24b

 b (  - ) 12.66+0.01a 18.41+0.71b

 ( ) 40.60 +0.05a 31.00+0.05b

( )
2.27+0.12 2.30+0.10

(Aw) 0.13+0.05a 0.12+0.01b

 ( ) 6.45+0.11a 5.33+0.09b

-  6.11+0.02a 6.56+0.02b

 :* +

 (P<0.05)
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 6  

  80.35  75.95

(P<0.05)    a  

 3.68   7.05 

 (P<0.05)   b  

  12.66   18.41  

(P<0.05)  40.60 

 31.00 

 (P<0.05)

  2.27

  2.30  (P>0.05) 

 0.13   0.12

 (P<0.05)

 6.45   5.33  

 (P<0.05)  - 

6.11  6.56   (P<0.05)
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 7

 6.53+1.41* 6.47+1.68

 7.13+1.08a 5.33+1.80b

 6.40+1.35 5.47+1.55

 7.40+0.99a 5.13+1.85b

 7.13+1.06a 5.60+1.59b

 :* +

 (P<0.05)

 6.53  6.47 

 (P>0.05)  

 7.13  5.33  (P<0.05)

 6.40  5.47 

 (P>0.05)   7.40 5.13

  (P<0.05)

 7.13   5.60 

(P<0.05)  7 

 (9 Points Hedonic Scale 

Scoring Test) 

(P<0.05)
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  2

 1 

 2 

 Completely 

Randomized Design (CRD)  5 

 8  Completely Randomized Design 

( )  ( )

1 20 80 

2 30 70 

3 40 60 

4 50 50 

5 60 40 
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 9

1 2 3 4 5 

 L ( ) 81.90+0.17 82.52+2.97 83.36+3.02 83.82 +3.15 83.58+0.71

 a (  - ) -2.92+0.10 -3.58+0.34 -3.32 +0.52 -3.28+0.71 -3.28+0.19

 b (  - ) 23.98+0.29 23.45+2.40 21.59+0.39 21.81+2.77 21.69+0.35

( )
26.92+0.35bc 29.25+0.59b 24.56+0.62c 36.90+2.69a 16.29+1.00d

 ( )
2.50+0.05 2.50+0.05 2.50+0.05 2.50+0.05 2.50+0.05

(Aw)
0.18+0.02bc 0.21+0.02ab 0.17+0.03bc 0.13+0.01c 0.25+0.02a

 ( ) 4.30+0.44 4.48+0.62 4.34+0.51 4.06+0.29 6.12+1.22

 - 5.34+0.14 5.50+0.07 5.58 +0.09 5.72+0.20 5.72+0.13

 :  +

 (P<0.05)

 9 

 81.90 - 83.82 

 (P>0.05)  4  83.82  a

 2.92 - 3.58 

 (P>0.05)  2  a    3.58   

  b  

 21.59 - 23.98   (P>0.05)  1 

 b   23.98  16.29 - 36.90 
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  (P<0.05) 

 4   36.90

 2.50 

(P>0.05)  0.13 - 0.25 

 (P<0.05)  4 

 0.13  4.06 - 6.12 

 (P>0.05)  4 

 4.06  -  5.34 - 5.72 

 (P>0.05)  4  5  -  5.72 

 10

1 2 3 4 5 

 7.00+1.28a 7.42+1.08a 6.50+1.31a 5.25+1.71b 4.92+1.38b

 6.58+1.08a 6.75+0.87a 6.08+1.24a 5.00+1.35b 5.08+1.31b

 5.83+2.44 6.67+1.50 6.50+1.09 5.08+1.68 5.25+1.66

 6.17+1.27 6.92+1.00 7.00+1.41 6.08+1.56 5.67+1.92

 6.25+1.42ab 7.08+1.08a 6.33+1.37ab 5.50+1.57b 5.42+1.51b

 :  +

 (P<0.05)

 10  

   4.92 - 7.42 

 (P<0.05)  2 

 7.42 
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 5.00 - 6.75  (P<0.05)   2

 6.75 

 5.08 - 6.67 

(P>0.05)  2   6.67      

 5.67 - 7.00 

 (P>0.05)  3 

 7.00 

5.42 - 7.08  (P<0.05)  2 

 7.08 

 1  20  80 

 2  30 

70

 1 

 3  40 

60

 1   2 

 1   2   2  

 30  70 

 4  5 

50  50  60  40 

 1, 2  3 

 30  70 
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  3

 30 

 12  (PET12/PE30/ALU7/Surlyn 40)  135 x 187 

 Polypropylene (PP)   25, 30  37 

 0, 2, 4, 8, 12, 16, 20  24

3.1  L ( )

   11   (PP) 

 (P>0.05)  

 (PP) 

 (P<0.05)  

  10  (a) 

 (P>0.05)  

 (P<0.05)  

  10  (b) 

 (PP) 

 (PP) 

 (P<0.05)

   10  (c)
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3.2  a (  - )

 a    12   

 (PP) 

 a  (P>0.05)  

 (PP)  a

 a 

(P<0.05)  a   11 (a) 

  a   (P>0.05)  

 a 

 a 

 (P<0.05)  a  11 (b) 

  a   (PP) 

 a 

 (P>0.05)   11  (c) 
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3.13

  23  (PP) 

  12    16  

  25    30  

37   3.23  3.03  log cfu/g  

  25    20  

  24  

 (P>0.05)   22  (a) 

25   12  

  16    2.92  log cfu/g  

  20    24    3.23    3.67       

log cfu/g   30    37  

  8   12   3.00 

  2.56   log cfu/g  

 (P>0.05)    22  (b) 

 (PP) 

 (P>0.05)   

  22  (c) 
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3.14

  24   (PP)  25             

  24  1.27 log cfu/g

 1  log cfu/g ( , 2547)  

 30   16  1.21  log cfu/g  

 20   24   1.90  1.98   log cfu/g  

 37   16   1.65 log cfu/g 

 20  24   1.98  1.99   log cfu/g  

 (25  30   37    )  24  

 (P>0.05)   23 (a) 

25   20 

  24     1.00  log cfu/g    30    37  

  12

  16    1.01    1.31   log cfu/g    20

 1.66  1.77  log cfu/g    24  

 1.75  1.89  log cfu/g   

 (P>0.05)    23  (b) 
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 (PP) 

 25,  30  37 

 a   b  

 - 

(P>0.05) 

 a   b 

 - 

 (TPC) 

 4  log cfu/g ( , 2547)  

  25   24        

(6 )  1 log cfu/g  ( ,

2547)     30  37 

 16 (4 )

 25,  30  37 

 (P>0.05) 
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 Rotary evaporator 

 (9 Points hedonic scale scoring test) 

 (P<0.05)

2

 Completely Randomized Design 

 30  70 

 (9 Points hedonic scale scoring test) 
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 (PP)   24 
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. 2545. .

.

. 2544. .

.

. 2540. .

.

. 2544.  (Gynostemma pentaphyllum 
Makino) .

.

AOAC. 2000. Official  Methods  of  Analysis  of  AOAC  International 17th ed. AOAC

 International. Maryland. USA. 

Fang Z.P. and Zeng X.Y. 1989. "Isolation and identification of flavonoids and organic acid 

from Gynostemma pentaphyllum Makino" Zhongguo Zhong Yao Za Zhi 14: 676-678. 

Minolta Camera Co., Ltd.. 1991. Minolta Camera: Model CR-310 Handbook. Minolta Camera  

Co., Ltd., Japan. 

Novasina. 1995. AWC 200 Operating Instructions. Axair Ltd., Switzerland. 

NuLiv Science. 2006. “JiaogulanEx (Gynostemma pentaphyllum) for circulatory, Hepatic and 

immune health”. [ ].  http://www.nuliv.com/Jiaogulan.html. 

(10  2549). 
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HEDONIC SCALE SCORING TEST PREFERENCE 

 : 

............................................. ..................................... ...................

 : 

 : 

 9 =    4 = 

 8 =     3 = 

 7 =     2 = 

 6 =     1 = 

 5 = 

135 014 

   

   

   

   

   

   

......................................................................................................................................

...........................................................................................................................................................

...........................................................................................................................................................
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...........

HEDONIC SCALE SCORING TEST PREFERENCE 

 : 

............................................. ..................................... ...................

 : 

 : 

 9 =    4 = 

 8 =     3 = 

 7 =     2 = 

 6 =     1 = 

 5 = 

218 327 436 545 654 

      

      

      

      

     

      

......................................................................................................................................

...........................................................................................................................................................
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.1 .2

.3  Rotary evaporator .4

.5 .6

.7 .8
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.9 .10
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101

 Hunter L, a, b (Minolta Camera Co., Ltd., 1991) 

  Minolta Camera: Model CR-300/310

 (Hunter L a b)  L  (Lightness), a 

(Redness/Greeness)  b  (Yellowness/Blueness) 

  L  0  100 

 a  a

 a

 b  b

     b

 (Calibration) 

 (White blank ; L = 97.67, a = -0.18, b = 1.84) 

5
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  -  (pH)  AOAC (2000) 

 10  90 

-  Microprocessor pH meter 

 4.00  7.00 

-  3 

 AOAC (2000) 

 10  90 

 Refractometer  9 

 (ºBrix)  3 

 (Aw)   (Novasina, 1995, 

AWC 200 Operation Instructions, Axair Ltd., Switzerland) 

 25 

 3 

 (AOAC official method 925.45, 2000) 

 3 

 Moisture can 

 100  3 

  =               x  100
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  (Total  plate  count)  AOAC (2000) 

 1.  (Petri  dish) 

 2.   (Test  tube) 

 3. 1  10 

 4.  (Waterbath “Memmert’’ model 4999, Germany) 

 5.   (Incubater “Gallenkamp’’, England) 

 6.  (Autoclave “Gallenkamp’’ model  AUX-700-010, England) 

 1.  0.1

 2.   Plate   Count  Agar (PCA)

 1.  PCA  23.5  1 

 2.

 3.  121 - 124  15 

 4.  -  7.0±0.2 

25

 (Dilution) 10-1,

10-2  10-3

 1.  1 

 1  2 
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 2.  PCA 

 15 - 20  1 - 5 

 3.

 30  48

 2 

 (Dilution)    300 

  1  (N) 

                                        N   =                        C 

                                               v  (n1+ 0.1 n2) d

 C 

  v  (ml) 

  n1

  n2

  d

 2   1.0 - 9.9 

10 x  X 

 (10-3) = 171 194

 (10-4) = 14 20

  = 1 ml 

 N =  (171 +194 +14+ 20) / (1x(2+(0.1x2))x10-3 =  399/0.0022  =  181,363 

 1.8 x 105



105

 (Yeast and mold)  AOAC (2000) 

 1.  (Petri  dish) 

 2.   (Test  tube) 

 3. 1  10 

 4.  (Waterbath “Memmert’’ model 4999, Germany) 

 5.   (Incubater “Gallenkamp’’, England) 

 6.  (Autoclave“ Gallenkamp’’ model  AUX-700-010, England) 

 1.  0.1 (Merk, Germany) 

 2.   Potato   Dextose  Agar (PDA) (Merk, Germany) 

 3.  10 

 1.  PDA  39  1 

 2.

 3.  121 - 124  15 

 4.  -  3.5 

 10  (  100 

 1.9 )

 (Dilution) 10 -1,

10-2  10-3

 1.  1 

 1  2 
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 2.  PDA 

 15 - 20  1 - 5 

 3.

 30  72

2  (Dilution)    300 

  1  (N) 

                                        N    =                       C 

                                               v  (n1+ 0.1 n2) d

 C 

  v  (ml) 

  n1

  n2

  d

 2  1.0 - 9.9 

10 x  X 

 (10-3) = 171 194

 (10-4) = 14 20

  = 1 ml 

 N= (171 +194 +14+ 20) / (1x(2+(0.1x2))x10-3 =399/0.0022 = 181,363 

 1.8 x 105
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