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SUMMARY

As a technical assistance program to a local jujube processing factory,
packaging and storage conditions for fresh and dried jujubes (Zizyphus jujuba
MILLER) were established for long term preservation of these products and
juice processing conditions were optimized to give high production yield and
good quality product. The optimum conditions for the juice production and
storage of fresh and dried jujubes were determined experimentally in the
laboratory and then applied to the factory level. The scope of this study
includes packaging and storage of fresh jujube, development of new dried jujube
product and packaged storage of dry jujube, processing of juice from dried and
fresh jujubes, and application of laboratory results to factory level.

In the area of packaging and storage of fresh jujube, fresh jujubes of different
maturities were packaged in a variety of packaging films and then stored at
different temperatures with their qualities being measured. The whitish green
mature jujubes showed slower rate of quality changes in softening and decay
than red ripe ones, and are thus more suitable for long term storage. Storing
the jujubes at -2 resulted in symptoms of chilling injury and storing at higher
temperatures above 0 accelerated the decay and softening. 0 was found to
be optimal temperature for long term storage, where jujube had the lowest rate
of quality changes without suffering from chilling injury. When 200 g of fresh
jujubes at whitish green maturity packaged in the film bags of different gas
permeabilities stored at 0 and 5 , packages of 30 ym CPP and 60 ym LDPE
films resulted in anaerobic conditions of very low O2 content and high CO2
content and caused off-flavor at both temperatures. Microperforated film
packages could preserve quality of jujubes for 10 and 7 weeks at 0 and 5 ,
respectively, which were significantly longer than shelf lives for perforated air
pack and hermetically sealed packages.

In the area of development of new dried jujube product and packaged storage



of dry jujube, spray dried powdered juice was processed from concentrated
extract of jujube. The concentrated extract of 26 Bx was combined with carrier
material solution to have a final concentration of 30 Bx, and then spray dried.
Proper addition level of carrier solid for physical and flavor quality of the
powder product was determined to be 1:1 ratio to jujube solid. Combined use of
maltose and gum arabic produced the best quality product among the studied
carrier materials. Enzymatic treatment in extraction process could increase the
yield by 13 39%, but hurt the sensory quality of powdered juice. As
informations for designing packaging and storage condition of dry jujube,
moisture sorption isotherm was determined for temperatures of 20, 30 and 40 ,
and quality changes were evaluated as function of temperature and water
activity. Considering ascorbic acid retention and browning in the storage, dry
jujube is desired to be dried to water activity of 042 and be stored at
temperature below 30 . When dry jujubes of water activity 0.55 were packaged
in conditions of different water permeabilities and stored at 25 and relative
humidity of 85%, shrink packaging around paper carton could reduce water
permeability significantly compared to control paper carton package, and OPP/PE
pouch could result in less water permeation into the package. The packages of
reduced water permeability were effective in slowing down the increases of
moisture content and water activity of packaged jujubes, and helped to preserve
the quality as observed by ascorbic acid retention, browning and surface color
change. Modified atmosphere packages could improve quality retention of dry
jujubes.

In the area of processing of juice from dried and fresh jujubes, extraction
conditions from dry jujube were optimized and a new juice product from fresh
jujube was developed. Extraction from dry jujube at 95¢C for 3 hours gave the
highest yield with proper juice quality. For processing juice from fresh jujube
the fruits were steamed at 120cC for 15 minutes and added with the same
amount of water to separate seed and peel parts. The paste from fresh jujube

may be treated by pectinase and cellulase to increase the juice yield and produce
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the clarified product. The jujube paste may be concentrated by evaporation or be
added with sugar to produce the product of high soluble solid content, which can be
used as ingredient for cake and confectionery. The paste may also be supplemented
to soy protein in order to be used for baby foods.

In the area of application of laboratory results to factory level, extraction
process for juice processing from dry jujube was optimized and juice processing
from fresh juice was undertaken on factory scale. On the factory scale
extraction of juice from dry jujube at 93 for 4 hours was optimal when its
yield and sensory quality were considered. Juice suspended with fruit flesh
showed good acceptance from consumer panel. Optimum conditions for jujube
paste processing from fresh fruits were steaming at 120 for 15 minutes, which
gave easy separation of seeds and high yield of 78%. When the paste was used
for juice processing, the juice of soluble solid with 105 dBx had the best
sensory quality. Economic cost analysis on the juice processing from fresh
jujube showed that the juice can be produced at relatively low cost, which is
comparable to those of other juice products in current market. When fresh
jujubes were stored in the factory refrigeration room of 1 4 , whitish green

mature fruits can preserve their freshness for more than 50 days.
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1D). 260 g 1

L , 02 co2
co2 )
02 Cco2 ,
m/kg hr ©2 co2
) . mmol/kg hr
- 02 co2 1 mL syringe

gas chromatography ( , Hitachi , Model 163)

column Alltech CIR 1 packed colum , carrier gas
, detector TCD . oven temparature 40 , Injector
70 , detector 0
3 0 5
Lee Lee(12)

(closed system method)
( O @) parareter(Kic, Kio, Kic, Kmo,Vhe, Vo)

A [0
= D
Ko + (1+[CO2/K) [0

V02
rae = -2
Knc + (1+[COZJ/KD [0

g0z (n/kg h); rae

(m/kg h); [0 (n; [Cog D)



0 5

- Karel (13) quasi-isostatic method -

mL/m2 hr atm - ’
micrometer(Mituto Co. )] -
4.
30 pm (low density polyethylene) 12 x 20 an
6 mm 2 -
200t 3 g -
- -2 ,0 ,5 ,10 , 2
80 90%
5.
200g > 0
5 .
60 pm (low density polyethylene, , LDPE) 6
mm 12x 20cm 200+ 39
30 pm (cast polypropylene, ( ) , CPP), 60 mm
LDPE, 30 ym LDPE, 10 pmm (high density polyethylene,
( ), HDPE), 30 pm CPP 0.3 mm 3 CPP (perforative
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CcPP),

James River Co., , P+ PP)
5 85 9%
6.
02 o2
-3 -9

Wre= PRA (0.21 - [02]/100)

W ra2 = Pa2 A ([C0Z}/100 - 0.00)

w &g); P2

(M/m2 h atm); A

x 20cm 50 mm

Grace, ), 30 mm

(OTR) 600 3000 grade,
0
0 2009
02 002 ,
@-3
@4

(m/m2 h atm); PQ2
™
Renault(23)
0
12
Cryovac PDO00 (polyolefin, W.R.

Cryovac PD961 (polyolefin, W.R. Grace, ),

13.7 nm (polyvinyl chloride, ( ) , PVMC), 30 pm CPP

0.3 mm 2

@ , Deltatrak,

CPP (perforative CPP)

)



3 0 5 10 ,
10 -
8.
3 1 mbL
syringe gas chromatography (Model
163, Hitachi , D) 02 (o2 - ethanol
1 mL syringe gas chromatography

(Model HP 5890A, Hewlett Packard , )] -

(Atago , ) ®x -

59 100 mL  homogenize 0.1 N NaOH pH

8.1 pH meter (Model 230A, Orion Research Inc., Boston, MA, )]
% - ascorbic acid 5

g 5% metaphosphoric acid 30 mL  homogenize

50 mL - 50 mL 5 mL CB
Cartridge nylon 66 membrane filter (pore size 0.20 p m,
Alltech, Deerfield, IL, ) Spectra Physics 8800 HPLC (Spectra
Physics Inc., San Jose, CA, )] . ocolume Nova-Pak CB8B (3.9x
300mm, Waters  Corporation, Milford, MA, ) 4 uym fused
dimethyloctadecylsilyl bonded amorphous silica 30 ,
2 phosphate monobasic (pH 2.7 with H3P0H - Spectra 200
UV-detector 245 nm colume ascorbic

acid .
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ascorbic acid

, ascorbic acid

’ pH
. Table 2-1

ascorbic acid

Table 1
. Kader (8) (©)

Table 2-1. Quality attributes of fresh jujubes with differient maturities

Finental Weight Soluble Titratable Ascorbic
Expe 1
car Maturity (g/fruit solid acidity acid
Y ) (@)  (citric acid %) (g/100 g)
Whitish
6.4 24.3 0.9 243
ist year 9reen mature
Red ripe 7.8 28.0 0.76 256
Whitish
8.9 25.6 1.00 388
ond year green mature
Red ripe 10.5 30.6 0.80 399




Table 2-1 2

ascorbic acid

, , 2
2 2% 1 5% -
Table 2-2
non-climacteric -
Abbas (@), Al-Niami  (B) () climacteric ,
Kader (8) non-climacteric .
lemon, strawberry non-climacteric
(19, ,
Table 2-2 ,
-2 -
0 20 (2-5) Arrhenius
r = ro exp(-Ex/RT) @5
Er /mob), R (mmol/kg hr), ro

preexponential factor (mol/kg hr), T

kd/K mol )
63.2

62.2 kJ/K mol
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Fo| BFRHES $5d VAL MTH YRPE $32 HAHD L2 Q@ &
HANE stolt R Ao Bz, AYolt TYAd olH Y SHoz Y
% e Holet.

Table 2-2. Respiration rate of fresh jujube as a function of temperature and

maturity’
Temia.(ca:r )a SE Respiration expression Resmrau?zr::]:/ke:ctr;nammy
Whitish green mature Red ripe
O2 consumption 0.005 0.000
? CO:z evolution 0.012 0.003
Oz consumption 0.106 0.114
0 CO2 evolution 0.062 0.068
Oz consumption 0.248 0.262
° COz evolution 0.147 0.151
Oz consumption 0.272 0.342
0 COz evolution 0.151 0.190
20 Oz consumption 0.679 0.616
CO: evolution 0471 0.482

"All the respiration data are for lst year samples except at -2, which is for
2nd year sample.

Table 2-3. Respiration model parameters of green jujube obtained by
closed system method at 0C and 5TC

Temperature Respiration Vmo OF Ve Kmo or Kme Kio or Ki
(C) expression  (mL/ kg hr) (%02) (%6CO2)
ro2 5.18 6.40 4.95
0 Tco2 1.80 0.82 150
5 To2 12.7 5.80 2.42
Tcod 4.65 1.68 6.80
- 28 -
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AYo2 W22 (Table 2-4), ARF9 @oNE EAV HA Pt Ay &
ol qtMe o € 4L ZH2 £RHM NFsE Aol B AR el
T &57]d ol27|de] 83 A uhgo] FUASA =9Uslo] o] &5 D
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Table 2-4. Changes in quality attributes of fresh jujubes with different
maturities stored at 0C (2nd year)

Storage duration (day)

Maturity Attribute 0 23 55 90 129
Decay (%) 0.0 46 174 214 898
Softening (%) 0.0 46 255 500 898

Red color development (9%6) 28.8 504 951 945 100
Whitish Ascorbic acid {(mg/100 g) 388 33 2711 251 -
green Soluble solids ( “Bx) 256 258 212 282  _

mature  Total acidity (citric acid %)  1.00 077 077 073 -

Storage duration (day)

Maturity Attribute 0 28 61 9 124
Decay (%) 0.0 75 263 674 928
Softening (%) 0.0 75 299 746 951

Red color development (%) 100 100 100 100 100
Ascorbic acid (mg/100 g) 399 303 249 _ -

Soluble solids ( *Bx) 306 315 306 - -
Total acidity (citric acid %)  0.80 108 098 - -

Red ripe
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Softening (%)

0 20 40 60 80 100 120 140
Storage time (day)

(A) Softening

100

Decay (%)

0 20 40 60 80 100 120 140
Storage time (day)
(B) Decay

Fig. 1. Progress in softening and decay of whitish green mature jujubes stored at
different temperature conditions. O:-2C, @: 0C, a: 5T, I 10C, @: 20C. The
data for -2 and 0'C were from 2nd year experiment, while those for 5, 10 and
20T from 1st year experiment.
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Table 2-5

02 Cco2 . 30 nm CPP
, 50 nm polyoelfin PD900, 60 pm LDPE, 30 nm
LDPE, 30 pm polyoelfin PDO61, 13.7 mm PVC, 10 nym HDPE

, P+ PP ] P+
PP 02 co2
1.0 -
3 7 , CPP
PVC @18).
200 g 0 5
Table 26 Table 2-7
- 30 nm CPP 3 6
1% 02 15% o2
. 5 8 o2
- 60 nm LDPE 5 1%
02 , 6
02 02
. 0 60 nm LDPE 10.5% 02 9.3%
o2 .
co2 .
. Table 26 O 60 nm LDPE
4 , 60 m LDPE
0 5 0.3% 02 7.3 02
- 30 pm CPP 60 nm LDPE
0



Table 2-5. 02 and CO2 permeabilities of plastic packaging flims at O and 5

Thickness

Gas permeability(m/m2 hr atm)

Temperature FilmD) Ratio of CO2
) @ m o2 C02  permeability to
02 permaibility
CPP 30 21.7 64.3 3.0
Polyoelfin PD900 50 25.7 145.7 57
LDPE 60 29.4 151.1 51
LDPE 30 55.5 286.4 52
Polyoelfin PD961 30 61.4 239.0 3.9
0 PVC 13.7 123.9 833.9 6.7
HDPE 10 283.0 1023.3 3.6
P+ PP
(OTR 600 grade) 928.8 908.9 1.0
P+ PP
(OTR 3000 grade) 55 1371.8 1218.9 0.9
CPP 30 27.3 83.3 3.2
5 LDPE 60 455 205.8 4.5
HDPE 10 385.6 1252.6 3.2
CPP 30 46.2 132.7 2.9
Polyoelfin PD900 50 51.9 234.3 4.5
10 LDPE 30 131.7 645.0 4.9
Polyoelfin PD961 30 109.3 424.1 3.9
PVC 13.7 290.1 1844.2 6.4
DIDPE: low-density polyethylene; HDPE: high-density polyethylene; CPP:
cast polypropylene; PVC: polyvinyl chloride P+ PP: microperforated
polypropylene; OTR: oxygen transfer rate.
30 pm LDPE 0
02 Cco2 , 8 7%
3.2% CO2 .

02,



13

- HDPE 02
co2 , O 19 02 11.1%, CO2
6.0%, 5 12 02 11.6%, CO2 5.5% - 30pm CPP
0.3 mm 3 0
5 4 02
co2 0 19 02 16.6%, CO2
6.-2%, 5 12 02 16.2%, CO2 6.0% -
P+ PP 0 CPP
, OTR 600 grade 8
- 02 co2

Table 2-6. Gas compositions inside packages of 200g fresh jujubes stored at

0]

Storage duration (week)

Packeged 4 8 13.5 19
02 o2 ®? o2 02 oo 02 Co2
Control2) 19.3 0.0 20.2 0.0 19.5 0.4 205 0.8
CPP (30) 0.2 21.0 - - - - - -
LDPE (60) 105 9.3 - - - - - -
LDPE (30) 123 1.6 75 3.2 - - - -
HDPE (10) 18 0.9 17.5 1.6 1.7 3.5 11.1 6.0

P+ PP (OTR 600) 16.0 3.5 17.7 3.5 16.8 3.5 16.7 5.9

P+ PP (OTR 3000) 18.6 1.0 199 0.9 19.1 2.0 18.5 4.1

Perforative CPP3) 18.3 0.98 194 1.3 17.1 3.6 16.6 6.2

DFor abbreviation of film name, refer to Table 2-5. Numbers in parenthesis
are Tilm thickness in ym. All the packages except those of 30 ym CPP and 60 p
m LDPE were for 2nd year experiment. 2Control package was 60 pm LDPE with 4



perforations of 6 mm diameter. 3Perforative CPP package had 3 pinholes of 0.3
mm diameter.
Table 2-7. Gas compositions inside packages of 200g fresh jujubes stored at

5
Storage duration (week)
Packagel) 3.5 6 7 8 12
02 Co2 02 Co2 02 (€02 02 €02 02 Qo2
Control2) 20.0 0.3 - - 20.8 0.8 - - 204 1.2
CPP (30) 0.4 19.0 0.4 15.8 - - 1.0 1.0 - -
LDPE (60) 0.4 9.6 2.1 2.7 - - 11.6 1.3 - -
HDPE (10) 16.9 1.4 - - 12.6 3.1 - - 11.6 5.5
Perforative

18.6 1.6 - - 18.0 4.3 - - 16.2 6.0
CPP3

DrFor abbreviation of film name, refer to Table 2-5. Numbers in parenthesis
are Tilm thickness in ym. All the packages except those of 30 ym CPP and 60 p
m LDPE were for 2nd year experiment. 2Control package was 60 pm LDPE with 4
perforations of 6 mm diameter. 3Perforative CPP package had 3 pinholes of 0.3
mm diameter .

5 02 12.3%, CO2 8.7%
a0,
. 1 5% 02 5 10% Co2
(3, 0 5 30 n
m LDPE
. 30 pum
LDPE
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2 02
5.
0 5
200g 0 5 »
Fig. 2-2 Fig. 2-3 . 0
’ cPP P+ PP
6 mm -
30 nmm LDPE 10 nym HDPE
HDPE , 0 8 CPP P+ PP
(Table 1),
0
- HDPE
LDPE - »
- 8
13 HDPE LDPE 3 6% Cco2
- CPP
Cco2 , -

co2



P+ PP
(OTR) 3000 grade

, ascorbic acid

0.2 nl/kg hr
P+ PP
(@Y
P+ PP
- 5
Table 2-6 Table 2-7
25 dBX
( )-

20 Kader

. Abbas  Saggar(4)

30 130 pm

CcPP

(pinhole)

28dx

- 30 -

388 mg/100g

OTR 600 grade

(19, 20).

® 0.1

100 1000 pls/kg hr

0.3 mm
, Fig. 2-2

(22,23),
HDPE
(Fig. 2-3).
19 ,5 12
1.0% 0.7%

200 mg/100g
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Fig. 2-2. Softening and decay of fresh jujubes packaged in different gas
permeability films and stored at 0C. O: control (perforated air pack); &: LDPE;
B: HDPE; &: P+ PP (OTR 600);,(J: P+ PP (OTR 3000); A: perforative CPP.
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Fig. 2-3. Softening and decay of fresh jujubes packaged in different gas
permeability films and stored at 5C. O: control (perforated air pack); ll: HDPE;
A perforative CPP.
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Fig. 2-3. Softening and decay of fresh jujubes packaged in different gas

permeability films and stored at 5

HDPE; - perforative CPP.
20%
2-3).
0 7 (40 ), 5
6.
@3
- 5
stretch wrap
- 8
5
02 Co2
Table 2-9 0
, Fig. 2-2

. o - control (perforated air pack); m :

, 10%
0] 10 ,5 7
(Fig. 2-2, Fig.

3 (0 ) -
(24) , Lee Renault(23)
Table 2-8
, PVC wrap PD 900
. PVC
- PD 900 02
CPP PVC wrap
02 Cco2
8
CPP
- PVC wrap
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- 8 ’
ascorbic acid CPP

, 30 nm LDPE polyolefin PD 961
a3,

Table 2-8. Comparison between estimated and experimental atmsophere inside
the jujube packages at O

Estimated Storage duration (week)
Ethylene ckage
PackageD) ty ba 5 8
absorber atmosphere(%)
02 co2 02 co2 02 Q02
Control2) No 21.0 0.0 21.0 0.0 21.0 0.0
No 5.8 3.5 12.0 2.1
LDPE (30) 5.1 2.1
Yes 7.0 3.1 10.2 2.1
Perforative
No 19.3 1.3 19.1 1.5 19.4 1.4
PP (30)
P\C No 16.1 1.1 16.6 1.2
6.6 1.4
3.7m Yes 7.7 0.7 19.5 0.5
PD-900 No 2.6 7.0 11.0 3.5
-14.2 4.1
G0 Yes 7.9 7.3 7.7 3.7
PD-961 No 9.3 2.4 13.8 1.5
6.5 2.5
€Y Yes 7.4 2.9 16.0 1.2




DFor abbreviation of film name, refer to Table 2-5. Numbers in parenthesis
are film thickness in pm. All the packages were for 3rd year experiment.
2Control package was 60 pm LDPE with 4 perforations of 6 mm diameter.
JPerforative CPP package had 2 pinholes of 0.3 mm diameter.

Table 2-9. Quality changes of jujubes in differenent packages at O

Storage duration (week)

b Ethylene 5 . _ 8 _
ackageD rber Weight Softening Asocirblc Weight Softening Asccirblc
ADSC loss o acidd loss o acidd)
(D) (g/100g) (D) (mg/100g)
Control2) No 1.6 0 311 2.9 11.7 310.
No 0.2 0 340 0.4 13.1 267
LDPE (30)
Yes 0.2 0 353 0.3 19.9 287
Perforative
No 0.1 0 354 0.3 3.9 331
CPP3) (30)
N 12.1 Shrivelle 201 14.0 Shrivelle 312
PVC 0 - d - d
Shrivelle Shrivell
13-7 Yes 9.1 ; 319 11.3 ”‘C;e 333
PD-900 No 0.1 0 317 0.3 37.4 175.
0 Yes 0.2 0 302 0.4  46.0 246
PD-961 No 0.2 0 323 0.4 25.9 266
0) Yes 0.2 0 347 0.3 11.9 208

DFor abbreviation of film name, refer to Table 2-5. Numbers in parenthesis
are film thickness in pm. All the packages were for 3rd year experiment.
2Control package was 60 pm LDPE with 4 perforations of 6 mm diameter.
JPerforative CPP package had 2 pinholes of 0.3 mm diameter. fAscorbic acid
content of initial sample was 355 mg/100g.-

Table 2-8 0 5 ,



10 10
Table 2-10 - CcPP

ascorbic acid

ethanol

Table 2-10. Quality changes of the packaged jujubes which taken out after the
storage of 5 weeks at 0 and then stored at 10 for 10 more days

Package
Ethylen atmosphere Quality
ckag (€))
Pa D absorbe ; Ascorbic
Softening Decay N Ethanol
r 02 (o2 o o acid R N
0 0 g/l_
(mg/100g)
Control2) No 21.0 0.0 50.0 8.8 287 ND
No 1.3 5.0 23.6 3.7 269 0.15
LDPE (30)
Yes 3.8 5.5 18.0 0.0 287 0.01
Perforativ
e CPP3 No 14.8 6.0 10.6 0.0 307 NDD)
(€Y))
N 13.6 2.0 Shrivelle 0.0 344 ND
PVC ° 0 e d -
Shrivelle
3.7 Yes 17.0 1.5 d 0.0 341 ND
PD-900 No 0.6 10.4 32.2 0.0 259 0.18
€Y Yes 0.4 9.4 320 0.0 268 0.18
PD-961 No 1.5 5.4 20.8 0.0 304 0.03
(20) Yes 12 49 7.9 0.0 324 0.03

DFor abbreviation of film name, refer to Table 2-5. Numbers in parenthesis
are film thickness in mm. All the packages were for 3rd year experiment.
2Control package was 60 pm LDPE with 4 perforations of 6 mm diameter.



JPerforative CPP package had 2 pinholes of 0.3 mm diameter. 4Not detected.

ascorbic acid

non-climacteric .

» ascorbic acid
ascorbic acid - 2 ,0 ,5 ,10 , 20
-2 , 5
» 0 .
200 g , 0
5 ’
30 nm CPP 60 hm LDPE
10%, 20%
0 10 , 5 7
- 10
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Zizyphus jujuba MILLER) , c, ,
@.,2).
1970
1992 3,879 ha 17,592W/T
G.9). 10 10
’ ’ ’ 7’ (114) =
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(maltose) )
, dextrin  gum arabic
Sigra ( )] -
C )] rotary vacuum evaporator
cellulase Fluka Sigma
2.
6 100
230 mesh -
. 100
26 Bx .
(7)1
- (
30 Bx »

B-191, Buchi Labortechnik AG, Switzland)

atomizer nozzel

4% -

spray air fiow 600 I/h, aspirator
31.5 m¥h, feed flow 54 ml/h, inlet temperature 120

55%
Fluka (Switzerland)

60%
pectinase

26 Bx
45 60 Bx)
(Mini-Spray Dryer

air flow rate

1:1
Fig. 3-1 )
dextrin 50 Bx, gum arabic 45 Bx,
60 Bx 30 Bx
7
100 10 40 0.25%, 0.5%,
1.0%, 1.5% -
40 19 , 15 30
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Dried jujubes

Water ———p»| Boiled extraction |

[ Filtration ———P» Waste

(seeds, insolubles)

Extracted juice

.

Atmospheric 3 Evaporated
evaporation water

v

Concentrated juice, | kg
(26 °Bx)

Carrier solution

(55 °Bx) —»|  Mixing | @——— water
0473 kg 0.261 kg

Prepared solution, 1.734 kg
(30 °Bx)

[ Spraydrying ___|——P»> Water

1.192 kg

Dried jujube powder
juice (4% moisture)
0.542 kg

Fig. 3-1. General scheme for processing of spray dried powdered jujube juice(for
the case of using maltose as a carrier).
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Fig. 3-1. General scheme for processing of spray dried powdered jujube
Juice(for the case of using maltose as a carrier).

3.
®). 5g 30ml
14 Bx
7 -
5 -
Turkey HSD (honestly significant difference)
5% ©).

(Model JC801, Color Techno System
Corporation, )] - K: A5, VY:
96.06, Z: 114.26) 3.5 am, 1.5 cm cell

Hunter L, a, b .

Table 3-1. Regression equation for predicting
water activity of saturated salt solutions

Saturated salt Regression equation™
solution
LiCl In Aw= 500.95/T - 3.85
K(CHZX00) In Aw= 861.39/T - 4.33
MgCI2 In Aw= 303.35/T - 2.13
KZ03 In Aw= 145.0/T - 1.3
NaBr In Aw= 418.65/T - 1.9%4
NaNO2 In Aw= 435.96/T - 1.88
NaCl In Aw= 228.92/T - 1.04
KCI In Aw= 367.58/T - 1.39

Aw is water activity and T is in Kelvin

- 52 -



20 , 30 , 40 ( ) 10 9%

48
- 105
(10-13) Table 3-1
5.
370g Table 3-2 -
(@23 x16 x 3.5 anm, 0.7 mm) ,
30 x 23 cn  polyolefin film Cryovac D-955 (W.R.
Grace & Co., Duncan, SC, )] , 110 30
- 20qm/

20nm (OPP/PE) 20 x 23 am 370g

5, 85% 133

(Model HB 105S, , ) ;

Table 3-2. Packaging conditions of different water permeabilities



Package type Condition

Control Carton of paper board thick 0.7 mm, dimension of
23 x 16 x 3.5 am

Shrink Cryovac D-955 film was heat shrink packaged on
the same carton package as in control package

Shrinktdesiccant 50 g silicagel was inserted iInto the shrink

package
OPP/PE Flexible pouch package of 20 x 23 cm in dimension

OPP/PEtdesiccant 50 g silicagel was inserted into OPP/PE package

6.
PET/AL/PE ( , ) 360g
Lovero Impulse Sealer(Model HJ 300, )]
, 360g Leepack Ultravac
(¢ , )] gas timer 10
- Cco2 N2 Co2 N2
- gas chromatograph(Model 163, Hitachi, Japan)
02 Zero(( ) , 500cc /pack, 5) 1
. 25
182 .
7.
2,
85% 12 40 , dw/dt



Fick G-D »

WTR) (14, 15).
@\/do)
WTR = G-D
A (Pax - Pi)
, WITR : (g/m2 day Pa)
dw/dt : (g/day)
A /m)
Pat : (0.85 x 3169 Pa)
Pin : (0 Pa)
85% KCI
@13, 16).
8.
ascorbic acid
’ ’ ’ , 105
, Novasina (Model
Humidat-I1C, Novasia AG, )]
ascorbic acid 59
5% metaphosphoric acid HPLC (Spectra physics 8300 ternary pump)
column Nova-Pak CB (3-9x300mm) 4u m fused
dimethyloctadecylsilyl bonded amorphous silica 30 ,

2% potassiun phosphate monobasic (pH 2.7, HFP0OH Spectra 200
UV-detector 245nm column ascorbic
acid - ®) 50 50%
ethanol 50ml 24 , blender



(No. 6 )] 420nm

. ascorbic acid

59 10 mL , 90mL
0.1 NaCH -
- Novasina (Model
Humidat-IC, Novasia AG, )] - 10
(Model JC301, Color Techno System corporation, )]
- Xz 94.25, Y: 96.06, Z:
114.26) , Hunter L, a, b -
3
1.
(carrier) -
(maltose)
0.7, 1.0, 1.5
Table 3-3 -

0.7



an.

Table 3-3
1:1

Table 3-3. Effect of the amount of added carrier material(maltose) on
spray drying behavior of jujube juice

Ratio of carrier material to Drying behavior and appearance of dried
Jujube powder
Juice extract (dry weight basis)

0.7 Did not give dry ponder; produced sticky
texture and caramelized flavor for the
product.

1.0 Gave dry powder; jujube flavor could be
felt

from the powder

1.5 Gave dry powder; jujube flavor could be
detected very little

, dextrin,
gum arabic, s
Table 3-4
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, dextrin , gum arabic

dextrin, gum arabic

Table 3-5 .
gum arabic »

a8). gum arabic

Table 3-4. Effect of the carrier material on sensory quality of jujube juice
prepared from powdered product™

Carrier Sensory score** Surface color
Odor Color Taste L a b
Extrated juice 3.57a 3.43a 4.14a 20.33 -3.57 11.98
4 Bx)
Maltose 2.43d 3.43a 3.29db 17.57 -3.04 11.06
Dextrin 2.86d 3.57a 2.71xc 18.52 -2.30 11.85
Condensed milk 1.86kc 1.29% 2.71xc 73.63 -3.11 21.95
Gum arabic 3.57a 3.14a 2. 71z 19.75 -1.84 11.86

*Juice was prepared by dissolving 5 g ponder in 30 ml water to give 14 Bx
solution. *Hedonic saling was used: 5, very good; 1, very bad. Values with
different letters in the same column mean significant difference at 5% lewvel
of significance.



Table 3-5. Effect of conbined use of carrier materials on the sensory quality
of jujube juice prepared from the spray dried powder

Carrier materials Sensory score* Surface color
Odor Color Taste L a b
Maltose + Dextrin 2.14b 3.57a 2.86db 18.35 -2.37 6.91
Maltose + Gum arabic 4_14a 4_00a 3.86a 17.10 -2.30 7.05
Dextrin + Gum arabic 3.29a 3.57a 2.2%c 15.19 -2.45 8.11

*For the preparation and sensory test procedure, refer to Table 3-4.

pectinase, cellulase, hemicellulase

(19). pectinase  cellulase
. Fig. 3-2
0.5%
. pectinase cellulase ,
- 0.5%
11 25% -
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90

Extraction yield (%)

30 1 ] [ ! 1 I ]

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Enzyme concentration (%)

Fig. 3-2. Effect of enzyme treatment on extraction yield of jujube soluble solid
Concentration means that of each individual enzyme. 4, pectinase; W, cellulase
@, pectinase+cellulase.
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Fig. 3-2. Effect of enzyme treatment on extraction yield of jujube soluble
solid. Concentration means that of each individual enzyme. A, pectinase;
m , cellulase; , pectinasetcellulase.

Table 36

pectinase »
pectinase 0.5%

Table 3-6. Effect of enzyme treatment iIn extraction process on the sensory
quality of jujube juice prepared from the spray dried powder

Treatment™> Sensory score** Surface color
Odor Color Taste L a b
Control 4_00a 3.86a 4.14a 16.56 -3.37 9.25
Pectinase 3.43a 3.29 3.14b 20.59 -1.46 9.35
Cellulase 3.00b 2.43 2.7l 18.48 -1.75 8.89
Pectinase + Cellulase 2.29%x 2.14kc 1.71d 18.27 -0.80 8.61

All the samples were dried with addition of maltose and gun arabic as carrier
material. For enzyme treatment, juices were treated with 0.5 % enzyme
solution for 19 hours at 40 . *for sensory score refer to Table 3-4.



1:1 s

gun arabic
2.
Fig. 3-3 20, 30, 40
sigmoid
(10,20,21). Guggenheim-Anders
on-de Boer model (GAB model) «C G2 fitting (12,20), GA
B model 0.1 0.9
(Fig. 3-3).
m CkAw
— = G-2
mo @ - KW@ - KAw + CkAW)
m (g /kg ), Aw , C
, K , Mo (kg

/kg )
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33l 7 FLEFTAL YN sigmoid¥ 9 ML UYeEURe A &
THYEANME 27 RE4E FEYTO] A4 JEYY, o)t dwtE Ax4

9 54t (102021). BdFSY F2FFJA dHoletE Guggenheim-Anderson
-de Boer model (GAB model) %A 4] (4] (3-2))22 fitting 3 2 #(12,20), GAB

model& TFEZ2EAHE 01~099 A g dalM FESFH FESHEY BAE

T EEY + ASe 29Fn A9 (Fig. 3-3).

CkAw
Mo (1 - kAw)(l - kAw + CkAw)

3

(3-2)

4714 me& FEYF (kg T2/kg LHE), AvtE FEEHE, CE G2AF F
o gEE 45, kT HGEAFT Fd BEE A7, mT GRS FEEF (ke
F&/kg LY E)o|ch

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 i I L L |
0 0.2 0.4 0.6 0.8 I
Water activity

Moisture content (kg water/kg solid)

Fig. 3-3. Moisture sorption isotherm of dry jujube. @, 20°C; [J, 30C; A, 40TC.
Solid lines are fitted data from GAB equation with parameters of Table 3-7.
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Fig. 3-3. Moisture sorption isotherm of dry jujube. ,20 ;0,3 ; a,

40 . Solid lines are fitted data from GAB equation with parameters of Table
3-7.

Table 3-7 GAB parareter -

C ’
k -

mo - Diosady
(¢0)] canola meal , Kim (L)
k -

@16).

Table 3-7. GAB parameters of sorption isotherm of dry jujube

Temperature Parameter
) C k mo
20 113.018 0.937 0.146
30 97.578 0.935 0.132
40 86.193 0.933 0.131
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ascorbic acid Table 3-8
- ascorbic acid 3.45 mg/100g

. ascorbic acid

. ascorbic acid

- 0.85
- 35 ascorbic acid
, 0.42
ascorbic acid - 94 3
0 0.58 ascorbic acid
- 141 ascorbic acid
. ®)

ascorbic acid 3 64 %, 12 93% . Table 3

ascorbic acid

(©OR ascorbic acid

Table 3-8. Effect of temperature and water activity on the change in ascorbic
acid concentration of dry jujube during storage™



Temperature Water Ascorbic acid for each storage time iIn days

) activity (mg/100g)

35 A 141

0.42 1.78 1.10 0.00

20 0.58 2.07 0.20 0.00
0.73 1.42 0.19 0.00

0.42 1.82 0.32 0.00

30 0.58 1.44 0.00 0.00
0.73 1.39 0.30 0.00

0.42 1.61 0.04 0.00

40 0.58 0.10 0.00 0.00
0.73 0.28 0.01 0.00

*Initial ascorbic acid concentration : 3.45 mg/100g dry solid

Table 3-9
- 20 141

0.58 0.73 ]
0.7 ®)

- 0.42

Table 3-9. Effect of temperature and water activity on the browming level of
dry jujube during storage*



Temperature Water *Browning for each storage time in days

() activity 35 Y 141
0.42 2.13 2.07 2.22
20 0.58 2.26 2.16 2.20
0.73 2.40 2.29 2.29
0.42 2.09 2.36 2.32
30 0.58 2.40 2.81 2.50
0.73 2.74 2.77 2.48
0.42 2.77 3.00 3.11
40 0.58 2.57 3.26 3.31
0.73 3.33 3.37 3.45

*Initial broming level (@bsorbance at 420m) : 2.074
*Browning levels are based on dry solid 5g in 50ml ethanol.

L

(Table 3-10).

VE

0.7

ascorbic acid .

Table 3-10. Effect of temperature and water activity on the surface color of
dry jujube during storage*



Temp. Water Surface color for each storage time in days
( ) activi 35 oM 141
v L a b E L a b E L a b E
0.42 75.8 -3.5 10.2 2.3 75. -4.4 9.9 3.0 75.0 -4.7 8.7 4.0
5
20 0.58 75.9 -3.8 10.1 2.3 76. -5.1 10.2 3.1 76.7 -3.8 10.6 1.6
0
0.73 78.7 -2.0 12.6 2.2 78. -3.811.6 1.5 779 -3.2 11.7 1.2
1
0.42 74.8 -4.3 9.2 3.8 73. 4.9 8.6 5.0 74.6 5.3 8.0 4.9
9
30 0.58 76.7 -3.9 10.5 1.6 75. -4.7 10.1 3.1 76.0 -4.7 9.5 3.0
6
0.73 78.1 -3.6 11.4 1.2 76. -4.6 10.7 2.1 78.1 -5.4 10.4 2.7
9
0.42 75.3 -4.8 9.1 3.7 74. 5.5 8.7 4.7 75.0 6.2 8.3 4.8
7
40 058 76.1 -5.0 9.7 3.1 74. -5.6 8.2 4.8 75.0 -7.1 6.9 6.9
9
0.73 78.6 -5.7 11.6 3.3 75. 5.7 9.1 4.4 72.8 -7.8 4.9 9.2
0
*Initial value of surface color : L, 77.9; a, -2.7; b, 10.6
30 0.42

ascorbic acid



Table 3-11

, polyolefin
- OPP/PE
3709 , +
/PE  OPP/PE+
Table 3-11. Water pemmeability of packaging
conditions applied for the experiment
Package type Water permeability Surface area
(g/m2 day Pa) (@2
Control 1.571 x 103 1,009
Shrink 5.572 x104 1,009
Shrink+desiccant 5.572 x104 1,009
OPP/PE 5.346 x 104 920
OPP/PE+desiccant 5.346 x 104 920

25
(Fig. 3-4; Table 3-11),
56 )
OPP/PE
(
26.7%, 0.55 101 28.06h  0.58).
« + , OPP/PE+ ) 56
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31.9%

0.66
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Fig. 3-4. Changes in moisture content and water activity of dry jujube packaged
in different water permeability conditions. @® : Control; [J: Shrink; I
Shrink+desiccant; A: OPP/PE; A: QPP/PE+desiccant.
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Fig. 3-4. Changes iIn moisture content and water activity of dry jujube
packaged in different water permeability conditions. e Control; O :
Shrink; m : Shrink+desiccant; : OPP/PE; A : OPP/PEt+desiccant.

Fig. 34

100

OPP/PE
- OPP/PE

(Table 3-12). ®

Table 3-12. Change iIn titratable acidity of packaged dry jujube stored at 2
5 and relative humidity of 85%
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Package type Acidity for storage time in days (%)

0 28 56 101 133
Control 3.1 3.1 - - -
Shrink 3.1 3.1 3.6 3.6 5.0
Shrink+desiccant 3.1 3.0 3.4 3.7 3.8
OPP/PE 3.1 2.9 3.7 3.9 4.3
OPP/PE+desiccant 3.1 2.9 3.9 4.2 4.0
, + , OPP/PE , OPP/PE+ ascorbic
acid (Fig. 3-5). OPP/PE ascorbic acid
ascorbic acid , OPP/PE
56 ascorbic acid .

ascorbic acid

o) ascorbic acid

, 0.55 0.65

ascorbic acid

OPP/PE ascorbic acid

- ®

ascorbic acid 3 64 %, 12 93%

Fig. 3-5 - , ascorbic
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acid 0.42

Fig. 3-6 .
56 ( + L]
OPP/PE+ ) .

- 0.55 0.66

Fig. 3-5. Changes iIn ascorbic acid content of dry jujube packaged in
different water permeability conditions. e Control; O : Shrink; m :
Shrink+desiccant; : OPP/PE; A : OPP/PEtdesiccant.
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o

Fig. 3-5. Changes in ascorbic acid content of dry jujube packaged in different
water permeability conditions. @ : Control; [J: Shrink; ll: Shrink+desiccant; A:
OPF/PE; a: OPP/PE+desiccant.

w

N
o

e
6]

Browning level (O.D. at 420 nm)
N

1 1 1 1 1 L] 1

0 20 40 60 80 100 120 140
Time (day)

Fig. 3-6. Changes in browning level of dry jujube packaged in different water
permeability conditions. @ : Control; [J Shrink; W Shrink+desiccant; A:
OPP/PE; a: OPP/PE+desiccant.
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Fig. 3-6. Changes in browming level of dry jujube packaged in different
water pemeability conditions. e Control; O : Shrink; m
Shrink+desiccant; : OPP/PE; A : OPP/PEtdesiccant.

a - b (Table
3-13). VE ,

Table 3-13. Change in surface color of packaged dry jujube stored at 25 and
relative humidity of 85%
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Package type Hunter Surface color for each storage time in days

value 0 28 56 101 133
L 77.04  78.14 75.30 - -
Control a -3.75 -2.26 -6.16 - -
b 11.56  12.42 8.30 - -
VE* 0 2.04 4.41 - -
7.04  77.35 78.28 77.60 77.93
Shrink a 3.75  -3.02 -2.57 -4.84 -4.28
b 11.56  12.05 13.28 13.3 14.60
VE 0 0.93 2.43 2.13 3.21
L 77.04  76.99 78.31 76.05 77.57
Shriink+desiccant a 3.75  -2.62 -1.97 -5.87 -4.25
b 11.56  12.14 13.48 11.87 14.32
VE 0 1.27 2.091 2.28 2.85
77.04  76.87 76.64 78.27 77.19
OPP/PE a 3.75  -2.77 -3.02 -4.81 -4.77
b 11.56  11.88 11.26 14.28 13.41
VE 0 1.05 0.83 3.17 2.12
L 7.04  77.29 75.43 75.40 77.07
OPP/PE+desiccant a 3.75  -2.78 -4.07 -6.58 5.41
b 11.56  12.05 9.77 10.89 13.15
VE 0 1.12 2.43 3.34 2.30

Distance from initial sample color in Hunter color solid, i1.e., VE=(VL2Va2
Vb2 12

polyolefin
. OPP/PE

, ascorbic acid , »
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ascorbic acid

N2 co2
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0.55
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Ascorbic acid 112 Cco2
» N2 . o2
ascorbic acid »
- 182
ascorbic acid -
ascorbic acid

ascorbic acid

- 02
02
. 154 Cco2 N2 ascorbic acid
, co2 . 154 N2
ascorbic acid 02 ,
ascorbic acid ().
Co2 ascorbic acid Co2
. co2 HZ003
’ pH
3, ascorbic acid
. o2
, Fig. 3-7
ascorbic acid .
Cco2 ascorbic acid
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o] COxll #7I1¢ =29 of Yoy }E ascorbic acidsta| 9] £z @A ol HaiME B
29 vzl A9 glen, o 213d dElMe FHAA A7 ey Aoz Az

o.

40

Ascorbic acid (mg/100g dry solid)

1 1 [l 1

0 L |
0 20 40 60 80 100 120 140
Time (day)

Fig. 3-7. Changes in ascorbic acid content of dry jujube stored at 25C. @:
Control; [ Vacuum; a: COz-modified; ll: Nz-modified; <! O2 scavenger-added.

Bz dF9 AY F 2L ¥UsE AT FHAE Fig 3-89 EAIR vig} 7
o}, 420nmol e 7] ZHUEE 148000 vlFo] AAr|zte] Ang wmel 7
et A& o2 FHE S RAY A 112972 Ay oz Wyr)A|
o] ¥e ZUEE YEIWAL, &3] COAUTR] EH3] ¢ UUEF B3
ot 238y I ol¥ CONBEFAME 15443 & ZUE F/HE BYFa 3l
Aok, G 182Y97A 9] F)AFA Y COABEFE AYddne dx T H&A
$e ZUEE Yehiz QoM THFo2RE A AAJ @A AARHY
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F ALTE AN AN

Browning level (O.D. at 420nm)

1 1 1 1
0 50 100 150 200

Time (day)

Fig. 3-8 Changes in browning level of dry jujube stored at 257C. @: Control;
[J: Vacuum; A: COz-modified: Il N2-modified; <! Oz scavenger-added.

ole)= WEE VxAd FAAYY EsE BBYRY B Y BEom
dae e8la ARzl e TUL JUn 2 mstP Lo, ascorbic acid]
A7 gus AL 4 ALE FEFAT. COART AN A 154 ol ¥l =
e ZWE 277t ascorbic acidwE s} Furelol dojd RE&(Fig. 3-7, Fig. 3-8),
ascorbic acid®} A& EAo] aminoBFEH A BHEALE BYWAGD F
23 & Ue Ro2 BAUTHRA), 21 U4LE AAT G WHYIAXRF] R
2YUES B RE, B ascorbic acidin e BHE o2 ANY £ A& Ao
th 3o B o](6)h XNAHF vlg} go] F2 ¥ EAHY Maillarde3-o} 23
of o)FojAx, YN BUAHA & BUELE BFAY F AL ALz 44H

o olgd T 3y RRAA Aarh $EE Belsn oluswart wAsA o

- 75 -
PO1B/08/28 1321 $ @ N #/H11)
NESEX MK URIISBHC IISHASE 28t JI2X  UF2 NS L NEFSI=2 HE, 2SAL2DM /=5 ..



o, o] ol MAE AANY WYAAXZ) 2 BUL 8 WY U P
o 4ol @ 4 AE Holhe). WAZALe EFAMT Aaste) YRS A
gl Sjste] Teol A & AeE olol Tzl A oITHES),

Az dEAEs] EAUEY £ ¢F WSS Fig 3-99 ded e 2o @
AZHY 27 4PRE Al da) AYHoE FE wa, WA AEY
& AY 02U, £ TIAAA obF we $49 3748 v ¥, Basct oA B
Aee A2E 2d. 58 COAREFAINE AF MdNAY SUHEHE B9
2RI A AR 15420 Fol A8 27E dehigdn. RWHO 2 COA
QERE ALSnE BE WYIATF] AP 154Q01Fo) 2T T waA
ge 2UUBL HAT. WAl SEF 49 W] dANE B3
@ AEe 9g 47 ggen, od ddE 27449 A7 Be Aoz 42
9. ol®E 373N WE dFE AL W TAL 5 O¥Re fol4e 2
A#AY fumaric acide Z7HETIR 2@ o AT AAE AANY WEIAE
golHe) §714) AEAnie BrlsaAe] APst BE 4 dool, Fig 3-99 ¥
S §714 de BYHA 959 Fojd A%E AAGL} B3 COABI I

2 WS gEZAUY §2 0t 714 SH W)
25 998 = Ao AZHD o9 APe AMNE BY FA¥Y A7 &
78,

Azdse ZUASE AZgel B dAHSD Latel 4y Ba%T agtel -
9NN LD bRE Z7FSATHTable 3-14). Hunter AAANA 27] A3l
ol Uehle GBS ARATA WA Frhtdn, AuHos TREAYM 2
Sol® dEuAS @gtet, ABTYe] gAML A AT FU M &
WHE HolFL AU I3 BETH NAREAFe ¥ %e IEE HelF
2 AT AFEol AFEF = A% WHE 2 Ye AFo: A Y
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Fig. 3-9. Changes in titratable acidity of dry jujube stored at 25C. @: Control;
() Vacuum; A: CO:-modified; ll: Nz-modified; O Oz scavenger-added.
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Package type Hunter Surface color for each storage time in days
value
0 42 77 112 154 182
L 77.04 77.90 76.91 76.54 76.57 76.86
Control a -3.75 353 -5.3 -5.08 -5.91 -6.42
11.56 12.73 1244 12.77 12.78 12.85
TE* 0 1.47 1.84 1.87 2.52  2.97
77.04 75,58 75.91 74.50 76.54 74.82
Vaccum a -3.75 -4.04 -6.34 -6.06 -6.84 -6.81
11.56 10.82 12.00 11.23 13.03 12.12
VE 0 1.66 2.86 3.45 3.46 3.82
L 77.04 78.08 78.08 76.33 76.72 76.51
a 375 -3.73 -4.21 529 -6.038 -5.97
COZ-modified b 11.56 12.80 13.93 12.47 12.86 11.90
VE 0 1.62 2.63 1.92 2.64 2.66
L 77.04 78.38 77.29 77.25 77.53 77.35
a 375 2.8 -431 4.9 567 -5.61
NZ-modstied 11.56 13.04 11.50 13.36 13.33 13.83
VE 0 2.17 0.62 2.16 2.66 2.95
77.04 78.46 78.13 77.42 T77.75 77.65
02 scavenger a 375 -3.62 -458 4.4 566 -5.60
_added b 11.56 12.94 14.12 13.71 14.39 14.11
VE 0 1.98 2.90 2.29 3.49 3.21
WE= (VL2+ Va2+ VbdYs
4



- 26 Bx

Bx maltose gum arabic
1:1
- 11
25%
20 , 30 , 40
GAB model parameter C, k, mo , mo
- ascorbic acid
30 0.42
5, 85% 133
» » , , ascorbic acid , )
, polyolefin C )]
OPP/PE
ascorbic acid , ,
+ , OPP/PE+ OPP/PE
, Q02 , N2 , 02 25
6 ascorbic acid , ,
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1L 75, 80, 85, 90, 95

100g 8 1
- (total soluble solids: TSS) GBrix)
- , 250rpm

, 95cC .

3.
4.
120 , 1.0 ( ) 15 ,

. 100g
100g pectinase(Pectinase Ultra SP-L : Norvo Nordisk Ferment Ltd.,
Switzerland), cellulase(Celluclast : Norvo Nordisk Ferment Ltd.,
Switzerland), pectinase cellulase 1:1

0.05, 0.50, 2.50%(v/w) 12
- 5,000 X g 10
15% -
Norvo Nordisk Pectinase Ultra SP-L, Pectinex 100L, Celluclast



Gist-brocades Rapidase C80, Econase CEPi 5
0.1, 0.2, 0.4, 0.8% 30 12
- 5,000 X g 10

5.
90 25° Bx, 30° Bx
- , 25° Bx, 30° Bx
. 25° Bx
35, 40, 45° Bx , 30° Bx 40, 45, 50° Bx
6.
40 1%, 2%, 3% 10
- Protein Technologies Intermational SUPRO
B500E, SUPRO 590, SUPRO 90 -
7.
20g 100 -
, 20 2
100 5,000 X g 10



“-1) ;

100

pH digital pH meter(ORION 720A)

10g 100ml

pH meter
. % malic acid

NaOH X 0.067meq X 100/ wt of sample).

X 100 “-1)

pH 8.0 O0.IN NaOH

@ malic acid = ml NaOH X N

Krop (@) spectrophotometer
535 mm . Pectin McCready (2)
galacturonic acid -
(Denshouk , TC-1500 MC-88) L, a, b, ,
Hunter E -
(Cannon-Fenske, No.100) 25
Guyer (@) HPLC(Jasco 830-RI) glucose,

fructose, sucrose, maltose

Fig. 4-1

75 90cC
95cC
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Fig. 4-1 Effect of extraction temperature on (a) total soluble solids (TSS) and
(b) Brix as a function of extraction time (t)
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Fig. 4-2 Effect of extraction temperature on (a) TSS/t and (b) Brix/t as a

function of extraction time
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Fig. 4-2 Effect of extraction temperature on (@) TS/t and (b) Brix/t as a
function of extraction time

, Fig. 4-2 -
75-90C Fig. 4-1
- 95
3 ’ - ’
90 95
(target parameters) o5 3
95cC 30 ,60 ,90
51.68%, 53.66%, 58.96% - 8
48_94% »
2.
Table 4-1
120 , 1.0
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Table 4-1. Solubility of jujube paste for different steamed heating conditions

Gauge pressure

Temperature ( ) (atm) Time (min.)  Solubility(b)
100 0.0 30 42.72
60 44 56
120 1.0 15 52.11
30 54.34
60 58.47
150 3.7 15 56.27
30 60.84
60 62.21

3.
pectinase  cellulase
Table 4-2 . 52.11%
, 66.6% 85.3% . ,
cellulase pectinase
pectinase 152.50%, cellulase 160.43%, pectinase cellulase
163.806%
Chang (@) , pectinase 79.48%
84.76%
pectinase

pectinase, cellulase



cellulase pectinase cellulase

pectinase
- PH,
pH, Table 4-3 . ™
pectinase pH 4.25 pectinase
pectinase 2.50% pH 4.22 . cellulase pH
pectinasetcellulase
0.11 cellulase pectinase
pectinase+cellulase 100% . pectinase
pectin  deesterification
cellulase pectinase
pectinase cellulase pectin
soluble solid
pectinase 80%
®)-
Bx/acid pectinase pectinaset+cellulase
cellulase Bx
. Fellers (6)
grapefruit Bx/acid 7.0
11.0 - Chang (M)
pectinase Bx/acid
. Bx/acid
Bx/acid
flavor . , Guyer (3) cherry Bx/acid
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Table 4-2. Effect of enzymatic treatment on yield of jujube juice

Enzyme
_ Yield
concentration % Increase
(€))
@ v/w)
0.00 52.11
Pectinase 0.05 66.69 127.98
0.50 68.82 132.07
2.50 79.47 152.50
0.00 52.11
Cellulase 0.05 71.01 136.27
0.50 79.94 153.41
2.50 83.60 160.43
0.00 52.11
Pectinase 0.05 72.21 138.57
+Cellulase 0.50 83.49 160.22
2.50 85.39 163.86

Table 4-3. Effect of enzymatic treatment on pH, titratable acid, dx, and Bx/acid

ratio on jujube juice
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Enzyme

Titratable acid

concentration pH _ _ (42776 @x/acid
& malic acid)
& v/w)
0.00 4.25 0.11 7.2 65.45
Pectinase 0.05 3.68 0.18 7.4 41.11
0.50 4.15 0.20 7.8 39.00
2.50 4.22 0.23 8.8 38.26
0.00 4.25 0.11 7.2 65.45
Cellulase 0.05 4.26 0.11 7.6 69.09
0.50 4 .66 0.12 8.0 66.67
2.50 4.63 0.12 9.2 76.67
0.00 4.25 0.11 7.2 65.45
Pectinase 0.05 3.74 0.16 7.8 48.75
+Cellulase 0.50 4.15 0.20 8.0 40.00
2.50 4.15 0.23 9.0 39.13
, Pectin
, Pectin Table 4-4
6.1% cellulase 2.5, 3.1,
2.8% cellulase
’ pectin
. pectinase cellulase
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pectin

52.0% 64.6% . Browmn (9)
pectinase 4 100%
pectic enzyme
pectin polygalacturonase pectinlyase
pectin
cellulase pectinase .Chang (@)
pectin 54% . pectin
pectin
cellulase pectinase . cellulase
pectin
(hydrodynamic volume)
b ,L VE
(Table 4-5). b L
L
- Chang (4

b hue angle value

Table 4-4. Effect of enzymatic treatment on transmittance, pectin content and
viscosity of jujube juice



Enzyme

; Transmittance Pectin Viscosity
concentration ) (/) (D
& v/w)

0.00 6.1 5.21 1.78

Pectinase 0.05 52.0 5.83 1.24
0.50 62.1 4.04 1.20

2.50 64.6 3.9 1.24

0.00 6.1 5.21 1.78

Cellulase 0.05 2.5 5.70 1.88
0.50 3.1 5.01 1.80

2.50 2.8 4.71 1.65

0.00 6.1 5.21 1.78

Pectinase 0.05 61.2 5.80 1.27
+Cellulase 0.50 58.1 5.39 1.22
2.50 65.5 4.66 1.23

Table 4-5. Effect enzymatic treatment on color of juice from jujube

Enzyme

concentration Collor

@ v/w) a b L E*

0.00 2.06 12.6 RN.4
Pectinase 0.05 6.23 21.1 95.3 9.01
0.50 3.99 2.4 86.6 11.88
2.50 4.08 6.96 83.9 10.40

0.00 2.06 12.6 RN.4
Cellulase 0.05 5.05 11.2 91.4 3.45
0.50 8.22 11.2 89.2 7.08
2.50 5.31 11.5 838.5 5.19

0.00 2.06 12.6 93.3
Pectinase 0.05 6.38 12.4 .9 4.61
+Cellulase 0.50 3.03 5.16 84.9 11.26
2.50 5.98 7.17 84.4 11.14

* E= (a-aD2+ (b-bD2+ (ccD2 12
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Table 4-6

fructose, sucrose maltose
cellulase pectinasetcellulase
, maltose cellulase
soluble solid
(10)
sucrose
glucose, fructose s
sucrose glucose

glucose, fructose, sucrose

glucose,
pectinase

1.666, 1.719mg/ml

. Gorsel
glucose  fructose
invertase sucrose
fructose

pectinase cellulase

Table 4-6. Effect of enzymatic treatment on sugar content (mg/ml) of jujube

Juice

Glucose Fructose Sucrose Maltose
Control 4.348 4.853 2.016 ND*
Pectinase treated juice 5.866 5.262 2.621 ND*
Cellulase treated juice 4.365 4.728 7.329 1.666
Pectinaset+Cellulase tre 6.291 5.561 3.114 1.719

ated juice

D : None detected

Gist-brocades 0.1, 0.2, 0.4, 0.8%

pH1 ’

Table 4-7, 4-8

Norvo Nordisk

- pH



Gist-brocades Rapidase C80 Econase CEPi

3.9 pectin
Pectinex 100L, Pectinex Ultra SP-L  Rapidase C80

0.8% 78.4, 71.6, 53.4 cellulase
Celluclast 1.5 Econase CEPi 0.8%
5.7, 12.3 pectin - pectin

cellulase

Table 4-7. Effect of enzymatic treatment on pH, titratable acid and dx on

Jujube juice
Enzyme concentration(%)

0 0.1 0.2 0.4 0.8
pH
Pectinex 100L 4.17 4.08 4.04 4.01 3.97
Pectinex Ultra 4.17 4.02 3.93 3.9 3.96
Celluclast 4.17 4.30 4.26 4.04 3.97
Rapidase C80 4.17 3.85 3.85 3.96 3.85
Econase CEPi 4.17 3.97 3.97 3.90 3.93
Pectinex 100L + Ultra 4.17 3.99 3.92 3.97 3.93
Rapidase C80+Econase CEP 4.17 3.82 3.71 3.78 3.82

Titratable acid

Pectinex 100L 0.11 0.11 0.15 0.18 0.23
Pectinex Ultra 0.11 0.12 0.16 0.20 0.23
Celluclast 0.11 0.11 0.12 0.13 0.13
Rapidase C80 0.11 0.12 0.17 0.21 0.25
Econase CEPi 0.11 0.11 0.15 0.16 0.22
Pectinex 100L + Ultra 0.11 0.11 0.13 0.12 0.14
Rapidase C80+Econase CEP 0.11 0.13 0.15 0.17 0.22
aBx

Pectinex 100L 13.0 13.0 13.2 13.2 13.2
Pectinex Ultra 13.0 13.2 13.0 13.0 13.3
Celluclast 13.0 13.0 13.1 13.1 13.2
Rapidase C80 13.0 13.2 13.4 13.4 13.4
Econase CEPi 13.0 13.0 13.0 13.2 13.4
Pectinex 100L + Ultra 13.0 13.1 13.0 13.4 13.4

Rapidase C80+Econase CEP 13.0 13.3 13.4 13.6 13.8
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Table 4-8. Effect of enzymatic treatment on transmittance on jujube juice

Enzyme concentration(%)

0 0.1 0.2 0.4 0.8
Pectinex 100L 3.9 29.5 34.9 58.2 78.4
Pectinex Ultra 3.9 54.0 53.1 57.1 71.6
Celluclast 3.9 4.0 4.0 4.2 57
Rapidase C80 3.9 30.6 37.1 53.7 53.4
Econase CEPi 3.9 4.7 6.3 9.8 12.3
Pectinex 100L + Ultra 3.9 13.8 2.2 24.0 47.6
Rapidase C80+Econase CEP 3.9 35.2 59.4 59.7 59.1
4.
Table 4-9
. pectin
pH 4.2
4.5 pectin
, glucose  fructose
sucrose maltose sucrose
glucose  fructose
(Table 4-10).
L
(Table 4-11). Leszkowiat (11)



sucrose , glucose  fructose

Maillard

Table 4-9. Effect of thermal treatment on physicochemical properties of

Jujube pastes
Paste Heat concentrated to
25 Bx 30 Bx
Soluble solids( Bx) 15.5 25.0 30.0
Moisture content(%) 86.08 75.44 70.20
Total solids(%) 13.92 24.56 29.80
pH 4.41 4.34 4.26
Titratable acidity
wet basis 0.26 0.24 0.31
dry basis 1.87 0.98 1.04
Pectin(mg/g)
wet basis 9.97 15.42 17.38
dry basis 71.58 62.76 58.40

Table 4-10. Effect of thermal treatment on content of paste sugars (mg/ml)

from jujube
Paste Heat concentrated to
25 Bx 30 Bx
Glucose
wet basis 13.08 28.76 34.73
dry basis 93.94 117.05 116.69
Fructose
wet basis 13.70 30.88 37.76
dry basis 98.39 125.70 126.89
Sucrose
wet basis 21.37 33.08 40.03
dry basis 153.42 134.62 134.51
Maltose
wet basis ND* ND* ND*
dry basis ND* ND* ND*

D : None detected



Table 4-11. Effect of thermal treatment on color of jujube pastes

Heat concentrated to

Paste
25 Bx 30 Bx
L 45.25 43.41 40.03
a 1.36 1.54 1.90
b 6.82 8.20 6.62
E - 3.70 6.16
30 Bx 35, 40,
45, 50 Bx Table 4-12 - pH
(Table 4-9)
pectin
L ( B
(Table 4-13).
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Table 4-12. Effect of sugar addition on physicochemical properties of jujube

pastes
25 BX 30 Bx
Sugar added to Sugar added to
35 Bx 40 Bx 45 BXx 40 Bx 45 BXx 50 BXx
Soluble  solids(
35 40 45 40 45 50
BX)
Moisture content(%)| 67.87 60.20 55.45 39.52 4495 49.77
Total solids(%) 32.13 39.80 4455 39.52 44.95 49.77
pH 4.87 4.83 4.85 4.79 4.84 4.87
Titratable acidity
wet basis 0.24 0.23 0.22 0.28 0.27 0.21
dry basis 0.75 0.58 0.49 0.71 0.60 0.42
Pectin(mg/g)
wet basis 19.18 19.73 21.69 20.94 22.22 22.35
dry basis 59.66 49.53 48.58 52.98 49.32 44.92
Table 4-13. Effect of sugar addition on color of jujube pastes
25 BX 30 BXx
Sugar added to Sugar added to
35 BXx 40 Bx 45 BXx 40 Bx 45 BXx 50 BXx
L 40.59 38.31 37.77 37.17 37.47 35.87
a 2.23 1.02 0.84 1.45 1.24 0.4
b 5.67 4.62 3.72 4.77 3.74 2.79
E 5.99 7.66 8.39 8.80 8.76 10.46
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- pH,

pH,

pH

SUPRO S00E, SUPRO 590, SUPRO 90

4.82 - SUPRO S500E

SUPRO 90

, 17.8 dBXx

17.8 18.2 dBx

18.0, 18.2, 18.4 dBx

¢ B

E 11.17

» 1% 1.89 3, Sh
- SUPRO 90 1%

20, 3%

Table 4-14 .
- pH 4.90

3%

0.08%

SUPRO 590 SUPRO 90

, SUPRO 500E

a, b, L

(Table 4-15).

43.01 3%

. E SUPRO S00E

E 6.14
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5.41, 4.99,

SUPRO 590

0.10 0.12%

1, 2, 3%

SUPRO 590

53.36

5.19, 8.22



Table 4-14. Effect of increasing concentration of soy protein on pH,
titratable acid and dBx of jujube paste

Soy prote!n Titratable acid

concentration pH % malic acid) ®Bx
& w/w)

SUPRO 500E 0 4.90 0.08 17.8
1 5.14 0.10 18.0
2 5.28 0.10 18.2
3 5.41 0.11 18.4
SUPRO 590 0 4.90 0.08 17.8
1 4.76 0.11 18.0
2 4.84 0.11 18.0
3 4.99 0.12 18.2
SUPRO 90 0 4.90 0.08 17.8
1 4.62 0.11 17.8
2 4.72 0.12 18.1
3 4.82 0.13 18.1

Table 4-15. Effect of increasing concentration of soy protein on Hunter

color values of jujube paste

Soy protein
concentration a b L E
@ w/w)
SUPRO 500E 0 -2.91 9.79 43.01 -
1 -2.22 10.83 44.43 1.89
2 -1.96 12.01 47.60 5.19
3 -1.75 12.41 50.71 8.22
SUPRO 590 0 -2.91 9.79 43.01 -
1 -2.83 11.90 46.50 4.08
2 -2.34 11.47 47.53 4.86
3 -2.29 13.4 53.36 11.17
SUPRO 90 0 -2.91 9.79 43.01 -
1 -3.09 13.12 48.16 6.14
2 -2.59 12.29 49.09 6.58
3 -2.27 13.42 49.72 7.66

E = {(@aD2+ (b-bD2 + (c-cHZ2
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2) 120 15

3) pectinase
cellulase s
pectinase cellulase

4) 7 7
s pH, , pectin
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1.
1995
1996 10 1997
2.
4,000 L
105

(Zizyphus jujuba MILLER)

440 kg

- 106 -

200 mL

202-2

194

can



120

98 200 mL

density polyethylene, LDPE)

(linear low density polyethylene,

202-2

0.05 mm,

LLDPE)

Table 5-1

- 107 -

can

0.06 mm
0.01 mm

25 kg, 5 kg

1:1

(low



Table 5-1. Quality of dry jujube for processing into juice

Year Moisture Weight per fruit Soluble
content (%) Edible part Nonedible part Whole solid
(@)

1994 15 2.06 g (87.3%) 0.30 g (12.7%) 2.36 g (100%) 63
1995 18 1.97 g (85.7%) 0.33 g (14.3%) 2.30 g (100%) 59

1995 ’ ’

, Table 5-2
735N
57.1% ,

Table 5-2. Comparison of different grade dry jujubes in economic potential

for processing juice

Grade Weight per Edible part Soluble solid Soluble solid Price ratio

fruit (Q) @) @) ratio (%) )
Excel lent 3.5 89.1 65.7 100 100
Good 2.3 85.7 59.1 86.5 85.1
Fair 1.4 77.2 55.7 73.5 57.1
88 100
1 2
(Table 5-3).
’ % ’
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100

93
95 3

Table 5-3. Extraction rate of soluble solid from jujube*

Temperature Repeated
) extraction

Solube solid for extraction time in hour (Bx)

0.5 10 15 20 25 3.0 35 40 5.0

83 1 0.2 05 09 14 20 25 29 35 43

2 0.5 09 12 16 2.0 25 28 3.1 34

93 1 0.3 08 13 19 25 33 42 50 538

2 0.5 10 14 18 2.3 26 29 3.1 33

100 1 0.4 10 1.7 25 3.2 3.9 4.7 55 6.2

2 0.6 12 15 19 25 28 3.0 3.2 33

*Jujube of year 194
93 1995
. (Table 5-4).

Table 5-4. Extraction rate of soluble solid from jujube of year 1995

Temperature Repeated

Solube solid for extraction time in hour (dBX)

extraction

) ' 05 1.0 15 2.0 2.5 3.0 3.5 4.0 5.0

3 1 0.2 05 1.0 1.8 2.3 3.2 40 44 48
2 0.5 09 15 18 2.2 26 29 3.1 34

93 dBx

Table 5-5 . 1 kg
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4% 11.8L -

92.06%

Table 5-5. Soluble solid of extracted jujube jJuice produce in Tactory

conditions
Repeated Water used Extraction Soluble sold Remark
extraction (D) time (h) (®BX)
1 3,600 4 5 Combined with 1,000L of
3rd extraction juice
2 2,000 4 3
3 1,000 12 1.5 Heated just after 2nd

extraction

Dry jujube 440kg at 93

33 58%

Table 5-6 -
86% 25%

25k
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(Table 5-7). 10% 170

( DR 21.25 ( )

Table 5-6. Quality of fresh jujube™ for processing into juice

Weight fraction (%)

Moisture Soluble
Edible part Nonedible part Whole solid (Bx)
71% 86 14 100 25%

*Surface redness: 50%

Table 5-7. Comparison between dry and fresh jujubes in economic feasibility

for processing juice

. . _ Cost of
a Soluble  Yield in Weight Cost of raw .
Moisture _ i i} juice
solid soluble basis material
(€)) _ i product
o) solid(®) vyield () 7))
/)
Dry 15 63 20 51 3300 4980
Fresh 71 25 98 80 1000 1250
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0.03% C 10 kg
100 , 30
75%
25 Bx 10, 15, 20%
10% ;

10.5, 11, 11.5 Bx
60% 10.5 Bx
80%
Table 5-8

10.5 Bx

Table 5-8. Receipe for fresh jujube

120 1.0

8%

95

56%

pH 4.25,

Juice

Ingredient Fraction (%)
Jujube paste (12.5 BX) 20.00
Vit. C 0.05
Citric acid 0.4
Jujube flavor 0.03
Fructose syrup 10.60
69.28

Water
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, : 50% -

- 120 1.0 15 -

-1 micro miller .

Table 59

168.62 , 35.93 , 20 , 45.45 500
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Table 5-9. Cost ananlysis of fresh jujube juice.
Htem Fraction (%) Weight Unit price Cost
(9/can) /7)) ( /can)
Fresh jujube 10 21.50 1300 27.95
Vit. C 0.05 0.11 12000 1.32
Raw Citric acid 0.4 0.09 1500 0.14
material Jujube flavor 0.03 0.06 22000 1.32
Fructose 10.60 22.79 356 8.1
Water 69.28
Raw material subtotal 38.84
Can 215 steel 78/can 78.00
can
Package  nner box 15 can/box 135/box 9.00
Outer box 90 can/box 250/box 2.78
Package subtotal 89.78
Processing cost 40.00
Direct production cost 168.62
3.
25kg
, ( 20%) ( 80%)

Table 5-10, 5-11 -

0.01 mm LLDPE wrap

(Bm 8 ) 0.05 mm LDPE
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20% 10%

Table 5-10. Quality changes of fresh jujube of whitish green maturity stored
at 4

Quality Storage time (day)
Packaging _
attribute 0 15 30 45 60 75
Weight loss(%) 0.0 0.4 2.5 2.9 3.4 3.9
Perforate
dope  Redress € 20.0 35 40 50 68 93
Softening (% 0 0 0 3 15 36
©.05 ) ()
Decay (%) 0 0 0 0 13 30
Perforate \ejght loss(%) 0.0 0.4 1.5 2.8 3.6 4.3
d Redness (%) 20 38 46 67 78 100
HLDPE Softening (% 2 8 25 49
wrap ning ()
Weight loss(%) 0.0 4.3 13.8 16.7 19 20.3
Control Redness (%) 20 40 50 75 87 100
Softening(%) 0 5 10 60 85 0
Decay (%) 0 0 0 36 58 73

Table 5-11. Quality changes of fresh jujube of red ripe maturity stored at

4
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Quality

Storage time (day)

Packaging _
attribute 0 15 30 45 60 75
Weight loss(%) 0.0 1.2 3.0 3.9 4 5.3
Perforate oo iness (%) 80 9 % 100 100 100
dLDPE Softening(%) 0 0 2 18 29 45
0.05 )
Decay (%) 0 0 2 9 15 36
Perforate wejght loss(%) 0 1.5 5.0 6.6 8.3 10
d Redness (%) 80 % 97 100 100 100
LLDPE  Softening) 0 1 3 22 47 63
Wi
©.01 ) Decay® 0 0 2 16 3 56
Weight loss(%) 0 8.3 18 25 0 33
Control Redness (%) 80 95 98 100 100 100
Softening(%) 0 5 10 39 59 0
Decay (%) 0 0 5 39 70 85
Table 5-12 1997 ( 25%) 5 kg
25 kg LDPE  LDPE , LDPE
. LDPE 3
5 kg
. ethlyene 60
) 1997
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30% ,

Table 5-12. Quality changes of fresh jujube of whitish green maturity stored
at 1  (ujube of year 1997)
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Storage time (day)

Packaging Quality attribute

0 15 30 45 60
Perforated | €19t loss(%) 0.0 0.5 1.2 1.8 2.3
LDPE  |Redness (%) 25 38 45 58 69
(0.06 , [Softening(%) 2 4 17
5 kg Ui |pecayn) o "
Perforated Ve1ght loss(%) 0.3 1 1.6 2.2
LDPE  Redness (%) 25 38 46 58 66
(0.03 , softening(%) 1 18
5 kg Ui pecayp) 0 =
Weight loss(%) 0.2 0.5 0.9 1.5
LDPE  pedness (%) 25 33 41 56 63
.06 , 5 )
kg unit) Softening(%) 3 15
Decay (%) 0 3 13
LDPE  Weight loss(%) 0.2 0.6 1 1.7
©-06 . Redness (%) 25 4 40 55 62
ethylene )
Softening(%) 0 0 1 3 16
absorber, 5
kg unit) Decay(®) 0 0 0 1 14
Perforated €ight loss(%) 0 0.1 0.5 0.8 1.6
LDPE liner Redness (%) 25 34 43 56 6.4
(0.06 , 25 softening(% 1 17
o)
kg unit) Decay (%) 1 15

93 4
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120

10.5 d&x

1.0
78%
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