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Development of processing technology of domestic fresh

vegetables for powder-type Nok-Jeup
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SUMMARY

I Title

Development of processing technology of domestic  fresh wegetables for

powder-type Nok- Teup

II. Purpose and 5Significance of the Study

Nok-Jeup has wvery short shelf-life (2 days in refrigerated condition) and
refrigerated swstem is required for circulation since it is a non-pesteurized food
products, Thus, Nek-Jeup is usually consumed either as a type of home
delivery product within confined area or as a home-made style using juice
extractor, Furthermere, taste of current MNek-Jeuwp is noet good encugh for
continuous intake especially for women and woung generation, These limitations
discourage the consumpton of Nok-Jeup. The powder type Nok-Jeup products
overcame the akove problemns and are in accord with cohwvenience-oriented
life-stvle of modern society, Unpleasant unique Nek- Jeup flavor also can be
effectively diminished in the products by formulation according o consumer
dernands, Moreower, the powder type Nok- Jeup products efficiently utilize food
resources by recovering more mutrients from rermmant that is generally discarded
after juice exfraction, For the dewelopment of high quality products, the powder
should ke readily dispersible in cold water since MNok-Jeup iz generally
consumed as cold drink form, The purpose of this study was to dewelop a

highlv dispersible Nok-Jeup powder containing improwved organcleptc quality,



IIT. Scope and Content of the Study
1. Development of powder preparation process from raw

materials for Nok- Jfeup

o Frocessing properties of raw materials
o Control of opfimum particle size distribution by microparticlulation and
clagsification

o Optimization of drving condifion of Nok- Jeup and crushed raw materials

2. Development of processing technology for high dipersibility

by¥ surface modification

o Fowder preparation

o Improvement of wetting and sedimentation welocity by surface modification
o Optimization of processing conditions for dispersikility improwvernent

o Control of dispersion aid content

o Control of meorporated water content during agglomeration process

3. Acceptability and quality improvement

o Selection of additives for flavor and taste improvement
o uality improvement by the examination of consumer preference

o Determination of optimal serving size and set up consumer gnideline

4 Extension of storage stability and determination of shelf-life

o Changes of quality indices (color, flaver, taste and water content) during

storage

_1{]_



o Ewaluation of storage stakility and determination of shelf-life
o Determination of appropriate packaging methed and its evaluation

o Freparation of pilot products

IV. Results and Recommendation
1. Development of powder preparation process from raw

materials for Nok—Jeup

o Frocessing properties of raw materials

The wield for MNpok-Jeup preparation from  typical Nok-Jeup ingredients,
Angelica keiskher and kale was 3422 and 6122, respectively, Angelica kKeoisket!
showed greater loss in green color than that of kale during the refrigerated
storage after MNok- Jeup preparation, Apparent wiscosity of Angelica kelzkei was
slightly higher than that of kale but it was not significantly changed during the
storage, DNlneral content (F, Fe, e, Ca, and K) of Nok- Jeup prepared frorm kale
was greater or similar to the Nok-Jewp prepared from Angefion keiske: and Ge
was not detected from neither kale nor Angelica keiske! Nok-Jeup, Only 45-5527
of mineral in the wheole Nok- Jeup ingredients was transfered into Nok-Jeup and
similar amount of mineral was discarded as a remnant in Nok- Jeup preparation,
Thus, powder preparation using the whole Nok-Jeup ingredients is recommended
in economical and nutritienal point of wiew, The wavw of blanching affected warious
processing properties of MNok-Jeup ingredients, Immersion and steam blanching
was suitable rather than microwawe blanching in ferms of maintenance of green

color,

_11_



o Ceontrol of optimum particle size distribution by microparticlulation and
classitication
The fraction of Angefica keisker powder less than 38 um contained relatively
yniferm particles whereas the fraction greater than 106 pm confained larger sized
amorphous particles especially uncrushed stem parts, Thus, microparticulation
followed bv classification was necessary to control particle size and uniform

sarmple preparation,

o Optimization of drving condifion of Nok- Jeup and crushed raw materials
Excessive water addition during colleld milling process was not appropriate
because of reduced diving efficiency, The optimum amount of water needed for
milling of 2 kg Angeliog kKeizkhed was 800 =2, The applicability of air-drving was
ruled cut for powder preparation since loss of green color and subksequent

browning ocourred during drving process,

Z. Development of processing technology for high dipersibility by surface

modification

The dispersikility of surface modified MNok-Jeup powder was changed depend
on the ratie (MNpok-Jeup powder: sugar), kind of sugar and meisture content
which wags used for attachment between Neok-Jeup powder and sugar, The
surface modified powder showed improved dispersikility compared to non-treated
contrel, When the BRaftimiz 10 (oligosaccharide) was wused for the surface
modificaticn  wetting  time  was  significantly  reduced  indicating  faster water
penetration into the powder, When 4022 of Raftirnixz 10 was used the parficle size

of powder was greafly increased, The increased particle size resulted in mereased

_12_



pore size hetween powder particles and facilitated fast contact between MNok-Teup
rowder and water, Therefore, a possikility to aggregate by themselves leading to
slow dispersion was greatly reduced, On the other hand non-treated powder was
wetted wery  slowly and precipitated as an aggregated form, In terms  of
sedimentation volume (which was determined after the same extent of stirring),
there was no significant difference between the control and surface-rmodified

powder up to 1 h,

3. Acceptability and guality improvement

Addition of sugar (cligesaccharide) to Nok-Jeup powder during formulation
improved acceptability by masking distinet gzrass flavor present in Neok-Jeup
ingredients, When the ratio of 1 1 (Nok-Jeup powder: sugar) was used overall
acceptakility  was  improved  without  providing excessive  gweethess,  The
acceptakility was further improved by using sugar mizture rather than by using
gsole sugar source, The optimum sugar mibzture vsed for formulation was 16 @ 4 ¢
1 (olizosaccharide @ sorbitol @ aspartame), When 30% apple powder (based on the
weight of Nok-Jeup powder) was added the powder showed pleasant after taste,
Carrot powder was not suitable as a formulating mgredient since the color of the
rowder  became  darker, The sensory ewalvation was conducted to determine
optirmmim  serving  size and  consumer preference, Consumers preferred  kale
Nok-Jeup to Angelice heishel Nok-Jeup and gave hisher credit to formulated
ones, The optirum powder concentration for reconstitution and its serving size

were 3% and 100 ml, respectively,

_13_



4 Extension of storage stability and determination of shelf-life

The inital microbial count in Nok- Jeup ingredient was 12 x 10° cfufml and
pathogens including E-ccli 0187 HY, Szimoneliz spp and Lisferiz moncoviogenss
were not detected, The routine washing could not decrease initial microkial count
less than 10% c¢fu/ml, The initial microkial count in kale was decressed to the level
of 10% ctufml by washing it with warm water (45°C) whereas the nitial microbial
count of Angelica keisked was not decreased byv the same washing procedure. The
Y irradiation on kale powder for 30 min resulted in reduction of microbial count
by 2 log cwcle but there was no further reduction by extending irradiation time,

The microkial count, color and water content was neot changed during storage
(12 ~16 +weeks) when the products was peckaged using MNa-zas filling, The
products showed significant loss in green color and aroma, and ncreased water
content when air was allewed to penetrate inte the products, These changes
subsequently decreased wettability and dispersion ability of the products, Based on
storage study, cold storage was not required after the products properly packed

with MNa-gas filling,

_14_
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Angelica keizhei of kale
Washing with tap water

Diraining

Cutting

1) Immersion in beiling water for £ min
Elanching £) Steam cocking for 2 min

3) Wlhcrowave with medium strength for 1 min

v
Collect green juice by juice extractor

Storage for 0,3, 5, 10 day at 7°C

l

Analwsis

Fiz, 1. Freparation of Nek-Jeup from Aneelicg keiskel or kKale
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L Z4£A2s AR 3% (wivlE 2740 BHAZ F 30colM Rapidase press
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Table 1, Guestionnaire for Nek-Jeup consumption
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Takle 2 Ballot for sensory evaluation of piclt MNok- Jeup products
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Table 3,

Yield of MNok- Jeup prepared by different blanching methods

Yield (3]

Elanching Angelica keizkhet Kale
Wet basis | Solid basis | Wet basis | Solid basis
Zontrol G5.0 338 7.0 514
Steaming 7.2 336 733 40,0
Immersion 731 alA TZh 332
Ilicrowave BT.Z 230 ThY 46,5
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Fig, 2. Peroxidase activity of Nok-Jeup prepared from Angelica keisked after
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—+— Control —m— Steam —— Immersion ——Microwave
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pH
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5.6

Storage time (day)

Fig 4, Effect of Hanching on pH of Nok-Jeup prepared from Angelica keiskei
during storagze
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Fig, b, Effect of hlanching on pH of MNek-Jeup prepared from kale during storage
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Table 4, Effect of blanching on total plate count of MNok-Teup during storage

Storage Blanching Mumber of microorganisms (cfu/ml)
{day) Angelica keiskei Kale
Control 23 x 10° 60 = 10°
Steam 13 = 10° 29 » 10°
’ Immersion -t -*
Elicrowave 3.0 % 10° 1.2 = 10
Control 3.2 = 107 1.2 = 10f
Steam 1.4 x 10° 1.1 = 10°
’ Immersion 27 » 107 1.3 = 10°
Iicrowave 2.2 % 10° 96 x 10°
Control 35 » 107 1.2 = 10°
Steam 1.8 x 10° 31 x 108
’ Immersion 17 = 10° 35 = 10°
Iicrowave 3.2 % 10° g4 x 10°
Control 19 = 10° 25 = 10°
Steam 1.2 x 10° 9.2 x 10°
v Immersion 33 = 10° 31 = 10
Mlicrowawe 16 = 10° 25 x 107

' Mot measured
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Fig, 6, Effect of blanching on sedimentation wolume of MNok-Jeup prepared from
Angelica keighel during storage
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Fig, 7. Effect of blanching on sedimentation wolume of Nok-Jeup prepared from
kale during storage
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Table &,

Effect of klanching on color wvalue of Nek-Jeup during storage

Storage Angelica keizheat Hale
(day) Blanching L a b L a b

Contraol 3080 -4.73 912 28,91 -5 B0 T.73

Steam 3258 -4,39 1154 3120 -7.04 13 63

’ Immersion | 3528 -9,66 18 46 31,66 -3 A1 1501
Wcrowawe | 7994 -2 56 10,76 30,34 -5 84 12,04

Contraol #9 85 -4.70 1063 26,32 -6.37 945

Steam 3091 -3.77 1251 3023 -5 141 1507

’ [mmersion [ 34 60 -9.33 1899 31,39 -394 14 53
Mcrowawe | 7932 -172 1146 29,14 -6.76 13,54

Contraol 30 54 -4,09 1051 27,24 -6.21 933

Steam 3085 -3.14 12,78 30,02 -6.26 14,78

; [mmersion | 3041 -1.25 1573 £h.89 =717 12,30
Wcrowawe | 7394 -1,13 1271 28,45 -5.04 1356

Contraol #9539 -3.53 1227 2723 -5 B3 8.76

Steam 3009 -1,36 1263 30,37 -4 46 14,07

v [mmersion [ 30,11 -4 87 957 26,22 -4 .75 7.7
Wcrowawe | 7978 023 1188 29,86 -3.76 11 4R
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Figz, 8. Flow behavior of MNok-Jeup prepared from Angefiog keisked at 0 day (a)

and 3 day storage (b) 5C: non-hblanching contrel, 35: steam blanching, S
irmmersion Banching and Skt microwawe blanching
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Fig, 9. Flow behavior of MNok-Jeup prepared from kale at 0 dav (a) and 6 day

storage (b), KC: non-blanching contrel, KS: steam blanching, KI

mmersion blanching and KM microwawe blanching
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Tabkle 6, The major mineral content in Nok- Jeup prepared after blanching

Source of Iineral content (pprm)
Elanching
Nok-Jeup P Fe | Mg | Ca K Ge
Control 22 | 47 |28zt |18180|z0330| -
Angetica Steam 2119 | 47 | 2515 |16605|22225| -
keiskhat Immersion | 883 | 43 |zmz |178z0|13720] -
Microwave | 237 | 48 | 3444 [19730|18455] -
Control 3149 | 45 | 3715 [1936.0|26575] -
Steam 2873 | 5.4 | 3831 1730030000 -
Kale
Immersion | 259 | 40 | 2869 1674028020 -
Microwave | 3349 | 56 | 399 [19205|3479.0] -
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Takle 7 Partition of major minerals in Angelica keiskei during Nok-Teup

preparation
Mineral 2% partition
Sample p Fe Mg | Ca K
Creen juice hd.1 612 1.4 47z G4 B
Remainder 459 38.8 48 b he f 45 4
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Table 8, Hunter color walue of freeze-dried Angeliog keisked, kale

and chikery

Color
Sample
L a [ DE
Angelica keishe! h1.96 6171 1398 4306
Kale £1 .39 -ThR4 1377 4331
Chikery 47 23 -349 1035 4651
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Takle 9, Distribution of powder particle fraction prepared b either air-drving or
freeze-diving from Angelica keizke:

Drying Distribution ()
Fraction {um) Alr-drying Freeze -drying
< 38 137 2075
38 ~63 20 97 E1.84
B3 ~106 39 80 14 47
106 < 137 30 75

Takle 10, Curmulative particle distribution and mean perticle sizes in fractionated
freeze-dried Angelica keiske?

Particle size (um) < 38 38 ~E3 63 ~106 > 106
103 (Dya) 451 893 2421 125,54
Curnulati

VIHERYE | Bt (Deg) 1723 4476 11306 | z8d.4l

distribution
90% (Dud) 3651 10363 | 18517 | 45324
Mean particle size (um) 1921 5159 117 | 28243
% distribution in 27 54 44 95 18 96 345

total welght
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Fig, 10, Microstructure of fieeze-dried Angelica keigher In the fraction of <0 38 am
(a) and = 106 pm (B)
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Takle 11, Curmulative particle distribution and mean particle sizes of freeze-dried
and microparticulated Angelica keisket

Cumulative particle distribution (240 Mean particle size

102 (Do) 50% (Day) 90% (Dag) (]

Z9 105 34 123
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Fig, 11, Microstructure of formulated Angefice keiske: with oligesaccharide (40%4
based on total weight) okserved at > 100 (a) and x 500 (b}
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Table 12, Percent distribution of formulated Angelica keisked' in each fraction

Coating agent 2 distribution
Fraction (um) Haftilese PA5 Raftirniz 10 Glucose
= B3 34 13 34
B3 ~ 10f 11,3 8.1 74
106 -~ 180 2R 5 13,2 167
130 -~ 300 19,2 13.1 Zh1
300 = 40,6 B3 .7 474

' Twenty % water based on total weizght was incorporated during surface

medification

Table 13, Wetting time of formulated Angelica keighed prepared from different
coating agent

Coating agent Fraction {em) Wetting time (sec)

Control
] Mo fractionation 167
(freeze-dried powder)

106 -~ 180 203
Haftilose F95

180 -~ 300 133

106 -~ 180 R4
Raftimixz 10

180 -~ 300 A0

106 -~ 180 91

Glucose
180 -~ 300 15

' Twenty % water based on total weight was incorporated during surface

medification
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Takle 14, Wetting time of formulated Angelica keishe: (Fraction of 106 ~180 wm)

prepared from Jdifferent coating agent and water content

Powder fraction of 53 ~ 106 pm

Wetting time (sec)

Coating agent Water content (24)
5 104
Raftilose P95
10 ]
5 197
Raftimixz 10
10 145
5 140
Hucose
10 71

Takle 15, Changes of sedimentation wolume in reconstituted formulated Angelioca

keiskeat
Sedimentation wolume (ml)
Coating , .
Won- Raftilese P95 Baftimiz 10 Glucose
agent
) treated
Time powder | 106~ | 180~ | 106~ | 180 ~ | 106~ | 180~
(min) 180 am (300 s | 180 am | 300 um | 180 am | 300 um
5 17 95 7 95 95 65 A
10 14 g G g 75 G ik
20 13 E5 5 E5 7 ER ik
30 12 E5& 5 E5 7 55 45
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Fig, 12, Microstructure of freeze-dried kale (a, @& V) B RS0
and microparticulated (b, FREETT &1FET) kale powder
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Fig 14, Effect of heating time on supernatant volume of reconstituted kale powder
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Table 16, Effect of heating time on Hunter coler walue’ and solid content in the

supernatant of reconstituted kale powder

Heating time Hunter color walue of the supernatant Zolid content
(rrin) L a b (mg/ml)
0 Z1.96 -1.74 2.7 16,66
1a £2 65 -1.40 330 16,27
30 £3.59 -2.50 429 16,97
B0 £3.43 -2.19 4,17 17.00

* Hunter color walie and solid content were measured after phase separation (30
Imin),

Takle 17, Changes of Hunter color walue and solid content in the supernatant of
reconstituted heated® kale powder i the course of time

Hunte 1 al f the tant :
Time at pick up unter color walue o Ssupernatan Solid content
supernatant L a [ (mg/ml)
{min)

Control |Heated [Control|{Heated |Control {Heated | Control | Heated

an 2295 | 2060 | 222 | -115 | 358 275 837 13 R0

a5 SR8 ) 2196 | -179 ) -086 | 335 & hd TR 13.00

2] SERT | 2163 | -1A85 | -0 | 320 & 26 8.0 8,23

a0 SETY | E1ER | -1 73| -0ORR | 317 221 8.Aa7 T.16

* Heating was done in a 105% div oven for 30 min,
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Fig 15, Effect of enzyme treatment (Rapidase-Fress, % (%/w)) on supernatant
wolume of reconstituted kale powrder
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Table 18, Hunter color value® and solid content in the supernatant of reconstituted
enzvine treated (Rapidase-Fress) kale powder

Concenfration of Hunter color value Solid content
added enzyme (34) L a b (g ml)
0 2253 -2,27 342 10,80
0,05 2299 -2,76 397 11.20
010 2307 -2,83 4,03 1340
0.20 2254 -2,54 3.7z 15 86

* Hunter color walue and solid content were measured after phase separation (30

min),

Takle 19, Changes of Hunter color walue and solid content in the supernatant of
reconstituted enzvime” treated kale powder in the course of time

Time at Hunter color value of the supernatant Solid content
pick up L a b (mgfml)
supernatant
{min) Control I-f[n:;;rsée Control I-f;z;;r:&e Control Etﬁ:;géa Conkrol Et;z;rande
30 2295 | ZZB9 | -ZZZ | -2Z5 | 358 356 837 993
45 2288 | 2315 | <179 | -Z48 | 335 359 7.7 1057
B0 ZZBT | 2285 | -185 | -2Z1 | 3Z0 358 g§.80 §.17
a0 2273 | 2300 | -173 | <220 | 317 365 897 780

* Rapidase-Fress (00824, w/w) was added and incubated for 30 min prior to
transfer to sedimentation cone,
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Fig 16, Effect of various treatment on supernatant volume of reconstituted kale
powder, &A@ Control, B: Heated (105, 30 min), C: Ensvime-treated (0053,
wiw), I Heat (105°%, 30 min) and enzyme-treated (0,053, w/w)

Takle 20, Effect of warious treatment on Hunter color walue and solid content in
the supernatant of reconstituted kale powder

Hunter coler walue Selid contont
Treatment L - b ( me/ml)
Control 2347 -z 07 340 .67
Heated (105, 30 min) 2292 -2 32 423 9.97
Enzvme-treated (0.05%2 %/ w) £322 - hZ 382 9.13
Heat (105%, 30 min) and 27,38 224 103 643
enzvine -treated (00535, w/w)

Hunter color walue and solid content were measured after phase separation (30
rmin),
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(a) (bl (el (d)

Fig, 17, Photograph of reconstituted kale posarder
{a): Mon-treated control
(b): Heated (105°%, 30 min)
() Enzvme-treated (0,055, w/wr)
(d): Heat (105%, 30 min) and enzyme-treated (00535, w/w)
The picture was taken after 45 min of reconstitution,
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fal (8)]
{a) (b

Fig, 18, Appearance of Nok-Jeup ingredient after chopping (up) and  juice
extraction (dowm)
fali kale (bl Angelica keisked
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Fig, 19, Appearance of powder-tvpe pilot Nek-Jeup products
(a)i kale (bl Angefica keizkei
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{a) (h)

Fig, 20, Appearance of block-tvpe pilot MNek-JTeup products
{a): kale (b Angelica keishei
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Takle 21, Wetting time of piot products

Meok- Teup . .
ngredient Sample Wetting time (sec)

Control powder 790

Kale Filot powder type product 195

Japan powder trpe product 349

Powrder a3

Angelicd keizkhet
Filot product B&

Volume of supernatant (ml)

—e— Control —m—Pilot product

—a— Japan product

80

50

40 |

30

20

10

Time (min)

Fig. 21, Supernatant volume of kale pilot products
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—e—Control —m—Pilot product

60

30

20

10 [

Volume of supernatant (ml)

Time (min)

Fig, 22 Supernatant volume of Angelica keishei  pilot products
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OYes ENo ONo answer

38.90%
50.00%
11.10%
(a)
OYes B No ONo answer mYes mNo 0ONo answer
44.40% 44.50% 33.30%
55.60%
11.10% 11.10%
(b {c)

Fig, 23, Willingness of purchase for powder or block tvpe Nok- Jeup products
fa) total (k) male, (c) female

O Powder W Block

(a)

@ Powder mBlock BPowder ®Block
11.10%

33.30%

88.90%

66.70%

(bl (o)
Fig, 24, Consurmner preference for powder to block tvpe Nok-Jeup products
{a) total, (b) male, (¢} female
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Table 22, Sensory evaluation’ of pilot Nok-Jeup products before and after

formulation
. Crrarall
Filoet products Color Aroma Tagte acceptability

Before 30410 45412 37414 35+16

Angelics | fermulation

Fkeisker

Mter. 3l+1l3 43+10 2A+14d 2E+1 2

formmulation
Before E0+1.1 40+15 36413 35+12

formmulation

Kale

ﬁfterl F4+172 43+13 da+12 47+14

formmlation

* Samples were served to panelists after reconsttution (3%, wiv),
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Table 23, Total plate counts and pathogens in MNok- Jeup ingredients and their

juices
Sample platzotfimtg ES_Eﬁerz'chz'cx Saimongila Lizteria
(cfufe) coli O1RTHY SpD monoctogens
(rﬁfd) Lz x 10° | negative ne gative negative
Angiic;;e};?skgj 12 % 10° ne gative ne zative negative
Iiwaialiel%juri(ifsed) 26 x 107 negative negative negative
Anf:r:zi }gjzikn;g;ice 1 = 10® negative negative negative
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Takle 24 | Effect of UV frradiation on total plate counts of kale powder

Distance from UV MNumber of Irradiation time Total plate counts
light to sample (cm)| UV light (roin) lctufgd
Control - - 71 = 107
30 45 = 10°
8 G0 37 = 10°
120 4.0 = 10°
15
30 75 % 10°
16 B0 16 = 10°
120 15 = 10°
30 58 % 10
8 G0 657 = 10°
120 55 % 107
20
30 43 = 10°
16 B0 1.2 = 107
120 1.2 = 10%
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Table 75, Change of total plate counts® of kale pilot products during storage

Storage period (weeks)

Storage
Sample diti Control
condition 1 z 1 B 8 10
Nafiljmg 39%10°|13%10°| 26 x10°| 23 % 10°| 5.0 10% |2.0 10%]6 4 % 10°
N £ill
Block énnclfg 17%10°| 25 %10° |15 %10° |79 %10° | 65 10° [5.6% 10°|35 % 10°
Simple
llm,p 31x10°| 14 %10°| 11 x10° |66 %10°| 35x10°| - [16x10°
closing
N il
ammg 29%10°|43%10°|23x10°| 26 x10°| 7.1 % 10% |3.5 % 10%]6 4 x 107
N il
Powrder (;D.,C];lg 53x10%|23%10%|19x10°|66x 10| 72107 |4.1 x 10%]3 5 x 10°
Simple
Clﬁig 4110719 %10°|69x10°[16x10° 19x10°| - [t6x10°
N £l
;ycjmg 11%10°|18%10° |35 %10°| 13 %10 12x10%| - -
Surface | N filling . . . 3 p
moditied| (30%) J=107 |34 =107 16107 |1 h=10% | 20x 10 - -
POWART [ irmple
closing [10x10%|27=10°|80=10%|80x10°| 75x10% | - |[1Ex10®
(30°c)
' ctufe
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Table 26, Change of meisture content (%) of kale pilot products during storage

Storage period (weeks)

Storage
Sample .
condition Contral 1 2 4
N fill
> UOHE ) 44400 | 5906 | 58403 | Bz:0l
i)
N till
Block »HOS | g8l | 59+001 | 56402 | 6101
(30°C)
Simple
| 58+00 | 6204 | 98200 | 115+02
closing
Mo flling | posgn | s9:01 | ss:oz | 61:06
4]
N fill
Powder > T8 s7r01 | 680Dz | 5D+04 | B003
(30°c)
Simple
| 54+00 | 5503 | 67404 | 7.1%05
closing
N till
> UE  14p£00 | 148404 | 13900 | 150£02
4
Surface I"-Iz fl]ll]f]g
moditied | apec) 150£01 | 156202 | 135405 | 180%14
powder ™ gimple
closing | 150%01 | 152204 | 142+05 | 152200
(30°C)
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Takle 26, Change of moisture content (32) of kale pilot products during storage

{continued)
Storags Storage period (weoeks)
Sample diti
CONAITION E B 1|:| ].E
Nz filling | 50,04 38401 | B1+01 5.1+0.1
(4]
M. tilling
36401 37402 | 53+01 53402
Block (30°%)
Simple
, I61+03 | 156403 | 154403 | 140+01
closing
M. till
> WS yps05 | 49202 | B3£01 | 6202
(4
N till
Powder | - -5 | 47+04 | 51+00 | 67£02 | 6401
(30°)
Simple
, B5+0.1 77401 | 92401 8.7+01
closing
Mo till
2HAEIE | 3400 | 138400 | 154400 | 15101
(4]
Surface 2 filling . . . .
moditisd | (30°) 138403 | 145410 | 160401 | 155401
powder [ o ple
closing MA+01 | 145400 | 162402 | 157401
(30°)
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Takle 27,

Change of color walues of kale pilot products during storage

Hurnter Storage period (weeks)
Sample Storage color
condition C,;ontr ol . l Z 4
value | 4! | B 4 | B | & | B | & | B
o siine L | 5077 2494] a7 o570l saz7] meil 518] e5as
I:zdo(l:;ng a | -9.14 -387| -833| -4.08] -929| -429] -9.98 -405
b | 1365 586 1299 641] 1528 663 1633 628
L | 5203 z5.08| szog| 2537 5125 7536 523 it
N tilling
Block | oo, °| a [-1024 39| -937] -380 -966] 389 -9.32| 373
b | 1588 591] 1488 607 1547 619 1527 548
L | soas| zags| 5191| 2539 5185 2576 5138 2t
Simple
| a | -964 -3.78] -asz| 382 -871] -364 -8.16] 28
closing
b | 1501 565 1393 608 1463 644 1427 543
o sitine L | 5556] 2446] o6 .70] 2473|671 488 54.17] 211
§4°;;@ a |-1153 -3.67|-11.39] -3685-11.78] -3.76-11.77] 391
b | 1782 548 1761] 551] 1833 569 1838 54z
L | sanz] za43| s603| z484) saza| 2180 5427 2508
N tilling
Powder | . | @ |-1084 -357-1142] -350]-1131] -348]-1061] 361
b | 1681 541] 1821] 562 1858 559 17.64] 588
sioge | L | 5510 2488] s27] 2a0 see3[ paral G378] 2484
dz:jie a |-1143 -3.73|-1084| -362-1024| -333(-1040] 340
® "o [ 1788 s556| 1760] 567 171 552 1751 561
o sl | 5742 24.1[ S| 2459] Ea09| 2455 64.38] o437
(24%1:;”‘% a |-1141] -3.42]-11.71] -354-1169] -348[-11.18] -342
b | 1873 511| 1937 538 1950 534 1884 529
sutace [ | L | 5467 2000] 6ass] o471] 5453 pardl 537a] 2478
modified énicljn‘g a |-1173) -3.26] -9gs8| -293] -8g5| -z67 -7.88] 231
povider b | 2052 501] 1830] 533 1734 538 18.08] 5.9
Simple | L | 5586 23.89) 55.16] 2480] 5566) 2484 54.47] 2457
closing | a |-1085 -3.4] -9.15] -z95) -a57) 2g4] -7.38 2z
(307c) b | 1783] 48] 1753] 547 1768] 536 1693 530

"I ag it iz, % after reconstitution (3%, wiv)
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Table 27, Change of color values of kale pilot products during storage (continued)

Hunter Storage period (weeks)
Sample Storage color E a 10 g
3 conditicn - -
value | 4" | B 4 | B | & | B | & | B
o siie | L | 5348 2527 s271] e554] 6388] 2ari] Sese] 2539
aﬁ;;ﬂg a |-1008] -3.99 -966| -4.08] -9pa| -101] -9.96| -385
b | 1584 616 1544 640] 1515 638 15.44] 621
| L [ 5336 2543 s3.78] 25.30] 5343 2528 s3zm] mmat
IMa filling
Block | oo | a | -ardl -3ma| ek2] -3me -oas| 350 -ams| 367
b | 1567 623 1455 646 1587 5027 1636 61z
L | 4999 za12| sz31| za.10] a9ps| 2457 52,75 2448
Simple
. a | -584 -161] -548] 113 -ag8| -193) -3.78| -0a8
closing
b | 1481 508 1389 522 1242] 533 13.15] 508
0 sinine & | 5560] 2453 o6 20[ 246l 5263 2460 53.97] 2487
aﬁ;;n‘g a |-1011] -371|-1112] 379 -1250] -356]-12.08] 372
b | 1707 560 17.3] 570[ 1967 556 18,83 578
L | se71| za53| ees7| za41] 539 2453 5393 2a70
N tilling
Powder| . | a [-1008] -3.7[-10.18] -3.16]-1047] -306 -359] 3.1z
b | 1698 548 17.14] 542 1810] 541 16.49] 548
cinge || 629 28] s6a6] z431] 6432 2447 G653 a4z
el ITEEEEEIE BN R ERER
cloging
b | 1683 540 1718 525 1863 530] 16.48] 548
o siting | L | 9507 24.13[ 57.48] 2404] 6403|2408 5353] 2455
ao;;n‘g a  |-1180] -3.30[-11.13] -3.07[-1133] -z98[-10.77] 3.4
b | 2047 514] 1888 5.10[ 1958 499 18.78] 523
sutace| | L | 5383 padr] 56533 2404 6143] 2439 4099 043
modiied énicljn‘g a | -695 -180] -681| -131] -5a7| -094] -4.33] 086
povider b | 1842 szf 1770 5.8 1886] 5.2 1854 501
simple | L | 5180] 2431 53,77 24.17] s250] 2402 5293 2444
closing | a | -624] -166] -6.04] -122] -513] -054] -4.89] -059
(30°c) b | 1674 508 1603] 510] 1933 493 1894 524

"' as it iz, & after reconstitution (3%, wiv)
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Table 28, Changes of sensory color of kale pilot products® during storage

Storage period (weeks)

Storage condition

1 Z 4 B i 10 15

Control 2.4 £3 3h 4.0 4.0 34 38

N filling (4°C) £ 35 35 3.7 4 3l 35
Nz filling (30°C) £ Zh 33 3.3 7 3l 3.0
Simple closing (30°C) 3.0 £ 3.0 3.0 Z1 27 Zd

‘41l samples were reconstituted (3%, wiv) before evaluation, The sample stored
in a deep freezer (-70°C) was thawed prior to sensorv evaluation and used as a
contral,

Table 79, Changes of sensory appearance of kale pilot products® during storage

Storage period (weeks)

Storage condition
1 Z 4 B g 10 15
Control 27 28 33 36 37 39 33
Iz filling id°C) 3.0 31 31 3.3 3.0 3l 4.0
Nz tilling (30°C) 24 Z4 28 3.3 23 34 3l
Simple closing (30°C) 3.1 23 21 3.0 Z4 27 Z7

‘811 samples were reconsttuted (3%, wiv) before evaluation, The sample stored
in a deep freezer (-70°C) was thawed pricr to senscry evaluation and used as a
comtrol,
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Takle 30, Changes of
storage

sensory arorma preference of kale pilot products’ during

Storage period (weeks)
Storage condition
1 Z 4 E 8 10 13
Control Z.z &5 3T 36 31 39 31
Iz filling (47C) Zh is 33 37 31 31 33
M, filling (30°C) £.4 248 28 9 Zh 34 33
Simple closing (30°C) 9 30 25 Zh 31 2. 34

*All samples were reconstifuted (3%, w/v) before evaluation, The sample stored

in a deep freezer (-70% ) was thawed prior to sensorvy evaluation and used as a

confrol,

Table 31, Changes of sensery aroma intensity of kale pilot products’ during

storage

Storage period (weeks)
Storage condition
1 P 4 E a 10 18
Ceontrol 34 is 2k 36 34 43 43
M2 filling (4] 3.2 24 33 41 34 2 2h
M2 tilling 30%) 2.6 3l &N 30 31 26 3.1
Simple closing (30%) 2.6 28 2.8 2.1 16 2.1 14

‘All samples were reconstituted (3%, w/v) before evaluation. The sample stored
in a deep freezer (-70°C) was thawed prior to sensorv evaluation and used as a

contral,
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