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Development of Mixed Vegetable Juice from Clean |
Vegetables Harvested at Daikwanryong
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2. AA= 3y AA
MA2F2E 7FF E% polyphenol oxidase (PPO)o] &3 zZwlo] =4

AEFE /Y Fdol YA 53, & ALAFY 82 ALHE

i

red beet®] Z3F (tissue)ol+ betacyanine decolorizing enzymeo] & &% o]
Ao} HAAE HH}eE AoE FHA U} oHE FF 53 E WA 3
At R AV 21& AAsr Ak A8 E FA Zo 100T B+
9 €3 A7t g ANEE AFHSH FEAIVIE, Waring blenderZ v}

o

A F A% 2 AJ7A (pore sizex 18 micron)E T o de PPO
g4 A AsE FR A, PPO Ao Aol Age] wa @A
o 18w HE Ao JElX Kot E4FH ZWE AAY & A
HAao 2EY, FEF4Y BE9 AR AV IEAAE gelAtst
Gebgh aebA olg A e ") Ae 1

AEo) YATen, o8 Bt FAHE A
HADL 45 G ALARE SES W AW YHHX Lo} B
A8E S¥sA o8 & YA
3. AAE A2 ¢ 5% B}

JlE ABEDR AYSE gao] B ALTATINE A5 & BE A
s AAAT. $4 7 Ar FFo

X A&
H& 2 sl o dF Aol panel discussion HHLE VEEE HU}
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3t AR ESHE F2 A red beett ¥AFR: Lo B oWl =
A~

14: 1t 5 1t 5: 5 5o]Qlt}h, AT, v, TEFA QAXF

EE ANBAF F @viFol JMF B HIE 9A & AEF 4, ¥
gzt A FRHY 71Ex "HA HuE ¥ A vz g Ed g HF

A sud g Jsd A¥e ERALFAE AdsAE 2 A7A
2 BAe) AEAL 2EE gt AGad

a7 HEEE ARt YR B F2ot BAHT Yo ooy
= AEY Fst AL Hol4 %, 24, wEH C 23 AES 35 27}
EXE-12
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2
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Summary

I. Title

Development of Mixed Vegetable Juice from Clean Vegetables

Harvested at Daikwanryung

II. Purpose and Significance of the Study

o Clean vegetables are cultivated at Daikwanryung in Kangwon-do.
Sale of them ié a major income of the farmers living at the area.

o Price of fresh produces fluctuates depending on harvest.

o To create more demand for the vegetables, Daikwanryung Farmer's
Association planned to produce mixed vegetable juice from its
produces. It is expected that 2,000 tons of agricultural produces is
used for processing in a year, if the production is 50,000 can/day
(170ml/can).

o Purpose of this project is to develop a mixed vegetable juice which

is preferred by our people.



III. Scope and Content of the Study

1. Final objective at the end of the study

Development of mixed bvegetable juice from clean vegetables

cultivated at Daikwanryung in Kangwon-do

2. Scope and Content

© Analysis of mineral and vitamin contents of vegetables,
selection of raw materials for the mixed vegetable juice
o Determination of blanching time to prevent browning,

development of a process to make clear juice

and

and

o Formulation for the mixed vegetable juice and sensory evaluation of

the developed juice

© Stabilization of the red beet pigments (One method is to use a

stabilizer of the pigments, and the ancther is tc regenerate the

destroyed pigments in the presence of food additives)

o Determination of shelf life of the product stored at 10 C in the dark

o Drawing of flow sheet and layout for a process and estimation of

production cost

- 12—



IV. Results and Recommendation

1. Selection of raw materials

Since consumer generally thinks that fruit and vegetable juices are
plentiful source of micronutrient such as vitamins and minerals, 2 kinds
of vitamin and 13 kinds of mineral of 13 vegetables were analyzed using
HPLC and Indectively coupled plasma emission spectrometer,
respectively. The data will be used to emphasize the nutritive value of
the pruduct. None of the vegetables tested contained germanium and
selenium which are well known as healthy ingredients.

Carrot, celery, and western cabbage were selected as raw materials
for the mixed vegetable juice because they have been the major
produces at Daikwanryung, and their nutritive value appeals to
consumer. Although Chinese cabbage and radish are not palatable as a
juice component, they were selected because use of low-price
commodities might contribute to the reduction of a production cost. The
other raw materials for the mixed vegetable juice was cucumber and red
beet. The price of red beet is high, but it provided a fashionably bright
red color to the juice. A final raw material selected was a peach

concentrate, which could mask a planty and earthy flavor of the juice.

2. Determination of blanching time and development of

a clarification method

j— 13_



When tissue of fruits and vegetables is collapsed, a browning
reaction starts. This is a deteriorative reaction catalyed by polyphenol
oxidase (PPQ). A frequently used treatment to inhibit browning was to
inactivate the enzyme by heating. To determine a condition of blanching,
6 raw vegetables were cut into cubes, heated in. boiling water for 1-5
min, and then PPO activity and color were measured. The PPO activity
was completely inactivated within 1 min. Lightness and redness of red
beet increased after 1 min, and then they decreased on further heating.
These results indicated that one min was optimal to blanch raw
materials.

Commercial vegetable juices are generally turbid. However, a
fashionable juice which has clear and naturally colored characteristics
with the clean image is a new trend. Accordingly, a clarification method
of the turbid mixed vegetable juice was needed. If the crude mixture of
vegetable juices is heated in the presence of citric acid, some
components coagulate and precipitate. The precipitate was removed by

filtration through a filter pad whose average pore size was 2 micron.

3. Formulation of the mixed vegetable juice and sensory

evaluation

Through a sensory evaluation, our research staff and sensory panel
determined that the most palatable mixing ratio for the mixed vegetable

juices was carrot: celery: red beet: western lettuce: cucumber: Chinese



radish: Chinese cabbage = 14: 1! 5. 1! 50 5! 5. To mask a planty and
earthy flavor of the juice, a fruit juice was added. Among apple, pear,
grape, and peach juices tested, a peach juice was the best choice
because it imparted a relatively new flavor as compared to the products
on current market. When the sensory score of the developed product in
the aspects of color, flavor, sweetness, sourness, and overall
acceptability was compared to that of one commercial product which is
most palatable among the commercial products, and ranks the 1st in the
market share, all the scores were not significantly different. This result
indicated that a palatable and sellable mixed vegetable juice was
developed in this project. Additional three products was developed to

which ascorbic acid, calcium or dietary fiber was fortified.

4. Process development

The following scheme is a flow sheet to manufacture the developed

mixed vegetable juice.

Blanching

i ; . ) after addi
Raw materials | _, | Sorting | _, | Washing | _, | Cutting | _, o ding _
Masceration — | Pressing — Standing overnight |_, | Filtration N

Blending | _, | Hot filling | _, | Canning | _, | Sterilization —» | Cooling | _,

Packaging
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5. Stability of a red beet color

When the red beet juice was boiled at 100C, 72% of a red color
was destroyed within 30 'min, showing that its color was very unstable.
Degassing and Ng-flushing of the juice solution could stabilizé the
pigments. Stabilization by deaeration suggests that an oxidation reaction
is involved in its destruction. Therefore, the effect of synthetic and
natural antioxidants on the color stability of red beet pigmentswas
studied. Addition of some antioxidants apparently contributed to the
stabilization of the color. The result was, however, not satisfactory
enough to prolong the shelf life of the developed juice markedly. Among
antioxidants, sequestrants, acids, and fibers, ascorbic acid stabilized the
red pigments to the greatest extent, and resulted in the highest retention
after heating. For a practical purpose, ascorbic acid was added to the

mixed vegetable juice at a concentration of 0.1%.

6. Stabilization of red pigments by regenerating the

cdestroyed pigments

Ascorbic, isoascorbic, metaphosphoric, and gluconic acids could increase
the maximum regeneration of red beet pigments after heating, and resulted
in more retention of the pigments during processing and storage. Their
effect varied depending on the pH of the juice solutions. At pH 3.8, the
former two antioxidants resulted in the greatest regeneration, while at pH
6.2, metaphosphoric acid and gluconic acid did it. If the juice was allowed

to be repeatedly regenerated after heating, addition of ascorbic acid once
— 16 —



prior to the 1st heating retained the initial concentration of pigments even
after 5 times repeated heating for each 3 min at 100 C. Control solution

lost red pigments consecutively.

7. Determination of shelf life of the developed juice

Four kinds of mixed vegetable juice was prepared and stored at 10
T in the dark to which 0.1% ascorbic acid was added, since the
antioxidant not only stabilizes but also regenerates the red beet
pigments, and results in more retention of the pigments during
processing and storage. Periodical analyses of quality factors such as
pH, soluble solid, total acidity, turbidity, formation of precipitates, and
microbial contaminaion for 90 days showed that a shelf life of the mixed

vegetable juices is at least 3 months.

8. Estimation of production cost and design of a factory

Production cost of the mixed vegetable juice was estimated. Price of
raw materials was based on auction price of Dalkwanryung Farmer's
Association or wholesale market.. If it was assumed that a volume of a
can was 170 ml, a number of daily production was 50,000 cans for 8
hours, a can price was 80 won/can, and a cost for labor and facilities
was 25 won/can, production cost was estimated to be 175.97 won/can.

A flow sheet and a layout for the process were drawn, and required

machinery and facilities were listed.

—_ 17_.
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A9 HAT AHFLAEERE BN E FA, AF, F, 92 T
o] YA a7 AAFE T Uk o] AL Fle diEHA FAFA S
dEA o] of A BasHE AiaRFA AE L¥AY 3=V}
Helth, 2, A4F9 EE AFe g AFo] A28 F =2FA
= FYPAA i 7tFE AASR, obF AuAHel e EX A A
AF QNS BEE ORHY AFFRLE AEFE & UEE HEHE, TA
T LT HFAY iz AU

2
A A FlE NaFE £ A2 B4 EFF2 AFe] g& o

htt

= 0
JL i

hFd EviEsSGe FYEE 3 Mae &% AUME ALY E0E

3 glen oE AEL VEEE AN dEC] HA 247t b

= 249 itk Jl&d AFE obF EvtEY BT =49 ¥, A2 F

B 47 AAE d8% AFY 2¥A H2E FUEE st £
e

g e 2oz Hed,



o8 st QB AL, MBRE

Lo

24, zuud L AAE AL, 75

E o 2o dAE R ETH AYEE A% AxITAH FEH Gpd
2 59 #s9 d7AEE £9F ZHe)t,

A2 A2 AdIAs 2 3y

1. 48A s
95 FAEL g#BY = B9 Ad Fuul 2= 2E 55
AEZAIFAA FUBtA AL ER ESol F5AL FAHAEAF)NA

ThetH . vEY B EEFQ ascorbic acid$} retinyl acetater Sigma
Ab AFolRNI WHE EFEL SpexAt AEL AEHIATH Ma9 GA3
Aol AHgE HE R FAUASEAAE Sigmadl A FHUI}AL resemary
leaf¥= McCormickol Al A &3 A FE S A&tk

2. 4@

AFEHRIFFIENAETY T8)E Fastd Bdstnxstes ay
FAEL dER C o] FEF FF LY 100 ml F 1.5~25 mgo] HE
5 ¥ &2 5% metaphosphoric acid® 7}38}

o 10 TollA kst A 30 £7F FE39. ©o]F 4 TolA 8,000 rpme
2 Edle 2% F589¢&

2
F7tete] ¥EY S AFED JE At AAELT FAAH} T34

fo
|

a
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-

th o] £ FELAE st FHUE 100 mPb HEE Z2RE oS
pore size?} 4.5 micron?! membranel 2 A} o FH 33 olE HPLCY £
MAae AHesich vlERl Ce HPLCE E43ided B4 x40 o
o} Zow EMEEOZ+= Sigmart ascorbic acid(ACS reagent)E A&
st o]l 1 mg%, 2 mg%, 3 mg%7t S ZA T

# L v C E4E& 98 HPLC £4&4

Column : YMC-Pack polyamine I column
(4.6 X 250mm)

Detector 2 UV, 254nm

Mobile phase : Acetonitrile/50 mM NHHPO4

Flow rate : 1.0ml/min

AUFS : 0.16

Injection : 20 microliter

Column temperature @ 40T

(2) ¥let9 A(retinol¥} retinyl esters)®] £

ASFEYEE Faste 245z gte A sAEY vgw A9 5
E7F 10~20 IU/mi?t d=% ANa%E FHIS. chloroform: methanol:
distilled water = 1: 2: 0.8°] H& EFLAEL AZX A5FY o cuj &
& A=A 832 5000 rpmolA 3~5 ¥ FAIFEHT o7l
chioroform™ S /<& 474 1¥(part)¥ 7}8ta 25 EFFE 849 17}

— 25_.._



chloroform: methanol: distilled water = 1: 1: 0.97} HEZ33 ] & A
10,000 rpmoi Al 58 #7F A 335tk ol E separatory funnelGH 23 &
EE0 £29& WA 3 £t dojud 5 F FEUS B ASF
ol & chloroform 100ml& 7}&t3 A mylk, HA s 31F FE£ES A B
o= FAUL 33 ukEse 3F £ L ZF I A7) FFEEau
EE 20 g& 713t chloroform 9 F¥& €A AAZ F¢FL7)
A F71&mME &43% FEAAG.

223 ZYHAZEY 2 N KOH-ethanol €9 20 mlE 7}3le] £33
713 eSS o rlste EuE 500 mlZ2 2ASATG. olF REEA
30 7 939 A FYsA Y. ol & separatory funneld] &7i1
diethyl ether& 78t 15 23 AE3] &8 YA F 435 TE EX

Al

oho o] #AE 33 AE NEst NBEY &£48

!

F
1% phenclphthalein A A k3 ZF4+E 71819 & KOHE AAs=d &

¥ 2.069ERl A $4& 9% HPLC &£d=34

Column . Reversed-phase column
{#Bondapak C18, 30 X 0.39mm)

Detector LV, 254nm

Mobile phase . Acetonitrile/50 mM NHH2PO4

Flow rate © 1.0m/min

AUFS : 0.16

injection : 20 microliter

Column temperature @ 40TC




e Mz7 gold YA VEAAY. FEFAIEELD ether 5 £E

A3 AAST AGgAZSEY. o]F FAZES methanold 718l &

filo

| A} 7] 3, pore size?} 4.5 micron?] membrane2 2 o338 o] E HPLCY
EHANER AFRstdo) ulelwl AE HPLCEZ E4siged E4x7HLe %
29} ool BAEZoZE Sigmarte] Vitamin A acetate® AlE3to &

o] 10 U, 20 IU, 30 1U7F HEE =AU

(3) midlg &4

N 1 ge& AT AFstd AdxA7 F E4384 porcelain crucible
o @o} 500 TelA 2 Azt #Faqcth £ 10 ¥ FHTE 78
3, olo] 3~4 ml¢] HNOsE =A 29 A H7bste 100~120 T7F A5 =
hot plate Yol A AZAFH . Crucibled ©A FHF 2o Wi 500 CTolA 1
ANz o F&sH . Crucibled ¥ZFA1713, 10 mig] HCIE 7hshe] &34
713 ©o]& 50 ml® volumetric flaskel &7l FHFF 2 ¥ 9 & 50 ml7l

EE Jhate #YARE YT

# 3. ICP emission spectrometer® #4327

Forward power : 1.1 kilowatt
Reflected power : < 10 watt
Aspiration rate : 0.85~3.5 ml/min
Flush between samples :15—~45 s
Integration time :1~-10s
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Inductively coupled plasma emission spectrometerE o] &3 njy &
B 717184 27AL ¥ 39 2939, EFA %Y 2AzRATS 7
diae B4 vy H 49 Zov 94N £9 Y FEE EF 1000 u«

g/mle} ATk

E A v BN EEAG L 7 dxe BY %3

Element Reagent Dissolving reagent Wavelength(A)
Ca CalC0s Water 3179
Fe Pure metal 0.5% HNO; 2382
GCe (NH4)2Ge(C204)3 + xH20; 0.5% HNO3 2094
K KCi Water 7665
Mg MgSQy - THO Water 2795
Mn MnG. 6N HCl 2576
Na NaCO3 0.5% HNO3 5890
P NHHPO4 Water 2149
Se Pure metal 0.5% HNO3 1901
Zn Pure metal 6N HCI 2138

{4y ¥]x1 7] % polyphenol oxidase(PPO) &4 9 %X &3
Red beet& FAIY] YLz Hdstn F%F9 EF:EAdAM 1~5 3
HA718 & FA Y748t Waring blender® 287 #3359 od3d &
& FHR ARG ANEZ AEEY PPO 843 4=E #4323t PPO &4

€ 20 mM phosphate &3 £ (pH 6.5)¢ catechoio] 10 mMe] HEE H



7tg g4 A=z da of £ 25 mldl AE 05 mlE H7}sld
AR

I, FF% 0.001/min M3 & dodlv E4Y FE& 1 unitE F s

spectrophotometer2 420 nmol A2 @A T W E

e

7 3t

£

Al &= Hunter ColorQUEST II(Hunter Associate Laboratory, Inc.) &

o] &3t L, a, b & SAFIH.

(5) Red beet M9 kA3 49
Red beetE® FAIY R¥oz AW, 5 W& FHFE 7139

Waring blender2 3 £7F #3383l 94& o7dte] A

(e
)_

Ach e HEE 535 nmolH FRES 157 HES FFS
518 4 mi¥ cap tubes] B3 BE BolM YRN FFoz sIsAT).
AeA Azte] twbe® e dgo 9 WHE &4 ZA WAAH.
o] e MEE 480 nme} 535 nmolAH 27 ERET SHGA e GE
F#4E WE =AY

AEYAAE HEE A2 7hx AEHIE0) red beet M4 A
o FlAE AHe ZAEY] Astels Av]l Hrgcdd] q AshEAAS

7 At dAZE ¢ F A HE 3= 93 E mAFA
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Al 348 Adg28% 2 1

L oHF PR B4
MafFaes b AdA vidEd vege FFAeE d4FHY gl
HE MiaF2od daE Ix 54 ALHI e FAE 13FY v Fd
GAE = vely A C(E 5)E High performance liquid chromatograph
g olgsld, TEHE T uludFd 13FB(F  6)€ Inductively Coupled
Plasma-Atomic Emission SpectrometerE ©]& 8¢ EAs gt eyl C
= 22 &I, 2227, el 45-62 mg%E ¥A el ow w3
£ 885 mg%7t FFH AT HET Ax o= FAENMAE HEFH
A Fgked ole A7 AFEE E4WE ] carotenoidH

of ofUe} HAA ulgyl AE HEFde BAYHE ALY @EY Aoz
A= ol ARE MEAFo AHSE 4 WHAARE LY AF

h

ojth, 22% FAAANFLE ¥ AAH 29AAAE IAE7



E 5 AMafe vER C ¥

= & a4 2 Vitamin C{mg%)
b= Carrot not detected
= 1=t Red beet 0.46
ot= Garlic 2.03
- Chinese radish 5.18
o == Chinese cabbage 8.85
vzg Broccoli 46.93
dedgd Celery 2.00
A Angelica 0.18
L F Cabbage 19.46
QEAbA] Lettuce not detected
S|ty Cauliflower 62.52
2 Kale 5.60
=g Parsley 45.64




E 6 AMrFe #4F vuEg FF

pidE g Ca Mg Fe | P Zn | Mn | Na Se Ge
RS (Z8) (&) [(orod&)| (B)] (2) |(01gh) |((¥2h (UEE) |(H3l B) (I 20Hs)

Carrot 349855 218.73 | 83.65 1.97(192.34| 0.012| 1.07| 71053] ND. N.D.

Celery 13630.78 | 816.88 | 249.35 446|75025| 0170 1.62] 3467.07] ND. ND.

trawberry | 1934.58) 138.79 | 115.09 2.251219.21| 0.028| 247, 58.79] ND. N.D.

Angelica 1 5459.76(1071.24 | 259.53  {10.76|210.71 | 0.055] 6.20| 45117, ND. ND.

Broccoli 4731.51] 446.82 | 305.72 6.421693.85] 0.1201 3.93| 201.00f ND. N.D.

Garlic 1487.48) 3328, 58.02 2171413841 ND.| 0.89] 2712 | ND. ND.

Parsley 6902.87\1066.72 | 281.77  |27.43|292.18| 1.080] 436 617.92| ND. N.D.

Kale 2185.53|2678.86 | 638.26 6.131357.58 | 0.200| 17.16| 1542.98| ND. N.D.

?g;i?:” 625259| 319.72 | 14797 | 85575253 | 0580| 300| 69348 ND. | ND.

Pimento | 3220.72; 87.81| 11211 5.04|34200| 0.330| 1.28| 5513 ND. N.D.

Red best | 5345.76| 113.65] 121.98 452142202 0110 3.87 116271 ND. ND.

Cabbage | 2266.02) 233.75| 7246 2571222321 ND.| 1.37| 241510 ND. N.D.

Caulifower | 4106.84] 202.85 | 10068 | 4.96551.00| ND.| 243| 73659| ND. | ND.

Onion 169345 70.89| 6362 |97 (250.12) ND.| 4.83| 16548 ND. ND.

¥ (29, mg/100g ZZE), ND.” : 75 PPb < Se, 40 PPb < Ge, 1.8 PPb
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A5 A7E FE et 92, AgE, A, §F, HFE dE8=
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27 @5z $4E AR FF5A20(EH: E, 9T, ha)

- Moa | AR M re8nsed
TE sote 8 A UHER ) ag) | 2u@) ek
wzR | 212 346 5863 | 5863 | 2995
g agax | 268 4533 | 13377 | 12161 | 5936
R s 480 7993 | 19240 | 18024 | 8931
2 67 627 | 2633 | 2106 | 252 120
T 267 4223 | 19000 | 15200 | 1976 | 100
o = 176 1904 | 6854 | 5712 | 2856 | 500
oF ALK| 57 552 | 2152 | 189 | 731 400
a2 24 164 420 3’ | 270 707
T 10 24 129 129 | 103 798
I 17 73 150 150 | 120 800
s 3 2 193 500 40 | 800
I E 145 1038
8 1,263 | 16917 | 51,078 | 43932 | 16,030




2. AAY HE AA
I ButelUg shax AETF 27 g3gd Zye] Aztsed ole

Z2 PPOel 9% 34aF ZdEo rdsvs F dEA g AixFLe

nr

bE EFe gdel Asd AFe Mo| 2oz FAH A FHo
desiAlnR ol&E AAEy] fstd dgd A 2 FAHF AT

T 82 d8E ZA %ol 100CY Beged ¥ Azte] we AEE AF
83, Waring blenderZ wHl® % oi}E ¥ %A (pore sizer 15
micron)2 < #%E 49 PPO &4 4 ¥HE SAY ZFe|H. PPO ¥
Aol Alzbe] Aol wi B8AE Ho 18 1y 4o vdEuA &
of & MF F A4 ZWE IAE F U4 HuTh

a3y, FEGY Axe wX7] AT 1EedAE d9ET B A4
=7 8 Eolxe 84€ HER oF HAJ Aol o HoAW XA A
=7 UwAlE 3FE BHUT o= red beet®] FH A9l betalaino] Gl
Eobgsln B3] 44r £A4F We o BgASH A0 9 oo HY
W Eoljith wetA wlX 7] AzbE PPO E&A43e 729 4¥s G E
st ZAH ok 8t o] Fee 1] HAtn HEHU

Red beets &AM betalain 44&E FI s A7 FF/E A
gn ZEA g7 Wi dAV] #Ael BeHLE EEAl LEFHH
of gtim wEE AT

3t red beetd] MAVF BoRsnzE AFAZR

ol

7l

e
i
o4y

Al &7 7%
ol Waddn #udch E MEAEL dFFET] vFAdrtn gdH
A,
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¥ 8 "7 Azt we FZe PPO BAY A% W3l

0= 1 & 2 & 3 & 4 58

PPC &4
NT) 16 0 0 0 0 0
L 4.02 12.35 8.47 9.28 7.48 6.34
Color | a 6.78 18.28 12.11 12.78 10.46 793
b 2.64 7.51 541 5.95 4.88 4.21

g, AMafrired g EH9Y By AAIE MLy 8ty

A EHE F28 FASE Z2F AT 4o ¥
AAL FEE 7HEs WAEGAS W FAZo] AR o} A
BE gY3A Mg ¢ dAt

A% Jiste] 29t FAAFLES] JIEEE Huksld 27 AAT Y

A2ERFE U &S B A2 red beet: E5olF: FAF: w3 B =

31111112 ASYY. o] B EE ez g3 B B
%

tEE WA Kol

Zzoz gt



a2y, o] AFE oM Ma EF9 FriFEst Asto] ARSA @
SEZH A4 AEel Wie ¥oUl 2EFA Rite UMb o] HHE
s 248 JZEE MR SFHT. £ 109 vebd wiEHE 5
FY ALFLE A= E 119 Yetd FHoE JIERALE HAE

nslm

At o] F 8 CHol JF 422 V|ZxEv} 7H Egow &8 As BE
o] 38, 4082 BT ooyt &UE H/TFY €7 D9 EE 713
ZE7F 24z 3.0, 292 B2A dvElRoHE 12). A E dFME Qi E
FFE2 CHE A AT o7 Zo] AAHE ALEFHFEE A Fd
FEHIZ 3l AF F @vFe] I B3x HIE 94 & 3 AFE
ARl E 130] Yl 4 UE VExE Wz Y. F 57 (U2

A - 419, 9984 169)¢ Yoz HAAE VIZEERA d9E ¥
148} Zoh Fr2e] AL A@Eo] FT w4 HA/NAHAEGY ol HEHQ
oje]= 2] HEFAMo] o}F TEXY FHleAEr d£A FEdly] @ EA Ao
2 A4HY, EAAY 2uAdAE MERZ deirigigdn A
oot FHHQ JIzEe MEAEY FFU 2oy AUER 493

N

AolZb A= &gkt @3S F AF EF FFsgn ForEdTm pdA
Fo Ante 2A HobHo ¥F ArEg BZE ot i



£ 9 EFFLE AL95 wid

ERAukel Mz % e BItE(%)

Red beet(50g), 4 ziel(50g), F(60g), | HE(6%), + A LHO.2%),

b 3= (50g), &2(150g), =&0H100g), | FHMUIEE(0.02%), =3 (1%),

2 (500ml) OrAal HLHO0.05%6), 8H0.2%),
HiEF2 C(0.2%)

Red beet(50g), & &12((50g), F(50g), | HE(6%), 7 ALi{0.2%),

i #(50g), €2(150g), =S 0H200g), :rlj{‘_“—%E (0.02%63, & (1%),

£ (500ml) QHAIBELH(0.05%6), 2H0.29%),
HIEFR! C(0.2%)

Red beet(50g), 4 2{2|(50g), #(50g), | &6 /) %“23{‘_?(027)

bl =(50g), &=(150g), B =0H300g), | FAHAMUEE0.02%), =H(1%),

= (500m) g %’.‘_(O 05%), 2H0.2%6),

HiEF2E C(0.226)




B 10 A2E&FdF29 HIE g

SRHE Mz 9 &g HILE(%)
Red beet(50g), 4 2i2l(50g), $(50g), | HE(6%), 7&LH0.2%),
A ol Z=(50g), 22(150g), B=0H200g), | FHAUEE0.0220), FH(1%),
£(500mi) oral 5EAH0.05%), BH(0.2%6),
dlEFR) C(0.2%6)
Red beet(50g), A 2{2/(50g), $(60g), | HE(6%), +LLH0.1%),
B Bl =(50g), 2=(150g), S£0H200g), | *HALIEE(0.02%), FE(1%),
2(500mi) OFAI BFAH(0.05%), &(0.2%),
BIEFP! C(0.296), Atat4H(0.1%,
Red beet(50g), 4 2{21(50g), $(60g), | HE(6%), +214H0.1%),
i 2=(50g), 22(150g), S50H200g), | FHMUUEE(0.02%), ZF(1%),
C = (500mb oA BEAN0.05%6), 25(0.2%96),
HiEFS! C(0.296), ARHLHO.196),
NaCH(0.196)
Red beet(50g), A2{2l(50g), F(50g), | ME(6%), A LH0.1%0),
bl 32 (50g), ©(150g), B 0H200g), | AU LLUIEE(0.022%), T&(1%),
D 2(500mi) kAl BFAN0.05%), BH(0.296),
HIEFS C(0.2%4), AMZF4H0.196),
SHIE(1%)
Red beet(50g), 4 2i2l(50g), F(50g), | HME(6? ) 2 LH0.19),
bl 3= (50g), E2(150g), 2=0H200g), | FHAMLIEE(0.02%), =& (1%),
E = (500ml) OFA] GEA (0 05%), &k0.2%),
Bl EFRE C(0.2%6), SHIE(1%),

NaCl(0.126), Atzt£H(0.126)

_'39_




# 11 Aa

ERFL 539 5% ZAE A% BEAA A4

O
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U!
A

o o

335

285

457

240

461

ALt 1995, M o
NEE HEEBFAYUC
A TdD SEZMO LY S8 86 JIBEE A FHAL
i ! ! i § i
LleSCH  opiLiwnh @8 OABCE BLG HREY
L ! 1 ﬂ !
LhCH  opzhiwn S UEL BU HREL
¢ i 1 ! { ]
SECLIC ST B N
L ! i i i §
LISCH  opZhLpwct BB 42EG  BL 9 EC
H It i i | H
Lhecy  opZiLbwC RS gECL BO 9E0
OOHTIB ZABUCH! O
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¥ 12, F&ax 5%9 7I1ZE ZEA
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BEHA A4

f!

& Al o1885. L PR

HAE M= Mog8fFoguth

gho=h M el SEEMY B S5 BEE JIEEE ZAMWM F

33 S= 4¥ 0lYs - 87 30
285 SEF 29 Ols - EHz 40
497 2% 19 0|%US -8z 38
240: B8 3¢ ols - By 42
461: 2F 5 0|Us - ¥z 28




¥ 13 ALETHF2 7IEE RAE AT FHA A4
MAESHAY IS HA
2 HES Y2, red beet, YAF, dejef, tiF, F & MLE FTUEE H =@
MAESHZAQLICHL JHUES JISEE TABIDA st2U o &=52
I 1, 2, 3, 4, 5, 6, 78 A0 EZ|6t0 FAIl BiEILICH
o8 o A 19954 # Y Hdyrd 04
1.4
1 2 3 4 5 6 7
O U CJ ] L] O O]
U ©t5i EXN= U o3
201 SHCE HX =% HO{8HLt
2. 20|
1 2 3 4 5 6 7
N O O O 1 O
TH Thal EXNE Ui ¢rsl
SO st EONE I, SOisiCt
3. oS
1 2 3 4 5 6 7
] ] i ] O O] O
4l ¢tal EXNT 0 ¢t 3]
S 0{ 8Lt MAE % MOt
4, 2ISt
1 2 3 4 5 6 7
O Ul U O Ul Ul i
U €8] EXE O o5
4 0i sttt HANZEU A0 Tt
5 BEEQ JIEL
1 2 3 4 5 6 7
O . [l Ll ] O £
Ch &46] AT i ctal
Fukie, HAES SO A0St
QUS| BABILICHH 06
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fol
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find
i)

® 14 AAEFH A=

AR OE A B E
1A 46 * 152 51 £ 1.33
2. &o| 45 = 147 .42 £ 134
3. ot 39 £ 118 3.8 £ 1.30
4, LG 33 £ 120 - 48 1.4
5 B3 Ui 47 £ 1.3 46 = 1.22

rir

* P * FFHA, VIEEHAY FE 573,
doj AaEIFLe EfHE deulE Ay
2 PR wfE Bogd el = 11l Ll L 358 ZAHIG. 24,
= Ai EF9 FAGE JAFEES Snte] AesA 4o
E7F ¥ 4 A& AEEC e Ut 23EA Edoe HoE o] vlaF
Efe) o] g Adejelet gAY FE 2A%A VERE AR &4
th # 1591 YEld formulationd 2 AE 42 & AZxH F VIZE ZAFE ®

Asln NEEE ZASIEC, O 238 vy Az e ¥AAe E¥dnE &
¢l 49 287 FF 482 J1EE/) MR =gow AgE ¥x ge o8 &
= T 4002 ¥laF Iy JLAF2A0E FqFujrt glen te] ©

2x ¥

&3 Aoz vyt £ 5o wFe] EFEE Y 3 LEE ¥F 3282
NEETY FX gen] Fad ofdste]l mAA FX FUTHA 16). kA
E A7 E 49 ALES AAFoR MAsln 3 o 2t FFHe
2 AAT AEE 4 NAFE AZHA(p. 4009 23R
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H 15 EFALFLE ALYE g

‘:I'%? %(00) =
Hl SUlE(50g), F(60g), HiF| DIEE%), FAHLHOI%), Al
1 (50g), Aeiz|(50g), UAX|(50g),(0.19%), +AHLLIEE(0.02%), U4
S2(150g), SE0HZ50g), =|20H0.05%), HIEIZ C(0.2%), €2
(500mb) (126), 8(0.1%)
d=HIE(50g), S060g), HIF| 2E(6%), LALHO.1%), Arhet
3 (50g), Aeial(0g), YAIRI(50g),(0.1%), PFALLIEE(0.02%), ¢4
S 2(150g), S50H300g), =|24H0.05%), HIEIZ C(0.2%), €3
(500mb) (1%), €0.1%)
=6l E(B0g), (75g), IF| DRIE6%), +&LH0.1%), AbdhLt
3 (75g), Aeel(0g), YAXI(50g),[(0.1%), FALLIEE(0.02%), 244
S(150g), S=0H250g), 2|3 LH0.05%), HIEIE! C(0.2%), €23
(500mi) (1%), 2(0.1%)
A SHIE(50g), F(0g), WF DAZE%), +ALHO1%), At2ied
4 (50g), delel(25g), LAIRI(25g),(0.196), FHALLIEE(0.0296), oH4
SH(150g), SBE0H300p), 2(34H0.05%), HIELS C(0.2%), €2
(500mb (1%), 2(0.1%)

¥ 16 MAERFTLE 4F9 VIEE FA BF

HAE MEs MaE
oh, &, M 2|0 BEEMY =24 S8

2 Al 1996.

0l
B
>
14
£
a

338 2R 28 oIS - He 40
2838 1 88 19 0lZE. - g7 38
499 : 2 4Y 0lUS. - dT 48
244 1 S8 39 olU=S. - g7 30

-~ thttsl ZARIULL -
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3, red beetd] MA7F BUA A LA K57 1A A FEoz
FEA] Mo 4ol Asle AEA FAVE olgun BusEe] AAE 40 &
H5oA red beetE AL HAFELE T 178 2o A=xsd
HEBUTH 8 AT F28 Mo F4¢ vo] HfFihiees golux|d] of&
A ggen, o/ BRI 93 green 44E HUIE &8 BE M7l F
A A e A, B 5 A Al

r&
N
P
L
2
o

DU (6%), FAHLH0.1%), Atmbab
0.1%), FAHMLIEE(0.02%), ¢LAIE
£H0.05%), HIEIE C(0.2%), FH
(126), 24(0.2%5)

F(50g), HiF(G0g), LA
A (25g), deidi(25g), &2(150g)
0H300g), =(500ml)

-

DIEH6%), 2AHLH01%), At
0.19), +AHLIEE(0.02%), Al
£H0.05%), HIEIZT C(0.2%), F
(196), 2H0.296), green A 2~(0.29)

F(50g), BHF(50g), LA
B (25g), defel(25g), 22(150g),
=& 0H(300g), =(500mb)

02 02 rz

4 AAE AZHA
AF7AAY AFNLZAE gz AnE g7t Z/AHA H2Ho
2 ZAE 2o widHlE B 189 Zovy ol AfAEYLE EE Y&

HHETEEE FEH/E 2 F Yo dBY 2¢9 3B3FL GAes
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2 BE ANAZoz ZASNEY 2 ATY AzARE TAEE 17 2o
ALEAFL AR 1o} UE T

1) EFA2FL AT
(F}) A8 g, T, ¥, red beet, 20|, ¥, WFE Zzk At F4
g,
(1}) Red beet 67 kg, 2°] 67 Kg, Az g 17 kg, T2 200 kg, F¥A 17
kg, ¥ 67 kg, W5 67 kge A& g},
(c}) Steam€ 7}ste] Ad S Q8 E 719sd 182 dgXU & ot
(2) o1& Y33 belt press§ o] &8t FF ol
(") a EFY F29 AzE A8 HFGe T7A¥ 015%St A
005% & &3MAz2 F F2A 2% AAA T
b) ¥AE F29 AzxE A% AFJ] T4 015%3 At
0.05%E SN2 F 100 CAA 28 A4
(9b) Zrzrel & 13 o 7] (pore size 15 micron)3 23 o 7} 7] (pore size
3 micron)& ¥#HAA ot
(Ah) dstedo] oo HrlE S widEo

A, 6% Fa4 JEF 0.02%
vlelel C 0.1% ot F4F 0.05%

Egol ZFd 340% (559 AH&A] 4.0%)
AAFE g 24,
(o}) EZAALAFAE 96CoA 3027 HF3I candll hot filling ¥ o},
(R Can€& seamingdtil 70CoA 1587 F4F3 3 3GAZ IA4FE &

Fate] g
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(3) AlF2 ohEs:

A7 FFSE NFols AR 23 F27F 2AHT gonZ or)dA
= AEY bt AU Hojdf, TH, e C %3 AES 3538 5
Azsg
EY 25 So] 2RYANA ZolUuE F2E d&Hoz FAG 42U
3 Uk A, B EFALEFLE AEE HojHE Rl g}
Ul ) 5 Qs e 4 R P &, FAFEAT T
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o AAF bead TH EFMLFL AxYH

@® 1996 71EZ=7t /A€ formulationd] wet EFAAFAE AX)

@ EFALF2A €y 28F U, €0 YEE, £ @04 E
L3 A 7ich

A7l &8¢ orifice® T3k Mg, Ca¥° 5 trlelee #58 S 3
BRI

@ A E beaddE BE FAH 3 beadE G4 T

® ERE71 beadE 10%(F %)) Hotstan O F2&%E& HIMstd A3
2 Byz A3 ‘

® 8718 AT F YZsto AEE S

olAAA AlgE HeHE Aol e F2FIF Al FHY SAA Ast
8 AFoldevt MEAFL & 7€ FH Y bead’l FHH BT 5

a

Ee ol e AAHG ALF beads) EAZ] BA FoIN AF AAH
o2 HZEE ¥4 9 Holyth olF YERRAW 247 AN st
ox gz



T )}"r’/,;; AT

j Wy f i

AN NAYRAL . LN 0y
WA Y Ay Ay AR

B T
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LaHx)
)
28 54
¥
Mg
!

A F
!
A
}

d<, A H7F - HA71(100 C, 1 min)

3% 4
i

& F(belt press)

l

A A(AE, 12hr)
2
o 3
2
209 ¢
{

Hot filling
¥
Canning
v
FAHE T

< EHY EFALFE >

7b €1007TC, 2min)
l
g 2
!
o 3

)
Zvlu] g
)
Hot filling
\
Canning
N
F AT

< 33" EFALF2 >

3, 347)9 A=FA



5. Red beet A2 <3 AF

B AdAFEd 4 BA3}E red beetd] A7 BAGRE i

¥

dRE FE ATE FEHAUT ofF AP R[] red beet F& A X3
100 CTelA 7HE8EA AZEE THF A5EE SAHSUS o ol 08T

of 72%7t wA=Ee AL2 eyt 283 red beet F AEA E7)5Ho
A2 ABse RS AL F9S e AL MHEHE Aot o
ettth. o)A ¥ beet A7t ALATE AAFNAL Al FAHEE A
&9 e Agklge] A& wdso] YA AR AL A
29 tRA v AFE YR % Red beetFo] FAALAAZ
tert-butylhydroquinone, n-propy! gallate, EDTA discdium salt, EDTA
disodium calcium saltg, HAASEAAZ ascorbic acid, glutathione,
methionine, cysteine, kojic acid, rosemary leaf extract® Z+Z} 200 ppme
27t HEE Huisa 4313 £3A2 ©hE evaporationdte] E7|AIZ
A BatA2 FRAAAM cap tubed] A4 EFHAT. E=EC ¥
3 AP0, 10, 20, 30, 40, 50, 60¥)2 sampling3ld F¥AZN ¥ FF=
g 2Rstgd. 4 MgAnE FFEE 2VINEY FREER UE #E Y
2eg F{Aasted FAHEMNALAFELE FAT ZI  tert-butylhydroguinone >
n-propyl gallate > EDTA-Disodium salt €22 ZIE o] Holv} %
nerges (2g 18 2), AL AA HPAAM= ascorbic acid >
glutathione > methionine €22 ZAZH7F YAHZY 37 4). o|& HIIE
& red beet A4 AFAJ Fod FMrdE 2 FFoz A} A

#}& Velyoh, 3, cellulose, carrageenan, sodium alginate, gum arabic

i

59 Hol4H 7 03%E Astam HAHae ARH PAE JFL ¥



g A3 o]ge M ABAE AY FAAZE gl AR e
488 HI7IE F ascorbic acid®]l AFI7t 7FF Fol o] FHIY
o 5

A4E HEFE AL JFEFe] g3t au, AAHLE F2 A

9 T=
=

£ 200 - 3000 ppme 2 ZAse] A4 FRHE B Y

o

=] ascorbic acidE 03%7HA H7tgte Afe QoA o84 &4 e
MEAFEAN Frtsr|d 440 glo] Hein, A M4 dAHAHC v
F7 @A T ascorbic acid 7P EHE 0.1%E A A&

AEE Fosiv E9AE 44

¢l
g BASY) Hatel B ATA 444 49 $80 ABFY red beet EE

rle
ige{u
%
rr
L

EF B FIaAFA A HEN EH
E 3 FALE HUISS 30 C9 incubators] B#IHA EH AFIE

AR el A BT Aste] ol wo WA WHE lermz AE A

o+
St 4%, AE, pH, §3E9 98, JAE AR FE ZASY2Y o
&
A HYLE FAUshe AL FL& W] oid Aoz vrwt



100
\ e control
v degassed and Nz—flushed

80 L \ v tert—butylhydroquinone
9 o n-—propyl gallate
= # EDTA disodium salt -
g
g 60
2
o
S 40t
o
7
O
o

20 ~

0 j l | | 1 !

O 10 20 30 40 30 60

Heating time (min)

29 1 BAASS AT red beets] AMFA FAE FG

(480nm, betaxanthine, yellow)



]OO \??
® control
v degassed and Nz—flushed
80 v tert—butylhydroquinone
—~ o n-propyl gallate
s @ EDTA disodium salt
)
g 60
£
2D
o,
o 40 -
o
7
L
(8
20 +
0 | a | 1 | 1

Heating time (min)

39 2. BN RAAT} red beets] MAGF A U= G

(535nm, betacyanine, red)
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100 #
\ control

degassed and Nz—flushed
ascorbic acid
glutathione

methicnine

30

(0)]
O

Residual pigment (%)
o~
o

N
o

0 1 ! | a z 1
C 10 20 30 40 50 60

Heating time {min)

28 3 Aol gle AGE] red beetd] ML T

% 8 (480nm, betaxanthine, yellow)



100 ¢

® control
v degassed and Nz—flushed
80 L v ascorbic acid
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6. TiE Mio HYo % red beet M4 9] A3
Accelerated Regeneration of Destroyed RHed Beet Pigments in the
Presence of Food Additives

INTRODUCTION

RED BEET COLOR EXTRACTS are used extensively as alternatives to
certain of FD&C red food color dyes for application in foods (Philip, 1978)
to meet 3 need of the consumer who is increasingly reluctant to take
synthetic dyes in their foods. Although red beet root {Beta vulgaris) is a
good source of red pigments, beet pigments should find application as food
colorants under selected conditions (von Elbe, 1974) becaues the pigment is
subjet to change by heat and lght. Their potential use may be somewhat
limited to dried foods, refrigerated foods, and foods with short shelf life. It
is well documented that several factors affect the stability of beet pigments
during preparation, processing and storage. Many investigators have
reported methods to prevent a loss or to lmprove the stability of the
pigments (Savolainen and Kuusi, 1978, Pasch and von Elbe, 1979; Saguy,
1879). The methods include degassing, addition of antioxidants and
stabilizers, control of pH, minimal heat treatment, etc. These efforts have
contributed to its application in more food products. Until now, however, the
pigment cannot be used in moist foods or juices which are distributed at
room temperature (Havlikova, 1985).

The degradation of betanine in soultion was found to be reversible. von
Elbe et al. (1981) first reported that destroyed betanine was partially

regenerated after thermal treatment. This phenomenum has been the subject



of a number of studies (Bilyk and Howard, 1982; Huang and von Elbe, 1985
and 1987). Reported data have shown that regeneration was affected by the
storage temperature, the pH, the type of buffer sclution, and the presence
and absence of oxygen. If the magnitude of destruction is limited, up to
929 of the destroyed betanine can be regenerated. Regerneration studies
until now is largely focused on the factors for regeneration and regeneration
kinetics. If we consider that regeneration could be another way to retain
color of red beet pigments in food products, active regeneration with the aid
of food additives will contribute to the increased retention of the pigments
during the processing and the storage. Such a study, however, is restricted
to the effect of isoascorbic acid (Bilyk et al, 1881). The purpose of this
study was to retain red beet color by accelerated regeneration of beet
pigments with food additives such as ascorbic acid, isoascorbic acid, citric
acid, gallic acid, gluconic acid and metaphosphoric acid. Instead of pure

components of the pigments, beet juice was used for the practical purpose.
MATERIALS & METHODS

Preparation of red beet juice

Fresh red beets were purchased from a commercial source. They were
washed, peeled, cut to cubes and added to equal amount of boiling water. If
the mixture started to boil, it was blanched for 1 min. After rapid cooling,
beet juice was extracted with Angel green juicer (Hosan Co., Korea). Thé
crude juice was heated to boiling temﬁerature, and maintained at 100 C for
3 min. After rapid cooling, it was clarified stepwise through cheese-cloth,

filter pad with an average pore size of 18 ym and 2 #m. The prepared



sample was stored at =70 C before use.
Preparation of sample for regeneration

Frozen beet juice was thawed at room temperature, diluted to 1:10 with
distilled water, and then clarified through a Micro Filtration System
(Millipore) with 0.45 2 m membrane (Gelman Sciences). This was made fresh
at every use. Antioxidants (ascorbic, isoascorbic and gallic acids), organic
acid (citric acid), and inorganic acid (metaphosphoric acid) were added to
the red pigment solution before and after heating at a concentration of 40
mM, and the pH was adjusted with 1.0 N NaOH or 1.0 N HCI to 3.8 or 6.2.
For the destruction and regeneration tests in the presence of the food
additives, screw-cap test tubes with a capacity of 16 mlL were filled with
135 mL of the pigment solutions. They were heated for 5 min at 100 T.
Separate tubes after heating were stored to be regenerated for 24 hr at 10
C in the dark. For the similar tests of destruction without the food
additives but regeneration with them, 1L in capped media bottle was placed
in boiling water, and heated for 30 min to destroy the pigment. The
pigment solutions containing the food additives were sterilized by f{iltration
through disposable filters (045 #m membrane, PVDF SYRINGE FILTER,
Whatman), and each 135 mlL were transferred into sterilized screw-cap
tubes (empty volume, 16 mL). Samples prepared with and without the food

additives were stored under the same conditions as above.

Color analyses
Absorbance measurement was made against a distilled water blank at
535 nm and between 400 and 650 nm with a Beckman DU-7

spectrophotometer. All the measurements were conducted in duplicate. The



percentage pigment retention was calculated from absorbance measurements.

RESULTS & DISCUSSION

FOR THE REGENERATION study of red beet pigments, beet juice was
chosen because it is practical as one of real foods, and it shortens time
consuming purification process. In preparing the juice, beet cubes were
blanched to prevent the action of a betacyanine decolorizing enzyme in
tissue {Lashley and Wiley, 1979). The crude extract of red beet was boiled
for 3 min to previously discard the coagulating components which occurred
during the thermal destruction experiments.

Table 1 represents destruction and regeneration of red beet pigments in
the presence of food additives. The percentage of red pigment retention is
based on the absorbance at the absorption maximum, 535 nm for
betacvanines. The food additives were added before heating. With the
addition of additives and the pH adjustment to 3.8 with 1 N NaOH before
heating, absorbance at 535 nm of the each solution slightly changed, and
resulted in deviation, though verv small, from 100%. If the solutions were
stored for 24 hr at 10 C in the dark, the percentage of pigment retention
increased in all samples to 110.8 2% ~ 1183 %, which are higher than those
of each initial sample. This observation may be explained by a regeneration
of destroyed pigments during blanching and beiling of the juice processing.
Increase of pigment concentration even in the case of a control may be
explained by a study of Huang and von Elbe (1987) that regeneration rate
constant increased as the pH decreased. Thus the shift of pH from 6.2

(This is the per se pH of the prepared juice.) to 3.8 seemed to result in the
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regeneration of the red pigments.

After heating, a contrel lost 80.3% of the original red pigments. Presence
of food additives, however, generally stabilized the pigments. Bilyk and
Howard (1982} found that isoascorbic acid contribute a little to beet pigment
retention during heating. Toc the contrary, in this study addition of
isoascorbic acid and ascorbic acid to the juice prior to heating resulted in a
big increase in pigment retention during heating. This observation is more
consistent with Bilyk’ s former work (1981) that isocascorbic acid acted as a
stabilizer for red beet pigments. Citric acid has favorable influence on the
pigment retenticn in the juice as noted by Pasch and von Elbe (1979). Tt is
worth of note that metaphosphoric acid was a better stabilizer for red beet
pigments than cifric acid. Gluconic acid influences little on the stabilization
and regeneration of the pigments. |

The addition of various additives to the juice caused a regeneration of
red pigments, though the effect varied depending on the kind of acid
Ascorbic acid and isoascorbic acid caused the highest regeneration of
pigments amont the additives tested. It is well known that the two
antioxidants are stabilizer of red beet pigments. Present data indicate that
they also act as a regeneration aid. Although citric acid and gallic acid
aided regeneration to smaller degree than ascorbic acid and isoascorbic acid,
their effects were identifiable. Czapski (1990) explained that the previous
observation that the higher retention of red pigments during heating and
regeneration in a citrate buffer than in a phthalate buffer (Czapski, 1985)
may be resulted from metal-chelating action of citrate ion. Present result
indicates, however, that a part of the higher retention should be explained

as a result of aiding regeneration of citrate ion. This study shows that
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Table 19. Destruction and regeneration of red beet pigments in the presence

of food additives

% red pigment retention’

Food additive® before after storage after after destruction &
(40 mM each) heating for 24 hr destruction storage for 24 hr

Control 100.0 1145 19.7 21.0
Ascorbic acid 100.7 1182 73.3 1156
Iscascorbic acid 100.9 1183 73.0 114.8
Acetic acid 99.2 108.5 34.3 35.0
Citric acid : 98.0 113.2 415 54.7
Lactic acid 1.7 1153 36.1 385
Gallic acid 99.7 110.8 449 52.7
Propyl gallate 98.8 111.7 44.8 489
Gluconic acid 100.3 1124 22.2 245
Metaphosphoric acid  99.7 1146 585 82.7
Phosphoric acid 81.7 115.2 426 46.8
EDTA disodium salt 989 106.8 58.4 77.0

% bhgsed on the absorbance at the absorption maximum, 535 nm for

hetacyanines.

b they were added prior to heating. '



some food additives can increase the maximum regeneration of red
pigments, and result in more retention of red pigments of beet root during
the processing and the storage. When the effect of some other additives
were measured, acetic acid, lactic acid, erythorbic acid, propyl gallate, 7
—tocophercl, and ethylenediaminetetraaceticacid disodium salt aided little a
regeneration of the destroyed red pigments. Czapski (1990) reported that
EDTA at 100 mg/L increased the retention of red beet pigments during
heating and regeneration but it did not any effect at greater amounts.
Similar regeneration tests were carried out with samples to which 40
mM of various additives were added after thermal destruction. The
percentage of pigment retention after heating at 100 C for 5 min and
regeneration for 24 hr at 10 T in the dark are listed in Table 2. Red
pigments were destroyed to remain 338 % and 850 9% of the initial
pigments, and regenerated at pH 3.8 and 6.2. If the data of regeneration at
pH 3.8 is compared, the addition of the food additives to the juice after
heating generally resulted in regeneration to a lesser extent than the
addition prior to heating. One of the probable reasons for this observation
may be that the degree of regeneration became smaller as the destruction of
red pigments was greater (Czapski, 1979; Huang and von Elbe, 1985). The
effects of various additives on regeneration quite differed depending on pH
of the solutions. At pH 38, ascorbic acid and isoascorbic acid could aid
regeneration of red pigments. Citric acid, gallic acid, and gluconic acid had
in fact little effect at pH 3.8, while at pH 6.2 their effects were greater than
ascorbic acid and isoascorbic acid. The degree of regeneration was smaller
at pH 62 than at pH 38 at the same level of their destruction during

heating in accordance with the previous finding (Huang and von Elbe, 1987).



Since a 24 hr is an enough time for maximum regeneration, metaphosphoric
acid or gluconic acid is appropriate as a regeneration aid at pH 6.2.

Comparison of the regeneration data in Tables 1 and 2 shows that at a
similar level of destruction, regeneration after pigment destruction in the
presence of the antioxidants was higher than that after pigment destruction
in the absence of them. According to the proposed mechanism of betanine
destruction (Schwarz and von Elbe, 1983; Huang and von Elbe, 1987),
betanine in solution upon heating hydrolyzes into betalamic acid and
cyclodopa~-5-0O-glycoside, and they are further degradaded. It seems that
ascorbic acid and isoascorbic acid prevent not only the degradation of
betanine but also that of the betalamic acid and cyclodopa~5-0O~glycoside.
The amount of betanine that regenerates after heating was a function of the
presence of betalamic acid and cyclodopa-5~O-glycoside (Huang and von
Elbe, 1985).

During the storage red beet pigments are destroved and regenerated
continuously because the reaction is a reversible process. The retention of
the pigments, however, decreases, since destruction proceeds at a faster rate
than regeneration. To retain more pigments, reduction of destruction rate,
for example, by using a stabilizer is one method, and acceleration of
regeneration may be another method. Figure 1 shows the repeated
destruction and regeneration of red pigments in solution. Each additive was
added once prior to lst heating. A control solution upon repeated heating
lost red pigments consecutively with no apparent regeneration, while in the
presence of ascorbic acid, red pigments were lost upcon heating but
regenerated during the storage. If the pigment solution was allowed to be

regenerated after each heating, addition of ascorbic acid retained initial



Table 20. Regeneration of destroyed red beet pigments in the presence of

food additives at pH 3.8 and 6.2 after destruction to two levels

% red pigment retention after regeneration®
Food additives® 15.0 % remained 65.2 % remained after heating
(40 mM each) at pH 3.8 at pH 6.2 at pH 3.8 at pH 6.2

Control 39.6 20.4 85.4 65.0
Ascorbic acid 457 25.6 98.3 66.5
Isoascorbic acid 45.7 272 98.3 68.4
Acetic acid - 35.9 234 88.4 67.2

Citric acid 40.5 305 85.2 66.9
Lactic acid 39.6 26.7 86.0 67.6

Gallic acid 40.0 31.2 85.2 71.2
Propyl gallate 32.8 21.6 835 61.8
Gluconic acid 41.7 34.1 86.6 81.7
Metaphosphoric acid 434 35 §2.6 75.4
Phosphoric acid 40.0 324 283.3 66.6
EDTA disodium salt 37.1 22.9 88.1 64.9

2 based on the absorbance at the absorption maximum, 535 nm for
betacyanines.

® they were added after heating.



concentration of pigments even after 5 times repeated heating for each 3
min. When isoascorbic acid was added, destruction and regeneration- line
was nearly superimposed with that of ascorbic acid (data not shown to
refrain complexity). Though smaller than the two antioxidants,
metaphosphoric acid and gallic acid alsc contributed to more retention of the
red pigments. It is expected that addition of ascorbic acid, isoascorbic acid,
gallic acid, and metaphosphotic acid will retain more pigments during during
nrocessing and storage by acting not only as a stabilizer but also as a
regeneration aid for the red beet pigments.

In conclusion, the addition of some food additives tc the red beet juice
increased maximum regeneration of destroyed red pigments. It will
contribute to the high retention of natural red pigments in real foods. The
regeneration power of the additives varied depending on the pH of the
soluticns. For example, at pH 3.8 ascorbic acid and isocascorbic acid among
the additives tested was the best choice for the highest regeneration, while
at pH 6.2 metaphosphoric acid and gluconic acid was the best choice.
According to the purpose of the previously used additives in foods on
current market, displacement of them with the other antioxidant, acid, and
sequestrant which can aid the regeneration of red beet pigments, if possible,
has to be considered to retain more red pigments in foods during processing

and storage.
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7 % # OB B8 2 & &= |
DESCRIPTION STANDARD [UNIT |Q'TY [UNIT PRICE [TOTAL PRICE

1. M8 CONVEYOR/ZHOH | 600WX5,000L | & 2 4.000,000| 8,000,000
2. 2MF MAD| 500KGHR | Ui 1 7,000,000
3 AR MAD 500KGHR | U 1 6,000,000
4. A Z D 500KG/HR | UH 1 6,500,000
5 MR B 500KGHR | U i 7,000,000
6. /427! 1,000KG/HR | Uk i 40,000,000
1.1/ BB 500KG/HR | O 2 | 22,000,000 | 44,000,000
8. 27 HEJI cH 1 20,000,000
5. &Y HOPPER/FPUMP &= i 2,500,000
10. BASKET FILTER 1,000KG/HR | t 1 1,000,000
1 8#HE H2 Ma TANK 4,000L O 1 30,000,000
12. ¥ 2 COOKING TANK 4,000 o 1 13,000,000
13. # 2 0lS PUMP 10,000L/HR | U 2 4,200,000
14, PLATE HEATER 10,000L/HR | A 1 17,000,000
15. MICRO FALTER(10 &) 10,000L/HR | O 1 5,000,000
16. BLENDING TANK 10,0000 5 2 ] 19,000,000 38,000,000
17. ¥ 5 0ls PUMP 3000LHR | U 1 1,500,000
18. BALANCE TANK o 1 1,500,600
19. FEED PUMP o 1 1,500,000
20. HT.S.T. PASTEURIZER A 1 30,600,000
21, CAN FILLER o i 65,000,000




2 & MR (g (M2 (B W | & =
DESCRPTION STANDARD [UNIT [Q'TY |UNIT PRICE |TOTAL PRICE
22. CAN SEAVER 300CPM | O | 1 55,000,000
23. TUNNEL PASTEURIZER 300CPM | W | 1 90,000,000
24. PRODUCT CONVEYOR 300CPM | A |1 15,000,000
25. MANUAL PACKING MACHINE|  300CPM | T | 1 18,000,000
26. CLP. INIT 1500LX3 |4 | 1 20,000,000
27. CIP. SUPPLY PUMP 10000L/HR | T | 1 2,100,000
28, CIP. RETURN PUMP 10000L/HR | TH | 1 2,500,000
29. STEAM BOILER ITOVHR | & | 1 16,000,000
30. AR COMPRESSOR 5HP oo 1,200,000
31. SANITARY PIPING/VALVES AL 50,000,000
32, UTILITY PIPING/VALVES SR 20,000,000
* wana s mon 4 2500000
& 663,500,000
- 29 LAY | 10,000,000
- ENGINEERING AT 5,000,000
- TEST RUN A 5,000,000
A 683,500,000
SR % |15 102,525,000
g A 786,025,000
HED 1R MY BINM Y SHAM HIBS TAHX YUS.
2) SANTARY/UTILITY PIPING 8122 #% LAYOUTH U2t Y% 813 8 & US
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