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I. Title
Development of natural calcium for epochal extension of food preservation & circulation

II. Purpose and Necessities

High activated calcium(HAC), which is produced from natural sources like
sea shell, is very efficient solution for securing food safety with its convenience
and mass production. HAC has potential for antimicrobial activity and can
improve extraction yield of food material and also can control gas formation in
some food systems. To develop BZ2B items with HAC, scientific evidence for

specific case study is needed through verifying claimed efficacy of HAC.

M. Content and Scope

- Problem solution on HAC manufacturing

- Development of new natural resources of HAC which has similar quality
with HAC from sea shell

- Antimicrobial activity against food born pathogen

- Improving the shelf life of tofu, noodles, and fish cake products with HAC

- Improving extractability of onion, fruit juice and green tea with HAC

The effect of HAC treatment on the shelf life of fresh fruits and vegetables,
especially on gas control

— Economical efficacy of HAC on Food

IV. Results

Issue 1: The development of a HAC product, made with the natural
ingredient (that does not contain any chemical additives) Shellfish,
enhances anti—bacterial-growth, increased extraction rate, and reduction of

gas production in food items.

1. Conditions for HAC Developing : Given the numerous resources of natural
raw materials available, shellfish has been proven to be the most cost effective

in the following condition— when heated for 11.5 hours in temperatures above



1,420°C, our target goal of 99.4% or more pure calcium oxide production is met.

2. Measuring Factors of HAC : Under above conditions, electrolysis for 40
minutes in 117,000Volt resulted in conductivity rates of 7400 ps/cmand above,
12.7and above in pH values (lg/Liter), -600mv in ORP, and 98% in compared

transference number with insertion of raw material

3. Safety : All products that we are currently developing are thoroughly tested

to ensure its safeness

4. Comparison between HAC and other Chemical compounds : According to
the comparative analysis on additives or cleansing with previous processing
methods of chemical materials, the former showed superior results. While in
terms of expenses, the processing of effective natural doses may be similar or
slightly more costly than the previous model, with the increased mistrust of
chemical additives in food products by the consumer market, natural raw
material, such as HAC has promising hopes to rise as one of the most

competitive product than any other developing products of its kind.

Issue 2: The effects of high activated calcium (HAC) on improving the
shelf life of tofu, noodles, and fish cake products

1. The effect of high activated calcium oxide on microbial growth
According to an investigation on the anti-bacterial effects of high activated
calcium oxide on pathogenic microorganisms, the results showed that the strain
with the highest anti-bacterial activity was B. subtilis, and no microbial growth
was detected at 0.1% high activated calcium oxide. In the case of B. cereus, S.
typhimurium, and FE. coli O157:H7, after 12 hours of cultivation, each strain
continued to grow gradually as high activated calcium oxide was increased, but
no obvious growth inhibition effects were found. S. aureus was reduced by 1
log cycle; B. subtilis, by 3 log cycles; and L. monocytogenes showed the
highest reduction of anti—bacterial activity by 6 log cycles. The anti—bacterial



effect of high activated calcium oxide on FE. coli showed a reduction effect of
more than 8 log CFU/g, which confirmed the anti—bacterial effects. However, S.
aureus was reduced by 3.71-4.10 log CFU/g, so the effect of high activated

calcium oxide as a surface sanitizer was minimal.

2. The influence of an HAC addition on the storage stabilty of foods
(noodles, tofu, fish cake)

After adding high activated calcium (HAC) to uncooked noodles, tofu, and
fish cakes, the change of product characteristics was observed during storage. In
the case of noodles, with the addition of 0.196 HAC, the structure of noodles did
not show any significant change compared to that of the control group. With
the addition of 0.196 HAC and 5% alcohol, the storage stability of noodles was
improved, and their sensory characteristics were excellent. In the case of tofu
after adding HAC, when tofu was soaked in water, the hardness, springiness,
gumminess, and chewiness of tofu decreased as more HAC was added. In the
case of tofu, which was treated by HAC and soaked in water, the growth of
microorganisms was controlled for nine days under the refrigeration condition of
10°C. However, in terms of sensory characteristics, as more HAC was added,
the color, taste, and overall desirability were decreased. In the case of fish
cakes, when fish cakes were produced after adding HAC, the rancidity of the
fish cakes was stable during storage, and both general bacteria and coliform
bacteria were not detected, so the storage of the fish cakes was safe for 18
days in terms of microorganisms. As more high activated calcium oxide was
added, the storage stability of fish cakes was improved, and the growth of
microorganisms was decreased, but the sensory characteristics were greatly
decreased, so adding 0.05% high activated calcium oxide seemed to be the most

appropriate thing.

Issue 3: The effect of high activated calcium (HAC) on the extractability
of food

1. Optimal extraction conditions of onion when HAC is added

To select the most optimal extraction condition for onion extract, the

_10_



anti—oxidant characteristics of onion juice, were monitored according to the
Central Composite Design (CCD). Regarding the obtained onion extract, a
regression analysis of the response surface was conducted by using the results
of the yield, the total polyphenols, the total antioxidative activity, the radical
scavenging activity, and the quercetin content as dependent variables. The
coefficient of the determination (R2) of the regression equation for dependent
variables were: 0.9079, 0.9337, 0.9296, 0.4415, and 0.2030, respectively. The most
optimal extraction conditions for onion extract were: 2553ppm  of HAC
concentration (X1); and 300 min of extraction time (X2). As a result, the
predicted yield was 7.12%96; the total polyphenol content was 40.40 mg gallic acid
equiv./100g extract; the total antioxidative activity was 110.69 mM AEAC/100g

extract; and the satisfaction level was 0.987.

2. Optimal extraction conditions of grape when HAC is added

To select the most optimal extraction conditions for grape juice, the
antioxidative characteristics of grape juice, were monitored according to the
Central Composite Design (CCD). Regarding the obtained grape extract, a
regression analysis of the response surface was conducted by using the results
of the vield, the total polyphenols, the total flavonoids, the total antioxidative
activity, the electron donation ability, and the trans-resveratrol content as
dependent variables. After setting a target value maximum, the most optimal
conditions for grape extract were: 69.5ppm of HAC concentration (X1); and 215
min of extraction time (X2). As a result, the predicted yield was 16.38%; the
total polyphenol content was 3.32 mg gallic acid equiv./g grape juice; the total
flavonoid was 890.27 pg catechin equiv./g of grape juice; the total antioxidative
activity was 10.99 mM AEAC/g grape juice; the electron donating ability was
499 mM AEAC/g grape juice; and the satisfaction level was 0.959.

3. Optimal extraction conditions of green tea when HAC is added

To select the most optimal extraction conditions for green tea, the
antioxidative characteristics of green tea, were monitored according to the
Central Composite Design (CCD). Regarding the obtained green tea extract, a

regression analysis of the response surface was conducted by using the results

_11_



of the vield, the total polyphenol, the total flavonoids, the total antioxidative
activity, the electron donation ahility, and the major catechin compounds (gallic
acid, catechin, EGCG, and epicatechin) as dependent variables. After setting a
target value maximum, the most optimal conditions for green tea extract were:
14.5 ppm of HAC concentration (X1); and 30 min of extraction time (X2). As a
result, the predicted yield was 1.30%; the total polyphenol content was 2.28 mg
gallic acid equiv./g extract; the total flavonoid was 690.81 ng catechin equiv./g
extract; the total anti-oxidant ability was 18.36 mM AEAC/g extract; and the
electron donation ability was 834 mM AEAC/g extract. Among the major
catechin of green tea, gallic acid was 137.02 upg/g extract; catechin was 147.21 n
g/g extract; EGCG was 636.82 ng/g extract; epicatechin was 233.82 ug/g

extract; and the satisfaction level was 0.997.

Issue 4: The effect of HAC treatment on the shelf life of fresh fruits and

vegetables

1. The effect of HAC treatment on the shelf life of sweet potatoes

To investigate the effect of HAC treatment on the storage stability of sweet
potatoes with NaOH treatment, the CaOHz treatment group, no treatment group,
the distilled water treatment group, and three HAC concentration groups (0.06%,
0.1296, 0.18%), the physicochemical characteristics of sweet potatoes during
storage at 10C and 25C after soaking treatments for one minute. In terms of
sensory characteristics, the HAC-treated group showed better characteristics
when compared to those of other treatment groups, but the effect of various

HAC concentration levels on the control of decaying fungi was minimal

2. The effect of HAC treatment on the shelf life of lettuce, potatoes,
apples, and onions

After HAC treatment and storing lettuce at 10T, in terms of the change of
oxygen level, carbon dioxide and ethylene concentration levels, the change of
carbon dioxide in the 2% HAC treatment group was smallest for up to 30
hours, and the ethylene concentration level of the 2% HAC treatment group was

lowest, as well. The effect of HAC treatment on the control of microorganisms
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was not discovered. During the storage of onions, the treatment of more than
196 of HAC was found to be most effective in controlling bacteria.

After HAC treatment, while storing apples at 20T, among the changes in
the oxygen, carbon dioxide, and ethylene concentration of apples, which were
treated with 2% HAC, an increase of carbon dioxide was the smallest. In terms
of the change in ethylene concentration, all treatment groups showed a drastic
increase after storage for 70 hours. In addition, after HAC treatment, there was
no microorganism control effect. After HAC treatment, while storing potatoes at
20C, the changes in the oxygen, carbon dioxide, and ethylene concentration of
potatoes, which were treated with 1.5% HAC, were smallest. No microorganism

control effects were found.

3. An investigation of the qualitative characteristics of Gochujang
(fermented red pepper paste) during storage after HAC treatment

After HAC treatment, in terms of the pH of Gochujang, the pH of the
group that was treated with more than 1% HAC was 9-11, which was much
higher than those of other treatment groups (pH 4-5). The pH level was
gradually decreased depending on the storage period. In terms of the content of
amino—type nitrogen, all treatment groups, except for the 2% HAC treatment
group, showed a gradual decrease depending on the length of the storage period.
All treatment groups showed an increase in the total number of bacteria and
veast, depending on the length of the storage period, but the HAC mixture
treatment group showed a decrease in the number of yeast and fungi. The
Gochujang treated with more than 196 HAC did not produce gas during storage.
This result implies that HAC has the effect of controlling the growth of yeast
and fungi. Accordingly, the effect of HAC on controlling the growth of
microorganisms in Gochujang, particularly on fungi and film vyeast, was
monitored. The result showed that more than a 1.2%6 HAC treatment had the
effect of controlling the growth of microorganisms, particularly fungi and
salt-tolerant yeast, which generates gas during the distribution of Gochujang

products.

_13_



V. Outcome and Future Applications

From the outcomes of this study, data concerning the presevative effect and
extraction properties of active calcium have been obtained, and one paper on this topic
has been published while others have been submitted for publication. All the
technologies developed in this study have been planned for active use in the production

and distribution of developed products through technology adaptation.
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(Sawai J, Shiga H, Kojima H. Kinetic analysis of the bactericidal action of
heated scallop—shell powder. International Journal of Food Microbiology 71:
211-218(2001))

- o] Qo% Petersond Scarrah (1984)+ AFstZd#-> KOHETUT tfF7] il 9o
o FeEddst v F8Ae Wasa o AVIRR ofgd g = =vd &
mA & Sy H3dta vk (Peterson GR, Scarrah WP. Rapeseed oil
transesterfication by heterogeneous catalysis. Journal of American Oil Chemistry

Society 61: 1593-1597(1984))

o AT S EE FdEds JEhdY, 3dEA A= FAska dvka
et (Sawal 5, 1995 Sawai, 2003). (Sawai J., Quantitative evaluation of
antibacterial activities of metallic oxide powders (ZnO, MgO and CaO) by
conductimetric assay. Journal of Microhiological Methods 54: 177-182 (2003))

- A F7A Abstdgre] @ Ade] Wl BaEolR #FE  Escherichia coli,
Staphylococcus aureus, Salmonella typhimurium, Bacillus subtlis o] &5 %
FHolZ2=  Saccharomyces cerevisiae, Candida albicans, Aspergillus niger,
Rhizopus stolonifer &°|tl. o9 w7l Eo &ze] Aeje sHdid =7}
of 7]¢l&= Aow WIEI vl (Sawai J, Shiga H, Kojima H. Kinetic
analysis of death of bacteria in CaO powder slurry. International Biodeterioration
& Biodegradation. 47: 23-26(2001); Sawai J, Igarashi H, Hashimoto A, Kokugan
T, Shimizu M. Effect of ceramic powder slurry on spores of Bacillus subtilis.
Journal of Chemical Engineering of Japan. 28:556-561 (1995 b); Sawai ],
Yoshikawa 7T. Quantitative evaluation of antifungal activity of metallic oxide

powder (MgO, CaO and ZnO) by an indirect conductimetric assay. Journal of
Applied Microbiology. 96: 803-809 (2004))
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1,250C 90 92 94 9
1,300 94 9 9% 97
1,350C 96 97 98 98

1,400 97 98 990 990]
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64 7F 8A| 7k 10X] 7F 124 7¢
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1,200°C 80 82 34 85
1,250°C 88 89 92 94
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1,350°C 94 95 96 95
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1,450°C 95 98 99.2 9.0
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(BArzhg) o] ol WoldS & & UU+F
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x AT B 304 HAEH 115AE Vseg 4%
* 4R AAA R FeA (7 Gt o ubh, SR EAD (47 Sual ASEE) (FlE of
gz Celticrtd] sixZg) Kt mdA=L s/ Z2F)
7t dEdE A= nael gl wob o3, WA AgE A afel FeUsl vl 1000Co]
A AAEYE W S5 @l i, Az AAE e A9 1,400TCo] el A o358 = AgksteE A
o 2
* b Q859 Ife us 1HEE, AAdNgZAEY ¢RE TodA BEEo] v HEHY ddatsz
F 22 9 gSd9 g75E JEstua & W, AU EE AHEEHE Aol MY AAve AddFE
=Z3
2. dAdE A5 i X
[ 6 7ZF 279 HALS A Fo] v uwgs A
e Aads g £5 AL pH TH
(%) (Conductivity, us/cm) | (lg/Liters& <) (%)
800C 70 500 11.0 55
900C 72 830 11.3 61
1,000C 82 1,540 11.7 72
1,100C 84 2,870 12.0 i)
1,200C 93 4,750 12.2 85
1,300C 95 5,970 12.3 91
1,350C 97 6,650 125 94
1,400C 990] /¢ 7,200 12.7 98
1,450C 990] /¢ 7,380 12.7 98
* 800C o] ol Al A4S Al ge] gale], 117,000Volte] A7|Z A7 &3] AH =3
* oA UeElE vle 2ol 1400TC 1450 Call A 115478 A5kl A" dArsdEe] 988
Eo galgg e A7t g w219
O 4% A7ZoAe 22 U o= iy A7|ZeA Az
AArsZd RS 117,000Volte] Aoz A7 st A em/pH/BitrE
e 33 A Hot A gho|r)
O &2 A998 FAHFdA] ojdAozZ Axd & 9= Adaslzdsgo oy
v &le] g dAssdgo] A xS = v ot (83t AY A bl A4 E o
w7l s 2l s AL 4))
[3 70 ZF 279 &4 gy XA}
e AAr ez o HEE pH TE
TE(%) (Conductivity, ps/cm) | (lg/Liters8<) (%)
1,300C 92 6,500 12.1 90
1,350C 95 7,150 12.3 93
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1,400°C 96 7,200 12.5 97
1,420°C 99.4 7,400 12.70]% 98
1,450°C 99.2 7,380 12.70] % 97
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I A g8t A8k Fo shtolt
[E 8 A0d BANsAE ARF ] 1E §o5]
Addabda o ©x(%) 838l = (mg/s== 1Liter)

9.7 800

97.6 940

98.5 1,030

99.4 1,230
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-219
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689
890

pH | CD(AEE)
12.08 | 4.48 mS/cm
1222 | 587 mS/cm
12.82 1740 mS/cm
1178 [1.21 mS/cm
1085 [266.2 us'cm
1073 |1 147.6 ps/em
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500 ) 945 | 187 us/cm 1,487 QoS 500 s 34
1000 <8 852 | 125 us/cm 1,765 Qele 10008 2 3] A
A % 700 | 55 us/cm 2,420 ROAZ7| A Azd =
s DB FAAE S0 el Fo o ut g edabe] ure] pABIAE Fps] g
AANE DI BE Hol7} 9
(9 2o B go A B = wre] U] oy A E(Abe o g)E =)
[ 11 HAAsdEa) d& dAA 7pgndsa T3k mE pll/AE®
v A g |
! AA pH 712
AT 3.05us
QB AAZ4E A Axs g
(AArat b5 (A Ar3s L5
98.5% 9] 4} 99.0% ] 4H)
] ] pH 1161 1271
2 | AAxE T F g/ AAFL
st g/ A1 AEZ%E (ms/cm) 2.65 8.24
] ) pH 11.98 12.82
3 | A7 4520/ A A AL
sEz/ AL e 5.8 952
] ] oH 12.11 12.83
4 | AAa 253/ A A AL
SEES/ABAAL T e 7.88 978
] ] pH 12.15 12.84
5 | A D Ede/ A A AL
R AL (ms/em) 876 10,08
(2% 47
1 pH: 27]% 2 Fpol7} A @gtor}, A7 o] e S3l= o= <lg pHat Aol7h B
2. A& e g Tl wle Ao} Wol yuh, HUpe] S EFH Agolrt 4
[ 12: AANsd g foe] &5d pHW S
- Ay AN aE S SEg SeuA pHEA
No <5 (T) pH %k
1 20 12.8
9 30 12.7
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4 50 119
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6 7 116
« A7 ATk L7} A4shd pHR e 347%
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A 2 A AAqsdwHAC)Y] F4, Ui, A5AF +F§
71% Sd 23

oA eo Algd HAXsA4(HAC, High activated calcium) ol & nlo] o €l

HAse e st AdS 93] Listeria monocytogenes KCTC 3569,
Staphylococcus aureus KCTC 1621, E%oA £ 3+ Bacillus subtilis, Bacillus
cereus KCTC 10139 Gram 9At 453 Salmonella typhimurium KCTC 2514,
Escherichia coli O157:H7 ATCC 438959 Gram =747 2&& AM&sAth wx] &
BHIA(Brain Heart Infusion Agar, Difco Laboratories, Detroit, MI, USA)$}t
TSA(Tryptic Soy Agar, Difco Laboratories, Detroit, MI, USA)& Al-83}% v 7}

e HA A 2 Aol wjekd & APl AREsHTH(Table 1).

Table 1. The growth conditions of various strains

Strains Media Temp.(TC)
Gram(+) Listeria monocytogene KCTC 3569 BHIA 37C
Staphylococcus aureus KCTC 1621 TSA 37T
Bacillus subtilis TSA 30T
Bacillus cereus KCTC 1013 TSA 30T
Gram(-) Salmonella typhimurium KCTC 2514 TSA 37C
Escherchia coli O157:H7 ATCC 43895 TSA 37T

sk 0.05, 0.1, 0.15, 0.2% #71s TSAS} BHIAG &AL 5o A
FE5 HE3o] 2 37T 30T 7227 wiEste] colony A3

& #EER oY colony’t AEHA B sRE HAALAAFE=MICOZ 33T

20

2

2

ot

s
ST}
QL'

o,
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< 0, 0.05, 0.1, 0.15, 0.29% A7}3 TSB
FZ 10° CFU/mL ¥ 10° CFU/mL Y
T2 HEste] AT wikzAo A 24xzF vjksbA A 1247F 1tA R A

§E4 W7 AOAC) AFWHen 25 Agede

AH-g Az Y AWHE F8H 155 D7FF(CJ, Seoul, Korea)9t 2 (A
A, 2FAS AlFolA FYste]l ARSI FAAEYE daE T 95%%
Ul & F 3 (Korea Ethanol Supplies Company, Seoul, Korea)S AF&3tivh A
Table 29} 22 vlFv] &= Axste] WFe & Hk=g v wo] Hof Fo]A 1
AZE St SAAAY. gAdE HEES AW7](YWS74AS, YAMATO Mfg. Co.
LTD., Kagawa, Japan)& A}F-&3}o] 679l E281& S33AAH o 3 mm 772 ¥
HE AL 77 3 mme] WIS #ol A EE AMESATE Axd AW 80
g @9E PPAAY tray(11x14x5 cm)ol Ho} NY/PE Y%A 2o} heat sealing
gte] 10T &5l A A sl

Table 2. Formula for the manufacturing of noodles containing HAC

Treatments wheat HAC(g) fermented salt(g) water(mL)
flour(g) alcohol(mL)
Control 2,000 - - 80 800
Alcohol 5% 2,000 - 40 80 800
HAC 0.1%, Alcohol 5% 2,000 2.8 40 80 800
HAC 0.2%, Alcohol 5% 2,000 56 40 80 800
HAC 0.2% 2,000 56 - 80 800

() 759 Ax 9 A%
9x10x5 cm®] Z7]e] A3 A 39 FHE 13x17x5 cm®| plastic tray£7]el 2
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I S5, 0.05% AALEdE 89, 0.1% AAqeds 8, 0.15% HdAqre
& £H4S HAAFEZ ANY PE filmO 2 heat sealingdle] 10ColA 9L 7 A &3
T}

(th 01%1‘4 Az 2 A%
5o XA 90%, A8 8%, A 2%9] fish pasted] A rsdwE-S 0.05,
0.10, 0.15%7] 5| == drlste] Eatatm oF 80 g& Hato] 2ol
2 Ag3to 160C e 7|54 12 45x3F HA Axs A
FAfoll Hof heat sealingdte] 10T EoA A3} T

=

Ao

(@) AEWF, TF, o)B)e] APzt BE FAEA
_]

A gl oE AEE 10 gg dd A ds 90 mLel &3 E43 £ filter
3l o o} o] pHE pH meter(720 A, Orion Research Inc., Boston, MA, USA)E o] &
to] =A3A Y. F5 JAF9 pHE pH meter (720 A, Orion Research Inc.,
Boston, MA, USA)E o] &3lo] A3 75 JAAF "HEe AA e ot
A (Whatman paper No.2)& ©]&3}o] of#sle] UV  spectrophotometer (DU650
spectrophotometer, Beckman, Fullerton, CA, USA)= 600 nmol 4] =439t}

A T 9 ool ¥HMAEE XA (Color QUEST 1, Hunter Associates
Laboratory Inc., Cambridge, MA, USA)E o|£3}o] (L, lightness), &A% (a,
redness/greenness), 34 %(b, vellowness/blueness)= YERU AT} o] of E5& 94
o] L, a, bgk2 100, 0, 0 o] it}

(th 244 %4

10

Texturev texture analyzer(TA.XTplus, Stable Micro Systems Ltd., England)
2 A (hardness), &7 7d(cohesiveness),  F-Z/d(adhesiveness),  E4
(springiness), 773 (gumminess), ¥ 34 (chewiness), -4 74 (brittleness)& 53]
At Hygoz Yetdisvh AW 383 x2gsta Wzhsk xejde] shrty
platform?] &# %2 & A4 2 cme 93 probeE ALE3 ZAH3AY. FHE=
TATE AT A7|(15x1.5x15 cm)E Awste AT ol H 1 cmd] F7
2 Ze platformd] 8% & 474 2 cm9 93 probeE AME3] F43H9

=

|
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th =4 X712 test type; mastication, table speed; 60 mm/min, adaptor type; 20

mm circle 2.2 setting 3} %1 .

Lk

Al F5 8 o5 AR 2 g3 et A2 d70.85% NaCl, w/v)
90 mLE A7} € Forae] Wy} o] Fr-S- stomacher(400 Circulator,
Seward Ltd., West Sussex, England)& AF&3}o 230-260 rpmo.Z 18#-1% 30%
o gAsste] oAAAE BT dg vAE APS ST APRor ARG
Al@det 1 mLE 100 @AZ AAsA g 4ste] 57|14 AwFE plate count
agar(Difco Laboratories, Detroit, MI, USA) x| Ztzke] 34 100 uLE HE
3}l 37Coll A 243 wisle] A colonyE AlFsch 22 HHow g wel
3ol = YM agar(Difco Laboratories, Detroit, MI, USA)Z 25Tl A 275<7F 1)

= A 5 T

o

=

-

& 247 10

3t £ FAE colonyE AlF3ATE 9| AE = log CFU(colony forming unit)/g
2 eIt

(vh) A9 At A

ol%9 TBAZl= Witte 5(2)9 Wl wah FAsHH AE 10 gol 20%
trichloroacetic acid(in 2 M phosphoric acid) 25 mLE 7}3}%] homogenizer(T25
basic Ultra-turrax homogenizer, IKA Werke Gmbh & Co. KG, Staufen, Germany)
& o]&3slo] 14000 rpmelA]l 583 wAsE 3 FRFE et 50 mLE A §3h
U5 Whatman No. 1 o3& o]&3le] ofelqivt. off 5 mLel 5 mM
2-thiobarbituric acid(TBA) &< 5 mLE 7}ste] &3 & raelA 1543k %] g
oS, 2343 A(DUBS0 spectrophotometer, Beckman, Fulletron, CA, USA)E o] &
gko] 530 nmel A FHF=E SAHSATH
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FHHTH), BEelthGr), 89@33), W sv1x))ez Hrskae
AeteH9A)), Zatvh@3), B Aseh(7A), kb Asek6d), 7&6 =9
rHGH), ofzt ofstvtdd), e ofstuR(EH), ok ofsuh(2x), e glvd
el 97 scale® o2 WrlEt vl B AAIL YL 108 Autsle] EHEelon
B e efFE ARy s AR oAM= Fa R Asklt

& 5
ol
PH
it
o

b N

(3) A 4

A7 o] EAAEE SAS program(SAS Institute Inc., Cary, NC, USA)& o] &
313tk ANOVA #HA T Duncan’s multiple range test W& o] &3Fo] 239
Bt gk ol feolaEE p<0.05ollA oA s AR AT

b Azt vAE S A& A
o HaAdAA v =

AAAstZdaE 005 0.1, 015, 0.2%9] sz = &sjAA 72 v Hd

B mlAE digh g a s FASEe Table 39 YeERSAT 2
Yol A AHEHE HALSH AL 02% o9 sk s &aldo] sropA 3ol A
£33 F glonz 005-02%7H4 FEE A 0} 1t} L. monocytogenes, S. aureus,
B. subtilis, B. cereus, S. typhimurium 2 E. coli O157:H79] oF 5 Hditsz
79 garddol 71 AA YEld w#FE B osubtilis2 AA4SE0.1%9] &
o Al M-S Holx &t} L. monocytogenesi= 0.2%9 vx HTlH w]x o)A A
Aol YetYR ¥kty. S, aureus, B. cereus, S. typhimurium, E. coli O157H7-<-
AN 470.2%9] sl M= o] Aol dFHY HAMs Lol e A
A FE3t= Aoz eyt

Table 3. Minimum inhibitory concentration of HAC against various pathogens

drﬂi

concentration of HAC(%)

strains

0.05 0.1 0.15 0.2
Listeria monocytogenes KCTC 3569 + + + -2
Staphylococcus aureus KCTC 1621 + + + +
Bacillus subtilis + - - -
Bacillus cereus KCTC 1013 + + + +
Salmonella typhimurium KCTC 2514 + + + +
Escherchia coli O157:H7 ATCC 43895 + + + +

growth 'no growth
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HAAABF 0] L. monocytogenes, S. aureus, B. subtilis, B. cereus, S.
typhimurium, E. coli O157:H7° sl g 3sE oy iz 2 #5F5 0-0.2%9
AAxsidgre] e wRle 27#5E 10° CFU/MmL7F ©5% JEd 5 124
AR mAEY ASFFolE AESUHTable 4). L A3 S, aureus, B.
cereus, S. typhimurium, E. coli O157TH7S A A 440.2%2 FEoldm thx
ToF FARSE ARE UEdY A As EdE WolA skt Xd@ﬁ?}% 0.2%
A7l A L monocytogeness ¥J1%¥ 24X17F 3 474+0.03 log No. CFU/mLo. &
=T vl °F 5 log cycle®] #4 35 B3 B subtilis °F 1 log cycle?]

& Mol o] o telA = T4 A EAUF de Ao E Uy
7y #Fe Z7)HSFE WFo]l 10° CFU/mL7E H5% HEd 5 HAxsdy

2 T wiE el A wfeket 12A41%F 1HA SR wAEe AHFolE w3
391t (Table 5). B. cereus, S. typhimurium, E. coli O157T:H7S #j<F 1247 &
AAqszd o] HArbgo]l &5 4 o759 AHo] A8 Ao sjF 24
A Fols WETek & AolE BolX o Fslgh F4 A EATE YERLA
ottt S aureust™ 1 log cycle, B. subtilis= 3 log cycle?] A& 3E HSaL

i=e)
L. monocytogenes®| &A= 6 log cycle?d] 713 28 A eI

O

Table 4. Growth of various pathogens(initial population = 10° CFU/mL) containing
various concentrations of HAC

(log No. CFU/mL)

concentration of Incubation time (hr)

strais HAC (%) 0 12 24
0 5.32+0.01" 8.48+0.11 9.39+0.05
Listeria 0.05 5.36+0.01 8.62+0.20 9.49+0.02
monocytogene 0.1 5.34+0.02 7.74+0.11 9.37+0.01
KCTC 3569 0.15 5.48+0.01 6.94+0.07 9.43+0.02
0.2 5.17+0.22 4.95+0.32 4.74+0.03
0 5.00+0.01 8.50+0.17 9.32+0.07
Staphylococcus 0.05 5.08+0.01 8.70+0.08 9.30+0.09
aureus 0.1 5.00+0.08 8.38+0.01 9.12+0.03
KCTC 1621 0.15 5.18+0.04 7.31+0.44 8.99+0.09
0.2 4.87+0.03 7.17+0.24 9.17+0.05
0 5.24+0.18 7.06+0.10 7.52+0.06

Bacillus subtilis

0.05 5.44+0.03 6.81+0.08 7.25+0.07
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0.1 0.42+0.05 6.69+0.09 6.92+0.08

0.15 5.29+0.23 6.63+0.06 6.68+0.07
0.2 5.48+0.01 6.45+0.01 6.52+0.12
0 5.04+0.03 8.05+0.05 7.04+0.11
. 0.05 5.09+0.01 8.21+0.03 8.06+0.09

Bacillus cereus
0.1 5.11+0.05 8.14+0.02 8.01+0.09

KCTC 1013

0.15 5.17+0.12 8.04+0.05 7.88+0.06
0.2 5.08+0.01 7.66+0.08 7.7920.03
0 5.04+0.06 8.74+0.01 9.06+0.02
Salmonella 0.05 4.93+0.04 8.91+0.01 9.15+0.01
typhimurium 0.1 4.91+0.19 8.74+0.26 9.14+0.01
KCTC 2514 0.15 4.98+0.03 8.99+0.01 9.09£0.03
0.2 5.02+0.03 8.80+0.03 8.91+0.21
0 5.33+0.04 9.08+0.07 9.01+£0.05
Escherchia coli 0.05 5.11+0.05 9.15+0.01 9.09+0.12
O157:H7 0.1 5.21+0.07 9.11+0.09 9.18+0.07
ATCC 4389% 0.15 5.17+0.07 8.72+0.24 9.01+0.07
0.2 5.18+0.06 8.93+0.06 9.01+£0.04

UValues represent the meantSD of three replications

Table 5. Growth of various pathogens(initial population = 10°CFU/mL) containing
various concentrations of HAC

(log No. CFU/mL)

. concentration of Incubation time (hr)
strains
HAC (%) 0 12 24

0 2.44+0.03" 6.45+0.05 9.562+0.08
Listeria 0.05 2.35+0.01 6.11+0.01 8.10+0.14
monocytogene 0.1 2.51+0.09 4.10+0.02 6.71+0.05
KCTC 3569 0.15 2.32+0.06 3.84+0.07 6.43+0.06
0.2 2.41+£0.04 3.03+0.01 3.81+0.07
0 1.74+0.06 5.85+0.01 9.14+0.04
Staphylococcus 0.05 1.60=0.01 5.92+0.11 9.14+0.01
aureus 0.1 1.89+0.16 5.39+0.04 9.12+0.06
KCTC 1621 0.15 1.78+0.01 4.52+0.45 8.94+0.20
0.2 1.89+0.41 3.57+0.11 8.09+0.24
0 2.00£0.06 4.99+0.13 6.33+0.14
. » 0.05 2.11+0.01 4.75+0.63 6.43+0.19

Bacillus subtilis
0.1 2.62+0.24 4.50+0.38 6.32+0.01
0.15 2.00+0.01 4.17+0.24 6.13+0.01
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0.2 2.22+0.06 3.24+0.28 3.14+0.14

0 2.18+0.14 6.95+0.05 8.17+0.08
. 0.05 2.10+0.14 6.94+0.05 8.24+0.06

Bacillus cereus
0.1 2.00+0.01 6.80+0.12 8.18+0.04

KCTC 1013

0.15 2.26+0.08 6.33+0.04 8.10+0.11
0.2 2.04+0.01 5.43+0.09 7.98+0.07
0 2.04+0.06 8.77+0.01 8.90+0.11
Salmonella 0.05 1.95+0.07 8.79+0.02 9.14+0.07
typhimurium 0.1 1.93+0.04 8.89+0.07 9.11+£0.04
KCTC 2514 0.15 1.95+0.01 9.00+0.05 9.06+0.01
0.2 2.06+0.08 8.80+0.05 8.91+£0.07
0 2.51+0.11 9.07+0.23 9.29+0.12
Escherchia coli 0.05 2.52+0.01 9.10+0.02 9.25+0.10
O157:H7 0.1 2.47+0.21 9.33+0.01 9.17+0.05
ATCC 4389% 0.15 2.43+0.01 9.21+0.09 9.15+0.03
0.2 2.46+0.15 8.88+0.07 8.98+0.03

UValues represent the meantSD of three replications

(3) Staphylococcus aureus®t Escherichia coli® 2t A=A A8 &3
AEHNEZFAANTAE S aureus® E. coli® 259 & v AE ek 5 log

o] At T IH99.999%)F 7HA setAlAl R grAEal dth vAE JAE S 4TS
= ks 98 01%9% 0.2%9] HAdstAg&Ho =z S aureus$t E. coli®] At
S HIhettH(Table 6). E. colits ¥H 299 AuMdo=z o A

&5 ] 4e1A
Ao EAVEHGL HRATL@Q). E colid]l @ AANange AFissd
H7t A3k 8 log CFU/g o9 AT HE Holn AaAZAe go] & Ao

fl

el 18y S qureusi 3.71-4.10 log CFU/g® #FAE&S Holw 2AE54
SR AT AZA Y] = T)H| 3T

Table 6. Efficacy of HAC with S. aureus and E. coli

Reduction (log CFU/g)

concentration
of HAC Staphylococcus aureus Escherichia coli ATCC 10536
ATCC 6538
0.1% 3.71+0.10" >8.00
0.2% 4.10£0.11 >8.00

UValues represent the meantSD of three replications
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o Aadksd e AT AF (A5, T, o) Al A= 9%
1) Aadst2a A7Pr Ade A0 vA= 9F
A

(7h AHel A% T pH W3}
#(HAC, high activated calcium)¥} A8 718l Azxd AW
A% % pHe ®gE SASAHFig. 1). 7] pHye dlx279 F4 A+ 59,
e 01% HE T 89, AAAsk s 0.2% AT+ 104, 1022 3
Arbstzgre] HUbgo]l S7MESFE pH7E =%ou A 7o)l Aoldas EE
Aol A pH7F A 4skeE ARE JEHY dixae A 249§ pHYEF 527
A )75 537HA ol Adsks s 0.1% H7be AR

798 Vet dAxsd s 02% AR pHIE AR 10€ A Z7kst oot
Ax} 7aste] A 429 F pH 912 74359t} ol= s a4 pHYt o)

A st gl Brh glvis Sawai S ()9 Baeh fARE Aoy FAHE A
belA kit Alsha gl 02% WA AWFL AR 29A 6 plh FA8 g
3l Ao

2 wol FAM AANHLEL dA AshE 0 AFAAAA o 2 7]
=

—¥*— control

—a—alcohol 3%

—a—HAC (.1%, alcohol 5%
—0—HAC0.2%, aleohol 3%

—a—HACD 2%

0 7 14 21 18 35 42

Storage period (days)

Fig. 1. Changes in pH of noodle added with HAC during storage at 10TC.
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AR B uekal, b E)2 HANSEE HUbo ¥ xkew ¢ 2
78 A AR 2w SUFelvh AdAbsbda e Hobel o3k ErbE ks
gl3l7) "7pRe] St Ade] Mol S Fo FAE YEE Ao
BojHth o]e} 22 A= Lee(d) 59 7EAE

2 4
Y7hgol ¥SFE LS Wb 3 b wobdE g fAHSHAT

Table 7. Hunter’s color values of noodle added with HAC

Color
L value a value b value
Control 74.72+0.71" -0.68+0.03 17.22£0.08
Alcohol 5% 75.32+0.48 -0.56£0.01 17.64£0.09
HAC 0.1%, Alcohol 5% 70.49+0.56 -1.8620.02 22.16£0.08
HAC 0.2%, Alcohol 5% 74.45+0.25 -1.36£0.02 25.18%0.11
HAC 0.2% 73.03£1.02 -1.62+0.01 23.4120.06

UValues represent the meantSD of three replications

dAisadaa A4S Hrbslo Axd AWE X283 3 texture analyzers
Abg3le] A S(hardness), H-#FA(adhesiveness), ©(springiness), &&A
(cohesiveness), 77 (gumminess), % 34l (chewiness)S& =A3}3tHTable 8). A%
= AAdEEaE 02% H7EE Ado] dixo 9 gE Aol vlste] {94 e
2 A dveuH 01%9 dArSHAES FJUre AW xT9 194 Aol&
HolA &t} ol WAZAERS WLF v R HUME Ae v Ax
E =t A9 AR B3-S HERHSITH6). AT W3S 0229 HAL
o] 744 =9km Z=Aul A7l Awo] b wrok

dadFI FAHS A HUrsk AW d skl 3 = RA
bR 9y, 2ade AQuRLEo} F4S Ae el gxruy
oFZF A yElst o AlETe oA Aol E Holxl ekt wekA] 0.1%<9 HdA
W WS AN 2ARS frTe A% fe)H Aok GErbA wro
o 2 9EEs vAA FEE AT F I

Table 8. Instrument textural profiles of noodle added with HAC

Hardness Adhesiveness  Springiness Cohesiveness  Gumminess Chewiness
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Control ~ 502.21+70.07"Y -3345+2242"  0.97+0.01" 0.70+0.04"  350.35+52.75° 340.48+51.40"

Alcohol 5% 35420453620  -1027+6.68°  0.99+0.02° 0.75+0.02°  264.92+4357% 261.69+40.05°

HAC 0.1%,
Alcohol 5%

479.83+9.78°  -19.32+15.15"  0.98+0.01" 0.75+0.02"  376.79+44.25° 368.26+42.35°

HAC 0.2%,
Alcohol 5%

08349+43.18% -28.16+12.89"  0.97+0.02" 0.76£0.01*  742.75+31.82° 723.10+29.77*

HAC 0.2%  847.07+70.13" -22.07+857®  0.97+0.02" 0.76+0.02°  640.28+47.33" 621.11+53.04°

UValues represent the meantSD of three replications

“Values with the same letter in the same column are not significantly
different(p<0.05)

d

(T AU AY F A E] W3}

Adstdwy FAE bt Axg AW AR F AvkAdgo WHEE
Fig. 201 YelNRAC) 21 F3de] o8 i AEe AEr4AL FHHAA AF
¢ AubAFESE7E 6.00 log CEU/g ol3t2 Aot thxt9 ditA s s
71e] 2.31 log CFU/gel Al A% 79 $ell= 6.96 log CFU/g7tA ZF7kste 7|4 &
7 wE 2ra 2yegon, AR 6¥olA w7t 6.00 log CEFU/g o] o] lth
= Lee9t Noo(7) BirE ¥ Ao vk 35 wolvh FAR Hrhe Ade
A% 149 ¥ 601 log CFU/g& Wb thx7xoh dwkaeto] A8 Z7}3k3d
b HAsstds ot dukATFeE AR 2497HA E 2.09-245 log CFU/gE
A e AL g HUbh FAAVIEG AHe] AGAEE A2A S
= Ao® yetwrth A% 77ke] Aojfe wet dAskst g 01%% FAS AL
3 AL A% 35Y ? 6.25 log CFU/g7tA F7tstdom AAirs sy 02%E

A

2
lo
ol

rir
B

A7Fsk A S A7 429 71 HojAloF 558 log CFU/goﬂ SRS o) 7 = S iR - Ay
7 0.2%¢ FH& 37 ?47}?5‘% AHE A 429 Fo % 248 log CFU/goll ™ &
A AEFTHAAN BA e FES] WFAHG o)A Aol st Hdd
sk 02%9 FAS A AU vAEe Sl AAlH Ao AAAd ol
AA F7shs Aoz vEhgou dAddsbdawt 02% Hd7F B 01% B2 FA4H
ARSI Fis e & AT
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T ABNAE A 27 AR BBl AEHA YO AY T F gET
9 FA8 B 4 AT

o] R FHo|7} 680 log CFU/gol] ol2w H
- Fud A8 ek o A 149 5 6.03 log CFU/gz Z71ate] A4
Aol FEe autE Holx ekt HAxrskdd HUbFAdA e AR 244714
1.94-2.25 log CFU/g® @& FF& HAou olF A Frlste] HALsZd4
0.1% A7l A% 359 ¥ 6.33 log CFU/gell =3y, A4tz 4 02% H7)
T FAY A S 01% HUPFRG GRey Fgo|vt AA 8 Fhee A%

% 535 log CFU/g& Yella, dAxstds 02%9 45 34 kst A
FRe F3o] F7) 246 log CFU/ge #+E ¥}l Oh
ul- .o,

A7 w75 5ColA A4 o XVO* 219 o] % =

u
8
vl
(¢}

(@)

o
Z,
o,
-
il
r)«
o
i)

2
71 A 18°C°ﬂ*1 Xﬂ%ﬂ‘}i% u A%
2

4
G AFel EAE AUE AR08 995 96 AL AAsed, B e
Ast F45h AANRBEL FAG AUT AL 0| YR FHo] A1 wa]
GEonE S4u%e AU A% 93 A Aoz Anwr

8
S
= —— control
=
=l —&—alcohol 3%
= ! —m— HAC 0.1%, alcohal 5%
z —O— HAC 0.2%, alcohol 5%
s 2 —8—HACD02%
0

] 7 14 21 28 a5 42

storage period (davs)

Fig. 2. Changes in aerobic bacterial counts of noodle added with HAC during
storage at 107C.
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Fig. 3. Changes in yeast and mold counts of noodle added with HAC during

storage at 107C.
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Table 9. Change in sensory evaluation of noodles added with HAC during
storage at 10C

HAC 0.1%, HAC 0.2%,
Treatment control alcohol 5% HAC 0.2%
alcohol 5%  alcohol 5%

Days
657+1.72V%  629+1.60"  514+0.38"  7.50+055°  7.50+0.55°
3 6.00+1.95% 588+1.89®  525+1.04°  7.13+064*  7.43+1.13°
414+121° 488+1.13°  6.13+1.13°  7.86+0.90*  7.50+1.22°
Color 10 260+1.14°  2.88+099°  550+1.41°  6.63+1.30°  6.75+1.28°
14 - 3.00+1.10°  533+1.37°  6.33+1.21*  6.00+0.89°
17 - - 6.00+1.79°  6.00+0.63*  6.00+0.63"
21 - - 55042.26°  6.17+1.47°  6.00+1.26°
6.2942.06°  6209+1.60° 557+1.13°  667+1.37*  7.00+1.67°
3 563+1.51°  575+1.04°  575+1.04°  5750.89*  5.71+1.25°
343+162°  488+1.46°  5.8%+1.73°  6.00+001*  5.67+0.82°
Taste 10 200+0.71°  3.88+1.81"  6.38+1.30* 5.00+093" 5.13+0.83"
14 - 383+1.72*  4.00+1.79°  317+147*  3.17+1.72°
17 - - 5.33+1.37°  350+1.05"  4.33+1.63%
21 - - 517+1.17° 3504138  3.83+1.47°
0 6.2942.06°  6.14+1.95°  5.14+1.07° 583+1.33*  5.83+1.60°
575+1.39°  525+1.04°  5.13+1.13*  500+¢1.07*  5.14+0.69°
7 371+1.80°  475+1.28%  5.75+167°  543+053*  5.17+0.75%
Flavor 10 3.00+1.22"  4.00+0.93™  538+1.60° 3.88+1.46%  3.88+155%
14 - 350+1.87°  4.17+1.94°  3.83+1.60*  3.67+1.51°
17 - - 550+1.05°  450+1.76°  4.50+1.64°
21 - - 467+1.37°  4.00+0.89°  4.17+0.75°
0 57142.36°  543+1.90°  5.86+1.35°  7.00+¢1.41*°  7.33+151°

550+1.60°  583+1.13"  563+0.92° 575+1.58"  571+1.38"

3.43+1.40" 5.25+1.28% 6.25+1.75% 5.71+1.11°% 5.67+1.21%
Overall

. 10 2.60+055°  4.00+1.20"  6.13+0.99°  5.13+0.83™  5.00+1.31%

acceptability . . . .
14 - 3.83+1.47 5.33+1.37 3.83+1.33 3.67+151

17 - - 517+1.47°  350£1.3%%  4.00+1.79°

2 - - 5.33+121°  383+008°  4.00+1.55°

Y Values represent the meantSD of three replication

? Values with the same letter in the same raw are not significantly different(p<0.05)
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Table 10. Textural changes in sensory evaluation of noodles added with HAC

during storage at 10T

Treatment control alcohol 5% HAC 0'1%7 HAC 02%7 HAC 0.2%
alcohol 5%  alcohol 5%
0 5432447 500+2.08° 643+151® 7.00+1.63® 757+1.27*
3 375+1.39°  463+1.41°  6.13+1.46° 6.38+0.92°  7.00+1.20°
7 350+1.20°  486+0.69° 5.75+0.89° 6.88+0.64° 7.25+1.28°
Chewines 10 220+045°  363+092° 575+171°  7.004076° 7.5+167°
’ 14 - 3.33+1.03"  550+1.38°  6.00+2.00°  6.33+2.07°
17 - - 5.33+121° 650+1.87" 7.17+0.98°
21 - - 500+0.80° 6.33+1.37°  6.33+151°
0 414+177°  386+121°  6.14+1.21%  643+1.27°  743+1.13°
3 363+1.19°  450+1.31°  6.13+1.13° 6.63+0.74* 7.25+1.67°
7 350+1.20%°  471+095° 6.00+0.76" 6.63+1.06% 7.25+1.28°
Hardness 10 200001  325+1.04° 575+046" 675+1.04% 7.13+1.64°
14 - 3.33+151°  5.17+214° 567+2.42°  6.17+2.86°
Texture 17 - - 467+1.63°  633t1.75°  6.67+1.37°
(intensit 21 - - 533+052°  6.83t1.72°  6.67+151°
) 0 4.86+2.04™  457+151° 6291117  7.00+1.15°  7.29+0.76°
3 375+1.39° 4504141 575+0.80% 6.00+1.51%  6.13+1.89°
7 338+1.19°  471+095% 583+1.25% 625+1.39°  6.63+1.77°
Springine 10 20040.71"  325+128" B58B8+0.64°  650+41.20° 650+1.85°
= 14 - 3.17+214°  450+1.38°  4.17+1.60° 4.33+1.63°
17 - - 450+1.87° 567+1.63° 5.67+1.86°
21 - - 533+1.37°  450+1.87° 5.00+2.19°
0 257+1.07°  271+1.25° 343+1.90° 3.14+1.68° 357+1.62°
Feeling 3 238+092°  263+1.19° 325+1.58° 350+2.00°  4.00+2.20°
for 7 263+1.41°  257+098° 288+1.64° 263+1.60° 275+1.75°
foreign 10 200+1.00°  200+0.93° 238+1.06° 275+1.39° 2.75+1.39°
subsatan 14 - 2.17+098°  250+1.38°  2.83+1.60° 3.00+1.67°
ce 17 - - 200+1.10°  2.00+0.80°  2.00+0.89"
21 - - 200+1.55° 1.83+1.17° 1.83+L.17°

Y Values represent the mean=SD of three replications

2)

Values with the same letter in the same raw are not significantly

different(p<0.05)
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Fig. 4. Changes in pH of soyhean curd added with HAC during storage at 10T.
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Fig. 5. Changes in turbidity of immersion solutions of soybean curd added with

HAC during storage at 10T.
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Table 11. Hunter's color values of soybean curd added with HAC

Storage period

0 2 4 7 8
(Days)
control 89.39 86.09 34.85 36.42 85.94
HAC 0.05% 89.39 35.18 85.50 35.48 85.00
L value
HAC 0.10% 89.39 86.49 87.44 36.29 87.09
HAC 0.15% 89.39 3491 36.28 85.97 836.22
control 047 -0.46 -0.16 -0.32 -0.27
HAC 0.05% 047 -1.05 -0.87 -0.39 -0.48
a value
HAC 0.10% 047 -2.51 -2.46 -1.77 011
HAC 0.15% 047 -2.18 -1.78 -1.52 -1.82
control 15.09 14.07 13.99 13.75 14.05
HAC 0.05% 15.09 13.99 14.98 13.11 14.10
b value
HAC 0.10% 15.09 20.30 17.58 16.49 16.15
HAC 0.15% 15.09 19.75 17.26 17.65 16.69

g}

AAsbstdEs A7k AA G 55 A3 A A3 Fu o] FHe
7 & (hardness), -2/ (adhesiveness), ¥/ (springiness), &% /4 (cohesiveness), 7
chewiness)% texture analyzer® 243 vtHTable 12). A

B AATF FHE 7 5, AQAbE s AR AA

—~ o~

d
A (gumminess), % 34
|

Fo) TR 8U% 99 F Rask Sk B FhET o 0.05% WA
# AYT ARE 271 gur o wehpou), AANRBHY Wl weF
S AR Gobdt A%e dBidY. RAYS AR fo8 AolE ielA @
%a, HHe T F ORI o wA etk $HAE P F e AT
of Wl WaFelA fFeldew we e mad uxFE Bu ¥ A4el 7

e vErgen AANseE AT B9 F A4l o o
A3 AAWHDE el 2% 449 Pase o ARt A= v
WAAZ a7 B4 5 20 Fhsgon AAnsdns AT el ¥
FAGE A Aasginh ol AASA Sojgdi: AL FRAFOE A%
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A g AAgel AAT TR P F Amsh w4, 94, 44, 194
of ¥olAH, AANHLH A2l T ol AANRAE A7hge] ¥L5% FE
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A, A4,

Table 12. Changes in texture of soybean
at 10T

Aol dob Ao thehyr

curd added with HAC during storage

After 7 days

After 8 days
After 9 days storage

Initial storage storage
Control ~ HAC 0.05% HAC 0.10% HAC 0.15%
Hardness  520.31:63417™%  54742+97.22" 555.11+32.64" 52364=42.24™ 43279265.35"
Adhesiveness  -2590£560"  -31.26:394* -36.43+15.36" -25.05+10.28° -33.67+8.14°
Springiness 0.92+0.01" 0.94+001* 093001  092+0.01°  0.91+0.02
Cohesiveness 0.590.02" 0.67+0.01*  054+0.05°  056+0.03"  055+0.04"
Gumminess — 304.81+31.69°  379.87+66.80° 277.45£29.47" 265.85+43.97° 242.07+49.81"
Chewiness  261.05+31.61°  357.82+61.50" 259.68+29.11° 24566+41.26° 219.12+50.79"
@ AR & S5 W
ﬁ@tﬂ%ﬁ% A7tk AAFo) FRE AF F SU|AATY WEE SA g
= [o3]

g7kl & Aol glo] 3.93-4.18 log CFU/g7hA|
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R AASAF] HUlgo] =S&4E S|MT F2le] A= Aoz
Bttt ol A2 AAT|Zro] AFEFE FF AA N pHe SobAal gt St
s dAAS dAlE Fo 2 AR 23 2 dAEAT Ad=s Adste TR
Hafo] F5 A0S T7)AY gramoA T1rel Acinetobacterd o)l o] A ¢
BHaol 7ol H Ao FH-o Eul% Acinetobacter® 9] 3ol F AoE A
ZFATH1]). HET= A 7dAd 6.06 log CFU/go.z 714 wE S r S48

R, HAAsIAEE 0.05% H7Ee A= A 8YA ol 6.20 log CFU/g o

Wk 0.10%9} 0.15% H7Fsk A2+
FU/g2 7} =7 6 log CFU/gE& 233t gx7x 37]4
Aoz YergTh 2R gl

TolA T mE ALES
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A A w2 o m tx
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VrERU ) A 7L A 0
A= A 8Y7HA AAlsl F ot
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Fig. 6. Changes in aerobic bacterial counts of soybean curd added with HAC
during storage at 10TC.
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Fig. 7. Changes in yeast and mold counts of soybean curd added with HAC
during storage at 10TC.
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Table 13. Changes in sensory evaluation of soybean curd added with HAC
during storage at 10T

reatment
D\T\ Control HAC 0.05%  HAC 0.10%  HAC 0.15%
ays

0 6.00£1.55"° 6.00+1.55 6.00+1.55 6.00+1.55

1 6.86+1.07  6.14+1.07"  6.00+1.10% 5.00£0.89"

2 6.14+1.35" 6.29+1.11° 6.29+0.76" 6.140.69

Color 3 6.75+1.28" 6.63+1.30° 6.63+1.41° 6.67+0.82°

4 6.29+1.70° 6.14+1.57 6.14+1.35" 6.00+1.29%

7 6.17+1.17° 6.330.82° 5.86+1.35° 6.330.82°

8 - 6.000.89 6.001.00° 550+1.52°

0 6.17+1.47 6.17+1.47 6.17+1.47 6.17+1.47

1 6.71+1.38" 6.43+1.27° 6.17+0.75 6.67+1.51°

2 6.14+1.07° 6.29+1.11° 6.00£1.00° 6.14+1.07%

Taste 3 6.33+1.41° 6.33+0.74 6.50+1.20° 6.00+1.41°

4 6.57+1.13° 6.43+1.27° 5.86+1.21° 5.43+151°

7 250+1.38" 483+1.17° 5.00+0.82° 5.830.41°

8 - 5.83+1.47° 5.60+0.89% 467+1.21°

0 6.00+1.55 6.00+1.55 6.00+1.55 6.00+1.55

1 7.00+0.82° 6.43+1.27° 6.00+0.89" 6.17+1.33°

2 6.14+1.217 6.14+1.21° 6.00+1.29° 571+1.11°

Flavor 3 6.25+1.39° 6.50+1.31° 6.25+1.28" 6.00£0.63

4 6.57+1.51° 6.71£1.25 6.00+1.29° 6.29+1.70°

7 4.00+1.90 5.00+1.26 5.43+1.40° 5.67+1.21°

8 - 550+1.38° 5.60+0.55" 5.00+1.41°

0 6.00+1.55 6.00+1.55 6.00+1.55 6.00+1.55

1 6.71+1.25" 6.00+0.82"  6.00+0.63% 5.17+1.47°

2 6.43+1.13° 6.000.82° 6.140.90° 5.86+0.90°

Overall a a a a
N 3 6.25+1.39 6.50+0.76 6.131.55 6.00+1.41

acceptability 4 6712095  629+1.11°  543+1.40°  543+1.13"

7 250+1.38" 483+1.17° 5.29+1.25 6.00£0.63

8 - 5.67+1.37° 5.00+0.01% 4.33+0.82"

Y Values represent the mean=SD of three replications

Y Values with the same letter in the same rtaw are not significantly

different(p<0.05)
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Table 14. Textural changes in sensory evaluation of soybean curd added with

HAC during storage at 10T

reatment
D\F\ Control ~ HAC 0.05% HAC 0.10% HAC 0.15%
ays

0 467+0.82 467+0.82 467+0.82 467+0.82
1 414+0.69"  4.14+1.07*  429+1.11*  4.14+1.35"
2 529+1.11%  471+1.11*  457+1.13"  457+1.96°
Chewiness 3 563+1.30"  450+1.31*  500+2.00"°  4.83+1.96"
4 543:1.62° 500+1.00" 371+125°  343%1.13°
7 386+1.21"  4.00+1.15*  3.14%0.69" 357+x1.51"
3 - 457+2.15"  386+0.69"  3.86+0.90°
0 4.67+0.52 467052 4.67+0.52 4.67+0.52
1 386+0.90"  4.14+1.21" 386+1.35"  4.57+1.90"
2 514+1.35"  429+1.11*  4.14+1.35" 414157
Hardness 3 526+1.58"  4.25+1.28"  450+1.77"  4.38+1.77"
4 529+1.80°  4.86+1.07°  343+093"  3.14x0.69"
7 329+1.25° 386090 286+1.21"  3.141.57"
(;:23; 8 - 4294138 371£L11°  400£163°
0 4.17+1.33 4.17+1.33 4.17£1.33 4.17+1.33
1 329+1.60" 357£1.40" 371160  357+1.40"
Feeling 2 343172 3.14+1.77*  3.00+1.63*  3.00+1.63"
for foreign 3 363+1.92" 338+1.85" 375+2.12"  363+2.20"
substance 4 3001917  3.00£1.91* 257172  243+1.13"
7 357151 371£1.38%  429+2.14*  457+223"
3 - 257140  3.14+1.86"  3.00£1.15%
0 4.33+1.63 4.33£1.63 4.33+1.63 4.33+1.63
. A 1 400+1.83"  443+2.07*  4.14+157  471+2.14°
Viscosity 2 320+1.80° 371:256° 329:214°  371+256°
. of . 3 400£1.69"  450£2.07"  463+2.13"  4.83+2.42"
1mmersion
solution 4 357+1.51%  414£1.95"  486+2.41"  543+2.70"
7 543230  529+2.21%  443+140°  4.14+1.46°
3 - 343+2.15%  429+2.69* 371229
Y Values represent the mean=SD of three replications
Y Values with the same letter in the same rtaw are not significantly

different(p<0.05)
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Fig. 8 Changes in pH of fish paste added with HAC during storage at 10C.
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AAdstd S 7H7F 005, 0.10, 015%= H7lste] &g Ax 5, 10Tl A

Asty MEE SAEHTable 15). Wk Lt tix 7oA 74600.= 7Hd =
%L, HAAs LS 0.15% s Oi%ﬂ 71.27% 7} GHA ers k. agh(A A
L) AAdsZg A7 o WA e oy & AolE HeolA| skl bk (s

Am)e 265000 vl HAAddetdaHd a7 o =4 vEstew 538, e
0.15% 713k ol &Fo] 71602 71 A e

Table 15. Hunter's color values of fish paste added with HAC

Color
L value a value b value
control 74.60+0.07" -2.4120.25 6.50+0.28
HAC 0.05% 73.06+0.83 -2.49+0.23 7.13+0.06
HAC 0.10% 74.05+0.13 -2.27+0.14 6.68+0.58
HAC 0.15% 71.27+0.20 -2.90£0.01 7.16£0.40

UValues represent the meantSD of three replications

(th) o &9 =43

HAis d 5 Hrbsto] A X3 o &5-& texture analyzerE AFE3te] 74
(hardness), 24 (adhesiveness), B4 (springiness), =34 (cohesiveness), 7
(gumminess), % &4 (chewiness)-S =439 tHTable 16). =& tiZ17F 1837.71
Z 7P = vebd ey HAisdEs HUEeE o] 52 1632.31-1655.63 0.2 2
Al 2ol & YEbli A fdvt o9t wiztA R FAAE dxgolA M 2 #sE
ety AALstdge JUEe of 53 194 ZolE Bl ©@A S 0.90-0.959
A2 ety o &3S ddiskdes Hukek AU gxT Ry o x4
UL Fol 4 Aol & o
A 3kel 2 Aol E oA @kttt o] we} HARMEE e HIbeE olFY X

T

= )
2171'313“78]-1‘ T, 1o, H

H

o
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Table 16. Texture profiles of fish paste added with HAC

Hardness Adhesiveness Springiness Cohesiveness  Gumminess Chewiness

control  1837.71+86.03" -91.74+14.07" 0.93+0.04™  0.740.02" 1356.34+49.49° 1261.72482.78°

HAC 0.05% 1657.48+50.79" -14650+10.36" 0.95+0.03°  0.76+0.01* 1259.20+25.36" 1191.08+60.83°

HAC 0.10% 161850+38.75" -132.75+20.02" 0.90+0.03°  0.77+0.01> 1240.72+22.37" 1111.38+42.96°

HAC 015% 1645.01+51.76" -132.04+32.35" 0.94+0.02°  0.78+0.01° 1276.32+42.62" 1205.20+34.80*

UValues represent the meantSD of three replications

“Values with the same letter in the same column are not significantly
different(p<0.05)

(2)) &9 AF = TBAZHFA A=) =4

HAMNE D 5S H713E o] 59 A&7 7to| ulE TBAZFS] W E =43 Ay
= Table 1739 2t} o] 29 A& z7] TBAZF:= tlZF7F 0772 Vel o A

AbstzdaS 005, 0.10%= H7Esh of &2 747k 067, 0762 = thx7-9F & Aol&
o ]

Holx kgfo) HAMAES 015%2 H71e olHe 0958 vhE Az vlg
= vEtst A% 39 A9t T A= 7] TBA7L nla] w438 Zaske A

F= Boltrt A7|zte] St A ATt SobstE Al AJA18] TBAZE=
S7FshE AEES JEhATh olel wEbA A 18U Al dxTE 0842 7 =
UEb e, Haaadgzhzt 0.05, 0.10, 0.15% F7FE o 58 0.44, 0.65, 0.63
o2 etk A%77F & TBAZI7 718t olf& X|Hbo] Absls]o] 14 A4

e

of

)

E 29 hydroperoxide’} 23} At EZ F 35 o] §7)4k &dslo)s, AE, 712
w7 2 F3A ol A AAHI I vAEALY AWES R A0 o8 A
AeE ®eldtEel &% Aow AAT|ZEe] Aol wel TBAZFZF F7bsk A
& F7)ellE olv] RSyl Weol] AP FEjolnz sEEE foF A7t HolA
gethE Bk fAEA vERRTHA7). 28y A7z Sk TBAZRE 103819
Wele] SR AR MEE Uelgo] AFVghel] upE fo)d xolE Holx @i
Ao R Pk
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Table 17. Changes in TBA value of fried fish paste containing HAC

Samples
Days Control HAC 0.05% HAC 0.10% HAC 0.15%

0 0.77+0.09" 0.67£0.01 0.76x0.07 0.95£0.05
3 0.27£0.08 0.58%0.02 0.32£0.02 0.43%0.06
7 0.22£0.04 0.28+0.04 0.32+0.02 0.65%0.16
9 0.45+0.06 0.35+0.03 0.41£0.11 0.80%0.16
11 0.43+0.07 0.36£0.01 0.50£0.17 0.78+0.30
14 0.58+0.02 0.58%0.12 0.5620.01 0.79%0.03
16 0.73£0.03 0.60+0.28 0.71£0.37 0.70x0.17
18 0.84+0.09 0.44%0.04 0.65+0.09 0.630.17

UValues represent the meantSD of three replications

oj ol AAiEbdaE HIF Al v Aol VA= IS

f=1 =
oF A% 5 AWAFE, B2 B, WFFT WHE FASAY dnHoz

7
Seh(18). o] 59 A7z Fek MU 5 log CFU/g wRbE 7|Fo 2 &1
FOlAEE #ad o gxe A 27 dukAldre] gEHA @gko), A%
14449 629 log CFU/g= H3 7] dAlo] g3ty oy A% 18AAd = 751
log CFU/g& dukA|#F7t mE 2222 Z7138 9 thFig. 9). AAEA45A 79
ArbAldrs 27]de drbAlwo] AEH A kot A7l Hojile] e}
AAE Frrete] A 18Y Aol = AAdSZdEe HbwsErE ZHE 0.05, 0.10,
0.15%¢ df 562, 540, 4.60 log CFU/g= YEI} Hddibsdse HArbssr

rﬁ

2 Fee
2 AudEe] Fo] ANt B AAWRLHE 015%2 A o
fz7ol sl 201 log CFU/gel o Bastdon Adusiznss W71 oj5ne

A7 18974l A A o & Qb Ele] HET| 7]

th o) 5o AA7|zhe wE R o] o] WIle Fig. 103 2ok 27]d &
e} Fgol7t AEA Fkon A 14Y F x99 ERe F3ol7t 6.14 log
CFU/gZ wAsHA S7Fstadrh. ddisiass A

] A% 184 Ao 4.47-5.83 log CFU/g e WERUe] e 58 Ho o5 A%
A Zdel adr) e Aoz Ay AEF &
e fAdolofok dhrh AxE )5S 18Y B AFIH AT TS

N
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Fig. 9. Changes in aerobic bacterial counts of fish paste added with HAC during
storage at 107C.
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Fig. 10. Changes in yeast and mold counts of fish paste added with HAC during
storage at 107C.
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Table 18. Changes in sensory evaluation of fish paste added with HAC during
storage at 10C

Treatment

b control HAC 0.05% HAC 0.10% HAC 0.15%
ayvs

0 6.86+0.69"% 7.00+0.58% 6.71+0.49* 6.57+0.53"
3 7.00+1.00% 7.00£0.01% 6.14+0.69" 5.8620.69"
7 7.0040.01° 6.50+0.84° 6.50+0.84° 6.00+1.10
Color 9 6.71+0.95" 6.57+0.98% 6.14+0.90* 5.71+0.76"
11 6.50+0.84° 6.00+0.89° 5.83+0.98° 5.50+1.38°
14 6.14+1.07* 6.14+1.21° 5.86+0.90° 5.43+0.53°
16 6.50+1.05" 5.67+1.21% 517+1.17% 4.33+1.37"
18 5.71+1.11° 5.43+0.79" 5.43+0.53° 4.86+0.69°
7.43+0.53" 7.43+0.53% 6.86+1.07% 6.14+1.35"
6.71+0.49* 6.86+1.07% 6.14+0.90* 5.71+1.25"
6.17+0.98% 7.00+0.63% 6.33+1.37% 6.00+1.55%
Taste 6.71+0.49* 6.14+1.35" 5.86+0.90* 457+1.13"
11 5.50+1.05° 5.33+1.21° 5.00+1.10° 4.33+1.03°
14 6.00+1.00° 6.14+1.35° 5.71+0.95° 4.86+1 57"
16 5.17+0.75® 5.50+0.55% 5.17+0.75® 4.17+1.47°
18 3.86+0.69" 4.43+1.27% 5.14+0.69 3.86+1.21"
7.00+0.82° 7.00+0.58% 6.14+0.69" 5.43+0.79"
3 6.14+1.07* 6.43+0.79° 5.86+0.90° 5.43+0.53°
5.83+0.98% 6.50+1.05" 6.17+1.17° 6.17+1.17°
Flavor 5.86+0.69% 6.00+1.29% 5.43+1.13% 4.86+1.57%
11 5.50+0.84% 5.33+1.03% 5.00+1.26® 4.00+1.10°
14 5.57+1.27% 6.14+1.35" 4.71+0.95" 457+1.13"
16 5.17+0.75® 5.50+1.05% 5.17+0.75® 4.00+1.41°
18 4.14+0.90° 4.43+1 .27 A.7140.76° 4.00+1.15°
7.14+0.90° 7.00+0.82% 6.57+0.79% 571+1.11°
6.57+0.98% 7.00+1.00* 6.00+0.82" 5.14+0.38°
5.83+0.75% 6.83+0.98% 6.00+1.26™ 5.33+1.37"
Overall 9 6.14+1.35" 6.14+1.57% 5.14+1.07" 4.43+1.51"
acceptability 11 5.50+1.29° 5.33+1.21% 4.83+1.17® 3.83+1.17"
14 5.57+0.98" 5.86+1.46° 5.29+0.49 A57+151°
16 4.67+1.03% 5.17+0.41% 4.83+1.33" 3.67+1.37"
18 3.71+0.95" 45741.27% 5.14+0.69% 3.86+1.21"

Y Values represent the mean=SD of three replications

Y Values with the same letter in the same column are not significantly

different(p<0.05)
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Table 19. Changes in sensory evaluation of

storage at 10C

fish paste added with HAC during

reatment
control
Days

HAC 0.05% HAC 0.10% HAC 0.15%

0 5.71+1.50% 5.86+1.35% 6.00+1.29% 5.86+1.35%
3 514+121"  543+1.40®  571+1.11%  657+0.98°
7 6.00+1.10% 6.67+1.03% 6.33+0.82% 5.83+1.60%
. 9 5.86+1.07% 5.86+1.07% 5.57+0.79* 5.57+0.79*
Chewiness R R R R
11 5.00+1.26 5.00+1.10 4.83+0.98 5.33+1.03
14 4.57+0.98% 5.00+1.00% 5.14+1.46% 5.57+1.62%
16 4.50+0.55% 5.17+4.83% 5.33+0.82% 5.67+1.37%
18 4.71+0.49% 5.14+1.46% 5.43+0.98% 5.43+0.98%
0 4.71+1.80% 457+1.81% 5.00+2.24% 4.86+2.41%
5.00+1.73% 5.00+1.41% 5.14+0.90% 6.14+0.35%
5.00+1.79% 5.33+1.63% 5.33+1.21°% 5.17+1.33%
3.57+1.40% 3.71+1.50% 4.00+1.29% 5.00+1.63%
Hardness R R R R
11 5.17+1.17 5.33+1.21 5.83+1.33 6.17+1.33
14 4.71+0.95% 5.00+1.00% 5.14+1.77% 5.57+1.72%
16 4.17+0.98% 4.83+1.17% 5.33+0.82% 5.50+1.22%
T(‘jilr)e 18 429+095°  486+135° 5434079  5.43+1.40°
e 6.57+1.13% 6.00+1.15% 5.57+1.27% 5.29+1.80%
5.14+1.07% 5.00+1.00% 4.86+1.21°% 5.71+1.89%
5.50+0.84% 6.17+0.41°% 5.67+1.03% 5.17+1.17%
L 5.14+1.07% 5.00+1.29% 5.14+0.90% 5.14+1.46%
Springiness R R R R
11 5.33+1.21 5.17+0.98 4.83+0.75 450+1.38
14 4.86+1.07% 5.14+0.69% 471+1.25% 5.00+1.73%
16 4.00+1.10% 4.67+0.82% 4.83+0.75% 5.17+1.33%
18 414+090"  471+1.25"  543+053°  4.43+1.27*
2.14+1.35% 2.43+1.27% 2.86+1.68% 5.71+1.11°%
2.14+0.90% 2.29+1.38% 2.71+1.11°% 3.14+1.07%
. 1.83+0.75% 2.33+1.03% 2.67+1.37% 3.00+1.79%
Feeling for
) 2.43+1.27% 2.14+0.90% 2.57+0.98% 3.29+1.11°%
foreign . . . .
11 2.17+0.75 2.17+0.41 3.00+1.55 3.83+1.17
substance 14 300+4141°  271+1.11° 3144090  3.86+1.35°
16 2.67+151% 2.83+1.47% 2.83+1.17% 3.00+0.89%
18 3.14+1.35% 3.00+0.82% 2.86+0.90% 3.00+0.82%
Y Values represent the mean=SD of three replications
Y Values with the same letter in the same column are not significantly

different(p<0.05)
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= olE:s AL AFo]l AAT F &Efo]adte] ARRSIIIL, ¥
S LR 3 A7) oFd7(OC-TI00R, (F)BAxFHstold) =S58 A X3} ‘jr
A Fu5S Whatman No. 202 o33 vh5 &2 dxgte] -20ToA H#

4 9
WA R4S ARE A

(3) ==}
BoAEe AbgE HAE 20108 39 YAIAE A Pkl 80TE 1 g
71493 S7¢ 1 Lol 1% 53 o 50 g& ?<47} ot B A4 FEH3}Y] i—?x}g A

f
>
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=2
D
>
ofo
i)
_&
e
>
oty
s

3 %+ (HAC, High activated calcium)-< ol 51n}o] @
(F)ell A ol ARRIIGIOH kst AR 43 24 FA-He Argd"
Folin—-Ciocalteu’s(FC)reagent, ABTS(2,2-azino-bis-(3-ethylbenzothiazoline-6-sul
—-phonic acid)), DPPH(1,1-di-phenyl-2-picrylhydrazil), L-ascorbic acid, quercetin,
trans-resveratrol, gallic acid, (+)—-catechin, (-)-epigallocatechin gallate(EGCQG),
(-)-epicatechin < %% Sigma Chemical Co.(St. Louis, MO, USA)o|A T3}

o A28}, Sodium carbonate, sodium nitrite, aluminum chloride, hydrogen
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peroxide 52 Junsei chemical Co. Ltd. (Tokyo, Japan)olA T3t A&31% <
o 1 Bro] ARgH A 9FE analytical ¥ HPLC 534 A&3Fiu)

L. Fﬂ‘ﬂ’}}ﬁr%}fr A7 el mE A A4 55 20 24

ﬁ@ﬁﬂ%% HA7F A Sk ZZEgOﬂ ek H4 =0E& AAstr] sk
Hke B4 W (response  surface methodology, RSM)& 2 &3ttt FF Ao A
T3 s ARE FESE ARRstE B3 AR AA FAC tEk dALtkst
Zr4 T % W& (ppm, X)) FEAITHmin, X2)& %5 H ¥ 5 (independent variables) =
Ao, &0, Y, & £dds FF(mg/100g, Y2), ABTS sz A7s
(mM AEAC/100g onion extract, Ys3), DPPH #}HZ A A5(mM L-ascorbic acid
equivalent antioxidant capacity(AEAC)/100g onion extract, Y.) 2 quercetin(Ys)&
27y ZF2W S (dependent  variable)Z A A TtHTable 20). °o]E& ZZ 587
(-1.414, -1, 0, 1, 141H= R 3533t F2ATAA D(central composite design,

OCD)ell whel AalS 283

Table 20. Experimental range and values of the independent variables in the

central composite design for optimization of extraction conditions of onion

extracts
levels
Independent variables symbol ‘11-141 1 0 1 1414
HAC concentration (ppm) Xy 0 15 50 85 100
Extration time (min) X 100 140 200 260 300

AAsstzds H7b A 25 FEEE U H4 2de 2467 98k

1o p=4 =
Hke B4 W (response  surface methodology, RSM)& 2 &3ttt FF Ao A

T3 WEE ARE FEIEY AMESE B AR AA FAC wd dAzks)
2 w5 Y (ppm, XD FEAHmin, X2)& = H¥W(independent variables) &
AAsteloH,

FE(%, Y, = =¥¥E &HF(mg gallic acid equiv./g of grape
extract, Ys2), =

ABTS 2oz AAS(mM  L-ascorbic  acid  equivalent  antioxidant
capacity(AEAC)/g grape extract, Y, DPPH #}Z Al A5 (mM AEAC/g grape

Ze}pwol= & (mg catechin equiv./g of grape extract, Ys),
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extract, Ys) % resveratrol(Ye)& 77} &< ¥ (dependent variable) = A7 3} S T
(Table 21). o]|& ZZ} 59A(-1414, -1, 0, 1, 14142 F-5383te] FATA A E
(central composite design, CCD)oll ulz} A &8 233}t

Table 21. Experimental range and values of the independent variables in the

central composite design for optimization of extraction conditions of grape juice

levels
i -1.41
Independent variables symbol : . 0 1 1414
HAC concentration (ppm) X 0 15 50 85 100
Extration time (min) Xs 100 140 200 260 300

AAdsd s Hot A TES FE8&C Uik H4 =38 AA357] 931
Hke B4 W (response  surface methodology, RSM)& 2 &3ttt FF Ao A
TR MFR IHEE ARE FEI}EY AMESE B Uid dddstdE v
Hl & (ppm, X FEFA T min, X2)& =¥ S (independent variables)= A A 319
o, &%, Y1), ¥ polyphenol &H(mg gallic acid equiv./g of green tea
extract, Y2), % flavonoid &3 (mg catechin equiv./g of green tea extract, Y3),
ABTS 2oz AAS(mM  L-ascorbic  acid  equivalent  antioxidant
capacity(AEAC)/g green tea extract, Y.), DPPH &Yz AAS(mM AEAC/g
green tea extract, Ys)3¥ =32}2] =8 catechin 3HE= ¢ 7 gallic acid(ng /g
of green tea extract, Ys), (+)-catechin(ug /g of green tea extract, Yr),
(-)-epigallocatechin  gallate(EGCG)(ng /g of green tea extract, Ys),
(-)-epicatechin(ug /g of green tea extract, Yo ¢ =S 77 LW
(dependent variable)® A A3FAtHTable 22). ©|& Z+7r 5@A|(-1.414, -1, 0, 1
1414) % F-3 38l FA A A B(central composite design, OCD)ell w&} A3-s
R RS A=
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Table 22. Experimental range and values of the independent variables in the

central composite design for optimization of extraction conditions of green tea

levels
i -1.41
Independent variables symbol : 1 0 1 1414
HAC concentration (ppm) Xy 0 15 50 85 100
Extration time (min) Xo 10 26 65 104 120

AT A (Color QUESTI Hunter Associates Laboratory Inc., Cambridge, MA,
USA)E o] &3] Wx(L, lightness), A %(a, redness /greenness), 3% (b,
vellowness/blueness) & WERAATH o] w] F= WA L a bt 100, 0, 0 ©]
AT}

B

(3) ABTS radical s ©]-&3 & itstd o] 54
T AEEES ABTS o AASTE FAsAEA9).  ABTS(Sigma
Chemical Co., USA) 74mM3¥ potassium persulphate 2.6 mM-E 3% o oo
Waskel ABTS Fol2g A F o] &45 734 nmelA F35% gto] 1.09]
HRE B F3A5(e=16x10" mol 'em HE ol &3] TR HAsArh. 48
ABTS- &< 1 mLell #Z& 20 uLE 7Iste] F359] ¥sE 483 0% F
ZA43tH o EFELE ascorbic acidg &% 78T ascorbic acidg o] &

o &I HE FAs —? A7 o 43l (ascorbic acid equivalent antioxidant

(4) DPPH radical A7 %
DPPH radical AlA%e< Cheung 5(20)8 HWi-& wWd3te] A3t 0.075
mM DPPH €9 1 mLel A& 20 uLE 718l 3= W3S 520 nmolr] A &3

5)
158 $o HA3N oY, I+ 42 FF9 ascorbic acidE ©]&3Fo] B34S
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A4 F AR FAE 5H(AEACS ZHSHAT

(5) & polyphenol &k =4

4

% polyphenol &% Folin-Ciocaltcaul §-& W dle] =As ). 24 F&54
100 pLeol 29% NaCOs&<h 2 mLe 7}sta 38 "X 3 & 50% Folin—-Ciocalteu
reagent 100 uLE 7}3}H Tl 30% & wH&o] = & 750 nmoll A 434

I FFEEARE 0.1% gallic acidE AF&3FATH21).

Ol

HE @

(6) % flavonoid &% =4

% flavonoid®] &2 2z FZF 250 uplel FF4 125 mLS 7Fskal 5%
NaNO; & 75 L& 7Fstalvh 62 A 5 10% AlCl36H:0 €45 150 ul 7}
3FaL 5w WA T 99 whEfe] 1IN NaOH 500 uL3} <57/ 275 ul 7}sk &
EFE S 510 nmolA =AU EEEHZE (+)-cateching A&t

(22).

ol

(7) HPLCE o] &% 7} A%
(7 4359 Quercetin w4
Quercetine 3ol A 713 F 53 flavonoid= 9] dlvtolw 21 E A oAl v
1
[e)

= Ex3c}, vl Aol A querceting +El37] $8 FaE TR Al7|E M

Wt

Hol 7hd wol ALEHal o Zu 9 WHE wWyste SASATH23). 524
Z9 AEFE 025 g2 F7]9 & 20 mM butylated hydroxyanisole(BHA)o] &+

do

© 60% MeOHE 20 mL¥ 6 M HCI&<} 5 mL& 7k £ 90ColA 243k &
b B WZskTh % &9 1 mLEs A F53ke] ol 500 lLE 59
PVDF syringe filter(0.45 um)E& ©| &3} o333 Waters HPLC system(Waters
Co., Milford MA, US)-& Al&3}e] 24313

HPLCO ¥4 zd& vhga 2k E42%e SunFine™ CI8(5 um, 46 150
mm column;, Waters, Milford MA, US)E AF&3AY}. oo 2= 1.0% acetic
acidE &3t methanol-acetonitrile-water(40:15:45,v/v/v)E isocratic Z71 3&}ol 4|
ZHFAY. §452 1.0 mL/mine 2 33 HF FAHE F& 20 uL= Aok A
7] UV detector® AH&3ste] 370 nme] #dolx S48 Ao 45 93 85
=49 quercetin Sigma Co.(USA)A &S AF&39 o, EE34] y=82083x-7132
(R*=0.995)°1 4] A3ttt HPLCY F95E % 23+ 045 pum syringe filter
(Advantec MFS, INC., Dublin, CA, USA)E o] &3le] o] a}3le] AL-&3}5ic)

N

¢

= Al
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(1}) HPLCE o] €3 ¥ % 9] trans-resveratrol 4

¥ 59 frans-resveratrol 242 Jasco HPLC system(JASCO International
Corp., Tokyo, Japan)& °©]&3le] 433tk &4 H LS Eclipse XDB-C18(5 um
x 46 mm x 250 mm; Agilant, USA)E A3 ol ozE 0.1% HsPO,S}
NaCl(c = 5 mmol/DE 33k 25% acetonitrile 2.2 42 1.0 mL/min°] 2.0 Al
T FYH 20 uLA. AE715E UV detectorE AFE-31o] 306 nme] oA =
S 93 xF B4 trans-resveratrol< Sigma Co.(USA) A% }
F34 y=1454x-13013 (R*=0.999)e1 A #=slgith. HPLCO FH &
45 um syringe filter (Advantec MFS, INC., Dublin, CA, USA)E

o] &3] of #3sho] ALEBFATH24).

o
>~

(th) HPLCE o] &3t #5219 catechin #4]

=212 #HE = 4L Jasco HPLC system(JASCO International Corp.,
Tokyo, Japan)E ©o]&3fe] 4315t 44w Eclipse XDB-CI8(5 pm x 46
mm x 250 mm; Agilant, USA)E AF&3}A T o] &/del &l 7-vl(solvent gradient)
ZAe AgviE 0.19% phosphoric acid-%F59F B& = 10026 MeOHZE AM-&3}%
i, o]'F% programing 71 0% AT 80%, 257 A&r 80%, 50%: A&
70%, 51+ A8l 80%, 56+ A&l 80% o= AAFHTE UV detectore] 3742
280 nmE o] &3tHom o5 §4L 1.0 mL/minoldlen AR FYHFS 20
LStk HPLC #4 Al gallic acid, (+)-catechin, (-)-EGCG, (-)-epicatechi %
Edz ALgslon o5 EW (external standard method)S ©] 8319 7} X FE &
Ao AFHE T3l 5A9 F8 catechin 33E-S AHFsA . HPLCO FU+ &=
TE AE+E 045 um syringe filter (Advantec MFEFS, INC., Dublin, CA, USA)E
o] &3&fof of #}3sto] ALEBFAT

=
o
K

—

(8) #eH 7t
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BrsteT. BEAARRe 109 Adste] FAsgon ARE AFEE Fol
Aol Fol ATehgom BERAY 2HE AANI AN AR EAE FAs)

2 Ak Az BAFHYE SAS program(SAS Institute Inc., Cary, NC,
USA)E o] &3l tH25). ANOVA A3 Duncan’s multiple range test W'H-& ©|
&kl Ao Hatgk ol FolFE p<0.059A Fo43-8 A AT

gt AASAE AT G2 LA HAE FF 21 HA3)

S
AAMsl s A7 Al FEE w}% A 89 524& Minitab program<e Ak
&5t = AT Xo¥ Xgoll Hidk &
EW4E YE 4%, £ polyphenol ?:L%E, % flavonoid ¥+&, ABTS #t)Z A7 %
DPPH =@tz AASH 72 A5 F8 F35 AEEE Asido. = <=
quercetin, XX trans-resveratrol, A= catechin(gallic acid, (+)-catechin,
(-)-EGCG, (-)-epicatechin)3t &S A3 GTEH THHFEE & 22 24 342
o2 Yehidl e, B Agola, By, By Bie FAATo|

3 4
5/ = BO EBJ( + Eﬁllll E E BN/YVYJ

i=1 i=1 i=1j=1

%719 #4 3= Minitab program-= ©|-&3fo] Z42be] whgH o] gl
AAste] I RISIE WEATEA FAEE SEOD)E HUsee A
tow AAsIH oy, w-SEH = Maple software(Maple 7, Waterloo
Maple Inc., Canada)E AF&3}e] YE AT

oL
o

B 1
v
BN
EI
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of wtel w¢te= A o] Jhesl Zw H7Eel Agke] Fhgkel wel g &
As Hs e v o e & divh Bht o) By 54 m=d HA4t
szt Abs 9 FE gl we sto]l A= A Holew nhe
AlZEe] S Fe Ak g MM dde o Bk FExdel wE A
e AN EH JAsd s 50 ppmA7Eek S 1002 FEIME W 7|ETF )
F =AL 22 FEolA 3008 FEEANS W VTt P wken FEAITo
7t weE EE) shopxlty, wiebd S FE A 43 Adxtsd s
A7rel =5 A 242 G5 s F 3 VEEE Foled A
olzhal AEH AT

Table 24. Hunter's color values of onion juice

Hunter's color values

HAC(ppm) Time(min) : . :
L a b
0 200 38.91+0.18 ~4.69+0.04 10.27+0.11
15 140 40.68+0.01 -4.15+0.01 1.39+0.01
260 36.84+0.08 ~4.72+0.01 13.87+0.01
50 100 43.70+0.06 ~4.43+0.01 -0.34+0.03
200 38.19+0.08 ~4.75+0.01 8.82+0.01
300 34.54+0.10 ~4.47+0.01 19.89+0.09
85 140 42.64+0.25 ~4.49£0.02 3.45£0.08
260 36.40+0.04 ~4.76+0.01 15.63+0.02
100 200 43.20+1.91 ~4.71+0.37 14.00+1.32
Values are means+SD, n=3.
Table 25. Sensory characteristics of onion juice
HAC Time A ot 5 2o )En
(ppm) (min)
0 200 5.33+0.52¢ 4.83+0.41" 6.17+0.75 5.67+1.21%
15 140 4.00+0.89¢ 4.83+1.60" 5.33+1.36" 6.17+0.75"
260 6.50+0.84° 6.83+0.41° 6.17+0.98°" 6.00+1.79®
50 100 3.33+0.52' 4.83+1.47" 5.17+1.60 7.00+1.55
200 767082  6.17+1.33% 5.67+1.97 5.33+1.03"
300 7.83+0.98* 7.67+0.51° 6.50+0.84" 4.67+0.52
&5 140 4.33+0.82° 4.67+0.82° 5.33+1.63" 5.83+0.75%
260 6.83+0.41™ 7.00+1.41° 7.83+1.47 5.83+0.98%
100 200 6.00+1.20° 4.67+1.37 5.83+1.72" 4.83+1.17"

Values are means+SD, n=10
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@ FRF FEAE TP

o ujg Table 260 “eEFHAT. H

eS8 S0ppm X7 F 3008 F= Aol = polyphenol & #o] 40.68+0.63
mg/100 gonion extract &= 7Hd %ol dAMESAwE 50 ppm A# F 1005
FoF &39S 4-¢ 23.34+041 mg/100 g onion extract 0.2 7} wikup E o4
d A JAAstdes veEE AHYs] Bs A dHs5e F polyphenol
Folle S PAA FAAN Fus FF A AREo] FUREel] wEl F
polyphenol &#o| =LA F7Fstch welA], G35 5 A 10 FEA wet

F159] F polyphenol FFo] &olstA & 4 Ut

o
=

o,
<

3

=
(¢}

=

o,
i
o
o
B
o
o
v
i)
(ld

-~

(1)) % flavonoid 3=
Flavonoid+= =4 polyphenolZ4 aglycono|y w3 Hejz 2 &4 o}
@ SHR-5 o] o™ flavonol, flavanol, flavanone, flavone, anthocyanin, isoflavone
o2 EiHel ATH26). Fus FF: A AAAstEEY FAVMES FE AR
FEFol ek A= Table 260 WeRHATE A ALMEZAs 85ppm H7F F 2608
FoF F&3 5ol F flavonoid$h#Fo] 194.54+15.74 ug/100g onion extract & &
7 =kal A& Azdel HARNSZAES 15ppm A @ g 77(23.85£0.77 1g/100g
onion extract)ell WA= FL2 FAE HEFRYL wheba] dAded e 7t
T

Z & flavonoid®] gt#o] <7}

(th Quercetin &

Udat= ohE ool M]E|A  quercetin(3,3',4'5,7-pentahydroxylflavone) 2 5-10
WMAES = 533 AT 27). Fe] quercetin aglycono.Z F=Z H A 3 e
2 EAsa gernzg B oAgoii= b JhgEE] WS AFESe] S5
quercetin S-S =30 UH28). %3] quercetin $FE-2(Table 27) A A3 24

50ppm< A 7lsle] 3008 FEF3 2@ oAl 50175 £ 1.17 pg/100g onion extract
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2 7FE E=kar At 15ppm HI7HAl 2608 FE3 AP SRl A 13289 +
o7 717 o sharo] =45 Y AubA o 7 oful

T
x| ek
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rf

0.18 ng/100g onion extract ©
4 % A quercetin®hzEe AH
t}. Crozier 5(29) 23}H &2 kilo A quercetin S 87 ng/g fresh weight
SR ¥ ATEY AY] 22 #AE Bashile okl = 223
 Fugel hEk quercetin® FE& FA3UY] wWiLol quercetine] Eoll 84 o]

Jolz molA ® Aoz Azber,

re
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t

1_4

Table 26. Total polyphenol and flavonoid contents of onion juice

HAC Time " .19
) Polyphenol Flavonoid
(bpm)  (min)
0 200 29.67+0.87 11.10£10.15
15 140 23.79+0.87 nd”
260 34.84+0.68 23.85+0.77
50 100 23.34+0.41 8.23+0.01
200 30.05+0.34 42.00£2.10
300 40.68+0.63 158.16+7.17
&5 140 27.19+0.55 nd
260 32.87+0.49 194.54+15.74
100 200 27.27+0.68 42.00£2.10

YMean of triplicate determinations expressed as mg per 100g onion juice
“Mean of triplicate determinations experssed as pg per 100g onion juice

Y'nd’ means not detected

Table 27. Quercetin contents of onion juice

(ng/100g onion juice)

HAC(ppm) Time(min) Quercetin
0 200 37054 £ 059
15 140 47319 £ 053
260 13289 + 0.18
20 100 21044 £ 0.18
200 42991 + 0.35
300 501.75 £ 1.17
&5 140 37336 £ 0.24
260 25093 £ 0.36
100 200 20374 + 0.38

Values are means+SD, n=3

_85_



do= T TR E XL T T W XS opT T B
T o— 5 %% RN o o oW I S A S
2 BT oA g M T P g BT oo M
I —_— ‘_lr%._ [nre) L Lo io Z.E ﬂll El — ,OI —~ Q < Z.E ,.ml
vA_I e] < m «ﬂlu. i _ZT JﬁNO ‘OI ﬁvL 0 ‘_ﬂw ;OL «© o _ZT .O#
Bodo Al ) mr P = @ oo B8 .
woE e gy ¥ % E @ w = m 3 ao NE oo e o
ES i) o a W Ry > = T O om
roARC R LY — g XoH 2 XM B g © i
B om g T w oo i N M g & of m W o W
o T TR g LR P o O oo o= B R S
e o) N = ' op B BT g e = oy
iﬁzﬂmﬁwn]g%oﬁﬂﬂ%% ﬂ%ﬂl%%%
— T = No = T o X ! T ™ 2 % 2T o -
R I T TR - I )
o Ty S RO g O o g Ty - Xw
Vo Ry T = B o= < Ho ar A dp T o OF
Zﬁ 17! EE UG r ﬂ@d ﬂo_ﬂ Ga) el o OE o m 0 ,ﬂl ~n < —
Mm .0 OE Z.E ,_L| A El o ,ﬂl d X E#E E#E 5 1%8 w OC o X
7o ML < AR = Nr 3 ¥ S K
EESPEREF TR 5 SRS R
= 4 /%\ Mow " E X Ay ﬂ/l Mo o+ Jo ®H oy 5 o W
DB L s R LA N R R gk Trxalpms PP
= XMW = X 100 % ,.Lﬁ >~ E = Aoy io 1%8 o R U
T g ¥R Fode T oy 0 N o & ooy
o mw FRP ol 5 8 g% iz 2560
W Lo TS 8 og oF e ok Mg LoE T
b Xy BT B8 w T dxEw g T
CE T L - i T S TN R R
Moo o T oo X8 = A ° E 7
ofp X ™ O = T R oy oo OF 2 N
N fel - OE m o EH - o) NIl —_ - X 4 Et ‘mwl N io
ol W o oo S TN E T ol NOXT NI N & W
T Rxeg o B85 FH &L ® oy P T NNy =Y o W
s = om0 = o) N A He ey o = &= & o .
° T T — 2 0% K TR TOw o, 2 N
X o = 0o 2 e eI Y = "
— 7R R ¥ < o B R T ay F BN Nz
I SRR Y =l S oL Al ETHRE e T
< W o5 o 0 ap o N = o & 2 A x 5 5 % s Al
° 0 < N ° 0 L U X o © N ox Lo
= % o B o5 o o M E - = ® R A
> TR T RS LR HozF ] z I - S
T T ® B D=2 T T TR R T W OB R

AEAC(mM ascorbic acid eq./100g onion juice)

Table 28. Antioxidant activities of onion juice



HAC(ppm) Time(min) ABTS DPPH

0 200 82.63+3.37 51.95+1.32
15 140 62.31+2.76 54.55+2.99
260 90.52+1.85 74.76+4.22

20 100 60.02+1.70 37.83+2.80
200 62.93+3.59 48.56+2.37

300 110.91+3.14 47.61+0.24

85 140 68.15+2.04 04.78+3.08
260 98.92+1.60 68.25+3.01

100 200 67.58+2.79 48.72+1.32

Values are means+SD, n=3.

$iE FF Al 8RA¥Fe JFE IE FHHEFA(YDY #E& Table 299
LERRITE ofo] ek wkg-EW 372 R70] 090797 UEW oW EAZ R m-¢
froldel 2 AoR YeEHH(p<0.05). ©] A#}E t-statisticdl <A FEHHSF
Yilyield, %) A%, X, Xo), olAFXS, Xo), FITFXw A9
freldel  dial Table 313 o] yelAY. AR An®e Aol
1RAH AU (p<0.01), BEFH o|xdF2 E5F oA furh. FEH¥F Y19
AHEA(ANOVA) A3H(Table 32), o|x32 p-value?tb 0.004= wf-% 922l
Foe WAooy FIFL TAFeR FoeA FUTH(p>0.05). FHE FE=A
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Fig. 11. Response surface for the effects of HAC concentration and extraction

time on yield of onion juice

(th 4359 % polyphenol el didt 5 279 o
FZExAo W& 4ol & polyphenol &S Table 29o] ERH O,
olo tjg wkEww g7 2] #3 A Table 3001 YEFNATE % polyphenol
A2 AARAF RS 093372 vrewdol Ajtsgow
Aoz d¢ fFeAde] & Aoz YENIU(p<00L). F5¥M4 Yoltotal
polyphenol, mg gallic acid equiv./100g extract)®] 4, AKXy, Xo), o1 ZFF(X7
X, AEFXp) FoA AFE(E<00D% A(p<0.0Ddre] f4d0l 3TtHTable
3. Yoo EAMHEAM(ANOVA) Z3Table 32), olA&3 4353dL
A A kAL (p>0.1), AR FeA o] AAHAT(P<O.01). F=E F
polyphenol &&e] et w8 FW  FA Ay Fig. 129 yERLh
AArstdgel A st wmobdlel wel & EddE ko] Frksivrl A4
Az Vs AYdA v fdasts AdE 1oy FEAIT g

e Rl Rl R 7 A

(
o

jug
O

Total polyphenol contents

Fig. 12. Response surface for the effects of HAC concentration and extraction

time on total polyphenol contents of onion juice
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o] ABTS &z 93 & itztes
=223 Ayli= Table 299 yeew w3 d 3729 A43= Table 309
Vet ABTS 2oz AlA Sl sk s#2 e AAASF RS 092962 v-&

2ol Agtsileod, TAHoR v Fodel F ASE UEEHTHp<0.01).
F2W 5 Y3(ABTS radical scavenge activity, mM AEAC/100g extract)®] Ar<=¢}
Xo&o] 190l ool IAHIAL, X 5% o] folde] A o
UmA &2 Aol dAHA fdrk(Table 31). Yzo EAHEA (ANOVA)

A3HTable 32), <Larde] ke FofAol  AAHAM(P<O0D, oJAF2

p=0.0420.% 5%l ool 1A HAeW AT FYAHol AAHA
okt whgEw  #4 AdFig. 13), FH5e ABTS #uzd a7@de
FEALN = ALY G3E wA @a, dAAMstEs HUF vXo 2A S Wl
AArkstzda Hrlsko]l Solwe wel Srtstvhrt ddstzs HA AorEs
A UAA] Al A3 TE Polyphenol 3F3&E ¥ ABTS &tz AA 39 &
A#AFE Bas AF 32 et 2ol & AN E F polyphenold F ks
Aol =gk Aas AT F ATk

B {2
g 75 .’,Ef::O:Q“" C\
EE 7 S8R
34 65
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Fig. 13. Response surface for the effects of HAC concentration and extraction

time on ABTS radical scavenging activity of onion juice

(v} Fatge] AAFol ol het F&= e JFF
FEXA wE FuFel DPPH & AAEAd uidt 23 Table 299
Uebiglom wkg-3H 37 2o 3 A4+ Table 300 YeRH ST DPPH #Ft
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Z- A ATl e FAe AAAFE 044152 v Yo HTaA| &gkon,
TAHLRE  Fodel uEA @A (p>05). FERSF YuDPPH  radical
scavenge activity, mM AEAC/100g extract)®] AFF3et 1%9] F9Ado] 214 HS]
Ay A A, o2 ker B wabge ool AW A sktHTable 31). &4
W Y,0] BAREA(ANOVA) Z 3 (Table 32), 4, 48 2 o|xq 9 oA
o JNAHA eFskrt. wk&uEW A ZAI(Fig. 14), ¥95 FF A Adist L+
A7 aFo] Eolgd = DPPH Zod AAGT] 4o

DPPH etz AlAG o] S 718kl

5ol ¥ 27} S
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Fig. 14. Response surface for the effects of HAC concentration and extraction

time on DPPH radical scavenging activity of onion juice

(
b}

(A} ¥i59 quercetin FHEFel ek 5 209 o
F Fol EAd AEEZHQ querceting  FAFAAF o F=
A& oA Aol 7} FEEZ ZAFH WY, 1L A3= Table 299 e 0w
vk r 3 2o thsk ASE Table 300 YEFHATE %55 quercetin 3FEFO)
7 20308 wWhg mye] ZA3stA #Fkom FAAOE

]
t-statisticoll A3 S HE 2 ZFEwWso)

[e)

X
i
<

ool IAHA Ut =

zygkol  Alrote]l FoA4e Ys(Querceting pg/100g  extract)e A 1%9
ool AAHANL YA AXF, ofAF H wWAEE FoAe] dFHA
%4 H(Table 31). &R Y50 #AMEH(ANOVA) A} ®=3F 348, JdAd o
olagte] FejAdo] QAR EdtHTable 32). WH-&3EW A3 (Fig. 15), ¥35
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Fig. 15. Response surface for the effects of HAC concentration and extraction

time on quercetin contents of onion juice

Table 29. Central composite design and responses of dependent wvariables for

extraction conditions of onion to independent variables

Coded levels of

Exp. ] Responses
No. variable
X1 Xo Y1 Yo Y3 Y4 Ys

1 -1 -1 596 23.79 62.31 54.65 473.19
2 1 -1 5.88 27.19 68.15 54,78 373.36
3 -1 1 6.72 34.84 90.52 74.76 132.89
4 1 1 6.53 32.87 98.92 68.25 250.93
5 -1.414 0 542 29.67 32.63 51.95 370.54
6 1.414 0 452 21.27 67.68 48.72 203.74
7 0 -1.414 6.49 23.34 60.02 37.83 210.44
8 0 1.414 712 40.68 110.91 48.61 501.75
9 0 0 711 30.55 62.93 48.56 301.84
10 0 0 6.62 2721 69.89 49.29 429.91
11 0 0 6.87 28.88 66.41 48.93 365.88

X1(HAC conc., ppm), Xa(time, min), Yi(yield, %), Yz(total polyphenol, mg gallic acid
equiv./100g extract), Ys3(ABTS radical scavenge activity, mM AEAC/100g extract),
Y4DPPH radical scavenge activity, mM AEAC/100g extract), Ys(Quercetin, ng/100g

extract).
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Table 30. Polynomial equations calculated by response surface analysis program

for extraction conditions of onion

Respon . . 2
Quadratic polynomial model R
se

Y Y1=6.86667-0.19285X 1+0.28762X 2-0.85208X 1"+0.06542X 2" 0.02750X X2 0.9079

Yo Y7=28.83000-0.24551 X 1 +5.15666X 2-0.34688X 1 *+1.42312X 5™~ 1.34250X (X»  0.9337

v Y5=66.41000-0.86281X 1 +16.36870X2+4.28875X 1°+9.44375X 5"+0.64000X X 0.9296
3 .

2
Yy Y,=48.92670-1.35599X 1 +6.11565X+4.78104X *+1.22354X 5™~ 1.68500X (X»  0.4415

v Y5=365.87700-27.21010X1-6.34443X 5~ 42.87460X 1 -8 39708 X s +54.46750 0.2030
5 2
XXy

X1(HAC conc., ppm), Xa(time, min), Yi(yield, %), Yz(total polyphenol, mg gallic acid
equiv./100g extract), Ys3(ABTS radical scavenge activity, mM AEAC/100g extract),
Y4DPPH radical scavenge activity, mM AEAC./100g extract), Ys(Quercetin, ng/100g

extract).

Table 31. Extimated coefficients of the fitted quadratic polynomial equation for

different response based on t-statistic

Y1 Yo Ys Y4 Ys

Intercept

Ao 35.154™ 27377 18.045™ 7.748" 4.228"™

Linear

Ay -1.612 -0.381 -0.391 -0.361 -0.514

Ay 2.3% 7981 7263 1.536 -0.120
Quadratic

An -5.986" -0.451 1.591 1.053 -0.680

Ao 0.461 1.861 3.523" 0.226 -0.133

Cross product
A -0.158 -1.469 0.200 -0.308 0.727

*Significant at 5% level

“Significant at 1% level

Model on which Xi;=HAC concentration (ppm), Xs= exfraction time (min) is
Y=Ao+ ArXi+AoXo+ A Xy + AnXo + A pXiXo,

X1(HAC conc., ppm), Xo(time, min), Yi(yvield, %), Ya(total polyphenol, mg gallic acid
equiv./100g extract), Ys3(ABTS radical scavenge activity, mM AEAC/100g extract),
Y4DPPH radical scavenge activity, mM AEAC./100g extract), Ys(Quercetin, ng/100g

extract).
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Table 32. Analysis of variance (ANOVA) for response of dependent variables

Responses
n Sources DF S5S MS I'-value  P-value
Model
. 5 5.680 1.136 9.86 0.013
Linear
. 2 0.959 0.480 416 0.086
Quandratic
2 4717 2.359 20.48 0.004
1 0.003 0.003 0.03 0.878
Y1 Cross—product
. 5 0.576 0.115 - -
Residual
) 3 0.456 0.152 253 0.296
Lack of fit
2 0.120 0.060 - -
Pure error
10 6.206 - -
Total
Model
] 5 235.471 47.094 14.08 0.006
Linear
) 2 213.203 106.601 31.08 0.001
Quandratic
2 15.059 7.529 2.25 0.201
1 7.209 7.209 2.16 0.202
Y, Cross—product
. 5 16.721 3.344 - -
Residual
) 3 11.143 3.714 133 0.456
Lack of fit
2 5578 2.789 - -
Pure error
10 252.192 - - -
Total
Model
. 5 2668.81 533.76 13.21 0.004
Linear
) 2 2149.42 1074.71 26.60 0.002
Quandratic
2 517.75 268.87 6.41 0.042
1 1.64 1.64 0.04 0.848
Ys Cross—product
. 5 202.03 40.41 - -
Residual ~ ~
. 3 177.80 59.27 4.89 0.174
Lack of fit
2 24.22 12.11 - -
Pure error
10 2870.83 - - -
Total
Model
] 5 454 .56 90.913 0.79 0.599
Linear
) 2 313.92 156.960 1.36 0.337
Quandratic
2 129.29 64.644 0.56 0.602
1 11.36 11.357 0.10 0.766
Y, Cross—product
. 5 574.98 114.996 - -
Residual
. 3 574.72 191.572 1437.87 0.001
Lack of fit
2 072 0.133 - -
Pure error
10 1029.55 - - -
Total
v Model 5 28602 5720 0.25 0.920
5 .
Linear 2 6245 3123 0.14 0.873
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Quandratic

2 10490 5245 023 0.800
1 11867 11867 053 0.500
Cross—product
. 5 112304 22461 - -
Residual
) 3 104103 34701 8.46 0.108
Lack of fit
2 8201 4100 - -
Pure error
10 140906 - - -
Total

Uy, (vield, %), Ys(total polyphenol, mg gallic acid equiv./100g extract), Ys(ABTS radical
scavenge activity, mM AEAC/100g extract), Y4+(DPPH radical scavenge activity, mM
AEAC/100g extract), Ys(Quercetin, ng/100g extract).

N

(A e H4 FEx1 Oﬂ—é

2 AFdAE FH5e HH FE270E 787 f18ke] Minitab software]
Multiple Response OptimizerE AF&3FtHTable 33). F£E5¥HS4 Yi(yield, %),
Yo(total polyphenol, mg gallic acid equiv./100g)% Y3(ABTS radical scavenge
activity, AEAC/100g)¢ =4 s Hulz dAsta H4 xd& Ab=Ed 24
Fis F=o AMEHAD HAMSE e s=XpE 2553ppm, FE AHX)E
300 oYt 1 Ay oA =H 582 7.12%, & polyphenol &2 40.40 mg gallic
acid equiv./100g extract, & FAFsEHS 11069 mM AEAC/100g extrace]™,
oluf o] ¥r=E= 0.9870] A tH(Table 34).

Table 33. Optimal conditions of onion extracts

Independent Critical value
variables Coded Uncoded
Xy -0.730 25.53
Xo 1414 300.0

X1 (HAC conc., ppm), Xo(time, min)

Table 34. Predicted value of response variables

Response variables Predicted values
Y, 712
Yo 40.40
Ys 110.69
Y4 65.30
Y5 280.92

Yi(yield, %), Ya(total polyphenol, mg gallic acid equiv./100g extract), Y3(ABTS radical
scavenge activity, AEAC/100g extract), Y4«(DPPH radical scavenge activity, AEAC/100g
extract), Ys(Quercetin, ug/100g extract).
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Table 35. Extraction yield of the grape extracts
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Table 36. Hunter's color values of the grape extracts

HAC(ppm) Time(min) r Hunter’s ;i)lor values b
0 200 13.37+0.01 32.88+0.02 20.85+0.01
15 140 28.23£0.13 36.17+0.09 28.00+2.06
260 7.11+0.06 29.17£0.08 11.49+0.07
50 100 25.94£0.05 47.75+0.04 26.25+0.04
200 12.03+0.01 33.69+0.01 36.64+0.05
300 10.62+0.16 30.04+0.23 16.62+0.18
&5 140 27.95£0.06 43.91+0.08 25.51+0.43
260 13.48+0.26 32.83+0.35 21.80+0.38
100 200 18.12+0.12 33.79+0.10 28.07+0.13
Values are means+SD, n=3
(th) w52 54
TATAAG o3 FExH wEl FET 5o A4 uh F " AAA
Asmeh, Hen W Ane] AR FEe fF wsdAE AAskel 1 AR
Table 37¢] WepHIATE A3 Bte] 7[a ke lojA HALSdaS H7F Al 7%
b FhEHa, FEAT0] BolURE VBRI gastdd. wE, o) JEE
of oAM= A AFe] HUFH FEAEA wWE fFo4d Aot gldvh
Hews Aue FEel QelA® F b wMge] hE f949 2ol hehs
rgkeh AAHQ A ERE A% ge] JERe] JFE wob HANHRAH 50 ppm
b F 1008 O FEY LEF ke FFE AU ubd, LEE FF A
Adeare] AAdstds HUteh FEALY S =50 RE F4 3 7S
25 Fol=d axdolrn}

Table 37. Sensory characteristics of the grape extracts

HAC Time A gk ok went A8k A A A
(ppm) (min) (Z]1ZE) (73%) (73%) (=) (=) NEE
0 200 5.83+1.33% 6.17+1.33™ 6.00£0.89* 6.17+0.98" 6.00£1.10° 6.33+1.03™
15 140 6.83+1.60™ 7.33+1.37® 7.00+0.89* 5.67+121° 6.67+151* 7.17+1.17%
260 517+0.93% 567+1.21° 550+1.05° 6.25+1.78* 500+1.26° 567£1.2°
50 100 8.17+0.75° 7.50+1.52* 7.33+1.21% 6.00+1.10* 550+1.87° 7.83+1.17°
200 5.67+1.21° 550+1.52° 567+0.82° 575+2.19*  500+0.89° 550+1.05°
300 5.67+052° 583+1.47™ 567+052° 650+1.38* 533+1.51°  567+1.03°
8 140 800+0.89" 750+0.84* 7.50+0.74" 6.50+1.05° 567+1.75°  7.50+0.55%
260 5.33+0.82% 550+1.06™ 567+0.82° 6.50+1.38*  4.83+1.17° 550+1.06™
100 200 6.33+1.21° 6.33+1.03™ 650106 4.92+150° 492+150" 650+1.06™

Values are means+SD, n=10

_96_



EEE 9 47040 2 SEW P2 FReka 9S B o vl s
5 %

A8l w5 v A

5
Sy
/)
9,
=
o
o
o
O
=
3
>
@]
=
=N
i
offt
o
B
o,
o
e
_\3
(ld
=
=5
@)
(O]
o0
3
i
uj
=
32
i
R

o
Lo
s
e
[
o
3

- 3
w
X
—
0
0
8
)
&
o
at
o3
a
-t
o
il
N
)
ol
30,
K
2
ra
2
ot
s
i
o
an
S
S
8
2
AL
o

oA Ax HANZg & yrdEz Add HeE A ERF
polyphenol 3t <7} S VAR FAAR XEF FF A FEA

A @A ke AZE WelA FF Agte] Frbetel weEl % polyphenol ol
F7F sk Aoz Hol AYd AHE xdste] FEI oY XEFY F

polyphenol F%°] &o]g Ao|r},

Table 38. Total polyphenol and flavonoid contents of the grape extracts

HAC(ppm) Time(min) Polyphenol” Flavonoid”

0 200 3.02+0.07 847.27+14.98

15 140 2.77£0.09 704.84+20.46

260 3.19+0.07 907.11£11.71

20 100 2.25+0.05 556.48+13.35

200 3.27+0.03 887.10£16.67

300 2.85+0.04 721.70£20.57

&5 140 2.75%0.03 720.71+29.20

260 3.22%0.07 847.87+32.13

100 200 3.30£0.06 907.40+33.66

YMean of triplicate determinations expressed as mg per lg grape extract

“Mean of triplicate determinations experssed as g per lg grape extract

F= A AAqEbg g HUbR FE AREY el Ui dae
Table 389 YERACE HAaksbd 4 100ppm H7F F 2008 B9t &3 ¥=5
9] # flavonoid $F#Fo] 907.40+33.66 ng/lg grape extractO 2 7} Hkar 722 A
Zhell A AxbE 45 S0ppm X @] 8 -(887.10+16.67 ug/lg grape extract)oll W]} A

= U @A es 22 w22 AYEde A¢ ARbe]l SUbEel wE F
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flavonoid &H% =7}3l9 o F&= A7lo] Y55 AZF Al & flavonoid FZ=9
FE S FE Y v dANgLdEs HU)

=

n

2] % flavonoid® F& F 7}

(t}) Trans-resveratrol 3

o Aoz ¢y trans-resveratrol X% #Ije} ¥ % ThFE
E2Aq35h= F8 HEIdIdER UVEAL, FHol 38 Borytis  cinereatt
Plasmopara viticola?zx< TAE A 23t A4 = HAEE 2EHA
of Hkg3lo] AAE = WolEd F9 Shilolth(34, 35). EE%Q trans-resveratrol
steF&(Table 39) M <AAirEZs 85 ppmeS H 718k 1402 & =
463.84+4.00 ng/lg grape extract® 7} =t Zﬂ‘?}’i.gi HAist el "7t
FEE o Ay g uwel FEY= trans-resveratrol®] rHEE FUlE o F

i
%= A trans-resveratrol®] FHEFol ek @A S Zol B ¢ gl

Table 39. Trans-resveratrol contents of the grape extracts

HAC(ppm) Time(min) trans-resveratrol (g per lg grape extract)
0 200 243.07+0.44
15 140 330.47£13.26
260 196.02+1.02
50 100 200.62+5.59
200 296.51+7.59
300 226.58+2.05
&5 140 463.84+4.00
260 183.01£2.10
100 200 362.18+8.54

Values are means+SD, n=3.

@) Emze) Pia 4
(7}) ABTS 0)4< o] &3k = 3patslale] =4
g Aolgls 244 UAE AEY) 98 AR AEFAL g
]
o

ojuf, of Ao WA AFEHd AXE E4FAT7Ia o] d vkE

W8-S 7 A7|E Aoz &dEA JuiE6). olyd dude] AATES F43H
9# A ABTS @z-S ol 43t & sharsld e =43 A= Table 40°ﬂ LR
ot AALE 4 50 ppme] FEolAl 2008 F=E3 X5 Eo] 1g 9 ascorbic acid
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Table 40. Antioxidant activities of the grape extracts

AEAC (mM ascorbic acid eq./1g grape extract)

HAC(ppm) Time(min) ABTS DPPH

0 200 9.74+0.48 4.22+0.08

15 140 9.40+0.15 3.94+0.12

260 10.00+0.29 4.32%0.10

20 100 7.718+0.14 3.36+0.13

200 11.06+0.64 5.10+0.12

300 8.76+0.13 3.60+0.06

&5 140 9.08+0.27 4.18+0.07

260 10.53£0.45 4.44+0.17

100 200 10.35£0.26 4.50+0.30

Values are means+SD, n=3.

Ol

=
FATAA G @ 1177e] FEx2Ad o F2A9E AAsT, ol
% % %,

ek 44, % polyphenol T, F  flavonoid &
o

th 7h7he) AoE o] Sakel W EW INLHE AN 7t &Gl BT 3

AAE AT (Table 42).
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Y19 EAFEX(ANOVA, analysis of variance) Z¥(Table 44), Y =x}3k, o] x}3} A
539 p—valueﬂ EAAOE Fo5tA] %9}‘:}(p>0.05) EIEs 5= A AR Y
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Fig. 16. Response surface for the effects of HAC concentration and extraction

time on yield of grape juice
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AsfA SHWMSGo] wE FEWS Yo(total polyphenol, mg gallic acid equiv./g
grape juice)®] 7t &9 AT FoAHE UE BEH AF(p<0.01), Axp<0.05)%
As(p<0.01) @] F2]do] AAHS
TS ool AAGHA FRa (p>0.1), A L o) xS fFoldo]l A
Hp<0.05). &2 % polyphenol $raFe] g ¥hg Wl 24 Ay Fig. 179
YER AL FEA ko] S 7hghel whel & polyphenol §H#Fol Frbettirl #H A F

A S AYEA oA ghche AEE Bolou dAisda Xy vRe wE
sk vH| BT Davalos 5 (39)0 &8t ARk 4 ¥&59] F polyphenol ¥ &

==

2 0.7-1.18 mg gallic acid equiv./ml grape juicet}il H AFFRAX|TF B =Fo A =

2o

s

[0}

5t ¥ =59 & polyphenoldh#-<& 2.25-3.30 mg gallic acid equiv./ml grape juice
o2 Yeut o= #HdE AP Al A o] FXETE Hael go] i

g nengiAY sl FEsgy] WEdl A4 LEF
1T

Fig. 17. Response surface for the effects of HAC concentration and extraction

time on total polyphenol contents of grape juice

(Th) =59 % flavonoid kol thsh 5 9] 3
e mE XEF9] F flavonoid 3#-& Table 41°] YEFATE Table
42+= F 594 Ys(total flavonoid, ug catechin equiv./g of grape juice)ol] th3lk Hb
EAS ERd o2 R% 090980] 3 -9 -& 5%ellol Al 1A= Uk
t-statisticell <718 FEHWF Yao| AA, o|A7, FEFY AT F94E LE
W A3 Table 43), LA FolA = Ay OIAE FollM = An, Bl 1440
A A (p<0.01). T3 FEHWHS Yo ANOVAS Ao olstd d2eH(p<0.05)

°

- &)
Ipoj AR (p<0.01)2 Tl AAHA oY FFLE FofAol dAHA &dvt
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Fig. 18. Response surface for the effects of HAC concentration and extraction

time on total flavonoid contents of grape juice

(vh X% F ks s & 219 9T
ABTS #t)Z-g o] &3l F il

o WS EW A2 AFE Table 420 veRATE ABTS 2t Al A5 o

3 32 AAAF R 085372 ukg 2do] sty on, BAHoR foA

o] & Aoz YEPITHp<0.05). F4 ¥4 YL (ABTS radical scavenge activity, mM

AEAC/g grape juice)?] 479 An@ol 1%olWe f2Adoe] AAHA oY X

G FroAol AAHA FkvH(Table 43). Yo ¥AHE2(ANOVA) Z 3 (Table

44), oA p=0.0132.2 o] AAFA Y (p<0.05) LA FTTFL F9

dol AAHA ¥kt vhEEW 4 Ai3(Fig. 19), X559 ABTS gz &7
| =3t
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£

oz aAggde] ek A3 Table 419
%) = Table 42 Yttt DPPH 2t
A Aol et 3 A2e AAAFE 093672 g Zyo Ao, A4
o 2% p=0.005% HFelAdo] E=AHp>0.01). 5 Ys(DPPH radical scavenge
activity, mM AEAC/g grape juice)®] &3 Aps 1%9 Fdo] JAAHS AL
Ane- 5%9] folido] AN YA B wARE FoAdo] AR &skrh

(Table 43). E5WT Y59 44 (ANOVA) A3 (Table 44), ol x3Fwt o)A o]

QAN A L WA fojde] A=A okt vkexw 44 H(Fig.
20), ABTS 2 27845 viAZR 25 55 A daitsbgage] JA7teE
s} FEAF] Hol@4% DPPH @iz AA%e] F71stg.0u 94 $Esh 5%
AZEE AVEA Faakdar, FEARN] AdiEnaAe sEIY IRF FF
of B 2 4TS viATh ol ABTS @l AA%l &% F s 443
ol-el ojall 71Qld Aew Azt
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Fig. 20. Response surface for the effects of HAC concentration and extraction
time on DPPH radical scavenging of grape juice

(AP E5%9] trans-resveratrol ekl thdl F&H XA 3

X5 Fo qaEAR AXREAS trans-resveratrol s FAFAAA LA o3 F&
Aol dojxl 7t FE5EZ ZAY L, 1 A= Table 419 dehiglos vt
S Aol thet A= Table 4201 GERHATE. £%5 trans-resveratrol St
2ol ik F A9 AAAGFE 059672 WS Zdo] AEkA] dron FAHC
2 Aol VeErUA ekskth. f-statisticol A3 SEW o] wE &M 7
el 74]*’119};4 9432 Ye(trans—resveratrol, 1g/g grape juice)®] ST 1%
2] A o] @, oAk @ AR freojde] A HA sk

A9
CHTable 43). & WS Yo EAHEA(ANOVA) A3t mok g, I3 2 o3}
Fo) frejdel AAHA &ktH(Table 44). ¥H-& %W 244 7 (Fig. 21), DA
oM

< -05 “)&0@
= o0
15 o (@

Q;f-

Fig. 21. Response surface for the effects of HAC concentration and extraction

time on trans-resveratrol contents of grape juice
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Table 41. Central composite design and responses of dependent variables for

extraction conditions of grape juice to independent variables

Coded levels of

Exp. ) Responses
No. variable
X4 Xy Y Yo Y3 Y4 Ys Ys

1 -1 -1 15.50 277 704.84 9.40 3.94 330.47
2 1 -1 15.99 275 720.71 9.08 4.18 463.84
3 -1 1 15.84 3.19 907.11 10.00 4.32 196.02
4 1 1 17.20 3.22 347.87 10.53 4.44 183.01
5 -1.414 0 14.74 3.02 847.27 9.74 4.22 243.07
6 1.414 0 16.24 3.30 907.40 10.35 4.50 362.18
7 0 -1.414 14.83 2.25 556.48 7.78 3.36 200.62
8 0 1.414 15.94 2.85 721.70 8.76 3.60 226.58
9 0 0 16.01 341 924.40 11.53 5.03 282.88
10 0 0 16.17 3.27 887.10 11.06 510 296.51
11 0 0 15.85 3.03 817.20 10.24 4.96 284.77

X1(HAC conc., ppm), Xo(time, min), Yi(yvield, %), Ya(total polyphenol, mg gallic acid
equiv./g grape juice), Ys(total flavonoid, ug catechin equiv./g of grape juice), Y4(ABTS
radical scavenge activity, mM AEAC/g grape juice), Ys(DPPH radical scavenge activity,
mM AEAC/g grape juice), Ys(trans-resveratrol, ug/g grape juice)

Table 42. Polynomial equations calculated by response surface analysis program

for extraction conditions of grape juice

Respo . .
Quadratic polynomial model R*
nse

Y1 Y1=16.01000+0.49642X1+0.38997X »-0.08625X 1°-0.13875X . +0.21750X 1 X, 0.7732

Yo Y5=3.23684+0.05259X 1+0.21739X 2-0.00640X 1"~ 0.31 165X »™+0.01 169X 1 X> 0.8879
Y3 Y5=876.2310+5.2103X 1+70.3842X 2+9.7816X "~ 109.3400X»*~ 18.7785X 1 X> 0.9098
Yy Y,=10.94540+0.13490X 1 +0.42838X 2-0.30092X 1"~ 1.19025X " +0.21003X (X»  0.8537
Ys Y5=5.02924+0.09656X 1+0.12209X 2-0.26003X 1"~ 0.69902X»*~0.03206 X 1 X 0.9367

Ys Y6=288.0540+36.1018X1-47.3202X »+16.0924X 1°~28.4200X ,"~36.5957X 1 X>  0.5962

Yi(yield, %), Yo(total polyphenol, mg gallic acid equiv./g grape juice), Ys(total flavonoid,
ug catechin equiv./g of grape juice), Y4(ABTS radical scavenge activity, mM AEAC/g
grape juice), Ys(DPPH radical scavenge activity, mM AEAC/g grape juice),

Ye(trans-resveratrol, ng/g grape juice)
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Table 43. Extimated coefficients of the fitted quadratic polynomial equation for

different response based on t-statistic

Y Yo Y3 Y Ys Ys

Intercept

Ao 61.201™ 35.381" 31.167™ 32.696™ 43.442™ 6.618"™

Linear

A 3.099" 0.939 0.303 0.658 1.362 1.354

Ay 2434 3.880" 4.088"™ 2.090 1.722 -1.775
Quadratic

An -0.452 -0.096 0477 -1.233 -3.082" 0.507

Aw -0.728 -4.674™ -5.336" -4.878™ -8.284™ -0.896

Cross product
Ap 0.960 0.147 0475 0.724 -0.320 -0.971

*Significant at 5% level

“Significant at 1% level

Model on which X3=AC concentration (ppm), Xs= extraction time (min) Iis
Y=Ao+ ArXi+AoXo+ A Xy + AnXo + A pXiXo,

X1(HAC conc., ppm), Xo(time, min), Yi(yvield, %), Ya(total polyphenol, mg gallic acid
equiv./g grape juice), Ys(total flavonoid, ug catechin equiv./g of grape juice), Y4(ABTS
radical scavenge activity, mM AEAC/g grape juice), Ys(DPPH radical scavenge activity,
mM AEAC/g grape juice), Ys(trans—resveratrol, ug/g grape juice).

Table 44. Analysis of variance (ANOVA) for response of dependent variables

Responsesl) Sources DF SS MS F-value P-value
Model 5 4.250 0.830 2.12 0.214
Linear 2 3.188 1.594 3.98 0.092
Quandratic 2 0.872 0.436 1.09 0.405
7 Cross—product 1 0.189 0.189 047 0522
Residual 5 2.003 0.401 - -
Lack of fit 3 0.975 0.325 0.63 0.660
Pure error 2 1.027 0514 - -
Total 10 6.252 - - -
Model 5 0.994 0.199 7.92 0.020
Linear 2 0.400 0.200 7.97 0.028
Quandratic 2 0.593 0.297 11.82 0.013
7 Cross—product 1 0.000 0.001 0.02 0.889
Residual 5 0.126 0.025 - -
Lack of fit 3 0.053 0.018 0.49 0.725
Pure error 2 0.072 0.036 - -
Total 10 1.120 - - -
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Model 5 119645 23929 10.09 0.012
Linear 2 39849 19924 8.40 0.025
Quandratic 2 78386 39193 16.53 0.006
v, Cross—product 1 1411 1411 0.59 0475
Residual 5 11856 237 - -
Lack of fit 3 5933 1978 0.67 0.646
Pure error 2 5923 2961 - -
Total 10 131502 - - -
Model 5 9.805 1.961 5.83 0.038
Linear 2 1.614 0.807 2.40 0.186
Quandratic 2 8.015 4.008 11.92 0.013
s Cross—product 1 0.177 0177 0.52 0.501
Residual 5 1.681 0.336 - -
Lack of fit 3 0.827 0.276 0.64 0.695
Pure error 2 0.854 0.427 - -
Total 10 11.486 - - -
Model 5 2.976 20.59 14.80 0.005
Linear 2 0.194 0.097 2.41 0.185
Quandratic 2 2.778 1.389 34.54 0.001
v Cross—product 1 0.004 0.004 0.10 0.762
Residual 5 0.201 0.040 - -
Lack of fit 3 0.190 0.063 11.88 0.079
Pure error 2 0.011 0.005 - -
Total 10 3177 - - -
Model 5 41954 8391 148 0.340
Linear 2 28340 14170 2.49 0.177
Quandratic 2 8257 4129 0.73 0.529
Ye Cross—product 1 5357 5357 0.94 0.376
Residual 5 28417 5683 - -
Lack of fit 3 28308 9436 172.92 0.006
Pure error 2 109 55 - -
Total 10 70371 - - -

Uy, (vield, %), Ya(total polyphenol, mg gallic acid equiv./g grape juice), Ys(total flavonoid,

ug catechin equiv./g of grape juice), Y4(ABTS radical scavenge activity, mM AEAC/g

grape

juice),

Ys(DPPH

radical

scavenge

Ye(trans—resveratrol, ng/g grape juice).
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(o) x50 HA FE=x4 45
2 ATAE XS & F37] 95k Minitab software?]
Multiple Response OptimizerE AFE3I T TH5ESF Yilyvield, %), Y:(total
polyphenol, mg gallic acid equiv./g grape juice), Ys(total flavonoid, ug catechin
equiv./g of grape juice), YA ABTS radical scavenge activity, mM AEAC/g grape
juice) 2 Ys5(DPPH radical scavenge activity, mM AEAC/g grape juice)®] =34

#s Hdz AAs HE 2ES AES 2y ¥RH FEF AMEFHAY
AArsld 4o F=X)E 695ppm, 5 AHXo)E 215% o) tH(Table 45). L

Ay =8 F&S 16.38%, & polyphenol S 3.32 mg gallic acid equiv./g
grape juice, < flavonoid &2 890.27 ng catechin equiv./g of grape juice, %
ke 1099 mM AEAC/g grape juice, AAaole 499 mM AEAC/g
grape juice o™, o] wjo] ¥W=HXE= 0.9590] A THTable 46).

Table 45. Optimal conditions of grape juice

Independent Critical value
variables Coded Uncoded
X1 0.5071 69.5
Xy 0.2428 215.0

X1 (HAC conc., ppm), Xo(time, min)

Table 46. Predicted value of response variables

Response variables Predicted values
Y, 16.38
Yo 3.32
Y3 890.27
Y4 10.99
Ys 4,99
Ys 295.05

Yi(yield, %), Y:(total polyphenol, mg gallic acid equiv./g grape juice), Ys(total
flavonoid, ug catechin equiv./g of grape juice), Y4«(ABTS radical scavenge
activity, mM AEAC/g grape juice), Ys(DPPH radical scavenge activity, mM
AEAC/g grape juice), Ye(trans—resveratrol, ug/g grape juice).
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Table 48. Hunter's color values of green tea extracts

Hunter's color values
*

HAC(ppm) Time(min) R . o
0 65 35.92+0.28 0.02+0.02 46.73+0.23
15 2% 43.05+0.88 1.06%0.13 54.21+0.88
104 48.95+0.23 6.21+0.08 65.63+0.31
50 10 49.78+0.03 8.33+0.06 66.78+0.14
65 42.06£0.06 3.82+0.01 57.99£0.01
120 49.17+0.38 8.61+0.57 68.41+0.54
85 2% 50.64+0.09 12.96+0.04 71.52+0.06
104 49.45+0.08 12.07+0.01 71.10+0.08
100 65 48.87+0.04 11.10+0.02 69.18+0.06
Values are means+SD, n=3
(th #5523 =4
FAFAA G o3 FExAd wel FEFI mAre] g2uke] el A db
g P AAE VEZEe &) thi AT HAIE AA el I AFE Table 490
Uepdet. HAXEEES Hubsle] m5x3E5 FEE9S Wouko] =
2R o FEAZ] i3 dEFS g Ak 3 W AAE VIR
HAAMNZ4 50 ppm HE F O10E FEFI H29 VIE=E7F P =%,
HAAsbslds Hrt & F&F Akl M 7 AdFelA s ekt whEkA
St FEH A Ao HAANSIARS 1o 9HE A4 Y VIEEE
To|=1 &z ot}
Table 49. Sensory characteristic of green tea extracts
HAC Time A B§ B went A A
(ppm) (min) (71Z%) CIE%E) Ezx) (=) VEE
0 65 583098  533+1.03"  6.33+1.67°  467+1.86° 567+1.217
15 26 6.67+1.03"  6.00+1.26®  533+1.03% 517+0.41°%  6.17+0.98%
104 6671217  567+0.82"  6.33+1.03%  7.00+0.63"  583+0.757
50 10 7.00+1.10° 633121  683+0.98* 550+2.17*%  7.00+1.41°
65 6.33+1.03"  567+1.21"  6.17+1.47° 550+1.64"™  6.00+1.647
120 6.67+1.63"  567+1.21"  6.33+1.217 492+1.02°¢  6.17+1.72®
85 26 567137  6.00+1.41"  6.00+0.80% 650+1.38%°  567+1.377
104 517+0.85°  467+0.82°  633+1.21*°  750+055°  5.17+0.75"
100 65 6331217  6.33+1.03°  650+1.05%  4.92+150  650+1.057

Values are means+SD, n=10
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Table 50. Total polyphenol and flavonoid contents of green tea extracts

HAC(ppm)  Time(min) Polyphenol” Flavonoid”

0 65 2.27+0.06 538.09+25.90

15 26 2.06£0.07 687.58+33.59

104 2.28%0.00 763.59+21.66

90 10 1.81+£0.04 629.09£29.95

65 2.24+0.04 721.60+20.22

120 2.12=0.02 732.75%£23.37

89 26 1.97+£0.02 663.71£11.37

104 2.19=0.04 752.41£15.60

100 65 1.95+0.04 697.49+£35.88

YMean of triplicate determinations expressed as mg per lg green tea extract

“Mean of triplicate determinations experssed as g per lg green tea extract

(t}) =kl 8 catechin 3H3HE 3haF

=2} 9] F8  catechin 3}gE& (+)-catechin, (-)-gallocatechin,
(=)—epigallocatechin, (-)—epigallocatechin gallate, (-)—epicatechin, (-)-gallocatechin
gallate & (-)-epicatechin gallate S©] ¢lon, =xlo] E90]9 = catechin &3& S
Aol o] 2L ohgst A gy 595 JeEbATH46). 7 FEx24d did 539
F 2 catechin gtFel] tigk =4 ZA3bi= Table 51| YeEpWon, =32-2] catechin
T M Be FS AASE AL EGCGH L F catechin® & div] 42% o4&
A 8. 52k catechin &S AANSAES HUMSA @23 668 ¢
FZ3F o)A 1.16 mg/l g of green tea extract® 7} kil HA3 A4S
100 ppm #H7FsE & 658 ot FE3E mxlol Al 83449 ng/l g of green tea
extract® 7PF WA FEEHAT Ankd oz =X FEF A HAdikside
A7bo] S7HEFE FEHE catechin® &S FojEA oY FE:AIZE o3

=

FZ 5= catechin® 3t
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Table 51. Catechin compounds contents of green tea extracts

(ug/lg of green tea extract)

HAC(ppm) Time(min) Gallic acid Catechin EGCG Epicatechin
0 65 107.75£9.74  146.66+£12.97 688.45+17.37 214.02+2.23

15 26 211.04£1.779  173.17+3.53 462.83+10.74 246.97+4.31

104 163.47+£22.29  157.88£540  657.53£7.47  255.32+3.01

20 10 95.84+£9.03 115.04+7.85 565.34+20.83 178.21£1.91

65 107.23£15.47 12261+1390 550.12£759 201.77+11.87

120 114.96£16.93  123.04£8.74 555.91+£20.20 192.03+9.47

&5 26 175.23£13.88  110.93£0.48  383.52+4.19  206.57+4.01

104 113.25%4.43  119.61+6.13  577.09+2.14  189.19+3.76

100 65 111.19+£0.17  117.01£0.66  481.34+4.33  174.95£22.96

Values are means+SD, n=3.
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ofo
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B

%
st A3E Table 520 YEFNATE A48 2448 15ppm A2 § 1048 &9 +
238 =abol A 1855+049 mM AEACE U]z A7 5o 7Fd % 4
T g 5

=
re
2
b

100 ppm Al & 668 & FEI ZAA KLA]’ﬁ‘a‘O] 15.35£0.23 mM
AFEACCe. = 71 vkt B 28 Aiy= dubad o= & polyphenoldtde] At 3t
W ou)Ea FoARAS B8 A RPgo] 08452 =gkt whaka] HAdabsg
e H7bete] w45 F5 S0E Ay T ditEo] AAsst A s HAUEsA
BoE AFHT Yol = AORE Mol =2 FE: A AALS A HUbe &
o AR B @A o2e TS /AA FUH

e itk DPPH E}T/]ﬂ AATS A ’&5}%%% 15 ppm g F 268 %3
=2l Al 9.07+053 mM AEACE 7H Eton HALsA %S 50 ppm A7 +
FEZH wE F

1208 5% 3§ SAboll A 7.7120.40 mM AEACZE 7pa wEgkoh
|
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Table 52. Antioxidant activities of green tea extracts

(mM ascorbic acid eq./lg green tea extract)

HAC(ppm)  Time(min) ABTS DPPH

0 65 18.45+£1.17 8.58+0.33

15 26 17.32+0.18 9.07+0.53

104 18.55+0.49 8.78+0.30

20 10 14.10+£0.19 7.93£0.24

65 17.12+0.30 7.46+0.20

120 16.52+0.31 7.71£0.40

&5 26 16.55+0.48 8.14+0.16

104 17.65+0.48 8.37+0.30

100 65 15.35+0.23 7.77£0.23

Values are means+SD, n=3.

Aojz FEFEo| thi =&, F polyphenold s, % flavonoid &%, *Hakel Fo
catechin #}3 = (gallic acid, catechin, EGCG, epicatechin) =, < aj

& Table 53° YetliAT. Z42ke] Axs o|&dte] wh3xH
AAtaL 2zt FER Ek 84S AJATHTable 54)

Oﬁ
{
ot
>
foy o

A5 o]

of QL Wi FHHUF(Y)Y e Table 5301 e
th olo ek ¥ wW FF S R0] 0909002 el oW EAAOZ w9 f
2 Aoz YEIHT(p<0.05). °] AHE  f-statistico]l AS FEHEHS
Yi(yield, %)9] 44, 338Xy, Xo), o)X X)), FE3F X A5
of tHal Table 55¢F o] YehHATH ¥ Ade p<00l2 3L%e] FoA
AAH R AFE p<O05E FoAdol AN, FEgd} o|xqgLS BT f
o) sk @Skt %—étﬁ—? Y19 #4HEA(ANOVA) ZAi(Table 56), Y&
p-value7} 0.0032.2 w-¢ Fol2Ql FE& Koy olxEgd JE5Ege F
2 oA ZFRHp>0.05). = } %% Al A g tE Adabeda MUs X,

pes)

)

7} %
¥ b= AQNBLE 4 Arhero] Fratel wepA
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Fig. 22. Response surface for the effects of HAC concentration and extraction

time on yield of green tea extracts
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Fig. 23. Response surface for the effects of HAC concentration and extraction

time on total polyphenol contents of green tea extract.
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Fig. 24. Response surface for the effects of HAC concentration and extraction

time on total flavonoid contents of green tea extract.

(vh) =ake] & Abstdel e FExe] 9%

Zrte) 2EzAoR 22F xabe] ABTS ghzel €3 & Fsies =74
3t A= Table 53 el wkb&Ed 3742 AGi= Table 540 YeRRT)
ABTS #tlZ ARGl dk g4 AAASF R*E 0689022 wh&wgo] s}
A ekskal, SAlAeRRE froAde] thEhubA 2kTH(p>0.00). t-statisticAdk F& W
T Y4(ABTS radical scavenge activity, mM AEAC/g green tea extract)2| 54t

o] 1%l frejide] AAHANI A T2 Fodo] A A LUrHTable

55). Y4¢] BEAFEA(ANOVA) A3 Table 56), Y43}, o)x18 2@ H353 25 §9
Aol AAE A ekekoh, vrgEH £ AiaH(Fig. 25), 32 ABTS &z AAE
e AAxS Ao Hutdo] sojdaE A3, FEA s E SVt

Fig. 25. Response surface for the effects of HAC concentration and extration

time on ABTS radical scavenge activity of green tea extracts.
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FEX wE =9 DPPH @y zd &A@l gk 23 Table 53]
Ellow whSgw g4 thik A Table 540 WebWth DPPH e A A
ol wE A AAAGE 0784% WS 2y e A &goen FA AL
25 f9gdol yEhA ZUTHE>0.05). t-statistice] A FEHHSGF Ys(DPPH
radical scavenge acitivy, mM AEAC/g green tea extract)® 3H(p<0.01)3}
Ap(p<0.05)¥t Frelide]l JdAHIAJL UM FE2 Fodel dAHA &FUuT
(Table 55). &% W+ Y.9 #AHEA(ANOVA) A3 Table 56), FE I 24 <]

DAL AAL(P<0.05) WA FolM= fFoldol AAHA okt wbgxd £49 4

H(Tig. 26), =2 55 A dQasbdae] H7hEke] sold+= DPPH s A7
ol ARdHIF dAFTEE AUA vAl SUFElaL, FEAIRE B3 Sbghel w
2t #Bed AA o] Aasur A TEE AuAE U SUMekE AEe B

™
gow 9N HEF FEAE L 5 FASAL ABPL LobR F gslnh
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Fig. 26. Response surface for the effects of HAC concentration and extraction

time on DPPH radical scavenge activity of green tea extracts.
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A AG o3 FE APolA Ao
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ool ATt t-statisticoll ZAT ZHW T wWE FHWUFO] Ao A
el Yg(gallic acid, ng/g green tea extract), Yq{catechin, lg/g green tea
extract), Ys(EGCG, ug/g green tea extract), ¥ Yolepicatechin, ug/g green tea
extract) =7 AT 1%9] ool AAHAL WA JAF, oA 7y H oAb
N A Ut (Table 55). 2 EHWHFEY #AHE4(ANOVA)Z
= Yoo AARRE Fodo] JIAEAAL YA o247 B AFdte] FoAo] <l
A A gggkon 1 fol thE WMEE(Ys Ys, Yo)& EE FelA |
Al % %tHTable 56). ¥-&®™ 4 Z3HFig. 27), Avrd o2 HALMSLwES A
g A HIlsrrl SUhshel wmekbN FEHE el §Ee fgastes AoE o

Bt om AR FE A FEAIZR i 92 mvEiv
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Fig. 27. Response surface for the effects of HAC concentration and extration

time on major compounds of catechin in green tea extracts.
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Table 53. Central composite design and responses of dependent wvariables for

extraction conditions of green tea to independent variables

Coded levels of

Exp. ) Responses
No variable
' X4 Xy Y1 Ya Y3 Y Ys Ys Y+ Ys Yo

1 -1 -1 123 206 68758 907 1732 211.04 17317 46283 24697
2 1 -1 114 197 66371 814 1655 17523 11093 38352 20657
3 -1 1 131 228 76359 878 1855 16347 15788 65753 25532
4 1 1 127 219 75241 837 1765 11325 11961 577.09 189.19
5 -1414 0 127 227 53829 858 1845 10778 14666 63345 214.02
6 1414 0 120 195 69749 777 1535 111.19 11701 481.34 1749
7 0 -1414 113 1.81 62909 793 1410 9584 11504 56034 17821
8 0 1414 130 212 7327 771 1652 11496 12304 55591 192.03
9 0 0 131 213 76529 737 1683 11291 13253 48733 203.99
10 0 0 123 224 92160 746 1712 10723 12261 55012 201.77
11 0 0 127 218 74344 742 1697 11007 12757 51873 202.88

X1(HAC conc., ppm), Xo(time, min), Yi(yvield, %), Ya(total polyphenol, mg gallic acid
equiv./g green tea extract), Ys(total flavonoid, ng catechin equiv./g of green tea extract),
Y (ABTS radical scavenge activity, mM AEAC/g green tea extract), Ys(DPPH radical
scavenge activity, mM AEAC/g green tea extract), Ye(gallic acid, ng/g green tea
extract), Yv(catechin, ng/g green tea extract), Ys(EGCG, ug/g green tea extract),
Yg(epicatechin, ug/g green tea extract).

Table 54. Polynomial equations calculated by response surface analysis program

for extraction conditions of green tea

Respo ) ) )
Quadratic polynomial model R
nse

Y Y1=1.26797-0.02680X 1+0.05486X2—0.01321X1-0.02462X 2" +0.00970X 1 X2 0.9090

Yo Y1=2.18335-0.07968X 1+0.10821X>-0.016 16X 1°~0.08670X5"+0.00079X 1 X>  0.8541
Y3 Y=743.4440+23.7965X 1 +38 9153X2-45.9606X "~ 14.3960X»"+3.1732X:X>  0.6063
Yy Y5=16.97260-0.75749X1+0.71878X»+0.31621X1"~0.47795X ,"~0.03302X (X, 0.6892
Ys Y.4=7.41742-0.31130X1-0.04714X»+0.52771X1+0.34925X »"+0.13023X 1 X, 0.7834
Yo Y5=110.0680-10.1469X 1-10.3136X2+14.2793X *+12.2447X5°-3.6033X1X>  0.2436

Yo Y6=127.5720-17.8046X 1+0.5866X 2+5.8717X1°~0.5261 X, +5.9945X 1 X » 0.7507
Ys Y7=518.7260-56.5815X 1+46.8668X 2+19.9569X 1 *+7.8206X "~ 0.2841X 1X> 0.6035
Yo Y5=202.8810-20.2230X 1+1.3144X »+4.4793X 1"-0.2028X "~ 6.4318X 1 X 0.5572
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X1 (HAC conc., ppm), Xo(time, min), Yi(vield, 26), Ya(total polyphenol, mg gallic
acid equiv./g green tea extract), Ys(total flavonoid, ug catechin equiv./g of green
tea extract), YuABTS radical scavenge activity, mM AEAC/g green tea
extract), Ys(DPPH radical scavenge activity, mM AEAC/g green tea extract),
Ye(gallic acid, ng/g green tea extract), Yr(catechin, ug/g green tea extract),
Ys(EGCG, ug/g green tea extract), Yo(epicatechin, ng/g green tea extract).

Table 55. Extimated coefficients of the fitted quadratic polynomial equation for

different response based on t-statistic

Y,y Yo Y3 Yy Ys Y Yo Yg Yo
Intercept
Ao 84.364™ 472637 21.1247 29.1097 39577 4225 158967 11.626" 14.736"
Linear
Ay -2912" -2816° 1104 -2121 -2327 -0636 -3623° -2071 -2.399
Ay 5960 38257 1.806™ 2013 -0352 -0646 0119 1715 015
Quadratic
An -1206 -0480 -1.792 0744 3315° 0752 1004 0614  0.446
Az -2.248 -2575" -53367 -1125 2194 0645 -0.090 0240 -0.020
Cross product
A 0.745 0020 0475 -0065 0688 -0.160 0862 -0.007 -0.539

*Significant at 5% level

“Significant at 1% level

Model on which X;=AC concentration (ppm), Xs= extraction time (min) Iis
Y=Ao+ ArXi+AoXo+ A Xy + AnXo +A pX Xo,

X1(HAC conc., ppm), Xo(time, min), Yi(yvield, %), Ya(total polyphenol, mg gallic acid
equiv./g green tea extract), Ys(total flavonoid, ng catechin equiv./g of green tea extract),
Y (ABTS radical scavenge activity, mM AEAC/g green tea extract), Ys(DPPH radical
scavenge activity, mM AEAC/g green tea extract), Ye(gallic acid, ng/g green tea
extract), Yq(catechin, ng/g green tea extract), Ys(EGCG, ug/g green tea extract),
Yo(epicatechin, ug/g green tea extract).

Table 56. Analysis of variance (ANOVA) for response of dependent variables

Responses b Sources DF SS MS F-value P-value
Model 5 0.034 0.007 9.99 0.012
Yy Linear 2 0.030 0.015 22.00 0.003
Quandratic 2 0.004 0.002 2.69 0.161
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Cross—product 1 0.000 0.000 0.56 0.490
Residual 5 0.003 0.001 - -
Lack of fit 3 0.000 0.000 0.11 0.945
Pure error 2 0.003 0.001 - -
Total 10 0.037 - - -
Model 5 0.187 0.037 5.86 0.037
Linear 2 0.144 0.072 11.28 0.014
Quandratic 2 0.043 0.021 3.36 0.119
Y, Cross—product 1 0.000 0.000 0.00 0.985
Residual 5 0.032 0.006 - -
Lack of fit 3 0.025 0.008 2.54 0.2%
Pure error 2 0.007 0.003 - -
Total 10 0.219 - - -
Model 5 28619.2 5723.83 154 0.324
Linear 2 16645.4 8322.71 2.24 0.202
Quandratic 2 11933.5 5966.73 161 0.289
v, Cross—product 1 40.3 40.28 0.01 0.921
Residual 5 18580.4 3716.07 - -
Lack of fit 3 176259 5875.31 12.31 0.076
Pure error 2 954.4 477.22 - -
Total 10 47199.5 - - -
Model 5 11.308 2.262 2.22 0.201
Linear 2 8.724 4.362 4.28 0.083
Quandratic 2 2.580 1.290 1.26 0.339
- Cross—product 1 0.004 0.004 0.00 0.950
Residual 5 5.100 1.020 - -
Lack of fit 3 5.097 1.685 78.11 0.013
Pure error 2 0.043 0.022 - -
Total 10 16.407 - - -
Model 5 2.666 0.533 3.73 0.088
Linear 2 0.793 0.397 2.77 0.155
Quandratic 2 1.805 0.903 6.31 0.043
v, Cross—product 1 0.068 0.068 047 0522
Residual 5 0.716 0.143 - -
Lack of fit 3 0.712 0.237 114.96 0.009
Pure error 2 0.004 0.002 - -
Total 10 3.382 - - -
Model 5 3278.1 655.62 0.32 0.880
Y Linear 2 1674.6 837.32 0.41 0.683
Quandratic 2 1551.5 775.76 0.38 0.701
Cross—product 1 51.9 51.94 0.03 0.879
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Residual 5) 10180.9 2036.18 - -

Lack of fit 3 10164.8 3388.27 420.74 0.002
Pure error 2 16.1 8.05 - -
Total 10 13459.01 - - -
Model 5 2908.58 581.72 3.01 0.126
Linear 2 2538.77 1269.39 6.07 0.040
Quandratic 2 226.07 113.04 0.59 0.591
v Cross—product 1 143.73 143.73 0.74 0.428
Residual 5 966.09 193.22 - -
Lack of fit 3 916.84 605.61 12.41 0.075
Pure error 2 49.25 24.62 - -
Total 10 3874.67 - - -
Model 5 45456.7 9091.3 1.52 0.328
Linear 2 43183.7 21591.9 3.62 0.107
Quandratic 2 2272.6 1136.3 0.19 0.832
Y Cross—product 1 0.3 0.3 0.00 0.994
Residual 5 29862.4 5972.5 - -
Lack of fit 3 27891.2 9297.1 9.43 0.097
Pure error 2 1971.2 985.6 - -
Total 10 75319.1 - - -
Model 5 3578.63 715.73 1.26 0.403
Linear 2 3285.57 1642.78 2.89 0.147
Quandratic 2 127.59 63.79 0.11 0.896
s Cross—product 1 165.47 165.47 0.29 0.613
Residual 5 2843.33 568.67 - -
Lack of fit 3 2840.86 946.95 766.74 0.001
Pure error 2 247 1.24 - -
Total 10 6421.96 - - -

Uy, (vield, %), Ya(total polyphenol, mg gallic acid equiv./g green tea extract), Ys(total
flavonoid, ng catechin equiv./g of green tea extract), Y4«(ABTS radical scavenge activity,
mM AEAC/g green tea extract), Ys(DPPH radical scavenge activity, mM AEAC/g green
tea extract), Ye(gallic acid, ng/g green tea extract), Yr(catechin, ug/g green tea extract),
Ys(EGCG, ng/g green tea extract), Yo(epicatechin, ug/g green tea extract).

(ob) =2ke] A3 F=x1 A=
2+ AFolA = =29 HA FExAS T8 ¥ske] Minitab  software]
Multiple Response OptimizerE AF&3FStHTable 57). E<¥ 7 Yi(yield, %) %
Yo(total polyphenol, mg gallic acid equiv./g green tea extract)e] &4 =

Az AAsa HH  2Ps AES 2y, =321 FECd ARHAd
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FadFel FTEXpDE 145 ppm, FE AKX 30FE oA 2 Ay

T2 1.30%, & polyphenol H#-& 2.28 mg gallic acid equiv./g extract,

£
I e
o

% flavonoid =2 69081 ug catechin equiv./g extracto]H il <% Ak =&
1836 mM AEAC/g extract, AAFod52 834 mM AEAC/g extracto] i th
=2ke] F 2 catechin % gallic acidi= 137.02 ng/g extract, catechine 147.21 pg/g
extract, EGCGE 636.82 ug/g extract, epicatechin< 233.82 ug/g extract®]|™,

olw o] WL = 0.9970] Ar}(Table 58).

Table 57. Optimal conditions of extraction of green tea

Independent -
variables Critical value
Coded Uncoded
X1 -1.0142 145
Xo 0.7571 30.0

X1 (HAC conc., ppm), Xo(time, min)

Table 58. Predicted value of response variables

Response variables Predicted values

Y, 1.30

Yo 2.28

Ys 690.81

Y4 18.36

Ys 8.34

Ys 137.02

Yo 147.21

Ys 636.82

Yy 233.82

Yi(yield, %), Ya(total polyphenol, mg gallic acid equiv./g green tea extract), Yas(total
flavonoid, ng catechin equiv./g of green tea extract), Y4«(ABTS radical scavenge activity,
mM AEAC/g green tea extract), Ys(DPPH radical scavenge activity, mM AEAC/g green
tea extract), Ye(gallic acid, ng/g green tea extract), Yr(catechin, ug/g green tea extract),

Ys(EGCG, ng/g green tea extract), Yo(epicatechin, ug/g green tea extract).
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1:011

3}

(1) avke] dAzksds Az FHS 93 ouaddg
h AdAas

Al AAgE aigvbe A7 oFolA #Ed aymbE gl 7k
Ab&EE on A E R (HAC, 99%)8 ol sinfo] S El(F)ol| A F kol ARR

HAistdwe] vt Hexd 448 2%k dujdd oz AAFE /7P

o} AL HFEL S 835t TR (0.02%, 0.04%, 0.06%, 0.08%) % H X A7HH

(Imin, 3min, 5min)® 23 & LDPE ¥&o =2 E43t9], 20+1C AF & 3¢ 7t
Aoz XA U agvte] FAEALES 4359
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(h A= R AE
AHA4Z NaOH pH 13 A7, CaOls z%ﬂ%l 2 L s =E0.06%,
0.12%, 0.18%)% =43}l LDPE Bgo= ¥3% F 10+1TolA 39 14, 25+1C

A 39 7tAoZ A Y JA%E ¥ ugule] TAEANS RAsT)

o] Aol o]AtElEl A ¥ E3= Gas chromatography(Model
GC-14A, Shimadzu, Japan)ol X7 dFHe] 7IAE 200 FHate] FH3k] FA3}
Gk 4 2712 column: CRT-1(Altech Associates Inc., USA), detector : TCD,
column temp.: 35C, detector temp.:60C, carrier gas: He(50ml/min) ©] %1 t}.

&2 AAAEE AgE] 2T FA A F

of thek WlEE&(%)= YERHSIH.

.

ot
o
P
N,
of
ot

arvke]l A= Texture analyzer(TA-XT2, Stable Micro System Ltd, UK)
g o] &3l A8 9, oldflE HHEIA AdEd F(lemxlem) AE 3mme
HHAS probeE AFEEY] A5 FYEZEE BELEE 50mm/min F 7 A

BHEE o =4

)

4
>

4) A

agake]l MEE e WY 9360, xi 03131, yi 03191)e®2 HAH
Colorimeter(CR-400, Konica. Japan)& o]-&3le] avwle] T} AdHe] Hk
lightness), 44 % (a, redness), 32 % (h, vellowness)E 1032 A3} o A=}

= AEfto.Z e LT

5) +%o]
FHol 2L FHor AR 10ge AHAT 1 T 9¥ol ddets it
H 0.85% Saline &2 7}3l9] stomacher (Bagmixer ®400, Interscience, France)

213 w43 A7l Fo AlERE 1 ml FHebe] 9mle] e 0.85% Saline &
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Aoz A sA(1017107) skAT. FFol+= Yeast and Mold Count Plate (3M
PetrifilmTM, St. Paul, USA)o|A 25Tl A 3¢ w43t colony forming unit
(CFU/mDZ AlFdte] Yeldal v E HA-2 3ukE9] Hy A2 Yehd sl

6) A2 FZ(electrolyte leakage)

zhzbe] Ao avb A REE YA sfkolxste 2g AFH F 04M
Mannitol £ 40ml-& ¥ 3l 37TCeolA 3A17F v 3Fe] EC meter(MODEL 8633,
HANNA Instrument)& ©|-&3dte] Z7] o]2F&g SA4AT & -40ToA 24X 3 o)
FI ThE 37T SlE F ol FEHFE FAAT A Td akEy 46

ATt

DA S, A, FRel(Ruh) 2 A%y B4, wolge) V5w L FHY
e EARBow s 1EEE 98 BAWe lste] BEAALA 109 v
Hoz ANt werhe eFE AANI st AR wAE TR

(zh EAA
A Ay Adojd ztmo| thd HA A= SPSS(Statistical Package for the
Social Science) version 17.0 ZZI1¥-8 o]&3le] ANOVA A3} Duncan’'s
multiple range test® A g o] Hit 3k 7H] {95 p<.05o0A s AAS)
At

(3) 7 v s S A4 5y
ohH A48 Ax

B oA AgE ks AVE ofFeA £ nTnE 9 sl
Agalgen AR BEERAUAC, 95%) o] rfo] o Bl(F)o] A FFo} g

AQRFAEe) wRol AA B AYE dAstel BAF mpvre) EFelE
PDAW| A o] =wbalo] 25CoA] v ¥ate] AME3}9) 01, bead balle] & Al@#el
ool xAZ 5ol Wi wwellvh. ¥A4E w48 r9slel Wise

2 ol



s

P

v Aabskda A9rr F35, AR, A, o] ARl v A= 9

APE AR FgE, AR, A Pk AR B sl WPrhedA

TANoH HAS AR (HAC, 95%) ol siuto] L 8l(F)o A T ol ARG

@) Az 2 AR

AAGRE YETFR 2552 ALs9on 34 2 553 (05%, 1.0%,
1.5%, 2.0%)= x74stel LDPE dF o2 245t & Fseh otz 1041CelA 3
d 704, AbFhe} A= 20£1°C A 39 7

Y

O
HU
il
S
It
o,
o
B
i
ol
o
2
vl

Ix
Lo
b

el o)Akl Er A &R Gas chromatography(Model
GC-14A, Shimadzu, Japan)ol X7 dFHe] 7IAE 200 FHate] FH3k] FA3}
Gk 4 2712 column: CRT-1(Altech Associates Inc., USA), detector : TCD,
column temp.: 35C, detector temp.:60C, carrier gas: He(50ml/min) ©] %1 t}.

o,

(\}) Ethylene 5% =

Ay - A F XU ethylene 5%+ #4FAE Injector 150TC, oven

100C, detector 250C, column flow 0.9ml/min, line velocity 18.7cm/sece] Z 7ol 4
Gas chromatogrphy(GC-450, Varian, U.S.A)E o] &3to] 243t}

(th) st
Tadow AR 10ge AMFAS F Sk 9ud sEshE "EarE 0.85% Saline
£o8 7}&}o] stomacher (Bagmixer ®400, Interscience, France)® 187t w23

Azl %ol A RS 1ml FH3te]l 9mle] e 0.85% Saline &0z @A 34
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(1017107) 3} v} Aerobic Count Plate (3M PetrifilmTM, St. Paul, USA) oA 3
7ColA 29 Bt v]%kdte] colony forming unit (CFU/g)Z A4=3ke] R oL 1
AE 4L 3nkE 9o Har A2 Ve LT

i

Nl
o

(T ZHFA A
NRE 7IZAZ IemZ A2 $ A2 g A™ #n 4 (Sometech, Korea)s
o] &3l AR TAFAE 1608 &= A3 1504 HrA = e

4) A A
A Ay Adojd ztmo| thd HA A= SPSS(Statistical Package for the
Social Science) version 17.0 2 =Z1d-g o]&3le] ANOVA A3} Duncan's

=
multiple range test® A @2 Hirgk o] {5 p<.050A Foldes HAF

(1) 2534 A% A
oh Ax
B Algd w5 Fdn g eAMAEFA 1d A9 2

() Ae 2 A%

AALstda AegE B3 e A4 2 A T 7
ZALsE7] flEke] 99% AAME LS EES 157 sR2H0.0%, 1.5%, 2.0%)=
spray A &l8t spray AT T , 1.09, 1.5%, 2.0%)= mix
A A T2 Axde] Sy f7)d ¥4I F 2521 TolA 7Y 7HA 0

KeN

2 nFFe olgerd EAEA

-

[‘UE
o
12
2
fo
_a

(dt

M= dAFY] ANREE FHslol B WAF(Y: 9360, x: 03131, y: 0.3191)2
= HAH Colorimeter(CR-400, Konica. Japan)E ©]&3lo] 1032 ZAslo] W%
(L, lightness), 4 %(a, redness), &M %(b, yvellowness) & =430 o A= A

BRtez Ul
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2) pH
AN B bgoll =F 45 ml F7FsFe] w433 v}S whatman No.lZ o3 &

pH meter(DKK-TOA, TA-70, Japan)= 3¥-5 =43}t

pH 24 w3l A2E pH 827 2 wWi7bA 0AN-NaOH ®#o = 3 #H
3la 2H ¥ 0.IN-NaOH2| & acetic acid® $H2HsFo] L ERPA L

4) ot g A
obv e A T FAL formol AW F3te] SAHIATE AR Hgell F

9 45 ml A7FEte] 34 3F3 vhe whatman NolZ o3 3 20ml 3o}, sk

HS 0.IN-NaOHE o] &3}lo] pH 84= =A% v} 10 mlY (36%)F43 L2544
Bl=hS 7leta pH 847F 2 wi7hx] 0.IN-NaOH= AR & tj&2oz AAakst
AT,

obml = A A (mg%)= (V1-V)x1.4xDxfx100/s
Vii EA18 9] 0.IN-NaOHE <} 2] AA 4H] ZF(ml)
Vo A8 0.1N-NaOH& <] 24 2 u] 2 (ml)
D: 32wl <=
f: 0.IN-NaOH-& 2] 97}

s AE AR

T R wfol AL FdoR AR 10 g& AFHE H T 9njel @l

F#E  085% Saline €A% 71319 stomacher (Bagmixer ®400,
Interscience, France)= 183 723} A7 & EHRE 1 ml ko] 9mle] A+t
# 0.85% Saline &4z @A 3435kt T+ Aerobic Count Plate (3M
Petrifilm™, St. Paul, USA) oA 37ColA 29 B¢+ wFslola, #Fo]= Yeast
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and Mold Count Plate (3M Petrifilm™, St. Paul, USA)o|A] 25C oA 3 ¥ %ka}
o] colony forming unit (log CFU/g)Z2 Alste] YERd AL v E 42 36kE 2

A= e,

() BAA
A Ay Ao xgo] W3k HEA A= SPSS (Statistical Package for the

Social Science) version 17.0 Z 2138 o] &30 HFAEY (p<0.05)S AA AT

(2) AAikstzdd Held wE aF37e] 7 HA Ao} AL

ol Aewy 2 wedE AQasds s a3
=]
]

W2 PR sk ¢
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Addsbdae] w3o] A &3 HEe fste] AHT wFde AHan H
#3golE 1Mol whA bead halle] & A@#el FFole] ¥AE Fake] ¥al
ATk ZAE A s)9steq HitrR A gX U FA
w8k 2AE AE § dd AE WAl 4% FE AT Paper discoll TR

(0.1%6-1.5%)% 50uL loadingslel wjAlel] Far 25CelA 72hr
Eot wstel & A4S dEslth

=
ofiL
=
2

2. A3 9@
7h. AAdstdg Aol 9% ayve] AZA 4% 2%

(1) atvoke] dAstebd+a A

12, 5%, 512 AEHREN QAT AT FRE AATE AEALL,
al

A% 39A FAY T, SRF AAHT, dAALsk s 0.02% 187, 3%, 0.04% 1%,
0.04% 3%, 0.08% 3& Al T-ollA #gol7k LAs e A 644 0.06% 3, 5
i, 0.08% 1% A 72 A 2 A golA w37t TS

A% 9YA e Aol A ﬁ*”folﬂ A B o ﬁ@ﬁﬂ%% 0.06%, 0.08%
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Fig. 28. Changes in weight loss rate and spoilage rate of sweet potato during
storage at 10C after HAC treatments
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Fig. 29. Changes in shape of sweet potato during storage at 10°C after HAC

treatments
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Elron 7} HY Pt FEAAE Aol wle AA ey

— - —  HAC0.06% Ls o0 2 —-=—  HAC0.06% -
601 ——o—— HACO.12% / o ——O-—  HAC0.12% g
——-—  HAC0.18% e o P HAC 0.18% e 8
’ = i £
o g
Py
g s o E § o
//X// 4 10 =
£
x 258 3
» g s 2
~

Storage time (days) Storage time (days) Storage time (days)

Fig. 30. Changes in COs, O2 concentrations and weight loss rate of sweet potato

during storage at 10T after HAC treatments
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Fig. 31. Changes in COs, O2 concentrations and weight loss rate of sweet potato

during storage at 25C after HAC treatments
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alTube] % :

T a7 vke] A% ®WskE Table 59, 604 2T, 10Tl A7g aigtebs 477710l
Ao AFE A F7he Aol7t Folm: AFS BT AR #Agle] ZE
A7) A= A7z wel A Faste s JERA oY HE ke
A& AolE wabE] A Aels ndE uf nvd Aoz vhebgrl Zb ATzt
T4 AFS AN A3 4 ATt FoA Aolvt de AR yEhHTHp (¢
0.05). 25Col A#e avwte] A9 AAbsbzds 0.12%, At za4%  0.18%14+=
kA gskow yH A A FolAs &F A

Table 59. Changes in firmness of sweet potato during storage at 10 Cafter HAC

treatments
Firmness (kgf)
Storage Treatments
days Control D.W NaOH CaOH:z HAC 0.06% HAC 0.12% HAC 0.18%
0 2646774227218 2436.63+239.34°  2950.95+34856° 3642.98+257.24°  3237.94+38976°  2268.67+159.50° 26574348317
3 2660.38+9862%° 234951+25301°  252248:12036™  2407.34+46882°  2597.93:30276°  2761.28+30203°  2655.78+19485%
6 27A456+27439°  243484+24378%  234374+23462°  2742.11+30085°  2753.25+24880°  2555.13+36962%  1679.39+12245°
9 2382.314261.17°  2209.80+32380%  237392+279.62°  222581+22497°  2440.08+15201° 1991.95+126.60° 2875.39+64.27°
12 2182.68+406.05"  2314.33+30435%  2329.03+50518%°  2152.18+51263" 217376+32895°  2432.02:£171.63°  2685.50+22046°
15 293.87+10607%  230976+22279%  1994.17+186593°  235575+14487%  2550.70+97697F  245032:25082F  276845+26954°
18 2387.88+202.44%  229547+190.01°  244220+15617%°  3092.08+47061°  2189.63+276.45° 3146.28+23894° 2575.55+259,70°
21 2295.47+19001° 2843.20+43756°  2761.36+241.32°° 196391200427  2682.45:30267°  2848.75+22324° 2535.44+194,53"
24 2347.03+16865°  2579.20+25157° 230485+312.36°  264278+14887%  2862.61+21416®  2980.25+20768° 2907.89+39474°
27 2544.83+49911%  2400.84+15991°  251326+32395%  2045.94:29775°  273493+48554%°  205161+366.26%  2851.60+18617%
30 235464+37554°  2622.36+31262%  271883+43854°  2841.74%55924°  2775.33+27980°  3278.3414896° 27717241836
33 25684153315 2442.31+33557° 268856256977 2800.40£43283°°  3004.20£27016%  2692.58+27264™¢ 31753733237
36 235490+26623°  2583.60+37883%  2314.82+15332°  2851.78+31127°  2556.06+23334%  27R9.74+24117F  2976.40+55788°
39 2753.82+ 40652 2472.22+315.32° 2301.21£16252° 27124630241 2830.17+21544° 26564138193  2643.68+39480%
42 24T6.84£255.25% 24659422497  2051.94+202.58°  2582.62:234.16°  2359.38+46008%  2634.94+477.45° 2621.81:322,68°

Table 60. Changes in firmness of sweet potato during storage at 25 T after
HAC treatments

Firmness (kgf)
Storage Treatments
days Control D.W NaOH CaOH: HAC 0.06% HAC 0.12% HAC 0.18%
0 261677+23428°  2436.63:23934  295095:34856°  364208:25724°  3237.94+38076°  226867+15950°  2568.18+46587°
3 24943915014 2292.04:104.157  240882:14533°  231092:150507  2781.24+22852°  254610:31426°  3056.18+181.13°
6 2327.20£18537%  2401.20£331.63%  2192.30:30794°  2258.83:14909%  2457.60+14821°  242168:22860%  2921.93:27703°
9 2500.18+28624"  2236.44:26804%  206228:28749"  2506.46:29648%  2183.34:16345°  280860:15488°  2713.82+38221°
12 2413.38+76710%°  248372:446.097  2250.48+37623°  2245.33+297.38" 23203917565  2750.36+37986°  2077.38+204.22
15 1642.14+309.98%  2357.11:419.65  2454.82:30256%  2157.42:47683%  2018.26:34609°  2188.14:32818%  264851:261.80°
18 20334046475°  182158+43529°  3030.60£51602°  2032.86£25527°  2007.54+35772°  250876:33958°  2482.77+22434°
21 260515501 52°  227097+362.41%°  2630.87+46353°  197855:36529°  2072.10+61091% 23639740148  249849+364,37%
24 250819401 41°  238053:42815°  2200,19+61310°  1683.07+43437°  225654+37679°  217870:29925°  2625.83:60050°
27 1885.604314.06°  251503+35000°  2256.77:40802°  2328.25:34186°  2453.06£35916°  235079:21493° 24942234587
30 26035837277 9571.23+750.07%°  A77R1576.64%° 2057 87+64794%  2138.12+355.6° 2869.27+6463%°  2749.89+539,05%
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Table 61. Changes in surface color of sweet potato during storage at 10 TCafter
HAC treatments

Surface color

Hunter's Storage Treatments
52}32 days Control DW NaOH CaOH:  HAC 006% HAC 0.12% HAC 0.18%
0 A840+454%  45.72+1.49°  3804+1.75°  4880+1.89°  38A7+256%  4223+152°  41.53+1.34°
3 48614193  39.89+2.96°  31.2442.80°  4527+477°  38284364°  39.204326°  40.72+257°
6 47824320°  39.12+4.19%  365242.40°  4671+157°  46.1242.36°  41.624458°  39.32+1.81%
9 4546+2.16°  382443.02°  33.34+450°  435043.13%° 4228+1.32°  42.08+1.37°  41.00+057°
12 44258377°  361543.07°  27.75+268°  4253:286%°  3968+4.74°  40.0742.11°  4052+1.10°
15 41554544 393443.11°  3321+2.38° 439242.76°  39.60+3.32°  43.23:2.30°  4059+2.30%
18 4418+4.88%  4089+1.69°  3547+3.77°  43.3942.70%°  4002+2.86°  45.79+9.87°  43442350%
L 21 50.35¢3.67°  4A7.04+2.60°  435442.12°  502543.67°  46.44+1.99°  46.71+1.95°  46.12+3.09°
24 545142.96°  48.75+1.78°  4814+1.96°  50.15+2.67°  49.06+1.46°  49.06+2.26°  49.17+1.76°
7 5842+1.83°  53.80+0.69°  5037+2.71°  5354+1.91°  5059+1.17°  50.35+1.24°  5357+2.34°
30 39364479  36.96+3.28% 355142701  39.96:2.65°  3555:1.68°  3865+346%  42.73+1.84°
33 49184485  4137+157°  3582+1.64%  4218+1.09%  4345:108°  4055+1.11°  41.23+1.03°
36 431443.76°  3838+£2.09%  3629+3.56°  39.94+1.83°  363142.26°  3828+3.05™  3856+3.26™
39 4551+4.12° 4551+1.18°  3681+2.13° 41464202  4308+1.12°  3686+1.69°  41.93+2.24°
2 4397+3.91°  3692+499°0  37.10£155%  52824473%  39.34+178°  39.75+2.08°  3582+2.019
0 8.71+1.78° 9.12+¢1.76%  10.56+2.18*  6.19+1.46° 133743.26°  7.69+091°  11.87+2.12%
3 7.76¢1.83°  13.81+2.01°  10.56+3.04®  9.01+2.07°  1287+428°  12.53+3.66°  13.58+3.08"
6 7.00£1.75°  13.62¢4.14°  7.0520.85° 8.00+1.56°"  1093+1.90%  12.15+343®  12.34+1.98%
9 9.59+2.64° 155542.30"  9.67+2.40° 9.10+1.04°  1113+2.57™  11.03+1.33%  1259+155°
12 10.23+3.29%  1845+261° 106043770 9.31+1.60°  1338+2.88%  13.864251°  14.64+4.29°
15 9.56+2.08° 15.50+2.88% 8.6243.95° 800+3.11°  11.17+2.56%  11.28+0.80%  12.32+1.37°
18 850+3.07°  10.09+1.46°  835+157°  11.34+157°  12044258°  0184227°  10.29+261°
a 21 4.99+0.69" 9.29+2.51 % 4.66+1.30° 6.77+0.79®  8.28+1.38% 7.69+1.83° 8.63+2.50%
24 5.03+1.20° 9.26+3.64% 4.60+0.81° 7.74+1.69%  847+157% 7.41+1.45° 8.10+1.11%
7 3.97+0.87° 6.78+1.84° 4.24+0.98° 7.00+1.05% 6.7240.43° 8.03+1.55" 5.95+1.07°
30 9.45+3.07° 14.98+1.75*  7.44+1.9%%  1308+1.29°  13.09+2.15°  11.24+109°  857+1.69%
33 5.38+1.68°  1251+3.20°  861+1.11°  11.59+2.13%  10.72+1.74°  11.264247°  10.88+1.55°
36 6.90+1.65°  18.37+2.64%  7.08+1.10° 12.87+1.42°  132442.10°  15.15#2.08°  12.71+2.65°
39 65141617 13264221°  698+1.267  11.16+213°  8.99+0.68° 13.30+0.89*  11.24+1.90°
2 7.004157°  14484250%  751+1.34° 495¢042°  1555+2.21°  13.39+3.13°  15.48+1.75°
0 13.15¢1.23*  12.03£099°  824+0.89¢ 9.50+0.64° 7.15+1.05° 9.08+0.41°  8.62+1.46%
3 13.77+1.39*  9.48+1.32™ 756+0.89¢ 875+1.64°  1084+1.87°  9.13+1.30™"  049+2.33™
6 115141.15%  9.22¢218™0  760+0.35%  1071:1.35™  1093+1.15®  1058+2.99%  910+0.86%
9 11.46+1.47% 8.45+0.58° 7.46+1.08° 10.96+0.60*  1027+1.05°  10.75£2.19*  10.73+1.15*
12 12224060  9.19+0.83™ 72841597  1081+1.69%®  0.87+1.46™ 9.10£2.27° 9.91+1.24%
15 11.86£0.99*  9.88+1.13"™ 8.45¢1.37° 9.83+0.69%  9.61+1.46*  10.05+1.83"°  9.23+1.8™
18 125442.34*  10.09+1.46° 873+1.61° 8.4240.83" 9.55+2.42° 11.78+1.48*  9.77+1.97°
b 21 8.63+1.09* 6.31+1.43% 4.81+0.82¢ 6.77+0.95"  5.00+1.22% 6.75+0.96" 5.29+1.30
24 8.91+1.33" 5.5440.72° 5.94+1.15° 6.29+1.51° 5.83+1.32° 5.67+1.18" 5.93+1.02°
7 8.58+0.87" 6.82+1.47° 3.65+1.35° 46240.80%  543+045%  537+060°  584+1.64%
30 12.9242.33*  9.97+1.87™  10.03+1.34™  8.27+1.18¢ 8.72+1.28°0  956+1.54"  10.41+0.78"
33 13.33¢1.83°  1021+0.92%  886+0.92¢ 877+1.06°  11.04+058°  0.69+0.83°  939+0.88%
36 127840.86°  10.45+¢1.18%  1151+0.99%°  11.30+1.06™¢  10.15+0.70°  12.35+2.56%  11.08+1.50™
39 1179+1.11%  892+0.56%  11.60+0.72*  9.77+1.35%  1230+050°  834+1.12°  10.33+0.99"
2 1411+1.16*  105141.42°  11.810.62° 894+2.36°  10.21+0.82%  10.18+1.02°'  9.81+1.18%
3 115 7.90 7.73 458 374 575 217
6 238 8.47 440 364 871 474 231
9 351 10.49 574 6.27 528 3.74 2.29
12 452 1367 11.23 7.13 291 6.54 322
15 7.03 9.28 6.09 560 343 3.85 121
18 428 530 420 755 307 4740 2.47
AR 21 6.17 587 8.30 3.14 9.37 505 653
24 8.29 7.16 11.26 382 1157 7.64 893
7 11.98 9.72 13.89 6.85 14.64 893 13.70
30 9.08 1059 504 11.28 342 507 3.94
33 342 581 378 858 6.71 400 1.29
36 558 11.92 558 11.25 382 9.05 3.94
39 3.88 519 591 8.87 808 781 1.86
2 485 10.42 511 424 3.82 6.31 6.87
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Table 62. Changes in surface color of sweet potato during storage at 25 Tafter
HAC treatments

Surface color

Hunter's Storage Treatments

52}32 days Control DW NaOH CaOH_ HAC 0.06% HAC 0.12% HAC 0.18%
0 4840+454°  4572+149"  3894+175'  4880+1.89"  38.304268°  4223+152°  4153+1.34°

3 4A882+3.96°  AL57+2.08°  37.89+41.56°  43.00#4.36°  412042.33°  3835+299°  43.49+3.20°

6 4924+2.45%  4416+1.72*  3950+1.37° 45204246  4055#253%  42.78+204°  4546+1.10°

9 49.16+3.94°  3960+3.12%  384541.£0°  3930+4158% 41374151 4289+1.73°  45.16+2.71°

12 51664345 A2.004456%  403141.37°  43004257%  427242.03%  4364+1.03°  42.86+2.62%

L 15 A887+6.71°  4009+430° 308641807  47.36+4159%  42.87+1.64% 42064261 44.99+2.23%
18 51.3742.20°  4492+2.41% 411642220 463542350 42954169  4286+415%  455242.70°

21 51144437 492140.73™  48.98+150™  52.15#2.44%  48.3042.8°  47.32+1.42°  4856+2.00°

24 5558+3.34°  50.20£0.60°9  49.07+1.62¢  51.95+1.82°  5L.04+1.57™  49.35+¢1.68%  51.34+1.21°

27 5743+2.60°  52.85+1.61%  51.43+1.52°  5B17+1.77°  5346+169°  53.68+1.98"°  53.30+1.26"

30 51.36+1.44*  40.07+2.26°  4202+1.89™  50.01#3.28° 42794253  4154+2.15%  42.93+2.89°

0 8.71+1.78° 9.12+1.76° 11.67+2.88°  6.19+1.46° 133743.26°  7.69+091"  11.87+2.12%

3 805+1.58°  12.13+1.84*  7.68+L75° 6.96+3.78%  1049+1.66°  1151+1.13°  11.54+3.86*

6.77+0.86° 11.89+1.22% 6.77+2.06° 7.93£2.11° 10.5042.28*  8.67+1.63° 11.01+1.24%
6.69+2.54° 13.1741.35*  5.70+1.47° 6.68+2.66° 1293+4.93°  11.424221*  7.18+1.46°

12 6.06+2.30°  11.1542.87°  6.60+1.44%  837+2.92™  1021+312%  1046+1.22%  0.22+1.32%
a 15 6.36+2.25°  13.53+266°  7.00#1.42%  859+1.76%  951+1.47°  11.80+2.08%  10.34+2.94"
18 524+1.13°  10.704220°  6.72+0.69™  9.80+2.06°  1075+¢L.25°  7.00+1.99°  668+L11™
21 4.03+0.74° 8.34+1.33° 5.24+1.60° 5.67+1.15° 5.77+1.02° 6.00+0.76"  7.83+1 567
24 412+0.68° 6.91+0.90° 556+0.57" 5.45+0.99 6.54+1.05° 7.35+0.99° 6.63+1.05°
27 4614058°  10.32+41.62°  4.41+0.98° 5.50£0.90° 5.60+0.63" 5.81+0.88" 5.74+0.87
30 56141187 11.20+1.11%  6.98+0.59° 535:147%  1024+171" 1021173 904207
0 125241.72%  12.03+0.99*°  8.24+0.89° 9.50+0.64° 7.15+1.057 9.08+041%  862+1.46%
3 12.1141.89°  10.34+0.75°  8.73+1.20% 753071 1028+1.01°  914+1.37%  1017+2.30°

12.7240.80*  12.05+0.55°  10.08+1.22%  7.76+0.92° 9.21+1.09° 9.72¢1.42*  10.39+0.83"
102944.31%  9.76+1.72°  10.14+1.14®  9.02+3.04 9.83+1.04° 9.56+0.50" 12.11+1.62*

12 1326+1.60*  9.66+1.90°  10.70+3.35°  822+1.32°  1097+1.44°  10.02+3.03*  10.27+0.76"
b 15 12964268 929+41.73° 10414137  10.0041.26™ 11424147  10.72¢156%  11.68+1.42%
18 122040.78°  10.10+1.27°  10.74+1.38°  0.65:0.82°  1031+1.44°  12.35¢1.69°  12.38+1.28°
21 7.90+1.63° 6.14+0.45°  7.53+0.75%°  7.37+1.07%  657+1.34*  557+0.48° 6.31+1.03°
24 9.53+1.70° 6.06£054°  7.06:1.16™  6.38:1.00°7  7.36:0.70°  6.36+1.037  7.60+0.65°
27 7.56+0.93° 5.81+0.92° 6.35+1.04" 6.61£0.91" 6.50+0.57" 6.25+0.87" 5.94+0.87
30 1333:096°  1011+0.73°  1251#094°  9.03+1.16°  10.11+059°  981+1.09°  11.19+0.01°
3 0.89 5.40 4.16 6.98 5.15 5.45 2.52
2.12 3.01 5.26 4.36 418 1.29 4.39
3.10 7.69 6.28 9.53 4.10 3.79 6.88
12 427 479 5.79 6.25 6.65 3.5 3.39
. 15 2.44 7.66 5.23 2.85 7.35 4.51 4.86
18 458 2.56 5.97 4.45 6.21 3.38 7.54
21 7.13 6.89 11.94 4.00 12.58 6.24 8.43
24 9.03 7.79 11.88 4.49 14.46 7.63 11.17
27 11.08 9.54 14.57 7.94 17.05 11.94 13.54
30 4.36 6.32 1.05 1.54 6.23 2.27 4.07
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Table 63. Changes in cutting plane color of sweet potato during storage at 10T
after HAC treatments

Cutting plane color

Hunter's Storage Treatments
52}32 days Control DW NaOH CaOH:  HAC 006% HAC 0.12% HAC 0.18%
0 834441 68°  86.44+0.28°  8585:0.49% 86274047  8545+121°  8659+045°  85.71+1.29%
3 85.79+0.98°  8506+152°  84.89+2.84% 84204143  8502:065°  85.75:0.66°  85.93+0.97°
6 83.68+1.29°  8444:0.42%  8506+1.84%  8419+0.48% 84724056  82.56+049°  8452+1.20%
9 84.40+1.95°  85.25+250°  8554+051°  8411+1.13%  8426+1.89°  8493+052°  84.23+1.74°
12 86.20£0.88°  8540+0.93%  84.98+161%  8527+128%  85.28+1.98%  8465+¢1.04°  8451+1.40°
15 83974147  8456+181°  8255¢1.76° 83524221 83874124  84.83+0.96°  82.94+1.20°
18 8481+1.24°  85.25:1.81°  8658:0.89°  8533+2.11°  85.96:096%  8537+045°  86.35+1.14%
L 21 81.35+0.47%°  8LD1:0.75%  82.34+0.78*  81.27+4.12%  7993+1.15°  81.81£0.29°  81.92+0.0*
24 86.55£0.97°  83.99+1.04°  8458:2.80°0 85950767  84.34+1.02¢  85.71+052%°  8557+1.03%°
7 82744139  83.00+1.47°  8401+151*  8338+1.15°  8245+3.13°  8300+0.67°  82.32+1.08"
30 86.14+0.84°  8520+1.81°  86.05+0.63*  8486+1.47°  8503+0.48°  8528+1.69°  86.11+1.25°
33 85.35+0.77%°  85.13+1.50°  8475+153"  85.32+¢1.24P  8622+0.68°  85.15+1.09®°  84.95+0.87°
36 85024153  86.79+0.70°  86.35£1.04P° 85214195  8579:0.72%°  8541:0.74*  85.00+0.84°
39 S50141.83° 867440330  8685¢1.08°  86.05+1.15°  8758+041°  86.27:058"  86.46+1.16°
2 86.07+0.96°  86.75:0.55%  8592+4114%  86.94+0.73°  86.99+0.78°  85.32+098°  86.08+0.83%
0 -391+0.61°  -491+0.19°  -507+#0.22°  -44040.11°  -4.16+052%° -419+0.15° -406+0.28%
3 -439:0.22"  -438:037°  -355:0.82°  -3504091° -3.88+048%  -400+0.39°  -3.89+0.39%
6 —456£0.37°  -417+0.12°  -337+028°  -447+0.20%  -41840.14°  -3.59+040°  -4.30+0.24%
9 -3.80£0.23°  -3.37+0.33%  -448:021™ -454+031"  -4514049°  -455:069°  -421+0.38°
12 —4D0£0.19°  -4D8+0.95°  -425:0.23%  -457+0.38%  -504+0597  -4.66+058°  -4.34:0.33%°
15 4024047°  -413+057®  -3.7740.33°  -3.93:042°  -446+0.39°  -412+¢0.37"°  -4.02+0.43"
18 451+0.38" -4.66£050"  -3.94+0.36°  -4.22+056%°  -442+0.60°  -434+040%  -422:021%®
a 21 —288+0.34°  -287+0.36%  -243£027° -2/8:0.25"  -230:0.44*  -2.790.16°  -2.92+047°
24 -316+0.20°  -3.25£049°  -224+0.89°  -3362021°  -342:¢031°  -3.3720.4>  -3.24+046"
7 ~166+0.58°  -232+041°  -1.82+0.65  2.99+0.30°0 = -243+0.49%  -346+021% -2.87+0.22%
30 -347+042°  -381+053%  -375:0.39°  -346+070° -381+061%° -437+052° -395+0.92%
33 -3.02¢0.76°  -3.97+0.30™  -3.77+0.79%  -356+058"  -354+050° -3.92¢056%  -4.14+0.49°
36 -358+0.62°  -387+0.37%  -397+045°  -400:040"° -3.77+021%°  -407+0.18%°  -4.42:+061°
39 —384+0.44%  -404+041%  -4054031%  -4.184042°°  -367+020°  -4.13+0.30®  -4.22+0.22°
2 “415£054°  -AD14058°  -427+0.86°  -426+0.32"  -422:0.52°  -416+046°  -3.96+0.62°
0 22.2241.00°  22.68+059° 22574048  21.57+0.45"  21.01+0.96%  19.98+0.63°  2050+1.28%
3 22.73£1.42% 2193151  1074+1.01°  2055£2.19°°  21.29+3.00%°  21.08£0.86™°  20.16+0.77°
6 22.724¢0.92°  2272+¢1.16°  18.27+085%  2389+0.80°  20.80+0.84°  23.79+1.10°  23.13+0.99%
9 21.39£0.76™  1966+1.13  21.66+0.62%°  2329+0.99°  22.10+141%°  2092+1.40™!  21.48+2.69¢
12 16.36+057%  1852+351%  21.97+2.14%®  2089+1.44%  2357+1.62°  21.70+3.97%  21.50+1.74%
15 21.34+1.08%  21.07+2.22°  2157+1.30% 211322897  22.79+3.05®  21.28+1.12®°  23.22+151°
18 2196+1.07%°  21.59+1.18%  19.7420.95°  23.37:2.36°  20.15+2.0%  20.88+241%  20.11+2.01™
b 21 2003+1.05°  19.36+3.45°  1629+056°  1951+1.19°  202740.70°  19.29+0.87°  19.58+1.75"
24 162141565  1945¢1.22%  1637+2.98°  1839+151°  20.30+1.38*  1862+¢1.13°  18.09+1.96°
7 13.4041.74%  14.93+0.73°  1497+1.87°  1743+059°  17.02+1.82°  20.33:2.19°  18.18+085°
30 197641567  22.00+3.63°  2068£1.71°  21.2243.74°  2153+1.34%®  2492:395°  20.76+4.22°
33 20.99+2.52° 2274363 2245+166°  21.45:2.62%°  19.85:1.35°  22.44+1.70°  24.67+1.44°
36 187542.93°  1983+096°  19.87+1.88°  2327+297°  2051+2.36°  2259+1.88°  23.87+158
39 21.44+2.60°  19.30+1.36% 21504218  21.66+3.52°  18.18+1.71°  21.02¢198%  21.04+1.30%
2 213642447  2008+1.68°  222042.71%  19.90+1.91°  2027+2.14°  2082+1.24®°  19.90+1.98°
3 2.45 1.03 335 248 058 135 0.44
6 0.87 213 469 2.94 0.76 550 2.90
9 128 3.45 113 2.77 168 196 1.78
12 6.02 437 134 121 281 2.64 165
15 1.03 259 3.69 2.82 240 2.19 3.89
18 152 163 3.13 2.05 103 152 0.76
AR 21 3.20 6.74 7.66 567 588 503 407
24 6.80 438 6.92 335 151 181 255
7 9.13 8.49 847 524 529 368 428
30 367 1.69 231 173 085 444 0.48
33 2.44 161 171 127 153 2.87 424
36 427 3.05 2.95 2.03 0.72 2.96 3.47
39 175 350 2.16 0.33 357 1.09 0.94
2 2.77 2.77 0.84 1.80 1.70 152 0.71
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Table 64. Changes in cutting plane color of sweet potato during storage at 25T
after HAC treatments

Cutting plane color

Hunter's | o Treatments
color torage
value days Control DW NaOH CaOH: HAC 0.06% HAC 0.122%6 HAC 0.18%

0 83.0041.47°  86.44+0.28"  8585+0.49%°  86.27+0.47%  8545+1.21°  8659+0.45°  85.71+1.29%
3 86.16+1.18°  8479+2.23%°  8587+150° 847442147 85534077  84.43+1.66°  8586+0.97%
6 85.91+0.52°  84.62+0.94%  8542+4059%  8493+1.04°  8256+1.15%  8387+1.06°  84.88+0.77°
9 8445+¢1.95%  8561+40.73° 8434114  83.73:0.72°  8519+¢1.83°  83.71+#181°  8.17+0.78"
12 839443.11°°  8421+1.08°  8338+059°  85.36+1.06  85.34+0.69%  85.92¢1.16°  85.05+0.93%

L 15 85.0241.00°  8453+1.06%°  8419+1.77°  81.84+2.10°  8453+1.32%  8355+1.73°  84.29+0.63%
18 87024135  87.01+0.97°  8530+1.24>  86.73+0.92°  8643+1.05°  8598+1.00°  83.55+1.6°
21 784142.97°  8203+0.81%  81.65+¢1.21°  81.22+¢0.96°  81.72+0.81°  83.00+0.39°  81.33+1.12°
24 86.40+0.82°  8564+1.25°  85.92+1.18°  8542+41.12°  8593+1.98°  86.15+0.63°  85.98+1.73°
27 845240.88°  B404+1.£9°  8246+2.68° 8420093  8443+1.19°  8453+0.94°  8359+1.10%
30 85.62+3.04%  8586+0.85°  8416+382°  8615+0.73°  8477+1.L8°  8571+1.39°  83.94+2.08°
0 -507+0.22°  -440%0.11°  -416+0.52°  -44040.11°  -4.16+052%°  -4.19+0.15°  -4.06+0.28%
3 ~445+0.45"  -4304061%  -471+023"  -430#0.61°  -471#023°  -4504#095°  -4.59+0.20°

—420+0.12°  -4.45+0.30°  -3.64+0.32°  -445+0.30°  -354+0.32°  -4.15+027°  -3.74+0.27°
-304+0.25%  -3.75+0.37°  -4.42+0.89%  -3.75+0.37°  -4.42+089%  -4.84+0.24%  -4.35+0.50™

12 —4914024°  -403+061°  -3.7240.25°  -403+0.61°  -3.72¢025°  -479+02°  -4.58+0.28°
a 15 ~2.894050%°  -327+0.67°  -3.444043"  -3.27+0.67%  -3.44+043°  -3.36+0.67°  -4.23+0.25°
18 —470+0.36"  -380+0.39"  -450+0.83°  -3.80+0.39°  -4350+0.83°  -3.05+0.80°  -3.43+0.52%
21 —244+039°  -230+0.17°  -231:041°  -230+0.17°  -231#041°  -217+#026°  -2.09+0.43°
24 —296+023%  -2.1940.35™  -2.77+041™  -219+0.35°  -2.77+041°  -3.18+051°  -3.17+0.48°
27 -249+0.30°  -187+0.36°  -2.00+0.65°  -1.87+0.36"  -2.00+40.65° -2.38+0.28%  -2.39+0.31™
30 —202+0.70°  -351+058%  -2.91+0.89°  -3651+058°  -209140.89°  -3.36:090°  -3.33+0.96"
0 2222+1.00°°  22.68+0.50° 22574048  21.57+0.45”  21.01+0.96%  19.98+0.63°  2050+1.28%
3 2051+1.76°  18.98+2.01°  2285+293%  201.36+2.62°  22.36+0.87°  24.74+4.92%  23.05+1.14%

21.61+0.67°  17.48+1.27°  19.14:0.74%  205141.07°  2358+1.99°  2262¢1.41%  18.39+0.96%
2059+2.02%  18.73+1.44°  20.73+2.44%  19.27+2.87°  2594+4.60°  2350+4.34*®  22.55+2.49°

12 1785£2.75°  2210+0.71°  25.06+0.76°  19.412442°  1813+1.10°  21.64+1.04°  21.59+2.12°
b 15 17.01£0.99°  2280+157°  2227+1.68°  1804+2.77°  2028+3.7°  21.9141.9%  22.59+1.38°
18 1801+4.15%  20.74+370%  2316+2.01%°  17.70+1.93°  2096+2.08*  1750+1.09%  23.80+152°
21 204142.67°  1532+2.06°  17.36+251%  1808+0.75°  17.00+1.93%  17.00+1.32°  16.83+2.91"
24 16.08+1.52%  17.80+2.49°  1637+2.07  1496+2.30°  1512+¢244°  1585+252%  1810+3.14°
27 1501+1.58°  163142.60%  17.33+2.13%  12.74+1.36°  13.26+1.63° 16.28+156™  1667+1.28%
30 192542.88"  1852+3.68°  17.614357°  19.59+2.82°  1852+2.93°  19.24+3.38°  20.28+3.88°
3 2.79 422 0.71 155 146 523 263
2.23 576 356 171 394 3.79 2.29
184 421 263 3.485 494 459 214
12 473 2.49 352 23 2092 1.89 1.46
AR 15 48 1.99 2.76 577 138 3.70 254
18 449 2.28 0.89 3.94 103 2.80 3.99
21 6.33 9.06 7.19 6.49 579 502 6.04
24 6.63 525 6.54 7.02 6.07 427 257
27 737 7.18 6.75 9.40 8.09 456 469
30 3.44 454 566 2.13 287 142 1.93
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Table 65. Changes in mold count of sweet potato during storage at 10 T after
HAC treatments

Mold count (CFU/g)

Storage Treatments
Days Control DW NaOH CaOH, HAC 0.06% HAC 012% HAC 0.18%

0 498x10" 1.85x10° 2.49x10" 2.34x10" 0 0 0

3 6.42x10° 1.65x10° 2.49x10° 267x10° 0 7.20x10 6.17x10°

6 2.99x10° 4.18x10° 4.07x10° 3.10x10° 2.14x10° 2.90x10° 3.39x10°

9 5.05x10° 1.04x10° 4.12x10° 1.10x10° 2.22x10° 2.02x10° 1.60x10°
12 1.09x10* 1.14x10° 9.32x10° 1.42x10° 8.90x10° 3.23x10° 1.92x10*
15 1.07x10* 6.64x10° 8.02x10° 1.03x10° 3.90x10" 1.16x10* 8.34x10°
18 1.49x10* 4.03x10" 1.13x10* 1.37x10" 2.06x10" 7.26x10" 1.76x10"
21 1.54x10* 5.88x10* 1.46x10* 6.58x10" 2.70x10" 1.02x10° 2.00x10"
24 6.60x10" 1.92x10° 3.37x10" 1.38x10° 5.18x10" 6.30x10" 3.29x10"
27 6.68x10* 2.62x10° 4.04x10° 1.31x10° 9.91x10" 1.34x10° 1.95x10°
30 3.95x10° 6.09x10° 6.02x10° 6.90x10° 1.99x10° 4.94x10° 8.18x10°
33 5.12x10° 6.35%10° 6.24x10° 3.95x10° 4.89x10° 7.11x10° 8.20x10°
36 6.33x10° 6.88x10° 6.57x10° 6.23x10° 8.50x10° 1.60x10° 7.10x10°
39 8.13x10° 7.34x10° 7.81x10° 6.90x10° 1.17x10° 3.48x10° 1.06x10°
42 2.17x10° 9.48x10° 8.39x10° 7.15x10° 3.27x10° 7.00x10° 2.87x10°

Table 66. Changes in mold count of sweet potato during storage at 25 T after
HAC treatments

Mold count (CFU/g)

Storage Treatments

Days Control | DW NaOH | CaOH: | HAC 006% | HAC 012% | HAC 0.18%
0 4.98x10" 1.85x10° 2.49x10" 2.34x10° 0 0 0
3 4.78%10° 5.17x10° 6.19x10° 6.05x10° 8.32x10° 8.34x10° 1.40x10°
6 2.97x10° 4.30%10° 7.70x10° 8.34x10° 8.00x10° 1.00x10° 217x10°
9 9.72x10" 1.26x10* 1.14x10* 2.74x10" 5.50x10" 6.34x10° 1.17x10*
12 2.67x10° 1.67x10* 7.95x10° 2.22x10" 3.75x10° 9.15x10° 1.88x10*
15 2.18x10* 1.70x10" 1.73x10" 2.25x10" 3.67x10" 3.62x10" 4.05x10°
18 1.99x10" 2.48x10" 1.75%10" 4.49x10* 3.23x10* 4.13x10* 4.32x10°
21 2.09x10* 6.05x10" 6.42x10" A.77x10" 7.25x10" 1.50x10° 5.80x10°
24 1.06x10* 1.39x10° 758<10* 1.23x10° 1.38x10° 1.14x10° 9.42x10°
27 3.70x10° 6.42x10° 257%10° 5.12x10° 7.10x10° 3.62x10° 1.18x10°
30 1.17x1¢° 2.32x10° 8.12x10° 1.13x10° 7.65%10° 7.29x10° 1.35x10°

Sun 58 A AdE ayviE A% 29 AR TSI 492 log CFU/goll Al
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Table 67. Changes in electrolyte leakage of sweet potato during storage at 10T
after HAC treatments

Electrolyte leakage

Storage Treatments

Days Control DW NaOH CaOH; HAC 0.06% HAC 0.12% HAC 0.18%
0 7453+16.34™ 64.89+9.01° 63.12+5.71° 94.85+1818%  9257+10.46°  01.40+436™  7942+7.00°%
3 99.95+1552°  109.96+821°  104.31+1836°  105.09+2052°  101.01+13.89°  95.99+1451°  104.74+18.80°
6 81.45+9.64% 68.14+7.90° 95.62+11.74* 85.58+8.70" 86.43+6.83" 86.859+9.48" 80.87+9.07%
9 75.54+17.55° 74.69+9.21° 77.97+3.21° 71.49+17.68%  71.02422.03°  7256+13.15°  84.40+16.75°
12 93.98+10.28* 82.94+9.78% 83.8445.22% 80.52+12.9% 85.59+6.50* 70.33+11.24° 47.7545.02°
15 99.54+2.99" 93.53+5.95% 95.38+9.62% 85.79+9.28° 71.1620.80° 84.93+9.76° 97.9646.58"
18 87.53+5.80™ 76.438.26° 91.38+15.42° 89.24+9.90° 83314521 89.05+2.08" 107.89+5.74*
21 97.49+2.40° 64.05+5.19° 95.70+4.24° 87.95+6.05° 92.69+357°° 67.79+1.57° 97.51+0.67°
24 86.30+3.20% 59.58+7.34¢ 76.81+9.06™ 67.58+5.30% 88.08+2.74° 76.96+11.99%  77.78+1.57°%
27 82.14+2.99% 72.88+6.16™ 62.78+6.07° 86.48+9.51° 85.81+10.13° 75.85+6.89% 83.20+6.17%
30 85.1244.56" 63.90+4.97° 71.93£091° 71.91+3.83° 73.7241.17° 69.44+1.84° 80.62+2.03*
33 82.97+1.50* 64.41+0.37° 67.09+2.88% 69.20+1.14% 71.00+0.63° 68.85+0.48% 77.04+1.16°
36 64.38+2.75™ 50.78+1.44¢ 59.9446.00° 66.91£1.15° 60.49+0.78° 62.47+5.89™ 75.51£2.49"
39 62.7545.16* 4813+2.81° 55.69+4.19" 50.78+3.64" 4911+7.36° 50.98+1.67° 64.59+8.56"
42 451342419 56.66+13.38%°  51.81+17.77%  48.12+7.2% 58.89+1.67% 68.32+2.33° 61.15+4.23%
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Table 68. Changes in electrolyte leakage of sweet potato during storage at 25T
after HAC treatments

Electrolyte leakage

Storage Treatments

Days Control D.W NaOH CaOH: HAC 0.06% HAC 0.12% HAC 0.18%
0 7453+16.34™ 64.89+9.01° 63.1245.71° 94.85+1818"  9257+1046°  9140+436T 79427007
3 103.98+2.60° 97.48+8.38° 11344+981°  104.49+1241°  10573:29.94°  109.64906° 98.38+8.68°
6 7358+1520°  105.19+0.12°  107.45+2422%  70.30+1644°  106.73+26.39°  80.82+751®  88.74+14.49%
9 84.92+13.30° 48.34+4.04° 6427+11.54°  86.71+12.10°  12025+¢2533*  103.18+1.58%  59.21+11.34°
12 59.40+6.17" 55.99+8 56" 52.16+6.50% 50.25+2.69% 81.83+12.73* 28.56+1.39¢ 40.49+7.99°
15 75.43+6.07% 77.50+7.74% 73.24+6.£3° 78.11+10.23™ 85.20+7.09° 82.33+3.71™ 111.21+6.88*
18 73.23+10.11% 68.20+7.16°  127.45+1958°  11661+11.02°  76.53+2.24° 57.43+4.83¢ 88.35+8.06™
21 53.63+1.53° 84.99+5.00° 51.77+5.95¢ 70.76+3.25° 86.28+1.94° 81.03+4.76% 74.89+6.355™
24 67.6242.74%° 77.3448.04° 75.21+8.21° 65.5642.06%°  5481+8.31° 75.02£12.42°  61.70£2.27™
27 63.68+7.39™ 67.14+7.22% 6583725  72.47+1267% 80.73+3.35° 71.79+352%° 60.51+3.91°
30 64.78+4.37™° 68734417 52.59+3.93" 50.83+1.20°  68.90+23.07"  80.18+14.58° 79.66+2.48°
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Table 69. Changes in sensory evaluation of sweet potato during storage at 10T
after HAC treatments

Sensory evaluation

Storage Treatments
Factor HAC HAC HAC
Days Control DW NaOH CaOH: ) , ,
0.06% 0.12% 0.18%
0 9.00+0.00" 9.00+0.00° 9.00+0.00° 9.00+0.00° 9.00+0.00° 9.00+0.00* 9.00+0.00*
3 9.00+0.00" 9.00+0.00° 9.00+0.00° 9.00+0.00 9.00+0.00 9.00+0.00* 9.00+0.00*
6 8.33+0.58° 9.00+0.00* 8.00+0.00° 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00*
9 7.33+0.33° 9.00+0.00° 7.33+0.33° 8.00+0.00° 9.00+0.00 9.00+0.00* 9.00+0.00*
12 6.00+0.58° 8.00£0.00* 5.67+0.33° 7.67+0.33" 8.00+0.00* 8.00+0.00* 8.00+0.00*
15 5.33+0.88° 7.67+0.33" 5.00+0.58° 5.33+0.67° 7.67+0.33" 767+0.33* 6.67+0.88%
Appear 18 5.33+0.67™ 7.00+0.00% 5.00+0.00° 6.00£0.00™  6.67+1.33%* 7.67+0.33* 7.67+0.33*
21 6.00+0.00% 6.67+0.33% 5.00+0.00¢ 5.67+0.33 7.33+0.33" 7.33+0.33* 7.33+0.33*
ance 24 567+0.33°  6.33+0.33% 467+0.33° 5.67+0.33% 7.33+0.33° 7.33+0,33° 7.33+0,33°
27 5.50+0.29™ 6.00+0.00° 4.67+0.33¢ 5.33+0.33° 7.00£0.00* 7.00+0.00* 7.00+0.00*
30 517+0.17° 6.00+0.00° 4.3310.33¢ 5.0040.00° 7.00£0.00* 7.00+0.00* 7.00+0.00*
33 5.00+0.00™ 5.330.33" 4.330.33° 5.00+0.00™ 6.33+0.33" 6.33+0.33" 6.33+0.33"
36 4.67+0.33™ 5.000.00" 4.00£0.00° 5.000.00° 6.67+0.33" 6.67+0.33" 6.67+0.33"
39 4.33+0.33" 4.67+0.33° 4.00+0.00° 4.67+0.33° 6.000.00* 6.00+0.00* 6.00+0.00*
12 4.330.33" 4.67+0.33%° 4.000.00° 4.67+0.33% 5.67+0.33" 5.67+0.33" 5.67+0.33"
0 9.00+0.00* 9.00+0.00° 9.00+0.00° 9.00+0.00 9.00+0.00 9.00+0.00* 9.00+0.00*
3 9.00+0.00* 9.00+0.00° 9.00+0.00° 9.00+0.00 9.00+0.00 9.00+0.00* 9.00+0.00*
6 8.33+0.33° 9.00+0.00* 8.00+0.00° 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00*
9 7.67+0.33% 9.00+0.00* 7.33+0.58° 8.00+0.00° 9.00+0.00* 9.00+0.00* 9.00+0.00*
12 7.33+0.33" 7.67+0.33° 5.6740.33" 7.33+0.33° 8.00+0.00 8.00+0.00* 8.00+0.00*
15 7.17+017" 7.67+0.33° 467+0.33° 7.00+0.00° 8.00+0.00 7.67+0.33" 7.67+0.33"
18 7.00+0.00% 7.00+0.00% 4.67+0.33° 6.67+0.33° 7.67+0.33" 7.67+0.33" 7.67+0.33"
Color 21 7.00+0.00% 7.00+0.00% 4.00£0.00° 6.33+0.33° 7.67+0.33" 7.33+0.33" 7.33+0.33"
24 7.00+0.00" 7.00+0.00° 4.00+0.00° 6.00+0.00° 7.33+0.33° 7.33+0.33" 7.33+0.33"
27 7.00+0.00% 7.00+1.00% 4.00£0.00° 5.67+0.33" 7.33+0.33" 7.00+0.00* 7.00+0.00*
30 7.00+0.00" 6.33+0.33° 4.0020.00¢ 5.33+0.33° 7.00£0.00* 7.00+0.00* 7.00+0.00*
33 6.83+0.17" 6.00+0.58% 4.000.58° 5.330.33" 7.00£0.00* 7.00+0.00* 7.00+0.00*
36 6.67+0.17* 5.67+0.67° 3.67+0.33° 5.00+0.00° 7.00+0.00* 7.00+0.00* 7.00+0.00*
39 6.00+0.00%° 5.33+0.33™ 3.33+0.33¢ 5.00+0.00° 6.67+0.33" 6.67+0.33* 6.67+0.33*
42 6.00+0.00%° 5.33+0.33™ 3.33+0.33¢ 4.67+0.33° 6.67+0.33" 6.67+0.33* 6.67+0.33*
0 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
3 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
6 1667+2887°  0.00+0.00* 0.00+0.00° 16672887  0.00£0.00" 0.00+0.00* 0.00+0.00*
9 1667+2887°  0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
12 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
15 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
18 33335774  0.00+0.00* 0.00+0.00° 0.00£0.00° 16672887  0.00£0.00* 0.00+0.00*
Brusing 21 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
24 0.00+0.00" 0.00+0.00° 0.00+0.00°  33.33+57.74*  0.00£0.00" 0.00+0.00* 0.00+0.00*
27 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
30 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
33 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
36 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
39 33335774  0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
42 0.00+0.00" 0.00+0.00°  33.33+57.74*  0.00£0.00" 0.00+0.00 0.00+0.00* 0.00+0.00*
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0 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
3 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
6 0.00+0.00° 16672887  0.00£0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
9 0.00+0.00° 16672887  0.00£0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00°  16.67+28.87"
12 50.00+0.00°  1667+2887%  1667+2887%  1667+2887%  3333+2887®  0.00+0.00°  16.67+28.87%
15 66.67£28.87  50.00£0.00%°  1667+28.87°  83.33+2887°  50.00:0.00™  33.33:2887%  66.67+2887"
18 66.67+2887%  50.00+0.00"  1667+2887°  50.00£0.00°  66.67£2887°  50.00:0.00°  66.67+28.87°
Sroilage 21 66.67+2887*  50.00+0.00°  1667+2887°  50.00£0.00°  50.00£0.00°  50.00:0.00°  66.67+28.87"
24 66.67+28.87°  66.6TL2887°  G6.67+28.87°  83.33428.87°  50.00£0.00°  66.67+28.87°  66.67+28.87°
27 66.67+28.87°  66.6TH2887°  83.33+28.87°  83.33+428.87°  83.33+2887°  100.00+0.00°  66.67+28.87°
30 83.33428.87°  66.67+2887°  100.00+0.00°  83.33+28.87°  83.33+28.87°  83.33+2887°  83.33+28.87°
33 100.00£0.00*  100.00+0.00°  83.33+2887°  83.33+28.87°  83.33428.87°  83.33+2887°  100.00+0.00*
36 100.00£0.00*  100.00+0.00°  83.33+2887°  83.33+28.87°  83.33428.87°  83.33+2887°  100.00+0.00*
39 100.00£0.00*  100.00+0.00°  100.00£0.00°  83.33+28.87°  83.33428.87°  83.33+28.87°  100.00+0.00*
12 100.00£0.00*  100.00+0.00°  100.00£0.00°  83.33+28.87°  83.33428.87°  83.33+2887°  100.00+0.00*
0 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
3 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
6 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
9 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
12 2333+57.74" 33335774  0.00:0.00°  33.33+57.74°  0.00+0.00° 0.00+0.00°  33.33+57.74%
15 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
18 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
Sprouting 21 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00*
24 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
27 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
30 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
33 0.00+0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
36 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
39 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00* 0.00+0.00*
42 0.00+0.00" 0.00+0.00° 0.00+0.00° 0.00+0.00 0.00+0.00 0.00+0.00* 0.00+0.00*
0 9.00+0.00" 9.00+0.00° 9.00+0.00° 9.00+0.00° 9.00+0.00° 9.00+0.00* 9.00+0.00*
3 9.00+0.00" 9.00+0.00° 9.00+0.00° 9.00+0.00 9.00+0.00 9.00+0.00* 9.00+0.00*
6 8.33+0.33° 9.00+0.00* 8.00+0.00° 9.00+0.00* 9.00+0.00* 9.00+0.00* 9.00+0.00*
9 7.33+0.33° 9.00+0.00° 7.33+0.33° 8.00+0.00° 9.00+0.00 9.00+0.00* 9.00+0.00*
12 6.00+0.58° 8.00£0.00* 5.67+0.33° 7.67+0.33" 8.00+0.00* 8.00+0.00* 8.00+0.00*
15 6.00+0.00° 7.67+0.33" 5.00+0.58° 6.00+0.00° 7.67+0.33" 767+0.33* 767+0.33*
Overall 18 5.67+0.33° 7.00£0.00* 4.67+0.33° 5.00+0.00™ 7.33+0.33" 7.33+0.33* 7.33+0.33*
prefere 21 5.33+0.33" 6.33+0.33° 4.00+0.00° 5.00+0.00 6.67+0.33° 7.00+0.00* 7.00+0.00*
nee 24 5.00+0.00° 6.00+0.00° 4.00+0.00¢ 5.00+0.00° 6.00+0.00° 6.67+0.33* 6.00+0.00"
27 4.33+0.33° 5.0040.00* 3.67+0.33° 5.00+0.00* 5.00+0.00* 5.00+0.00° 5.00+0.00°
30 4.000.00° 4.000.00° 3.67+0.33° 4.000.00° 5.00+0.00* 5.00+0.00* 5.00+0.00*
33 4.00£0.00* 3.00+0.00° 3.00+0.00° 4.00+0.00* 4.33+0.33 4.33+0.00* 4.00£0.00*
36 3.0040.00° 3.0040.00° 2.00+0.007 3.00+0.00° 5.67+0.33" 4.00£0.00° 4.00£0.00°
39 3.00+0.00™ 2.00£0.00° 2.00+0.00° 3.00+0.00™ 4.33+0.67 3.67+0.33% 3.33+0.33%
42 2.0040.00° 2.0040.00° 2.00+0.00° 2.00+0.00° 4.00+0.00* 3.00+0.00° 3.00+0.00"
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Table 70. Changes in sensory evaluation of sweet potato during storage at 25T
after HAC treatments

Sensory evaluation

St Treatments
Factor orage
Days Control DW NaOH CaOH, HAC 0.06% HAC 0.12%  HAC 0.18%
0 9.00+0.00° 9.00+0.00° 9.00£0.00° 9.00£0.00° 9,00+0.00° 9,00+0.00° 9,00+0.00°
3 9.00+0.00° 8.67+0.33° 8.67+0.33° 8.00+0,00° 9.00+0,00° 9.00+0,00° 9.00+0.00°
6 8.33+0.33% 8.67+0.33% 7.33+0,33° 8.00+0.00% 9.00+0.00° 867+0.33% 867+0.33%
9 7.330,33" 8.67+0.33% 6.67+0.33° 8.00+0.00% 9.00+0.00° 867+0.33% 867+0.33%
12 6.00+1.58° 7.67+0.33° 6.33£0.67 7.33:0.33% 8.00+0.00° 8.00+0.00° 8.00+0.00°
Appearan 15 6.00+1.58" 6.33+0.33°° 5.67+0.33° 7.00£0.58°° 7.67+0.33° 7.33+0.67% 7.00+0.00%°
18 5.00+0.00" 5.33+0,33" 5.00+1.00" 5.00+0.00" 7.00+0.00° 6.67+0.33° 6.33+0.33"
21 4,33+0,33° 5.000.00% 400000 5.00+0.00% 6.00+0.00° 5.67+0.33% 5.33+0,33%
24 4.00+0.00" 4.00+0.00" 3.00+0.00° 4.00+0.00" 5.00+0.00° 4.67+0.33° 467+0.33°
277 3.00£0.00° 3.00£0.00° 3.00+0.00° 3.00+0.00° 4.33+0.33° 4.00£0.00° 4.00£0.00°
20 3.00+0.00° 3.00+0.00° 3.00+0.00° 3.00+0.00° 4,00£0.00° 3.67+0.33% 3.33+0.33"
0 9.00+0.00° 9.00+0.00° 9.00£0.00° 9.00£0.00° 9.00+0.00° 9.00+0.00° 9,00+0.00°
3 9.00+0.00° 8.67+0.33° 8.67+0.33° 8.00+0.00° 9.00+0.00° 9.00+0.00° 9.00+0.00°
6 8.23+0,33% 8.67+0.33% 7.33+0.33° 8.00+£0.00% 9.00+0.00° 8674033 8674033
9 7.330,33" 8.67+0.33% 6.67+0.33° 8.00+0.00% 9.00+0.00° 867+0.33% 867+0.33%
12 7.33+0,33° 8.00+0.00% 5.33+0,33° 7.33+0.33° 9.00+0.00° 867+0.33% 867+0.33%
Color 15 6.67+0.33° 7.670.33% 5.00£0.00° 7.00+0.00% 8.00+0.00° 7.67+0.33% 8.00+0.00°
18 6.00+0.00" 7.00+0.00° 5.00+0.00° 7.00+0.00° 7.67+0.33° 7.33+0.33" 7.33+0.33"
21 6.00+0.00" 6.00+0.00" 4,00+0.00° 6.00+0.00" 7.00+0.00° 7.00+0.00° 7.00+0.00°
24 5.00+0.00" 5.33+0,33" 4,00+0.00° 5.33+0,33" 7.00+0.00° 7.00+0.00° 7.00+0.00°
77 5.00+0.00" 5.00+0.00" 3.00+0.00° 5.00+0.00" 6.00+0.00° 6.00+0.00° 6.00+0.00°
0 5.00+0.00" 5.00+0.00" 3.00+0.00° 5.000.00" 6.00£0.00° 6.00£0.00° 6.00+0.00°
3 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
6 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
9 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
12 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Brusing 15 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
18 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
21 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
24 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
77 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
20 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
0 0.000.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
3 0.000.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
6 16.67+28.87° 1667+28.87° 0.000.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
9 33.33+57.74° 1667+28.87° 0.000.00° 16.67+28.87° 0.00+0.00° 0.00+0.00° 16.67+28.87°
12 0.00+0.00° 0.00+0.00° 0.000.00° 0.000.00° 33.33+28.87" 0.00+0.00° 66.67+28.87°
Spoilage 15 66672887 0.00+0.00° 66672887 66.67+28.87° 50.00+0.00° 50.00+0.00° 33.3328.87%
18 83.33+28.87° 50.0050.00° 66.67+28.87° 50.0050.00° 50.00+0.00° 66.6728.87° 66.6728.87°
21 66.67+28.87° 66672887 66.67+28.87° 83.33+28.87° 66.67+28.87° 66.6728.87° 66.6728.87°
24 50.0040.00° 666742887 66672887 83,33+ 28,87 100.00+0.00° 66672887 66.67+28.87%
77 100.00+0.00° 83.3328.87° 100.00+0.00° 100.00+0.00° 83.3328.87° 66.67+28.87° 100.00+0.00°
20 100.00+0.00° 100.00+0.00° 100.00+0.00° 100.00+0.00° 100.00+0.00° 83.33+28.87° 100.00+0.00°
0 0.00+0.00° 0.00+0.00° 0.00£0.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
3 0.00+0.00° 0.00+0.00° 0.000.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
6 0.00+0.00° 0.00+0.00° 0.000.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
9 0.00+0.00° 1667+28.87° 0.000.00° 0.000.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
12 33.33+28.87" 1667+28.87° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
Sprouting 15 0.00+0.00° 83.33+28.87 66.67+57.75" 50,000,007 33.33+28.87% 50,000,007 1667+28.87™
18 66672887 83.3328.87° 100.00+0.00° 83.3328.87° 50.00+0.00° 83.33+28.87° 66.67+57.75°
21 50.00+50.00° 83.3328.87° 83.33+28.87° 100.00+0.00° 100.00+0.00° 100.00+0.00° 66.6728.87°
24 100.00+0.00° 100.00+0.00° 66.67+28.87° 83.33+28.87° 100.00+0.00° 100.00+0.00° 66.6728.87°
77 100.00+0.00° 100.00+0.00° 83.3328.87° 100.00+0.00° 83.3328.87° 100.00+0.00° 100.00+0.00°
0 100.00+0.00° 100.00+0.00° 100.00+0.00° 100.000.00° 100.000.00° 100.00+0.00° 100.00+0.00°
0 9.00+0.00° 9.00+0.00° 9.00£0.00° 9.00£0.00° 9,00+0.00° 9,00+0.00° 9,00+0.00°
3 9.00+0.00° 8.67+0.33° 8.67+0.33° 8.00+0.00° 9.00+0.00° 9.00+0.00° 9.00+0.00°
6 8.33+0.33° 8.67+0.33° 7.33+0,33" 8.00+0.00% 8.67+0.33° 8.67+0.33° 8.67+0.33°
9 7.00£0.00% 7.67+0.33° 6.670.33° 7.00£0.00% 7.670.33° 7.00+0.00° 7.00+0.00°
Overall 12 6.00+0.58% 7.00+0.00° 567033 6670337 6670337 6.00+0.00%° 6.00+0.00%°
preferen 15 5.33+0,33° 5.00+0.00° 5.00+0.00° 5.33+0,33° 5.33+0.5° 5.00+0.00° 5.00+0.00°
ce 18 5.00+0.00° 467+0.33° 4.00+0.00" 5.00+0.00° 5.00+0.00° 4,00+0.00° 4,00+0.00°
21 4,00+0.00° 4,00+0.00° 3.00+0.00° 4,00+0.00° 4,33+0,33" 4,00+0.00° 4.00+0.00°
24 3.00£0.00 3.00£0.00 3.00£0.00 3.00+0.00 4,00+0.00 3.00+0.00 3.00+0.00
77 3.00+0.00° 3.00+0.00° 2.00+0.00° 3.000.00° 3.00+0.00° 2.67+0.33° 2.67+0.33°
0 2.00£0.00 2.00£0.00 2.00£0.00 2.00+0.00 2.00+0.00 2.00+0.00 2.00+0.00
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Fig. 32. Changes in shape of sweet potato during storage at 10°C after HAC

treatments
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Fig. 34. Anti-mold effect of various concentrations of HAC by paper disk
methods(1st)
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Fig. 35. Anti-mold effect of various concentrations of HAC by paper disk
methods(2nd)
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Fig. 36. Anti-mold effect of various concentrations of HAC by paper disk
methods(3rd)
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Fig. 37. Changes in CQs, O2 concentrations of lettuce during storage at 10T
after HAC treatments
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Fig. 38. Changes in ethylene concentrations of lettuce during storage at 10T
after HAC treatments
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Table 71. Changes in total microbial count of lettuce during storage at 10T
after HAC treatments

Microorganism (CFU/g)

Treatments
Storage days
Control HAC 05% HAC 1.0% HAC 15% HAC 2.0%
0 1.98x10° 3.54x10° 1.50x10° 1.33x10* 1.60x10°
3 1.60x10° 2.17x10° 2.27x10° 3.67x10* 2.30x10°
6 2.10x10° 3.56x10° 3.62x10° 2.07x10° 3.15%10°
9 4.38x10° 5.17x10° 5.87x10° 4.87x10° 5.33x10°
(2) %3t

OF) 7tz 9 ethylene 5}
AAMst s A & 10T AR F Fa9] 4bA, o)itsiets  dqEde F
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Fig. 39. Changes in COs, O2 concentrations of onion during storage at 10 Cafter
HAC treatments
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Fig. 40. Changes in ethylene concentrations of onion during storage at 10T
after HAC treatments
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Table 72. Changes in total microbial count of onion during storage at 10 T after
HAC treatments

Microorganism (CFU/g)

Storage Treatments
days Control D.W HAC 05%  HAC 1.0%  HAC 15%  HAC 2.0%
0 0.00 0.00 0.00 0.00 0.00 0.00
3 6.30x10° 1.30x10° 2.23x10° 3.30x10 3.30x10 3.30x10
6 1.05x10* 4.20x10° 3.70x10° 2.67x10° 2.00x10° 2.00x10°
9 3.16x10° 2.35%10° 3.02x10° 6.00x10 2.67x10° 3.33x10°

Fuke] FE7IE AFAATl #d AFAT T Leds (659 HAE AT
Z

AA AR BB Aot 2 FEIF FoHE

°ou Kim%(56)°] <% 0
10' CFU/g A%9] A7 aas Uetdths B9 s fAMe 43S 1ot

And oz A% T de xd FAE #EI A3 Table 73, Fig. 4¥ 2
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Table 73. Changes in thickness of onion skin during storage at 10 Cafter HHAC

treatments
Surface thickness
Storage Treatments
days Control DW HAC 05% HAC 1.0% HAC 15% HAC 2.0%
0 28328+18.83%  193.48+864°  316.77424.27%  260.12+15.32°  202.03+13.69° 281.85+11.20™
3 241.14+811°  250.2248.68°  302.77+21.29°  24510+11.92° 194.03+16.44°  231.13+8.44"
6 207.0246.42°  204.89+14.19°  177.4527.42°  22377+15.33*  167.83+7.02°  172.46+14.10°
9 250.49+9.23*  157.8541051°  194.91+894°  182444460%  1297049.10¢  231.97+9.64°
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Fig. 41. Changes in microscopic shape of onion skin during storage at 10C after

HAC treatments
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Fig. 42. Changes in COs, O concentrations of apple during storage at 2070
after HAC treatments
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Fig. 43. Changes in ethylene concentrations of apple during storage at 20T
after HAC treatments
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Table 74. Changes in total microbial count of apple during storage at 20 Cafter
HAC treatments

Microorganism (CFU/g) 20T

Treatments
Storage days
Control HAC 05% HAC 1.0% HAC 15% HAC 2.0%
0 7.00x10° 2.13%10° 1.00%10° 2.30x10* 3.30x10
3 1.27x10° 2.80x10° 3.67x10° 2.80x10* 2.67x10°
6 4.25%10° 1.12x10* 1.45x10° 5.15%10* 2.10x10°
9 1.45%10* 3.37x10* 4.13x10* 4.03x10° 3.50x10*

- 158 -



Aud oz A% 5 Ao W FAE #ES A3 Table 75, Fig. 449 2o
etttk BE AETe A7)z wel gdFAvE gacske 4SS e e
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Table 75. Changes in thickness of apple skin during storage at 10 Cafter HHAC
treatments

Surface thickness

Storage Treatments
days Control D.W HAC 05%  HAC 1.0%  HAC 15%  HAC 2.0%
0 337.0848305"  24836x11.11%  3246147.80%®  224.44+11.70° 302.87+18.89%  281.49+7.43°
3 327.28+9.12%  26583+14.82°  27328+7.06%  32835:14.86° 20887+10.86°  252.40+801°

6 368.08458.05"  201.83+17.35"  252.63+10.29" 305.01+12.88™ 26368+15.71°  290.40+1874"

9 282.92+9.92° 22341+8.13° - 30350+17.43*  290.40+11.27°  22021£10.72°

Surface thickness

>tof age T reatments
days Control HALC D522 HAC 1.05< HAC 1.5 HaC Z.02%

Fig. 44. Changes in microscopic shape of apple skin during storage at 10°C after

HAC treatments
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Fig. 45. Changes in CQO., O2 concentrations of potato during storage at 20T
after HAC treatments
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Fig. 46. Changes in ethylene concentrations of potato during storage at 20T
after HAC treatments
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Table 76. Changes in total microbial count of potato during storage at 20T
after HAC treatments

Microorganism (CFU/g)

Storage Treatments
days Control D.W HAC 05%  HAC 1.0%  HAC 15%  HAC 2.0%
0 1.33%10° 5.67x10" 4.67x10* 8.00x10* 0.33x10" 4.00x10*
3 3.40x10° 1.73%10° 1.33x10° 5.67x10* 1.17x10° 4.00x10*
6 6.83%10° 3.00x10° 2.30x10° 8.00x10* 1.93x10° 3.33x10*
9 9.80x10° 4.23x10° 2.87x10° 1.27x10° 2.27x10° 1.33x10°
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Table 77. Changes in thickness of potato skin during storage at 20 Cafter HHAC

treatments
Surface thickness
Storage Treatments
days Control D.W HAC 05%  HAC 1.0%  HAC 15%  HAC 2.0%
0 253.3545.39°  295.39+764%  251.2141043° 23517+11.16° 251.56+14.61°  182.44+7.79°
3 220.68+4.42°  26360+741% 241878707  23361+7.11°  236.23t15.07™ 260.18+13.96™
6 181.7246.26°  246.93+13.02°  22092+983"  231.61+805"  19455+7.84°  205.85+17.86"
9 2326818527 177.09+9.94°  168541998°  193.13+9.95"  208.45+8.16™  185.64+11.49™
Surface thickness
Storage Treatments
days Control DWW HAC 05% HAC 10% HAC 1.5%  HAC 20%

Fig. 47. Changes in microscopic shape of pototo skin during storage at 20T

after HAC treatments

o AR 271l 2 At el dQd Aelrk yErsEE A 9d A B A
el 3tell oA Apoli= uwEbubA] 2k thp C0.05).
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Table 78. Changes in firmness of potato during storage at 10 T after HAC
treatments

Firmness (kgf)

Storage Treatments
days Control DW HAC 0.5% HAC 1.0% HAC 15% HAC 2.0%
0 1838.66+27.97°  1918.66+29.77%  1978.66+29.23"  1921.66+2558™  191866+30.18"  1968.66+31.18%
3 1803.70+37.27°  1853.70+31.17°  1961.70+2554*  1853.70£34.68"  1803.70+15.26°  1943.70+29.38"
6 1789.90+4757"  18488142897™  1949.97+2554°  1831.85+25.16™ 1761.76+10208° 1919.96+28.83%
9 1757.99+5303" 1846302362  1854.90+3051° 188554+20.85° 1745.11+2803°  1889.06+19.30"

Suh 567 Avte A, syl P, Suke] Qg AdshE w9k Ee il
o8 AR/t FAaHE A4S dedts wags dAsts 43

s Treatments

duye Contrel oW HAC D,6% HAC 1.0 HAC 1.5% HAC 20

Fig. 48. Changes in shape of lettuce during storage at 10T after HAC

treatments
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duye Contrd oW HAC 0.5% HAC 1.0:¢ HAC 1.5% HAC 2.0

Fig. 49. Changes in shape of onion during storage at 10C after HAC treatments

Treatments

duye Contrd oW HAC 0.5% HAC 1.0:¢ HAC 1.5% HAC 2.0

Fig. 50. Changes in shape of apple during storage at 20C after HAC treatments
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Fig. bl. Changes in shape of potato during storage at 20C after HAC treatments
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color value of Gochujang during storage at 2571

- 166 -



(b)) pH & A=
AAxsl a4 o] wE pHel 2% W= Fig. 537 2. gukd oz pH
= UAEY S 9 gAY 9%S vAe
slo] SAAIFA 4
Halo| upel v AETE W3E)

AEE A5 k. AANADE 1% o139

MM skl ofoh= el B At AR7IZEel whiE F3d pH W=
UEHA] @Skt o= M AAE g EdTE AN 3= Kwon (619 alF
ol A%7Izbe] whE pH W37t gllvhe BHarelh dAste Aol shA Rk A
Arsbda 1% oo v SUAE T A= pl 12017 ¢] AdAxtsbds &
ohe] A THom st 2TV|wETf Fobxl Alor dAvtdnt

Aol Ay AdEda 1% ol vk SdAE e 27T 0.6-0.7
2 BF A2l vlEke] @A s vt ow A7kl wel M A8 Fobeks

AgFoldtl. o] Kwon $(61)8 1L
= Bt oF7ho] AolE e}, o] =& pHO HAXS A E9lo =z <ld)
o] pHY WE7F 9on =& ARAxAqA Ad35 70 pHE B2 Ao x |

s/} Uehd Aoz s,

12 ——e—— Control
. 0.8 o Control-airmix
107 zLiiiv\\ ———¥-——  HAC 1%-spraying
PO ———g_ ——A —- HAC 1.5%-spraying
8- \F ¥ \*‘\\‘\; — — —® —  HAC2%-spraying
E \\i 0.6 — —0——  HAC 0.1%-mix
6 — —4%——  HAC 0.3%-mix
e ——————# - e § ——O——  HAC 0.5%-mix
g7 R, S — _ < A HAC 1%-mix
T 4 2 04 —————  HAC15%-
5 = 0. 5%-mix
—&——  Control 2 —-—@® —-  HAC 2%-mix
24 o Control-airmix 2
———¥-—— HAC 1%-spraying
——A—-- HAC 1.5%-spraying
0 — —& —  HAC2%-spraying 0.2
— —0—— HAC 0.1%-mix
— —4&——  HAC 0.3%-mix
29 —O——  HAC 0.5%-mix
A HAC 1%-mix 0.0 1
Y —————HAC 1.5%-mix )
— —® — - HAC 2%-mix
T T T T T T T T T T T T T T
0 7 14 21 28 35 42 0 7 14 21 28 35 42
Storage time (days) Storage time (days)

Fig. 53. Changes in pH and acidity of Kochujang during storage at 25 T after
HAC treatments
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Fig. 55. Changes in total microbial and mold count of Kochujang during storage
at 25C after HAC treatments
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Table 79. Changes in
after HAC treatments

sensory evaluation of Gochujang during storage at 25T

Sensory evaluation

Treatments
Factor Sg;fe ot SO0 l%}}ipcray 1;2; Z%}f;ay HAC HAC HAC HAC HAC HAC

aiemix e aine g 01%-mix  03%-mix  0B%-mix  19%-mix  15%-mix 29 mix

0 8.00£0.45 8.00+0.32 7.80+0.37 8.00£0.45 8.20+0.37 7.40+0.24 7.20+0.20 7.00£0.32 6.20+0.49 6.60+0.40 6.40+0.24

7 7.60+0.24 8.40+0.24 760+0.24 7.60+0.24 760+0.24 7.60+0.24 760+0.24 7.60+0.24 6.40+0.40 6.20+0.20 6.20+0.37

14 7.20+0.37 7.40+0.40 7.00£0.32 7.40+0.40 7.10+0.46 8.2040.20 8.20+0.20 8.2040.20 6.20+0.37 5.80+0.49 5.40+0.40

Gloss 21 7.20+0.20 7.60+0.24 6.80+0.37 7.00£0.45 6.60+0.40 8.00£0.00 8.00£0.00 7.80+0.00 5.00£0.55 5.00£0.55 5.20+0.58
28 7.40+0.40 7.60+0.24 7.10+0.10 7.10£0.10 7.10+0.10 7.1040.10 7.10+0.10 7.1040.10 - - -
k5 7.00£0.45 7.40+0.24 7.40+0.24 7.40+0.24 760+0.24 7.1040.10 7.10+0.10 7.1040.10 - - -
42 7.00+0.00 7.00£0.00 6.80+0.20 6.20+0.20 6.80+0.20 - - - - - -

0 8.00£0.45 8.20+0.37 8.00£0.00 7.80+0.20 7.96+0.29 7.50+0.22 7.80+0.20 7.20+0.37 7.00£063 7.00£0.63 6.60+0.40

7 7.60+0.24 7.60+0.24 760+0.24 7.80+0.20 7.80+0.20 7.80+0.20 8.00£0.00 7.80+0.20 6.20+0.20 6.20+0.20 6.30+0.20

. 14 7.40+0.24 7.60+0.24 7.40+0.24 7.30+0.37 7.30+0.37 7.40+0.24 7.20+0.37 7.20+0.37 5.80+0.37 5.20+0.58 5.20+0.49

VJ:SCO 21 7.60+0.24 8.00+0.00 7.80+0.20 7.80+0.20 7.60+0.40 7.40+0.24 7.40+0.24 7.40+0.24 460+068 4.80+0.80 4.60+0.81
sty 28 7.60+0.40 7.80+0.20 760+0.24 7.60+0.24 7.40+0.24 6.20+0.20 6.20+0.20 6.20+0.20 - - -
k5 7.20+0.49 7.60+0.24 760+0.24 7.60+0.24 7.40+0.24 6.20+0.20 6.20+0.20 6.20+0.20 - - -
42 6.80+0.02 6.20+0.20 6.80+0.20 6.60+0.24 6.80+0.20 - - - - - -

0 8.20+0.37 7.20+0.37 8.00£0.45 8.00£0.45 8.00£0.45 7.90+0.24 760+0.24 6.80+0.37 6.20+0.49 6.60+0.40 6.20+0.37

7 8.20+0.37 8.40+0.24 760+0.24 7.60+0.24 760+0.24 7.80+0.20 7.80+0.20 7.60+0.24 6.30+0.49 6.10+0.33 6.20+0.20

14 7.40+0.40 7.40+0.40 7.40+0.40 7.40+0.40 7.30+0.49 8.30+0.37 8.30+0.37 8.00£0.32 4804058 4.90+0.64 5.40+0.24

Color 21 7.00£0.32 7.20+0.37 7.00£0.45 7.00£0.45 7.00£0.45 7.40+0.24 7.40+0.24 7.40+0.24 400055 4.20+0.73 4.40+0.75
28 7.00£0.55 7.40+0.40 7.00£0.32 7.00£0.32 7.00£0.32 7.00+0.00 7.00£0.00 7.00+0.00 - - -
k5 6.20+0.49 7.00£0.45 7.00£0.00 7.00£0.00 7.20+0.20 7.00+0.00 7.00£0.00 7.00+0.00 - - -
42 6.00+0.00 6.60+0.24 6.20+0.20 6.00+0.00 6.00£0.00 - - - - - -

0 8.40+0.24 8.20+0.37 8.20+0.37 8.40+0.24 8.20+0.37 7.20+0.37 7.20+0.37 6.74+0.37 5204073 5.40+0.60 5.40+0.60

7 8.20+0.37 8.20+0.37 8.00£0.45 8.00£0.45 760+0.24 7.60+0.40 7.60+0.40 7.60+0.40 6.10+0.33 5.90+0.51 6.00£0.55

14 7.20+0.49 7.20+0.37 6.40+051 6.40+0.51 6.00£0.45 6.40+0.24 6.40+0.24 6.20+0.37 5.00£0.55 5.2040.66 5.20+0.66

za:\:i 21 7.00+0.00 7.00£0.00 6.20+0.37 6.40+0.40 6.00£0.42 6.40+0.24 6.40+0.24 6.00£0.45 4.20+0.80 4.20+0.80 4.20+0.80
28 7.20+0.49 7.20+0.37 7.20+0.37 7.00£0.45 7.00£0.45 6.00+0.32 5.80+0.37 5.60+0.40 - - -
k5 6.60+0.24 6.20+0.20 6.40+0.24 6.40+0.24 6.40+0.24 6.00+0.32 5.80+0.37 5.60+0.40 - - -
42 5.80+0.37 6.00£0.32 560+0.40 5.60+0.40 5.40+0.40 - - - - - -

0 8.80+0.20 8.80+0.20 8.80+0.20 8.80+0.20 8.80+0.20 7.40+0.40 770055 6.94+0.55 5204073 5.40+0.60 5.40+0.60

7 8.40+0.24 8.40+0.24 8.20+0.24 8.20+0.37 7.80+0.20 7.60+0.40 7.40+0.40 7.60+0.40 6.20+0.37 6.00£0.55 6.00£0.55

14 7.40+0.51 7.40+0.51 6.20+0.66 6.20+0.66 5.00£0.58 6.40+0.24 6.20+0.20 6.00+0.32 5.00£063 5.00+0.84 4.80+0.80

ﬂ?\ir 21 7.20+0.20 7.20+0.20 6.20£0.58 6.20+.058 5.80+0.56 6.40+0.24 6.20+0.37 5.80+0.20 4404068 4.00£0.55 4.20+0.73
28 7.20+0.37 7.40+0.24 7.40+0.24 7.20+0.37 7.20+0.37 5.00£0.32 460+0.24 4.60+0.24 - - -
k5 6.40+0.24 6.20+0.20 6.00£0.45 6.40+0.24 6.60+0.24 5.00£0.32 460+0.24 4.60+0.24 - - -
42 5.40+0.24 5.40+0.24 5.40+0.24 5.60+0.24 5.20+0.20 - - - - - -

0 8.00£0.55 8.10+0.56 7904051 7.80+0.49 740050 7.00£0.32 7.00£0.32 6.60+0.24 8.00£0.55 7.80+0.49 8.20+0.37

7 8.30+0.30 7.30+0.37 6.80+0.20 6.70+0.30 6.30+0.20 6.10+0.40 6.20+.49 6.20+0.58 7.20+0.49 7.30+0.44 7.10+0.40

) 14 7.00£0.55 6.20+0.58 6.00£0.77 6.00£0.32 560+0.68 6.80+0.73 6.40+0.75 6.40+0.75 5.80+0.97 5.60+0.60 5.40+0.68

::: 21 7.20+0.20 6.00+0.00 6.60+0.24 5.40+0.40 560+0.40 6.40+0.75 6.40+0.75 6.40+0.75 4.20+0.37 4.20+0.37 3.60+0.24
) 28 6.80+0.20 6.20+0.20 660+0.75 6.60+0.60 6.20£0.58 4.60+0.24 4.20+0.20 4.00+0.00 - - -
k5 6.00+0.00 6.00+0.00 6.40+0.37 6.20+0.37 560+0.40 4.60+0.24 4.20+0.20 4.00+0.00 - - -
2 - - - - - - - - - - -

0 8.40+0.40 8.20+0.37 8.00£0.32 7.80+0.49 7602051 7.40+0.40 6.80+0.20 6.40+0.87 7602051 6.80+1.07 6.20+0.97

7 8.00£0.45 7.00£0.55 6.60+0.40 6.40+0.40 6.20+0.20 6.40+0.68 6.20+0.59 6.00+0.63 6.20+0.20 5.20+0.49 5.00+0.55

14 7.20+0.58 7.40+0.60 7.00£0.55 6.40+0.68 6.00+0.84 4.40+0.40 460+0.40 4.60+0.40 5.00£0.55 4.40+0.40 3.60£1.03

]Ztst;r 21 7.00£0.32 6.20+0.49 5.80+058 480+058 5.20+0.49 5.20+0.37 5.20+0.37 4.80+0.20 340024 3.40+0.24 2.80£0.37
28 6.40+0.40 6.20+0.58 5.20+0.49 4.60+0.40 460+0.40 4.00£0.55 360040 3.40+0.40 - - -
k5 5.80+0.20 5.60+0.40 490+0.24 450+0.32 4.40+0.24 4.00+.55 360040 3.40+0.40 - - -
2 - - - - - - - - - - -

0 8.30+0.37 8.20+0.20 8.10+0.10 7.78+0.36 778+0.36 7.40+0.24 6.90+0.10 6.70+0.80 6.00£0.70 6.20+0.58 5.80+0.86

7 7.70+0.20 7.50+0.32 6.20+0.12 6.26+0.17 6.36+0.22 6.60+0.51 6.40+0.40 6.20+0.49 6.00£0.32 5.80+0.37 5.20+0.49

Overall 14 7.90+0.33 7.40+0.51 720058 6.60+0.68 6.20+0.80 5.40+0.40 5.30+0.30 5.1040.40 480+0.37 4.50+0.59 3.20£1.02

prefere 21 7.00+0.00 6.20+0.20 6.40+0.24 5.20+0.37 5.20+0.49 5.70+0.20 550+0.22 4.80+0.20 4.00+0.32 3.80+0.37 3.40£0.60
nee 28 6.30+0.20 6.20+0.20 6.10+0.33 5.90+0.33 5.80+0.34 5.30+0.44 5.00£0.32 4.80+0.20 - - -
k5 6.10£0.10 6.50+0.33 5.80+0.12 5.70+0.30 5.30+0.20 5.30+0.44 5.00£0.32 4.80+0.20 - - -
42 6.10£0.10 6.10+0.10 5.90+0.24 5.50+0.32 550+0.32 - - - - - -
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Table 80. Correlation analysis of Gochujang

control
. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -.397x =527 =732 =779k —. 88k —.667%= —.730%= —.894sk:=
Day
1 817 B4 D572 B0 573 533 407
Gloss
1 793 B57#x BA#* 432% 318 556
Viscosity
1 BT .839%x 759% % 568 BT 4%
Color
1 .853%% 757%% BAG** B67#%
Savory flavor
1 TA2%% 7245 % 752%%
Off flavor
1 BT 7% HT76%%
Saltiness
1 548
Bitter taste
1
Overall preference
*, Correlation coefficient is relevant in 0.05(2-tailed)
#%, Correlation coefficient is relevant in 0.01(2-tailed)
control—air mix
. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 - 504" - 504" - 558" -7 - 876" - 556" -607" -.808™
Day
1 599 814™ 683" 7417 544 .299 A70™
Gloss
1 499 650 Vil .368" 166 498
Viscosity
1 621 640" 5737 332 347
Color
1 856" 681 445 713”
Savory flavor
1 750" A87™ 767
Off flavor
1 412 4017
Saltiness
1 618
Bitter taste
1

Overall preference

*, Correlation coefficient is relevant in 0.05(2-tailed)

#%, Correlation coefficient is relevant in 0.01(2-tailed)
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1% spray

. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -.395" - 582" - 688™ - 677 -727" -.304 -731™ -816™
Day
1 5317 730™ 6077 5257 405" -.022 .258
Gloss
1 569" 631 565" 304 -.051 466"
Viscosity
1 538" 464" 381° 227 485"
Color
1 8617 434 .340 603"
Savory flavor
1 .380° 384 627
Off flavor
1 276 149
Saltiness
1 8727
Bitter taste
1
Overall preference
*, Correlation coefficient is relevant in 0.05(2-tailed)
#%, Correlation coefficient is relevant in 0.01(2-tailed)
1.5% spray
. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 - 493™ - 569" -718™ -725™ - 6977 -.385" -733" -693™
Day
1 571 819 533" 440" 485" 088 270
Gloss
1 659" 5757 494™ 372 -284 234
Viscosity
1 602™ 499" 393 .230 456"
Color
1 898" 615 .399 5737
Savory flavor
1 5777 408 545"
Off flavor
1 423" 341
Saltiness
1 8227
Bitter taste
1

Overall preference

*, Correlation coefficient is relevant in 0.05(2-tailed)

#%, Correlation coefficient is relevant in 0.01(2-tailed)
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2% spray

. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -482"™ - 610" - 696" - 696" -704™ -389 -718” - 688
Day
1 666" 778 617 672" 578" 197 A1
Gloss
1 700™ 653" 609™ NZva A11 396"
Viscosity
1 623" 5917 389" 110 392°
Color
1 8827 5017 423" 6757
Savory flavor
1 524 3917 6707
Off flavor
1 315 315
Saltiness
1 .899™
Bitter taste
1
Overall preference
*, Correlation coefficient is relevant in 0.05(2-tailed)
#%, Correlation coefficient is relevant in 0.01(2-tailed)
0.1% mix
. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -.287 -7117 - 5817 -599™ -795™ - 6207 -702" - 6227
Day
1 4417 456 .056 197 375 .001 -.091
Gloss
1 678" 538" 486" 662" .288 199
Viscosity
1 538" A57 620" 283 246
Color
1 6117 6117 5317 528"
Savory flavor
1 5157 757 706"
Off flavor
1 588" 4947
Saltiness
1 859™
Bitter taste
1

Overall preference

*, Correlation coefficient is relevant in 0.05(2-tailed)

#%, Correlation coefficient is relevant in 0.01(2-tailed)

- 173 -




0.3% mix

. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -.196 -761™ -481™ -632” 7717 - 649™ -775” 7117
Day
1 351 500™ 157 .236 335 042 -127
Gloss
1 674 777 610 788" 621" 564"
Viscosity
1 585" 4857 664" 196 .220
Color
6757 7017 596 529™
Savory flavor
1 6357 760™ 669™
Off flavor
1 622" 549"
Saltiness
1 912"
Bitter taste
1
Overall preference
*, Correlation coefficient is relevant in 0.05(2-tailed)
#%, Correlation coefficient is relevant in 0.01(2-tailed)
0.5% mix
. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -.113 -574™ -.107 -546™ -780™ - 630" -705" - 586"
Day
1 405 499™ 101 256 276 -.096 -.289
Gloss
1 5107 756" 646 753 418 263
Viscosity
1 362" .306 398" -.163 -273
Color
6277 5057 4417 4197
Savory flavor
1 605" 627 514
Off flavor
1 564" A11°
Saltiness
1 902"
Bitter taste
1

Overall preference

*, Correlation coefficient is relevant in 0.05(2-tailed)

#%, Correlation coefficient is relevant in 0.01(2-tailed)
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1% mix

. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -.397 -635" -6317 -.320 -287 -743™ -.884™ -645™
Day
1 624™ 824™ 820™ 707 347 362 643"
Gloss
1 668™ 4517 278 536 644™ 431
Viscosity
1 839™ 8147 508" 618™ 8157
Color
1 936™ .349 363 7557
Savory flavor
1 312 323 749™
Off flavor
1 8137 432
Saltiness
1 683"
Bitter taste
1
Overall preference
*, Correlation coefficient is relevant in 0.05(2-tailed)
#%, Correlation coefficient is relevant in 0.01(2-tailed)
1.5% mix
. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -557 -578" - 645" -.333 -.393 - 8127 -693" - 688
Day
1 899™ &1 642™ 460 541° 429 560
Gloss
1 859" 559" 354 5917 341 500"
Viscosity
1 753" 7217 593™ 5317 766™
Color
1 858 241 443 608™
Savory flavor
1 .286 421 718”
Off flavor
1 585" 614
Saltiness
1 767
Bitter taste
1

Overall preference

*, Correlation coefficient is relevant in 0.05(2-tailed)

#%, Correlation coefficient is relevant in 0.01(2-tailed)
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2% mix

. . Savory Off Saltines Bitter Overall
Day Gloss Viscosity Color
flavor flavor s taste preference
1 -522 -599™ 7117 -.335 -.355 -882" -688" -526
Day
1 887" 823" 673" 527 370 569" 524
Gloss
1 880™ 701 5157 ATS 54T AT6°
Viscosity
1 745™ 667 654" 6737 6207
Color
1 .890™ A11 6217 7217
Savory flavor
1 536" 117 8657
Off flavor
1 680" 608™
Saltiness
1 928"
Bitter taste
1
Overall preference
*, Correlation coefficient is relevant in 0.05(2-tailed)
#%, Correlation coefficient is relevant in 0.01(2-tailed)
Treatments
- Contred 1% 15%- 2% 01% 03% 0.6% 1% 15% i%
o e ; =) = 0. - 1%= 1.5%= L%~
daye Comtrol - o = .-:D:r ! F :

Fig. 56. Changes in shape of Gochujang during storage at 25T after HAC

treatments
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