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Abstract

Response surface methodology was employed to investigate the change of flavonoids components of citrus peel
hydrolysate using Viscozyme L as the enzyme. As citrus peels were hydrolyzed by the enzyme, hesperetin and
naringenin contents of flavonoids aglycone form increased. The optimal enzyme treatment conditions which were
superimposed of the maximized levels for soluble solid, hesperetin, and naringenin contents were enzyme
concentration of 1.5% and reaction time of 18 hr. In enzyme-untreated citrus peels (CC), soluble solid content
was 48.49% and the content of hesperidin only detected flavonoids was 58.85 mg/g. In the case of optimal enzyme-
treated citrus peels (CE), soluble solid content was 72.97% and the contents of naringin, hesperidin, naringenin
and hesperetin were 1.56 mg/g, 31.31 mg/g, 2.58 mg/g and 3.90 mg/g, respectively. In the results of electron donating
ability and angiotensin converting enzyme inhibition activity, the activity of CE was higher than that of CC.
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Table 1. Level of enzyme treatment conditions in experi-
mental design

Level

Enzyme treatment conditions > 1 0 1 5

Enzyme concentration (%) 0 05 1 15 2
Reaction time (hr) 0 6 12 18 24
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Table 2. Experimental data on soluble solid and flavonoids content of Korean citrus peels under enzyme treatment conditions
based on central composite design for response surface analysis

Exp. Conditions Soluble solid Flavonoids content (mg/g)
No." Enzyme concentration (%) Time (hr) content (%) Naringin Hesperidin Naringenin ~ Hesperetin
Control” 48.49 0.00 58.85 0.00 0.00
1 (1 18( 1) 72.97 1.56 31.31 2.58 3.90
2 15(1) 6 (-1) 67.44 1.72 3897 1.82 1.95
3 (-D 18( 1D 66.49 0.88 37.80 1.68 2.04
4 05 (-1) 6 (-1) 63.03 191 46.10 0.79 1.02
5 1.0 (0) 12(0) 70.88 1.67 40.06 1.14 175
6 000 12 ( 0) 71.58 1.71 41.47 1.25 191
7 20(2) 12 ( 0) 70.83 1.03 39.05 1.78 3.48
8 0.0 (-2) 12(0) 53.68 0.00 54.17 0.20 0.13
9 000 24 ( 2) 66.45 0.44 39.10 2.84 3.67
10 1.0(0) 0(-2) 50.36 0.00 54.30 0.00 0.00

YThe number of experimental condition by central composite design. Dried citrus peel at 40°C.

Table 3. Polynomial equations calculated by RSM program on soluble solid and flavonoids content for enzyme treatment

condition of citrus peels

. . 1 2 Signiﬁ—
Responses Polynomial equations R cance
Soluble solid content Y =37.106667+ 24.384524X, + 2.617877Xs—9.461429X1% 4 0.1725X, X, — 0.09244X 5 0.9589  0.0071
Naringin Y = —1.618333 +3.052381X, +0.286032X> ~ 1.270357X,% +0.004167X:X>— 0.012250X, 09372 0.0162
Hesperidin Y =68.221667— 22.591420X, — 1.932341 X5 + 7.320714X:%40.053333X1 X2 + 0.051463X> 0.8693  0.0654
Naringenin Y =—1.12000+1.915476X, +0.119067X»— 0.468571X,° — 0.010833X, X2 — 0.000268X5* 0.9043  0.0363
Hesperetin Y =—0.5600+0.931667X, + 0.084028X2— 0.1400X;° + 0.0775X 1 X2 — 0.000764X 0.9698  0.0039

UX:: enzyme concentration (%), Xz time (hr).
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Fig. 1. Contour map for soluble solid content of citrus peels
as a function of enzyme concentration and reaction time.
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Table 4. Predicted level of optimum enzyme treatment conditions on soluble solid and flavonoids content for citrus peels

by the ridge analysis

Condition .
R Morph
€SpOnses Enzyme concentration (%) Time (hr) Estimated responses orphology
: 0.61 0.97 50.96 (Min) .
o)
Soluble solid content (%) 141 1538 7429 (Max) Maximum
Naringin 0.44 21.96 -0.11 (Min) Masximum
& 1.20 11.88 1.94 (Max)
Hesperidin 1.48 18.08 34.13 (Min) Minimum
P 0.32 3.25 56.14 (Max)
Naringenin 0.23 4.34 -0.20 (Min) Maximum
1.34 23.27 2.89 (Max)
. 0.40 2.44 0.06 (Min) .
Hesperetin 169 20.74 474 (Max) Saddle point
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%ol Ath15). weba B AFedA E4AYE sgde o
g Ao F3 88 vol= AR 2 naringin, hesper-
idin, naringenin, hesperetin®] H3-& A B 72 3190
1 A3} Table 2014 B vie} 2ok & A% & 7199
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Fig. 2. Contour map for flavonoids content (mg/g) of citrus peels as a
function of enzyme concentration and reaction time.
(A) Naringin, (B) Hesperidin, (C) Naringenin, (D) Hesperetin.

Time ¢hr)
(D)

Table 5. Analysis of variables for regression model of soluble solid and flavonoids content in enzyme treatment conditions
of citrus peels

F-Ratio
Condition . Flavonoids
Soluble solid content Naringin Hesperidin Naringenin Hesperetin
Enzyme concentration (%) 16.15™ 11.79" 461" 435" 19.96™
Time (hr) 19.94™ 1457 5.04" 8.17" 23.43™

““Significant at 1% level, ~Significant at 5% level, "Significant at 10% level.

72.97%0)u], EglR ol A2 = nan'ngin 156 mg/g, PN - ne) B 20 B ST ) 2 =T e e S o)
hesperidin 31.31 mg/g, naringenin 2.58 mg/g = hesperidin AA), AA E3 mAEH F3A oA mAEF T}
390 mg/gQl A& vhebygth(Table 2). Ahn 5(21)¢] A Sholl ot T3t 2 Y A ET Fol SlE AR
A & Eeise o FuidAe] A Afzre s g A Th29). B Aol AHEE A ZHE FA9E AzA
€ Felaae) 5% A7) pH5~7019lor HankE At A A9 Az AT AaAste A2 3 I
S2E U~Bhro] 74 $RT A0 dEo ol o Aagels, ACEAHAREE S ERhxolE

P oo
o rlo

$27ES TA] B FolRA Y EtEolE azae oézqfs& F%=(25,50, 100 mg/mL)E 243t 7+
FFoavt 2748 AAT Holel B Q79 Aoldt A} Zhe] B e ulwstdeh AR2el% W ACE A& 84 ol
22" ZAor Hoxlr o3& 7é=+ Flg 4, 50l 77k veb gl Ao 5L Al
MAIZois 2 ACE MsiEA v 2] A Fxof ule} 1351~36.05%2 Vel o), E4
dubd o2 71g #¥ S AR AL A FEE)E 8 s 7u€' 3] 2] A$ 3321 ~7596% = vreh} E 42
o] o e ghefA 2 ALE-E o] ghow, o3t %179 o4t g g H o] AxpFels BAo) 2aAE o £ AR



g Ay 7hpEa gy Fenkel 24 ¥ 7]5E B4 1363

2.0 v,

Hesperetin contert,
2.74 mgig

-

p————
u"

Soluble solid content‘\,\

Enzyme concentration (%)

1.0 72.89%
‘ ~
0.5 Naringenin content ™
2.21 mg/g
0.0 LIS E S A S NN N B B M N B B e nO B S S By S
0 6 12 18 24
Time ¢hr)

Fig. 3. Superimposed contour map of optimized condition for
soluble solid, hesperetin and naringenin contents of citrus

peels as a function of enzyme concentration and reaction
time.

Table 6. Optimum enzyme treatment conditions of response
variables for soluble solid and flavonoid content of citrus
peels by superimposing their contour map

Reaction condition Range of.o-ptlmum Opt1rpgm
condition condition

Enzyme concentration (%) 11~138 15

Time (hr) 15~20 18

Electron donating ability (%)

25 50 100

Concentration (mg/mL)

Fig. 4. Electron donating ability of flavonoids extract from
enzyme-untreated (CC) and enzyme-treated (CE) citrus
peels.

CC: No enzyme. Dried citrus peel at 40°C.

CE: Citrus peel hydrolyzed at optimum treatment conditions by
Viscozyme L; enzyme concentration of 1.5% and reaction time

of 18 hr. Means with the same letter are not significantly different
(p<0.05).

vebhged, 35t #4545 B2 2422 Yehgth(Fig.
4). Chas} Cho(15)= DPPH &AW el 2| AAbgof5a
hesperetin>naringenin>hesperidin>naringin <=2°.2 }E}
1}, aglycone S} R o) =dA) ¥W)d 73 A4S wart

60

40 -

ACE inhibition activity (%)

20 -

5.0 10.0
Concentration (mg/mL)

Fig. 5. ACE inhibition activity of flavonoids extract from
enzyme-untreated (CC) and enzyme-treated (CE) citrus
peels.

CC: No enzyme. Dried citrus peel at 40°C.

CE: Citrus peel hydrolyzed at optimum treatment conditions by
Viscozyme L; enzyme concentration of 1.5% and reaction time
of 18 tir. Means with the same letter are not significantly different
(p<0.05).

2 B33t} o)9) zte] &4 Aol ulel aglycone F
2} ¥ - 0] =] hesperetin ¥ naringenin®] 3tgko] F7}5] o]
A A Rohs A4XE 2 6 gleiA HAAgAE
o] o] &A el Ao ® ALEEk ACE A3l 842 219
9] 73$- 100 mg/L FEolA 526%2 YA vebgon), F4
A2 g zHF #3919 A% 100 mg/mLelA 71.15%2 ¥
ZA o2 elygth(Fig. 5). o]+ HEI gaold E4F
A7VIA e FEEF 54 £ ACE A& 55
vl &4 7l &2 ACE A &3t =4 Vel
th= Do 5(30) 2 Kim 5-GBD9 B3¢t fAkgt 23 Als
HAok wepy aaxed 47 e e AgddEd
ZF 738 A4S A= E218 o] =9l hesperetin ¥ nar-
ingenin®] %S FVIAA 7€ HF Iy JEE AR
o} 53 7)Fo] gler g ol F83te AR5 EF
2NZ F43A AL S gloe]et Algsd

2 <

2 AFoAE 7+ A9} Viscozyme L B4E et
o ZlERAES Az, o] &9 FelEolE 2A Y W
35 v EH B U Y 1 A3 24 AE
o) we} aglycone ¥Eje] Zgl: xR ol=el hesperetin
naringenin §HaFe] Z71ste A2 vepyton, 7144
i I} aglycone HE 9] FefB ol gafo] F2
A aaAe] AL AAYE 15% 2 uhgA7E 18 hro 2
AR} dukxlg)e] A= 7H8A 23 E Ik 4849%
0)3, T B 0] =& hesperidin 58.85 mg/g% #HEH 13
o, HA aaAe 2ACME 7MY a¥E FES

FORTE)
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7297% 2 Vel on, E8lRol= AL naringin 1.56
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A &4 A 4E A9t FXo) o ¥ ALE Ye

Bk
= #
1. Chung SK, Kim SH, Choi YH, Song EY, Kim SH. 2000.

10.

11.

12.

13.

14.

Status of citrus fruit production and view of utilization in
Cheju. Food Industry and Nutrition 5. 42-52.

. Kuhnan ]. 1976. In the flavonocids: A class of semi-essential

food components: their role in human nutrition. World Rev
Nutr Diet 24: 117-191.

. Pierpoint WS. 1986. Flavonoids in the human diet. In Plant

Flavonoids in Biology and Medicine, Biochemical,
Pharmacological and Structure-Activity Relationship. Liss,
Alan R, New York, USA. p 125-140.

. Kim YK, Lee MK, Lee SR. 1997. Elimination of fenitrothion

residues during dietary fiber and bioflavonoid preparations
from mandarin oragne peels. Korean J Food Sci Technol
29: 223-229.

. Moresi M, Clementi F, Rossi J, Medici R, Vinti L. 1987.

Production of biomass from untreated orange peel by
Fusarium avenaceum. Appl Microbiol Biotechnol 27T:
37-45.

. Kamiya S, Esaki S. 1971. Recent advances in the chemistry

of the citrus flavonoids. Nippon Shokuhin Kogyo Gakkaishi
18: 38-48.

. Crandall PG, Kesterson JW, Dennis S. 1983. Storage stabil-

ity of carotenoids in orange peel oil. J Food Sci 48: 924-927.

. Monforte MT, Trovato A, Kirjavainen S, Foresieri AM,

Galat EM. 1995. Biological effects of hesperidin, a citrus
flavonoid (note II): Hypolipidemic activity on experimental
hypercholesterolemia in rat. Farmaco 50: 595-599.

. Bok SH, Lee SH, Park YB, Bae KH, Son KH, Jeong TS,

Choi MS. 1999. Plasma and hepatic cholesterol and hepatic
activities of 3-hydroxy-3-methyl-glutarl CoA reductase
and acyl CoA: cholesterol transferase are lower in rat fed
citrus peel extract or a mixture of citrus bioflavonoids. J
Nutr 129: 1182-1185.

Kawaii S, Tomono Y, Katase E, Ogawa K, Yano M. 1999.
Quantization of flavonoid constituents in citrus fruits. J
Agri Food Chem 47: 3656-3571.

Son HS, Kim HS, Kwon TB, Ju JS. 1992, Isolation, purifica-
tion and hypotensive effects of bioflavonoids in Citrus
sinensis. J Korean Soc Food Nutr 21. 136-142.

Lee Y, Howard LR, Villalon B. 1995. Flavonoids and anti-
oxidant activity of fresh peppers (Capsicum annuaum)
cultivars. J Food Sci 60: 473-476.

Kawaguchi K, Mizuno T, Aida K, Uchino K. 1997.
Hesperidin as an inhibitor of lipases from porcine pancreas
and pseudomonas. Biosci Biotechnol Biochem 61: 102-104.
Cha JY, Kim SY, Jeong SJ, Cho YS. 1999. Effects of hes—
peretin and naringenin on lipid concentration in oratic acid
treated mice. Korean J Life Science 9: 389-394.

SEE RN RECES

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

ol71F - &A%

Cha JY, Cho YS. 2001. Biofunctional activities of citrus
flavonoids. J Korean Soc Agric Chem Biotechnol 44:
122-128.

Shen JL, Bryan BA. 2003. Two-step conversion of vegeta-
ble protein isoflavone conjugates to aglycones. USA Patent
No. (5827682.

Amorepacific Co. 2001. A method for preparation of agly—
cone of isoflavone. Korean Patent 10-0302560-0000.
Kim KW, Shun BS. 2001. Optimization conversion to the
aglycone form using B-glucosidase and isoflavone ex-—
traction from soybean. Korean J Biotechnol Bioeng 16:
174-178.

Francisco RT, Isabel PA, Augustin LM. 2001. Enzymatic
extraction and transformation of glucovanillin to vanillin
from vanilla green pods. J Agric Food Chem 49. 5207-5209.
Santamaria Rl, Reyes-Duarte MD, Barzana E, Femando D,
Gama FM, Mota M, Lopez-Munguia A. 2000. Selective en—
zyme-mediated extraction of capsaicinoids and carotenoids
from chili guajillo puya (Capsicum annum L.) using ethanol
as solvent. J Agric Food Chem 48: 3063-3067.

Ahn SC, Kim MS, Lee SY, Kang JH, Kim BH, Oh WK,
Kim BY, Ahn JS. 2005. Increase of bioactive flavonoid
aglycone extractable from Korean citrus peel by carbohy-
drate-hydrolysing enzymes. Kor J Microbiol Biotechnol
33: 288-294.

Kwon JH, Ryu KC, Lee GD. 1997. Dynamic changes in
browning reaction substrates of Polygonatum odoratum
roots during roasting. J Korean Soc Food Sci Nutr 26:
654-661.

SAS. 1994. SAS/STAT. User’'s Guide version 6. 4th ed.
SAS Institute Inc., Cary, NC. Vol 2, Ch 37, p 1457-1478.
Perfetti GA, Joe FL, Fazio T, Page SW. 1988. Liquid chro-
matographic methodology characterization of orange juice.
J Assoc Off Anal Chem 71: 469-475.

Blois MS. 1958. Antioxidant determinations by the use of
a stable free radical. Nature 181: 1198-1200.

Cushman DW, Cheung HS. 1973. Spectrophotometric assay
and properties of the angiotensin—converting enzyme of
rabbit lung. Biochem Pharmacol 20: 1637-1648.

Eun JB, Jung YM, Woo GJ. 1996. Identification and deter-
mination of dietary fibers and flavonoids in pulp and peel
of Korean tangerine (Citrus aurantium var.). Korean J
Food Sci Technol 28: 371-377.

Choi YB, Woo JG, Noh WS. 1999. Hydrolysis of B-glyco-
side bonds of isoflavone conjugates in the lactic acid fer-
mentation of soy milk. Korean J Food Sci Technol 32:
189-195.

Min SH, Park HO, Oh HS. 2002. A study on the properties
of hot water extracts of Korean dried tangerine peel and
development of beverage by using it. Korean J Soc Food
Cookery Sci 18: 51-56.

Do JR, Heo IS, Back SY, Yoon HS, Jo JH, Kim YM, Kim
K], Kim SK. 2006. Antihypertensive, antimicrobial and an-
tifungal activities of buckwheat hydrolysate. Korean J
Food Sci Technol 38: 268-272. .
Kim TJ, Yoon HD, Lee DS, Jang YS, Suh SB, Yeum DM.
1996. Angiotensin- I —converting enzyme inhibitory activ—-
ity of hot-water extract and enzymatic hydrolysate of fresh
water fish. J Korean Soc Food Nutr 25. 871-877.

(2007 549 11 A< 2007 10€ 31 )



