commons

O N § D E E D

@creatwe

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HESS SH, HE, 32, 84, &3 5 253 2 2UsLICH

— f=Rr—T0—]

Ch5d 2= =4S Mdor 2Lk

HEZAEA Aot EHSANE EAIGHADE ELICH

H2d. #5t= 0l A%=S 22l 5

Jd
0
it
=]
om
i
I
B
I3
I
!

o Fots, 0 HEEY HOIS0ILIH=EY 22, 01 AEENH HEE
EFEH LFEHHHOE 2hLICH

o REATZSE Y22 5718 PO 0123 ZAS2 MSEA Falil

HEAEH OHE 0IEAS Ad= A2 HWEN Sotl 325 BA S#sLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Coll

ection



http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/disclaimer-popup?lang=kr

YA} o9 =2

AF NS o34

55453}

A3 A

20073 2¢



o] RS FHAA 8 EEOE A

20073 2¥

DAY FHAAL 9] =E L AFF

SRR 3
9 4 3
9 4 3

AFhen g
20073 2¥



Quality Properties and Physicochemical Properties
of Hallabong Tangor
(Citrus Kiyomi x ponkan) with Heating

Hwa-Sun Kim

(Supervised by proferssor Jeong-Sam Koh)

A THESIS SUBMITTED IN PARTIAL FULHFILLMENT OF THE
REQUIREMENT FOR THE DEGREE OF MASTER OF AGRICULTURE

DEPARTMENT OF AGRICULTURAL CHMISTRY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

2007. 2



Jfu
4

Summary m
I.4 & 1
O. A% U4 3
1. E4A8 3
2. B4 3
1) =333 54 3
2) HrAZE 4
3 B399 2 29 4
4) v ERIC 4
5) F71& 4
6) 71 2 #F27 5
7) Flavonoid 5
m 23 9 13 7
1 328 A2 #2 54 7
1) Y £xx 7

2) 223334 54 9
3)T& Xl e YRS 10

g9 ARAX ] BE BB 54 11

2 38 AEY HE 13
1) gutd 13

2) #7&

14



3 feAT 2 A1

4) Flavonoid

3. ¥2 AFFTY F4 W

1) T3 4= W3

2) pHS} 2 $%9) w8

3) HEATHET FAu 9 W

4) BdFH T3 FF W

5) WlEbEIC o] Wl

V.8 ¢

<
u}l_ll
I
M
rl

14
15

16
16
19
20
22
23

25

27



Abstract

Physicochemical properties and positional distribution of Hallabong Tangor(Citrus
Kiyomi x ponkan) cultivated in heated greenhouse were investigated. About 90% of
Hallabong produce fruits within the range of 250~400 g fruit weight on a tree, larger
fruits were mainly consisted of 400~450g in MI6AHallabong, a variant species of
Hallabong, due to younger tree and fruit thinning. Nevertheless fruit sizes of
M16AHallabong were larger than Hallabong, peel thickness of MI16AHallabong
(3.29mm)was thinner than that of Hallabong(3.51 mm). Hardness of MI16AHallabong
was 994.69 g-force, compared to 832.8 g-force of Hallabong on the average. Soluble
solids and acid content of Hallabong were 12.20~12.98°Brix and 1.08~1.14%, while
those of M16AHallabong were 1.48~12.63°Brix and 0.92~1.00%, respectively. Vitamin
C content of Hallabong was 71.30~78.77 mg/100g, compared to 64.40~68.01 mg/100g
in M16AHuallabong. Soluble solids in the part of stem was lower than that of end
part among the same segment. Fruit size in the upper part of the tree was larger,
the peel was thicker, and flesh ratio lower than the middle or lower part. However,
soluble solids and acid content were high, due to cumulative sunshine during

cultivation.

Physicochemical properties of Hallabong Tangor(Citrus Kiyomi * ponkan) cultivated in
heated greenhouse were investigated. Moisture content was 87.42~8812%, and total
sugar was 7.81~8.01%. Vitamin C content was 68.01~72.01lmg/100g, higher than
Citrus unshiu. Potassium content of M16AHallabong, a variant species of Hallabong,
was 273.87mg/kg, and Hallabong was 187.67mg/kg. The contents of inorganic element
were in order K > Ca > P > Mg > Na in Hallabong, and K > P > Ca > Mg > Na
in M16AHallabong. Sucrose was 3.60~4.36%, half of total free sugars, fructose and
glucose were 1.90~2.22% and 1.65~1.94%, respectively. Citric acid was 69.88~82.32%

in total, especially the content of malic acid was high in M16A, compared to Citrus



unshiu. Hesperidin and narirutin were main flavonoid.

Quality changes of Hallabong Tangor(Citrus Kiyomi % ponkan) cultivated in heated
greenhouse during room temperature storage were investigated. The fruits harvested
at 20th of February of Moisture content was 87.42~88.12%, and total sugar was 7.8
1~8.01%. Nevertheless fruit size of M16AHallabong was larger than Hallabong, peel
thickness was 3.29mm thinner than 3.51mm of Hallabong. Hardness of M16AHallabong
was 994.69g-force, compared to 832.8g-force of Hallabong on average. Vitamin C
content was 68.01~72.01mg/100g, higher than Citrus unshiu. Quality changes during
room temperature storage soluble solid, reducing sugar was not shown in great
during storage time, total sugar was increased after storage. Acid content, hardness
was decreased slightly as delayed in storage time by respiration. Vitamin C was
decreased slightly after 15~30 days then Hallabong was 62.61~77.98mg/100g, M16A
was 59.75~64.19mg/100g.
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ghepite] B9l ot Hiszsltta B ghebE MAR(2001)0 wEW 19720 &
FHFAE BN 1 2SN A A(Citrus kiyomi)@ ponkan(C. reticulata)] il
° 2 Wz B2HFHGY g2 7ol viste] A
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JAok 1EF) 5437190l whet 4202 Hallabong Tangor(Citrus kiyomi x ponkan)
2 REE A I AR AAZIY. sebge 2FD el Hgte Bt o] Fol &
H A S o] Asste A2 AXEEA AujaZ o] F435] oyt Add Ad AH
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A, o] FE AMS MEFetr] A §Fo] o|FoiAL Ut A4 npo]y
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WAAEE AFSSHATH

HFo] 7HARPET F FRFe FAHEAA A (NH-2000, Horiba, Japan)S ©]-8-3}¢
=39k A &S 0N NaOH FHAHogx =Aste] G agx)sbo] kS ]
wste] ®AGsiitt

pH= pH meter(A102-0031, Sentron, Netherlands)= AR ke oyl 2EA 20
mlE FTEFH Hst 106TCAA SEAIA G2 T =S YEE2 et
7HeA L ET 4 gheke] B]E FAME|(Brix/Acid ratio)2 YERA QT debEe] mhul A

U E
AU EL 60~70TCoA dulAzx T &S 235 oS ACACHY et

TEL AlEE 01N HCZE 3A7HE<t Hl5E9) 7123 A7l % 01N NaOH=Z Z
3ate] A1 oS 1004) 34 3+ F Somogy-NelsonH? .2 A #at Atk

5)HIEFRIC
HElY C= A& 10g% 5% metaphosphoric acid 50 mlE 7} & wl3fste] 7hetod =
stal, AA7I= oo 22 AHste] F7FE =38k o #X|(Whatman No. 6)& o3}
st % hydrazine Bl weEl 500nmolA]  §FE(UV-1601  Spectrophotometer,
Shimadzu, Japan)E Z43}4th ¥F%2 ascorbic acid (Sigma Co., USA)E AM&-31ATh.

6% 7 &
FAARLe AR

1g< 100 ml 238 flaskel] ¥ 23 HNO; 5mlE 7} 3 180~
200ColA 7 AxAIZ & Wzbste] 2 AHNOs : HS0, @ HCIO,) 10 mlE 7131



200C, 1A1ZF 308 S ®AIFTE o]& thA] 2507C, 1A13F 302 B3t ®3AIZ & W
24ste} AL FHSFE 718 50ml mass flaskol H#3F F o H(Whatman No. 6)3}]

ol
-

ICP Atomic Emission Spectrophotometer(JY pannorama, Jobin Yvon, France)® &4

At

FEEH F712 B ZFAS 335F5E 1008 343 F 0.2 pm millipore filter
& olfo] olTE T HPLC(Waters 2690, USA)YS o]-83e] BASIITh f714F 24
o9 column Prevail™ organic acid 3 pum, 4.6x150 mm(Alltech)E AH&-3IR S H,
mobile phaset= 25mM KH,PO4pH 25E 04ml/minZ 3} UV 210 nmolA 996
Photo Diode Array=® A3}t 2] i4dpte] columne Prevail™ carbohydrate
5um, 4.6x250 mmE AFE3}S acetonitrile : water (70:30)= 0.8 ml/minZ 3} ELSD

5|

20002 HEsth FEl9d ETFS fructose, glucose, sucrose(Simga Chemical Co.,
USA)S AREsISlom, f7]14F EFF2 oxalic acid, malic acid, citric acid(Simga

Chemical Co., USA)E A}&-3}5Th

8)Flavonoid

Flavonoid 412 3eheo] A2y 55 293 §F $230=%3 U 3 225
FE8 AEE ALt EosldE AR 1g2 #H3te] 20% DMF  methanol
(nn-dimethylformamide : methanol = 20 : 80)&<% 20ml¥S 713t 1A17HE<t
sonicationgt - 60CollA 1A1XF F53F & ofFste] Z4dL 100ml, 5 50ml flask
of 483 ¥ 3435} 0.2 um millipore filter2 ©J¥}5}] HPLC(waters 2690, USA)Z
B89, Flavonoid ¥FFOZE narirutin(Extrasynthese, 02100910, France)
hesperidin(Simga Chemical Co., USA)<S DMSO(dimthylsulfoxide : methanol = 2 : 3)
of &alisted EEHoE ARSI E£AF7L Table 1329} 2.



Table 1. HPLC conditions for flavonoid analysis

Parameters Conditions
Column Capecell pak Gis UGI20 5 um 4.6x250mm (Shiseido)
Mobile phase Solvent A : 0.1% phosphoric acid

Solvent B : Acetonitrile/Methanol(50:50)
Detector 996 Photo Diode Array, wavelength : UV 280nm
Flow rate 0.9 m//min
Injection volume 10 p! (Auto-sampler)

Table 2. HPLC mobile phase for flavonoid analysis

Time(min) 0.1% phosphoric acid Acetonitrile : Methanol (50:50)
0 69 31
10 62 38
35 30 70
40 30 70
4 69 31
50 69 31
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Table 3. Fruit weight distribution of Hallabong on the tree

Fruit weight(g) Hallabong M16A Hallabong
200~250 2(1.2)Y -
250~300 24(15.3) -
300~350 06(42.5) 5(10.9)
350 ~400 50(32.2) 8(17.4)
400~450 6(3.8) 16(34.8)
450~500 6(3.8) 9(19.6)
500~550 - 4(8.7)
550 ~600 2(1.2) 2(4.3)
600 ~650 - 2(4.3)

Total 155(100) 46(100)
Y( ) : ratio

Table 4. Fruit weight and positional fruiting distribution of Hallabong

Fruit Hallabong M16A Hallabong
weight(g) upper middle lower upper middle lower
200~250 1(2.2)? - 1(1.9) - - -
250~300 5(11.1) 10(17.9) 9(16.7) - - -
300~350 16(35.6) 26(46.4) 24(44.3) - 2(15.4) 3(14.3)
350 ~400 19(42.2) 15(26.8) 16(29.6) - 5(38.4) 3(14.3)
400~450 1(2.2) 2(3.6) 3(5.6) 5(41.7) 2(15.4) 9(42.8)
450~500 3(6.7) 3(5.3) - 4(33.3) 2(15.4) 3(14.3)
500~550 - - - 1(8.3) - 3(14.3)
550 ~600 - - - - 2(15.4) -
600 ~650 - - - 2(16.7) - -

Total 45(100) 56(100) 54(100) 12(100) 13(100) 21(100)
Y( ) : ratio
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Table 5. Physical properties of Hallabong

Fruit Fruit Specific Flesh
Width/Length _ | Peel pecific  Hardness  Fl
index weight(g) thickness(mm) gravity  (g-force)  ratio(%)

94.29+210/
Hallabong 104+4 3541041667 3511022  0.849+0.02 832.8+100.4 74.38+2.6
90.93+1.92

MI16A 95.90+2.11/

Hallabong| 98 20+4.85 98+4 411.74+31.29 3.29+0.35 0.881£0.01 994.69+69.28 77.31+0.41
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Table 6. Soluble solids and acid content of Hallabong juice by the part of segment

Soluble solids(°Brix) Acid content(%)

Stem Center End Average| Stem Center End Average

Hallabong | 11.31 12.11 12.38 11.93 0.94 1.02 1.01 0.99

M16A
Hallabong

8.63 11.03  11.82 10.49 0.74 0.89 0.94 0.86

Fig. 1. Sectional structure of Hallabong(left) and M16A Hallabong (right).

9 2AYR ) BE Fe}Be) 54
o) g AN mE Bekge] FASHL Table 7904 BE Hhst 2ok
Bado) ABH Fejol 2 Fol§ HolA ggtor}, Fyol 2HUE Fde 2
A7t Ao Hhol A B o] URoW FEE Egkth elm 4re
o}

[¢}
H, ol dxFHo] AUlFor e Axz Helt wald AAHQA IetE F

171 98t 7AA R 7185 Tt SRS dxFS SHs= YA oE

N
e
Hir

o



4655mg/100 ghi T} o}F Ekom ) BEEF 9w tio] 7t Fol 17 BHUzA
545 Ueie Aoz Helt A7 lojxe Frke Apulg debgo] 290
FoeH FEF AF7IES A FEAS Bt Hsty A s S
YR A f]#olv WEAdEo
AL Z AAZIH.

rr

ft
o
i
ox
filo
o
R
ol
rr
=
rr
ofj
Sis

S A 5717k0] WA

Table 7. Physicochemical properties of Hallabong by positional fruiting

Hallabong M16A Hallabong

Upper Middle Lower Upper Middle Lower

Fruit index 1.02+0.04” 1.04+0.04 1.03+0.05  0.98+0.04 1.01+0.05  0.99+0.05

Fruit weight(g) 352.0£54 346.9+57.39 341.1+52.8 473.3+75.86 416.6181.82 416.2149.1

Peel thickness

(mm) 3.52+0.22 3.36+054 2.90+0.29 4.0+0.56 3.29+0.35  3.03+0.25

Soluble solids

(°Brix) 12.98+1.18 12.98+0.75 12.20+0.9 12.63+091 12.05+0.59 11.48+0.28

Acid content(%) 1.14+012  1.09+0.1 1.08+£0.07 1.00+0.13 0.99+0.08  0.92+0.06

pH 3.09+0.06 3.07+0.07 3.11+£0.09  3.31+0.09 3.30+0.07  3.38+0.06

Hardness

(e-force) 931.4+111.9 832.8+100.4 870.8£150.5 1056.1+156.9 994.7+69.3 968.4+227.9

Flesh ratio(%)  73.11+2.33 74.38+2.6 7854+0.98 74.14+3.2  77.82+1.35 81.43+6.31

Brix/Acid ratio 11.56+1.87 11.89+0.95 11.29+0.87 12.65+0.74 12.27+0.81 12.46+0.99

Reducing sugar

%) 442+055 447+0.69 4.26+0.21 4.05+0.08 438+0.25 4.31+0.21
(o}

Total suagr(%) 848066 8.01+0.7 795:0.76  8.24+1.16 7.41+0.6 7.03+0.27

Vitamin C

7877+5.77 72514351 71304502 67.67+537 68.01+4.78 64.40+4.77
(mg/100g)

? Values are means *+ S.D.(n=5)

_12_
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SHHe =Y WIS Table 80l4 B ubs} o] & FFe 87.42~8812%, &
T2 781-8.01% It FEHEF0] 85t JEL Table 9914 H= bl o
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7} Fol 1F HU2A EAS Yehle ZoE HAL A7 oAM= T2 A
gk gtetgol 290 FEFOEHN TR AFTIE At 2 FEAE FHeu ]
atod, B Ago AMESS g2 A E A5 7]3e] Aol dAs JER AT o
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Table 8. Proximate constituents of Hallabong flesh(%)

Moisture Total sugar Crude fiber Crude protein Crude fat Ash

Hallabong | 87.42+0.7  8.01£0.7 0.17+0.02 0.45+0.02 0.12£0.03  0.30+0.07

MI16A

Hallabong 88.12+0.6  7.81£0.6 0.16+0.03 0.47+0.03 0.13£0.02  0.29+0.04

Table 9. Physicochemical properties of Hallabong juice

Soluble solids Total sugar Reducing Total acid Volatile

(°Brix) (%) sugar(%) (%) acid(%)
Hallabong | 12.98+0.75 8.01+0.7  4.47+0.69  1.09+0.1 0.02 3.07+0.07
M16A 12.05+0.59 74106  4.38:0.25 0.99+0.08  0.01 3.30+0.07

pH

Extract Specific ~ Brix/Acid Vitamin C Color
(%) gravity(14C)  ratio  (mg/100g) L a b

Hallabong |  9.82+0.56 0.849+0.02 11.89+0.95 72.01£3.59 79.72 6.61 15.84
M16A 9.40£0.52 0.881+0.01 12.36+0.59 68.01+4.78 80.31 6.93 16.83

_13_



el F7lE £42 Table 103 2t} ehHge] 7712 P, K, Ca, Mg, Na, B,
Zn, Mn, Fe, Cu, Mo & 10575 &43doH, K7l e 1369.33mg/100 g,
M16AZHEHE& 93833 mg/100 g2 7HE o] AEHUy, 11 gLo g 3etEe P, Ca,
Mg, Na 2.2, MIGAE Ca, P, Mg, Na £22 HEEHIh o] 9|9 F7)&E FafolA
SeHgS 1.57~4442mg/kg, M16A= 1.35~4023 mg/kgo 2 vH HEHUL &5
749 A= K gl 03%= 7P Zol HEH ] depgn vg e mglon)’
e B35 o= KO > N > P,0s > CaO > MgO > SO, w22 5o Slrhal
Hugo)) el 2718 gy wssidoh

Table 10. Mineral content of Hallabong flesh

mg/100g mg/kg
P K C Mg Na | B Zn Mn Fe Cu

Hallabong | 106.58 1369.33 4835 5542 2355 4442 818 227 2940 157

MI16A

Hallabong 69.62 93833 7310 66.00 2537 | 4023 781 197 3493 135

* Dry basis

3) faT R f714t

Stetee] fEld 2 f71AF BAZTE Table 119 2ok shebso] a9 2
sucrose’} 3.60~4.36% = A 9] 46.46~55.12%5 *A|Stal AN S H, fructose?} glucose
7F 1.90~2.22%, 1.65~1.94%= Z1A| 2] 24.02~28.57%, 20.86~24.97%F A5kl UAc.
Ml6AgHeHs-o] dnkstelg-ol H3l sucrose o] H2 WHA fructose?} glucosex gt
oA =& e e 2529 fructose= 1.81~2.75%, glucose= 1.69~
2.69%, sucrose= 3.41~4.77%EA" Fe}EME  fructose$t glucoseito] ELSFE
sucrosegt< Sobgls & AT

2=
et =Y F714F A A citric acid7t AA9] 69.88~82.32%F xFA|EAL A
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Table 11. Free sugar and organic acid of Hallabong juice(%)

), 1 oA ko] 0.61%, MI6A3EEo] 058%2 vFeERATh oxalic acid 3
3k zko] A=H o, malic acidE M16AZH}L o] duksta}io|
gtk Aoz @
A AA Y 83.8~91.9%= IR H=H BIEHY,
A7+l 0.11~0.15%"0 B8] w9
= Aoz Holg,

7% citric acid $F&Fo] 1.14~1.58% =
4% malic acid &zo] &

Sl 7191

Fructose Glucose Sucrose
Hallabong 2.22+0.38(28.57) 1.94+0.31(24.97) 3.60+0.46(46.46)
M16A Hallabong 1.90+0.15(24.02) 1.65+0.11(20.86) 4.36+0.40(55.12)

Oxalic acid Malic acid Citric acid
Hallabong 0.01+0.001(1.48) 0.12+0.02(16.19) 0.61+0.16(82.32)
M16A Hallabong 0.01+0.002(1.56) 0.24+0.03(28.81) 0.58+0.03(69.88)

() : ratio

4) Flavonoid

stetg ol flavonoid &5 TKtoll kAo Aol
ARNey o2 FEF= 28 hesperidind narirutin®] 2 EFEo] AAJTh o=
n< £39749] flavonoid'Ve} FEF 29t v EF 29 flavonoid HEIPH H|S=3 2
I5 Btk flavonoid 9 UHA AiE-e vF HEHo 5ol fHs Btk A2
o= FE hesperidin®] FHrE o] UojA FhebEo] SN FUZHY] FHA

S Table 1294 RE uls} 2o} =

dAzde w4 dAsH B 5 (7] Weel AEREIHE e E2 o
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3, A gol N sl A shs FE o

of 71544%e) B4 Fx AEHolol & Zlolth

Table 12. Flavonoid content of Hallabong(mg/100g)

Narirutin Hesperidin
Flesh Peel Flesh Peel
Hallabong 310.9 783.7 344.1 2,158.9
M16A
Hallabong 268.0 531.8 28 1,303.5
* Dry weight
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o] & oo AF FHaFo] wgtow, HIElR] C S 68.01~72.01 mg/100g°] At
e ohe ZERFl niste Azl et drek 4k FaFol IA Aozt BA
& ek oflet 22 URoME ZEsle XY A7 wetME AR FHge] the

Sold FASHL /M1 Ytk 53 SNl & Gl Fob FEAHo] Dol
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oBAm Sle Aoz Hol el 4 g o3 Ade] fAs} oA A=
7} Golh FetETt MIeATE S B A7Itke] R4S ashs Aol glen,
A% Fr)ole Aol GAF Frol FAHAL. 39 25%0] FEe] AxE 61378
g-force= MI16ATH}E 796.18 g-forceol| HI3| 2t om, Ml6AsH}HES Zdo] &
Aoz WAso] glo] EFolt F3 5 A FEL AANE 0o Bl
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Fig 2. Weight loss changes of Hallabong during room temperature storage.
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Fig 3. Hardness changes of Hallabong during room temperature storage.
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Fig 4. pH changes of Hallabong during room temperature storage.
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Acid content(%)
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Fig 5. Acid content changes of Hallabong during room temperature storage.
O-O Hallabong H-M M16A Hallabong

3) /18R ED FAe Y W3}

AR7I17b 2 els] 7HEANEE S sE Fig 6949 2ok 7

& FEhEo] 11.98~1298°Brix 241, M16AZHe}Eo] 3teliol] nlal 741 RE &)
=2}

27 Wtk HEATIEL FYsked AR A Alele] Relrk A o Wt
24 Wolom, A4 A4711e Eoel 2 WslE wolA Yotk £FURA A9 A
LAFANE AR FFe] WMt Qo) B HYIM ke AFL B
A R FAA G G FRIVE AW HEADFEY BFAN) 7ASE o=

M16AZHe2 105220492 A 7|to] Aojdas Brtulzy A Srtstant. &
2o MI6ATEHES 7 7HAdadEe) e Ao dAsisloy, A7zt w
g A gl Atz Qlste] Ag7Izte] Aojdss BAMIZE AME SUlee B
Bt
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Soluble solids changes of Hallabong during room temperature storage.
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Fig 7. Brix/Acid ratio changes of Hallabong during room temperature storage.
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Fig 8. Reduing sugar changes of Hallabong during room temperature storage.
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Fig 9. Total sugar changes of Hallabong during room temperature storage.
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Fig 10. Vitamin C changes of Hallabong during room temperature storage.
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