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Studies of distribution on Limonin and Naringin in the Pummelo fruits.

Ratiporn Haruenkit and Suwanna Pichaiygngvongdee *

*Faculty of Agro QIndustry., King Mongkut’s Institute of TéChnology, Ladkrabang,
Bangkok, Thailand ' '

Abstract

The study of distribution of limonin and naringin in three major varieties of pummelo
grown in Nakorn Pathom province was carried out by measuring the physical chafacteristics
and separatin:g out the fruit to flavedo, albedo,segment membrane, juice and seed. Each part of

pummelo was analyzed for limonin and naﬁngin. The juice was analyzed for in addition
| ascorbic acid , Total soluble solid , titratable acidity and pH.

AnalySis of  limonin showed that the limonin is distributed in various parts of
pummelo. Tﬁ'e highest amount was detected in seed in the range of 2,594.60- 2,605.56 ppm
(DW). The l-es,s'er amount were detected in flavedo, albedo, segment membrane and juice. The
limonin in 'secds

In ﬂavedo of Tong Dee, Kao Paen and Kao Nampueng the limonin content were
217.72, 21:54.0;6 and 169.30 ppm (DW) respectively. In albedo of Tongdee, Kao Nampueng
and Kao Paen tﬁe limonin content were 313.58, 252.81 and 135.20 ppw (DW) respectively. In
segment menbrane of Kao Nampueng, Tong Dee and Kao Paen the limonin content were
265.14 122.69 and 87.64 ppm(DW) respectively. In juice of TongDee, Kao Nampueng
and Kao Paen, the limonin content were 29.62,22.69 and 18.27 ppm (FW).

The naringin was found in a greater amount than limonin. The highest amount was
detected in the albedo. Naringin in the albedo of Kao Nampueng , Kao Paen and ’fqng Dee
" were 1,933.55, 12,133.49 and 10,065.06 ppm (DW) respectively. In the flavedo of Kao
Nampueng , Kao Paen and Tong Dee the naringin content were 5,739.44, 5,344.56 and

4,609.86 ppm (DW) respectively. In the segment membrane of Tong Dee, Kao Paen and



v

Kao Nampueng the naringin content were 3,391.61, 2,031.03 and 1,799.48 ppm (DW)
respectively. In the juice of Tong Dee, Kao Nampueng and Kao Paen the naringin content
" were 348.47,323.00 and 315.71 ppm(FW) respectively and in the seed of Kao Nampueng ,
Tong Dee and Kao Paen the naringin content w'éré '29_7:;48,293.03 and 257.87 ppm (DW)
respectively. ) | | o
Chemical compositions of three varieties of pummelo showed the Thong Dee variety
contained the highest ascorbic aci(i . The ascorbic acid in Tong Dee, Kao Nampueng and
Kao Paen, were 57.59, 43.75, and 40.24 mg/100ml respectively. Total soluble solid were 800—
9.45" Brix, titratable acidity were 0.38 —0.98 (g/100 ml) as citric acid. pH were 3.72 —4.05.
| B Analysis of the physical characteristic of fruit showed the amount of flavedo were 8.27-
14'.42% the ali)edo were 26.47-41.34 %, the segment membrane were 8.27 — 25.18%, the seed
0.18 — 1.37% and the juice were 35.43 44.38%.
| - - The color of juice as measured be L a b* system the lightness(L) were 34.91 -39.28 ,

t_he',l-'ed color (a*) were 4.00 - 8.11 and the yellow color (b) wére 8.76-10.07.
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aoudhaties 18ud msnldsudinndadeatufimiosiiezinaldalusisguugil 1520 1 sernira
= sS4 g ¥ (= & A (= ,
@oa  uensniiefufenudilsinunsamelumazanauiesuazaziiniIina soluble solids
a a - a { A t v & o 2 as
ldsanavesdulonanidy  fusTnaideusaseutaniutainifuinudule Hizesnilideuiy
o ' I a § a v < 4
fudsemy uaddn T maiufenduziin  nazsardez i@ Trovaudades iliesnn

£ 9

USinansaannamdeniulsua soluble solids Ainansdas ueanniiuduiloduTeszuns on’ldein de

v
aziAnd1Y St Inasenainde shled liusudsen dsuw, 2530)



msﬂmuﬂm@lswmmmﬁﬂa anssal (2531) ‘lﬁﬂdn%gaﬁﬂﬂtﬁﬂ'aﬁ'umﬂﬂgmmm.
duTedait ‘

23.1 msnmummﬂ msuuwmmmmﬂa%vi%xﬂuw1ﬁuﬂﬂa1amaaﬂaﬂmawamamusa
wrsvewnaiinat mmmﬂﬁn"lammsﬂmummﬂ uatimsanasfusenindfeuasfuedngg

udafluvnalng nane wazdn Fudaziufozuandredulal Samaeii 2.1

Mms1afi 21 msutevinavesdu e TaglHidusonas

ug : Vsl (1)
Tnaj | AR @n
uinedd 17 1617 1516
ugunanag 7 16 15-17 14-15
fusunavon 18 | 17-18 16-17

fian : gunssanl (2531)

o J 9/ 9 9 [
2.3.2 MSULNTY (grading) &Tedmiumsdesnazaitesnidiu 3 du Aeduiiey duwnils

3 lé . ey \ Q’l’ Q 1
oz F1a04 150 Extra Class, Class T 110 Classll Faiinaiaiinvesdu Teluidnzdussnisiei 2.2

1 9
M 319% 2.2 nMsniFuesdule

S
o wa os
IYUNHIT ﬂmﬁ“ﬂﬁmu&ﬂi']u %Qﬂuiﬁu
114
g a 9 . Y gy 9 g Ay v waa v
FUNIAY ﬁNTﬂ%quﬁBuﬂgﬂ@\iﬂizﬂﬂﬂﬂ'Jﬂﬁu fl@uﬁlﬁNWﬁchulNW']uﬂmﬁuﬂﬁu HAKWTU

] [ 9 9 v
(Extra Class)  Jofinan1w@on flansianss 31l A qarautia ludunitduin 18 lufuiesas
9
arnazadeudillawriaiug wadeli 5 Tasdnou vierihwidn nazseulilisa

A o - 9 A’J d‘a é Tt o o’/’ 9/ Tt a9 o
UANU flﬂl’Ju'i’J‘i’t’]El‘]JN!‘UWIW’J“If\?i]%llN‘VI'I quwum"lﬂ"lmﬂusaﬂax 5 YT TUIU

1

Tiganmniegiliniaeialigdavas HANIHNA
9 ] 9 v s [ 1
a = 9 = [~ 9 aA Yt ~ [} wvaw &
Funil Aleriintideaiudulognuninall goyIiinad luduguaudiasuinii
wa & o J 1 vy E2Y &’f A g v
(Class T) anatiana 1 assmiuguazuma uarhugaautialusufiaelumn 11

9/
Ugnwenlifdmitldthasuglswenda  Audesas 10 Tagsruauniermin uay

d vyeed w a 4 A et 4 yul a9
(181 1ﬂlﬁﬂ‘u@ﬂ NID1UFITOINIDUNALUND ﬁl?]ﬂiﬁﬂﬂﬁﬂ%ﬂﬂﬁqﬂﬂuN']‘lﬂ WNUIDYAL

~ &
NN AUNTIAU (2531)



M31aN 2.2 @9

d waz
NG Auauatuyag Y feoylan
I
v
SuRannmsidsaduiamallfiaang 20 YBITIWIUHANINUA
2 oeiidauinalnd lfhs ualavasl
Had mmﬁamaunwsmmnmn‘v"lnm
B
Itgls alasdusammieguamiums
Eusnuudely
g 9 3 dy 9 4' YA :i | wnz dy
FUAD mﬂ@ﬂ_u%um:ﬂsznanmsﬁniama o finah biruauaniavuyag v
3 A | . wa 1T a é H
(ClassIl) 115230 INTUNT uarUANANLA Pl hifufesaz 10 Feouilumnnd
o > A A > a
1119 Tlvusgag v Sysananidunaya sopnnafiindatia liaiim mawaumms

a o o 9 A o a
ypanamIUNAvINUT g InaNdIy
n v ' o & A Ny Py 2
1@y nnFunig Aegusneaibel
a a a 9/ A A d'
Aalng mwmmsmmaummma‘nﬂﬂ
atindudu Tauiitaniiemshatng
% ' 9 9 e 1 1
ﬂananmmui):"luuwanswm\e;ﬂsN

Tawi 1

Budandenhl

wio T anauialuns

Ggn 18 liinusesay 5 uamanclﬂwa*nm
waathun 18 liiudesnz 35 LRI

v
HaNINUa

fan : amwysal (2531)

lh .

T Ay v ) Y 1 A A
2.3.3 HUIMHIAYIA L ANTANIN l@ﬁ]u 2 NQUAB (37 ,2542)

[ ; d'
naui 1
YSinunsadszinuiesay 1.02-1.93 lmmwu'ﬁm’maa
naui 2

ﬂ’in1mﬂ’iﬂﬂﬂ‘i°’ﬂ31\iiﬂﬂﬁ”

' 9 9
ﬂam\mmﬂsmﬂmﬂmaﬁauﬂ?m%ﬂ (moderately-highly acid) 1

1 tiwd
unauitdl

ﬂawmﬂmmmanﬂmm (acidless) auiaﬂauummﬂsmu% Taoil

2
0.08-0.10 "lmmwu‘qaunmm ‘Wu‘ﬁﬂn’ﬂ'ﬁﬂl l!ﬁ‘éﬁ‘Wﬂ‘ﬁq‘V]ﬂ\iﬂ

234 Llﬂﬂﬁ1ﬂﬂfﬂﬂﬂlﬂﬂﬁ!‘uﬂﬁ‘ui6 ﬁ13ﬂiﬂllﬂ~‘l 182 ﬂ'qnﬂﬂ (i’J ,2542)

ﬂﬁll‘ﬁ 1 nawmu@ﬁniaamama lnﬁﬁ ( colorless or white

W‘u‘ﬁ"l}n!lﬁ‘u wu‘ﬁmnma ‘Wu‘ﬁﬂlnlm\iﬂ’ﬂ

ﬂﬂlj‘ﬂ 2 ﬂauwmuammwsmnw (pigmente pulp) %Qﬂ"dﬂ

¥ 1o & ¥ 2
pulp) TRnAIUFYEIA

¥
uiteIfiaan pigment WIN

carotenoid lycopene “lmmwuwmﬂ Wuﬁ‘ﬂﬂ%’m wummaﬂ uazwuwanmﬂ%m



2 4 anymum"lﬂwaﬁﬂa

waﬁmwumuﬂiuﬂauﬂmaﬂum"lﬂ 1l5znaUdas 3 8IUAB (Ting and Rouseff.,1986)
Lﬂaanwuaﬂ (Flavedo) Hludauveslaen Useneudrmyadiiiasanas Isiaduozunls

fuved uaydl Oil grand Gluummmuuanmawu Epicarp

2. Lﬂaaﬂw‘lu (Albedo) HAu12152ABUARY spongy tissue YoUYAH parenchyma VUIAINY 4
'chu‘lﬁtgﬂzﬂiznaummwmﬁmuuawzauwaqTaﬁ

3. 1itai8a (Endocarp) ludaufisurlsennld fignunzidundy (carpels) FalnAtegiszanm
9-13 ﬂa‘umwa melundvilse ﬂauﬁQﬂﬁaw?aﬂau55%1§1 (juice sac N3@ juice vesicle) S 1uanann

fN (]ulce sac 50 juice vesicle) ﬂmawa"lumwaaﬁnmmgtuxtﬂuaaunﬂmumﬂuwmﬂamm

Tﬂﬂﬁﬂﬁ“ﬁﬂdlﬂllﬂ%ﬂ‘lﬂﬁ (juice sac salk) (Nagy et.al., 1977a)

z:%\ - ﬁ{
wagelar

$is J
sundis \ x”' altado

d‘ KX Aa o ] 9 .. % :é 9/ = . v e A 3‘
gﬂ‘ﬂ 2.1 MIIAAANUITEHINNT (juice sac) NUIFBHUNAY (segment menbrane) Taeneduagsinios
911117 (juice sac salk)

#1301 : Tomlinnson et.al (1991)

¥ A y y A & a2 P L& o ¢d Ao qya
f}\‘l'ﬂi@f!\‘i'l!"l ﬂi%ﬂ@ﬂﬂ’)ﬂm@!t’l'ﬂ 4 gAUAD FUUBIUFAA epldermls C]fﬂlﬂuﬂuﬂl‘lfaﬁ“]fu'ﬂ‘ﬂﬂﬂlﬂﬂ
< 1 a . . . t ‘g
AIMVULUINT ﬁwmwaﬁ@\’muaﬂmm epidermis “‘U?]\ifgll\‘ﬁ]zﬁ cuticle mﬁauag (Schneider,1968 ; Fahn et al.,

3/ 3
1974 ; Shomer et al,1975 ; smut‘f, 2532) i\”ﬂ"lﬂlﬂu%mm subepidermis elongated cell layer dnu‘ﬁuiufgﬂ



Y . & = o A o 4 o 9 9 o
Yszneudie juice cell  Fuilumad@ngswaunn fmfusaduiehlinnaldie awlusad
[} v . t o/ a/ o

U52n0UA38 vacuole 1A 1va) 3 oil Bglu plastid  cytoplasm UATIZHIN plasmalemma NUHUUFAT
oy mitochondria leucoplast 110 chomoplast nsznedlule TanaaduuSnudfiegiannmivyad

nagndlle (Shomer etal,,1975)

oy )
2.5 asnilszneuthdules
o - [}

Y .. o 0 1

duTe Guice) Huveunaimeludeiiosdilsznaufidhag 1dud
o ¥ :

1. thana 18ud thaaylasa dzalaa vaznglar egluzdaisazans (Cook,1983) Tagazil
’c‘r"@muuawﬂimmumnmaﬂumuﬂuwuﬁ aA (maturity) 9181018 MIMUgR uazdwvisvewa
‘ﬂaﬂuuﬂu 1uauia‘wuﬁmmnummunﬁlui‘]mwmamﬂsmmmmamﬂmﬂ Tagdumniiora
‘ Lm%uuﬂsu1mu1mamﬂmmamaaauaﬂ (Baldwin,1993)

2. ATABUNSS (organic acid) drulnnanTunsataia spananazifunsandn uaznsaduq
UninansasunisluduTeudarsilazuandniu  daulugjiilfonaussefitSuansannasduiuiy

a ¥ a4a 2 Y y Y o Aa fa A 4 A
WSananhaafiiindy snduna lfaszaadusmanuzunuazioney (emon) MidTnunsaiiniie
v o ’ a A d g ol A Py s ! ==, 2’ e (A
uft USinmnsesunsaduiledeniinademsseuiuuesdys ina Tﬂﬂa@ﬁmuizmNmmaﬂuﬂsmm
A5A (brix/acid ratio) ﬁluﬂfnfaEmmﬂﬂﬂuﬂﬁmmmmmwmauTaumwammm (Cook, 1983) MAIN1S
mummwmwﬂsmmﬂmiuwa‘lungaﬁumummza@m vn‘l?iwmiﬂmﬁﬂammmmwmuﬂ
a I £ C @ i 1 o e 1
fouiuna ldsvezuilamendansfunenouimnd e (Baldwin,1993)
= o s % '8 \, s o Y a- o di(‘ -
3.mnay fuserszneundnvesriiauradiay middle lamella Avhldinadnwmziile (pulp) Tu
9/ =Y a o 1 dy v o 9 .d!l a 1 A i & ]
wa'ldl Yinaumnduiinaderiieduiaveamadule Tasdemadneglugilues calcium pectate &4l
:’d os}aldd’{‘:vwcid & 1 v o a A Aaa A
aza1eah Snavi I Rstivledudadinds (Cook,1983) ilenaudmavdunufolazialgise  ieden
o lasad pectinmethylesterase,PME  10¢ Polygalacturonase,PG 017 siaaammﬂﬁﬁu‘lﬁazjiugﬂﬁaza1a
9 9 9 v ¥ .
vhandu fnaidailiieduiaiiuns (Nagy et al, 19972) luiiwa Idaszgadumaduiinadena ey

HALA51AAI0A ( Chandler and Robertson,1983a)



2.6 aasmgeInsveihdle

J LA e @ { :’ . . 1 ] a
ssdlszneufiddaunsiinniiqaluiiidule Ae Ascorbic Acid . daulvajiflunsadunis

v 9y b4
sefdsznovdusuenmileninnsadunislutihduTe Wuaasld Tuarsne2s deil

e 2.3 sefdszneumunil (1SuAB100 nfdInsuLlszn L 1d)

pafilszneumani lnm
Calories 25-58
Moisture 84.82-94.1 g
Protein 0.5-0.74 ¢
Fat 0.2-0.56 g
Carbohydrates | 63-12.4 ¢
Fiber 0.3-0.82 g
Ash 0.5-0.86 g
Calcium 21-30 mg
-~ Phosphorus © 20-27 mg
Tron o 0.3-0.5 mg
Vitamin A IR iyl U.
Thiamine . 0.04-0.07 mg
Riboflavin | 0.02 mg
Niacin 0.3 mg
Ascorbic'Acid 30-43 mg

a
131 : Morton J. (1987)

2.7 A15IHAIINUN

na'lfifieglufivaszgaduldudduiugae 9 Wufiuna avel orange)  WufauAULAY
(Valencia orange) ﬁufmm?u (mandarin) ﬁufﬁ’@ﬁﬁ"lﬂvl@l (natsudajdaj) !ﬂi‘l"l%liqﬂ (grapefruit) @
38U (lemon) ¥&U1(lime) «NI19(pummelo) Na"lﬁmﬂﬁ%mggaﬁ'umﬁwﬁyﬁmﬂﬁ’mwagimu
555018 sadumstseaen 2 ¥iia Ao mstszneuranlaueed (flavonoid) uaz esszasu

Aluuoss (limonoid)
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21.1) mailsznevdlanes(Limonoid)

arsilszneus Tuue o (limonoid) L‘flumiﬂsynau”lmmasﬂu Felsznsudig
msﬁﬁmqw’ﬂummmmmmw & s yile 18un uedAuMomilin) 191UV (Ichangin) uaiiadin
119 n(Nomilinic acid) Tsu1A2Tusn(Obacunoic acid) Ha aTuiiu (Limonin) Maier and Grant (1970)
Aa1IN msaiuuaﬂwwumﬂ‘nﬁ@ fed luilu cﬁmﬁmmﬂummwﬂmﬂﬂiaw“lu ywal
Taaiw1z Grapefruit Navel orange g lime miaiuuuaﬂﬂuwmnflumsﬂﬁwﬂaﬂuwa"lumuﬂa
Fudauas) 1841 cmmuﬁamnﬂauiﬂsmﬁwaminuu"lﬂiﬂﬂmﬂ%mmmm X - ray
crystallography ~ (Kefford and Chandler. 1970)aTuuuulumsmmﬂmm“uas”lm Wosiluasd
(Tetranortriterpenoid) “T"l"ln'azamﬁm@iaxma“lm“lumﬁmzmsauma U aaeI3Hes(Chloroform)
caTalulnda (Acetonitrile) unzlaanslsiimu(Dichioromethane) (Maier ot al,1977) o135 IUNgud -

Tuuaﬂﬁﬁszﬁumwmmmﬂ@haﬁuﬁquﬁﬂﬂum‘mﬁ 24

msei 2.4 @15A lueEAa1 HATS A

a "4 . . a
158 INUB YA Br SAATIA
Aluilu [ 3

= aAa =Y ; . 1
foonda luiu A Tadaas
Jouaaluu : RN Yajas
yaNau ' Y
aluilu uedn < [ ol

S Tailuedaraumauuan laue ) : RV

= an an g 1
foondnauenau Tajaun
1oanudu — ' Y
yeiiaailn 1BwA 1 6 Ry
17— Aglasaluludn uedin 2wmauuanlaue ' Tadass
Aluudn wega . Tajau
r=§ an [~ =Y 1]
foansaluiln Lodn sl
Touaaludn Y
TuslaATndiu 1 YANTIBY
TdslnaTutiu 2 Taiu
luiian wewn Tajuw
aluuen _ Taj

37 - Maier et al. (1977)
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TnssaRaveaalaiiu
ATuftufigasTassadn Ae C,H,0, waluwana 470 gawaemmad 298°C  Taseain
aluiluilszasudae Dicarbocyclic (B and C) .

Furan ring (F)

Epoxide group (E)

Y- Lactone 2 ring (A and D)

.Eth_er ring (A/) _
Taofiaaunauys1y (Furan ring) @il auauupsunmanTau D (Y- Lactone D - ring)ﬁ@'immia
asueud 17 Rdwvisasueuii 347 16 uaz 17 wiioenFiousgsauais  (Oxygen containing
function groups) ¥WinAiUeUT 14 oy 15 vzivyenenlud (Bpoxide group) HazAIsUBUA 19°

ﬂzﬁﬂgjﬂ’ﬂﬂqﬂnﬁﬁau (Oxymethylene) (Wilson and Crutechfeld, 1968;Maier et al 1977)

s 22 Tassadwvesdluiiy

4
NA1

Maier et al (1977)
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msduaTzvialadiy

Datta and Nicholas (1968) llﬁ’ﬁﬂmmsﬁ'umwﬁmiﬁinuaﬂﬁﬂluﬁummﬁuﬁmau'
@y (Valencia) Tagfinsamianladin (Mevalanic acid) wmummmm'iuwmmiﬁhuaaﬁllﬁisﬁﬁ
Wwha A911 Maier et al. (1977) “lﬂﬂmnwmsaiuumvaﬂmmiwwmnmiu Tﬂmmmnmsmm
STy Tuen 059 uaalay (Limonoate A-ring lactone) Fuumsdedud hiva umaﬂmaeuma‘lﬂﬁ
Lﬂﬁaﬂ%u"lu (albedo) HazHiianAudY (segmen walls) wududuusn ummgmﬂaaumﬂm Tfunda
°luwa"luLmav‘numvuﬂsu1maTuuummﬂmanu luma Meyer lemon %zﬁﬂ%’mmﬁiuﬁumﬂﬁaﬂ
584847 Orange 1A% lime AMWEIAY (Kefford and Chandler. 1970) Famsiies uﬁmﬂimmaiuuu

Tuna lfviiadee

< =y a ~ a o
i 2.5 silavedn IfuazaiFinad Tuilulumna

mald ‘  5nadTudiulumia
Orange ‘ - 0.54
Lime - 0.21
Lemon s 0.08 -
. Mandarin _ : 0.07
Trifoliate orange . M 0.09
Mayer lemon \ 1 16.00

i3 : Keftord and Chandler(1970) ‘

) |
won9ni  Maier et al. (1977) Ieaueiamamuaaa lufiulunalfaszgaduaunseagy

b~ w dy
WUAUNTNAIH

Deacetylnomilin(8) _ Ichangin(9) —> Limonin(1)
Nomilin(4) Deacetylnomilinic acid(12) ——»Isoobacunoic acid(5)
Obacunone(3) »  Obacunoic acid(18)

4' ad s da =
s 23 FEmsduns iz luiu

301 + Maier et al. (1977)



. d' a a . Ia =Y 9/ [N d’l

0314 2.3 ausaetuemsdaasizialudiuld 3 nededl

9% 1 Tagisuen Deacetylnomilin(®) ——» Nomilin(4) —» Obacunone(3)

i . . . . . . . . 0o o & a
Obacunoic acid(18) ————dsoobacunoic acid(5) ———®imonin(1) mnmﬂumnﬂumwaﬂ

! e ) g .

1197 2 Bemnett (1971) @8N Deacetynomillinic acid INUAAVBY - grapefruit AWID
< < o A . . . . & - . : a =
waguidluais 2 @288 Isoobacunoic acid UA¢ Limonin %3]y immediate precursor Y4a [uily

uazsiuas intermediate TUATEUIUMITURTIE erfa Tutiuluna 19
a o . ad A .

9147 3 Kefford and Chandter (1970) 1fingwuadn Ichangin(9) Hu39MmeNT8UNI I Ichangin
A a =3 d' n 9 . [ 9 A Aa A a d' [} .
FesriameinulFuaidesly Lemon uag grapefruit nazieldeFunansinad IuiunAY Ichangin
91991 15u910 Deacetylnomilin(g) 11‘1]!;]‘14 Deacetynomillinic  acid(12) Ichangin(9) Limonin(l)
muﬁwm '

m 3 ummNuﬂwmmuwmmaﬂu"lm]s"ﬂaframauuama'dﬂmfmu'lﬂ Limonin Wﬂﬂﬂg@ﬂ
Tuna Lms'ﬂammaaaTuuuwu‘lumawawa‘lmutmnmqmﬂ%wuiumaﬂ TasdaTutliuszagly
gihmmmaiﬂum'w ©-39  uanlay cmr'flumim@u‘nlluui'mmu@ﬂmﬂaﬂu"lmﬂua‘luuu@\m ‘
o1eaiou lars! Limonin D-ring lactone hydrolase uawmaﬁmwmaamNa"lmmwumflunsmmwmiﬂu
muusa mamawa“lmummmamwﬂw D-ring 1la si1ldinad Tuiy ua”ﬂmmﬂmm’mmmm

N“Llﬂﬁ‘ljvlﬂﬁ1ﬂ1]ﬂ'lilﬂﬁf]ull‘ljﬁ\‘iﬂ’l'm!ﬂuﬂiﬂ AN llﬁwlﬂuqcﬁn%u@uuﬂfJil'lﬂTHLﬂJﬂﬂ(Maier et al

a

1980)

Limonoate A-ring lactone : Limonin

: 4 S .
g‘ﬂﬁ 2.4 n151asuued Limonoate A-ring lactone 1Y Limonin

3 www.dow.com/liquidseps/ images/dorange2.gif



14

U =S Iy
A5 I21EG 309 13U
ﬁiuﬁuﬁwaﬁﬂﬁ'gﬁﬂmwiuwﬁ@ﬁmmwﬁamiuﬂssﬂ fusTanveSusaumileliuTina@d Tuilu

Tusiduihinnndt 6 ppm (Ohta and Hasegawa,1995) Mclntoh et al (1982) "lﬂﬁnmﬂsmmahuuﬁlu,

mawammmiwﬂm wuamTuuuumﬂ"lumammvulaafmmnaﬂ 090N wamjﬂau (segment'j'- -

membrane) 8aiila Wavila uazlude amdiudelumsn 2.6 uaswaﬁwmaauagmuﬂsmmain

1113100 WaNA (Feller and Hill, 1986)

v [ )
mnefi2ze  YSinadluiiuludedediuangueansia

* Cutivar USuua Tuiiu (ppm)
flavedo albedo ~  segment Juice Outer Inner cotyledon Central

membrane vesicle ~ Seed coat Seed coat pith

Davis | 34 66 3069 — &7 2058 7473 8999 324

Krome N

Duncan 12 11 111 6 1169 4658 6227 180

Fuster Pink . 27 26 163 8 578 - 3145 6820 307

Leonardy 172 101 121 24 595 2035 4851 482

Mott . 142 132 247 23 711 2821 4283 827

Thompson . :_ 11 24 163 5 726 2802 6842 206

Pink o

Thumph 05 66 44 13 779 2802 8381 322

Wheeney - | 35 135 8 284 3032 7789 43

White Marsh 52 78 193 8 1157 4366 7180 372

i : dautlasain Mcintosh et al. (1982)

b
anduussna et uresd Tty uaz 13931 Mclntosh ot al(1987) lutiuns
3 - o [] 1 o o a =Y : 1
wlgadnau 236 §aedn wudh msTanzimmduduvesdluiiy Tiannsamanziuandudu
Aa A 9 Y 9 a a o ] 9 g a =y 9y 1w
veaus s naza it uvesususud aunsaaaazianududuyead Tuiu Idu iy
Cecilia and Richard (1983) IdsintsdnuSinaaTuiluludaudis q vealyldly grapefiuit
' [ 9
Wi TulufTadiud szaszianszoielaelildudsiullannihminlufefivsuudluiivegluyas
1 * a a a 3 3 @ 1 g < !
40— 784 ppm ayuluunaziislSum@Tudiwies 2-4 ppm FududunloiTadun vielumen

] 9
o wiilSnad Tudusandeiunaziimswannliizes vennntivinuveulusslivsnudTuiiv
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Teufiaa sozazilSinanfiviudes q meluveslull NS inuezedeudieilnwis uazwa
de

TusssunalTunuveed Iutiuua umim%wnJaauuﬂmmummuﬂmmNaﬁuTﬂmmwam
aauaﬂfauuﬂsmmmﬂuawmmlimmaﬂmmaﬂmm wuwaaammNamaﬂimmahuuuavmiwu

o

uanmﬂum‘wum ﬂimmaTnuummauNamﬂaﬂur’lunmawm manuammuaﬁmm (Chandler 1979)

M9ef 27 msnszeievedd luidulududquesady

Cultivar Flavedo Albedo Segment Seed Juice : Referent
membrane vesicle
Dunan 6.1 116 306 1886 33 Cecilia and Richard (1997)
_Ma.rh 42 65 860 1188 7.4 Cepilia and Richard (1997) -
Thomson 15.3 272 . 644 1252 -.. 7.0 Cecilia and Richard (1997)
Tangerine 17 39 179 1569 7.7 Kasemsuksakul (1989)

Tangerine 18 20 247 1480 2 Savitree (1997)

9

Ohta -and Hasegawa (1995) wud g Tefilsad Tutingelaemis 17.9 ppm gandie
threshold FaisuuaTuiiy 6 ppm (Guadani et al,1973) ﬁnnuwuﬁum%ﬁimﬂmmanuu 4 ppm
Sasn 2.8 TasdnuaznianmenwmiinadedSanad Ty uafmmumﬂaﬂmmsa%uiuﬂsmmm
(Rouseff,1987) WldduTeduInalisaun Tagial1lozains §ens1z i Limonoate A-ring  lactone 1Y
. A’il & 9 9} 3 v 9 o 1 o I~ P 1 9J
© dledevera lasznadunneaduianaduieauIunisnnaginuing lugisgaiisvesns

A a 3 o . .
wSgyAuTaveueulas UDP-D-ghicose transferase 9zn33duld LARL agwdy limonin 17-B-D
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v 4
arseh 2.8 S TufuunzaTuusedng Ta'led (imonoid glucoside) TuriduTean

Cultivar . pH Limonin (ppm) _ Total Limonoid Glucosides (ppm)

African 370 . 325 63
Arzjon 345140 S a0
Deep Red 3.69 250 o n
Kao Phuang 3.61 13.5 17
Kao Ruan Tia 3.40 10.0 ' 45
Nakon Chaisi 3.55 ’ 4.0 . 10
Philippine 395 17.5 7
Pin Shan kong Yau 3.53 14.5 13
Pink . 7Y , 20.0 ' 70
Red 3 331 15.0 40
Red Fleshed 3.09 14.5 23
Reinking 3.70 15.0 71
Siamese 6.04 35.0 ' 7
Siamese Acidless : 5.94 . 25.0 7
Sweet 3.40 17.5 20
Tahitian 3.77 14.0 13

131 : Ohta and Hasegawa (1995)

2.1.2) anmsa%u
$41599% (Naringin) Suzrstszasurarlauesd (Flavonoid) 5o Fanuniausaludl

1857 luaenue grapefruit cm%xwmmmnﬂ"lum‘lwm"luﬁﬂ ua‘”ﬂimmﬂwaﬂmmawa”luaﬂmﬂ
o mwa"lmmwwaﬁnmmm"lﬂmn grapefiuit ansummaamiu%ummﬂ%zmﬂmﬂmawm'lu
ﬁ'nﬂiﬂﬂ’i‘]ﬂﬁ‘ﬂqﬂ (‘Uﬁ‘i']ﬂ'] aa‘"’muua“ ﬂiﬂl LWEJTV]’J‘J?‘IWI 2533)

m‘snu mmitmﬂmmﬂ:muiumawaww uaﬂuwa"ln ‘Kﬂ%uulllllﬂTilﬂﬁ'ﬂuﬂ1ﬂﬂﬂ@I@hlﬂ

Taseadieuaaususy 4, 5, 7 — wihydroxyflavanone — 7 - rhamnoglucoside) Hundnves
glucoside %Nﬁ‘lﬂ’) %umﬁﬂaumamammsu%uﬂs“ﬂaumsl neohesperidosyl group ABNWUTY 1, 6,
fiU hesperidin group Ta# neohesperidosyl group ﬂszﬂeumﬂmma L- rhamnose 1482 D — glucose {0e

aafudsnuse 1,2 glucosidic linkage
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3 www.bios.tohoku.ac.jp/.../ str_1500/1008.gif

Lﬁauﬁﬁugn"lﬂm'laﬁ’é’mnsm:"léﬁfmm palaa usuTue uay WU (4,5, 7 -
trihydroxyflavanone— 7 = rhamnoglucoside) nmxtfiauﬁu%ug nlalas laddedoareeyla phloroglucinol
1A p — coumaric acid

uﬁ‘ﬁuﬁ]umiﬁﬁagiuwa"]ﬁmszgaﬁuﬁa"lﬂ;ﬁaﬁmmﬂsgﬂn’]uwﬁwﬁmqﬁma”lﬁmxgaﬁu
Seilsaun daannseanaimun & Taglden laiusuinig (4,5, 7~ wihydroxy ~ flavanone — 7 -
thamnoglucoside) /agunsean Thifumgiiv nazaimanaTua dyveulen] mamnosidase 92401

) ' v
wihiasumgiiuae i wsudiiv (ilisou saziimianalaa (Habit and. Pitiner, 1983)
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3.2 Ml

3.2.1) Limonin (C,}H,,0,) from Sigma-Aldrich Chemical Co., USA. The separate from citrus
seeds and the punty is > 75%X5%. (HPLC).
» 3.2. 2) Naringin (C,,H,,0,,) from Sigma-Aldrich Chemical Co., USA The separate from citrus
seeds and the purity is >90 %15%. (HPLC).

3.2.3) Acetonitrile (HPLC grade,from Labscan Asia Co., Ltd, Thailand )

3.2.4) Methanol from Labscan Asia Co., LTD

3.2.5) Water (HPLC grade) .

3.2.6) Phenolphthalein (C,,H,,0,)

3.2.7) Sodium hydroxide (NaOH)

32.8) Potassium hydrogen phthalate (KHC,H,0,)

-3.2.9) Sodium 2,6-dichloroindophenot

3.2.10) Sodium bicarbonate (NaHCO,)

3.2.11) Metaphosphoric acid (HPO,)

3.2.12) Ascorbic acid (C;HOp)

33 m3eile
_ 33.1) A Water (MA,USA) HPLC system with two hydraulic pumps (model 515) , an injection
system (U6K), a Nova-Pak C; Column (3.9 x 150 mm, pore size 4 pm),C13 guard column, a UV-vis
detector (model 2478 ) and a computerized recorder/integrafor ( Millennium 32)
332) C, Sep-pak cartridges , 500 mg./3 ml
33.3) Veri-Pure NYLON Syring filters, 13 mm, 0.2 pm
3.3.4) Veri-Pure NYLON filters, 45 mm, 0.2 um

3.3.5) Handy Colorimeter (NR-300) Nippon denshoku Kogyo Co.,LTD
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33.6) Moulinex (Model A 327 R7) Spain
33.7) Centrifuge
: : _3..3,8)4 Vortex mixer) 484 Scienctific Industries
| 3.’3..9‘):;-  Water bath | ' - " ' | ‘
:3..3.1(-)) Hand refractometer 34 N-1 -Waﬂiﬂﬂﬁ?ﬁﬂ ATAGO 1ls zmﬁﬁjﬂu,'
33.11) 1A3043A pH 34 HM — 7E Y84 TOA Electronics
33.12) IA304F9azIBEA 4 AUMU U A-200s VB Satorious

33.13) IAS0euaaziBon Ju Type 643  WARTavwTE Moulinex MnUszmer s

3.3.14) Magnetic stirrer and Teflon coated stirring bar

3.4 goIUNIINITNaa0s

-s) Ay (1A o L Y 9
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£V a w ~ a A ' L a ) a o

Fewfiiamsni Tdsuasudainemnaiuozma luladnsoinls AugInaMaasLag

ma Tu Taduninmdsssigaauaia 295 auunyiu qda anu. 10300
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3.6 35N1INAA8BY
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2) vouualasinIdy .
- . o g
2.1) AinndSsnas ludrusaqueswadule 3 madig
v A .
Tagdu .
9 desq . Ao oa- o o : A
A FuTeflFlunsifel 3 meug fio wuwnmm Wugnesd uazRufuraudlu af
mamimmnﬂmmmvuﬂmsszsamea”lu mmmmuﬂaﬂwuﬂwm mmﬂum'ﬂ%u
mamIauiieitovasnadle
o ! o é o 1 T
ihéuTeudazmnududaoilfazein Aeliude HMSUINAIUAE A0ie
llsl v a8 A o A < y A 2 A &
aun wiensuuen wlaenduly iede wia uavihesnnnna Tas wisntuuen waendulu
A 4 o ' ' o o Y 9 v 4 o & 9
Wede wia uanvdiuevth i sdessuvusdenudafannios freeze mude 2.2)
ﬂ%snmmmqumamaé’aﬂa
mumunmaamammma dauna 5 dau 1dun !ﬁaanwuan waenduly
dade nosude shhldfAamiEitarasuswnduTe

o a A o J
2.2) anxniFnadladiuazudd wludiuaaqueswadule 3 meaiug

o Y a A T A <
ﬂ'Ii“{nlﬁ‘N'Jﬂﬂqﬂ'ﬂiﬂﬂ?ﬁ!ﬁﬂﬂ@ﬂu‘l]\?
o %)~ Ao L 4 < v a g &
u’l!ﬂﬁi’]ﬂ‘]fuuﬂﬂ !ﬂaﬁ]ﬂ‘lﬂl‘lu IUBLYD AR (IAIUUT) UADRZIDIANIYIATDY

UaAnz19oa (Moulinex, Model A 327 R7) 91 speed no. 2 3UATTNAIBWazBen hdledudig

U
v

avzuaumsihfitadaenses freeze dryer faungd -40°C 1Huszazina 12-15 $2 T wdsnmiu
Tfet1unnaBonsaRss INEATBALAZINTANT DY (sieve) TIUUIA 0.25 mesh 1da0d LAY
Tugegaiannie (packed vacuums) tasifiugduvudsiigaunad 20 °¢ iWesensTianeiuSnadTudu
nazuseduselyl

msaﬁaﬁiuﬁm1nn§méawa€r’ﬂa

395129115119 Limonin 1a835@a)adues Hideaki O and Shin,H.1995; Shaw,
PE. and Wilson, C.W. (1984) #1984 5.0 nfu (nsaidiiuveude) Gy methanol 20 mi 1we1Taele
vortex Mixer 1 111 udaauasilad 4,500 rpm 20 w1l sumefigaingd 55 ewuwaidsasumie 1.0-
50ml  thawula w'mﬂaﬁ’uﬁ Cp cartridgesﬁ precondition #18 2.5ml acetonitrile (HPLC grade)
2.5 ml water (HPLC grade) tlag 2.5 ml @T’ménﬁﬂaﬁﬁﬁ’m’f’m methanol ﬂﬁamﬂﬁﬁaashaw'm
Avad A9 C,, cartridges @28 5 ml water (HPLC grade) A1URIY 2.5 ml  acetonitrile (HPLC grade)
1fle2 limonin AidsRaR190] NTOIMISAZA10AIENTZAMATBY nylon 0.2 um noudaduATes HPLC

o 1 { I . i a . . 4 . .
hdudinseuiuluvig vial 1#WeAT 1LY limonin TaelHiases HPLC @18 Mobile phase solution
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(water 65%, acetonitrile 35%) Flow rate = 1.0 ml/ mm ‘Detection wavelength =210 nm  run time =~
8 min AUIUMIALTUN Limonin mnﬂm\lmmmu l '
ﬂimmaﬂmﬂumﬁﬂa m“lﬂwum%a 4,500 rpm 20 w19 Yutladaula 1.0 ml s
Ci cartrldges 1’1 pxecondltlon A28 2.5 ml acetomtnle (HPLC grade) 2.5 ml water (HPLC grade)
uazld 25 ml dresrnihduTe ninfidedriunedilifeunun d1udae 5 ml water (HPLC
grade) MY 2, S ml acetonitrile (HPLC grade) !W@‘Ku llmonm ‘VlEl\WlﬂﬂN?Jﬂ N59999NTZANY
. 1394 nylon 0.2 um mmumnsmmuiumw vial !‘WE]’J!ﬂﬂu'i’i limonin
msadau3duniniadenadule
AT SUN Naringin TagdFaauiasved Saville and Wanwimolruk (1998) 11
vhéuTerlszaano m Centrifuge 2500 rpm 10 min shadula 1 ml (nsdidredrufiuvesdes
ﬂsumm 1.0-20 ) (@3 4 ml methanol 511 e 1 Wi Centrifuge 4500 rpm 20 min AFPIAITALAY
Hanua fonszarmnses 02 um feuiafunies HPLC thaadinseufiuluean vial 1ielnsiz
naringin Tﬁﬂi‘fﬁﬂéﬂﬁ HPLC @28 Mobile phase solution (water 75%, acetonitrile 25%) Flow rate = 1.0
ml/ min ~ Detection wavelength = 280 nm Y R TCEIA AN peak area 1UfmrammmanTuna
naringin 310ATIHNIATHIU
23) fnvesdilszneumaniivesidale
Y3314 Limonin m1a#3% HPLC Ing Hideaki,O and Shin,H.1995; Shaw, P.E. and
Wilson, C.W. (1984)
133184 Naringin 1110833 HPLC 1y Saville and Wanwimolruk (1998)
pH é’hasiuﬁwﬁﬂa%zgnmmmﬁﬂﬂ81%' pH meter
Total soluble solids (O brix) Tagl¥ Hand Refractometer

Y
Titratable acidty : ATILHAIN A.0.A.C. (2000) 1héaee131i1dnTe 10 adans 1d

sda Y 2 ¢

adludaanniithnguy 25 Naddes il lawsndy 0.1 NNaOH (#14 Standard ud2) 14Hued
=t a a e o v C = = 9 Y o ' d a3 (4
nidwududinmes sunseaielddyuy TufindSuias NaoH 714 udrdmnadulefifudnsa
9
nenualaganluglvesnsadasn
¥

Ascorbic acid : 31A512¥A A.0.A.C. (2000) a9 Indophenol Method 11duTe 2

fiaddas ldoddudaanificsazmonsawaealesnluezddn 5 finddas vsseed 1l leuasn

[ a [] 3 [~ 1 LY a q
fumazaedu laflusasdesiasinumsazawnlasududvuyseu fuindulatluea (dye) A4
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% a o o
9]15'1\1'?\ 4.1 Wﬁﬂ'li'llﬂﬁ'lgﬂaﬂHmZ‘Vl'Nﬂ'lﬂﬂ’lW‘U@\‘iNﬁf%’NIﬂ

ANHMZNIINEN TN Y3
o d : .&’ o ¢ w d 31
WHE‘UTJH]NQ ‘W‘I«!fj“m’]ﬂﬂ WHQ‘U'\?!E‘L"’%
y A
iviinea (h5Y) (Whole fruit ) 2,400497.47 1,5004£62.45  897.5+23.87
8
1§ 459174 (317) (Circumstance) 24.40+0.42 21.60+0.82 17.88+0.48
¥
anurundaonduly (¥.) (Albedo) 2.23+0.16 1.58+0.07 1.74+0.23
§147UNAY Number of segment membrane 15.2520.5 14.8+0.44 13.5+0.58
v
.y nldenduuen (A1) (Weight of flavedo ) 200.78+8.54  184.00+11.89  128.00+8.37

y.ulfondulu(niy) (Weight of atbedo)

.U MNABNA (ATY) (Weight of segment

membrane)

3 v
Ysurmiinay (ua.) (Weight of juice sacs)

I o .
Hiaa (A3u) (Weight of seed )

L

Colour of juice a

641.30£76.97
612.52+65.67

942.00+102.57
33.44+8.88
39.28+1.05
4.27+0.27

8.76+0.45

528.00+£33.47
147.98+6.94

462.62+54.09
2.86+0.41
34.9141.05
8.11£0.78

9.06+1.21

367.70£41.37
73.5248.89

315.0025.98
4.48+1.47
34.95+5.33
4.00+0.40

10.07+£0.85
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]
PIULEIU

o I = : v
4.2) Wﬂﬂ'l5’3!ﬂ518ﬁﬂ1d!ﬂ31"1]6\‘]u1ﬁuiﬂ

a ¢ ¢ J oy o v g ¥ A o o 243
%1ﬂﬂ153lﬂ5'lﬁf'ﬁﬂﬁﬂﬂ'i%ﬂﬂﬂﬂl@QU']ﬂﬂJI@‘VN 3 Wuﬁﬂl%ﬂluﬂ'ﬁﬂﬂﬁ@Qﬂi’]WH‘ﬁq‘UTJu'INQ

o d 2 v o o ~ 1A (A . . a P =
Wuined uazufuutiudensieaf 45 wuhiialSues Ascorbic acid ulSunangaeneed

LY

aQ

t v a4 A . . = [y
5¥NI 37.03-57.59 mg/100 ml WuGNeeAll/Tua Ascorbic acid WINNYA I89ANT WU

Q
I

Yy 9

o w o a v ' @ o o
wihAwaziuguutiy Sawifu 5759 4375 102 4024 mg/100 ml MAAIRY
Ascorbic acid TuduTedlenSeudvutuna inszgaduriiaduldun uzun uasdy wuii
mlndifsafungid 46.50 mg/100 ml (gIT5841,2544) uatisganuzunf ldanms

Snseuee qumt (2539)  eifSines Ascorbic acid WL 23.00 mg/100 ml dle
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. ) [l [ J . . Y o g
wlisumeudusznneduTetudu@oinnu wuhil Ascorbic acid IndiRvefudu@emnu

1 4295 mg/100 ml (8iQg1 ,2540)

( o a ¢ @ a J g
A1TNN 4.5 Nﬁﬂ1532ﬂ51&'ﬁﬂ\7ﬂﬂ5$ﬂ@uﬂ‘]ﬂﬂu‘ua\iu']ﬁllia

13 a o ¢
asnilszneumandl WUy
o & a
VIUING neoda ‘lﬂ'.l!!‘ﬂu
Ascorbic acid (mg/100 ml) 43.75+0.92 , 57.59+0.71 40.24+1.98
Total soluble solid (*Brix) 9.45:+0.28 . 8.50+0.52 8.00+0.00
Titratable acidity (/100 ml) 0.980.04 0.51 +0.03 0.380.01
°Brix/Acid ‘ 15424039 . 16.62£1.57 . 20.89+0.76

pH 3.72£0.10 4.05 +0.12 4.02£0.11

Smavesudiafiaza1nld Total soluble solid CBrix) aglugae 8.00-9.45 siugyn

¥y ¥
o =R

a . 4 v o = V4 v
WelilSua Total soluble  solid wnfiga 04adun WugnesAungwufuudu fia

CNNU9.45 850 LA 8.00 mg/100 ml MINAIAL _
3 A
SR A

4
M1 titratable acidity ag1u%14 0.38-0.98 (/100 ml) _Wugu1ahAdTinansaIn
figa 509011 Wuinesduazfugynudy fawidy 098 051 waz 038 “gi00 ml
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43) Pnadluiuludiumaquewadule

a Jd 1a a a 9 v d :; v = v
pamsnszilSinad TuiuvesduTofuguaikie WUgnedn wazRuguuty

4 4 A

v 9y v '
Tudaudan 18un waensuuen nlaensulu dlede waa Hazi LAAIAINNTIIN 4.6

uazgili 4.1

M519N 4.6 1Suaaluiiy (ppm, DW) Tuduaevesnadulo

1 1 Y o <
dauasvoswadule ug
73 P
Y1 Nno3A il

E4
aen¥uuen (Flavedo) 169.30+17.75 217.72+48.84 215.06+32.93

v
nlaendulu (Albedo) 252.81436.36 313.58+64.50 135.20+14.89
¥ 1
[{1919nA1 (Segment membrane) 265.14+55.97 122.69+133.80 87.64+8.79
1anA(Seeds) 2,615.30+453.37 2.504.60£524.63  2,605.56+472.64
v
111 (Juice vesicles) * 22.6943.94 29.62+5.42 18.2743.70

v
e * nu01Tuna lutiuaeai(uice  vesicles) fmmuﬁ]u ppm ,FW (Fresh Weight)
da & E’ y y 4 y A
auuuiiAaduluihea linsznady @u nivivge dueIIL N lauol Lias

Y £ 1#] Ao w ° : 9 a [ 1 <
ﬂlliﬂ SHL m‘]agmwmmymﬂiuqmmnsiumsmuma"lmmznwaamamﬂmammwa

a 9y a a '3 o
wololusamnAvesuiing AungnINMIa lnuesAlaz @I a1l uoYA

Flavedo ( 169.30-215.06 ppm,Dw)

Albedo (135.20-313.58 ppm,DW)

Seed (2,594.60 -2,615.30ppm,DW)

Juice vesicles (18.27-29.62 ppm, FW)

Segment menbrane
(87.64-265.14 ppm,DW)

in 4.1 MEaravelSumaTuiiu (ppm, DW) ludiusenvonadyle
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a g 1a a a 1 1 ]
1M uaAsIERdSuad Tuilunsteaen Tag HPLC (1171990 4.6 wagsli 4.1) nun

U
]

= a a [l 3 3 v 1 3 3 - [ :‘
Usuad Tuiluluduaragie 5 dau 1aus wienduuen whensulu ele wha uazii

vesradulet 3 Wug ‘lﬁltlﬁﬁ’u‘ﬁ:ﬁl131§’1ﬁd Wuinesd uazwufuaudy ilSnmms
mzmammﬁiuﬁu‘ﬁmehqﬁ"uﬁufuu?nmﬁﬁﬂ?mmﬁhﬁumﬂﬁfgﬂﬁo A (2,594.60-
2,615.30 ppm,DW) 5848931 wionsuly (135.20-313.58 ppm,Dw) wienduuen (169.30-
21506  ppmDw) Liloibe (87.64-265.14 ppm,DW) wazth (18.27-29.62ppmFW)

MUAAY

g -
2 A o

a 9 @ o oy a a a a . v o @
l.maﬂﬁni’e)‘wu'gﬂn'm1muﬂsmmaTuuumﬂ‘wtmimmmwuﬁmmﬂuuazwuﬁ

9

- ’ o [y aw q’;l 4 Y
NDIAND 2615.30 2605.56 AT 2594.60 ppm(DW) MUY waditunseil aeandesiy
awv . ' § a ol ! [ a a &
UGB Maier ef al. (1970) AA1991 @198 Innesainvaigalumda fie alulu &9
Y ’Id ¥ o a oy g ’ . .
amtiduddldfasavuluiwa’ld Taomme  Grapefruit Navel orange  1ag lime

1 . o 1 ] a o [ - et A a
Ao Maier ‘et al (1977) ldnanmmsdluduszgadunsginuiouly  TaeEuan
] b4

Limonoate A-ring udgnindoudie ligulfonduly (albedo) wiianfuduy (segment walls )

= ] =Y =y a a 1 [ g
uaz waeee 1l Juwa ldudazyiiaaeldSuad Indutandiady  luna Meyer lemon agf
Usinad luiiuunniiga 5890987 Orange Hag lime AMNAIAY (Kefford and Chandler. 1970)

2y 5 b1 v d Y-S a a ). as o
2. sfenvumendyTorugnediivsunud luivunnigasesaaniuganutiuuay

v d
WUTUN
Yy ¥
P

Wefie 21772 215.06 182169.30 ppm(DW) AINE 1AL |
=) o ) v Aas A a a ~ @ gld?l
3. wlaentuluduleiugnesaldsnad uivnnigasesauniugunnimuas

Wuguudlufe313.58  252.81 wag  135.20 ppm(DW) @ISR

3
=2 A

21’ 4’ a 9 v d :‘ a a a0 V'd' v =y
4. ewenaudyleviuguiahraidinaaluiivinangasesaaniugnesauay

wuguudly fie 265,14 122,69 way 87.64 ppm(DW) MNAIAL

1Y
a =

] 3
5. AingldSinandooiige (18.27-29.62ppm FW)  vhduTeWugnesdilSuwily

¢ s

3
fumnnigasesawwniufnnhiweeduguiudiufie 2062 2269 uaz1827 ppm

o w w  d o a o a @ d
awddy  maauial uazame (2547) TdshmsdaulSuad TuduludyTewugaie q 8

v ¥
o o o o

v Y v 1 =& w o o Y 4
wuf ldud  Wufunlvg  Wugunriia WHFU1MRIN T Wugunen Wuguaud

A

g o

@ s o dr a oA - = v a 1 R A a
U WU§NoId WugMves uaziugiudios (Foelul) Taemaila HPLC  wunldSunad
a [} 1 A 9 o = Y 4 2‘ d? @
Tutlupgsznine 6.82-32.40 ppm Tuvah dulougnodd Wuguiahis uazugunuty
TUSuedTuiiu 27.94 2384 uaw 19.17 ppm  FeislndiRseduMINAnns ua Ohta and
o v d g { 3 as 1 :’ ~
Hasegawa (1995) lavimsnanesdu Terugaten luiuniuansieiu wunluhduled
b=y a =3 = v o o ~a a = =Y
“SinadTuilugslaomde 17.9 ppm snduiuiuasdoei niUSumdluidu 4 ppm  Cecilia

o

and Richard (1997) l&shnsanydSnadTutivludiusegvesna grapefruit 3 WU

Q
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Y 1 v o dy 9 9J =Y 1 A e a
'|§un Wi Duncan Marsh 4z Thomson weninilwalinszgoduriladiineziidsinad
o ' @ 12 ' d S 9 Y & o gy 1 o
Tuiuusnaeinly uadeesnelsfianimalinszqaduiiadaainea ldn lifiuanesiisauy
A a a o v :l sld' v sléq d gy
fiRannd lufiumnnniniwa ldhadanana lindmaan 18
szdumsfusaunvesfuiTna  Wilson and  Crutchfield (1968) lA31g91mdle
anuduiusznhalfinad Tuiuduseduanmuidui Tnasunsasusa i@ lussdy
’ Ty 1 s l!y
5 Al
Ysuadlufiv 3-6 ppm i
CSwaRleiin 7-9 ppm  wutiey
suadaluiiy 10-23 ppm YN
- dFinm@luiiy 24-30 ppm - VN
v [ . 5
Twiiwa 18058 Tuiiutuegunnnd 9 fadnSuredng dnez ldsunsifias lasindy
dlvg deu Maier et. al. (1977) l@linSunadeusavy na1fe seAUATNIY 6 ppm
a < oy o Y o v 1w ‘dd o
gz 10 ppm edilofidudidnaaouiusavy lduazdeweniuniiu 75 uay 91 nlesigud
o o & v =1 wow:,al 3 uo’d'sl 3gédua
auiwy  FednniimsdadidiniduTens 3 dugnldlumsneassaiafizaiisvalsuna
A a dAyy a o ‘a gt 1 o o 2 1
Sludui ldnnmaimsey 29.62-18.27ppm  aw1snetue laieglussdunuunnaseyly
< a agy o Y1 a a o oo a o Ao w
ot YSadludin - 24 - 30 ppm  agdlanaluiiudaduilumsfinesavuddndnsy
d' ~ A o W Aa = A o 3 a a N J t o
figafinasazmiBmsfmiad Infuniedidinsfadluiu lunszuaumsdell ud el
a o : / gl [ a a a :I
mmnaded uazasy (2540)  laTmsneaeusaatmuvenihdy fulFinadluiduluh
] 4 : ] ]
ady wuh daduiusavueeslSinad Tuduluihnduiisedy 4 ppm uadFuawnsasusa
Y ' = Y Yo v ¥
ywealSnad ludulunhduldnsedy 078 ppm  Weilifiesnnlinhduihvianaznsa
3
o o a to o e a a 1 " o
annsavuasaunld  duiutelidududesantSuad lutduldvua lnietiawmdu o
wazmyaadSunadluiiulinua lierlinansznudosanauazonnasauilaniasuves

L aid

¥
waldla
4.4) Pnannsaauluaiunaquesnadule

1 a =) & a a . . < : J
dauanuandnyilanileis WS Narngin)  (Humsdszneudanliuews
. .:' & & '
(Flavonoid) #l¥sawy  dewuaiausnludl 1857 Tay Devry uazwud luasnvesdu
E 1 ] Fd ¥
grapefruit szwumstininlunalindslign tazySuaezanauionalignainniu dwald
a a oy ¥ . HAa (A Y 9 a a ° Y a
uazHARSIOTN 149 KA grapefruit  NnUSIaeNududuve sl ugunnezi AT

Ay o @ Y = o A A A o
wufi leinsageniula (yasin dagiand uas o3dl MeINITIVA. 2533)
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v
o

a d |1a a a 9 o dy v = v d
Namiamimeimmmiwummﬂuiawuqﬂmmm NUTNOIA uazwuqmmn’]u

Tuduaneg

v '
[

1 3 :l‘ { A < ° [ §
18un widensunen lasnduly iewe wia uazii uaasdsmseh 4.7 uazglil 42

A319N 4.7 ﬂ?n1f,uu1?@?1‘14(ppm,DW)“lud'thmmmwaﬁ'uTa

duaqveanadule Wug
v :d" o < o o d
WMQ‘UTJ%]NQ W‘MQVIENGI ‘W‘HQ‘UTJ!!‘H‘M
aJdon¥unen (Flavedo) 5739.44+430.40  4,609.86+522.77  5,344.56£924.32
v
alaenyulu (Albedo) 19.331.55£1129.35  10,065.06:248.34  12,133.49£1602.34
vy )
({i0idonAl (Segment membrane) 1,799.48+406.86 3,391.61+747.59  2,031.03+224.65
(aA(Seeds) 297.48+47.37 293.03+52.26 257.87+43.99
v S
111 (Juice vesicles) * 323.00:43.62 348.47+54.93 315.71434.48

v
wnemg * MU0YTIaNaIuYeaii(Juice  vesicles) Wviwily ppm FW (Fresh

Weight)

Flavedo (4.609.86-5.739.44 bpom.DW)

Albedo (10.065.06-19.331.55 oom.DW)

Seed (257.87-297.48 pom.DW)

Juice vesicles (315.71-348.47oom.FW)

Segment membrane
(1,799.48-2,031.03ppm,DW)

gl 42 nmdavaavealTinausaau (ppm, DW) Tuduaevonadulo

PnMsnzilSuai s uasivaoylas HPLC (5197 4.7 uazgiil 4.2) wuh
a a8 5 ' ' ) > { A =] o vy
USinanesuna s dau 18ud waenduuen anlfendulu wewe waa uazi vewady
:IJ v Y 1w d ;’ 3 o d a v A e
Torta 3 g MAundwuguniis Wugnesd uasiuguindu szifsinunsnszanoves
' 4 [ v
w3dufinanmetudaiulfinannsunangadenldendulu 10,065.06-19,331.55

ppm,Dw) 309A4INAE  1)ABNFULEN (4609.86-5739.44 ppm,Dw) iieenay (1,799.48-
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L3
2,031.03 ppmDw) 1 (315.71-348.47 ppm) LAE Waa (257.87-297.48 ppm ppm,Dw)

AMURIAY

1
=

=) ) £ v d :’ 2 aqa a a A o
1. lilﬁi’)ﬂ‘lf‘lﬂu‘ll’E]<1ﬁNI@WH‘ﬁ‘UTJu'\NQNﬂENW’muﬁ\?"l]ull'lﬂﬂﬁﬂ smmmm ‘W‘Ll‘ﬁﬁl’l’)

9

ufly uazugnesd Wiy 19,331.55 12,133.49 uag 10,065.06 ppm,DW MUY

2, nﬂmﬂ%uuaﬂ%mﬂawumnumwﬂimmmiawmﬂwdﬂ/ sammaa WUg

ity uazﬁugmmﬂ i 5,739.44 5,344.56 uag 4,609.86 ppm ,DW AURIAL

3. zﬁas‘éeﬂﬁwaa%ﬂ@ﬁuﬁmmﬁﬁﬂ?nmm?ﬁumﬂﬁﬁﬂ sosaunfn Wugun
'm’Ju LLﬂwW‘H'ﬁ‘UT}uTNQ winfu 3,391.61 2,031.03 Lag 1,799.48 ppm,DW mumﬂu

4. uwaqﬁuiawuﬁwmﬂuﬂimmmswumﬂ‘ﬂm 59909U1AD ‘wumnmm uag
'wu‘ﬁﬂmwﬂu WA 348.47 323.00 uag 315.71 ppm,FWNAAY

5. mammfmiawuﬁsunmmnﬂsmmumﬂumﬂwﬂﬂ soanunfie Wuguoudly
Wuinosd uazarutiu v1A 29748 293.03 wag 257.87 ppm ,DW AR

UI59TUDL ﬂﬂﬁamﬂmw“lumawaw‘n e umaldlasnse  azhifimandeud
Mufaufamiloudugua Tuiu (‘Uﬁ‘ﬂm azdani uaz 038l ilosnIad. 2533) unz wSnad
uagmﬂwqﬂ“lummﬂaeﬂw_‘lu Lmaaamq'lsﬂmnmumﬂimmuaaﬂﬂﬂﬂmﬂuﬂam :
wudrafudnedTulnh

iwﬂumﬁimﬁwmﬁ%uﬂlmwuﬂnﬂmamﬁmmﬁ"lﬂmmuﬂsmmm 600 ppm
( Barmore et.al., 1986) cmﬂmmumsmamumﬁﬂam 3 wuw“lﬁﬂumimamﬂiaumﬁ
sedulSinannieiuii Ignna1sdnsaed 315.71-348.47 ppm aunsaesuieldiedluszay

' T
1 o o & A

{ ' J : ' a a o XV p=1
Ftosniunaat 600 ppm_argUlddnn3dudvhidaiutiumsndesauudaiidhdnnge

g q
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nadlniivuazindduludiudiagvesdule

Alufuesnunfigalumia  Tvasfiunidu wuu1nwﬁﬂumm1ﬂaanwu“luuauaﬂaan
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Py

Fruven jcr'dun?nm‘iyuﬁuﬁ'quﬁﬁmmmﬁTuﬁuuazumfnu“luizﬂwuaawmmuimnuﬂuu
ﬂ?mmﬁhﬁuuazm?ﬁu%aﬁqa“lu 3 Wug AefiUSinaify 1827 uaz 315.71 ppm,FW ATNEIRY

SnBaAIUMEMN

muuﬁﬂa‘wumnu1m%mesmmumuﬂmﬂmmmm 3 sufiindaut nudduTewus
maﬁuﬂimmﬁmmmmumnﬁme fodouny 4438  sesaun Wufunuflu nidudesas 38.71
uny 35.43 mum@m uaﬂmnuwmmuiawuwmﬂ”ﬁ mﬁu“luﬁmmaﬁ’ﬂymzﬁmaﬁi’rwﬁaﬂzﬁaaﬂ
yuwseq e a sty 8.11 Felldwnandniuguih ; ﬁyq uag anutlu fie 427 L@z 4.00 awdey

ﬁuﬁmaaaﬂ'uﬁuﬁﬁﬁLﬂﬁanmaﬁqwiu 3 9uf Aunuvewesdilszuan 158wy Wugun
v finfdenminfigadie 2.23 a1

awumdl

ﬁ'uTaﬁuﬁwmﬁ%zﬁﬂ?um?mﬁw’f;gqﬂa'quﬁ:ﬂmi‘iyﬁma:mauﬂuﬁa 5759 4375 uay
4024 R/100 ¥A awdIRy Usumvesudsiiozateld Total soluble solid CBrix) duTowuiun
SRRV Total soluble solid mnfiqa sesaun Wuinesduazviudly iy 945 850
1192 8.00 mg/100 ml AWEIAY dIus titratable acidity auiawumnmmnﬂsmmﬂmmnwaﬂ
seqaai nesduazvudlu fawnfy 098 0.51 1AL 038 /100 mlAWAEIRNY LA A1 pH Yoty

1 Y ¥
Towuinesdd pH 1nfiga sedasun As Wufunuthuazrnibe e 4.05,4.02 uay 3.72 awddy
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Limonin by HPLC

L App,é?étﬁs .

HPLC sysiém with a reverse phase column (Microsorb C18, 150 mm x 4.6 mm,
5 pm particle size), C18 guard column (30 mm x 2 mm, 5 pm), a UV-visible detector.

Hot plate or stove

Centrifuge

C18 Cartridge

0.45 um nylon filter

25 pl Syringe

10 ml Syringe

50 ml centrifuge tube
. Chemicals

Limonin

Acctonitrile (HPLC grade)

Methanol (HPLC grade)

Water (HPLC grade)

II. Reagents

A. Mobile phase solution: Mix, by volume, 75 parts of water, 25 parts of acetonitrile.
Make 3-4 days in advance to allow for equilibrium. /

B. Limonin standard solutions: Prepare a stock solution of 50 ppm by dissolving 5.0 mg B
of limonin in 2.0 ml of acetonitrile in a volumetric flask and make to 10 ml with methanol.
Prepare standard solutions weekly by diluting the stock solution to 2.5, 5, 10, 15, 25 and 30
ppm with the mobile phase.

IV.  Procedure

1. Heat juice sample of about 60 ml in boiling water bath for 3 — 5 min to develop

limonin. Heating is not needed for concentrate and pasteurized juice samples.

2. Centrifuge 25 ml of the juice at 2500 xg for 10 min



o 3. Precondition C18 cartridges by passing through 3 ml  of methanol followed by
-3 ml of HPLC grade water under vacuum until all water just enters the C18 bed.
| 4.Load 1.0 6f juice supernatant on the preconditioned C18 cartridge. For samples
with low limonin content, incréase load volume accérdingly.
5. Slowly filtrate the juice superatant under vacuum or pressure.
6. Rinse cartridges with 3.0 ml of HPLC grade water and free the C18 bed of water.
7. Slowly elute limonin from the cartridge with 1.0 mi Qf methanol.
8. Filtrate acetonitrile effluent through a 0.45 pm nylon ﬁlter and into a LC vial.
9. Set the HPLC system at: .
~ Flow rate = 1.0 ml/min
Detection wavelength =210 nm
11. After using, bring the system back to acetonitrile.
V. Calculations
Limonin is identified by comparison of retention time with a standard. Limonin
concentration (ppm) is calculated from sample absorbance based on a linear regression equation
of the standard curve of absorbance peak area (PA) against concentration of limonin sta'nd.‘ar:ds.
- Linear regression for limonin standards
PA Standard = a + b x Concentration Standard (ppm)

- Concentration of limonin from 25 ml of juice fr2.5 ml of acetonitrile

Limonin Level (ppm) = (PA Sample) (PA Standard - a ppm) ( Sample Dilution Factor)

b
= (PA Sample) (PA Standard -a _ppm) x100

b
VL Reference
Shaw, P.E. and Wilson, C.W. 1984. A rapid method for determination of limonin in

citrus juices by high performance liquid chromatography. J. Food Sci. 49:1216 — 1218



VIL. Standard Curve of Limonin

~ HPLCS510om
MUY (ppm) AREA 1 AREA 2 may
2.5 41526 41385 41456
5 75332 77982 76657
10 160958 161289 161124
15 235698 - 245346 240522
20 330136 - 329966 330051
25 , 404964 407485 406225
35 . 545980 533182 539581
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500000
400000 —
300000 -
200000

100000 -
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Naringin by HPLC

I App-aratus
- HPLC system with a reverse phase column (Microsorb-MV, 150 mm x 4.6 mm, 5 pm '
particle size) and UV—v.isible detector. C18 guard column (30 mm x 2 mm, 5 pm)
- Centrifuge
- 1.2 pm Glass fiber filter
- 25 ul Syringe
- 10 ml Syringe
- 16 x 150 mm test tube
II. Chemicals
" Naringin (C27H32012)
Acetonitrile (HPLC grade)(C2H3N)
Methanol ((HPLC grade)
Water (HPLC grade) '
III. Reagents
A. Mobile phase solution: Mix, by volume, 75 parts of acétohitrile, 25 parts of water.
Prepare the mobile phase 3-4 days in advance to allow for equilibrium or degass with vacuum.
B. Naringin standard solutions: Dissolving 50 mg of naringin in 100 ml of Methanol
_ in a volumetric flask to make a SOFppm stock solution. Prepare v;/eekly standard solutions by
diluting the stock solution to 10, 50, 100, 150, and 250 ppm with tﬁe Methanol.
IV.  Procedure |
1. Centrifuge approximately 10 ml of juice sample at 2500 xg for 10 min.
2. Dilute 1 ml of supernatant with 9 ml of HPLC grade water and mix thoroughly.
3 TFiltrate mixture through a glass fiber filter using a 10-ml syringe directly into a LC
vial.
4. Set the HPLC system at: Flow rate = 1.0 ml/min  Detection wavelength = 280 nm

5. Equilibrate system with mobile phase for at least 30 min.
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6. Make duplicate 20 pl-injections for each standard and juice sample.
7. After using, bring system solvent back to acetonitrile.

V. Calculations

Naringin is identified by comparison of retention time with a standard. Naringin
concentration (ppm) in sample is calculated from sample absorbance based on a linear
regression equation of the standard curve of absorbance peak area (PA) at 280 nm against
concentration of naringin staﬁciafds.

-Linear regression of naringin standards

PASténdard = a+ b x ConcentrationStandard (ppm)

-Concentration of naringin in juice sample

. Naringin Level (ppm) = (PA Sample) (PA Standard - a ppm) ( Sample e Dilution Factor)
| : |

= (PA Sample) (PA Standard - a Db_fn) x100
¢ ,
VI. Reference
Rouseff, R.L. 1988. Liquid chromatographic det‘ertﬁi_nation of naringin as a detector of

grapeftuit juice in orange juice J. Assoc. Off. Anﬁl. Chem. 71:798 — 802.
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VII. Standard Curve of Limonin

HPLC580 nm

AMMLUTYU (ppm) AREA 1 AREA 2 1nae
20 455782 463566 459674
40 854244 850518 852381
60 1319008 1317823 1318416
80 1722585 1704372 1713479
100 2049822 2038027 2043925
120 2496826 2545947 2521387
140 2900682 2893097 2896890
160 3310329 3358585 3334457

4000000 T

3500000 -

y =20408x + 55859
3000000 -
2500000 2
R =0.9991

2000000 -
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1000000

500000 |
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Total Titratable Acidity (AOAC Method)

I. Apparatus.
25 or 50 ml Buret with 0.1 ml graduation and Teflon® stopcock -
Magnetic stirrer and Teflon® coated stirring bar
250 ml glass flask or beaker
. Chemicals
Isopropanol (C3H80)
Phenolphthalein (C20H1404)
Sodium hydroxide (NaOH) :
III. Reagents
A. Dye solution (1%): Dissolve 1 g of phenolphthalein in 100 ml 50% isopropanol and
| then add just enough NaOH to neutralize the solution to a faint pink color.
B. Sodium hydroxide solutlon (0.100 N): Dissolve 40.0 g of NaOH in 10 liters of CO2-
- free water. For standardlzatlon see Chapfel v, 2.
IV. Procedure |
1. Thoroughly mix the juiéeé or concentrates before taking analysis samples.

2. Measure analysis sample into 250 ml glass flasks or beakers according to the

following:
Sample Type Sample Size (g)
Blank ' o
Orange or grapefruit single-strength 10
juice : 5
Orange or grapefruit concentrate S
5

Lemon or lime single-strength juice

Lemon or lime concentrate
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3. Add ~250 ml of distilled water.

4. Add 0.75 ml (0.3»'m1 per 100 ml solution) of phenolphthalein solution and mix
thoroughly. |

5. Titrate with 0.1 N NaOH solution until solution shows a fainfesi: ;discemible pink
coior persisting for 30 seconds. |
V. Calculations

1. The total titratable acidity is expressed as anhydrous citric acid on a weighf basis. Due
to its three carboxyl groups, one mole of citric acids (MW 192.12) can react with three moles
of OH—, therefore 1 mole of NaOH equals 64.04 g citric acid (= 192.12 + 3) and the

milliequivalent of citric acid is 0.064:

% Acid(w/w) = (Net ml Titrate ) (N Titrate) 64.04 g CA x 100

1000 1/ml 1 mole OH

(Sample Weight)
= (Net ml Titrate ) (N Titrate) (0.064) x 100

(Sample Weight)
= (Net ml Titrate ) (N Titrate) x 64
(g Sample )

where (Net ml Titrate) = (ml Titrate for Sample) — (ml Titrate for Blank)

2. % Acid for éccurately weighed sample For titration using 0.100 N NaOH as Titrate
and the sample quantity is
* 10 g juice
% Acid (w/w) = (Net ml NaOH) x 0.064
* 5 gjuice or concentrate |
| % Acid (w/w) = (Net ml NaOH) x 0.128
VI.  Reference
Official Methods of Analysis. 1999. 16th Edition, Sth Reversion, AOAC International,
Gaithersburg, MD, method 942.15.
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Ascorbic Acid by Indophenol Titration

I.- .Apparatus .

50 ml Bufet | -

10 ml Pipette | |

Magnetic stirrer and Teflon® coated stirring bar

16 x 150 ml test tube

50 ml flask

250 m] amber glass bottle

ﬂuted ﬁltér paber, particle retention > 20 pm
II.  Chemicals |

Sodium 2;6-dichloroindophenol

Sodium bicarbonate (NaHCO3)

MetdphO_éphoric acid (HPO3)

Acetic acid (glacial) (CZH402)

Ascorbic acid (C6HSO6)

II1. Reagénis_

A. Dye' solution (0.5%): Dissolve 0.042 g of NaHCO3 in distilled water ‘and then add
0.050 g of sodium 2,6-dichloroindolphenol, shake vigorously. When dye dissolves,make up to
200 ml. Filter through fluted paper into an amber glass bottle and stored capped in a refrigerator.
The solution is gdod until it fails to give a distinct endpoint.

B. Acid stabilization solution (3%): Dissolve, with shaking, 15 g of HPO3 in a mixture
of 40 ml of glacial acetic acid and 200 ml of distilled water and make up to 500 ml with distilled
water. Filter solution rapidly through filter pap;:r into a glass bottle. The solution remains
stable for 7 to 10 days when stored in a refrigerator.

C. Ascorbic acid standard solution (1 mg/ml): Accurately weigh 0.100 g of ascorbic

acid into a 100-ml volumetric flask. Immediately before use, dissolve in 100 ml of acid

stabilization solution.
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IV - Procedure
1. Labél a set of 50-ml glass flasks, in triplicate, for:
-+ Blank |
» Ascorbic acid standards
» Juice samples
2.Add5 ml of acid stabilization solution to each flask.
3. Add 2 ml of the proper solutions to the designated tesf tube, for the blank add distilled
water.
4. Titrate rapidly with the dye solution until a light but distinct rose pink color pefsists |
fbr_ at least 5 seconds.'

V. Calculations

Acid Ascobic(mg/100 ml)

=(Net ml Titrate for Sample) (Acid Ascorbic Equivalen)

(Sample Volume)

= (Net ml Titrate for Sample)(mg Ascorbic Acid in Standard)

(Net ml Titrate for Standard) x 100

(ml Sample)

= (Net ml Titrate for Sample)(mg Standard) ( mg/m! Standard)

(Net m! Titrate for Standard) x 100

(ml Sample)

= (Net ml Titrate for Sample)(mg Standard) ( mg/ml Standard) x 100

(Net ml Titrate for Standard) (ml Sample)
where

(Net ml Titrate for'Sample) = (ml Titrate for Sample) — (ml Titrate for Blank)
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(Net ml Titrate for Standard) = (ml Titrate for Standard).— (ml Titrate for Blank)

For analysis of both juice and standard using the same analyte volume (i.¢., 2 ml in this
test) and using ascorbic standard solufioh of 1 mg/ml, the ascorbic 'aCi,d‘lé‘Vél is:

~ Acid Ascorbic (mg/100 ml) = (Net ml Titrate for Sample) x 100

(Net ml Titrate for Standard)
VI.  Reference |
Official Methods of Analysis. 1999. 16th Edition, 5th Reversion, AOAC International,
Gaithersburg, MD, method 967.21.



1.

2.

Brix / Acid Ratio

The Brix / acid ratio is obtamed by dividing the total soluble sohds (°Brix corrected for

acids and temperature) by the total titratable acid (% Acid, w/w) at 20°C (68°F).

Brix/ Acid Ratio_ = °Brix
%Acid (w/w)
Reference

Citrus Handbook. 1998. Agricultural Marketing Service, USDA. Washington, D.C.
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Total Soluble Solids by Refractometer

I Apparatus. o
Refractometer w1th degrees Brix scale and ATC o
1. .Chemicals
None
HI. Reagents
None
IV. Procedure
1. Bring single-strength or reconstituted juice samples to ambient temperature and mix.
thoroughly.
2. Measure sample temperature if refractometer has no automatic temperature
compensation.
3. Clean the prisms of the refractometer before each reading with distilled water and soft
tissue or nonabrasive materials.
4. Apply an aliquot of sample (~3 drops) to the refractometer prism, avoiding bubbles
and large pulp particles.
5. If sample temperature differs from the refractometer’s, allow time for adjustment.
6. Cover the sample with the fogged glass and position the light beam to shine through
the fogged glass.
7. Adjust the shadow to the cross hairs.

8. Read the °Brix.





