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Physicochemical and Processing Properties of
Organic Citrus sudachi and Sauces Making

Young-Jin Choi

Department of Industrial Life Science and Technology
Graduate School of Industry
Cheju National University

Supervised by Professor Yeung-Joo Kang

Summary

Citrus sudachi is a small, round, green citrus fruit that is relatively
unknown outside Jeju, where it is used alongside another citrus fruit, the
yvuzu and lemon. It is considered to have a zestier flavor and aroma than
lemons or yuzu. For these reasons, it is the very useful citrus fruit as
ingredients including sauce or additives. In this study was performed to
investigate physiochemical and processing properties of Citrus sudachi
cultivated by organic farming that excludes the use of synthetic fertilizers
and pesticides, and then to make sauces with sudachi juice. The results of

the present study were as follows;
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1) The size and weight of sudachi was increased in accordance with its
ripeness. It was almost ripe in the mid-september to the beginning of
October. When the sudachi was ripe, the extracted juice rate was on the
rise and the thickness of its peel was reduced, sugar level and pH were on
the increase; however, total acidity and vitamin C were on the decline, and
its special fragrance disappeared. Its green color was turned into yellow in
the end of October. The fragrance was reduced by half. Citric acid
accounted for 55 96, it meaned, 92 % out of total organic acid (6.08 %).

There were 17 kinds of amino acids.

2) In oder to examine the septic rate of sudachi were divided three types of
storage methods of the fruits, a normal temperature storage, a low
temperature storage (6+1C) and a low temperature PF (polyethylen film)
packing storage. First, the septic rate in the normal temperature storage
reached up to 55 % on the third day after the storage. The sudachi lost its
productive value on the fifth day. Second, when it came to a low
temperature storage, packing the sudachi in the PF had the low septic rate.
Accordingly, it could be possible to store the sudachi for 5 days after
harvested. In terms of a sudachi juice—extracting method, it was selected the
Cursh-screw press type, because the extracted juice rate went up by 65 %,
flavonoid, a biologically active substance of the peel, was fully activated.
However, if refined elements of the peel are excessively mixed, the smell of

acidification could occur when it was stored and distributed.

3) An experiment was conducted on a sauce group with extracted juice
instead of vinegar when making sauce with soy sauce, hot pepper paste,
salted anchovies and pickled damsel fish. By doing this, it was examined if

both had different tastes. The result showed they had significant difference.



As the result of acceptance on the sauce added with extracted juice, it was
found that it was superior to the sauce made from vinegar. They were kept
in cold storage for 60 days; however, there were no difference. If the sauce
with extracted juice is kept in a refrigerator, its quality can remain stabilized

at least within two months.

In conclusion, considering the aroma of citrus sudachi and acid content, it is
desirable to harvest them in mid-September. Moreover, the oranges classified
as damaged fruit of its peel has to be processed within two days if they are
kept in a normal temperature storage. In order to put useful substances of its
rind into sudachi juice, it is necessary to have the Cursh-screw press type,
and include procedures of separation, sterilization, homogenization and air
eradication to make processed products. In addition, it is possible to use
processed goods made from the extracted juice of citrus sudachi as all kinds
of seasonings. Therefore, imported lemons or limes can be replaced with

Citrus sudachi.
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1. A-]i

T

3= (Citrus sudachi Hort. ex Shirai, Wil 2EEFozow 23y
(Rutaceae) &< FAFF LS (BAMNMLE) A &t ko] ZxFolth.
A HF A A g AT (BDA el 9IAE EAA e (R IR o) ™
20051 AHlH A2 516haolal L AL 6480F ] EebUH(PEER MR,
2006). A& Frbzr=E (e, dE)AHE A2 579 FH AT g(savory
taste)o] FH-3t7] wiitol, o] AJoA = FELHWAS], Pl 2ARLE
vl 5, Wulae)e s 9 4F S50 IuAZA de ol&EH 21
9t} (Sugisawa 5, 1989; Tamura %, 1994). LEojA] ufxz7|o] 7}R =
Aol 1~22F A WeHow Aujsie] oo wel FEE AExw o]
Al e E3] ‘25 Ae Z'olgt sto] ‘2uA (L), AE (G, ‘AW
ki), =Rk, 22 (), ‘2l s o2 etk 19579 =F A ‘9

S

ZEAF BFAFSA I CRERHE REHEE)E SHSE 2AH0 Aurt
O FAAAA AT (F72H)E FHste] F =i JrHwww.nissn-shurui.co.jp).
AFZos 80ddl = dF SF717F dE2o=2HEH E=Hste] Aulstr] Az

1=}
B
Aol Alxoltt, BAjol= AW aAE A20A (T2 5)2 F2071 1997d 10

474 AFERR AT

Gl g WA JZGim el et " ekivk(o], 2003). <t dF AFA=
FEGiE ol et WAL L AEC] 2F0ES vsAE ode= 497t g1
e X0 F3Ee olFT def MM AAEAA TR AV 7] o

o, ‘ZF(HE) ol ghe WA S AMEs = k(L &, 2007).

FEE H97t 540 G FEHd W afo] G Alute] b Asiu ¢k
71l ol=W 3} Abo] rAEo] FHol At EE dubA o wsi el
9~10¢ 4 &gttt FEo A= A% oF 40m, FAE 35g Wl ]
o T+ 2mAEE il s Poltp HA T 65.4+05%%= HHolal
AL 306+1.2%, A= 1.1:05%H =™, FF&S HAAFA ] 275+1.0%%8 =
olth(#, 1994). A4t FEHF O AN ELE 8 91~92%, @A 0.4~0.5%,

-
ol



A 1.1~1.2%, ©r3E 62~6.7%, 3 02%-°]a, HIER C+ 34.8~58.8%,
AEE 51~6.8%0]tH(0], 1999). £ dE EHAnLE AR FEFETE 27%, 4
& 30%)e Ag i 929%, dwA 05%, A 01%, ©@5sE 6

0.3% Solth(H A MEEAER /32, 1996). =2 F7]A S limonened FTA &

-

2 3} monoterpenoidhydro-carbon, linaloolS %4 2 & 3 monoterpenoid %5 100
of Aol EAdTa I tH(Yang &, 1992). o|9} o] AFAt JE= I

Aok PR AR A FFel B AREAE FASEE 4ot 4

Hojgtom el A= 1990t ol A 2000t & 3hm A T ol A
T AAd x| Az=AdS ThE R S s E(e] S, 1998) Tl AT 2
g sdee @ AFeded $RANL F, 2000 T FEY 7t FFEI}E
z % S84 APHA, dHH] ATEs FEEFTE 0|34
o} 71,1995 A &, 1995 7 5, 1996), #EFe A57)e e o|53tH
BH(F 5, 1998) Tl s ofeh #Zo] ol dAHoz AT 7t
AFHAAD AL AFHAEsddedolA 92 Aads dogezs =
WA ZF o2 Fesy] g AAX Do) 7|1 oW, 1 & FE9 FA=IRH
T

2 Au7F B AAZ g FuRg AHS #H|sA A7 9 ol A

b R A= 1970d ] HEE 20073 AAAA A D AT, AHA
I, 9 2 ArisA, Fdrwols AREA, T4 54 T o ol
el AEHHom AyHel e ded, © ZAE54 W A
29 F714 3 FF2A ¥ a(Sawamura®t Kusunose, 1979), A4 A 71 A=W
3}(Yamaki, 1989), 9+ #3919 terpenoid ¥# %A (Sawabe %, 1996) o] <l
i, @ FEfRwol=d #k AG= Juo EASIE flavonese] A 2 x4
(Horie®} Nakayama, 1981), 99=¢°] limonoid A 7d=E FAM(Hashinaga %,

1990), =9 Ichangensin glucoside(Ozaki &, 1991), @ A&EF A2l 54 U



3t A JFEA9 x4d EA(Kobayashi %5, 1985), G#ZF%}9] limonoid &+
% ZAFH(Hashinaga®t Hasegawa, 1989) 5, @ A& 3t A= =3
4 ZAH(Sugisawa &, 1989), 9+ cold press F=49 AFAdE 54
(Sawamura 5, 1994; Njoroge &, 1995), 92399 AFAHE F7154(Yang
5, 1992; Tamura &, 1994), ® A % 7t&iokd A4+ 7fad/F 2 25%
Aol w2 gdo] AAZHA(Tanusi, 1978), CAAZ 5 9= 2 Vitamin C =W
3}H(Tanusi®t Yamamoto, 1981), &2 o]ats A A slo A A Al Vitamin C &+
G 3k (Tanusi, 1982), =9 A=A A] A& (Kitagawa 5, 1982), A+ o]
£ A E9 Jf#E(Kawaguchi, 1989), d& ZHF NS o] &3k F 54| Z(Tajiri, 1993),
FE o] & AFH7ME /L (kushima 5, 1994), ® % 2 A 7] s
AT JF AT EA3= flavonoide] 4% 4 & (Kumamoto 5, 1985), 4
2959 ZEFT SXEFNI 5, 2004), F=EHFY FEAWHo|EI
(Higashimoto &, 1998) &l tiste] A= ogkrh olejst ATFA74E nte

S G A (PR T B A G L PE T8, 1995)
AXe FE7ITEFSE AGEAFOE 7t AGAEAY & 2A 7o

St itk 20084 39 B ERANF SAEARHANA FEAES EAE o

lo
ol

olg} Fol FEL FH Ants TAEE g ad B gAY 2rAAE
A et TheAlEes JiEetel 28 ¢ Sl A JHRF 2 FAAE

otk JEEe ARGRTE TR o] §HE BEYE P 127 2]
o AA F, AWM AT AAE BAH BAF 2
NEMEe g7 gALRon AU 4T £ de 2] @ BE oy
WAL A FEl st mebd Qe ATYFS RAR Ao AF o8
M @ AFe] AgAERE AT JB BN 9d g Fa
g Abetolth 53 @-v] FTARAHOZ #Azh 9 29 @ 4% 1097 3&
259 2zol9le] Wt AgHE F sk 0 Aol dE AshEel mekAF
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II. As 2 94y

L 489 FHAE ATHY A

o Afol M g E(Citrus sudachi hort ex Shirai; A X FHElE)-S AFA 93

FEk(dE M5 A 18-01-3-54, m @ AEFd A )= Ay =
Al SdEH el AS ARRSET. G U AR A A A
B gk A nlszet U] Ar) B yie @i I S a#ste 200F
AL 2o WE BEFste] Aok 97 #estdt. Alae
g A8 7he719l 89 269FH AlFfsle]  d=719] 109 69 7H4] oF 0 o=
o] F3F Fejoll @l $X Ao BES 2 UF ' o AF skl sEE Eel AlH

&

g wjrbx] 2FA O AEgxAeto] A(GT)AA Easd

i
By
2
ol
ol
=
e,
2
=3

2) R4 &84 54

FE 207HE "ot HA Fo EAS AN HAY FIHE A&
(acuracy 0.1gm; Metler, Germany)® 3 #Fslgion, 37
ZHg] ¥ (Mitutoyo, Digimatic Caliper/CD20cp, Japan)® =43}t 1l, FFAF+=
<BA/FE x 100>0.2 Altstdint. 52 A4 TF 9 2

2 FH3lo 257](Hamilton Beach/Model No. 932, USA)ol|l A ¢+=
o] TS YolA L F&5 TstAvH(e], 1999).

ro
ot

}1_‘1
i)
2

3) AFoel olastd 4y

“Brix:= = A3 =4 (Refractormeter PR-100 ATAGO, Japan)® pH

b

rr

pH-meter(HANA/HI 916C, Portugal) = =435 3, A% (total acidity)+= 25

o 5piel]l F=HF4 20mE 7F3 3 0.IN NaOH &9 o =2 %244 7](Digital Pro,
Zecone, England)E& A}F&3to] At g, FAMez st HlEY Ce



ZZ N 5E FH3sFe] 5% metaphosphoric acid® F=3Fal, 100m = A 83 AL
0.45um membrane filter(ADVANTEC, DISMIC-24cs)% ¢ 338l HPLC(Agient
Technologies 1200Series, USA)ell ¢J3slo] B35t o™ (A 5, 2001), X212
Table 13} 2t G2 AFFe sdxe]d 4 308 S dAste] & A

o 4% vast dgd BeANE T dEDL ANGES duzaL
s B #5Rste g A5 omed gl Agsdon HER Bt
shalch,

Table 1. Conditions of HPLC for vitamin C analysis

Column ZORBAX SB-C8
Detector UV (245nm)

A: 50mM NaH:PO4(pH 2.5. 90%), methanol (10%)
Mobile phase B: 50mM NaH:PO4(pH 2.5. 10%), methanol (90%)

A solution 30%: B solution 70%

Flow rate 1.0m¢/min
Injection volume 100

Column temp. Room temp.
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=

=
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+= ICP-AES$ Na, Ca, K, FeE 0.1, 1, 10ppmo. & ZA|3le] 38& o] &3

=
HEFGAS st B30 B2 Table 29 #t}. 21 Molybdenum

blue H] M-S AFE3to] 540nmeollA] FFEE SAste] A=A (o], 1999).

Table 2. Conditions of ICP-ASE for mineral analysis

Power 1Kw for aqueous

Neubulizer pressure 3.5 bars for main hard type C
Aerosol flower rate(Ar) 0.3¢/min

Auxiliary gas flow(Ar) 0.3¢/min

Cooling gas(Ar) 124/min

Ca 393.366
K 766.490
Wavelength(nm) Fe 238.204
Mg 279.533
Na 588.995

714k ZFAS 1002 G838 A5 0.45um membrane filter(ADVANTEC,
DISMIC-24cs)® o #}3}o] HPLC(Agilent Technologies 1200Series, USA)el| <]
stel Ao (7] 5, 2001), BAZEAL Table 33 71},

Table 3. Conditions of HPLC for organic acids analysis

Column ZORBAX SB-Aq

Detector UVv(210nm)

Mobile phase Acetonitrile(10%)/20mM KHPO4(pH 2.4, 90%)
Flow rate 1.0m¢/min

Injection volume 10

Column temp. 35T




4) FF9] opr =k 4

FHEHE IS vialdl ¥ AFAZF 3 phenylisothiocyanate® x4 3} 3}
o] & UE ¥ 14mM NaHAc, 0.1% TEA, 6% CHsCN, pH 6.39] £ 2000
of o] 045um membrane filter® E3AZ1 Table 4] Z7e| uwat

5
=
HPLC(Waters PicoTag system, USA)Z 4 3dth(# 5, 2001).

Table 4. Conditions of HPLC for amino acids analysis

Column PicoTag 8.5x300mm

Pump Waters 510

Injector Waters 712 WISP

Detector Photodiode array detector Waters 900 at 254nm

A: 1.4mM NaHAc, 0.1% TEA, 6% CHsCN, pH 6.3
B: 60% CH3CN
Flow rate 1.0m¢/min

Mobile phase

Injection volume 100

Column temp. 35T

5) 2 o) ok AL

JEIA (007 9% 59 3, MHA B )G AFFTA(AF Y

]
of
22
o

, 2007)9] FFFH AW H oA oA EF 2 E (acetochlor)] 188319

ete] AFSEAAE B Aol o F ko] 4 s th(Table 5).
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Table 5. Analysis list of incecticide residue in Citrus sudachi

name residue ame residue name residue
(ppm) (ppm) (ppm)

Acetochlor(S P EZ 2 2) 5 Fenamiphos(3| 1w £22) 02 Oxadixyl(SAFE ) 2.0
Acrinathrin(eF=2]2221) 05 Fenarimol (#H|L}2] ) 05 Oxyfluorfen(SA| Z5-9 23) 0.05
Alachlor(ge}E22) 0.2 Fenazaquin(#| U2k 05 Paclobutrazol (32 25-E &) 0.05
Aldim(Z=7) 0.01 Fenbuconazole(F1-5111%) 1.0 Parathion(3}2F4]2) 0.3
Anilofos(e}d 2322 0.05 Fenhexamid(&A}m) =) 10 Parathion—methyl(s}2}E] &~ &) 0.2
Azinphos—methyl(o}z 3£~ &) 1.0 Fenitrothion(#H W E & 2]-&) 0.2 Penconazole(H5}2) 0.2
Azoxystrobin(o}EA] 2~ E 2 11) 1.0 Fenothiocarb(3)] =% ©.7}H) 1.0 Pendimethalin( ] Welel) 0.05
BHC(H] el 214)) 0.2 Fenoxanil(#35A1d) 05 Permethrin (35 w|2~2]) 0.5
Bifenthrin(®]#222]) 0.05 Fenoxycarb(3135A17}11) 05 Phenthoate(HEd] 0] E) 0.2
Bromacil(H 2r}2) 0.1 Fenpropathrin(31 3 & 3}28) 05 Phosalone(FAFE) 1.0
Bromopropylate(H 25 Z2go]E) 5.0 Fenthion(#1 %)) 0.2 Phosmet (<M E) 5.0
Butachlor(F-E}22 ) 0.1 Fenvalerate ('] 0] £) 2.0 Phosphamidone (Z2~3}w]3=) 0.4
Captafol(F4EFE) 05 Fipronil (3] Z=4) 0.1 Phoxim(Z4]) 0.1
Captan(74&h) 10.0 Fluazinam(§-5-0}4') 0.3 Pirimicarb(3]2]v]7}1.) 0.05
Carbophenothion(7}# 3] 4=%]&) 0.8 Fludioxonil (FF-t]$44) 0.3 Pirimiphos—ethyl (3]2]7]32—oj[El) 0.1
Carboxin(ZH5-41) 0.2 Flufenacet(ZF-31H41) 0.05 Pirimiphos—methyl( EE]D]EL,’:*D‘H%‘) 1.0
Chinomethionat(*] 2= %] 2. 1|o] E) 05 Fluquinconazole (&A1) 1.0 Pretilachlor(Zg|elg}E =2 0.1
Chlordane(ZFZ2¢h 0.02 Flusilazole(ZZF22}=) 0.5 Probenazole (3£ ZH|L}Z) 0.1
Chlorfenapyr(Z& 23| ufa] = 05 Flusulfamide (&5 spato] =) 0.05 Prochloraz( Z2Z=2}=) 0.5
Chlorfenvinphos(Z == {1 ¥ 2) 1.0 Flutolanil(ZFE21d) 1.0 Procymidone(ZZZA] D] =) 0.1
Chlorobenzilate(F= 214 0] =) 1.0 Fluvalirate ((F23]]0] £) 0.3 Profenofos (32 & 12 2.0
Chlorothalonil(F-# 2}z ) 1.0 Folpet(Z3l) 2.0 Prometry n(ih‘ﬂ]E\d) 0.5
Chlorpyrifos(Z&Z=2 ) 0.5 Fosthiazate(3£2=X]o} 4| 0] E) 0.05 Propanil (Z231d) 0.2
Cinosulfuron(¥] =413 0.06 Fthalide( =&z =) 1.0 Propoxur(Z&ZA]) 0.1
Cyfluthrin(#o]&531) 20 Heptachlor (le}2) 0.01 Prothiofos (2 %] Q E2~) 0.05
Cyhalothrin(#}] &2 2431) 1.0 Hexaconazole( #IAFFL1Z) 0.3 Pyraclofos(3|2}= 23 2) 0.1
Cypermethrin(#o] |22 21) 20 Hexaflumuron( 3A}Z 52 0.5 Pyrazophos (3] 22¥2) 0.1
Cyprodinil(#fe] Z2 ] d) 1.0 Imazalil (o]»FAFE) 5.0 Pyributicarb(3] 2] 5-E]7}.) 0.05
DDT(t]H] &) 0.1 Imibenconazole (]| HlFLE) 0.3 Pyridaben(]2]c}l) 2.0
Deltamethrin(E}|2421) 0.05 Indanofan(1Ch=) 0.1 Pyridaphenthion (3] ﬂ]t}ﬁn &) 0.2
Diazinon(t}e]o}A]i=) 0.1 Indoxacarb(S1EA}FH) 0.05 Pyrimethanil (3] 2]wepd 2.0
Dichlofluanid(t] A& 0L =) 15.0 Iprobenfos(Q1Z =Ml ) 0.2 Pyrimidifen(Z]2]7]t] {‘l) 0.2
Dichlorvos(DDVP)(E] =151 2~) 0.1 Iprodione(©]Z 2 t]) 3.0 Pyriminobac—methyl (]2]u]=1—vf|2]) 0.05
Diclofop—methyl(t] &= 3 - El) 0.1 Isazofos(OJAFRE2) 0.01 Pyroquilon(¥] Z# &) 0.1
Dicloran(t]Z&¥h 10.0 Isofenphos(©] A3 ¥ 2) 0.02 Quintozen(FEAN) 0.2
Dicofol(t] Z3%) 1.0 Isoprothiolane(®]A~3~ 2] Q &) 0.5 Simazine(A]#}z1) 0.2
Dieldrin(t] =& 0.01 Isoprocarb(] 432 27} ) 0.3 Tebufenpyrad(Bl|%-32}=) 05
Dlethofencarb(tl‘)! EA7}E) 0.3 Kresoxim—methyl (FelE41-m12) 2.0 Teflubenzuron( ¥ ]Elf HS=2) 0.2
Dimepiperate(t]HE] ¥ & 0] £) 0.05 Lufenuron(F#%7%) 0.2 Tefluthrin(E|ZF2) 0.01
Dimethenamid(t] ¥ glo} =) 0.01 Malathion(Z-2Hx]) 0.5 Terbufos(E] E:L_ ) 0.05
Dimethoate(tlEol 0] £) 2.0 Mecarbam(™|7}H) 2.0 Terbuthylazine (E]5-&}z) 0.1
Dimethylvinphos(t] w2 W15 ) 0.05 Mefenacet (=L 1-41) 0.01 Tetradifon(E| E&}t]E) 2.0
Dinocap(t]=74) 0.1 Mepanipyrim(H¥}]=]3) 5.0 Thifluzamide (E] ZF-2ju}o] =) 0.1
Diphenamid(t]#lo}r] =) 0.1 Mepronil (W] ==4) 0.05 Thiobencarb(E] 2 #l7}H.) 0.2
Diphenylamine(t] = do}+1) 0.01(f) Metalaxyl (Hle}2t2 0.05 Thiometon( ] 27| %=) 0.05
Disulfoton(t] 4 ¥12) 0.02 Methidathion(H|E]T}] &) 2.0 Tolclofos—methyl (B 22— 2) 0.2
Dithiopyr(t] %] 2.3 2) 0.05 Methoxychlor(MEASFZ2) 14.0 Tolylfluanid(E&EFol =) 2.0
Diuron(v]-$-) 0.1 Metobromuron( Ml EH Z5-) 0.2 Tralomethrin(Ee}=Zm|2~d) 1.0
Edifenfos(ollt] ¥ 22) 0.02 Metolachlor(¥Ee}= 2 2) 0.2 Triadimefon(Eg]o}r]w|3E) 1.0
Endosulfan(¢l=4%h 1.0 Metribuzin( M E2]4-%1) 0.6 Triadimenol (Eg]o}r]v3s) 0.5
Endrin(1=#) 0.01 Mevinphos( {13 22) 0.2 Triazophos(E&]|o}Z¥E ) 0.05
EPN(o] <) 0.1 Molinate(Zg]H|o] E) 0.05 Tricyclazole( Eg|#lo] Ze}5) 0.7
Esprocarb(el] =32 27}H) 0.1 Myclobutanil(PFo] 2 5-ERd) 0.5 Triflumizole( E2]¥-F1%) 2.0
Ethalfluralin(ol| &-&-F-2}%) 0.05 Nitrapyrin(WE2}9]9) 0.1 Trifluralin(E2}&F2k) 0.05
Ethion(el| %]-&) 2.0 Novaluron( =22 ) 1.0 Vamidothion (¥} =E]-) 2.0
Ethoprophos(ol| &3 2 3 2) 0.02 Nuarimol (;7-o}2] &) 0.1 Vinclozolin(R1Z2%3) 1.0
Etoxazole(l 5ARE) 05 Omethoate( 2.H| &= 0] E) 0.2

Etrimfos(o| EHZ ) 0.2 Oxadiazon(SAFC]01E) 0.05 others(16)
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Fermented fish Fermented anchovy
sauce sauce
(Eoganjang sauce) (Myolchijeot sauce)

Soya sauce
(Ganjang sauce)

Fermented damshell Red pepper paste
sauce sauce
(Jarijeot sauce) (Gochujang sauce)

Fig. 1. Sauces combined with Citrus sudachi juice.

AFAEANE O L E AT, AFA FHRE ol gate] Nz o

F5e A7tel ot 228 AxAAT ‘Sample I'e ©3F 300mee] Az

(3) BAA L2

X A (A chE A, AFA) 600ge] & 600mE E5Hsle]l 9 (HALLDE SB-4
Made in Sweden)oll Al FA &3l - EF3ste] SkEolA Hd3] o] A Al 2
3 & "AAATE Axzste] AMEEATE ‘Sample 1’2 "X A= 300meel] Az
200me-S H7bste]l Azt e ‘Sample 2+ WA A= 300mol 4% 100me,

H#35 100mE Egtstel Al x5
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(4) A A A

A2 A (A ths 4k, A=A 600gel & 600mE EF3te] =4 (HALLDE SB-4
Made in Sweden)oll A FA 4 - &338to] FEollA A3 E Aol Az 24
5 AYA=E Ao AREstth ‘Sample 'S A= 300meol] A&
200mS FH7bske] Azt o™ ‘Sample 2'+ A A= 300méel] 2% 100ml, <3
2345 100mE st Azt

ot

Sz 22 wol 2

5)

AFRARR 2 AAA L QNS 22 5 OGEE EFHNE 228 A

i
BN

StAl A= (Citrus sudachi)l 2%, A4k A A= (SK7508, A =3F=)
2 EEs

A Citrus junos), A Citrus
grandis), = 22 (Citrus sunki) 255 54225 A X3 tH(Table 6).

A =9 oAy 3t A7

A

Table 6. Combination percentage for citrus seasoning making

citrus juice(%) Total  Orange
] ; i ; r Vinegar I i
Sample  Citrus Citrus Citrus Citrus Mandarin (%) acidity  essential
sudachi junos grandis sunki con. juice (%) 0il(%)
Sample 1 5.4 3.6 - - 0.3 90 0.6 0.1
Sample 2 5.4 # 3.6 - 0.3 90 0.6 0.1
Sample 3 5.4 = = 3.6 0.3 90 0.6 0.1

3) A7 mE A2Fe pHe e A

pHE pH-meter(HANA/HI 916C, Portugal)® =A3tH L, AlxE Axdo 5
mel =75 20mE 7 F 0N NaOH &9 o=z A%2 47| (Digital Pro,
Zecone, England)S AF&-3to] AA g o5, FAAo =2 SakstA (o], 1999).
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FA7A
& B
FAal kel 3o o]l 59 Ak AEZE leyth 1) Foixl
AbE MEE NIRkl ZI9fete] FAMAIL 2) HAAbEs Ao & &
OS2 %S HAAL 3) ik 3 T 270 28 AAbeeld, umA
= 02 AdYth 74 AlEdA FH7F g2t A= HdAES F8
FE el MEE VIdstHA L. Aol FEA gom Homet: 27
AL
] AAE WS 1 HAAE WS | Ha
| |
5 AAHE WS 0e AAE W | da
| |
3 AAE WS 12 HAE Ws | da
| |
A HAAHE ¥ 0e AAE Ws | da
| |
- ArHE We e AAE Ws | Hla

Fig. 2. Triangle-test sheet of sudachi sauces.
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Table 7. Changes of physical properties of Citrus sudachi fruit during harvest

period

Width  Length Fruit Peel Juice
index  thickness extraction

diameter diameter

Fruit
weight

Harvest date

(%)

(mm )
4.02

(mm)

(mm)
30.5

35.0

(g)

214

(month/date)

17.5

114.8

08/26

23.7 35.7 31.8 112.3 3.52 21.4

09/15

26.3 38.0 34.4 111.6 3.10 25.8

10/06

27.9 39.2 35.6 110.1 2.41 30.5

10/26

_19_



Jow =m0 T
wom = W
W = oo M MA.H
LR AR
o Mo = o
T g 2
il
E B
O_E . W »AO \IW
2Ele
S mm
]
o ﬁo ~ ]_/r
W OT oW N ©
o e}
= — o
o M m_ Mo g
g o B ooF
=) W.T 7o gl
X
EO ‘ml _.*0 Of ji
~
S 2
= o pr :)_Arv
o e B il
3 0 ‘Ul Iy N
LB — R
T T o
L X T
< WX B o
oo o=
o B ow 4 ﬂ
ﬂo N Ml_ s t.
= ww N
oo WX
o M O N
= % M

Sudachi
aroma
strength
very strong
very strong
strong
normal
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pH
2.2
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288
3.0
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6.71

Total
acidity
6.60
5.45
5.20

o 4%

=i
=
Brix

(%)
7.2

8.1
8.4
9.0

o

af 104

o] ¢

08/26
09/15
10/06
10/26

=

Harvest date

(month/date)

[e)

=

Table 8. Changes of chmical properties of Citrus sudachi juice during harvest

g a2 AbgH

period
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Table 9. Nutritional composition of Citrus sudachi in different parts

Ingredients 3 P.)a.rts

fruit juice peel

Miosture(%) 84.9 92.4 78.9
Fat(g) 0.5 0.1 0.5
Protein(g) 1.4 0.4 1.7
Ash(g) 0.6 0.2 0.8
Carbohydrate(g) 12.6 6.9 18.1
Crude fiber(g) 6.9 0.2 12.0
Na(mg) 12.5 10.3 14.6
Ca(mg) 99.6 8.9 155.0
K(mg) 181.2 63.2 180.9
Fe(mg) 0.4 0.1 0.5
P(mg) 25.3 8.1 16.4
Vitamin C(mg) 43.4 39.2 43.7
pH N.A 283 N.A

Total acidity(g) N.A 6.6 N.A
“Brix N.A o P N.A

N.A.: not analysed

2) GEIF 7714 & ofu Al g
FHEFo F7]ARE FAAH(citric acid), AF#AFH(malic acid), <4 oxalic

acid) 522 FAENLH, o] 7tLd FAxte] 56% = F/714F E7(6.08%) 2]

10). Alste]l & spe] A5 At gekol 1.47%, A2t 0.02%

pA

a
A 0.03%%1 A FEE] FrIAE S vlaetd, o] A AL ol



Table 10. Content of organic acids in Citrus sudachi juice and Citrus

natusdaidai juice (g/100g)
Citrus cultivars Citric acid Malic aci  Oxalic acid Total
Citrus sudachi 5.6 0.32 0.16 6.08

Citrus natusdaidai 2.36 0.02 0.03 2.41

Table 11. Amino acid composition of Citrus sudachi juice

Amino acids . g Amino acids Amount
(mg/100g) (mg/100g)
Aspartic acid 110.4 Proline 6.5
Serine 14 Cystein 24.6
Glutamic acid e Tyrosine 3.0
Glycine SE., Valine 3.6
Histidine 0.6 Methionine 1.7
Threonine 2.1 Lysine 5.6
Arginine 3.1 Isoleucine 3.5
Alanine 16.6 Leucine 3.3
Phenylalanine 2.7 -
Total 222.1

AETA FFE A H Q07 7 oMHAESEE T 189FFH] dis
of AFE BALG Al oF 4% 2y, =HE d4ds LA (Table
13).
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Table 13. Incecticide residue in Citrus sudachi

residue residue residue
name (ppm) name (ppm) name (ppm)

Acetochlor(SHEZFZ =) - Fenamiphos(3| 1w £22) - Oxadixyl (ZAFEA) -
Acrinathrin(e}=2]u}222) - Fenarimol(#| 2] %) - Oxyfluorfen(SA1 &5 =1) -
Alachlor(¥2}&22) - Fenazaquin(Z|UAH1) - Paclobutrazol (V-2 25-Ee}&) -
Aldirn(H=71) - Fenbuconazole(H%-511}5%) - Parathion(ZH}%]&) -
Anilofos(oPd 23 2) - Fenhexamid(F&ApH] =) - Parathion—methyl(3}2}E]2—E) -
Azinphos—methyl (o 322~ €l) - Fenitrothion(#H W E & 2]-&) - Penconazole(HFZ) -
Azoxystrobin(e A ~EZR]) - Fenothiocarb(3:=2] 27}H) - Pendimethalin(HlT]W[E}) -
BHC(H] o] %]4) - Fenoxanil(#=5AFd) - Permethrin(3 ml2A2]) -
Bifenthrin(¥]5222]) - Fenoxycarb(]35A]715) - Phenthoate(F1Eo| o] E) -
Bromacil(B.2n}2) - Fenpropathrin(3l 3 & 5}221) - Phosalone (FFAME) -
Bromopropylate( B 2K 2 Zzo]E) - Fenthion(Z1%]£-) - Phosmet (EATE) -
Butachlor(F-E}222) - Fenvalerate (2] 2o E) - Phosphamidone (323} &) -
Captafol (F4EFRE) - Fipronil(¥] &) - Phoxim(Z4) -
Captan(Z1€h - Fluazinam($-F0141\h) - Pirimicarb(3]]w]7}:.) -
Carbophenothion(7}4.#| 4=%] &) - Fludioxonil ($-5T]<2) - Pirimiphos—ethyl (|2]r]3E2—ol[) -
Carboxin(ZHE-41) - Flufenacet (ZF-w1441) - Pirimiphos—methyl (Z2]n| 32 ~—ve) -
Chinomethionat(%] = %] 2. 4|o] E) - Fluquinconazole(ZF- 512) — Pretilachlor(Z2|de}EFz2) -
Chlordane(Z=25h = Flusilazole (325~ - Probenazole(ZEHW|U=E) -
Chlorfenapyr(Z&2 231} 2) - Flusulfamide (= - Prochloraz(FZ2E&g}=) -
Chlorfenvinphos(Z& =231 3% /\) N Flutolanil(ZFE2hd) - Procymidone (ZZZA 1] =) -
Chlorobenzilate(FZ 21 #o] B Fluvalirate (F-232]v|o] ) - Profenofos(Z&5| 3. 2~) -
Chlorothalonil(Z#= =E}2 ) - Folpet(Z3) - Prometryn(Z2HE) -
Chlorpyrifos(Z= =8 ) = Fosthiazate( E2=X|o}Ao] E) = Propanil (ZZZ3}d) -
Cinosulfuron(#] :=3F&) - Fthalide( &g =) > Propoxur (Z2ZA]) -
Cyfluthrin(#e]&77) r Heptachlor (JJ€}=12) = Prothiofos(ZZX] Q3E2~) -
Cyhalothrin(#}o] &tz 24 21) - Hexaconazole(FA}FLE) - Pyraclofos (]2} 2 3E2) -
Cypermethrin(#Fo] s ] 22 2) - Hexaflumuron( SIA} 255 - Pyrazophos (3] 223 2~) -
Cyprodinil(#}o] 3£ 2 t]d) r Imazalil(e]v}A}) - Pyributicarb (3] 2] 5-E]7}H.) -
DDT(HHE]) - Imibenconazole (o] v ¥l 1} - Pyridaben(¥]2]th) -
Deltamethrin( 2 E}| 22 71) - Indanofan(1th=31) - Pyridaphenthion(] 2]t} =)&) -
Diazinon(tho]o}A]i=) - Indoxacarb($1SAK}H.) v Pyrimethanil(3] 2] HERD) -
Dichlofluanid(¥] =& o =) - Iprobenfos (91 2HI ¥ 2) — Pyrimidifen(3 27t 5l) -
Dichlorvos(DDVP)(T] &= K 2~) = Iprodione(©] ZZT]2) = Pyriminobac—methyl (Z]2]m]=2—m]2]) -
Diclofop~methyl(C] 2 2 ¥~ -m[E]) A Isazofos(OJAFREZ) - Pyroquilon(I]) ZAE) -
Dicloran(t]&&¢h N Isofenphos(©] A3 2) - Quintozen(AEA) -
Dicofol(t] Z%) = Isoprothiolane(®] 23 24 Q 2 - Simazine(A]7}21) -
Dieldrin(t]d=21) - Isoprocarb(0] A 27}H) - Tebufenpyrad (B -] 2}= -
Diethofencarb(t]ol| E1 7} - Kresoxim—ethyl (22D = Teflubenzuron( F—ﬂ T2 ) -
Dimepiperate(T]HE] 3 o] =) r Lufenuron(F-3#%72) - Tefluthrin(E]Z529) -
Dimethenamid(t] v glo}w] =) o Malathion(Z2}Hx]) 55 Terbufos(E] Eg’;!: -
Dimethoate(T]H| o] 0] ) = Mecarbam(™|7}H) - Terbuthylazine(E]5-&}zl) -
Dimethylvinphos(t]w| 2 H1 5.22) - Mefenacet (¥ #|L}41) - Tetradifon(E| E&}r]3=) -
Dinocap(t]%=74) N Mepanipyrim( |25 H) = Thifluzamide (] Z5-2}mto] =) -
Diphenamid(t]#llop] =) = Mepronil (W] Z=24) - Thiobencarb(E] 2.1l 7}H) -
Diphenylamine(t] = do}ql) - Metalaxyl (g}e}2]) - Thiometon(2] .7 %=) -
Disulfoton(t]Ad 35=) - Methidathion (W[E]tFx]<) - Tolclofos—methyl (521232 2]) -
Dithiopyr(t]x] 2.3 =) - Methoxychlor(HEA| &2 ) - Tolylfluanid(EEZF-op]=) -
Diuron(t]-$-2) - Metobromuron( W EH 25-&) - Tralomethrin(E&}Z | 2~3) -
Edifenfos(llt]# E22) - Metolachlor(VE2}=22) - Triadimefon(Eg]o}r]HZ) -
Endosulfan(<l%=/d ) - Metribuzin(¥lE2]4-%1) - Triadimenol (Egjo}t]w3) -
Endrin(1=#1) - Mevinphos( {13 22) - Triazophos(Eg]o}Z¥ ) -
EPN(e]3<l) - Molinate(E-2]d|o] E) - Tricyclazole( Eg|o] Ze}&) -
Esprocarb(ol| A=3Z27}1) - Myclobutanil(»}o] E25-EPd) - Triflumizole (E2]5F1]%&) -
Ethalfluralin(ell &&5-2}%) - Nitrapyrin(HE2}9]%1) - Trifluralin( E&] Z5-2}%) -
Ethion(el| 2]+) - Novaluron(=1H7-) - Vamidothion(H}] :=E]2) -
Ethoprophos(ell 32 2 3 2) - Nuarimol (;ro}2] &) - Vinclozolin(1 &2 3) -
Etoxazole(o| 5AE) - Omethoate( .| Eol|o] E) -

. others(16) -
Etrimfos(o] EH ¥22) - Oxadiazon(SAFC]01E) =

- ! not detected.
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Table 14. Rotten rate of Citrus sudachi fruit(harvested by hand-pulling)

during 10 days storage at different temperature

Number of rotten fruit(%), days

Storage methods
2 3 4 5 o 7 8 9 10

Room temp. 18 52 83 107 147
(30+2C)., CT  (12.0)(34.7)(55.3) (71.3)(98.0)
Low temp. - 1 - 3 5 8 16 27 58 87
(6+1C), CT  (0) (0.7) (0 (2.0 (3.3) (5.3) (7.7) (18.0)(38.7)(58.0)
Low temp. - 2 - 2 5 9 19 35 o4

(6£1C), CT+PF  (0) (0) (1.3) (0) (1.3) (2.0) (6.0) (12.7)(23.3)(42.7)

CT: Container box, PF: Polyethylene film
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Table 15. Characteristics of Citrus sudachi juice extracted by different
extractor type

Extraction Yield Characteristics H Acidity ﬂ;/(;tr?;id
methods (%) P (%) o
(mg%)

) not good matched
In-line type 28.63 . 2.4 4.99 7.3
for small fruit

Press type 28.32 lack of flavor 2.3 5.02 13.1

Cursh-screw ]
04.76 full flavor, bitter 2.8 4.25 21.4
press type

fruit . impurities .
) — | storage | — | transport | —| unloading | — P — | washing
collection removal

Fig. 4. Transport, receiving and handling of Citrus sudachi fruits.
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ul .. .
— I? .py — juice processing
juice

crushing juice

(roller) extraction
- —  by-product processing

(jam, tea, cosmetics)

Fig. 5. Processing overview of milling and juice extraction from Citrus sudachi
fruits.

(3) free 2 FxAA

FEFZANA e FFe Bxzoh Az BEFAE0 bk HEo 9o A
#Hgo] Haste 3¢ A& o83 BEe w5 AAsAH(Fig 6). 2
F7100A v Bxe] S 2498%clAeH, diEE F 1 FHS 1833%=
stk @ GE Y f5oE 50 dEAS FAste] Bl o

go} n&y QPRAYE e 008% FEoE AAAAT. o AL
Z

2

A AZFALAS A F LAUAFA(CODEX STANDARD FOR ORANGE
JUICE PRESERVED EXCLUSIVELY BY PHYSICAL MEANS, CODEX
STAN 45-1981)¢] 7|+ % 0.04%E.t} vr& Aol

— oil — by-product use

1 bufferi trifugi .. iqq.
I‘Ju‘py — utienng |-, cenngglpg —| juice | — Drum filling
juice tank sudchi oil

— | pulp | ™ by-product use

Fig. 6. Centrifuging sudachi oil for recovery as by-product.
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Table 16. Chemical properties of fermented sauces added with Citrus sudachi

juice

Hunter's color value

Total

acidity

pH

Sauce

1.6 35.06 5.20 4.85

4.3

Ganjang sauce

1.2 34.51 3.39 3.60

0.6

Eoganjang sauce

2.1 36.08 4.84 4.21

3.2

Kochujang sauce

0.9 36.71 2.39 5.49

5.7

Jarijeot sauce

37.46 2.17 5.75

0.7

5.2

Myeolchijeot sauce
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Table 17. Triangle—test results of fermented sauces added with vinegar or Citrus

sudachi juice

Total no.

Sample . Correct judgement”
of panelist
Ganjang sauce 30 18"
Eoganjang sauce 30 30"
Kochujang sauce 30 16°
Jarijeot sauce 30 98"
Myeolchijeot sauce 30 95"

1‘)‘No. of panelists correctly detecting differences.
NS5 Not significant / * Significant p<0.001 / ™" Significant p<0.001
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Table 18. Sensory characteristics of citrus seasonings with different citrus

varieties
5 . Jarijeot Myeolchijeot
Charateristics vganjang sauce sauce sauce
(scale)
EVG ESJ JVG JSJ MVG MSJ

4.67 4.08t 492+ 423+ 4.08+ 3.62+

ff-f1 (putrid
off-flavorleutrid) ;76 0.96% 0.76 1.01 0.64 0.86

Odor - 6.38+ 4.68+ 5.64+ 4.13+ 5.21+ 3.93=
SRy 0.86 094 063 0.77 0093 0.71
517+ 3.94+ 569+ 3.92+ 595+ 3.76+

salty

0.99 0.73° 0.97 0.93 0.82 0.93
6.14+ 4.64+ 557+ 4.21+ 564+ 3.92%
0.77 0.84" 0.72 1.05 0.69 1.21
462+ 4.07+ 4.84+ 4.15+ 4.76x 4.23%
0.51 0.95™ 0.56 1.07" 0.60 1.09™
3.54+ 5.36+ 4.38t 5.69+ 4.23% 5.49+
1.03 0.92° 1.19 0.85 0.92 0.87

Taste fishy

sour

Overall quality

EVG: Eoganjang(30ml)+ vinegar(20ml)

ESJ: Eoganjang(30ml)+ vinegar(10ml)+ sudachi juice(10ml)

JVG: Jarijeot(30mD+ vinegar(20ml)

JSJ: Jarijeot(30ml)+ vinegar(10ml)+ sudachi juice(10ml)

MVG: Myeolchijeot (30ml)+ vinegar(20ml)

MSJ: Myeolchijeot (30ml)+ vinegar(10ml)+ sudachi juice(10ml)

N9Not significantly different between vinegar and sudachi juice group at p¢0.05 by t-tset.
*Signiﬁcantly different between vinegar and sudachi juice group at p<0.05 by t-tset.
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gt A Aol 270 Well= 2 FHo] kA Aoz HUFEATh
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Storage time(days)
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Fig. 9. Changes in pH of fermented sauces added with Citrus sudachi juice

during storage at 5C.
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2.5

Total acidity(%)
.

0.5
O 1 1 |
0 20 40 60
Storage time(days)
—— (Ganjang — —Eeoganjang —— Kochujang
—— Jarijeot —— Myeolchijeot

Fig. 10. Changes in total acidity of fermented sauces added with Citrus sudachi

juice during storage at 5C.

olr7] kel A LS AAEATE we dA T FE AlE A 24417 Ao
4 AFE v AolHAE dH7] flte], sidadselA 570 AlE
ggte] 7247 o2 Al85E FolgEE2 Prieta 308l Sud AL A s

Table 199 AestAtt. ARAA FolAd Azl oshd 30709 & FolA]

& Aoy MR, ARG/ F 2me] FLU e 2 Aow ey

_33_



Table 19. Triangle-test results of fermented sauces added with Citrus sudachi

juice
Sample Total no. of panelist Correct judgement”
Ganjang sauce 30 11
Eoganjang sauce 30 7NS)
Kochujang sauce 30 13\
Jarijeot sauce 30 10N
Myeolchijeot sauce 30 gN®

Y No. of panelists correctly detecting differences.

NS Not significant(Minimum numbers of correct judgements to establish significance at
various probability levels) Roessler, E. B., J. Warren and J, F. Guymon. 1948. Significance in triangular taste
tests. Food Res. 13:503
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Table 20. Sensory characteristics of citrus seasonings with different citrus varieties

Charateristics Sample
(scale) qy? sp? qJ?
citrus juice color 3.95+0.61*"” 3.89+0.41* 3.88+0.35"
Appearance
turbidity 3.91+0.27%3.84+0.46% 3.93+0.27%
citrus flavor 3.99+0.76*3.62+0.13% 3.37+0.49°
Flavor
off-flavor 2.72+0.19% 2.89+0.32* 2.89+(0.23
sour 3.92+0.12"4.10+0.25°3.81+0.16"
Taste  bitter 2.69+0.187 3.87+0.34*2.72+0.21"
sweet 3.72+0.28%3.81+0.23%3.91+0.25%
Overall quality 4.03+0.31%3.49+0.44" 3.38+0.57°

1)SYZ sudachi juice(5.4%) +yuzu juice(3.6%) +mandarin juice(0.3) +vinegar(90%) +citric acid(0.6%) +orange
essential  0il(0.1%) / 2
juice(0.3) +vinegar(90%) +citric acid(0.6%) +orange essential 0il(0.1%) / 3)SJZ sudachi juice(5.4%) +jingyul

juice(3.6%) +mandarin juice(0.3) +vinegar(90%) +citric acid(0.6%) +orange essential 0il(0.1%)

“Means with the different letter of superscript are significantly different within each row at

SD:  sudachi juice(5.4%) +dangyuzu juice(3.6%) +mandarin

p<0.05 by Duncan.s multiple range test
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of f—-flavor

sour

——5Y 0-5D +§J

Fig. 11. Quantitative descriptive profile of citrus seasonings with different citrus
varieties

l)SYI sudachi juice(5.4%) +yuzu juice(3.6%) +mandarin juice(0.3) +vinegar(90%) +citric acid(0.6%) +orange
essential 0il(0.1%) / ?SD: sudachi juice(5.4%) +dangyuzu juice(3.6%) +mandarin juice(0.3) +vinegar(90%)
+citric acid(0.6%) +orange essential 0il(0.1%) / S)SJ - sudachi juice(5.4%) +jingyul juice(3.6%) +mandarin
juice(0.3) +vinegar(90%) +citric acid(0.6%) +orange essential 0il(0.1%)
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