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SUMMARY

In this study, the experimental equipment was originally designed and
constructed to investigate cooling and cleaning effect of hydrocooling system
having immersion unit, flood unit and chilling system. And by using harvested
citron were investigated in order to survey the effect on this system for the
degree of freshness, cleaning and removal efficiency of pesticide residues and
storage after washing. It is also expected to offer the fundamental data to
manufacture the hydrocooling system after this investigations.

The results obtained from this study are summerized as fallow

Quality changes of citron were studied during storage to investigate the
efficiency, cooling properties and the washing and storage effects of
hydrocooling method. As a result of plotting the nondimensionalized lettuce
temperature versus cooling time, its cooling rate coefficient was shown to be
-0.012min " ~-0.075min (R?=0.997 ~0.893), ranges of 1.007~1.251 in lag factor.
Rate of weight loss was not affected by the hydrocooling treatment and the
weight loss rate reached up to 22~23% after 8 weeks of storage at 15C.

But it was 10~11% at 5C. And the change of pH, acidity and soluble solid
content were affected rather by storage temperature than by pretreatment
condition. But color value{a value) increased slowly in all sample as the
storage time increased. It could be presumed that the addition of sterilizing
agent reduced the initial level of total microbial count and its growth rate

during storage. The respiration rate of hydrocooled citron at 5C was



33.74mg-COx/kg-hr, which was about 25% of those of non-treated citron.
Also, this study was performed to identify the characteristics of origin in
Korean raw citrons from Koeje, Jeju and Koheung and to compare the
changes of quality in citron juice between extraction I, stored at 5C for 1
yvear after production and extraction II, made from raw citrons. The result of
pH, acidity, Vit C, free sugar, fatty acid and amino acid in raw citron from
each origin showed the citron from Koheung had the best characteristics for
the making citron juice. Compared with extraction II, the soluble solid of
extraction I was decreased more than 1°brix, and the moisture increased 3%.
The acidity reduced from 583 to 523 as the pH rose from 268 to 2.84.
Atlthough it decreased more than 50% in vitamin C and over 30% in free
amino acid, the changes of the other similar components, amino nitrogen, free
sugar and total amino acid were very little at the range 0.1-1%. Relative
amount of volatile flavor components in citron juice depended on the
extraction methods and storage period.  The recovery of volatile flavor
components of citron juice with dichloromethane method and solvent extraction
method, was 40-702% lower than with Likens-Nickerson method and simulta-
neous distillation extraction method. The amount of volatile flavor components
reducea 30-50% after storage for 1 year and the trace component disappeared
during storage. The result of sensory evaluation of citron beverage based on
extraction 1 and II on the color, flavor, taste and overall acceptability showed
no significant difference except color. The vield of citron juice was 24.49%,
by rotary-crushing and screening extractor, 18.09%¢ by pressing extractor and

12.60% by belt-pressing extractor, respectively.
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7~9 cm, ¥ 80~150g FEEA IS FEL segment OB Uiy 104 L}
™, 217} Bt pdof uls] Abws] wol zpalnt 20%] AFo|TH(dEE, 1975).

Table 1-1. Comparison of characteristics of Korean and
Japanese citrons

Origin Korean® Japanese
Item
Fruit weight (g) 105.8 67.5
Part (%)
Friit peel 44.7 39.8
Fruit juice 15.8 15.6
Fruit flesh 26.9 24.6
Fruit seed 12.6 20.0
pH 2.68 2.63
Soluble solid (°Brix) 10.6 9.2
Total acidity(%) 5.8 4.5
Color L 55.2 55.1
a -2.20 -7.02
b 27.9 21.7

% Citron from Koheung, Korea

EY, fxHs QUEOR KBRA BRBRE THS olg¥W, nan: #
BTN 822, 443t 109 sets Y8 AEslo FA80L Y2g
o=, e aigdels, A, R, 2 Sol, 1 welE Eupl, WY 59

2 FHEEAE BEY 4 e Ao® U A UrHHEE, 1978). AL w=
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A5}y ZHZol 15%, S 27%, A 13% F=T 2FW o] ujs] AFFZ 2
HoltH i, 1975).

FEFL AT A FH R HEsIS "1’5} EE 7MEHe e FFug,
Mg 2A BT FuolE AU glen, AF -a—«l |74k citric acid7} F
224, T2 72+ Fo) vste malic acid, succinic acid, lactic acid7} W2
HoltH A &, 1994). EZ} oln]:=At2 aspartic acid, glutamic acid, proline,
serine, arginine, alanine o] A2} 70-80%Z X3l uvlelw C= TIE #
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S8 I EL Bl AFel AtAE HUER oEY 4 oot Ry
08 327 n$ |18 22 EEA d-limonene, T-terpinene o] FFE
o]23 9lom, alcchols, aldehyde, ester®Z H AtAHF HPEL 8~M=,
O ZNE §2}e] 2o WM EoT E 4 gl: linalool, d-terpineol®] H]
&2 o ZZEFol vE e 52 o] §F °TE} g £ i &, 19%4). =
B3 g 9t Xd $x1= ot £25 AW AAEA, I ol 3L
stA FFRAIEON) 4%, HAE T oF AdEok] X F&H + A& AL

o
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Fhdol wE fx1zEe] B7] ZEdd Y dHA 5. 1994)0] ul
Holl whE ¥7] gEe] Hihe Table 1-29}



Table 1-2. Relative amount of major peaks in citron juice

extracted by three different extraction methods

Peak area(%)

Compounds
A* B* ™
a-Pinene 1.08 1.09 1.34
B-Pinene 0.14 0.14 0.08
Myrcenol 0.31 0.31 0.52
d-Terpinene 2.67 2.70 2.32
Limonene 76.00 76. 86 76.87
Y-Terpinene 10.52 10.63 10.49
p-Cymene 0.31 0.31 0.52
Terpinolene 0.41 0.42 0.79
Linalool 1.37 1.39 1.64
B-Farnesene 0.47 0.47 0.35
Y-Elemene 0.45 0.46 0.72
d-Terpineol 2.62 2.65 1.07
Total peak area 731,573 723,456 980, 367

* ! By rotary-crushing and screening type extractor
#x ! By pressing type extractor

%k ! By belt-press type extractor
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2ol o] WRPES thke s /3L, dof 23] Wt 4 2] Az

¢

£ 71R olakEel wbdelt) ¥ oE, AFY FIANEAE I FHEL &

3 Aol ERES K35t A4 WA YAEIS HUsle FAAFE AXY
AIE F 1-40] Uehfict
X 1-4. A5 5AAFAz AEEH

FEer dAER  AZXLE ARAT  ARIASF i & ZE3HF
(g) (g) (C) (hr) (g) (g/ml) (n* /g)
400 8 20 5.5 52 1.524 0.71

400 8 30 4.5 52 1.524 0.71

400 8 40 3.5 52 1.524 0.71
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2. 799l ol g

2le] etEel o] gIIAEANE AR K] o] &O0= oloWIt AR

2 olu] BIEo} glom(FEE, 1975), 1 o= #El, FlEE|xolT, wEM,
FR S ol&7HAIL ATt K7 E 2] AAE A JESIEEN Rk
& Eolt o]-&Hol i3] ArmEct

AZYEL AW AFoll o]&H A AAof wtet AFFAL, FYLL F
HOE U Hee @FYoR 20 Ao Hold 19 A%l 7hesin, ERA
B, FrEREN Axty] 2 123%E FUHEI Bl REkkIER
SET BER A Z3ES LRE kx| oA "t
323 g7le] YolA AFY FeE= F2 A, vpddol= §o02 HAEHI g
on, so]2E3} & A F4E E 1-50] vleld vie} 23, ¥x wlaF

gt Zlog RSta QIrH(HdE, 1978).

F 1-5. A 2] FHolAES Al

+ = A= 3 Elcp)

(%) L a b 6rpm  12rpm  30rpm

93 3.8 55.6 4.7 26.5 17,400 11,300 6,120

—

HE Fo e Foish] 41922 AdS FE Briste] Zjold el
9ol 5T AFol st 104 =& BA] 7besin, A7) M2 Ae:
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271 Ho BIAAE £EFAY FRmI2E Ao 20% e o] Eth
EHed, ol otkaFlidol 4t3tE

o] dehydroascorbic acid® FABIEZE g-oluAitz} EaE oA UAFE

Az Zo] albedo®7t B2 EEFMog %

%

o2 B3 glon, ok mje Bt A Fo EalsiA Z2EHh
olF Bof A o 1047 who] Aziwle] w7 BEUHEE dIoA:
EEFRE Wol o]gH 1 grt. FFA= T A=zt FUA ulEpRICe

TH&2 E 1-63} Zrh

¥ 1-6. 82} zly] AREWe] Mx 9 Hep

Al = H]EIRIC
L a b (mg%)
BAAFA= 83.8 -2.5 30.1 401. 84
o - 68.3 5.2 29.5 222.74
Il BAAFE AR 23 AR E £ 3 Ny, gojx TS}
22, AFEU np@AXE2 23} JHE-§ &2 2A Fo|t el
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A M3 (712]:3,0008 /kg)

_
| |

T+ i 25 IF 33 & _ %
= &%) 17 40 30 13
B 2k (g/ke) 170 400 300 130
BV AE Nire i 213 < HRE
(4, #4) AR ntdlgolz  HZAR 5
|
o A (3h) 10% Z|M¥EE, 71e 50587t b 50 7E, 2Y30g
170mg 1070& {214 400gS AW300gS AR S A=
Az 5 gL AR F U T FUAS ¥ F U
of & 5+ < 8,000 ¥ 6,500 ¥ 1,800 9 130 ¥
A & 7t 4 170me(7¥) 1,200g(§) 500g( ) Znf 713
: 800 18,000 13,0009 :1,00091/kg
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B2 $FYE 2UY RO Aol sl o} 1/3EL F3o] 445
o QZedE Arhe 4ol Utk of
s, HE yYHeE AgHD g

/min. /' OR FAT sl 3] Ao} NIABe FEY YR 2L =

HEY Zog YZPY A AYAES Y4 Fo AL 2 v 3
BAES U2 FH EAZLY FAlo] ARojA Assinzy FE3] Rz
ZItH Matsuda, 1984).

TE, Azl iyt Feje] AFE AvEw BE(1973)0] &448 WIS
ol &3ty A AR LA WX} A WA o] 23 W4de A7)
gt vt 9lem, Zahradnik$t Reinhart(1972)7} Alzpe] o Wi& $]3] In-stack hy-
drocoolingZ|*dell ths] 738} om, Bennett(1976)= EBZolE tjatoz oy

5] B7] L FREEe] AT YAKEE ofFsje] W FIA oy

tlo

< Hl&Z AT ¥7l glem, Hackert 5(1987)2 3714 4 W4izts o83}
o] Brocoli®] WZ<&T ol £EEAl gafe] tis) sjM3t vl olon, Henry B
(1980)2 B4dZta] &2 EAE AHE3t Bell pepperd] AAAHES 3141,
Mohammed2} Sealy(1988): 4% ¥ Z2uixz|dt W23} B3t HEL tate
2 5~30C WA AP F FAHIE ZARE A Fo] 2zteg dsuzt
R Ao AR oY A= vkl W W ohxnh, A2
o] Az HollA Ydzo] A A AYAAE T glo] EAA 3
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2. AERA L AA 2 A2

7t ¥4z W M3 AE X AAVE
Hydrocooling?] WZE3to] @3 Bl Irix] @x] gout njFejut dE
oAl MA oE Qlgshd the Zth gutFo® Wi YZids d&E Al
£3l= dx gon, Efole] W4Wzte] oE U Aol 5T o] B
L NARERT gL o]&dt: Ho| ZFAHA Hela uyria FrH(Iwamoto

Q
2
5,1984).

Wayzhe g1 Yztzel Wsede dityes vzEe ¥7d, 34
o) Wztd, 95T R AYd, By ¢ HIY iy 5 Is AF A
of @tt. E|l: A AA Aol Futae] el IdZE AHe #E A
Aol Wog gHos Fsldx Fom, dEEL smY o] EASIRE A4
B} & W78 sk 2] Ad FR/3tTh

g, JAegzte] 388 wol7] M e

i) Lo B ALES HAY 2, F A= FUTol Uit BAE
o] dASt $FFo] Y3 o|FH 5 Ue TEE
) B2 FE HYEE Y] $lE] FET HEE stojor & A
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244E o838l 1At 18 mIAES 20TolA 5THA Wztste YL
A A HAEEP R el gy VN E ARFATH FRE Ea
Held ¥4 Ee] $YE 200kg/h2 313, WILEL 2EE= AT T

e HESE & AYPFLEE Pt 223 JAFEIE Aasr] 9% &
2

E 2-1. 7= 244

BaulEY v (kegf/nd) 955, 5
s o (%) 85.5
LI EE| c (kd/kgC) 0.89
dAEE  k (kd/mhT) 0.39

HFd 3FY  (mglOxh-kg) 33.74 (5C)
113.87 (20TC)

ti-ty 2 XI[E23 HFE2Y 2 (TC)
Qi = 0.89X200%(20-5)= 2,670kd/h
@ 51]1_117!-‘3_,] 1 %ek; Qs
Bzb 28 A7h 1A ZE0® 71 }a Table 2-1614 20T} 5Ce] B



q = KXAX(to - ty ) = 11.52kd/h
714 K& 8%3E& (k/othT)
1/K = 1/hi+ 8 1/ki+ 8 2/ke* 8 3/ks+1/h2
hy © Aztz} BExlold dAYE, ES 2 7 500kd/mthT
hy + &]7]9} Hutzpe] AAEE, 19.5kd/wthT
ki ke, ks : ZtzHe] dA =&, 0.15, 0.029, 0.15kd/mthT
81, 82, 83 : 247 F7, 0.05, 0.1, 0.05m
Aat Az} K = 0.24kd/nthC
Ay He] HE, 1.2
to, ty + 7] 2ES} 202 20T8} 0T
ML Ayddw
Q2 = hayXA2X(to - ty ) = 96kd/h
A1 ha 1 B3I FI7)AP0]8] EAEE Skd/nthTC
Az ¢ THE=EHH, 0.96m
o|xtz} ol oJFofre] HlEHE
Q3 = qi + @ = 107.52kd/h
wh2bd 82} 200keS 1A|Ztel] B2 ZF 9o F34EY
Q=0Q + Q + Q3 = 2793.544kd/h o]t}
3tH, 15T & 20048 0TCE JZ43cts 713d o,
WB7td Q = M-C(T1 -Tua)



ANM Ty -Twa= (T1 - T2)(1 - Y)
M 5% (ke)
C: vy (kd/kgC)
T @ 271FLZ (T)
Tw © Mass average temperature ()
T, : BZHFLE (T)

Y : -2%H] (Temperature ratio)

r‘

O EZE Q=200 X1 X (15 - 0)

3, 000kA/h
el WBE7]e] AL 3,000kd/h (=3.489KW, = 0.9RT)E A& £ 9

=% A

(2) MYZEe] L9247

Wuztge] YAaex e YA&E] o5 ZFPATL YRR oW
BAe WASEE YZuiAe 3 B4 Aol GAYE, AFVAR L=
o3 99Tt o F FAYLS WAMAY FF, SBAH, 4=, AR 2
7 mrael Bol met theaw ol GAYAS] Al Be d7maz
ot B 5w, Re22] 0.5% &, #49] 0.5%0] HgYTh
(78] AR Re (2,000)3 M5t QIth wetd WaA4E S5l whet

&= wepds glont Avlele ¢AVL sk

SEstx] Qom GUTH WASEE Aol sy Pohe AL nlS Bt

st ERE A el BatEol ol AAFHoR FAFIR] YdoeE=Z Aq7AE



Gurney-LurieXd & & o|&&ich
o] AEofx HEX, %Y, i/l n, ne
X= k@/cpR, Y= t-to/ ti-to, m=k/hR, n=r/R
A7l p ¢ UE ke/ml,

 : £8A7th R: WA n r: FHoA
Aom ot GATE T AR FAEL T, u Bt ARY 2V2E W 27

e

0
N Boi Afoln AMEE ANTY BE Er W4
p =l

9
Zo] AAY 45 Qlom EY, n = 00k RAE Y& & Y2ER oJT BF
£ 23 A A £8A42he o 602 BEolTh

FHAL 0.4 T SPE 1mR mjE A4S 65.334/nin7}t HTH & AX|
&L ZHersled 70 £/ming] FFEZE ITh
Bzl £E8 L, 9457 59 L= thAlol o3 at&drt
Le= 7 -M+H / 102X60 , &Lg=K-Ly
A7IM Lyt 58 W, Li: €57 59 W, H:@ #HE 3o
M@ X o m/min, ¢ 2EE (£¥5E& AFEE, VA
FLL T A) 0.65, K BS (Vbelt) 1.2

A
welA L = 0.04KW, L4 = 0.08KWOE AHFs}gc).



Ll AR Az}
= Aol A AHEE eI AAAE Fig. 2-13 Zo] A Azhx,
Az 4 dezs FESgCL

Eedzt Ax]e] YZHZ(L 1,000 X¥ 600XH 900mn)e] 5ol 3/4inch SHE
3o R FHsla, HES ¥l 9 g wsly] 98] Uil Ro sUs3042} ofed
=TS, JdEAlE 100m FAQ $Hvter psigon, fAEY A5en
Z77] (SAE Digital Equipment, Model: MC311, Italy)& E&sle] 422 z3
siglch Mg Wztast 4oL ¢18) FAR(L 500X¥ 500XH 700m)H}ehd
of 1/4Hp Agitator§& FA3la ¥d FHo: ZJ|FF To|=E a8l Air
compressor® H¥ 2kg/aif®] FIIE2H AR Q4E £BSHA sttt =,
Bz o] F-f3hs MWZAEY AAE 8 A== o) pvcihdz 2
%t (L 450X W 450 XH 50mm)E& A X]3}eic}.

T, AeFRAE A9 AP ZHE AP 98] 132 "o g Yz}
U AFo] BRFUAY Azl Fol &do] $HHE ANFE A o) 7
getden, o] Fxle] Fa REL oj$ME, EHil7e R, EIAAL £
7] Bolth. &, o|FUELE #P 2| steinless belt(L 1,200X¥ 200m)E £ER
o] &ol3t=F IC motorE F-2 313 o]FWE ]2 nYZEo| A4r} Lols}
=5 Fol E4Hspray)thg &3tk Akl 290 2719 Eapixze 2
8ol glen, EAlFE 27 ¢0.3, 0.5, 0.8mE o] FojA Qu $A® 73
TFe RS AZsiYch $3WL A¥EY] B AALLE ¥ 1~10kg/ai 9]
oM ZEIMSEE o|$UE THE] Fslgict

Z25 Pzizs Ry A2 g AeAxze] 98 W I3 9 ulsx
2lE ¢I3l pump(1/2Hp, 25¢)& Zzt Ax|slm, 2 4298 &UTol stop valve

& gol Y432 2AY 4 UES sy
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Fig. 2-1. Schematic diagram of experimental apparatus




YAFAeldS A8 £ANY © = Ay

7}. Crank-Nicolson -RtabEol 3t YZ4EG AR} o &
FUAEH2 A explicit method®} implicit method & ZIR|E L}ieo]
Ach Axks @AY ke Adst] s 712 g o] &3t dnEES A}
|3t3, FAl= BzEY S AxstZ] ¢lsl 7ixlY gk Egtopuzt mAY Fhol
o8] d¥E W daEe R shue] AW AE T4 EHoi ofof ot
Eol7} 235 = whHolr}, ESE implicit method?] thEA ¢l whH o R (Crank
-Nicolson schemez} fully implicit scheme©] 2iT}. explicit schemed -S¥rx|E
M FolA 7P et Aol st Y] R 27| I 91X FEE
Zax e mel Al FE2 AFZY FEIE o AR o ¢EE v
o] glt}. HWhHol Crank-Nicolson schemed njf-$- A g uhd o g olg|A glor}
AlZE 2ol AAsiA] ¢od &, AFRAE wEsHA] dow £ AFS
27t glrh fully implicit scheme2 ¥i2|Fe] Tzt x5 ob%
3§ Zwold MELHE WA A BEol e Aol YoiH) FNshE
Crank-Nicoloson method RHE H¥31x] 8t thdo] glth(Patankar, 1980).
E oA+ Crank-Nicolson methodE Al&3s}lom, o} 71 A=ltje] )

g dEES 247 thedt o] fEEAch

"73:]0] e

o ZPA W WRoEnt A

o Ay Al aT T 2 aT
—=al—+ ——)
at ar'2 r ar

o Z7] 4 FA=RZA T(r,0) = To



aT

ar jr0, t

T(ro,t) = Ta
o ¢:E
Node=1,

(s+3) Ti,31 - 3 T2, = (5-3) Ti,5 + 3 Ta,j

Node=2, 3, ...., N,
ar Tia, 1 - 2 (1+8) Ty g + €1 Tist,gn
= -ai Ty + 2 (1-8) Tyy - ¢ Tinyg
Node=N+1,

Thet, 01 = To

o1 714

a; = (1 - 1/(i-1))
ci = (1 +1/(i-1))

s = (Ar)¥/(a At)

2] Ma]tji‘:l o] A °:
o 713 : WHE wW¥eoEw Ay

o A ;T T 1 aT
— = a( + — —)
at ar* r ar

o 27 E FA=xA: T(r0) =T

aT
— =0
or |r=0, t



T(ro, t) = To
° iEE
Node-=1,
(s+2) Ty = 2 To,0n = (5-2) Ti,j + 2 To
Node=2, 3, ...., N,
bi Tig,50 - 2 (1+s) Ty g + di Tien, a1
= - by Ting + 2 (1-8) Tij - di Tien
Node=N+1,
T, 41 = To
o 7] A
bi = (1 - 1/(2(i-1)))
ci = (1 +1/(2(i-1)))

s = (Ar)Y(a At)

2 dFolM s EFdZAAle AR YZE 9 wPUE FAE] $13)o
FORTRAN77& ©]-§38le] ZAFH Z2ale /usigdeny, 3y 4 Az:gye 3
2Foll chyt A a2 747k sphere.exe X cylinder.exe® B4 gJExlg @ 1

o] we &A= chew 2l

- Crank-Nicolson schemeofl A 2] A]Zt

r
ol
A
3

&
al



U A3E&TH AT JAREZUA A%
¥ @372 2] Biot number?} 0.1 ©|31Ql A%, & EW g%, 377t of
£ e AR, A AH IF 5 AFEEFUS AL BHRRIAE

&% 4 ort. 3y, AziEy o Hytye] AWM characteristic dime-

3h
T =T+ (To - Ts) exp(-

t)
pCr
L=2r

A7IA T: A2t o IEZEL 2=
To: W52 272=
Te: 38 2%
h: ol R LA+
p:IdZEY] W=
C: e dzEe] wuld
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© 2_7]}_?‘_ : T(V, 0)= TU

(1) Analytical solution
Apaci (1966)52] s)431& Felshe theat ok

© constant surface temperature 7\a,f)= T

ﬂ?’, t)“Tf —

2&’ 3 —_ n+1 nzﬂ'za/t . NIV
To— T " ?;-‘1( 1) " exp(— 7 )sin(F0 ) - (3)




© convection boundary

- v
T )~T; < snM,~MyosM, Mot snh)
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M, —1- hoa
tanM, k
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T-T, .& sinM,—M,cosM, Mkt
T,— Ty _2n=1 M,—sinM,cos M, exp( cpo a’ (5)
{2) Numerical solution
Keun(1994)& H3}E UREELS sy s FUANEYES ol 8T
explicit ¢} Crank-Nicolson®] implicit method® £7§3l3 o|E8] FEE AF

stgrt. ol 4A3E Felshd o3t Atk

(7}) Explicit method

ntl

Fig. 2-2. Grids for single particle of fruits
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or M 247
(6), (7), (8)A& (1)Aof i3t
1 Ti,j+1 Tz
a 4t
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START

Input Data(RI, CS, KS, RHO,
NTPX, TSO, TF, HC, NDR,
DH, TSTOP, TPRINT)

l

L .Time=0 ]

|

Calculate AL, DR

l

Initial conditions set
T(1,1) =TSO (i=1, NP)
T(1,2) = TSO

!

Form the Element of Tridiagonal Matrix
MU, B(1), C(1), A(i), B(i), C(i), A(NP), B(NP)

!
Time = Time + DT

Calculate Darray
D(i) (i = 1,NP)

Call Subroutine Tridiagonal Matrix
TS(i,2)=U()

l

T8(,1) = 78(i,2)

no i@n
<] =
YES
Calculate Mass Average Temperature

l

PRINT T, Tsaverage
(R@), TS(i,2), i=1,NP)

Fig. 2-4. Flow diagram for implicit finite difference method
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Time =0
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Initial conditions set
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Time = Time + DT
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(Time. GE. TPRIN

YES :
PRINT T, (R(i), TS(,2),
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Fig. 2-5. Flow diagram for explicit finite difference method
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Fig.2-6. Changes of water temperature in cooiing chamber



—&— 1.5cm from surface
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Fig. 2-7. Cooling curve of citron in immersion type
(W=166.7g, D=6.9cm, T_=2.0°C)
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Fig. 2-8. Cooling curve of citron in still air cooiing type
(W=152.5g, D=6.8cm, T_=1.5°C)
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Fig. 2-9. Cooling curve of citron in hydrocooling of immersion type
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Fig.2-10. Time-Temperature response for citron in still air

cooling type (T=23.0°C, T_,=1.5°C, D=6.8cm)



3, AR energy balance® FE Fol 23t d&AUI AR glo} 2=
izt gt ZhgshE dutRo s o3t 2 AlzhY $4EA Uehd £ 3l
THASHRE, 1990).

(T_Tc/Ti'Tc): hA/mc t

o]7]A - hA/mc = cooling rate coefficiento]r, Ax WA (w), hi= &3

r‘l[‘

GAT(W/wK), ce vl (KI/kg K)ot

o] A1& semilog® plotting¥t 37|28 7| &7l= WAL EAT 78 dA
th 2l 2 gl JZAEAd UAFUA lag factor, WIZA|E T2 Fie
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€ Surface
B 12R
A Center

Temperature °C(T-T )

. | |
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Cooling time (min)

Fig. 2-11. Experimental data along with asymptotes for citron
(T=17.1°C, T_=3.0°C, D=6.8cm)

f : Time required for the asymptote of the cooling curve

to cross one log cycle



Table 2-2. Cooling parameters and regression coefficients of citron

Condition of sample J C t R?

PVC container packing (10kg)
Surface :Ti=17.1x£0.17C, T=3.0X0.1T 1.007 0.028 24,99 0.928
1/2 R :Ti=17.1£0.17TC, T=3.0Xx0.1TC 1.133 0.022 37.18 0.989

Center :T;=17.1£0.17C, Tc=3.0%0.1T 1.251 0.018 50.94 0.997

¥=115.0g :T:=17.1C, T=3.0T 1.096 0.114 6.88 0.975
¥=125.5g :T1=17.1TC, T=3.0TC 1.123 0. 091 8.89 0.976
¥W=135.5¢ :T:=17.1TC, Tc=3.0T 1.116 0.081 9.92 0.97M

Ty : Initial temperature (C)

Tc : Cooling water temperature (TC)
J ¢ Lag factor

C : Cooling coefficients (minute™)
t : Time to half-cool (min)

R Regression coefficient

W :Individual weight (g)



Table 2-3. Cooling rate coefficient for logarithm of nondimensionalized

temperature versus cooling time

Samples Conditions S1 ope' R?
D=6. 9cm(center) Ti=22.9TC, Tc=2.0C -0.012 0.993
(surface) Ti=23.3C, T=2.0T -0.075 0.893
D=6. 5cm{center) T:1=20.2TC, T¢=3.0TC -0.017 0.994
(surface) Ti=20.2C, T.=3.0T -0.033 0.927
D=5. 5cm(center) Ti=24.7C, T.=4.0TC -0.014 0.997
D=7. Ocm(center) Ti=24.1TC, T=4.0T -0.013 0.993
D=7. 5cm(center) T:=24.1C, T.=4.0TC -0.013 0.976
D=7. 9cm(center) T;=24.37TC, T=4.0TC . -0.014 0.997
D=8. Ocm(center) Ti=24.27C, T.=4.0TC -0.012 0.994

% Slop equals cooling rate coefficients of Eg.(3) and has units of minute™
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—— Computed

€ Measured (center)
E Measured (1/5R)
&  Measured (surface)

Temperaturé (°C)

oo 1 2 3 4 &5 6 7 8 9 10
Cooling time (hr)

~ig. 2-12. Comparision of measured and computed temperature
profile for layer of citron in hydrocooling

- 71—



Table 2-4. Difference between computed and measured temperature for hydro-

cooled citrons

Size Ti Te te Bi Computed Mea Diff-
—— sured ence
¥(g)  D(em) (T) (T) (min) RI) T T T (%)
115.5 6.10 20.2 3.1 60 1.83 0.0000 5.31 4.50 4.70 +11.49
+ + 0.0075 5.21 -
0.5 0.05 0.0150 4.94 -
0.0225 4.53 -

0.0300 4.04 3.70 +8.42

95.5 550 24.7 4.0 80 1.73 0.0000 4.83 4.55 4.90 -1.45
=+ + 0.0069 4.80 ~
0.5 0.05 0.0137 4.70 -
0.0206 4.56 -

0.0275 4.39 4,50 -2.51

124.3 7.00 24,5 4.0 80 2.21 0.0000 6.34 545 6.10 +3.79
+ + 0.0088 6.24 -
0.5 0.05 0.0175 5.93 -
0.0263 5.48 -

0.0350 4.96 5,00 -0.81

130.5 7.50 24.2 4.0 80 2.36 0.0000 6.96 5.80 7.00 -0.57
+ + 0.0094 6.82 -
0.5 0.05 0.0188 6.42 -
0.0281 5.84 ~

0.0375 5.15 5.80 -12.62

136.3 7.90 24.3 4.0 80 2.49 0.0000 7.54 6.12 7.30 +3.18
=+ + 0.0099 7.37 -
0.5 0.05 0.0198 6.88 -

0.0296 6.16 6.10 +0.97
0.0395 5.33 -

139.0 8.00 24.5 4.0 80 2.52 0.0000 7.72 6.22 7.60 +1.55
=+ + 0.0100 7.54 -
0.5 0.05 0.0200 7.03 -

0.0300 6.27 6.50 -3.67
0.0400 5.39 =
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Table 2-6. Treatment method used in storage test of samples

Sample No. Treatment method
A Not pre-treatment
B 1st removal by immersion type washing with water

B-1 2nd removal by immersion type washing with water
Cc-1 Spraying type washing with water

(nozzle ¢0.8mm, air velocity Okg/cf)

Cc-2 ” (nozzle ¢0.5mm, air velocity Okg/cu)
c-3 ” (nozzle ¢0.8mm, air velocity 3kg/cnf)
C-4 ” (nozzle ¢0.5mm, air velocity 5kg/cuf)

D-1 Spraying & immersion type washing with KIRBYCHLOR Tablet
(nozzle ¢0.8mm, air velocity 5kg/cnf)
D-2 By Spraying & immersion type washing with 0.2% liquid detergent
for kitchen (nozzle ¢0.8mm, air velocity 5kg/cif)
D-3 By Spraying & immersion type washing with 0.1% liquid detergent

for kitchen (nozzle ¢0.8mm, air velocity 5kg/cif)

Ay

27

t}.
(1) Ax] : Gas chromatograph : NPD(Nitrogen Phosphorus Detector)

(2) AE QA
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STDSF : STD Area = X : Peak Area

STDSF X Peak Area

X(mg/100mg) = + Sample ¢ X 100
STD Area

=%

(5) Al

¥

GCol Az AL Table 2-73} Zth

Table 2-7. Conditions of GC for residual pesticides analysis

GC Hewlett Packard 5890 series II
Column DB-210 capillary column

( 0.32mm X 30m, J&¥ Co., USA )

Injector temp. 250°C
Detector temp. 270°C
Oven temp. 220°C(hold 3min) - 3.0C/min

- 230C( hold 45min. )

Carrier gas Hellium, 15 psi

Split ratio 1:10

Detector NPD (Nitrogen Phosphorus Detector)
Make-up He 25mé/min
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Fig. 2-13. Chromatogram of standard pesticide components




Table 2-8. Removal of residual pesticides in citron by washingﬂ

: mg/100g)
Pesticides Samples Concentration Tolerance”
Omathoate Fruit 1Y 0.040 0. 2ppm
Fruit I1I¢ 0.226
Fruit I 0.248
Juice® 0.109
Citron-chung 0.174
Methidathion Fruit 1™ 0. 047 0. 3ppn
Fruit % 0.195
Fruit m¢ 0.228
Juice® 0.126
Citron-chung 0.150
Parathion-ethyl Fruit I 0.039 0. 3ppm
Fruit 11 0.475
Fruit Mm% 0.611
Juice® 0.022
Citron-chung 0. 257
Azinphos-methyl Fruit 1 0.058 1. Oppm
Fruit 1I¢ 1.475
Fruit Mm% 2.342
Juice® -

Citron-chung

Koheung
Keoje
Jeju

Washed by spraying on the conveyer for about 3min.

Juice extracted by Belt-pressing type extractor
By citrus of Food Sanitation Act
% Juice and Citron-chung was made from Koheung-citron
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Fig. 2-17. Chromatogram of pesticide components in sample D-3
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Table 3-1 . Treatment conditions for the storage test of citron

Sample ] Treatment condition

A Predrying for 3 days at 15C —> soaking for 10min.in water
bath of 15C— dried for 1 day at 10C— storage
B No pre-treatment — storage

C Hydrocooling of 1'C — removing residual water — storage

% Packing : PVC container

% Storage temperature : 5T and 15T
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Carrier gas
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Hewllet Packard 5830
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S.S. (Parallel type)
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He

0.5 ml

g 2=

A

%

Lx18] Heold LEXHL Hackert 5(1987)8] ®whyeof mie} o3

3 2=

w3lE 0.3 mmg copper-constantan QAUE A4, AFEE 7| 5A(Data Log-

ger, Model : DIGI- STRIP II, USA)E 1& 7tZH o2 AL ZAstrch



718 Helzo] ME YL FRTLL WIS Fig. 3-1o] e
otk ®A, APLE 15TIA FAelT $41 BE HEY BE ARojH M 2
7] RE swolite] F71E RolwA AMRyIZel Aol wet AF 8% Fkx|
A2l A¥FHo2 NAS Frbstel BE ARA o 20% o[4oT Zulstn
FUBAEE AAASA AAT AR A7} The WA Uehont g Alzo]
stol Ael Aol & 4 gglth. 22w ALEE 5CME AF 233 A=
A& AV} 5.06%, AE B 5 .45%, A|® CE 6.14%% v A e Zantags
Bolov AR 82F FHE 10~12% $EOT Ushdrh olsige] et
AR ColH FUp4T 2 olRE SAEH] BHFo| o= AREI|I Zus
7] TEolch,

olotzte AAE mTol B ul, YN ow Axe} B3t 2L okl Ylo]
Mo FUPLEE AR} HE4E, $UNUE SHEH oL AE WY

T ot fRlet 22 HAF N E AFLEo] wfE FATA A= 2

4

A Yel e Aol &g Bake ok 24 Urhin 28 2 4 9

N
3

T

A28 Ao EEL $A| thet 90~95%2] SEE Tiote] AHEE
3L
(<)

Fol AR TFH Fagol oa] 5ol



— 6 —

Weight loss (%)

—_
DS
W
o

-
N

-
O
|

5°C storage 15°C storage

o]
|

0 Y | L n |
0 1 2 3 4 5 6 7 8 3 4 5 6 7 8

Storage time (weeks) Storage time (weeks)

Fig. 3-1. Changes in weight loss of citron during storage
Refer to the sample number of Table 3-1 for the meaning of legends

—&— Treatment A —®— Treatment B —4— Treatment C
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Table 3-2. Changes of moisture content in citron by treatment condition during

storage
(unit : % )
Storage duration (week)
Storage Treatment

temp. (C) condition 0 1 2 3 4 5 6 7
A 88.41 87.13 86.44 86.22 87.28 B86.96 86.22 86.83
5 B 88.64 85.52 86.39 85.82 86.20 85.66 84.52 85.96
C 87.28 86.20 86.88 86.66 87.70 86.78 85.76 B86.16
A 88.41 85.86 85.89 85.15 84.01 86.28 85.60 84.22
15 B 88.64 86.76 86.56 85.90 85.60 85.38 83.30 85.38
C 87.28 86.90 85.42 86.09 86.72 85.06 87.04 84.19

Legend as in Table 3-1
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Fig.3-2. Changes of L, a and b value in citron during storage at 5°C
Refer to the sample number of Table 3-1 for the meaning of legends

—&— Treatment A —#— Treatment B & Treatment C
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Fig.3-3. Changes of L, a and b value in citron during storage at 15°C
Refer to the sample number of Table 3-1 for the meaning of legends

—@— Treatment A —B— Treatment B —4&— Treatment C
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Table 3-3. Changes of pH, Acidity and Soluble solid in citron by treatment condition
during storage

Storage duration (week)

Storage Treatment

temp. ('C) condition O 1 2 3 4 5 6 7
A 3.24 3.34 3.29 3.16 3.10 3.22 3.21 3.12
5 B 3.28 3.24 3.22 3.16 3.41 3.30 3.09 3.08
C 3.27 3.27 3.26 3.17 3.20 3.22 3.24 3.27
pH’

A 3.24 3.17 3.16 3.17 3.19 3.19 3.07 3.06
15 B 3.28 3.23 3.23 3.09 3.24 3.28 3.08 3.10
C 3.27 3.20 3.23 3.01 3.24 3.17 3.08 3.10
A 2.79 3.20 3.59 3.64 3.75 3.73 3.81 3.55
5 B 2.61 3.58 3.62 3.40 3.63 3.47 4.10 3.83
C 2.82 3.34 3.30 3.40 3.79 3.79 4.18 3.36

Acidity
(%) A 2.79 3.89 3.94 4.00 4.08 4.02 4.11 4.23
15 B 2.61 3.50 3.71 3.85 3.88 3.84 3.69 4.19
C 2.82 3.46 3.68 4.33 4.10 4.10 4.16 4.20
A 9.7 9.6 9.6 10.8 10.2 10.3 10.2 10.0
5 B 9.4 10.2 9.8 10.3 3.9 10.1 10.5 10.2
Soluble C 9.4 10.0 9.6 9.9 9.9 9.9 10.6 10.0
solid :
( °Bx.) A 9.7 10.1 10.1 10.6 10.6 11.0 12.0 11.6
15 B 9.4 9.6 9.6 10.4 11.0 9.9 10.2 12.4
C 9.4 9.5 10.1 10.9 10.2 10.3 10.5 11.6

Legend as in Table 3-1
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Table 3-4. Changes of bacterial count in citron by treatment cndition during storage
( unit : cfu/g )

Storage duration (week)
Storage Treatment
temp. (C) condition 0 1 2 3 4 5 6

A 1.2x10* 8.5x10" 7.5x10' 7.0%x10' 7.0x10' 7.5x10' 1.5x10%

5 B 9.5x10" 9.0x10" 7.0x10" 9.5x10' 4.5x10' 5.0x10' 8.0x10

— 01 —

C 7.5x10" 6.0x10" 4.9x10' 7.0x10 6.0%x10' 1.7x10° 1.3x10%

2

A 1.3x10° 1.2x10% 6.5x10%2 7.5x10° 5.0x10° 8.0x10° 3.1x10
15 B 7.0x10" 5.5x10' 7.5x10' 8.5x10' 3.0x10' 6.5x10' 5.5x10!

c 7.5x10" 4.5x10" 1.1x10" - 6.0x10" 8.0x10' 6.0x10"

Legend as in Table 3-1
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Table 3-5. Respiration rate of samples by storage temperature

Temperature( C) Respiration rate (mg COz/kg-hr)
5 33.74
15 74.85
20 113.87
30 138.76
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Fig. 3-4. Changes of respiration rate of hydrocooled citron
at 5°C
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Rgou} 15T Aol gloix= FAT AEB AF 132F 12.4° BB F

13 Rbdol @A 2|3t AR oo} dAAET Al8AE A 75:F 11.6° Bx.

2 A% BET} thd HA FIHY A2 Yeiyth

N

— 105 —



. 5C AAAY fx AuRztE B L3k 2 bk Az FAIgle] A

Aol $A4e) TEFFL BAG fatol ulsto] oF 1/5 42 33.74mg CO;

/kg-hr2 LIELGITE
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A B AEubdel e AAEY YA4R AW AR 5, 1994), 7
F3Fol wlE AAAE) BYND(R 5, 1994) So] HIFo] Q= UHolh

mEd & dFE FARES AE o83 ABANWA N2AEEN BES
Bhoz ol FH guxeid AF, 1F, A A 4148 £AY ¥,
YRR, ME, pH, BE, HEHl o KUY, P4 Y ojualg Bk

Aoy fatel H4g el okgs WEA HEWel o3 AVY fAE

tA
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W UE MicroKjeldahld, HELS A4 Hpioz BAsigln, 5% 2@ Ba
e somogyiHel ¥ EERYOR Zystdon, 7hgH AP TUYEA
(No.501, N.O.W. Co., Japan), %= MXx}A(No.1856, UC 600-1V, SEI SAKU SHO

LTD, Japan)& ol &3te] &3sisicy.

Table 4-1. Formula of citron beverage

(unit:g)
Sample
I-A I1-B I1-C II-A II-B I-c
Material

Citron juice 50 50 50 50 50 50

Water 450 450 450 450 450 450
Sugar 25 50 37.5 25 50 37.5
High fructose 50 25 37.5 50 25 37.5

I: Juice stored for 1 year at 5C after extraction

II: Juice extracted immediately after production

Ll pH, 4t= 9 ojmef AL F

pHE pH meter(No.220 Corning Co. U.S.A)E &A3}gld, At 0.1IN

NaOH& N 0% pH 8.00] © wrix] HAFslo] NaOHE Y] £H]EH &F(nl)& 7T
t} =

o

TFaste = Fibsigivt. opmkef HAE AEFT dAzt At |
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th. wjEl co] &3
vlelal ok 9x1o] B AAIZ IHT YBRE Y, F&, FLYL F
HPLC(Waters UK, U.S.A.)E &A3lad=d], F& £ujE+= 5% metaphsphoric

acidE AMRslgith. HPLCR] EXZAL Table 4-28f Zrtl.

Table 4-2. Conditions of HPLC for Vitamin C analysis

Column ~ YMC-Pack Polyamine 11 (4. 6x250mm)
Detector Ultra violet(UV) 254nm
Mobile phase Acetonitrile/50mM NHsH2PO4

(70:30 % v/v)
Flow rate 1.0ml/min
AUFS 0.16
Injection volum 2011

Column temp. 40°C

gl fEd &4
Sx1e] HE AAZ T3 YEE M, F&, L3I F HPLC(Jasco
851- AS, Japan)E FE3tden, o wf ARe FEHLUEE 50% ethanolE Al
23tgltt. HPLCY] B4 =72 Table 4-33F Ztl.
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Table 4-3. Conditions of HPLC for free sugars analysis

Coloumn Carbohydrate analysis column
Detector Refractive index(RI)

Mobile phase CHaCN: Hs0(80:20)

Flow rate 1. Oml/min

Chart speed 0. bem/min

Injection volume 10ul

of. x]rabe] FHA
|22] R E AASIT A3t 98 10022 methanol:chloroform=1:1% 1t
= &0 100mlE XU 3%, 5% ¥ benzened} 0.5N-NaOH/methanol-& 7}5}
o ZAFAZl F 14% BFa/methanolE AME3le] Wit HEHAHEZE ol

hexane 28 $F&¥ ¥, gas chromatograph(Varian 3400, U.S.A.)E o]-&3le] B

Me

Aty ¥3 EREX 0il Reference Standard Accs No.3(Sigma, U.S.A.)E

ol &3ty en GC L Table 4-49} Zt}.

1o
A
_IZL
ri

A% 5g& ampouled] ¥ F 6N HCI-RW 15mlE 7}8ted N; gas® 307

-~

33 LEAZ F 10T A 24X 7R3t} Jd2ste] 284 50nE R
€, °|& 0.45im membrane filter® ojZ}H Helolu]at AR 20u1E 2)s}o] =z}
tube(6x50mm)of] ¥l 50-60mm torr7} HA RAFTAZ(Waters PICO-TAG  vacuum

workstation, U.S.A. )% T2, methanol:water:triethylamine(2:2:1)-&¢% 30p1E
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Table 4-4. Conditions of GC for fatty acids analysis

Column HP20M capillary column
(25m x 0.32mm x 0. 3um)

Initial column temp. 160TC
Final column temp. 220TC
Oven temp. 100 C(hold lmin)-

5C/min-220C (hold 15m1n)

Carrier gas Hellium, 12psi

Make-up gas Nitrogen, 30ml/min

Detector Flame ionization detector(FID)
Injector temp. 230C

Detector temp. 250C

BVt 23} ZAZAIZCE o]A& FXA| A ¢H(methanol:water:Triethy-amine:
phenyl iso-thiocyanate = 7:1:1:1) 30ul& 7}t 2087F X8 £ 3%} Az
Th& methanol 30u1E H7}ste AF ARSI FEA38le] 238 (Sodium
acetate buffer, pH 6.4) 300u1E Bof EZSE & 10u1% F¢3le] HPLC (Jasco
PU-980 Pump, HG-980-30 high pressure gradient module, 851-AS autosampler,
UV-975 UV/VIS detector, 807-IT integrator, Japan)& o]&3} HEAIstgch =
& EZE ¥+ Anmino acid standard H(Pierce, U.S.A.)E& o]&3lgom HPLCY &

M Z2AL Table 4-58} T},
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Table 4-5. Conditions of HPLC for free and total amino

acids analysis

Column Picotag column(Waters, 3.9x150mm)
Detector Ultra violet(UV) 254nm

Mobile phase A 0.14M sodium acetate buffer(pH 6.4)
Mobile phase B 60% acetonitrile

Flow rate 1.0ml/min

Column temp. 40T

TR HEAMg 23t #r|AHEe] ZAUHLE Likens-Nickerson&x] 2

5to] n-pentane/diethyl ether E3FH&uf 50ml(2:1, v/v)E 24]7F Bt 3|8 E
< FESIAL) o] F& o] FHHEINIEF 282 U5l WA ILoA 12417 %
sty "y F, AL JRFSlolA 500uE B2 1 LuE A
S A=

colon

—

#3} gas chromatograph(Shimadzu QP-10004, Japan)& o]-&3}e £

A
o] uwl] injector port#} detector porte] 2%l ztz} 230C U 250
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column®) &E= 40ColM 38 fx13 thg 4T/min¥ 230CT7HA] T ©
Ea} JlARE £49 B7E EYSIM AMRSIGe™ injector portd] U
0.9kg/cm’ 22 IASE S, injector portd] EIH|EES 1:502F ZAHIIATh
Detector 2= FIDE Algstgon, o] uf BE 7A2A ES ee/min® FF
stgch. coMse] 2L 6cet BYsA stgien AFEE 3.5x10°torr, gaind
2.5 mass scaleZ 1022 3}9]3 chart speed= lcm/min A& Hel& 40~
300, scan speed= 222 3ttt F/IERL L FF index EHEA
n-alkanes (Aldrich, USA)¢] mF-2 A|7tz} 8] Z3}AL} mass spectral datag ©]

&stgich

1}. Dichloromethane & (&ufjF&%)

A& 100g2 dichloromethane 100ml & 23] &3t ¥ F4IEINEEF 10g
& Jhste] WBAIOA 12X]|7F X3 F A3t ISET H B2 AL

B39t 6C-MSe] EMd=2AL Table 4-63}F Ztl.

5. ¥%3 371 @ FAAT

13 A5 N2 PIE Qs VE 671 FASEE 5T Al
= AN A, ¥, W, ANAL ATEE B B ade T4
< A EPRATEL] A7 0B S TSR AFs 57 JEFEReR
fAgRe) BAE NSkl 2T £ AREAe K4 AFES B
4] (analysis of variance, ANOVA) ¥ Duncan?] multiple range test& Z3}o

p<0. 05014 #-2]2Ql Ao|& HA 3T
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- Dewar condensor

o /— Tubi ng
Tob condensor —~—g

Pomrmee &
Ice water in

A O

Bottom condensor lce water out

Stop cock

U-Tube \&
| L»
.*_}

e ' 3-Neck
Round flask "“ijgg

: vertical
By Heated flask
water bath i
#(50TC-60C; - 0il bath(120TC-1307)
Heater

Fig. 4-1. Likens—Nickerson extraction apparatus
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in citron juice

Table 4-6. Operating conditions of GC-MS assay for volatile components

GC

Instrument

Injector temperature
Detector temperature
Pressure

Column

Carrier gas
Split ratio
Detector

Oven temperature

MS

Instrument

Ion source temperature
lonization Voltage(EI)
Ion source pressure
Mass Range

Scan speed

Shimadzu QP-1000A, Japan

2307C

2507

O.ng/an

HICAP(BP-20 Capillary column:
0.22nm i.d.x50m in length),
Wall coated with polyethylene
glycol, film thickness 0.25um
He(0.7), Air(0.6)

1:50

FID

40C (hold 3min)- 4C/min-230C

Shimadzu GC-MS QP-1000A, Japan
250C

70eV

3.5 x 10° torr

40-300m/e

2 second
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5
£ AAY HF A5 A 2 Sl iy FEEE FAsIch 1Ea £

) B4 nhnEREs) - ANE AFs UE WA0T B wol A
T ¥ upfstel 0.5m HEE 236 3] HAS 1600rpmOE HHAA HE
¥ T}, 100mesh?] S2pE FHAIA AZE 9T
YHARZI]  AIE AHT] 0IE VRO F wop A WRE

—
N
~
it
—

& dnBE2 ZIV|E +APLE Azt uAT Watel] A FH W2 by
t}2, 100mesh®] o3}& FHAA AR sholch

) MEAIRZT]: MEse] nlE ¥ZHoF A He AAE F 150mm, Zo]
4.5me] et zjAL] WE (VOLTA FOOD BELTS, Model: FMW-4.0,U.S.A.)E AM&
slo] ZEZslolrt. HEI AEFLS 100, 80meshd] AFAYIE BIAHA AR
AHg-st Tt
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A3d A d %@

1. Bax1od gxie] 24 vz
AZ, AR, TFA B4R} HEA HEFUS o8 TFAN 41 HEY

o] WP EL 243 A= Table 4-73} Pt}

U, @egs 889 U S4B 234 S40) BE PUS Ui 5B
AR K27 71 e TS Ushidth HEde) Qe ¥ 23

€ 192 A3ste 5 2, @99d, 3E, U, seE S dRe =2
‘%’iﬂé— Holz] ¢fgtor}, $E9 B I A= Fisiglon thide yske
0.1x8 =2 ZEAE LElIT)

o, A=, 7184 P& ¢ vlel c8 33 AN Table 4-8), A-{=}olA
AT B W2 piY B2 AI=E Hoon), s184 IyES wlEl o= 2
Aol 718 &2 UFE viehych wieldl cof /183 THELS 27 AR g
ol 383 FESZ(VIFIAREYS], 1989) o] HAE TFalo] SRIA A=
st7lol o $2 27L& 23 98L& ¢ 4 vk wh|(Brix/acid)E AR Ato]
718 &3 AFate] b RokEdl, ole A=At BEI &3 HFale] Wr}
$7] miEe] ofuel Ak= ] XojolA lelite & 4 lgth.

HENS AH&ste] AP A3, 197 AAystEA p

=, 7H88 3EE, vlel ¢ @ ©rahn)(*Brix/acid)= 4 o=y E3 ulE}

He 3718 2oln, 4t

Rl C= 50% olg Z4Elddrh. 197 A3l ulet 7184 8ol gdo] ut

°Hle ZtE $20] S7Hdel otet Ariges vehts Azte} @ 4 gz
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Table 4-7. Proximate components of raw fruit and juice of citron

Compounds Moisture Fat Protein

Ash Reducing Carbohydrate

Sample (%) (%) (%) (%) sugar(%) (%)
Raw  Keoje 87.7+0.23% 1.1340.01° 0.78+0.02° 0.69+0.01* 1.90%0.01"°  8.60%+0.01"
Fruit Kegju 87.040.36° 1.0940.01% 0.80%0.01° 0.49+0.11° 1.81+0.01® 8.18%0.02"
Koheung  85.3%0.05% 1.08%0.01% 1.07:£0.01* 0.64%0.02° 2.94+0.01°  9.49%0.02°
Juice 1 92 5+0.06° 1.07+0.01* 0.51%0.02° 0.44%0.00° 2.57+0.01®  5.01:0.01°
11 89.8+0.01° 1.10£0.01*° 0.60%0.02° 0.47%0.01* 2.61%+0.01*  5.08:0.01"

I : Juice stored for 1 year at 5C after extraction
I : Juice extracted immediately after production

Means of three replication = S.D.

Means with the same letter in the same column are not significantly di fferent(p<0.05) by Duncun method



Table 4-8. Chemical properties of raw fruit and Jjuice of citron

Compounds pH Acidity Scluble Vit C Brix/acid
solid ratio
Sample (%) (*Brix) (mg%)
Raw Keoje 3.63%0.01% 1.52+0.01° 9.4+0, 06® 56. 880, 40° 6.18
Fruit Jeju 3.1620.02°  1.88+0.01*  9.3+0.10® 37.3440.98° 4.95
Koheung 3.68=+0.02° 1.75%0,01% 9.8+0.15% 64.24%0.54% 5.60
|
.l:; . a ab h b
T Juice I 2.831£0.01 5.23%0. 01 9.01%0.06 16.71£0.51 1.72

I 2.67%0.01° 5.83%0.32° 10.61+0.06° 36.89+0.23" 1.82

I : Juice stored for 1 year at 5C after extraction
II ¢ Juice extracted immediately after production

Means of three replication * S.D.

Means with the same letter in the same column are not significantly
different(p<0.05) by Duncun method



T, ARAte] A=E Y Z3HTable 4-9), W7IE UehiE L3 34
=& Uehle bzt BEF Axate]l 712 £2 #AE Uehrh o 2d 2 ¥
=eo] fgo] WEFF L, blo]l EolRITHKHE 5, 1983)= HAE nmjfo| & of

AZA 27t 29 @ Wz Papo] wrHe A & 4 Uk

Table 4-9. Color value of raw cirton

Color L a b

Sample

Raw Keoje 57.0x1.15 -0.500+£0.02 30.2%1.74
fruit Jeju 54.11+2.20 -0.042+0.00 29.6x1.52

Koheung 55.2%1.30 -2.20 £0.10 27.9%1.03

Means of three replication + S.D.

_QL:

Zol W 1 2ZFdoT AR Y AEFLT olu|xE] ALE SHT Z
FHTable 4-10), FAL 14U AZHo wigl 45 UshEE 2FY 12
M)A A RE 1-4, B, C7} ZA IIE ZMsjA] A Rg 1I-A, B, CRT} U

& 7+ Uehigich
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Table 4-10. Amino nitrogen of citron juice

II:

Juice Beverage
Sample
I 1 I-A 1-B I-C -A I1-B n-c
Amino-N(mg%) 37.8%0.12° 39.2+0.12° 4.5+0.11° 4.5%0.11°® 4.5%+0.11°> 5.9+0.11® 5.9+0.11° 5.9+0.11°
I :

Juice stored for 1 year at 5C after extraction

Juice extracted immediately after production
Means of three replication = S.D.

Means with the same letter in the same row are not significantly different(p<0.05) by Duncun method



2. e

fElge HPLCE AT AN Table 4-11), AfAlolA Hal®l o] ERE
fructose, glucose, sucrose, maltose 47}Z|E, fructose?} glucose: ILZ-Alto]
A 7 w2 THE EYeul,  suwcrosews AAAtAN 7MY &2 L B3
31, maltosei= 0.4000A4 0.42 Alo]E A|RZF Xtol7h glgich. AA Rel"ol glof
ZAAUE B, AAARS sucrose’} 41%E A B2 v]&E *A|5t glucose
L 21%2 Yotot}, TEARE fructosel} 37%F & H]SE X}A]S}3L sucrose=
2052 e Boladr}. 3t A =ik& fructose, glucose, sucrose”’} ZHzZ} 35%,
22 T/ ddrh ol iAxPEHE /A Ky z4u|rt
2% 2= AL BoFo, mandarinoll:= fructose’} 0.9%, glucose 1.4%,
sucrose 4.7%% sucrose’} A
AN Xjol& EArh

F9L 154 AR WHE ZolEE 94] sucrosed] ol FH2d 19

A Said ek 67%E xRSt 9li:=(Shaw, 1979)

.

) zFsto]l w}a} sucrose

fr
de
Y,
ok
B
>,
it
2
[0
c
3
8
|
<o
g
X
o,
B
i
32
lo
AW

fructose: A2l Z+2 S Hrh

BRA W BEAL AL C2 AET A (Table 4-12), AAe} BF
Aol 71 &2 &R ¥REC] A A2 linoleic acidgich. WA BFAE
AR linoleic acid, oleic acid, palmitic acid & €22 & v&FE >}

Alstsdl, o] 3FF A Watel AA A|wpate] 85-90%F ARAISIAL glgitt. AHA]
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Table 4-11. Free sugar content in raw fruit and juice of citron

Compounds Free sugar(%)
Total
Sample Fructose Glucose Sucrose Mal tose
Raw Keoje 1.27£0.02 0.94%£0.04 1.85%0.02 0.41=x0.02 4.46:+0.03
fruit Jeju 1.52%£0.01 1.34%0.02 1.11+0.02 0.40%+0.01 4.37X£0.02
| Koheng 1.6120.03 1.44%0.02 0.86+0.03 0.42+0.02 4.33%0.03
8
|
Juice I 1.17£0.01 1.10%0.02 - - 2.27%0.03
II 1.17%20.02 1.16%0.03 0.06=£0.01 - 2.39%0.03

I ! Juice stored for 1 year at 5C after extraction
IT : Juice extracted immediately after production

Means of two replication % S.D.
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Fig. 4-2. Chromatogram of fatty acids in citron juice 1
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Table 4-12. Fatty acids composition of raw fruit and juice of citron

(unit:%)
Raw fruit Juice

Fatty acid Keoje Jeju Koheung I 11
Capric acid(10:0) 0.7 1.1 1.3 - 2.8
Lauric acid(12:0) 0.4 0.6 0.7 - 1.1
Myristic acid(14:0) 0.3 - 0.3 - -
Palmitic acid(16:0) 14.7 13.7 16.8 17.8 20.6
Palmitoleic acid(16:1) 1.0 1.2 1.7 2.7 -
Stearic acid(18:0) 2.8 2.5 2.5 - 1.5
Oleic acid(18:1) 22.6 24.1 23.5 21.6 25.2
Linoleic acid(18:2) 37.9 38.3 34.5 39.7 31.6
Linolenic acid(18:3) 14.7 14.4 14.9 18.2 17.2
Arachidic acid(20:0) 1.7 1.6 1.0 - -
Eicosenoic acid{(20:1) 0.4 - 0.3 - -
Behenic acid(22:0) 1.2 - 1.0 - -
Lignoceric acid(24:0) 1.6 1.7 1.5 - -

I: Juice stored for 1 year at 5C after extraction

II: Juice extracted immediately after production
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HE By ARG 384 O 240l ALl Za HFAE] ALe: myristic
acid, eicosenoic acid, behenic acid 52} E7Ix| ASER] ¢t x|utxto] 9lad
th ZEFAe] AR 193 AAe] whal I ZAJo) efzte] Wyl gley 2

FY 1Y 2HFEY I EF palmitic acid, oleic acid, linoleic acid, lino-

lenic acid7} 95% B =& Xpx|3t3 gigich

4. Folulxbzt §eloful et

Fohj Atz frelotn] itk HPLCE B3 A3 Table 4-13 W 4-149} 2
th "=, Folmliite] HeFE B Y[t} HE Y aspartic acid, glutamic
acid, arginine, alanine @ prolined] 57}%] ojnji=4to] H& H|&E T-8F o]
AdEd, FRFL Aol M U 2EFAL AALY] ¢oldrt. g

FA2 197 Mol wiel Fotmjiite] Aol of 3mgr F=Hol AR

felom| At M {2te} 2tZ Ao A aspartic acid, serine, prolineo] &2
BLEE FREC] gl Folukitolls AEEA] UL cystine® 2.4-3.1mgx TH
go] glgitt. A A feElotneate] TFFE B Folulieitoqots
gl el JHY EokR, AFAL AAAre] $olddrt. whebA giat WA
T HHol e Fotuliate] o3t felotu|iate] v E(RE]&) IF4to] 7}

% Erhe A& € F %L ZEFAed lolAE Foluiitzie W] 1WA
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Table 4-13. Total amino acid content in raw fruit and juice of citron

(unit: mg%)
Raw fruit Juice
Keoje Jeju Koheung I 11
Asp 47.14 86.25 79.16 125.27 119.85
Glu 63.26 72.07 | 62.39 49.94 58.91
Ser 42.62 39.72 37.22 24.87 26.26
Gly 29.76 30.62 25.97 7.16 8.83
His 17.51 9.95 8.19 2.90 4,20
Arg 85.97 82.69 73.99 38,52 32.42
Thr 19.07 24.04 23. 44 4.30 5.29
Ala 50.25 56. 22 53.62 45,50 41.00
Pro 95.30 128.85 116.18 67.79 92.24
Tyr 23.21 24.50 20.40 9.82 6.56
Val 36.78 41.25 34.89 30. 64 9.71
Met 16.14 17.15 14.49 17.63 8.41
Cys - - - - -
Ile 30.15 33.62 28.10 7.26 8.96
Leu 50.11 58.72 46.73 8.79 18.18
Phe 44.75 44.84 40.10 6.58 6.61
Lys 42.99 45.04 39. 56 6.30 8.7
Total 695.01 798. 52 704. 41 453. 00 456.16

I: Juice stored for 1 year at 5C after extraction

IT: Juice extracted immediately after production
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Table 4-14. Free amino acid content in raw fruit and juice of citron

(unit: mg)
Raw fruit Juice
Keoje Jeju Koheung I 11
Asp 26.42 46. 84 56.79 62.19 94.03
Glu 16.03 17.84 15.21 21.75 36. 43
Ser 67.84 66.29 101.68 43.55 53.55
Gly 14.10 7.80 11.68 0.76 1.72
His 4.73 - - 3.74 2.67
Arg 14.67 16.07 - 8.86 11.72
Thr 2.41 2.50 0.78 4.42 1.97
Ala 11.84 11.77 18.36 11.31 18.70
Pro 61.43 95.14 103.31 33.93 59.37
Tyr 3.88 373 3.78 - 1.37
Val 3.22 2.74 2.52 1.22 1.42
Met 4.10 4.54 4.70 5.97 6.12
Cys 2.41 3.12 2.56 2.72 2.90
Ile - 5.79 4.36 1.47 1.54
Leu 1.43 1.02 0.70 - -
Phe 2.04 1.60 2.06 - -
Lys 5.12 2.46 2.35 5.00 19.07
Total  241.67 278.95 331.84 207.35 313.36

I1: Juice stored for 1 year at 5C after extraction

I1: Juice extracted immediately after production
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zzoy 3} Zol [19] FFJ|PES Likens-Nickerson FX| & ©|-&¥ A%

the vl ZEAste] I A)A 35t FQAHEES Table 4-150] LR

ZZupE 2 6|23 o] dichloromethane &8 Z-¢ A3 Ldsht
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Table 4-15. Relative amount of volatile flavor components in citron juice

L D™
Peak No. Compounds
I II I II
1 d-pinene + ++ + +
2 ' B-pinene = . . N
3 Limonene B O s HHHEt
4 B-terpinene 44 i +t bt
5 d-terpinolene ++ 4 + +
6 Myrcenol + + + +
7 Linalool ++ 44 + ++
8 P-Menth-3-en-1-0l ++ ++ + +
9 B-terpineol ++ 4+ + ++
10 d-terpineol +H+ e + ++
11 B-patchoulene - + - _
12 Patchoulene - + - +
13 - ++ - -

Carvacrol

*Likens-Nickerson simlutaneous distillation extraction method

*Dichloromethane extraction method

I : Juice stored for 1 year at 5C after extraction

II : Juice extracted immediately after production
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Fig. 4-3. Chromatogram of volatile flavor components in citron

I by Likens—Nikerson extraction method

juice
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juice II by Likens—Nikerson extraction method
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Fig. 4-5. Chromatogram of volatile flavor components in citron

I by dichloromethane extraction method

juice
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Fig. 4-6. Chromatogram of volatile flavor components in citron

II by dichloromethane extraction method

juice
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Table 4-16. Sensory evalution of citron beverage

Sample 101 201 301 401 501 601

Color 3.1+0.97° 3,1%0.83° 3.0+1.02® 3.8%1.02*° 3.5+0.94% 3. 7+1.0%
Aroma 3.2%£0.96° 3.2+0.94* 3.1+0.88° 3.5%1.13% 3.4+1.10° 3.4%1.04%
Taste 3.4%£1.10° 3.6+0.89° 3.2+0.97° 3.5+0.94> 3.6%0.85° 3.4+1.13°

Overall acceptability 3.5%*1.04° 3.4%0.93% 3.3%£0.95° 3.5+1.04° 3.7%0.80°: 3.4%1.00"

101 : I-4A 201 : I-B, 301: I-cg,

401 = II- A, 501 : II-B, 601 : II-C

I: Juice stored for 1 year at 5C after extraction
II: Juice extracted immediately after production

Means of three replication £ S.D.

Means with the same letter in the same row are not significantly different(p<0.05) by Duncun method



Table 4-17. Juice yield extracted by centrifugal, pressing and belt

type extractors

Sample Centrifugal Pressing Belt
W¥hole fruit (kg) 1.96 1.99 5.00
Crude juice (kg) 0.52 0.40 0.65
Finished juice (kg) 0.48 0.38 0.63
Yield (%) 24.49 18.09 12.60
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