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Effect of Dietary Supplementation with Citrus By-product as
a Vitamin C Replacement for Juvenile Olive Flounder
Paralichthys olivaceus at Low Water Temperatures

Youjeong Kim, Chorong Lee, Jachyeong Shin and Kyeong-Jun Lee*

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Korea

This study examined the effects of dietary supplementation with citrus by-product (CBP) on the growth, feed uti-
lization, innate immunity, and histology of the gills and intestine of juvenile olive flounder Paralichthys olivaceus
during low water temperature season. A vitamin C-free basal diet was regarded as a control and five other diets were
formulated that contained 30 and 300 mg of L-ascorbyl-2-polyphosphate (LAPP) or CBP as vitamin C equivalents/
kg diet, or the antibiotic oxytetracycline (OTC) (designated as control, LAPP30, LAPP300, CBP30, CBP300, and
OTC, respectively). Olive flounder (initial body weight 44.6+0.32 g) were fed the six experimental diets to apparent
satiation for 9 weeks. Growth and feed utilization were significantly higher in CBP30 than in the control and LAPP
groups. The lysozyme activity was significantly higher in CBP30 than in LAPP300. Enterocyte height was signifi-
cantly higher in CBP30 than in the control. The number of goblet cells was increased significantly with LAPP30,
LAPP300, and CBP30. These results demonstrate that CBP can reduce or replace vitamin C and antibiotic in the diet
of olive flounder during the low-water-temperature season. The optimal CBP supplementation level seems to be ap-
proximately 1%, which is equivalent to 30 ppm vitamin C/kg in the fish diet.

Key words: Citrus byproduct, Vitamin C, Antibiotics, Feeds, Olive flounder

M B Ul C7F 2" 4, A%(Lim and Lovell, 1978; Dabrowski
etal., 1990)2} % & (Verlhac and Gabaudan, 1994) #]5}+= &

ulEf] C (Vitamin C, L-ascorbic acidyiz o i-20] -4/ 80 2 Alg 43l tha 44| Z7HDurve and Lovell, 1982;
A Q) A S-S 913 B G T shtolti(Jaffe,  Li and Lovell, 1985)€ichal B E|9ict. Adw)7|(letalurus
1984). AbehS 3 GA-Rol = BlERl C Edol Zedta punctatus) (Durve and Lovell, 1982; Li and Lovell, 1985),
#¢] L-gulonolactone oxidase7 £ A{5F2 got A} o] = th A Ao} (Salmo salar) (Hardie et al., 1991; Waagb@ et al.,
7551 (Woodall and Ames, 1997), &0l ol A= Aol 1993), F.2]7j4:01(Onchorhynchus mykiss) (Navarre and

=7Fs3 A2 Hi1E S c(Dabrowski, 1990; Moreau and Halver, 1989) ¥ 15 (Epinephelus malabaricus) (Lin and
Dabrowski, 2000). T3} superoxide2} hydroperoxyl radicals, Shiau, 2005)o)| A %= BEF C] AR U] H7H= A A Holg

aqueous peroxyl radicals, singlet oxygen, ozone, peroxyni- T A A AL Z7HAFIck L B g Qe HEH] C= 4, &
trite, nitrogen dioxide, nitroxide radicals ¥ hypochlorous acid Lo} 8 9 H F of uf- BoFA ] wj o) o] 5 K5}
OF Z2 A Akt A T A7) Aok EAe R A A LAY o] 8ES =Y = A= HIEI C Fefofl o

] A 7]7e B s Halliwell, 1996). o} FARR W He} 3t A7} AR 91, 1 A} 1A Q= A v]E C7} 7R A
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Aalial B a1E QI t(Waagbo et al., 1991).

AR EIEE AR FA, A, R 5 e AE 3
g2 ik eh(Chung et al., 2000). 2|, = 1 Ak
9] 10-20% (%1 60,000-15,0005)% 7FEAe]si 9lom, o]
of whet 17+ 30,000-80,000%2] 771 FAHE (722151
o] AAHEtH(Korean feed association, 2016). ZH258H(Cit-
rus byproduct, CBP)2 &84 B3z, flavonoids, T|d|Z-
2 HE CE oh Hshe Aes deA lek(Bampidis
and Robinson, 20006). 7F&o] 5019+ x4 AHejgdyd &4
% 3tel flavonoids:= polyphenol| SFHE=4 a4k} 3¢
o, FAS, LU =], Fatele s 5o thRt 45 o
o (Kawaguchi et al., 1997; Cha and Cho, 2001), T, B -
£ 23Rt HoRkg ¥ A|aL o] /o] Jaks 71Xtk Bl
%] 3lth(Manthey et al., 2001). |23 CBPx= o|-& ZAjjglo] &=
ol Bkl i H71E2 HgE o] =AY &2
A=t ol= 244, AAF R g A7F HaL Qich
2|, CBP= &, &, Al 53 22 7hs5E AR eA 9
o] 874 o] HIE At Yang et al., 2006; Jung et al., 2008,;
Yang et al., 2008). 4] o] ol A= HAF7 B o+ O] vl
£ Y3l @ A](Lee et al., 2013)2} Z5(Pagrus major) (Song et
al., 2013; Lee et al., 2015)& 4422 CBPY] o874 &
71 ot

WAl 92U Btoll Al 714 Hro] AATEL S slkepA] ojolct,
dubA o g Sff YA A = A0 R JYeA]7] wiE
of o] gk Aol - FFSHHMIFAFF, 2003). whehA
2] HAFA oA = AR A 2ot o sl HEAE
S ARESEAL Qlet T E YA AR et
A Ol tiet WS S7HAI71aL, o9 |l S #|5HA7]
L A= 2eSIcKSmith et al, 1994). 0|2 s A7 98]
probiotics?} A& 7|RFC &2 3 WA HASTA A+t
Z7Fkal Q)& F=AthHKim et al., 2007; Aly et al., 2008; Kim
et al., 2010). =} HX| Ao A= VHSV(viral hemorrhagic
septicemia virus)@} 2 Ap27] Ao = QI FA| A Q1 &
7 = Ao Z B EITHKim et al., 2003; Kim et al., 2009).

2 A ol A= W HEzkEEe] o HlEk CoF A
Al HAAZA o] 7HsAdS AR Y8l Ae719] FA
2015 o= E, AlR RS, H|[ 504 H e 9l of7jn]

o o] 22308 B4 AN

iz &

F-|>l U‘UZI

>
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ez

AR O] 2702 Table 10 LR ATk, Tha 2l 0 = 2%
o] (extracted fish meal)} caseinS AME-SF L A A S

=2} g4 H]ER] C el LAPP (L-ascorbyl-2-polyphosphate)
2} CBPZ= 712} 30 ppm (A%5%), 300 ppm (AsE)o 2 3
74at AFART, OTCE 0.5% A71sk A2z % 67
9] AP AR E AR5 THCon, LAPP30, LAPP300, CBP30,
CBP300 and OTC). AFAI= O] A2t= B 7] & o835l &
= AR ES QA AT T, A4 AR S AlR A 3o w
o} Zatsloilth £ & AFRY T oF 30%e] et S
= H718ko] AHREE7](NVM-14-2P, Gyeonggido, Korea)
& 23 vhEsilnh. EdRtsES 47 WA 27](SMC-12,
Korea)E o]-§-5t0] 217 3 mm 27| = A3l AJFsk3ich A2t
A AR sAART| A ARAA ADet 27|12
7H5e 3 Atasa A ol ARSI

stof AlFdishal A& sfofateldt AR o] $akglnt. o]
ol oF 33 Bt Al viFALR S FEEtHA AFE
& s AR 5 Ao ARSI WA Ao
27)G A 4461032 9= & 18712 150 L 93 Ze|=
gl xo Zh 2 30ube] A 2R & v 2|t Tt AR
= o sieE ARSEe] 2 Lmine] o] 335
5 283 B ARl 24kt FAIE 9I5te] oflo]
2ES ARSI A7) A7t S A2 A
F2(13-15C)0f elEshdet AeALR F-2 1Y 23](08:00,
17:00)0f] vhFol A 958 &4k v L R A

M2 24

—_ =

tu

AeAFE0] QURAE BA1S AOAC (1995) W] wef 4
2 A7HEAERH(125°C, 3417, 2382 AR 3]sk
(550°C, 6A17T), T Ae gtz B 7|2 2495190
, AW Folch et al. (1957)2] Wi ol w2} Soxhlet &7
A% olgatol AT AFARS] HER C 24 Lee
and Dabrowski (2004)2] o2 BA31¢c},

AEERE & AFE, AARAER S, IIEE, s
a8 9 AELS AT AFE(WG, %)=100 X (final
mean body weight—initial mean body weight)/initial mean
body weight; AFEA2E&(FCR)=dry feed fed/wet weight
gain; U7HILE(SGR, %)=[(log, final body weight-log,
initial body weight)/days] x 100; T2 42} § 8(PER)=wet
weight gain/total protein given.

Zk =zt gutg]| 9] o] 75 FAR A¥Esto] 2-phenoxy-
ethanol 1200 mg/L)©.2 T}3{A17] %, 215]% FA17]1E A}
gato] n|rgmo|A Bl Qe 8 vkl 5 4 vl of
F9] o2 g|ulelS #}2|3}o] hematocrit, hemoglobin & Ti]
AL A 3 (nitroblue tetrazolium, NBT)E A3} ¢itt 4 3
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Table 1. Formulation and proximate composition of six experimental diets for juvenile olive flounder Paralichthys olivaceus (%, dry matter

basis)

Experimental diets
Ingredients Con LAPP 30 LAPP 300 CBP 30 CBP 300 OoTC
Extracted fish meal 28.00 28.00 28.00 28.00 28.00 28.00
Casein? 31.00 31.00 31.00 31.00 31.00 31.00
Dextrin? 16.00 16.00 16.00 16.00 16.00 16.00
Squid liver oil 11.00 11.00 11.00 11.00 11.00 11.00
Vitamin Mix® 1.00 1.00 1.00 1.00 1.00 1.00
Mineral Mix* 1.00 1.00 1.00 1.00 1.00 1.00
LAPPS 0.0000 0.0086 0.0860 0.0000 0.0000 0.0000
CBP® 0.0000 0.0000 0.0000 0.8824 8.8824 0.0000
Antibiotic’ 0.00 0.00 0.00 0.00 0.00 1.00
Taurine 1.00 1.00 1.00 1.00 1.00 1.00
Cellulose 11.0000 10.9914 10.9140 10.1176 21177 10.0000
Dietary nutrient composition (%)
Protein 47.7 47.7 47.7 47.7 48.2 47.7
Lipid 131 13.4 14.9 13.0 13.1 12.7
Ash 7.19 6.71 7.15 6.72 6.82 7.53
Total ascorbic acid® 10.9 28.6 302 29.8 310 9.40

'White fish meal (vitamin C free), Rukoss, Russia. Fish meal were extracted by 70% aqueous ethanol (water: ethanol=3: 7) for 48 h. *United
States Biochemical (USB), Cleveland, OH, USA. 3Vitamin premix (vitamin C free, g/kg of mixture): retinyl acetate, 1.0; cholecalciferol,
0.05; menadione, 0.2; thiamine hydrochloride, 4.0; riboflavin, 4.4; D-pantothenic acid hemicalcium, 14.5; pyridoxine hydrochloride, 4.0;
cyanocobalamin, 0.01; miacinamide, 30.0; folic acid, 0.48; D-biotin, 0.2; myo-inositol, 40.0; a-tocopherol, 10.0. “Mineral Premix (g/kg of
mixture): MgSO,.7H,0, 80.0; NaH,PO,.2H,0, 370.0; KCL, 130.0; Ferric citrate, 40.0; ZnSO,.7H,0, 20.0; Ca-lactate, 356.5; CuCl,, 0.2;
AICL.6H,0, 0.15; Na,SeO,, 0.01; MnSO, H,0, 2.0; CoCl,.6H,0, 1.0. *L-ascorbyl-2-polyphosphate, DSM Nutrition Korea Ltd, Soul, South
Korea. °Citrus by-product: ILHAE Corporation, Jeju, South Korea. ’Aqua OTC 250, Ewha pharmtek, Kyeonggido, South Korea. *Total
ascorbic acid (TAA, mg/kg) was determined by dinitrophenyl hydrazine spectrophotometric method described Lee and Dabrowski (2004).
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Hematocrit-> %_ £2]7](Micro hematocrit VS-12000, Ko-
rea)of| A 10 B2+ Y412 8]31o] 243519 1L, hemoglobin 4]
2 *§§}FP—‘:T‘—H7](SLIM SEAC Inc, Florence, Italy)& ©|-8-3}
o] 24314t} Hematocriti} hemoglobine UWHA 0 2 o7

AFAIE O 9l ] AR BE 2AeH= BAgE o @A Al
A F ol T o] 7o) A7 YHIE A o' gelsty] Qs &
g5kt

A U lysozyme activity:= Hultmark et al. (1980)2] ¥
o2, SOD &42 Superoxide dismutase kit (Cayman, Ann

Arbor, USA)E o|-&-sto] #A81ieh. @4 Wf Ig #4112 Si-
wicki and Anderson (1993)¢] EAulHo 2 & 4 U MPO &
A& Quade and Roth (1997)2] Wl 0 & BA43514tt. NBT+=
Anderson and Siwicki (1995)9] ®IH-S- 7| 2 2 A5}t

ZIS{Efetd BA

|->1

2AGEEA B4 98] 2 g Aol R 3t g
2 X¥3}o] 2-phenoxyethanol (200 mg/L) 8210 & ul3
2, 2 ol o] AR, A 4ES DA FHE S5
£-9] g5 A4} T} Hepatosomatic index=100 X (liver
weight/body weight); Relative intestine length=100 X (intes-
tine length/total length); Viscerasomatic index=100 X (viscera
weight/body weight); Condition factor=100 X fish weight (g)/
fish length® (cm).
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APAL= 9] vl 2= 22 A 2 ¥ (Completely randomized
design)& AAI8H511L, A= SPSS (Version 12.0) L& 12
< 0]83}e] One-way ANOVAE E7] 2459t} dlo]g gk
o] §-9J 2= Tukey's HSD (P<0.05)Z B|138}¢ich. HlojE &=
Btk + EEHAH(mean + SD)E e Qlet. WE-EH o] g
= arcsine ¥ gho. 2 FARA 9t

47E, AR EE, EE)E Table 20 Uehfgieh
§8-& CBP30 A9l77} v, LAPPS 7ish Ao}
W] FojA oz otk Alrdeka a2 CBP30 Ao+
7F LAPP300 A%} B asto] §-21 2] 0 = Wit} AXHIH
£-2 CBP30, CBP300 A1 37} thz3to] H]sf] G270 1=
o0, LAPPOL OTCAHEAE Bl 49 OTC A7} &=
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Table 2. Growth performance of juvenile olive flounder Paralichthys olivaceus (initial BW: 44.6 g) fed the six experimental diets for 9 weeks

FBW! WG? FCR3 SGR* PERS Survival (%)
Con 56.5+0.812 25.6£3.52° 2.12+0.14® 0.32+0.04° 0.99£0.06° 90.242.29
LAPP30 55.840.15° 25.4+3.05° 2.22+0.08% 0.32+£0.032 0.95+0.04° 83.1£2.66
LAPP300 56.1£0.44° 25.6+1.66° 2.26+0.302 0.32+£0.022 0.94£0.142 85.0£13.2
CBP30 64.3+5.93° 42.6+12.8° 1.24+0.16° 0.50+0.12° 1.72+0.24° 86.5£12.6
CBP300 59.3+0.48% 33.7+2.53% 2.09+0.76% 0.41+0.03° 1.09+0.36° 79.7£17.6
OTC 58.8+1.79% 32.445.90% 1.880.26° 0.3910.06% 1.13£0.156° 93.3+11.5

Mean values of triplicate groups, values are presented as mean+SD. Values in the same column having different superscript letters are
significantly different (P<0.05). 'Final body weight (g). *Weight gain (%)=100%(final mean body weight—initial mean body weight)/initial
mean body weight. *Feed conversion ratio (%/day)=dry feed fed/wet weight gain. *Specific growth rate (%)=[(log, final body weight-log,
initial body weight)/days]>100. SProtein efficiency ratio=wet weight gain/total protein given.

Table 3. Hematological and non-specific immune parameters of juvenile olive flounder Paralichthys olivaceus (initial BW: 44.6 g) fed the

six experimental diets for 9 weeks

Hematocrit (%) Hemoglobin (g/dL) Lysozyme (ug/mL) SOD' Ig? MPQO? NBT*
Con 22.843.53 5.11£1.07 44.5+8.73% 75.24£3.93 12.0+8.88 1.9120.17 0.2310.05
LAPP30 24.5+1.39 5.07+1.71 38.0+£16.3% 71.3£7.76 13.9¢1.75 1.8410.24 0.2110.02
LAPP300 22.9+2.13 4.0410.41 29.8+4.202 76.916.30 10.8+4.58 2.04£0.12 0.1940.01
CBP30 22.6+3.91 4.32+0.95 62.2+9.46° 72.9+4.92 11.1£2.73 1.73£0.15 0.20+0.05
CBP300 23.4+3.61 4.50+0.98 55.5+10.4% 74.1£16.0 11.1£2.59 1.86+0.17 0.23+0.10
OoTC 24.5+4.82 4.27+1.03 47.1£10.6% 70.1+3.38 11.0£3.03 1.68+0.20 0.23+0.04

Mean values of triplicate groups are presented as mean + SD. Values in the same column having different superscript letters are significantly
different (P<0.05). 'Superoxide dismutase (%, inhibition). *Total immunoglobulin (mg/mL). Myeloperoxidase. “Nitro blue tetrazolium

activity.
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Table 4. The morphological indices of juvenile olive flounder Paralichthys olivaceus fed the six experimental diets for 9 weeks

Liver weight (g) HSI' Intestine length (cm) RIL? VS CF4
Con 1.37+0.28 1.8520.21 14.4+1.46 71.0£2.59 6.13+0.15 0.89+0.03
LAPP30 1.52+0.30 2.21+0.28 16.2+2.52 81.1£10.1 6.66+0.46 0.87+0.10
LAPP300 1.30£0.22 1.95+0.28 15.0+1.28 75.6£5.43 6.32+0.57 0.86+0.02
CBP30 1.67+0.10 2.110.21 14.7+0.81 72.3+4.70 6.09+0.17 0.93+0.04
CBP300 1.18+0.19 1.84+0.21 13.3£1.33 68.8+5.57 6.05+0.23 0.86+0.08
OTC 1.22+0.33 1.79£0.23 15.4+0.95 77.4+5.90 5.84+0.18 0.85+0.09

Mean values of triplicate groups, values are presented as mean+SD. Values in the same column having different superscript letters are
significantly different (P<0.05). 'Hepatosomatic index (%)=100x(liver weight/body weight). *Relative intestine length (%)=100%(intestine
length/total length). *Viscerosomatic index (%)=100x(visceral weight/body weight). *Condition factor=100x(body weight/total length?).

Fig. 1. Gill histology of juvenile olive flounder Paralichthys olivaceus fed the six experimental diets for 9 weeks; Con (A), LAPP30 (B),

LAPP300 (C), CBP30 (D) , CBP300 (E) and OTC (F) ; Bar: 100 pum.

o] A4, g1 7o), enterocyte height, HIAMA 32 4= =4 2
F}= Table 5of LeRU 2lct. & 2] 7 o] A= LAPP, CBP, OTC
£ A7t A7 24t Hal =2 gk WERH AT 1+
914 ¢l ztol= Tt A W g = Zoli= LAPP300, CBP30 A
&17F CBP300, OTCA gt} vl mste] o2 0@ &2 gf
S B9t} Enterocyte heightol| A= CBP30 A&7} thZ24-
of Hlsl FoHoR =2 32 Btk 53], A Wl siidAlE
(Fig. 2)9] <~= CBP300= A 2]3F LAPP, CBP, OTCE %7}
S AP 2o v awsto] f-o) A 0= =2 7k Helrh

2
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A7 A 9] At e A, Ak U LAPP, CBP, OTCS]
A7he 1A Aofe] 4RE, AEAdgtas, eddga s

Table 5. Morphometric parameters of juvenile olive flounder Para-
lichthys olivaceus intestine fed the six experimental diets for 9
weeks

D! VL2 EH? Gc*
Con 983488.7 13446.93%°c 19.242.14% 402457.7°
LAPP30 1157174 137+7.40* 23.3+2.67%* 636169.8°
LAPP300 12141170 14619.77° 22.4+1.22% 595+26.0°
CBP30  1077+199 140+2.97¢ 23.6+0.48° 641+26.4°

CBP300 1091+57.6 1280.91%> 22.0+0.60%° 452+32.0%

oTC 1175£33.5 123+2.332 21.2+1.15°® 586+70.0%
Mean values of triplicate groups, values are presented as mean+SD.

Values in the same column having different superscript letters are
significantly different (P<0.05). 'Intestinal diameter (um). *Villus
length (um). *Enterocyte height (um). “Goblet cell.
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Fig. 2. Changes in number of goblet cells in the intestine of juvenile olive flounder Paralichthys olivaceus fed the six experimental diets for
9 weeks; Con (A), LAPP30 (B), LAPP300 (C), CBP30 (D), CBP300 (E) and OTC (F); Bar: 100 pm .

FOIH 02 G AT £ ATl hAAOR e 4
e Ate Ae27]ol AYEAG oo A Aot
AL SFATHKim et al., 2008; Lee et al., 2015). 422 01 57-9] A
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A AgkEo] AR ETHChoi et al., 2002). Song et al. (2013)2
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uo] 47} ol 5O ARl JaEe vAA) Eakgrka
Hskgle} sHA| R & A-tol A= CBP30 AFRE A3 9 4]
of| A Tz LAPP30, LAPP300 Atz & A1 53t ' %] B] 3]
oo R =2 Qe i ASa &S Bt vE 2
< 4EOIANE CBP30 A3 Fol A fojdoR =2 d4E
< 22l o]3+= CBP Well b EA5h= A 21243 polyphenol
Al 2khE izl 2l o= Abm ) Song et al. (2002)°] 25}
W A ads H7iet A ollA M7kehA] ok ol
H|3l| §o]A o g2 =0 JA=29 Halrh Lee et al. (2015)2 2
F2 Ao ¢ AelA] LAPP 3-& CBP7} 171 A9 T
et fo0R Re P Bk Bustg
o} SRAJRE & At AR = o 4= ¢l CBP W A S &
A wte] oAU S sl 7449 A7t Wad Ao
2 ApR Itk AR AR oA CBP A7} LAPPAIE T
of u]ol) & &S ). o] g4 ekl €31 LAPP A7}
of u]sl) CBPo] T Ztelo] gl Hel uleh Cof 4717} of
7O AT AlR A Sl o FeE Aoleke 7S ST 2
e} ALREY,

Lysozyme o 5.0 AAw o] 9lo] Fag 24 % shfo]
t}. Lysozyme= Aot Al3ZH 9] peptidoglycan®] 7}~ E3lE

Fjels AAaRH AEZHS Bofisto] et avkE UERdTh
(Branen and Davidson, 2004). #& 2|o]E Al 2 3t ol
(Song et al., 2013)0| 4= =25} Wagha25aS AL
=l 2+t 4%, 8% 5= = A7lste] 957 33t $- lysozyme
S ST 1 A3 HE C 77 54X o
Zto] vlsf SR AEEE 4% 7R AR felF e
B 2 lysozyme S-S Helow, At H=aksEks AUt
g Aol A= oAl Aol fARAIRE thtof vl =
& 7S Bt & Aol A& lysozyme 24 23}, CBP30
o] LAPP300:.t} 24 & = =3k o m, th 419} Bl asto] 3=
& 7A%E Boloh Rk BAbe] wtulEEe] gt F9] |
A2y ANE Hlwdt Aol M B E A= E1E T Al
2o} B AlE2] Z710] ZAE % ck(Park et al., 2008). 0|42
lysozyme 23 0] =341 o= FHatol A5k flavonoids
o] HAkefEel o3t Ao Attt Fato] i oRE
polyphenol 9] gHitelsat 52 52 ol o) gd A&
53f o|u] 93 F ch(Kim et al., 2006; Choi et al., 2010; Khan
and Dangles, 2014).

HIEH] C7F A e dojef FAlEo M= 7198 (ST,
NS, <&, o7m], A=dn] o] ARzl A HIGA), A&
R 271, Baeot 84 EE, % triglycerides®t
cholesterol=2] S71et 242 SAES EITHNRC, 2011).
E3F, Agl7], YR, S%(Oplegnathus fasciatus) 2 o]
(Lateolabrax japonicas)ol| A= 2321t} HukEo] H iy
AUTHNRC, 2011). & Aol A= A7 717to] 972 ZHdAIR,
2 toll A of7fa] A9 9] B3 u} greto] | Qlrk(Fig. 1).
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op7bu] A 9] et} FEH F- e CYf oy A
A & 71 WA UEReE SAYo | tH(Halver et al., 1975). Lim
and Lovell (1978)2 27| & tid o2 1253k vlgpl C 2
I AYE AR Ax}, vigl C7F A9 E ARE SR of
9] op7ujof Al A o] M AZA|Lo] HARE QI A] ]
A=o] ®go] = kAL HAskqie). & Atol| A = HlEt
HIC7H ARE HE2ARRS Folg 9219 oprfm]of A B/
ol 2ASE| k|9l ar, LAPPR} CBP7} 3 7He AEAR
£ golgt YAolA e op7tu| 22 o] Mg o] AR A 5o
=4 CBP Yol ok EA5}+= Hlekdl Co] f50] 23] o
] Qekar A2

of = GG ollv#] Hsto] whet 43k FEfol| A Zfo]
£ Holw, I Zpol= JYH ®ste] A #= AR-EHTHA-
ams et al., 1996). T3] AF&-E]= |2 HSIL} VSI 5-0] it
(Odedeyi et al., 2014). CobiaZ thAro. & vlebl Co] H7}5
ol w2 Gk vlaeh Auh HSIO A 241 Afo]= Hoj
A SEQIAITE vlE] C 7 HEo] S7HdE R 3he B3
+=Hl(Zhou et al., 2012), o]t Ait= & AP A2} FASH
St} T3, Zhou et al. (2012)2 B9} VSIS 24 A1}, H]
B CE 7R A7 2t vlsf] foldos w2 3t
= H vkl B skl

FHO| Ao F7h= 4 W FUAE W8 2okt g &
£ 80|37 3™ (Delashoub et al., 2010; El-Bakary and El-
Gammal, 2010), enterocyte Z0]&} F2of u}z} 1 4= 50|
AR AL &2fA 3tk(Branddo, 1998). £ IR0l A &) & 2]
73 54 A, e APTolA £934I Afol= {lde SHA|
1, LAPP3003} CBP30S A7}t A7} OTCH7} A%
FHTh fOH 02 e §1 o] Byrk. o]t OTC 2t}
LAPP2} CBP7} o}5:9] 4.8} g4 B golahrtan a4iat
= AAeE 53], vletnl Cof -2 84 e B 5129
A M| Z2EE 71 WA G4 Eoh(Wilson, 2005). Entero-
cyte 210|122 Az}, 277} CBPI0AF T 1|3 £-2]
Ao m o AVE Heled, o= HIEl Co] Aol o34
she} AbREY,

WA AL 2 AR A ol A Hm|E Mol AAtel s ol
S 5o, B|E oL Yo 2 RE FUYE BIsFE o
3+9 SHCHEllis, 2001). E3k Ak 3k 9 W2k ALalAIE AL

19} 0]5-& U&s7 sh= A Tk (Smirnov et al., 2005).
vl AgA| 2L 0] 4= $iSHE kel Aat, dj 217} ok A7 AR
of vlaf| frojA o ® e =25 H etk 53], LAPP A9}
CBP30 ol A & 9] VA 5 H A=t ol H
B C A7 N EHE esto] Bt o2 e AU S 2
Sot=t] Holgt A o7 ARk 3ES o = 3851
AFFAR oA = 7 ] 22V o] Hll Al 2 2 4= HStof A -9
Q1 Zpol= gl AN Zha kg atolu att=atEato] 17t
H ATolA FFH o= WS A 7 BRI

ol |

=

fr

]

7hed W RAA oA at 21

B EtH(Lee et al., 2015). w2kA] A= Y] CBPY] 7=
2] of| A o B A| 22 =5 ST A W E SRS 71 & = Q)
11,34 vIE CE & thAlstAUY 2 A = & A
2 AbEETh AL CBPE ¥ i gS wf = CBP7}E 4] 2] ¢
O] A AlRaE Y H|5old HeoA Bl =& AiE
Ko 2 ¢fo] Abm W 3HA Y] ARE-E Eol AU 2 A
Sli=t| CBP7} AHE-E 4= Q)& A 0 & Alr H T}

AEH o2 Atw U faEzkgete] vk ARE, AR E,
EE, HIEo| 4 Y3} 225HA] Wslof| A o EA|7}
U AR AbrE T HEAEEre| vhek ARg-of gigh 3714
ol A7F B astARk BlERY] CoF YA A A =M A=
OF 1% W2l o] asF Abgofl= A8 A7} §le AL drte
BRI 18 AN 2417 B 4 glon, 55
] ubago] WIHIR A 271014 Y2 AR U] 4 H7 AN
g BIE CE A 4= 912 Ent ofu 2 3 A| AR
O] PO AHAY g S Y = US AR AIRH

My rlo e

Al AL

o] E-E 2016 ARSI BF&AFATHZ SAR L

u.
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