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Abstract

EEEE

The purpose of this study was to investigate the effects of green vegetable (kale) juice powder supple—
mentation on lipid profiles, plasma homocysteine, folate and vitamin B2 in rats fed cholesterol (Chol.) or Chol.
free diet. 7-week old male Sprague Dawley rats (n=40) were divided into 4 groups, and experimental diets
containing control diet group (CO), control diet plus 0.5 wt% Chol. (CC), control diet added with 5 wt% kale
(KO), control diet added with 5 wt% kale plus 0.5 wt% Chol. (KC) were fed for 8 wks. Plasma homocysteine
level was examined by amino acid analyzer and serum folate and vitamin Biz level were measured by com-
petitive radioimmunoassay methods. In various serum lipid profiles, TG level was lower in kale juice powder
groups (KO, KC) compared to the corresponding groups (CO, CC) (p<0.001). In Chol. supplemented groups
(CC, KC), HDL-Chol. level was lower (p<0.001) and LDL-Chol. level was higher (p<0.05) than Chol. free
diet. HDL-Chol. level was higer (p<0.05) in kale juice powder groups. HDL/LDL ratio was lower in Chol.
supplemented groups (CC, KC) and tended to be higher in kale juice powder groups (KO, KC). Serum folate
and vitamin B levels were not affected by dietary Chol. and kale juice powder supplementation. Plasma
homocysteine level was not affected by dietary Chol. and kale juice powder supplementation, too. Serum folate
level was positively correlated with serum vitamin Bz level (r=0.5632, p<0.001), but plasma homocysteine
level was not significantly correlated with any serum folate, vitamin Bi2 and Chol. levels, respectively. In
summary, kale juice powder supplementation have improved serum lipid profiles by increasing the HDL level
and decreasing the TG level and have not altered homocysteine level under the sufficient supply of folate
and vitamin B complex relating with the homocysteine metabolism.

Key words: kale juice powder, cholesterol, homocysteine, rat

M OB 72 QA% A Atz AA L] 3 o] ool o] B A F %
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F2 9] Sprague Dawley +7 33 & 7| B8
on] A&t} FA ol A8 7 F, A Sl ute} ‘T}H“S(ran—
domized complete block design)ell &}sl 109te]¥ 472 =
H535le] z}7] P F 2] o] (control diet, CO), | 28| = 2]
o] (CO +cholesterol(CC), # Y (kale: Brassica oleracea ace-
phala: KO) 2 -3¢ ~ 8 Z-7) 4 (KO+cholesterol: KC)¢J
Aol =2 877t AbSE ATt

A @A) o] = Table 13} 2ro] eh3} 2 Al .
2 FHE N E

i
-3

Zupe] )
Fo = 3tod 65:18: 1002 FA ) =

S st g -

oo}

(g/100 g diet)
Experimental groups”
CO CC KO KC

Table 1. Composition of experimental diet

Ingredients

Carbohydrate” 65 65 60 60
Starch 52 52 48 48
Sucrose 13 13 12 12

Protein 18 18 18 18
Casein 179 179 179 179
DL-Met. 0.1 0.1 0.1 0.1

Fat 10 10 10 10
Soy-oil 5 5 5 5
Beef-tallow 5 5 5 5

Mineral Mix.? 4 4 1 4

Vitamin Mix."” 1 1 1 1

cMc” 2 2 2 2

Kale juice powder - - 5 5

Cholesterol - 05 - 0.5

PCO: Control diet, CC: CO +cholesterol, KO: Kale, KC: KO+
_cholesterol.

IStarch : Sucrose=80 : 20.

®AIN-76 mineral mixture (g/kg of mix): CaHPO, 500; NaCl,
74; KoHeO7HO, 220; K2S0s 52, MgO, 24, MnCOs, 3.5;
FeCsHs07, 6; CuCOs, 0.3; NaxSeOs - 5HO, 0.01; KIOs, 0.01;
CrK(S04): - 12H:0, 0.55; sucrose, finely powdered, 118.03.
YAIN-76 vitamin mixtrue (g/kg of mix): thiamin HCl 0.6,
riboflavin 0.6, pyridoxine HCl 0.7, nicotine acid 3, D-Ca
pantothenate 1.6, folic acid 0.2, D-biotin premix (1%) 2
cyanocobalamin (0.1%6) 1, retinyl palmitate premix (250,000
IU/mg) 1, DL- a -tocopherol acetate 100, cholecalciferol
(400 000 1U/g) 0.25, menaquinone 0.05, sucrose 990.
Carboxylmethyl cellulose sodium salt.

Ze AWT AANEE AA, AR, 24, 224L A
Az=E A=, o] 52 257] Al odlA4 100 meshz U 2}
o 38} 1 o} A] 60 mesh2 AFAHH(F) EF-4]. Az
Ao Aedeke] B84 Aol 47F AAE Ad =L
A AzAA ERINE FEA L, 5N AL Ax
T &L o suATh Az HHELE 2ol Ao
5%(d HAD12,18) 5 AHrlstlom, S 2ul 8T 4+
Alo] A2 0.5% FF(19)2.2 F7}ale] AgAlo) S A x5}
Ak Ald =52 kA ¥ AR = Table 290 Zﬂ*}%}"ﬂ\:‘r
Aol AAe fd AR Azkel 2HHAT, A%
1 el 13 22 A 7ol S skgl o, 2 o) 9 &2 A
| S5 shadeh AHo10 B8 H o] AE A
F BF7FES Aabete] 4 APTEY Ao A S (food effi-
ciency ratio, FER)-2 A4 th AMg-A 2] 22+ 22°C, &
= 18%, 2P F7le 124702
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Table 2. Compositions of kale juice
(per 100 g edible portion)

Nutrients Composition
Caloire (kcal) 14.00
Water (g) 95.73
Ash (g) 1.06
Crude fat (g) 0.20
Crude protein (g) 0.77
Carbohydrates (g) _ 2.24
Total fiber (g)" 05
Na (mg) 49.7
K (mg) 221.80
Ca (mg) 67.30
Fe (mg) 0.21
p-Carotene (mg) 14.00
Vitamin C (mg) 19.40
Folic acid (ng) 349.10

<Source: R & D Center, Pulmuone. Co. Ltd.>
1)Ana]yzed by Korea Health Industry Development Institute.

Qo EAo] o] Feial w7z -70°CelA B33}
Y XEHME 2
3 o] & 292 H E(total cholesterol), 43 X9 trigly -

ceride: TG) 2 HDL-cholesterol-2 enzymatic colorimetry
methodE ©] &% kit2((F)3q33, d&) 243
LDL +VLDL-cholesterol2 Friedwald®] #|4:2](20)9l 2
3 ArEstodcl

>~

A gu L HEE B &

=k
A 94 2 wea By %Et A4 §91929 Ra-

dicasssay kit(SimulTRAC-SNB Radiocasssay Kit Vitamin
B12(*'Co)/ Folate("™1), ICN Pharmacetical Inc.) & o] &8}
y —counter(COBRA 5010 II, Packard USA)Z &4 3l3 ¢}

J FIAAH]C &

51 A} 350 ulol| borate buffer(pH 9.0)2} dithiothreitol-&
}°3?5}°:1 FRA2EH QS FAA A o] F1F e 3 RA
2~#| 2ol internal standardZ L-nor-leucine(Singma Chem-

ical Co., Louis, Mo, USA)3} 20% sulfosalicylic acidg %7t
g 3, 4°Col A 3,300 rpm &2 158 2F |4 ekt A%
o 100 uL-g o}v| x4k 41 7](Bio 20 autoloader amino acid

&m?t

it g 32l FFl

B 177
analyzer, Phamacia Biotech, Cambridge, England)°ll <
ato] 3R A 2EH QS EAEE 2. o] o &Fq 7} I3
=8 g9 F4-2 247 20 uL/hred 25 pl/hrojom, 3.2
A2 Ej9)le] 584 2% D L-homocysteine(Sigma Chem-
ical Co., St. Louis, MO, USA)-& AF&3}9it}.

EAHEN

RE $29 EAEAL SAS(STAT Version 6, SAS
Institute Inc., Cary, NC, USA)E o] &3slo] A Ajslgd 2w,
2E BAMATE meant SEMe g FA st} Aol F4
223 AYEF L BFo] F AA, A 2EH] 2
AL o] vx = E9E two-way ANOVAe] 28 f2]
22 5 <005 a<001 € ¢<0.001 3l A=}t ¥
A9 E7re] A A E4]-L- Pearson correlation test®

&2 Table 3¢ #| A% v}}
A% F7hE Aol & (FER)
FE L6 wik, o3 HFEH)FH iiﬂ*ﬁﬂi <

Ztell 25} %315& G HA) YE A E et =
2k (kcal/d) 2.2 3HAHSF A ol = /‘;l%:l"ﬂ")ﬂ u
2) g} 2po) & Ho|x] Wsketh. Park 59 A7(12)ell 4 =, I3
ofl Al A4 (5% diet wt.)E 652k a5 A3, Alo] A
b7t ZFAd R A A AES R & Aol S Bo|A] Yo}

_uq,«ou B TA A,
E7(27.2% Fra)doh A
Eﬂ%’ﬁﬂi"(élél 3% 7&5:)"1]/‘1 Y ZA AAslgort = =
dadE FEE ST ET} T2dE wel g &

2|k kg wbA) ¢istel HDL-E4 28 &3 LDL-F# &

Table 3. Body weight gain, food intake and food efficiency ratio of rat fed experimental diets for 8 weeks''

Experimental groupsZ)

2-way ANOVA

CO (n=10) CC (n=10) KO (n=10) KC (n=10) Chol.”  Kale” CxK”
Total body weight gain (g) 175.4+t4.94° 177.1£3.30 167.814.32 1795+7.87 -9 - -
Food intake (g/day) 18.7+0.43 183%0.14 18.8+0.28 195%0.34 - - -
FER? 0.17+0.01 0.17+0.01 0.16%0.02 0.17+0.01 - - -
Energy intake (kcal/day) 789+1.82 77.2£0.59 782+1.16 81.1t141 - - -

"’These values were parts of our previous study (14) and analyzed by 2-way ANOVA test.
2CO: Control diet, CC: CO+ cholesterol, KO: Kate, KC: KO-+ cholesterol.

¥Mean = SEM.
"Chol.:
*Not significant.

S Food efficiency ratio.

Cholesterol effect, Kale: Kale effect, CXK: Cholesterol and kale interaction.
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Table 4. Concentrations of serum lipids of rats fed experimental diets for 8 weeks”

Experimental groupsm

2-way ANOVA

CO (n=10) CC (n=10) KO (n=10) KC (n=10) Chol? Kale” CxK"
TG (mg/dL) 19.6+7.03Y 53.716.08 36.1+2.25 29.9+2.66 -3 - -
Total-Cholesterol (mg/dL) 1187x138 103.7+7.80 1100£579  114.0*=8.86 - - -
HDL-Cholesterol (mg/dL) 7161723 53.4x5.06 912442 61.6£6.29 Hokok * -
LDL-Cholesterol (mg/dL) 339+14.8 50.6+7.37 116*14.1 46.4+8.49 * - *
HDL-Cholesterol/LDL-Cholesterol 2.11+0.13 0.99+0.20 6.84%0.12 1.18£0.19 *kk - -

'I)These values weré parts of our previous study (14) and analyzed by 2-way ANOVA test.
PCO: Control diet, CC: CO+cholesterol, KO: Kale, KC: KO+ cholesterol.

“Mean+ SEM.

“Chol.: Cholesterol effect, Kale: Kale effect, CxXK: Cholesterol and kale interaction.

Not significant.
"<0.05, “p<0.001.

B & e —°r Alo] Ze 2o &9 o o] pepr}, HDL-
A 22 FAAEHEAH I (CC, KO vl el F-Zd 2
HE7(CO, KO)OM 2l 8HAl 3325 (p<0.001), Hhe) 2
LDL-Z8 £ 8| & 2 2d 84 717(CC, KONA 2]
SHA = 3teH(p<0.05). FHE 2o XF T HDL-E¥ &
H.E FFoll At Rl g o ko] viebyh el (p<0.05), 4
2 H BN (154% F7h R rhe T2 28 7 (274% 5
7hell A o ge] Z7lstgich LDL-ZH 48 & F 2 29
2H &3 B5E A3 AL el £29H A S
ARt 53 B o3 s 295 ¥k HDL/
LDL ¥] &S S| 2el &3 7ol A §2 514 Yokon(p<
0.001), =F E3d elde 53 FZd 28 ET(KOT)
A Zrtslgd ot & BF: e grog Qe EAHeR &
2|k Adg bR Fagih Aol FH2HEE B3
(CC)3l, HDL-FH 2~H & 52 zhastg o, ol
55& 2Eslo] i (KCT) TG 52 2H4astz HDL-Z
H2E & 752 U8k, FHRFe] i EF A A
B fA8 =Y 22 T2 AL o 5 sk

2 Q7Y e) Al T AR A D EFA)0] ) T wai
(22)0], 87 AAFF viA = AF= F FH 2w Bl
TGell= F8 &g vlA%] 3¢l o}, HDL, LDL+
VLDL % atherogenic indexoll= 4 3-& V1A, % =) 5|

< HostA MAA T E Aoz el B A Aste) &
*P?‘f}aiu}.

Nicolle 5(23)8] ddFolA= dF oA T2 HAEA7) A

25 85 ZFT00% diet wt.) A3} = 2 FH Y E
FFo] dR2F R} §-281A Faste] B drAvte} ozt
o] ztolF Bt oo} A Ao HBH o 2= Ag Ao

249 Aol z 4 ez AR At 2ol & Aol &
Nicolle 52} F-(23)ell 4] AH&9 A2 ko] okt e
F2 HEFEL(G% diet wt)] BF 0.2 % HDL-Z#2H|
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2 FES F/RIAL TG 47 A2 WF AR
o] N fAR EA7h AT & Uit A EA AF
o Frak Aol ft A ZeladES FRE AT
olgh W Wl e £AA7)E Aroz & delA ol 23,

24), ¥ Aol AFEgE AY HHEEY F Aol sk
100 g Ao]= 0.5 g2 2 Nicolle T(ZS)«] o Fol| A Ab-L-3F

Aol M §-2] k(5.2 g/100 g diet) Bt} vf-% Fo} Ao]AdF4
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= M8E A 2o o HDL-2o 288 S8 2714
AT 58 8316 SE7 b £ 48 A
0.001)0] Sol sk, Selukeb= Aol ul sk W3 TG 527
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Table 5. Concentrations of serum folate, vitamin Biz and plasma homocysteine of rat fed experimental diets for 8 weeks

Experimental groups’ 2-way ANOVA
CO (n=10) CC (n=10) KO (n=10) KC (n=10) Chol”  Kale® CxK°
Folate (ng/mL) 38.17£0.98 3898£0.75 38.40+0.95 37.060.82 -4 - -
Vitamin By (pg/mL) 448111867 522.6%34.32 591.5+£66.22 525.8+18.66 - - -
Homocysteine (kmol/L) 5.02+0.39 5181062 5.09£047 6.46=0.71 - - -

YCO: Control diet, CC: CO+cholesterol, KO: Kale, KC: KO+ cholesterol.

PMean+ SEM.

¥Chol.: Cholesterol effect, Kale: Kale effect, CXK: Cholesterol and kale interaction.

“Not significant.

8 frel gt 9 3Fg WA] $¥ghth(Table 5). Al U 9] At =
1458 ug/100 g 2. 2(26) G4t Fadel vl w-& Ao,
ﬂ] oé 11:5 100 go]]_‘:_ 349.1 ugg] ogx].o] zﬂ»o 0-1 o} 1,}
(Table 2), H&Ewe] BEo 7 GAELE7} 2814 =X
B AL, HES B G4 AH o] % A7) YE A
o An¥Y & 93 GAEEE KA Z7H4917]
S84 A 94 wEee] A% 1 kgD 5 mgelolof @}
= 52AY w27} ol ool v & APEL
3% Aol ww F W g2 et AV 1) 82

o,
e

SRAAH]C 55
g4 Z A 2]l FE= Table 59 vhebd wpe} 3o
E5E% E-E% Alo) Z#|2d & B3l o] f-of3h J &
REX] ¢ 2 Vel 2853 o) A F oA Fal 2|
B F(2% diet wt)A o] & 1557 A H A 2] dFfolie dE
A 28E 5 S A ¥F ERALHA FEE
Z7bE Q1 oh28). el o] A% B Ao] FH ~HE oF
o] B 379 AgAelnr) 4u} o FHAHE A}
e uel M2 o2 AH22)E B £ F JlenE,
F2lol A4 F gako s 857 ALSE B Aol 4
AHAQl wlart oj@ . &H, Sasaki 5(27) iﬂ]"ﬁﬂi
B Z(2% diet wt.) . I EAHEI S o 3 ]oﬂ
Al A=) A ¢§4H0.003 vol. %=5 mg/kg AF) S
T A, 5 ga =7 728 *57}5}‘5‘1, e
A 2] FE7} F 54 At vtar gt w2k 55
26 o) 84 A 2] FE7F 3R] 2 o]
=, 4 A %ﬂ nie} zro] =55 53l BE A 4
9] ofo] Hof, FF PAME ohE} T RA2H L FE HA
W 3} 7] 7] %3‘} Rnoez Az}

32 Plotnick $-9] d-7(25)el] 939 A2
L ANAT BEA 7] Aop A5 FRA2HQ Fes WE
&)%) orgror} ¥ F ;<]71ggeqo] 7}]/&—]%% B w3 =3
%T FRA2de FEE WEsHA| SR 53] F

O F&e] dxFnrl §o3A F71sted, g BA 2
Q¥°1 A er T YA F] NO ¥4 58 & 4
A7 2 9)eg nastynh 22 AT nEEA 26

m&m m{o o

F AA &t

e

Hzo Zal YWl £E £ A7]3(29), prostacycline?]
w2 A8t (30), A A& FHEBL3DE FHHE
o 7]e A3lAF) = e R Bt Sasaki $(27)
2 22U 2EHEEEE A2 AR A G4 BES)
W 8% 292623 HDL-2 ¥ 28 E 52 HiHA
ol H A Awlo] AR = F3h, E3 7|52 &4
A= g3tE oty slginh gepa B Ao e ¥
#7)15 B A TEL AR g} BFAIG A 25 Wie]s]
o -3k ol 9l o} B5EE B 3A b= A E A
2 gtel dint g 28 5o A7 o], 8F TG wx9
ZH29} HDL 559 712 43 A=A e AAdel o7
Zolrd, HE WY gato 2 Q7 T E A 2H gl A} W}
= Fae] A2 ez Amdd

T FRA2EQ, P H BB Broszol Jut
Table 6= ¥F T RA 269, G4k7} vl el By, 5%
Aol e} A#pAE vebislet. B85 A4kt wlEsl B &
EAbololli= o) & ko] A8 (r=0.5632, p<0.001)0] &3t
sgon, 5 zw}ﬂa ol FEE 4t 2 vErd B &
E AfolellE B fro] 3 A#Ad o] AAE A ¢fgheh g
TollAl BF ERAXE FE7 TRALE ] dAfel] #
A5 uleknl BE2 5 Abelell 2] Aol A=
orl(11), 2 FAAE 53] G4t ZRA 2 Q] Aboel &
7 &) AR o) Qlgol RS AwkE3). 1y B o
b, Wl Elsl Bg 9 B el B E0] Bl S it
2 3 AFGBlME o1 5 vlER] FEo F TRA 2
Q) F=E Abelel frol g A o] AFH A FE& It
£ A7zt fAbskglh S & A7) Aol ke

B 23k 3R A 2 Q] A} #a vieknl BBt Bo)7b 32
%#% 2 FFHA A, 558 ST Ak 3] BF
EALEH Sl TR ot F%E A 4

rr-ii‘

rO

}°1

Table 6. Correlation between serum homocysteine, folic
acid and vitamin B2 levels

tHey Folate Vitamin Bz
tHey" 1.0000
Folate -0.0297 1.0000
Vitamin Bz 0.2834 0.5632™" 1.0000

YTotal homocysteine.
“*Significantly correlated at p<0.001.
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