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Assessment of the Bioavailability and Nutritive Function of
Genetically Modified B-Carotene-biofortified Rice by Using Wistar Rats
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Abstract The purpose of this study was to investigate the bioavailability and nutritive functions of Nak-Dong rice or
genetically modified 3-carotene-biofortified rice (GM rice) in an experimental animal model. Wistar rats fed either GM rice
or Nak-Dong rice did not show differences in bioavailability, growth, organ weights, or visceral fat, suggesting that the
nutrient content of GM rice is compositionally equivalent to that of conventional Nak-Dong rice. In addition, GM rice
showed improved nutritive function in terms of increased defecation, decreased lipids, and decreased blood glucose.
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AFe7|ee] dxo g oust 83 F4E e AE
Aol AugtezM FHAAFAIZ FHAH A E A (Genetically
Modified Organism, GMO)E°| th¥stAl 7BE= L Aok(1). 4
AE A2 F, S, 53 4 5 T8 AESe] AxRA,
E, ¥ AL AYUEE /fEso] FPHoZ o §=7] AF
shAX JAFZ7 AFEE, AT 715 Hs}, o
il F4A 2 A A TY EARE FHIE URieR
AAH 2 Slrh. A FeME T Fo 78 GMOE°] A
I Qo) B2 ¥ GMOEC] FYHIL den dA7HA|
443k GMOE fle AAolth23).

A AA 1T wE o]do] FAO R o]gdte Fag A
He Ae FE EAAHY S AA R JHEte] o]gH =],
o] 7% Wnloll& Fe, Zn, vitamin E$} vitamin A 52 %47}
ZasHl Ek@). 2o 9 F48 A7) e W
o2 & vlfol provitamin Al B-carotenes P =E FE
ASAIZ] 32 (golden rice)e] 7N ATHS-8). FFES] caro-
tenoid B2 vitamin A ZHEE S3HA7|H, AA Y =shiA,
et 23 5 YA TISAE T & & AThO-11).
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Hrolof ghrk(12). ANHE O R GMARES] HA
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I ol BAEoF sl FFHY dAAFEA T
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Ao AMget B AlFEe BEQ HeHel 53 ollA A
w3t FAPHEE B-carotene WIH BA TEXNTH AP AAE
A B HelM Aol ARGEIATH19). HE A3 7] (Satake
Engineering Co, Tokyo, Japan)Z HAE 2|3kl =% 7] (Fujihara
Factory, Tokyo, Japan)= =73l Wu|E A3 o, WrjE
FRbele] AN 297 xS v 3t BHAIE

= Apgaigr.

MHSE U ASEY
B AP APUREEATEZIE TYT £A Wistar
A28 Agsrh 17909 A9 0 £5E AN 1 At
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SAEA L SPSS program (SPSS Inc., Chicago, IL, USA)S
o] g3l HWFFH FFHX(meantSD)E AAEIL, z+ A+
o282 AEo] A58 X thall one-way ANOVA 415
Duncan’s multiple range testg ©]-&-3}] p<0.05 F<=olx A&}

214 =2 Z 358 %] A| 46 WA 2 & (2014)
I BHFE R S AFo] 15559 AL Aol AREsIT A

PeES 25 23+3°C, FUEE 50+10%, 71315 10-2035]/h,

zm AIZF 12417408:00 F5-20:00 £%F), % 150-300 Lux=

A7gE BHNA stainless steel wire cage (225 Wx200 Lx180 H

mm)ol| A g mp]d Ee] ARSI AR 52 AEAl A

Hsl=% stslrh

N

AEIED F0{E2E

FaEe 2G5, GMZ(B-carotene 743, wjolE 2
mg/100g 3H§) 2 Harlan 20185-dietS 72402 8= thza
IFOE F 3AFOE R ZF 2FY FF 9 wige FA
Aoz wigstt. o] F AR TS HF AololA
Z}z} G583} B-carotene 7SR 30% thAs] A GAIZ] =
Q2olE 45 Fet Fsih Aol INHdES AOACH
(200 oJate] EABIGATE &, R TS 105°C Iz, 3
S 550°ColM ARBSPS ol 88t TA st 2
A S micro-KjeldahH S ©]-&3F @ d 2524 7] (Kjeltec
protein analyzer, Tecator Co., Hoeganaes, Sweden)Z 2131932,
ZAY S Soxhlety S o]&ste] EAsIT & FETHS
9] SAHAE Fot S 1000914 W o= ATk F Aol
fr(total dietary fiber) S-S AOACHQRDO 23 B ALFHH
(enzymatic-gravimetric method)S.2 #2493}, 712 (Ca, P)
ZFe AOACH (22)°ll 2]3}ed ICP-AES (inductively coupled plasma-
atomic emission spectroscopy)H 2.2 -4 3}ST}.

U=ZE 3 2ol XEsE
7z ]

2] 9 HHo] FFe| 2| E(total cholesterol, TC)} S/dA
W (triglyceride, TG) &&= 543171 fls) Folech 52| WHE -
Aste] A4 RS FE23 F BAEIATHR3). 1 244 Az
H EHe A3Fsle] 50mL cornical tubeol] chloroform:methanol
2:1, viv) 4L 7}k ¥ homogenizer (Ultra-Turrax T25, Janke
& Kunkel GMBH & Co. KG Staufen, Germany)S Al-&-3}o] &
Ao FASAZATE o] #AAE AT (1,000xg, 4°C, 103)
3l 31591 chloroform 52 #419) o839t SAAWN(TG)
274L 3= 10uLS 1.5mL eppendorf tubedll 3+ ¥ fume
hoodol| A 12A17F &<F AA7AZ A171 & 50 uL methanolS- 713}
o GaAZTE. 7o) EF EAHHE o83 kit (Asan pharm.
Co., Ltd.,, Seoul, Korea)S AF&-3}] 550 nmol|A] spectrophotome-
o FHEE 2435tk 229 2HE(TC) 2 HDL-C (high-
density lipoprotein-cholesterol) 782 3}F 4 500 L& 3+
fume hoodoll A 24A17F &<t AAAZE AlZ] & 50wl Triton X-
100:chloroform (1:1, v/v) &8-S H7Fsto] vortexdt & 450 uL
chloroform® 2 3]Aste] F&Fo] 500 uL7F E%=F 3+ % vortexsh
Atk o] &4 10uLE 1.5mL eppendorf tubedll F3t F fume
hoodol| A 12A17F AFAZAZRSE & FF EA0MYE o] 8¢ kits

o

= =1 x ™=
Aol 7ol BB Fol APFRS 1A BN B
ol @elg AHsled, 3,000 pmelA] 2087 WA wF F

e =3
Y Bl o]&slct. YA B, FE2HE, SR,
2, T 52 A5IHEA7)(ADVIA 1650, Bayer Inc., New
York, NY, USA)E S0 o, EFHEs A5 FE47]
(XE2100D, Sysmex Co., Kobe, Japan)E ©]|-&-3}o] H243}9 T}
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AlgiAlojo] MR
AF2olo] AUIHEL Table 13} 7T AF2olo] £k
2 9.63-9.99%Z ¥l 2AW, 2Nd 2 Z3|EsEge
zgo] 23R GME AT 1ok mokoy F Aol
7ro] Aol AT BEEHEe F Ado] iR Bud 9%
2z}

on, T Ad@Hel#7te] Aol gt HoldfiE BF
GMZ BT} tizo] R ¢y, 2E8 Wrh GMEe] AU
oA 363-367 keal/100 g2 A 2]o] 7k ztol7F §ISITh. 2
(Ca)a o1(P) ke 2Eay GME A W) tzTo] =3
o Moz GMEe] BEE Hls] Aoldfrt A, de
(Ca) FHFo] Be AL AQslae 2E2a7 GMZE A3 2o]9
gl FARIAT ole o= F-14 M E B-carotene
7o w3l uke] B-caroteneo] o] Fdo| AT HI} 3
A BE A} vwA] AR, A4 ofrat 9 71 g
Fole ¥ g2 JEL nXA ddteE WE FAR dalo)

tH(17).

HS, SME, Aolgg R ufHEe| Hs}

B3A GME 71 olE 47 B F8 Wistar F 9] F
A=, 2ol dA%, Aojag 2 uHZ2 Table 291 ). A3 7Y
AAFL Fit 1550103, FEA AT F AP B gz
o] Eokon, wEAal GMAZE feAd Alele i
AR7|17st W A SAFS 27 7.26, 747, 79522 O]
Zo] T Ayl vE ik =& Zo= Jeigon, nEs
I oM AFEE7RE foAQl Aele gldith Aol dHHe
T A Wl thxTo] 295808 EAZOR fosk B
tH(p<0.05). 2]°] &8 (Feed efficiency ratio, FER)S A&7} 2}o]
7} ek wA RS 242t 6.71, 727, 1748 g0 & thRTto] F 4
el vl BAKCE oAl B, F AdeolME GM
o] BFA B} 8% AX o BouTh A, AYr|7kE 33
As, SAZ, AoldHTF 2 Aolagsl= Fig 134 ZSith w

Table 1. Proximate analysis of the experimental diets

Diet
Nak-Dongrice ~ GM rice Control
Moisture (%) 9.63 9.99 9.85
Crude fat (%) 3.49 3.47 5.90
Crude protein (%) 16.69 16.55 18.24
Crude ash (%) 3.72 3.67 5.84
Carbohydrate (%) 66.47 66.32 60.17
Dietary fiber (%) 6.09 4.95 17.20
Energy (kcal/100 g) 364.00 363.00 367.00
Ca (mg/100 g) 958.35 1165.45 1192.26
P (mg/100 g) 538.68 534.28 789.42
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Table 2. Effects of diets supplemented with Nak-Dong rice or B-carotene biofortified rice on body weight gain, diet intake, feed

efficiency ratio (FER), and fecal amount in Wistar rats

Group Initial body wt. (g) Final body wt. (g) Body weight gain (g/d) Diet (g/d) FER Feces (g/d)
Nak-Dong rice 154.1+£3.36™ 352.2+16.37™ 7.26+1.58™ 24.45+1.83° 0.300+0.083™ 6.7120.74°
GM rice 154.5+7.26 358.2435.25 7.47+1.52 25.08+1.46° 0.301+0.076 7.27+0.88°
Control 156.8+4.38 374.3+19.08 7.95+2.11 29.58+2.65° 0.278+0.093 17.48+3.15°
Values are meantSD (n=11).
Means with different letters are significantly ditferent (p<0.05).
"not significant
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Fig. 1. Effects of diets supplemented with Nak-Dong rice or B-carotene biofortified rice in Wistar rats. (A) Body weight changes. (B)
Body weight gain. (C) Diet intake. (D) Feed efficiency ratio (FER). A; Nak-Dong rice, B; GM rice, C; Control.
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Table 3. Effects of diets supplemented with Nak-Dong rice or B-carotene biofortified rice on the weight of organ, tibia, and body fat in

Wistar rats

(Unit: g/100 g BW)

Organ . Body fat
Group - - Tibia (g)
Liver Kidney Spleen Testes RFPY EFP?
Nak-Dong rice 2.90+0.17° 0.39+0.04™ 0.27+0.03™ 0.50+0.06™ 0.771+ 0.050™ 0.71+0.23"™ 0.7440.15™
GM rice 2.93+0.16° 0.39+0.02 0.28+0.04 0.48+0.09 0.821+0.071 0.65+0.22 0.72+0.14
Control 3.38+0.20° 0.39+0.04 0.27+0.04 0.48+0.04 0.830+0.084 0.68+0.13 0.71+0.10

Values are meantSD (n=11). Means with different letters are significantly different (p<0.05).

YRFP: perirenal fat pad
YEFP: epididymal fat pad
"not significant

Table 4. Effects of diets supplemented with Nak-Dong rice or B-carotene biofortified rice on the weight of liver and fecal lipid in Wistar

rats
Liver (mg/g wet liver tissue) Feces (mg/g feces)
Group
TCY TG? TC TG
Nak-Dong rice 9.34+3.81* 31.41+8.88" 6.65+4.05" 9.88+2.80"
GM rice 4.58+4.46" 35.04+8.79® 5.21%£1.53 6.8243.75"
Control 2.26+3.10° 39.9149.46° 10.12+3.78* 19.734£3.93*

Values are mean+SD (n=11). Means with different letters are significantly different (»<0.05).

DTC: total-cholesterol
ITG: triglyceride

Zt=Z|nt EHXAS| FEko| st
2EAI GME H7PolE 4 ot
ZA 3 el AE
E(TC) e ZF48(9.34 mg/g)e]l HZF(226 mgg) Ho} =3
o, GME(4.58 mg/gye w2t o4l zol= glRley, 2
S| sl FAHCE oAl WATHp<0.05). TEA(TG)
share 3 2ol (31.41 mg/g)dt FET(39.91 mg/g) 740l H
°Jgk 2]zt AATHP<0.05). ¥R¥F FZEHZ(TC) T2 o
Z(10.12 mg/g)ell 13l 252H6.65 mg/g)k GME(5.21 mg/g) &
FoA BAHCE FolsiAl wa, BEA HlE eME 4]
olo] ¥ Wtk #HT SAAYNTG) FFS BE3E GME
T A3o] ZbzF 9.88, 6.82mg/glE ET(19.73 mg/g) KTt
ARoZ o8 Yo (p<0.05), T Aol 27
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AT} FEY2HE TS TAIATAL B 0M, B-carotene
A7} Aol FYZEHE Ak} FHH sterol regulatory element-
binding protein 2,3-hydroxy-3-methylglutaryl CoA reductase, low-
density receptor,
receptor a, cholesterol-7a-hydroxylase & o= YIS vIX|A] &
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B8 oM H7RolE 45 FF FoIgh Wistar B[] d
% A= Table 59 2t vU|E T H(Fe) 5+ 252
I 27 Hop GMEo] BAIFO R Uk, vl M) %
= d&a Boh 238 GME F Addo] ZHt 241, 2.54 mg/

SOk O W (p<0.05), T AF2A ol Tl #o
=N } 9t 247 (Ca) FEE 11.04-11.30 mg/dLE ThZ
= 2 AP o7t AT S SR EAFA 5
AST (GOT) €42 R34} dxa Hoh GMZo] FAH=
=, ALT (GPT)EAS F AFTET tz2o] foskA =
RO (p<0.05), F Aol ol F2Fe Aozt ATk
TEYGLe TFA 2o]F(85.09 mg/dL)e] TZ(80.18 mg/dL)ol
Hla] E=gkom GME 4]0 (73.09 mg/dL)e] EER 2ol H
d FoHoz Whth(p<0.05). FZFULEHE(TC) vEe R
(101.82 mg/dL) BT} F 23 2J0]w(76.27, 70.55 mg/dL)e] A%
o2 fofsA RO (p<0.05), EFERT} GME 2lolwo] ¥
Sttt HDL-C s%+= thxatdl vl 7 A3 2oldo] f2]aA
Aol e fo8d o)zt 1%l LDL-C
Aol et Bt fols Wkom (p<0.05), B
F28ol vja] GME 2lolite] 1 Sith FAAN(TG) F&=
OJHQl Apol7t AR F Aol kot Bt et 18% B
kom, BEg uls] GME Aolwto] t uth. &k, A
X5 B AYFFRBOE T Aol dEze Bt FosH
Lo (p<0.05), EEI M F AFE ZHle f98
2ol 7} Th W FL(WBCYE 5.23-6.91(x10%uL) HAZE 28
27+ ztol7t gk, SRFE AR A (Heyet 4 4x(Hb) TS 7
Ag2lo)Fo] tizgt By BAHSE {8 Wekou(p<0.05),
A3 GME T Al fded Aoyt gtk da
T (Platelety= tRwtol] Hl3) 7 A2 o]ollA] folstA Wk
O (p<0.05), ZFo) Hla] GME 2lolo] T ESTH(Table 6).
olg{gt A= GMAE©] BEFH H| WA A¥ =R g9
g AFA FolFQl Apol7t fllths Barel fARE Aafolth
(29,30). T3 A HHH Pcarotene HIAL HEF H| WA
FAY  immunoglobulin (IgM, IgE, IgGl, 1gG2a)$} cytokine
(INF-0, IL-5, IL-12) 3]0l fro] &1 xpol7} glof f234} W¥
¥ B-carotene 3P 2ol Qlgk WA WA HA S} FIFS #
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Table 5. Effects of diets supplemented with Nak-Dong rice or B-carotene biofortified rice on serum minerals and hematochemicals in

Wistar rats

Group
Hemato-chemicals

Nak-Dong rice GM rice Control
Iron (pg/dL) 346.64+105.85" 249.00+53.25° 400.09+100.43*
Mg (mg/dL) 2.41x0.19° 2.54+0.20° 2.84+0.10°
Ca (mg/dL) 11.04+0.33™ 11.12+0.33 11.30+0.30
AST (U/L) 112.73+16.14° 132.45+12.09° 115.73£13.32°
ALT (U/L) 29.00+4.52° 32.73+4.17° 45.00+4.69°
Glucose (mg/dL) 85.09+9.07° 73.09+8.30° 80.18+8.38%
TC (mg/dL) 76.27£9.10° 70.55+7.06° 101.82+16.34*
HDL (mg/dL) 64.55+6.89° 60.91+7.50° 87.18+12.58*
LDL (mg/dL) 6.45+1.44° 6.27+1.49° 15.00+£2.97*
TG (mg/dL) 88.73+21.91™ 82.91+£34.62 104.55+36.12

Values are meantSD (n=11). Significantly different (p<0.05), ™not significant

AST: aspartate aminotransferase

ALT: alanine aminotransferase

TC: total-cholesterol

HDL: high-density lipoprotein cholesterol
LDL: low-density lipoprotein cholesterol
TG: triglyceride

Table 6. Effects of diets supplemented with Nak-Dong rice or B-carotene biofortified rice on hematological parameters in Wistar rats

Group RBC (x10%uL) WBC (x10*/uL) Hct (%) Hb (g/dL) Platelet (x10*/uL)
Nak-Dong rice 7.50+0.37° 5.23£1.27™ 48.39+2.61° 14.72+0.81° 1195.4+142.53°

GM rice 7.64+0.41° 5.7242.38 48.08+2.19" 14.48+0.59° 1246.3+174.98%
Control 8.10+£0.24* 6.91£1.97 53.33+1.91% 16.100.58* 1375.4+200.83%

Values are meantSD (n=11). Significantly different (p<0.05), “Not significant

RBC: red blood cell

WBC: white blood cell

Hect: hematocrit

Hb: hemoglobin
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