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Abstract: The aim of this study was to elucidate the effect of buckwheat (BW) on lipid metabolism in high-fat diet-fed rats. Fifty male
rats were randomly divided into the following groups: control diet, high-fat diet (HFD), low-dose BW (1 g/kg €), medium dose BW (5 g/kg ),
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and high dose BW (10 g/kg €). The rats were fed once a day for 30 days. Blood samples were subsequently collected from the posterior
abdominal aorta, and the liver, in addition, perirenal fat, and epididymal fat were collected. The levels of total cholesterol (TC), triglycerides
(TG), high density lipoprotein cholesterol (HDL-C), and low density lipoprotein cholesterol (LDL-C) in the serum and liver were measured, and
pathological sections of the liver tissues were observed. The results showed that compared to the HFD group, the weight and food intake of all
the BW groups were significantly lower, the weights and indexes of the liver and fat tissues were also significantly reduced, the concentration of
TC, TG, and LDL-C in the serum and liver were decreased, and the concentration of HDL-C was increased. Meanwhile, the liver structure
observed under the light microscope showed that hepatic steatosis in all BW groups was alleviated, with the most significant effect observed in
the high-dose BW group. These results demonstrate that a BW intervention on a HFD can have a hypolipidemic effect, improve liver lipid
metabolism, protect the liver, and reduce the incidence of related diseases.
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Table 1 Effects of buckwheat on body weight in HFD-fed rats (n = 10)

287 MR Elg $—RAnElg  FRAKEl % = Al % v k& g
Homdiat BG40 205.91421.61 223.80425.18 244.6427.84 266.43431.48 288.90+436.10
SREALA 2 205.70:414.73 235.70219.55 261.3421.94 288.10429.84 325.80240.56"

FREMA B 193.70+11.48 232.20418.40 257.7423.29 290.54432 50 329.20241.12"
FEFHEL 197.70:40.38 225.90-44.03 250.345.21 27743+18.16 308.20425.28
FEE&HEA 194.4010.19 221.40413.59 249.1416.83 274.72417.33 310.50418.71
E: #RT 5 e R £ 5%, p <0.05.
2 FEIEREEA AR ELMNEFNE (=10)
Table 2 Effects of buckwheat on weight gain in HFD-fed rats (n= 10)

487 F—R¥mEly FR¥mElg  FEZREAmEly FwWREElg BRERAE/
Hahat BB 40 18.00+47.96 20.8046.41 21.834.99 22.4740.47 83.10421.23
ZREA 30.00410.94 25.6046.24 26.80240.11 37.70:43.61 120.10434.05

FREMRF FL 38.50411.83" 25.5048.64 32.84413.31" 38.66435.29 135.50442.29"
FETHEH 28.2049.75" 24.4045.36 27.1347.03 30.77412.30 110.50421.83"
FE&HEA 27.006.85" 27.7046.712" 25.6247.96 35.7847.26 120.01434.05

A RERWERTT AL L—AKREZE; #R TG At RBarA £5%, p<0.05.
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* 3 FEMEMEERARER SR (=10)
Table 3 Effects of buckwheat on the amount of food intake in HFD-fed rats (n = 10)
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R#REl R#REN Rt RFlg Rt BFlg
kst ERLn 21.7444.07 22.9740.62 24.1540.65 23.6541.18
S ReAEA 2 21.9541.32 23.9441.08 24.5530.71 25.0841.58
FEPMEAEA 202124037 21.9340.98" 23.5541.08" 23.1440.97
FEHrAEm 195740837 22.014.69° 23.4040.32" 22.46+4.30"
FEmeFEa 18.20.01° 20.124.77""  22.2530.72"°  22.35#.72"

E: #RT 5 Al BAAILA £ 57, p<0.05; *R L5 SIEAER LAARILA £ 57, p<0.05.
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Table 4 Effects of buckwheat on the weight and index of liver
and fat tissues in HFD-fed rats (n = 8)
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Table 5 Effect of buckwheat on the levels of TG, TC, HDL-C,
and LDL-C in the serum of HFD-fed rats (n = 8)

45 TG TC HDL-C  LDL-C
. /(mmol/L) /(mmol/L) /(mmol/L) /(mmol/L)
Hoabxbgsa 0474007 1652017 0.6040.06 0.5540.05
SREAEA 2R 0.9940.24% 2.1840.28% 0.46240.05% 0.7940.12

FERKA S 0952020 2.1540.27 0.5040.09 0.7320.08
FEBHFHEA 0714032 2024020 0.5440.06 0.6440.06
ARENGAHZ4 0584019 1.7740.15" 0.6520.12° 0.6620.11"

207 FrEly AARIEE% BhrElg MERIEH/%
HabstRBLE 749455 2574018 5.8941.86 2.0040.43
SR 9.704.56" 3.0340.26° 10.10+1.38° 3.1510.42"

FEEKAFLL 954442 3002026 9.30+.95 2.800.72
FEMFHFH 909241.18 2923025 87530.87 2.7940.37
FEHEGF L 8.8640.88 28740.25 881428 2.8340.41

E: #RT 5 e BRI £ 5%, P<0.05.
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* 6 FENSREERXRMASLE (=8)
Table 6 Effect of buckwheat on the blood lipid ratio in HFD-fed

rats (n = 8)
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-C -C  HDLC C)HDL-C
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FEMBNEL 089 2.72 1.02 172
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Table 7 Effect of buckwheat on the levels of TG, TC, HDL-C, and LDL-C in the liver of HFD-fed rats (n = 8)

2053 TG/(mmol/L)  TC/(mmol/L) HDL-C/(mmol/L)  LDL-C/(mmol/L)
Homhset B8 20 14.2540.99 1.6040.42 1.9540.57 0.9140.56
S e 28 23.1744.16" 4.264.04" 1.0020.14* 3.6441.03
FEMEF) F L 23.1744.43 4.074.49 1.3040.44 3.24:41.57
ik ils it 21.4544.37 2.72#1.06 1.7020.32" 2.38+1.00
FEMBHAEL 15934370 1.9840.56" 1.5940.52™ 0.9940.57

E: RS ekt R £, p<0.05; *RTE SRR AR £, p<0.05; a T HIKFRA B4R A £, p<0.05.

PEARAE e fr Re S B TG AR M, Tt
=R K BCAFER R R R AR R, 5—R
PG R, tinRigg e, R EE A
JOEL ] 52 (LD L-C) 444 L i1 -yt = i s i 380 N A4
S, T ey 2 P G A 1 A e U o ) e B ] i
B, £E AR AOVEFIHEME B 2219, & TC A1 LDL-C
K, AR HDL-C 7K A2 Tt 0o (1 FE B R 1o

2R 7 HdEAr s, SER IR L, i
LFPHEH TGL TC. LDL-C &3 T+ (p<0.05) ; HDL-C
RERK (p<0.05) . SEfaigaftt, FHE&H
EHNEH TG, TC. LDL-C B2 I s i
BWbEAL, HhFEEEREHRGRIT 2 REER

(p<0.05) ; 1fif HDL-C JUZRIMIZ @i m, e

BHAARIHAREER (p<0.05) . A WFFEEHRE
TP ARG &, N DU AR AR IR, i
BEARATAE MU0 640, Sl DA DGR A AR

2.7 EHILENT I HOWLE A

RV E R U fe AR B, 2R AR
WAL AR EEAH L, BTG A A B i
B R

FERIGTIRA AN 2 2100, i 2EE, #
{288, BEFFARHES 9, DA S o
1F U J SRS, B I S 5 R IR S T AT L O
1a).

L RERT RRZELAR EL, oo T A 2R 2 4 i B 2
K, FFimsEAE %, HAMHEIZEEL, ARG ATENT,
52 Kupffer 4HRECEA XG0, 20 s A
B2 RNA—IIRERZSH, (B AN B A 4 A% AT)
e LA 1),

IR AR BT B RBAZH,  FT4
MBI, ST, JHAMHESIZREL, ZIRG
FANEI, P Kupffer ZHA%cE ] 230hn, g
HRTE A R FRDIR 218, (H T4 e e
LAz R (K 1e).

FEER AR AR R, i SR,

27



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

AR ZREL, ZARGEIANIEMT,  JHAHRARS AR
ZRURER A AR R R R 2 v 80 L, S P Kupffer
1 it 25 B S 14 0, (LR A 3R A 4R B A ATy R BE (DL
1d),

FEFE Ry R DB A AT SRR R, H4H
MG P, L SEabte ok WA, IR E T,
JH- 4R 5T P AR D SRR 29, IHFSE N Kupffer 48
B R WIS, HAMRse RS, e O
1e).

UL BRI, HFEEm Tl ieig e, nl

El1 457530 d EREXRRAFELRFETF (200¥)
Fig.1 Pathological sections of liver tissue after the 30-day

treatment (200>
E: a-AahatRAE; b-ZieAEA 4 oIRFRFIE4; d-F
A FL; e-HAiA 4.

3 g

ARSI @ I 5T TR AT v e R K R TR A
S, ZEGUIERH, FEEMAE TR R,
FRE AR AR EA PR, M B S is S
TR, M AT DA i R B AR (455
FRERT R & AR E, MeliE, FHAReERfg
TRFEBUE TR . SFERIXTIRZLAN L, e g
3% TC 1 TG ¥R THiE, A sels et
ST HERIEFE S TR E, wT AR
7EMHER TC. TG. LDL-C [, Jhis HDL-C
(RS . FFIERBR SR B, IR R T I 28 7,
JFAHMHES 25 EL,  FFAE AR N A 532 K NAS— (1l
T, FEEEN IR AT BRIE T, A% R,
FFISE MR WA A, RFAnpRHEs G 7, TR
WEDRRER L FEEEC, T2 IR
XSS, FREM AR R. 2 PR,
FER TR RS, TERBIFFIAR. SCERIEE
W G RFAERVER, IR RESE I DA SR R 2R

28

(1]

[2

(4]

[l

6]

(7]

(8]

(9]

Kou-Tai Yang, Chen Lin, Cheng-Wei Liu. Effects of
chicken-liver hydrolysates on lipid metabolism in a high-fat
diet [J]. Food Chemistry, 2014, 160: 148-156

TUE, AR, A R BRI PR ST LR AC AR K
Sy TSI [3]. A B SE 805047024k ,2012,20(5):20-24
DING Jing, WANG Hui, YU Shi, et al. Establishment of a rat
of obesity and its
mechanisms [J]. Acta Laboratorium Animalis Scientia Sinica,
2012, 20(5): 20-24

AR TRBE K T2 KA IR R N SRR A A 70
FACE 52 i [J] Hh [ 4H 23 TR 5 5 i PR R 52,2007,
11(8):1502-1504

YU Fei-yuan, LIU Haoyu, LIU Xi-yi. Effect of high-fat diet

on lipid metabolism and mineral element metabolism in mice

model lipid metabolism-related

[J]. Journal of Clinical Rehabilitative Tissue Engineering
Research, 2007, 11(8): 1502-1504

Kozo Nakamura, Kyoko Naramoto, Masahiro Koyama.
Blood-pressure-lowering effect of fermented buckwheat
sprouts in spontaneously hypertensive rats [J]. Journal of
Functional Foods, 2013, 5(1): 406-415

Danielle M Stringera, Carla G Taylora, Paulyn Appah.
Consumption of buckwheat modulates the post-prandial
response of selected gastrointestinal satiety hormones in
individuals with type 2 diabetes mellitus [J]. Metabolism,
2013, 62(7): 1021-1031

JEisE . 5 22 e FRAL R A AL PERIT SR [D]. T T VL R
%#,2009

GU Juan. Physicochemical Properties and Digestibility of
Buckwheat Starch [D]. Wu Xi City: Southern University,
2009

Jun Kayashita, Iwao Shimaoka, Misao Nakajoh. Feeding of
buckwheat protein extract reduces hepatic triglyceride
concentration, adipose tissue weight, and hepatic lipogenesis
in rats [J]. The Journal of Nutritional Biochemistry, 1996,
7(10): 555-559

Jun Kayashita, M S, lwao Shimaoka, M S, Misao Nakajyoh.
Hypocholesterolemic effect of buckwheat protein extract in
rats fed cholesterol enriched diets [J]. Nutrition Research,
1995, 15(5): 691-698

Hee-Taik Kang,
Independent association of TG/HDL-C with urinary albumin

Jong-Koo Kim, Jang-Young Kim.

excretion in normotensive subjects in a rural Korean
population [J]. Clinica Chimica Acta, 2012, 413: 319-324


http://www.sciencedirect.com/science/journal/17564646
http://www.sciencedirect.com/science/journal/17564646
http://www.sciencedirect.com/science/article/pii/S0026049513000371
http://www.sciencedirect.com/science/article/pii/S0026049513000371
http://www.sciencedirect.com/science/article/pii/S0026049513000371
http://www.sciencedirect.com/science/article/pii/S0026049513000371
http://www.sciencedirect.com/science/article/pii/S0026049513000371
http://www.sciencedirect.com/science/journal/00260495
http://www.sciencedirect.com/science/journal/00260495/62/7
http://www.sciencedirect.com/science/article/pii/S0955286396001106
http://www.sciencedirect.com/science/article/pii/S0955286396001106
http://www.sciencedirect.com/science/article/pii/S0955286396001106
http://www.sciencedirect.com/science/journal/09552863
http://www.sciencedirect.com/science/article/pii/027153179500036I
http://www.sciencedirect.com/science/article/pii/027153179500036I
http://www.sciencedirect.com/science/article/pii/027153179500036I
http://www.sciencedirect.com/science/journal/02715317

MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

[10]

[11]

H-T Kang, J-H Yoon, J-Y Kim. The association between the
ratio of triglyceride to HDL-C and insulin resistance
according to waist circumference in a rural Korean
population [J]. Nutrition, Metabolism & Cardiovascular
Diseases, 2012, 22: 1054-1060

R#eft TCHDL-C. LDL-C/HDL-C. TG/HDL-C (s
SN IR EAH DG [I] I R 121716 ,2014,27(6):64-67
WU Yan-dan. Correlation between Ratios of TC/HDL-C,
LDL-C/HDL-C and TG /HDL-C with the severity of
coronary heart disease [J].

Mitherapy, 2014, 27(6): 64-67

Clinical Misdiagnosis &

[12]

[13]

[14]

Chang Y'Y, Chou C H, Chiu C H, et al. Preventive effects of
taurine on development of hepatic steatosis induced by a
high-fat/cholesterol-dietary habit [J]. Journal of Agricultural
and Food Chemistry, 2011, 59: 450-457

Bernardis L. Prediction of carcass fat, water and lean body
mass from Lee’s ‘nutritive ratio’ in rats with hypothalamic
obesity [J]. Experientia, 1970, 26: 789-790

Diniz Y S, Faine L A, Galhardi C M, et al. .Monosodium
glutamate in standard and high-fiber diets: metabolic
syndrome and oxidative stress in rats [J]. Nutrition (Burbank,

Los Angeles County, Calif.), 2005, 21: 749-755

29



