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A B S T R A C T

The effect of purple potato flake on cholester ol metabolism was in vestigated in rats fed a

high-cholesterol diet. The hypocholester olem ic action of dietary purple potato flake might 

be related with caecal fermentat ion and steroid excretion due to the phosphorus and poly- 

phenols including anthoc yanin.

� 2013 Else vier Ltd. All right s reserve d.

1. Intro duction 

Pota to is one of the be st or igi ns of ca rbo hyd rat es in hu ma n di et .

Us ua lly as sta rch fo rm it is us ed to mak e in du st ria li ze d pr od uc t

li ke as no odl es , in st an t so up s, an d po ta to chi ps . It ha s be en re- 

po rte d th at som e po tat o st ar che s li ke as di et ar y fiber ha s a hyp -

ocho le st er ol em ic ac tio n in rode nt s (De mi gn é, & Re ´me ´sy, 19 82;

You ne s, Le vr at , De mig ne ´, & Re ´me ´sy , 19 95 ; Ro be rt, Nan cy, Ra ys s-

ig ui er , Ma zur , & Re ´me ´sy , 20 08 ). Th is is th oug ht as res is ta nt 

st ar ch mos tly as raw an d ret rog rad ed . Ho wever , ot he r in ves ti ga -

to rs ha ve repo rt ed th at no cha nge in se rum cho le st er ol in rat s

fe d a raw po tat o st ar ch (Ch ez em , Fu ru mo to , & St or y, 19 97 ; Wan g,

Yu, Li u, & Ch en , 20 08 ). Re ce nt ly th is di ffer en ce ha s be en co ns id -

er ed wit h ph os ph or us con te nt s in po ta to st ar ch (Kan az awa

et al ., 20 08 ) be cau se co val en tly bo un d ph os ph or us res id ue s con -

tr ib ut e to li mi t en zym at ic a-a myl as e hyd rol ys is . Me an whi le ,

ne w de vel op ed po tat o var ie ti es ha ve been pa id mor e an d mor e

at te nt io n on he alt h ben eficia l ef fe ct s du e to th e au gm en ted 
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nut ri en ts su ch as mi ne ral an d po lyp he no l (An dr e, Ghi sla in ,

et al ., 20 07 ; An dr e, Ou fir, et al ., 20 07 ; Mo ri et al ., 20 10 ). For ex am -

pl e, No da et al . (2006) repo rte d th at co lo red po ta to cul tivar s (Inc a

Pu rp le , Ki ta mur sak i, Sh ado w-Qu een, In ca Re d, an d No rt he rn

Ru by), whi ch con ta in an th oc yan in s, ha ve a rel at ivel y hi gh er 

ph os ph or us co nt en t (891 –10 65 ppm). Fu rt he rm ore, Yoon et al .

(2008) repo rt ed th at th e et ha no l- ex trac te d pi gm en t as a go od 

so ur ce of an tho cyan in fr om pu rpl e po tat o do se -de pe nd en tl y

lo wer s ser um LD L- cho le st er ol le vel in rat s. To da te , ho wever ,

th er e ha s be en li ttl e in fo rma ti on on cho le st er ol me ta bo li sm of 

co lo red po ta to in an im al s.

In this stud y it was in vestigated the effect of purple potato 

flake compar ed to cornstar ch on serum and liv er lipids le ve ls,

fecal ster ol excr etion, caecal fermen tation, and he patic mRN A

expre ssion in exogenous cholester ol-loaded rats.

2. Ma ter ials and methods 

2.1. Plant material and pr epar ation 

Purple potato (Solanum tuber osum cv . Shado w-Quee n) flake

whic h contains anthoc ya nin (87 mg/100 g po wer; Han, Mat- 

sumoto , Shimad a, Sekika wa, & Fukushim a, 2007) and phos- 

phorus (910 ppm; Noda et al., 2006 ), was pre pare d accor ding 

to our pre vious report (drum-dried method) (Han et al., 2008 ).

2.2. Analys is of polyphe nol content 

For anal ysis of pol yphenol content in purple potato flake,

high-perform ance liquid chr omatogr aph y (HPLC)–mass spec- 

tr oscop y (MS) analy sis was carried out. Grou nd purple potato 

flake (100 mg) was mixed with 10 mL of 10% phosphoric acid 

containing 0.1% methanol, incubated at 37 �C for 3 h, and 

then vigoro usl y vo rtexed. Next, the mixtur e was centrifuged 

at 1000 g for 5 min and filtered with a PTFE hydroph ilic syringe 

filter (0.45 lm). Fin ally the filtrate was applied to LC–MS sys- 

tem consisting of an Agilent Tech nologies 1200 series (Palo 

Alto , CA) coupled to a 4000 Qtr ap LC/MS/MS (Applied Biosys- 

tem instrume nt, Fr amingh am, MA). For the negati ve ion MS 

[M�H]� performed at a capillar y temper atur e of 550 �C and 

vo ltage of 5.5 kV , a nebulizing pre ssur e of N2 50 psi was used 

as sheath gas. HPLC was carried out on an anal ytical column 

C18 (Capcell PAK-C18, 250 · 4.6 mm, 5.0 micro n; Shiseido , To- 

ky o, Ja pan). The mobile phase A was a mixtur e of methanol,

acetic acid, and wate r (5:2.5:92.5, v/v/v), and B was a mixtur e

of methanol, acetic acid, and water (95:2.5:2.5, v/v/v). The 

injection vo lume was 10 lL, and the flow rate was 0.8 mL/ 

min. The pol yphenol content was determined by the peak 

are as of the extr acted ion chr omatogr am (gallic acid m/z

169, [M �H]�; chlor oge nic acid m/z 353, [M �H]�; caffeic acid 

m/z 179, [M �H]�; p-coumaric acid m/z 163, [M �H]�; my ricetin 

m/z 317, [M �H]�; quer cetin m/z 301, [M �H]�; and kaempfer ol 

m/z 285, [M �H]�) using a standar d curv e deri ve d fro m com- 

mer cial pol yphenols .

2.3. Animals and diet 

Se ven-w eek-old male F344/DuCrj rats (Charles Riv er Jap an;

Yokohama, Japan ) were used and handled with the Guide for 

the Car e and Use of La bora tory Animals (NRC, http://ne w- 

ton.nap .edu/html/la br ats/). And all proce dure s wer e appr oved 

by the Animal Experimen t Commi ttee of Obihir o Uni versity of 

Agricultu re and Veterinar y Medicine (the animal pro tocol ap- 

pro va l No . 2450 and the va lidity dates until Marc h 31th, 2013).

Rats were individ uall y placed in a con ve ntional room under a

temper atur e of 23 ± 1 �C and rela tiv e humidity of 60 ± 5% con- 

tr olled with a 12-h light/12-h dark cycle . Rats were fed a com- 

mer cial cho w for 1 week, and then randoml y div ided into 2

gro ups of 5 rats weig hing appr oximatel y 199–214 g. And the 

animals were pro vided with fre e access to either a contr ol diet 

(CONT) or a purple potato flake diet (PPF) for 4 weeks. The 

CONT contained (in g/kg): 200 casein, 100 sucr ose, 549 a-corn-

star ch, 50 cellulose , 50 so ybean oil, 35 AIN-93G minera l mix- 

tur e, 10 AIN-93G vitamin mixtur e, 3 L-c ystine , 2.5 chol ine 

bitartr ate , 5 chol estero l, 1.25 sodium cho late , and 0.014 t-butyl

hydroqu inone . In the PPF , a part of a-cornstar ch was re placed 

by purple potato flake, resulting in final flake concentr ation 

of 30%. Bod y weight and food consum ption wer e recor ded 

weekl y and daily , respecti ve ly . All feces were collected during 

the last 3 da ys of the experim ental period. At the end of the 

experim ental period of 4 weeks, the rats were anesthetize d

with Nembutal (pentobarbital sodium, 40 mg/kg bod y weight;

Abbott La bora tories, Abbott Park, IL) after fasting ove rnight 

and killed. The bloo d samples were withdr awn, and tissue 

samples (liver and cecum) were quic kly rem oved and weighed 

befor e fre ezing for stor age at �80 �C.

2.4. Biochemical analysis 

Blood samples wer e collected fr om jugular ve ins of fasting 

rats eve ry week (on the 0th, 14th, 21st, and 28th da ys of exper -

iment) to anal yze serum total cho lester ol, high-density lipo- 

pro tein (HDL)-cholester ol concentr ations, and alanine amino 

tr asnfer ase (ALT), asparta te amino tr asnfera se (AST) and 

alkaline phospha tase (ALP) acti vities by using commer ciall y

ava ilab le rea gent kits (Abbott La bora tories, Abbott Park, IL).

Serum non-HDL -ch olester ol (VLDL + IDL + LDL-c holester ol)

concent ratio n was calculated as follo ws: [non-HDL-c holes- 

tero l] = [total cho lester ol] � [HDL-c holester ol]. Total lipid in li- 

ve r and feces wer e extr acted by a mixtur e of chlo rof orm/ 

methanol (2:1, v/v) (Folc h, Lees, & Sloane-Sta nle y, 1957 ). Neu- 

tr al ster ols in the total lipid content were analy zed by the 

method of Matsuba ra, Sa wab e, and Iizuka (1990). Bile acids 

in feces were measur ed by the method of Grund y, Ahre ns,

and Miettinen (1965). Short-c hain fatty acids (SCFA) in cae- 

cum were measur ed by the method of Har a, Saito , Nakashi- 

ma, and Kiriy ama (1994). And all pro ducers for total RN A

isolation in liv er , RT-PCR, and Southern blot anal ysis wer e fol- 

lo wed as descr ibed pre viousl y (Han et al., 2005 ). In brief, the 

ab undances of mRNA encoding a lo w-density lipopr otein 

(LDL) rece ptor , 5-h ydr oxy-3-meth ylglutar yl (HMG)-CoA redu c- 

tase , choles tero l 7a-h ydr oxylase , ster ol re gulator y binding 

pro tein-2 (SREBP-2), and gl ycer aldeh ydes-3-p hosphate deh y- 

dro genase (GAPDH, used as an in va riant contro l) were ana- 

ly zed by semi-quan titativ e RT-PCR and subsequ ent Southern 

hybridizatio n of the PCR prod ucts with each inner oligon u- 

cleotide probe . The used SREBP-2 primers of oligon ucleotides 

were 5 0-CGC AAC CAG CTT TC A AGT CCT -3 0 as upstr eam pri- 

mer and 5 0-CCG GT A CCG CTT CTC AAT GA T-3 0 as do wn- 

str eam prime r. And the blot was hybridized with SREBP-2 
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