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	 Sweetpotato	is	important	in	solving	global	issues	related	to	food,	energy,	natural	resources,	and	
the	environment	in	the	21st	century.1)	 	In	recent	years,	the	release	of	new	varieties	of	sweetpotato	
have	enabled	KONARC	to	develop	new	uses	of	this	plant.		New	products	(e.g.,	juice,	powder,	and	
brewed	drinks)	made	from	flesh-colored	sweetpotato	have	been	made	practicable.2)		Disposition	of	
shochu	waste,	starch	waste,	and	strained	lees	from	juice	production	is	a	critical	problem	from	the	
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viewpoint	of	environmental	protection.	Starch	waste	of	sweetpotato	has	been	used	in	citric	acid	fer-
mentation.	 	However,	utilization	of	this	waste	in	fermentation	is	difficult,	due	to	the	importing	of	
low-cost	foreign-made	citric	acid.		Therefore,	the	development	of	new	uses	of	starch	waste	is	need-
ed.
	 The	intake	of	dietary	fiber	is	low	among	Japanese	people.		The	Japanese	government	recom-
mends	a	daily	intake	of	25	g	per	day	of	dietary	fiber;	however,	the	actual	daily	intake	per	person	
was	15.2	g	in	2008.		Dietary	fiber	is	recommended	to	protect	against	colon	cancer	and	heart	disease	
in	Western	countries,	and	to	relieve	constipation	in	Japan.		Substantial	epidemiological	and	physio-
logical	studies	have	confirmed	that	dietary	fiber	helps	prevent	diverticulosis,	cardiovascular	disease,	
colon	cancer,	and	diabetes.3)		Dietary	fiber	removes	such	health-risk	factors	as	artificial	food	color,4)	
aluminum,5)	and	mutagens6,	7)	by	adsorbing	these	factors	from	the	body,	and	improves	the	flora	of	
intestinal	bacteria.8)		Our	study	also	revealed	that	dietary	fiber	enzymatically	prepared	from	several	
varieties	of	sweetpotato	storage	roots	enhanced	two	types	of	Bifidobacterium,	and	the	functional	
activity	varied	with	varietal	differences	among	sweetpotatoes.9)		Furthermore,	dietary	fiber	has	been	
actively	used	to	decrease	caloric	intake	and	to	improve	food	quality.		Therefore,	the	demand	for	di-
etary	fiber	is	expected	to	increase	in	the	future.	 	Studies	on	dietary	fiber	have	been	conducted	for	
soybean,	rice	bran,	wheat	bran,	corn	skin,	and	vegetables;	however,	none	have	focused	on	sweetpo-
tato.10)	
	 The	growth	control	of	food	hygienic	bacteria	is	important	from	the	viewpoint	of	agricultural	
production.		Adding	antibiotics	or	antibacterial	substances	to	food	and	feed	is	useful	for	food	pres-
ervation	and	improvement	of	livestock	growth.	However,	overuse	of	antibiotics	and	antibacterial	
substances	results	in	the	development	of	antibiotic-resistant	bacteria.11)		Regulation	of	food	hygienic	
bacteria	using	sweetpotato	dietary	fiber	may	be	beneficial	for	both	preventing	food	poisoning	and	
for	improving	health.		
	 This	paper	describes	 the	antibacterial	activity	of	dietary	fiber	enzymatically	prepared	from	
three	varieties	of	sweetpotato	for	a	new	use	of	starch	waste.		Antibacterial	activity	is	usually	mea-
sured	in	the	sample-solubilized	condition	in	culture	broth.	 	The	calorimetric	method	was	adopted	
for	the	present	experiments	because	sweetpotato	fiber	and	commercial	dietary	fiber	are	insoluble	in	
culture	broth.		The	calorimetric	method	is	used	to	measure	bacterial	growth,	regardless	of	the	sam-
ple’s	state.12)		To	the	best	of	our	knowledge,	the	antibacterial	activity	of	dietary	fiber	from	sweetpo-
tato	roots	has	not	been	reported	prior	to	this	study.		

Materials and Methods

	 Chemicals and bacteria.	 	Pectin	originating	from	citrus	and	calcium	alginate	were	obtained	
from	Wako	Pure	Chemical	Industries,	Ltd.	(Kyoto,	Japan).		Chitin	was	a	product	of	Kanto	Chemi-
cal	Co.,	Inc.	(Tokyo,	Japan).		Commercial	sweetpotato	fiber	(Satsumaimo	fiber)	is	a	lee	after	citric	
acid	fermentation	of	starch	waste	and	is	a	product	of	Kyushukako	Co.,	Ltd.	(Kagoshima,	Japan).		
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This	fiber	was	freeze-dried	and	ground	for	the	experiments.		Salmonella typhimurium	IFO	12529,	
pathogenic	Escherichia coli	(0157:H7),	Staphylococcus aureus	IFO	3060,	and	Saccharomyces cere-
visiae	lFO	0304	were	supplied	by	the	Institute	for	Fermentation	(IFO),	Osaka,	Japan.		

	 Sweetpotato materials and preparation of dietary fiber.		Three	varieties	of	sweetpotato	(Koga-
nesengan,	Shiroyutaka,	and	Kyushu	No.	124)	were	cultivated	in	1996	under	the	same	conditions	in	
an	experiment	field	of	KONARC	at	Miyakonojo	(Japan).	 	Koganesengan	and	Shiroyutaka	have	
been	used	for	starch	production.		Kyuhsu	No.	124	is	a	new	line	with	a	high	content	of	starch.		
	 For	this	study,	dietary	fiber	was	prepared	with	reference	to	the	reports	of	Noda	et al.13)		First,	
roughly	1	kg	of	sweetpotato	storage	root	was	washed,	dice-cut,	and	homogenized	with	distilled	wa-
ter	using	a	mixer.		The	homogenate	was	then	re-ground	using	a	masquerader	and	put	through	a	200-
mesh	sieve.	The	resultant	starch	waste	was	dehydrated	and	dried	for	24	hr	at	50°C.		Crude	starch	fi-
ber	was	suspended	in	1	L	of	deionized	water,	and	the	suspension	was	adjusted	to	pH	6.3.		To	this	
suspension,	0.1	ml	(300U)	of	α-amylase	solution	(Speedase	HS,	Nagase	BioChemical	Co.,	Kyoto,	
Japan)	was	added,	and	digestion	was	carried	out	for	30	min	at	95°C.		The	suspension	was	cooled	at	
60°C;	then	0.1	ml	(700U)	of	glucoamylase	solution	(NeoXL128,	Nagase	BioChemical	Co.,	Kyoto,	
Japan)	was	added,	and	the	reaction	was	held	for	6	hr	at	60°C.		Starch-removed	fiber	was	collected	
through	a	300-mesh	sieve	and	washed	thoroughly	with	deionized	water.	 	The	resultant	fiber	was	
freeze-dried	and	powdered	with	a	mill.

	 Fractionation of cell wall materials.	 	Fiber	components	were	fractionated	according	to	 the	
method	of	Shibuya	and	Iwasaki.14)		Fiber	(1.5	g)	was	treated	with	300	ml	of	0.25%	ammonium	oxa-
late	solution	at	90°C	for	3	hr.		The	mixture	was	filtered	with	a	G-3	glass	filter	and	washed	with	100	
ml	of	0.25%	ammonium	oxalate	solution.	The	combined	filtrate	was	next	dialyzed	against	deion-
ized	water	and	freeze-dried	to	obtain	the	pectin	fraction;	the	residue	was	washed	successively	with	
deionized	water,	methanol,	and	acetone	(each	50	ml)	and	air-dried.		This	residue	was	then	treated	
with	100	ml	of	4	M	potassium	hydroxide	solution	containing	0.1%	sodium	tetrahydroborate,	incu-
bated	at	room	temperature	for	24	hr,	and	filtered.		The	alkaline	extract	was	neutralized	with	acetic	
acid,	dialyzed	against	deionized	water,	and	freeze-dried	to	yield	a	hemicellulose	fraction.		The	resi-
due	was	again	washed	with	deionized	water,	methanol,	and	acetone	(each	50	ml),	and	then	air-dried	
to	yield	a	cellulose	fraction.

	 Measurement of antibacterial activity.		The	bacteria	was	cultured	in	trypto-soya	broth	(Nissui	
Pharmaceutical	Co.,	Ltd.,	Tokyo,	Japan)	for	a	fixed	time	at	37°C,	and	the	yeast	was	cultured	in	po-
tato	dextrose	broth	(Difco	Laboratories,	Detroit,	MI,	USA)	for	a	fixed	time	at	30°C.		A	fixed	amount	
of	fiber	sample	was	weighed	into	a	culture	bottle	with	10ml	of	culture	broth	and	autoclaved.		After	
0.1	ml	bacteria	suspension	precultured	in	each	broth	was	added,	the	growth	of	bacteria	was	mea-
sured	automatically	with	a	microbial	calorimeter	(Bio	Thermo	Analyzer,	TMC-8308,	Nippon	Medi-
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cal	&	Chemical	Instruments	Co.,	Ltd.,	Osaka,	Japan).		A	0.1	ml	suspension	of	preincubated	S. aure-
us, S. typhimurium, and	S. cerevisiae	was	then	added	to	the	culture	bottle	without	dilution.		Patho-
genic	E. coli suspension	was	used	with	1	x	106	times	dilution.	

	 Preparation of boiled-water-soluble and -insoluble fraction.	 	For	antibacterial	activity	of	
boiled-water-soluble	and	-insoluble	fraction	from	Kyushu	No.	124	fiber,	the	fiber	(0.5	g)	was	boiled	
in	10	ml	of	deionized	water	for	10	min.		The	suspension	was	centrifuged	at	39,000	x	g	for	10	min,	
and	the	supernatant	and	precipitate	were	separated.		The	resultant	precipitate	was	boiled	again	un-
der	the	same	conditions,	and	the	suspension	was	re-centrifuged	under	the	same	conditions	as	de-
scribed	above.		The	combined	supernatant	and	precipitate	were	lyophilized,	weighed,	and	examined	
for	antimicrobial	activity.

	 Determination of the sugar content and analysis of the sugar components of the boiled-water-
soluble fraction.		Sugar	content	was	determined	by	the	phenol-sulfuric	acid	method	and	the	carba-
zole	method.		Sugar	components	were	analyzed	using	a	HPLC	(Model	L-6200,	Hitachi	Co.,	Tokyo,	
Japan)	with	a	fluorescence	monitor	(Model	F-1050,	Hitachi	Co.,	Tokyo,	Japan).	 	The	samples	for	
HPLC	analysis	of	sugar	components	were	prepared	by	hydrolysis	with	70%	sulfuric	acid.	 	Sugar	
components	were	separated	on	a	4.6	mm	x	25	cm	Shim-pack	ISA-07/S2504	column	(Shimadzu	
Co.,	Kyoto,	Japan).

Results and Discussion

	 Yield of sweetpotato fiber 
	 Three	varieties	of	sweetpotato	fiber	(Koganesengan,	Shiroyutaka,	and	Kyushu	No.	124)	were	
prepared	from	storage	roots	by	treatment	of	a-amylase	and	glucoamylase	(Table	1).		The	yield	of	
fiber	per	kilogram	of	storage	root	was	20.7	g	(2.1%)	from	Shiroyutaka	20.4	g	(2.0%)	from	Kogane-
sengan,	and	18.2	g	(1.8%)	from	Kyushu	No.	124.		The	yield	of	fiber	from	Kyushu	No.	124	was	ap-
proximately	10%	lower	than	that	of	the	other	two	varieties.	 	These	values	relatively	agreed	with	
those	of	the	indigestible	food	fiber	reported	in	the	Standard Tables of Food Composition in Japan 
(4th	edition).	 	The	mean	dietary	fiber	(fresh	weight	basis)	of	four	cooked	American	cultivars	was	
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comparable	at	3.6%.15)	 	The	dietary	fiber	content	of	South	Pacific	sweetpotato	roots	ranges	from	
0.46%	to	2.93%	on	a	fresh	weight	basis.16)	 	Further	dietary	fiber	content	from	sweetpotato	varies	
with	harvest	time.13)		It	is	difficult	to	compare	the	values	for	dietary	fiber	of	sweetpotato	determined	
by	various	groups	of	researchers,	as	they	used	different	methods	of	analysis	and	did	not	include	the	
same	components	in	their	determinations.		

	 Antibacterial activity of sweetpotato fiber against bacteria and yeast
	 The	antibacterial	activity	of	sweetpotato	fiber,	including	Satsumaimo	fiber,	against	pathogenic	
E. coli, S. typhimurium, S. aureus,	and	S. cerevisiae	was	examined	using	a	microbial	calorimeter	
(Fig.	1).		Each	sample	was	added	to	the	broth	at	a	final	concentration	of	5%,	and	0.5	ml	of	distilled	
water	for	the	dietary	fiber	in	the	control	culture	bottle.			Pathogenic	E. coli	in	the	trypto-soya	broth	
grew	much	faster	than	non-pathogenic	E. coli	(data	not	shown).		Therefore,	the	preincubated	sus-
pension	of	this	bacterium	with	dilution	was	used	for	this	study	(Fig.	1).		The	growth	of	pathogenic	
E. coli without	the	addition	of	fiber	indicated	a	peak	of	power	at	11	hr	after	the	start	of	cultivation	
(Fig.	1A).	 	Adding	Satsumaimo	fiber	produced	the	same	growth	peak	as	the	control.	 	The	growth	
peak	was	observed	at	12	hr	with	the	addition	of	Shiroyutaka	fiber,	at	13	hr	with	the	addition	of	Ko-
ganesengan	fiber,	and	at	14	hr	with	the	addition	of	Kyushu	No.	124	fiber.		Adding	fiber	thus	effec-
tively	delayed	the	growth	of	pathogenic	E. coli.		Against	S. typhimurium,	control	and	Satsumaimo	
fiber	exhibited	a	growth	peak	at	16	hr	after	the	start	of	cultivation.		However,	the	growth	peak	oc-
curred	at	22	hr	with	the	addition	of	Kyushu	No.	124	fiber,	at	23	hr	with	the	addition	of	Shiroyutaka	

Fig.	1.	Effect	of	sweetpotato	fiber	on	bacterial	growth

(A),	pathogenic	E. coli;　(B),	S. typhimurium;　(C),	S. aureus;　(D),	S. cerevisiae;　●,	control;　
○,	Satsumaimo	fiber;　□,	Koganesengan;　■,	Kyushu	No.	124;　▲,	Shiroyutaka.
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fiber,	and	at	26	hr	with	the	addition	of	Koganesengan	fiber.	The	strength	of	bacteriostatic	activity	
was	in	order	Koganesengan,	Shiroyutaka,	and	Kyushu	No.	124	(Fig.	1B).	 	Against	S. aureus,	 the	
growth	peak	of	the	control	and	Satsumaimo	fiber	was	observed	at	11	hr	after	the	start	of	cultivation	
(Fig.	1C).	No	sharp	growth	in	the	bottles	with	Koganesengan,	Shiroyutaka,	or	Kyushu	No.	124	fiber	
were	observed,	suggesting	that	 the	dietary	fiber	prepared	from	sweetpotato	roots	effectively	de-
pressed	the	growth	of	S. aureus.	 	Satsumaimo	fiber	and	sweetpotato	fibers	had	no	effect	on	the	
growth	of	S. cerevisiae	(Fig.	1D).		These	data	suggest	the	existence	of	bacteriostatic	components	in	
sweetpotato	fiber.	

	 Effect of additional Kyushu No. 124 fiber on the growth of pathogenic E. coli. 
	 Fiber	of	Kyushu	No.	124	was	added	at	0,	0.1	g,	0.2	g,	0.3	g,	and	0.5	g	per	l0	ml	of	the	culture	
broth.		The	control	and	the	culture	broth	with	0.1	g	of	fiber	exhibited	the	same	growth	peak.		The	
growth	of	pathogenic	E. coli	was	delayed	with	increased	addition	of	the	fiber	(data	not	shown).

	 Effect of Kyushu No. 124 fiber, pectin, calcium alginate, and chitin on pathogenic E. coli 
growth
	 The	bacteriostatic	activity	of	sweetpotato	fiber	against	food	hygienic	bacteria	is	clear	(Fig.	1).		
Therefore,	Kyushu	No.	124	fiber	and	commercial	dietary	fiber,	pectin,	chitin,	and	calcium	alginate	
were	compared	in	pathogenic	E. coli	(Fig.	2).		Each	sample	was	added	to	the	broth	at	a	final	con-
centration	of	5%,	and	0.5	ml	of	deionized	water	for	the	fiber	sample	was	added	to	the	control	cul-
ture	bottle.		For	the	control	and	chitin,	the	same	growth	curve	and	growth	peak	of	the	bacteria	were	
observed	at	11	hr	after	the	start	of	cultivation.		For	Kyushu	No.	124,	the	growth	peak	in	the	fraction	
with	fiber	added	was	observed	at	13	hr,	and	that	in	the	fraction	with	calcium	alginate	added	was	ob-
served	at	14.5	hr.		No	bacteria	growth	in	the	fraction	with	pectin	added	was	observed	at	40	hr	after	
cultivation,	suggesting	that	the	antibacterial	activity	of	citrus	pectin	was	bactericidal.		

Fig.	2.	Effect	of	commercial	dietary	fiber	or	Kyushu	No.	124	fiber	on	pathogenic	E. coli	growth

▲,	chitin;　●,	control;　□,	Kyushu	No.	124;　■,	calcium	alginate;　△ ,	pectin;	
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	 Content of pectin, hemicellulose, and cellulose of sweetpotato and Satsumaimo fiber
	 Citrus	pectin	exhibited	strong	antibacterial	activity	against	pathogenic	E. coli	 (Fig.	2).	 	Our	
present	data	revealed	a	clear	difference	in	bacteriostatic	activity	between	Satsumaimo	fiber	and	
those	enzymatically	prepared	from	three	varieties	of	sweetpotato	storage	roots	(Fig.	1).		Data	sug-
gest	that	pectin	plays	an	important	role	in	the	antibacterial	activity	of	sweetpotato	fiber.		Kogane-
sengan,	Kyushu	No.	124,	and	Satsumaimo	fiber	were	fractionated	for	pectin,	hemicellulose,	and	
cellulose	content	(Table	2).		For	Koganesengan	root,	pectin	content	was	167	mg/g	fiber	DW,	hemi-
cellulose	content	was	397	mg/g	fiber	DW,	and	cellulose	content	was	199	mg/g	fiber	DW.		For	Ky-
ushu	No.	124	root,	pectin	content	was	366	mg/g	fiber	DW,	hemicellulose	content	was	109	mg/g	fi-
ber	DW,	and	cellulose	content	was	294	mg/g	fiber	DW.		For	Satsumaimo	fiber,	pectin	content	was	
44	mg/g	fiber	DW,	hemicellulose	content	was	121	mg/g	fiber	DW,	and	cellulose	content	was	639	
mg/g	fiber	DW.		The	pectin	content	of	Satsumaimo	fiber	was	much	less	than	that	of	Koganesengan	
or	Kyushu	No.	124	root	and	its	main	fiber	component	was	cellulose.

	 Yield and composition of boiled-water extract
	 In	the	present	study,	the	fiber	sample	was	autoclaved	in	the	culture	broth.	 	Therefore,	pectin	
solubilized	from	sweetpotato	fiber	or	Satsumaimo	fiber	may	depress	bacterial	growth.		Pectin	sub-
stance	is	solubilized	from	the	fiber	by	steaming	or	boiling.5,	17)		To	clarify	the	difference	between	the	
bacteriostatic	activity	of	Satsumaimo	fiber	and	sweetpotato	root	fiber,	the	freeze-dried	preparation	
of	water-boiled	extracts	from	each	sweetpotato	fiber	and	Satsumaimo	fiber	was	weighed	(Table	3).		
The	freeze-dried	preparation	from	Satsumaimo	fiber	was	12.6	mg/g,	 that	from	Shiroyutaka	fiber	
was	43.0	mg/g,	that	from	Koganesengan	fiber	was	42.0	mg/g,	and	that	from	Kyushu	No.	124	fiber	
was	36.0	mg/g.	 	The	yields	of	freeze-dried	extract	from	Shiroyutaka,	Koganesengan,	and	Kyushu	
No.	124	of	sweetpotato	storage	roots	was	three	times	higher	than	that	of	Satsumaimo	fiber.	 	The	
percentage	of	boiled-water	extract	from	Shiroyutaka	was	0.89,	that	from	Koganesengan	was	0.86,	
and	that	from	Kyushu	No.	124	was	0.66.	 	The	content	and	composition	of	pectin	in	sweetpotato	
vary	with	cultivar,	but	it	is	at	least	1%	of	fresh	weight.15)



－12－

The	Bulletin	of	the	Institute	of	Minami-Kyûshû	Regional	Science,	No.	27	(2011)

	 Table	4	 indicates	 the	sugar	content	and	neutral	sugar	composition	of	boiled-water	extracts	
from	three	varieties	of	sweetpotato	and	Satsumaimo	fiber.	 	The	content	of	neutral	sugar	was	pre-
sented	as	one	of	glucose,	and	that	of	acidic	sugar	was	presented	as	one	of	galacturonic	acid.		The	
neutral	sugar	content	per	100	mg	of	extract	from	Satsumaimo	fiber	was	91.6	mg,	that	from	Shi-
royutaka	was	92.0	mg,	that	from	Koganesengan	was	67.3	mg,	and	that	from	Kyushu	No.	124	fiber	
was	68.8	mg.		The	acidic	sugar	content	per	100	mg	of	extract	from	Satsumaimo	fiber	was	5.3	mg,	
that	from	Shiroyutaka	was	13.0	mg,	that	from	Koganesengan	was	20.5	mg,	and	that	from	Kyushu	
No.	124	was	22.2	mg.		The	acidic	sugar	content	of	extract	from	Koganesengan	and	from	Kyushu	
No.	124	was	four	times	higher	than	that	from	Satsumaimo	fiber,	and	1.6	to	1.7	times	higher	than	
that	from	Shiroyutaka.		Rhamnose	and	galactose	were	not	detected	in	the	boiled-water	extract	from	
Satsumaimo	fiber.	

	 Comparison of bacteriostatic activity between boiled-water-soluble and –insoluble fraction 
from Kyushu No. 124 fiber
	 Figure	3	plots	the	effects	of	boiled-water-soluble	and	-insoluble	fractions	separated	from	Ky-
ushu	No.	124,	 the	mixture	of	both	fractions,	and	native	(non-boiled)	fiber	against	pathogenic	E. 
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coli.		The	added	amount	of	each	fraction	to	the	culture	bottle	was	equivalent	to	native	fiber	of	Ky-
ushu	No.	124.	 	With	the	addition	of	the	boiled-water-soluble	fraction	and	the	control,	 the	growth	
peak	was	observed	at	10.5	hr.		The	addition	of	the	boiled-water-insoluble	fraction	indicated	that	the	
power	peak	occurred	at	11.5	hr.		With	the	addition	of	the	mixture	of	both	fractions,	the	power	peak	
was	observed	at	12.5	hr	and	that	of	the	native	fiber	at	14.5	hr.		These	results	indicate	that	the	boiled-
water-soluble	fraction	rarely	had	an	antibacterial	effect	against	pathogenic	E. coli,	and	that	the	main	
components	of	the	activity	existed	in	the	boiled-water-insoluble	fraction.	The	boiled-water-insolu-
ble	fraction	exhibited	stronger	bacteriostatic	activity	than	the	control	and	the	boiled-water-soluble	
fraction.	 	However,	 the	bacteriostatic	activity	of	the	boiled-water-insoluble	fraction	did	not	reach	
the	level	of	activity	of	the	mixture	of	both	fractions.		Furthermore,	the	mixture	of	both	fractions	was	
comparable	to	that	of	the	native	Kyushu	No.	124	fiber.		Consequently,	these	data	suggested	that	the	
active	component	was	mainly	present	 in	 the	boiled-water-insoluble	fraction,	but	 the	non-active	
boiled-water-soluble	fraction	was	necessary	to	effectively	suppress	pathogenic	E. coli	growth.

	 This	study	investigated	the	effects	of	the	sweetpotato	fiber	on	the	growth	of	several	kinds	of	
food	hygienic	bacteria	and	yeast	using	the	calorimetric	method.	 	Dietary	fiber	from	sweetpotato	
bacteriostatically	depressed	the	growth	of	food	hygienic	bacteria	(Fig.	1).	 	Kyushu	No.	124	fiber	
dose-dependently	delayed	the	growth	of	pathogenic	E. coli	(data	not	shown).		Data	indicate	that	a	
calorimetric	method	is	useful	for	evaluating	antibacterial	activity	with	a	culture-broth-insoluble	
sample.		The	calorimetric	method	is	also	useful	for	quantitatively	evaluating	the	efficacy	of	antifun-
gal	agents.18)

	 An	explicit	difference	was	observed	between	the	bacteriostatic	activity	of	Satsumaimo	fiber	
and	that	of	fiber	enzymatically	prepared	from	three	varieties	of	sweetpotato	storage	roots	(Fig.	1).		

Fig.	3.	Effect	of	boiled-water-soluble	and	-insoluble	fraction	from	Kyushu	No.	124	fiber	on	pathogenic	E. coli 

growth

●,	control;　△,	boiled-water-soluble	fraction;　▲,	boiled-water-insoluble	fraction;　□,	mixture	of	both	

fractions;　○,	native	(non-boiled)	fiber.	
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Presently,	Koganesengan	and	Shiroyutaka	have	been	processed	mainly	as	materials	of	starch	pro-
duction.		Therefore,	Satsumaimo	fiber	arises	from	the	starch	waste	of	both	varieties.		The	difference	
between	the	bacteriostatic	activity	of	enzymatically	prepared	fiber	and	that	of	Satsumaimo	fiber	is	
presumed	to	depend	on	the	decomposition	of	bacteriostatic	components	of	the	fiber	during	citric	
acid	fermentation.		The	component	that	decreased	in	the	lees	during	citric	acid	fermentation	was	as-
sumed	to	be	pectin.		This	hypothesis	is	also	supported	by	the	decrease	in	boiled-water-soluble	frac-
tion	content	and	acid	sugar	one	in	the	boiled-water	extracts	of	Satsumaimo	fiber	(Tables	3	and	4).
	 Pectin	is	a	high	molecular	acidic	polysaccharide	that	is	formed	byα-1,4	binding	of	D-galact-
uronic	acids,	and	a	complex	sugar	containing	neutral	sugars	(e.g.,	galactose,	arabinose,	xylose,	and	
rhamnose)	other	than	galacturonic	acid.		Among	the	root	crops,	sweetpotato	cell	wall	materials	have	
the	highest	amount	of	pectin	and	galacturonic	acid.19)		Yokotsuka	et al.	reported	that	reduced	pectin	
in	wine	effectively	depressed	the	growth	of	harmful	bacteria	by	the	synergistic	effect	with	ethanol	
on	fermentation.20)		Analysis	of	sugar	components	in	the	boiled-water-soluble	fraction	suggests	that	
the	boiled-water	extract	is	pectin	(Table	4).		Their	reports	and	our	data	(Tables	3	and	4)	suggest	that	
pectin	in	the	boiled-water-soluble	fraction	depresses	the	growth	of	food	hygienic	bacteria.		Contrary	
to	our	expectations,	the	boiled-water-soluble	fraction	from	Kyushu	No.	124	fiber	rarely	affected	the	
growth	of	pathogenic	E. coli	(Fig.	3).		Undegraded	pectin	has	no	bacteriostatic	activity,	while	pectin	
hydrolyzated	with	treatment	of	a	pectinase	or	sulfuric	acid	exhibited	clear	bacteriostatic	activity	
against	bacteria	other	than	lactic	acid	bacteria,	and	weak	activity	or	non-activity	against	yeasts	and	
fungi.21)		The	pectin	component	in	the	boiled-water-soluble	fraction	may	not	be	reduced.		Presently,	
we	do	not	have	any	data	to	analyze	the	characteristic	of	citrus	pectin	in	further	detail.		The	boiled-
water-insoluble	fraction	is	bacteriostatic,	while	the	soluble	fraction	is	not	(Fig.	3),	suggesting	that	a	
bacteriostatic	component	is	present	mainly	in	the	boiled-water-insoluble	fraction.		Yokotsuka	et al. 
reported	the	participation	of	neutral	sugars	for	bacteriostatic	activity.20)		Therefore,	it	is	possible	that	
unknown	components	in	the	boiled-water-insoluble	fraction	are	involved	in	the	bacteriostatic	activ-
ity	of	sweetpotato	fiber.		Further	investigation	will	be	necessary	to	clarify	the	bacteriostatic	activity	
of	neutral	sugar	in	sweetpotato	fiber.
	 In	addition	to	food	processing,	the	use	of	fiber	in	wound	therapy	has	been	considered.		Suzuki	
et al.	indicated	that	Satsumaimo	fiber	has	favorable	properties	for	healing	wounds;	since	it	contains	
a	large	amount	of	exudates,	the	fiber	has	excellent	absorptive	ability	for	serum	and	good	adhesive	
ability	for	a	number	of	proteins.22)	 	Present	data	 indicate	 that	fiber	enzymatically	prepared	from	
three	varieties	of	sweetpotato	roots	effectively	depressed	the	growth	of	the	suppurative	microorgan-
ism	S. aureus;	however,	Satsumaimo	fiber	did	not	(Fig.	1).		This	result	suggests	that	Satsumaimo	fi-
ber	absorbs	serum	proteins	but	cannot	suppress	the	growth	of	S. aureus. 	In	other	words,	the	fiber	
enzymatically	prepared	from	sweetpotato	roots	heals	a	wound	more	effectively	than	Satsumaimo	fi-
ber.	
	 The	total	dietary	fiber	content	of	sweetpotato	roots	is	similar	to	that	of	other	roots	and	tubers,	
and	is	much	higher	than	that	of	such	foods	as	cooked	rice.23)		Furthermore,	sweetpotato	has	a	well-
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balanced	content	of	soluble	and	insoluble	fiber,	with	a	ratio	of	1:1	(excluding	lignin).23-25)		Choles-
terol-binding	capacity	has	been	reported	for	28	fiber	samples	from	a	variety	of	commonly	con-
sumed	tropical	fruits	and	vegetables	including	sweetpotato,	and	sweetpotato	fiber	was	found	to	be	
by	far	the	most	effective	cholesterol	binder.26)		Epidemiological,	neuropathological,	and	biochemi-
cal	studies	suggest	a	possible	link	between	the	neurotoxicity	of	aluminum	and	the	pathogenesis	of	
Alzheimer’s	disease.		Kawahara	et al.	indicated	that	aluminum	induced	conformational	changes	in	
β-amyloid	protein	and	enhanced	its	aggregation	 in vitro.27)	 	Takeyama	et al.	demonstrated	that	di-
etary	fiber	effectively	adsorbed	aluminum.5)

	 The	gelling	properties	of	sweetpotato	pectin	are	similar	to	those	of	apple	pectin.28)		There	is	a	
potential	for	extracting	pectin	from	the	peel	and	trim	wastes,	and	starch	waste	of	sweetpotato	pro-
cessing	factories.　Sweetpotato	plants	used	for	food	are	a	moderately	good	source	of	dietary	fiber,	
being	made	up	of	soluble	and	insoluble	fiber,	which	could	promote	such	physiological	effects	as	re-
duced	fecal	transit	time	and	reduced	blood	cholesterol	levels.		In	addition,	livestock	that	consumed	
feeds	with	added	antibiotics	or	were	bred	in	a	clean	environment	are	well-grown,	indicating	the	in-
volvement	of	 the	 intestinal	micro	flora.29)	 	Food	fiber	 improves	 the	flora	of	 intestinal	bacteria.8)		
These	reports	and	our	present	data	suggest	the	potential	of	sweetpotato	fiber	as	livestock	feed.
	 In	conclusion,	our	present	results	indicate	that	sweetpotato	dietary	fiber	effectively depresses	
food	hygienic	bacteria.		Furthermore,	sweetpotato	dietary	fiber	possesses	several	chemopreventive	
properties,	including	the	adsorption	of	harmful	components	and	the	growth	enhancement	of	Bifido-
bacterium.9)		Sweetpotato	starch	waste	has	potential	not	only	for	maintaining	and	enhancing	health,	
but	also	for	preventing	food	poisoning.

References

	1	)	 Kozai,	T.,	Kubota,	C.,	and	Kitaya,	Y.	Sweetpotato	technology	for	solving	the	global	issues	on	
food,	energy,	natural	 resources	and	environmental	 in	 the	21st	century.	Environ. Control in 
Biol.,	34,105-114	(1996)	(in	Japanese).

	2	)	 Yoshimoto,	M.	New	trends	of	processing	and	use	of	sweet	potato	in	Japan.	Farming Japan,	35,	
22-28	(2001).

	3	)	 Woolfe,	J.	A.	Sweetpotato	;	an	untapped	food	resource,	Cambridge	University,	Press,	Cam-
bridge,	pp.	51-55	(1992).

	4	)	 Takeda,	H.	and	Kiriyama,	S.	Correlation	between	the	physical	properties	of	dietary	fibers	and	
their	protective	activity	against	amaranth	toxicity	in	rats.	J. Nutr.,109,	388-396	(1979).

	5	)	 Takeyama,	E.,	Yokokawa,	N.,	and	Tanimura,	A.	Changes	in	polysaccharide	components	and	
metal	adsorption	ability	of	soybean	dietary	fiber	on	heating.	Nippon Shokuhin Kagaku Kogaku 
Kaishi, 43,	231-237	(1996).

	6	)	 Bames,	W.S.,	Maie1lo,	J.,	and	Weisburger,	J.H.	In	vitro	binding	of	the	food	mutagen	2-amino-
3-methylimidazo-[4,5-f]quino1ine	to	dietary	fibers.	J. Natl. Cancer Inst.,	70,	757-760	(1983).



－16－

The	Bulletin	of	the	Institute	of	Minami-Kyûshû	Regional	Science,	No.	27	(2011)

	7	)	 Kada,	T.,	Kato,	M.,	Aikawa,	K.,	and	Kiriyama,	S.	Adsorption	of	pyrolysate	mutagens	by	vege-
table	fibers.	Mutation Res.,	141,149-152	(1984).

	8	)	 Mitsuoka,	T.	Intestinal	flora	and	its	functions.	J. Food Hyg. Soc., Japan,	36,	583	-587	(1995)	(in	
Japanese).

	9	)	 Yoshimoto,	M.,	Yamakawa,	O.,	and	Tanoue,	H.	Potential	chemopreventive	properties	and	vari-
etal	difference	of	dietary	fiber	from	sweetpotato	(Ipomoea batatas	L.).	Japan Agricultural Re-
search Quarterly,	39,	37-43	(2005).

10)		 Egoshi,	K.,	Oka,	T.,	and	Abo,	K.	Adsorption	of	heterocyclic	amines	by	insoluble	dietary	fiber. J. 
Food Hyg. Soc., Japan,	37,	114-118	(1996)	(in	Japanese).

11)		 Levy,	S.B.	The	Challenge	of	antibiotic	resistance.	Scientific American,	278,	46-53		(1998).
12)	 Takahashi,	K.	Calorimetry	of	cellular	processes.	With	special	references	to	quantitative	evalu-

ation	of	drug	action	on	microbial	cells.	Netsu Sokutei,	18,	9-18	(1991)	(in	Japanese).
13)	 Noda,	T.,	Takahata,	Y.,	and	Sato,	T.	Sugar	composition	of	cell	wall	material	from	sweet	pota-

toes	differing	in	stages	of	development,	tissue	zone	and	variety.	Oyo Toshitsu Kagaku,	41,	311-
316	(1994).

14)	 Shibuya,	N.	and	Iwasaki,	T.	Polysaccharides	and	glycoprotein	in	the	rice	endosperm	cell	wall.	
Agric. Biol. Chem., 42,	2259-2266	(1978).

15)	 Reddy,	N.N.	and	Sistrunk,	W.A.	Effect	of	cultivar,	size,	storage	and	cooking	method	on	carbo-
hydrates	and	some	nutrients	of	sweet	potato.	J. Food Sci., 45,	682-684	(1980).

16)	 Bradbury,	J.H.	and	Holloway,	W.D.	Chemistry	of	tropical	root	crops:	significance	for	nutrition	
and	agriculture	in	the	Pacific,	ACIAR	Monograph	Ser.	No.	6	(1988),	Canberra.

17)	 Kikuchi,	T.,	 Ishi,	S.,	Fukushima,	D.,	and	Yokotsuka,	T.	Food-chemical	studies	on	soybean	
polysaccharides.	Part	I.	Chemical	and	physical	properties	of	soybean	cell	wall	polysaccharides	
and	their	changes	during	cooking.	Nippon Nougeikagaku Kaishi,	45,	228-234	(1971).

18)	 Okouchi,	S.,	Kanou,	F.,	Omata,	K.,	Uchida,	H.,	Maruyama,	M.,	and	Ishihara,	Y.	Calorimetric	
evaluation	of	antifungal	activity	of	TBZ.	Nippon Shokuhin Kagaku Kogaku Kaishi, 46,	230-
235	(1999).

19)	 Salvador,	L.D.,	Suganuma,	T.,	Kitahara,	K.,	Tanoue,	H.	and	Ichiki.	M.	Monosaccharide	com-
position	of	sweetpotato	fiber	and	cell	wall	polysaccharides	from	sweetpotato,	cassava	and	po-
tato	analyzed	by	HPAEC-PAD	method.	J. Agric. Food Chem.,	48,	3448-3454	(2000).

20)	 Yokotsuka,	K.,	Matsudo,	T.,	Kushida,	T.,	Inamine,	S.,	and	Nakajima,	T.	Chemical	studies	on	
coloring	and	flavoring	substances	in	Japanese	grapes	and	wines	(XVIII).	Antimicrobial	activity	
of	pectin	hydrolyzates.	Hakko Kogaku Kaishi,	62,	1-7	(1984)		(in	Japanese).

21)	 Takenaka,	T.,	Muto,	O.,	Yatsunami,	K.,	and	Echigo,	T.	Antibacterial	activity	of	pectin	hydroly-
zates.	Nippon Shokuhin Kogyo Gakkaishi,	41,	785-792	(1994)	(in	Japanese).

22)	 Suzuki,	T.,	Tada,	H.,	Sato,	E.,	and	Sagae,	Y.	Application	of	sweet	potato	fiber	to	skin	wound	in	
rat.	Biol. Pharm. Bull.,	19,	977-983	(1996).

23)	 Holloway,	W.D.,	Monro,	J.A.,	Gurnsey,	J.C.,	Pomare,	E.W.,	and	Stace,	N.H.	Dietary	fiber	and	



－17－

Antibacterial	Activity	of	Sweetpotato	Fiber

other	constituents	of	some	Tongan	foods.	J. Food Sci.,	50,	1756-1757	(1985).
24)	 Chen,	W-J.	and	Anderson,	J.W.	Soluble	and	insoluble	plant	fiber	in	selected	cereals	and	vege-

tables.	Am. J. Clin. Nutr.,	34,	1077-1082	(1981).
25)	 Englyst,	H.N.,	Bingham,	S.A.,	Runswick,	S.A.,	Collinson,	E.,	and	Cummings,	J.H.	Dietary	fi-

ber	(non-starch	polysaccharides)	in	fruit,	vegetables	and	nuts.	J. Hum. Nutr. Dietet.,	1,	77-286	
(1988).

26)	 Lund,	E.D.	Cholesterol	binding	capacity	of	fiber	from	tropical	fruits	and　vegetables.	Lipids, 
19,	85-90	(1984).

27)	 Kawahara,	M.,	Kato,	M.,	and	Kuroda,	Y.	Effects	of	aluminum	on	the	neurotoxicity	of	primary	
cultured	neurons	and	on	the	aggregation	of	b-amyloid	protein.	Brain Res. Bull.	55,	211-217	
(2001).

28)	 Winaro,	F.G.	Sweet	potato	processing	and	by-product	utilization	in	the	tropics.	In:	Villareal,	
R.L.	and	Griggs,	T.D.	(eds.).	Sweet potato. Proceedings	of	the	first	International	Symposium.	
AVRDC,	Shandu,	Tainan,	pp.	373-384	(1982).

29)	 Ayano,	Y.	Dietary	fiber	in	cereals:	Nutritional	and	physio1ogical	aspect.	J. Jap. Sοc. Fοοd & 
Nutr.,	45,	209-218	(1992)	(in	Japanese).

（Accepted	on	Jan.	24,	2011.）




