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Abstract
Recently,	studies	on	the	research	of	traditional	fermented	foods	and	beverages	with	
positive	health	effects	have	emerged.	Not	only	the	production	and	consumption	of	
şalgam,	but	also	the	number	of	research	on	şalgam	is	 increasing	rapidly.	There	are	
two	principal	procedures	used	by	producers	for	şalgam	production:	(1)	the	traditional	
and	(2)	the	direct	procedure.	In	the	present	study,	individual	and	total	anthocyanins	
in	şalgams	manufactured	by	traditional	procedure,	direct	procedure,	and	addition	of	
autochthonous	lactic	acid	bacteria	cultures	were	compared.	The	lowest	total	solid,	
ash,	methanol,	 total	 phenolic,	 and	 color	 intensity	were	determined	 in	 şalgam	pro-
duced	by	the	direct	procedure,	while	the	highest	values	were	determined	in	şalgam	
produced by the addition of Lactobacillus plantarum.	Similarly,	the	lowest	individual	
and	total	anthocyanins	were	determined	in	şalgam	produced	by	the	direct	procedure.	
Cyanidin-3,	xylosyl-glucosyl-galactoside	acylated	with	ferulic	acid	was	found	to	be	
higher than the other individual anthocyanins. The quantities of anthocyanins indi-
vidually and totally changed significantly for different production procedures.

Practical applications
Şalgam	contains	high	levels	of	vitamins,	minerals,	antioxidants,	phenolic	substances,	
and	 anthocyanin.	 It	 is	 a	 nutritious	 and	 healthy	 drink	 for	 people.	 Consumption	 of	
şalgam	is	currently	increasing	in	Turkey	and	also	some	European	cities.	As	far	as	it	is	
known,	no	previous	work	deals	with	the	determine	and	compare	the	individual	and	
total	anthocyanins	of	şalgams	produced	by	using	autochthonous	LAB	starter	cultures	
isolated	from	various	previous	şalgam	fermentations.	The	aim	of	this	study	was	to	
compare	not	only	the	şalgams	produced	with	the	addition	of	three	different	autoch-
thonous	LAB,	but	also	the	individual	and	total	anthocyanins	of	şalgams	produced	by	
traditional	and	direct	methods.	We	found	that	şalgam	produced	by	Lb. plantarum rep-
resented	the	highest	amount	of	solid	matter,	ash,	and	color	intensity	compared	to	the	
other	şalgams.	However,	the	highest	anthocyanin	was	obtained	in	şalgam	produced	
by	the	traditional	method,	and	Cy-3,	xylglc-gal-acy-fer	was	found	to	be	higher	than	
the	other	individual	anthocyanins	in	şalgams.
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1  | INTRODUC TION

Şalgam	 (Shalgam,	Salgam)	 is	a	product	of	high	commercial	value,	
mainly obtained by lactic acid fermentation. The beverage ob-
tained	at	the	end	of	fermentation	has	a	cloudy,	dark	purplish-red	
color.	 It	 is	one	of	 the	 traditional	beverages	of	Turkey.	Especially,	
it	 is	 very	 popular	 in	 the	 south	 region	 of	 Turkey,	 and	 its	 produc-
tion and consumption is nowadays increasing in other areas of 
country	 (Antakya,	 Maras,	 Istanbul,	 and	 Ankara,	 the	 capital	 of	
Turkey).	Recently,	 şalgam	has	 also	 taken	place	 in	 the	markets	of	
various	European	cities	where	the	population	density	of	Turks	 is	
high	 (Erten,	Tanguler,	&	Canbas,	2008;	Tanguler	&	Erten,	2012a;	
Tanguler,	Saris,	&	Erten,	2015).

For	 şalgam	 production,	 there	 are	 two	 principal	manufacturing	
procedures	 in	 industrially:	 the	 traditional	 procedure	 (First,	 dough	
fermentation,	and	then,	carrot	or	main	fermentation)	and	the	direct	
procedure	(without	dough	fermentation).	There	are	important	num-
bers of lactic acid bacteria isolated and identified from the autoch-
thonous	 environment	 in	 şalgam	 beverages.	 Unfortunately,	 to	 the	
best	of	our	knowledge,	there	is	no	practice	or	study	on	the	use	of	
these	 bacteria	 in	 şalgam	production.	 In	 addition,	 there	 is	 also	 not	
existing	 commercial	 starter	 cultures	 used	 for	 şalgam,	 as	we	 know	
with	the	exception	of	our	previous	study.	It	was	determined	in	the	
previous	study	that	some	lactic	acid	bacteria	(e.g.,	Lactobacillus	spp.)	
have	important	potential	as	şalgam	starters	for	industrial	manufac-
ture	(Tanguler	&	Erten,	2013).

The	primary	raw	material	utilized	for	manufacture	of	şalgam	 is	
black/purple	carrot	roots	(Daucus carota ssp. sativus var. atrorubens 
Alef.)	which	contain	significant	amounts	of	anthocyanins.	The	other	
raw	materials	are	bulgur	flour,	sourdough,	unrefined	rock	salt,	turnip,	
if available (Brassica rapa	L.)	and	drinkable	water	(Erten	et	al.,	2008).

Şalgam	contains	high	 levels	of	vitamins,	minerals,	 antioxidants,	
phenolic	substances,	and	anthocyanin.	It	is	a	nutritious	and	healthy	
drink	for	people	(Ekinci	et	al.,	2016;	Erten	et	al.,	2008).	In	addition,	
Tazehkand	and	Valipour	(2019)	expressed	that	şalgam	can	be	consid-
ered	as	a	safe	drink	for	human	cells.	So,	it	can	be	said	that	şalgam	is	
an important source of functional beverages.

Anthocyanins	 are	 phenolic	 compounds	 found	 widely	 in	 black	
carrot	 juice	 and	 şalgam.	 They	 contribute	 to	 the	 color	 characteris-
tics	 of	 many	 fruits	 (black	 mulberry,	 plum,	 raspberry,	 blackberry,	
cherry,	 grapefruit,	 blueberry),	 vegetables,	 and	 derived	 food	 and	
beverages	 (jams,	vinegars,	 juices,	 fruity	yoghurt,	and	 ice	cream,	or	
red/rose	 wines).	 Additionally,	 due	 to	 their	 positive	 colorant	 char-
acteristics,	 interest	 in	 anthocyanins	 has	 increased	 owing	 to	 their	
probable roles in improving health by reducing cancer and diabe-
tes	 risk.	 Despite	 the	 large	 potential	 of	 practice	 that	 anthocyan-
in’s	 symbolize	 for	 pharmaceutical,	 cosmetic,	 and	 food	 industries,	
the	 usage	 of	 these	 compounds	 has	 been	 restricted,	 because	 they	

have	 relative	 instability	 (Castaneda-Ovando,	 Pacheco-Hernández,	
Páez-Hernández,	Rodríguez,	&	Galán-Vidal,	2009;	Turker,	Aksay,	&	
Ekiz,	2004).

In	 addition,	 anthocyanins	 contribute	 greatly	 to	 the	 antioxidant	
characteristics	 of	 some	 colorful	 fruits,	 vegetables,	 and	 bever-
ages.	Black	carrot	anthocyanins	have	strong	antioxidant	capacities	
(Stintzing,	Stintzing,	Carle,	Frei,	&	Wrolstad,	2002).	Because	black	
carrots	 are	 rich	 in	 phenolic	 compounds	besides	 vitamins	C	 and	E,	
which	are	known	to	have	antioxidant	properties	(Algarra	et	al.,	2014).

Şalgam	has	 received	great	 attention	 recently	due	 to	 its	 large	 in-
dividual	and	total	amount	of	anthocyanins.	 Its	anthocyanin	pigment,	
which	 mainly	 comes	 from	 roots	 of	 black/purple	 carrot,	 is	 acylated	
(with acids such as “p-coumaric,	caffeic,	ferulic,	gallic,	p-hydroxyben-
zoic	and	sinapic	acid”)	and	non-acylated	cyanidin	derivatives	 (Turker	
et	al.,	2004).	Şalgam	anthocyanins	are	replaced	with	sugars	such	as	glu-
cose,	galactose,	and	xylose	and	most	of	them	are	presented	in	acylated	
forms	(Stintzing	et	al.,	2002).	Anthocyanin	concentration	in	şalgam	are	
generally	88.3	mg/L	to	145.6	g/L	(Erten	et	al.,	2008;	Gunes,	2008).

There has been a rapid increase in the number of research and 
articles	 related	 to	şalgam	 in	 the	 last	10	years.	Most	of	 them	were	
published	in	Turkish.	However,	recently	the	number	of	international	
articles	 has	been	 increasing	 rapidly.	Additionally,	 there	 are	 limited	
studies	 on	 anthocyanin	 pigments	 (Turker	 et	 al.,	 2004;	 Tanriseven,	
Kadiroglu,	 Selli,	 &	 Kelebek,	 2020).	 However,	 one	 of	 these	 stud-
ies	 (Turker	et	al.,	2004)	 is	describing	 the	pigments	of	anthocyanin	
in	 şalgam	 samples,	 which	 were	 obtained	 commercially.	 The	 other	
(Tanriseven	et	al.,	2020)	compares	to	the	şalgams	produced	with	the	
traditional	and	direct	method.	In	addition,	as	far	as	we	know,	there	
is	also	only	one	study	(Tanguler	et	al.,	2015)	on	the	manufacturing	of	
şalgam	with	the	addition	of	autochthonous	starters.	However,	this	
study	compares	microbial,	chemical	(glucose	and	fructose),	and	sen-
sorial	properties	of	şalgams	manufactured	by	different	procedures.

The aim of our research was to compare individual and total 
anthocyanin’s	 of	 şalgams	 manufactured	 by	 different	 procedures	
(traditional	procedure,	direct	procedure,	 and	 the	addition	of	 three	
different	 lactic	acid	bacteria	as	starter	cultures).	At	the	same	time,	
some	quality	parameters	of	şalgam	samples	produced	by	different	
procedures were compared.

2  | MATERIAL S AND METHODS

2.1 | Materials

Root	of	black	carrot	(15	kg),	turnip	(1	kg),	and	bulgur	flour	(3	kg)	were	
supplied	 from	 Icenbilir	Haci’s	Şalgam	Corporation	 (Adana,	Turkey).	
Baker’s	yeast	and	unrefined	rock	salt	were	purchased	from	the	mar-
ket.	At	the	same	time,	total	solid,	protein,	total	sugar,	glucose,	and	

K E Y W O R D S

anthocyanin,	cyanidin-3	(Cy-3,),	lactic	acid	bacteria,	naturally	fermented	beverage,	Şalgam	
(Shalgam	Salgam),	starter	culture,	xylosyl-glucosyl-galactoside	acylated	with	ferulic	acid
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fructose contents found in turnip and bulgur flour were also ana-
lyzed	in	this	study.	Lactic	acid	bacteria	starters	utilized	in	our	study	
were Lactobacillus (Lb.) plantarum,	Lb. fermentum, and Lb. paracasei 
subsp. paracasei. They were specified and chosen among 447 au-
tochthonous	lactic	acid	bacteria	species	isolated	from	şalgams	pro-
duced in the university laboratory and obtained from small- and 
large-scale	 producers	 in	 the	 industry.	 Eighteen	of	 447	 autochtho-
nous	lactic	acid	bacteria	isolated	were	different	species.	Various	an-
alyzes	(Microbial	growth,	total	acidity,	development	characteristics	
in	different	temperature,	salt,	and	pH	values)	were	made	on	these	18	
species.	According	to	the	results	obtained,	three	strains	mentioned	
above	 that	can	be	used	as	a	 starter	 in	 şalgam	were	determined	 in	
our	previous	study	(Tanguler	&	Erten,	2013).	These	starter	cultures	
isolated	from	şalgams	were	preserved	as	 liquid	cultures	 in	de	Man	
Rogosa	Sharpe	broth	medium	with	 sterile	glycerol	 (20%)	at	−20°C	
until used.

2.2 | Methods

In	the	production	of	şalgam,	different	production	procedures	were	
used.	Şalgam	production	in	Turkey	is	generally	done	with	traditional	
procedures.	However,	şalgams	are	produced	with	less	extent	by	the	
direct	procedure.	In	addition	to	traditional	and	direct	methods,	trails	
with the addition of starter cultures of Lb. plantarum, Lb. fermentum, 
and Lb. paracasei subsp. paracasei were also performed.

2.2.1 | Şalgam production by traditional procedure

Şalgam	produced	by	traditional	procedure	was	designated	as	A-TP	
and	is	given	in	Figure	1.	The	production	of	A-TP	as	characterized	our	

prior	research	 (Tanguler	et	al.,	2015)	was	done	 in	accordance	with	
Erten	et	al.	(2008).

The traditional procedure carried out at our study consisted 
of two stages; Stage 1 is called dough fermentation (sourdough or 
first	fermentation).	Stage	2	is	called	carrot	fermentation,	(main	fer-
mentation	or	second	fermentation).	The	first	fermentation	stage	is	
important for the enrichment of lactic acid bacteria and/or yeast. 
At	 that	 stage,	 bulgur	 flour	 (3%),	 unrefined	 rock	 salt	 (0.2%),	 sour-
dough	(0.2%)	obtained	with	the	incubation	of	baker’s	yeast	at	30°C	
for	24	hr	and	potable	water	were	added	as	required.	Later	on,	the	
mixture	was	kneaded	to	bring	it	to	dough	consistency.	The	dough	
obtained	at	the	end	of	the	process	was	left	in	a	barrel	at	25	±	0.5°C	
for	3	days	for	dough	fermentation.	After	this	time,	drinkable	water	
was	added	into	the	barrel,	mixed	with	the	dough,	blended	well,	and	
extracted.	Then,	extraction	processing	was	realized	at	 four	times	
in a row.

At	stage	two,	the	liquid	extracts	obtained	from	the	first	fermen-
tation	contain	a	high	number	of	viable,	especially	lactic	acid	bacteria	
and	yeasts.	These	extracts	were	used	to	carry	out	second	(carrot	or	
main)	 fermentation.	 Extracts	 obtained	 from	 first	 stage	were	 com-
bined	with	sliced	black	carrots	(15%),	unrefined	rock	salt	(1%),	sliced	
turnip	(1%)	in	a	10L	closed	jar.	The	jars	were	filled	with	adequate	tap	
water.

2.2.2 | The production of şalgam by adding 
Lb. plantarum, Lb. fermentum, or Lb. paracasei 
subsp. paracasei

Figure	1	gives	the	production	procedure	of	şalgams	by	addition	of	
autochthonous	 starter	 cultures.	 Experiments	 carried	 out	with	 the	
addition of Lb. plantarum, Lb. fermentum, or Lb. paracasei subsp. 

F I G U R E  1  Şalgam	production	with	
the traditional procedure and with the 
addition of starter cultures. *Trials using 
an only starter culture

Bulgur flour
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rock-salt

Main (Carrot)fermentation  
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paracasei	 were	 coded	 as	 B-Lbp,	 C-Lbf,	 and	 D-Lbpp,	 respectively.	
Pasteurized	black	carrot	 juice	was	used	for	the	propagation	of	au-
tochthonous starter lactic cultures.

For the trails performed by the addition of autochthonous starter 
lactic	 cultures	 isolated	 from	 the	 previous	 study	 (Tanguler,	 2010),	
traditional	 şalgam	 production	 procedure	 was	 utilized.	 In	 this	 pro-
cedure,	 dough	 fermentation	 and	 extraction	 procedure	 of	 dough	
were	 performed	 as	 mentioned	 above.	 The	 extracts	 were	 used	 to	
carry	out	main	fermentation.	For	this	reason,	it	was	combined	with	
the	 raw	materials	 (black	 carrots,	 unrefined	 rock	 salt,	 sliced	 turnip)	
at	the	abovementioned	ratios	 in	a	 jar.	 In	this	stage,	5%	autochtho-
nous	 starter	 lactic	 cultures,	 of	which	 the	 production	 procedure	 is	
explained	below,	were	inoculated	into	the	jar.

For	the	propagation	of	each	of	autochthonous	starter	cultures,	
fresh	 carrot	 juice	 was	 used	 (Demir,	 Bahçeci,	 &	 Acar,	 2006).	 First,	
healthy	black	carrots	were	selected	and	washed.	Later	on,	they	were	
cut	and	squeezed	by	using	a	solid	juice	extractor	(F172	Felix	Juicy,	
Turkey).	Pasteurization	was	carried	out	to	juice	for	5	min	at	85	±	2°C.	
Then,	the	heat	of	obtained	carrot	mash	was	quickly	reduced	at	25°C.	
The initial titratable acidity of the pasteurized carrot juice was ob-
tained	as	1.64	g/L	(expressed	as	 lactic	acid),	and	the	pH	was	6.14.	
Pasteurized	black	carrot	juice	was	transferred	to	a	1L	sterile	jar	and	
mixed	with	the	1.2%	of	unrefined	rock	salt.

A	 loopful	 of	 the	 stock	 culture	 of	 each	 Lb. plantarum,	 Lb. fer-
mentum, and Lb. paracasei subsp. paracasei	 was	 plated	 onto	MRS	
agar.	 Each	 one	was	 incubated	 at	 25°C	 for	 48	 hr	 in	 anaerobic	 jars	
(Anaerocult®A,	Merck,	 Germany)	 to	 achieve	 single	 and	 pure	 cul-
tures. Two colonies from each species were inoculated into pas-
teurized	black	carrot	juice	and	incubated	at	25°C.	After	incubation	
for	48	hr,	centrifugation	was	performed	for	each	one	of	 lactic	cul-
tures	for	10	min	at	4°C	at	4,000	rev/min.	Then,	pure	autochthonous	
starter cultures propagated were washed with cold sterile water 
(Tanguler,	2010).

2.2.3 | The production of şalgam by 
direct procedure

The	 production	 of	 şalgam	 by	 direct	 procedure	 was	 produced	 in	
accordance	 with	 Erten	 et	 al.	 (2008)	 and	 was	 designated	 as	 E-DP	
(Figure	2).

In	 direct	 şalgam	 manufacturing	 procedure,	 first	 fermentation	
is	not	practiced.	As	put	 into	words	 in	our	prior	 research	 (Tanguler	
et	 al.,	 2015),	 all	 ingredients	washed,	 later	 on	 sorted	 and	 chopped	
black	carrots	(15%),	bulgur	flour	(3%),	unrefined	salt	(1.2%),	shredded	
turnip	(1%)	if	available,	sourdough	(0.2%),	and	tap	water	are	filled	to	
a jar to carry out fermentation.

Each	of	the	five	fermentations	was	carried	out	 in	a	10L	closed	
tank	at	25°C	in	fermentation	room.	All	fermentation	trials	controlled	
daily	by	measuring	 titratable	 acidity	 and	pH.	Şalgam	samples	pro-
duced	by	different	procedures	were	stored	at	4ºC.	Then,	the	residue	
was	 removed	 from	 the	vessel.	All	 fermentation	 trials	were	carried	
out in duplicate.

2.3 | Standard chemical analysis

The	contents	of	 total	 solid,	protein,	 total	 sugar,	 glucose,	 and	 fruc-
tose	of	black	carrot	were	determined.	In	addition,	some	quality	pa-
rameters	were	determined	of	şalgam	beverages.	Total	solid	matter	
and	 ash	 values	were	determined	 according	 to	AOAC	 (1990).	 Total	
sugar was determined by phenol-sulfuric acid method as previously 
described	by	Amrane	and	Prigent	(1996).	The	Kjeldahl	method	was	
used to determination of total nitrogen. Protein amounts were com-
puted	 according	 to	 AOAC	 (1990).	 On	 the	 contrary,	 the	 titratable	
acidity	 (expressed	as	 lactic	acid)	was	analyzed	by	titrating	samples	
up	to	pH	8.1	with	0.1	N	of	(4	g/L)	sodium	hydroxide	using	pH	meter.	
pH	values	were	determined	directly	with	a	digital	pH	meter	(InoLab,	

F I G U R E  2  The	manufacture	of	şalgam	
by the direct procedure
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Germany)	(Demir	et	al.,	2006;	Tanguler	&	Erten,	2012b).	All	analyti-
cal measurements were done in duplicate.

2.4 | Spectrophotometric analysis

Total phenolics were obtained with the method recommended by 
Ribéreau-Gayon,	Dubourdieu,	Doneche,	 and	 Lonvaud	 (2000).	 The	
samples which were clarified by centrifugation were measured in 
1	cm	thick	cuvettes	and	the	result	is	given	as	an	index	of	OD	280.

For	 color	 analyses,	 spectrophotometer	 (Shimadzu	 UV-1201,	
Kyoto-Japan)	was	used.	Absorbances	(Abs)	of	the	şalgams	were	di-
rect	measured	at	420,	520,	and	620	nm	at	room	temperature	with	a	
1	cm	quartz	cell.	By	using	these	Abs	values,	color	intensity	(CI),	pro-
portion of yellow color (Ye420%),	red	color	(Rd520%),	and	blue	color	
(Bl620%)	were	determined.	Color	intensity	(CI)	as	the	sum	of	420	nm,	
520	nm,	and	620	nm	Abs.	These	calculations	were	obtained	from	the	
following equations:

On	the	contrary,	the	proportion	of	OD420 and OD520 are given as tint 
(OD420/OD520)	(Ribéreau-Gayon	et	al.,	2000).

2.5 | Determination of some organic acids, glycerol, 
methanol, and ethanol

Acetic	and	citric	acids,	ethyl	alcohol,	glucose,	and	 fructose	were	
determined	 by	 a	HPLC	 (Shimadzu-LC	20AD,	 Japan).	 The	 column	
is	 an	 Aminex-HPX	 87H	 column	 (Bio-Rad,	 Richmond,	 CA,	 300	× 
7.8	mm,	USA).	It	is	used	at	50°C.	H2SO4 in water with high purity 
was	used	as	eluent.	The	eluent	was	5	mmol/L	of	H2SO4 in water 
(HPLC	grade	high	purity)	at	a	flow	rate	of	0.6	ml/min.	Amounts	of	
acetic	acid	and	citric	acid	from	UV	detector	and	glycerol,	metha-
nol,	ethyl	alcohol	concentrations	were	calculated	from	refractive	
index	detector	 (RID)	 (Tanguler	&	Erten,	2012a).	Universal	 stand-
ard	substances	(Merck,	Darmstadt,	Germany)	were	utilized	to	de-
tect	 the	organic	acids,	 glycerol,	methanol,	 and	ethanol	 amounts.	
For	 this	 reason,	 acetic	 acid	 (Merck,	 818,755),	 citric	 acid	 (Merck,	
100,244),	 ethanol	 (Merck,	 111,727),	 glycerol	 (Merck,	 104,092),	
and	methanol	(Merck,	106,007)	were	used.	All	analyzes	were	car-
ried out in duplicate. The abovementioned standards were used to 
detect	the	correlation	between	peak	area	and	amounts.	A	calibra-
tion curve was then drawn.

2.6 | Anthocyanin profiles of şalgams produced by 
different procedures

For	 HPLC	 analyses,	 Milli	 Q	 water	 (Millipore,	 USA)	 was	 used.	
Anthocyanin	profiles	of	şalgam	were	carried	out	according	to	Turker	

et	al.	(2004)	with	some	modifications.	For	this	reason,	2	milliliters	of	
şalgams	were	taken.	Later	on,	they	were	centrifuged	in	Eppendorf	
tubes	at	5,000	rpm	at	8°C	for	15	min.	Each	of	sample	obtained	was	
then	filtered	by	using	a	nylon	filter	(0.45	mm,	Millipore).	The	HPLC	
system	 (Agilent	 1,100	 Series	Germany)	 has	 a	 variable	wavelength	
UV-Vis	detector	 (VWD),	a	multiwavelength	detector	 (MWD)	and	a	
refractive	 index	detector	 (RID).	For	determining	and	calculating	of	
data,	HP	Chem	Station	(Agilent	Technologies,	1999–2000)	software	
program	was	used.	A	C-18	column	 (Zorbax	SB	C18,	4.6	×	50	mm,	
1.8	µm)	was	used	with	MWD	set	to	520	for	the	profiles	of	anthocya-
nin.	 HPLC-grade	 acetonitrile	 (Sigma-Aldrich,	 34,851,	 Switzerland)	
and	 phosphoric	 acid	 (85%,	Merck,	 1.00563.2500,	 Germany)	were	
utilized.	Two	solvent	were	used:	Solvent	A	 (100%	acetonitrile)	and	
solvent	B	 (4%	phosphoric	acid).	The	flow	rate	of	 the	mobile	phase	
was	 0.8	 ml/	 min.	 Appropriate	 dilution	 was	 performed	 with	 4%	
of	phosphoric	acid	 for	each	sample.	Later	on,	each	one	of	 filtered	
şalgams	 (20	µl)	was	 injected	 to	HPLC.	The	quantities	of	 individual	
anthocyanin’s were obtained with a calibration curve obtained from 
the standards.

2.7 | Statistical analysis

Data of some quality parameters and anthocyanin profiles were 
analyzed for statistical significance by one-way analysis of variance 
(ANOVA).	Mean	comparisons	were	carried	out	by	Duncan	test	sta-
tistical	analysis	using	the	software	SPSS	18.0	for	Windows	(SPSS	Inc.	
Chicago,	USA).

3  | RESULT AND DISCUSSION

As	it	is	known,	there	is	only	one	study	recently	published	(Tanriseven	
et	 al.,	 2020)	 on	 anthocyanins	 which	 compared	 anthocyanins	 in	
şalgams	obtained	by	the	traditional	and	direct	methods.	However,	in	
present	study	in	addition	to	şalgams	produced	using	traditional	and	
direct	methods,	şalgams	made	by	the	use	of	autochthonous	starter	
cultures of Lactobacillus spp. were also compared.

In	present	study,	 five	şalgam	samples	were	produced	to	deter-
mine some quality parameters and anthocyanin profiles. For this 
reason,	şalgams	were	manufactured	by	traditional	and	direct	şalgam	
production	 procedures	 at	 the	 Biotechnology	 Laboratory	 of	 Food	
Engineering	 Department.	 Additionally,	 three	 different	 strains	 (Lb. 
plantarum,	 Lb. fermentum, and Lb. paracasei subsp. paracasei)	were	
also	used	for	the	production	of	şalgams.

All	the	trials	were	established	at	the	same	time	and	all	carrot	fer-
mentations followed by measuring total acidity lasted 10 days.

3.1 | Chemical composition of raw materials şalgams

Some	chemical	analyses	were	also	done	in	raw	materials	(black	car-
rot,	 turnip,	and	bulgur	flour).	Baker’s	yeast	and	unrefined	rock	salt	

Ye420% =

Abs420

CI
×100; Rd520%=

Abs520

CI
×100; Bl620%=

Abs620

CI
×100
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were	 purchased	 from	 local	market.	 Root	 of	 black/purple	 carrot	 is	
primary	raw	material	in	the	manufacture	of	şalgam.	The	content	of	
total	solid	and	protein	of	black	carrot	was	determined	as	126.5	g/
kg	and	1.52	g/100	g,	respectively.	Various	researchers	have	already	
reported	 that	 black	 carrot	 contains	 92.9–159.6	 g/kg	 solid	 matter,	
46–70.9	g/kg	total	sugar,	7.96	g/kg	glucose,	11.13	g/kg	fructose,	and	
0.23–1.10%	protein	(Agirman	&	Erten,	2018;	Berry	&	Watson,	1987;	
Gunes,	2008;	Ozler,	1995;	Utus,	2008).

Turnip	had	86.2	g/kg	total	solid,	37.8	g/kg	total	sugar,	2.0	g/kg	
glucose,	1.4	g/kg	fructose,	and	0.82	g/100	g	protein.	The	similar	out-
comes	were	presented	in	the	research	of	Ozler	(1995)	and	Incedayi,	
Uylaser,	and	Copur	(2008)	who	found	the	amounts	of	protein	in	the	
range	 of	 0.50–0.95.	 However,	 our	 findings	 related	 to	 dry	 matter	
and total sugar were slightly higher than previous paper (Incedayi 
et	al.,	2008).

Bulgur	is	known	by	different	names	such	as	boulgour,	boulghour,	
or	 burghul.	 It	 is	 a	 cooked	 and	 dried	 form	 of	whole	wheat.	 In	 the	
manufacture	 of	 bulgur,	 first	wheat	 has	 been	 cleaned	 and	 cooked,	
and	then,	dried	under	the	sun	or	in	the	oven,	then,	milled	into	small	
particles,	 and	 sieved	 into	 different	 dimensions	 (Kadakal,	 Ekinci,	 &	
Yapar,	2007).	The	part	under	the	sieve	is	called	bulgur	flour	(Erten	
et	al.,	2008).	It	is	a	minor	ingredient	in	the	manufacture	of	şalgam.	It	
also provides some nutrients for growth of microorganisms during 
the	 fermentation	 process	 (Tanguler,	 2010).	 The	 approximate	 com-
position of bulgur flour used in this research is as follow: total solid 
(89.2	 g/kg),	 total	 sugar	 (27.5	 g/kg),	 glucose	 (2.4	 g/kg),	 fructose	
(1.6	g/kg),	and	protein	 (15.98	g/100	g).	Our	findings	for	total	solid	

and	total	sugar	are	usually	compatible	with	the	researchers	(Canbas	
&	 Deryaoglu,	 1993,Gunes,	 2008;	 Utus,	 2008)	 who	 reported	 that	
their	amounts	are	obtained	between	862–909	g/kg	and	17.1–33	g/
kg,	respectively.

3.2 | Some quality parameters of şalgams

Proximate	compositions	(Total	solid,	ash,	glycerol,	methanol,	ethanol,	
total	phenolic	substance,	and	also	color	parameters)	of	şalgams	pro-
duced	by	different	procedures	are	presented	in	Table	1.	Total	solid,	
total	phenolics	(280	index),	tint,	and	color	intensity	results	of	şalgams	
were previously presented. The results given as follow are the aver-
age	of	two	measurements.	As	can	be	seen,	sample	B-Lbp	produced	
by Lb. plantarum starter culture represented the highest amount of 
solid	matter,	ash,	and	color	intensity	compared	to	the	other	şalgams.	
On	the	contrary,	the	lowest	total	solid,	ash,	and	color	intensity	were	
determined	in	şalgam	E-DP	produced	by	the	direct	procedure.

In	 present	 study,	 total	 solid	 (carbohydrates,	 organic	 acids,	 salt,	
protein,	color	matters,	and	minerals)	and	ash	(the	sum	of	non-burn-
ing	 materials)	 amounts	 determined	 as	 24.82	 g/L–31.55	 g/L	 and	
11.71	g/L–14.64	g/L,	respectively.	It	was	found	that	the	production	
procedures and the usage of different starter cultures were effective 
on	 total	 solid	and	ash	amounts	of	 şalgam	 juice.	The	data	obtained	
in	 our	 study	 are	 quite	 similar	 to	 the	outcomes	obtained	by	Gunes	
(2008),	Baser	(2013),	and	Gok	(2017)	who	found	solid	matter	and	ash	
amounts	 in	the	range	of	20.34	and	40	g/L,	and	11.2	and	20.2	g/L,	

TA B L E  1  Proximate	compositions	of	şalgams	produced	by	different	procedures

A-TP B-Sh C-Sh D-Sh E-Sh S

Chemical properties

Total	solid	(g/L) 26.40cd ±	0.3 31.55a ±	0.58 29.08ab ± 2.11 28.86bc ± 0.24 24.82d ±	0.09 **

Ash	(g/L) 12.48bc ±	0.51 14.64a ±	0.48 13.975a ±	0.25 13.67ab ±	0.86 11.71c ± 0.21 *

Ethyl	alcohol	(g/L) 4.205b ±	0.36 5.68a ± 0.17 5.86a ±	0.18 5.9a ± 0.21 4.575b ± 0.22 **

Methanol	(g/L) 0.56c ±	0.03 1.09a ±	0.09 0.845b ±	0.06 0.825b ± 0.04 0.36d ±	0.06 **

Glycerol	(mg/L) 18c ± 1.41 41.58b ±	8.77 27.63bc ±	6.64 63.97a ±	14.9 29.12bc ±	1.88 *

Total	phenolics	(OD	280) 23.75b ± 1.77 31.85a ± 1.20 29.5a ± 0.42 31a ±	1.13 21.5b ± 1.41 **

Organic acids (g/L)

Citric	acid nd nd nd nd nd −

Acetic	acid 0.566	±	0.09 0.75	± 0.14 0.825	±	0.05 0.62	± 0.04 0.61	± 0.04 ns

Color properties

Color	intensity 1.865c ± 0.04 2.34a ± 0.01 2.045bc ± 0.02 2.225ab ±	0.09 1.59d ±	0.16 **

Tint 0.305	± 0.04 0.33	±	0.03 0.34	± 0. .01 0.345	± 0.07 0.335	± 0.07 ns

Color composition

Ye420% 22.53	± 2.04 23.91	±	1.3 24.255	±	0.05 24.4 ± 0.14 24.115	±	0.09 ns

Rd520% 73.74	±	2.08 72.33	±	1.36 71.54	±	0.16 71.045	±	0.36 71.94	± 0.41 ns

Bl620% 3.695b ±	0.3 3.825b ±	0.15 4.11b ± 0.11 4.625a ±	0.06 4.075b ±	0.15 *

Note: Significance,	*	and	**	display	the	significance	at	5%	and	1%	by	LSD,	respectively.	a-d	Values	not	sharing	the	same	superscript	letter	within	
the	horizontal	line	are	different	according	to	Duncan	test,	A-TP,	Şalgam	production	by	traditional	procedure;	B-Sh,	Şalgam	production	by	adding	
Lb. plantarum;	C-Sh,	Şalgam	production	by	adding	Lb. fermentum;	D-Sh,	Şalgam	production	by	adding	Lb. paracasei subsp. paracasei;	E-Sh,	Şalgam	
production	by	direct	procedure;	nd,	not	determined;	ns,	not	significant.
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respectively.	On	 the	 contrary,	 solid	matter	 values	 obtained	 in	 this	
study	were	higher	than	given	data	by	Utus	 (2008).	 In	addition,	ash	
values	were	lower	than	works	reported	by	Agirman	and	Erten	(2018).

The organic acids are significant metabolic end-products that 
restrict	 the	 growth	 of	 Gram	 (−)	 bacteria	 by	 lowering	 pH	 and	 also	
contribute	to	the	sensorial	properties	 (such	as	taste)	of	 fermented	
foods and beverages. Taste defines the flavor and preference of 
the	 fermented	 beverage	 together	with	 aroma	 (Tzeng,	 Chia,	 Tai,	 &	
Ou,	 2010).	 Black	 carrot	 size	 used	 in	 the	 production	 (Utus,	 2008)	
and production without a dough fermentation can effects signifi-
cantly	the	organic	acid	amounts	in	ready-to-drink	şalgam	(Tanguler	&	
Erten,	2012a).	Acetic	acid,	the	dominant	volatile	acidity,	is	formed	in	
minor	amounts	during	the	şalgam	fermentations	(Erten	et	al.,	2008).	
Anderson,	Eriksson,	Salamonsson,	and	Theander	(1990)	also	stated	
that acetic acid is also occurred during fermentation of carrots. The 
amounts	of	acetic	acid	were	 found	between	0.57	and	0.83	g/L.	 It	
is	concentration	in	şalgam	produced	with	Lb. fermentum was higher 
than	the	acetic	acid	concentrations	in	şalgam	produced	without	the	
addition of starter culture. Our findings for acetic acid are gener-
ally	 in	 good	 agreement	 with	 the	 results	 of	 others	 (Ozturk,	 2009;	
Utus,	2008).	Similarly,	Gok	(2017)	determined	the	lowest	acetic	acid	
value	in	şalgams	collected	from	different	enterprises	as	0.55	g/L.	On	
the	 contrary,	Gok	 (2017)	 stated	 that	 the	 amount	 of	 acetic	 acid	 in	
ready-to-drink	şalgams	may	increase	to	3.41	g/L.

Citric	acid	could	not	be	determined	in	şalgams.	In	our	previous	
study,	 citric	 acid	was	 also	 not	 detected	 in	 two	 out	 of	 five	 şalgam	
samples obtained from industry. Their concentrations were be-
tween	175	and	3,417	mg/L	in	the	other	three	samples	(Tanguler	&	
Erten,	2012a).	On	the	contrary,	Ozturk	(2009)	collected	20	şalgam	
samples from the industrial producers and it was reported that 11 
samples contained no citric acid; only nine samples contained the cit-
ric	acid	between	60	and	440	mg/L.	In	addition,	Gok	(2017)	reported	
higher	 values	 (1.10–1.25	 g/L).	 The	 reasons	 for	 this	 could	 be	 that	
citric acid is being produced at very low amounts as fermentation 
end-products	and/or	added	to	the	şalgam	by	some	manufacturers.

Although	the	major	product	in	the	şalgam	fermentation	is	lactic	
acid,	some	ethanol	was	also	manufactured.	During	the	fermentation,	
yeasts	mainly	from	baker’s	yeast	or	sourdough	were	largely	responsi-
ble	for	the	production	of	ethyl	alcohol.	In	addition,	it	could	also	have	
been	produced	with	less	extent	by	the	heterofermentative	lactic	acid	
bacteria such as Leuconostoc	 spp.,	which	are	 found	during	 fermen-
tation	(Tanguler,	2010;	Utus,	2008).	Amounts	of	ethyl	alcohol	in	the	
present	study	were	determined	among	4.21	to	5.90	g/L.	The	produc-
tion procedure and starter culture used in the fermentation also af-
fected to the ethyl alcohol concentration. The results demonstrated 
that production procedure had a significant impact on ethyl alcohol. 
Our findings for ethyl alcohol are generally concurred with the re-
sults	obtained	by	Tanguler	and	Erten	(2012a)	and	Ozturk	(2009),	who	
reported	that	ethanol	quantities	 in	şalgam	samples	are	determined	
between	0.19	and	5.03	g/L.	However,	our	results	were	slightly	higher	
than	previous	data	published	by	Utus	 (2008).	 In	 the	production	of	
şalgam,	 effect	 of	 production	procedure	 significantly	 affected	 total	
solids (p <	 .01),	ash	(p <	 .05),	ethanol	(p <	 .01),	methanol	(p <	 .01),	

and glycerol (p <	.05)	amounts	of	şalgams;	however,	production	tech-
nique	 had	 no	 significant	 effect	 on	 acetic	 acid	 concentration.	Until	
now,	any	research	has	not	been	found	on	the	effect	of	production	
procedures	 for	 some	quality	parameters	of	 şalgam.	However,	 con-
clusions determined in our study are good agreement with previous 
studies	 carried	 out	 on	 some	 quality	 parameters	 of	 şalgams.	 Some	
other different results were probably attributable to raw materials 
and	also	microbiological	load	found	at	raw	materials,	used	quantities	
and production procedure carried out during processing. On the con-
trary,	şalgams	we	produced	via	different	procedures	in	present	work	
are	generally	in	good	accordance	with	the	Turkish	Şalgam	Standard	
(TS	11,149)	in	terms	of	the	criteria	examined.

The color of foods significantly influences consumers’ choices 
(Martin,	Ji,	Luo,	Hutchings,	&	Heredia,	2007).	In	the	present	study,	
color	intensity	value	was	found	a	range	of	1.59	to	2.34.	There	were	
important	differences	among	the	şalgam	samples	regarding	color	in-
tensity (p <	.01).	Our	results	for	color	intensity,	Ye420%,	and	Bl620% 
are	 in	good	agreement	with	Gunes	(2008),	but	slightly	higher	than	
Utus	(2008)	for	color	intensity	and	Rd520%.

When compared to traditional procedure and direct procedure 
according	to	some	quality	parameters	of	şalgam,	color	intensity	and	
Rd520%	values	in	şalgam	A-TP	which	was	produced	by	traditional	pro-
cedure,	were	determined	higher	than	in	şalgam	E-DP	which	was	pro-
duced by the direct procedure. It could be said that these differences 
were	due	to	the	lack	of	dough	fermentation	in	the	direct	procedure,	
because the dough fermentation is carried out to the enrichment of 
microorganisms	 (Erten	et	al.,	2008).	 In	direct	procedure,	 there	are	
less lactic acid bacteria and yeast in first fermentation medium be-
cause	dough	fermentation	has	not	been	made	(Tanguler,	2010).	On	
the	contrary,	according	to	the	results,	acetic	acid,	ethyl	alcohol,	color	
intensity,	Ye420%,	and	Bl620% values increased with the addition of 
starter	cultures	compared	to	traditional	procedure	(Table	1).

3.3 | Anthocyanin profiles of şalgams produced by 
different procedures

In	our	study,	a	total	of	five	anthocyanins	were	identified	and	quan-
tified	 on	 the	 basis	 of	 their	 retention	 times	 and	 ultra-violet–visible	
spectra,	compared	with	authentic	standards	and	data	found	in	the	
literature	(Stintzing,	Trichterborn,	&	Carle,	2006;	Turker	et	al.,	2004).	
HPLC-DAD	chromatogram	of	identified	anthocyanins	in	şalgam	re-
corded	at	520	nm	is	given	 in	Figure	3.	The	first	2	peaks	belong	to	
the	non-acylated	anthocyanins,	whereas	 the	next	3	peak	acylated	
anthocyanins.	These	anthocyanins	are	cyanidin-3-xylosyl-glucosyl-
galactoside	 (Cy-3,	 xyl-glc-gal;	 Peak	 1),	 cyanidin-3,	 xylosyl-galacto-
side	(Cy-3,	xyl-gal;	Peak	2),	cyanidin-3,	xylosyl-glucosyl-galactoside	
acylated	with	sinapic	acid	 (Cy-3,	xylglc-gal,	acy-sin;	Peak	3),	cyani-
din-3,	xylosyl-glucosyl-galactoside	acylated	with	ferulic	acid	 (Cy-3,	
xylglc-gal,	 acy-fer;	 Peak	 4),	 and	 cyanidin-3,	 xylosyl-glucosyl-galac-
toside	acylated	with	coumaric	acid	(Cy-3,	xylglc-gal,	acy-coum;	Peak	
5),	 respectively.	 Similar	 to	 the	 results	 we	 achieved	 in	 our	 study,	
Stintzing	 et	 al.	 (2006)	 and	 Turkyılmaz,	 Yemis,	 and	 Özkan	 (2012)	
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reported	 five	 main	 anthocyanins	 in	 black	 carrot.	 These	 are	 Cy-3,	
xylosyl-galactoside,	 Cy-3,	 xylosyl-glucosyl-galactoside,	 and	 Cy-3,	
xylosyl-glucosyl-galactoside	acylated	with	sinapic	acid,	p-coumaric	
acid,	or	ferulic	acid.

Table 2 shows the effect of the different production procedures 
on	 the	 anthocyanin	 content	 of	 şalgams,	 expressed	 as	 the	 means	
(mg/L)	 of	 three	 analytical	 replicates.	 It	was	 observed	 that	 the	 an-
thocyanin	 profiles	 of	 şalgams	 obtained	 with	 different	 procedures	
were	appearing	similar.	However,	the	quantities	of	anthocyanins	in-
dividually and totally changed significantly for different production 
procedures.

Cy-3,	 xylglc-gal-	 acy-fer	was	 found	 to	be	higher	 than	 the	other	
individual	anthocyanins,	while	the	lowest	individual	anthocyanin	was	
determined	as	Cy-3,	xylglc-gal	in	all	trials.	Similarly,	Turkyilmaz	et	al.	
(2012)	stated	that	Cy-3,	xylglc-gal-acy-fer	was	the	major	anthocyanin	
in	black	carrot	 juices	from	various	processing	stages	and,	Cy-3,	xyl-
glc-gal	was	minor	anthocyanin.	 In	addition,	he	also	stated	that	their	
amounts	were	between	160–362	mg/L	and	35–39	mg/L,	respectively.

The	 highest	 total	 concentration	 was	 detected	 in	 A-TP	
(299.20	 mg/L),	 followed	 by	 C-Lbf	 (295.59	 mg/L),	 D-Lbpp	
(289.66	 mg/L),	 B-Lbp	 (262.69	 mg/L),	 and	 E-DP	 (227.48	 mg/L)	
(Table	2).	On	the	contrary,	there	was	significant	effect	of	production	
procedure	on	Cy-3,	xylglc-gal	(p <	.05),	Cy-3,	xyl-gal	(p <	.01),	Cy-3,	
xylglc-gal-acy-sin	(p <	 .05),	Cy-3,	xylglc-gal-	acy-fer	(p <	 .01),	Cy-3,	

xylglc-gal-acy-coum	 (p <	 .01),	 and	also	 total	 anthocyanin	 (p <	 .01)	
amounts	in	şalgams.	Charron	et	al.	(2009)	reported	that	the	antho-
cyanin	 concentrations	 in	 the	 black	 carrot	 juice	 were	 determined	
as	 76.1	 μmol	 (64.5	 mg),	 228.1	 μmol	 (193.6	 mg),	 and	 380.2	 μmol 
(322.7	mg),	respectively	(Wu	et	al.,	2006).	Ekinci	et	al.	(2016)	found	
some	anthocyanin	compounds	in	şalgam.

In	all	trials,	the	amount	of	non-acylated	anthocyanins	(Cy-3,	xy-
lglc-gal +	Cy-3,	xyl-gal)	was	 lower	 than	 that	of	 the	acylated	 (Cy-3,	
xylglc-gal-acy-sin	+	Cy-3,	 xylglc-gal-acy-fer	+	Cy-3,	 xylglc-gal-acy-
coum).	 The	 şalgam	 made	 by	 direct	 production	 procedure	 (E-DP)	
showed	a	markedly	 lower	 concentration	of	non-acylated	anthocy-
anin	(61	mg/L)	compared	to	other	şalgams.	However,	highest	amount	
was	found	 in	sample	A-TP	with	102.4	mgL.	 In	a	different	way,	 the	
highest	acylated	anthocyanin	amount	was	obtained	in	C-Lbf	sample	
with	216.3	mgL,	while	the	lowest	value	(166.4	mg/L)	was	again	de-
termined	in	E-DP	(Results	not	given).	Similarly,	Baser	(2013)	stated	
that	şalgam	anthocyanins	consist	of	acylated	and	acylated	cyanidin	
derivatives	and,	the	acylated	anthocyanin	content	was	higher	than	
that of the non-acylated.

Regarding	individual	anthocyanins,	it	was	determined	that	Cy-3,	
xylglc-gal-acy-fer	 was	 the	 major	 anthocyanin.	 This	 constitutes	 the	
greatest proportion of the composition of the total anthocyanin 
contents.	The	amount	of	Cy-3,	xylglc-gal-acy-fer	ranged	from	99.47	
to	133.78	mg/L	 (Sample	E-DP	and	sample	C-Lbf,	 respectively).	The	

F I G U R E  3  HPLC	chromatograms	of	
şalgams	recorded	at	520	nm.	(Peak	1:	Cy-
3,	xyl-glc-gal,	Peak	2:	Cy-3,	xyl-gal,	Peak	
3:	Cy-3,	xylglc-gal-acy-sin,	Peak	4:	Cy-3,	
xylglc-gal-acy-fer,	Peak	5:	Cy-3,	xylglc-gal-
acy-coum)

TA B L E  2  Anthocyanin	profiles	of	shalgams	produced	by	different	procedures	(mg/L)

A-TP B-Sh C-Sh D-Sh E-Sh S

Cy-3,	xyl-glc-gal 17.67c ±	0.30 22.74a ±	0.67 18.57b ±	1.38 18.41b ±	1.35 15.95d ±	0.26 *

Cy-3,	xyl-gal 84.7a ±	1.39 56.37d ±	0.96 60.74c ± 2.17 65.6b ± 4.17 45.08e ±	2.67 **

Cy-3,	xylglc-gal-acy-sin 25.26b ±	0.39 30.16a ±	3.96 31.04a ±	4.50 26.59b ±	5.76 23.19c ±	3.50 *

Cy-3,	xylglc-gal-acy-fer 131.68b ± 1.21 118.50d ±	0.55 133.77a ±	1,42 127.92c ±	5.40 99.46e ± 0.10 **

Cy-3,	xylglc-gal-acy-coum 39.89c ±	0.30 34.92d ±	3.12 51.47a ±	2.34 51.14a ±	3.19 43.8b ±	1.19 **

Total 299.2a ± 0.02 262.69d ± 0.01 295.59b ± 0. .04 289.66c ± 0.01 227.48e ± 0.01 **

Note: Significance,	*	and	**	display	the	significance	at	5%	and	1%	by	LSD,	respectively.	a-e	Values	not	sharing	the	same	superscript	letter	within	
the	horizontal	line	are	different	according	to	Duncan	test.	A-TP,	Şalgam	production	by	traditional	procedure;	B-Sh,	Şalgam	production	by	adding	
Lb. plantarum;	C-Sh,	Şalgam	production	by	adding	Lb. fermentum;	D-Sh,	Şalgam	production	by	adding	Lb. paracasei subsp. paracasei;	E-Sh:	Şalgam	
production by direct procedure.
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amounts	 of	 the	 Cy-3,	 xylglc-gal-acy-fer	 ranged	 from	 43%	 to	 45%	
of	 total	 anthocyanins	 (Figure	4).	 In	 addition	 to	 this	 compound,	 the	
şalgams	 contained	 important	 amounts	 of	Cy-3,	 xyl-gal	 (20%–28%),	
Cy-3,	xylglc-gal-acy-coum	(13%–19%)	and	in	a	lesser	extend	Cy-3,	xy-
lglc-gal-acy-sin	(8%–11%).	Within	the	acylated	anthocyanins,	extend	
Cy-3,	 xylglc-gal-acy-sin	 was	 a	 minor	 component,	 compared	 to	 the	
others.	Stintzing	et	al.	(2002)	reported	that	chromatographic	finding	
thresholds of anthocyanins acylated with cinnamic acids were usually 
lower.	In	addition,	showing	more	high	tinctorial	capacity.	Acylation	of	
Cy-3,	xylglc-gal	with	sinapic	and	ferulic	acid	resulted	in	a	three	and	
sixfold	 increase,	 respectively.	 This	 is	 generally	 in	 good	 agreement	
with the other results related to the hyperchromic effect (Stintzing 
et	al.,	2002).	Degenhardt,	Hofmann,	Knapp,	and	Winterhalter	(2000)	
reported that non-acylated plant pigments represented higher tinc-
torial	capacity.	On	the	contrary,	Turker	et	al.	(2004)	determined	com-
parable	 conclusions	 related	 to	 the	 anthocyanin	 content	of	 şalgams	
using	HPLC-DAD.	In	addition,	researchers	similarly	found	that	Cy-3,	
xyl-glc-gal-acy-fer	is	the	primary	anthocyanin	containing	about	48%	
of	the	total	range.	Following	this	compounds,	Cy-3,	xyl-gal,	Cy-3,	xyl-
gal,	Cy-3,	xylglc-gal,	and	Cy-3,	xylglc-gal-acy-coum	represented	12.3,	
14.5,	5.1,	and	19.7%	of	the	total	area,	respectively.

Our results show the importance of production procedures in 
production	of	şalgam	in	the	case	of	transition	of	anthocyanins.	It	was	
concluded	that	şalgam	can	be	counted	as	a	remarkable	source	of	an-
thocyanins and it has to lay emphasis that the transition of these 
compounds toward the salgam is changed significantly with the pro-
duction procedures.

4  | CONCLUSIONS

In	 this	 study,	 the	 effects	 of	 production	 procedure	 on	 anthocya-
nin	profiles	and	some	quality	parameters	of	şalgam	samples	were	
compared. It was found that the production procedures and the 
usage of different starter cultures were effective on total solid 
and	 ash	 amounts	 of	 şalgam	 juice.	 Şalgam	 produced	 by	 Lb. plan-
tarum	 represented	 the	 highest	 amount	 of	 solid	matter,	 ash,	 and	
color	 intensity	 compared	 to	 the	other	 şalgams.	On	 the	contrary,	

the	lowest	values	were	determined	in	şalgam	produced	by	the	di-
rect procedure.

When	comparing	the	şalgam	juices	obtained	with	different	pro-
cedures,	 it	was	observed	 that	 the	anthocyanin	profiles	of	 şalgams	
obtained	with	different	procedures	were	appearing	similar.	However,	
the quantities of anthocyanin individually and totally changed sig-
nificantly for different production procedures.

On	 the	 contrary,	 it	 was	 observed	 that	 anthocyanin	 contents	
are	generally	higher	in	şalgam	juices	with	higher	acidities.	This	can	
be	explained	by	 the	 increased	acidity,	which	 leads	 to	 the	higher	
solubility	of	anthocyanin.	The	lowest	acidity,	lowest	relative,	and	
total	 anthocyanin	 amount	were	 determined	 in	 şalgam	 produced	
without	dough	fermentation	(Sample	E-DP).	Furthermore,	the	use	
of some lactic acid bacteria as a pure starter culture caused a slight 
decrease	in	the	total	amount	of	anthocyanin.	Comparing	to	all	şal-
gams,	the	highest	total	anthocyanin	was	found	in	the	sample	A-TP	
(şalgam	 produced	 by	 traditional	 procedure).	 Furthermore,	 Cy-3,	
xylglc-gal,	and	acy-fer	was	found	to	be	higher	than	the	other	indi-
vidual	anthocyanins,	while	the	lowest	individual	anthocyanin	was	
determined	as	Cy-3,	xylglc-gal	in	all	trials.	However,	more	detailed	
studies on the properties and quantification of total and individual 
anthocyanin are needed.
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