
INTRODUCTION
Hu man diet should pro vide all nec es sary com pounds

in clud ing pro teins, car bo hy drates and fats which are es -
sen tial for both re build ing and en er getic pro cesses.
Fur ther more, sup ple men ta tion with other nu tri ents, such
as ele ments or vi ta mins, which par tici pate in regu la tory
path ways is of high im por tance as well. In re cent years
many sub stances of plant ori gin which play an im por tant
role in ma jor meta bolic pro cesses were dis cov ered. Poly -
phe nolic com pounds be long to the com po nents of this
type, be ing pres ent in the diet in the larg est quan tities. Nu -
mer ous prop er ties of these sub stances were de scribed,
in clud ing their anti- allergic ac tion, an ti tu mor and an ti oxi -
dant prop er ties. Many stud ies in di cate their posi tive role
in the pre ven tion and treat ment of car dio vas cu lar and eye
dis eases, and even in the ther apy of AIDS (2, 6, 7, 8).
How ever, due to the large va ri ety of fla vonoid com -
pounds, the quan ti ta tive analy sis of phe nolic com pounds
con sumed in daily food ra tions (DFR) is prob lem atic. The 
sum of all phe nols pre sented as equiva lents of gal lic acid
or (-) cate chin is cru cial in the es ti ma tion of daily con -
sump tion of these pre cious nu tri ents in con trast to
chro ma tographic analy sis, which en ables to iden tify sepa -
rate mole cules, but does not show the to tal in take.

   Pro found re cov ery of ac tive com po nents from food
ra tions, al though im por tant, re mains dif fi cult. In view of
the above, the choice of po tent ex trac tion tech nique may
en able the as sess ment of to tal con tent of poly phe nolic
com pounds in foods. Choice of ef fi cient ex trac tion tech -
niques in com bi na tion with op ti mized se lec tion of
sol vents sys tems in creased the re cov ery of poly phe nols
from plant cells pres ent in the hu man diet. 

   The aim of this study was to op timize the ex trac tion
con di tions of poly phe nols from daily food ra tions among
stu dents from Medi cal Uni ver sity in Lublin. A com pari -
son of dif fer ent ex trac tion tech niques to gether with
cho sen sol vent sys tems in the pro cess of to tal phe nols
amount es ti ma tion was per formed. Folin- Ciocalteu
method was cho sen to de ter mine the to tal con tent of poly -
phe nols. Op ti mized pa rame ters of the ap plied
meth od ol ogy al lowed a de tailed analy sis of in take of this
group of sub stances with stu dent’s di ets.

MATERIAL AND METHODS
   The study was con ducted in 2012 and in volved 162

ran domly cho sen stu dents, 102 women and 60 men, from
Medi cal Uni ver sity in Lublin. All stu dents were vol un -
teers; their life styles were char ac ter ized by mod er ate
physi cal ac tiv ity. The in ves ti ga tions were car ried out us -
ing 24- hour die tary re call tech nique. On the ba sis of the
in for ma tion con cern ing quali ta tive and quan ti ta tive pa -
rame ters of di ets pro vided by stu dents and using Die te tyk
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2006 soft ware av er age di ets for both, women and men,
were re con structed. All prod ucts used to pre pare food ra -
tions were from the re tail mar ket of the Lublin re gion. The 
daily ra tions in cluded plate por tions of main meals iden ti -
cal with the ones con sumed by a par ticu lar in di vid ual and
all other food stuffs and bev er ages (in clud ing cof fee, tea
and juices) con sumed daily. Di ets du pli cates were pre -
pared ac cord ing to gen er ally ac cepted cu li nary tech niques.
Each av er age diet du pli cate was ho moge nized and ex -
tracted.

Mac era tion
 Three 75 g por tions were weighted from each av er age

daily diet into coni cal flasks with a vol ume of 300 mL and
filled with a por tion of 75 mL of metha nol, methanol-
 water mix ture (1:1 v/v) or acetone- water mix ture (7:3 v/v),
re spec tively. The mix ture was ex tracted by 48- hour- long
shak ing mac era tion. Ob tained so lu tion was fil tered and
the resi due poured with fresh por tion of the ex trahent. Ac -
tion was re peated 3 times. The com bined fil trates were
evapo rated un der re duced pres sure at a tem pera ture not
ex ceed ing 40° C us ing ro tary evapo ra tor. Sub se quently,
their dry resi due was dis solved in 100 mL of methanol-
 water (1:1 v/v). For pre pared so lu tions to tal phe nolic con -
tent was de ter mined us ing Folin- Ciocalteau rea gent.

Ultrasound- Assisted Mac era tion (UAE)
Three 10 g por tions of daily diet were trans ferred into

three 300 mL coni cal flasks and sus pended in 20 mL of
metha nol, methanol- water mix ture (1:1 v/v) and acetone-
 water mix ture (7:3 v/v), re spec tively. Ul tra sonic As sisted
Ex trac tion was per formed for each sam ple at 40°C within
45 min utes. Then the ex tracts were evapo rated and their
dry resi dues were dis solved in 50 mL of methanol- water
(1:1 v/v) so lu tion. The ob tained ex tracts were sub jected to 
fur ther analy sis.

Ac cel er ated Sol vent Extrac tion (ASE)
Di onex ASE 100 ap pa ra tus (Sun ny vale, CA, USA)

was used for the pres sur ized liq uid ex trac tion. Ho moge -
nized daily food ra tions were evapo rated un der re duced
pres sure us ing a ro tary evapo ra tor. From the obtained dry
resi due of av er age di ets three 1.0 g sam ples were col -
lected, placed in an ex trac tion cell, placed into ASE
car ou sel for ex trac tion pro ces with three ex trac tion sys -
tems: metha nol, metha nol: wa ter (1:1 v/v) and a mix ture
of ace tone: wa ter (7:3 v/v). The ex trac tion was car ried out
at 75°C. The elu tion vol ume was set at 60% of the cell’s
vol ume. Fol low ing con di tions were em ployed: static time
– 5 min, purge time – 100 sec, while the pres sure was set
at 90 bar. The ex tracts were evapo rated to dry ness us ing
a ro tary evapo ra tor at 40°C.

De ter mi na tion of to tal poly phe nols con tent us ing
Folin- Ciocalteu as say 

The to tal con tent of poly phe nols in the diet sam ple ex -
tracts was de ter mined us ing a modi fied method of
Folin- Ciocalteau (5). For this pur pose, 0.5 mL of the ex -
tract so lu tion was mixed with 30 mL of dis tilled wa ter and 
2.5 mL of Folin- Ciocalteau rea gent. Af ter 1 minute (but
no lon ger than 8 min utes) 7.5 mL of 20% Na2CO3 so lu tion
was added and the mix ture was filled to vol ume of 50 mL
with dis tilled wa ter. The ab sor bance was meas ured at
a wave length of λ = 760 nm in a 1-cm cu vettes by Thermo
Fisher Sci en tific Evo lu tion UV- Visible Spec tro pho tome -
ter af ter 2h. The as say was per formed for a se ries of
stan dard so lu tions as well. The same pro ce dure was re -
peated to all stan dard gal lic acid so lu tions (50-500 mg/L)
and stan dard curve was ob tained. The to tal phe nolic con -
tent was cal cu lated in gal lic acid equiva lents (GAE) based 
on the plot ted cali bra tion curve. 

RESULTS
   The ex trac tion tech niques em ployed in con junc tion

with the se lec tion of sol vents sys tems al lowed to de ter -
mine the to tal phe nolic content in the re con structed daily
food ra tions (DFR) of stu dents. The av er age amount of
poly phe nols con tained was within the range of 389-1316
mg and 484-1276 mg in women’s and men’s di ets, re spec -
tively. Ob tained re sults were pre sented in Ta ble 1 and
Ta ble 2. 

Ta ble 1. To tal poly phe nols con tent in men’s di ets de pend ing on
con ducted method of ex trac tion and sol vent sys tem

Extraction
method Parameters

Solvent system

Methanol Methanol:Water
(1:1 v/v)

Acetone:Water
(7:3 v/v)

Maceration

Polyphenols
content [mg] 553 484 670

SD 42.3 45.4 25.0
Range 507-581 412-531 627-712

UAE

Polyphenols
content [mg] 1015 714 1266

SD 184 111 98.8
Range 793-1331 483-899 1168-1433

ASE

Polyphenols
content [mg] 809 1266 1275

SD 172 219 177
Range 611-920 1028-1313 1097-1452

Table 2. Total polyphenols content in women’s diets depending
on conducted method of extraction and solvent system

Extraction
method Parameters

Solvent system

Methanol Methanol:Water
(1:1 v/v)

Acetone:Water
(7:3 v/v)

Maceration

Polyphenols
content [mg] 467 389 599

SD 12.4 39.6 29.8
Range 445-486 336-440 550-645

UAE

Polyphenols
content [mg] 791 560 1042

SD 75.7 92.6 209
Range 692-945 401-681 823-1556

ASE

Polyphenols
content [mg] 834 1316 965

SD 116 118 184
Range 775-967 1212-1444 798-1163
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DISCUSSION
The high est re cov ery of in ves ti gated com pounds, both

in women’s and men’s di ets, was achieved us ing Accel er -
ated Sol vent Ex trac tion (ASE) tech nique. The least
ef fi cient method of ex trac tion con sti tuted the re peated
mac era tion. It is worth noticing that very good re cov ery of 
phe nolic sub stances was ob tained us ing ultrasound-
 assisted mac era tion. This fact re mains of high im por tance
as UAE is a sim ple and cheap ex trac tion tech nique. It does 
not re quire the use of ex pen sive equip ment, or large
amounts of sol vents.

   An other im por tant as pect of the study was the se lec -
tion of ap pro pri ate elu tion sys tem, al low ing the most
ef fi cient ex trac tion of des ig nated substances. In most
cases the best sol vent sys tem was a mix ture of ace tone:
wa ter in the ra tio 7:3 v / v. The only ex cep tion was the ex -
trac tion of the fe male diet by the ASE ex trac tion, whether
the best re cov ery was ob tained us ing a mix ture of metha -
nol and wa ter in the ra tio of 1:1. How ever, it should be
stressed, that in case of DFR of stu dents, the use of this
par ticu lar mix ture of sol vents in ASE ex trac tion also re -
sulted in high re cov ery, which was com pa ra ble to the one
ob tained by the mix ture of ace tone and wa ter.

   In the meth ods of mul ti ple and ultrasound- assisted
mac era tion pure metha nol proved to be a bet ter ex trahent
com pared with 50% aque ous so lu tion of the sol vent.
How ever, in the method of ASE, the situa tion was re -
versed: the least ef fi cient ex trac tion sol vent was 100%
metha nol.

   The to tal in take of phe nolic com pounds de ter mined
in the Folin- Ciocalteu as say in the ex tracts ob tained by
mul ti ple mac era tion was com pa ra ble to the re sults
obtained in other simi lar stud ies (3). Moreo ver, these re -
sults were simi lar to the ones ob tained by other authors
evalu at ing the intake of poly phe nolic com pounds with na -
tional daily food ra tions (1, 4). How ever, it should be
em pha sized, that these two sci en tific pa pers re fer only to
the con sump tion of fla vonoid com pounds and are based
on for eign theo reti cal data bases, rather than on ana lyti cal
as says. What’s more, the to tal con tent of phe nols in the
sam ples ex tracted by UAE and ASE tech niques is sig nifi -
cantly higher, than in the sci en tific pa pers cited. On the

ba sis of the ob tained data, it can be con cluded that these
two listed ex trac tion tech niques have much greater ef fi -
ciency com pared to sim ple mac era tion. The to tal phe nolic 
in take with DFR’s stud ies need to be de vel oped and con -
firmed in fu ture re search. 

CONCLUSIONS
   It was shown that Ac cel er ated Sol vent Ex trac tion

(ASE) was found to be the most ef fec tive tech nique for
the ex traction of poly phe nols from the daily food ra tions.
Per formed op ti mi za tion of the ex trac tion sys tems re -
vealed that the high est re cov ery of marked com pounds
was ob tained us ing a mix ture of ace tone and wa ter at vol -
ume ra tio of 7:3. It should be also em pha sized that very
high de gree of re cov ery of in ves ti gated com pounds was
ob tained us ing ultrasound- assisted ex trac tion. For tra di -
tional ex trac tion tech niques such as mac era tion, 100%
metha nol seems to be more ef fec tive than its wa ter di lu -
tions. The es ti ma tion of phe nolic in take with daily food
ra tions was di rectly as so ci ated with the ex trac tion meth -
ods used, al low ing higher re cov ery of these sub stances
from in ves ti gated ma te rial. 

REFERENCES
1. Ilow R. et al.: Evo lu tion of bio fla vonoid in take in the di ets of

50- year- old in habi tans of Wrocław. Adv. Clin. Exp. Med.,
17, 3, 327, 2008.

2. Mali ńska D., Ki ersz tan A.: Flawonoidy- charakterystyka
i znac zenie w tera pii. Post. Bio chem., 50, 2, 182, 2004.

3. Mar zec Z. et al.: To tal in take of zinc, man ga nese, cop per, vi -
ta min C and phe nols in stu dents’ daily food ra tions. Ann.
UMCS Sect. DDD., 23, 4, 67, 2010. 

4. Regulska- Ilow R. et al.: Ocena po bra nia bio fla wonoidów z
dietą przez stu dentów z Wrocławia. Bro mat. Chem.
Toksykol., 3, 41, 675, 2008.

5. Sin gle ton V. L. et al.: Analy sis of to tal phe nols and other oxi -
da tion sub strates and an ti oxi dant by means of Folin-
 Ciocalteu rea gent. Methods En zy mol., 299, 152, 1999.

6. Vejko vic V.: Sim ple cri te rion for se lec tion of fla vonoid com -
pounds with anti- HIV ac tiv ity. Bioorg. Med. Chem. Lett., 17, 
5, 1226, 2007.

7. Wood man O. L., Chan E. Ch.: Vas cu lar anti- oxidant ac tions
of fla vonols and fla vones. Clin. Exp. Phar ma col. Physiol., 31,
11, 786, 2004. 

8. Yao L. H. et al.: Fla vonoids in food and their health bene fits.
Plant Foods Hum. Nutr., 59, 3, 113, 2004. 

242 Current Issues in Pharmacy & Medical Sciences

Wojciech Koch, Wirginia Kukuła-Koch, Zbigniew Marzec, Marta Jurek


