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Recent research suggests that blueberries are rich in total polyphenols and total anthocyanins.
Phenolic compounds are highly unstable and may be lost during processing, particularly when heat
treatment is involved. There is no systematic study available providing information on the fate of
phenolic compounds during storage and how that affects their biological activity. We provide a
systematic evaluation of the changes observed in total polyphenols (TPP), total anthocyanins (TACY),
Trolox equivalent antioxidant capacity (TEAC), phenolic acids, and individual anthocyanins of blueberry
extract stored in glass bottles and the ability of blueberry extract to inhibit cell proliferation. The extract
was stored at different temperatures (—20 + 1,6 £ 1, 23 + 1, and 35 £ 1 °C). Two cultivars, Tifblue
and Powderblue, were chosen for the study. The recoveries of TPP, TACY, and TEAC in blueberry
extract after pressing and heating were ~25, ~29, and ~69%, respectively, for both cultivars. The
recovery of gallic acid, catechin, and quercetin was ~25%. Ferulic acid was not detected in the final
extract in both Tifblue and Powderblue cultivars. The recovery of peonidin, malvidin, and cyanidin
glycosides was ~20% in the final extract in both cultivars. Losses due to storage were less when
compared with initial losses due to processing. At —20 °C, no statistically significant loss of TPP,
TACY, and TEAC was observed up to 30 days (P < 0.05). At 6 °C storage, there was a significant
loss observed from 15 to 30 days. Similar results were obtained at 23 and 35 °C (P < 0.05). There
was retention of more than 40% of ellagic and quercetin after 60 days at 35 + 1 °C. Anthocyanins
were not detected after 60 days of storage at 35 + 1 °C. Significant retention (P < 0.05) was obtained
for malvidin (42.8 and 25.8%) and peonidin (74.0 and 79.5%) after 60 days of storage at 23 + 1°C
in glass bottles for Tifblue and Powderblue, respectively, when compared with other individual
anthocyanins. A linear relationship was observed between TEAC values and total polyphenols or
total anthocyanins. A cell viability assay was performed using HT-29 cancer cell lines and anthocyanins
extracted from 30, 60, and 90 days of stored extract at 6 + 1 and 23 + 1 °C. A significant cell
proliferation inhibition percentage was observed in 30 days, although this was reduced significantly
after 30—90 days. These results suggest that heating and storage conditions significantly affect the
phenolic compounds and their biological activities. Frozen and low temperature storage are suggested
for blueberry extract in order to retain the bioactive components.

KEYWORDS: Anthocyanins; blueberries; cell proliferation; flavonoids; glass bottles; phenolic com-
pounds; storage; TEAC

INTRODUCTION coronary heart disease?,(3), and stroke 4). Fruits and

Epidemiological evidence suggests that diets rich in fruits yegetables are excellent sources of phenolic compounds, includ-

and vegetables are associated with a reduced risk of catjcer ("9 Phenolic acids and flavonoids. Plants produce phytochemi-
cals for protection from herbivores, parasites, and oxidative
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Figure 1. Structure of phenolic compounds. (A) Phenolic acids: a, caffeic
acid (number of OH-2); b, p-coumaric acid (number of OH-1); ¢, gallic
acid (number of OH = 3); d, ellagic acid (number of OH = 4); and e,
ferulic acid (number of OH-1). (B) Flavonoids: a, quercetin (number of
OH = 5); b, myricetin (number of OH = 6); ¢, (+)-catechin (number of
OH = 5); and d, epicatechin (number of OH = 5). (C) Anthocyanins: i,
pelargonidin (R* = H, R? = H); ii, cyanidin (R = OH, R? = H); ii,
peonidin (R! = OMe, R? = H); iv, delphinidin (Rt = OH, R?2 = OH); v,
petunidin (R! = OMe, R? = OH); and vi, malvidin (R* = OMe, R? =
OMe).

Srivastava et al.

stability (15). Previous reports are available on pomegranate
juice color and bioactive compounds during storad®)(
Reports describing changes in antioxidant capacity or antipro-
liferation activity due to storage of the extract are the focused
area of our research.

The objectives of the present work were (i) to study the effect
of storage in glass bottles on phenolic compounds and their
antioxidant capacities in blueberry extract and (ii) to extract
anthocyanin fractions from blueberry extract stored in glass
bottles under different temperature conditions and evaluate their
effects on cell proliferation activity using the HT-29 colon
cancer cell line. Tifblue and Powderblue were the cultivars used.
These are the most common berries grown in Georgia and are
gaining attention due to their high anthocyanin contents.

MATERIALS AND METHODS

Chemicals. Pure standards of gallic acig;hydroxybenzoic acid,
(+)-catechin, caffeic acid)-epicatechinp-coumaric acid, ferulic acid,
ellagic acid, quercetin, and kaempferol were purchased from Sigma
(St. Louis, MO). Anthocyanin standards were purchased from Polyphe-
nols Laboratories (AS) (Sandnes, Norway). These standards were Dp-
Glc (delphinidin 30-$-glucopyranoside), Cy-Gal (cyanidin G-3-
galactopyranoside), Cy-Glc (cyanidinG3--glucopyranoside), Pt-Glc
(petunidin 3-O-f-glucopyranoside), Pn-Gal (peonidi®J-galacto-
pyranoside), Pn-Glc (peonidin @-3-glucopyranoside), Mv-Glc (mal-
vidin 3-O-f-glucopyranoside), and Pn-Ara (peonidirD8e-arabinopy-
ranoside). Folin—Ciocalteu reagent, dimethylsulfoxide (DMSO), and
pectinase enzyme (Pectinex ultra SP-£26000 units/mL) were
purchased from Sigma. Acetone, acetonitrile, methaDgshosphoric
acid [85% purity, high-performance liquid chromatography (HPLC)
grade], hydrochloric acid (analytical grade), sulfuric acid, formic acid,
and water (HPLC grade) were purchased from Fisher Scientific
(Norcross, GA). Glass bottles were purchased from Speciality Bottle
Supply (Seattle, WA). MTT Cell Proliferation Assay kits were
purchased from ATCC (Manassas, VA). The human colorectal adeno-
carcinoma HT-29 cell line was purchased from ATCC.

Sample Collection. Mature blueberries were harvested from the
farms at the Experiment Station, University of Georgia, Tifton, Georgia,
in 2005. The blueberry cultivars collected were Tifblue and Powderblue.
Samples were frozen and stored-a40 °C until use.

Extract Preparation. Blueberry extract was prepared using a
modified method reported by earlier workers for juice preparatidh (
Frozen berries were thawed at’6 for 12 h. Berries were blanched
using boiling water for 3 min. Blanched berries were milled in a
household blender in three lots of 650 g each. Pectinase enzyme (2.2
mL) was added to 2100 g of crushed berries. The mix was stirred well
manually and kept at room temperature for 1 h. The crushed berries

of phenolic acids and flavonoid compounds estimated in the were centrifuged at 974or 20 min at 10°C. The extract (supernatant)
study (5,6). Blueberry (Vaccinium corymbosum) of the family was collected, and the residue was discarded. The extract (1.2 L) was
Ericaceae is reported to have a high antioxidant activity as gradually heated to 85C and was held at 83C for 2 min. The

compared to other fruits and vegetabl@s&). This is highly

temperature was brought down to 45 using cold water (18C). The

correlated with the anthocyanins and total polyphenolic contents extract was filled in glass bottles, capped, and cooled t6G0sing

9).

chilled water.
Storage Conditions.The extract was packed in glass bottles (30

Polyphenolic compounds including anthocyanins are not )y and kept at-20 + 1, 5+ 1, 23+ 1, and 35+ 1 °C, and the
completely stable. After harvest, these compounds undergoyjithdrawal time was set for 15, 30, 45, and 60 days. For the cell

changes during processing and storddk 11), which may alter

proliferation assay, extract samples were withdrawn after 30, 60, and

their biological activity. Anthocyanins and polyphenolics are 90 days of storage. All samples were analyzed in triplicate, and average
readily oxidized because of their antioxidant properties and are results were reported.

thus prone to degradation. The native enzyme polyphenol

Anthocyanin Extraction. The anthocyanin fraction from extract was

oxidase (PPO), which is present in blueberry, is responsible for obtained using a method reported by Yi et dl). After incubation,
the oxidation of polyphenolics to quinones, which produce extract samples were applied to an activated Oasis HLB cartridge

brown pigments (12) and affect the color of the extract/juice
concentrate. Heating was shown to inhibit PPO activity (12).

/ (Waters Corp., Milford, MA). The 15% methanol fraction contained

the phenolic acids, and the acidified methanol (5% formic acid in
methanol) eluted the anthocyanins. The fraction containing the antho-

The significant deterioration of phenolic compounds in highbush ¢y aning was freeze-dried using a Unitop 600L freeze dryer (Virtis,
blueberries when converted to juice has already been discusse@ardiner, NY). Extraction and hydrolysis for total polyphenols (TPP)
in several reports1@, 14). Oxygen, pH, and various storage and total anthocyanins (TACY) of blueberry fruit were done using the
conditions are shown to have marked effects on anthocyaninmethod reported by Sellappan et al. (18).



Phenolic Compounds of Blueberry Extract

Table 1. Individual Phenolic Acids and Flavonoids in Frozen Blueberries?
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frozen blueberries

phenolic acid (mg/100 g fruit weight)

flavonoids (mg/200 g fruit weight)

gallic acid caffeic acid p-coumaric acid ferulic acid ellagic acid catechin quercetin myricetin
Titblue 55+35 325+49 295+49 69.0+11.3 11057 146.5 £ 10.6 85+0.7 35+21
Powderblue 31.0+14 56.5+0.7 65.5+6.4 115+0.7 36.0+14 755+6.4 6.5+35 40+14

@Each value is expressed as a mean + SD; n = 3.

Total Soluble Solids (TSS) and pH.TSS and pH were measured
using an Atago Abbey hand refractometer 82 °Brix) and a pH meter-
340, respectively.

Estimation of TACY. The TACY content of the juice was estimated
on a UV-visible spectrophotometer (Shimadzu UV-1601, Norcross,
GA) by the pH-differential method using two buffer systems: potassium
chloride buffer, pH 1.0 (0.025 M), and sodium acetate buffer, pH 4.5
(0.4 M). Samples were diluted in pH 1.0 and pH 4.5 buffers and then
measured at 520 and 700 nm. The absorbance was calculated as
(A510nm - A700nn‘)pH1.0 - (A510nm - A700nrr)pH4.5

acetic acid/water (10:2:88, v/v/v); solvent B, acetonitrile; and solvent
C, water. The gradients were as follows: at 0 min, 100% solvent A; at
5 min, 90% solvent A and 10% solvent B; at 25 min, 30% solvent A
and 70% solvent B; and at 30 min, 30% solvent A and 70% solvent B,
with 5 min postrun with 100% solvent C. The flow rate was 1 mL/
min. Phenolic acids were detected at wavelengths of 260, 313, and
360 nm. For the anthocyanin analysis, the mobile phase was as
follows: solvent A, O-phosphoric acid/methanol/water (5:10:85, v/v/
v); solvent B, acetonitrile. The flow rate was 0.5 mL/min. The gradient
for the separation was a linear gradient of 100 to 50% solvent A and

The monomeric anthocyanin pigment concentration in the extract 0—50% solvent B over 25 min, followed by 5 min postrun with HPLC
was calculated as cyanidin-3-glucoside. The monomeric anthocyanin grade water. Anthocyanins were detected at 520 nm.

pigment (mg/L)= A x MW x DF x 1000/(¢ x 1) whereA =
absorbance, MW= molecular weight (449.2), DE dilution factor,
and e molar absorptivity (26900). The final concentration of

Cell Cultures. The human colorectal adenocarcinoma HT-29 cancer
cells were cultured in ATCC McCoy’s medium with 2 miMglutamine
and Earle’s BSS adjusted to contain 1.5 g/L sodium bicarbonate, 0.1

anthocyanins (mg/100 g of frozen fruit) was calculated based on the mM nonessential amino acids, 1.0 mM sodium pyruvate (90%), and

total volume of the extract and the weight of the sample.
Estimation of TPP. The TPPs were estimated colorimetrically using
the Folin—Ciocalteu method1(9). Extract samples were filtered through
a 0.2um nylon syringe filter. A sample aliquot of 26 was added to
800uL of water, 1 mL of 0.2 N Folin-Ciocalteu reagent, and 0.8 mL

10% fetal bovine serum. Cells were incubated undef@7vith 5%
CQO,. The medium was changed 2—3 times per week.

Cell Proliferation Assay. After digestion with trypsirrEDTA,
uniform amounts £2 x 10% of HT-29 cells in growth media were
inoculated into each well of a 96 well flat-bottom plate. After 24 h of

of saturated sodium carbonate solution (7.5%) and mixed well. The incubation at 37C in 5% CQ, the growth medium was replaced with

absorbance was measured at 765 nm with a Shimadzuvisible

spectrophotometer after incubation for 30 min at room temperature.

100 uL of medium containing anthocyanin extract from juice stored
under different storage conditions. On the basis of the results of earlier

Quantification was based on the standard curve generated with 100,reports from our laboratory (17), concentrations of each extract were

200, 300, and 400 mg/L of gallic acid.

Assay of Antioxidant Capacity. The antioxidant capacity was
performed on the Shimadzu UWisible spectrophotometer in a kinetic
mode based on the method of Re et aD)( Briefly, ABTS™ radical
cation was produced by reacting 7 mM "2zZinobis(3-ethylbenzothia-
zoline-6-sulfonic acid) diammonium salt (ABTS) and 2.45 mM

kept at 100ug/mL. Control cultures received everything but the
anthocyanin fractions, and blank wells contained 1000f growth
medium and extract without cells. Anthocyanin fractions (water soluble)
were directly dissolved in culture medium, and DMSO was added
initially to the extracts/fractions to help dissolve the sample. The final
DMSO content in the highest concentration of fraction treatment was

potassium persulfate after incubation at room temperature in the dark0.25%. Therefore, the control for these treatments also contained the

for 16 h. The ABTS' solution was diluted with ethanol to an
absorbance of 0.7& 0.1 at 734 nm. The filtered sample was diluted
with ethanol to give 26:80% inhibition of the blank absorbance with
20 uL of sample. A 98QuL aliquot of ABTS* solution (absorbance
of 0.70+ 0.1) was read at 734 nm for a minute; after exactly 1 min,

same amount of DMSO. After 48 h of incubation, cell population
growth was determined using the ATCC MTT cell proliferation assay
at 570—655 nm with a Bio-Rad model 680 Microplate Reader
(Hercules, CA). Briefly, a mitochondrial enzyme in living cells,
succinate dehydrogenase, reduced the yellow tetrazolium salt (MTT)

20 uL of the sample was added and mixed thoroughly. Absorbance to insoluble purple formazan crystals. Therefore, the amount of

was continuously taken at eye6 s up to 7min. Trolox (6-hydroxy-

formazan produced was proportional to the number of viable &l)s (

2,5,7,8-tetramethylchroman-2-carboxylic acid, a vitamin E analogue) To better explain the inhibitory results, the inhibition of cell population

standards of final concentrations of @5 uM in ethanol were prepared

and assayed under the same conditions. The Trolox equivalent

growth was calculated based on the following formula:

antioxidant capacity (TEAC) of the sample was calculated based on inhibition percentage=

the inhibition exerted by the standard Trolox solution at 6 min.
Hydrolysis. Hydrolysis was done as reported by Yi et d7). For

the phenolic acid and flavonoids analysis, fractions were dissolved in

methanol containing 1.2 N HCI (40 mL of methanbl10 mL of 6 N
HCI). The samples were then placed in a water bath at@Qvith

(cell no. in control— cell no. in treatment)
X

- 100
(cell no. in control—
original cell no. before the extract was added)

Statistical Analysis. Statistical analysis was done with the SAS

continuous shaking at 200 rpm for 2 h, to hydrolyze phenolic glycosides software package2@). One-way analysis of variance (ANOVA) was
to aglycones. Anthocyanin fractions were dissolved in 50% methanol performed to determine the difference among stored samples. When

solution containing 2 N HCI (50 mL of methan#l 33 mL of water+
17 mL of 37% HCI). Samples were placed in a water bath at@0
with shaking at 200 rpm for 2 h to hydrolyze anthocyanins.

HPLC Analysis. HPLC was performed with a HewletPackard
(Avondale, PA) model 1100 liquid chromatograph with quaternary
pumps and a diode array UWisible detector. For the analysis of

phenolic acids and flavonoids in blueberry juices, procedures previously

reported by our laboratory were used (18). A Beckman ultrasphere
C18 ODS 4.6 mmx 250 mm column was used with the column
temperature at 40C. The mobile phases were solvent A, methanol/

values for the ANOVA were significant, differences in means were
determined using Duncan’s multiple range tests as a procedure of means
separation (P< 0.05).

RESULTS AND DISCUSSION

The contents of individual phenolic acids and flavonoids of
frozen blueberries are given rable 1, and individual antho-
cyanins are shown iiable 2. Catechin was the major flavonoid
present in both cultivars: Tifblue (146.5 mg/100 g of berry)
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Table 2. Individual Anthocyanins in Frozen Blueberries?

Srivastava et al.

frozen blueberries (mg/100 g of fruit weight)

Dp-Glc Cy-Glc Cy-Gal Pn-Glc Pn-gal Pt-Glc Pn-Ara Mv-Glc
Tifblue 85+0.7 55+0.7 18028 6.0+14 100+14 6.5+0.7 155+0.7 39.0+28
Powderblue 9.0£0.0 4507 12521 55+21 95+21 55+21 140+1.4 38.0£57
@ Each value was expressed as a mean + SD; n = 3.
Table 3. TPP, TACY, and TEAC Contents of Frozen Blueberry and Blueberry Extract after Pressing and Heating?
Tifblue Powderblue
frozen extract after extract after recovery frozen extract after extract after recovery
berries pressing heating (%) berries pressing heating (%)
TPP? 3448 +4.7 87327 873+18 25.3 3834+84 87.9+0.7 90.7+0.8 237
TACY® 1145+3.2 29.9+0.3 33605 29.3 1209 £ 3.7 334+18 36.1+0.3 29.9
TEACH 26.1+1.1 17.0£0.9 172+£0.1 65.9 273+12 175+0.6 174+0.3 63.7

2 The recovery percent was calculated based on frozen berries concentration as 100%. Each value was expressed as a mean + SD; n = 3.  TPP is the TPP (mg/100
g of frozen blueberry or extract). ¢ TACY is the TACY mg/100 g of frozen blueberry or extract. ¢ TEAC is the TEAC (uM/g whole frozen blueberry or extract).

Table 4. Phenolic Acids and Flavonoids in Frozen Blueberry and Blueberry Extract after Pressing and Heating?

Tifblue Powderblue
phenolic acids frozen extract after extract after recovery frozen extract after extract after recovery
and flavonoids berries pressing heating (%) berries pressing heating (%)
gallic acid 55+35 18+04 20+0.2 355+39 31+14 27+5.7 127+11 41.0+37
caffeic acid 325+49 215+18 44+0.6 134+20 56.5+0.7 19.1+12 54+22 95+39
p-coumaric acid 295+49 6.0+04 47+05 158+ 1.7 655+ 6.4 8.5+0.92 55+0.9 83+14
ferulic acid 69.0+113 76+04 ND ND 115+0.7 49+03 ND ND
ellagic acid 11.0+£57 59+1.0 28+0.1 244+12 36+14 172+1.0 121+13 335+37
catechin 146.5 +10.6 79.6+10.8 36.3+04 248+0.3 755+ 6.4 682+11 331+45 438+ 6.0
myrecitin 35+21 06+04 ND ND 40+13 05+0.1 ND ND
quercetin 85+07 22+04 29+04 335142 6.5+35 2706 23+05 34676

@ Abbreviations: ND, not detected. Phenolic acids and flavonoids are expressed in mg/100 g of frozen fruit and mg/100 mL of extract. The recovery percent was
calculated based on frozen berries concentration as 100%. Each value was expressed as a mean + SD; n = 3.

and Powderblue (75.5 mg/100 g of berry). Ferulic acid, caffeic removal of the residue and during heating. Similar results were
acid, p-coumaric acid, and ellagic acid were the other predomi- reported by earlier workers during juice preparatiob$, (L3,

nant phenolic acids present in blueberry. These values werel4).

higher than those for fresh berries reported by Sellappan et al. Changes in TPP, TACY, and TEAC during Preparation

(18). The major anthocyanidin found in Tifblue and Powderblue of Extract. There was no significant change observed in TSS
cultivers was malvidin followed by peonidir cyanidin > (11.8—12.5°Brix) and pH (3.2-3.4) in the extracts obtained
delphinidin> petunidin Table 2). A similar order was reported  after pressing and heating. Similar results were observed in both
in highbush and lowbush varietie23). The initial analysis of cultivars (Tifblue and Powderblue). The recoveries of TPP,
TPP, TACY, and TEAC of frozen blueberries and blueberry TACY and TEAC in blueberry extract after pressing and heating
extract after pressing and heating is givenTiable 3. As were~25,~29, and~69%, respectively. The primary steps of
compared to the present study, our previous study showed 20%preparation (thawing, crushing, depectinization, and pressing)
less TPP content and TEAC and 30% more TACY 18). may have contributed to the considerable loss. Similar results
These variations may be due to differences in blueberry were reported by other investigator$4( 24). This may be
cultivars, storage conditions, stage of maturity, and environ- attributed to the oxidation of anthocyanins and polypheriai$. (
mental factors such as light, temperature, agronomic practices,Many researchers have suggested that native blueberry PPO
and various stresses. A single genotype of lowbush blueberriesoxidizes polyphenolics to quinones, which produce brown
may differ in their anthocyanin contents by 30% between two pigments (12). However, after heating, there was a slight
seasons (15). The Powderblue cultivar exhibited a higher increase in TPP in Powderblue. A slight increase in TACY was
antioxidant capacity, TPP, and TACY than Tifblue. The initial also observed in both cultivars (Tifblue and Powderblue). This
analysis of individual phenolic acids and flavonoids and might be due to greater extraction due to fruit skin permeability/
individual anthocyanins of frozen blueberries and blueberry concentration during heating or complete inactivation of PPO
extracts after pressing and heating of frozen blueberries is given(15).

in Tables 4and5, respectively. The recoveries of gallic acid, Effect of Storage Conditions on TPP.TPPs at different
catechin, and quercetin were above 25% in the final extract aftertemperatures and time intervals are givenFigure 2. The
heating and removal of the residue. Ferulic acid was not detectedcultivar type was not a significant predictor for the retention of
in the final extract in both cultivars, Tifblue and Powderblue. TPP at all temperatures. However, the interaction term, time
The recovery of peonidin, malvidin, and cyanidin glycosides temperature, was found to be a significant contributor to the
was~20% in the final extract in both cultivars. These results degradation of TPP (B 0.05). At—20+ 1 °C, no statistically
suggest that most of the phenolic compounds are lost duringsignificant losses of TPP were observed until 30 days<(
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Table 5. Individual Anthocyanins in Frozen Blueberry and Blueberry Extract after Pressing and Heating?

Tifblue Powderblue
frozen extract after extract after recovery frozen extract after extract after recovery
anthocyanins berries pressing heating (%) berries pressing heating (%)

Dp-glc 85+0.7 32+01 ND ND 9.0+0.0 35+06 ND ND
Cy-glc 55+0.7 6.8+0.7 11+0.2 199+32 45+0.7 83+02 11+02 25.1+53
Cy-gal 18.0+28 18.4+1.0 10+0.1 56+0.8 125+21 18.9+0.1 1.0+£0.1 7.7+£08
Pn-glc 6.0+14 36+10 32+01 52.7+09 55+23 28+0.1 34+01 62.1+22
Pn-gal 10014 226+0.8 1.1+00 105+0.1 95+19 250x0.7 1.2+00 124 +£0.3
Pt-glc 6.5+0.7 209+3.1 ND ND 55+20 240+13 ND ND
Pn-ara 155+ 0.6 20.7+5.0 8.7+0.3 56.2+1.8 14+14 206+12 81+0.1 58.0+0.8
Mv-glc 39.0+28 38.8+145 7.7+0.0 19.7+0.0 38+57 33379 8.6+0.2 22.7+0.5

@ Abbreviations: ND, not detected. Each anthocyanin is expressed in mg/100 g of frozen fruit and mg/100 mL of extract. The recovery percent was calculated based
on frozen berries concentration as 100%. The recovery percent was calculated based on frozen berries concentration as 100%. Each value was expressed as a mean +
SD; n=3.

(A) Tifblue extract Tifblue extract
(A) 450
100.0
Q0.0 — 40.0
E 80.0 S 350
‘8 700 é 300
E’ 60.0 = 250
50.0 5
200
400 Q 150
& 300 i
10.0
ol : ' ' 0 15 30 45 60
4] 15 30 45 B0 T i
Time ( in days) e
s ~2041 P b 2331 e 3541
s 204 BURPS— 7321 —— 3521
Powderblue extract
® B) 400
100.0
900 '—g 5.0
g 80.0 8 =0
‘8 Lo ? 25.0
E’ 60.0 g i
§ 500 L
400 § 15.0
& E
300 10.0
200 - . - 4] 15 30 45 60
4] 15 30 45 60 Time ( in days)
Time (ind
ime (in days) e 201 o8] —h— 231 A 3621
' zon O G A2 et Figure 3. Changes in concentration of TACY in blueberry extract during
Figure 2. Changes in concentration of TPP in blueberry extract during storage at different temperatures. The X-axis represents time (in days).
storage at different temperatures. The X-axis represents time (in days). The Y-axis represents the concentration of TACY (mg/100 mL of extract).
The Y-axis represents thg concentrgtlon of TPP (mg/100 mL of extract). Samples were analyzed every 15 days. Samples were analyzed in 15
Samples were analyzed in 15 day intervals. Storage temperatures were day intervals. Storage temperatures were at =20 + 1, 6 + 1, 23 + 1, and

at-20+1,6+1,23+1, and 35+ 1 °C. Cultivars were (A) Tifblue and 35 + 1 °C. Cultivars were (A) Tifblue and (B) Powderblue.
(B) Powderblue.

0.05). A slight reduction was observed by 30 days, but thereafter,discussed separately. All variables (time, temperature, and
no significant degradation of TPP was observed. At & °C, interaction term, timex temperature) were significant contribu-
there were significant losses observed from 15 to 30 days andtors (P < 0.05) to the degradation of TACY. Statistically
then the retention became constant. Similar results were significant (P < 0.05) differences were observed for the two
observed at 23+ 1 and 35°C (P < 0.05). Earlier researchers  cultivars in the degradation of TACY. Duncan’s multiple range
reported no significant change in TPP for 12 months for frozen tests showed that the highest value (34.7 mg/100 mL of extract)
blueberry fruit (25), whereas high temperature and oxidative of TACY was observed at20+ 1 °C after 15 days of storage.
conditions were shown to significantly reduce TPPs of lowbush The lowest retention (17.0 mg/100 mL) was observed after 60

blueberries (1315). days at 35t 1 °C in extract obtained from the Tifblue cultivar.
Effect of Storage Conditions on TACY. The TACY at At all temperatures, significant differences in degradation were
different temperatures and time intervals is giverigure 3. observed from 0 to 30 day® (< 0.05); thereafter, it became

The effect of storage on individual anthocyanins will be constant. As discussed above, PPO is involved in the degradation
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Figure 4. Changes in TEAC in blueberry extract during storage at different
temperatures. The X-axis represents time (in days). The Y-axis represents
TEAC in uM/mL of extract. Samples were analyzed every 15 days.
Samples were analyzed in 15 day intervals. Storage temperatures were
at-20+1,6+1,23+1, and 35+ 1 °C. Cultivars were (A) Tifblue and
(B) Powderblue.

Table 6. Percent Retention of TPP, TACY, and TEAC after 60 Days at Differ

Srivastava et al.

of anthocyanins. There was no significant difference observed
between 45 and 60 days. The chemical structure is a main factor
affecting the stability of the anthocyanins. The stability and
structure of individual anthocyanins are discussed later in this
paper.

Effect of Storage Conditions on TEAC. The TEAC at
different temperatures and time intervals is giverrigure 4.
Statistically significant (P< 0.05) differences were observed
for the two cultivars with Tifblue having higher antioxidant
activity than Powderblue. At20 £ 1 °C, the storage time did
not affect the antioxidant activity. However, at 351 °C, there
was significant loss of activity after 15 days, which continued
through 60 daysTable 6 gives the total retention of TPP,
TACY, and TEAC after 60 days under all temperature condi-
tions. Heat, storage time, and oxidation contribute to the loss
of antioxidant activity {3). The antioxidant activity of phenolic
acids depends on the number and position of hydroxyid)
groups and methoxy«{OCH;) subsitituents in the molecules.
Hydroxylation and glycosylation modulate the antioxidant
properties of flavonoids2g). Prolonged storage at high tem-
perature may affect the hydroxylation and glycosylation of
compounds and lead to gradual reduction in antioxidant activity
(TEAC) as we observed. However, the rate of reduction was
not similar to that of TPP and TACY, suggesting that there may
be other compounds responsible, in part, to the antioxidant
activity. A good example would be ascorbic acid, which is
present in blueberry and other fruits.

Effect of Storage Conditions on Phenolic Acids and
Flavonoids. The percent retention of phenolic acids and
flavonoids at different temperatures after 60 days of storage is
given in Tables 7 (Tifblue) and8 (Powderblue). Temperature
and time affected the retention of phenolic acids and flavonoids
(P < 0.05). Phenolic acids in Tifblue and Powderblue were
gallic acid, caffeic acidp-coumaric acid, and ellagic acid, and
flavonoids were catechin and quercetin. A20 + 1 °C, the

ent Temperature Conditions?

temperature (°C)

Tifblue Powderblue
-20+1 6+1 23+1 35+0.5 -20+1 6+1 23+1 35+0.5
TPP® 783+35a 66.6+22hb 49.4+25¢ 494+25¢ 759+0.1a 689+4.1b 3b6+1.1d 50.3+23c
TACY® 778+3.1a 675+x11c 504+13e 50.7+23¢e 754+1.1b 68.5+0.4d 51.3+06e 315+£05e
TEACH 98.0+0.3a 95.7+05hb 876+0.1e 766049 946+04c 91.2+04d 79.2+06¢C 79.2+06f

2The retention percent was calculated after 60 days at given temperature conditions. The percent was calculated based on the 0 day concentration as 100%. Each

value was expressed as a mean + SD; n = 3. ® TPP is TPP (mg/100 mL of blueberry ex
of blueberry extract).

tract). ¢ TACY is TACY mg/100 mL of blueberry extract). ¢ TEAC is TEAC (uM/mL

Table 7. Retention of Blueberry Phenolic Acids and Flavonoids in Tifblue Blueberry Extract after 60 Days under Different Temperature Conditions

after 60 days

0 day -20+1°C 6+x1°C 23+1°C 35+1°C

concn? concn? retention (%) concn? retention (%) concn? retention (%) concn@ retention (%)
gallic acid 2002 0500 235+14 12+0.1 61.3+25 11+£0.1 53.3+25 12+00 59.8+1.7
caffeic acid 44+06 17401 39.2+24 06+0.1 136+ 3.2 07+01 148+16 09+01 193+16
p-coumaric acid 47405 13+0.1 27617 03+0.1 64+21 06+0.1 12.8+3.0 04+01 85+3.0
ferulic acid ND ND ND ND ND ND ND ND ND
ellagic acid 28+0.1 25+01 875+25 15+04 53.6+15 14+0.2 482+7.6 16+0.1 57.0+5.1
catechin 36.3+04 56+04 154+12 59+0.6 16.1+18 37+03 10.2+0.9 54+0.3 149+08
myrecitin ND ND ND ND ND ND ND ND ND
quercetin 2904 26+03 89.7+9.8 2101 701+24 22%02 741+£73 18+0.3 61.2+11.0

@ Concn, concentration of phenolic acids and flavonoids expressed in mg/100 mL of extract; ND, not detected. The percent was calculated based on the 0 day concentration
as 100%. Each value was expressed as a mean + SD; n = 3.
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Table 8. Retention of Blueberry Phenolic Acids and Flavonoids in Powderblue Blueberry Extract after 60 Days under Different Temperature

Conditions
after 60 days

0 day -20+1°C 6+x1°C 23+1°C 35+1°C

concn? concn? retention (%) concn? retention (%) concn? retention (%) concn@ retention (%)
gallic acid 127+11 50+16 189+11 7303 57.7+£23 80+13 63.0+1.0 70+01 54.7+0.6
caffeic acid 53+22 18+04 34.0+8.0 08+0.1 142+13 08+0.1 15.1+27 0.7+01 123+13
p-coumaric acid 55+09 13%0.1 23409 0300 6.3+0.3 04%00 8008 0701 120+13
ferulic acid ND ND ND ND ND ND ND ND ND
ellagic acid 121+13 6.0+0.1 49.6 £ 0.6 65+0.7 54.2+59 56+05 46.3+4.1 7204 60.0+35
catechin 33.1+45 6.3+04 174+10 37+03 11.8+0.0 78+0.2 234+0.6 40+0.2 11.9+0.6
myrecitin ND ND ND ND ND ND ND ND ND
quercetin 2305 23%04 97.8+15 11403 478+12 16+04 67.4+15 13+05 544+21

2 Concn, concentration of phenolic acids and flavonoids expressed in mg/100 mL of extract; ND, not detected. The percent was calculated based on the 0 day concentration
as 100%. Each value was expressed as a mean = SD; n = 3.

Table 9. Retention of Individual Anthocyanins in Tifblue Blueberry Extract after 60 Days under Different Temperature Conditions

after 60 days

0 day -20+1°C 6+1°C 23+1°C 35+1°C

concn? concn? retention (%) concn? retention (%) concn? retention (%) concn? retention (%)
Dp-glc ND ND ND ND ND ND ND ND ND
Cy-glc 11+0.2 08+0.1 731+23 05+0.0 423+32 0.2+0.0 17.7+£1.9 ND ND
Cy-gal 10+0.1 05+00 445+35 04%00 37.2+01 01+00 150+58 ND ND
Pn-glc 3201 13+0.2 39.7+8.0 07+01 202+24 05+0.0 155+0.2 ND ND
Pn-gal 11+0.0 09+0.0 786+19 0.7+0.1 64.6+39 05+0.1 414 +56 ND ND
Pt-glc ND ND ND ND ND ND ND ND ND
Pn-ara 8703 41+0.1 46.6+1.0 2100 243+02 15+0.1 17115 01+00 178+31
Mv-glc 7700 72+09 93.7+£17 43+0.1 55.3+0.8 3301 428+9.1 ND ND

2 Concn, concentration of anthocyanins expressed in mg/100 g of frozen fruit and mg/100 mL of extract; ND, not detected. The percent was calculated based on the
0 day concentration as 100%. Each value was expressed as a mean + SD; n = 3.

Table 10. Retention of Individual Anthocyanins in Powderblue Blueberry Extract after 60 Days under Different Temperature Conditions

after 60 days

0 day -20x1°C 6+1°C 23+1°C 3B+1°C

concn? concn? retention (%) concn? retention (%) concn? retention (%) concn? retention (%)
Dp-glc ND ND ND ND ND ND ND ND ND
Cy-glc 11+0.2 08+00 70.0+13 06+00 56.9+3.3 02%00 17.7+06 ND ND
Cy-gal 1.0+0.1 06+00 745+49 0800 59.5+2.1 03%00 275+0.7 ND ND
Pn-glc 34+01 1.2+0.0 36.3+0.2 11+0.1 312+17 14+0.0 429+13 ND ND
Pn-gal 12+0.0 0.8+0.0 69.4+4.4 0.6+0.0 471+18 0.2+0.0 16.7+0.0 ND ND
Pt-glc ND ND ND ND ND ND ND ND ND
Pn-ara 81+0.1 27+02 33.7+£26 2+0.0 246+02 16+0.1 19.9+05 16+0.3 19.1+33
Mv-glc 8.6+0.2 40+0.2 459+25 6.1+0.1 705+1.0 22+02 258+14 ND ND

2 Concn, concentration of anthocyanin expressed in mg/100 g of frozen fruit and mg/100 mL of extract; ND, not detected. The percent was calculated based on the 0
day concentration as 100%. Each value was expressed as a mean + SD; n = 3.

retention of quercetin was 89.7 and 97.8% for Tifblue and temperatures after 60 days of storage is giverTables 9
Powderblue, respectively. However, at-85l °C, these values  (Tifblue) and10 (Powderblue). Anthocyanins found in Tifblue
reduced to 61.2 and 54.4%, respectively. There are reportsand Powderblue were delphinidin, cyanidin, petunidin, peonidin,
available indicating that there was no degradation of quercetin and malvidin glycosides. Temperature had a significant effect
in whole fruits at 5°C for 9 months 27). The retention of ellagic ~ on retention of anthocyanins. The proportion of Mv-Gly was
acid varied from 87.5 to 48.2% in Tifblue and from 46.3 to highest in the extract obtained from both cultivars. The highest
60.0% in Powderblue at all temperature conditions. The rate of retention of Mv-Gly was observed when the extract was stored
degradation of phenolic acid and flavonoids at room temperatureat —20 and 6°C for Tifblue and Powderblue, respectively.
(23 4+ 1 °C) is in the following order: quercetir gallic acid Delphinidin glycoside was not detected in the extract. It was
> ellagic acid> catechin> caffeic acid> p-coumaric acid. found most unstable. This was attributed to the methoxylation
Phenolic acids with higher hydroxyl group attachment may have of the molecule, which increases the stability of anthocyanins
contributed to the stability. A significant loss of caffeic may (25). The stability of Mv-Gly and Pn-Gly increased due to the
have occurred because caffeic acid is a good substrate forsingle hydroxyl group on the phenolic ring, which makes them
blueberry PPO (12). the least reactive anthocyanins and the least affected by PPO
Effect of Storage Conditions on Individual Anthocyanins. inactivation (L1). There was a little change observed in peonidin-
The percent retention of individual anthocyanins at different 3-galactoside. A substantial decrease was observed in Cy-Gly.
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Figure 5. Cell viability after treatment with anthocyanin fractions from
extract stored under different temperature conditions. The X-axis represents
time (in days). The Y-axis represents inhibition percentage of cells.
Samples were analyzed every 30 days. Storage temperatures were at 6
+ 1and 23 £ 1 °C. The packaging material was glass bottles. Cultivars
were Tifolue and Powderblue. Abbreviations: Tif, Tifblue; Powder,
Powderblue.

These results were in agreement with earlier studid3. (No
anthocyanins were detected at 351 °C after 45 days. An
increase in glycosidic substitution, acylation, and methoxylation
tends to improve the stability of anthocyanins. Methoxylation
also increases the stability of anthocyanins (26).

Effect of Storage Conditions on Cell Proliferation. Inhibi-
tion of cell proliferation at different time intervals and temper-
atures is given irFigure 5. The initial inhibition percentages
were 48.8 and 43.1% with anthocyanins from Tifblue and
Powderblue, respectively. This decreased slightly in 30 days.

Srivastava et al.
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Figure 6. Correlation between TPP and TACY (y-axis) to the TEAC value.
The Y-axis represents TPP and anthocyanins (mg/100 mL of extract).
The X-axis represents TEAC (uM/mL). Average values were used for
plots at different time intervals. (A) Tifblue and (B) Powderblue at 23 +

[

However, there were significant decreases after@Ddays in
both cultivars (Tifblue and Powderblue). We observed a slight
decrease in inhibition percentage in cells treated with an
anthocyanin fraction from extract stored at different time
intervals. Interestingly, there was some cell growttY%o) with
anthocyanins from Tifblue extract stored for 90 days at2B
°C. The low antiproliferation activity may be due to low or
insignificant levels of delphinidin, petunidin, and cyanidin
glycosides in the extract. Several researchers reported marked
inhibitory effects of anthocyanins and extracts from wild bush
blueberries (2829). The effects of anthocyanin on HepG2 cell
viability have been reported. The estimatedsd@alues of
cyanidin, delphinidin, and malvidin were 18.4, 10.8, and 50.4
uM (equivalent to 5, 3, and 1iZg/mL), respectively (30). This
suggests that after initial preparatory steps, heating and storage
have led to significant reduction in inhibition percentages.
Correlation between TPP, TACY, and TEAC. The cor-
relation between TEAC and TPP or TACY of blueberry extract
from different time intervals stored at 28 1 °C is presented
in Figure 6. The average values of TEAC showed positive
correlation with average values of TACY and TPP. A linear
relationship was observed between TEAC and TPP or TACY.
In Tifblue, the correlation coefficientZ, was 0.66 for TPP and
0.56 for TACY while in Powderblue? was 0.65 for TPP and
0.52 for TACY. These values indicate that the antioxidant
capacity is moderately related to TPP and TACY. Fresh
blueberries showed strong positive correlation between TEAC
and TPP (18).

This study showed that prolonged storage of blueberry extract
at room temperature significantly reduces the phenolic com-
pounds and their biological activities. No difference in TPP,
TACY, and TEAC was observed between the two different
cultivars. The retention of phenolic acids and anthocyanins was
least influenced by cold storage and frozen conditions.
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