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FOREWORD
Nutritional factors are widely considered to be critical for human health.
Epidemiological studies indicate that diets rich in fruit and vegetables are associated
with a lower risk of several degenerative diseases. However, the health-promoting
capacity of fruit and vegetables strictly depends on their processing history as well as
their absorption in the gastrointestinal tract. The purpose of this study was to evaluate
the effect of sun-drying on polyphenols and in vitro bioavailability of fig fruit. I hope
this study will enhance the current literature on the health characteristics of figs.
First of all, I would like to express my special thanks and gratitude to my supervisor
and mentor, Assist. Prof. Dr. Esra ÇAPANOĞLU GÜVEN who helped me in
countless ways, educated me in the scientific and academic field, and supervised me
to carry out this study. I also would like to thank Prof. Dr. Dilek BOYACIOĞLU for
giving me the chance to work for EU 7th frame ATHENA project that contributed
me greatly in the field of research and science.
It is my pleasure to express my special thanks and sincere appreciations to my
friends Sezen SÜZME and Ece SÜREK who guided me regarding laboratory work. I
also would like to thank to my colleagues Fatma CEBECİ, Hafizenur ŞENGÜL,
Bahtınur KAPÇI, Betül YEŞİLTAŞ and Merve AKSU for their cooperation and
support. I would like thank to all my instructors in the university who helped me
during my education and especially acknowledge to Nalan DEMİR who helped me
in various ways to achieve this study. I also would like to express my gratitude to
Mevsim Food and Agriculture Inc., Bursa for providing the fig samples.
I would like thank to my friends Nihan LAÇİN, Ayça PASLI and Burak ERŞAYLI
who were always there for me all these years and supported me in times of trouble. I
also would like to express my gratefulness to Betül ÇİLEK who helped me to access
various publications throughout this study.
Finally, a very special note of appreciation and thanks to my mother Hadiye
KAMİLOĞLU, my father Özkan KAMİLOĞLU, and my brother Emre
KAMİLOĞLU for their love, help and support throughout my education and life. I
would like to express my special thanks to Ayhan BEŞTEPE, for his patience,
encouragement, support, and help.

Senem KAMİLOĞLU
(Food Engineer)

June 2012

ix

x

TABLE OF CONTENTS
Page
FOREWORD ............................................................................................................. ix
TABLE OF CONTENTS.......................................................................................... xi
LIST OF TABLES ................................................................................................... xv
LIST OF FIGURES ............................................................................................... xvii
LIST OF SYMBOLS .............................................................................................. xxi
SUMMARY ........................................................................................................... xxiii
ÖZET..................................................................................................................... xxvii
1. INTRODUCTION .................................................................................................. 1
2. LITERATURE REVIEW...................................................................................... 5
2.1. Fresh and Dried Figs .......................................................................................... 5
2.2. Healthy Compounds and Bioavailability of Fig Fruit ..................................... 10
2.2.1. Phenolic acids ............................................................................................ 11
2.2.2. Flavonoids ................................................................................................. 12
2.2.3. Carotenoids ................................................................................................ 15
2.2.4. Bioavailability of fig fruit.......................................................................... 16
2.3. Effect of Drying on Antioxidant Potential of Fruits and Vegetables .............. 17
2.3.1. Carotenoids ................................................................................................ 18
2.3.2. Flavonoids ................................................................................................. 26
2.3.3. Phenolic acids ............................................................................................ 28
2.3.4. Vitamin C .................................................................................................. 29
2.3.5. Total phenolics, total flavonoids and antioxidant activity......................... 31
3. MATERIALS AND METHODS ........................................................................ 35
3.1. Materials .......................................................................................................... 35
3.1.1. Chemicals .................................................................................................. 35
3.1.2. Plant material ............................................................................................. 36
3.2. Methods ........................................................................................................... 37
3.2.1. Determination of moisture content ............................................................ 37
3.2.2. Determination of fruit skin color ............................................................... 38
3.2.3. Preparation of extracts ............................................................................... 38
3.2.4. Determination of total phenolic content (TP) ............................................ 39
3.2.5. Determination of total flavonoid content (TF) .......................................... 39
3.2.6. Determination of total proanthocyanidin content (TPA)........................... 40
3.2.7. Determination of total anthocyanin content (TA) ..................................... 40
3.2.8. Determination of total lycopene content (TL) ........................................... 41
3.2.9. Determination of total antioxidant capacity (TAC)................................... 41
3.2.10. HPLC Analysis of major individual phenolic compounds ...................... 42
3.2.11. Simulated in vitro gastrointestinal (GI) digestion ................................... 43
3.2.11.1. Gastric phase ..................................................................................... 43
3.2.11.2. Intestinal phase .................................................................................. 44
3.2.11.3. Further sample preparation for analysis ............................................ 44

xi

3.2.12. Statistical analysis.................................................................................... 44
4. RESULTS AND DISCUSSION........................................................................... 45
4.1. Moisture Content ............................................................................................. 45
4.2. Fruit Skin Color ............................................................................................... 46
4.3. Total Phenolic Content (TP) ............................................................................ 46
4.4. Total Flavonoid Content (TF) .......................................................................... 48
4.5. Total Proanthocyanidin Content (TPA) ........................................................... 49
4.6. Total Anthocyanin Content (TA) ..................................................................... 50
4.7. Total Lycopene Content (TL) .......................................................................... 51
4.8. Total Antioxidant Capacity (TAC) .................................................................. 51
4.9. Correlation Between Spectrophotometric Assays ........................................... 53
4.10. Major Individual Phenolic Compounds ......................................................... 54
4.11. In Vitro Gastrointestinal (GI) Digestion ........................................................ 59
5. CONCLUSIONS AND RECOMMENDATIONS ............................................. 65
REFERENCES ......................................................................................................... 69
APPENDICES .......................................................................................................... 81
APPENDIX A ......................................................................................................... 82
APPENDIX B ......................................................................................................... 87
APPENDIX C ......................................................................................................... 99
CURRICULUM VITAE ........................................................................................ 107

xii

ABBREVIATIONS
ABTS
ANOVA
AOAC
C3G
C3R
CA
CE
CHA
CUPRAC
DF
DPPH
DW
EA
FA
FAO
FRAP
FW
GA
GAE
GI
HCA
HPLC
K3G
MC
MW
NCHA
P3G
P3R
PCA
PA
PDA
Q3G
SA
SPSS
TA
TAC
TC
TEAC
TF
TL
TP

: 2,2- azinobis 3-ethylbenzothiazoline-6-sulfonic acid diammonium
salt
: Analysis of variance
: Association Official of Analytical Chemists
: Cyanidin-3-glucoside
: Cyanidin-3-rutinoside
: Caffeic acid
: Catechin Equivalent
: Chlorogenic acid
: Copper Reducing Antioxidant Capacity
: Dilution factor
: 1,1-Diphenyl-2- picrylhydrazyl
: Dry weight
: Ellagic acid
: Ferulic acid
: Food and Agriculture Organization of the United Nations
: Ferric Reducing Antioxidant Capacity
: Fresh weight
: Gallic acid
: Gallic Acid Equivalent
: Gastrointestinal
: Hydroxycinnamic acids
: High Performance Liquid Chromatography
: Kaempferol-3-glucoside
: Monomeric catechins
: Molecular weight
: Neochlorogenic acid
: Pelargonidin-3-glucoside
: Pelargonidin-3-rutinoside
: p-coumaric acid
: Total phenolic acids
: Photodiode array
: Quercetin-3-glucoside
: Sinapic acid
: Statistical Package for the Social Sciences
: Total anthocyanin content
: Total antioxidant capacity
: Total carotenoid content
: Trolox Equivalent Antioxidant Capacity
: Total flavonoid content
: Total lycopene content
: Total phenolic content
xiii

TPA
TUIK

: Total proanthocyanidin content
: Turkish Statistical Institute

xiv

LIST OF TABLES
Page
Table 2.1 : Total polyphenol content of common foods and beverages. .................... 6
Table 2.2 : Worldwide fresh fig production (tonnes). ................................................. 7
Table 2.3 : Worldwide dried fig production (tonnes). ................................................ 7
Table 2.4 : Fresh fig production in Turkey. ................................................................ 8
Table 2.5 : Dried fig production in Turkey. ................................................................ 8
Table 2.6 : Classification, food sources, and trolox equivalent antioxidant activities
(TEAC) of dietary flavonoids. ................................................................ 14
Table 2.7 : Carotenoid content of fig fruit. ............................................................... 16
Table 2.8 : Fruits and vegetables subjected to air drying studies.............................. 19
Table 2.9 : Fruits and vegetables subjected to freeze drying studies. ....................... 23
Table 2.10 : Fruits and vegetables subjected to microwave drying studies.. ............ 27
Table 2.11 : Fruits and vegetables subjected to sun drying studies.. ........................ 29
Table 2.12 : Fruits and vegetables subjected to vacuum drying studies... ................ 30
Table 2.13 : Fruits and vegetables subjected to drum, infrared, osmotic, refractance
window, spouted bed, spray, and superheated steam drying studies. ... 32
Table 4.1 : Moisture contents of fig skins, fig pulps, and whole and dried fruits ..... 45
Table 4.2 : Color properties of fresh and dried fruits. ............................................... 46
Table 4.3 : The contents of total phenolics of fig skins, fig pulps, and whole and
dried fruits. .............................................................................................. 47
Table 4.4 : The contents of total flavonoids of fig skins, fig pulps, and whole and
dried fruits. .............................................................................................. 48
Table 4.5 : The contents of total proanthocyanidins of fig skins, fig pulps, and whole
and dried fruits. ....................................................................................... 49
Table 4.6 : The contents of total anthocyanins of fig skins, fig pulps, and whole and
dried fruits. .............................................................................................. 50
Table 4.7 : The contents of total lycopene of fig pulps ............................................. 51
Table 4.8 : The total antioxidant capacities of fig skins, fig pulps, and whole and
dried fruits. .............................................................................................. 52
Table 4.9 : The correlation coefficients (R2) for spectrophotometric assays ............ 53
Table 4.10 : Major phenolic compounds of fig skins, fig pulps, and whole and dried
fruits ...................................................................................................... 56
Table C.1 : Statistical analysis results of fig fruit samples. ...................................... 98

xv

xvi

LIST OF FIGURES
Page
Figure 2.1 : Map of Turkey and its important table fig growing areas shown in light
grey color ................................................................................................ 9
Figure 2.2 : Fig drying on plastic mesh grille pallets.................................................. 9
Figure 2.3 : The protective effect of fruits and vegetables in reducing the risk of
cancers: A chart illustrating the increase in mortality from cancer in
people consuming the least amount of fruits and vegetables compared to
those consuming the most ..................................................................... 10
Figure 2.4 : Examples of (a) hydroxybenzoic and (b) hydroxycinnamic acids ........ 11
Figure 2.5 : Chlorogenic acid (5-O-caffeoylquinic acid) acid .................................. 11
Figure 2.6 : Structure of (a) a flavonoid molecule and (b) major classes of flavonoids
.............................................................................................................. 12
Figure 2.7 : Structure of cyanidin-3-rutinoside......................................................... 15
Figure 2.8 : Structure of lycopene............................................................................. 16
Figure 3.1 : TKA GenPure water purification system. ............................................. 36
Figure 3.2 : Fruit skins, pulps, whole and dried fruits of Sarilop and Bursa siyahi .. 37
Figure 3.3 : Gallenkamp vacuum oven. .................................................................... 37
Figure 3.4 : Minolta colorimeter CR-400. ................................................................ 38
Figure 3.5 : (A) Azakli ultrasonic bath and (B) Hettich Zentrifugen Universal 32R
centrifuge. ............................................................................................. 39
Figure 3.6 : Shimadzu UV-1700 spectrophotometer. ............................................... 40
Figure 3.7 : Memmert shaking water bath. ............................................................... 43
Figure 4.1 : (A) HPLC chromatograms (PDA, recorded at 360 nm) of Sarilop whole
fruit and Sarilop dried fruit (lower panel) extracts. (B) HPLC
chromatograms (PDA, recorded at 512 nm) of Bursa siyahi whole fruit
(upper panel) and Bursa siyahi dried fruit (lower panel) extracts.
Abbreviations: Q3G: quercetin-3-glucoside; C3G: cyanidin-3glucoside; C3R: cyanidin-3-rutinoside. ................................................ 54
Figure 4.2 : Total phenolic content of fig skins, fig pulps, whole and dried fruits,
expressed as gallic acid equivalent (GAE) per 100 g dry weight (DW).
The terms represent; Initial, as initially determined from fruit matrix
using 75% aqueous-methanol containing 0.1% formic acid; PG,
phenolics remaining after gastric digestion; IN, dialyzed fraction after
intestinal digestion; OUT, non-dialyzed fraction after intestinal
digestion. Data represent average values ± standard deviation of 3
independent samples. Different letters for each fruit fraction represent
statistically significant differences (p < 0.05). ...................................... 60
Figure 4.3 : Total flavonoid content of fig skins, fig pulps, whole and dried fruits,
expressed as catechin equivalent (CE) per 100 g dry weight (DW). The
terms represent; Initial, as initially determined from fruit matrix using
75% aqueous-methanol containing 0.1% formic acid; IN, dialyzed

xvii

fraction after intestinal digestion; Data represent average values ±
standard deviation of 3 independent samples.TKA GenPure water
purification system. ............................................................................... 61
Figure 4.4 : Total antioxidant capacity of fig skins, fig pulps, whole and dried fruits,
expressed as trolox equivalent (TEAC) per 100 g dry weight (DW). The
terms represent; Initial, as initially determined from fruit matrix using
75% aqueous-methanol containing 0.1% formic acid; IN, dialyzed
fraction after intestinal digestion; Data represent average values ±
standard deviation of 3 independent samples. ...................................... 62
Figure 4.5 : Total anthocyanin content of fig skins, fig pulps, whole and dried fruits,
expressed as cyanidin-3-glucoside equivalent (C3G) per 100 g dry
weight (DW). The terms represent; Initial, as initially determined from
fruit matrix using 75% aqueous-methanol containing 0.1% formic acid;
IN, dialyzed fraction after intestinal digestion; Data represent average
values ± standard deviation of 3 independent samples. ........................ 63
Figure 4.6 : Recovery of total phenolics (TP), total flavonoids (TF), total antioxidant
capacities (TAC) and total anthocyanins (TA) of fig skins, fig pulps,
whole and dried fruits after in vitro intestinal digestion, dialyzed
fractions of the intestinal digestion (IN), expressed as percentage. Data
represent average values ± standard deviation of three independent
samples. Different letters for each fruit fraction represent statistically
significant differences (p < 0.05). ......................................................... 64
Figure A.1 : Calibration curve for total phenolics in 75% aqueous-methanol
containing 0.1% (v/v) formic acid.. ...................................................... 81
Figure A.2 : Calibration curve for total flavonoids in 75% aqueous-methanol
containing 0.1% (v/v) formic acid... ..................................................... 81
Figure A.3 : Calibration curve for ABTS assay in 75% aqueous-methanol containing
0.1% (v/v) formic acid.. ........................................................................ 82
Figure A.4 : Calibration curve for DPPH assay in 75% aqueous-methanol containing
0.1% (v/v) formic acid... ....................................................................... 82
Figure A.5 : Calibration curve for FRAP assay in 75% aqueous-methanol containing
0.1% (v/v) formic acid... ....................................................................... 83
Figure A.6 : Calibration curve for CUPRAC assay in 75% aqueous-methanol
containing 0.1% (v/v) formic acid... ..................................................... 83
Figure A.7 : Calibration curve for total phenolics in water... ................................... 84
Figure A.8 : Calibration curve for total flavonoids in water. .................................... 84
Figure A.9 : Calibration curve for CUPRAC assay in water... ................................. 85
Figure B.1 : HPLC chromatograms (recorded at 280 nm) of Sarilop fruit pulp (upper
panel) and fruit skin (lower panel) extracts. ......................................... 86
Figure B.2 : HPLC chromatograms (recorded at 280 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts. ........................................ 86
Figure B.3 : HPLC chromatograms (recorded at 280 nm) of Bursa siyahi fruit pulp
(upper panel) and fruit skin (lower panel) extracts.... ........................... 87
Figure B.4 : HPLC chromatograms (recorded at 280 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts... .......................... 87
Figure B.5 : HPLC chromatograms (recorded at 280 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts.... ......................... 88
Figure B.6 : HPLC chromatograms (recorded at 280 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts... ............................ 88

xviii

Figure B.7 : HPLC chromatograms (recorded at 312 nm) of Sarilop fruit pulp (upper
panel) and fruit skin (lower panel) extracts. ......................................... 89
Figure B.8 : HPLC chromatograms (recorded at 312 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts. ........................................ 89
Figure B.9 : HPLC chromatograms (recorded at 312 nm) of Bursa siyahi fruit pulp
(upper panel) and fruit skin (lower panel) extracts. .............................. 90
Figure B.10 : HPLC chromatograms (recorded at 312 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts. .......................... 90
Figure B.11 : HPLC chromatograms (recorded at 312 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts.... ....................... 91
Figure B.12 : HPLC chromatograms (recorded at 312 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts. ........................... 91
Figure B.13 : HPLC chromatograms (recorded at 360 nm) of Sarilop fruit skin
(upper panel) and fruit pulp (lower panel) extracts. ........................... 92
Figure B.14 : HPLC chromatograms (recorded at 360 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts. ..................................... 92
Figure B.15 : HPLC chromatograms (recorded at 360 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts. .......................... 93
Figure B.16 : HPLC chromatograms (recorded at 360 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts. .......................... 93
Figure B.17 : HPLC chromatograms (recorded at 360 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts. ........................... 94
Figure B.18 : HPLC chromatograms (recorded at 512 nm) of Sarilop fruit skin
(upper panel) and fruit pulp (lower panel) extracts. ........................... 94
Figure B.19 : HPLC chromatograms (recorded at 512 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts. ..................................... 95
Figure B.20 : HPLC chromatograms (recorded at 512 nm) of Bursa siyahi fruit skin
(upper panel) and fruit pulp (lower panel) extracts. ........................... 95
Figure B.21 : HPLC chromatograms (recorded at 512 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts. .......................... 96
Figure B.22 : HPLC chromatograms (recorded at 512 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts. .......................... 96
Figure B.23 : HPLC chromatograms (recorded at 512 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts. ........................... 97

xix

xx

LIST OF SYMBOLS
a*
b*
C
H°
L*
α
β
ε
l
m
μ
n
p
R2
t

: red/green (color parameter)
: blue/yellow (color parameter)
: chroma (color parameter)
: hue angle (color parameter)
: lightness/darkness (color parameter)
: alpha (in α-carotene)
: beta (in β-carotene or β-cryptoxanthin)
: molar extinction coefficient
: lenght
: milli (10-3)
: micro (10-6)
: nano (10-9)
: probability (statistical analysis)
: correlation coefficient (statistical analysis)
: tonnes

xxi

xxii

EFFECT OF SUN-DRYING ON POLYPHENOLS AND IN VITRO
BIOAVAILABITY OF SARILOP AND BURSA SIYAHI FIGS (FICUS
CARICA L.)
SUMMARY
Figs have been consumed as a part of Mediterranean diet for centuries either as fresh
or dried fruit. Many epidemiological studies suggest that regular consumption of
fruits and vegetables, including fig fruit, can play an important role in preventing
cancer and cardiovascular diseases. The nutritional value of figs created an interest in
the effect of processing on its valuable compounds showing antioxidant activity.
In this study, in order to investigate the effect of sun-drying on the health-related
constituents as well as bioavailability of figs; total phenolics, flavonoids,
proanthocyanidins, anthocyanins, lycopene, antioxidant capacity, major phenolic
compounds and color properties were determined for two commercial fig varieties
(Sarilop and Bursa siyahi) differing in color (yellow and dark purple) along with
simulation of in vitro gastrointestinal (GI) digestion. For each variety, four fractions
were prepared, skin, pulp, and whole and dried fruit and all samples were obtained as
three replicates. Major phenolic compounds were determined using highperformance liquid chromatography (HPLC) coupled with photodiode array (PDA)
and fluorescence detectors.
The results showed that the moisture loss induced by processing fresh fig fruits into
dried fruits was found to be 30% and 56% for Bursa siyahi and Sarilop varieties,
respectively. In order to eliminate the differences in the moisture contents, all results
are expressed on dry weight basis.
Fresh Sarilop skin showed lightness values (L*) of 63.4 and hue angles (H°) of 96.1,
indicating a bright yellow color; whereas fresh Bursa siyahi skin showed lightness
values (L*) of 33.4 and hue angles (H°) of 324.7, attesting to the typical dark purple
color. Fresh fruit skins appeared to be brighter than dried ones, as reflected by 10%
and 18% decrease in L* for Sarilop and Bursa siyahi, respectively.
Total phenolic contents were found to be 211.2 mg GAE/100 g dry weight and 492.9
mg GAE/100 g dry weight for fresh Sarilop and Bursa siyahi, respectively. Fruit
skins had higher phenolic content than pulps, as expected. After drying, both the
decrease by 8% in total phenolic content of Sarilop and the 15% decrease in case of
Bursa siyahi were not statistically significant (p<0.05).
Total flavonoid contents of fresh Sarilop and Bursa siyahi was found to be 8.0 mg
CE/100 g dry weight and 65.6 mg CE/100 g dry weight, respectively. Most
flavonoids were located in the fruit skin (62.8 and 233.6 mg CE/100 g dry weight for
Sarilop and Bursa siyahi, respectively). The decrease in total flavonoid content as a
result of drying was found to be 21% in Bursa siyahi; on the other hand an increase
by 70% was observed in Sarilop when dried. For Bursa siyahi, there was no
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significant difference between fresh and dried fruits, however, dried fruits of Sarilop
were significantly higher than fresh fruits (p<0.05).
Total proanthocyanidin contents were determined as 6.5 mg cyanidin eq./100 g dry
weight and 61.9 cyanidin eq./100 g dry weight for fresh Sarilop and Bursa siyahi,
respectively. Drying resulted with a significant decrease by 75% in total
proanthocyanidin content in Bursa siyahi figs whereas a statistically significant
increase by 70% was observed in Sarilop (p<0.05).
Total anthocyanin contents were found to be 4.6 mg cyanidin-3-glucoside eq./100 g
dry weight for Sarilop, and 83.4 mg cyanidin-3-glucoside eq./100 g dry weight for
Bursa siyahi. Among two varities, Bursa siyahi showed the highest anthocyanin
content, with most of the anthocyanins accumulated in the fruit skin (195.5 mg of
cyanidin-3-glucoside eq./100 g dry weight). The highest loss as a result of drying
was observed in total anthocyanin content (82.6% in Bursa siyahi and 97.2% in
Sarilop) which was statistically significant for both varieties (p<0.05).
Total lycopene content was determined only for pulps of Sarilop and Bursa siyahi
and the results revealed that Sarilop (0.4 mg lycopene/100 g dry weight) contained
slightly higher amounts of lycopene compared to Bursa siyahi (0.3 mg lycopene/100
g dry weight) which was not statistically significant (p<0.05).
Among all four antioxidant capacity methods performed in this study (ABTS, DPPH,
FRAP and CUPRAC), CUPRAC assay resulted with highest antioxidant capacity for
Sarilop (278.2 mg TEAC/100 g dry weight); whereas for Bursa siyahi ABTS assay
gave the highest results (1066.1 mg TEAC/100 g dry weight). After drying total
antioxidant capacity was decreased by 24-57% and 13-60% in Bursa siyahi and
Sarilop variety, respectively. On the basis of the CUPRAC method, for both varieties
total antioxidant capacity was not significantly different in dried fruit as compared to
fresh fruit. In contrast, according to the DPPH and FRAP methods, total antioxidant
capacity was decreased significantly after drying. As judged by the ABTS method,
total antioxidant capacity value did not change significantly for Sarilop, while it
decreased significantly for Bursa siyahi as a result of drying (p<0.05).
Prior to the analyses of individual compounds, correlation coefficients for
spectrophotometric assays were calculated. Total phenolic content and total
flavonoid content of fig fruits showed a linear correlation with a high correlation
coefficient of 0.9432. Among all four total antioxidant capacity assays, the highest
correlation was demonstrated between the total phenolic content and CUPRAC
(R2=0.9690).
The analyses of individual compounds revealed 14 phenolic compounds in analyzed
fig samples, belonging to five groups of phenolics including phenolic acids,
flavonols, flavons, flavan-3-ols and anthocyanins.
In the group of phenolic acids; chlorogenic acid, ellagic acid, gallic acid and pcoumaric acid were determined. After drying chlorogenic acid and p-coumaric acid
contents of both varieties were decreased (58% and 59% for Sarilop; 87% and 34%
for Bursa siyahi, respectively). However, drying caused an increase by 67% in gallic
acid for both Sarilop and Bursa siyahi. Furthermore, ellagic acid stayed unchanged
for Sarilop, whereas 50% increase was observed for Bursa siyahi. In terms of
chlorogenic acid and ellagic acid contents, there was no significant difference
between the fresh and dried fruits of both varieties. Gallic acid and p-coumaric acid
contents of fresh and dried fruits of Sarilop were found to be significantly different,
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but no significant difference was observed between the fruits of Bursa siyahi
(p<0.05).
In both varieties, rutin was confirmed as the major flavonol. Besides rutin, the
following flavonols were determined: kaempferol-rutinoside, quercetin-3-glucoside
and two different quercetin derivatives. The drying process caused a decrease in all
flavonols of Sarilop (24% for rutin, 33% for kaempferol-rutinoside and quercetin-3glucoside, and 50% for each quercetin derivative). However, there was no significant
difference between the fresh and dried fruits (p<0.05). For Bursa siyahi, the loss in
quercetin-3-glucoside, quercetin derivative 1 and quercetin derivative 2 as a result of
drying was found to be 42%, 82% and 71%. On the other hand, drying resulted with
16% and 200% higher contents of rutin and kaempferol-rutinoside, respectively.
Drying caused no significant difference between the fresh and dried fruits of Bursa
siyahi (p<0.05).
From the group of flavons only apigenin was determined. The amount of apigenin
was 0.6 mg/100 g dry weight for Sarilop, and 1.9 mg/100 g dry weight for Bursa
siyahi. Drying reduced the apigenin content of Sarilop by 17% which was not
statistically significant (p<0.05). On the other hand, for Bursa siyahi, apigenin
content was increased significantly (68%) as a result of drying (p<0.05).
Both (+)-catechin and (-)-epicatechin from the group of flavan-3-ols were
determined. For Sarilop, drying resulted with 35% and 45% lower contents of
catechin and epicatechin, while the losses for Bursa siyahi were 45% and 68%,
respectively. After drying, catechin contents of Bursa siyahi and epicatechin contents
of Sarilop were found to be significantly different, but no significant difference was
observed between the catechin contents of Sarilop fruits and epicatechin contents of
Bursa siyahi fruits (p<0.05).
Cyanidin-3-glucoside and cyanidin-3-rutinoside were identified from the group of
anthocyanins. Cyanidin-3-glucoside was not detected in the skin of Sarilop and
cyanidin-3-rutinoside, was found to be 35.5 mg/100 g dry weight for Bursa siyahi,
and 2.1 mg/100 g dry weight for Sarilop. For Bursa siyahi, drying caused a
significant decrease for both anthocyanins (98% for cyanidin-3-glucoside and 96%
for cyanidin-3-rutinoside) (p<0.05).
After the simulation of in vitro gastrointestinal digestion system, total phenolic
content, total flavonoid content and total anthocyanin content as well as the total
antioxidant capacity of fig skins, fig pulps and whole and dried fruits were evaluated.
In order to determine the effect of in vitro gastrointestinal digestion on the total
antioxidant capacity, CUPRAC assay was performed, because among all four
antioxidant capacity assays the highest correlation was observed between either total
phenolics or total flavonoids and CUPRAC assays.
Results of in vitro gastrointestinal digestion showed that 22% and 32% of the total
phenolic compounds were retained in the dialyzed fraction for Sarilop and Bursa
siyahi, respectively. The decrease in the dialyzed fraction as a result of drying was
found to be 28% for Bursa siyahi; on the other hand an increase by 30% was
observed for Sarilop. For all fractions (skin, pulp, whole and dried fruit) in each
variety, dialyzed fractions were significantly lower compared to their initial total
phenolic content (p<0.05).
The dialyzed flavonoid fraction after in vitro gastrointestinal digestion represented
17% and 32% of the initial total flavonoid values for Sarilop and Bursa siyahi,
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respectively. For Bursa siyahi, the loss in dialyzed fraction as a result of drying was
found to be 67%. However, drying resulted with 181% higher total flavonoid value
for the dialyzed fraction of Sarilop variety.
After the simulation of in vitro gastrointestinal digestion system, 80% and 86% of
the antioxidant compounds were present in the dialyzed fraction for Sarilop and
Bursa siyahi, respectively. Drying caused a decrease in the dialyzed fractions for
both varieties (17% and 30% for Sarilop and Bursa siyahi, respectively).
In order to identify the influence of simulated in vitro gastrointestinal digestion on
total anthocyanins, only Bursa siyahi samples were analyzed. The dialyzed
anthocyanin fraction of the whole fruit represented only 9% of the initial total
anthocyanin value. The decrease in dialyzed fraction of total anthocyanins as a result
of drying was found to be 75%.
For each sample, percent recovery of total phenolics and total flavonoids after in
vitro GI digestion were not significantly different from each other whereas
antioxidant capacity was found to be significantly higher (p<0.05).
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GÜNEŞTE KURUTMANIN SARILOP VE BURSA SİYAHÎ İNCİRLERİ
(FICUS CARICA L.) POLİFENOLLERİ VE İN VİTRO BİOYARARLILIĞINA
ETKİSİ
ÖZET
İncir, yüzyıllar boyunca Akdeniz diyetinin bir parçası olarak taze veya kurutulmuş
meyve olarak tüketilmiştir. Epidemiyolojik çalışmalar, incir de dahil olmak üzere,
düzenli meyve ve sebze tüketiminin kanseri ve kardiyovasküler rahatsızlıkları
önlemede önemli bir rolü olduğunu göstermektedir. İncirin besin değeri, gıda
işlemenin antioksidan aktiviteye sahip değerli bileşenlerine etkilerinin araştırılmasını
önemli hale getirmiştir.
Bu çalışmada, güneşte kurutmanın incirin sağlıkla ilişkili bileşenlerinin yanı sıra
bioyararlılığa olan etkisini incelemek amacıyla; farklı renkte (sarı ve koyu mor) iki
ticari incir çeşidinin (Sarılop ve Bursa siyahi) in vitro gastrointestinal (GI) sindirim
simülasyonuyla birlikte, toplam fenolik, flavonoid, proantosiyanidin, antosiyanin ve
likopen miktarı, antioksidan kapasitesi, başlıca fenolik bileşenleri ve renk özellikleri
belirlenmiştir. Her bir çeşit için, kabuk, iç, bütün ve kuru meyve olmak üzere dört
kısım hazırlanmıştır ve tüm örnekler üçer tekrarlı olarak gerçekleştirilmiştir. Başlıca
fenolik bileşenler, fotodiyot dizisi dedektör (PDA) ve floresan dedektör bileşenli
yüksek performanslı sıvı kromatografisi (HPLC) kullanılarak tespit edilmiştir.
Çalışmadan elde edilen sonuçlar taze incirin kuru incire işlenmesinin Bursa siyahi ve
Sarılop incir çeşitlerinde sırasıyla %30 ve %56’lık nem kaybına sebep olduğunu
göstermiştir. Nem miktarlarındaki farklılıkları ortadan kardırmak amacıyla, tüm
sonuçlar kuru madde olarak ifade edilmiştir.
Taze Sarılop’un kabuğu parlak sarı rengi belirten 63.4 açıklık değeri (L*) ve 96.1
renk açısına (H°) sahipken, Bursa siyahi kabuğunun tipik koyu mor rengi doğrulayan
33.4 açıklık değeri (L*) ve 324.7 renk açısına (H°) sahip olduğu görülmüştür. Taze
meyvelerin kabuklarının kuru meyve kabuklarından daha parlak olduğu, açıklık
değerindeki (L*) %10 ve %18’lik düşüşlerle (Sarılop ve Bursa siyahi incir çeşitleri
için sırasıyla) ortaya konmuştur.
Toplam fenolik madde içeriği Sarılop ve Bursa siyahi incir çeşitleri için sırasıyla
211.2 mg GAE/100 g kuru madde ve 492.9 mg GAE/100 g kuru madde olarak
bulunmuştur. İncir kabuklarının beklendiği gibi, iç kısımlardan daha yüksek fenolik
madde içeriğine sahip olduğu görülmüştür. Kurutma sonrasında hem Sarılop
incirinin fenolik madde içeriğinde meydana gelen %8’lik düşüşün hem de Bursa
siyahi incirindeki %15’lik düşüşün istatistiksel olarak önemsiz olduğu görülmüştür.
(p<0.05).
Toplam flavonoid madde içeriği Sarılop ve Bursa siyahi incir çeşitleri için sırasıyla
8.0 mg KE/100 g kuru madde ve 65.6 mg KE/100 g kuru madde olarak bulunmuştur.
Flavonoidlerin çoğu meyvenin kabuğunda bulunmaktadır (Sarılop ve Bursa siyahi
incir çeşitleri için sırasıyla 62.8 ve 233.6 mg KE/100 g kuru madde). Kurutma
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sonucunda Bursa siyahi incirinin flavonoid madde miktarındaki düşüş %21 olarak
bulunmuştur. Diğer taraftan, Sarılop inciri kurutulduğunda %70’lik bir artış
gözlemlenmiştir. Bursa siyahi inciri için, taze ve kuru meyveler arasında önemli bir
farklılık görülmemiştir, ancak Sarılop incirinin kuru meyveleri, taze meyvelerinden
önemli ölçüde daha yüksektir (p<0.05).
Toplam proantosiyanidin madde içeriği Sarılop ve Bursa siyahi incir çeşitleri için
sırasıyla 6.5 mg siyanidin eşdeğeri/100 g kuru madde ve 61.9 siyanidin eşdeğeri/100
g kuru madde olarak bulunmuştur. Kurutma, Bursa siyahi incirinde %75’lik önemli
bir düşüşle sonuçlanmıştır. Diğer taraftan, Sarılop incirinde istatistiksel olarak
önemli %70’lik bir artış gözlemlenmiştir (p<0.05).
Toplam antosiyanin madde içeriği Sarılop incir çeşidi için 4.6 mg siyanidin-3glukozit eşdeğeri/100 g kuru madde, ve Bursa siyahi incir çeşidi için 83.4 mg
siyanidin-3-glukozit eşdeğeri/100 g kuru madde olarak bulunmuştur. İki incir çeşidi
arasında, Bursa siyahi inciri en yüksek antosiyanin madde içeriğine sahiptir ve
antosiyaninlerin çoğu kabuk kısmında toplanmıştır (195.5 mg siyanidin-3-glukozit
eşdeğeri/100 g kuru madde). Kurutma sonucunda oluşan en büyük kayıp, antosiyanin
içeriğinde gözlemlenmiştir (Bursa siyahi için %82.6 ve Sarılop için %97.2). Bu
kayıp, her iki incir çeşidi için istatistiksel olarak önemlidir (p<0.05).
Toplam likopen içeriği sadece Sarılop ve Bursa siyahi incirlerinin iç kısımları için
belirlenmiştir ve sonuçlar Sarılop incirinin (0.4 mg likopen/100 g kuru madde) Bursa
siyahi incirinden (0.3 mg likopen/100 g kuru madde) yüksek likopen içeriğine sahip
olduğunu ortaya koymuştur; fakat bu fark istatistiksel olarak önemsizdir (p<0.05).
Bu çalışmada uygulanan dört toplam antioksidan kapasite metodundan (ABTS,
DPPH, FRAP ve CUPRAC), CUPRAC metodu Sarılop inciri için en yüksek
antioksidan kapasite değerini verirken (278.2 mg TEAK/100 g kuru madde); Bursa
siyahi inciri için ABTS metodu en yüksek sonucu vermiştir (1066.1 mg TEAK/100 g
kuru madde). Kurutma sonrasında antioksidan kapasitede Sarılop ve Bursa siyahi
incir çeşitleri için sırasıyla %24-57 ve %13-60 arası düşüşler olmuştur. CUPRAC
metodu sonuçlarına göre her iki çeşit için de kuru meyvedeki toplam antioksidan
kapasite, taze meyveninkinden önemli derecede farklı değildir. Aksine, DPPH ve
FRAP metodları sonuçlarına göre, kurutma sonrasında toplam antioksidan kapasite
önemli miktarda azalmıştır. ABTS metoduna göre ise, kurutma sonucunda toplam
antioksidan kapasite Sarılop inciri için önemli bir farklılık göstermezken, Bursa
siyahi inciri için görülen düşüş önemlidir (p<0.05).
Başlıca fenolik maddelerin analizinden önce, spektrofotometrik metotlar arasındaki
korelasyon katsayıları hesaplanmıştır. İncirlerin toplam fenolik madde ve toplam
flavonoid madde içeriği arasında lineer bir korelasyon görülmüştür (R2=0.9432).
Uygulanan tüm dört toplam antioksidan kapasite metodu içinden CUPRAC metodu,
toplam fenolik madde içeriğiyle en yüksek korelasyon katsayısı değerini vermiştir
(R2=0.9690).
Başlıca fenolik maddelerin analizi sonucunda, incelenen incir örneklerinde fenolik
asitler, flavonoller, flavonlar, flavan-3-oller ve antosiyanin gruplarına ait toplam 14
fenolik madde tespit edilmiştir.
Fenolik asitler grubundan; klorojenik asit, elajik asit, gallik asit ve p-kumarik asit
tespit edilmiştir. Kurutmadan sonra her iki çeşit incirin de klorojenik asit ve pkumarik asit içeriği azalmıştır (Sarılop inciri için sırasıyla %58 ve %59; Bursa inciri
için ise sırasıyla %87 ve %34). Oysa kurutma gallik asit içeriği bakımından hem
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Sarılop hem de Bursa siyahi incir çeşitleri için %67’lik bir artışa sebep olmuştur.
Bundan başka, elajik asit miktarı Sarılop incirinde değişim göstermezken, Bursa
siyahi incirinde %50 artış gözlenmiştir. Klorojenik asit ve ellajik asit içeriği
bakımından, her iki çeşit incirde de taze ve kuru meyveler arasında görülen fark
önemli değildir. Sarılop taze ve kuru incirlerinin gallik asit ve p-kumarik asit içeriği
önemli derecede farklı iken, Bursa siyahi incirlerinde bu fark önemsizdir (p<0.05).
Rutin, her iki çeşit incir için de, en önemli flavonol olarak tespit edilmiştir. Rutin
haricinde, kampferol-rutinosit, kuersetin-3-glukozit, ve iki farklı kuersetin türevi
tespit edilen diğer flavonol çeşitleridir. Kurutma prosesi Sarılop incirinde bulunan
tüm flavonollerde düşüşe sebep olmuştur (rutin için %24, kampferol-rutinosit ve
kuersetin-3-glukozit için %33 ve her bir kuersetin türevi için %50). Ancak, taze ve
kuru meyveler arasında önemli bir fark görülmemiştir (p<0.05). Bursa siyahi incir
çeşidi için kurutma sonucunda kuersetin-3-glukozit, kuersetin türevi 1 ve kuersetin
türevi 2’de sırasıyla %42, %82 ve %71 kayıplar görülmüştür. Diğer taraftan, kurutma
rutin ve kampferol-rutinosit miktarlarında sırasıyla %16 ve %200’lük artışlarla
sonuçlanmıştır. Kurutma Bursa siyahi taze ve kuru incirleri arasında önemli bir fark
yaratmamıştır (p<0.05).
Flavon grubundan sadece apigenin tespit edilmiştir. Apigenin miktarı Sarılop inciri
için 0.6 mg/100 g kuru madde, Bursa siyahi inciri için ise 1.9 mg/100 g kuru madde
olarak bulunmuştur. Kurutma, Sarılop incirinin apigenin içeriğini %17 azaltmıştır; bu
azalma istatistiksek olarak önemli değildir (p<0.05). Diğer yandan, kurutma
sonucunda Bursa siyahi incirinde önemli bir artış (%68) görülmüştür (p<0.05).
Flavan-3-oller grubundan hem (+)-kateşin hem de (-)-epikateşin tespit edilmiştir.
Kurutma Sarılop inciri için, (+)-kateşin ve (-)-epikateşin içeriğinde sırasıyla %35 ve
%45’lik azalmaya neden olurken, Bursa siyahi incirindeki kayıplar sırasıyla %45 ve
%68’dir. Kurutma sonrasında, Bursa siyahi incirlerinin kateşin içerikleri ve Sarılop
incirlerinin epikateşin içerikleri birbirinden önemli derecede farklı olarak
bulunmuştur; fakat, Sarılop incirlerinin kateşin içerikleri ve Bursa siyahi incirlerinin
epikateşin içerikleri arasındaki fark önemsizdir (p<0.05).
Antosiyaninler grubundan siyanidin-3-glukozit ve siyanidin-3-rutinozit tespit
edilmiştir. Siyanidin-3-glukozit Sarılop inciri kabuğunda tespit edilmemiştir.
Siyanidin-3-rutinozit Bursa siyahi incirinde 35.5 mg/100 g kuru madde, Sarılop
incirinde ise 2.1 mg/100 g kuru madde olarak bulunmuştur. Kurutma, Bursa siyahi
inciri için her iki antosiyanin miktarında da önemli düşüşe neden olmuştur.
(siyanidin-3-glukozit için %98, siyanidin-3-rutinozit için %96) (p<0.05).
In vitro mide-bağırsak sistemi simülasyonunun ardından, incir kabukları, içleri,
bütün ve kuru meyveleri için toplam fenolik madde, toplam flavonoid madde ve
toplam antosiyanin madde içerikleri ve de toplam antioksidan kapasitesi
değerlendirilmiştir. In vitro mide-bağırsak sistemi simülasyonunun toplam
antioksidan kapasitesine olan etkisini belirlemek amacıyla, tüm dört antioksidan
kapsitesi metotları içinden toplam fenolik madde ve toplam flavonoid madde
içerikleriyle en iyi korelasyonu gösteren CUPRAC metodu uygulanmıştır
In vitro mide-bağırsak sistemi simülasyonu sonucunda Sarılop ve Bursa siyahi incir
çeşitlerinin diyalize edilmiş toplam fenolik madde miktarları sırasıyla %22 ve %32
olarak bulunmuştur. Kurutma sonucunda diyalize edilmiş toplam fenolik madde
miktarındaki düşüş Bursa siyahi inciri için %28’dir. Diğer taraftan, Sarılop incirinde
%30’luk bir artış gözlenmiştir. Her bir çeşidin tüm kısımları (kabuk, iç, bütün ve
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kuru meyve) için, diyalize edilmiş toplam fenolik madde miktarları, meyvede
başlangıçta bulunan miktarlardan önemli oranda düşüktür (p<0.05).
In vitro mide-bağırsak sistemi simülasyonu sonucunda Sarılop ve Bursa siyahi incir
çeşitlerinin diyalize edilmiş toplam flavonoid madde miktarları sırasıyla %17 ve %32
olarak bulunmuştur. Bursa siyahi inciri için, kurutma sonucunda diyalize edilmiş
toplam flavonoid madde miktarındaki kayıp %67 olarak bulunmuştur. Ancak,
kurutma Sarılop incirinin diyalize edilen toplam fenolik madde miktarında %181’lik
artışa sebep olmuştur.
In vitro mide-bağırsak sistemi simülasyonu sonucunda Sarılop ve Bursa siyahi incir
çeşitlerinin diyalize edilmiş toplam antioksidan kapasitesi sırasıyla %80 ve %86
olarak bulunmuştur. Kurutma her iki çeşit incir içinde diyalize edilmiş toplam
antioksidan kapasitesinde düşüşe neden olmuştur (Sarılop ve Bursa siyahi incir
çeşitleri için sırasıyla %17 ve %30).
In vitro mide-bağırsak sistemi simülasyonunun toplam antosiyanin madde içeriğine
etkisini saptamak amacıyla, sadece Bursa siyahi inciri örnekleri analizlenmiştir.
Bütün meyvenin diyalize edilmiş toplam antosiyanin madde miktarı meyvede
başlangıçta bulunan miktarının sadece %9’unu temsil etmektedir. Kurutma
sonucunda diyalize edilen toplam antosiyanin madde miktarı %75 azalmıştır.
Her bir örnek için, in vitro mide-bağırsak sistemi simülasyonunun ardından tespit
edilen toplam fenolik ve toplam flavonoid madde miktarlarının yüzde geri kazanımı
birbirinden önemli derecede faklılık teşkil etmezken, toplam antioksidan kapasitesi
önemli ölçüde yüksektir (p<0.05).
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1. INTRODUCTION
The common fig (Ficus carica L.), a deciduous tree belonging to the Moraceae
family, is one of the earliest cultivated fruit trees and an important crop worldwide
for both fresh and dry consumption (Solomon et al., 2006). Figs are superior source
of vitamins, minerals, dietary fibers and amino acids; moreover they are sodium, fat
and cholesterol-free (Vinson, 1999; Veberic et al., 2008). Furthermore, they are also
one of the most abundant fruits in the Mediterranean diet which has been reported to
promote health and quality of life, particularly by preventing pathophysiological
conditions related to coronary heart disease and cancer (Solomon et al., 2006;
Caliskan and Polat, 2011).
Turkey is the world’s leading country in fig production. According to FAO statistics
of 2009, world fig production is 1.081.438 tonnes (t) and Turkey’s production of
244.351 t is 23% of the world’s total production. Additionally, Turkey produces
approximately 54% of world’s total dried figs (Anon., 2009). Bursa province, located
in the western region of Turkey, is the largest fresh fig producing area in the country
and ‘Bursa Siyahi’, having a dark purple skin color, is the most common table fig
variety grown in Turkey (Caliskan and Polat, 2008). ‘Sarilop’ (Calimyrna) with
yellow skin color, cultivated in Aydin province, is the standard variety used for
commercial drying (Aksoy et al., 2003).
Fig skin color varies from green to dark purple. Figs can be consumed as a whole
fruit, but they are often peeled; the pulp is consumed and the skin is discarded
(Solomon et al., 2006). Fresh fruits naturally have a short post-harvest life of 7–10
days; however, with a combination of a cooler and a CO2-enriched atmosphere, the
fruit can be preserved for up to 2–4 weeks. Figs are also very popular as dried fruit,
since drying increases their shelf life (Veberic et al., 2008). Dried figs can be stored
for 6-8 months; therefore drying can ensure proper preservation of figs (Slatnar et al.,
2011).
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Phenolic compounds are common plant secondary metabolites which not only play
physiological roles in plants but also have favorable effects for human health,
because they can act as antioxidants by reducing or donating hydrogen to other
compounds, scavenging free radicals, and quenching singlet oxygen (Oliveira et al.,
2009). Figs are excellent sources of phenolic compounds; actually, red wine and tea,
two well-publicized sources of phenolic compounds contain lower amounts of
phenolics than figs (Vallejo et al., 2012). The phenolic content of fig is usually
influenced not only by the cultivar, but also varies significantly from one fruit part to
the other (Veberic et al., 2008).
In recent years, several data has been generated on polyphenol constituents in a
variety of food materials, including figs, measuring phenolics, flavonoids,
anthocyanins and related total antioxidant activities based on chemical extraction,
typically using methanol or methanol/water mixtures (Solomon et al., 2006; Del
Caro and Piga, 2008; Duenas et al., 2008; Veberic et al., 2008; Caliskan and Polat,
2011). However, under in vivo conditions, polyphenols obtained from the diet are
extracted following a gastrointestinal (GI) digestion. The nature of extractable
phytochemicals, their stability and their antioxidant activity depend on many factors;
including the food matrix, pH, temperature, presence of inhibitors or enhancers of
absorption, presence of enzymes, host, and other related factors (Bouayed et al.,
2011). Nevertheless, to obtain any influence in a specific tissue or organ these
bioactive compounds must be bioavailable; effectively absorbed from the gut into the
circulation and transferred to the appropriate location within the body (McDougall et
al., 2005). It has been proven that the measurement of bioavailability by in vitro
models can be well correlated with conclusions from human studies and animal
models (Bouayed et al., 2011).
There are only a few studies investigating the effect of sun-drying on polyphenols of
figs. Very recently, Slatnar et al. (2011) compared for the first time the phenolic
content between fresh and dried fruit. However, no previous study evaluated the
effect of sun-drying on polyphenols for the above mentioned varieties (Sarilop and
Bursa siyahi). In addition, no studies have been reported on simulation of in vitro
gastrointestinal (GI) digestion of fig fruit. Given above, the aim of this study was: a)
to examine the influence of sun-drying on total phenolics, flavonoids,
proanthocyanidins, anthocyanins, lycopene, and antioxidant capacity as well as
2

major phenolic compounds and color properties of Sarilop and Bursa siyahi fig
varieties, and b) to evaluate the total phenolics, flavonoids, anthocyanins and
antioxidant activity of these figs at different phases of simulated gastrointestinal (GI)
digestion, using an in vitro model.
This research thesis is presented as literature, materials and methods, results and
discussion and conclusion parts. In the literature chapter, fresh and dried figs, healthy
compounds of fig fruit as well as their bioavailability were reviewed. The effect of
different drying methods on antioxidant potential of fruits and vegetables were also
presented in the literature. Materials and methods section included the detailed
protocols followed for the analysis. Results and discussion part included
spectrophotometric measurements, HPLC analysis and simulation of in vitro
bioavailability of fig fruits. In the conclusion part, basic information on the changes
of healthy compounds during drying of fig fruit was introduced.
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2. LITERATURE REVIEW
2.1. Fresh and Dried Figs
Fig or Ficus carica L., is part of the Moraceae family (Solomon et al., 2006). The
genus Ficus includes species ranging in number from 600 to more than 1900, with
mostly found in the tropics or subtropics and only a handful of fruits considered
edible. Although the fig fruit has long been associated with horticulture in the
Mediterranean region, it is firstly originated in southern Arabia. Cultivated figs are
declared to have become established across the Mediterranean region approximately
6000 years ago (Stover et al., 2007).
Figs are rich sources of fiber, minerals, polyphenols and they are low in sodium and
have no fat or cholesterol. Fourty grams of figs, the suggested serving size, provide
an average of 444 mg of phenols, which is more than the daily per capita
consumption of polyphenols from vegetables (218 mg/day) (Table 2.1) (Vinson,
1999). Similarly to other fruit species, figs contain sugars and organic acids that are
very important for the assessment of the commercial quality (Veberic et al., 2008).
The presence of phytosterols has also been reported in fig fruit (Jeong and Lachance,
2001).
The consumption of fresh fig is increasing as consumers are showing an interest in
fresh quality produce of less familiar fruits. Fig fruit is also consumed as dried,
preserved, canned, and candied. In the Mediterranean region, it is used for alcohol
and wine production and in Europe for a type of fig-coffee preparation (Slatnar et al.,
2011). The stability of the concentrated and processed products has made it possible
to transport them widely and to prolong their shelf-life by preventing the
development of some microorganisms responsible for deterioration of fresh foods
(Santos and Silva, 2008). In this sense, nearly all the world production of fig fruit is
preserved in the dried form (Piga et al., 2004).
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Table 2.1 : Total polyphenol content of common foods and beverages (Vinson,
1999).
Food/Beverage
Total Polyphenols
a
Cereals (mg/100 g dry matter)
Barley
1200–1500
Oats
8.7
Sorghum
170–10260
Corn
30.9
Rice
8.6
Wheat
22–40
Legumes (mg/100 g fresh matter)
Kidney bean
948
Pinto bean
856
Snap bean
36
Vegetables (mg/100 g fresh matter)
Beet
246
Broccoli
108
Corn
147
Garlic
387
Red onion
120
Tomato
39
Fruits (mg/100 g fresh matter)
Apple
27–298
Blueberry
135–280
Cherry
60–90
Figs
1090–1110
Grape
50–490
Grapefruit
50
Orange
50–100
Plum
4–225
Strawberry
38–218
Beverage (mg/200 ml)
Apple juice
0.4–3.2
Orange juice
37–710
Black tea
150–210
Coffee
267–733
Beer
12–20
White wine
40–60
Red wine
200–800

Although, the quantity of the world fresh fig production varies over the years, when
the data from 2004 to 2008 were examined, it can be observed that the world fresh
fig production was at the lowest level in 2004 with 1.034.477 tonnes (t), whereas in
2005, it was at the highest level with 1.079.290 t (Table 2.2). According to the
average values presented in Table 2.2, with an average production of 265.000 t per
year (approximately the 25% of the world’s total production), Turkey is the world’s
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leading country in fresh fig production. Turkey is followed by countries such as
Egypt, Iran, Morocco, Algeria, Syria, US and Spain (Table 2.2) (Anon., 2009).
Table 2.2 : Worldwide fresh fig production (tonnes) (Anon., 2009).
COUNTRY
Turkey
Türkiye
Egypt
Iran
Morocco
Algeria
Syria
US
Spain
Tunisia
Greece
Italy
Portugal
Libya
Others
TOTAL

2004
2004
275.000
160.124
80.769
60.000
64.940
43.400
46.357
41.297
27.000
21.545
21.226
9.177
10.000
173.642
1.034.477

2005
285.000
170.000
87.522
82.600
69.799
49.800
46.176
35.295
25.000
23.524
20.091
6.115
5.601
172.767
1.079.290

2006
2006
290.151
170.000
87.522
77.000
91.927
49.800
46.176
37.000
25.000
23.524
23.269
6.115
5.601
135.420
1.068.505

2007
270.830
170.000
88.000
77.000
70.000
51.000
38.500
38.000
22.000
22.000
20.000
16.500
9.800
168.843
1.062.473

2008
205.067
304.110
57.057
69.723
78.735
40.262
39.281
25.906
25.000
18.000
15.900
16.500
10.000
171.399
1.076.940

Average
Ortalama
265.210
194.847
80.174
73.265
75.080
46.852
43.298
35.500
24.800
21.719
20.097
10.881
8.200
164.414
1.064.337

Turkey is also the leading country in dried fig production, supplying half of the
world’s demand with an average value of 53.900 t per year according to the world
dried fig production rate of four seasons shown in Table 2.3. In dried fig production,
Turkey is being followed by Iran with an average of 28.250 t, the US with 12.000 t
and Greece with 9.750 t, respectively (Anon., 2010a). Although, Egypt has the
second place in world’s fresh fig production (Table 2.2), it does not have a
significant rank in dried fig production. This shows that the produced fig is being
consumed as fresh fruit in the internal market.
Table 2.3 : Worldwide dried fig production (tonnes) (Anon., 2010a).
COUNTRY
Turkey
Iran
US
Greece
Spain
Italy
TOTAL

2006/2007
60.393
43.000
12.000
12.000
3.500
5.000
135.893

2007/2008
48.012
25.000
13.100
10.000
5.000
4.000
105.112

2008/2009
50.604
22.000
11.000
8.000
4.500
4.000
100.104

2009/2010
56.590
23.000
12.000
9.000
5.000
4.000
109.590

According to Turkish Statistical Institute (TUIK) data, Turkey’s fresh fig production
has reached its highest level in 2005-2006. In 2007-2008, the production was
diminished to 205.067 t due to the lack of rain and smaller fruit size caused by
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drought. In 2009, an area of 476.492 da was being used for 244.351 t of fig
production (Table 2.4) (Anon., 2010b).
Table 2.4 : Fresh fig production in Turkey (Anon, 2010b).
YEAR

Production
(tonnes)

Total orchard
area (da)

Average yield
per tree

Number of
mature trees

2005
2006
2007
2008
2009

285.000
290.151
210.152
205.067
244.351

490.000
483.914
510.180
474.492
476.615

30
29
21
22
26

9.450.000
9.958.143
9.855.285
9.271.405
9.336.577

As shown in Table 1.5, Turkey’s dried fig production capacity reached up to 60.393 t
in 2006 while in 2003 only 46.500 t has been produced, whereas it was reduced due
to the climatic conditions in 2007. Other than that, the production capacity was
generally over 50.000 t (Anon, 2010c).
Table 2.5 : Dried fig production in Turkey (Anon, 2010c).
YEAR
2003
2004
2005
2006
2007
2008
2009
2010

Production (tonnes)
46.500
55.600
56.327
60.393
48.012
50.604
56.590
58.662

Although the production of fig fruit is being carried out in many regions of Turkey
(Figure 2.1), high quality dried figs are especially grown in Aegean region because
of climatic and ecological conditions such as temperature during maturation and
drying seasons as well as humidity and wind. Among the produced varieties,
‘‘Sarilop’’ is the standard variety used for commercial drying, whereas ‘‘Bursa
siyahi’’ is the most common table fig variety grown in Turkey (Aksoy et al., 2003;
Caliskan and Polat, 2008).
Thirty percent of the fig fruit produced in Turkey is being consumed as fresh fruit in
internal market, whereas 70% is being consumed as dried fruit in both internal and
external market. In Turkey, fresh fig consumption per capita is about 300-500 g,
while dried fig consumption is approximately 150-200 g. Turkey’s annual dried fig
consumption is estimated as 5000-6000 t (Anon., 2010a).
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Figure 2.1 : Map of Turkey and its important table fig growing areas shown in light
grey color (Caliskan and Polat, 2008).
Due to the proper climate conditions in Turkey, drying in being carried out under
natural conditions in the sun. Drying process is being performed on plastic mesh
grille pallets (Figure 2.2) for approximately 8 to 10 days. The reason why plastic
material is being preferred instead of metal wires is that plastic is more resistant to
mold growth. Another advantage of plastic mesh grille pallets is the reduction of
drying period and impurity. For drying procedure, fruits are being uniformly
distributed on plastic pallets in a single layer to expose to the sunlight and placed
indoors at night. Thus, the fruit is being protected from the treat of insects as well as
adverse weather conditions such as dew (Anon., 2011).

Figure 2.2 : Fig drying on plastic mesh grille pallets (Anon., 2011).
9

2.2. Healthy Compounds and Bioavailability of Fig Fruit
During the last decade, a general consensus has been reached that the diet has a
major role in the development of chronic diseases, such as cancer, coronary heart
disease, obesity, diabetes type 2, hypertension and cataract. This consensus suggests
that a predominantly plant-based diet rich in fruits and vegetables reduces the risk for
development of these diseases, significantly (Halvorsen et al., 2002). In fact, 128 of
156 epidemiological studies summarized in Figure 2.3, have shown an inverse
correlation between the consumption of fruits and vegetables and the incidence of
cancer (Vinson, 1999).
The significant association between the consumption of fruits and vegetables, and
positive health effects is exerted by the antioxidant activity of polyphenols. Hence, to
determine the nutritional quality of fig fruit, it is important to analyze all the main
compounds showing antioxidant activity. The health protective effects of fig fruits
and its products have been characterized with their high contents of phenolics such as
chlorogenic acid, rutin, and cyanidin-3-rutinoside. In the following sections, phenolic
acids, flavonoids, carotenoids and bioavailability of fig fruit will be discussed.

Figure 2.3 : The protective effect of fruits and vegetables in reducing the risk of
cancers: A chart illustrating the increase in mortality from cancer in
people consuming the least amount of fruits and vegetables compared to
those consuming the most (Vinson, 1999).
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2.2.1. Phenolic acids
Phenolic acids consist of two subgroups of hydroxybenzoic and hydroxycinnamic
acids (Figure 2.4). Hydroxybenzoic acids include gallic, p-hydroxybenzoic,
protocatechuic, vanillic and syringic acids having C6–C1 structure; whereas,
hydroxycinnamic acids, are aromatic compounds with a three-carbon side chain (C6–
C3), with caﬀeic, ferulic, p-coumaric and sinapic acids being the most common
(Balasundram et al., 2006).

Figure 2.4 : Examples of (a) hydroxybenzoic and (b) hydroxycinnamic acids
(Balasundram et al., 2006).
Hydroxycinnamic acids occur frequently in foods as simple esters with quinic acid or
glucose. Probably, the most abundant soluble bound hydroxycinnamic acid is
chlorogenic acid (5-O-caffeoylquinic acid) (Figure 2.5), which is combined from
caffeic and quinic acids (Lafay et al., 2006). Unlike hydroxycinnamic acids,
hydroxybenzoic acids are mainly present in foods in the form of glucosides (Mattila
et al., 2006).

Figure 2.5 : Chlorogenic acid (5-O-caffeoylquinic acid) acid (Lafay et al., 2006).
In several studies, phenolic acid in fig fruit with the highest amount was determined
as chlorogenic acid (5-O-caffeoylquinic acid; Figure 2.5) ranging in between 0.4611

6.93 mg/100 g fresh fruit (Del Caro and Piga, 2008; Veberic et al., 2008; Oliveira et
al., 2009; Slatnar et al., 2011; Vallejo et al., 2012). Beside chlorogenic acid, 3-Ocaffeoylquinic acid (0.3 mg/100g dry fruit), ellagic acid (0.2-0.5 mg/100 g fresh
fruit), ferulic acid (0.9-2.1 mg/100g dry fruit), gallic acid (0.1-2.8 mg/100 g fresh
fruit) and syringic acid (0.02-0.1 mg/100 g fresh fruit) are other phenolic acids that
have been identified in fig fruit (Veberic et al., 2008; Oliveira et al., 2009; Pande and
Akoh, 2010). Moreover, according to a study carried out by Pande and Akoh (2010),
fig leaves were identified as involving high amounts of p-coumaric acid (5.9
mg/100g fresh fruit) and caffeic acid (7.8 mg/100g fresh fruit).
2.2.2. Flavonoids
Flavonoids constitute the largest group of plant phenolics, accounting for over half of
the eight thousand naturally occurring phenolic compounds. Flavonoids are low
molecular weight compounds, consisting of fifteen carbon atoms, arranged in a C6–
C3–C6 configuration. Essentially, the structure consists of two aromatic rings A and
B, joined by a 3-carbon bridge, usually in the form of a heterocyclic ring, C (Figure
2.6). Variations in substitution patterns to ring C result in the major flavonoid classes
of flavonols, flavones, flavanones, flavanols isoflavones, flavanonols, and
anthocyanidins (Figure 2.6) of which flavones and flavonols are the most widely
occurring and structurally diverse (Heim et al, 2002; Balasundram et al., 2006).

(a)

(b)
Figure 2.6 : Structure of (a) a flavonoid molecule and (b) major classes of
flavonoids (Balasundram et al., 2006).
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Flavonoids in foods exist primarily as 3-O-glycosides and polymers. Flavonols are
the most abundant ﬂavonoids in foods, with quercetin, kaempferol and myricetin
being the three most common ﬂavonols. Flavanones are mainly found in citrus fruit
and ﬂavones in celery. Flavanols are present in large amounts in green and black tea
and in red wine, whereas anthocyanins are found in strawberries and other berries.
Isoﬂavones are almost exclusively found in soy foods (Table 2.6) (Heim et al., 2002;
Le Marchand, L., 2002).
Several authors have determined the profile of phenolic compounds of fig fruit
(Solomon et al., 2006; Del Caro and Piga, 2008; Duenas et al., 2008; Veberic et al.,
2008; Oliveira et al., 2009; Pande and Akoh, 2010; Slatnar et al., 2011; Vallejo et
al., 2012). In these studies, flavonoids belonging to groups of flavonols, flavones,
flavanols and anthocyanins were identified.
In fig fruit, the following compounds from the group of flavonols were determined:
kaempferol-3-O-glucoside,

kaempferol-rutinoside,

quercetin-3-O-glucoside,

quercetin-acetilglucoside and rutin (quercetin-3-O-rutinoside) (Del Caro and Piga,
2008; Veberic et al., 2008; Oliveira et al., 2009; Slatnar et al., 2011; Vallejo et al.,
2012). Rutin present in figs has the highest concentration among all other flavonols
reaching up to 107.1 mg/100 g fresh fruit in the fruit skins (Del Caro and Piga,
2008). In fact, the amounts of rutin determined in figs were higher than the values in
sweet cherries, peaches and apricots, as reported by Veberic and Stampar (2005). Lee
et al. (2003) reported that quercetin is an important phenol with antioxidative
properties; however, it is much more easily taken up by the human body in the form
of glycosides, which are afterwards transformed into quercetin. Therefore, the
amount of quercetin glycosides such as rutin is important for the nutritional value of
figs.
From the group of flavons, apigenin-rutinoside, luteolin 6C-hexose-8C-pentose and
luteolin-8-C-glucoside were identified in figs (Slatnar et al., 2011; Vallejo et al.,
2012). Apigenin-rutinoside and luteolin 6C-hexose-8C-pentose were determined
only in fig skins, but both flavons were not present in fig pulps (Vallejo et al., 2012).
In the study conducted by Slatnar et al. (2011), very small amount of luteolin-8-Cglucoside (0.13-0.45 mg/100 g fresh fruit) was detected after both sun drying and
oven drying processes.
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Table 2.6 : Classification, food sources, and trolox equivalent antioxidant activities
(TEAC) of dietary flavonoids (Heim et al, 2002).
Class
Flavanol

Flavone

Flavonol

Flavanone

Flavonoid

Substition Pattern

(+)-catechin
(-)-epicatechin
epigallocatechin gallate
chrysin
apigenin
rutin

3,5,7,3',4'-OH
3,5,7,3',4'-OH
3,5,7,3',4',5'-OH,3 gallate
5,7-OH
5,7,4'-OH
5,7,3',4'-OH, 3 rutinose

luteolin
luteolin glucosides
kaempferol

5,7,3',4'-OH
5,7,3'-OH,4'-glucose
5,4'-OH,4',7-glucose
3,5,7,4'-OH

quercetin

3,5,7,3',4'-OH

myricetin

3,5,7,3',4',5'-OH

tamarixetin
naringin

3,5,7,3'-OH,4'-OMe
5,4'-OH,7-rhamnoglucose

naringenin
taxifolin
eriodictyol
hesperidin
Isoflavone
genistin
genistein
daidzin
daidzein
Anthocyanidin apigendin
cyaniding

5,7,4'-OH
3,5,7,3',4',5'-OH
5,7,3',4'-OH
3,5,3'-OH,4'-OMe,7-rutinose
5,4'-OH,7-glucose
5,7,4'-OH
4'-OH,7-glucose
7,4'-OH
5,7,4'-OH
3,5,7,4'-OH,3,5-OMe

Dietary sources
Tea
Tea
Tea
Fruit skins
Parsley, celery
Red wine
Buckwheat
Citrus
Tomato skin
Red pepper

Leek
Broccoli
Endives
Grapefruit
Black tea
Onion
Lettuce
Broccoli
Tomato
Tea
Red wine
Berries
Cranberry
Grapes
Red wine
Citrus
Grapefruit
Citrus fruits
Citrus fruits
Lemons
Oranges
Soy bean
Soy bean
Soy bean
Soy bean
Colored fruits
Cherry
Raspberry
Strawberry

TEAC
(mM)
2.4
2.5
4.75
1.43
1.45
2.4

2.1
1.74
0.79
1.34

4.7

3.1

0.24
1.53
1.9
1.8
1.08
1.24
2.9
1.15
1.25
2.35
4.42

Both (-)-epicatechin and (+)-catechin belong to the group of flavans were determined
in fig fruit (Veberic et al., 2008; Pande and Akoh, 2010; Slatnar et al., 2011). Auger
et al. (2004) reported that this is a very important group of compounds in the
Mediterranean diet. However, figs do not belong to the group of fruits rich in both
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constituents, in comparison to plums, apples or various kinds of berries (Veberic et
al., 2008). According to the studies carried out by Pande and Akoh (2010) and
Slatnar et al. (2011) figs contain more (-)-epicatechin than (+)-catechin; on the other
hand, Veberic et al. (2008) reported higher concentrations of (+)-catechin.
Cyanidin-3-rutinoside (Figure 2.7) is the main anthocyanin in fig fruits with its
content ranging between 0.1 and 108.9 mg/100 g fresh fruit (Del Caro and Piga,
2008; Duenas et al., 2008; Slatnar et al., 2011; Vallejo et al., 2012). Duenas et al.
(2008) analyzed the anthocyanin composition in fig fruit and detected up to 15
anthocyanin pigments; most of them containing cyanidin as aglycone and some
pelargonidin derivatives were also reported. The main anthocyanin in both pulp and
skin of the fig fruit was cyanidin-3-rutinoside followed by cyanidin-3-glucoside. Fig
fruits are considered as rich sources of anthocyanins. For comparison, anthocyanin
content of blueberries and blackberries ranged from 13 to 197 mg/100 g fresh fruit
(Sellappan et al., 2002), while the concentration of anthocyanins in ‘Negra de
Mesegar’ fig was around 100 mg/100 g fresh fruit (Vallejo et al., 2012).

Figure 2.7 : Structure of cyanidin-3-rutinoside (Solomon et al., 2006).
2.2.3. Carotenoids
Carotenoids are classified by their chemical structure as: (a) carotenes that are
constituted by carbon and hydrogen; (b) oxycarotenoids or xanthophylls that have
carbon, hydrogen, and, additionally, oxygen. Carotenoids have also been classified
as primary or secondary. Primary carotenoids are compounds required by plants in
photosynthesis (β-carotene, violaxanthin, and neoxanthin), whereas secondary
carotenoids are localized in fruits and flowers (α-carotene, β-cryptoxanthin,
zeaxanthin, antheraxanthin, capsanthin, capsorubin) (Pratheesh et al., 2009).
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Although 600 carotenoids have been isolated from natural sources, only about onetenth of them are present in human diets, and only about 20 have been detected in
blood and tissues. Beta-carotene, α-carotene, lycopene, lutein, and β-cryptoxanthin
are the five most prominent carotenoids in the human body (Ross and Harrison,
2006).
In a single study, figs of an unknown variety were randomly picked at one time point
and found to contain several carotenoids, including lutein, cryptoxanthin, lycopene,
β-carotene, and α-carotene (Table 2.7), with lycopene (Figure 2.8) being the most
abundant carotenoid, followed by lutein and β-carotene (Su et al., 2002).
Table 2.7 : Carotenoid content of fig fruit (Su et al., 2002).
Carotenoid
Lutein
β-carotene
α-carotene
Cryptoxanthin
Lycopene

mg/100g fruit
0.08
0.04
0.02
0.01
0.32

Figure 2.8 : Structure of lycopene (Reddy et al., 2003).
2.2.4. Bioavailability of fig fruit
One of the fundamental issues concerning the beneficial effects of polyphenols is
their bioavailability which is defined as the fraction of an ingested nutrient that is
available to the body for utilization in normal physiological functions or for storage
(Castenmiller et al., 1999). The bioavailability of a dietary compound depends on its
digestive stability and its release from the food matrix that is referred as
bioaccessibility (Tagliazucchi et al., 2010).
Bioavailability differs greatly from one polyphenol to another, and for some
compounds it depends on dietary source. The absorption of phenolic compounds is
considered to be low, not exceeding the plasma concentrations of 10 µM. This low
absorption may be partially characterized to the chemical structures of the different
polyphenols that determine their gut absorption. It is believed that the absorption of
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polyphenols occurs through passive diffusion across the membranes of the gut
epithelial cells. In addition, most polyphenols exist in food in the form of esters,
glycosides or polymers that cannot be absorbed in their native form. Only aglycones
and some glucosides can be absorbed in the small intestine (Manach et al., 2005).
While studies regarding the bioavailability of polyphenols require in vivo
experiments, in vitro methods are also useful to determine their stability under
gastrointestinal (GI) conditions. In fact, despite their limitations, such as typically
constituting only a static model of digestion, it has been proven that the evaluation of
bioavailability by in vitro models can be well correlated with results from human
studies and animal models (Bouyed et al., 2011).
In vitro digestion and dialysis methods for simulating the gastrointestinal (GI)
digestion are being extensively used since they are rapid, safe, and do not have the
same ethical restrictions as in vivo methods (Liang et al., 2012). The effect of in vitro
gastrointestinal digestion on the stability of polyphenols has already been tested in
foods such as pomegranate juice (Perez-Vicente et al., 2002), broccoli (Vallejo et al.,
2004), raspberry (McDougall et al., 2005), chockberry (Bermudez-Soto et al., 2007),
red cabbage (McDougall et al., 2007), grape (Tagliazucchi et al., 2010), apple
(Bouyed et al., 2011) and mulberry (Liang et al., 2012).
As far as it is known, in the literature, there is no previous study evaluating the in
vitro gastrointestinal (GI) digestion of fig fruit polyphenols. On the other hand, in an
in vivo study carried out by Vinson et al. (2005), figs were found to produce a
significant increase in plasma antioxidant capacity for 4 hours after consumption.
2.3. Effect of Drying on Antioxidant Potential of Fruits and Vegetables
The water content of fruits and vegetables is mostly higher than 80%, which limits
their shelf-life and makes them more sensitive to storage and transport conditions.
Consequently, an expansion in the production and consumption of processed foods
has been verified. Among them, dehydrated fruits and vegetables attract attention
because they can be easily produced, can be stored and transported at relatively low
cost, have reduced packing costs, and their low water content avoids the
development of some microorganisms responsible for deterioration of fresh foods
(Santos and Silva, 2008).
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Fruits, vegetables, and their products in the dried form are good sources of energy,
minerals, and vitamins as well as polyphenols. However, during the process of
dehydration some changes occur in the quality parameters of dried products. The
extent of the changes depends on the care taken in preparing the material before
dehydration and on the dehydration process used. The quality parameters can be
classified into four major groups: physical, chemical, microbial and nutritional
quality. These parameters can unfavorably affect the acceptability of dried products
by the consumer (Perera, 2005; Sablani, 2006).
A number of chemical interactions such as sugar-amine reactions can take place
during drying, which lead to browning and consequent loss of nutrients. The
browning reactions can be initiated by several mechanisms. They can be due to (a)
Maillard reactions, (b) ascorbic acid oxidation, or (c) enzymatic oxidation of
phenolic compounds (Perera, 2005). Although drying, in general, is considered as
unfavorable, in some cases it may have some positive effects on nutrient
composition. In the following sections, the influence of different drying methods
including air drying (Table 2.8), freeze drying (Table 2.9), microwave drying (Table
2.10), sun drying (Table 2.11), vacuum drying (Table 2.12) and other various drying
methods (drum drying, infrared drying, osmotic drying, refractance window drying,
spouted bed drying, spray drying and superheated steam drying) (Table 2.13) on
carotenoids, flavonoids, phenolic acids, vitamin C, and total phenolics, total
flavonoids and antioxidant activity will be discussed.
2.3.1. Carotenoids
Carotenoids exist as plant pigments, responsible for red, yellow and orange color,
and have health-promoting effects. They are very important components of healthy
human nutrition and their availability in processed food is an important issue (Regier
et al., 2005). Alpha-carotene, β-carotene, β-crytoxanthin, lutein and lycopene are the
main compounds that contribute to the total carotenoids present in fruits and
vegetables (Dutta et al., 2005; Leong and Oey, 2012). Therefore, in this section
change of these components as a result of different drying techniques will be
discussed.
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Table 2.8 : Fruits and vegetables subjected to air drying studies.
Product
Apple

Apricot

Asparagus
Bilberry
Blueberry

Broccoli

Cabbage
Carrot

Corn
Cranberry
Fig

Grape

Component
HCA
MC
Procyanidins
TA
TAC
TP
TAC
TP
CA
CHA
GA
Kaempferol
TAC
TP
β-carotene
Catechin
CHA
Epicatechin
NCHA
Rutin
Q3G
Vit C
TAC
TP
TAC
TP
Vit C
TAC
TA
TP
TAC
Vit C
TAC
TP
TA
TAC
TP
Kaempferol
Vit C
TAC
TP
Vit C
TC
β-carotene
Lycopene
TC
β-carotene
Vit C
TP
TAC
Vit C
C3R
Catechin
CHA
Epicatechin
K3G
Rutin
Q3G
TAC
TP
Vit C
TAC
TP
Flavonols
TA
Vit C

Results
~55% (-)*
~55% (-)*
45%-51% (-)*
~2.5 fold (+)
~5.5 fold (+)
~1.5 fold (+)
2% (-)*
20% (-)*
48-57% (-)
12% (-) to 14% (+)
40-55% (-)
complete loss
54-58% (+)
~3 fold (+)
27-89% (-)*
~65-98% (-)*
~26-90% (-)*
~60% (-) to complete loss*
~16-90% (-)*
~60-80% (-)*
~30-70% (-)*
87-89% (-)*
unchanged to ~2.5 fold (+)*
~50-75% (-)*
3% (-)*
30% (-)*
~43-71% (-)*
27-29% (-)*
~58% (-)
~22% (-)
52% (-)*
~80-90% (-)*
~15% to 4 fold (+)*
~48-85% (-)*
42-81% (-)*
38% (-) to 30% (+)*
17% (-) to 80% (+)*
15-22% (+)*
64-77% (-)*
8% (-) to 24% (+)*
20-50% (-)*
66% (-)
14-29% (-)*
unchanged to 20% (-)*
unchanged*
unchanged*
54-58% (-)*
complete loss
30 % (-)
~38-53% (-)
~71-83% (-)*
24-61% (-)
~4-11 fold (+)
~3-11 fold (+)
~2-4 fold (+)
~2-24 fold (+)
~3-11 fold (+)
~1.5-12 fold (+)
~2 fold (+)
~6-10 fold (+)
~5% (+)
~5% (+)
~10% (+)
44% (-)
35% (-)
60-90% (-)
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De Torres et al., 2010
Xiao et al., 2010

Table 2.8 : Fruits and vegetables subjected to air drying studies (continuing).
Product
Guava
Kale

Kiwi fruit
Lime

Mango

Marionberry
Mulberry
Muscadine
Onion
Orange by-product
Papaya
Paprika

Peach

Pear
Pepper
Persimmon
Plum

Raspberry

Component
Vit C
CA
FA
Kaempferol
PCA
Quercetin
SA
Vit C
TAC
TP
Vit C
Vit C
Vit C
TAC
TP
TA
TAC
TP
TP
TAC
TP
TAC
TP
TP
Vit C
TAC
Vit C
Vit C
TC
β-carotene
β-cryptoxanthin
Capsanthin
Capsolutrin
Capsorubin
Mutatoxanthin
Vidaxanthin
Zeaxanthin
TA
TAC
TP
Vit C
TP
TC
TP
C3R
CHA
NCHA
Rutin
Vit C
TAC
TP
TAC
TP
EA
Kaempferol
Quercetin
TA
TAC
TP
TA
TP
TAC
TP
TA
TAC
TP

Results
75% (-)
73% (-)*
63% (-)*
51% (-)*
51% (-)*
50% (-)*
56% (-)*
31% (-)*
35% (-)*
60% (-)*
50-88% (-)
~60% (-)
~90% (-) to complete loss
~5-50% (-)
~30-40% (-)
unchanged to 16% (-)*
unchanged to 64% (-)*
92% to 2.5 fold (+)*
16-21% (-)
1% (-)*
15% (-)*
1-30% (-)*
16% (-) to 10% (+)*
~17-27 fold (+)
93-95% (-)*
~4-7% (-)
25% (-)
75-93% (-)
48-80% (-)
25% (-)*
23% (-)*
35% (-)*
31% (-)*
31% (-)*
complete loss*
53% (-)*
30% (-)*
~2 fold (+)
~5 fold (+)
~3 fold (+)
~50-70% (-)*
~20-33% (-)*
22% (-) to 20% (+)*
79% (-) to 1.8 fold (+)*
~95% (-) to complete loss*
~50% (-) to 5% (+)*
~1-20% (-)*
~60-95% (-)*
51-80 % (-)*
~15% (-) to 1.5 fold (+)*
~30-50% (-)*
1% (-)*
16% (-)*
~90% (-)*
~50% (-)*
~78% (-)*
~75% (-)*
~85% (-)*
~80% (-)*
~58% (-)
~4% (+)
65% to 8 fold (+)
8-16% (-)*
20-28% (-)*
13% (-) to 33% (+)*
12-40% (+)*
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Reference
Hawlader et al., 2006
Korus, 2011

Kaya et al., 2010
Orikasa et al., 2008
Kuljarachanan et al., 2009

Dorta et al., 2012

Asami et al., 2003
Sultana et al., 2012
Vashisth et al., 2011
Aslan and Ozcan, 2010
Mota et al., 2010
Garau et al., 2007
Hawlader et al., 2006
Ramesh et al., 2001
Topuz et al., 2011

Rababah et al., 2005

Djendoubi Mrad et al., 2011
Minguez-Mosquera et al., 2000
Akyildiz et al., 2004
Piga et al., 2003

Sultana et al., 2012
Mejia-Meza et al., 2010

Michalczyk et al., 2009
Novakovic et al., 2006
Sablani et al., 2011

Table 2.8 : Fruits and vegetables subjected to air drying studies (continuing).
Product
Red pepper

Rosehip
Saskatoon berry

Sebuckthorn berry

Strawberry

Sweet potato

Tomato

Wolfberry

Component
Vit C
TC
Vit C
TAC
TP
Vit C
TA
TAC
TP
Vit C
Vit E
TC
TP
Vit C
TP
TA
TP
TA
TAC
TP
TAC
TP
C3G
Catechin
EA
K3G
P3G
P3R
Vit C
TA
TAC
TP
β-carotene
Vit C
TP
Lycopene
Vit C
TAC
TF
TP
Lycopene
Vit C
Vit C
Lycopene
Vit C
TAC
TF
TP
β-carotene
Zeaxanthin
TC

Results
82-88% (-)
~75-90% (-)
~85-98% (-)*
~5.5-8 fold (+)*
~75-85% (-)*
25-30% (-)
85% (-)*
63-76% (-)*
68% (-)*
33-39% (-)
34-41% (-)
55-64% (-)
11-14% (-)
84% and 87% (-)
32-43% (-)
~33% (-)
unchanged
~3 fold (+)
~3 fold (+)
~2 fold (+)
2% (-)*
17% (-)*
51-59% (-)*
54% (-) to 30% (+)*
24-32% (-)*
7-65% (-)*
64-72% (-)*
69-84% (-)*
72% (-)*
64-73% (-)*
35-40% (-)*
36% (-)*
~50% (-)*
18% (-)*
116% (+)*
~1.5-2 fold (+)
56-61% (-)
11% (-) to 21% (+)
50-89% (+)
13-29% (+)
~0.7-9% (-)*
88% (-) to complete loss*
~20-80% (-)*
14% (-)*
21% (-)*
35% (-)*
13% (-)*
26% (-)*
~2.5-3.5 fold (+)
~5-45 fold (+)
~20-50% (-)

Reference
Di Scala and Crapiste, 2008
Vega-Galvez et al., 2009

Erenturk et al., 2005
Kwok et al., 2004

Araya-Farias et al., 2011

Asami et al., 2003
Michalczyk et al., 2009
Rababah et al., 2005

Sultana et al., 2012
Wojdylo et al., 2009

Yang et al., 2010

Chang et al., 2006

Giovanelli et al., 2002
Marfil et al., 2008
Toor and Savage, 2006

Ma et al., 2008

C3G: cyanidin-3-glucoside; C3R: cyanidin-3-rutinoside; CA: caffeic acid; CHA: chlorogenic acid; EA: ellagic acid; FA: ferulic
acid; GA: gallic acid; HCA: hydroxycinnamic acids; K3G: kaempferol-3-glucoside; MC: monomeric catechins; NCHA:
neochlorogenic acid; P3G: pelargonidin-3-glucoside; P3R: pelargonidin-3-rutinoside; PCA: p-coumaric acid; Q3G: quercetin-3glucoside; SA: sinapic acid; TA: total anthocyanin content; TAC: total antioxidant capacity; TC: total carotenoid content; TF:
total flavonoid content; TP: total phenolic content.
(-): decrease; (+): increase.
*: dry weight.

Apricots, cantaloupe, carrots, pumpkin and sweet potato are main sources of αcarotene (Paiva and Russell, 1999). In the literature, there are only few studies
investigating the effect of drying on α-carotene content of fruits and vegetables. In a
study carried out by Abonyi et al. (2001), drum drying, freeze drying and refractance
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window drying were all resulted in decreases in α-carotene content of carrot puree
(Table 2.9; Table 2.13). Moreover, Leong and Oey (2012) determined that αcarotene content of apricot, carrot, plum and red bell pepper were all decreased as a
result of freeze drying. On the other hand, freeze drying induced no change in αcarotene content of cherry and nectarine, whereas α-carotene content of peach was
increased by 33% (Table 2.9) (Leong and Oey, 2012).
Beta-carotene theoretically possesses 100% vitamin A activity and provides 80% of
vitamin A value of fruit and vegetables while α-carotene possesses only 52.2% of
vitamin A activity (Desobry et al., 1997). The demand for β-carotene has increased
since it has high antioxidant activity, by scavenging peroxyl radicals, which occur as
a result of oxidation reactions, especially at low oxygen tension (Hiranvarachat et al.,
2008). However, degradation of β-carotene is often encountered in food processing.
For instance, carrots were degraded in terms of β-carotene content after air drying,
drum drying, freeze drying, refractance window drying, superheated steam drying
and vacuum drying. (Table 2.8; Table 2.9; Table 2.12; Table 2.13) (Abonyi et al.,
2001; Regier et al., 2005; Suvarnakuta et al., 2005; Leong and Oey, 2012). Freeze
drying, one of the most studied drying method in literature, decreases the β-carotene
of not only carrots but also several other fruits and vegetables including apricot,
grapefruit, mango, nectarine, papaya, paprika, plum, red bell pepper, star fruit,
tomato and watermelon (Table 2.9) (Vanamala et al., 2005; George et al., 2011;
Shofian et al., 2011; Topuz et al., 2011; Leong and Oey, 2012). Moreover, air drying
also caused decreases in β-carotene of apricot, paprika and sweet potato (Table 2.8)
(Karabulut et al., 2007; Yang et al., 2010; Topuz et al., 2011). On the other hand,
there are some examples of which the β-carotene content increases after drying such
as air dried wolfberries (Ma et al., 2008) and freeze dried peaches (Table 2.8; Table
2.9) (Leong and Oey, 2012).
Leong and Oey (2012) determined the β-crytoxanthin content of various fruits and
vegetables including apricot, carrot, cherry, nectarine, peach, plum and red bell
pepper. According to the results of their study, β-crytoxanthin content of apricot,
carrot, plum and red bell pepper decreased after freeze drying. Moreover, freeze
drying induced no change in β-crytoxanthin content of cherry and nectarine, whereas
β-crytoxanthin content of peach is increased by 33% (Table 2.9) (Leong and Oey,
2012).
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Table 2.9 : Fruits and vegetables subjected to freeze drying studies.
Product
Apricot

Asparagus
Bilberry
Blueberry

Cabbage
Carrot

Cherry

Cranberry
Grape
Grapefruit

Guava
Kale

Mango

Muscadine
Muskmelon

Component
α-carotene
β-carotene
β-crytoxanthin
Lutein
Lycopene
Vit C
Vit C
TA
TP
TA
TAC
TP
Vit C
α-carotene
β-carotene
TC
TC
α-carotene
β-carotene
β-crytoxanthin
Lutein
Lycopene
Vit C
β-carotene
Lycopene
TC
α-carotene
β-carotene
β-crytoxanthin
C3G
C3R
Lutein
Lycopene
Vit C
TAC
Flavonols
TA
β-carotene
Lycopene
Vit C
Vit C
CA
FA
Kaempferol
PCA
Quercetin
SA
Vit C
TAC
TP
Vit C
TA
TAC
TP
β-carotene
Vit C
TAC
TP
TAC
TP
β-carotene
Vit C
TAC
TP

Results
50% (-)*
50% (-)*
50% (-)*
8% (-)*
50% (-)*
50% (-)*
~9-22% (-)
~15% (-)
~11% (-)
32% (-) to 15% (+)*
1-36% (+)*
18-36% (+)*
39% (-)
2% (-)
5% (-)
4% (-)
4% (-)*
10% (-)*
11% (-)*
9% (-)*
12% (-)*
11% (-)*
125% (+)*
unchanged*
unchanged*
unchanged*
unchanged*
unchanged*
unchanged*
12% (-)*
15% (-)*
unchanged*
unchanged*
33% (-)*
~23% (+)
35% (-)
15% (-)
~40% (-)
~90% (-)
~20% (-)
37% (-)
28% (-)*
60% (-)*
45% (-)*
33% (-)*
33% (-)*
37% (-)*
25% (-)*
22% (-)*
49% (-)*
50% (-)
74% (+)*
33% (-) to 1.3 fold (+)*
25% (-) to 16% (+)*
26% (-)
unchanged
~2-50% (-)
23% (-)
1-5% (-)*
1-5% (-)*
3% (+)
23% (+)
~20 (-) to 40% (+)
10% (-)
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Reference
Leong and Oey, 2012

Nindo et al.,2003
Michalczyk et al., 2009
Sablani et al., 2011

Gong et al., 2007
Abonyi et al., 2001

Cui et al., 2004
Leong and Oey, 2012

Regier et al., 2005

Leong and Oey, 2012

Leusink et al., 2010
De Torres et al., 2010
Vanamala et al., 2005

Hawlader et al., 2006
Korus, 2011

da Cunha et al., 2006
Dorta et al., 2012

Shofian et al., 2011

Vashisth et al., 2011
Shofian et al., 2011

Table 2.9 : Fruits and vegetables subjected to freeze drying studies (continuing).
Product
Nectarine

Onion

Papaya

Paprika

Peach

Plum

Raspberry

Red bell pepper

Saskatoon berry

Sebuckthorn berry

Component
α-carotene
β-carotene
β-crytoxanthin
C3G
C3R
Lutein
Lycopene
Vit C
Flavonols
Quercetin
TA
Vit C
β-carotene
Vit C
TAC
TP
β-carotene
β-cryptoxanthin
Capsanthin
Capsolutrin
Capsorubin
Mutatoxanthin
Vidaxanthin
Zeaxanthin
α-carotene
β-carotene
β-crytoxanthin
C3G
C3R
Lutein
Lycopene
Vit C
α-carotene
β-carotene
β-crytoxanthin
C3G
C3R
Lutein
Lycopene
Vit C
EA
Kaempferol
Quercetin
TA
TAC
TP
TA
TP
TAC
TP
TA
TAC
TP
α-carotene
β-carotene
β-crytoxanthin
Lutein
Lycopene
Vit C
TA
TAC
TP
Vit C
Vit E
TC
TP

Results
unchanged*
11% (-)*
unchanged*
~3 fold (+)*
57% (-)*
10% (-)*
unchanged*
unchanged*
32% (+)
46% (+)
25% (+)
12% (-)
8% (-)
2% (+)
~10 (-) to 80% (+)
40% (-)
28% (-)*
29% (-)*
30% (-)*
27% (-)*
28% (-)*
40% (-)*
45% (-)*
26% (-)*
33% (+)*
33% (+)*
33% (+)*
25% (-)*
11% (-)*
33% (+)*
50% (+)*
~3 fold (+)*
33% (-)*
25% (-)*
25% (-)*
49% (-)*
42% (-)*
50% (-)*
50% (-)*
unchanged*
~78% (-)*
~48% (-)*
~75% (-)*
~50% (-)*
~85% (-)*
~85% (-)*
~3% (+)
~12% (-)
~1.5-7 fold (+)
5% (-)*
7-26% (+)*
13-82% (+)*
17-52% (+)*
6% (-)*
14% (-)*
13% (-)*
10% (-)*
13% (-)*
12% (-)*
27% (-)*
9-50% (-)*
21% (-)*
10-19% (-)
30-35% (-)
21-22% (-)
1-4% (-)
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Reference
Leong and Oey, 2012

Perez-Gregorio et al., 2011

Hawlader et al., 2006
Shofian et al., 2011

Topuz et al., 2011

Leong and Oey, 2012

Leong and Oey, 2012

Mejia-Meza et al., 2010

Michalczyk et al., 2009
Novakovic et al., 2006
Sablani et al., 2011

Leong and Oey, 2012

Kwok et al., 2004

Araya-Farias et al., 2011

Table 2.9 : Fruits and vegetables subjected to freeze drying studies (continuing).
Product
Starfruit

Strawberry

Tomato

Watermelon

Component
β-carotene
Vit C
TAC
TP
Vit C
Vit C
TP
TA
TP
C3G
Catechin
EA
K3G
P3G
P3R
Vit C
TA
TAC
TP
Lycopene
Vit C
TAC
TF
TP
β-carotene
Lycopene
Vit C
TP
β-carotene
Vit C
TAC
TP

Results
16% (-)
6% (-)
~10-80% (-)
24% (-)
6% (-)
56% and 64% (-)
32-43% (-)
~12% (+)
~4% (+)
5% (-) to 19% (+)*
unchanged to 14% (+)*
31-36% (-)*
7-35% (+)*
2% (+)*
10-23 % (-)*
1-2% (-)*
1-3% (+)*
7-28% (-)*
5% (-) to unchanged*
33-48% (-)
8-10% (-)
unchanged to 16% (+)
23-72% (+)
3-6% (+)
11-14% (-)*
47% (-)*
unchanged*
unchanged to 30% (-)*
43% (-)
36% (+)
unchanged to 40% (+)
48% (-)

Reference
Shofian et al., 2011

Abonyi et al., 2001
Asami et al., 2003
Michalczyk et al., 2009
Wojdylo et al., 2009

Chang et al., 2006

George et al., 2011

Shofian et al., 2011

C3G: cyanidin-3-glucoside; C3R: cyanidin-3-rutinoside; CA: caffeic acid;; EA: ellagic acid; FA: ferulic acid; K3G:
kaempferol-3-glucoside; P3G: pelargonidin-3-glucoside; P3R: pelargonidin-3-rutinoside; PCA: p-coumaric acid; SA: sinapic
acid; TA: total anthocyanin content; TAC: total antioxidant capacity; TC: total carotenoid content; TF: total flavonoid content;
TP: total phenolic content.
(-): decrease; (+): increase.
*: dry weight

Leong and Oey (2012) determined that lutein content of apricot, carrot, nectarine,
plum and red bell pepper were all decreased as a result of freeze drying. Such
decreases could be due a lower extractability of carotenoids in lyophilized compared
to fresh material (George et al., 2011). On the other hand, freeze drying did not
change the lutein content of cherry, whereas lutein content of peach was increased by
33% (Table 2.9) (Leong and Oey, 2012).
Among all carotenoids, lycopene is not only the most abundant but also the most
efficient singlet oxygen quencher with a capacity found to be more than twice that of
β-carotene (Capanoglu et al., 2010). Processing conditions such as high temperature,
light, and oxygen have been shown to have an effect on lycopene degradation.
Biodegradation of lycopene not only affects the attractive color of the final products,
but also their nutritive value (Shi et al., 1999; Muratore et al., 2008). In fact, studies
have shown that air dried carrot and tomato contained lower or the same amount of
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lycopene compared to fresh product (Table 2.8) (Zanoni et al., 1999; Giovanelli et
al., 2002; Regier et al., 2005; Toor and Savage, 2006). Moreover, freeze drying also
caused loss or no change to the lycopene content of apricot, carrot, cherry, grapefruit,
nectarine, plum, red bell pepper and tomato (Regier et al., 2005; Vanamala et al.,
2005; Chang et al., 2006; George et al., 2011; Leong and Oey, 2012). On the other
hand, in a study carried out by Leong and Oey (2012), lycopene content of peach was
increased by 50% as a result of freeze drying (Table 2.9). Furthermore, spray drying
resulted in decreases for tomato pulp (Table 2.13) (Goula and Adamopoulos, 2005).
Conversely, up to 75% increase was determined in case of microwave vacuum dried
carrots (Table 2.10) (Regier et al., 2005).
2.3.2. Flavonoids
Flavonoids are a class of secondary plant phenolics with significant antioxidant and
chelating properties. Their protective effects derive from the ability to inhibit lipid
peroxidation, chelate redox active metals, and lessen other processes involving
reactive oxygen species (Heim et al., 2002). Fruits and vegetables containing
flavonoids can be consumed either as fresh or processed product. Therefore, it is
important to investigate the fate of flavonoids in processed fruits and vegetables.
There are number of studies that have been performed to investigate the effect of
drying on flavonoid content of various fruits and vegetables (Table 2.8-Table 2.13).
Anthocyanins are generally degraded as a result of air drying (Table 2.8), freeze
drying (Table 2.9), microwave drying (Table 2.10) and vacuum drying (Table 2.12).
In particular, freeze drying decreased the cyanidin-3-glucoside (C3G) and cyanidin3-rutinoside (C3R) contents of cherry, peach and plum (Table 2.9) (Leong and Oey,
2012). Moreover, cyanidin-3-rutinoside (C3R) content of fig (Slatnar et al., 2011)
and strawberry (Wojdylo et al., 2009) were decreased after air drying (Table 2.8).
Furthermore, in a study carried out by Wojdylo et al. (2009) air drying, microwave
drying and vacuum drying methods resulted in loss of pelargonidin-3-glucoside
(P3G) and pelargonidin-3-rutinoside (P3R) contents of strawberry (Table 2.8; Table
2.10; Table 2.12). On the other hand, few studies resulted in increase in anthocyanin
content. For instance, sun dried fig turned out to contain higher amounts of cyanidin3- rutinoside (C3R) (Table 2.11) (Slatnar et al., 2011). Similarly, freeze drying
increased pelargonidin-3-glucoside (P3G) content of strawberry (Table 2.9)
(Wojdylo et al., 2009).
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Table 2.10 : Fruits and vegetables subjected to microwave drying studies.
Product
Apricot

Carrot

Cranberry
Grape

Onion
Raspberry

Red bell pepper
Strawberry

Sweet potato

Apricot

Asparagus
Carrot
Grape

Raspberry

Saskatoon berry

Component
CA
CHA
GA
Kaempferol
TAC
TP
Vit C
Vit E
TC
β-carotene
Lycopene
TC
TAC
Vit C
TAC
TP
TP
EA
Kaempferol
Quercetin
TA
TAC
TP
TAC
C3G
Catechin
EA
K3G
P3G
P3R
Vit C
TA
TAC
TP
β-carotene
Vit C
TP
CA
CHA
GA
Kaempferol
TAC
TP
Vit C
TAC
TC
Vit C
TAC
TP
EA
Kaempferol
Quercetin
TA
TAC
TP
TA
TAC
TP

Results
Microwave drying
58% (-)
97% (+)
8% (-)
complete loss
46% (+)
~4 fold (+)
~150% (+)
~135-150% (+)
4% (-)*
unchanged*
unchanged to 75% (+)*
20% (-) to 75% (+)*
~10-30% (+)
~5% (-)
~30% (+)
~10% (+)
~57-58 fold (+)
~33% (-)*
~33% (-) to 35% (+)*
~55% (-)*
~65% (-)*
~85% (-)*
~85% (-)*
44% to 2 fold (+)*
5-22% (-)*
16% (-) to 28% (+)*
unchanged to 56% (-)*
5% (-) to 32% (+)*
16-30% (-)*
34-63% (-)*
12-36% (-)*
15-28% (-)*
10-42% (-)*
4-10% (-)*
~65% (-)*
42% (-)*
~2 fold (+)*
Microwave drying combined with other methods
53% (-)
29% (+)
35% (-)
complete loss
54% (+)
~3 fold (+)
~35% (-)*
18-36% (-)*
2-5% (-)*
~15% (-)
~5% (+)
~75% (+)
~94% (-) to 23% (+)*
~88% (-)*
~24% (-)*
~80% (-)*
~85% (-)*
~70% (-)*
62% (-)*
54-71% (-)*
50% (-)*

Reference
Igual et al., 2011

Karatas and Kamisli, 2007
Cui et al., 2004
Regier et al., 2005

Leusink et al., 2010
Carranza-Concha et al., 2012

Aslan and Ozcan, 2010
Mejia-Meza et al., 2010

Aslan and Ozcan, 2011
Wojdylo et al., 2009

Yang et al., 2010

Igual et al., 2011

Nindo et al., 2003
Cui et al., 2004
Carranza-Concha et al., 2012

Mejia-Meza et al., 2010

Kwok et al., 2004

C3G: cyanidin-3-glucoside; CA: caffeic acid; CHA: chlorogenic acid; EA: ellagic acid; GA: gallic acid; K3G: kaempferol-3glucoside; P3G: pelargonidin-3-glucoside; P3R: pelargonidin-3-rutinoside; TA: total anthocyanin content; TAC: total
antioxidant capacity; TC: total carotenoid content; TP: total phenolic content
(-): decrease; (+): increase.
*: dry weight.
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There are many studies investigating the change in flavonol content in fruits and
vegetables as a result of drying. De Torres et al. (2010) determined lower flavonol
content in grapes after air drying (Table 2.8) and freeze drying (Table 2.9). Slatnar et
al. (2011) studied the effect of air drying and sun drying on fig fruit. In their study,
they found out that both air drying and sun drying increased the kaempferol-3glucoside (K3G) and quercetin-3-glucoside (Q3G) contents of fig fruit (Table 2.8;
Table 2.11). In another study conducted by Wojdylo et al. (2009) kaempferol-3glucoside (K3G) content of strawberry decreased as a result of air drying (Table 2.8),
whereas freeze drying and microwave drying resulted in higher amount of
kaempferol-3-glucoside (K3G) content (Table 2.9; Table 2.10). Moreover, air dried
apricot is resulted in lower amounts of quercetin-3-glucoside (Q3G) (Table 2.8)
(Madrau et al., 2009). Furthermore, kaempferol content of kale (Korus, 2011) and
raspberry (Mejia-Meza et al., 2010) decreased as a result of both air drying (Table
2.8) and freeze drying (Table 2.9), while kaempferol content of air dried broccoli
was observed to increase. On the other hand, while air dried apricot (Madrau et al.,
2009) and plum (Piga et al., 2003) resulted in lower contents of rutin, fig fruits were
found to contain higher amount of rutin both after air dying and sun drying (Table
2.8; Table 2.11) (Slatnar et al., 2011).
Flavan-3-ol content of grape is found to decrease after sun drying (Table 2.11)
(Karadeniz et al., 2000). Moreover, both catechin and epicatechin content of apricot
was decreased as result of air drying (Table 2.8) (Madrau et al., 2009). On the other
hand, both air and sun drying increased catechin and epicatechin contents of fig fruits
(Table 2.8; Table 2.11) (Slatnar et al., 2011). Furthermore, a study carried out by
Wojdylo et al. (2009) revealed that catechin content of strawberry is increased after
air drying (Table 2.8), freeze drying (Table 2.9) and microwave drying (Table 2.10).
Additionally, monomeric catechin content of apricot resulted in a decrease as a result
of air drying and osmotic drying (Table 2.8; Table 2.13) (Devic et al., 2010).
2.3.3. Phenolic acids
Various phytochemical components, including phenolic acids are known to be
affected by thermal treatments, including drying process. However, in a study
performed by Al-Farsi et al. (2005) total phenolic acid content of date were found to
increase after sun drying; whereas, Ferreira et al. (2002) determined decreases in
hydroxycinnamic acid content of sun-dried pear (Table 2.11). Likewise, both air
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dried and osmotically dehydrated apples were found to contain lower amounts of
hydroxycinnamic acid (Table 2.8; Table 2.13) (Devic et al., 2010). Moreover, both
air drying and freeze drying decreased the caffeic acid, ferulic acid, p-coumaric acid
and sinapic acid contents of kale (Table 2.8; Table 2.9) (Korus, 2011). Furthermore,
lower ellagic acid contents of both raspberry and strawberry were determined as a
result of air drying (Table 2.8), freeze drying (Table 2.9), microwave drying (Table
2.10), and vacuum drying (Table 2.12) (Wojdylo et al., 2009; Mejia-Meza et al.,
2010). Additionally, air drying resulted with a decrease in caffeic acid, chlorogenic
acid and gallic acid contents of apricot (Table 2.8) (Igual et al., 2011).
Table 2.11 : Fruits and vegetables subjected to sun drying studies.
Product
Apricot

Date

Fig

Grape

Green leafy vegetables

Onion
Pear

Red bell pepper

Component
TAC
TP
β-carotene
PA
TA
TAC
TC
TP
C3R
CHA
Catechin
Epicatechin
K3G
Q3G
Rutin
TAC
TP
Flavan-3-ols
Flavons
Procyanidins
Vit C
TAC
TP
TP
HCA
MC
Procyanidins
TP
TAC

Results
~2-4 fold (+)
~2-3 fold (+)
61-66% (-)*
20-132% (+)
complete loss
30-43% (-)
4-30% (-)
23-153% (+)
79% (-) to 24% (+)
30% (-) to ~6 fold (+)
~1.2-7 fold (+)
~0.5-2 fold (+)
~2-10 fold (+)
~0.4-12 fold (+)
~0.5-10 fold (+)
~2 fold (+)
~3-6 fold (+)
complete loss*
67% (-)*
complete loss*
16-65% (-)
26% to 6 fold (+)
6% to 2.5 fold (+)
~16 fold (+)
96% (-)*
91% (-)*
68% (-)*
54% (-)*
59% to 2 fold (+)*

Reference
Guclu et al., 2006
Karabulut et al., 2007
Al-Farsi et al., 2005

Slatnar et al., 2011

Karadeniz et al., 2000

Oboh and Akindahunsi, 2004

Aslan and Ozcan, 2010
Ferreira et al., 2002

Aslan and Ozcan, 2011

C3R: cyanidin-3-rutinoside; CA: caffeic acid; HCA: hydroxycinnamic acids; K3G: kaempferol-3-glucoside; MC: monomeric
catechins; PA: total phenolic acids; Q3G: quercetin-3-glucoside; TA: total anthocyanin content; TAC: total antioxidant
capacity; TC: total carotenoid content; TP: total phenolic content.
(-): decrease; (+): increase.
*: dry weight.

2.3.4. Vitamin C
Vitamin C is one of the most heat-sensitive nutrients that suffer significant losses
during drying operations (Abonyi et al., 2001). For example, air drying significantly
decreased the vitamin C content of apricot (Madrau et al., 2009), asparagus (Nindo et
al., 2003), blueberry (Lopez et al., 2010), broccoli (Mrkic et al., 2006), cabbage
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(Gong et al., 2007), corn (Asami et al., 2003), fig (Piga et al., 2010), grape (Xiao et
al., 2010), guava (Hawlader et al., 2006), kale (Korus, 2001), kiwi (Orikasa et al.,
2008; Kaya et al., 2010), lime (Kuljarachanan et al., 2009), onion (Mota et al.,
2010), papaya (Hawlader et al., 2006), paprika (Ramesh et al., 2001), pear
(Djendoubi Mrad et al., 2011), plum (Piga et al.,2003), red pepper (Di Scala and
Crapiste, 2008; Vega-Galvez et al., 2009), rosehip (Erenturk et al., 2005),
sebuckthorn berry (Araya-Farias et al., 2011), strawberry (Asami et al., 2003;
Wojdylo et al., 2009), sweet potato (Yang et al., 2010) and tomato (Giovanelli et al.,
2002; Chang et al., 2006; Toor and Savage, 2006; Marfil et al., 2008) (Table 2.8).
Table 2.12 : Fruits and vegetables subjected to vacuum drying studies.
Product
Banana
Blueberry
Cabbage
Carrot
Gooseberry
Mulberry
Muscadine
Plum
Strawberry

Sweet potato

Component
Vit C
TA
Vit C
β-carotene
Vit C
TAC
TP
TAC
TP
TAC
TP
TAC
TP
C3G
Catechin
EA
K3G
P3G
P3R
Vit C
TA
TAC
TP
β-carotene
Vit C
TP

Results
Vacuum drying
42-63% (-)*
41% (-)*
54% (-)
45-53% (-)*
5-35% (-)
2% (-)*
13% (-)*
30% (-) to 10% (+)*
12% (-) to 25% (+)*
2% (-)*
11% (-)*
1% (-)*
26% (-)*
69-78% (-)*
48-51% (-)*
5-43% (-)*
14% (-) to 58% (+)*
75-76% (-)*
76-89% (-)*
59-62% (-)*
75-76% (-)*
33-48% (-)*
30-31% (-)*
Vacuum drying combined with other methods
unchanged*
16% (-)*
~1.5 fold (+)*

Reference
Thomkapanich et al., 2007
Lohachoompol et al., 2004
Gong et al., 2007
Suvarnakuta et al., 2005
Methakhup et al., 2005
Sultana et al., 2012
Vashisth et al., 2011
Sultana et al., 2012
Sultana et al., 2012
Wojdylo et al., 2009

Yang et al., 2010

C3G: cyanidin-3-glucoside; EA: ellagic acid; K3G: kaempferol-3-glucoside; P3G: pelargonidin-3-glucoside; P3R:
pelargonidin-3-rutinoside; TA: total anthocyanin content; TAC: total antioxidant capacity; TP: total phenolic content.
(-): decrease; (+): increase.
*: dry weight.

There are conflicting results for the vitamin C retention of grapes after air drying.
Although, Xiao et al. (2010) reported losses after air drying, Carranza-Concha et al.
(2012) found an increase by approximately 5%. Moreover, freeze drying caused
decreases in vitamin C content of apricot (Leong and Oey, 2010), asparagus (Nindo
et al., 2003), cabbage (Gong et al., 2007), cherry (Leong and Oey, 2010), grapefruit
(Vanamala et al., 2005), guava (Hawlader et al., 2006), kale (Korus, 2001), mango
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(da Cunha et al., 2006), papaya (Hawlader et al., 2006), red bell pepper (Leong and
Oey, 2010), sebuckthorn berry (Araya-Farias et al., 2011), starfruit (Shofian et al.,
2011), strawberry (Abonyi et al., 2001; Asami et al., 2003; Wojdylo et al., 2009) and
tomato (Chang et al., 2006) (Table 2.9). In general, freeze drying is a better method
of preservation in terms of vitamin C retention compared to air drying, since it
caused either no change or increase in vitamin C content of various fruits and
vegetables including carrot, mango, muskmelon, nectarine, papaya, peach plum,
tomato and water melon (Leong and Oey, 2010; George et al., 2011; Shofian et al.,
2011). Furthermore, microwave and vacuum drying techniques either alone or
combined with other methods decreased vitamin C content of asparagus (Nindo et
al., 2003), banana (Thomkapanich et al., 2007), cabbage (Gong et al., 2007),
gooseberry (Methakhup et al., 2005), grape (Carranza-Concha et al., 2012),
strawberry (Wojdylo et al., 2009) and sweet potato (Yang et al., 2010) (Table 2.10).
On the other hand, in a study carried out by Karatas and Kamisli (2007) both
microwave drying and infrared drying methods were found to increase the vitamin C
content of apricots (Table 2.10; Table 2.13). Both refractance windowTM drying, and
spouted bed drying methods reduced the vitamin C content of asparagus (Table 2.13)
(Nindo et al., 2003).
2.3.5. Total phenolics, total flavonoids and antioxidant activity
There are wide variations between the results of total phenolic contents of different
fruits and vegetables subjected to drying studies or even for the same dehydrated
fruit or vegetable reported by different authors. For example, air drying decreased the
total phenolic content of apple (Sultana et al., 2012), apricot (Madrau et al., 2009;
Sultana et al., 2012), bilberry (Michalczyk et al., 2009), blueberry (Lopez et al.,
2010), broccoli (Mrkic et al., 2006), corn (Asami et al., 2003), kale (Korus, 2011),
lime (Kuljarachanan et al., 2009), marionberry (Asami et al., 2003), mulberry
(Sultana et al., 2012), pear (Djendoubi Mrad et al., 2011), plum (Piga et al., 2003;
Sultana et al., 2012), raspberry (Meija-Meza et al., 2010; Novakovic et al., 2011),
red pepper (Vega-Galvez et al., 2009), saskatoon berry (Kwok et al., 2004),
sebuckthorn berry (Araya-Farias et al., 2011), strawberry (Asami et al., 2003;
Sultana et al., 2012; Wojdylo et al., 2009) and tomato (Toor and Savage, 2006)
(Table 2.8). However, there are contradictory results for total phenolic retention of
apples, apricots, raspberry, strawberry and tomato after air drying (Table 2.8).
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Table 2.13 : Fruits and vegetables subjected to drum, infrared, osmotic, refractance
window, spouted bed, spray, and superheated steam drying studies.
Product
Carrot

Apricot

Carrot
Pumpkin
Raspberry

Apple

Blueberry
Guava
Tomato
Asparagus
Carrot

Paprika

Strawberry
Asparagus
Mango
Bayberry juice
Tomato
Banana
Carrot
Gooseberry

Component

Results
Drum drying
α-carotene
55% (-)
β-carotene
57% (-)
TC
56% (-)
Infrared drying
Vit C
~100-125% (+)
Vit E
~100-115% (+)
Osmotic dehydration
TC
~4-48% (-)*
TC
~14-43% (-)*
TAC
26% to 1.5 fold (+)
TP
33-78% (-)*
Osmotic dehydration combined with other methods
HCA
~20% (-)*
MC
~45% (-)*
Procyanidins
~15% (-)*
TA
49% (-)*
Vit C
65-80% (-)
TC
30-34% (-)
Vit C
~35-65% (-)*
Refractance windowTM drying
Vit C
~17% (-) to 4% (+)
α-carotene
7% (-)
β-carotene
10% (-)
TC
9% (-)
β-carotene
23% (-)*
β-cryptoxanthin
17% (-)*
Capsanthin
32% (-)*
Capsolutrin
31% (-)*
Capsorubin
23% (-)*
Mutatoxanthin
complete loss*
Vidaxanthin
52% (-)*
Zeaxanthin
25% (-)*
Vit C
6% (-)
Spouted bed drying
Vit C
~43-52% (-)*
TAC
20-40% (-)*
Vit C
35-37% (-)
Spray drying
TA
6% (-)
TP
4% (-)
Lycopene
8-21% (-)
Superheated steam drying
Vit C
35-59% (-)*
β-carotene
14-38% (-)*
Vit C
4-7% (-)

Reference
Abonyi et al., 2001

Karatas and Kamisli, 2007

Pan et al., 2003
Pan et al., 2003
Novakovic et al., 2006

Devic et al., 2010

Lohachoompol et al., 2004
Sanjinez-Argandona et al., 2005
Marfil et al., 2008
Nindo et al., 2003
Abonyi et al., 2001

Topuz et al., 2011

Abonyi et al., 2001
Nindo et al., 2003
da Cunha et al., 2006
Fang and Bhandari, 2011
Goula et al., 2005
Thomkapanich et al., 2007
Suvarnakuta et al., 2005
Methakhup et al., 2005

HCA: hydroxycinnamic acids; MC: monomeric catechins; TA: total anthocyanin content; TAC: total antioxidant capacity; TC:
total carotenoid content; TP: total phenolic content.
(-): decrease; (+): increase.
*: dry weight.

Freeze drying caused decreases in total phenolic content of bilberry (Michalczyk et
al., 2009), kale (Korus, 2011), mango (Shofian et al., 2011), muscadine (Vashisth et
al., 2011), muskmelon (Shofian et al., 2011), papaya (Shofian et al., 2011), raspberry
(Michalczyk et al., 2009; Meija-Meza et al., 2010; Novakovic et al., 2011),
saskatoon berry (Kwok et al., 2004), sebuckthorn berry (Araya-Farias et al., 2011),
starfruit (Shofian et al., 2011), strawberry (Asami et al., 2003; Wojdylo et al., 2009)
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and tomato (George et al., 2011) and watermelon (Shofian et al., 2011) (Table 2.9).
On the other hand, microwave drying increased the total phenolic content of apricot
(Igual et al., 2011), grape (Carranza-Concha et al., 2012), onion (Aslan and Ozcan,
2010) and sweet potato (Yang et al., 2010).
Total flavonoid content of tomato was increased both after air and freeze drying
(Table 2.8; Table 2.9) (Chang et al., 2006). On the other hand, according to a study
carried out by Toor and Savage (2006) air drying resulted with a decrease in total
flavonoid content of tomato (Table 2.8).
Similar to total phenolic content, there are some conflicting results between the total
antioxidant capacities of dehydrated fruits and vegetables. For instance, while air
drying resulted in increases in the total antioxidant capacities of apple (Rababah et
al., 2005), blueberry (Lopez et al., 2010), raspberry (Novakovic et al., 2011) and
strawberry (Rababah et al., 2005), Sultana et al. (2012), Kalt et al. (2000), MeijaMeza et al. (2010) and Wojdylo et al. (2009) determined lower total antioxidant
capacities for the same fruits (Table 2.8). Similarly, while freeze drying increased the
total antioxidant capacity of mango (Dorta et al., 2012) and raspberry (Novakovic et
al., 2011; Sablani et al., 2011), Shofian et al. (2011) and Meija-Meza et al. (2010)
reported lower capacities for mango and raspberry, respectively (Table 2.9).
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3. MATERIALS AND METHODS
3.1. Materials
3.1.1. Chemicals
For extract preparation and determination of total phenolic, flavonoid,
proanthocyanidin, anthocyanin, lycopene and antioxidant contents, gallic acid
(≥98%), (+)-catechin (≥98%), acetone (≥99.8%), ethanol (≥99.8%), hexane (≥95%),
Folin-Ciocalteu phenol reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-tris(2pyridyl)-s-triazine (TPTZ) and neocupraine (Nc) from Sigma-Aldrich Chemie GmbH
(Steinheim, Germany); methanol (≥99.9%), formic acid (≥98%) hydrochloric acid
(37%), n-buthanol (≥99.5%), sodium carbonate (Na2CO3), sodium nitrite (NaNO2),
sodium hydroxide (NaOH), sodium acetate trihydrate (CH3COONa.3H2O),
potassium persulfate (K2S2O8), dipotassium hydrogen phosphate (K2HPO4),
potassium dihydrogen phosphate (KH2PO4), copper (II) chloride (CuCl2) and
ammonium acetate (NH4Ac) from Merck KGaA (Darmstadt, Germany); 6-hydroxy2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) and aluminum chloride
(AlCl3) from Fluka Chemie (Buchs, Switzerland); ferrous sulfate (FeSO4) and
potassium chloride (KCl) from Riedel-de Haen Laborchemikalien GmbH (Hanover,
Germany); ferric chloride (FeCl3) from Lachema (Czech Republic) and

2,2’-

azinobis(3-ethylbenzo-thiazoline-6-sulphonic acid) diammonium salt (ABTS) from
Applichem GmbH (Darmstadt, Germany) were purchased.
The following standards and reagents were used for the quantification of phenolic
compounds: (+)-catechin (≥99%), (-)-epicatechin (≥99%), gallic acid (≥99%) and
cyanidin 3-O-glucoside (≥96%) from Extrasynthese (Genay, France); p-coumaric
acid (≥98%), chlorogenic acid (≥98%), ellagic acid (≥96%) and quercetin-3-Oglucoside (≥98%) from Fluka (Buchs, Switzerland); rutin (95%), apigenin (≥95%),
kaempferol-rutinoside (≥98%), cyanidin 3-O-rutinoside (≥98%), trifluoroacetic acid
(99%) and acetonitrile (99.8%) from Sigma-Aldrich (Steinheim, Germany).
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For simulation of in vitro gastrointestinal system, pepsin, pancreatin, bile salts,
dialysis bags (Membra-Cel MD34) from Sigma-Aldrich and sodium bicarbonate
(NaHCO3) from BDH Chemicals Ltd. (Poole, UK) were purchased.
Water used for all analysis was distilled and purified with the water purification
system (TKA GenPure, Germany) which is shown in Figure 3.1.

Figure 3.1 : TKA GenPure water purification system.
3.1.2. Plant material
Two different varieties (‘‘Sarilop’’ yellow and ‘‘Bursa siyahi’’ dark purple) of fresh
fig fruits (Ficus carica L.) were collected from orchards in Aydin and Bursa
provinces, which are located in the western region of Turkey. The fig fruits are
harvested at the optimal ripening time in September, 2011. For each variety, three
repetitions (n=3) were carried out (fifty to sixty fruit per repetition, total weight
approximately 9 kg). One quarter of each repetition (thirteen to fifteen fruit per
repetition) were used for drying. For drying procedure, fruits were uniformly
distributed on sample trays in a single layer to expose to the sunlight at a height of 1
m from the ground surface and placed indoors at night. Drying took 8 days and
during this period, the average day temperature was ranged between 310C to 340C.
Immediately after all samples were transferred to the laboratory, four fractions were
prepared for each variety; skin, pulp, and whole and dried fruits (Figure 3.2). All
fractions were ground to a fine powder in liquid nitrogen using a pre-cooled grinder
(IKA A11, Germany), and stored at -800C before analysis.
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Figure 3.2 : Fruit skins, pulps, whole and dried fruits of Sarilop and Bursa siyahi.
3.2. Methods
3.2.1. Determination of moisture content
Moisture content was determined following the guidelines of the official “Turkish
Standard” (TS, 1998) method TS 1129 ISO 1026. Two grams of each sample was
placed on pre-weighed aluminum pans and weighed. The pans were kept in
Gallenkamp vacuum oven (Leicestershire, UK) (Figure 3.3) at 700C until the
equilibrium moisture content was reached (6 h). After drying, the pans were removed
from the oven, allowed to cool in a desiccator and weighed again. All samples were
analyzed in triplicate and average values were reported.

Figure 3.3 : Gallenkamp vacuum oven.
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3.2.2. Determination of fruit skin color
Fresh and dried fruit skin colors were measured by a Minolta colorimeter CR-400
(Tokyo, Japan) (Figure 3.4) which was calibrated using a standard white plate. Color
parameters were expressed as tristimulus colorimetric measurements, that is, L*, a*,
b*, C, and H°. Negative L* indicates darkness, and positive L* indicates lightness,
whereas negative a* indicates green color, positive a* indicates red color, positive b*
indicates yellow color, and negative b* indicates blue color. The chroma (C) value,
calculated as C = (a*2+ b*2)1/2, indicates color intensity. Hue angle, a parameter that
has been shown to be effective in predicting visual color appearance, was calculated
using the formula H° = tan-1(b*/a*), where 0° or 360° = red-purple, 90° = yellow,
180° = green, and 270° = blue (Solomon et al., 2006). Skin colors were measured at
three random positions.

Figure 3.4 : Minolta colorimeter CR-400.
3.2.3. Preparation of extracts
Prior to spectrophotometric analysis, a detailed literature research concerning the
best extraction solvent was carried out and as a result 75% aqueous-methanol
containing 0.1% (v/v) formic acid was selected as the best solvent for extraction.
Three independent extractions for each fraction were carried out as described
previously by Capanoglu et al. (2008). 2±0.01 g of each sample was extracted with 5
ml of 75% aqueous-methanol containing 0.1% (v/v) formic acid in a cooled Azakli
ultrasonic bath (Figure 3.5) for 15 min. The treated samples were centrifuged
(Hettich Zentrifugen Universal 320R, Tuttlingen, Germany) (Figure 3.5) for 10 min
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at 4000 rpm and the supernatant was collected. Another 5 ml of 75% aqueousmethanol containing 0.1% (v/v) formic acid was added to the pellet and this
extraction procedure was repeated for two more times. All three supernatants were
combined and adjusted to a final volume of 15 ml. Prepared extracts were stored at
-200C until analysis.

Figure 3.5 : (A) Azakli ultrasonic bath and (B) Hettich Zentrifugen Universal 32R
centrifuge.
3.2.4. Determination of total phenolic content (TP)
The TP of extracts was determined using Folin-Ciocalteu reagent according to the
method modified from Velioglu et al. (1998) using gallic acid as a standard. 100 µL
of extract was added to 0.75 mL of freshly prepared Folin-Ciocalteu reagent (1:10,
v/v with distilled water). The mixture was allowed to stand for 5 min and then 0.75
mL of 6% sodium carbonate solution was added to the mixture. After 90 min of
incubation at room temperature, absorbance was read at 725 nm using a UV-Vis
spectrophotometer (Shimadzu UV-1700, Tokyo, Japan) (Figure 3.6). The TP of
extracts was expressed on dry weight basis as milligrams of gallic acid equivalent
(GAE) per 100 g of dry weight (DW) of sample. Samples of each extraction were
analyzed in triplicate. The calibration curve is shown in Appendix, Figure A.1.
3.2.5. Determination of total flavonoid content (TF)
The TF was measured colorimetrically as described by Kim et al. (2003) at 510 nm.
At time zero, 1 mL of sample was mixed with 0.3 mL of 5% NaNO2 solution. After 5
min, 0.3 mL of 10% AlCl3 was added. At the 6th min, 2 mL of 1 M NaOH was added
to the mixture. Immediately, 2.4 mL of distilled water was added and vortexed. The
TF of extracts was determined by a (+)-catechin standard curve and expressed as
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milligrams of (+)-catechin equivalent (CE) per 100 g of DW of sample. Triplicate
samples were analyzed for each extract. The calibration curve is shown in Appendix,
Figure A.2.

Figure 3.2 : Shimadzu UV-1700 spectrophotometer.
3.2.6. Determination of total proanthocyanidin content (TPA)
The TPA was determined by UV spectrophotometry method based on acid
hydrolysis and color formation (Bucic-Kojic et al., 2011). 2 mL of extract was mixed
with 20 mL of ferrous sulfate solution (77 mg of FeSO4.7H2O in 500 ml of HCl: nbuthanol = 2:3). After 15 min of incubation at 950C, the sample was cooled and
analyzed by measuring absorbance at 540 nm. The TPA was calculated according to
the following equation:
TPA (g/L) = (A x MW x DF)/(ε x l)

(3.1)

where A denotes absorbance of the extract, MW molar weight of cyanidin (287
g/mol), DF dilution factor, ε molar extinction coefficient of cyanidin (34700
L/(mol.cm)), and l pathlength (cm). The TPA of extracts was expressed as
milligrams of cyanidin (cyd) per 100 g of DW of sample.
3.2.7. Determination of total anthocyanin content (TA)
The TA content was determined according to the pH differential method (AOAC,
2006). Absorbance was measured at 520 and 700 nm in buffers at pH 1.0 and pH 4.5.
The TA expressed as cyanidin-3-glucoside equivalents, as follows:
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TA (cyanidin-3-glucoside equivalents, mg/L) = (A x MW x DF x 103)/(ε x l)

(3.2)

where A = (A520nm - A700nm)pH 1.0 - (A520nm - A700nm)pH 4.5, MW molecular weight
of cyanidin-3-glucoside (449.2 g/mol), DF dilution factor, 103 factor for conversion
from g to mg, ε molar extinction coefficient of cyanidin-3-glucoside (26900
L/(mol.cm)), and l pathlength (cm). The TA of extracts was expressed as milligrams
of cyanidin-3-glycoside (C3G) per 100 g of DW of sample. Samples of each
extraction were analyzed in triplicate.
3.2.8. Determination of total lycopene content (TL)
The TL was determined by UV-Vis spectrophotometer method described by Kong
and Ismail (2001). For each variety, 0.6 g of fig pulp was weighed into test tubes. 5
ml of acetone, 5 ml of 95% ethanol and 10 ml of hexane were added into it and
vortexed for 1 min. After that, the test tubes were put in ice bath (Memmert GmbH &
Co, Nünberg, Germany) and shaked at 200 rpm with the aid of an orbital shaker for
20 min. Then, 3 ml of distilled water was added and shaked again at 200 rpm for
another 5 min. The mixture was left for 5 min for phase separation, and finally the
hexane layer was read at 503 nm using hexane as the blank. The lycopene content
was estimated based on the following equation:
Lycopene (mg/L) = (A x MW x DF x 103)/(ε x l)

(3.3)

where A denotes absorbance of the extract, MW molar weight of lycopene (536.9
g/mol), DF dilution factor, 103 = factor for conversion from g to mg, ε molar
extinction coefficient of lycopene in hexane (172000 L/(mol.cm)), and l pathlength
(cm). The lycopene content of fig pulps was expressed as milligrams per 100 g of
DW of sample.
3.2.9. Determination of total antioxidant capacity (TAC)
The TAC was estimated by four different assays (ABTS, DPPH, FRAP and
CUPRAC). In all assays, trolox was used as a standard and results were expressed in
terms of milligrams of trolox equivalent antioxidant capacity (TEAC) per 100 g DW
of sample. Samples were analyzed in triplicate for each assay. The calibration curves
obtained by each assay are shown in the Appendix, Figures A.3-A.6.
The ABTS (2,2- azinobis 3-ethylbenzothiazoline-6-sulfonic acid diammonium salt)
assay was performed according to Miller and Rice-Evans (1997) with some slight
modifications. ABTS and potassium persulfate solutions were mixed and kept at
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room temperature in the dark for overnight. ABTS stock solution was diluted in 50
mM potassium phosphate buffer (pH 8.0) to an absorbance of 0.90 (±0.05) at 734 nm
to prepare the ABTS-working solution. Then, 100 µL of sample extract was mixed
with 1 mL of ABTS-working solution and the absorbance was measured at 734 nm
exactly 1 min after initial mixing.
The DPPH (1,1-diphenyl-2- picrylhydrazyl) assay was performed as described by
Kumaran and Karunakaran (2006). 100 µL of each sample extract was mixed with 2
mL of 0.1 mM DPPH in methanol. After 30 min of incubation at room temperature,
the absorbance of the mixture was measured at 517 nm against methanol.
The FRAP (Ferric Reducing Antioxidant Power) assay was carried out according to
the procedure of Benzie and Strain (1996). To perform the assay, a 900 µL aliquot of
freshly prepared FRAP reagent (a mixture of acetate buffer (pH 3.6), 10 mM TPTZ
solution and 20 mM ferric chloride in proportions of 10:1:1 (v/v/v), respectively) was
combined with 100 µL of fruit extract. The absorbance of the reaction mixture was
then recorded at 593 nm after 4 min.
The CUPRAC (Copper Reducing Antioxidant Capacity) assay developed by Apak et
al. (2004) was used in this study. 100 µL of extract was mixed with 1 mL of 10 mM
CuCl2, 7.5 mM neocuproine and 1 M NH4Ac (pH:7). Immediately, 1 mL of distilled
water was added to the mixture so as to make the final volume 4.1 mL. After 60 min
of incubation at room temperature, absorbance was read at 450 nm against a reagent
blank.
3.2.10. HPLC Analysis of major individual phenolic compounds
Major individual phenolic compounds were determined following the method of
Capanoglu et al. (2008). Extracts were filtered through a 0.45-µm membrane filter
and analyzed by the HPLC system comprised a Waters 600 control unit, a Waters
996 photodiode array (PDA) detector, and a Waters 2475 fluorescence detector. Luna
3

C18 150x4.60 mm column (Phenomenex, Torrance, CA, USA) was used. The

mobile phase consisted of solvent A, Milli-Q water with 0.1% (v/v) trifluoroacetic
acid (TFA) and solvent B, acetonitrile with 0.1% (v/v) TFA. A linear gradient was
used as follows: at 0 min, 95% solvent A and %5 solvent B; at 45 min, 65% solvent
A and 35% solvent B; at 47 min, 25% solvent A and 75% solvent B; and at 54 min
returns initial conditions. The flow rate was 1 ml/min. Detection was done at 280,
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312, 360, and 512 nm. Identification was based on the retention times and
characteristic UV spectra and quantification was done by external standard curves.
All analyses were performed in triplicate. HPLC chromatograms are shown in
Appendix, Figures B.1-B.23.
3.2.11. Simulated in vitro gastrointestinal (GI) digestion
In order to simulate the in vivo GI digestion conditions, and to determine the amount
of free soluble polyphenols potentially available for further uptake, the procedure
adapted from McDougall et al. (2005) was followed. To follow the release of
phytochemicals (phenolics, flavonoids and anthocyanins) from fig matrices, at
different stages of digestion, aliquots from gastric digesta, GI digesta and dialyzable
content were analyzed, respectively. Antioxidant activity was also determined.
3.2.11.1. Gastric phase
In a 250 mL glass beaker, 5 g of homogenized fig fruit fractions were mixed with 20
mL distilled water and 1,5 mL pepsin solution. The pH was adjusted to 1.7 by adding
5 M HCl and the beaker was sealed with parafilm. The mixture was incubated for 2 h
in a Memmert shaking water bath (Nürnberg, Germany) (Figure 3.7) at 37°C and 100
rpm. After 2 h, 2 mL aliquots of the postgastric digestion were collected and stored at
-200C until further analysis. A blank was prepared with identical chemicals but
without food matrix, and underwent the same conditions as the samples.

Figure 3.7 : Memmert shaking water bath.
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3.2.11.2. Intestinal phase
4.5 mL of 4 mg/mL pancreatin and 25 mg/mL bile salt mixture were added to the
remainder in the glass beaker. Segments of dialysis bags were cut to a specified
length, and filled with sufficient NaHCO3 (20 mL) to neutralize the sample’s
titratable acidity and then the beaker was again sealed with parafilm. After 2 h of
incubation in Memmert shaking water bath (Nürnberg, Germany) (Figure 3.7) at
37°C and 100 rpm, the solution in the dialysis tubing was taken as the IN sample
representing the material that entered the serum and the solution outside the dialysis
bags were taken as the OUT sample representing material that remained in the
gastrointestinal tract. IN and OUT samples were stored at -200C until further
analysis.
3.2.11.3. Further sample preparation for analysis
Prior to analysis, post gastric, IN and OUT samples were thawed and centrifuged
(Hettich Zentrifugen Universal 32R Tuttlingen, Germany) (Figure 3.5) at 18000 rpm
and the supernatants were assayed for total phenolic (TP), flavonoid (TF),
anthocyanin (TA) and antioxidant capacity (TAC). The calibration curves obtained
by TP, TF and TAC are shown in the Appendix, Figures A.7-A.9.
3.2.12. Statistical analysis
Data were collected from three independent extractions for each fraction and
reported as mean ± SD. For multiple comparisons, data were subjected to statistical
analysis using SPSS software (version 16.0 for Windows, SPSS Inc.) for the analysis
of variance (ANOVA). Duncan’s new multiple range test was used to analyze
differences between treatments (p<0.05). To test lycopene content data for
significant differences between two varieties, student t-test was used. The correlation
coefficients (R2) for spectrophotometric assays were calculated by the Microsoft
Office Excel 2007 software (Microsoft Corporation, Redmond, WA, USA).
Statistical analysis tables are given in the Appendix Table C.1.

44

4. RESULTS AND DISCUSSION
4.1. Moisture Content
The moisture contents of the samples are presented in Table 4.1. The fig pulp and
whole fruit of Bursa siyahi have the highest moisture contents (81%). The moisture
content from fresh to dry fruit was decreased from 73% to 17% for Sarilop and 81%
to 50% for Bursa Siyahi, respectively. After drying, Bursa siyahi had higher moisture
content (50%) compared to Sarilop (17%), because Bursa siyahi fruit skins were
thicker compared to Sarilop skins which allowed higher water retention.
The differences in moisture contents of Sarilop skin and pulp were not statistically
significant from each other, whereas the moisture content of Bursa siyahi skin was
significantly lower than the moisture content of Bursa siyahi pulp. Moreover, for
both varieties, drying caused a significant decrease in the moisture content as
expected (p<0.05).
Table 4.1 : Moisture contents of fig skins, fig pulps, and whole and dried fruits1.
Fruit fractions
Fig Skin
Fig Pulp
Whole Fruit
Dried Fruit

Moisture content, %
Sarilop
Bursa Siyahi
74.2 ± 0.6 a
78.8 ± 0.9 b
73.5 ± 1.8 a
81.3 ± 0.5 a
72.6 ± 0.6 a
81.4 ± 1.1 a
17.3 ± 0.2 b
49.7 ± 1.2 c

1

Data represent average quantities standard deviation of 3 independent samples. Different letters in
columns represent statistically significant differences (p<0.05).

The moisture content of the fresh fig fruits were in agreement with those reported in
the USDA/ARS database (2011) (79.1%), while the moisture content reported for
dried figs (30%) was found to be higher than Sarilop variety but lower than Bursa
siyahi. The total moisture loss was found to be about 56% for Sarilop by processing
fresh fruit into dried fruit. A similar change in moisture content from fresh to dried
fruit (60%) was reported by Piga et al. (2004).
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4.2. Fruit Skin Color
Fresh and dried fruit skins of two different fig varieties differing in color (‘‘Sarilop’’
yellow and ‘‘Bursa siyahi’’ dark purple) were examined (Table 4.2). Fresh Sarilop
skin showed lightness values (L*) of 63.4 and hue angles (H°) of 96.1, indicating a
bright yellow color, whereas fresh Bursa siyahi skin showed lightness values (L*) of
33.4 and hue angles (H°) of 324.7, attesting to the typical dark purple color. Fresh
fruit skins appeared to be brighter than dried ones, as reflected by 10% and 18%
decreases in L* for Sarilop and Bursa siyahi, respectively. The decrease in color
intensity (C value) as a result of drying was found to be 24% for Sarilop; on the other
hand an increase by 31% was observed for Bursa siyahi. In addition, after drying a*
and H° values for Sarilop showed an alteration in color from green to red.
Table 4.2 : Color properties of fresh and dried fruits1.
Color
Properties
L*
a*
b*
C
H°

Sarilop
Fresh Fruit
Dried Fruit
Skin
Skin
63.4
± 2.6
56.9
± 0.1
-4.4 ± 1.6
8.9 ± 0.8
41.8 ± 1.6
30.5 ± 0.8
42.0 ± 1.4
31.8 ± 1.0
96.1 ± 2.4
73.7 ± 1.0

Bursa Siyahi
Fresh Fruit
Dried Fruit
Skin
Skin
33.4
± 0.3
27.3
± 2.0
6.4 ± 0.1
9.8 ± 0.0
-4.5 ± 0.0
-2.5 ± 0.5
7.8 ± 0.1
10.2 ± 0.2
324.7 ± 0.3
345.7 ± 2.6

1

The data presented in this table consist of average values ± standard deviation of 3 independent
samples. L*, a*, b*, C, and H° are color parameters: lightness/darkness, red/green, blue/yellow,
chroma, and hue angle, respectively.

Fig skin colors reported for yellow figs by Caliskan and Polat (2011) were in
agreement with all color properties determined for fresh Sarilop skins. Moreover,
Solomon et al. (2006) determined similar measurements of lightness (L*), red/green
(a*), blue/yellow (b*) and chroma (C) values for ripe Bursa siyahi fig variety.
However, while hue angle (H°) in this study indicated a color between blue and redpurple, Solomon et al. (2006) reported a color between yellow and red-purple.
4.3. Total Phenolic Content (TP)
TP of all fractions are expressed on dry weight (DW) basis in Table 4.3. Results
showed that the dark variety, Bursa siyahi, was richer in phenolic material (492.9 mg
of GAE/100 g DW) compared to light variety, Sarilop (211.2 mg of GAE/100 g
DW). Similarly, skins had higher phenolic content than pulps. In fact, the highest TP
content among all fractions was observed in Bursa siyahi skin (930.1 mg of
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GAE/100 g DW). In pulps, TP ranged from 167.4 mg of GAE/100 g DW for Sarilop
to 351.2 mg of GAE/100 g DW for Bursa siyahi. In addition, after drying TP was
decreased by 8% and 15% in Sarilop and Bursa siyahi, respectively. There was no
significant difference between the fresh and dried fruits of both Sarilop and Bursa
siyahi (p<0.05).
Table 4.3 : The contents of total phenolics of fig skins, fig pulps, and whole and
dried fruits1.
Fruit fractions
Fig Skin
Fig Pulp
Whole Fruit
Dried Fruit

Total Phenolics (mg GAE/100 g DW)
Sarilop
Bursa Siyahi
351.0 ± 36.4 a
930.1 ± 91.2 a
167.4 ± 15.8 b
351.2 ± 85.7 c
211.2 ± 37.7 b
492.9 ± 59.4 b
193.4 ± 16.1 b
417.2 ± 33.4 bc

1

Data represent average quantities standard deviation of 3 independent samples. Different letters in
colums represent statistically significant differences (p<0.05).

Caliskan and Polat (2011) and Bucic-Kojic et al. (2011) measured similar TP values
in figs compared to Bursa siyahi results. Lower results of TP (56.0 to 74.9 mg
GAE/100 g FW) have been reported in fresh fig fruits in the research of Solomon et
al. (2006), Slatnar et al. (2011), and Pande and Akoh (2010). On the other hand, Wu
et al. (2004) obtained higher TP values in dried figs (960 mg GAE/100 g FW)
compared to the results of both Sarilop and Bursa siyahi. ‘Cuello Dama’, the only fig
fruit variety analyzed in both dry and fresh conditions by Vallejo et al. (2012),
resulted with a similar loss (15%) with Bursa siyahi as a result of drying. In
comparison to pears in which a decrease by 94% in TP was observed after sundrying (Ferreira et al., 2002), the analysis of figs showed a higher recovery of
phenolics. However, Al-Farsi et al. (2005) reported that the levels of TP were higher
in sun-dried dates compared to fresh ones.
According to the results obtained in this study, total phenolic content (TP) was found
to be incapable of reflecting the changes in phenolics during drying process.
Accordingly, TP is not recommended for determining changes in phenolic
compounds during fig fruit drying as a single method. Due to the lack of specificity
of this method for phenolic compounds, the presence of other reducing compounds
minimizes the accuracy of the assay. Therefore, to obtain more accurate results,
HPLC analysis of individual phenolic compounds should be performed.
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4.4. Total Flavonoid Content (TF)
TF of two fig varieties was measured colorimetrically (Table 4.4) and found to be
higher in Bursa siyahi (65.6 mg of CE/100 g DW) compared to Sarilop (8.0 mg of
CE/100 g DW), with most flavonoids located in the fruit skin (62.8 and 233.6 mg of
CE/100 g DW for Sarilop and Bursa siyahi, respectively). Also, the flavonoid content
in pulps of Bursa siyahi (44.0 mg of CE/100 g DW) was higher than pulps of Sarilop
(8.0 mg of CE/100 g DW). The decrease in TF as a result of drying found to be 21%
in Bursa siyahi; on the other hand an increase by 70% was observed in Sarilop when
dried. For Bursa siyahi, there was no significant difference between the TF of fresh
and dried fruits, however, dried fruits of Sarilop were significantly higher than fresh
fruits (p<0.05).
Table 4.4 : The contents of total flavonoids of fig skins, fig pulps, and whole and
dried fruits1.
Fruit fractions
Fig Skin
Fig Pulp
Whole Fruit
Dried Fruit

Total Flavonoids (mg CE/100g DW)
Sarilop
Bursa Siyahi
62.8 ± 3.2 a
233.6 ± 20.0 a
7.3 ± 2.0 c
44.0 ± 13.0 b
8.0 ± 2.8 c
65.6 ± 4.6 b
13.6 ± 2.8 b
52.0 ± 3.6 b

1

Data represent average quantities standard deviation of 3 independent samples. Different letters in
columns represent statistically significant differences (p<0.05).

In this study, higher amount of TF was found compared to the study carried out by
Bucic-Kojic et al. (2011). On the other hand, Marinova et al. (2005) determined
higher TF results (20.2 mg CE/100 g FW) for fresh figs. These differences might be
as a result of agroecological specifics as well as different extraction methods used in
the studies.
Al-Farsi et al. (2005) indicated that drying, in general, is considered as unfavorable
due to the possibility of inducing oxidative decomposition either enzymatically or by
thermal degradation of polyphenols. However, one of the major ﬁndings of this study
was an increase in the contents of TF for Sarilop variety after sun-drying. The effect
of heat treatments have been explained by higher extractability of compounds from
the samples as a result of break down in cell walls and bonding forces (Dewanto et
al., 2002; Chang et al., 2006; Choi et al., 2006). Still, this increase is conflicting
since HPLC analysis results did not show an increase in any individual flavonoids of
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Sarilop. Even more interestingly, although the TF of Bursa siyahi decreased after
sun-drying, some of the major individual flavonoids including rutin, apigenin and
kaempferol-rutinoside were found to increase. Since, HPLC analysis of individual
flavonoids is known to give more accurate results, TF measurement results might be
affected from the presence of other compounds such as vitamins. Consequently, the
effect of sun-drying on fig flavonoids needs further investigation.
4.5. Total Proanthocyanidin Content (TPA)
The pattern of variation in TPA (Table 4.5) was generally similar to the one observed
in TF, with a maximum content in Bursa siyahi skin (220.3 mg of cyd/100 g DW).
Moreover, Bursa siyahi had ten times higher TPA compared to Sarilop. Also, the
proanthocyanidins in pulps of Bursa siyahi (33.8 mg of cyd/100 g DW) was higher
than pulps of Sarilop (7.2 mg of cyd/100 g DW). Furthermore, drying resulted a
significant decrease by 75% in total proanthocyanidin content in Bursa siyahi figs
whereas a statistically significant increase by 70% was observed in Sarilop (p<0.05).
Table 4.5 : The contents of total proanthocyanidins of fig skins, fig pulps, and whole
and dried fruits1.
Fruit fractions
Fig Skin
Fig Pulp
Whole Fruit
Dried Fruit

Total Proanthocyanidins (mg cyd/100g DW)
Sarilop
Bursa Siyahi
6.6 ± 0.6 b
220.3 ± 43.3 a
7.2 ± 0.8 b
33.8 ± 2.2 bc
6.5 ± 1.0 b
61.9 ± 12.8 b
12.0 ± 0.5 a
15.6 ± 4.8 c

1

Data represent average quantities standard deviation of 3 independent samples. Different letters in
columns represent statistically significant differences (p<0.05).

Bucic-Kojic et al. (2011) found lower amount of TPA compared to this study. This
difference might be due to many reasons such as agroecological specifics or different
extraction methods used in the studies. Similar to TF findings, sun-drying also
resulted in an increase in the contents of TPA for Sarilop variety.
It is known that the accumulation of UV absorbing compounds such as
proanthocyanidins in the vacuoles of the epidermal cell layers seem to provide a
selective way against the UV light. A role for these compounds in UV protection is
apparent from the studies in Arabidopsis, where mutations block the synthesis of
specific group of compounds and significantly reduce the UV tolerance of these
mutants (Li et al., 1993; Sarma and Sharma, 1999). Besides the UV effect, all the
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other factors mentioned for the increase in the amount of TF are also valid in case of
TPA.
4.6. Total Anthocyanin Content (TA)
TA ranged from 83.4 mg of C3G/100 g DW for Bursa siyahi to 4.6 mg of C3G/100 g
DW for Sarilop (Table 4.6). Among two varities, Bursa siyahi showed the highest
anthocyanin content, with most of the anthocyanins accumulated in the fruit skin
(195.5 mg of C3G/100 g DW). In pulps, TA was higher in Bursa (37.5 mg of
C3G/100 g DW) compared to Sarilop (5.9 mg of C3G/100 g DW). The highest loss
as a result of drying was observed in TA (82.6% in Bursa siyahi, 97.2% in Sarilop)
which was statistically significant for both varieties (p<0.05). The decreases in TA
were similar to the results obtained by HPLC analysis of individual anthocyanins.
Table 4.6 : The contents of total anthocyanins of fig skins, fig pulps, and whole and
dried fruits1.
Fruit fractions
Fig Skin
Fig Pulp
Whole Fruit
Dried Fruit

Total Anthocyanins (mg C3G/100g DW)
Sarilop
Bursa Siyahi
0.8 ± 0.1 c
195.5 ± 6.6 a
5.9 ± 0.5 a
37.5 ± 1.2 c
4.6 ± 0.3 b
83.4 ± 8.8 b
0.1 ± 0.0 d
14.5 ± 0.3 d

1

Data represent average quantities standard deviation of 3 independent samples. Different letters in
columns represent statistically significant differences (p<0.05).

The average daily intake of anthocyanins per person has been estimated to be up to
200 mg (Solomon et al., 2006). Bursa siyahi was found to be rich in TA of the two
varieties examined in this study, containing 195.5 mg of cyn-3-glu/100 g DW in
skins; ten-fold higher than the results obtained by Solomon et al. (2006) who
examined the same fig variety. Figs are often consumed after peeling the skin;
however, fig skins contain polyphenols as well as major anthocyanins (in case of
purple varieties) and therefore would better not to be discarded. After drying of
strawberry, apple and peach, higher amounts of total anthocyanins were reported by
Rababah et al. (2005). On the contrary, the results in this study indicated that drying
has a negative effect on the content of anthocyanins. Apart from heat, many other
factors such as light, temperature, agronomics, and storage, among other variables,
were also reported to be responsible for the degradation of anthocyanins during
drying of fruits (Al-Farsi et al., 2005).
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4.7. Total Lycopene Content (TL)
TL was determined for only pulps of Sarilop and Bursa siyahi (Table 4.7) since the
majority of lycopene is located in the pulps of the fruits. Results showed that Sarilop
(0.4 mg of lycopene/100 g DW) contained slightly higher amounts of lycopene
compared to Bursa siyahi (0.3 mg of lycopene/100 g DW) which was not statistically
significant (p<0.05).
Table 4.7 : The contents of total lycopene of fig pulps1.
Fruit fractions
Fig Pulp

Total Lycopene (mg/100g DW)

Sarilop
0.4 ± 0.1 a

Bursa Siyahi
0.3 ± 0.1 a

1

Data represent average quantities standard deviation of 3 independent samples. Different letters
represent statistically significant differences (p<0.05).

Su et al. (2002) identified major carotenoids in selected components of the
Mediterranean diet including figs. In their study, lycopene is determined as the major
carotenoid with an amount of 0.32mg/100 g FW; whereas in this study, slightly
lower lycopene contents have been measured.
4.8. Total Antioxidant Capacity (TAC)
TAC was measured using four different methods (ABTS, DPPH, FRAP, CUPRAC)
which show different trends (Table 4.8). In agreement with the above results, TAC
was found to be higher in Bursa siyahi, ranging from 240.5 mg of TEAC/100 g DW
for DPPH to 1066.1 mg of TEAC/100 g DW for ABTS. For both varieties, skins
were the major contributing tissue to the total antioxidant capacity compared to the
pulp, having ~2-5 fold higher capacity. Thus, TAC for skin varied from 148.1-636.5
mg of TEAC/100 g DW for Sarilop to 627.0-2615.6 mg of TEAC/100 g DW for
Bursa siyahi. According to all four analyses carried out, after drying TAC was
decreased by 24-57% and 13-60% in Bursa siyahi and Sarilop variety, respectively.
On the basis of the CUPRAC method, for both varieties TAC was not significantly
different in dried fruit as compared to fresh fruit. In contrast, according to the DPPH
and FRAP methods, TAC was decreased significantly after drying. As judged by the
ABTS method, TAC value did not change significantly for Sarilop, while it
decreased significantly for Bursa siyahi as a result of drying (p<0.05).
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Table 4.8: The total antioxidant capacities of fig skins, fig pulps, and whole and dried fruits1.
Methods
ABTS
(mg TEAC/
100 g DW)
DPPH
(mg TEAC/
100 g DW)
FRAP
(mg TEAC/
100 g DW)
CUPRAC
(mg TEAC/
100 g DW)
1

Sarilop

Bursa Siyahi
Fruit Pulp
Whole Fruit

Fruit Skin

Fruit Pulp

Whole Fruit

Dried Fruit

Fruit Skin

446.1 ± 36.9 a

225.7 ± 13.1 b

255.3 ± 11.2 b

222.0 ± 12.2 b

2168.7 ± 181.1a

780.2 ± 194.2 bc

1066.1 ± 97.0 b

738.5 ± 62.2 c

148.1 ± 11.3 a

86.3 ± 7.1 c

109.6 ± 8.2 b

46.7 ± 2.0 d

627.0 ± 57.1 a

177.0 ± 31.7 b

240.5 ± 14.1 b

104.2 ± 13.8 c

166.5 ± 20.8 a

88.5 ± 5.0 b

96.4 ± 12.1 b

38.6 ± 3.1 c

986.4 ± 146.6 a

203.1 ± 52.2 bc

272.7 ± 24.9 b

140.2 ± 38.6 c

636.5 ± 91.2 a

202.4 ± 27.1 b

278.2 ± 27.4 b

202.2 ± 22.2 b

2615.6 ± 304.1 a

665.7 ± 206.4 b

1024.6 ± 115.0 b

776.1 ± 70.2 b

Data represent average quantities
(p<0.05).

Dried Fruit

standard deviation of 3 independent samples. Different letters in rows within each cultivar represent statistically significant differences
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Antioxidant potential of phenolic compounds, expressed as TEAC, depends on their
ability to scavenge radicals, chelate pro-oxidant metal ions and inhibit some enzymes
(Slatnar et al., 2011). The changes in antioxidant levels are highly variable and
depend on numerous factors such as species, cultivar, developmental stage,
metabolic state, initial compound level as well as kind, duration, and intensity of the
stress (Reyes and Cisneros-Zevallos, 2003; Reyes et al., 2007; Andre et al., 2009).
The results of this study showed that sun-drying decreased the TAC in figs. It
appears that some of the polyphenols in the fresh fruit are destroyed or converted to
non-antioxidant forms during the drying process. The reduction in TAC after drying
has also been reported for other fruits. Sun-drying caused a significant loss (ranging
from 29.7 to 42.5%) of antioxidant activity in date varieties (Al-Farsi et al., 2005). In
contrast, in some studies either an increase or no change in TAC was observed after
drying. Piga et al. (2003) reported an increase in antioxidant activity in plums after
drying. They explained that this increase was due to the formation of Maillard
reaction products during drying process. Thus, chemical and biochemical changes
that affect the antioxidant activity may occur during drying.
In this study, in terms of reflecting the changes as a result of drying, the best
correlated methods were DPPH and FRAP assays (Table 4.9). The measurement of
antioxidant activities, especially in case of multifunctional or complex multiphase
systems, cannot be evaluated satisfactorily by a single method. Even the methods
based on the same principle such as ABTS and DPPH can show several important
differences in their response to antioxidants. Therefore, it is highly recommended to
apply several test procedures to evaluate antioxidant activities.
4.9. Correlation Between Spectrophotometric Assays
The correlation coefficients (R2) for spectrophotometric assays ranged from 0.8603
to 0.9853 (Table 4.9). TP and TF of fig fruits showed a linear relationship with a
high correlation coefficient of R2=0.9432. Among all four TAC assays, the highest
correlation was demonstrated between TP and CUPRAC (R2=0.9690), followed by
TF and CUPRAC (R2=0.9670), TPA and FRAP (R2=0.9649) and TA and DPPH
(R2=0.9362). These results imply that phenolics and flavonoids were the major
contributors to the antioxidant capacity of the investigated fig fruits.
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Table 4.9: The correlation coefficients (R2) for spectrophotometric assays.
TP1

TF2

TPA3

TA4

ABTS

DPPH

FRAP

CUPRAC

-

0.9432

0.8603

0.8751

0.9636

0.9055

0.9060

0.9690

0.9432

-

0.9090

0.8606

0.9147

0.9444

0.9612

0.9670

TPA

0.8603

0,9090

-

0.9308

0.9003

0.9551

0.9649

0.9281

d

TP
TF

a

b
c

TA

0.8751

0.8606

0.9308

-

0.9259

0.9362

0.9179

0.8977

ABTS

0.9636

0.9147

0.9003

0.9259

-

0.9244

0.9182

0.9680

DPPH

0.9055

0.9444

0.9551

0.9362

0.9244

-

0.9853

0.9501

FRAP

0.9060

0.9612

0.9649

0.9179

0.9182

0.9853

-

0.9570

CUPRAC

0.9690

0.9670

0.9281

0.8977

0.9680

0.9501

0.9570

-

1

TP: Total phenolic content, 2 TF: Total flavonoid content, 3 TPA: Total proanthocyanidin content,
TA: Total anthocyanin content.

4

4.10. Major Individual Phenolic Compounds
Major phenolic compounds of the fruit fractions are reported in Table 4.10. Up to 14
phenolic compounds were detected in analyzed fig samples, belonging to five groups
of phenolics including phenolic acids, flavonols, flavons, flavan-3-ols and
anthocyanins. For Sarilop, the predominant phenolic compound was rutin (Figure
4.1) whereas cyanidin-3-rutinoside was detected at the highest amount for Bursa
siyahi (Figure 4.1).

(A)

(B)

Figure 4.1 : (A) HPLC chromatograms (PDA, recorded at 360 nm) of Sarilop whole
fruit and Sarilop dried fruit (lower panel) extracts. (B) HPLC
chromatograms (PDA, recorded at 512 nm) of Bursa siyahi whole fruit
(upper panel) and Bursa siyahi dried fruit (lower panel) extracts.
Abbreviations: Q3G: quercetin-3-glucoside; C3G: cyanidin-3glucoside; C3R: cyanidin-3-rutinoside.
In the group of phenolic acids, chlorogenic acid, ellagic acid, gallic acid and pcoumaric acid were determined. Results showed that Bursa siyahi was richer in
phenolic acids (8.2 mg of chlorogenic acid, 0.2 mg of ellagic acid, 0.3 mg of gallic
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acid and 4.7 mg of p-coumaric/100 g DW) compared to Sarilop (1.9 mg of
chlorogenic acid, 0.2 mg of ellagic acid, 0.3 mg of gallic acid and 2.7 mg of pcoumaric/100 g DW). For both varieties, skins had higher amount of chlorogenic
acid, ellagic acid and p-coumaric acid than pulps whereas gallic acid content was
higher in pulps compared to skins. Moreover, after drying chlorogenic acid and pcoumaric acid contents of both varieties were decreased (58 and 59% for Sarilop; 87
and 34% for Bursa siyahi, respectively). However, drying caused an increase by 67%
in gallic acid for both Sarilop and Bursa siyahi. Furthermore, ellagic acid stayed
unchanged for Sarilop, whereas 50% increase was observed for Bursa siyahi as a
result of drying. In terms of chlorogenic acid and ellagic acid contents, there was no
significant difference between the fresh and dried fruits of both varieties. Gallic acid
and p-coumaric acid contents of fresh and dried fruits of Sarilop were found to be
significantly different, but no significant difference was observed between the fruits
of Bursa siyahi (p<0.05).
Several authors have determined the profile of major phenolic compounds of figs
(Solomon et al., 2006; Del Caro and Piga, 2008; Duenas et al., 2008; Veberic et al.,
2008; Oliveira et al., 2009; Pande and Akoh, 2010; Slatnar et al., 2011; Vallejo et
al., 2012). In these studies, compounds belonging to groups of phenolic acids,
flavonols, flavones, flavan-3-ols and anthocyanins were identified. In the group of
phenolic acids, compound with the highest amount was chlorogenic acid, which was
found to be lower than the values reported by Slatnar et al. (2011) and Del Caro and
Piga (2008), whereas Veberic et al. (2008) measured same amount of chlorogenic
acid with the analysis results for Bursa siyahi. According to the results of Slatnar et
al. (2011), sun-drying reduced the amount of chlorogenic acid for the fig samples
obtained in September, which is also valid in this study. Although, previously no
researchers have reported the presence of p-coumaric acid in fig fruit, it has been
determined in considerable amounts for both varieties. On the other hand, according
to a study carried out by Pande and Akoh (2010), fig leaves observed to contain high
amounts of p-coumaric acid (5.9 mg/100g fresh fruit). Moreover, the results of gallic
acid and ellagic acid were found to be lower than those reported by Veberic et al.
(2008). Besides the phenolic acids determined in this study, Oliveira et al. (2009)
identified 3-O-caffeoylquinic acid and ferulic acid in figs.
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Table 4.10: Major phenolic compounds of fig skins, fig pulps, and whole and dried fruits1.
Phenolic compounds
Chlorogenic acid
Ellagic acid
Gallic acid
p-coumaric acid
Kaempferol-rutinoside
Quercetin-3-glucoside
Quercetin derivative 1
Quercetin derivative 2
Rutin
Apigenin
Catechin
Epicatechin
Cyanidin-3-glucoside
Cyanidin-3-rutinoside

Fruit Skin
11.9 ± 2.3 a
0.3 ± 0.1 a
0.2 ± 0.0 b
5.1 ± 0.4 a
1.4 ± 0.4 a
1.9 ± 0.5 a
1.7 ± 0.1 a
3.7 ± 0.7 a
86.4 ± 20.8 a
3.5 ± 0.5 a
7.9 ± 2.7 a
2.7 ± 0.3 a
nd
0.1 ± 0.0 b

Sarilop
Fruit Pulp
Whole Fruit
0.5 ± 0.2 b
1.9 ± 0.8 b
0.2 ± 0.0 a
0.2 ± 0.0 a
0.3 ± 0.1 a
0.3 ± 0.0 a
2.2 ± 0.3 c
2.7 ± 0.1 b
2
nd
0.3 ± 0.1 b
0.1 ± 0.0 b
0.3 ± 0.1 b
0.1 ± 0.0 c
0.4 ± 0.1 b
0.1 ± 0.1 b
0.6 ± 0.2 b
2.0 ± 1.5 b
11.5 ± 2.5 b
0.2 ± 0.1 b
0.6 ± 0.1 b
2.1 ± 0.5 b
2.3 ± 0.3 b
0.9 ± 0.1 b
1.1 ± 0.0 b
0.1 ± 0.0 a
0.1 ± 0.0 a
2.2 ± 0.4 a
2.1 ± 0.1 a

Dried Fruit
0.8 ± 0.3 b
0.2 ± 0.0 a
0.1 ± 0.0 c
1.1 ± 0.2 d
0.2 ± 0.0 b
0.2 ± 0.0 b
0.2 ± 0.1 bc
0.3 ± 0.1 b
8.7 ± 1.5 b
0.5 ± 0.1 b
1.5 ± 0.1 b
0.6 ± 0.1 c
nd
nd

1

Fruit Skin
21.4 ± 6.8 a
0.7 ± 0.1 a
0.3 ± 0.0 a
17.5 ± 3.9 a
4.3 ± 1.1 a
9.4 ± 0.9 a
6.9 ± 1.3 a
17.9 ± 2.8 a
179.5 ± 33.8 a
12.7 ± 0.5 a
5.9 ± 1.0 c
28.5 ± 5.6 a
23.4 ± 5.6 a
180.1 ± 31.1 a

Bursa Siyahi
Fruit Pulp
Whole Fruit
6.2 ± 1.6 b
8.2 ± 2.0 b
0.1 ± 0.0 c
0.2 ± 0.1 bc
0.5 ± 0.2 a
0.3 ± 0.0 a
3.2 ± 0.2 b
4.7 ± 0.8 b
0.1 ± 0.1 b
0.3 ± 0.1 b
0.2 ± 0.1 b
1.2 ± 0.7 b
0.5 ± 0.1 b
1.1 ± 0.1 b
0.1 ± 0.0 b
2.1 ± 1.0 b
0.9 ± 0.1 b
13.2 ± 1.1 b
0.3 ± 0.0 d
1.9 ± 0.1 c
27.3 ± 2.3 a
12.8 ± 4.1 b
4.8 ± 0.9 b
6.9 ± 0.7 b
2.8 ± 0.4 bc
5.5 ± 1.3 b
17.8 ± 4.1 bc
35.5 ± 5.6 b

Dried Fruit
1.1 ± 0.5 b
0.3 ± 0.1 b
0.5 ± 0.1 a
3.1 ± 0.8 b
0.9 ± 0.1 b
0.7 ± 0.2 b
0.2 ± 0.0 b
0.6 ± 0.2 b
15.3 ± 5.1 b
3.2 ± 0.4 b
2.5 ± 0.7 c
2.2 ± 0.5 b
0.1 ± 0.0 c
1.5 ± 0.6 c

Data represent average quantities ± standard deviation (determined by HPLC-PDA or HPLC-fluorescence detection) of three independent samples. All contents are expressed
per 100 g dry weight (DW). Different letters in the rows within each cultivar represent statistically significant differences (p < 0.05).
2
nd, not detected.
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The following compounds from the group of flavonols were determined: kaempferolrutinoside, quercetin-3-glucoside, quercetin derivative 1, quercetin derivative 2
(derivatives were calculated in terms of quercetin-3-glucoside) and rutin. In terms of
flavonol content, no significant difference was found between the fruits of two
varieties, except for quercetin-3-glucoside. Quercetin-3-glucoside was significantly
higher in Bursa siyahi (1.2 mg/100 g DW) compared to Sarilop (0.3 mg/100g DW).
For both varieties, rutin was the major flavonol identified, mostly located in the fruit
skin (86.4 mg and 179.5 mg/100 g DW for Sarilop and Bursa siyahi, respectively).
Kaempferol-rutinoside was not detected in pulps of Sarilop, but it was observed in
the skin (1.4 mg/100 g DW). The drying process caused a decrease in all flavonols of
Sarilop (24% for rutin (Figure 4.1), 33% for kaempferol-rutinoside and quercetin-3glucoside (Figure 4.1), and 50% for quercetin derivatives). However, there was no
significant difference between the fresh and dried fruits (p<0.05). For Bursa siyahi,
the loss in quercetin-3-glucoside and quercetin derivatives as a result of drying was
found to be 42%, 82% and 71%. On the other hand, drying resulted with 16% and
200% higher contents of rutin and kaempferol-rutinoside, respectively. Drying
caused no significant difference between the fresh and dried fruits of Bursa siyahi
(p<0.05).
The amount of rutin (quercetin-3-rutinoside), the major flavonol determined in this
study, was lower than the results stated by Veberic et al. (2008) and DelCaro and
Piga (2010). However, compared to results for Sarilop, Oliveria et al. (2009)
detected lower amounts of rutin in fig skins. Both this study and the study carried out
by Slatnar et al. (2011) determined an increase in rutin and quercetin-3-glucoside as
a result of sun-drying. The results point to similar values in fig skins in case of
kaempferol-rutinoside, with those reported by Vallejo et al. (2012). In addition to the
flavonols that have identified in this study, Vallejo et al. (2012) also determined
quercetin-acetylglucoside in fig skins as well as in dried figs. This compound may be
one of the unknown quercetin derivatives that have been determined in this study.
From the group of flavons only apigenin was determined. The amount of apigenin
ranged between 0.6 mg/100 g DW for Sarilop to 1.9 mg/100 g DW for Bursa siyahi.
For both varieties, skins were the major contributing tissue to apigenin content
compared to pulps. Peak 1 from Figure 4.1 shows apigenin in extracts from whole
and dried fruits of Sarilop. From the figure, although it seems like drying increased
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the apigenin content in Sarilop, it is actually reduced by 17% on dry weight basis
which was not statistically significant (p<0.05). On the other hand, for Bursa siyahi,
apigenin content was increased significantly (68%) as a result of drying (p<0.05).
Very recently, the presence of flavones, namely luteolin 6C-hexose-8C-pentose and
apigenin-rutinoside in fig skins have been determined (Vallejo et al., 2012).
Similarly, in this study apigenin from the group of flavones was determined in all
fruit parts including the skin, pulp, whole and dried fruits.
Both (+)-catechin and (-)-epicatechin from the group of flavan-3-ols were
determined. Results showed that Bursa siyahi contained higher amounts of flavan-3ols (12.8 mg catechin and 6.9 mg epicatechin/100 g DW) compared to Sarilop (2.3
mg catechin and 1.1 mg epicatechin/100 g DW). For both varieties, catechin was the
major flavan-3-ol identified, mostly located in the fruit skin for Sarilop (7.9 mg/100
g DW) and in the pulp for Bursa siyahi (27.3 mg/100 g DW). For Sarilop, drying
resulted with 35% and 45% lower contents of catechin and epicatechin, while the
losses for Bursa siyahi were 45% and 68%, respectively. After drying, catechin
contents of Bursa siyahi and epicatechin contents of Sarilop were found to be
significantly different, but no significant difference was observed between the
catechin contents of Sarilop fruits and epicatechin contents of Bursa siyahi fruits
(p<0.05).
In previous studies, higher contents of catechin and epicatechin were reported by
Pande and Akoh (2010) in figs; while Veberic et al. (2008) measured similar
contents of these flavan-3-ols compared to the results of this study. Moreover,
Slatnar et al. (2011) reported an increase in both catechin and epicatechin contents in
figs as a result of sun-drying. On the other hand, according to this study, flavan-3-ols
resulted in lower amounts after sun-drying. Previous results of a study on sun-dried
pear (Ferreira et al., 2002) showed that as a result of drying, both catechin and
epicatechin were decreased (91 to 96%), which is in agreement with the results of
this study. According to Slatnar et al. (2011), procyanidins are better preserved by
the drying process than hydroxycinnamic acids.
Cyanidin-3-glucoside and cyanidin-3-rutinoside were identified from the group of
anthocyanins. For Bursa siyahi, skin was the major contributing tissue to anthocyanin
content compared to the pulp, having 8 and 10 folds higher amounts of cyanidin-3glucoside and cyanidin-3-rutinoside, respectively. On the other hand, cyanidin-358

glucoside was not detected in the skin of Sarilop as expected from its yellow color.
Cyanidin-3-rutinoside, the dominant anthocyanin, ranged between 35.5 mg/100 g
DW for Bursa siyahi to 2.1 mg/100 g DW for Sarilop. Peak 4 and 5 from Figure 4.1
shows cyanidin-3-glucoside and cyanidin-3-rutinoside in extracts from whole and
dried fruits of Bursa siyahi, respectively. As shown in the figure, drying caused a
significant decrease for both anthocyanins (98% for cyanidin-3-glucoside and 96%
for cyanidin-3-rutinoside).
According to the literature, cyanidin-3-rutinoside, accounting for 80% of the TA, is
the main anthocyanin in figs, followed by cyanidin-3-glucoside (Duenas et al.,
2008), which is in agreement with the data reported in this study. In addition to
cyanidin-3-rutinoside and cyanidin-3-glucoside, Duenas et al. (2008) also reported
the presence of several other anthocyanins in figs including cyanidin-3,5-diglucoside,
pelargonidin-3-glucoside and peonidin-3-glucoside. The results of this study
indicated that drying has a negative influence on each anthocyanin, which was also
reported by other researchers (Slatnar et al., 2011; Vallejo et al., 2012).
4.11. In Vitro Gastrointestinal (GI) Digestion
The impact of in vitro GI digestion on TP is shown in Figure 4.2. For both fig
varieties, no differences in TP were evident when the amounts before and after
pepsin digestion (244.9 and 446.7 mg of GAE/100 g DW for Sarilop and Bursa
siyahi, respectively) were compared. When the amount after intestinal digestion was
analyzed, 22 and 32% of the compounds were present in the dialyzed fraction (IN)
for Sarilop and Bursa siyahi, respectively, whereas the rest remained in the nondialyzed fraction (OUT). For both varieties, IN values were higher in skin parts (40.8
and 204.4 mg of GAE/100 g DW for Sarilop and Bursa siyahi, respectively)
compared to pulps (37.6 and 158.3 mg of GAE/100 g DW for Sarilop and Bursa
siyahi, respectively). The decrease in IN value as a result of drying was found to be
28% for Bursa siyahi; on the other hand an increase by 30% was observed for
Sarilop. For all fractions (skin, pulp, whole and dried fruit) in each variety, IN values
were significantly lower compared to the initial TP values (p<0.05).
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Figure 4.2 : Total phenolic content of fig skins, fig pulps, whole and dried fruits, expressed as gallic acid equivalent (GAE) per 100 g dry weight
(DW). The terms represent; Initial, as initially determined from fruit matrix using 75% aqueous-methanol containing 0.1% formic
acid; PG, phenolics remaining after gastric digestion; IN, dialyzed fraction after intestinal digestion; OUT, non-dialyzed fraction
after intestinal digestion. Data represent average values ± standard deviation of 3 independent samples. Different letters for each
fruit fraction represent statistically significant differences (p < 0.05).

60

TP of Bursa siyahi samples after gastric phase, showed no significant loss in
comparison to the initial values whereas a slight increase in TP of Sarilop (16%) was
observed, indicating that pepsin digestion had no effect on the stability of phenolics
in Bursa siyahi, whereas for Sarilop it was found to be effective. However, after
intestinal digestion, a significant decrease in TP of the dialyzed fractions was
observed with regard to the initial value. Thus, the general trend after GI digestion
was a significant loss of polyphenols, as previously reported for other food products
(Perez-Vicente et al., 2002; Vallejo et al., 2004; Tagliazucchi et al., 2010).
During the in vitro simulation of GI digestion, for both fruit varieties, an increase in
TF was observed after pepsin digestion. The dialyzed flavonoid fraction represented
17 and 32% of the initial TF values for Sarilop and Bursa siyahi, respectively (Figure
4.3). Similar to TP, IN values were higher in skins (14.2 and 53.9 mg of CE/100 g
DW for Sarilop and Bursa siyahi, respectively) compared to pulps (0.9 and 15.1 mg
of CE/100 g DW for Sarilop and Bursa siyahi, respectively). For Bursa siyahi, the
loss in IN value as a result of drying was found to be 67%. However, drying resulted
with 181% higher TF values for the IN fraction of Sarilop variety.

Figure 4.3 : Total flavonoid content of fig skins, fig pulps, whole and dried fruits,
expressed as catechin equivalent (CE) per 100 g dry weight (DW). The
terms represent; Initial, as initially determined from fruit matrix using
75% aqueous-methanol containing 0.1% formic acid; IN, dialyzed
fraction after intestinal digestion; Data represent average values ±
standard deviation of 3 independent samples.
In order to determine the effect of in vitro GI digestion on TAC, CUPRAC assay was
performed, because among all four TAC assays the highest correlation was observed
between either TP or TF and CUPRAC assays (Table 4.9). For both fruit varieties, an
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increase in TAC was observed after pepsin digestion. 80 and 86% of the compounds
were present in the dialyzed fraction for Sarilop and Bursa siyahi, respectively
(Figure 4.4). Similar to TP and TF, IN values were lower in pulps (170.6 and 590.7
mg of TEAC/100 g DW for Sarilop and Bursa siyahi, respectively) compared to
skins (435.4 and 1595.8 mg of TEAC/100 g DW for Sarilop and Bursa siyahi,
respectively). Drying caused a decrease in IN values for both varieties (17 and 30%
for Sarilop and Bursa siyahi, respectively).

Figure 4.4 : Total antioxidant capacity of fig skins, fig pulps, whole and dried fruits,
expressed as trolox equivalent (TEAC) per 100 g dry weight (DW). The
terms represent; Initial, as initially determined from fruit matrix using
75% aqueous-methanol containing 0.1% formic acid; IN, dialyzed
fraction after intestinal digestion; Data represent average values ±
standard deviation of 3 independent samples.
To identify the influence of simulated in vitro GI digestion on TA, only Bursa siyahi
samples were analyzed. The dialyzed anthocyanin fraction (Figure 4.5) of the whole
fruit represented only 7% of the initial TA value. Similar to the results mentioned
above, IN value was higher in the skin (10.59 mg of C3G/100 g DW) compared to
the pulp (3.31 mg of C3G/100 g DW). The decrease in IN value as a result of drying
was found to be 75%.
During the in vitro simulation of GI digestion, an increase in total anthocyanin
content of Bursa siyahi was observed after gastric digestion. The reason of this
situation could be the effect of pH which was observed to be pH = 1.7 after the
pepsin digestion, lower than the pH of fresh fruit (pH = 5), rendering an increase of
the flavylium cation in the solution. Also, a statistically significant decrease in
anthocyanin content was observed in the dialyzed fractions of Bursa siyahi (p<0.05).
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This decrease could partly be explained by the transformation of the flavylium cation
to the colorless chalcone at pH 7. Nevertheless, it is important to take into
consideration that due to the high pH, the flavylium form would not be the
predominant form in the human body after intestinal digestion. The reason for the
high loss of anthocyanins may be related to that they are metabolized to some noncolored forms, oxidized, or degraded into other chemicals, which may not be
detected under the present conditions (Perez-Vicente et al., 2002). The results of this
study are compatible with other studies in which a low bioavailability of
anthocyanins is described (Perez-Vicente et al., 2002; McDougall et al., 2005;
Bouayed et al., 2011).

Figure 4.5 : Total anthocyanin content of fig skins, fig pulps, whole and dried fruits,
expressed as cyanidin-3-glucoside equivalent (C3G) per 100 g dry
weight (DW). The terms represent; Initial, as initially determined from
fruit matrix using 75% aqueous-methanol containing 0.1% formic acid;
IN, dialyzed fraction after intestinal digestion; Data represent average
values ± standard deviation of 3 independent samples.
As shown in Figure 4.6, for all fruit fractions except for Sarilop skin, recovery of TP
and TF percentages were not significantly different from each other. Recovery of
TAC was significantly higher for all samples, and except for dried Bursa siyahi, TA
was significantly lower compared to TP, TF and TAC. As shown in Figure 4.6, dried
fruits of Sarilop were found to be more bioavailable than fresh fruits in terms of TP,
TF and TAC. In case of TA bioavailabilty, similarly, dried fruits of Bursa siyahi
were more bioavailable compared to fresh fruits.
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Figure 4.6 : Recovery of total phenolics (TP), total flavonoids (TF), total antioxidant capacities (TAC) and total anthocyanins (TA) of fig
skins, fig pulps, whole and dried fruits after in vitro intestinal digestion, dialyzed fractions of the intestinal digestion (IN),
expressed as percentage. Data represent average values ± standard deviation of three independent samples. Different letters for
each fruit fraction represent statistically significant differences (p < 0.05).
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5. CONCLUSIONS AND RECOMMENDATIONS
Drying represents a popular method of preserving fruits and vegetables since dried
products can be easily produced, stored and transported at relatively low cost, have
reduced packing cost, and their low water content prevents development of some
microorganisms responsible for deterioration the of fresh food. However, due to the
nature of drying process, health beneficial nutrients sensitive to heat, light, and
oxygen might be degraded during this process. In this study, changes that occur in
the health-beneficial components of fig fruit as a result of sun-drying were
investigated.
According to the results, total phenolic content (TP) was found to be insufficient to
reflect the changes in phenolics during drying process and, therefore, is not
recommended for determining changes in phenolic compounds during fig fruit
drying as a single method. Due to the lack of specificity of this method for phenolic
compounds, the presence of other reducing compounds reduces the accuracy of the
assay. Therefore, to obtain more accurate results, HPLC analysis of individual
phenolic compounds should be performed.
One of the major ﬁndings of this study was an increase both in the total flavonoid
content (TF) and total proanthocyanidin content (TPA) of Sarilop variety after sundrying. The increase in the amount of TF as a result of drying can be explained by
the increased extractability of flavonoids induced by heat. Still, this increase is
conflicting since HPLC analysis results did not show an increase in any individual
flavonoids of Sarilop. Even more interestingly, although the TF of Bursa siyahi
decreased after sun-drying, some of the major individual flavonoids including rutin,
apigenin and kaempferol-rutinoside were found to increase. Therefore, the effect of
sun-drying on fig flavonoids is still not clear. Thus, further research concerning the
drying effect on flavonoids should be carried out by using more comprehensive
methods such as LC-MS or QTOF-MS.

65

The total antioxidant capacity (TAC) was measured using four different assays which
showed different trends. In terms of reflecting the changes as a result of drying, the
best correlated methods were DPPH and FRAP assays. The measurement of
antioxidant activities, especially in case of multifunctional or complex multiphase
systems, cannot be evaluated satisfactorily by a single method. Even the methods
based on the same principle such as ABTS and DPPH can show several important
differences in their response to antioxidants. Therefore, it is highly recommended to
apply several test procedures to evaluate antioxidant activities.
HPLC analysis of individual phenolic compounds allowed determination of the
detailed alteration of each compound as a result of drying. For Sarilop, the
predominant phenolic compound was rutin, whereas cyanidin-3-rutinoside was
detected at the highest amount for Bursa siyahi. All individual compounds were
resulted in decreases for Sarilop after drying, while for Bursa siyahi compounds
including ellagic acid, gallic acid, rutin, apigenin and kaempfreol-rutinoside were
increased. The highest loss after drying was observed in anthocyanins. The decrease
in total anthocyanin content (TA) of both Sarilop and Bursa siyahi were similar to
the results obtained by HPLC analysis of individual anthocyanins.
Percent recovery of total phenolics and total flavonoids after simulated in vitro
gastrointestinal (GI) digestion were not significantly different from each other;
whereas, recovery of total antioxidants was significantly higher. Dried fruits of
Sarilop were found to be more bioavailable than fresh fruits in terms of total
phenolics (TP), total flavonoids (TF) and total antioxidant capacity (TAC) values of
IN fraction. In case of total anthocyanin (TA) bioavailability, similarly, dried fruits
of Bursa siyahi were more bioavailable compared to fresh fruits.
There is still a need for more information to fully understand the mechanism behind
the drying process. Different drying methods show very different trends. Thus, in
order to clarify the effect of drying on fig polyphenols, a single drying method is not
sufficient. Analysis based on dying kinetics will also provide useful information in
order to clarify the effect of drying.
It has been clearly demonstrated that processing has a significant effect on the
availability of polyphenols for absorption by human body. This indicates that
disruption of the food matrix and thermal treatments during the processing could be
major factors affecting the bioavailability of the antioxidative compounds. Therefore,
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in addition to in vitro studies, clinical studies investigating the bioavailability of
those compounds would provide valuable data for elucidating the effect of food
processing on human health.
In conclusion, this study focused on the effect of sun-drying on polyphenols,
antioxidant activity and bioavailabilty of figs. Although the results obtained with the
model of simulated in vitro GI digestion cannot directly predict the human in vivo
conditions, still this model is helpful for investigating the bioavailability of
polyphenols. In further studies, it would be interesting to focus on carotenoid
bioavailability of fig fruit, perhaps coupled together with cellular models such as
Caco-2.
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Figure A.1 : Calibration curve for total phenolics in 75% aqueous-methanol
containing 0.1% (v/v) formic acid.
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Figure A.2 : Calibration curve for total flavonoids in 75% aqueous-methanol
containing 0.1% (v/v) formic acid.
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Figure A.3 : Calibration curve for ABTS assay in 75% aqueous-methanol containing
0.1% (v/v) formic acid.
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Figure A.4 : Calibration curve for DPPH assay in 75% aqueous-methanol containing
0.1% (v/v) formic acid.
.
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Figure A.5 : Calibration curve for FRAP assay in 75% aqueous-methanol containing
0.1% (v/v) formic acid.
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Figure A.6 : Calibration curve for CUPRAC assay in 75% aqueous-methanol
containing 0.1% (v/v) formic acid.
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Figure A.7: Calibration curve for total phenolics in water.
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Figure A.8: Calibration curve for total flavonoids in water.

85

0,5

0,160
0,140
0,120

Abs.

0,100
0,080
0,060
0,040
y = 0,1684x - 0,0003
R² = 0,9973

0,020
0,000
0

0,2

0,4
0,6
mg/mL Trolox

Figure A.9: Calibration curve for CUPRAC assay in water.

86

0,8

1

APPENDIX B
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Figure B.1 : HPLC chromatograms (recorded at 280 nm) of Sarilop fruit pulp (upper
panel) and fruit skin (lower panel) extracts.
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Figure B.2 : HPLC chromatograms (recorded at 280 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts.
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Figure B.3 : HPLC chromatograms (recorded at 280 nm) of Bursa siyahi fruit pulp
(upper panel) and fruit skin (lower panel) extracts.
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Figure B.4 : HPLC chromatograms (recorded at 280 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts.
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Figure B.5 : HPLC chromatograms (recorded at 280 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts.
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Figure B.6 : HPLC chromatograms (recorded at 280 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts.
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Figure B.7 : HPLC chromatograms (recorded at 312 nm) of Sarilop fruit pulp (upper
panel) and fruit skin (lower panel) extracts.
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Figure B.8 : HPLC chromatograms (recorded at 312 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts.
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Figure B.9 : HPLC chromatograms (recorded at 312 nm) of Bursa siyahi fruit pulp
(upper panel) and fruit skin (lower panel) extracts.
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Figure B.10 : HPLC chromatograms (recorded at 312 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts.
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Figure B.11 : HPLC chromatograms (recorded at 312 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts.
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Figure B.12 : HPLC chromatograms (recorded at 312 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts.
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Figure B.13 : HPLC chromatograms (recorded at 360 nm) of Sarilop fruit skin
(upper panel) and fruit pulp (lower panel) extracts.
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Figure B.14 : HPLC chromatograms (recorded at 360 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts.
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Figure B.15 : HPLC chromatograms (recorded at 360 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts.
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Figure B.16 : HPLC chromatograms (recorded at 360 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts.
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Figure B.17 : HPLC chromatograms (recorded at 360 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts.
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Figure B.18 : HPLC chromatograms (recorded at 512 nm) of Sarilop fruit skin
(upper panel) and fruit pulp (lower panel) extracts.
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Figure B.19 : HPLC chromatograms (recorded at 512 nm) of Sarilop whole (upper
panel) and dried fruit (lower panel) extracts.
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Figure B.20 : HPLC chromatograms (recorded at 512 nm) of Bursa siyahi fruit skin
(upper panel) and fruit pulp (lower panel) extracts.
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Figure B.21 : HPLC chromatograms (recorded at 512 nm) of Bursa siyahi whole
(upper panel) and dried fruit (lower panel) extracts.
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Figure B.22 : HPLC chromatograms (recorded at 512 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) whole fruit extracts.
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Figure B.23 : HPLC chromatograms (recorded at 512 nm) of Sarilop (upper panel)
and Bursa siyahi (lower panel) dried fruit extracts.
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APPENDIX C
Table C.1: Statistical analysis results of fig fruit samples.

Moisture
(Sarilop)

Moisture
(Bursa siyahi)
Total phenolics
(Sarilop)

Sum of
Squares

df

Mean
Square

Between Groups
Within Groups

7104,4
8,1

3
8

2368,1
1,0

2,3E3 0,000

Total

7112,5

11

Between Groups
Within Groups
Total
Between Groups
Within Groups

2144,5
7,4
2151,9
60746,3
5710,9

3
8
11
3
8

714,8
0,9

773,5 0,000

Total

66457,2

11

614750,2
23995,0
638745,2
6447,0
24,0

3 204916,7 68,3 0,000
8
2999,4
11
3
2149,0 716,1 0,000
8
3,0

Total phenolics
(Bursa siyahi)

Between Groups
Within Groups
Total
Total flavonoids Between Groups
(Sarilop)
Within Groups
Total

6471,0

11

73374,3
1433,6

3
8

74807,9

11

Total
Between Groups
proanthocyanidins Within Groups
(Sarilop)
Total

54,1
4,6

3
8

58,7

11

Total
Between Groups
proanthocyanidins Within Groups
(Bursa siyahi)
Total

78779,6
4134,3

3
8

82913,9

11

Between Groups
Within Groups

72,9
0,7

3
8

Total

73,6

11

Between Groups
Within Groups

58300,9
245,5

3
8

Total

58546,4

11

Total flavonoids Between Groups
(Bursa siyahi)
Within Groups
Total

Total
anthocyanins
(Sarilop)

Total
anthocyanins
(Bursa siyahi)

99

20248,8
713,9

24458,1
179,2

F

28,4

Sig.

0,000

136,5 0,000

18,0
0,6

31,2

0,000

26259,9
516,8

50,8

0,000

24,3
0,1

277,6 0,000

19433,6
30,7

633,4 0,000

Table C.1: Statistical analysis results of fig fruit samples (continuing).

ABTS
(Sarilop)

ABTS
(Bursa siyahi)
DPPH
(Sarilop)

DPPH
(Bursa siyahi)

FRAP
(Sarilop)

FRAP
(Bursa siyahi)

CUPRAC
(Sarilop)

CUPRAC
(Bursa siyahi)

Sum of
Squares

df

Mean
Square

Between Groups
Within Groups

102912,6
4439,4

3
8

34304,2
554,9

Total

107352,0

11

F

Sig.

61,8

0,000

Between Groups 4035176,8
Within Groups
185583,5
Total
4220760,3
Between Groups 16245,9
Within Groups
337,5

3 1345058,9 58,0 0,000
8 23197,9
11
3
5415,3 129,4 0,000
8
42,2

Total

16583,4

11

Between Groups
Within Groups

489896,7
10169,2

3
8

Total

500065,9

11

Between Groups
Within Groups

24915,5
1332,3

3
8

Total

26247,8

11

Between Groups 1397559,7
Within Groups
31082,8

3
8

Total

1428642,5

11

Between Groups
Within Groups

387760,6
23747,0

3
8

Total

411507,6

11

163298,9 128,5 0,000
1271,1
8305,2
166,5

49,9

0,000

465853,2 119,9 0,000
3885,4
43,5

0,000

Between Groups 7440117,9
Within Groups
390624,6

3 2480039,3 50,8
8 48828,1

0,000

Total

7830742,5

11

270,5

3

90,2

12,5
283,0
672,6
106,9
779,5
0,003
0,013

8
11
3
8
11
3
8

1,6

0,016

11

Chlorogenic acid Between Groups
(Sarilop)
Within Groups
Total
Chlorogenic acid Between Groups
(Bursa siyahi)
Within Groups
Total
Ellagic acid
Between Groups
(Sarilop)
Within Groups
Total

100

129253,5
2968,4

57,5

0,000

224,2
13,4

16,8

0,001

0,001
0,002

0,7

0,592

Table C.1: Statistical analysis results of fig fruit samples (continuing).

Ellagic acid
(Bursa siyahi)

Gallic acid
(Sarilop)
Gallic acid
(Bursa siyahi)
p-coumaric acid
(Sarilop)

p-coumaric acid
(Bursa siyahi)
Kaempferolrutinoside
(Sarilop)

Kaempferolrutinoside
(Bursa siyahi)

Quercetin-3glucoside
(Sarilop)

Quercetin-3glucoside
(Bursa siyahi)

Quercetin
derivative 1
(Sarilop)

Sum of
Squares

df

Mean
Square

Between Groups
Within Groups

0,72
0,03

3
8

Total

0,75

11

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups

0,07
0,01
0,08
0,1
0,1
0,2
26,0
0,6

3
8
11
3
8
11
3
8

Total

26,6

11

Between Groups
Within Groups
Total
Between Groups
Within Groups

437,7
33,6
471,3
3,2
0,3

3
8
11
3
8

Total

3,5

11

Between Groups
Within Groups

34,3
2,7

3
8

Total

37,0

11

Between Groups
Within Groups

7,0
0,4

3
8

Total

7,4

11

Between Groups
Within Groups

171,6
2,6

3
8

Total

174,2

11

Between Groups
Within Groups

5,1
0,1

3
8

Total

5,2

11
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F

P

0,2
0,004

54,1

0,000

0,02
0,001

17,0

0,001

0,03
0,01

2,9

0,105

8,7
0,08

115,0 0,000

145,9
4,2

34,7

0,000

1,1
0,04

26,5

0,000

11,4
0,3

34,2

0,000

2,3
0,1

41,2

0,000

57,2
0,3

173,6 0,000

1,7
0,01

188,3 0,000

Table C.1: Statistical analysis results of fig fruit samples (continuing).

Quercetin
derivative 1
(Bursa siyahi)

Quercetin
derivative 2
(Sarilop)

Quercetin
derivative 2
(Bursa siyahi)

Rutin
(Sarilop)

Rutin
(Bursa siyahi)

Apigenin
(Sarilop)
Apigenin
(Bursa siyahi)
Catechin
(Sarilop)
Catechin
(Bursa siyahi)
Epicatechin
(Sarilop)

Sum of
Squares

df

Mean
Square

Between Groups
Within Groups

89,6
3,2

3
8

Total

92,8

11

Between Groups
Within Groups

25,6
1,2

3
8

Total

26,8

11

Between Groups
Within Groups

655,9
17,6

3
8

Total

673,5

11

Between Groups
Within Groups

14199,2
886,2

3
8

Total

15085,4

11

Between Groups
Within Groups

65194,0
2344,2

3
8

Total

67538,2

11

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups

21,6
0,6
22,2
278,8
1,0
279,8
78,3
14,4
92,7
1086,5
46,3
1132,8
7,7
0,2

3
8
11
3
8
11
3
8
11
3
8
11
3
8

7,9

11

Between Groups
Within Groups

1313,1
65,6

3
8

Total

1378,7

11

Total
Epicatechin
(Bursa siyahi)

102

F

P

29,9
0,4

74,4

0,000

8,5
0,1

58,7

0,000

218,6
2,2

99,3

0,000

4733,1
110,8

42,7

0,000

21731,3
293,0

74,2

0,000

7,2
0,08

94,2

0,000

92,9
0,1

732,9 0,000

26,1
1,8

14,5

0,001

362,2
5,8

62,6

0,000

2,6
0,02

111,1 0,000

437,7
8,2

53,3

0,000

Table C.1: Statistical analysis results of fig fruit samples (continuing).
Sum of
Squares

df

Mean
Square

Between Groups
Within Groups

0,012
0,002

3
8

Total

0,014

11

Between Groups
Within Groups

735,0
34,8

3
8

Total

769,8

11

Between Groups
Within Groups

12,7
0,4

3
8

Total

13,1

11

Between Groups
Within Groups

44599,6
1064,5

3
8

Total

45664,1

11

TP–
Between Groups
in vitro digestion Within Groups
(Sarilop fig skin)
Total

178969,8
10300,4

3
8

189270,2

11

TP–
Between Groups
in vitro digestion Within Groups
(Sarilop fig pulp)
Total

49444,4
1397,0

3
8

50841,4

11

TP–
Between Groups
in vitro digestion Within Groups
(Sarilop whole
fruit)
Total

67862,5
2914,1

3
8

70776,6

11

TP–
Between Groups
in vitro digestion Within Groups
Sarilop dried fruit
Total

46617,5
1245,4

3
8

47862,9

11

Cyanidin-3glucoside
(Sarilop)

Cyanidin-3glucoside
(Bursa siyahi)

Cyanidin-3rutinoside
(Sarilop)

Cyanidin-3rutinoside
(Bursa siyahi)

TP–
Between Groups 1004805,2
in vitro digestion Within Groups
16423,0
(Bursa siyahi fig
Total
1021228,2
skin)

103

3
8
11

F

P

0,004
0,000

18,5

0,001

245,0
5,0

49,2

0,000

4,2
0,06

76,5

0,000

14866,5
152,1

97,8

0,000

59656,6
1287,5

46,3

0,000

16481,4
174,6

94,4

0,000

22620,8
364,3

62,1

0,000

15539,2
155,7

99,8

0,000

334935,1 163,2 0,000
2052,9

Table C.1: Statistical analysis results of fig fruit samples (continuing).
Sum of
Squares

df

Mean
Square

TP–
Between Groups
in vitro digestion Within Groups
(Bursa siyahi fig
pulp)
Total

70920,8
27282,5

3
8

98203,3

11

TP–
Between Groups
in vitro digestion Within Groups
(Bursa siyahi
whole fruit)
Total

201065,2
14509,2

3
8

215574,4

11

TP–
Between Groups
in vitro digestion Within Groups
(Bursa siyahi
dried fruit)
Total

177546,8
6635,5

3
8

184182,3

11

Recovery–
Between Groups
in vitro digestion Within Groups
(Sarilop fig skin)
Total

5440,7
86,4

2
6

5527,1

8

Recovery–
Between Groups
in vitro digestion Within Groups
(Sarilop fig pulp)
Total

9028,2
207,3

2
6

9235,5

8

Recovery–
Between Groups
in vitro digestion Within Groups
(Sarilop whole
fruit)
Total

7286,6
508,2

2
6

7794,8

8

Recovery–
Between Groups
in vitro digestion Within Groups
Sarilop dried fruit
Total

7684,4
222,4

2
6

7906,8

8

Bursa siyahi fig Between Groups
skin (Recovery– Within Groups
in vitro digestion)
Total

4979,8
385,9

3
8

5365,7

11

Bursa siyahi fig Between Groups
pulp (Recovery– Within Groups
in vitro digestion)
Total

10005,7
357,3

3
8

10363,0

11

Bursa siyahi
Between Groups
whole fruit
Within Groups
(Recovery–
in vitro digestion) Total

9580,4
464,8

3
8

10045,2

11

104

F

P

23640,3
3410,3

6,9

0,013

67021,7
1813,6

36,9

0,000

59182,3
829,4

71,3

0,000

2720,3
14,4

188,8 0,000

4514,1
34,6

130,6 0,000

3643,3
84,7

43,0

3842,2
37,1

103,7 0,000

1659,9
48,2

34,4

0,000

3335,2
44,7

74,7

0,000

3193,6
58,1

55,0

0,000

0,000

Table C.1: Statistical analysis results of fig fruit samples (continuing).

Bursa siyahi dried Between Groups
fruit (Recovery– Within Groups
in vitro digestion)
Total

Sum of
Squares

df

Mean
Square

9029,6
470,4

3
8

3009,9
58,8

9500,0

11

105

F

P

51,2

0,000
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