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ABSTRACT
Abstract" [ 8~ <' k" 1 X hh

Dried fruits are an excellent option due to their high content in bioactive comgsu
and their easy integration into the daily diet. Especially, the Corinthian raisins
(currants) (Vitis vinifera L., var. Apyrena) constitutes a domestic product with
remarkable nutritional value as it contains significant amounts of dietary fibers, trace
elements, vitamins, antioxidant compounds, etc. and is characterized by moderate
glycaemieindex, despite its high carbohydrate content. However, during processing
and storage of currants, a series of physicochemical reactions take place, which are
potentA £ FIL OG2NA GKIFIG GSYR G2 RS3INI RS OdzNNIy
sugar content, currants are susceptible to crystallization, a physicochemical
phenomenon that is responsible for the significant quality degradation that occurs and
requires tirther research. Moreover, the presence of small seeds in some berries is an
undesirable sensory characteristic that significantly decreases its competitiveness
toward other varieties, in such a degree that the design and development of novel
food producs made from a seedless currant paste is highly suggested.

Firstly, the aim of the present doctoral thesis was the chemical characterization of
currants with respect to their macroonstituents and simple sugars content.
Additionally, this particular mearch was also focused on the study of the
physicochemical, rheological, mechanical, thermal and sensory properties of currants
and its products, such as currant paste, as well as the changes that they undergo
during extended storage, associated direatligh the phenomenon of crystallization.
Secondly, an additional objective of this study was the upgrading of the value of
currants, through the design and development of functional bakery products and
specifically biscuits with currant paste used as a smppntary component for partial
or complete substitution of sugar.

The first experimental part included the chemical analysis of currant samples
obtained over three consecutive crop years and the evaluation of the effect of
cultivation conditions (altitde, region and year of harvest) and the drying method
used (sun or shade drying) as well, on the content of maortstituents and simple
sugars. The macroonstituents of the studied samples were shown to be significantly
affected by the crop year in ctnast with the cultivation altitude. An in house HRPRC
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ABSTRACT

method was developed and validated for the simultaneous detection and
guantification of simple sugars in currants. This method was subsequently applied in
the aforementioned Corinthian currant samplewhere it was established that
fructose and glucose are the predominant sugars in equal proportion (ratio 1:1),
whereas sucrose and maltose are also present in negligible amounts.

The second experimental part was focused on the study of the qualgyadation of
currants via the evaluation of physicochemical (moisture content, water activity and
color parameters L*, a* & b*), mechanical (hardness, cohesiveness, e.t.c.),
rheological [viscosity'(], storage (G') and loss modulus (G") e.t.c.] and thermal
[melting temperature and enthalpy & nHy), and temperature (@ and specific heat
capacity (G, of the glass transition] properties, as well as, of sensory changes with
respect to storage tm® Yl E® ¢ Y2y (G K&ao FyR GSYLSNI G dzNB
addition of plasticizers (0, 5, 10 & 15% water or glycerol (w/w) and 15% water and
glycerol (w/w)).

During the storage period of currant paste, no significant changes in moisture content
of the studied samples were observed, whereas a statistically significant increase of
water activity was recorded in all cases. Moreover, no significant changes of color
parameters values were also observed, which led to the conclusion that no browning
reactions tod place.

Viscosity, exhibited a remarkable increase (p<0.05) during the storage period of 6
months and this change was considerably affected by both the storage temperature
and the increasing proportion of plasticizer. The experimental data were suctiessfu
fitted to a Power law equation while an empirical mathematical model was also
proposedto adequately describe the combined effect of storage temperature, time
and solid concentrationt KS @A &a02St 1 adA0 LINRPLISNIASaE oD
remarkably increased during storage, with the decrease of storage temperature and
plasticizer's addition, in a similar way to that of viscosity and both moduli were
successfully modeled as pewfunctions of the oscillatory frequency.

From the study of the thermophysical properties of currant paste samples, it was
concluded that the melting temperature {J and enthalpy j{H.) increased
throughout a storage period of 3 months. Furthermore, @asademonstrated that the

increase of the storage temperature and the added plasticizer amount (water or

XX



ABSTRACT

glycerol) resulted in the significant decrease of bothahd pnHy, values. The values of

T andnHy, of the lyophilized currant paste samples stored fanénths, changed in a
similar way with the aforementioned results, whifeG, was significantly decreased
during the early storage period until it finally reached a minimum value, resulting from
the decrease of the amount of sugars existing in the amorplstate.

¢CKS AYLI OGO 2F GKS LINBR2YAYFY(d &ddaAlF NEAQ NI
cellulose) of standard mixtures, on the crystallization process was also investigated. It
was demonstrated that the increase in glucose concentration over frectos
contributed to a significant increase jiiH,, of the mixture, whereas the reverse effect
was observed by increasing fructose concentration. Valuespldf increased
significantly by increasing the addition of fibers, depending on their type. Finally, the
NnH, of both the extracted sugars and currandid not differ significantly, confirming

that the sugars contained in the currants are exclusively responsible for the
crystallization phenomenon. From the obtained XRD analysis charts, the identification
of the characteristic peaks of the crystallizédustures in curranipaste samples was
attributed to crystalline glucose and fructose, which comes in compliance with the
results obtained from Differential Scanning Calorimetry (DSC) measurements. In
addition, the crystalline structures formed were vidyaldentified using Electronic
Scanning Microscopy (SEM).

The study of the mechanical properties of currant paste samples, highlighted that the
increase of storage time, significantly raised (p<0.05) hardness, chewiness and
adhesiveness, while it had theposite effect for cohesiveness in all cases studied,
specifically in the first month of the storage period. The storage temperature, the type
and the amount of the plasticizers added had a remarkable impact on the changes of
the above evaluated parameterfegarding the sensory evaluation of currant paste
samples, it was shown that the addition of plasticizers and the increase of storage
temperature had a positive effect on the overall acceptance, which was found to be
negatively correlated with hardnes$he addition of plasticizers as well as the storage
temperature did not appear to considerably affect the change of Total Viable Count
(TVC) in currant paste samples, in contrast with storage time, that was shown to

contribute in the decrease of mold & y&a count. Moreover, a decrease in the

XXi



ABSTRACT

antioxidant capacity of the currant paste samples was observed, mainly during the
initial storage period.

In the third and final experimental part of the present thesis, a functional bakery
product (biscuit), was esigned and developed, by substituting sugars with currant
paste at a 0% (control), 50% and 100% level. Biscuit samples were packaged in two
RAFFSNBYUG LI OTIF3IAYy3I YFEOIGSNRAFEfaAa ofl YAYLGS
opc 9 npc/ T2 NhaiithkeNBySicocremital, kharmal, anéchanical and
sensory properties would be investigated. In accordance with the obtained results, the
increase of the storage time contributed in a small but statistically significant increase
in the peroxide value (PV)nd decrease in moisture content, independently of the
packaging material. However, water activity changesiring storage, did not
demonstrate a clear reduction or increase tendency. The values of color parameters
L*, a* and b* were not considerably affestt by the storage period in contrast to the
breaking strength (BS) that was noticeably decreassathermal sorption curves had
the typical hyperbola of sugars and the experimental data were adequately fitted to
the GAB modelThe percentage of substitain and the storage conditions (time and
temperature) had an important effect on the sensorial characteristics of the biscuits,
independently of the packaging material.

In summary, quality degradation of currant paste during storage is almost exclusively
caused by undesirable textural changes that take place mainly in the early storage
period and is directly related to the crystallization of its structural sugars (fructose and
glucose). However, the addition of plasticizers and the appropriate storagetcosd
seem to effectively inhibit these undesirable physicochemical phenomena.
Furthermore, the development of a new bakery product with added nutritional value,
such as biscuits where sugar is partially or completely substituted by currant paste,
could onstitute a novel well accepted product that upgrades the value gfr&le

black Corinthian raisin

Keywords: currant paste, plasticizers, simple sugars, storage,

physicochemical changes, sugars' crystallization
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120 2310.87 0.306 0.953 705.19 0.240 0.991 342.00 0.287 0.993
180 2116.65 0.306 0.930 978.10 0.263 0.982  432.38 0.29 0.994
X R X R X R

1 61.28 0.375 0.985 61.28 0.375 0.985 61.28 0.375 0.985
3 463.02 0.236 0.974 113.44 0.327 0.983 53.64 0.366 0.982
7 611.18 0.253 0.975 133.94 0.301 0.982 75.34 0.338 0.982
14 779.35 0.232 0.937 16059 0.288 0.982 106.87 0.327 0.983
21 917.28 0.239 0.884 22543 0.270 0.981 116.96 0.321 0.980
G" 28 101350 0.204 0.960 230.90 0.261 0.982 140.03 0.299 0.980
42 921.04 0.219 0.951 29294  0.267 0.980 157.16  0.308 0.977
60 1033.14 0.248 0.952 302.66 0.266 0.978 164.06 0.305 0.979
90 1116.73 0.276 0.919 329.48 0.268 0.978 17146  0.329 0.978
120 1236.52 0.274 0.869 35845 0.252 0.976 208.28 0.342 0.979
180 1189.22 0.254 0.938 534.81 0.252 0.975 267.37 0.362 0.978
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ns 1 >h
cpwb cpwl10 cpwl5 cpwgl5s
A~
h -~y
k' n' R k' n' R k' n' R k' n' R
(>wy e
1 31.82 0.294 0.984 3.01 0.307 0.993 0.61 0.283 0.989 2.07 0.341 0.995
3 90.31 0.259 0.993 8.29 0.260 0.996 1.69 0.286 0.986 3.01 0.327 0.992
7 97.82 0.250 0.995 8.08 0.274 0.995 1.63 0.269 0.989 3.57 0.312 0.992
14 27758 0.236 0.991 26.47 0.244 0.996 1.74 0.275 0.984 10.76 0.277 0.995
. 21 472.42 0.223 0.990 23.20 0.234 0.992 1.69 0.307 0.951 1161 0.272 0.995
G 28 540.75 0.229 0.989 21.95 0.270 0.981 2.02 0.389 0.871 11.44 0.305 0.971
42 563.47 0.235 0.982 29.78 0.262 0.987 2.09 0.387 0.879 13.06 0.304 0.975
60 506.28 0.230 0.989  31.60 0.258 0.986 1.94 0.369 0.872 12.32 0.290 0.980
90 54820 0.239 0.985 38.34 0.256 0.988 2.94 0.35 0.886 15.56 0.292 0.976
120 54551 0.229 0.989 42.80 0.246 0.989 6.97 0.28 0.929 16.83 0.285 0.977
180 680.78 0.244 0.993 4451 0.254 0.988 8.43 0.276 0.931 20.35 0.273 0.977
K o Rk o R kK o R K R
1 16.58 0.380 0.985 1.69 0.438 0.984 0.29 0.423 0.981 1.40 0.496 0.988
3 45.62 0.300 0.985 3.93 0.378 0.976 0.81 0.42 0.980 1.86 0.476 0.987
7 49.40 0.287 0.984 4.00 0.378 0.981 0.79 0.412 0.977 212 0.452 0.985
14 134.03 0.249 0.9& 11.81 0.317 0.984 0.79 0.407 0.979 5.51 0.380 0.985
21 216.50 0.233 0.978 9.89 0.320 0.981 0.76 0.412 0.980 5.79 0.372 0.983
G" 28 246.17 0.224 0.981 9.77 0.325 0.984 0.82 0.401 0.977 5.63 0.375 0.983
42 27290 0.229 0.974 13.36 0.317 0.981 0.86 0.390 0.973 6.50 0.371 0.982
60 251.66 0.226 0.979 14.01 0.309 0.981 0.75 0.389 0.975 6.06 0.353 0.980
20 276.93 0.251 0.980 17.43 0.305 0.979 1.12 0.366 0.972 7.56 0.357 0.981
120 269.59 0.234 0.978 18.80 0.291 0.975 2.61 0.310 0.963 8.02 0.345 0.978
180 360.91 0.264 0.983 20.89 0.296 0.977 3.18 0.305 0.965 9.65 0.327 0.977
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ns 1 > h
cpg5 cpglo cpgls
A~
( >w’ s k' n' R k' n' R k' n' R
h =~ vy
1 51.27 0.310 0.996 26.21 0.323 0.996 8.98 0.364 0.995
3 105.87 0.277 0.995 58.30 0.289 0.995 24.08 0.312 0.995
7 133.41 0.275 0.991 56.22 0.288 0.993 22.05 0.316 0.996
14 172.77 0.265 0.993 80.91 0.276 0.994 32.96 0.296 0.995
21 268.49 0.259 0.990 114.68 0.264 0.993 44.90 0.286 0.994
G' 28 24231 0.260 0.993 117.40 0.264 0.994 41.9 0.298 0.992
42 253.28 0.263 0.990 116.02 0.270 0.993 36.91 0.305 0.990
60 264.80 0.259 0.986 110.29 0.274 0.988 41.58 0.294 0.991
90 283.41 0.260 0.992 11591 0.268 0.991 48.41 0.290 0.992
120 273.34 0.255 0.992 133.65 0.263 0.991 58.28 0.281 0.992
180 315.24 0.254 0.993 14474 0.258 0.991 61.90 0.276 0.991
Ko R K" R X R
1 34.24 0.401 0.986 17.97 0.432 0.987 7.09 0.501 0.988
3 63.90 0.335 0.982 35.75 0.366 0.984 15.95 0.413 0.984
7 79.62 0.321 0.982 34.99 0.359 0.984 15.10 0.417 0.985
14 99.31 0.303 0.983 49.13 0.334 0.983 21.22 0.381 0.984
21 143.80 0.279 0.981 65.70 0.312 0.98 27.73 0.358 0.982
G" 28 131.08 0.283 0.983 65.53 0.298 0.982 25.43 0.362 0.983
42 141.27 0.285 0.979 67.71 0.306 0.981 23.07 0.368 0.982
60 146.64 0.278 0.98 65.14 0.304 0.981 25.42 0.352 0.982
90 157.52 0.281 0.98 68.00 0.294 0.983 30.94 0.336 0.983
120 147.65 0.287 0.98 77.17 0.289 0.982 36.41 0.327 0.983
180 173.78 0.278 0.981 83.72 0.287 0.981 38.05 0.323 0.983
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rcpls rcp25 rcp35
, . v’ AT
ﬂ’f‘gjsq hevenes g % K K" K %
(' > w )’ B
1 94.85 64.44 9485 64.44 9485 64.44
7 107023 635.28 204.45 121.23 110.83 68.87
14 1370.79 746.56 277.42 161.26 160.56 97.69
21 1580.54 841.09 433.77 234.25 196.35 110.70
Hpc/ 28 1893.50 929.10 448.19 237.60 264.33 141.72
42 1514.78 849.86 533.32 287.37 340.50 186.91
60 1467.69 849.78 492.40 268.59 329.96 174.00
90 1899.72 1134.24 494.26 280.04 275.85 159.97
120 2647.80 1393.60 718.30 376.11 354.25 215.95
180 1998.74 1108.85 892.67 479.01 435.59 288.04
1 4.97 1.75 4.97 1.75 4.97 1.75
7 4.89 1.78 4.37 1.52 4.68 1.67
14 478 171 4.20 1.47 4.06 1.44
21 5.26 1.78 4.54 1.50 4.32 1.43
MAAC 28 5.16 1.73 5.17 1.72 4.53 1.51
42 5.12 1.78 4.75 1.60 4.63 1.58
60 5.01 1.68 4.69 1.56 4.37 1.50
90 5.10 1.80 4.67 1.58 4.71 1.66
120 5.22 1.83 4.54 1.55 5.59 2.17
180 5.71 2.05 4.78 1.68 5.83 2.33
1 64.31 59.50 64.31 5950 64.31 59.50
7 96.63 111.23 55.43 49.07 52.72 46.05
14 66.25 60.06 59.70 57.72 62.09 67.77
21 72.09 66.19 59.66 58.29 58.07 59.16
Hpc/ 28 59.83 46.51 60.56 56.21 66.48 70.11
42 80.41 88.60 83.89 9859 108.12 135.42
60 55.74 48.01 70.63 75.38 62.56 63.83
90 145.27 188.10 85.73 99.33 95.32 117.96
120 75.48 71.03 68.37 74.67 127.67 165.69
180 103.03 106.16 71.13 7854 151.06 195.93
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