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Abstract

The Effect of Pre-exercise Ingestion of Corinthian Currants on Endurance Performance and
Blood Redox Status

The present study investigated the effect of Corinthian currant pre-exercise supplementation on
metabolism, performance and blood redox status during, and after prolonged exercise. Eleven
healthy participants (21-45y) performed a 90-min constant-intensity (60-70% VO,max) Submaximal-
trial, plus a time-trial (TT) to exhaustion (95% VO, after consuming an isocaloric (1.5g CHO/kg
BM) amount of randomly assigned Corinthian currant or glucose-drink, or water (control). Blood
was drawn at baseline, pre-exercise, 30min, 60min, 90min of submaximal-trial, post-TT, and 1h
post-TT. Post-ingestion blood glucose (GLU) under Corinthian currant was higher compared with
water, and similar compared with glucose-drink throughout the study. Respiratory quotient under
Corinthian currant was similar with glucose-drink and higher than water throughout the submaximal
trial. Accordingly, higher CHO and lower fat oxidation were observed under Corinthian currant
compared with water. The TT performance was similar between Corinthian currant, glucose-drink
and water. Redox status were similar under all three conditions. Reduced glutathione (GSH)
declined while total antioxidant capacity (TAC) and uric acid increased during exercise. GSH and
TAC returned to baseline, while uric acid remained increased the following 1h. Corinthian currant,
although did not alter exercise-mediated redox status changes and performance, was equally
effective to a glucose-drink in maintaining GLU levels during prolonged cycling.

Keywords: raisins supplementation; glucose homeostasis; oxidative stress; prolonged cycling

Introduction

Aerobic exercise performance in events lasting more than one hour has been shown to improve with
pre- or/and during-exercise ingestion of carbohydrates (CHO) (Campbell, Prince, Braun, Applegate,
& Casazza, 2008; Coggan and Coyle, 1987; Febbraio, Chiu, Angus, Arkinstall, & Hawley, 2000;
Péchmuller, Schwingshackl, Colombani, & Hoffmann, 2016; Tsintzas, Williams, Wilson, & Burrin,
1996), and athletes or recreationally exercised individuals are often consume CHO before, and/or
during exercise. The improvement in performance with CHO supplementation is due to the
maintenance of blood glucose (GLU) levels (Campbell, et al., 2008; Febbraio, et al., 2000; Utter, et
al., 2004) and the increased CHO availability for oxidation late in exercise (Jeukendrup, et al., 1999;
Utter, et al., 2004) that may preserve muscle glycogen stores (Harger-Domitrovich, McClaughry,
Gaskill, & Ruby, 2007; Stellingwerff, et al., 2007), or may not (Utter, et al., 2004). Apparently based
on the above mechanisms, the dietary industry provides a wide range of CHO supplements (sport
drinks, sport gels, CHO bars, sport jellybeans, sport chews) aiming at optimizing performance
during training or competitions. However, these products are processed, and often expensive, in
contrast with other natural foods that may provide a healthier, though, equally effective choice. For
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example, pre-exercise ingestion of CHO in the form of bananas (Murdoch, Bazzarre, Snider, &
Goldfarb, 1993) or honey (Earnest, et al., 2004), has been reported to effectively maintain blood
GLU and improve performance compared with placebo. ldentifying more natural foods and
establishing their effectiveness in maintaining euglycemia during exercise and probably improving
performance, would be of great importance for those engaging in endurance training and/or
competitions, providing them with more alternatives to choose the best-fitting choice of CHO source
to their needs.

Raisins are reported in history books as far ago as 2000BC in Persia and Egypt; they are
mentioned in the Bible (Numbers 6:3) during the time of Moses (Britannica). In ancient Greece and
Rome, soldiers would carry raisins in the battlefield as a rich energy source, while winners of
athletic events would receive raisins as payment. These historical facts indicate that the ancient
Greeks and Romans perceived raisins as a potent performance enhancing food, while in the recent
years they are well known for their potential health benefits (Kaliora, et al., 2008 ; Williamson and
Carughi, 2010). Corinthian currants are small, dark purple-colored, sun-dried vine products,
produced from black grapes (Vitis Vinifera L., var. Apyrena) and cultivated almost exclusively in
the Southern Greece. Corinthian currants consist a high source of complex CHO (32.5% glucose,
32.1% fructose, 0.40% sucrose, 0.72% maltose), minerals (magnesium, iron, potassium, phosphorus,
zinc) and vitamins (ascorbic acid, pyridoxine, riboflavin and thiamin) necessary for vitality.
Additionally, currants are considered as dried fruits with low-to-moderate glycemic index (Kanellos,
et al., 2013), and they contain virtually no fat or cholesterol (Nikolidaki, et al., 2017). Despite their
rich CHO content, there is limited data regarding the ergogenic potential of raisins during prolonged
endurance exercise (Kern, Heslin, & Rezende, 2007; Rietschier, et al., 2011; Too, et al., 2012). This
data suggests that raisins may consist an equally effective form of CHO to other commercial
products, on maintaining euglycemia and improving performance.

Aerobic exercise and training relates with the production of reactive oxygen and nitrogen
species (RONS), evidenced by the changes in the concentration of several by-products deriving from
the oxidation of biomolecules, and the upregulation of antioxidant enzymes (Aguilo, et al., 2005;
Andersson, Karlsen, Blomhoff, Raastad, & Kadi, 2010; Bloomer, Goldfarb, & McKenzie, 2006;
Chatzinikolaou, et al., 2014; Zalavras, et al., 2015). Although RONS in low to moderate quantities
are essential for optimized exercise performance and exercise-induced adaptations (Gomez-Cabrera,
et al., 2006; Reid, 2001), yet, excessive production of RONS especially during exhaustive exercise,
promotes contractile dysfunction, muscle weakness and fatigue, and impaired recovery from
exercise (Powers and Jackson, 2008; Reid, 2001). There is evidence that treating with antioxidants,
protects in part against RONS-mediated damage in exercise (Kalafati, et al., 2010; Sureda, Ferrer,
Mestre, Tur, & Pons, 2013). In regards with this prospective, the supplementation of antioxidants is
a common strategy to minimize RONS production and avoid the detrimental effects of oxidative
stress in exercise (Michailidis, et al., 2013; Sadowska-Krepa, et al., 2017). Their rich content in
polyphenols (Chiou, et al., 2007; Chiou, Panagopoulou, Gatzali, De Marchi, & Karathanos, 2014)
which are free radicals scavengers (Chiou, et al., 2007), renders Corinthian currant a potentially
capable nutrient to boost an individual’s antioxidant status in response to an acute bout of prolonged
aerobic exercise, and provides an alternative antioxidant source for those seeking a more healthy
option. However, to our knowledge, no study so far has addressed this issue. The only study
(Skarpanska-Stejnborn, Basta, & Pilaczynska-Szczesniak, 2006) that examined the influence of
black currant (Ribes nigrum) extract on the endogenous antioxidant defence of rowers, used chronic
instead of acute supplementation, providing evidence of improved protection against exercise-related
oxidative processes.

The purpose of the present study was to investigate the effect of pre-exercise
supplementation of Corinthian currant on metabolism and performance, as well as redox status in
response to prolonged aerobic exercise. These responses were compared against glucose and water.

Methods

Participants

According to a preliminary power analysis (a probability error of 0.05, and a statistical power of
80%), a sample size of 10 subjects per group was considered appropriate in order to detect
statistically meaningful changes between groups. Power analysis estimations were based on studies
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that examined the effects of acute exercise on metabolic and cardiorespiratory parameters (i.e. blood
GLU, lactate) (Kern, et al., 2007; Too, et al., 2012), and the effects of acute exercise on redox
biochemical variables [i.e. glutathione (GSH), catalase, total antioxidant capacity (TAC),
thiobarbituric reactive substances (TBARS)] (Nikolaidis, et al., 2006; Paschalis, et al., 2007). Eleven
healthy recreationally trained male (n = 9) and female (n = 2) adults (20-45y) participated in the
present controlled, randomized cross over study. Participation criteria included a normal BMI,
absence of lower-limb musculoskeletal injury, metabolic diseases, drug/supplement consumption,
and aerobic fitness (VO,max >35ml/kg/min). Baseline anthropometry is presented in Table 1.
Participants provided written informed consent. Procedures were in accordance with the 1975
Declaration of Helsinki, and was approved by the University of Thessaly Research and Ethics
Committee. The study is registered at ClinicalTrials.gov, Identifier: NCT03288064.

Carbohydrate supplementation — liquid ingestion

Thirty minutes prior to the exercise session, and within a timeframe of 5 min, participants consumed
an isocaloric amount (1.5 g CHO/kg BW) of: a) Corinthian currants (an average 75 kg individual
needs to ingest ~112 gr or 2/3 of a tea-cup) or b) glucose-drink (Top Star 100, Esteriplas, Portugal),
or c) water alone (7 ml/kg BW) (control). Fluid intake was constant at 7 ml/kg BW before exercise,
3 ml/kg BW every 20 min during the 90-min trial, and 7 ml/kg BW within 15 min after exercise.

Study design

The study design is presented in Figure 1. The participants visited the laboratory four times in total.
During their first visit, body mass (Beam Balance 710; Seca, Birmingham, United Kingdom), and
standing-height (Stadiometer 208; Seca) were assessed. Body fat was calculated from 7 skinfold-
thickness measures with a Harpenden caliper (John Bull, St Albans, United Kingdom) through Siri
equation. VO, Was assessed through a respiratory analyzer (CareFusion, Viasis). Both the
protocol for the assessment of VO, and the exercise protocol were performed on a cycle
ergometer (Cycloergometer, Monark 834, ERGOMED C, Sweeden). During their second visit
(within the following week), the participants were randomly assigned to one of the three
experimental conditions and performed the exercise protocol. During their third and fourth visits, the
participants repeated the experimental procedure after they had been assigned to one of the
remaining conditions. Between treatments, there was a wash out period of two weeks. The head of
the laboratory, using a 3-period, 3-treatment crossover design, determined the order of treatment
administration. Blood was drawn at baseline, 30 min post-supplementation (pre-exercise), and at 30,
60, and 90 min of submaximal trial, after exhaustion (TT), and 1 h post-exercise, for the assessment
of GSH, catalase, uric acid, TAC, and TBARS.

VOymax @ssessment protocol

Following an 8-min warm-up cycling (80-100rpm) on a cycle ergometer (Monark 834, ERGOMED
C, Sweeden) and 5-min stretching exercises, the participants’ aerobic capacity was assessed.
Participants cycled at a constant velocity of 60-70rpm until exhaustion, with an additional weight of
1kg during the first minute; afterwards, additional weight was added progressively as follows: 0.5kg
during the second minute and 0.5kg every 2min thereafter. Gas exchange was monitored through the
respiratory analyzer (CareFusion, Viasis). Heart rate was recorded every 1min.

Experimental exercise protocol

Prior to exercise, the participants performed the warm-up that was used during the VOjma
assessment. The exercise protocol, consisted of 90 min of cycling at 60% - 70% VO,n.x, followed by
a TT at 95% VO,max t0 exhaustion. Gas exchange was monitored for the first 15 min until the
desired steady state was established, at 30 min, and every 25 min for 5 min thereafter.

Blood collection and handling

Blood samples (10 mL) were drawn from a forearm vein and plasma (assessment of TBARS, TAC,
uric acid), and red blood cells lysate (assessment of GSH, catalase) were collected and stored as
previously described (Deli, et al., 2017; Theodorou, et al., 2010). A small portion of whole blood
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(0.5 pL) was used for the assessment of lactic acid (LA). Blood samples were stored in multiple
aliquots at —80° C and thawed only once before the analyses.

Assays
Metabolism
Blood glucose (GLU) was estimated in a Clinical Chemistry Analyzer Z1145 (Zafiropoulos
Diagnostica, Athens, Greece) with commercially available kits (Zafiropoulos, Athens, Greece). The
intra- and inter-assay for GLU was 4.9% and 3.8%, respectively.

Lactate was measured in a microphotometer (DR LANGE, Berlin) with commercially
available kits (LCQ 140, DR LANGE, Berlin). The intra- and inter-assay for LA was 2.4% and
3.9%.

Redox status
TBARS, GSH, catalase, and TAC were determined in a HITACHI, U-1900 spectrophotometer as
previously described (Theodorou, et al., 2010). The intra- and inter-assay CV for TBARS were 6.7%
and 5.9%, for GSH 5.7% and 4.5%, for catalase 6.2% and 10.0%, and for TAC 2.1% and 5.4%,
respectively.

Uric acid was estimated in a Clinical Chemistry Analyzer 21145 (Zafiropoulos Diagnostica,
Athens, Greece) with commercially available kits (Zafiropoulos, Athens, Greece). The intra- and
inter-assay CV for uric acid was 2.12% and 3.4%, respectively.

For all of the above markers, each sample was analyzed in duplicates.

Dietary analysis

The participants recorded their usual diet 3 days prior to exercise bouts and received a copy of their
dietary record sheets, so that they would follow exactly the same diet before their second and third
experimental session. Dietary records were analyzed with ScienceFit Diet 200A (Science
Technologies, Athens, Greece). Participants’ diet is summarized in Table 1.

Calculations of CHO and fat oxidation
Carbohydrate and lipid oxidation was calculated using the Frayn equations assuming protein
oxidation was zero as previously described (Rietschier, et al., 2011):

CHO oxidation (g/min) = 4.58 x V¢, — 3.23 x Vj,

Fat oxidation (g/min) = 1.70 x Vy, — 1.69 x V¢,

Statistical analysis

The normality of the sample distribution was examined with a Kolmogorov-Smirnov test. TT and
TBARS were subjected to logarithmic transformation as previously described (Brown, Child, Day,
& Donnelly, 1997). All dependent variables (except for TT) were analyzed using a two-way
ANOVA (treatment x time) with repeated measures on time. When significant main effects or
interactions existed, Sidak pairwise comparisons were performed. Treatment effects on TT were
examined through a one-way ANOVA with Sheffe post hoc measurements. Statistical significance
was set at p<0.05. Statistical analyses were performed with SPSS, version PASW 18.0 (SPSS Inc.,
Chicago, Il1.). The results are presented as M+SEM.

Results

Metabolic responses

Time main effect existed for GLU [F(2.73106) = 6.154, partial 112 =0.278, p<0.01], and LA [Fs5414) =
50.874, partial nz = 0.728, p<0.001 concentration, while main effect of condition existed for GLU
concentration F 16 = 4.732, partial n> = 0.372, p<0.05)].

Glucose concentration decreased 1 h post-TT, compared with 30 and 60 min of exercise, and
was higher post-TT compared with 90min of exercise under all conditions. Corinthian currant
exhibited higher blood GLU compared with water, while similar compared with glucose-drink
throughout the study (Figure 2).
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Lactic acid increased at 30, 60, and 90 min of submaximal exercise, and peaked post-TT
compared with baseline under all three conditions (Figure 2).

Cardiorespiratory responses during submaximal exercise

Time main effect existed for CO, productlon [F (258 = 4.653, partial n? = 0.138, p<0.05], resplratory
quotient (RQ) [F(ss = 5.796, (n* = 0.167), p<O 01, ventilation (VE) [F(ss = 6.363, partial n’
0.180, p<0.01, CHO oxidation [Fss = 4.996, (n? = 0.147), p<0.05 and fat oxidation [Fe, 5 = =5, 019
(n? = 0.148), p = 0.010]. Main effect of condition existed for RQ [F29) = 4.606, (n? = 0.241),
p<0.05], CHO oxidation [Fp.q = 4.088, (n? = 0220) p<0.05], while main effect of condition
reached significance for fat oxidation [F, ) = 3.306, (n®=0.186), p = 0.051].

CO, production was higher at 90 min compared with 60 min of submaximal exercise under
all conditions (Table 3). RQ decreased at 60 and 90 min compared with 30 min of exercise in all
conditions. However, RQ under Corinthian currant was higher compared to water condition, while
similar with glucose throughout the submaximal trial (Table 3). Ventilation was higher at 90 min
compared with 30 and 60 min of submaximal trial in all conditions (Table 2).

CHO oxidation was lower at 60 min compared with 30 min and 90 min of submaximal trial
in all conditions. Fat oxidation was higher at 60 min compared with 30 min of submaximal trial in
all conditions. However, CHO oxidation under Corinthian currant was higher and fat oxidation
lower compared with water, while similar compared with glucose, throughout the study (Table 2).

Oxygen consumption (VO;) (L/min) and relative to body mass VO, (ml/kg BM/min) were
similar throughout the submaximal trial between conditions (Table 2).

Performance
Similar performance was observed between the three conditions (p>0.05). TT (sec) was 79 +
16.3,94 + 16.3, and 77 * 16.3 for Corinthian currant, glucose-drink, and water, respectively.

Redox status

Time main effect existed for GSH [F2.972.108 = 12.045, partial n = 0.401, p<0.001], uric aC|d
[F(2425 102) = = 23.783, partlal T] = 0.583, p<0 001, and TAC [F(z 851,114) = = 8.944, partlal
0.320, p<0.001]. No main effects or interactions existed for TBARS and catalase.

GSH decreased throughout the submaximal exercise and post-TT, and returned at
baseline levels 1 h post-TT in all conditions (Figure 3). Uric acid increased throughout the
submaximal exercise and post-TT, and remained higher than baseline 1 h post-TT in all
conditions (Figure 3). TAC increased at 30 min, 60 min, and post-TT, and remained higher
than baseline 1 h post-TT in all conditions (Figure 3). Redox status changes were similar
between conditions throughout the study.

Discussion

The main findings from this study indicate that Corinthian currant exhibit similar metabolic
and cardiorespiratory responses to those of the glucose drink. Euglycemia was maintained
under all three conditions throughout the study. However, higher blood GLU was observed
under Corinthian currant compared with water condition. Performance outcome was similar
between CHO treatments and water. Redox status responses to prolonged cycling between
Corinthian currants, glucose-drink and water pre-exercise ingestion are similar.

Metabolic responses - Performance

Euglycemia during prolonged exercise (Campbell, et al., 2008; Coggan and Coyle, 1987;
Febbraio, et al., 2000) in conjunction with the preservation of muscle and liver glycogen
(Harger-Domitrovich, et al., 2007; Stellingwerff, et al., 2007) may delay the onset of fatigue
and subsequently, enhance exercise performance (Coyle, Coggan, Hemmert, & Ivy, 1986). In
the present study, euglycemia was maintained during submaximal cycling under all
conditions. However, blood GLU under Corinthian currant, was higher compared with water
but comparable with glucose-drink condition. These results indicate that, both CHO
supplement forms are equally effective in maintaining blood GLU concentration and further
support the hypothesis of pre-exercise CHO ingestion-mediated euglycemia (Campbell, et al.,
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2008; Febbraio, et al., 2000). To our knowledge, only three other studies examined the
effectiveness of raisins against other commercial products, on maintaining blood GLU during
prolonged exercise (Kern, et al., 2007; Rietschier, et al., 2011; Too, et al., 2012). Of these
studies, only one (Too, et al., 2012) used a placebo condition of water, and similarly with our
results, the investigators also reported similar blood GLU under raisin and CHO chews, while
higher blood GLU under CHO chews compared with water ingestion, during 80 min of
treadmill running at 75% VO,m Likewise, although no water condition included,
comparable blood GLU levels during an 80-min cycling are reported under sun-dried raisins
and sport jellybeans (Rietschier, et al., 2011), or under raisins and sport gel (Kern, et al.,
2007) pre-exercise supplementation.

In the present study, the type of CHO ingested did not affect blood lactate although,
considering the higher blood GLU concentration, we would expect accordingly higher lactate
concentration under Corinthian currant compared to water condition; instead, lactate similarly
increased from baseline under all three conditions throughout the study. Comparable lactate
responses during submaximal exercise have previously been reported between CHO ingestion
and placebo condition (Hargreaves, Costill, Coggan, Fink, & Nishibata, 1984). Likewise,
lactate responses were not differently modified when raisins were compared to sport gel
(Kern, etal., 2007), or CHO chews (Too, et al., 2012).

In the present study, Corinthian currant exhibited higher RQ than water condition
throughout the submaximal exercise trial. Additionally, Corinthian currant supplementation
demonstrated higher CHO and lower fat oxidation compared with water condition, throughout
the submaximal exercise. These findings further support the greater CHO utilization during
prolonged exercise with pre-exercise CHO ingestion (Febbraio, et al., 2000; Hargreaves, et
al., 1984; Tsintzas, et al., 1996; Utter, et al., 2004). Additionally, our results suggest that
Corinthian currant promotes the use of CHO equally to a glucose-drink, probably allowing for
lower utilization of muscle glycogen (Tsintzas, Williams, Boobis, & Greenhaff, 1995). This
suggestion is reinforced by the higher blood CLU levels under Corinthian currant compared
with water condition. Too et al. (2012), also reported greater energy contribution from raisins
compared to water, at the last 20 min of submaximal treadmill running.

In our study, the higher GLU concentration and the greater utilization of CHO for
energy production during submaximal exercise under Corinthian currant compared to water
condition, did not translate into better performance, contrary to the majority of previous
research (Campbell, et al., 2008; Febbraio, et al., 2000; Tsintzas, et al., 1996). The greater TT
under GLU was perhaps due to better absorption of the liquid form of CHO; yet, this
difference was not significant. Probably the observed metabolic differences were not great
enough to significantly alter performance outcomes. In contrast, Too et al. (2012) reported
faster TT under both CHO chews and raisins over water condition. However, in that study,
instead of submaximal cycling and a TT at 95% VO,.« to exhaustion, treadmill running and a
5-km TT was used. The different type and consequently different demands of the exercise
protocol and TT (Jeukendrup and Killer, 2010), probably account for this inconsistency.
Febbraio et al. (2000), report improved performance with CHO ingestion, but only when the
ingestion is maintained throughout exercise. In our study, CHO feeding was applied only pre-
exercise, whereas in the study of Too et al. (2012) CHO ingestion was maintained during
exercise, and this may also explain the different performance outcome. Nevertheless, when
comparing raisins against other commercial CHO sources, similar performance outcomes are
demonstrated (Kern, et al., 2007; Rietschier, et al., 2011). Rietschier et al. (2011), report
similar performance at 10-km TT when raisins or sport jellybeans are ingested during the
preceding 2-h submaximal cycling. Similarly, Kern et al. (2007) recorded similar
performance at a 15-min TT with both raisins and sport gel feeding during the preceding 45-
min submaximal cycling. However, in that study, the short duration of exercise (<1 h) can
justify these results, since, in no glycogen-limited situations performance enhancement is
rather due to a central nervous system-based mechanism, while the type and/or amount of
CHO and its ability to be absorbed and oxidized appear irrelevant (Carter, Jeukendrup, &
Jones, 2004; Stellingwerff and Cox, 2014). More research is needed to clarify the ergogenic
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effectiveness of Corinthian currant and the most favorable feeding mode and timing of
supplementation.

Redox responses

According with previous research (Aguilé, Tauler, Gimeno, Fuentespina, & Pons, 2000;
Bulduk, N., Baltac, & Giimiis, 2011; Zalavras, et al., 2015), in the present study, prolonged
cycling at 60-70% of VO,m.x followed by a maximal TT to exhaustion modified the
endogenous antioxidants. More specific, GSH declined after the first 30 min and remained in
lower than baseline levels throughout the submaximal exercise and post-TT, and returned in
baseline levels 1h later. GSH reduction is probably due to its extended use against the
increased RONS production. Upregulation of plasma antioxidants was evidenced as uric acid
and TAC elevated throughout exercise. Uric acid is also reported to be increased after a
marathon run (Rokitzki, et al., 1994), and TAC was elevated after a half-marathon (Child,
Wilkinson, Fallowfield, & Donnelly, 1998). Uric acid is one of the major plasma
antioxidants, and the major determinant of TAC, and changes in uric acid mostly resemble
changes in TAC (Therond, Bonnefont-Rousselot, Davit-Spraul, Conti, & Legrand, 2000).
Therefore, the rise of uric acid and TAC probably reflects one of the body’s protective
mechanisms against exercise-induced RONS generation. In the present study, prolonged
cycling did not change lipid oxidation, as there were no significant changes in TBARS levels.
Similarly with previous findings (Bloomer, et al., 2006), although contrary with others
(Rokitzki, et al., 1994), prolonged cycling in the present study, did not affect the oxidation of
lipids. It seems that the increased use of GSH, but also the upregulation of uric acid and TAC,
were effective against lipid peroxidation, and this could justify in part the absence of changes
in catalase. In the present study, protein or DNA oxidation were not assessed, and this
comprises a limitation; future research should incorporate related markers.

In the present study, redox status changes were similar under all conditions.
Unfortunately, there is no previous data to compare our results. The fact that, there was no
altered response of the oxidative stress markers under Corinthian currant against the other two
conditions, despite the increased antioxidant capacity of raisins (Chiou, et al., 2007), may be
due to the relatively low intensity of exercise, that was not capable of inducing different
responses between treatments. The only previous study (Skarpanska-Stejnborn, et al., 2006)
that examined the effects of raisin supplementation on redox status during exercise used
chronic supplementation instead of acute pre-exercise ingestion, and raisin extract instead of
dried fruit. In that study, 6 weeks of raisin extract supplementation resulted in lower TBARS,
SOD and GPx activity, and higher TAC after a maximal rowing test compared with placebo
(Skarpanska-Stejnborn, et al., 2006). The limited information so far, does not allow for any
conclusion regarding the effect of acute pre-exercise ingestion or chronic supplementation of
raisins in exercise-related changes in redox status. More studies are needed to elucidate this
effect, as well as the appropriate amount, form, and timing of Corinthian currant ingestion.

Conclusions

Pre-exercise ingestion of Corinthian currant is equally effective with a glucose-drink in
providing the CHO needed to maintain euglycemia and promote CHO oxidation during
prolonged exercise. Therefore, it can be used as an alternative, natural and probably healthier,
yet, equally effective choice to a glucose-drink regarding metabolic responses.

Corinthian currant did not provoke different TT performance and redox responses to
the exercise stimulus of the present study. It is possible that a different TT and/or exercise
protocol would result in a different performance outcome, and redox alterations of greater
magnitude, and subsequently lead to different results.

Future research should incorporate both acute and chronic supplementation in the
experimental design. Furthermore, the supplementation of Corinthian currant in a different
form (e.g. currant extract, or juice) or a different feeding protocol, as well as exercise stimulus
of longer duration and/or greater intensity should be applied. Finally, regarding redox status,
except for lipid peroxidation, other markers of protein or DNA oxidation should be assessed
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to better describe the effect of Corinthian currant supplementation on exercise-related redox
status parameters.
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Table 1. Baseline characteristics and dietary analysis of the participants.
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Anthropometric characteristics

Age (years) 33.27+2.43
Body mass (kg) 73.0+£2.6
Height (cm) 172.0+0.03
BMI (kg/m?) 24.9+05
Body fat (%) 134+16
VO 2 (MI/kg/min) 462+19
Dietary analysis

Daily energy intake (Kj/day) 954+1,2
Daily carbohydrate intake (% of total energy content) 51.2+3.2
Daily fat intake (% of total energy content) 28.4+24
Vitamin C (mg) 91.0+21.0
Vitamin E (mg) 15.0+4.0

"Values are presented in M+SEM
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Table 2. Cardiopulmonary function during submaximal exercise trial®.

Corinthian currant Glucose-drink Water
30 min 60 min 90 min 30 min 60 min 90 min 30 min 60 min 90 min

VO, (L/min) 22+0.12 22+0.11 2.2+0.13 2.1£0.12 22+0.11 2.2+0.13 22+0.12 2.1£0.12 2.3£0.13
VO, (ml/kg BW/min)  29.3+1.46  295+1.70 304+159 285+146 29.0+170 299+159 302+153 293+178  315+1.67
CO, (L/min) 1.9+0.11 1.9+0.10 2.0 £0.10° 1.9+0.11 1.8 £0.10 2.0 £0.10° 1.9+0.12 1.8+0.10 2.0 £0.10
RQ 091+001" 0.89+001"" 090+001"" 087001 086+0.01" 089+001" 087001 0.85+001" 085+0.01"
VE (L/min) 66 = 2.96 66 + 2.58" 71 +3.30° 58 +2.95 60 + 7.58" 65 + 3.30" 64 +3.10 60 + 2.70" 66 + 3.46"
CHO oxidation

20+0.15" 18+011"" 20=x016"  15+0.15 1.4+0.11° 1.8 £0.16' 1.6 £0.16 1.3 +0.39" 1.5+0.17"
(g/min)
Fat oxidation (g/min) ~ 0.37+0.05* 045+0.05'" 040+0.06" 048+005 056+0.05" 049+006 054+£006 0.59+0.05" 063006

VO,ms: Maximal oxygen consumption; CO,: Carbon dioxide production; RQ: Respiratory quotient; VE: Ventilation; CHO: Carbohydrates; “Different from water

condition at the same time point; "Different from previous time point; *Values are presented in M+SEM.
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Figure legends

Figure 1. Experimental design of the study. All participants were performed the three

experimental conditions in a randomized cross over study design.

Figure 2. Changes in glucose (A) and lactic acid (B) concentration during and after prolonged
submaximal aerobic exercise under black Corinthian currant (e), glucose® ), and watek (
) pre-exercise supplementation. *Significantly different from baseline in all conditions;
SSignificantly different from 30 min in all conditions; *Significantly different from 60 min in
all conditions; 'Significantly different from previous time point in all conditions;
*Significantly different between Corinthian currant and water condition at the same time

point.

Figure 3. Changes in the concentration of catalase (A), reduced glutathione (GSH) (B),
thiobarbituric reactive substances (TBARS) (C), total antioxidant capacity (TAC) (D), and
uric acid (E) during, and after prolonged cycling under the supplementation of black
Corinthian currant (e ), gludse drink ( ), and water alone (). "Significantly different
from baseline in all conditions; *Significantly different from pre-exercise; *Significantly

different from 30 min in all conditions;



