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Abstract: New Zealand blackcurrant (NZBC) extract enhanced cycling-induced fat oxidation in fe- 11 

male endurance athletes. We examined in recreationally active females the effects of NZBC extract 12 

on physiological and metabolic responses by moderate-intensity walking and the relationship of fat 13 

oxidation changes with focus on body composition parameters. Twelve females (age: 21±2 yrs, BMI: 14 

23.6±3.1 kg·m-2) volunteered. Bioelectrical bioimpedance analysis was used for body composition 15 

measurements. Resting metabolic equivalent (1-MET) was 3.31±0.66 ml·kg-1·min-1. Participants com- 16 

pleted an incremental walking test with oxygen uptake measurements to individualize the treadmill 17 

walking speed at 5-MET. In a randomized, double-blind, cross-over design, the 30-min morning 18 

walks were in the same phase of each participant’s menstrual cycle. No changes by NZBC extract 19 

were observed for walking-induced heart rate, minute ventilation, oxygen uptake and carbon diox- 20 

ide production. NZBC extract enhanced fat oxidation (10 responders, range: 10-66%). There was a 21 

significant correlation for changes in fat oxidation with body mass index, body fat% in legs, arms 22 

and trunk, and a trend with fat oxidation at rest but not with body mass and habitual anthocyanin 23 

intake. The NZBC extract responsiveness of walking-induced fat oxidation is body composition- 24 

dependent and higher in young-adult females with higher body fat% in legs, arms and trunk. 25 

Keywords: anthocyanins; substrate oxidation; exercise; body composition 26 

 27 

1. Introduction 28 

The energy requirements of moderate-intensity exercise are provided primarily by 29 

the oxidation of carbohydrates and lipids [1]. The relative contribution by the oxidation 30 

of carbohydrates and lipids towards the moderate-intensity exercise requirements are af- 31 

fected by dietary intake [2], training status [3], sex [4], exercise modality [5], environmen- 32 

tal conditions [6], and supplementation (e.g. caffeine [7], green tea extract [8], Matcha 33 

green tea [9]; New Zealand blackcurrant [10]). Many studies have examined the factors 34 

that contribute to exercise-induced maximal fat oxidation. For example, unfit women with 35 

obesity have a higher maximal fat oxidation than unfit women with normal weight [11]. 36 

However, observations that body composition may affect exercise-induced fat oxidation 37 

are not consistent. Kerhervé et al [12] observed that body composition differences be- 38 

tween women did not affect exercise-induced fat oxidation but noted substantial inter- 39 

individual differences in normal weight, overweight and obese women. In addition, fat 40 

mass localization may affect exercise-induced fat oxidation [13]. However, studies on the 41 

effect of supplementation-induced fat oxidation have not addressed the potential effect of 42 

regional fat distribution. Women with similar body mass and body mass index may still 43 
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vary substantially in the localisation of body fat. In general, enhanced fat oxidation by 44 

supplementation is considered beneficial with implications for individuals with weight 45 

management issues. For example, Moro orange extracts seems to have lipolytic effects and 46 

reduces abdominal fat [14]. Although a substantial reduction of energy intake is most ef- 47 

fective for weight loss (e.g. [15]), dietary choices may be helpful for weight management. 48 

In addition, for the general population, there is an interest to affect the exercise-induced 49 

metabolic responses to get enhanced health benefits. Many supplements can stimulate li- 50 

polysis [16]. Enhanced fat oxidation by supplement use can be partly due to enhanced 51 

lipolysis with the overall metabolic effect decided by the summed effects of regional lipol- 52 

ysis. In Şahin et al [17], effects of New Zealand blackcurrant extract on whole-body fat 53 

oxidation by moderate-intensity walking was affected by body composition in recreation- 54 

ally active males. In males, higher body mass index and body fat% was providing higher 55 

levels of enhanced whole-body exercise-induced fat oxidation [17]. Whether such obser- 56 

vations can be transferred to women is not known. In addition, in Şahin et al [17], the 57 

relationship for regional body fat% with enhanced fat oxidation was not examined. There- 58 

fore, the main aim of the present is to examine the effects of intake of New Zealand black- 59 

currant extract on physiological and metabolic responses by moderate-intensity treadmill 60 

walking in recreationally active women. In addition, we will primarily examine whether 61 

there is a relationship between the blackcurrant-induced changes in whole-body fat oxi- 62 

dation and body fat% in upper limb, lower limbs, and trunk.  63 

2. Materials and Methods 64 

2.1. Participants 65 

The female participants (n=12, age: 21±2 yr; height: 166±7 cm; body mass: 65±11 kg; 66 

BMI: 23.7±3.1 kg·m-2) recruited for the study were healthy recreationally active Caucasian 67 

University students and staff. All females had a regular menstrual period, were non- 68 

smokers, and were not taking other dietary supplements. Participants provided written 69 

informed consent and health status was confirmed by a health history questionnaire. The 70 

physical activity level of the female participant’s physical activity level was quantified 71 

with the short version of the International Physical Activity Questionnaire (2749±2106 72 

MET· week-1) [18]. The present study accepted the following methods of contraception: 73 

combined pill, diaphragm or intrauterine device. Approval for the study was obtained 74 

from the University of Chichester Research Ethics Committee (ethical approval code: 75 

1819_1600944). 76 

 77 

2.2. Experimental design 78 

The study had a randomized, placebo-controlled, cross-over design. Female partici- 79 

pants visited the laboratory for one preliminary and two experimental sessions. For each 80 

session, participants abstained from unaccustomed and intense exercise for 48 h, had no 81 

alcohol and caffeine intake for 24 h, and were at least 2-hour postprandial after consuming 82 

a breakfast of one slice of bread and a glass of water [10]. Sessions were in the morning 83 

with a month between the two experimental sessions to ensure that the females were 84 

tested in the same phase of the participant’s menstrual cycle [19]. The participants were 85 

supplemented with placebo or NZBC extract (see below for details) for seven days before 86 

each experimental session [10, 20]. Participants completed a food frequency questionnaire 87 

with anthocyanin-containing foods and drinks listed in the Phenol-Explorer database [21], 88 

to estimate daily habitual anthocyanin intake (32±26 mg·day-1; range: 5 to 88 mg·day-1). 89 

 90 

2.3. Preliminary session 91 

In the preliminary session, height (Seca 213, Seca, Birmingham, United Kingdom), 92 

and body mass (Kern ITB, Kern, Germany) were measured as well as body composition 93 

(Tanita BC418, segmental body composition analyzer, Tanita, Illinois, USA). Subse- 94 

quently, participants were fitted with a heart rate monitor (Polar F1, Polar Electro (UK) 95 

Ltd, Warwick, United Kingdom). Participants then rested for 30 minutes in a chair, 96 
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followed by 2x10 minutes expired air collection using Douglas bags (Cranlea & Co. 97 

Bourneville, Birmingham, UK) to determine the oxygen consumption at rest. The lowest 98 

value for oxygen consumption at rest was taken as the one metabolic equivalent (1-MET) 99 

(1-MET: 3.31±0.66 ml·kg-1·min-1). Heart rate at rest was 69±9 beats·min-1. Blood pressure at 100 

rest was taken twice (OMRON 705 IT, Medisave, Weymouth, UK) and averaged (systolic 101 

blood pressure: 120±8 mmHg, diastolic blood pressure: 70±7 mmHg). Subsequently, par- 102 

ticipants completed an incremental-intensity walking protocol on a treadmill (Woodway 103 

Ergo ELG 70, Cranlea & Co. Bourneville, Birmingham, UK). Treadmill incline was 1%. 104 

Participants completed 5x8-minute stages starting at 2 km∙h-1 progressing by 1 km∙h-1 until 105 

a speed of 6 km∙h-1 was reached [22]. In the last 3-min of each 8-min stage, expired air was 106 

collected using Douglas bags. Expired air was analyzed for fractions of oxygen and carbon 107 

dioxide by a 3-point calibrated gas analyser (Series 1400, Servomex, Crowborough, East 108 

Sussex, UK), and volume was measured (Harvard Apparatus Ltd., Edenbridge, UK). Ex- 109 

pired gas volumes were corrected to standard temperature and pressure and dry gas con- 110 

ditions and calculated using Haldane transformation with consideration of inspired frac- 111 

tions of oxygen and carbon dioxide that were measured each time halfway during each 3- 112 

min expired air collection. The incremental-intensity walking protocol with measurement 113 

of oxygen consumption was performed to establish for each participant the linear rela- 114 

tionship between walking speed and the metabolic equivalent (r2=0.9626±0.0259). The lin- 115 

ear relationship between walking speed and metabolic equivalent allowed for each par- 116 

ticipant to establish the walking speed at 5-METs (i.e. moderate-intensity exercise, walk- 117 

ing speed: 5.53±0.39 km∙h-1). 118 

 119 

2.4. Supplementation for the experimental sessions 120 

For the experimental sessions, two capsules of NZBC extract (one capsule contain- 121 

ing 300 mg active cassis, of which 105 mg were anthocyanins, i.e., 35–50% delphinidin-3- 122 

O-rutinoside, 5–20% delphinidin-3-O-glucoside, 30–45% cyanidin-3-O-rutinoside, 3–10 % 123 

cyanidin-3-O-glucoside) (CurraNZ, Health Currancy Ltd., Surrey, United Kingdom) or 124 

placebo pills (2×300 mg microcrystalline cellulose M102) were taken for 7 days. The final 125 

two capsules were taken 2 hours before visiting the laboratory for the experimental ses- 126 

sions. Participants were allowed a breakfast consisting of one slice of bread and a glass of 127 

water 3 hours before visiting for the experimental sessions.  128 

 129 

2.5. Experimental sessions 130 

For the experimental sessions, participants completed a 30 min moderate-intensity 131 

treadmill walk (4.7±0.4 METs) at the speed established in the preliminary session with 132 

recording of heart rate (Polar F1, Polar Electro (UK) Ltd, Warwick, United Kingdom) and 133 

expired air collection from 7-10, 17-20 and 27-30 min. Rates of whole body fat and carbo- 134 

hydrate oxidation were calculated with equations below from Jeukendrup and Wallis [23] 135 

and the assumption of negligible protein oxidation:  136 

 137 
Fat oxidation (g × min−1) = 1.695 × V̇O2 − 1.701 × V̇CO2 138 

 139 
Carbohydrate oxidation (g × min−1) = 4.210 × V̇CO2 − 2.962 ×  V̇O2 140 

 141 

 142 

The respiratory exchange ratio was calculated by dividing the volume of carbon dioxide 143 

produced by the volume of oxygen consumed.   144 

 145 

2.6. Statistical analysis  146 

Statistical analyses were completed using Graphpad Prism 5 for Windows. Physio- 147 

logical and metabolic responses by the moderate-intensity walk were measured from 7- 148 

10, 17-20 and 27-30 min during the walk and averaged. All parameters were tested for 149 

normality with the D’Agostino and Pearson omnibus test. Two-tailed paired sample t- 150 
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tests were used to compare all the parameters between the placebo and NZBC extract 151 

conditions. Values are reported as mean±SD and 95% confidence intervals. Statistical sig- 152 

nificance was accepted at P < 0.05. P-values of 0.05 ≥ P ≤ 0.1 were interpreted according to 153 

guidelines by Curran-Everett and Benos [24]. Cohen’s d effect sizes were calculated and 154 

considered trivial (d < 0.2), small (d = 0.2-0.49), moderate (d = 0.5-0.79) and large (d ≥ 0.8). 155 

Pearson correlation coefficients were calculated and tested for significance for the rela- 156 

tionships between habitual anthocyanin intake (not considering the NZBC extract intake), 157 

fat oxidation at rest, body mass, body mass index, fat % of the legs, arms and trunk and 158 

changes of walking-induced fat oxidation with intake of NZBC extract in comparison to 159 

walking-induced fat oxidation in the placebo condition. The ∆ FAO is the fat oxidation 160 

with intake of New Zealand blackcurrant extract minus the fat oxidation with intake of 161 

placebo. The required sample size was not calculated and the number of 12 participants 162 

was lower than previous studies with observations of an effect of NZBC extract on exer- 163 

cise-induced fat oxidation [males, n=14 [10], males, n=15 [17, 25]), females, n=16 [26]).  164 

3. Results 165 

3.1. Walking-induced physiological responses 166 

During the moderate-intensity treadmill walk, the NZBC extract had no effect on 167 

heart rate (PL: 121±17 beats·min-1, 95% CI [110, 132 beats·min-1]; NZBC extract: 120±14 168 

beats·min-1, 95% CI [111, 129 beats·min-1]; P=0.58, d= -0.06), minute ventilation (PL: 25.8±7.4 169 

L·min-1, 95% CI [21.1, 30.5 L·min-1]; NZBC extract: 24.4±6.3 L·min-1, 95% CI [20.5, 28.4 170 

L·min-1], P=0.14, d= -0.20), oxygen uptake (PL: 16.1±2.1 mL·kg-1·min-1, 95% CI [14.8, 17.5 171 

mL·kg-1·min-1; NZBC extract: 15.8±1.8 mL·kg-1·min-1, 95% CI [14.6, 16.9 mL·kg-1·min-1], 172 

P=0.45, d= -0.18) and carbon dioxide production (PL: 13.8±2.1 mL·kg-1·min-1, 95% CI [12.5, 173 

15.1 mL·kg-1·min-1]; NZBC extract: 13.1±1.4 mL·kg-1·min-1, 95% CI [12.2, 14.0 mL·kg-1·min- 174 
1], P=0.17, d= -0.40). The absence of an effect on the physiological responses by NZBC ex- 175 

tract indicate no change in the regulatory mechanism for exercise-induced heart rate and 176 

respiratory demands.  177 

3.2. Walking-induced metabolic responses 178 

New Zealand blackcurrant extract provided 3.0% lower values for RER (PL: 95% CI 179 

[0.83, 0.89], NZBC extract: 95% CI [0.82, 0.85], P=0.009, d= -0.69) (Figure 1A), 10.8% lower 180 

values for carbohydrate oxidation (PL: 95% CI [0.51, 0.91 g·min-1], NZBC: 95% CI [0.45, 181 

0.69 g·min-1, P=0.03, d= -0.56) (Figure 1B) and 25.0% higher values for fat oxidation (PL: 182 

95% CI [0.19, 0.30 g·min-1], NZBC extract: 95% CI [0.24, 0.34 g·min-1], P=0.005, d=0.59) (Fig- 183 

ure 1C). The 10 participants (~83%) with increased walking-induced fat oxidation re- 184 

sponded by an average of 32% (SD: 17%, range: 10-66%) with 9 participants higher than 185 

14%. The changes in metabolic responses by moderate-intensity walking with intake of 186 

NZBC extract indicate a change in the regulation of exercise-induced carbohydrate and 187 

fat metabolism. 188 
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Figure 1. A) Respiratory exchange ratio, B) carbohydrate oxidation and C) fat oxidation during 30- 190 
min of moderate-intensity treadmill walking. Data are mean±SD from 12 female participants. 191 
NZBC, New Zealand blackcurrant; RER, respiratory exchange ratio; CHO, carbohydrate; FAO, fat 192 
oxidation; *, indicates a difference with the placebo condition (P < 0.05). 193 
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3.3. Habitual anthcoyanin intake, fat oxidation at rest and walking-induced fat oxidation 194 

There was no significant correlation between habitual dietary anthocyanin intake 195 

and the absolute change in walking-induced whole-body fat oxidation (r2=0.04, P=0.56) 196 

(Figure 2A). The habitual dietary intake of anthocyanins did not include the anthocya- 197 

nins consumed by intake of the NZBC extract. The absence of a relationship between 198 

habitual dietary intake and the absolute change in exercise-induced fat oxidation sug- 199 

gest that the enhanced metabolic response by intake of NZBC extract was not due to a 200 

low habitual anthocyanin intake. There was a trend for a significant correlation between 201 

fat oxidation at rest and the absolute change in walking-induced fat oxidation (r2=0.26, 202 

P=0.09) (Figure 2B). This suggest an enhanced response for exercise-induced fat oxida- 203 

tion with intake of NZBC extract for females with higher whole-body fat oxidation at 204 

rest. 205 
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Figure 2. Relationship between habitual anthocyanin intake (A) and fat oxidation at rest (B) and 208 
the changes in fat oxidation (∆ FAO) by 30-min of moderate-intensity treadmill walking with in- 209 
take of New Zealand blackcurrant (NZBC) extract. The ∆ FAO is the fat oxidation with intake of 210 
New Zealand blackcurrant extract minus the fat oxidation with intake of placebo. The habitual 211 
anthocyanin intake did not include the anthocyanin intake by New Zealand blackcurrant extract. 212 

3.4. Body mass, body composition and walking-induced fat oxidation 213 

There was no significant correlation between body mass and the absolute change in 214 

walking-induced fat oxidation (r2=0.23, P=0.11) (Figure 3A). However, there was a signif- 215 

icant correlation between body mass index (r2=0.53, P=0.008) (Figure 3B), body fat% of the 216 

legs (r2=0.57, P=0.005) (Figure 3C), body fat% of the arms (r2=0.46, P=0.016) (Figure 3D) and 217 

body fat% of the trunk (r2=0.44, P=0.019) (Figure 3E) and the absolute change in whole- 218 

body fat oxidation.  219 

 220 

 221 

 222 
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Figure 3. Relationship between body mass (A), body mass index (B), %fat of the legs (C), %fat of 224 
the arms (D) and %fat of the trunk (E) and the changes in fat oxidation (∆ FAO) by 30-min of mod- 225 
erate-intensity treadmill walking with intake of New Zealand blackcurrant (NZBC) extract. The ∆ 226 
FAO is the fat oxidation with intake of New Zealand blackcurrant extract minus the fat oxidation 227 
with intake of placebo. 228 

The observations on body composition parameters suggest an enhanced response for 229 

exercise-induced fat oxidation with intake of NZBC extract for females with higher body 230 

fat in the legs, arms and trunk. The significant correlations for the relationship between 231 

body mass index, body fat % in the legs, arms and trunk and changes in walking-induced 232 

fat oxidation may suggest differences in adipocyte sensitivity in response to intake of 233 

NZBC extract in females with higher body fat%. 234 

4. Discussion 235 

The present study presents novel findings on the effect of intake of anthocyanin-rich 236 

New Zealand blackcurrant extract on the physiological and metabolic responses during 237 

moderate-intensity walking in recreationally active females. Recently, Elliott-Sale et al 238 

[27] emphasized the need for inclusion of women as participants in exercise science 239 

studies. Our findings contribute to the limited information that is available on the 240 
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ergogenic effects during exercise by intake of a berry supplement in studies with only 241 

female participants. Previous studies have reported on the enhanced exercise-induced 242 

fat oxidation by intake of New Zealand blackcurrant extract (7 days, 210 mg anthocya- 243 

nins per day) in recreationally active males during moderate-intensity walking [20] and 244 

endurance-trained females during 2 h of cycling at 65%�̇�O2max [26]. In the study by 245 

Strauss et al [26], no information was provided on body composition parameters of the 246 

female participants. In Şahin et al. [17] (14 days intake, 210 mg anthocyanins per day), 247 

enhanced walking-induced fat oxidation was higher with overall body fat % in males. In 248 

the present study, we examined whether the enhanced fat oxidation in females was re- 249 

lated to body mass, body mass index, body fat % in legs, arms and trunk, habitual an- 250 

thocyanin intake, and baseline fat oxidation in rest. The main findings of the present 251 

were 1) substantial enhanced walking-induced fat oxidation with intake of New Zealand 252 

blackcurrant extract in recreationally active females, and 2) the enhanced walking in- 253 

duced fat oxidation with intake of New Zealand blackcurrant in recreationally active 254 

females was significantly correlated with body mass index and body fat % in legs, arms 255 

and trunk. The present study used a dosing strategy of 7-days intake with exercise mo- 256 

dality and intensity similar to Şahin et al [20]. Şahin et al [20] reported enhanced walk- 257 

ing-induced fat oxidation of with intake of New Zealand blackcurrant extract of 11% in 258 

adult males (age: 26±6 years, body fat%: 15±5%), whereas the present study reports for 259 

adult females (body fat%: 31±6%) an increase by 25%. Interestingly, endurance trained 260 

males in Cook et al [25] and endurance-trained females in Strauss et al [26] had similar 261 

dosing strategies (7-days intake with 210 mg of anthocyanins per day) and provided en- 262 

hanced 2 hr cycling-induced fat oxidation by 21.5% (males) and 27% (females), respec- 263 

tively. Therefore, it seems that females are more responsive to New Zealand blackcur- 264 

rant extract to enhance exercise-induced fat oxidation, and it is also independent of 265 

training status. The complexity and the numerous steps involved to alter exercise-in- 266 

duced fat oxidation and the absence of any biochemical, molecular and structural mark- 267 

ers in the present study limits the interpretation of the substantial effects on walking- 268 

induced fat oxidation by intake of New Zealand blackcurrant extract by females. How- 269 

ever, it is possible that body composition differences between males and females con- 270 

tributes to the observed effects in the study by Şahin et al [20] and the present study. 271 

Future studies should examine the effects of intake of New Zealand blackcurrant extract 272 

on exercise-induced fat oxidation in men and women with similar % body fat, albeit it is 273 

recognized that the recruitment for such studies will be challenging. Observations that 274 

body composition may affect exercise-induced fat oxidation are not consistent. Kerhervé 275 

et al [12] observed that body composition differences between women did not affect ex- 276 

ercise-induced fat oxidation but noted substantial inter-individual differences in normal 277 

weight, overweight and obese women. In the present study, the correlation (and signifi- 278 

cance) was higher for the relationship between body fat % of the legs and the changes in 279 

walking-induced fat oxidation. We speculate that there may be heterogenous adipocyte 280 

sensitivity, and linked with body fat location, for the effect of anthocyanin-induced me- 281 

tabolites. If that would be the case, adipocytes in the legs may contribute more to the 282 

enhanced exercise-induced fat oxidation than adipocytes in the arms and trunk. This 283 

may have consequences for the changes in body composition by long duration intake of 284 

anthocyanin-rich blackcurrant supplementation during an exercise intervention. Inter- 285 

estingly, Isacco et al [13] observed in normal weight pre-menopausal women that exer- 286 

cise-induced fat oxidation was higher in women with a low abdominal to lower body fat 287 

mass ratio. In the present study, we were not able to quantify abdominal fat mass. Fu- 288 

ture studies should address the effect of long duration intake of anthocyanin-rich black- 289 

currant supplementation on body composition. 290 

Robinson et al [28] reported in recreationally active Caucasian males (n=57, BMI: 291 

24.2±2.6 kg·m2) that resting fat oxidation correlated (R=0.55) with exercise-induced maxi- 292 

mal fat oxidation. In addition, in the same study, �̇�O2max correlated (R=0.44) with resting 293 
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fat oxidation [28]. In the present study, we showed a trend for the correlation between 294 

resting fat oxidation and the change in walking-induced fat oxidation with intake of 295 

New Zealand blackcurrant extract, potentially due that our study only had 12 female 296 

participants. Nevertheless, future work may want to address whether in recreationally 297 

active males and females the �̇�O2max, and thus baseline cardiovascular fitness, may be 298 

predictive of the response to enhanced walking-induced fat oxidation with intake of 299 

New Zealand blackcurrant extract.  300 

The present study used a convenience sample of recreationally active female partici- 301 

pants as the primary aim was to examine the effect of intake of New Zealand blackcur- 302 

rant extract on walking-induced fat oxidation. In a previous study from our group, 303 

Matcha green tea drinks in females enhanced walking-induced fat oxidation by 18% [29]. 304 

It is possible that the mechanisms for enhanced exercise-induced fat oxidation by differ- 305 

ent supplementations, i.e. Matcha green tea and New Zealand blackcurrant extract, are 306 

not similar. The Matcha green tea study by Willems et al [29] also had recreationally ac- 307 

tive females as participants and a follow-up study, with the measurement in another 308 

laboratory confirmed even higher enhanced fat oxidation of 35% by three weeks Matcha 309 

intake [9]. Future studies should examine the combined intake of supplementations of 310 

which single use has been shown to enhance exercise-induced fat oxidation. Such infor- 311 

mation may be useful to inform nutritional strategies for individuals with weight man- 312 

agement issues. In addition, the effect of supplementation of fat oxidation during rest as 313 

well as longer intake duration in females is also important and future work is recom- 314 

mended. 315 

A limitation of the present study was that participants did not record a 48 h food diary 316 

for the two visits with taking placebo or New Zealand blackcurrant extract. However, 317 

although previous studies [20, 26] had dietary intake recorded, it is unclear how the nu- 318 

tritional components may have interacted with the intake of blackcurrant anthocyanins 319 

and affecting potentially the bioavailability of anthocyanin-derived metabolites. It is the 320 

anthocyanin-derived metabolites that are potential linked with adaptative cellular mech- 321 

anisms. It is concluded that in recreationally active adult females, 7-day intake of NZBC 322 

extract substantially enhanced fat oxidation by 30-min of moderate intensity walking 323 

exercise. The enhanced walking-induced fat oxidation by intake of NZBC extract in rec- 324 

reationally active females was body composition-dependent. 325 
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