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Abstract: Background:  The principal polyphenols from coffee berry (chlorogenic acids) and
apple (flavanols) have recently been shown to improve mood and increase cerebral
blood flow in healthy humans. These effects may underpin the cognitive effects of
polyphenols seen previously.
Objective:  The aim of the present paper was to extend previous research by
investigating the effects of coffee berry at high and low doses when combined with
apple extract on cognitive performance and mood.
Design:  This randomised, double-blind, placebo controlled, crossover trial included 46
healthy males and females between 18-49 years of age (mean age 23 years) to
consume: 1100 mg coffee berry extract, 1100 mg coffee berry extract plus 275 mg
apple extract, 100 mg coffee berry extract plus 275 mg apple extract or placebo on 4
separate occasions, completing cognitive and mood assessments pre-dose and then
again at 1-, 3- and 6 hrs post-dose.
Results:  Analysis revealed a consistent pattern of alerting effects following 1100 mg
coffee berry extract, with participants reporting increased alertness and vigour and
decreased fatigue following this treatment. Limited effects on cognitive function were
observed. Specifically, faster peg and ball performance (executive function) was
observed following 1100 mg coffee berry plus apple extract and accuracy on the Rapid
Visual Information Processing (RVIP) task increased on the third of four repetitions
following 1100 mg coffee berry alone. Interestingly, more false alarms on RVIP were
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observed following the same intervention.
Conclusions:  In line with previous findings, 1100 mg coffee berry engendered
increased arousal. The absence of effects on mood when an apple extract was added,
and the potential for the low dose of caffeine within the coffee berry to act
synergistically with polyphenols, raise interesting future avenues of research.
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Supplementary File S1: Full exclusion criteria list 
 
• Below 18 or above 49 years of age 

• Are a smoker 

• Have food allergies or sensitivities to any of the ingredients contained in the investigational 

product or any other foodstuff  

• Currently take medication except the contraceptive pill  

• Have habitually used dietary supplements within the last month (defined as more than 3 

consecutive days or 4 days in total) 

• Have sleep disturbances and/or are taking sleep aid medication 

• Have a Body Mass Index (BMI) outside of the range 18-35 kg/m2 

• Have high blood pressure (systolic over 139 mm Hg or diastolic over 89 mm Hg) 

• Have a history of neurological, vascular or psychiatric illness including epilepsy or seizures 

(excluding depressive illness and anxiety) 

• Have a current diagnosis of anxiety or depression 

•           Are pregnant, trying to get pregnant or breast feeding 

• Have a recent history of (within 12 months of screening visit) or strong potential for alcohol 

or substance abuse. Alcohol abuse is defined as more than 60g (men) / 40g (women) pure 

alcohol per day (7 / 5.5 units)  

• Have learning difficulties, dyslexia or colour blindness 

• Have visual impairment that cannot be corrected with glasses or contact lenses 

• Have frequent migraines that require medication (more than or equal to 1 per month) 

• Have disorders of the blood 

• Have a heart disorder or a history of vascular illness 

• Have a respiratory disorder that requires regular medication (Note: participants with asthma 

who only take their medication occasionally/as required are eligible for this study) 

• Have type I or type II diabetes 

• Have a history of renal or hepatic disease, or other severe diseases of the gastrointestinal tract 

(e.g. iron accumulation, iron utilization disorders, hypercalcaemia, hypercalciuria), that are 

likely to interfere with metabolism/absorption/secretion of the product under investigation 

• Have any health condition that would prevent fulfilment of the study requirements 

• Are currently or have in the past 4 weeks participated in other clinical or nutrition intervention 

studies 

• Do not have a bank account (required for payment) 



Table S2. Mental fatigue VAS (Cognitive Demand Battery). Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 
minutes post-dose values are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a 
covariate. CB, 1100 mg coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment; rep, 
repetition. 

    Assessment Post Dose      

 Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F p  

Repetition 1 Placebo 46 43.15 2.44 46.10 52.90 53.53 2.58 56.35 1.73 1.56 .199 treat 
 CB  46.54 2.85 43.12 48.01 52.23 2.57 53.82 1.73 1.43 .202 treat x time 
 CBA-L  51.07 2.87 48.55 49.27 53.70 2.57 56.33 1.74 0.81 .611 treat x rep 
  CBA-H  43.76 2.51 45.84 51.60 57.20 2.60 56.09 1.74 0.83 .663 treat x time x rep 

Repetition 2 Placebo  48.26 2.88 55.60 54.41 56.15 2.57      
 CB  47.50 2.75 48.94 53.53 58.63 2.57      
 CBA-L  57.26 2.98 51.74 55.89 60.15 2.57      
  CBA-H  50.20 2.75 48.90 56.35 62.37 2.59      

Repetition 3 Placebo  52.63 2.99 56.74 60.42 62.05 2.57      
 CB  51.93 3.03 51.02 55.93 60.67 2.57      
 CBA-L  59.70 2.99 53.07 59.00 62.42 2.57      
  CBA-H  53.73 2.89 50.54 57.29 64.44 2.59       

Repetition 4 Placebo  56.91 2.89 57.92 59.72 60.64 2.57      
 CB  54.72 2.87 52.84 55.97 64.99 2.57      
 CBA-L  61.00 3.00 55.42 62.21 64.60 2.58      
  CBA-H  57.20 2.99 52.46 59.95 66.17 2.59       

 
  



Table S3. Alertness VAS (Cognitive Demand Battery). Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 
minutes post-dose values are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a 
covariate. CB, 1100 mg coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment; rep, 
repetition. 

    Assessment Post Dose      

 Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F p  

Repetition 1 Placebo 46 48.93 2.61 48.58 47.75 43.32 2.66 40.72 1.89 4.37 .005 treat 
 CB  47.76 2.77 52.73 50.08 48.86 2.66 45.53 1.89 0.68 .668 treat x time 
 CBA-L  45.74 2.37 49.07 49.89 45.48 2.66 42.61 1.89 0.37 .949 treat x rep 
  CBA-H  46.82 2.69 52.05 45.80 43.10 2.68 42.10 1.89 0.64 .873 treat x time x rep 

Repetition 2 Placebo  44.33 2.73 42.09 41.07 38.20 2.66      
 CB  45.54 2.98 50.00 47.13 39.45 2.66      
 CBA-L  42.57 2.67 46.55 43.59 38.01 2.66      
  CBA-H  43.13 2.90 48.81 41.50 38.06 2.68      

Repetition 3 Placebo  41.83 2.95 40.08 37.80 34.84 2.66      
 CB  41.93 2.99 49.91 42.45 39.19 2.66      
 CBA-L  42.07 2.97 45.56 39.40 35.25 2.66      
  CBA-H  39.91 3.13 45.16 39.97 34.08 2.68        

Repetition 4 Placebo  39.2 2.76 39.68 37.87 37.33 2.66      
 CB  44.17 3.04 46.73 43.32 36.56 2.66      
 CBA-L  39.37 3.03 43.47 39.67 35.32 2.66      
  CBA-H  39.44 3.28 43.17 39.39 34.10 2.68        

 
  



Table S4. Serial 3 subtractions. Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 minutes post-dose values 
are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a covariate. CB, 1100 mg 
coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment; rep, repetition. 

      Assessment Post Dose      

  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F p  

  
Total (number) 

Repetition 1 Placebo 46 53.24 3.20 55.67 56.98 56.74 1.87 55.81 1.62 1.25 .293 treat 

 CB  53.18 2.89 57.20 57.59 55.25 1.88 56.13 1.62 1.24 .285 treat x time 
 CBA-L  52.80 2.93 55.51 55.97 54.62 1.87 55.10 1.62 1.21 .286 treat x rep 

  CBA-H  53.51 2.85 56.68 58.08 56.19 1.88 55.99 1.62 0.54 .939 treat x time x rep 

Repetition 2 Placebo  53.22 3.29 54.96 56.96 55.62 1.87      

 CB  51.72 2.90 57.26 57.73 55.26 1.87      
 CBA-L  53.70 2.87 55.36 54.97 54.64 1.87      

  CBA-H  53.56 3.01 54.51 57.55 55.64 1.88      

Repetition 3 Placebo  53.20 3.22 53.55 56.50 55.95 1.88      

 CB  52.54 3.09 56.78 55.11 53.61 1.87      

 CBA-L  52.13 3.21 55.03 55.07 54.27 1.87      
  CBA-H  53.27 2.76 56.87 56.76 55.17 1.89      

Repetition 4 Placebo  52.50 3.16 55.21 56.11 55.45 1.87      

 CB  53.09 3.21 57.02 55.43 55.30 1.87      

 CBA-L  51.73 3.32 55.02 55.68 55.00 1.88      

  CBA-H  53.62 3.04 55.25 55.83 53.36 1.88      

  
Errors (number) 
  

Repetition 1 Placebo 46 1.83 0.27 2.15 1.91 1.73 0.33 2.03 0.17 0.98 .401 treat 

 CB  1.98 0.30 2.47 2.40 2.01 0.33 2.04 0.17 0.38 .895 treat x time 

 CBA-L  2.13 0.27 2.68 2.24 1.35 0.33 2.18 0.17 0.91 .513 treat x rep 

  CBA-H  1.42 0.25 2.50 2.46 2.17 0.33 2.21 0.17 0.93 .543 treat x time x rep 

Repetition 2 Placebo  2.09 0.32 2.33 1.96 2.09 0.33      
 CB  2.02 0.29 1.72 2.01 1.92 0.33      

 CBA-L  2.39 0.29 1.88 2.23 2.08 0.33      

  CBA-H  2.16 0.35 2.47 2.13 1.53 0.33      

Repetition 3 Placebo  2.24 0.31 1.67 1.97 2.37 0.33      

 CB  1.78 0.23 1.54 2.00 1.67 0.33      
 CBA-L  2.20 0.34 2.33 2.06 2.22 0.33      

  CBA-H  2.55 0.43 1.92 2.06 2.24 0.33         

Repetition 4 Placebo  2.30 0.36 2.19 2.17 1.86 0.33      

 CB  2.57 0.40 2.42 2.14 2.22 0.33      
 CBA-L  2.31 0.32 2.41 2.49 2.25 0.33      

  CBA-H  2.89 0.38 2.55 1.88 2.59 0.33         

 



Table S5. Serial 7 subtractions. Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 minutes post-dose values 
are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a covariate. CB, 1100 mg 
coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment; rep, repetition. 

      Assessment Post Dose      

  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F p  

  
Total (number) 

Repetition 1 Placebo 46 33.54 2.68 34.88 37.12 35.18 1.48 35.58 1.31 1.45 .230 treat 

 CB  31.48 2.14 37.31 37.07 36.85 1.48 36.36 1.31 1.45 .194 treat x time 
 CBA-L  32.50 2.42 35.74 35.96 35.57 1.48 35.79 1.31 1.34 .211 treat x rep 

  CBA-H  32.56 2.40 36.74 37.76 36.48 1.50 36.04 1.31 0.80 .699 treat x time x rep 

Repetition 2 Placebo  34.28 2.77 34.90 35.57 34.88 1.48      

 CB  32.72 2.14 35.64 36.14 36.16 1.48      
 CBA-L  32.96 2.30 34.92 36.18 34.70 1.48      

  CBA-H  33.53 2.62 35.10 36.88 36.43 1.49      

Repetition 3 Placebo  33.67 2.88 33.50 36.49 35.97 1.49      

 CB  32.93 2.37 36.10 35.62 35.08 1.49      

 CBA-L  33.37 2.34 36.19 35.83 35.68 1.48      
  CBA-H  33.57 2.57 34.98 35.73 35.78 1.49      

Repetition 4 Placebo  34.50 2.77 34.90 36.38 37.14 1.48      

 CB  32.93 2.19 37.19 36.84 36.38 1.48      

 CBA-L  34.61 2.46 36.79 35.74 36.16 1.48      

  CBA-H  34.56 2.73 34.15 35.73 36.75 1.49      

  
Errors (number) 
  

Repetition 1 Placebo 46 2.24 0.38 2.57 2.15 2.46 0.33 2.32 0.20 0.51 .676 treat 

 CB  1.98 0.41 1.92 2.31 2.27 0.33 2.25 0.20 0.52 .793 treat x time 

 CBA-L  2.07 0.30 3.00 2.24 2.26 0.33 2.24 0.20 0.95 .483 treat x rep 

  CBA-H  1.47 0.22 2.31 2.30 2.19 0.35 2.37 0.20 0.97 .497 treat x time x rep 

Repetition 2 Placebo  1.93 0.40 2.35 2.33 1.96 0.33      
 CB  2.26 0.36 2.24 1.91 1.96 0.33      

 CBA-L  2.35 0.38 2.46 2.02 1.80 0.33      

  CBA-H  1.93 0.24 2.13 2.73 1.74 0.34      

Repetition 3 Placebo  2.69 0.43 2.62 2.46 2.31 0.34      

 CB  2.62 0.34 2.50 1.88 2.46 0.34      
 CBA-L  2.02 0.27 2.23 2.31 2.22 0.33      

  CBA-H  2.48 0.39 2.50 2.68 2.27 0.34         

Repetition 4 Placebo  2.41 0.42 2.22 2.24 2.22 0.33      

 CB  2.33 0.30 2.59 2.72 2.30 0.33      
 CBA-L  3.07 0.39 1.92 2.10 2.31 0.33      

  CBA-H  2.40 0.28 2.96 2.34 2.27 0.34         

  



Table S6. Rapid Visual Information Processing (RVIP). Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 
minutes post-dose values are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a 
covariate. CB, 1100 mg coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment; rep, 
repetition. 

      Assessment Post Dose      

  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F p  

  
% correct 

Repetition 1 Placebo 43 56.07 3.52 55.68 53.28 52.62 2.85 50.68 2.51 2.13 .096 treat 
 CB  57.38 3.71 53.65 54.29 55.68 2.84 52.74 2.51 1.12 .350 treat x time 

 CBA-L  54.76 4.16 56.21 56.33 54.01 2.85 52.27 2.51 2.14 .024 treat x rep 

  CBA-H  60.24 3.59 55.38 52.80 53.10 2.85 52.06 2.51 1.12 .323 treat x time x rep 

Repetition 2 Placebo  53.04 3.71 53.23 52.41 50.56 2.85      

 CB  55.93 3.97 54.93 52.95 49.70 2.84      
 CBA-L  53.04 4.07 54.73 51.34 49.74 2.85      

  CBA-H  55.30 3.79 53.99 51.70 51.70 2.85      

Repetition 3 Placebo  53.57 3.86 47.01 48.33 47.79 2.85      

 CB  54.01 3.84 53.55 53.38 51.29 2.84      

 CBA-L  53.21 3.92 50.99 52.66 47.68 2.85      
  CBA-H  54.58 3.98 53.40 47.91 49.81 2.85      

Repetition 4 Placebo  51.67 3.83 50.41 48.63 48.26 2.85      

 CB  54.07 3.83 51.85 53.25 48.42 2.84      

 CBA-L  51.19 4.19 52.22 51.62 49.72 2.85      
  CBA-H  52.62 3.81 55.13 50.01 49.77 2.85      

  
msecs 
  

Repetition 1 Placebo 43 469.83 9.30 465.33 452.23 454.70 8.81 466.72 7.08 1.99 .114 treat 

 CB  469.70 9.80 460.65 451.92 449.32 8.77 460.98 7.07 0.74 .614 treat x time 

 CBA-L  460.19 7.69 456.36 459.55 454.99 8.81 461.41 7.08 0.70 .708 treat x rep 

  CBA-H  461.35 7.21 454.08 451.74 448.96 8.81 464.27 7.08 0.93 .538 treat x time x rep 

Repetition 2 Placebo  472.53 9.14 469.12 465.06 470.14 8.81      
 CB  471.20 9.37 462.83 460.01 463.85 8.77      

 CBA-L  471.62 10.28 467.16 461.89 460.17 8.81      

  CBA-H  470.75 8.70 473.06 468.50 465.33 8.81      

Repetition 3 Placebo  481.39 9.02 476.20 466.35 472.30 8.81      
 CB  467.91 9.17 464.72 461.21 465.33 8.77      

 CBA-L  469.68 9.66 468.84 461.35 455.58 8.81      

  CBA-H  477.02 8.95 472.32 468.12 467.57 8.81       

Repetition 4 Placebo  479.20 9.41 477.34 469.48 462.38 8.81      

 CB  466.91 7.67 455.82 461.18 474.97 8.77      
 CBA-L  461.25 7.68 456.24 461.20 473.60 8.81      

  CBA-H  474.92 7.96 461.62 474.24 465.67 8.81       



 
 

      Assessment Post Dose      

  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F p  

  
False alarms 

Repetition 1 Placebo 43 1.95 0.65 1.53 1.07 1.50 0.45 1.43 0.34 3.59 .014 treat 

 CB  1.63 0.28 2.24 1.47 2.12 0.45 2.07 0.34 0.73 .624 treat x time 
 CBA-L  1.81 0.74 1.64 1.59 1.83 0.45 1.80 0.34 0.59 .807 treat x rep 

  CBA-H  1.19 0.15 1.48 1.46 1.84 0.45 1.57 0.34 0.66 .853 treat x time x rep 

Repetition 2 Placebo  1.60 0.37 1.43 0.93 1.77 0.45      

 CB  1.60 0.32 2.01 1.34 2.31 0.45      

 CBA-L  2.02 0.78 1.43 1.26 2.24 0.45      
  CBA-H  0.90 0.16 1.30 1.56 1.73 0.45      

Repetition 3 Placebo  1.33 0.24 1.40 1.36 1.50 0.45      

 CB  1.47 0.27 1.63 1.98 2.26 0.45      

 CBA-L  1.71 0.65 1.77 1.65 2.12 0.45      
  CBA-H  1.36 0.21 1.16 1.66 1.73 0.45      

Repetition 4 Placebo  1.50 0.33 1.49 1.53 1.64 0.45      

 CB  1.16 0.20 1.89 2.17 3.41 0.45      

 CBA-L  1.38 0.58 2.01 1.97 2.13 0.45      

  CBA-H  0.98 0.19 1.20 1.98 1.70 0.45      

 
 
 
 
  



Table S7. Long term declarative memory. Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 minutes post-
dose values are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a covariate. CB, 
1100 mg coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment. 

      Assessment Post Dose      

  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F  p  

  
Delayed word recognition 
  

% correct Placebo 46 75.58 1.37 73.02 74.32 70.84 1.54 72.73 1.21    

 CB  77.03 1.42 73.65 73.29 72.34 1.54 73.09 1.20 0.04 .988 treat 

 CBA-L  76.52 1.43 73.18 73.61 72.09 1.54 72.96 1.20 0.47 .834 treat x time 

  CBA-H  76.74 1.51 73.57 72.47 72.62 1.55 72.89 1.21     

msecs Placebo  798.09 25.46 775.25 749.70 736.69 18.86 753.88 14.07    

 CB  803.35 29.12 772.49 743.40 719.82 18.87 745.23 14.08 2.85 .039 treat 

 CBA-L  756.11 21.31 792.31 778.74 757.80 18.89 776.28 14.10 0.37 .901 treat x time 

  CBA-H  773.76 24.71 784.88 793.81 754.81 19.02 777.84 14.15     

  
Delayed picture recognition 
  

% correct Placebo 46 87.03 1.98 82.08 82.95 80.13 1.73 81.72 1.44    

 CB  86.38 1.70 85.23 84.51 82.41 1.73 84.05 1.44 2.56 .056 treat 

 CBA-L  86.52 2.00 82.87 82.87 81.06 1.73 82.27 1.44 0.27 .950 treat x time 

  CBA-H  89.04 1.65 82.31 83.06 78.91 1.74 81.42 1.45     

msecs Placebo  736.34 17.32 749.90 741.06 754.69 17.29 748.55 12.89    

 CB  737.46 15.12 741.23 720.75 751.67 17.29 737.89 12.89 0.45 .720 treat 

 CBA-L  744.80 18.12 741.34 755.72 724.34 17.29 740.47 12.90 1.51 .174 treat x time 

  CBA-H  737.63 15.02 775.45 745.03 728.97 17.43 749.82 12.97     

  
Delayed word recall 

Correct (number) Placebo 46 7.41 0.29 2.96 3.01 2.79 0.32 2.92 0.24    

 CB  7.05 0.32 3.07 2.99 2.70 0.32 2.92 0.24 1.14 .335 treat 

 CBA-L  7.43 0.34 2.87 2.37 2.79 0.32 2.67 0.24 0.61 .719 treat x time 

  CBA-H  7.06 0.37 2.96 2.58 2.34 0.32 2.63 0.24     

Errors (number) Placebo  0.33 0.09 0.98 1.18 1.11 0.22 1.09 0.19    

 CB  0.57 0.11 0.99 0.97 1.53 0.22 1.16 0.19 0.48 .699 treat 

 CBA-L  0.39 0.10 1.05 1.05 0.98 0.22 1.02 0.19 1.41 .209 treat x time 

  CBA-H  0.57 0.11 1.23 1.16 1.11 0.23 1.17 0.19       

      Assessment Post Dose      



  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F  p  

  
Immediate word recall 
  

Correct (number) Placebo 46 7.41 0.29 6.60 6.81 6.87 0.30 6.76 0.23    

 CB  7.05 0.32 7.02 6.71 6.98 0.30 6.90 0.23 1.87 .136 treat 

 CBA-L  7.43 0.34 6.43 6.89 6.16 0.30 6.50 0.23 1.06 .386 treat x time 

  CBA-H  7.06 0.37 6.84 6.82 6.73 0.30 6.80 0.23     

Errors (number) Placebo  0.33 0.09 0.45 0.66 0.47 0.12 0.53 0.09    

 CB  0.57 0.11 0.51 0.47 0.62 0.12 0.54 0.09 0.56 .642 treat 

 CBA-L  0.39 0.1 0.51 0.40 0.61 0.12 0.51 0.09 0.99 .429 treat x time 

  CBA-H  0.57 0.11 0.42 0.44 0.44 0.13 0.44 0.09     

 

  



Table S8. Executive function. Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 minutes post-dose values are 
derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a covariate. CB, 1100 mg coffee 
berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment. 

      Assessment Post Dose      

  Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F  p  

  
Stroop 
  

% correct Placebo 46 96.16 0.56 95.52 95.70 95.52 0.55 95.58 0.46    

 CB  95.51 0.57 95.64 95.06 95.90 0.55 95.53 0.46 0.07 .976 treat 

 CBA-L  94.96 0.98 95.43 95.75 95.86 0.56 95.68 0.46 1.03 .406 treat x time 

  CBA-H  96.19 0.53 95.15 96.15 95.41 0.56 95.57 0.46     

msecs Placebo  634.96 14.34 618.49 610.34 593.06 10.39 607.30 7.68    

 CB  642.52 19.20 611.48 609.17 607.77 10.39 609.47 7.68 0.35 .786 treat 

 CBA-L  638.70 20.02 618.80 612.13 599.84 10.38 610.26 7.68 0.33 .924 treat x time 

  CBA-H  635.68 14.71 618.30 615.76 610.63 10.48 614.90 7.74     

  
 Peg and ball 
 

Thinking time (msecs) 
  

Placebo 46 2082.31 134.96 1920.38 1892.79 1761.53 71.27 1858.23 57.44    

CB  2259.69 163.36 1924.05 1834.41 1871.80 71.39 1876.76 57.59 2.14 .097 treat 

CBA-L  1999.51 115.02 2021.27 1958.66 1856.38 71.94 1945.44 57.76 0.58 .749 treat x time 

CBA-H  2168.34 133.51 1851.25 1819.02 1770.10 71.92 1813.46 57.91     

Completion time 
(msecs) 
 

Placebo  6385.18 298.12 6386.95 6117.03 5750.23 131.83 6084.74 105.06    

CB  6816.31 340.83 6116.31 5946.98 5882.01 131.91 5981.77 105.16 3.99 .009 treat 

 CBA-L  6351.15 236.86 6383.05 6221.85 5893.26 133.00 6166.05 105.53 1.04 .402 treat x time 

  CBA-H  6783.53 318.88 6060.52 5699.96 5649.95 133.32 5803.48 106.19     

  
 

Errors (number) Placebo 46 2.77 0.46 4.68 4.12 2.94 0.47 3.91 0.31    

 CB  3.00 0.48 3.21 4.23 2.67 0.47 3.37 0.31 2.33 .076 treat 

 CBA-L  2.85 0.36 4.01 4.31 3.05 0.47 3.79 0.31 0.89 .502 treat x time 

  CBA-H  3.53 0.60 3.41 3.06 2.51 0.47 2.99 0.32     

 

 

 



Table S9. Bond Lader and other VAS. Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 minutes post-dose 
values are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a covariate. CB, 1100 
mg coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment. 

       Assessment Post Dose      

   Treatment N Baseline SE 60 mins 180 mins 360 mins SE Overall SE F  p  

  
 Bond Lader VAS 
  
 

 Alert Placebo 46 47.97 1.97 45.59 44.42 44.12 1.63 44.71 1.32    

 CB  46.58 2.24 51.10 47.48 44.44 1.63 47.68 1.31 3.53 .016 treat 

 CBA-L  46.53 2.08 49.29 44.34 40.52 1.63 44.72 1.31 1.62 .140 treat x time 

 CBA-H  44.95 1.91 48.07 45.37 41.76 1.64 45.07 1.32     

 Content 
 

Placebo  58.59 1.90 56.83 55.99 57.27 1.24 56.70 0.97    

 CB  56.28 2.10 59.06 56.30 56.04 1.23 57.13 0.97 2.17 .095 treat 

  CBA-L  55.61 1.92 56.95 55.34 52.33 1.23 54.87 0.97 1.69 .121 treat x time 

   CBA-H  55.87 1.89 56.32 55.22 55.37 1.25 55.64 0.97     

 Calm Placebo  62.98 1.59 58.71 59.20 58.80 1.47 58.90 1.14    

  CB  60.92 1.86 61.70 59.33 60.55 1.47 60.53 1.13 1.67 .171 treat 

  CBA-L  59.24 1.66 57.78 59.74 59.69 1.47 59.07 1.14 0.92 .480 treat x time 

   CBA-H  60.04 1.92 58.46 59.20 57.16 1.48 58.27 1.14     

   Clear mind  Placebo 46 49.09 2.49 43.89 45.13 45.04 2.38 44.68 1.92    

   CB  47.59 2.47 49.57 48.40 41.87 2.38 46.61 1.92 1.72 .165 treat 

   CBA-L  44.85 2.83 47.55 43.10 39.10 2.38 43.25 1.92 1.96 .071 treat x time 

    CBA-H  45.91 2.30 48.64 43.41 38.67 2.40 43.58 1.93     

  Focused  Placebo  45.15 2.61 45.25 45.55 44.14 2.42 44.98 1.77    

   CB  47.33 2.22 48.07 48.90 43.33 2.42 46.77 1.77 1.25 .295 treat 

   CBA-L  46.48 2.73 50.24 39.91 40.22 2.42 43.46 1.77 2.22 .040 treat x time 

VAS    CBA-H  43.76 2.05 50.86 43.13 41.68 2.45 45.22 1.79     

  Problem solving  Placebo  50.70 2.42 48.28 49.24 48.19 2.24 48.57 1.78    

   CB  50.28 2.66 49.42 51.09 46.68 2.24 49.07 1.78 1.15 .331 treat 

   CBA-L  51.28 2.27 49.58 45.13 44.48 2.24 46.40 1.78 1.18 .318 treat x time 

    CBA-H  50.69 2.64 52.22 48.65 45.78 2.26 48.88 1.79     

  Productive  Placebo  49.93 2.79 46.33 46.59 45.74 2.36 46.22 1.82    



   CB  49.54 2.53 48.05 48.61 43.44 2.36 46.70 1.82 0.91 .440 treat 

   CBA-L  44.74 2.70 50.92 46.70 42.66 2.36 46.76 1.83 0.86 .523 treat x time 

    CBA-H  47.51 2.29 46.82 44.10 41.85 2.38 44.26 1.83     

 
  



Table S10. Profile of Mood States. Mean and standard errors (SE) are presented. Baseline values are raw scores and 60, 180 and 360 minutes post-dose values 
are derived from the linear mixed model described above that have been adjusted using the corresponding value for Baseline as a covariate. CB, 1100 mg 
coffee berry; CBA-L, apple extract plus 100 mg coffee berry; CBA-H, apple extract plus 1100 mg coffee berry; treat, treatment. 

     Assessment Post Dose      

Subscale Treatment N Baseline SE 60 mins 180 mins 360 mins SE Mean SE F  p  

Anger/Hostility Placebo 46 2.89 0.63 2.96 2.93 3.69 0.50 3.19 0.40    

 CB  3.11 0.62 2.87 3.22 3.61 0.50 3.23 0.40 0.40 .750 treat 

 CBA-L  3.61 0.70 3.09 3.75 3.66 0.51 3.50 0.40 0.51 .800 treat x time 

  CBA-H  2.58 0.50 3.37 3.63 3.35 0.50 3.45 0.40     

Confusion/Bewilderment Placebo 46 9.87 0.78 11.05 11.00 11.67 0.61 11.24 0.49    

 CB  10.98 0.92 9.79 10.95 11.28 0.61 10.67 0.49 1.83 .143 treat 

 CBA-L  11.25 0.91 10.26 11.74 12.11 0.62 11.37 0.49 0.61 .725 treat x time 

  CBA-H  10.62 0.86 11.01 11.77 12.20 0.62 11.66 0.49     

Depression/Dejection Placebo 46 3.52 0.79 3.98 4.06 4.69 0.55 4.24 0.46    

 CB  4.17 0.86 3.00 3.85 4.27 0.55 3.71 0.46 0.79 .501 treat 

 CBA-L  4.57 0.88 3.64 3.99 4.61 0.55 4.08 0.47 0.55 .767 treat x time 

  CBA-H  3.60 0.73 4.20 4.10 4.30 0.55 4.20 0.46     

Fatigue/Inertia Placebo 46 7.07 0.67 8.00 8.15 9.47 0.59 8.54 0.48    

 CB  7.41 0.84 5.91 7.23 8.76 0.60 7.30 0.48 4.73 .003 treat 

 CBA-L  7.36 0.80 7.38 8.97 9.98 0.60 8.78 0.48 0.87 .520 treat x time 

  CBA-H  7.82 0.71 7.23 7.90 9.98 0.60 8.37 0.48     

Tension/Anxiety Placebo 46 6.41 0.72 6.85 6.62 7.13 0.54 6.87 0.40    

 CB  7.35 0.84 6.06 6.72 7.40 0.54 6.73 0.40 2.18 .092 treat 

 CBA-L  7.41 0.83 6.57 6.87 7.76 0.54 7.07 0.41 0.61 .722 treat x time 

  CBA-H  6.47 0.69 7.83 7.63 7.80 0.55 7.75 0.40     

Vigour/Activity Placebo 46 9.28 0.82 7.89 7.75 6.61 0.61 7.42 0.48    

 CB  8.74 0.91 9.88 8.48 8.24 0.62 8.87 0.48 3.82 .011 treat 

 CBA-L  9.86 0.96 8.94 7.58 7.03 0.62 7.85 0.49 0.57 .756 treat x time 

  CBA-H  8.38 0.84 8.98 7.62 6.99 0.62 7.86 0.48     

Total mood disturbance Placebo 46 20.48 3.58 24.97 25.04 30.07 2.47 26.69 2.00    

 CB  24.28 4.08 17.76 23.51 27.14 2.50 22.80 2.01 3.12 .028 treat 

 CBA-L  24.34 4.14 22.12 27.88 31.19 2.50 27.06 2.03 0.67 .677 treat x time 

  CBA-H  22.71 3.39 24.49 27.33 30.84 2.50 27.55 2.02       
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ABSTRACT 69 

Background: The principal polyphenols from coffee berry (chlorogenic acid) and apple 70 

(flavanol) have recently been shown to improve mood and increase cerebral blood flow in 71 

healthy humans. These mechanisms may underpin the cognitive effects of polyphenols seen 72 

previously. 73 

Objective: The aim of the present paper was to extend previous research by investigating the 74 

effects of coffee berry at high and low doses when combined with apple extract on cognitive 75 

performance and mood. 76 

Design: This randomised, double-blind, placebo controlled, crossover trial included 46 healthy 77 

males and females between 18-49 years of age (mean age 23 years) to consume: 1100 mg 78 

coffee berry extract, 1100 mg coffee berry extract plus 275 mg apple extract, 100 mg coffee 79 

berry extract  plus 275 mg apple extract or placebo on 4 separate occasions, completing 80 

cognitive and mood assessments pre-dose and then again at 1-, 3- and 6 hrs post-dose. 81 

Results: Analysis revealed a consistent pattern of alerting effects following 1100 mg coffee 82 

berry extract, with participants reporting increased alertness and vigour and decreased fatigue 83 

following this treatment. Limited effects on cognitive function were observed. Specifically, 84 

faster peg and ball performance (executive function) was observed following 1100 mg coffee 85 

berry plus apple extract and accuracy on the Rapid Visual Information Processing (RVIP) task 86 

increased on the third of four repetitions following 1100 mg coffee berry alone. Interestingly, 87 

more false alarms on RVIP were observed following the same intervention.  88 

Conclusions: In line with previous findings, 1100 mg coffee berry evinced energising effects. 89 

The absence of effects on mood when an apple extract was added, and the potential for the low 90 

dose of caffeine within the coffee berry to act synergistically with polyphenols, raise interesting 91 

future avenues of research. 92 
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INTRODUCTION 93 

Emerging data suggests that polyphenol rich foods and beverages may be able to deliver acute 94 

benefits to cognitive performance and mood in humans [1-3]. This includes research from our 95 

own lab, which has reported improved ability during extended performance of a cognitively 96 

demanding battery of tasks following consumption of high and low cocoa-flavanol beverages 97 

in young, healthy adults [2]. This is likely predicated on their ability to modulate numerous 98 

relevant mechanisms; including cerebral blood flow [4], hormonal (e.g. estrogenic; [5]) and 99 

monoamine oxidase A and B deamination [6]. However, the literature has been equivocal to 100 

date; where null findings on cognition and mood are reported as frequently as significant effects 101 

[7, 8]. 102 

One explanation for this variability is the low bioavailability of some polyphenols [9]. Most 103 

flavonoids are present in nature as glycosides and, as such, are not absorbed intact by intestinal 104 

enzymes. Their transformation by colonic microbiota into aglycones or smaller phenolics is 105 

necessary prior to absorption into the blood stream [10]. This is not the case for all polyphenols 106 

however; chlorogenic acids, for example, are present in nature as esters of hydroxycinnamates, 107 

linked to quinic acid, and may be absorbed intact [11]. Their absorption in the small intestine 108 

(as opposed to the colon where many other polyphenols are absorbed) also ensures a relatively 109 

shorter time to maximum absorption (tmax; between one to two hours as opposed to four to 110 

six). As such, those reporting null effects may be utilizing a post-dose time frame outside of 111 

this short window of opportunity in which the compounds are bioactive. 112 

In support of this, a recent study by our lab reported that a chlorogenic acid rich (440 mg) 113 

coffee berry extract and a flavanol rich (234 mg) apple extract, when added to a beverage also 114 

containing herbal extracts and beetroot, decreased mental fatigue and increased alertness (apple 115 

only) during a cognitively demanding battery as assessed by the Bond-Lader visual analogue 116 
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scales. Apple also decreased ‘anger/hostility’ and coffee berry ‘confusion/bewilderment’, 117 

‘fatigue/inertia’ and ‘total mood disturbance’ as assessed by the Profile of Mood States 118 

questionnaire. These effects, measured 60-360 minutes post dose, coincided with increases in 119 

total haemoglobin and oxygen saturation in the prefrontal cortex—measured using Near-120 

Infrared Spectroscopy—but in the absence of any cognitive effects [13]. The current study 121 

aimed to extend these findings by focusing on the flavonoid intervention which showed the 122 

most robust effects on mood, the chlorogenic acid rich coffee berry extract. To determine 123 

whether a dose-response effect might exist, the current study incorporated both a low and high 124 

dose condition. In addition, as the flavanol rich apple extract also showed promise previously, 125 

the current trial included this alongside the coffee berry with the aim to investigate potential 126 

symbiotic effects.  127 

 128 

METHODS 129 

Study design and participants 130 

The study design is an acute, randomized (counterbalanced), double-blind, placebo-controlled, 131 

crossover design study in healthy (see supplementary materials (S1) for full exclusion criteria 132 

list) human adult volunteers.   133 

The final cohort for analysis comprised N=46 males (35%) and females (65%) with a mean 134 

age of 23 years (±6 years) and an average of 17 years in education (±3 years). Full demographic 135 

details and baseline characteristics are displayed in Table 1. The participant disposition 136 

diagram is shown in Figure 1.  137 

This study was conducted according to the guidelines laid down in the Declaration of Helsinki 138 

(1964) and all procedures were approved by Northumbria University’s Department of 139 
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Psychology ethics committee [code: SUB011_Veasey_230915] on 12/10/2015. Written 140 

informed consent was obtained from all participants. 141 

 142 

Table 1. about here 143 

Figure 1. about here 144 

 145 

Treatments 146 

All beverages were administered in opaque containers by an independent third party who had 147 

no other involvement in the study. The treatments were an inert placebo cherry-flavoured 148 

beverage (known as the ‘base’ drink) sweetened with sucralose (4%) and the three 149 

investigational products were created by adding combinations of the active ingredients to this 150 

base drink. The base/placebo contained no active ingredients and the cherry flavour was 151 

selected to mask the flavour of the other ingredients. Each of the investigational products 152 

comprised the base drink, plus: 1100 mg Coffee berry (CB), 1100 mg Coffee berry plus 275 153 

mg Apple extract (CBA-H) or 100 mg Coffee berry plus 275 mg Apple extract (CBA-L) 154 

All study treatments were made up to a volume of 10 fl oz. Details of each treatment are 155 

displayed in Table 2. 156 

 157 

Table 2. about here 158 

 159 

 160 

 161 



8 

 

 

Cognitive and mood assessment 162 

All cognitive function tests were delivered using the Computerised Mental Performance 163 

Assessment System (COMPASS, Northumbria University, Newcastle upon Tyne). This testing 164 

system delivers a bespoke collection of tasks, with fully randomised parallel versions of each 165 

task delivered at each assessment for each individual. The battery has been in use within our 166 

own laboratory for over 10 years (see: www.cognitivetesting.co.uk) as well as by companies 167 

and research organisations across Asia, Australasia, Europe and the U.S 168 

The cognitive assessment comprised four repetitions of a ten-minute battery of three tasks that 169 

make up the Cognitive Demand Battery (CDB; Serial 3s/7s, Rapid Visual Information 170 

Processing (RVIP), plus mental fatigue and alertness ratings, detailed in [14], giving a total of 171 

40 minutes’ performance of cognitively demanding tasks per assessment. Extended CDB 172 

testing inculcates a state of subjective mental fatigue and, given that executive functioning has 173 

been shown to be sensitive to mental fatigue, two executive function tasks (Stroop [15] and 174 

Peg and Ball [14]) were also performed immediately after the CDB. Given the potential for 175 

flavonoids to modulate hippocampal function [16], an assessment of long-term (declarative) 176 

memory was also incorporated into the battery of tasks. The computerised assessment is 177 

outlined in Figure 2. 178 

 179 

Figure 2. about here 180 

 181 

Mood/psychological state were assessed with Bond-Lader [17] visual analogue scales (VAS), 182 

the Profile of Mood States questionnaire (POMS; [12] and four bespoke visual analogue scales. 183 

These bespoke scales comprised ‘Focused’, ‘Clear mind’, ‘Problem solving’ and 184 

‘Productivity’. 185 
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Procedure 186 

This study required participants to commit to five visits to the Brain Performance and Nutrition 187 

Research Centre at Northumbria University, UK between November 2015- July 2016. 188 

Visit 1 represented a screening/training session and comprised briefing on requirements of the 189 

study and signing of the informed consent form, training on the cognitive and mood measures 190 

and collection of demographic/health data.   191 

Visits 2-5 represented the active testing sessions and were conducted between 48 hours to 28 192 

days after the screening visit. At visit 2, participants were assigned to a computer-generated 193 

randomisation code which represented a counterbalanced treatment order. Each participant was 194 

allocated the next sequential number upon arrival. Participants arrived at 8:00 am and 195 

consumed a standard breakfast (see Table 3) before sitting quietly in a waiting room for 30 196 

minutes. The baseline cognitive tasks and mood assessment (~60 minutes) were then completed 197 

in a temperature-controlled laboratory with participants visually isolated from each other. Upon 198 

completion, participants were given up to five minutes to consume their intervention for that 199 

day. The cognitive/mood assessments were completed again at 1 hr, 3 hrs, and 6 hrs post-200 

intervention. Between the 3 hr and 6 hr post-dose assessments participants were provided with 201 

a light, low polyphenol lunch (see Table 3).  202 

 203 

 204 

Table 3. about here 205 

 206 

 207 

 208 
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Statistics 209 

Power 210 

Sample size was calculated a priori on the assumption of a medium effect size (Cohen’s f = 211 

0.25) requiring minimum power of 0.8 and a significance threshold set at <.05. The maximum 212 

detectable difference between the means, obtained from a pilot study, was determined to be 213 

33% of the standard deviation. Utilizing the cognitive demand battery as the primary outcome 214 

measure, with 4 measurements of this across the study day, G*Power 3.1.3 [18] estimated the 215 

required sample size to be N=46. 216 

CDB analysis 217 

Linear mixed models were used to fit the post dose data from the CDB (including mental 218 

fatigue and alertness) with treatment (placebo, CB, CBA-H, CBA-L), repetition of task (1 to 219 

4) and time (60, 180, 360 minutes) entered into the model as fixed effects along with the 220 

interactions between each of these i.e. treatment x repetition x time; treatment x repetition; 221 

treatment x time; repetition x time. Respective pre-dose scores (baseline assessment) were also 222 

entered into the model as a fixed effect. Subject was entered into the model as a random effect. 223 

Significant fixed effects were analysed further using pairwise comparisons with Bonferroni 224 

corrections for multiple testing, where appropriate. 225 

COMPASS tasks, VAS and POMS analysis 226 

Linear mixed models were used to fit the post dose data from the COMPASS tasks, VAS and 227 

POMS with treatment and time (60, 180, 360 minutes) entered into the model as fixed effects 228 

along with the interaction between these terms. Respective pre-dose scores (baseline 229 

assessment) were also entered into the model as a fixed effect. Subject was entered into the 230 

model as a random effect. Significant fixed effects were analysed further using pairwise 231 

comparisons with Bonferroni corrections for multiple testing, where appropriate. 232 
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Blind modelling of the data revealed that including subject as a random factor improved the fit 233 

of the model as determined by Schwartz’s Bayesian Criteria. Therefore, for all analyses that 234 

were carried out, mixed models were applied including the fixed effects as described above 235 

and subject as a random effect with variance components covariance structure. For all outcome 236 

measures, an autoregressive covariance structure for the residuals was applied. 237 

 238 

RESULTS 239 

Mood 240 

‘Alertness’ was assessed both by the CDB VAS and as an outcome on the Bond Lader VAS 241 

(BL VAS). Both evinced significant main effects of treatment (CDB VAS: [F(3, 342.82) = 242 

4.37, p = 0.005] and BL VAS: [F(3, 194.15) = 3.53, p = 0.016]) and pairwise comparisons 243 

revealed the same direction of effects with consumption of CB leading to greater levels of 244 

alertness compared to placebo (CDB VAS: p = 0.001 and BL VAS: p = 0.020). See Figure 3 245 

and 4, respectively.  246 

 247 

Figures 3. and 4. about here 248 

 249 

A significant treatment x time interaction was observed for the ‘Focussed’ VAS [F(6, 396.55) 250 

= 2.22, p = 0.040] but pairwise comparisons did not reveal any significant differences between 251 

placebo and the active treatments.  252 

A significant main effect of treatment was observed for the ‘Fatigue/Inertia’ outcome of the 253 

POMS [F(3, 176.17) = 4.73, p = 0.003]. Pairwise comparisons revealed that when participants 254 

consumed CB they reported less fatigue, compared to placebo (p = 0.012). See Figure 5. 255 
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 256 

Figure 5. about here 257 

 258 

A significant main effect of treatment was observed for the ‘Vigour/Activity’ outcome of the 259 

POMS [F(3, 182.41) = 3.82, p = 0.011]. Pairwise comparisons revealed that when participants 260 

consumed CB they reported more vigour, compared to placebo (p = 0.004). See Figure 6. 261 

 262 

Figure 6. about here 263 

 264 

A significant main effect of treatment was observed for the ‘Total Mood Disturbance’ 265 

(Negative mood) outcome of the POMS [F(3, 174.92) = 3.12, p = 0.028]. Pairwise comparisons 266 

revealed a trend for attenuated total mood disturbance when participants consumed CB (p = 267 

0.073). See Figure 7. 268 

 269 

Figure 7. about here 270 

 271 

Cognitive function (CDB) 272 

A significant main effect of treatment was observed for the false alarms outcome on the RVIP 273 

task [F(3, 285.61) = 3.59. p = 0.014]. Pairwise comparisons revealed that when participants 274 

consumed CB they produced more false alarms, compared to placebo (p = 0.006). See Figure 275 

8. 276 
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A significant treatment x repetition interaction was also observed for the accuracy outcome on 277 

the RVIP task [F(9, 1455.33) = 2.14, p = 0.024]. Pairwise comparisons revealed that when 278 

participants consumed CB they performed better on the third repetition of the task, irrespective 279 

of time, compared to placebo (p < 0.001). See Figure 9. 280 

 281 

Figures 8. and 9. about here 282 

 283 

Cognitive function (Long term declarative memory) 284 

A significant main effect of treatment was observed for reaction time on the word recognition 285 

task [F(3, 201.42) = 2.85, p = 0.039]. However, pairwise comparisons did not reveal any 286 

significant differences between placebo and the active treatments.  287 

Cognitive function (Executive function) 288 

A significant main effect of treatment was observed for completion time on the Peg and Ball 289 

task [F(3, 145.23) = 3.99, p = 0.009]. Pairwise comparisons revealed that when participants 290 

consumed CBA-H they had a faster completion time on this task, compared to placebo (p = 291 

0.029). See Figure 10. 292 

 293 

Figure 10. about here 294 

 295 

 296 

See supplementary materials (S2-S10) for tables of mood and cognitive performance data. 297 

 298 
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DISCUSSION 299 

The aim of the current study was to extend the results of a recently published trial [13] which 300 

highlighted the efficacy of chlorogenic acid-rich coffee berry supplementation and, to a lesser 301 

extent, flavanol-rich apple, on mood and cerebral blood flow in young healthy adults. The 302 

pattern of results reported here largely replicates what was observed previously and, together, 303 

provides convincing evidence for an ‘energising’ effect of coffee berry extract. Here the 304 

administration of 1100 mg coffee berry (CB) led to a clear pattern of results indicating a 305 

beneficial effect of this treatment on subjective mood ratings. Specifically, following CB, 306 

participants reported increased vigour/activity and a decrease in fatigue/inertia and overall 307 

negative mood as measured by the POMS questionnaire. In addition, participants reported 308 

increased alertness across two separate measures, the ‘alert’ component of the Bond-Lader 309 

visual analogue scales and the ‘alertness’ scale that was completed during the cognitive demand 310 

battery. Importantly, all these results were main effects of treatment indicating that the 311 

beneficial effect was consistently observed up until 6 hours post treatment.  312 

One argument which could be levied here is that the caffeine content of the coffee berry extract 313 

(22 mg) is driving these energising effects, rather than chlorogenic acid. In support of this, a 314 

review by McLellan et al. [19] observes that doses ranging from as low as 32 mg of caffeine 315 

have been associated with improved attention, vigilance and reaction time. However, these 316 

effects do not appear to extend to mood and the subjective feelings of arousal seen in this study 317 

are certainly not convincingly attributable to caffeine. As an example, one previous study has 318 

shown an increase in ‘energetic arousal’ following 25 mg caffeine at 65 minutes post dose but 319 

no effects were found following a lower (12.5 mg) or higher (50 mg) dose or at any of the other 320 

four time points measured [20]. Given that this effect has not been replicated in any other study 321 

to date, it is unlikely that the caffeine content of the coffee berry extract was solely responsible 322 

for the findings reported here. 323 
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Instead, there is better evidence to suggest that the chlorogenic acids (440 mg) also contained 324 

in the extract underpin these subjective mood effects. For example, a study in older adults 325 

revealed an increase in alertness following chlorogenic acid-rich decaffeinated coffee, which 326 

contained an even lower dose of caffeine (11 mg) than in the present trial [21]. Of course, it 327 

may be that a combination of caffeine and chlorogenic acid is evincing these effects. Camfield 328 

et al. [22], for instance, showed an acute alerting effect (as well as improved cognitive 329 

performance) following a high chlorogenic acid decaffeinated coffee that was not seen 330 

following the same dose of pure chlorogenic acids. At the present time it is difficult to discern 331 

whether the chlorogenic acids alone or in combination with caffeine produce these effects, but 332 

this presents a very interesting avenue for future investigation especially considering that the 333 

consumption of coffee provides both of these components—alongside a plethora of other 334 

phytochemicals—and that the levels of each can depend on the type of coffee beverage. For 335 

example, roast, ground beans have been found to contain higher levels of caffeine and 336 

chlorogenic acids, versus soluble ‘instant’ coffee, but decaffeinated coffee potentially provides 337 

the highest levels of chlorogenic acids overall [23], raising questions of the potential 338 

differential mood effects experienced by coffee drinkers. 339 

Whilst the effects of the coffee berry extract on cognitive function were more modest, there 340 

were non-the-less some effects which are worth noting. Here, the coffee berry extract was 341 

associated with improved accuracy on the Rapid Visual Information Processing (RVIP) task 342 

during the third repetition of the cognitive demand task battery. Looking at the pattern of 343 

performance on this task following placebo, it is during the third repetition of the battery where 344 

performance on this outcome measure is the lowest; suggesting a natural dip in performance. 345 

In contrast, the pattern of performance on this task following CB is overall much more stable. 346 

In addition, the drop in performance in the third repetition (also seen following the other two 347 

active treatments, but to a lesser extent) is not apparent. Taking into account the 348 
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aforementioned effect of the coffee berry extract on arousal, it is likely that this consistency in 349 

performance on the RVIP task is as a result of coffee berry maintaining engagement. It makes 350 

sense then that this task would be most sensitive to these effects as, whilst the serial subtractions 351 

require ongoing, active performance (i.e. the continued subtraction of numbers), the RVIP task 352 

instead requires a continued, more passive monitoring which depends on consistent 353 

engagement and alertness. This hypothesis may also explain why an increased number of false 354 

alarms were observed during this task following CB; arguably participants who are more 355 

engaged in the task are more likely to produce false alarms, along with correct responses, than 356 

participants who have disengaged from the task.  357 

Considering all the above results, it is notable that the only effect of adding 275 mg apple 358 

extract to the coffee berry extract at either dose was to increase speed of response on the peg 359 

and ball task following CBA-H only. However, no reduction in number of errors was observed 360 

alongside this. Interpretation of this finding is difficult considering the above effects of CB. 361 

The only difference here is the consumption of the extracts together and, therefore, the potential 362 

for some unknown, opposing interaction or synergy to have taken place, nullifying the effects 363 

of the coffee berry. Interpretation is rendered more difficulty by the absence of an apple extract 364 

alone condition here but the same dose did evince positive effects previously [13]. 365 

Interestingly, this was when apple was combined with beetroot, ginseng and sage extracts and 366 

so, taken together, this might suggest that the effects of apple extract are strongly dependent 367 

upon the other co-consumed ingredients. These possible interactions of course require further 368 

investigation. 369 

In summary, 1100 mg coffee berry extract, administered in isolation, was associated with a 370 

clear pattern of beneficial effects on subjective alertness and overall mood. These results 371 

replicate and build upon the effects of the same dose of coffee berry reported recently by our 372 

lab [13], which suggests that these effects are robust. The combination of the coffee berry 373 
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extract, at high and low doses, with apple extract resulted in a single beneficial effect of 374 

treatment across all analyses. In conclusion, these findings support future avenues of research 375 

regarding the consumption of caffeine and chlorogenic acid within caffeinated and 376 

decaffeinated coffee. A more expansive investigation of mood in coffee drinkers, considering 377 

differing ratios of caffeine, chlorogenic acid and other phytochemicals, would also be of great 378 

interest. 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 
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Tables and figures 

 

 

Figure 1. Participant disposition diagram. All drop-outs discontinued participation due to 

disinterest. Complete data sets were achieved for N=45 but the data for a further participant, 

who completed all but visit 4, was also included in the analyses. 
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Figure 2. Structure of each assessment. Each 60 min assessment began with word 

presentation and immediate word recall then 4 repetitions of the cognitive demand battery. This 

was then followed by the Stroop and peg-and-ball tasks, delayed word recall and recognition 

and finally the visual analogue scales (VAS). 3s, serial subtract three; 7s, serial subtract seven; 

RVIP, rapid visual information processing. 

 

 

Figure 3. Adjusted means and standard errors for the Cognitive Demand Battery (CDB) 

‘Alertness’ Visual Analogue Scale (VAS) at each repetition and time. A significant main 

effect of treatment was observed. Pairwise comparisons revealed that when participants 

consumed CB they felt more alert (p = 0.001). CB= 1100 mg coffee berry extract; CBA-L= 

100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg 

apple extract. 



25 

 

 

 

Figure 4. Adjusted means and standard errors for the ‘Alert’ factor on the Bond Lader 

Visual Analogue Scale at each time point. A significant main effect of treatment was 

observed. Pairwise comparisons revealed that when participants consumed CB they felt more 

alert (p = 0.020). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 

mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 

 

 

Figure 5. Adjusted means and standard errors for the ‘Fatigue/Inertia’ component of the 

Profile Of Mood States (POMS) at each time point. A significant main effect of treatment 

was observed. Pairwise comparisons revealed that when participants consumed CB they felt 

less fatigued (p = 0.012). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry 

plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Figure 6. Adjusted means and standard errors for the ‘Vigour/Activity’ component of the 

Profile Of Mood States (POMS) at each time point. A significant main effect of treatment 

was observed. Pairwise comparisons revealed that when participants consumed CB increased 

vigour was experienced (p = 0.004). CB= 1100 mg coffee berry extract; CBA-L= 100 mg 

coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple 

extract. 

 

Figure 7. Adjusted means and standard errors for the ‘Total mood disturbance’ 

component of the Profile Of Mood States (POMS) at each time point. A main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed the 

CB a trend towards less negative mood was observed (p = 0.074). CB= 1100 mg coffee berry 

extract; CBA-L= 100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee 

berry plus 275 mg apple extract. 

 

POMS 'Vigour/Activity'

60 mins 180 mins 360 mins

S
c
o

re

6

8

10

12
Placebo 

CB 
CBA-L 
CBA-H 



27 

 

 

 

Figure 8. Adjusted means and standard errors for Rapid Visual Information processing 

(RVIP) task false alarms at each repetition and time point. A significant main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed CB 

they produced more false alarms (p = 0.006). CB= 1100 mg coffee berry extract; CBA-L= 100 

mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple 

extract. 

 

 

Figure 9. Adjusted means and standard errors for Rapid Visual Information Processing 

(RVIP) task accuracy at each repetition and time point. A significant interaction between 

treatment and repetition was observed. Pairwise comparisons revealed that when participants 

consumed CB they were more accurate during the third repetition of the RVIP within the task 

battery (p <0.001). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 

mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Figure 10. Adjusted means and standard errors for Peg and Ball completion time at each 

time point. A significant main effect of treatment was observed. Pairwise comparisons 

revealed that when participants consumed CBA-H they were faster at performing the task (p = 

0.029). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 mg apple 

extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Table 1. Participant demographics and baseline characteristics. 

 

 

 

 

 

 

 

 

  Mean SD 

Age (years) 22.98 5.78 

Years in Education 16.78 2.64 

Systolic Blood Pressure 116.22 12.08 

Diastolic Blood Pressure 75.64 6.36 

Body Mass Index 23.58 3.21 

  % 

Sex Male 34.8 

 Female 65.2 

Handedness Right 87 

 Left 13 

Education Level  Entry Level (Entry Level Certificates) 0 

  Level 1 (NVQ level 1, GCSE D-G, BTEC Intro) 0 

  Level 2 (NVQ level 2, GCSE A*-C, Young Apprenticeships) 0 

  Level 3 (NVQ level 3, AS & A-levels, BTEC 3) 52.2 

  Level 4 (NVQ level 4, Cert of Higher Ed, BTEC 4) 0 

  Level 5 (NVQ level 5, HND, HNC, Dip HE/FE, Found. Deg, BTEC 5) 4.3 

  Level 6 (Bachelors Degree, GradDip, Grad Cert., BTEC 6) 32.6 

  Level 7 (Masters, PGDip, PG Cert, BTEC 7) 10.9 

  Level 8 (Doctorates, BTEC 8) 0 

Vegetarian No 97.8 

 Yes 2.2 

Race White 80.4 

 Asian 19.6 
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Table 2. Study intervention compositions. 

Placebo Coffee berry  

 (CB) 

Coffee berry plus Apple  

High Dose (CBA-H) 

Coffee berry plus Apple  

Low Dose (CBA-L) 

Base1 Base1 Base1 Base1 

 Coffee berry (1100 mg)2 Coffee berry extract (1100 

mg)2 plus apple extract3 

Coffee berry extract (100 

mg)2 plus apple extract3 
 

1 Water (95%), sucralose (4%), preservatives, flavours (1%) 

2 Coffee berry extract: An extract of powdered whole coffee fruit standardized to contain 40% 

coffee polyphenols 

3 Apple extract (275 mg): A natural extract standardized to contain 85% polyphenols as 

catechin equivalents 
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Table 3. Composition of standardised study visit meals 

Breakfast Energy (kcal) Fat (g) Carbohydrate (g) Protein (g) Fibre (g) 

2 medium 

slices white 

bread 

190 1.6 35.6 7.2 2.2 

Spreadable 

butter (15g) 

82 9 0.08 0.08 0 

Total 272 10.6 35.68 7.28 2.2 

Lunch      

Cheese 

sandwich 

(white bread) 

350 18 30 17 2 

Yogurt 

(vanilla) 

100 2 13 7 0 

Biscuit 100 4 17 2 0 

Total 550 24 60 26 0 
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ABSTRACT 1 

Background: The principal polyphenols from coffee berry (chlorogenic acid) and apple 2 

(flavanol) have recently been shown to improve mood and increase cerebral blood flow in 3 

healthy humans. These mechanisms may underpin the cognitive effects of polyphenols seen 4 

previously. 5 

Objective: The aim of the present paper was to extend previous research by investigating the 6 

effects of coffee berry at high and low doses when combined with apple extract on cognitive 7 

performance and mood. 8 

Design: This randomised, double-blind, placebo controlled, crossover trial included 46 9 

healthy males and females between 18-49 years of age (mean age 23 years) to consume: 1100 10 

mg coffee berry extract, 1100 mg coffee berry extract plus 275 mg apple extract, 100 mg 11 

coffee berry extract  plus 275 mg apple extract or placebo on 4 separate occasions, 12 

completing cognitive and mood assessments pre-dose and then again at 1-, 3- and 6 hrs post-13 

dose. 14 

Results: Analysis revealed a consistent pattern of alerting effects following 1100 mg coffee 15 

berry extract, with participants reporting increased alertness and vigour and decreased fatigue 16 

following this treatment. Limited effects on cognitive function were observed. Specifically, 17 

faster peg and ball performance (executive function) was observed following 1100 mg coffee 18 

berry plus apple extract and accuracy on the Rapid Visual Information Processing (RVIP) 19 

task increased on the third of four repetitions following 1100 mg coffee berry alone. 20 

Interestingly, more false alarms on RVIP were observed following the same intervention.  21 

Conclusions: In line with previous findings, 1100 mg coffee berry evinced energising 22 

effects. The absence of effects on mood when an apple extract was added, and the potential 23 

Manuscript - Anonymous
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for the low dose of caffeine within the coffee berry to act synergistically with polyphenols, 24 

raise interesting future avenues of research. 25 

INTRODUCTION 26 

Emerging data suggests that polyphenol rich foods and beverages may be able to deliver 27 

acute benefits to cognitive performance and mood in humans [1-3]. This includes research 28 

from our own lab, which has reported improved ability during extended performance of a 29 

cognitively demanding battery of tasks following consumption of high and low cocoa-30 

flavanol beverages in young, healthy adults [2]. This is likely predicated on their ability to 31 

modulate numerous relevant mechanisms; including cerebral blood flow [4], hormonal (e.g. 32 

estrogenic; [5]) and monoamine oxidase A and B deamination [6]. However, the literature 33 

has been equivocal to date; where null findings on cognition and mood are reported as 34 

frequently as significant effects [7, 8]. 35 

One explanation for this variability is the low bioavailability of some polyphenols [9]. Most 36 

flavonoids are present in nature as glycosides and, as such, are not absorbed intact by 37 

intestinal enzymes. Their transformation by colonic microbiota into aglycones or smaller 38 

phenolics is necessary prior to absorption into the blood stream [10]. This is not the case for 39 

all polyphenols however; chlorogenic acids, for example, are present in nature as esters of 40 

hydroxycinnamates, linked to quinic acid, and may be absorbed intact [11]. Their absorption 41 

in the small intestine (as opposed to the colon where many other polyphenols are absorbed) 42 

also ensures a relatively shorter time to maximum absorption (tmax; between one to two 43 

hours as opposed to four to six). As such, those reporting null effects may be utilizing a post-44 

dose time frame outside of this short window of opportunity in which the compounds are 45 

bioactive. 46 
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In support of this, a recent study by our lab reported that a chlorogenic acid rich (440 mg) 47 

coffee berry extract and a flavanol rich (234 mg) apple extract, when added to a beverage 48 

also containing herbal extracts and beetroot, decreased mental fatigue and increased alertness 49 

(apple only) during a cognitively demanding battery as assessed by the Bond-Lader visual 50 

analogue scales. Apple also decreased ‘anger/hostility’ and coffee berry 51 

‘confusion/bewilderment’, ‘fatigue/inertia’ and ‘total mood disturbance’ as assessed by the 52 

Profile of Mood States questionnaire. These effects, measured 60-360 minutes post dose, 53 

coincided with increases in total haemoglobin and oxygen saturation in the prefrontal 54 

cortex—measured using Near-Infrared Spectroscopy—but in the absence of any cognitive 55 

effects [13]. The current study aimed to extend these findings by focusing on the flavonoid 56 

intervention which showed the most robust effects on mood, the chlorogenic acid rich coffee 57 

berry extract. To determine whether a dose-response effect might exist, the current study 58 

incorporated both a low and high dose condition. In addition, as the flavanol rich apple 59 

extract also showed promise previously, the current trial included this alongside the coffee 60 

berry with the aim to investigate potential symbiotic effects.  61 

 62 

METHODS 63 

Study design and participants 64 

The study design is an acute, randomized (counterbalanced), double-blind, placebo-65 

controlled, crossover design study in healthy (see supplementary materials (S1) for full 66 

exclusion criteria list) human adult volunteers.   67 

The final cohort for analysis comprised N=46 males (35%) and females (65%) with a mean 68 

age of 23 years (±6 years) and an average of 17 years in education (±3 years). Full 69 
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demographic details and baseline characteristics are displayed in Table 1. The participant 70 

disposition diagram is shown in Figure 1.  71 

This study was conducted according to the guidelines laid down in the Declaration of 72 

Helsinki (1964) and all procedures were approved by the relevant ethics committee on 73 

12/10/2015. Written informed consent was obtained from all participants. 74 

 75 

Table 1. about here 76 

Figure 1. about here 77 

 78 

Treatments 79 

All beverages were administered in opaque containers by an independent third party who had 80 

no other involvement in the study. The treatments were an inert placebo cherry-flavoured 81 

beverage (known as the ‘base’ drink) sweetened with sucralose (4%) and the three 82 

investigational products were created by adding combinations of the active ingredients to this 83 

base drink. The base/placebo contained no active ingredients and the cherry flavour was 84 

selected to mask the flavour of the other ingredients. Each of the investigational products 85 

comprised the base drink, plus: 1100 mg Coffee berry (CB), 1100 mg Coffee berry plus 275 86 

mg Apple extract (CBA-H) or 100 mg Coffee berry plus 275 mg Apple extract (CBA-L) 87 

All study treatments were made up to a volume of 10 fl oz. Details of each treatment are 88 

displayed in Table 2. 89 

 90 

 91 
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 92 

Table 2. about here 93 

 94 

 95 

 96 

Cognitive and mood assessment 97 

All cognitive function tests were delivered using the Computerised Mental Performance 98 

Assessment System (COMPASS, *******, Newcastle upon Tyne). This testing system 99 

delivers a bespoke collection of tasks, with fully randomised parallel versions of each task 100 

delivered at each assessment for each individual. The battery has been in use within our own 101 

laboratory for over 10 years (see: www.cognitivetesting.co.uk) as well as by companies and 102 

research organisations across Asia, Australasia, Europe and the U.S 103 

The cognitive assessment comprised four repetitions of a ten-minute battery of three tasks 104 

that make up the Cognitive Demand Battery (CDB; Serial 3s/7s, Rapid Visual Information 105 

Processing (RVIP), plus mental fatigue and alertness ratings, detailed in [14], giving a total of 106 

40 minutes’ performance of cognitively demanding tasks per assessment. Extended CDB 107 

testing inculcates a state of subjective mental fatigue and, given that executive functioning 108 

has been shown to be sensitive to mental fatigue, two executive function tasks (Stroop [15] 109 

and Peg and Ball [14]) were also performed immediately after the CDB. Given the potential 110 

for flavonoids to modulate hippocampal function [16], an assessment of long-term 111 

(declarative) memory was also incorporated into the battery of tasks. The computerised 112 

assessment is outlined in Figure 2. 113 

 114 
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Figure 2. about here 115 

 116 

Mood/psychological state were assessed with Bond-Lader [17] visual analogue scales (VAS), 117 

the Profile of Mood States questionnaire (POMS; [12] and four bespoke visual analogue 118 

scales. These bespoke scales comprised ‘Focused’, ‘Clear mind’, ‘Problem solving’ and 119 

‘Productivity’. 120 

Procedure 121 

This study required participants to commit to five visits to a research centre in the UK 122 

between November 2015- July 2016. 123 

Visit 1 represented a screening/training session and comprised briefing on requirements of 124 

the study and signing of the informed consent form, training on the cognitive and mood 125 

measures and collection of demographic/health data.   126 

Visits 2-5 represented the active testing sessions and were conducted between 48 hours to 28 127 

days after the screening visit. At visit 2, participants were assigned to a computer-generated 128 

randomisation code which represented a counterbalanced treatment order. Each participant 129 

was allocated the next sequential number upon arrival. Participants arrived at 8:00 am and 130 

consumed a standard breakfast (see Table 3) before sitting quietly in a waiting room for 30 131 

minutes. The baseline cognitive tasks and mood assessment (~60 minutes) were then 132 

completed in a temperature-controlled laboratory with participants visually isolated from 133 

each other. Upon completion, participants were given up to five minutes to consume their 134 

intervention for that day. The cognitive/mood assessments were completed again at 1 hr, 3 135 

hrs, and 6 hrs post-intervention. Between the 3 hr and 6 hr post-dose assessments participants 136 

were provided with a light, low polyphenol lunch (see Table 3).  137 
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 138 

 139 

Table 3. about here 140 

 141 

 142 

 143 

Statistics 144 

Power 145 

Sample size was calculated a priori on the assumption of a medium effect size (Cohen’s f = 146 

0.25) requiring minimum power of 0.8 and a significance threshold set at <.05. The 147 

maximum detectable difference between the means, obtained from a pilot study, was 148 

determined to be 33% of the standard deviation. Utilizing the cognitive demand battery as the 149 

primary outcome measure, with 4 measurements of this across the study day, G*Power 3.1.3 150 

[18] estimated the required sample size to be N=46. 151 

CDB analysis 152 

Linear mixed models were used to fit the post dose data from the CDB (including mental 153 

fatigue and alertness) with treatment (placebo, CB, CBA-H, CBA-L), repetition of task (1 to 154 

4) and time (60, 180, 360 minutes) entered into the model as fixed effects along with the 155 

interactions between each of these i.e. treatment x repetition x time; treatment x repetition; 156 

treatment x time; repetition x time. Respective pre-dose scores (baseline assessment) were 157 

also entered into the model as a fixed effect. Subject was entered into the model as a random 158 

effect. Significant fixed effects were analysed further using pairwise comparisons with 159 

Bonferroni corrections for multiple testing, where appropriate. 160 
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COMPASS tasks, VAS and POMS analysis 161 

Linear mixed models were used to fit the post dose data from the COMPASS tasks, VAS and 162 

POMS with treatment and time (60, 180, 360 minutes) entered into the model as fixed effects 163 

along with the interaction between these terms. Respective pre-dose scores (baseline 164 

assessment) were also entered into the model as a fixed effect. Subject was entered into the 165 

model as a random effect. Significant fixed effects were analysed further using pairwise 166 

comparisons with Bonferroni corrections for multiple testing, where appropriate. 167 

Blind modelling of the data revealed that including subject as a random factor improved the 168 

fit of the model as determined by Schwartz’s Bayesian Criteria. Therefore, for all analyses 169 

that were carried out, mixed models were applied including the fixed effects as described 170 

above and subject as a random effect with variance components covariance structure. For all 171 

outcome measures, an autoregressive covariance structure for the residuals was applied. 172 

 173 

RESULTS 174 

Mood 175 

‘Alertness’ was assessed both by the CDB VAS and as an outcome on the Bond Lader VAS 176 

(BL VAS). Both evinced significant main effects of treatment (CDB VAS: [F(3, 342.82) = 177 

4.37, p = 0.005] and BL VAS: [F(3, 194.15) = 3.53, p = 0.016]) and pairwise comparisons 178 

revealed the same direction of effects with consumption of CB leading to greater levels of 179 

alertness compared to placebo (CDB VAS: p = 0.001 and BL VAS: p = 0.020). See Figure 3 180 

and 4, respectively.  181 

 182 

Figures 3. and 4. about here 183 
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 184 

A significant treatment x time interaction was observed for the ‘Focussed’ VAS [F(6, 396.55) 185 

= 2.22, p = 0.040] but pairwise comparisons did not reveal any significant differences 186 

between placebo and the active treatments.  187 

A significant main effect of treatment was observed for the ‘Fatigue/Inertia’ outcome of the 188 

POMS [F(3, 176.17) = 4.73, p = 0.003]. Pairwise comparisons revealed that when 189 

participants consumed CB they reported less fatigue, compared to placebo (p = 0.012). See 190 

Figure 5. 191 

 192 

Figure 5. about here 193 

 194 

A significant main effect of treatment was observed for the ‘Vigour/Activity’ outcome of the 195 

POMS [F(3, 182.41) = 3.82, p = 0.011]. Pairwise comparisons revealed that when 196 

participants consumed CB they reported more vigour, compared to placebo (p = 0.004). See 197 

Figure 6. 198 

 199 

Figure 6. about here 200 

 201 

A significant main effect of treatment was observed for the ‘Total Mood Disturbance’ 202 

(Negative mood) outcome of the POMS [F(3, 174.92) = 3.12, p = 0.028]. Pairwise 203 

comparisons revealed a trend for attenuated total mood disturbance when participants 204 

consumed CB (p = 0.073). See Figure 7. 205 
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 206 

Figure 7. about here 207 

 208 

Cognitive function (CDB) 209 

A significant main effect of treatment was observed for the false alarms outcome on the 210 

RVIP task [F(3, 285.61) = 3.59. p = 0.014]. Pairwise comparisons revealed that when 211 

participants consumed CB they produced more false alarms, compared to placebo (p = 212 

0.006). See Figure 8. 213 

A significant treatment x repetition interaction was also observed for the accuracy outcome 214 

on the RVIP task [F(9, 1455.33) = 2.14, p = 0.024]. Pairwise comparisons revealed that when 215 

participants consumed CB they performed better on the third repetition of the task, 216 

irrespective of time, compared to placebo (p < 0.001). See Figure 9. 217 

 218 

Figures 8. and 9. about here 219 

 220 

Cognitive function (Long term declarative memory) 221 

A significant main effect of treatment was observed for reaction time on the word recognition 222 

task [F(3, 201.42) = 2.85, p = 0.039]. However, pairwise comparisons did not reveal any 223 

significant differences between placebo and the active treatments.  224 

Cognitive function (Executive function) 225 

A significant main effect of treatment was observed for completion time on the Peg and Ball 226 

task [F(3, 145.23) = 3.99, p = 0.009]. Pairwise comparisons revealed that when participants 227 
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consumed CBA-H they had a faster completion time on this task, compared to placebo (p = 228 

0.029). See Figure 10. 229 

 230 

Figure 10. about here 231 

 232 

 233 

See supplementary materials (S2-S10) for tables of mood and cognitive performance data. 234 

 235 

DISCUSSION 236 

The aim of the current study was to extend the results of a recently published trial [13] which 237 

highlighted the efficacy of chlorogenic acid-rich coffee berry supplementation and, to a lesser 238 

extent, flavanol-rich apple, on mood and cerebral blood flow in young healthy adults. The 239 

pattern of results reported here largely replicates what was observed previously and, together, 240 

provides convincing evidence for an ‘energising’ effect of coffee berry extract. Here the 241 

administration of 1100 mg coffee berry (CB) led to a clear pattern of results indicating a 242 

beneficial effect of this treatment on subjective mood ratings. Specifically, following CB, 243 

participants reported increased vigour/activity and a decrease in fatigue/inertia and overall 244 

negative mood as measured by the POMS questionnaire. In addition, participants reported 245 

increased alertness across two separate measures, the ‘alert’ component of the Bond-Lader 246 

visual analogue scales and the ‘alertness’ scale that was completed during the cognitive 247 

demand battery. Importantly, all these results were main effects of treatment indicating that 248 

the beneficial effect was consistently observed up until 6 hours post treatment.  249 
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One argument which could be levied here is that the caffeine content of the coffee berry 250 

extract (22 mg) is driving these energising effects, rather than chlorogenic acid. In support of 251 

this, a review by McLellan et al. [19] observes that doses ranging from as low as 32 mg of 252 

caffeine have been associated with improved attention, vigilance and reaction time. However, 253 

these effects do not appear to extend to mood and the subjective feelings of arousal seen in 254 

this study are certainly not convincingly attributable to caffeine. As an example, one previous 255 

study has shown an increase in ‘energetic arousal’ following 25 mg caffeine at 65 minutes 256 

post dose but no effects were found following a lower (12.5 mg) or higher (50 mg) dose or at 257 

any of the other four time points measured [20]. Given that this effect has not been replicated 258 

in any other study to date, it is unlikely that the caffeine content of the coffee berry extract 259 

was solely responsible for the findings reported here. 260 

Instead, there is better evidence to suggest that the chlorogenic acids (440 mg) also contained 261 

in the extract underpin these subjective mood effects. For example, a study in older adults 262 

revealed an increase in alertness following chlorogenic acid-rich decaffeinated coffee, which 263 

contained an even lower dose of caffeine (11 mg) than in the present trial [21]. Of course, it 264 

may be that a combination of caffeine and chlorogenic acid is evincing these effects. 265 

Camfield et al. [22], for instance, showed an acute alerting effect (as well as improved 266 

cognitive performance) following a high chlorogenic acid decaffeinated coffee that was not 267 

seen following the same dose of pure chlorogenic acids. At the present time it is difficult to 268 

discern whether the chlorogenic acids alone or in combination with caffeine produce these 269 

effects, but this presents a very interesting avenue for future investigation especially 270 

considering that the consumption of coffee provides both of these components—alongside a 271 

plethora of other phytochemicals—and that the levels of each can depend on the type of 272 

coffee beverage. For example, roast, ground beans have been found to contain higher levels 273 

of caffeine and chlorogenic acids, versus soluble ‘instant’ coffee, but decaffeinated coffee 274 
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potentially provides the highest levels of chlorogenic acids overall [23], raising questions of 275 

the potential differential mood effects experienced by coffee drinkers. 276 

Whilst the effects of the coffee berry extract on cognitive function were more modest, there 277 

were non-the-less some effects which are worth noting. Here, the coffee berry extract was 278 

associated with improved accuracy on the Rapid Visual Information Processing (RVIP) task 279 

during the third repetition of the cognitive demand task battery. Looking at the pattern of 280 

performance on this task following placebo, it is during the third repetition of the battery 281 

where performance on this outcome measure is the lowest; suggesting a natural dip in 282 

performance. In contrast, the pattern of performance on this task following CB is overall 283 

much more stable. In addition, the drop in performance in the third repetition (also seen 284 

following the other two active treatments, but to a lesser extent) is not apparent. Taking into 285 

account the aforementioned effect of the coffee berry extract on arousal, it is likely that this 286 

consistency in performance on the RVIP task is as a result of coffee berry maintaining 287 

engagement. It makes sense then that this task would be most sensitive to these effects as, 288 

whilst the serial subtractions require ongoing, active performance (i.e. the continued 289 

subtraction of numbers), the RVIP task instead requires a continued, more passive monitoring 290 

which depends on consistent engagement and alertness. This hypothesis may also explain 291 

why an increased number of false alarms were observed during this task following CB; 292 

arguably participants who are more engaged in the task are more likely to produce false 293 

alarms, along with correct responses, than participants who have disengaged from the task.  294 

Considering all the above results, it is notable that the only effect of adding 275 mg apple 295 

extract to the coffee berry extract at either dose was to increase speed of response on the peg 296 

and ball task following CBA-H only. However, no reduction in number of errors was 297 

observed alongside this. Interpretation of this finding is difficult considering the above effects 298 

of CB. The only difference here is the consumption of the extracts together and, therefore, the 299 
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potential for some unknown, opposing interaction or synergy to have taken place, nullifying 300 

the effects of the coffee berry. Interpretation is rendered more difficulty by the absence of an 301 

apple extract alone condition here but the same dose did evince positive effects previously 302 

[13]. Interestingly, this was when apple was combined with beetroot, ginseng and sage 303 

extracts and so, taken together, this might suggest that the effects of apple extract are strongly 304 

dependent upon the other co-consumed ingredients. These possible interactions of course 305 

require further investigation. 306 

In summary, 1100 mg coffee berry extract, administered in isolation, was associated with a 307 

clear pattern of beneficial effects on subjective alertness and overall mood. These results 308 

replicate and build upon the effects of the same dose of coffee berry reported recently by our 309 

lab [13], which suggests that these effects are robust. The combination of the coffee berry 310 

extract, at high and low doses, with apple extract resulted in a single beneficial effect of 311 

treatment across all analyses. In conclusion, these findings support future avenues of research 312 

regarding the consumption of caffeine and chlorogenic acid within caffeinated and 313 

decaffeinated coffee. A more expansive investigation of mood in coffee drinkers, considering 314 

differing ratios of caffeine, chlorogenic acid and other phytochemicals, would also be of great 315 

interest. 316 

 317 

 318 

 319 

ALL data are provided are provided under the findings of the corresponding author.320 
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Tables and figures 

 

 

Figure 1. Participant disposition diagram. All drop-outs discontinued participation due to 

disinterest. Complete data sets were achieved for N=45 but the data for a further participant, 

who completed all but visit 4, was also included in the analyses. 
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Figure 2. Structure of each assessment. Each 60 min assessment began with word 

presentation and immediate word recall then 4 repetitions of the cognitive demand battery. 

This was then followed by the Stroop and peg-and-ball tasks, delayed word recall and 

recognition and finally the visual analogue scales (VAS). 3s, serial subtract three; 7s, serial 

subtract seven; RVIP, rapid visual information processing. 

 

 

Figure 3. Adjusted means and standard errors for the Cognitive Demand Battery 

(CDB) ‘Alertness’ Visual Analogue Scale (VAS) at each repetition and time. A 

significant main effect of treatment was observed. Pairwise comparisons revealed that when 

participants consumed CB they felt more alert (p = 0.001). CB= 1100 mg coffee berry 

extract; CBA-L= 100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee 

berry plus 275 mg apple extract. 
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Figure 4. Adjusted means and standard errors for the ‘Alert’ factor on the Bond Lader 

Visual Analogue Scale at each time point. A significant main effect of treatment was 

observed. Pairwise comparisons revealed that when participants consumed CB they felt more 

alert (p = 0.020). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 

mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 

 

 

Figure 5. Adjusted means and standard errors for the ‘Fatigue/Inertia’ component of 

the Profile Of Mood States (POMS) at each time point. A significant main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed CB 

they felt less fatigued (p = 0.012). CB= 1100 mg coffee berry extract; CBA-L= 100 mg 

coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple 

extract. 
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Figure 6. Adjusted means and standard errors for the ‘Vigour/Activity’ component of 

the Profile Of Mood States (POMS) at each time point. A significant main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed CB 

increased vigour was experienced (p = 0.004). CB= 1100 mg coffee berry extract; CBA-L= 

100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg 

apple extract. 

 

Figure 7. Adjusted means and standard errors for the ‘Total mood disturbance’ 

component of the Profile Of Mood States (POMS) at each time point. A main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed the 

CB a trend towards less negative mood was observed (p = 0.074). CB= 1100 mg coffee berry 

extract; CBA-L= 100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee 

berry plus 275 mg apple extract. 
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Figure 8. Adjusted means and standard errors for Rapid Visual Information processing 

(RVIP) task false alarms at each repetition and time point. A significant main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed CB 

they produced more false alarms (p = 0.006). CB= 1100 mg coffee berry extract; CBA-L= 

100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg 

apple extract. 

 

 

Figure 9. Adjusted means and standard errors for Rapid Visual Information Processing 

(RVIP) task accuracy at each repetition and time point. A significant interaction between 

treatment and repetition was observed. Pairwise comparisons revealed that when participants 

consumed CB they were more accurate during the third repetition of the RVIP within the task 

battery (p <0.001). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 

275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Figure 10. Adjusted means and standard errors for Peg and Ball completion time at 

each time point. A significant main effect of treatment was observed. Pairwise comparisons 

revealed that when participants consumed CBA-H they were faster at performing the task (p 

= 0.029). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 mg 

apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Table 1. Participant demographics and baseline characteristics. 

 

 

 

 

 

 

 

  Mean SD 
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Table 2. Study intervention compositions. 

Placebo Coffee berry  

 (CB) 

Coffee berry plus Apple  

High Dose (CBA-H) 

Coffee berry plus Apple  

Low Dose (CBA-L) 

Base1 Base1 Base1 Base1 

 Coffee berry (1100 mg)2 Coffee berry extract (1100 

mg)2 plus apple extract3 

Coffee berry extract (100 

mg)2 plus apple extract3 
 

1 Water (95%), sucralose (4%), preservatives, flavours (1%) 

2 Coffee berry extract: An extract of powdered whole coffee fruit standardized to contain 40% 

coffee polyphenols 

Age (years) 22.98 5.78 

Years in Education 16.78 2.64 

Systolic Blood Pressure 116.22 12.08 

Diastolic Blood 
Pressure 75.64 6.36 

Body Mass Index 23.58 3.21 

  % 

Sex Male 34.8 

 
Female 65.2 

Handedness Right 87 

 
Left 13 

Education Level  Entry Level (Entry Level Certificates) 0 

 
 Level 1 (NVQ level 1, GCSE D-G, BTEC Intro) 0 

 
 Level 2 (NVQ level 2, GCSE A*-C, Young Apprenticeships) 0 

 
 Level 3 (NVQ level 3, AS & A-levels, BTEC 3) 52.2 

 
 Level 4 (NVQ level 4, Cert of Higher Ed, BTEC 4) 0 

 
 Level 5 (NVQ level 5, HND, HNC, Dip HE/FE, Found. Deg, BTEC 5) 4.3 

 
 Level 6 (Bachelors Degree, GradDip, Grad Cert., BTEC 6) 32.6 

 
 Level 7 (Masters, PGDip, PG Cert, BTEC 7) 10.9 

 
 Level 8 (Doctorates, BTEC 8) 0 

Vegetarian No 97.8 

 
Yes 2.2 

Race White 80.4 

 Asian 19.6 
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3 Apple extract (275 mg): A natural extract standardized to contain 85% polyphenols as 

catechin equivalents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Composition of standardised study visit meals 

Breakfast Energy (kcal) Fat (g) Carbohydrate (g) Protein (g) Fibre (g) 

2 medium 

slices white 

bread 

190 1.6 35.6 7.2 2.2 

Spreadable 

butter (15g) 

82 9 0.08 0.08 0 

Total 272 10.6 35.68 7.28 2.2 

Lunch      

Cheese 

sandwich 

(white bread) 

350 18 30 17 2 

Yogurt 100 2 13 7 0 
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(vanilla) 

Biscuit 100 4 17 2 0 

Total 550 24 60 26 0 
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Comments from the Editors and Reviewers and author responses (red): 

 

Reviewer #1:  

 

The current manuscript investigates the acute effects of a coffee berry and apple extract on 

cognitive performance and mood in young healthy adults. Overall, the paper is very well written, 

and the results are interesting.  

 

1. Further substantiation however should be provided regarding the dose, as it is currently 

unclear how these were selected.  

The discussion now includes a paragraph (lines 256-265) on the decisions underpinning dose 

selection. 

 

2. In addition, the authors may want to extend their paragraph on potential synergies of the 

coffee and apple extract, in particular in the context of metabolism. Apples are rich in 

procyanidins which require colonic degradation and therefore may extend to the 6-hour 

timeframe employed by the investigators.  

This has now been extended in lines 357-362 of the discussion. 

 

3. Importantly, also information related to background diet of the population may also provide 

further information on how they may respond to the treatment. For instance, high coffee 

drinkers were not precluded to take part in this trial as stated in the exclusion criteria. 

Furthermore, participants taking part in nutrition studies are likely to be health aware and may 

have a healthy lifestyle. 

The discussion now contains discussion (lines 410-420) of the potential impact of overall diet 

and caffeine on the results seen here. 

 

 

Reviewer #2: 

 

This study evaluates the cognitive benefit associated with daily supplementation with coffee 

berry extract alone and in combination with apple extract. This study was performed following 

prior work indicating benefits for each of these supplements. The study evaluates short-term 

effects with repeated assessments prior to and during the six-hour period following consumption 

of the products in the context of a light breakfast.  This a multiple arm, crossover study, and the 

study sample is comprised of men and women between the ages of 18 and 49. The sample 

appears to include chiefly younger individuals given the reported summary data in Table 1. The 

manuscript is well written generally. The findings include subjective ratings of mental function 

and objective measures of cognitive performance and speed of processing. Overall, the results 

for the subjective measures were better supported than the objective measures.  

Response to reviewer comments



 

There are a number of concerns. 

 

1. The design of the study is unbalanced with respect to apple extract (administered only in 

combination with coffee extract) and caffeine (not administered other than as a 

component of coffee berry extract).  Therefore, it is difficult to identify what effects 

might be associated with each of these. Why was apple extract included if it was not be 

administered alone, especially given the reported prior finding for this extract in 

isolation/ With respect to caffeine, while the dose in coffee berry extract is purportedly 

low, it is not clear that it had no effect (as acknowledged in the Discussion). Also, the 

benefits reported on the subjective scales are those one might predict for testing 

following caffeine administration. Isolating the caffeine effect would appear to be 

essential before attributing effects to the berry extract. Ironically, in the Discussion 

section (lines 268 – 270) it is stated, ‘it is difficult to discern whether the chlorogenic 

acids alone or in combination with caffeine produce these effects.’ This is the problem. 

The statement on the absence of an apple alone condition has been qualified slightly in 

the discussion (lines 428-429 and lines 445-446) and I think that the addressing of other 

points from both reviewer 1 and 2 has simultaneously resulted in addressing the other 

points in this response too. 

2. Similarly, there is no data reported for dietary intake other than indicating how many 

participants were vegetarian. For this study, it would have been useful to know about the 

habitual caffeine intake of the participants from coffee, tea, chocolate, and other foods. 

Measuring habitual caffeine intake from coffee in particular would seem to be an 

important factor bearing on the outcomes of the experiment. 

The discussion now includes a section on the potential for caffeine-induced effects and 

the status of our participants. It also includes discussion of the potential for diet in general 

to have impacted the findings (lines 410-420). 

3. Were the participants required to fast for 8 or 12 hours before study visits? This is not 

mentioned. Were they allowed to take coffee or tea prior to study visits? Did the study 

effectively involve administering caffeine in the coffee berry extract to caffeine-addicted 

individuals?  

The discussion now includes a section on the potential for caffeine and overall diet to 

have impacted the findings. Within the former I include a statement on caffeine, alcohol 

and food fasting. 

4. There is no rationale provided for the dosages of the extracts. 

The introduction briefly touches upon the point that the doses chosen here extend upon a 

previous trial and the discussion now includes a paragraph (lines 256-265) extending on 

this as it was felt that the discussion section allowed more scope to do this than elsewhere 

in the paper.  

5. In the abstract, mood and increased cerebral blood flow are referred to as potential 

mechanistic factors underlying cognitive benefit associated with consumption of coffee 

and apple extracts. Mood probably should not be characterized as a mechanism, and it 

certainly is not a biological mechanism at the same level of analysis as increased cerebral 

blood flow.   

The word mechanisms has now been replaced with ‘effects’. 



6. The term ‘energising effects’ appears in line 22/23. This is a distinctly unscientific way to 

describe empirical findings.  Similarly, this term appears again in line 241 in the 

Discussion section.  

The term energizing has now been replaced with arousal in both instances. 

7. In this Discussion (lines 291 – 294), the observation of increased false alarm responses 

following coffee bean extract is mentioned, While it is conceivable that the increase in 

false alarms is a function of greater engagement (or vigilance) as stated, this seems an 

unlikely explanation. Rather, disinhibition associated with a stimulant-like effect might 

be more plausible. 

A discussion of the potential impact of caffeine has been included after this statement. 
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Acute cognitive performance and mood effects of coffee berry and apple extracts: A 1 

randomised, double blind, placebo controlled crossover study in healthy humans 2 

ABSTRACT 3 

Background: The principal polyphenols from coffee berry (chlorogenic acids) and apple 4 

(flavanols) have recently been shown to improve mood and increase cerebral blood flow in 5 

healthy humans. These mechanisms effects may underpin the cognitive effects of polyphenols 6 

seen previously. 7 

Objective: The aim of the present paper was to extend previous research by investigating the 8 

effects of coffee berry at high and low doses when combined with apple extract on cognitive 9 

performance and mood. 10 

Design: This randomised, double-blind, placebo controlled, crossover trial included 46 healthy 11 

males and females between 18-49 years of age (mean age 23 years) to consume: 1100 mg 12 

coffee berry extract, 1100 mg coffee berry extract plus 275 mg apple extract, 100 mg coffee 13 

berry extract plus 275 mg apple extract or placebo on 4 separate occasions, completing 14 

cognitive and mood assessments pre-dose and then again at 1-, 3- and 6 hrs post-dose. 15 

Results: Analysis revealed a consistent pattern of alerting effects following 1100 mg coffee 16 

berry extract, with participants reporting increased alertness and vigour and decreased fatigue 17 

following this treatment. Limited effects on cognitive function were observed. Specifically, 18 

faster peg and ball performance (executive function) was observed following 1100 mg coffee 19 

berry plus apple extract and accuracy on the Rapid Visual Information Processing (RVIP) task 20 

increased on the third of four repetitions following 1100 mg coffee berry alone. Interestingly, 21 

more false alarms on RVIP were observed following the same intervention.  22 

Conclusions: In line with previous findings, 1100 mg coffee berry evinced engendered 23 

energising effectsincreased arousal. The absence of effects on mood when an apple extract was 24 

Manuscript - Anonymous
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added, and the potential for the low dose of caffeine within the coffee berry to act 25 

synergistically with polyphenols, raise interesting future avenues of research. 26 

INTRODUCTION 27 

Emerging data suggests that polyphenol rich foods and beverages may be able to deliver acute 28 

benefits to cognitive performance and mood in humans [1-3]. This includes research from our 29 

own lab, which has reported improved ability during extended performance of a cognitively 30 

demanding battery of tasks following consumption of high and low cocoa-flavanol beverages 31 

in young, healthy adults [2]. This is likely predicated on their ability to modulate numerous 32 

relevant mechanisms; including cerebral blood flow [4], hormonal (e.g. estrogenic; [5]) and 33 

monoamine oxidase A and B deamination [6]. However, the literature has been equivocal to 34 

date; where null findings on cognition and mood are reported as frequently as significant effects 35 

[7, 8]. 36 

One explanation for this variability is the low bioavailability of some polyphenols [9]. Most 37 

flavonoids are present in nature as glycosides and, as such, are not absorbed intact by intestinal 38 

enzymes. Their transformation by colonic microbiota into aglycones or smaller phenolics is 39 

necessary prior to absorption into the blood stream [10]. This is not the case for all polyphenols 40 

however; chlorogenic acids, for example, are present in nature as esters of hydroxycinnamates, 41 

linked to quinic acid, and may be absorbed intact [11]. Their absorption in the small intestine 42 

(as opposed to the colon where many other polyphenols are absorbed) also ensures a relatively 43 

shorter time to maximum absorption (tmax; between one to two hours as opposed to four to 44 

six). As such, those reporting null effects may be utilizing a post-dose time frame outside of 45 

this short window of opportunity in which the compounds are bioactive. 46 

In support of this, a recent study by our lab reported that a chlorogenic acid rich (440 mg) 47 

coffee berry extract and a flavanol rich (234 mg) apple extract, when added to a beverage also 48 
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containing herbal extracts and beetroot, decreased mental fatigue and increased alertness (apple 49 

only) during a cognitively demanding battery as assessed by the Bond-Lader visual analogue 50 

scales. Apple also decreased ‘anger/hostility’ and coffee berry ‘confusion/bewilderment’, 51 

‘fatigue/inertia’ and ‘total mood disturbance’ as assessed by the Profile of Mood States 52 

questionnaire. These effects, measured 60-360 minutes post dose, coincided with increases in 53 

total haemoglobin and oxygen saturation in the prefrontal cortex—measured using Near-54 

Infrared Spectroscopy—but in the absence of any cognitive effects [13]. The current study 55 

aimed to extend these findings by focusing on the flavonoid intervention which showed the 56 

most robust effects on moodpsychological state, the chlorogenic acid rich coffee berry extract. 57 

To determine whether a dose-response effect might exist, the current study incorporated both 58 

a low and high dose condition. In addition, as the flavanol rich apple extract also showed 59 

promise previously, the current trial included this alongside the coffee berry with the aim to 60 

investigate potential symbiotic synergisitic effects.  61 

 62 

METHODS 63 

Study design and participants 64 

The study design is an acute, randomized (counterbalanced), double-blind, placebo-controlled, 65 

crossover design study in healthy human adult volunteers (see supplementary materials (S1) 66 

for full exclusion criteria list) human adult volunteers.   67 

The final cohort for analysis comprised N=46 males (35%) and females (65%) with a mean 68 

age of 23 years (±6 years) and an average of 17 years in education (±3 years). Full demographic 69 

details and baseline characteristics are displayed in Table 1. The participant disposition 70 

diagram is shown in Figure 1.  71 
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This study was conducted according to the guidelines laid down in the Declaration of Helsinki 72 

(1964). Written informed consent was obtained from all participants. 73 

 74 

Table 1. about here 75 

Figure 1. about here 76 

 77 

Treatments 78 

All beverages were administered in opaque containers by an independent third party who had 79 

no other involvement in the study. The treatments were an inert placebo cherry-flavoured 80 

beverage (known as the ‘base’ drink) sweetened with sucralose (4%) and the three 81 

investigational products were created by adding combinations of the active ingredients to this 82 

base drink. The base/placebo contained no active ingredients and the cherry flavour was 83 

selected to mask the flavour of the other ingredients. Each of the investigational products 84 

comprised the base drink, plus: 1100 mg Coffee berry (CB), 1100 mg Coffee berry plus 275 85 

mg Apple extract (CBA-H) or 100 mg Coffee berry plus 275 mg Apple extract (CBA-L) 86 

All study treatments were made up to a volume of 10 fl oz. Details of each treatment are 87 

displayed in Table 2. 88 

 89 

Table 2. about here 90 

 91 

 92 

 93 
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Cognitive and mood assessment 94 

All cognitive function tests were delivered using the Computerised Mental Performance 95 

Assessment System (COMPASS, **********, Newcastle upon Tyne). This testing system 96 

delivers a bespoke collection of tasks, with fully randomised parallel versions of each task 97 

delivered at each assessment for each individual. The battery has been in use within our own 98 

laboratory for over 10 years (see: www.cognitivetesting.co.uk) as well as by companies and 99 

research organisations across Asia, Australasia, Europe and the U.S 100 

The cognitive assessment comprised four repetitions of a ten-minute battery of three tasks that 101 

make up the Cognitive Demand Battery (CDB; Serial 3s/7s, Rapid Visual Information 102 

Processing (RVIP), plus mental fatigue and alertness ratings, detailed in [14], giving a total of 103 

40 minutes’ performance of cognitively demanding tasks per assessment. Extended CDB 104 

testing inculcates a state of subjective mental fatigue and, given that executive functioning has 105 

been shown to be sensitive to mental fatigue, two executive function tasks (Stroop [15] and 106 

Peg and Ball [14]) were also performed immediately after the CDB. Given the potential for 107 

flavonoids to modulate hippocampal function [16], an assessment of long-term (declarative) 108 

memory was also incorporated into the battery of tasks. The computerised assessment is 109 

outlined in Figure 2. 110 

 111 

Figure 2. about here 112 

 113 

Mood/psychological state were assessed with Bond-Lader [17] visual analogue scales (VAS), 114 

the Profile of Mood States questionnaire (POMS; [12] and four bespoke visual analogue scales. 115 

These bespoke scales comprised ‘Focused’, ‘Clear mind’, ‘Problem solving’ and 116 

‘Productivity’. 117 

http://www.cognitivetesting.co.uk/
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Procedure 118 

Visit 1 represented a screening/training session and comprised briefing on requirements of the 119 

study and signing of the informed consent form, training on the cognitive and mood measures 120 

and collection of demographic/health data.   121 

Visits 2-5 represented the active testing sessions and were conducted between 48 hours to 28 122 

days after the screening visit. At visit 2, participants were assigned to a computer-generated 123 

randomisation code which represented a counterbalanced treatment order. Each participant was 124 

allocated the next sequential number upon arrival. Participants arrived at 8:00 am and 125 

consumed a standard breakfast (see Table 3) before sitting quietly in a waiting room for 30 126 

minutes. The baseline cognitive tasks and mood assessment (~60 minutes) were then completed 127 

in a temperature-controlled laboratory with participants visually isolated from each other. Upon 128 

completion, participants were given up to five minutes to consume their intervention for that 129 

day. The cognitive/mood assessments were completed again at 1 hr, 3 hrs, and 6 hrs post-130 

intervention. Between the 3 hr and 6 hr post-dose assessments participants were provided with 131 

a light, low polyphenol lunch (see Table 3).  132 

 133 

Table 3. about here 134 

 135 

Statistics 136 

Power 137 

Sample size was calculated a priori on the assumption of a medium effect size (Cohen’s f = 138 

0.25) requiring minimum power of 0.8 and a significance threshold set at <.05. The maximum 139 

detectable difference between the means, obtained from a pilot study, was determined to be 140 
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33% of the standard deviation. Utilizing the cognitive demand battery as the primary outcome 141 

measure, with 4 measurements of this across the study day, G*Power 3.1.3 [18] estimated the 142 

required sample size to be N=46. 143 

CDB analysis 144 

Linear mixed models were used to fit the post dose data from the CDB (including mental 145 

fatigue and alertness) with treatment (placebo, CB, CBA-H, CBA-L), repetition of task (1 to 146 

4) and time (60, 180, 360 minutes) entered into the model as fixed effects along with the 147 

interactions between each of these i.e. treatment x repetition x time; treatment x repetition; 148 

treatment x time; repetition x time. Respective pre-dose scores (baseline assessment) were also 149 

entered into the model as a fixed effect. Subject was entered into the model as a random effect. 150 

Significant fixed effects were analysed further using pairwise comparisons with Bonferroni 151 

corrections for multiple testing, where appropriate. 152 

COMPASS tasks, VAS and POMS analysis 153 

Linear mixed models were used to fit the post dose data from the COMPASS tasks, VAS and 154 

POMS with treatment and time (60, 180, 360 minutes) entered into the model as fixed effects 155 

along with the interaction between these terms. Respective pre-dose scores (baseline 156 

assessment) were also entered into the model as a fixed effect. Subject was entered into the 157 

model as a random effect. Significant fixed effects were analysed further using pairwise 158 

comparisons with Bonferroni corrections for multiple testing, where appropriate. 159 

Blind modelling of the data revealed that including subject as a random factor improved the fit 160 

of the model as determined by Schwartz’s Bayesian Criteria. Therefore, for all analyses that 161 

were carried out, mixed models were applied including the fixed effects as described above 162 

and subject as a random effect with variance components covariance structure. For all outcome 163 

measures, an autoregressive covariance structure for the residuals was applied. 164 
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RESULTS 165 

Mood 166 

‘Alertness’ was assessed both by the CDB VAS and as an outcome on the Bond Lader VAS 167 

(BL VAS). Both evinced significant main effects of treatment (CDB VAS: [F(3, 342.82) = 168 

4.37, p = 0.005] and BL VAS: [F(3, 194.15) = 3.53, p = 0.016]) and pairwise comparisons 169 

revealed the same direction of effects with consumption of CB leading to greater levels of 170 

alertness compared to placebo (CDB VAS: p = 0.001 and BL VAS: p = 0.020). See Figure 3 171 

and 4, respectively.  172 

 173 

Figures 3. and 4. about here 174 

 175 

A significant treatment x time interaction was observed for the ‘Focussed’ VAS [F(6, 396.55) 176 

= 2.22, p = 0.040] but pairwise comparisons did not reveal any significant differences between 177 

placebo and the active treatments.  178 

A significant main effect of treatment was observed for the ‘Fatigue/Inertia’ outcome of the 179 

POMS [F(3, 176.17) = 4.73, p = 0.003]. Pairwise comparisons revealed that when participants 180 

consumed CB they reported less fatigue, compared to placebo (p = 0.012). See Figure 5. 181 

 182 

Figure 5. about here 183 

 184 



9 

 

 

A significant main effect of treatment was observed for the ‘Vigour/Activity’ outcome of the 185 

POMS [F(3, 182.41) = 3.82, p = 0.011]. Pairwise comparisons revealed that when participants 186 

consumed CB they reported more vigour, compared to placebo (p = 0.004). See Figure 6. 187 

 188 

Figure 6. about here 189 

 190 

A significant main effect of treatment was observed for the ‘Total Mood Disturbance’ 191 

(Negative mood) outcome of the POMS [F(3, 174.92) = 3.12, p = 0.028]. Pairwise comparisons 192 

revealed a trend for attenuated total mood disturbance when participants consumed CB (p = 193 

0.073). See Figure 7. 194 

 195 

Figure 7. about here 196 

 197 

Cognitive function (CDB) 198 

A significant main effect of treatment was observed for the false alarms outcome on the RVIP 199 

task [F(3, 285.61) = 3.59. p = 0.014]. Pairwise comparisons revealed that when participants 200 

consumed CB they produced more false alarms, compared to placebo (p = 0.006). See Figure 201 

8. 202 

A significant treatment x repetition interaction was also observed for the accuracy outcome on 203 

the RVIP task [F(9, 1455.33) = 2.14, p = 0.024]. Pairwise comparisons revealed that when 204 

participants consumed CB they performed better more accurately on the third repetition of the 205 

task, irrespective of time, compared to placebo (p < 0.001). See Figure 9. 206 

 207 
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Figures 8. and 9. about here 208 

 209 

Cognitive function (Long term declarative memory) 210 

A significant main effect of treatment was observed for reaction time on the word recognition 211 

task [F(3, 201.42) = 2.85, p = 0.039]. However, pairwise comparisons did not reveal any 212 

significant differences between placebo and the active treatments.  213 

Cognitive function (Executive function) 214 

A significant main effect of treatment was observed for completion time on the Peg and Ball 215 

task [F(3, 145.23) = 3.99, p = 0.009]. Pairwise comparisons revealed that when participants 216 

consumed CBA-H they had a faster completion time on this task, compared to placebo (p = 217 

0.029). See Figure 10. 218 

 219 

Figure 10. about here 220 

 221 

 222 

See supplementary materials (S2-S10) for tables of mood and cognitive performance data. 223 

 224 

 225 

 226 

 227 

 228 
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DISCUSSION 229 

The aim of the current study was to extend the results of a recently published trial [13] which 230 

highlighted the efficacy of chlorogenic acid-rich coffee berry supplementation and, to a lesser 231 

extent, flavanol-rich apple, on mood and cerebral blood flow in young healthy adults. The 232 

pattern of results reported here largely replicates what was observed previously and, together, 233 

provides convincing evidence for an ‘energising’ effect ofincreased arousal in response to the 234 

coffee berry extract. Here the administration of 1100 mg coffee berry (CB) led to a clear pattern 235 

of results indicating a beneficial effect of this treatment on subjective mood ratings. 236 

Specifically, following CB, participants reported increased vigour/activity and a decrease in 237 

fatigue/inertia and overall negative mood as measured by the POMS questionnaire. In addition, 238 

participants reported increased alertness across two separate measures, the ‘alert’ component 239 

of the Bond-Lader visual analogue scales and the ‘alertness’ scale that was completed during 240 

the cognitive demand battery. Importantly, all these results were main effects of treatment 241 

indicating that the beneficial effect was consistently observed up until 6 hours post treatment.  242 

The parity between these effects and those seen previously is very encouraging but it i’s worth 243 

noting here that, whilst the dose of flavanol-rich apple was roughly equivalent (275 mg in the 244 

current paper versus 234 mg previously) the doses of CB were not. The previous pilot study 245 

(Jackson et al [13], published last year, administered an exploratory dose of 440 mg 246 

[13].utilized somewhat exploratory doses, in this pilot trial and here 440 mg was utilized. In 247 

extending these findings with the current study, a decision was made to investigate either side 248 

of this dose with a lower dose of 100 mg and a higher dose of 1100 mg but, again, this was also 249 

somewhat exploratory and not based on any existing evidence that these would reflect 250 

efficacious doses. Taken together though, the lack of effects seen here with 100 mg CB 251 

suggests that higher doses—; 440 mg seen previously and 1100 mg here, — result in 252 

measurable effects on arousal compared to lower doses. 253 
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However, oOne argument which could be levied here is that the caffeine content of the coffee 254 

berry extract (22 mg) is driving these energising arousing effects, rather than chlorogenic acid. 255 

In support of thisHowever, a recent comprehensive review by McLellan et al. [19] observes 256 

thatconcluded that the minimum psychoactive dose of caffeine seen in the literature to date 257 

doses ranging from as low aswas 32 mg of caffeine. This dose was  have been associated 258 

associated with improved attention task performance rather than enhanced alertness/arousal. , 259 

vigilance and reaction time. However, these effects do not appear to extend to mood and the 260 

subjective feelings of arousal seen in this study are certainly not convincingly attributable to 261 

caffeine. As an example, oOne previous dose-ranging study has shownalso reported  an 262 

increase in ‘energetic arousal’ following 25 mg caffeine, but this effect was only seen at one 263 

out of five assessments  at 65 minutes post dose  conducted during the first 80 minutes post-264 

dose. There were but no mood effects were found followingattributed either to a lower (12.5 265 

mg) or higher (50 mg) dose or at any of the other four time points measuredduring any of the 266 

assessments [20], and the psychoactive effects of doses of caffeine this low has not been . Given 267 

that this effect has not been replicated in any other study to date. This is likely why, in 2014, 268 

the European Food Safety Authority (EFSA) rejected the submission of a health claim of 269 

increased alertness pertaining to products containing less than 40 mg caffeine [21]. It is 270 

therefore highly, it is unlikely that the caffeine content of the coffee berry extract was solely 271 

responsible for the findings of enhanced arousal reported here during the 6 hours following 272 

consumption of the coffee berry extract. , vigilance and reaction time. However, these effects 273 

do not appear to extend to mood and the subjective feelings of arousal seen in this study are 274 

certainly not convincingly attributable to caffeine. 275 

Instead, there is better evidence to suggest that the chlorogenic acids (440 mg) also contained 276 

in the extract underpin these subjective mood effects. For example, a study in older adults 277 

revealed an increase in alertness following chlorogenic acid-rich decaffeinated coffee, which 278 



13 

 

 

contained an even lower dose of caffeine (11 mg) than in the present trial [221]. The same 279 

effects were seen in a cohort of 20-80 yr olds (N=59) more recently following a decaffeinated 280 

coffee containing approximately 5 mg caffeine [23] Of course, it may be that a combination of 281 

caffeine and chlorogenic acid and the other phytochemicals in the extract, including the low 282 

dose of caffeine, areisis evincing responsible for these effects.  Camfield et al. [242], for 283 

instance, showed an acute alerting effect (as well as improved cognitive performance) 284 

following a high chlorogenic acid decaffeinated coffee that was not seen following the same 285 

dose of pure chlorogenic acids. At the present time it is difficult to discern whether the 286 

chlorogenic acids alone or in combination with caffeine and other phytochemicals  produce 287 

these effects, but this presents a very interesting avenue for future investigation, especially 288 

considering that the consumption of coffee provides both of these components—alongside a 289 

plethora of other phytochemicals— and that the levels of each can depend on the type of coffee 290 

beverage. For example, roast, ground beans have been found to contain higher levels of caffeine 291 

and chlorogenic acids, versus soluble ‘instant’ coffee, but decaffeinated coffee potentially 292 

provides the highest levels of chlorogenic acids overall [253], raising questions of the potential 293 

differential mood effects experienced by coffee drinkers. It may also prove fruitful to 294 

investigate these potential interactions beyond the 6-hour time-frame as, whilst caffeine 295 

reaches peak plasma levels approximately 30 minutes post-consumption and declines steadily 296 

thereafter [26], the levels of total phenolics found in plasma following consumption of apple 297 

juice are observed to continue to rise at the 6 hour time-point and are still detectible in urine 298 

10 hours later [27]. 299 

Whilst the effects of the coffee berry extract on cognitive function were more modest, there 300 

were, non-the-less, some effects which are worth noting. Here, the coffee berry extract was 301 

associated with improved accuracy on the Rapid Visual Information Processing (RVIP) task 302 

during the third repetition of the cognitive demand task battery. Looking at the pattern of 303 
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performance on this task following placebo, it is during the third repetition of the battery where 304 

performance on this outcome measure is the lowest; suggesting a natural dip in performance. 305 

In contrast, the pattern of performance on this task following CB is overall much more stable. 306 

In addition, the drop in performance in the third repetition (also seen following the other two 307 

active treatments, but to a lesser extent) is not apparent. Taking into account the 308 

aforementioned effect of the coffee berry extract on arousal, it is likely that this consistency in 309 

performance on the RVIP task is as a result of coffee berry maintaining engagement. It makes 310 

sense then that this task would be most sensitive to these effects as, whilst the serial subtractions 311 

require ongoing, active performance (i.e. the continued subtraction of numbers), the RVIP task 312 

instead requires a continued, more passive monitoring which depends on consistent 313 

engagement and alertness.  314 

This hypothesis may also explain why an increased number of false alarms were observed 315 

during this task following CB; arguably participants who are more engaged in the task are more 316 

likely to produce false alarms, along with correct responses, than participants who have 317 

disengaged from the task. Again, it could be argued that the 22 mg of caffeine present in the 318 

CB extract was inducing some kind of overstimulation or ‘jitteriness’ which manifested in these 319 

increased false alarms. However, we are again hampered by the limited amount of research 320 

with low doses of caffeine and indeed, to the best of current knowledge, no studies exist which 321 

focus on negative physiological side-effects, like jitteriness, at low doses. In general, this side 322 

effect is seen in non-caffeine or low-caffeine consumers though [28], and the cohort here were, 323 

on average, medium to high consumers. It is worth noting here that the exclusion criteria 324 

employed in this trial capped daily caffeine consumption at > 600 mg and that all participants 325 

were overnight fasted from caffeine before each testing session. (Participants were also 326 

alcohol-fasted overnight but they were provided a standardised breakfast upon arrival at the lab 327 

in order to mitigate the potential disruptive effects of hunger across the morning (see tTable 3 328 
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for composition).) As such, no additive effects of habitually consumed caffeine alongside the 329 

22 mg in the CB would have been anticipated but this was not verified by saliva sampling, for 330 

example. It could be levied here that this procedure induces withdrawal from caffeine and, as 331 

a result, the 22 mg in the CB might have gone some way to reverse this. This is entirely 332 

possible, although Rogers et al. [28] observed that regular users of caffeine manifested lower 333 

levels of anxiety/jitteriness than non- and low-caffeine users under a withdrawal situation; 334 

suggesting that they had become accustomed to the nightly withdrawal and, whilst it was 335 

beyond the remit of this study to analyse any such effects, this again raises some reallyvery 336 

interesting questions about how methodologies are designed in the area of nutrition research 337 

and whetherwhich approach has less impact on the data, it is less impactful to potentially 338 

inducinge withdrawal from caffeine or to allow ad libitum use. and attempt to disentangle this 339 

at the analysis stage.  340 

RelatedlyOn a related point, this study did not measure or control habitual dietary intake and 341 

so we are unable to comment on the potential interactions between, for example, differential 342 

dietary levels of polyphenols between participants and the interventions given here. Although 343 

there is, of course, the potential for there to have been an interaction, the sample size here 344 

would have been grossly insufficient to assess this. Further, it may be the case that the gut 345 

metabotype exerts a much more significant effect on phenolic transformation [29] and so 346 

altering this via dietary control of natural eating habits, and/or simply categorising participants 347 

via levels of phenolic-rich foods, may not be addressing the key issue. The demographic profile 348 

of participants in trials such as this is likely to represent a healthier cross-section of society and 349 

so investigating effects in different cohorts, with different dietary patterns, may yield different 350 

results. 351 

Considering all the above results, it is notable that the only effect of adding 275 mg apple 352 

extract to the coffee berry extract at either dose was to increase speed of response on the peg 353 
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and ball task following CBA-H only. However, no reduction in number of errors was observed 354 

alongside this. Interpretation of this finding is difficult considering the above effects of CB. 355 

The only difference here is the consumption of the extracts together and, therefore, the potential 356 

for some unknown, opposing interaction or synergy to have taken place, nullifying the effects 357 

of the coffee berry. Interpretation is rendered more difficulty by the absence of an apple extract 358 

alone condition here; a decision based purely on pragmatism in order to minimise the number 359 

of arms in this crossover trial, but the same dose did evince positive effects previously [13]. 360 

Interestingly, this was when apple was combined with beetroot, ginseng and sage extracts and 361 

so, taken together, this might suggest that the effects of apple extract are strongly dependent 362 

upon the other co-consumed ingredients. These possible interactions of course require further 363 

investigation. 364 

In summary, 1100 mg coffee berry extract, administered in isolation, was associated with a 365 

clear pattern of beneficial effects on subjective alertness and overall mood. These results 366 

replicate and build upon the effects of the same dose of coffee berry reported recently by our 367 

lab [13], which suggests that these effects are robust. The combination of the coffee berry 368 

extract, at high and low doses, with apple extract resulted in a single beneficial effect of 369 

treatment across all analyses. The absence of an apple extract alone condition, in particular, 370 

hinders this interpretation slightly and, whilst the 22 mg dose of caffeine naturally present in 371 

the coffee berry extract has not previously shown robust effectsis below the psychoactive dose 372 

for this compound, it’s role here cannot be ruled out. In conclusion, these findings support 373 

future avenues of research regarding the consumption of caffeine and chlorogenic acid within 374 

caffeinated and decaffeinated coffee. A more expansive investigation of mood in coffee 375 

drinkers, considering differing ratios of caffeine, chlorogenic acid and other phytochemicals, 376 

would also be of great interest. 377 

 378 
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Tables and figures 

 

 

Figure 1. Participant disposition diagram. All drop-outs discontinued participation due to 

disinterest. Complete data sets were achieved for N=45 but the data for a further participant, 

who completed all but visit 4, was also included in the analyses. 
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Figure 2. Structure of each assessment. Each 60 min assessment began with word 

presentation and immediate word recall then 4 repetitions of the cognitive demand battery. This 

was then followed by the Stroop and peg-and-ball tasks, delayed word recall and recognition 

and finally the visual analogue scales (VAS). 3s, serial subtract three; 7s, serial subtract seven; 

RVIP, rapid visual information processing. 

 

 

Figure 3. Adjusted means and standard errors for the Cognitive Demand Battery (CDB) 

‘Alertness’ Visual Analogue Scale (VAS) at each repetition and time. A significant main 

effect of treatment was observed. Pairwise comparisons revealed that when participants 

consumed CB they felt more alert (p = 0.001). CB= 1100 mg coffee berry extract; CBA-L= 

100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg 

apple extract. 
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Figure 4. Adjusted means and standard errors for the ‘Alert’ factor on the Bond Lader 

Visual Analogue Scale at each time point. A significant main effect of treatment was 

observed. Pairwise comparisons revealed that when participants consumed CB they felt more 

alert (p = 0.020). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 

mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 

 

 

Figure 5. Adjusted means and standard errors for the ‘Fatigue/Inertia’ component of the 

Profile Of Mood States (POMS) at each time point. A significant main effect of treatment 

was observed. Pairwise comparisons revealed that when participants consumed CB they felt 

less fatigued (p = 0.012). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry 

plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Figure 6. Adjusted means and standard errors for the ‘Vigour/Activity’ component of the 

Profile Of Mood States (POMS) at each time point. A significant main effect of treatment 

was observed. Pairwise comparisons revealed that when participants consumed CB increased 

vigour was experienced (p = 0.004). CB= 1100 mg coffee berry extract; CBA-L= 100 mg 

coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple 

extract. 

 

Figure 7. Adjusted means and standard errors for the ‘Total mood disturbance’ 

component of the Profile Of Mood States (POMS) at each time point. A main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed the 

CB a trend towards less negative mood was observed (p = 0.074). CB= 1100 mg coffee berry 

extract; CBA-L= 100 mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee 

berry plus 275 mg apple extract. 
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Figure 8. Adjusted means and standard errors for Rapid Visual Information processing 

(RVIP) task false alarms at each repetition and time point. A significant main effect of 

treatment was observed. Pairwise comparisons revealed that when participants consumed CB 

they produced more false alarms (p = 0.006). CB= 1100 mg coffee berry extract; CBA-L= 100 

mg coffee berry plus 275 mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple 

extract. 

 

 

Figure 9. Adjusted means and standard errors for Rapid Visual Information Processing 

(RVIP) task accuracy at each repetition and time point. A significant interaction between 

treatment and repetition was observed. Pairwise comparisons revealed that when participants 

consumed CB they were more accurate during the third repetition of the RVIP within the task 

battery (p <0.001). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 

mg apple extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Figure 10. Adjusted means and standard errors for Peg and Ball completion time at each 

time point. A significant main effect of treatment was observed. Pairwise comparisons 

revealed that when participants consumed CBA-H they were faster at performing the task (p = 

0.029). CB= 1100 mg coffee berry extract; CBA-L= 100 mg coffee berry plus 275 mg apple 

extract; CBA-H= 1100 mg coffee berry plus 275 mg apple extract. 
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Table 1. Participant demographics and baseline characteristics. 

 

 

 

 

 

 

 

 

  Mean SD 

Age (years) 22.98 5.78 

Years in Education 16.78 2.64 

Systolic Blood Pressure 116.22 12.08 

Diastolic Blood Pressure 75.64 6.36 

Body Mass Index 23.58 3.21 

  % 

Sex Male 34.8 

 Female 65.2 

Handedness Right 87 

 Left 13 

Education Level  Entry Level (Entry Level Certificates) 0 

  Level 1 (NVQ level 1, GCSE D-G, BTEC Intro) 0 

  Level 2 (NVQ level 2, GCSE A*-C, Young Apprenticeships) 0 

  Level 3 (NVQ level 3, AS & A-levels, BTEC 3) 52.2 

  Level 4 (NVQ level 4, Cert of Higher Ed, BTEC 4) 0 

  Level 5 (NVQ level 5, HND, HNC, Dip HE/FE, Found. Deg, BTEC 5) 4.3 

  Level 6 (Bachelors Degree, GradDip, Grad Cert., BTEC 6) 32.6 

  Level 7 (Masters, PGDip, PG Cert, BTEC 7) 10.9 

  Level 8 (Doctorates, BTEC 8) 0 

Vegetarian No 97.8 

 Yes 2.2 

Race White 80.4 

 Asian 19.6 
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Table 2. Study intervention compositions. 

Placebo Coffee berry  

 (CB) 

Coffee berry plus Apple  

High Dose (CBA-H) 

Coffee berry plus Apple  

Low Dose (CBA-L) 

Base1 Base1 Base1 Base1 

 Coffee berry (1100 mg)2 Coffee berry extract (1100 

mg)2 plus apple extract3 

Coffee berry extract (100 

mg)2 plus apple extract3 
 

1 Water (95%), sucralose (4%), preservatives, flavours (1%) 

2 Coffee berry extract: An extract of powdered whole coffee fruit standardized to contain 40% 

coffee polyphenols 

3 Apple extract (275 mg): A natural extract standardized to contain 85% polyphenols as 

catechin equivalents 
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Table 3. Composition of standardised study visit meals 

Breakfast Energy (kcal) Fat (g) Carbohydrate (g) Protein (g) Fibre (g) 

2 medium 

slices white 

bread 

190 1.6 35.6 7.2 2.2 

Spreadable 

butter (15g) 

82 9 0.08 0.08 0 

Total 272 10.6 35.68 7.28 2.2 

Lunch      

Cheese 

sandwich 

(white bread) 

350 18 30 17 2 

Yogurt 

(vanilla) 

100 2 13 7 0 

Biscuit 100 4 17 2 0 

Total 550 24 60 26 0 

 


