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What is ?

as nature
originally intended

 WHOLE COFFEE FRUIT PRODUCTS:

 WHOLE COFFEE FRUIT:

A Green World from a Little Red Fruit

offeeBerry® is a registered trademark 
suggestive of a line of patented 
ingredients made from the whole fruit  
of the coffee plant (Coffea arabica). 

CoffeeBerry® products are from 
whole coffee fruit (including the  
bean) that is hand-picked and dried  
to preserve the delicate fruit and  
protect its precious nutrients.

An exclusive innovation in nutrition 

technology, the CoffeeBerry® line of 
whole coffee fruit products features 
higher levels of many beneficial coffee 
compounds than brewed coffee and 
several unique compounds not found in 
the coffee bean alone. 

CoffeeBerry® is the opportunity to 
complete the “coffee” story by delivering 
the health and romance of the world’s 
most popular, yet undiscovered, fruit.
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The CoffeeBerry® Story 
Aligns with a Commitment  
to Global Responsibility

FutureCeuticals is committed to 
the integrity of every human life and 
the best possible stewardship of our 
natural resources. The coffee cherries 
used to produce CoffeeBerry® Whole 
Coffee Fruit products are grown at 
dedicated, family-owned plantations 
that ensure a satisfactory quality of 
life for all employees. 

Our processes also transform the 
majority of coffee-processing waste 
into a viable, patented, scientifically-
researched product line available 
exclusively from FutureCeuticals. 

CoffeeBerry® can bring about 
further significant change by respon-
sibly generating additional coffee 
opportunities for family growers and 
harvesters in coffee growing commu-
nities throughout the world. 

CoffeeBerry® provides significant 
opportunity to be a differentiating 
example of a product that embodies a 
commitment to human health. 

Green coffee 
bean extract

Unique…a new 
coffee invention

Good, but not 
unique…

Unroasted coffee

Patented and 
Branded A Commodity

Rich in healthy 
chlorogenic acids 

from the bean, 
plus unique 

phytonutrients 
from fruit and skin

Rich in healthy 
chlorogenic acids 

from the bean

A “Green” 
Technology Not “Green”

Numerous 
CoffeeBerry
raw materials

One raw material 
available

One trusted 
supplier

Many suppliers … 
many variables

High color, 
luscious

Green and  
not ripe

Consumer appeal 
of exotic fruit

Consumer appeal 
maximized. Passé

Robust marketing 
story featuring 
whole coffee

Limited 
marketing story 

with green coffee

GRAS GRAS

Formulation 
Friendly

Formulation 
Friendly

CoffeeBerry® exactly fits 
corporate commitments to:
w Sustained Agriculture
w Sustaining World Coffee Communities
w Social Responsibility
w Environment and Conservation
w Development of Intrigued, 

Satisfied Consumers

CoffeeBerry® can help sustain existing 
coffee plantations, increase revenues for 
plantation owners and workers, stimu-
late overall economic development in 
coffee growing regions, and provide an 
industry innovation that contributes to 
overall human health. 

CoffeeBerry® Whole Coffee Fruit prod-
ucts are perfect for teas, coffees, spe-
cialty and functional beverages, foods, 
and nutritional supplements. GRAS. 
Non-GMO, and exclusively available from 
FutureCeuticals.

In two clinical studies, Coffee-
Berry® Whole Coffee Fruit Concen-
trate has been shown to significant-
ly stimulate BDNF (brain-derived 
neurotrophic factor), a protein 
responsible for the development, 
differentiation, and protection of 
neurons in the central and periph-
eral nervous system and strongly 
implicated in cognitive and mental 
health. In the same studies, no sig-
nificant increase in BDNF was seen 
in subjects taking brewing coffee, 
green coffee bean extract, natural 
coffee caffeine, grape seed ex-
tract, or chlorogenic acid.

engaging

not a commodity
patented connects with customers

responsible exclusive
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Modulatory	Effect	of	Coffee	Fruit	Extract	on	
Plasma	Levels	of	Brain-Derived	Neurotrophic	

Factor	in	Healthy	Subjects
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Abstract

The present single-dose study was performed to assess the effect of whole coffee fruit concentrate powder (WCFC), green coffee caffeine

powder (N677), grape seed extract powder (N31) and green coffee bean extract powder (N625) on blood levels of brain-derived neuro-

trophic factor (BDNF). Randomly assorted groups of fasted subjects consumed a single, 100mg dose of each material. Plasma samples were

collected at time zero (T0) and at 30min intervals afterwards, up to 120min. A total of two control groups were included: subjects treated

with silica dioxide (as placebo) or with no treatment. The collected data revealed that treatments with N31 and N677 increased levels of

plasma BDNF by about 31% under these experimental conditions, whereas treatment with WCFC increased it by 143% (n 10), compared

with baseline. These results indicate that WCFC could be used for modulation of BDNF-dependent health conditions. However, larger

clinical studies are needed to support this possibility.

Key words: Brain-derived growth factor: Coffee fruit extract: Caffeine: Polyphenols: Procyanidins

Brain-derived neurotrophic factor (BDNF) is a member of the

nerve growth factor-related family(1) and is a homodimeric pro-

tein that has been highly conserved in structure and function

during evolution(2,3). BDNF is a secreted protein that, in human

subjects, is encoded by the BDNF gene(3). It is involved in devel-

opment, maintenance and function of the central nervous

system(4,5). BDNF is found in a wide range of tissues(3) and it

can be self-regulated(6,7). BDNF has several documented short-

and long-term functional roles. It is now well-known that

BDNF serves as a target-derived survival and differentiation

factor for neuronal sub-populations in prenatal stages(8–10). Like-

wise, BDNF promotes long-term potentiation by potentiating

excitatory neurotransmitter activity in the hippocampus(11) and

a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)

receptor insertion post-synaptically(12). These actions, along

with BDNF’s ability to stabilise dendritic spines(13), underlie the

molecule’s important role in learning, memory and behaviour(7).

In addition, BDNF levels increase in response to certain forms of

injury, such as ischaemic–hypoxic(14) and infectious insults(15),

presumably by blocking apoptosis. Various studies have shown

a link between BDNF and certain health conditions, such as

depression(16,17), obsessive–compulsive disorder(18), Alzheimer’s

disease(19), dementia(20) and Parkinson’s disease(21,22).

Despite its name, BDNF is found in a variety of tissues and

cell types, not just in the brain. It is also expressed in cardio-

vascular, immune, reproductive and endocrine tissues(4,5,23).

Intact BDNF readily crosses the blood–brain barrier via a

high-capacity transporter system(24). Interestingly, exercise

has been shown to increase the expression of BDNF in

human subjects(25–27) and a similar effect was observed after

caffeine application in vitro (28) and in vivo (29). Caffeine has

been recently proposed as a potential candidate for maintain-

ing physiological levels of BDNF, as it is capable of positively

affecting cognition(29,30). In the present study, we tested poly-

phenol-rich natural products containing different amount of

caffeine to see if a single dose could lead to an increase in

plasma levels of BDNF. Three natural products containing

varying amounts of caffeine were selected for the present

pilot study: green coffee caffeine (N677), green coffee bean

extract (N625) and whole coffee fruit concentrate powder

(WCFC)(31). A grape seed extract (N31) containing high

levels of polyphenols, but not caffeine(32), was also tested.

*Corresponding author: T. Reyes-Izquierdo, fax þ1 949 502 4987, email tania@abclinicaldiscovery.com

Abbreviations: BDNF, brain-derived neurotrophic factor; N31, grape seed extract powder; N625, green coffee bean extract powder; N677, green coffee

caffeine powder; WCFC, whole coffee fruit concentrate powder.

British Journal of Nutrition, page 1 of 6 doi:10.1017/S0007114512005338
q The Authors 2012
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Materials and methods

Materials

Extract powders tested in the present study were provided by

FutureCeuticals, Inc. WCFC is a patented extract of whole

coffee fruit (coffee berries) from Coffea arabica. Chemical

composition and polyphenol profiles of each tested extract

appear in Table 1. Dulbecco’s PBS and water were purchased

from Sigma Chemical Company. Protein low binding micro-

tubes were obtained from Eppendorf and RC DC Protein

Assay Kit II was purchased from Bio-Rad. Human BDNF

Quantikine ELISA kits were from R&D Systems. Heparin

blood collection tubes were obtained from Ram Scientific,

Inc. and lancets were purchased from Medlancew. Silica

oxide used as placebo was also purchased from Sigma

Chemical Company.

Study description

The present study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all procedures

involving human subjects/patients were approved by the Insti-

tutional Review Board at Vita Clinical S.A. Avenida Circunvala-

cion Norte #135, Guadalajara, JAL, Mexico 44 270 (study

protocol no. 12-06 ABC-BDNF). The present pilot acute clini-

cal study was performed on healthy fasted subjects treated

once with a single dose of tested material, placebo (silica

oxide) or vehicle only (water). All study subjects were gener-

ally healthy, non-smokers and did not use any type of medi-

cation or supplement for a period of 15 d prior to the start

of the study. The inclusion criteria required participants to

be between the ages of 18 and 55 years and have a BMI

between 18·0 and 25·0 kg/m2(33). At the time of the study, par-

ticipants were free of rhinitis, influenza and other symptoms of

upper respiratory infection. To minimise confounding effects,

all subjects remained in the testing facility during experimen-

tation to avoid the possibility of blood BDNF increase due to

physical activity and exercise(34). In addition, all subjects were

tested during the same time of day to minimise any differences

in blood BDNF due to diurnal effect(35). Participants were

excluded if they had diabetes mellitus, a known allergy

to any of the test ingredients or were using any anti-

inflammatory, analgesic, anti-allergy, anti-depressant medi-

cation or multivitamins. Participants received oral and written

information about the experimental procedures before giving

their written consent.

For the present study, twenty-five(25) subjects were ran-

domly divided into groups of five to receive one of the five

treatments: N677, N625, N31, WCFC or placebo (silica

oxide). In follow-up studies performed under the same exper-

imental conditions, five participants received WCFC, chloro-

genic acid or water as vehicle (no treatment group). In all

cases, subjects fasted for 12 h prior to the first blood collection.

Other than consuming one of the study materials or placebo,

patients had no intake per os during the study period. Blood

was collected at baseline (T0) and subsequent samples were

collected at every 30min (T30, T60, T90 and T120) after the

treatment.

Brain-derived neurotrophic factor detection and
quantification

For the isolation of plasma, 100ml finger blood were collected

by finger puncture and placed in Safe-T-Fillw Capillary blood

collection tubes (Ram Scientific, Inc.) and centrifuged at

1000 g for 10min. Blood was transferred to protein low bind-

ing tubes and kept at 2808C until use. BDNF was measured

using a quantitative sandwich ELISA immunoassay (R&D

Systems) following the instructions provided in the kit, using

the buffers and calibrators specific for plasma. Final reactions

were measured using a spectrophotometer (Molecular

Devices) at 450 and 540 nm wavelengths, and final concen-

trations were calculated from a standard curve.

Chemical analyses

Chlorogenic acid, procyanidins, flavanols and flavonols of

WCFC, N625 and N31 were characterised by LC–MS(n) and

quantified by UV absorbance(36). Total polyphenol content

was determined by spectrophotometry according to the

Folin–Ciocalteu method(37), and was calibrated against gallic

acid standard (Sigma-Aldrich). Results were expressed as

grams of gallic acid equivalents.

Table 1. Amount of caffeine, polyphenols and procyanidins in extracts
tested in the present study

Chemical fingerprint of tested
extracts

Compound WCFC N677 N625 N31

Caffeine (%) 0·7 72·8 2 ND
Total polyphenols (%) 47·8 2·8 40 72
Total chlorogenic acids (%) 46·6 2·1 40 None
5-O-Caffeoylquinic acid (%) 20·4 0·9 16·8 None
3-O-Caffeoylquinic acid (%) 5·5 0·2 5·1 None
4-O-Caffeoylquinic acid (%) 7·8 0·4 7·9 None
4-O-Feruloylquinic acid (%) 0·7 ,0·1 0·8 None
5-O-Feruloylquinic acid (%) 2·5 0·1 2·3 None
3,4-O-Dicaffeoylquinic acid (%) 2·8 0·1 2·7 None
3,5-O-Dicaffeoylquinic acid (%) 2·3 0·1 2·4 None
4,5-O-Dicaffeoylquinic acid (%) 3·7 0·2 3·0 None
4-O-Caffeoyl-5-O-feoylquinic

acid (%)
0·3 ,0·1 1·0 None

Trigonelline (%) 3·2 ,0·1 2·7 None
Procyanidin dimmer B2 (mg/g) 27·2 None ,0·1 5·6
Quercetin-3-rutinoside (mg/g) 23·5 None ,0·1 None
Procyanidin trimer B2 (mg/g) 16·3 None ,0·1 1·8
Procyanidin tetramer B2 (mg/g) 4·4 None ,0·1 1·7
þ(2 )-Catechin (mg/g) 1·1 None ,0·1 4·5
2 (2 )-Epicatechin (mg/g) 17·9 None ,0·1 7·1
ORAC (TE/mg) 8445 245 3050 15 656
HORAC (TE/mg) 21 920 515 7098 34 220
SORAC (TE/mg) 860 7 282 23 895
NORAC (TE/mg) 527 28 168 657
SOAC (TE/mg) 2042 89 686 3928

WCFC, whole coffee fruit concentrate powder; N677, green coffee caffeine powder;
N625, green coffee bean extract powder; N31, grape seed extract powder; ND,
not determined; ORAC, oxygen radical absorbance capacity; TE, Troloxe
equivalents; HORAC, hydroxyl oxygen radical absorbance capacity; SORAC,
superoxide radical absorbance capacity; NORAC, peroxynitrite radical absor-
bance capacity; SOAC, singlet oxygen radical absorbance capacity.
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The caffeine and trigonelline contents were characterised by

HPLC Agilent 1100 (Agilent Technologies) equipped with a

diode array detector and quantified by UV absorbance

(W Mullen, B Nemzer, M Clifford, et al., unpublished results).

Antioxidant capacities of coffee fruit extract, coffee bean

extract and N31 were characterised by the ability of the

samples to scavenge peroxyl radicals (oxygen radical

absorbance capacity), hydroxyl radicals (hydroxyl oxygen rad-

ical absorbance capacity), peroxynitrite (peroxynitrite radical

absorbance capacity), superoxide anions (superoxide radical

absorbance capacity) and singlet oxygen (singlet oxygen

radical absorbance capacity)(39–41).

Statistical analysis

BDNF levels were compared with a reference standard curve

and each subject was normalised to their own value measured

at time zero (T0). Peak levels of plasma BDNF for each patient

were used for comparisons. Results were pooled and standard

error of the mean was used for each separate analysis. Plasma

BDNF levels at 60min after treatmentwere comparedwith base-

line using a two-tail, independent Student’s t test. Power

analyses were run using G*Power Data Analysis (Heinrich-

Heine-University Düsseldorf). Statistical power was run for

the whole group and it was also calculated per-pair power for

individual comparison. Descriptive analysis was run in Graph-

Pad to derive the mean and standard deviation for each group.

Results and discussion

Four polyphenol-rich fruit extracts were tested in healthy sub-

jects. Three of the extracts contained caffeine in varying

amounts (WCFC: 0·7% caffeine; N677: 72·8% caffeine; and

N625: 2% caffeine) and one extract was caffeine free (N31)

(see Table 1). Of the substances tested, WCFC increased

BDNF plasma levels (Fig. 1) in patients by an average of

137% with respect to baseline (range 65–222%; P¼0·001

v. placebo). N677 showed an increase of 42%, but was

not statistically significant (P¼0·49). N625 did not cause a

significant increase in BDNF. N31 increased BDNF levels in

plasma by 30% with respect to baseline, though not signifi-

cantly (P¼0·65).

It is important to note that a power analysis of the entire

sample indicated that forty subjects would be required to

reach a power of 80%. Our sample size was twenty-five, there-

fore one must interpret the lack of BDNF effect of N677, N625

and N31 with caution. Larger groups are required to make

definitive conclusions for these treatments. However, the

result of this power analysis does not diminish the statistical sig-

nificance of WCFC on plasma BDNF levels. Indeed, a separate

per-pair power analysis of WCFC and placebo showed a

sample size of ten to have a greater than 99% power.

Quite unexpectedly, treatment with placebo (silica dioxide)

resulted in a 34% reduction in BDNF blood levels (P¼0·09).

Silica oxide was used as placebo, as it is generally considered

to be an inert material. It has been previously reported that

stress can decrease plasma levels of BDNF in some human

and animal models(42–44). However, the reduction of plasma

BDNF due to the intake of silica/placebo has not been

reported. Consequently, a second experiment was performed

to verify the reproducibility of the effect of WCFC on BDNF

and to test the effect of extended fasting (untreated control)

on the baseline level of BDNF in blood.

A total of five additional healthy subjects who met the same

inclusion criteria were treated with 100mg WCFC. As before,

all groups fasted for 12 h prior to testing, but the control

group did not receive any treatment besides water as vehicle

(200ml) as it was used for treatment with WCFC. As shown

in Fig. 2, BDNF plasma levels were increased in subjects trea-

ted with 100mg of WCFC (148% increase; P¼0·002). How-

ever, blood BDNF level in the untreated group was not

statistically changed (15% increase by average).

Pooling all ten subjects from the two studies, treatment with

100mg of WCFC caused a 143% increase in BDNF plasma

levels. The stimulatory effect of caffeine on BDNF has been

previously observed(29,30,45,46). However, as presented in

Fig. 1, single-dose treatment with caffeine-containing extracts
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Fig. 2. Blood levels of brain-derived neurotrophic factor (BDNF) measured in

non-treated subjects (placebo), subjects receiving 50mg of chlorogenic acid

or 100mg whole coffee fruit concentrate powder (WCFC). Data are pre-

sented as the average percentage difference compared with baseline (T0).

*Mean value was significantly different compared with placebo by Student’s t

test (P,0·05).
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Fig. 1. Blood levels of brain-derived neurotrophic factor (BDNF) collected

from subjects treated with whole coffee fruit concentrate powder (WCFC),

green coffee bean extract powder (N625), green coffee caffeine powder

(N677), grape seed extract powder (N31) and placebo (silica). Data rep-

resent average percentage difference from administration (T0). *Mean value

was significantly different compared with placebo by Student’s t test

(P,0·05).
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resulted in an increased level of plasma BDNF in a caffeine

concentration-independent manner. As shown in Table 1,

N677 is mostly comprised of caffeine (72·8% by weight), yet

caused only modest increases in plasma BDNF levels. The

most profound increases in plasma BDNF were observed

after treatment with WCFC, although this extract contains

only 0·7% caffeine by weight.

Previous reports have shown that procyanidins extracted

from grape seeds are capable of stimulating neurotrophic fac-

tors in aged rats(47). These compounds have also been impli-

cated in the regulation of metabolic disorders(48,49) that are

BDNF dependent. The N31 used in the present study had rela-

tively high polyphenol levels compared with the coffee fruit,

coffee caffeine and coffee seed extracts, yet failed to signifi-

cantly increase BDNF in blood.

This result suggests that the stimulatory effect of WCFC on

the blood level of BDNF is not associated with the amount

of polyphenols or caffeine per dose. Rather, the effect may

be related to either the amount of procyanidins or to the

unique coffee polyphenol profile of the WCFC material.

According to the present analyses, WCFC shows a significant

amount of procyanidins in comparison to N31, N625 and

N677 (Table 1), suggesting that acute treatment with procyani-

din-rich whole coffee fruit extracts (and possibly other procya-

nidin-rich extracts), may increase blood levels of BDNF

in human subjects. Future work could include testing other

procyanidin-rich extracts for their ability to raise plasma

BDNF in order to confirm this hypothesis.

The amount of trigonelline also varied in each material

tested (Table 1). As presented, WCFC and N625 contain the

highest amount of this compound; however, the effect of

WCFC on plasma BDNF is superior to the effect of N625

under the same experimental conditions, suggesting that this

is not the primary agent responsible for increased BDNF

levels in blood.

As WCFC contains high amounts of chlorogenic acid, it was

hypothesised that this specific polyphenolic acid may cause an

increase in blood level of BDNF. Consequently, we adminis-

tered 50mg of chlorogenic acid as a single dose to five healthy

subjects. As presented in Fig. 2, chlorogenic acid did not

increase blood level of BDNF in a statistically significant

manner (P¼0·89), suggesting that this substance is not respon-

sible for the ability of WCFC to increase BDNF.

The compounds tested in the present study had different

concentrations of caffeine and polyphenols (Table 1). It is

important to note that the present results show the percentage

of caffeine within each tested compound, rather than an absol-

ute mass of caffeine. Nevertheless, the present work suggests

that procyanidins may have the ability to increase plasma

BDNF levels and, perhaps, to a larger extent than caffeine

itself. This is particularly interesting considering that recent

research show that procyanidin oligomers play a role in

neuroprotection from excitotoxic injury(50).

BDNF-dependent telomerase activity has been shown

to promote neuron survival in developing hippocampal

neurons(51). Increased BDNF expression and telomerase

activity after brain injury suggest that telomerase may play a

role in BDNF-mediated neuroprotection. Furthermore, BDNF

has been shown to up-regulate telomerase expression and

activity in spinal motor neurons(52). These neurons, treated

with BDNF, are more resistant to ex-cytotoxic injury, presum-

ably from increased cellular resistance to apoptosis. It is inter-

esting to speculate that WCFC possibly may also exert an anti-

apoptotic effect through telomerase by increased BDNF

activity.

WCFC was tested under experimental conditions reducing

impact of possible confounding effects; for example, non-

smokers were not included in the present study, since nicotine

is known to increase blood levels of BDNF(53). All subjects

remained in the clinical site during the duration of the study

to avoid any shifts in blood level of BDNF due to exercise

and physical activity(34). Finally, the present clinical study

was performed in the morning starting at 08.00 hours, as it

was reported that blood levels of BDNF are increased due

to diurnal effect(35).

In summary, WCFC increased the blood level of BDNF

during first 60min after treatment with a dose of 100mg. In

order to confirm the results of the present pilot study, further

clinical testing in a larger group is required.
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ABSTRACT 
A pilot study by Reyes [1] previously showed that ingestion of single dose of whole coffee fruit concentrate (WCFC) 
powder increased blood levels of brain derived neurotrophic factor (BDNF) during the first 60 minutes after ingestion. 
In the present report, we performed a single dose, placebo-controlled, within-subject study to confirm and further inves- 
tigate this effect. Twenty healthy subjects with ages ranging from 25 to 35 participated in this study. All fasted and 
resting subjects received placebo on Day 1, WCFC on Day 2, and a cup of freshly brewed coffee on Day 3. Treatment 
with WCFC resulted in a statistically significant increase in plasma BDNF compared to placebo (p = 0.0073) or coffee 
(p = 0.0219) during first 60 minutes. In addition, e isolated exosomes from serum and found that they contained BDNF. 
Furthermore, oral WCFC consumption acutely increased BDNF levels in serum exosomes. In summary, all presented 
results justify further clinical investigation of WCFC as a tool to manage BDNF-dependent health conditions. 
 
Keywords: Brain-Derived Neurotrophic Factor; Whole Coffee Fruit Concentrate; Coffee; Exosomes; Acute Effect 

1. Introduction 
Brain-derived neurotrophic factor (BDNF) is a member 
of the neurotrophin family of growth factors, along with 
nerve growth factor, neurotrophin N4/5, and neurotro- 
phin NT6. BDNF has high affinity for the tropomy- 
osin-related kinase B (TrkB) receptor [2,3]. This product 
of the NTRK gene is expressed in several types of cells 
and tissues with major expression in neural cells and car- 
diomyocytes [4]. BDNF exerts several effects in the cen- 
tral nervous system; it regulates the development and 
differentiation of new neurons [5-7] and promotes neuron 
survival [8-10]. Influences mood and depression [11-13], 
sleep control [14] and modulates appetite [15,16]. In ad- 
dition, alterations in BDNF have been identified in vari- 
ous chronic neurodegenerative diseases [17]. Blood 
BDNF declines during aging [18] and decreased levels 
may be associated with depression [19]. Preclinical stud- 
ies demonstrate that both BDNF and TrkB receptor ago- 

nists have antidepressant effects in an animal model of 
depression [20-23]. In humans suffering from depression, 
blood levels of BDNF are lower than in healthy controls 
[24]. 

BDNF may act through TrkB receptors not only in 
brain cells, but also in several peripheral tissues. Blood 
circulating BDNF and BDNF found in peripheral organs 
and tissues may interact with the TrkB receptor to mo- 
dulate glucose metabolism [25-27], energy expenditure 
[25,27], total food intake [25], and stimulation of Glut 4 
expression in muscle tissue [28]. Both central and pe- 
ripheral administration of BDNF lowers blood glucose 
and increases energy expenditure in diabetic animals [29]. 
Conversely, haploinsufficiency of the BDNF gene results 
in hyperphagy and obesity [30,31].  

Several types of cells within the human body express 
BDNF mRNA [32] and the corresponding BDNF pep- 
tides are stored for rapid release. BDNF can be rapidly 
released from various types of blood cells including 
platelets [33-35] peripheral blood mononuclear cells [36], *Corresponding author.
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eosinophils [37-39], monocytes [40]. Interestingly, all of 
these cells can release exosomes [41,42]. Exosomes are 
40 - 50 nm vesicles found in various cell types (for re- 
view, see Simons and Raposo [43]. Blood-circulating 
exosomes carry mRNA, microRNA, and proteins char- 
acteristic of the cells that release the exosomes.  

Circulating exosomes can fuse with other cells and 
transmit internal macromolecules, such as microRNA or 
peptides [43,44]. Therefore, exosomes may function as a 
communication vehicle between different cells and tis-
sues [45]. Recently, researchers were able to detect 
exosomes in blood that had been released from brain 
cells [46,47] indicating that exosomes can cross the 
brain-blood barrier (BBB) [46,47]. Likewise, exosomes 
released into blood may pass the BBB and deliver their 
exosomal content [48]. Such an arrangement would sug- 
gest that exosomes are of potential therapeutic value as a 
means to deliver substances to brain that do not normally 
cross the BBB [49].  

We previously reported that WCFC acutely increases 
blood levels of BDNF in a small number of healthy sub- 
jects [1]. This preliminary study was limited by the small 
number of participants and by the fact that the chosen 
placebo, silica oxide, unexpectedly reduced BDNF levels 
in blood. We now report the results of a larger clinical 
trial that further clarifies the effect of WCFC on BDNF. 
We also provide evidence that blood exosomes contain 
BDNF and that treatment with WCFC may increase 
exosomal BDNF content. 

2. Materials and Methods 
2.1. Materials 
WCFC is a patented extract of whole coffee fruit (coffee 
cherries) from Coffeaarabica. WCFC tested in this study 
was provided by Future Ceuticals, Inc., Momence, IL, 
USA. Chemical composition and polyphenol profile of 
this material was previously reported [1]. Dulbecco’s 
phosphate buffered saline (PBS) and water were pur- 
chased from Sigma Chem. Co. (St. Louis, MO, USA). 
Protein Low Binding microtubes were obtained from 
Eppendorf (Hauppauge, NY, USA) and RC DC Protein 
Assay Kit II was from Bio-Rad (Palo Alto, CA, USA). 
Human BDNF Quantikine ELISA kits were from R&D 
Systems (Minneapolis, MN USA). Heparin blood collec- 
tion tubes were obtained from Ram Scientific Inc. 
(Yonkers, NY) and lancets were purchased from Med- 
lance® (Ozorkow, Poland). Placebo was empty gelatin 
capsules obtained from Capsuline, Inc. (Pompano Beach, 
FL, USA). Coffee was prepared in a Platinum B70 
Keurig® brewer (Keurig Incorporated, Reading MA, 
USA) and brewed to 150 mL cup size. Afterwards, 150 
mL cold water was added per cup to cool down the cof- 
fee for fast consumption. The pre-packed selected coffee 

was San Francisco Bay Coffee One Cup for Keurig 
K-Cup Brewers, French Roast (San Francisco, CA, USA) 
which contains 130 ± 10 mg of caffeine. 

This study was conducted according to the guidelines 
put forth in the Declaration of Helsinki and all proce- 
dures involving human subjects were approved by the 
Institutional Review Board at Vita Clinical S.A. Aveni- 
daCircunvalacion Norte #135, Guadalajara, JAL, Mexico 
44,270 (Study protocol ABC-WCFC). All study subjects 
were generally healthy and did not use any type of 
medication or supplement for a period of 15 days prior to 
the start of the study. The inclusion criteria required par- 
ticipants to be between the ages of 25 and 35 and have a 
body mass index between 18.5 and 24.9 kg/m² [50]. At 
the time of the study, participants were free of rhinitis, 
influenza, and any other symptoms of upper respiratory 
infection. Participants were excluded if they had diabetes 
mellitus, a known allergy to any of the test ingredients or 
were using any anti-inflammatory, analgesic, anti-allergy, 
anti-depressant medication or multivitamins. Participants 
received oral and written information about the experi- 
mental procedures and written consent was obtained be- 
fore administration of any study treatment. 

2.2. Study Description 
Twenty (20) subjects meeting inclusion criteria were 
treated with placebo on Day 1, a single dose of WCFC 
on Day 2, and 300 mL of freshly brewed coffee on the 
Day 3. In all cases, subjects fasted for 12 h prior to the 
first blood collection. Other than consuming one of the 
given materials, patients had no intake per os during the 
study period and remained calm and resting. One hun- 
dred µL of finger blood were collected by finger punc- 
ture and placed in Safe-T-Fill® Lithium heparin capillary 
blood collection tubes (Ram Scientific Inc. Yonkers, NY) 
at baseline (T0). Subsequent samples were collected 
every 60 min (T60 and T120) after treatment. 

2.3. BDNF Detection and Quantification
Heparin plasma was isolated from collected blood sam- 
ples using centrifugation at 1000 × g for 10 min. Human 
mature BDNF (aa129-247) was detected using a quanti- 
tative sandwich ELISA immunoassay (R&D Systems; 
Minneapolis, MN, USA) following the instructions pro- 
vided. Final reactions were measured using a Molecular 
Devices spectrophotometer (Sunnyvale, CA, USA) and 
BDNF concentrations were determined based on a stan- 
dard curve as described in the instruction. 

2.4. Determination of Exosomal BDNF  
(Clinical Case Experimentation) 

For exosome isolation, 500 μL of blood were collected 
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from finger puncture in serum collections tubes. Blood 
was spun down at 1000 g for 10 min. Two-hundred fifty 
µL of serum were used for exosome separation by pre- 
cipitation using ExoQuick™ Exosome Precipitation Kit 
(System Biosciences, Mountain View CA, USA) follow- 
ing the instructions from the manufacturer. Briefly, 63 
µL of exosome precipitation solution were added to 250 
µL of serum. The samples were gently mixed to ensure 
uniformity and then incubated at 4C for 30 min. After- 
wards, samples were centrifuged at room temperature for 
30 min at 1500 g. The supernatant was collected in a 
clean tube while the pellet was spun again for 5 min at 
1500 g and any remaining supernatant was removed. 
Finally, the pellet was resuspended in 250 µL of Exo- 
some Binding buffer (System Biosciences, Mountain 
View, CA, USA) and incubated in an ice bath for 5 min 
to complete the lytic process. BDNF contained in the 
exosomal lysate was measured using the quantitative 
sandwich ELISA immunoassay (R&D Systems; Min- 
neapolis, MN, USA) previously described. 

2.5. Lactate and Glucose Measurements  
Blood lactate was measured using an Accutrend® Lactate 
Point of Care (Roche, Mannheim, Germany) and BM- 
Lactate Strips® (Roche, Mannheim, Germany). Twelve 
µL of blood were loaded onto the strip and lactate was 
read according to the instructions provided by the manu- 
facturer. Glucose was measured using an Accu-Chek® 
Compact Plus glucometer (Roche Diagnostics, Indian- 
apolis, IN, USA) and Accu-Chek® test strips (Roche Di- 
agnostics, Indianapolis, IN, USA). After blood was col- 
lected for BDNF assays, fingers were wiped off and a 
glucose test was performed on fresh blood. Glucose was 
read according to the instructions provided by the manu- 
facturer. 

2.6. Statistical Analysis  
As previously described [1], BDNF levels were com- 
pared to a reference standard curve and each subject was 
normalized to their own value measured at time zero (T0). 
Results from each group were pooled and standard error 
of the mean was used for each separate analysis. Plasma 
BDNF levels for 60 and 120 minutes after treatment were 
compared within experimental groups to baseline and 
between experimental groups using a one-way ANOVA 
with Tukey’s post hoc analysis. Descriptive analyses 
were run in GraphPad® to derive mean and standard de- 
viation for each group. 

3. Results 
Twenty healthy volunteers were recruited for this within- 
subject crossover clinical study. On Day 1, participants 

consumed an empty capsule labeled as placebo. On Day 
2, 100 mg of WCFC was administered orally and on Day 
3, they consumed fresh-brewed coffee. On each day, 
blood samples were drawn at baseline and at 60 and 120 
minutes after treatment. As shown in Figure 1, a single 
100 mg dose of capsulated WCFC increased plasma 
BDNF by 91% at 60 minutes and 66% at 120 minutes 
compared to baseline (p < 0.001). Placebo increased 
plasma BDNF by 5% (p = 0.5) at T60 and 26% (p = 0.02) 
at T120 over baseline. Treatment with fresh coffee re- 
sulted in 21% and 15% change at T60 (p = 0.1) and T120 
(p = 0.2) over baseline, respectively (Figure 1). At 60 
minutes, plasma BDNF in subjects treated with WCFC 
was higher than those treated with placebo (p = 0.0073). 
This difference diminished at 120 min (p = 0.1127). 
WCFC treatment also increased BDNF levels signifi- 
cantly more than fresh coffee consumption at 60 min (p = 
0.02) and 120 min (p = 0.04). The coffee treatment did 
not significantly alter BDNF levels when compared to 
placebo at 60 min (p = 0.23) or 120 min (p = 0.138). 
Blood levels of glucose (Figure 2A) and lactate (Figure 
2B) were not changed by any of the three treatments 
(placebo, WCFC, coffee) compared to baseline. 

We were interested in determining whether treatment 
with WCFC increases only free BDNF levels in the 
blood or whether exosomal BDNF levels change as well. 
After the within-subject crossover study, we selected one 
participant at random to receive an additional dose of 
WCFC. We collected serum samples at T0, T60 and 
T120 as before. The exosome fraction was isolated using 
standard procedures provided with the exosome isolation 
kit. BDNF levels in the exosome fraction and remaining 
serum from one volunteer are presented in Figure 3.  
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Figure 1. The effect of WCFC on BDNF. Plasma BDNF le- 
vels were measured at baseline (T0), 60 (T60) and 120 (T120) 
min after treatment. Subjects were treated with Placebo 
(Day 1), 100 mg WCFC (Day 2) and 300 mL of diluted cof- 
fee (Day 3). Data are presented as the average percentage 
difference compared to baseline. *Mean value of WCFC 
treatment was significantly different when compared with 
placebo (p = 0.007) and coffee (p = 0.02) at T60. Results 
were not significant at T120 when compared to the placebo 
(p = 0.11), however, they are significant when compared to 
coffee (p = 0.04). 
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Figure 2. Blood glucose levels (A) and lactate levels (B) re- 
mained unchanged at baseline, 60 and 120 min after treat- 
ment with placebo (Day 1), WCFC (Day 2) and coffee (Day 
3). No significant differences were observed between treat- 
ments or over time. 
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Figure 3. Exosomal BDNF after treatment with WCFC. 
Exosomes were isolated from serum of one volunteer at 
baseline and at 60 and 120 minutes after treatment with 
WCFC. Preliminary results suggest that exosomal BDNF is 
increased after treatment. 
 
BDNF was present in exosomes before treatment at T0. 
After 60 minutes, one dose of WCFC increased serum 
BDNF by 54% and exosomal BDNF by 206%. The ini- 
tial WCFC-induced increase in serum BDNF declined at 
120 minutes (32% over baseline) as did exosomal BDNF 
(39% over baseline). This clinical case result suggests 
that acute treatment with WCFC may increase the 
amount of exosomal BDNF in blood; however this re- 
quires further investigation since data presented here are 
from a single study participant. 

4. Discussion 
We report that a single dose of WCFC nearly doubles the 
amount of BDNF in the blood after 60 minutes with sus- 
tained effects for at least two hours after treatment. This 

confirms and extends the results of our previous work [1]. 
This effect was not seen with freshly brewed coffee over 
the same time, a control that was not tested previously. 
This result is consistent, however, with our previous ob- 
servation that coffee beans or green coffee extracts con- 
taining various amounts of caffeine do not raise BDNF 
levels in blood [1]. Since WCFC is an extract of whole 
coffee fruit, it does not contain BDNF. Thus, WCFC 
could be considered to be a stimulator of endogenous 
BDNF release from cells. As previously described, there 
are several types of mammalian cells capable of releasing 
BDNF. However, it remains to be determined which cells 
are stimulated by WCFC and by what mechanism.  

In a previous study, we reported that the use of silica 
oxide as a placebo, slightly decreased levels of blood 
BDNF [1]. In the current study, empty gelatin capsules 
were used as placebo, showing a slight, but not signifi- 
cant increase in plasma BDNF (5%) at T60, whilst 
BDNF blood levels increased up to 28% at T120. Coffee 
had no significant effect on BDNF at T60 and T120. 
While fasting is known to increase BDNF levels in brain 
[51,52], this effect for serum in healthy individuals has 
not been clearly shown. In addition, studies of long term 
fasting on serum BDNF levels have yielded conflicting 
results [53,54]. 

Since study participants fasted 12 hours prior to the 
start of the study, we monitored blood glucose for hypo- 
glycemia. We also wanted to learn if WCFC affects 
blood levels of glucose or lactate. We confirmed our pre- 
vious finding that WCFC does not affect glucose or lac- 
tate [1]. It is important to mention, that this study was 
conducted on healthy subjects. It is unclear what effect 
WCFC would have on subjects with chronic conditions, 
until additional trials have been conducted. 

An acute increase in blood levels of BDNF may indi- 
cate that BDNF is released into bloodstream from cells 
[43]. Therefore, we hypothesized that at least part of the 
plasma BDNF detected was released from exosomes de- 
rived from blood cells. We report for the first time that 
blood-circulating BDNF may exist as both free BDNF 
and contained within exosomes. Free BDNF sharply in-
creased one hour after WCFC treatment and began to 
return to baseline after two hours, as did exosomal 
BDNF. Further studies are needed to confirm that BDNF 
circulates in blood as both free BDNF and exosomal 
BDNF since this was the result obtained in a single sub-
ject (clinical case experiment). However, the initial result 
is encouraging. Since exosomes have the ability to cross 
the BBB [43], it would be interesting to study the effect 
of WCFC on BDNF-mediated brain functionalities such 
as cognitive activity [47], appetite control [55], or modu- 
lation of neurodegenerative conditions [47,49,56,57]. 

Copyright © 2013 SciRes.                                                                                  FNS
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OVERVIEW 
Scientific Goals. The purpose of this pilot study is to evaluate the potential effects of whole coffee 
fruit concentrate (WCFC, NeurofactorTM), a product that elevates circulating brain-derived 
neurotrophic factor (BDNF), on cognition and mood in healthy adults. Given the observation that 
administration of a single dose of WCFC powder increased plasma BDNF (WCFC) by 143 % in a 
small sample of human subjects (Reyes-Izquierdo et al., 2012), and the reported role of BDNF in 
learning and memory as well as various positive effects of BDNF on chemical and structural 
features in the brain (Cunha et al., 2010, Jourdi et al., 2013, Tanaka et al., 2008), we aim to 
determine whether subchronic WCFC administration is associated with procognitive and mood-
elevating effects in normal healthy adults. If positive behavioral effects are mediated by a 
neurotrophic mechanism involving BDNF, several weeks may be required to obtain an optimal 
signal. The participants will be healthy, middle-aged participants, 40-55 years of age (n = 10 in each 
of two groups), and they will receive WCFC (NeurofactorTM) or placebo (Nutrim®) for administration 
over a 28-day period. The primary dependent variables will be scores on cognitive tests and mood 
ratings. 
 
Strategic Goals. The projected outcome of this study is that self-administration of NeurofactorTM for 
28 days (or even 14 days) will be associated with an improvement in mood and scores on cognitive 
tests, and that the change will exceed that observed with administration of Nutrim® (placebo, see 
below). A projected secondary outcome is that improvement in mood and cognitive performance 
will be related to an increase in plasma BDNF. A demonstration of procognitive and/or mood-
elevating effects of NeurofactorTM can be of enormous value as it would suggest positive effects of 
using this product for a large potential market.    

A successful outcome of this pilot study (Study 1) will justify a follow-up study to include brain 
imaging ─ specifically functional magnetic resonance imaging (fMRI) to show quantitative effects in 
relevant brain circuits (Study 2). Study 1 also will establish conditions for the subsequent brain 
imaging assays, including duration of NeurofactorTM administration. If positive, the results of Study 
1 as well as those of Study 2 can be published. 

RESEARCH PARTICIPANTS  
Volunteers (approximately equal numbers of men and women) will be recruited from the greater 
Los Angeles community via newspaper, radio and Internet advertisements. Participants will be 
middle-aged nonsmokers, in good health. We plan to screen a total of 32 participants at UCLA. On 
the basis of our previous experience, we anticipate that up to 9 of the 32 will fail screening criteria 
and that up to 3 participants who enroll will not complete the study. This would leave 20 
participants to complete the protocol (10 in each of two groups: WCFC and placebo).  
 
We have selected an age range of 40–55 years to enhance the chance of demonstrating pro-
cognitive effects. Younger participants, whose cognitive performance is expected to be higher, may 
perform at a ceiling level, with less room for improvement by the product under study. An emerging 
body of data suggests speculation that natural polyphenols can combat age-related cognitive 
decline, which is often accompanied by depression and potentially by reduced levels of 
hippocampal neurogenesis (Ogle et al., 2013).  
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Inclusion/Exclusion Criteria. To participate, subjects must meet the following inclusion criteria: 1) 
be 40-55 years of age; 2) have vital signs within the clinically acceptable normal range (i.e., resting 
pulse between 50 and 90 beats/min (bpm), blood pressures between 85-150 mm Hg systolic and 
45-90 mm Hg diastolic; 3) understand written and spoken English (for cognitive testing); 4) if 
female, must either be unable to conceive (i.e., surgically sterilized, sterile, or post-menopausal,) or 
agree to use a reliable form of contraception (e.g., birth control pills, intrauterine device, condoms, 
or spermicide) during the trial and to provide a negative pregnancy urine test before randomization; 
5) body mass index (BMI) values ≥ 18 kg/m2 and ≤ 25 kg/m2. Subjects must not meet any of the 
following exclusion criteria: 1) have a medical condition that, in the study physician’s judgment, 
may interfere with safe participation (e.g., active tuberculosis, unstable cardiac, renal, pulmonary or 
liver disease, unstable diabetes); 2) have a current neurological disorder (e.g., organic brain 
disease, dementia) or a medical history which would make compliance difficult or would 
compromise informed consent; 3) have an Axis I psychiatric disorder as assessed by the 
Structured Clinical Inventory for DSM-IV-TR (SCID); 4) have a history of attempted suicide in the 
past 3 years and/or serious suicidal intention or plan in the past month as assessed by the SCID; 
5) be taking a prescription medication that can affect brain function 6) have a history of alcohol 
dependence within the past 3 years; 7) have a clinically significant heart disease or hypertension; 
ECG showing cardiac ischemia or other clinically significant abnormality; 8) be pregnant or nursing; 
or 9) have any other circumstance that, in the opinion of investigators, would compromise safety. 

Interested participants who are deemed eligible on the basis of preliminary telephone screening 
will continue with medical screening at the UCLA Clinical and Translational Research Center 
(CTRC). Those who meet eligibility criteria will take part in a baseline test session (before 
randomization) to collect cognitive and behavioral data as well as baseline plasma BDNF level. 
There will also be two test sessions at 14 and 28 days of treatment to collect data on the effects of 
the active and placebo treatments. These sessions will be conducted on an outpatient basis, at the 
Semel Institute for Neuroscience and Human Behavior, UC Los Angeles.  
 
METHOD OF PARTICIPANT RECRUITMENT AND ELIGIBILITY SCREENING 
Participants will be identified and recruited in a manner free of coercion, within the legal and ethical 
guidelines provided by the UCLA Human Subjects Protection Committee. We will recruit using 
flyers as well as Internet, and newspaper/magazine advertisements. The IRB-approved flyers will 
be distributed in public areas, and JPEG versions of the flyer will be posted online.  
 
Participants who call the toll-free telephone number listed on the flyer/advertisement will speak to a 
Study Coordinator/Research Associate, who will conduct a 5-min screening interview using a 
standard script. The screening instrument, which will be the Telephone Script Form, will collect 
information about past and present licit and illicit drug use, current health status, and past and 
present psychiatric status. At the conclusion of the interview, the interviewer will tell the potential 
participant whether s/he qualifies to schedule an appointment with an investigator to review the 
consent form. If the participant qualifies, certain demographic data (e.g., first name, age, sex, 
telephone number, e-mail address) will be gathered during the telephone call. Participants who 
elect to participate will be given directions to our location at UCLA either verbally (in a telephone 
conversation) or by email. 
 
Completed screening instruments for callers who qualify for further participation will be stored in a 
locked file cabinet in Dr. London’s laboratory. If the potential participant elects to continue in the 
study, the completed screening form will be moved to a research chart created for the participant 
and locked in a file cabinet. After informed consent is given, identifying information will be coded.  
Screening forms obtained from potential participants who do not qualify or who are not interested 
in continuing will be shredded immediately.  
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After the initial telephone screening, participants will visit Dr. London’s laboratory at UCLA to 
provide written informed consent. Upon providing consent, they will undergo comprehensive 
evaluation to determine final eligibility status. The evaluation will include a psychiatric diagnostic 
interview, using the SCID, and blood tests [25-ml sample to including a complete chemistry panel 
(5 ml), hepatic panel (3 ml), Hepatitis B and C, RPR test (7 ml), plasma BDNF (0.1 ml), and other 
biomarkers beyond BDNF]. Urine samples will be taken for drug screening, and to test for 
pregnancy (female participants). Participants will be interviewed about their prior and current drug 
use, including tobacco use. In addition, participants will be interviewed about the nature of their 
employment and physical exercise habits: endurance training has been shown to increase plasma 
BDNF in young men (Zolodz et al., 2008). The maximum time period allowable between the 
screening visits and attendance at the UCLA CTRC will be 4 weeks. If this time elapses, the 
potential subject will be screened again. 

MEDICAL PROCEDURES COMPLETED DURING IN-PERSON SCREENING 
Participants will have blood samples taken for Rapid Plasma Reagin (RPR), and Hepatitis B and C 
testing. The study physician will inform participants of the implications if their status for RPR, 
hepatitis B or hepatitis C test results is positive, and will refer participants to further information.  
Study staff will inform participants with negative RPR, hepatitis B and hepatitis C test results of 
their health status. Height and weight will be assessed, as body mass index (BMI) values provide 
inclusion criteria (18 ≤ BMI ≥ 25 kg/m2). Plasma BDNF will be measured by a blood sample (finger 
stick) obtained prior to, and at each weekly visit to UCLA after initiating WCFC or placebo 
administration.  

 
QUESTIONNAIRES COMPLETED DURING SCREENING  
Study Admission & Intake Form. This 9-page questionnaire administered at intake collects general 
demographics and information about general and metal health history and status substance abuse, 
treatment. This questionnaire takes approximately 15-45 min to complete. 
 

The SCID-IR-TR. This instrument will be administered during intake screening to determine 
whether the participant meets the DSM-IV-TR criteria for drug dependence and to rule out any 
major psychiatric disorders (e.g., affective disorders, schizophrenia; Spitzer et al., 1995).  

The International Physical Activity Questionnaires (IPAQ). The purpose of the IPAQ (Craig et al., 
2003) is to record any exercise that participants engage in as this may impact findings. It takes 
approximately 5 min to complete. 

PAYMENT FOR PARTICIPATION 
We plan to pay participants $20 for the initial screen at UCLA, and $30 to complete the medical 
screening, including ECG and laboratory analyses. Participants will receive $50 for each of four 
weekly clinic visits (total of 5 visits including the screening visit: $250). If subjects successfully 
complete the entire study, they will receive a completion bonus of $50. Thus, a research volunteer 
who participates in the screening procedures, and qualifies and completes all study visits, can earn 
up to $300. Participants who drop out or are excluded after initiating the protocol will be paid for 
whatever components they have successfully completed. Participants who complete the protocol 
will receive the entire payment at the completion of the fourth test session.  
 
GENERAL PROCEDURES AT THE SEMEL INSTITUTE AT UCLA 
Participants meeting the inclusion criteria will attend the Semel Institute for Neuroscience and 
Human Behavior at UCLA to provide written informed consent, to take part in baseline 
measurements, and to be randomized to receive either WCFC or placebo. During the active 
treatment time (28 days), they will visit the UCLA Semel Institute on a weekly basis. On day 0 (at 
baseline) and day 14, WCFC or placebo will be provided, in amounts sufficient for a 2-week 
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supply, so that they can self-administer the respective treatments. At each of these weekly visits, 
questionnaires regarding compliance will be completed, and blood samples will be taken for assay 
of BDNF. A cognitive test battery and mood-rating scales will be completed at baseline and at 14 
and 28 days of treatment. At the midpoint assessment (14 days) and at completion of treatment 
(28 days) blood will be drawn for assay of a blood chemistry panel (as at baseline) as well as for 
biomarkers in addition to BDNF.   
   
The test sessions (baseline, 14 days, 28 days) will take approximately 2-3 hours each.  During 
these sessions, participants will be seated at a desk equipped with a laptop computer, paper 
questionnaires and pen. At this time, they will not engage in recreational activities (e.g., watch 
television, read, listen to music, use cell phones, play computer games).   
 
 
EXPERIMENTAL PROCEDURES 
NUTRACEUTICAL ADMINISTRATION AND DOSE JUSTIFICATION 
WCFC (NeurofactorTM): A dose of 100 mg will be administered twice daily (once before breakfast 
and again before dinner). The dose was chosen on the basis of published work from Applied 
Bioclinical, Inc. (Reyes-Izquierdo et al., 2013; Pietrzkowski et al., in press).  Specifically, Reyes-
Izquierdo and colleagues (2013) reported that 100 mg of WCFC resulted in increased plasma 
BDNF by 143% from baseline (n=10, healthy adults aged between 18 and 55 years old). More 
recently Pietrzkowski and co-workers (unpublished manuscript in press) observed a 90% increase 
in plasma BDNF during the first 60 minutes after a single 100 mg dose of WCFC. The effect is 
sustained for 2-3 hours. Therefore, testing will always take place in the morning within 2 hours of 
WCFC ingestion with breakfast. As a quality control measure, WCFC batches will be tested to 
delineate the same chemical profile of polyphenols to make sure that if more than one batch is 
used, the chemical profiles are identical between batches.  
Placebo: The placebo will be Nutrim®, supplied by Abclinical and administered twice daily, 
identical to WCFC treatment (other participant group). 
 
Both WCFC and placebo are in powder form, and will be capsulated in size 1 gelatin capsules, 
white and blue, distributed in brown plastic bottles (28 caps/bottle: enough for 14 days of 
treatment). The first bottle will be provided at the time of randomization, and the second bottle will 
be provided on day 14 for dosing on days 15-28. The bottles will be labeled with the ABC logo and 
treatment code ABC#7UCLA01 and ABC#7UCLA12. 
 
Questionnaires:  
A health and demographics questionnaire will be administered in screening, and several 
questionnaires will be administered during each of the test sessions. These include HAM-D and 
PANAS (for details see below). In addition the adverse events log will be used to monitor any 
reported adverse effects, and will be completed each week.  

Mood Assessment:

HAM-D. The Hamilton Depression Rating Scale is a multiple item questionnaire used to 
provide an indication of depression, and as a guide to evaluate recovery. The questionnaire is 
designed for adults and is used to rate the severity of their depression by probing mood, 
feelings of guilt, suicide ideation, insomnia, agitation or retardation, anxiety, weight loss, and 
somatic symptoms. Assessment time is estimated at 20 minutes. The HAM-D has been used 
previously, showing a correlation between increased plasma BDNF and improved (decreased) 
HAM-D scores (e.g., Shimizu et al., 2003, Gonul et al., 2005, Aydemir et al., 2005, Yoshimura 
et al., 2007). 
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PANAS. The Positive and Negative Affect Schedule (Watson et al., 1988) is a 20-item 
questionnaire that comprises two mood scales, one measuring positive affect and the other 
measuring negative affect. Each item is rated on a 5-point scale ranging from 1 = very slightly 
or not at all to 5 = extremely to indicate the extent to which the respondent has felt this way in 
the indicated time frame. The participant will be instructed to provide these ratings of his or her 
affective state at the time of assessment. 

 
Adverse Events Log. At each visit after randomization, any adverse events that occur will be 
recorded, and evaluated in terms of frequency and severity (mild, moderate, severe) using this 
form. 

Cognitive Function Testing: These tests will assess multiple cognitive domains, and the total 
battery of tests will take approximately 1.5 hours to complete. Thus, the burden on participants will 
be low. Participants will be trained on the tasks before the baseline measurement is taken to 
reduce the effects of learning on performance.
 

 Hopkins Verbal Learning Test- Revised (HVLT-R): assessment of verbal memory. 
 Continuous Performance Test (CPT): assessment of attention & inhibition. 
 Spatial Sternberg: assessment of spatial short term memory. 
 Letter Number Sequencing: assessment of working memory. 
 Attention Networks Task: assessment of attention & inhibition. 
 Verbal fluency: assessment of executive function. 
 Finger Tapping: assessment of psychomotor speed. 

Biochemical Measures: The biochemical measurements that will be performed during the study 
will be  the determination of plasma BDNF at baseline (conducted during medical screening 
procedure) and at each weekly visit following the initiation of WCFC and placebo administration, 
and assay of other biomarkers in serum at the 14- and 28-day test points. Determination of plasma 
BDNF must be performed at the same time of day for all subjects at all time-points, due to diurnal 
variation in plasma BDNF levels (Piccini et al., 2008). Weekly BDNF data will be used as an index 
of compliance with WCFC administration. Data at baseline, 14 days and 28 days will be used in 
tests of association with behavioral measures. 
 
 

Table 1. Study Timeline 

	 5

Day Experimental Procedures
Up to -28 Telephone screening 

0 In-person medical screening, baseline cognitive testing session and rating of 
subjective mood states. BDNF assay. Randomization to group, and initiation 
of WCFC/placebo treatment, with 14-day supply provided to the participant. 

7 Collection of compliance questionnaire, BDNF assay. 
14 Cognitive testing and rating of subjective mood states.  

Collection of compliance questionnaire; re-supply WCFC/placebo; and 
phlebotomy for blood chemistry and assay of BDNF and other biomarkers. 

21 Collection of compliance questionnaire, BDNF assay. 
28 Completion of WCFC/placebo treatment.  

Final cognitive testing session and rating of subjective mood states.  
Collection of compliance questionnaire. 
Phlebotomy for blood chemistry, and assay of BDNF and other biomarkers. 
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SAFETY PRECAUTIONS  
A physician will review all medical screening data to determine the suitability, and ensure the 
safety, of all screened individuals.  
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Abstract 
 

 Six healthy participants were given a single dose of 100 mg of CoffeeBerry® whole coffee fruit extract 
containing high levels of antioxidants to verify an acute effect of the treatment on ROS serum level. Blood 
samples were collected at 0 min, 60 min, 120 min and 180 min for subsequent measurements of  serum ROS 
level using dihydrorhodamine 6G (DHR6G) as a fluorescent probe. The nonfluorescent DHR6G, after being 
oxidized by ROS present in serum samples, became rhodamine 6G (R6G) and emitted fluorescence. By 
quantifying R6G specific fluorescence, we were able to measure the ROS concentration. DHR 6G is 
indiscriminate to various free radicals (FR) found in the human body, thus DHR 6G can be very useful in 
quantifying total ROS in vivo. Our data indicated that five participants responded to the intake of 
CoffeeBerry® whole coffee fruit extract by significant decrease of ROS concentrations in vivo. Collected 
results are promising and indicating that DHR6G-based method could be reliable and efficacious to measure 
acute serum ROS changes in response to single dose treatment with antioxidant products. Therefore further 
clinical validation of this test is justified. 
 
Keywords:  Free radicals, CoffeeBerry®, Fluorescence Probe, DHR6G, Rhodamine 6G. 
 

Introduction 
 
Free radicals are consistently formed as 

by-products of aerobic metabolism in human 

body. They are generally reactive oxidant 
species. The most common ROS in vivo are 
superoxide (O2

-), hydroxyl radical (OH), 
peroxyl radical (RO2

), nitric oxide (NO) and 
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peroxynitrite (ONOO–)[1]. Due to their 
indiscriminate attacks to biomolecules such as 
lipids, proteins, nucleic acids and carbohydrates, 
they have been associated with many chronic and 
degenerative diseases including vascular diseases, 
diabetes, cancer and overall aging [2]. In order to 
better understand the potential mechanisms of 
diseases that involve ROS and to implement 
treatment or prevention, an in vivo analytic 
method to measure ROS is very important. 
Although there are various existing methods to 
assess oxidative damage caused by ROS, such as 
measuring lipid peroxidation products and DNA 
adducts, none of them evaluates ROS directly [3-
5]. After Ou and Huang first demonstrated the 
use of DHR6G as a fluorometric assay for ROS 
in cigarette smoke, it logically followed that the 
use of the same probe to measure the ROS in 
biological samples should be investigated [6]. 
The theory behind using DHR6G is that 
nonfluorescent DHR6G will emit fluorescence 
after being oxidized by ROS. The emitted 
fluorescence is directly proportional to the 
concentration of ROS. When applied to 
biological samples such as plasma in the presence 
of the ROS, DHR6G is oxidized to highly 
fluorescent rhodamine 6G. Therefore, the 
rhodamine 6G fluorescence can be used as an 
index to quantify the overall ROS in biological 
fluids. In this study, six subjects were given 
100mg CoffeeBerry® whole coffee fruit extract. 
After administration, ROS in the collected serum 
samples were quantified by the DHR6G assay. 
Our results demonstrated that this fluorescent 
approach to measure ROS in vivo is sensitive and 
reliable since five subjects showed decreased 
ROS concentrations after intake of antioxidant-
rich CoffeeBerry® whole coffee fruit extract. 
 
Materials 
 
 Chemicals: dihydrorhodamine 6G  (DHR 
6G) was obtained from Molecular Probes 
(Eugene, OR). Rhodamine 6G was purchased 
from Aldrich (Milwaukee, WI). HPLC grade 
methanol was obtained from Sigma Co. (St. 
Louis, MO). CoffeeBerry® whole coffee fruit 
extract was supplied by FutureCeuticals, Inc. 
(Momence, IL) 

 Instrument: An FL600 microplate 
fluorescence reader (Bio-Tek Instruments, Inc., 
Winooski, VT) was used with fluorescence filters 
for an excitation wavelength of 485 ± 20 nm and 
an emission wavelength of 530 ± 25 nm. The 
plate reader was controlled by KC4 3.0 software.  
 
Clinical protocol 

 
Six healthy adult subjects were recruited 

into the study. The criteria for participation in the 
study included the following: male and female 
fasted, healthy subjects between the ages of 18-
50, with a BMI of 25-36, free from any chronic 
illnesses or serious health problems, no alcohol or 
drug dependence, no history of organ 
transplantation, no surgery within the last 12 
months, no medications within the last 2 weeks, 
no intake of supplements, and no regular 
consumption of coffee, green tea or other fruits 
(or juices). Written informed consent was 
obtained from each subject that participated in the 
trial. Peripheral venous blood samples were 
collected in anticoagulant-free (dry tubes) (BD 
Vacutainer). Before 100180 mg CoffeeBerry® 
was orally ingested, blood was collected at ‘time 
zero” (T0). For each participant, two 9 mL blood 
samples were drawn from an antecubital vein into 
serum tubes. Following time zero (T0), blood was 
drawn at 1h (T60), 2h (T120), and 3h (T180) of 
the treatment and always under fasting 
conditions. Throughout the protocol time course 
the subjects were advised to rest. Immediately 
after collection, dry tubes containing blood 
samples were allowed to clot and serum was 
collected after centrifugation at 1200g for 30 min. 
Serum was aliquoted, snap frozen and kept at -
70°C until use. The study IRB # ABC-NCI-12-
12-ANTX-1 was provided by Applied 
BioClinical, Inc. (Irvine, CA).  
 
Experimental 
 
 Preparation of rhodamine 6G standard  
solution: 5.15 mg of rhodamine 6G was dissolved 
into 4 mL PBS buffer to make final concentration 
of 2.688 mM. 
Preparation of DHR6G solution: 1.08 mg of 
DHR6G was dissolved into 300 µL DMSO to 
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make a stock solution in 8.098 mM.  DHR6G 
working solution (202.22 µM) was made by 
adding 50 µL DHR6G stock solution into 1.950 
mL PBS. 
 Sample preparation: serum samples were 
thawed, vortexed, and centrifuged at 10,000rpm 
at 4˚C for 3 min.  240 µL of supernatant was 
deproteinized using 720 µL of methanol.  The 
mixture was vortexed for 30 seconds, and then 
centrifuged at 10,000 rpm for 5 minutes at 4˚C.  
Fluorescence measurement: The supernatant was 
evaporated to dryness, and reconstituted in 60 µL 
PBS. 40 µL of above prepared sample and 60 µL 
of DHR6G working solution were mixed well in 
a 96-well reading plate, and fluorescence 
intensity (excitation:485 nm, emission 545 nm) 
was recorded for 24 hours with an interval of 5 
minutes.  
 

 
 
Figure 1. The changes of fluorescence intensity show 
the oxidation of DHR 6G was significantly inhibited 
after intake of 100 mg CoffeeBerry (at 0 min)  
 
Results 
  
 Oxidation of DHR6G in the presence of 
tested serum: DHR6G was oxidized to rhodamine 
6G during the course of incubation with plasma 
extract. Figure 1 shows the fluorescence intensity 
increase curves over the time in serum samples 
collected from one subject treated with 
CoffeBerry®. As presented, serum collected 60 
minutes post-treatment caused significant 

reduction (by 20-30 %) of fluorescent intensity 
indicating reduced level of ROS in that sample. 
This effect may result from presence of active 
components of ingested CoffeeBerry® and 
providing antioxidant capacity. Altogether this 
result indicates that CoffeeBerry® whole coffee 
fruit extract was bioavailable since the absorbed 
antioxidants neutralized endogenous free radicals.  
Stability of DHR6G to the air:  Due to the fact 
that DHR-6G is labeled as “air-sensitive”, we 
tested its stability when exposed to the air by 
incubating it with PBS buffer. As shown in 
Figure 2, during the 24-hour period,  only 
insignificant change of fluorescence intensity was 
observed. On the contrary, in the presence of 
serum sample, the fluorescence intensity changes 
were apparent and linearly increased in a time 
sensitive manner (Figure 1).Therefore, we 
conclude that, under these experimental 
conditions, air has little contribution to any 
oxidation of DHR-6G; instead, the ROS in the 
samples should be responsible for the formation 
of rhodamine 6G. From the reaction mechanism, 
one DHR-6G reacts with two radicals in order to 
form rhodamine 6G. This finding greatly 
simplifies the quantitation of ROS in vivo (Figure 
3).  
 

 
 
Figure 2. DHR6G at 0.406 µM incubated with PBS 
buffer in a 96 plate well, its fluorescence intensity was 
monitored for 24 hours at every a 5-minute interval. 
Apparently, DHR6G was not auto-oxidized under the 
experimental condition.  
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Quantitation of the free radical concentrations  
The concentration of rhodamine 6G formed in the 
reaction with free radicals is calculated from a 
standard curve obtained by plotting the known 
rhodamine 6G concentration versus the 
fluorescent intensity. The linearity ranges from 
0.406 µM to 26 µM as shown in Figure 4. Using 
this standard curve, the concentrations of 
rhodamine 6G formed during the reaction of free 
radicals with DHR-6G can be calculated. The 
stoichiometry between DHR-6G and free radicals 
is two. Thus, 
 
[Free Radicals] = 2 x [rhodamine 6G] (molar 
concentration) 
 
Efficacy of CoffeeBerry® in vivo. CoffeeBerry® 
whole coffee fruit extract’s efficacy is 
demonstrated in Table 1 in which five subjects 
responded to 100 mg CoffeeBerry® 
administration. The concentrations of ROS were 
decreased by 20% to 30% within three hours after 
consumption (Table 1). 
 
 

 
 

Figure 3. Mechanism of DHR6G oxidized by ROS 

Discussion 
 
 By definition, free radicals are atoms or 
molecules, capable of independent existence, that 
possess one or more unpaired electrons. In the 
human body, there are various free radicals such 

as superoxide radicals, hydroperoxyl radicals, 
hydroxyl radicals, peroxyl radicals and alkoxyl 
radicals. In addition to these radicals, there are 
non-radical reactive species in the body, 
including singlet oxygen, hydrogen peroxide, 
peroxynitrite and hypochlorous acid. Free 
radicals together with non-radical reactive species 
are collectively terms “reactive oxidant species” 
(ROS). It has been suggested that excessive 
production of ROS can oxidize protein, damage 
DNA, and induce lipid peroxidation. 
 

 
 
Figure 4. Standard curve of rhodamine 6G (0.406 µM 
to 26 µM)  
 
 The most frequently applied methods for 
measuring free radicals use spin trap and electron 
spin resonance. These methods are also used to 
detect free radicals in vivo [7]. Spin trapping 
coupled with ESR or HPLC dose provides direct 
evidence that there are free radicals in vivo, and 
the technique has been considered the gold 
standard method for free radical identification 
and quantitation [8]. However, the ESR-related 
technique is less accessible to many analytical 
labs due to the expensive instrument required. 
Therefore, there is a need to develop an 
alternative method to measure total oxidant 
species without the need for expensive 
instrumentation, and the method should be 
capable of providing a high throughput. The 
fluorescent probe used in the method described 
herein is sensitive to common ROS including 
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peroxyl radicals, alkoxyl radicals, hydroxyl 
radicals, superoxide anion, peroxynitrite, and 
hypochlorous acid. Those ROS possess strong 
oxidizing power whereas RHD-6G is a good 
reductant  
 
2ROS + DHR-6G              rhodamine 6G + 
                                           reduced ROS 
 
DHR6G is inexpensive and its oxidation can be 
easily monitored by a fluorescence plate reader, 
an instrument commonly found in most analytical 

labs. Therefore, the protocol described in this 
paper could be ideal for economical 
quantification of the total amount of ROS in vivo. 
However, this method is limited in that it does 
not reveal individual free radicals’ identity, an 
important factor for understanding any 
mechanism where free radicals are involved. For 
this aspect, the spin trapping technique is needed. 
Nonetheless, it would be ideal to combine the 
ESR technique with the DHR6G method for 
comprehensive study on identification and 
quantitation of free radicals.  

 
 
Table 1. ROS concentrations in serum samples collected from six volunteers after intake of 100mg CoffeeBerry® 
 

Subject Time point (min) ROS (nM) % Change 

#1 

t0 1812 NA 
t60 1714 -5.39 

t120 1752 -3.24 
t180 2130 17.56 

#2 

t0 2500 NA 
t60 2130 -14.83 

t120 1854 -25.84 
t180 1538 -38.48 

#3 

t0 2328 NA 
t60 1844 -20.78 

t120 1862 -19.99 
t180 2372 1.95 

#4 

t0 2202 NA 
t60 2434 10.53 

t120 1848 -16.02 
t180 1747 -20.67 

#5 

t0 2084 NA 
t60 2070 -0.68 

t120 1840 -11.65 
t180 1566 -24.82 

#6 

t0 2384 NA 
t60 1816 -23.82 

t120 1894 -20.55 
t180 1740 -27.01 
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 CoffeeBerry® whole coffee fruit extract is 
commercially available, is rich in chlorogenic 
acids, and possesses high antioxidant capacity as 
measured by the total ORAC [9]. Higher long-
term coffee consumption has consistently been 
associated epidemiologically with a reduced 
incidence of type 2 diabetes [10]. Epidemiology 
also suggests that coffee consumption might 
inhibit inflammation and thereby reduce the risk 
of cardiovascular and other inflammatory 
diseases in postmenopausal women [11]. 
Although antioxidant capacity of coffee 
polyphenols has been proposed as one of several 
potential in vivo mechanisms for disease 
prevention, evidence in human studies from this 
aspect is limited. This is due to the lack of 
appropriate analytical methods. The current 
methodology on antioxidant in vivo efficacy 
largely relies on LC/MS specific for antioxidant 
metabolites; however, those metabolites are 
usually at ultralow concentrations that make 
quantitation difficult. Additionally, they do not 
reflect the potential health benefits of intake of 
antioxidants. Logically, in vivo antioxidant 
efficacy can be determined from two dimensions: 
total antioxidant capacity and general ROS 
concentrations. Nevertheless, development of a 
meaningful analytical method aimed at these two 
aspects has the potential to stimulate better 
research and product formulation. To date, we are 
unaware of any human studies reporting any 
efficacy of coffee fruit extract in terms of impact 
on in vivo ROS concentrations. Accordingly, we 
report here the use of DHR6G as a novel 
approach using CoffeeBerry® as an example. 
Our results showed that the plant based 
antioxidants present in CoffeeBerry® whole 
coffee fruit extract functioned well in vivo, and 
that the DHR6G assay can be a potentially 
valuable new tool for in vivo oxidative stress 
studies and simple way to measure ROS in small 
volume of  serum (500 µl). We are in the process 
of applying the DHR 6G to another, larger scale 
clinical study in order to further validate this new 
assay. Meanwhile, possible correlations between 
total antioxidant capacity and total ROS 
concentrations are under investigation. 
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ABSTRACT:Commercial whole coffee fruit extracts and powder samples were analyzed for chlorogenic acids (CGA), caffeine and
antioxidant activities. CGA and caffeine were characterized by LC�MSn and HPLC accordingly, and quantified by UV absorbance.
ORAC, HORAC, NORAC, SORAC and SOAC (antioxidant capacities) were assessed. Three caffeoylquinic acids, three
feruloylquinic acids, three dicaffeoylquinic acids, one p-coumaroylquinic acid, two caffeoylferuloylquinic acids and three putative
chlorogenic lactones were quantified, along with a methyl ester of 5-caffeoylquinic acid (detected in one sample, the first such report
in any coffee material). Multistep whole coffee fruit extracts displayed higher CGA content than single-step extracts, freeze-dried, or
air-dried whole raw fruits. Caffeine in multistep extracts was lower than in the single-step extracts and powders. Antioxidant activity
in whole coffee fruit extracts was up to 25-fold higher than in powders dependent upon the radical. Total antioxidant activity of
samples displayed strong correlation to CGA content.

KEYWORDS: chlorogenic acid, antioxidant activity, coffee fruits, green coffee, extract, caffeine

’ INTRODUCTION

Chlorogenic acids are a family of esters formed between quinic
acid and certain trans-cinnamic acids, most commonly caffeic,
ferulic and p-coumaric.1 Structures of some of the major compo-
nents are shown in Figure 1. It is now known that chlorogenic
acids are widely distributed in plants1 but the coffee bean is
remarkably rich (up to ca. 10% dry basis) including at least 45
chlorogenic acids that are not acylated at C1 of the quinic acid
moiety.2 Coffee beans also contain up to seven cinnamoyl�
amino acid conjugates.3

There have been extensive studies of chlorogenic acid trans-
formation during coffee roasting,1 and it is well-established that
they are destroyed progressively with increasing roast severity,
but even the darkest roasts retain a significant amount. For
people who consume coffee beverages regularly, whether pre-
pared from soluble (“instant”) powders or freshly brewed, coffee
will almost certainly be their major dietary source of chlorogenic
acids, with daily CGA intakes of 500 mg or even more being
easily achieved.1

Due to growing evidence that diets rich in phenols and
polyphenols may have potential health benefits for consumers,
the nutritional supplement and food industries have been devel-
oping numerous products that feature enhanced phenolic con-
tent. In some cases, these higher phenolic sources have been
represented as being “natural additives” when in fact they have
been recovered from food-processing wastes or byproduct.
Generic soluble green coffee extracts are readily available to
use in encapsulated supplements, in ready-to-drink beverages, or
in conventional soluble coffee products in order to enhance CGA
content. However, in contrast to green and roasted coffee beans
and instant coffees, there are scant data for the chlorogenic acid

contents of whole coffee fruit (“whole fruit” meaning the husk,
the pulp, the mucilage and the seed or “bean” inclusive) and of
soluble whole coffee fruit extracts.4

To date, we are unaware of any studies comparing effects of
the manufacturing process and the nature of the raw materials on
the compositions of the resultant extracts and coffee fruit
powders. Accordingly, we report here the analysis of the CGA
contents of these coffee fruit extracts and powders, along with
their various respective antioxidant scavenging properties. The
antioxidant activity of any foodstuff or beverage is a good
indicator of its phenolic content. The use of any single method
for measurement of antioxidant activity can yield rather mislead-
ing results5 (for example, carotenoids appear to be poor at
scavenging peroxyl radicals, but score highly for quenching of
singlet oxygen species). Here, we used five different assays to
demonstrate the ability of the extracts to scavenge a range of free
radical species commonly found in vivo. Industry-standard meth-
ods were used for measurement of radical scavenging for peroxyl
radicals (ORAC), hydroxyl radicals (HORAC), peroxynitrite
radicals (NORAC), super oxide anions (SORAC) and singlet
oxygen (SOAC). Since the whole coffee fruit extracts and
powders are intended for use as nutritional supplements or as
food additives, the caffeine levels were determined, keeping in
mind the known guidelines for recommended daily intake,
especially in pregnant women. The influence of different extraction
methods on theCGAand the caffeine content of the extracts, as well
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as their antioxidant activities, was further documented in
this study.

’MATERIALS AND METHODS

Chemicals. 5-O-Caffeoylquinic acid was obtained from AASC Ltd.
(Southampton, U.K.). Methanol and acetonitrile were obtained from
Rathburn Chemicals (Walkburn, Scotland). Formic acid was obtained
from Fisher Scientific (Loughborough, U.K.). All coffee samples,
commercially marketed as “CoffeeBerry” whole coffee fruit products,
were supplied by FutureCeuticals, Inc. (Momence, IL, USA). Caffeine
primary standardwas obtained fromUSP (Rockville,MD,USA). Perchloric
acid (HPLC grade), acetonitrile (HPLCgrade), Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) and dihydrorhodamine 123 (DHR-
123) were purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA).
3-Morpholinosydnonimine, hydrochloride (SIN-1) was purchased from

Toronto Research Chemicals (North York, ON, Canada). Primary
Sorbent Amine (PSA) was obtained from Supelco Inc. (Bellefonte,
PA, USA). Hydroethidine fluorescent stain (5-ethyl-5,6-dihydro-6-
phenyl-3,8-phenanthridinediamine) was purchased from Polysciences,
Inc. (Warrington, PA, USA).
Whole Coffee Fruit Samples. The whole coffee fruit based

materials (Coffea arabica) were supplied as (a) samples extracted using
a proprietary multistep ethanol extraction and purification method
(coffee fruit extracts 1, or CFE-1); (b) samples extracted with a
proprietary single-step ethanol extraction and purification method and
supplied as powders (coffee fruit extracts 2, or CFE-2); (c) commercially
available air-dried intact whole coffee fruits that were subsequently
crushed and sieved to produce a fine powder and prepared by dissolving
in 50% ethanol/water (coffee fruit powder 1, or CFP-1); (d) freeze-
dried whole coffee fruits that were ground in the laboratory and prepared
by extraction with 50% ethanol/water (coffee fruit powder 2, or CFP-2).

Figure 1. Structure of major hydroxycinnamates detected in coffee fruit samples.
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All coffee samples were supplied by FutureCeuticals, Inc. (Momence, IL,
USA); samples CFE-1, CFE-2 andCFP-1 are commercially available and
marketed as “CoffeeBerry” whole coffee fruit products.
Sample Preparation for Chlorogenic Acid Analysis. Three

ca. 10 mg aliquots of each sample CFE-1, CFE-2 and CFP-1 were
accurately weighed into a 10 mL volumetric flask. The volume was made
up to the mark with 50% aqueous ethanol. All samples were thoroughly
mixed and then five 1 mL aliquots removed into Eppendorf vials and
centrifuged at 13500g for 10min. Aliquots of the supernatant were taken
and diluted 10-fold with 50% aqueous methanol prior to analysis.

Approximately 5 g of freeze-dried whole coffee fruits was ground to a
fine powder in a coffee grinder (CFP-2). Three aliquots (between 10 and
20 mg) of CFP-2 were accurately weighed into 15 mL centrifuge tubes.
The powders were then repeatedly extracted with 50% ethanol/water,
until no CGAs could be detected in extraction solvent (seven extraction
replicates). The final volume of the extracts was made up to 50 mL and
then analyzed directly.
Chlorogenic Acid Measurement by HPLC-PDA�MS2. Anal-

ysis was carried out on a Thermo Surveyor HPLC system (Thermo
Fisher Scientific, Hemel Heampstead, U.K.) comprising an autosampler
with sampler cooler maintained at 6 �C and a photodiode array detector
scanning from 200 to 600 nm. Samples (5 or 10 μL) were injected onto a
250� 2.0 mm C18 RP polar column (Phenomenex, Macclesfield, U.K.)
maintained at 40 �C and eluted with a 5�10�35% gradient of 1.0%
formic acid and acetonitrile at 300 μL/min over 0�20�60 min. After
passing through the absorbance detector, the eluant was directed to the
electrospray interface of the Advantage ion trap mass spectrometer
(Thermo Fisher Scientific, Hemel Hampstead, U.K.). Samples were run
in negative ionization mode. The scan range was from 150 to 750 amu.
Identifications were based on cochromatography using authentic stan-
dards, where available, absorbance spectra, and published MS2 mass
spectral data.2,6 Quantification was by comparison to an authentic
standard of 5-O-caffeoylquinic acid, range 5 to 750 ng at 325 nm.
Standard and Sample Preparation for Caffeine Analysis.

An aliquot of about 10 mg of caffeine primary standard was accurately
weighed into a 50 mL volumetric flask. The volume was made up to 25 mL
with mobile phase (90% of 0.1% perchloric acid and 10% acetonitrile) and
sonicated for 5 min. The final volume was made to the mark with mobile
phase. About 500mg of each sample was weighed into a 100mL volumetric
flask. The mobile phase was added up to 50 mL and sonicated for 5 min.
The supernatant was then diluted to themark with mobile phase. About 1 g
of PSA was weighed into a centrifuge tube. The prepared sample (5 mL)
was dispensed into a tube containing PSA, vortexed for 3 min and filtered
through a 0.45 μm PTFE syringe filter for analysis.
Caffeine Analysis by HPLC-DAD. Analysis was carried out on a

HPLCAgilent 1100 system (Agilent Technologies, Palo Alto, CA, USA)
equipped with a diode array detector at 275 nm. Samples (5 or 10 μL)
were injected onto a 150 � 3.0 mm, 2.7 μm Supelco Ascentis Express
Phenyl-Hexyl Column (Supelco Inc., Bellefonte, PA) maintained at
25 �C and eluted with a 90�10% isocratic of 0.1% perchloric acid and
acetonitrile at 800 μL/min over 15 min. Quantification was by compar-
ison to an authentic primary standard of caffeine.
Sample Preparation for Antioxidant Measurements. Ap-

proximately 20 mg of each sample was weighed and extracted with
20 mL of ethanol/water (70:30 v/v) for 1 h at room temperature on an
orbital shaker. The extracts were centrifuged at 5900 rpm, and the
supernatant was used for the total antioxidant capacity assay. The total
antioxidant capacity was determined by calculating the sum of the
individual results against five free radicals, namely, peroxyl radicals,
hydroxyl radicals, peroxynitrite, superoxide anions, and singlet oxygen.
All results were expressed as μM Trolox equivalent per gram (μM TE/
g). Ethanol (HPLC grade) and 6-hydroxy-2,5,7,8 tetramethyl-2-car-
boxylic acid (Trolox) were obtained from Sigma-Aldrich (St. Louis, MO,
USA).

Peroxyl Radical Scavenging Capacity (ORAC assay). The
ORAC assay was conducted on the basis of a report by Ou and co-
workers,7 modified for the FL600 microplate fluorescence reader (Bio-
Tek Instruments, Inc., Winooski, VT, USA). The FL600 microplate
fluorescence reader was used with fluorescence filters for an excitation
wavelength of 485 ( 20 nm and an emission wavelength of 530 (
25 nm. The plate reader was controlled by software KC4 3.0. 2,20-
Azobis(2-amidinopropane) dihydrochloride (AAPH) is used as the
source for the peroxyl radical, which is generated as a result of the
spontaneous decomposition of AAPH at 37 �C. AAPH was obtained
from Wako Chemicals USA, Inc. (Richmond, VA, USA). Fluorescein is
the chosen fluorescent marker attached to a protein, with loss of
fluorescence an indicator of the extent of damage from its reaction with
the peroxyl radical. The protective effect of the antioxidants is measured
by comparing the fluorescence time/intensity area under the curve of the
sample compared with a control assay with no antioxidant compounds
present. Trolox, a water-soluble analogue of vitamin E, was used as the
calibration standard. Fluorescence readings are taken every min for up to
35 min after the addition of AAPH.
Hydroxyl Radical Scavenging Capacity (HORAC Assay).

The assay is based on a report by Ou and co-workers and modified for
the FL600.8 Fluorescein (FL) was used as the probe. The fluorescence
decay curve of FL is monitored in the absence or presence of
antioxidants, the area under the fluorescence decay curve (AUC) is
then integrated, and the net AUC is calculated by subtracting the AUCof
the blank from that of the sample antioxidant.
Peroxynitrite Scavenging Capacity (NORAC Assay). Perox-

ynitrite (ONOO�) scavenging was measured by monitoring the oxida-
tion of DHR-123 according to a modification of the method of Chung
et al.9 Briefly, a stock solution of DHR-123 (5 mM) in dimethylforma-
mide was purged with nitrogen and stored at �80 �C. A working
solution with DHR-123 (final concentration, fc, 5 μM) diluted from the
stock solution was placed on ice in the dark immediately prior to the
study. The buffer of 90 mM sodium chloride, 50 mM sodium phosphate
(pH 7.4), and 5 mM potassium chloride with 100 μM (fc) diethylene-
triaminepentaacetic acid (DTPA) was purged with nitrogen and placed
on ice before use. ONOO� scavenging by the oxidation of DHR-123
was measured with a microplate fluorescence reader FL600 with
excitation and emission wavelengths of 485 and 530 nm, respectively,
at room temperature. The background and final fluorescent intensities
were measured 5 min after treatment with or without SIN-1 (fc 10 μM)
or authentic ONOO� (fc 10 μM) in 0.3 N sodium hydroxide. Oxidation
of DHR-123 by decomposition of SIN-1 gradually increased, whereas
authentic ONOO� rapidly oxidized DHR-123 with its final fluorescent
intensity being stable over time.
Superoxide Anion Scavenging Assay (SORAC Assay). The

SORAC assay was based on the previously described method by Zhang
and co-workers.10 Simply, hydroethidine was used as a probe in
measuring O2

�• scavenging capacity. Nonfluorescent hydroethidine
was oxidized by O2

�• generated by the mixture of xanthine and xanthine
oxidase to form a species of unknown structure that exhibit strong
fluorescence signal at 586 nm. Addition of SOD inhibits the hydro-
ethidine oxidation.
Singlet Oxygen Scavenging Assay (SOAC Assay). The

SOAC assay was based on the previously described method by Zhang
and co-workers.10 Singlet oxygen was generated from the mixture of
H2O2 and MoO4

2�. Hydroethidine was used as a probe to singlet oxygen.
Hydroethidine was prepared in N,N-dimethylacetamide (DMA) to make
40 μM solution, 2.635 mM Na2MoO4 and 13.125 mM H2O2 working
solutions were also prepared in DMA. HE solution (125 μL) was added
to a well followed by addition of 25 μL of 2.635mMNa2MoO4

2� and 25
μL of 13.125mMH2O2, respectively. The plate was then transferred to a
microplate fluorescence reader FL600 with excitation and emission
wavelengths of 530 and 620 nm to record the change of fluorescence
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intensity at 37 �C for 35 min. Addition of the samples inhibits the
oxidation of hydroethidine induced by singlet oxygen.
Data Analysis. All compounds analyzed are presented as mean (

SD. Data normality was tested using the Shapiro�Wilk test in SPSS
(PASW Statistics 18, SPSS Inc.). All data but NORAC, ORAC and total
ORAC were normally distributed. Relationships between chlorogenic
content, caffeine content and antioxidant capacities were tested using
Spearman’s correlation. Differences between extraction methods were
tested using Kruskall�Wallis for nonparametric variables, followed by
the Mann�Whitney U-test for pairwise comparisons (adjusted for
Bonferroni’s correction), and with ANOVA for parametric variable
(with Tamhane post hoc test).

’RESULTS

Identification of Chlorogenic Acids and Related Com-
pounds. The compounds described here are listed in Table 1, the
chromatographic separation is shown in Figure 2 and the mass
spectral data used to identify these compounds are shown inFigure 3.
Peaks 1, 2 and 3. All had similar absorbance spectra with λmax

at 325 nm. Mass spectral analysis revealed they also had the same
negatively charged molecular ion ([M � H]�) at m/z 353. MS2

fragmentation produced 3 different mass spectra (Figure 4)
which allowed identification of these compounds as the 3-, 4-
and 5-O-caffeoylquinic acid respectively.6 In addition, peak 3
cochromatographed with the authentic standard.
Peaks 4, 6, 9 and 10.All had a [M�H]� atm/z 367 indicating

the presence of feruloylquinic acids. In MS2 analysis peak 4
fragmented to produce a base ion atm/z 193 with no other major
ions present (Figure 5). This pattern is in keeping with a 3-O-
feruloylquinic acid conjugate. Peak 6 fragmented to produce a
base ion at m/z 173 with another major ion at m/z 193. This
pattern is in keeping with a 4-O-feruloylquinic acid. In MS2 the
parent ion in peak 9 produced a single fragment atm/z 191 which
is in keeping with that previously described for 5-O-feruloylqui-
nic acid.6 Peak 10 was only found in coffee fruit extract CFE-1.
MS2 fragmentation of the m/z 367 parent ion produced a
daughter ion at m/z 179, which is indicative of the presence of
a caffeoyl-containing compound, rather than a feruloylquinic acid
conjugate. The identity of this compound is unknown, but its
chromatographic and mass spectral behavior corresponds to the

methyl ester of 5-caffeoylquinic acid, and is quite different from
that observed for the methyl esters of 3-caffeoylquinic acid and
4-caffeoylquinic acid (N. Kuhnert, personal communication and
ref 11). Such methyl esters have been reported in various plants
and are of some pharmacological interest.12,13

Peak 5. This peak had a [M�H]� parent ion at m/z 337 and
was a minor component in coffee fruit samples CFE-1 and CFP-
1. An additional analysis of a more concentrated sample revealed
the MS2 fragmentation only produced an ion of m/z 191, typical
of 5-O-p-coumaroylquinic acid. This compound has previously
been reported in coffee bean extracts.6

Peaks 7 and 8. Both produced a [M� H]� at m/z 335. Both
also had base daughter ions in MS2 atm/z 161 and minor ions at
m/z 135 and 179. These data would indicate that these com-
pounds are putative caffeoylquinic lactones. The height of the
daughter ions relative to the base ion would suggest that peak 7 is
the 3-caffeoyl-γ-quinide and peak 8 the 4-caffeoyl-γ-quinide, as
previously reported.14

Alternatively, there is a chance that these compounds are
caffeoyl shikimates since both classes of compounds show similar
retention times and MS spectra.15

Peaks 11, 12 and 13. All had a [M � H]� at m/z 515
indicating the presence of dicaffeoylquinic acids. Fragmentation
spectra in MS2 analysis and elution profile matched that pre-
viously seen in coffee fruit extracts.6 The identity of peak 11 was
3,4-O-dicaffeoylquinic acid, peak 12 was the 3,5-O-dicaffeoylqui-
nic acid and peak 13 the 4,5-O-dicaffeoylquinic acid
Peaks 14 and 15. Both had the same [M � H]� at m/z 529.

This parent ion is indicative of a caffeoyl-feruloyl quinic acid, of
which six have been previously reported. Fragmentation spectra
in MS2 analysis revealed the base daughter ion in peak 14 to be
m/z 367 with additional minor fragment ions at m/z 335, 193,
and 173. This would suggest that this is the 3-O-feruloyl-4-O-
caffeoylquinic acid. Peak 15 differed in its MS2 spectra in that the
base daughter ion was m/z 353 with minor ions atm/z 367, 335,
and 173 indicating that this peak may be 4-O-caffeoyl-5-O-
feruloylquinic acid. Like peaks 7 and 8 without authentic
standards this identification must be seen as tentative.
Peak 16. This peak had a [M�H]� at m/z 497. Like peaks 7

and 8 this parent ion is typical of that seen in a dicaffeoylquinic

Table 1. Peak Numbers, Spectral Properties and Identities of Compounds in Coffee Fruit Samples

peak no. tR [M � H]� (m/z) MS2 (m/z) compd

1 8.5 353 191, 179 3-O-caffeoylquinic acid

2 15.0 353 173, 179 4-O-caffeoylquinic acid

3 15.8 353 191 5-O-caffeoylquinic acid

4 17.5 367 193 (191 trace) 3-O-feruloylquinic acid

5 24.6 337 173, 193 5-O-p-coumaroylquinic acid

6 27.9 367 191, 173 4-O-feruloylquinic acid

7 28.4 335 161, 135, 179 putative 3-O-caffeoylquinic lactone

8 29.7 335 161, 135, 179 putative 4-O-caffeoylquinic lactone

9 30.6 367 191 5-O-feruloylquinic acid

10 32.9 367 179 unknown: putative methyl-5- caffeoylquinic acid

11 42.1 515 353 3,4-O-dicaffeoylquinic acid

12 43.7 515 353 3.5-O-dicaffeoylquinic acid

13 45.9 515 353 4,5-O-dicaffeoylquinic acid

14 48.5 529 367, 335, 193, 179 3-O-feruloyl-4-O-caffeoylquinic acid

15 52.2 529 353, 367, 335, 173 4-O-caffeoyl-5-O-feruloylquinic acid

16 54.4 497 335, 161 putative dicaffeoylquinic lactone
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lactone. Fragmentation in MS2 analysis revealed daughter ions at
m/z 335 and 161 which are in keeping with the ions seen in the
monocaffeoylquinic lactones in peaks 7 and 8. Peak 16 was
therefore identified as a dicaffeoylquinic lactone. Alternatively,
there is a possibility that this compound is a dicaffeoyl shikimate
since both classes of compounds show similar retention times
and MS spectra.15

Quantification of Chlorogenic Acids and Caffeine in Cof-
fee Fruit Extracts. Quantitative analysis of the chlorogenic acid

compounds corresponding to peaks 1 to 16 is summarized in
Table 2 (expressed in mg/g 5-CQA equivalent ( SD). Samples
extracted using the multistep purification (CFE-1) had the
highest CGA content (765 ( 99 mg/g), followed by the
single-step samples (CFE-2, 450 ( 66 mg/g), air-dried whole
coffee fruit powders (CFP-1, 88( 14mg/g, and freeze-dried coffee
fruits, CFP-2, 44 ( 5 mg/g) (Figure 6). 5-O-Caffeoylquinic acid

Figure 2. Gradient reverse phase HPLC absorbance analysis of coffee fruit samples, containing peaks 1 to16 listed in Table 1.

Figure 3. Gradient reverse phase HPLC mass spectrometric analysis of
coffee fruit samples.

Figure 4. MS2 analysis of caffeoylquinic acid in peaks 1�3.
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was the main chlorogenic acid present in all extracts, representing
between 37 and 69% of the total chlorogenic acid content. Specific
chlorogenic acids, including 3-O-caffeoylquinic lactone, 4-O-caffeoyl-
quinic lactone, the putative methyl-5-caffeoylquinic acid and dicaf-
feoylquinic lactone, were detected only in the multistep proprietary
coffee fruit extracts (CFE-1). 3-O-Feruloylquinic acid was only
detected in proprietary CFE-1 and CFE-2. 4,5-O-Dicaffeoylquinic

acid was present in higher proportions in proprietary extracts
(8.4( 0.4% and 7.5( 0.1% of total chlorogenic acid content for
CFE-1 and CFE-2, respectively) compared to air-dried coffee
powders and coffee fruits (5.4 ( 0.2% and 1.6 ( 0.2% of total
chlorogenic acid content for CFP-1 and CFP-2, respectively) (p
< 0.05).
Caffeine content of the extract ranged from 0.44 ( 0.14% for

CFE-1, to 1.03 ( 0.12% in CFP-1. Caffeine was lowest (p <
0.001) in samples extracted with the multistep method (CFE-1,
0.44 ( 0.12%), followed by samples extracted with the single-
step extraction method (CFE-2, 0.69 ( 0.03%), air-dried whole
coffee fruit powder (CFP-1, 1.03 ( 0.15%) and freeze-dried
coffee fruits (CFP-2, 0.67 ( 0.02) (Figure 7). Caffeine content
was inversely correlated to the total chlorogenic acid content of
the coffee fruit samples (p < 0.01).
Antioxidant Capacity of Coffee Fruit Extracts. The antiox-

idant capacity of the coffee fruit extracts is summarized in Table 3.
Antioxidant capacities for HORAC, NORAC, SOAC, ORAC
and total ORAC were between 7- and 25-fold higher in proprie-
tary CFE-1 and CFE-2 compared to CFP-1 and CFP-2. The total

Figure 5. MS2 analysis of feruloylquinic acids in peaks 4, 6 and 9.

Table 2. Peak Numbers and Concentration of Compounds in Coffee Fruit Samplesa

no. compd CFE-1 CFE-2 CFP-1 CFP-2

1 3-O-caffeoylquinic acid 37.1 ( 8.9 60.5 ( 8.5 2.9 ( 0.9 2.6 ( 0.5

2 4-O-caffeoylquinic acid 84.1 ( 13.1 63.4 ( 8.7 3.7 ( 0.9 5.1 ( 1.1

3 5-O-caffeoylquinic acid 376.7 ( 67.1 167 ( 22.7 28.9 ( 3.4 60.8 ( 12.5

4 3-O-feruloylquinic acid 7.1 ( 2.5 10.7 ( 2.1 ndb nd

5 5-O-p-coumaroylquinic acid 3.2 ( 2.8 nd 0.3 ( 0 0 ( 0

6 4-O-feruloylquinic acid 13 ( 0.4 12.9 ( 2 0.3 ( 0 0.4 ( 0.1

7 putative 3-O-caffeoylquinic lactone 7.7 ( 6.7 nd nd nd

8 putative 4-O-caffeoylquinic lactone 7 ( 6.1 nd nd nd

9 5-O-feruloylquinic acid 49.9 ( 16.6 28.6 ( 4.1 2.2 ( 0.1 4 ( 0.8

10 unknown: putative methyl-5-caffeoylquinic acid 4.3 ( 7.4 nd nd nd

11 3,4-O-dicaffeoylquinic acid 44 ( 10.5 29.8 ( 4.2 1.4 ( 0.3 1.5 ( 0.3

12 3.5-O-dicaffeoylquinic acid 43.7 ( 11.3 19.9 ( 2.7 2 ( 0.6 12.1 ( 2.5

13 4,5-O-dicaffeoylquinic acid 64.1 ( 9.8 33.6 ( 4.7 2.3 ( 0.3 1.4 ( 0.3

14 3-O-feruloyl-4-O-caffeoylquinic acid 6 ( 2.9 5 ( 0.7 1.4 ( 1.9 nd

15 4-O-caffeoyl-5-O-feruloylquinic acid 12.8 ( 11.5 18.9 ( 2.6 nd nd

16 putative dicaffeoylquinic lactone 4.1 ( 3.6 nd nd nd

total CGA content 765 ( 93.6 450.4 ( 62.2 45.3 ( 7.4 87.9 ( 18
aData expressed in μg/g 5-CQA equivalents ( SD (n = 3). bNot detected.

Figure 6. Comparison of total CGA (ng/mg) levels in coffee fruit
samples (CFE-1, multistep proprietary extraction; CFE-2, single-step
proprietary extraction; CFP-1, air-dried whole coffee fruit powder; CFP-
2, freeze-dried, powdered raw coffee fruits).
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antioxidant activity of the four samples was mainly attributable
(>60%) to the hydroxyl scavenging capacity (HORAC assay).
The total CGA content of the extracts was strongly correlated (p
< 0.005) with all of the antioxidant capacity measures but
SORAC (Table 4).

’DISCUSSION

For many people, brewed coffee is the major dietary source of
chlorogenic acids. Due to the large amount of coffee being
consumed, and taking into account its high chlorogenic acid
content, coffee is possibly the major dietary source of plant
polyphenols.1 Recently, extracts of green coffee beans (the
nonviable seed) and, even more recently, extracts of whole coffee
fruit (the whole fruit or cherry) have become available and are
marketed as functional ingredients or health-supporting dietary
supplements.16,17

The chlorogenic acid content of green and roasted coffee
beans and also of instant coffee powders has been extensively
studied and the data have been reviewed.18 Data for proprietary
green whole coffee fruit are scarce by comparison,4 and to the
best of our knowledge there are no such data for proprietary
coffee fruit extracts. Accordingly, we present here data for the 16
most abundant chlorogenic acids in two proprietary whole coffee
fruit extracts and in a proprietary whole coffee fruit powder as
compared to a coffee fruit laboratory extract. The results
obtained are consistent with previous reports for the composi-
tion of green coffee beans, with approximately 50% of the total
CGA derived from 5-CQA ranging from 69% of the total for the
freeze-dried berry extracts (CFP-2) to 37% for the single-step
proprietary extracts (CFE-2). Total caffeoylquinic acids (i.e., the
sum of the three monocaffeoylquinic acids and the three
dicaffeoylquinic acids) accounted for 83% to 95% of the total
CGA and was highest in freeze-dried coffee fruits (CFP-2),
followed by air-dried coffee fruit powders (CFP-1), multistep
coffee extract CFE-1, with single-step coffee fruit extract CFE-2
having the lowest CQA content (p < 0.05). The CGA contents,
by weight, represent 80% for CFE-1, 42% for CFE-2, 4.5% for
CFP-1, and 8.8% for the freeze-dried CFP-2.

Higher long-term coffee consumption has consistently been
associated epidemiologically with a reduced incidence of type 2
diabetes, but a causative relationship has not been proven.19,20

Various mechanisms have been hypothesized, mostly invoking a
slowing of glucose uptake in the duodenum and/or effects on
carbohydrate metabolism.17,19 Epidemiology also suggests that
coffee consumption might inhibit inflammation and thereby
reduce the risk of cardiovascular and other inflammatory diseases
in postmenopausal women.21

Similarly, higher consumption of other classes of polyphenols
have been associated with better long-term health, such as
reduced incidence of vascular disease and some cancers, although
the mechanism(s) remain obscure, and the epidemiology is less
consistent than observed for diabetes risk.1,18 The health pro-
moting potential of chlorogenic acid-rich extracts has been
illustrated in some volunteer studies. In a placebo-controlled
randomized trial in humans exhibiting with mild hypertension,
one group of patients was treated with 140 mg/day of CGA for
12 weeks. During the treatment period, significant reductions in
both systolic and diastolic blood pressure were observed in the
group fed CGA, but not in the placebo group, with no other
measured differences between the two groups.16 Similar results,
obtained with the same dose level, were reported by Ochiai
et al.,22 who speculated that green coffee bean extract improved
vasoreactivity.

The in vitro antioxidant scavenging potential of polyphenols
has been proposed as one of several potential in vivomechanisms
for disease prevention, despite limited evidence in human
studies.18 Nevertheless, studying the scavenging potential of
specific polyphenols and foods has the potential to stimulate
better research and product formulation. Our results showed a
statistically significant correlation between the total CGA con-
tent of the coffee fruit samples (extracts and powders) and their
ability to scavenge peroxyl radical, hydroxyl radical, peroxynitrite
and singlet oxygen, in keeping with previous reports.23 This
correlation was however not true for scavenging of the super-
oxide anion (SORAC assay). These various free radicals, pro-
duced by phagocytes during the oxidative burst, are important for
innate immunity but also are very toxic to tissues. The hydroxyl
radical in particular is highly reactive and toxic, and our data

Figure 7. Comparison of caffeine levels in coffee fruit samples (CFE-1,
multistep proprietary extraction; CFE-2, single-step proprietary extrac-
tion; CFP-1, air-dried raw coffee fruit powder; CFP-2, freeze-dried,
powdered raw coffee fruits).

Table 3. Antioxidant Analysis of Coffee Fruit Samplesa

antioxidant test CFE-1 CFE-2 CFP-1 CFP-2

ORAC 15,264( 453 6,097( 225 823( 89 734( 48

HORAC 41,389( 3447 18,709( 426 2,140( 125 3,520( 287

NORAC 1,317( 104 527( 52 75( 11 57( 7

SORAC 2,193( 1591 860 ( 24 123( 62 271( 14

SOAC 3422( 355 2,042( 185 239( 12 311( 13

total ORAC 64,354( 2584 28,237( 782 3,439( 134 4,768( 285
aResults expressed as μmol Trolox equivalent/g ( SD.

Table 4. Correlation (Spearman’s Rho) between Chloro-
genic Acid Content, Antioxidant/Scavenging Capacities of
the Raw Coffee Fruits

total CGA content of samples

correlation coefficienta p value

ORAC 0.893* 0.007

HORAC 0.929* 0.003

NORAC 0.893* 0.007

SORAC 0.607 0.148

SOAC 0.893* 0.007

total ORAC 0.964* <0.001
a (*) Significant at p < 0.01.
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confirm an inverse correlation between total CGA content and
its scavenging. These results also suggest that coffee fruit extracts
and powders could protect lipid-rich formulations from oxidative
rancidity during storage.

Meanwhile, the lack of significant correlation between scaven-
ging of superoxide anion (SORAC assay) and increased chloro-
genic acid content could be explained by the small sample size
tested, or possibly by the caffeic acid content of the different
extracts, which may also contribute to superoxide anion scaven-
ging. Superoxide becomes highly toxic when it combines with
nitric oxide to form peroxynitrite, for which scavenging
(NORAC assay) was significantly higher in extracts richest in
total CGA.

When volunteers consumed coffee, very little of the dominant
chlorogenic acid, 5-caffeoylquinic acid, was absorbed intact.24

Plasma concentrations did not exceed a transient ∼2 nM
maximum. Three feruloylquinic acids, caffeic acid and ferulic
acid, and two chlorogenic acid lactones were also found in plasma
and urine, the cinnamic acids and lactones as sulfate conjugates,24

but the other monocaffeoylquinic acids and the dicaffeoylquinic
acids were not detected in any form.

The major metabolites found in volunteer plasma and urine
have been those produced by the gut microflora, especially
dihydroferulic acid (DHFA) and dihydrocaffeic acid (DHCA),
both of which occur in the free form and as sulfate conjugates.
Volunteer studies have established that these two phenolic acids
account for 33 and 37% of the chlorogenic acid dose with plasma
maxima at least 2 orders of magnitude higher than that seen for
5-CQA.24 The relevant mean (n = 11) AUC values are 142 and
2648 nmol/h/L for DHCA and its sulfate and 2333 and
1193 nmol/h/L for DHFA and its sulfate, respectively.

The absorption and metabolism of DHCA are well-defined,25

and, increasingly, it is these metabolites of dietary polyphenols
produced by the gut microflora upon which attention is being
focused in order to identify possible mechanisms that may
explain the benefits suggested by epidemiological studies.26

There is, for example, some evidence that these phenolic acids
can downregulate cholesterol biosynthesis27 and factors asso-
ciated with cellular inflammation,28 and exhibit antithrombotic
properties.29 Concentrations of such phenolic acids in fecal water
can be even higher than in plasma, totaling perhaps 2 mM,30 and
there is some potential for a prebiotic effect. For example, the
levels achieved have in some cases exceeded the IC50 for the
inhibition in vitro of the opportunistic pathogen, Listeria
monocytogenes.31

In this study we observed, in CFE-1 prepared from arabica
coffee berries, three minor components that were tentatively
identified on the basis of their retention time and fragmentation
as two caffeoylquinic lactones and one dicaffeoylquinic lactone.
Our results establish that these putative lactones are present in
the multistep coffee fruit extract CFE-1, at a level of approxi-
mately 14 mg/g, approaching the levels reported by Chu et al. in
regular roasted coffees (23.27 g/kg) and surpassing those in
roasted decaffeinated coffees (6.86 g/kg).32 Farah et al. while
investigating the formation of various chlorogenic lactones
during the roasting of green coffee beans unexpectedly found
traces of feruloylquinic and dicaffeoylquinic lactones, but not
caffeoylquinic lactones, in green robusta coffee beans and
suggested that the formation was associated with heating during
the processing of the green coffee beans. These lactones were not
detected in green arabica coffee beans.33 It should be noted that
caffeoylshikimic acids and caffeoylquinic lactones have very

similar chromatographic and mass spectrometric behavior,15

and further investigation is required for the unequivocal char-
acterization of these minor components, as well as other minor
chlorogenic acids known to occur in green coffee beans.34,35 It
has been suggested that the low polarity of chlorogenic acid
lactones relative to the acids themselves has positioned said
lactones as compounds that might permeate the blood�brain
barrier, potentially enhancing their bioavailability and site-spe-
cific action as potential neuroprotective agents, potentially via
modulation of the oxidative stress to neural cells as demonstrated
in vitro.32 It is also interesting to note that the coffee fruit samples
analyzed in this study are richer in feruloylquinic acids than other
commonly consumed coffee beverages.

The chlorogenic acid-rich coffee fruit extracts could be super-
ior to conventional coffee beverages in situations where limited
caffeine intake is required. For example, recent U.K. government
guidelines advise pregnant women to limit their intake of caffeine
to less than 300 mg per day, equivalent to approximately 2 or 3
cups of coffee, when instant coffee delivers from 21 to 120mg per
cup, and ground coffee from 15 to 254 mg per cup (Food
Standard Agency, 2004).

In contrast, the low caffeine content of the multistep proprie-
tary whole coffee fruit extract (CFE-1) is therefore attractive,
since a 1 g extract would provide more than 10-fold the total
CGA content of a regular 200 mL cup of brewed roasted coffee
(approximately 70 mg), and only 1.5% of the recommended
maximum daily caffeine dose.
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a b s t r a c t

The fruit of the coffee plant, Coffea arabica, has high phenolic antioxidant and phytonutrient content and
could be a beneficial food ingredient. However, the fruit has historically been discarded for the favored
harvesting of the coffee bean alone. CoffeeBerry� products are derived from the whole fruit and include
a ground whole powder, a water extract, and a more recently developed water–ethanol extract. The
safety of CoffeeBerry� products was evaluated in three genotoxicity studies, three short-term oral toxic-
ity studies, and a 90-day dietary toxicity study. Bacterial mutagenicity studies and a micronucleus test
using murine peripheral cells demonstrated that none of the three products showed mutagenic or geno-
toxic potential. In the short-term studies, despite palatability issues, female rats showed a tolerance for
whole powder and ethanol extract at doses up to 8800 mg/kg bw/day. Male rats also exhibited palatabil-
ity issues and tolerated lower doses of approximately 4000 mg/kg bw/day ethanol extract via gavage and
approximately 2100 mg/kg bw/day whole powder or water extract in the diet. When fed in the diet to
Sprague–Dawley rats for 90 days, ethanol extract showed no adverse effects at dietary concentrations
of up to 5% (approximately 3446 and 4087 mg/kg bw/day for male and female rats, respectively).

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The genus Coffea is taxonomically placed with the flowering
plants of the family Rubiaceae and is considered to comprise three
subgenera: Subgenus Coffea (having about 90 spp.) with significant
commercial relevance, and subgenerae Psilanthopsis and Baracoffea
that have only minor commercial relevance (Chevalier, 1942, 1947;
Leroy, 1961).

The Coffea plant, an evergreen shrub or small tree having dark
green, glossy leaves, is thought to have originated in southern Asia
or in Africa. It is now cultivated as an agricultural crop in various
parts of the world, mostly in at latitudes less than 30� north or
south of the equator, and most commonly at elevations of 1000–
2000 m (Wrigley, 1988).

The Coffea plant produces clusters of simultaneously blooming
white flowers, each of which subsequently develops into an oval
cherry-like fruit. Each cherry consists of an exocarp, pulp, muci-
lage, and generally two central seeds. The fruit usually achieves

ripeness in 7–9 months. Immature fruit is green, but the fruit grad-
ually turns bright red as it ripens (Wrigley, 1988; Sivetz and Des-
rosier, 1979). Only the seeds of the Coffea fruit are used to
produce the well-known and much-consumed beverage known
as coffee.

During conventional coffee production, coffee processers strip
off the fruit that surrounds the seed (Rothfos, 1980; Clarke and
Macrae, 1987). This fruit has long been recognized as having inher-
ent nutritional and health-enhancing potential, including antioxi-
dant capacity (Napolitano et al., 2007; Garciaa et al., 2008;
Serafini and Testa, 2009), immunomodulation (Kobayashi et al.,
1996, 1997) and perhaps tumor suppression (Nagasawa et al.,
1995, 1996, 2001; Udaqawa and Nagasawa, 2000). However, the
cherry is highly perishable (Pittet et al., 1996; Bucheli et al., 2000)
and, until a recent patent-pending discovery (Miljkovic et al.,
2004a,b), has been prone to rapidly develop both extensive bacte-
rial contamination and molds that generate undesirable toxic sec-
ondary metabolites known as mycotoxins. Frank et al. (1965)
analyzed the bacterial load of decomposing Kona coffee fruits and
concluded that it was dominated by Gram negative organisms,
especially Erwinia dissolvens. Later analyses by Silv et al. (2000) of
Brazilian coffee fruits isolated over 44 bacterial genera and several
yeast genera; they found that Gram negative bacteria dominated in
wet years while Gram positive bacteria weremore prevalent during
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dry years. The primary risk factor is contamination by pectinolytic
yeasts such as Saccharomyces and Aspergillus species (Agate and
Bhat, 1966) and Aspergillus species which produce ochratoxin A
(Bucheli et al., 2000; Bucheli and Taniwaki, 2002; Viani, 2002;
Napolitano et al., 2007). Consequently, the coffee fruit, other than
its seed, has traditionally been considered to be waste material
unsuitable for food use, and has typically been discarded or used
as fertilizer (Pandey et al., 2000). A new proprietary technology,
commercially termed ‘‘CoffeeBerry�” (FutureCeuticals, Momence,
IL), for cultivation, harvesting, and subsequent processing of whole
coffee fruit (including the seed or ‘‘bean”), has eliminated the risk of
bacterial and fungal contamination and the production of mycotox-
ins (Miljkovic et al., 2004a,b).

Many beneficial coffee nutrients are discarded with the fruit
when coffee beans are processed, or destroyed during the roasting
of the coffee bean. The CoffeeBerry� technology has created a range
of non-roasted whole coffee fruit-based food and nutritional ingre-
dient products that can deliver high levels of coffee phenolic acids,
monosaccharides, and other coffee nutrients. The technology pro-
duces dried whole coffee fruit powders and granules suitable for
use in tea bags, custom roasted coffees, nutritional bars, snack chips,
and desserts. Further processing utilizing proprietary water–etha-
nol extraction yields a family of water-soluble powdered extracts
with elevated concentrations (up to 85%) of coffee phenolic acids.
These extracts, standardized to levels of 600,000 and 1,500,000 oxy-
gen radical absorbent capacity (ORAC) units/100 g, were designed
to be used in beverages, capsule and tablet applications, or any
application where high antioxidant capacity is desired. In compari-
son, a US Department of Agriculture report on the phenolic content
andORAC (per 100 g) of selected foods (USDA, 2007) found thehigh-
est ORACs in certain spices (highest: 314,446 in ground cloves),
chocolate (highest: 49,926 in baking chocolate), and treenuts (high-
est: 17,940 in pecans); other foods with relatively high ORACs in-
cluded cranberries with 9584, blueberries with 6552, raw garlic
with 5346, and red table wine with 3873/100 g.

While there is considerable anecdotal evidence of historical
consumption of the whole coffee fruit by indigenous populations
in Africa and the Mideast, there is little if any scholarly or peer-re-
viewed documentation. It has been reported that in parts of Africa
and Asia coffee fruit was fermented to make wine (Chinese Patent
CN 1021949, cited by Miljkovic et al., 2006), blended with fat, or
chewed raw as food. In Yemen, coffee fruit reportedly has been
boiled with spices to make a beverage called ‘‘qishr” (Beckman,
2000).

CoffeeBerry� whole coffee fruit products are produced in three
forms that were evaluated for safety: (1) ‘‘whole powder” pro-
duced by quick-drying the processed flower and grinding it to a
fine powder; (2) ‘‘water extract” produced by freeze-drying an
aqueous extract of the quick-dried flower; and (3) a more recently

developed ‘‘ethanol extract” produced by freeze-drying a water–
ethanol extract of the quick-dried flower (Table 1).

To evaluate the safety of CoffeeBerry� by experimental data, the
various forms of the product were examined in short-term and
subchronic toxicity studies with rats and in genotoxicity studies.
The testing program initially focused on the whole powder and
water extract but was expanded to include the ethanol extract
when this product was developed. These studies are described in
the present paper. The doses for the oral toxicity studies were se-
lected based on the intended use of the CoffeeBerry� products. Use
levels of 200–300 mg/serving of food are anticipated, with 5–
6 servings of food/day at the upper percentiles of consumption,
resulting in a potential intake of 1800 mg/day, or 30 mg/kg bw/
day for a 60-kg individual.

2. Materials and methods

2.1. Materials

The test substances were derived from the fruit of Coffea arabica and were pro-
duced and supplied by VDF FutureCeuticals Inc., Momence, IL, and designated as
CoffeeBerry� whole powder, CoffeeBerry� water extract, and CoffeeBerry� ethanol
extract.

The typical characteristics of the various CoffeeBerry� forms tested in the fol-
lowing studies are shown in Table 1.

It has been well documented that chlorogenic acid and its isomers are major
phenolic constituents of coffee (Clarke, 2001; Clifford et al., 2008). During commer-
cial production, all CoffeeBerry� materials are routinely evaluated by the manufac-
turer for phenolic acid with a validated UV/VIS spectrophotometric method using
chlorogenic acid as a primary standard with absorbances measured at 750 nm;
the results encompass all isomers of chlorogenic acid. Caffeine content, microbio-
logical load, heavy metals, residues of organic solvents and pesticides, and nutri-
tional content are also routinely measured using methods published by the US
Pharmacopeia and AOAC International. The whole powder was also tested for nutri-
tional content. During these toxicity studies, polyphenolic levels were measured
both in the raw materials and in the animal feed at numerous time-points for dose
verification and to assure stability and homogeneity of the test material.

2.2. Toxicity studies—methods

All studies were conducted at Eurofins | Product Safety Laboratories (Dayton,
NJ). The short-term repeat-dose toxicity studies were conducted in a laboratory-
associated good laboratory practice (GLP) environment while the 90-day study
was conducted under OECD Principles of Good Laboratory Practices (ENV/MC/
CHEM(98)17 OECD, Paris, 1998) and US FDA Good Laboratory Practices (21 CFR
58, 1987). All work undertaken by the testing laboratory was in accordance with
the most recent Guide for the Care and Use of Laboratory Animals (National Research
Council, 1996). Since the short-term studies were intended primarily to test palat-
ability, dose levels, and methods of administration prior to the subchronic study,
they were not used to determine no-observed-adverse-effect levels (NOAEL).

For each repeat-dose toxicity study, animals were observed twice daily for mor-
tality and daily for any abnormal clinical signs. Every few days, all animals under-
went a more detailed clinical examination including changes in skin, fur, eyes, and
mucous membranes, occurrence of secretions and excretions, autonomic activity,
and changes in behavior. For the 7- and 14-day studies, feed (PMI LabDiet� Purina
Certified Rodent Meal #5002) and filtered tap water were provided ad libitum. Body
weights and feed consumption were recorded regularly throughout the study and
mean daily body weight gain, mean feed consumption, feed efficiency, and mean
daily intake were calculated. At the end of the study (for studies up to 14 days), ani-
mals were euthanized by carbon dioxide asphyxiation and subjected to gross nec-
ropsy (i.e., examination of external surface of the body, all orifices, and the thoracic
and abdominal cavities and their contents).

2.2.1. 7-Day dietary study of whole powder
CoffeeBerry� whole powder was tested for palatability and toxicity in Sprague–

Dawley (Hsd:SD) rats for a period of 7 days based on OECD Guideline 407 and US
FDA Redbook 2000, IV.C.3a ‘‘Short-Term Toxicity Studies with Rodents.” Groups of
5 rats/sex/dose were fed the test article at dietary concentrations of 0 (control),
80,000, 100,000, or 120,000 ppm. Rats were approximately 8 weeks of age and
males weighed 231 ± 4.67 g and females weighed 183 ± 4.48 g at the start of treat-
ment. Rats were individually housed in suspended stainless steel cages with mesh
floors at a room temperature of 18–22 �C with a relative humidity of 49–58% and a
12-h light/dark cycle. The test substance at the appropriate concentrations was
thoroughly mixed into the animal feed at the start of the study and refrigerated un-
til use.

Table 1
Typical characteristics of CoffeeBerry� whole powder, water extract, and ethanol
extract.

Whole powder Water extract Ethanol extract

Appearance Tan/brown powder Brown powder Brown powder
Extraction

solvent
– Water Water/ethanol

Solids P90% 96% 90%
Solubility Partially soluble in

water
100% soluble in
water

100% soluble in
water

Total phenolic
acidsa

P2% 5.0% 35–40%

Caffeine 0.7–1.0% 1.0% max. 0.6–9.08%
ORACb 800 lmol/g

average
1500 lmol/g 6000 lmol/g

a Chlorogenic acid, caffeic acid, quinic acid, and ferulic acid.
b Oxygen radical absorption capacity.
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2.2.2. 14-Day dietary studies of whole powder and water extract
CoffeeBerry� whole powder and CoffeeBerry� water extract were tested for pal-

atability and toxicity in Sprague–Dawley (Hsd:SD) rats for a period of 14 days based
on OECD Guideline 407 and US FDA Redbook 2000, IV.C.3a ‘‘Short-Term Toxicity
Studies with Rodents.” Groups of 10 rats/sex/dose were fed whole powder or water
extract at dietary concentrations of 0 (control), 25,000, 50,000, or 100,000 ppm. Rats
were approximately 8 weeks of age and males weighed 236 ± 7.07 g and females
weighed 178 ± 7.10 g at the start of treatment. Rats were individually housed in
suspended stainless steel cages with mesh floors at a room temperature of 19–
23 �C with a relative humidity of 43–64% and a 12-h light/dark cycle. Each test sub-
stance at the appropriate concentrations was thoroughly mixed into the animal
feed at the start of the study and refrigerated until use.

2.2.3. 14-Day gavage study of ethanol extract
CoffeeBerry� ethanol extract was tested for potential toxicity in Sprague–Daw-

ley (Hsd:SD) rats for a period of 14 days based on OECD Guideline 407 and US FDA
Redbook 2000, IV.C.3a ‘‘Short-Term Toxicity Studies with Rodents.” Gavage was cho-
sen as the mode of administration because the previous feeding studies with the
other forms of CoffeeBerry� (which had been conducted 6 months earlier) had indi-
cated the likelihood of palatability issues complicating interpretation of short-term
studies. Groups of 10 rats/sex/dose were orally intubated daily with ethanol extract
at dose levels of 0 (distilled water vehicle control), 1000, 2000, or 4000 mg/kg bw/
day at a dose volume of 7 ml/kg bw/day. Rats were approximately 8 weeks of age
and males weighed 241 ± 6.05 g and females weighed 189 ± 7.18 g at the start of
treatment. Rats were individually housed in suspended stainless steel cages with
mesh floors at a room temperature of 17–22 �C with a relative humidity of 47–
77% and a 12-h light/dark cycle. The dose preparations were prepared daily based
on most recent daily body weights. Urine was collected, when possible, during nec-
ropsy directly from the bladder using a needle and syringe. All urine samples were
frozen at �80 �C until analysis of volume and pH.

2.3. 90-Day dietary study of ethanol extract

This study was conducted in compliance with good laboratory practice (GLP)
with the exception of the serology analysis, which was performed by Charles River
Diagnostics not under GLP. CoffeeBerry� ethanol extract was evaluated in Sprague–
Dawley (Hsd:SD) rats following OECD Guideline 408, EPA Health Effects Test Guide-
lines, OPPTS 870.3100: 90-Day Oral Toxicity in Rodents, EPA 712-C-98-199, August
1998, and US FDA Redbook 2000, IV.C.4.a. ‘‘Subchronic Toxicity Studies with
Rodents.” The ethanol extract was selected for the 90-day study because it is the
form of CoffeeBerry� anticipated to have the greatest use and exposure. Based on
the results of the 14-day feeding studies of the whole powder and water extract,
it was apparent that palatability issues would not be serious problems in a longer
term study; consequently a feeding study was selected to best represent the distrib-
uted exposure to CoffeeBerry� anticipated to result from its intended use in foods.
Groups of 10 rats/sex/dose were fed ethanol extract at dietary concentrations of 0
(control), 12,500, 25,000, or 50,000 ppm. The experimental design with actual mean
daily intakes is provided in Table 2. Prior to treatment, rats were acclimated for
6 days. At the start of treatment (day 0), rats were approximately 7–8 weeks of
age and males weighed 231 ± 4.61 g and females weighed 161 ± 5.48 g. Rats were
individually housed in suspended stainless steel cages with mesh floors at a room
temperature of 18–23 �C with a relative humidity of 9–57% and a 12-h light/dark
cycle. Feed (PMI LabDiet� Purina Certified Rodent Meal #5002M with or without
test substance) and filtered tap water were provided ad libitum except when ani-
mals were fasted overnight prior to blood sampling. The test substance at the
appropriate concentrations was thoroughly mixed into the animal feed on a weekly
basis and refrigerated until use. Ophthalmologic evaluations were conducted prior
to the commencement of the study and on day 88 by focal illumination and indirect
ophthalmoscopy with 1% tropicamide. Near the end of the study (days 86–87), a
functional observational battery (FOB) was performed on all rats and excitability,
autonomic function, gait, and sensorimotor coordination, reactivity, sensitivity,
and other abnormal clinical signs were evaluated while the rats were in an open
field. Measurements of grip strength (in triplicate) and foot splay (in duplicate)
were taken and means calculated. At the same time motor activity was monitored

and evaluated for 1 h with a Photobeam Activity System� (San Diego Instruments
Inc., San Diego, CA) while individual animals were in polycarbonate solid-bottom
cages.

Blood samples were taken from the orbital sinus of fasted rats while under iso-
flurane anesthesia for hematology and clinical chemistry during week 13. Blood
samples taken for prothrombin time and partial thromboplastin time were col-
lected via the inferior vena cava under isoflurane anesthesia at termination. After
clinical pathology analyses were completed, remaining blood samples from two
randomly chosen animals were pooled and evaluated for serology. Prior to sched-
uled blood collections during week 13 and at termination, rats were fasted for at
least 15 h and placed in metabolism cages to collect urine. At the end of the study,
animals were euthanized by exsanguination from the abdominal aorta under isoflu-
rane anesthesia and subjected to full necropsy (i.e., examination of external surface
of the body, all orifices, and the thoracic and abdominal cavities and their contents;
weighing of selected organs; preservation of selected organs and tissues in 10% neu-
tral buffered formalin or modified Davidson’s fixative; histopathological examina-
tion of preserved organs and tissues from control and high-dose groups and any
gross lesions of potential toxicological significance from any test group).

2.4. Genotoxicity studies

These studies, conducted at Bioservice Scientific Laboratories (BSL) GmbH in
Planegg, Germany, were in compliance with OECD Principles of Good Laboratory
Practices (ENV/MC/CHEM (98) 17 OECD, Paris, 1998), and the Chemikaliengesetz
(‘‘Chemicals Act”) of the Federal Republic of Germany, Appendix 1 to §19a as
amended and promulgated on June 20, 2002 (BGB1.I Nr. 40 SA. 2090), revised Octo-
ber 31, 2006 (BGB1. I Nr. 50 S. 2407). All work undertaken by the testing laboratory
was in accordance with the most recent Guide for the Care and Use of Laboratory Ani-
mals, (DHEW/NIH, 1996), operated under the surveillance of the Regierung von
Oberbayern (German regulatory authority) according to AAALAC standards and
accreditation.

2.4.1. Bacterial reverse mutation assays of whole powder, water extract, and ethanol
extract

CoffeeBerry� whole powder, water extract, and ethanol extract were tested at
concentrations of 31.6, 100, 316, 1000, 2500, and 5000 lg/plate in distilled water
for potential mutagenicity in Salmonella typhimurium strains TA98, TA100,
TA1535, and TA1537 and Escherichia coli strain WP2 uvrA in the presence and ab-
sence of S9 liver microsomal fraction prepared from phenobarbital/b-naphtoflav-
one-induced rats. These studies were conducted following OECD Guideline 471,
EEC Directive 2000/32, L 136, Annex 4D, B 13/14, ‘‘Mutagenicity—Reverse Mutation
Test Bacteria”, dated May 19, 2000, and EPA Health Effects Test Guidelines, OPPTS
870.5100 ‘‘Bacterial Reverse Mutation Assay” EPA 712-C-98-247, August 1998. Both
the plate incorporation method and the pre-incubation method were performed
(Ames et al., 1973a,b; Maron and Ames, 1983). For each method, two independent
experiments were run in triplicate for each test article. Negative (solvent and un-
treated) and positive controls were performed simultaneously. Positive controls
for cultures without S9 were 4-nitro-o-phenylene-diamine (TA98 and TA1537), so-
dium azide (TA1535, TA100), and methyl methane sulfonate (WP2 uvrA). For cul-
tures with S9, 2-aminoanthracene was used for all strains. For the plate
incorporation method at each concentration and bacterial strain, 100 ll test solu-
tion, negative control, or positive control was mixed in a test tube with 500 ll S9
or S9 substitution buffer (plates without metabolic activation), 100 ll bacterial sus-
pension, and 2000 ll overlay agar. The mixture was poured over the surface of Vo-
gel-Bonner Medium E agar plates with 2% glucose and allowed to solidify. For the
pre-incubation assay, the tester strains (100 ll) were preincubated with 100 ll of
test substance preparation and 500 ll of S9 or sterile buffer (plates without meta-
bolic activation) at 37 �C. After 60 min, 2000 ll overlay agar was added and the
mixture was poured onto Vogel-Bonner Medium E agar plates with 2% glucose
and allowed to solidify. In both methods, once the plates were solidified, bacteria
were incubated in the dark at 37 �C for at least 48 h after which colonies were
counted.

2.4.2. Micronucleus test of whole powder with murine peripheral blood cells
This study was conducted in conformance with the following internationally ac-

cepted guidelines and recommendations: BSL Bioservice accreditation scope guide-
line 90/385/EWG, 93/42/EWG and DIN EN ISO/IEC 17025 for testing of medical
devices; Ninth Addendum to OECD Guidelines for the Testing of Chemicals, Sec-
tion 4, No. 474, ‘‘Mammalian Erythrocyte Micronucleus Test,” adopted July 21,
1997; EEC Directive 2000/32, L 136, Annex 4C, B 12, ‘‘Mammalian Erythrocyte
Micronucleus Test,” dated May 19, 2000; EPA Health Effects Test Guidelines, OPPTS
870.5395 ‘‘Mammalian Erythrocyte Micronucleus Test,” EPA 712-C-98-226, August
1998; ISO 10993-1: 2003, ‘‘Evaluation and testing,” ISO 10993-3: 2003, ‘‘Tests for
genotoxicity, carcinogenicity and reproductive toxicity,” and ISO 10993-12: 2007,
‘‘Sample preparation and reference materials.” The test was performed according
to a modified method of Hayashi et al. (1994) and Heddle (1973).

A NaCl extract of CoffeeBerry� whole powder was tested for potential genotox-
icity in the micronucleus test using peripheral blood cells of NMRI mice (Harlan
Winkelmann GmbH, Borchen, Germany) following OECD Guideline 474, EEC

Table 2
90-Day dietary study experimental design with actual mean daily intakes (mg/kg bw/
day) of CoffeeBerry� ethanol extract.

Group No. of rats/sex/
group

Dietary concentration
(ppm)

Actual mean
daily intake
(mg/kg bw/day)

Males Females

1 (control) 10 0 0 0
2 (low-dose) 10 12,500 846 965
3 (mid-dose) 10 25,000 1723 2030
4 (high-dose) 10 50,000 3446 4087
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Directive 2000/32, L136, Annex 4C, B12 ‘‘Mammalian Erythrocyte Micronucleus
Test,” dated May 19, 2000, and EPA Health Effects Test Guidelines, OPPTS
870.5395 ‘‘Mammalian erythrocyte micronucleus test,” EPA 712-C98-226, August
1998. Mice were housed 5/cage/sex at a room temperature of 19–25 �C with a rel-
ative humidity of 55 ± 10% and a 12-h light/dark cycle. Feed for rats and mice and
tap water were provided ad libitum. The whole powder was extracted in 0.9% NaCl
for 1 h at 37 ± 1 �C in an ultrasonic bath with a mass/volume ratio of 0.2 g/ml and
prior to administration the extract was filtered using folded paper filters. The
extraction process was used because of technical issues including insolubility and
bacterial contamination of the test item. Based on the results of a preliminary tox-
icity study, NMRI mice (5/sex; at least 7 weeks of age) were intraperitoneally in-
jected with 100% extract concentration at a dose volume of 10 ml/kg bw.
Negative (0.9% NaCl) and positive (cyclophosphamide) controls (5/sex/group) were
run simultaneously. Blood was sampled from the tail vein at 44 and 68 h following
administration and blood cells were immediately fixed in ultracold methanol for at
least 16 h. Prior to analysis, fixed cells were washed in Hank’s balanced salt solu-
tion, centrifuged at 600 � g for 5 min and the supernatant was discarded. Blood cell
populations were discriminated using specific antibodies against CD71 (expressed
only at the surface of immature erythrocytes) and CD61 (expressed at the surface
of platelets) and the DNA content of micronuclei was determined by the use of
DNA-specific stain (propidium iodide). A flow cytometer was used to evaluate all
samples. Anti-CD71 and anti-CD61 antibodies were labeled with fluorescein isothi-
ocyanate and phycoerythrin, respectively. Particles were differentiated using for-
ward scatter and side scatter parameters of the flow cytometer. A minimum of
10,000 immature erythrocytes per mouse was examined for the incidence of micro-
nucleated immature erythrocytes and the ratio between immature and mature
erythrocytes was determined and expressed as relative PCE (proportion of poly-
chromatic erythrocytes among total erythrocytes). A finding was considered posi-
tive if there was a dose-related increase in the number of micronucleated cells
and/or a biologically relevant increase in the number of micronucleated cells for
at least one dose group. Statistical significance of the findings also was considered.

2.5. Statistical analysis

2.5.1. Short-term studies
2.5.1.1. 7-Day dietary study. No statistical analyses were conducted due to the small
number of animals (n = 5/sex/group).

2.5.1.2. 14-Day dietary and gavage studies. Group means and standard deviations
were calculated for body weight, daily body weight gain, daily feed consumption,
and daily feed efficiency for all groups. Data within groups were evaluated for
homogeneity of variances and normality by Bartlett’s test. Where Bartlett’s test
indicated homogeneous variances, treated and control groups were compared using
a one-way analysis of variance (ANOVA), followed by comparison of the treated
groups to control by Dunnett’s t-test for multiple comparisons. Where variances
were considered significantly different by Bartlett’s test, groups were compared
using a non-parametric method (Kruskal–Wallis non-parametric analysis of vari-
ance followed by Dunn’s test). Differences among groups were judged to be statis-
tically significant at a probability value of 60.05. Male and female rats were
evaluated separately. For urine pH and volume, group means, standard deviation,
and standard error were calculated using ANOVA. If variances were considered sta-
tistically significant, groups were compared by Fisher’s Protected Least Significant
Difference (PLSD) test for multiple comparisons for treated and control groups for
each sex.

2.5.2. 90-Day dietary study
Group means and standard deviations were calculated for body weight, daily

body weight gain, daily feed consumption, daily feed efficiency, organ weight, or-
gan-to-body/brain weight ratio, FOB, and motor activity data. Data (excluding mo-
tor activity) within groups were evaluated for homogeneity of variances and
normality by Bartlett’s test. Where Bartlett’s test indicated homogeneous variances,
treated and control groups were compared using ANOVA, followed by comparison
of the treated groups to control by Dunnett’s t-test for multiple comparisons. Where
variances were considered significantly different by Bartlett’s test, groups were
compared using a non-parametric method (Kruskal–Wallis non-parametric analysis
of variance followed by Dunn’s test). Motor activity data were analyzed by a two-
way repeated measures ANOVA. For clinical pathology, means and standard devia-
tions were calculated. Data within groups were initially analyzed using Levene’s
test for variance homogeneity and the Shapiro–Wilk test for normality. If variances
were considered to be not significantly different, groups were compared using AN-
OVA followed by Dunnett’s t-test for multiple comparisons. If the Shapiro–Wilk test
was not significant but the Levene’s test was significant, a robust version of Dun-
nett’s test was used. Where variances were considered significantly different by Le-
vene’s test, groups were compared using a non-parametric method (Kruskal–Wallis
non-parametric analysis of variance followed by Dunn’s test). Differences among
groups were judged to be statistically significant at a probability value of 60.05.
Male and female rats were evaluated separately.

2.5.3. Genotoxicity studies
2.5.3.1. Bacterial reverse mutation assay. No statistical analyses were performed.

2.5.3.2. Micronucleus test of murine peripheral blood cells. For statistical analysis, the
Mann–Whitney test was performed.

3. Results

The use of the word ‘‘significant” or ‘‘significantly” refers to a
statistically significant difference between test and control values.

3.1. Short-term studies

3.1.1. 7-Day dietary study of whole powder
Over the study period, the mean daily intake of whole powder

fed at dietary concentrations of 0, 80,000, 100,000, and
120,000 ppm was 0, 6586, 7904, and 9055 mg/kg bw/day, respec-
tively, for males and 0, 7419, 8758, and 10,574 mg/kg bw/day,
respectively, for females. There was no mortality in any of the test
groups and no treatment-related abnormal clinical findings. In
treated females, body weight gains and final body weights were
similar to control values but treated males tended to show a
dose-related decrease in body weight gain and final body weight
(no statistical analysis). For example, on day 7, mean male body
weights (±standard deviation) were 277.6 ± 7.44, 262.0 ± 7.11,
260.0 ± 5.39, and 248.0 ± 9.51 g for 0, 80,000, 100,000, and
120,000 ppm groups, respectively. The trend toward reduced body
weight gain in males was seen only in the first 2 days; by days 3–7,
body weight gain recovered to comparable or greater levels. Daily
feed consumption in treated females was similar to that of controls
but treated males showed decreases in daily feed consumption
compared to controls that were most notable on days 0–3. In both
sexes, mean daily feed efficiency was decreased in an apparent
dose-related manner compared to controls, showing greater reduc-
tions during days 0–3 but recovering on days 3–7. Gross necropsy
showed no abnormal findings other than an incidental finding of
red mottled tissue on the thymus of one low-dose female. These
results indicated that rats should tolerate a dietary concentration
of up to 120,000 ppm (approximately 9055 and 10,574 mg/
kg bw/day for males and females, respectively) in a 14-day study.

3.1.2. 14-Day dietary studies of whole powder and water extract
3.1.2.1. Whole powder. Over the study period, the mean daily intake
of whole powder fed at dietary concentrations of 0, 25,000, 50,000,
and 100,000 ppm was 0, 2188, 4335, and 8309 mg/kg bw/day,
respectively, for males and 0, 2108, 4458, and 8858 mg/kg bw/
day, respectively, for females. There was no mortality in any of
the test groups. Reduced fecal volume was noted in a couple of
treated animals from each dose group during the middle of the
study but was resolved by the end of the study. Mean weekly body
weights of high-dose males were significantly lower than those of
controls on days 3, 7, and 10 but not day 14. Female body weights
were similar to control values at all time-points. Mean daily body
weight gains of mid- and high-dose males were significantly lower
than those of controls. Females in the mid- and high-dose groups
showed some significant increases in mean daily body weight gain
at different intervals during the study but these were considered
incidental. High-dose males showed a significant decrease in feed
consumption from controls throughout the study (interval days
0–14), but feed consumption was significantly increased during
the days 7–10 and 10–14 intervals in mid- and high-dose males.
Feed efficiency was significantly decreased at the beginning of
the study in mid- and high-dose males, but was significantly in-
creased in mid-study. Feed consumption and feed efficiency in
females was comparable to those of controls. Macroscopic exami-
nation showed no abnormal findings in rats from the control and
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low-dose groups and in female rats from the high-dose group. At
the mid- and high-doses, 2/10 males had black speckled lungs. Also
at the high-dose, 2/10 males had red lungs and 5/10 males had uri-
nary bladders containing white, semi-solid material (approxi-
mately 0.2 � 0.1 cm). This material was determined to be
proteinaceous plugs resulting from abnormal ejaculation and
secretion from the male accessory sex glands during euthanasia;
these plugs represent an agonal change rather than pathological le-
sions and are considered to be incidental findings of no toxicolog-
ical significance (Hard et al., 1999).

3.1.2.2. Water extract. Over the study period, the mean daily intake
of water extract fed at dietary concentrations of 0, 25,000, 50,000,
and 100,000 ppm was 0, 2179, 4382, and 7889 mg/kg bw/day,
respectively, for males and 0, 2234, 4393, and 8861 mg/kg bw/
day, respectively, for females. There was no mortality in any of
the test groups. Reduced fecal volume was noted in most treated
animals from each dose group during the middle of the study but
was resolved by the end of the study. Hyperactivity also was re-
ported in a few treated females on study day 10. Mean weekly
body weights were significantly decreased from those of controls
in mid-dose males on days 3 and 7 and in high-dose males
throughout the study. High-dose females showed a significant de-
crease compared to control values on day 7. The decrease in mean
daily body weight gain in mid- and high-dose males was signifi-
cant throughout the study. All treated females showed a significant
increase in mean daily body weight gain during days 3–7 and high-
dose females also showed this increase on days 7–10. These in-
creases were considered compensatory for the decreases seen in
week 1. A decrease in feed consumption was significant from con-
trols during days 0–3 in mid-dose males and days 0–14 in high-
dose males but feed consumption was significantly increased dur-
ing days 7–10 and 10–14 in mid-dose males. Females generally
showed no differences from controls. Feed efficiency showed a
similar pattern in both male and female rats. Macroscopic exami-
nation showed black speckled lungs in 1/10 low-dose males,
slightly red lungs in 2/10 mid-dose males and 1/10 high-dose
males. Urinary bladders containing white, semi-solid material of
variable, measurable size were reported in males from all dose lev-
els (1/10 low-dose male, 5/10 mid-dose males, and 6/10 high-dose
males). This material was again identified as proteinaceous plugs
(Hard et al., 1999). At the mid-dose, 2/10 males had enlarged blad-
ders, one of which was accompanied by the white, semi-solid
material. No other macroscopic findings attributable to treatment
were reported.

The results of these studies indicate that male rats tolerated less
than 25,000 ppm CoffeeBerry� whole powder (equivalent to
2188 mg/kg bw/day) or water extract (equivalent to 2179 mg/
kg bw/day) and female rats tolerated up to 100,000 ppm (8858
and 8861 mg/kg bw/day for whole powder and water extract,
respectively).

3.1.3. 14-Day gavage study of ethanol extract
All rats survived until scheduled termination. Clinical signs in

treated animals were noted early in the study and intermittently
throughout the treatment period and included brown litter stain-
ing, gastro-intestinal distention, facial/ano-genital staining, some
nasal/ocular discharge, and piloerection. These signs were consid-
ered treatment-related but non-adverse. Mean body weights
showed a significant decrease from controls throughout the study
(days 1–14) in high-dose rats of both sexes. Mean daily body
weight gain was significantly decreased from controls in mid-
and high-dose males at the start of the study, but became signifi-
cantly increased from controls on days 4–8 for mid-dose males
and days 8–11 for high-dose males. For females, mean daily body
weight gain was significantly increased from controls throughout

the study at the high-dose and during days 11–14 at the lower
dose levels. Generally, feed consumption decreased at the begin-
ning of treatment and increased toward the end of the study in
both sexes, particularly at the highest dose level although residual
decreases were noted. Feed efficiency followed a similar pattern.
Urine pH was consistently lower in treated males (6.6, 6.5, and
6.5 in low-, mid-, and high-dose groups, respectively) compared
to controls (7.0), but the difference was not statistically significant.
In females, urine pH was non-significantly higher in treated ani-
mals (all 6.3) than controls (6.1). Urine volume showed a dose-
dependent increase that was significantly different from controls
in all treated males and high-dose females. Macroscopic examina-
tion revealed a proteinaceous white substance of variable size and
shape in the urinary bladder of 3/10 control males, 1/10 low-dose
males, 3/10 mid-dose males, and 4/10 high-dose males, identified
as proteinaceious plugs (Hard et al., 1999). Full bladders were
noted in more than half of the treated males. Colon/intestinal dis-
tention was seen in 1/10 low-dose males, 1/10 mid-dose males, 2/
10 high-dose males, and 3/10 high-dose females. Red nasal dis-
charge and/or facial staining was noted in one high-dose male
and one high-dose female. Some incidental findings (e.g., small left
testis and epididymis and fluid-filled uteri) were reported in both
treated and control animals. This study indicates that rats for both
sexes could tolerate gavage administration of ethanol extract up to
4000 mg/kg bw/day.

3.2. 90-Day dietary study of ethanol extract

Over the study period, the mean daily intake of ethanol extract
fed at dietary concentrations of 0, 12,500, 25,000, and 50,000 ppm
was 0, 846, 1723, and 3446 mg/kg bw/day, respectively, for males
and 0, 965, 2030, and 4087 mg/kg bw/day, respectively, for females.
All animals survived to scheduled termination. Any abnormal clini-
cal signs including black ocular discharge (noted in a couple of rats
from controls and treated groups of both sexes) and hyperactivity
(noted in a couple ofmid- and low-dose rats)were considered either
transient or minimal and non-adverse. Ophthalmoscopic examina-
tions showed eyes to be normal. The FOB results were generally
comparable to controls and any changes in quantitative measure-
ments or in incidence of open field measurements were minimal
and were not considered to support a toxicologically significant
behavior change (data not shown). Motor activity also was compa-
rable to controls. Overall (days 0–91) andweeklymean bodyweight
(Figs. 1 and 2) and mean daily body weight gain of all treated rats
were comparable with controls with the following exceptions: fe-
males showed a significant increase in body weight during weeks
4, 7, 11, and 12 (low-dose group), weeks 5 and 8 (mid-dose group),
and weeks 10–12 (high-dose group); and females showed a signifi-
cant change in daily body weight gain during week 1 (increased in
low-dose group), overall (increased in low-dose group) and week
6 (decreased inmid-dose group). Overall andweekly feed consump-
tion (Figs. 3 and 4) and mean daily feed efficiency of all treated rats
were generally comparable to controls with the following excep-
tions: females showed a significant increase in feed consumption
during weeks 5, 8, 10 and overall (mid-dose group), and during
weeks 4, 8, 10, 12, 13, and overall (high-dose group) suggesting an
overall dose–response from days 0 to 91; and females showed a sig-
nificant change in feed efficiency during week 1 (increased in low-
dose group) and week 6 (decreased in mid-dose group). Hematol-
ogy, coagulation and clinical chemistry parameters revealed no ad-
verse changes. The only statistically significant changes reported
were increased mean platelet concentration (mid- and high-dose
males), decreased eosinophil concentration (low-dose males), de-
creased sorbitol dehydrogenase concentration (mid-dose males),
decreased alkaline phosphatase concentration (high-dose males),
decreased triglyceride concentration (high-dose males), increased
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glucose concentration (low-dose males and females), increased
cholesterol concentration (high-dose females), increased sodium
concentration (mid-dose females), and increased chloride concen-
tration (mid-dose females). These were considered non-adverse
and not related to exposure because the magnitude of the change
was considered not clinically significant and/or the change was
not accompanied by any other corresponding pathological change.
There were no test substance-related changes in blood cell mor-
phology and serology showed no detectable titers against the tested
pathogens and antigens. The only statistically significant change re-
ported in urinalysis was increased urine volume in high-dosemales
(8.3 ± 4.8 ml) compared to controls (3.5 ± 1.5 ml), but this was not
considered adverse since there were no supporting clinical chemis-
try or histopathology findings.

Macroscopic examination revealed no gross abnormalities re-
lated to treatment with the test substance. Some incidental find-
ings such as fluid-filled bladders (mostly males of all groups) and
fluid-filled uteri (females of all groups) were reported. There were
some statistically significant changes in absolute and relative (to
body or brain weight) organ weights (see Table 3) but none was
accompanied by histopathological changes that would suggest tox-
icological relevancy to treatment with the test substance. Reported
histopathological changes were considered incidental and related
to the orbital sinus bleeds or related to the age and strain of the
rat used in the study. These included episcleral inflammation, per-
iocular muscle inflammation, microgranuloma involving the con-
junctiva, inflammation, necrosis, hemorrhage, and fibroplasia of
the Harderian gland, nephropathy, pulmonary alveolar histiocyto-
sis, pituitary gland cyst, and ectopic thymus in thyroid gland. The
highest concentration tested of 50,000 ppm, equivalent to 3446
and 4087 mg/kg bw/day for males and females, respectively) pro-
duced no treatment-related adverse effects and was regarded as
the NOAEL.

3.3. Genotoxicity studies

3.3.1. Bacterial reverse mutation assays
3.3.1.1. Whole powder. No cytotoxicity to S. typhimurium (strains
TA98, TA100, TA1535, and TA1537) and E. coli (strain WP2 uvrA)
in the presence or absence of S9 at the concentrations tested was
observed except for S. typhimurium strain 1537 which showed
toxic effects at a concentration of 5000 lg/plate without S9 in
the first experiment and at concentrations of 316 lg/plate and

Fig. 1. Mean weekly body weight from the 90-day dietary study with Sprague–
Dawley rats (males) fed CoffeeBerry� ethanol extract.

Fig. 2. Mean weekly body weight from the 90-day dietary study with Sprague–
Dawley rats (females) fed CoffeeBerry� ethanol extract.

Fig. 3. Mean daily feed consumption from the 90-day dietary study with Sprague–Dawley rats (males) fed CoffeeBerry� ethanol extract.
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higher without S9 in the second experiment. Precipitation was ob-
served in all strains at concentrations of 100 lg/plate and higher
with S9 and 316 lg/plate and higher without S9 in the first exper-
iment and at concentrations of 316 lg/plate and higher with and
without S9 in the second experiment. There were no biologically
relevant increases in the number of revertant colonies of any of
the strains tested at any concentration with or without S9 (data
not shown). The positive controls induced a distinct increase in
the number of revertant colonies, indicating the validity of the
study.

3.3.1.2. Water extract. No cytotoxicity was observed in any of the
strains tested. Precipitation was seen in all strains at concentra-
tions of 1000 lg/plate with or without S9 in the first experiment
and at concentrations of 316 lg/plate with or without S9 in the
second experiment. There were no biologically relevant increases
in the number of revertant colonies of any of the strains tested at

any concentration with or without S9 (data not shown). The posi-
tive controls induced a distinct increase in the number of revertant
colonies, indicating the validity of the study.

3.3.1.3. Ethanol extract. No cytotoxicity was observed in any of the
strains tested except in TA1535 at 5000 lg/plate in the second
experiment. No precipitation was seen in any of the strains tested.
There were no biologically relevant increases in the number of
revertant colonies of any of the strains tested at any concentration
with or without S9 (data not shown). The positive controls induced
a distinct increase in the number of revertant colonies, indicating
the validity of the study.

3.3.2. Micronucleus test of whole powder in murine peripheral blood
cells

Four hours following injection of the NaCl extract of whole
powder, mice showed reduction of spontaneous activity, cramps,

Fig. 4. Mean daily feed consumption from the 90-day dietary study with Sprague–Dawley rats (females) fed CoffeeBerry� ethanol extract. *Statistically significant increase
compared to controls over 0–91 days.

Table 3
Mean terminal body weights and selected absolute and relative organ weights from the 90-day dietary study with Sprague–Dawley rats fed CoffeeBerry� ethanol extract.

Males Females

Control Low-dose Mid-dose High-dose Control Low-dose Mid-dose High-dose

Terminal body weight (g) 450.8 ± 45.4 463.9 ± 31.6 465.2 ± 19.0 462.5 ± 24.2 254.0 ± 12.9 268.0 ± 12.9 265.3 ± 16.0 267.8 ± 10.7
Brain weight (g) 2.03 ± 0.08 2.02 ± 0.07 2.04 ± 0.08 1.99 ± 0.07 1.915 ± 0.113 1.863 ± 0.071 1.841 ± 0.091 1.860 ± 0.106
Relative brain weight (g/kg body weight) 4.86 ± 0.40 4.69 ± 0.30 4.69 ± 0.28 4.65 ± 0.23 8.179 ± 0.506 7.566 ± 0.470* 7.496 ± 0.472** 7.449 ± 0.333**

Liver weight (g) 12.28 ± 1.53 12.14 ± 1.02 13.05 ± 1.28 13.19 ± 1.20 6.40 ± 0.47 6.51 ± 0.50 6.85 ± 0.48 7.43 ± 0.49**

Relative liver weight (g/kg body weight) 29.25 ± 1.95 28.09 ± 1.48 30.00 ± 2.49 30.65 ± 1.64 27.30 ± 1.18 26.38 ± 1.48 27.83 ± 1.40 29.77 ± 1.81**

Relative liver weight (g/g brain weight) 6.06 ± 0.71 6.01 ± 0.47 6.41 ± 0.59 6.62 ± 0.64 3.35 ± 0.24 3.50 ± 0.33 3.73 ± 0.31* 4.01 ± 0.34**

Kidney weight (g) 3.23 ± 0.31 3.34 ± 0.23 3.53 ± 0.30* 3.58 ± 0.24* 1.77 ± 0.14 1.81 ± 0.10 1.94 ± 0.16* 2.07 ± 0.11**

Relative kidney weight (g/kg body weight) 7.70 ± 0.50 7.74 ± 0.48 8.12 ± 0.50 8.34 ± 0.53* 7.56 ± 0.68 7.33 ± 0.50 7.88 ± 0.40 8.30 ± 0.42**

Relative kidney weight (g/g brain weight) 1.59 ± 0.14 1.66 ± 0.12 1.74 ± 0.16* 1.80 ± 0.11** 0.92 ± 0.05 0.97 ± 0.04 1.05 ± 0.07** 1.12 ± 0.09**

Heart weight (g) 1.44 ± 0.18 1.44 ± 0.08a 1.51 ± 0.17 1.49 ± 0.13 0.94 ± 0.07 0.99 ± 0.08 1.02 ± 0.09 1.08 ± 0.16*

Relative heart weight (g/kg body weight) 3.42 ± 0.24 3.01 ± 1.08a 3.47 ± 0.33 3.46 ± 0.24 3.99 ± 0.17 4.02 ± 0.44 4.14 ± 0.29 4.33 ± 0.55
Relative heart weight (g/g brain weight) 0.71 ± 0.07 0.64 ± 0.23a 0.74 ± 0.08 0.75 ± 0.05 0.49 ± 0.03 0.53 ± 0.04 0.56 ± 0.06* 0.58 ± 0.08**

Spleen weight (g) 0.87 ± 0.11 0.80 ± 0.09 0.91 ± 0.09 0.83 ± 0.05 0.68 ± 0.08 0.67 ± 0.05 0.66 ± 0.04 0.67 ± 0.10
Relative spleen weight (g/kg body weight) 2.06 ± 0.15 1.86 ± 0.16 2.10 ± 0.23 1.95 ± 0.18 2.90 ± 0.25 2.73 ± 0.20 2.71 ± 0.22 2.69 ± 0.40
Relative spleen weight (g/g brain weight) 0.43 ± 0.05 0.40 ± 0.04 0.45 ± 0.05 0.42 ± 0.03 0.35 ± 0.03 0.36 ± 0.03 0.36 ± 0.03 0.36 ± 0.06

Values are means ± standard deviation for groups of 10 rats.
* p < 0.05.

** p < 0.01.
a n = 9.
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rough fur, and prone position. These signs cleared by 44 h (time of
first blood sampling). Table 4 shows the relative PCE and mean val-
ues of micronuclei for negative controls and the treatment groups.
There was no dose-related increase in the number of micronucleat-
ed cells and all mean values were within the range of the historical
control data of the negative control. Statistical analysis (p < 0.05)
verified these results. The study fulfilled the validity criteria.

4. Discussion

The safety of CoffeeBerry� whole coffee fruit in its whole pow-
der and both concentrated forms was examined in several toxicity
studies in mammalian and bacterial systems. The mutagenicity
studies in S. typhimurium and E. coli strains and the micronucleus
test using murine peripheral cells demonstrated that the test arti-
cles were not mutagenic or genotoxic under these conditions. The
short-term oral toxicity studies further supported that whole pow-
der and both extracts were well tolerated by female rats at doses
up to approximately 8800 mg/kg bw/day, while male rats tolerated
lower doses of approximately 4000 mg/kg bw/day (ethanol extract
via gavage) and less than approximately 2100 mg/kg bw/day
(whole powder or water extract in the diet). In the short-term die-
tary studies, male rats exhibited a consistent pattern of reduced
feed intake and reduced gain in body weight early in the feeding
period, followed by recovery to feed intakes and weight gains
matching or exceeding controls. This pattern appears to reflect
poor palatability of the test substance, particularly at the higher
tested concentrations (equivalent to intakes of 7000 mg/kg bw/
day and higher) in the feed. In the 14-day gavage study of ethanol
extract, some variability in feed consumption, body weight gain,
and feed efficiency was seen, generally indicating feed avoidance
for the first few days, but recovery was evident by about day 4.

A 90-day repeated dose dietary study with rats further sup-
ported the safety of ethanol extract, showing no adverse effects
at the highest tested dietary concentration of 5%. The FOB and mo-
tor activity tests showed no changes in behavior and there were no
significant abnormal clinical signs. Some statistically significant
differences from controls were reported related to body weight,
body weight gain, feed consumption, and feed efficiency, particu-
larly in females; however, these were not considered adverse or
toxicologically significant. The few statistically significant changes
in hematology, clinical chemistry, and urinalysis parameters also
were not toxicologically relevant since their magnitude was mini-
mal and/or there was no accompanying histopathology. Similarly,
the reported statistically significant changes in absolute and rela-
tive organ weights (e.g., kidneys, heart, and liver) also had no cor-
responding histopathology. The organ weight changes in the
kidneys (increases from�10% to 17%), which were dose-dependent
and seen in both sexes, were reviewed in detail by three board-cer-
tified veterinary pathologists who stated that weight variations are
often the most difficult anatomical changes to find microscopic
correlates to since a 10–15% increase in weight (or volume) will
translate into a 5–6% increase in given plane, which cannot be de-
tected by the human eye if it is evenly distributed or spread over a
wide tissue area. Even a centrilobular hypertrophy, which is not a

diffuse change, is generally undetected until the 15–25% mark, and
it is often the zonal variation in cellular size that aids in identifica-
tion, not so much the increase in cell size per se. The pathologists
agree that there may be subtle variations in cellular size and that
they could represent induction but it is not microscopically detect-
able. Overall, the increased absolute and relative kidney weights
were considered to be of no safety concern given the lack of corre-
sponding blood work and histopathology. Dietary administration
of up to 50,000 ppm CoffeeBerry� ethanol extract to Sprague–Daw-
ley rats for 90 days did not produce any adverse effects. The no-ob-
served-adverse-effect level (NOAEL) is the highest concentration
tested of 50,000 ppm, which is approximately 3446 and
4087 mg/kg bw/day for male and female rats, respectively.
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reconstituted fruit juice), consumption of beverages to which CoffeeBerry® products may 

potentially be added is about four servings per day. Additionally, although beverages are the 

primary target foods for CoffeeBerry® products, CoffeeBerry® may be added to several other 

foods with estimated combined daily intake not exceeding four servings/day. At a maximum 

concentration of 300 mg CoffeeBerry® per serving, and daily consumption of up to eight 

servings of foods and beverages potentially containing CoffeeBerry®, the potential daily intake 

of CoffeeBerry® from its intended addition to foods and beverages is 2400 mg, equivalent to  

34.3 mg/kg bw/day for a 70-kg individual. 

 

1.4. Basis for GRAS Determination 

VDF FutureCeuticals’ GRAS determination for the intended uses of the three whole and 

extracted CoffeeBerry® products is based on scientific procedures as described under 21 CFR 

§170.30(b). Published subacute and subchronic toxicity and genotoxicity/mutagenicity studies 

conducted under Good Laboratory Practice (GLP) with CoffeeBerry® products served as the key 

research germane to determining the safety of the intended uses of whole and extracted 

CoffeeBerry® products. 

It is concluded that the three whole and extracted CoffeeBerry® products are safe under 

their intended conditions of use because the total exposure to CoffeeBerry® products resulting 

from these uses is within levels shown by published animal research to be safe.  An Expert Panel 

determined the intended use of the three whole and extracted CoffeeBerry® products to be safe, 

and also GRAS, by demonstrating that the safety of this level of intake is based on publicly 

available and accepted information and is generally recognized by experts qualified by scientific 

training and experience to evaluate the safety of substances added to food. 

Therefore, the intended use of the three CoffeeBerry® products (i.e., ground whole 

coffee fruit, water extract, and water/ethanol extract) is determined to be safe and GRAS.  

Determination of the safety and GRAS status of these whole and extracted CoffeeBerry® 

products for direct addition to foods and beverages under their intended conditions of use was 

made through the deliberations of an Expert Panel consisting of Joseph F. Borzelleca, PhD., 

Walter H. Glinsmann, M.D., and John A. Thomas, Ph.D., who reviewed the information in this 

monograph as well as other information available to them.  These individuals are qualified by 

scientific training and experience to evaluate the safety of food and food ingredients.  They 

critically reviewed and evaluated the publicly available information, including potential human 

exposure from the intended use of whole and extracted CoffeeBerry® products, and individually 

and collectively concluded that the available information on CoffeeBerry® contains no evidence 

that demonstrates or suggests reasonable grounds to suspect a hazard to the public health under 

the intended conditions of use of the CoffeeBerry® products ground whole coffee fruit, water 

extract, and water/ethanol extract 

It is the Expert Panel’s opinion that other qualified scientists reviewing the same publicly 

available data would reach the same conclusion.  Therefore, the CoffeeBerry® products ground 

whole coffee fruit, water extract, and water/ethanol extract are GRAS by scientific procedures 

under the conditions of use described. 

 

1.5. Availability of Information 

The data and information that serve as the basis for the GRAS determination will be sent 

to the FDA upon request, or are available for the FDA’s review and copying at reasonable times 

at the office of James T. Heimbach, Ph.D., President, JHEIMBACH LLC, 923 Water Street, P.O. 

Box 66, Port Royal, VA 22535, telephone 804-742-5548 and email jh@jheimbach.com. 
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2. Identity of the Substance 

2.1. Substance Name 

CoffeeBerry® products are produced and sold in three basic forms: ground whole fruit, 

water extract, and water/ethanol extract. All three forms of CoffeeBerry® are dried and sold as 

powders. The ground and dried whole fruit is the starting point for all three forms, the other two 

forms being extracts with water and water/ethanol, respectively, from this starting material. 

 

2.2. Trade or Common Names 

Ground and dried whole fruit is sold as CoffeeBerry® Whole Fruit Powder and 

CoffeeBerry® Whole Fruit Granules (differing from Whole Fruit Powder only in being less 

finely milled); the dried water extract is sold as CoffeeBerry® Juice Concentrate Powder; and the 

dried water/ethanol extract is sold as CoffeeBerry® Forte Soluble Concentrate.  

 

2.3. Botanical Identification 

CoffeeBerry® products are derived from the whole fruit (including the coffee bean) of 

the coffee plant, Coffea arabica. The genus Coffea is taxonomically placed with the flowering 

plants of the family Rubiaceae and is considered to comprise three subgenera:  Subgenus Coffea 

(having about 90 spp.) with significant commercial relevance, and subgenerae Psilanthopsis and 

Baracoffea that have only minor commercial relevance (Chevalier 1942, 1947; Leroy 1961). The 

Coffea plant, an evergreen shrub or small tree having dark green, glossy leaves, is thought to have 

originated in southern Asia or in Africa. It is now cultivated as an agricultural crop in various 

parts of the world, mostly in at latitudes less than 30 degrees north or south of the equator, and 

most commonly at elevations of 1000-2000 meters (Wrigley 1988).  

 

2.4. Harvesting of Coffee Fruit 

The Coffea plant produces clusters of simultaneously blooming white flowers, each of 

which subsequently develops into an oval cherry-like fruit.  Each cherry consists of an exocarp, 

pulp, mucilage, and generally two central seeds (or “beans”). The fruit usually achieves ripeness 

in seven to nine months. Immature fruit is green, but the fruit gradually turns bright red as it 

ripens (Wrigley 1988; Sivetz and Desrosier 1979). During conventional coffee production, coffee 

processers strip off the fruit that surrounds the seed (Rothfos 1980; Clarke and Macrae 1987). 

Only the seeds of the Coffea fruit are used to produce the well-known and much-consumed 

beverage known as coffee, while the entire fruit is used to produce CoffeeBerry® products. 

During designated times within the coffee harvest season, the whole coffee fruit is 

harvested by hand at specific growth stages ranging from sub-ripe to maturity. Only unblemished 

fruit is selected. After harvesting, the fruit is washed and subsequently quick-dried in food-grade 

stainless-steel coffee-cherry dryers according to a proprietary protocol. This process yields a 

dried whole coffee fruit that can be ground for use as a food ingredient or further processed by 

various extraction methods. The coffee fruit has long been recognized as having inherent 

nutritional and health-enhancing potential, including antioxidant capacity (Napolitano et al. 2007; 

Garciaa et al. 2008; Serafini and Testa 2009), immunomodulation (Kobayashi et al. 1996; 

Kobayashi et al. 1997) and perhaps tumor suppression (Nagasawa et al. 1995; Nagasawa et al. 

1996a; Udagawa and Nagasawa 2000; Nagasawa et al. 2001). However, the cherry is highly 

perishable (Pittet et al. 1996; Bucheli et al. 2000) and, until a recent patent-pending discovery 

(Miljkovic et al. 2004a, 2004b), has been prone to rapidly develop both extensive bacterial 

contamination and molds that generate undesirable toxic secondary metabolites known as 
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mycotoxins. Frank et al. (1965) analyzed the bacterial load of decomposing Kona coffee fruits 

and concluded that it was dominated by Gram negative organisms, especially Erwinia dissolvens. 

Later analyses by Silv et al. (2000) of Brazilian coffee fruits isolated over 44 bacterial genera and 

several yeast genera; they found that Gram negative bacteria dominated in wet years while Gram 

positive bacteria were more prevalent during dry years. The primary risk factor is contamination 

by pectinolytic yeasts such as Saccharomyces and Aspergillus species (Agate and Bhat 1966) and 

Aspergillus species which produce ochratoxin A (Bucheli et al. 2000; Bucheli and Taniwaki 

2002; Viani 2002; Napolitano et al. 2007). Consequently, the coffee fruit, other than its seed, has 

traditionally been considered to be waste material unsuitable for food use, and has typically been 

discarded or used as fertilizer (Pandey et al. 2000). 

The new proprietary technology for cultivation, harvesting, and subsequent processing of 

whole coffee fruit (including the seed) has eliminated the risk of bacterial and fungal 

contamination and the production of mycotoxins (Miljkovic et al. 2004a, 2004b) and produces 

dried whole coffee fruit powders and granules. Further processing utilizing water or water/ethanol 

extraction yields a family of water-soluble powdered extracts with elevated concentrations of 

coffee phenolic acids. These extracts are standardized to levels of 600,000 and 1,500,000 ORAC 

units per 100 grams. 

In order to characterize the degree of concentration achieved by water extraction and by 

water/ethanol extraction, total polyphenols and Oxygen Radical Absorbent Capacity (ORAC) 

levels were measured in 8 lots of whole fruit powder, 7 of water extract powder, and 6 of 

water/ethanol extract powder. The mean levels of total polyphenols in the three forms of 

CoffeeBerry® were 4.32, 5.73, and 45.10, respectively, indicating a concentration of polyphenols 

of 1.33 in the water extract and 10.43 in the water/ethanol extract as compared to the whole fruit 

powder. Based on mean ORAC levels, concentrations of water extract and water/ethanol extract 

over whole fruit powder were 1.81 and 8.18, respectively. Averaging the degrees of concentration 

of these 2 markers—total polyphenols and ORAC levels—it appears that reasonable figures for 

the overall degree of concentration of the 2 extracts is 1.5 for the water extract and 9 for the 

water/ethanol extract.  

 

2.5. Nutritional Profile of CoffeeBerry® Products 

The typical composition of the three types of CoffeeBerry® products are shown in Table 

1. Since the whole-fruit product is the starting material for the water and water/ethanol extracts, it 

represents the minimally processed form of CoffeeBerry®.  
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Table 1. Compositional Profiles of CoffeeBerry® Products. 

Parameter Whole Fruit Water Extract 
Water/Ethanol 

Extract 

Water (%) 8.0 6.0 8.0 

Protein (%) 10.3 4.8 6.3 

Carbohydrates (%) 70.7 72.7 41.7 

     Sugars (%) 18.0 8.9 10.1 

     Fiber (%) 49.0 17.5 7.1 

Total fat (%) 6.0 1.1 0.1 

     Saturated fat (%) 2.9 0.4 0.1 

     Monounsaturated fat (%) 0.4 0.1 <0.1 

     Polyunsaturated fat (%) 2.8 0.5 <0.1 

Polyphenols (%) 4.3 5.7 45.1 

Caffeine (%) 1.0 1.0 1.0 

Source:  VDF FutureCeuticals 
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2.6. Production Process 

 The production process for the three types and five forms of CoffeeBerry® powders (3 

different granular sizes of the dried whole fruit, the dried water extract, and the dried 

water/ethanol extract) is illustrated in the schematic shown in Chart 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 1. CoffeeBerry® Production Process. 
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2.7. Specifications for Food-Grade Material 

 Specifications for CoffeeBerry® products have been established as shown in Table 2. 

Compositionally, whole fruit powder is the same in any of its three particle sizes: fine, medium, 

and coarse. 

Table 2. Food-Grade Specifications for CoffeeBerry® Products. 

Parameter Whole Fruit Water Extract 
Water/Ethanol 

Extract 
Method 

Particle size SEE NOTE 
 98% through 
#20 sieve 

98% through 
#40 sieve 

 

Moisture (%) 10 10 10  

Color tan/brown tan/brown tan/brown  

Solubility in water partially soluble soluble  

ORAC (µmole TE/g) 800 1,500 6,000  

Phenolic acids (%) 2 5 40  

Caffeine (%) 1.5 ~1 ~1 USP 

Heavy metals 

   Arsenic (mg/kg) 5 5 5 AOAC 993.14 

   Cadmium (mg/kg) 3 3 3 AOAC 993.14 

   Lead (mg/kg) 1 1 1 AOAC 993.14 

   Mercury (mg/kg) 0.5 0.5 0.5 AOAC 993.14 

Microbiological purity 

   Aerobic plate count (cfu/g) 10,000 10,000 10,000 AOAC 990.12 

   Yeast and mold (cfu/g) 200 200 200 AOAC 997.02 

   Coliforms (cfu/g) 10 10 10 AOAC 991.14 

   E. coli (cfu/g) 10 10 10 AOAC 991.14 

   Salmonella spp. (in 25 g) negative negative negative FDA BAM, Ch. 5 

   Coag.+ Staph. (in 1 g) negative negative negative FDA BAM, Ch. 12 

NOTE: Fine powder:   98% through #40 sieve; medium powder:  98% through #20 sieve & 5% 
through #100 screen; coarse powder:  98% through #12 sieve & 5% through #40 sieve 

 

2.8. Regulatory Status of Processing Aids 

 Food-grade sodium hypochlorite is added to both washes at a level not exceeding 0.2% in 

the wash water as permitted under 21 CFR §173.315. Food-grade ethanol is an unlisted GRAS 

substance widely used as a solvent in food processing. 

2.9. Results of Testing of CoffeeBerry® Products 

 Thirteen non-consecutive lots of CoffeeBerry® products were tested:  5 lots of dried 

whole-fruit powder (Table 3) and 4 lots each of water extract powder and water/ethanol extract 

powder (Tables 4 and 5). As shown in the tables, all tested lots met all established specifications. 
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Table 3. Results of Testing of CoffeeBerry® Whole Fruit Powder. 

Parameter Specification 

Lot 

0466 
Coarse 

2609 
Coarse 

2819 
Coarse 

0550    
Fine 

1798   
Fine 

Screen (%)       

     Thru #40 98 --
1 

-- -- 100 100 

     Thru #20 100 100 100 100 -- -- 

     Thru #100 5 3 5 5 -- -- 

Moisture (%) 10 5.5 7.0 6.1 7.2 5.2 

Color Tan/Brown Complies Complies Complies Complies Complies 

Solubility Partially Complies Complies Complies Complies Complies 

ORAC (µmol TE/g) 800 807 788 870 1075 898 

Phenolic acids (%) 2 3.5 3.0 4.0 4.5 2.5 

Caffeine (%) 1.5 0.90 0.75 1.13 0.99 0.75 

Heavy metals       

     Arsenic  (mg/kg) 5 0.013
 

0.003 0.002 0.006 0.012 

     Cadmium (mg/kg) 3 0.003 0.006 0.007 0.006 0.005 

     Lead (mg/kg) 1  0.081 0.098 0.020 0.049 0.236 

     Mercury (mg/kg) 0.5 0.001 0.002 0.006 0.001 0.001 

Microbiological       

     APC (cfu/g) 10,000  <1,000 <1,000 1,000 <1,000 <1,000 

     Yeast/mold (cfu/g) 200  20 10 10 10 10 

     Coliforms (cfu/g) 10  <10 <10 <10 <10 <10 

     E. coli (cfu/g) 10 <10 <10 <10 <10 <10 

     C+ Staph. (1 g) Negative Complies Complies Complies Complies Complies 

     Salmonella (25 g) Negative Complies Complies Complies Complies Complies 

1. Testing of this screen grating for this size powder is not appropriate. 

Source:  VDF FutureCeuticals 
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Table 4. Results of Testing of CoffeeBerry® Water Extract Powder. 

Parameter Specification 
Lot 

0717 2897 2987 0080 

Screen (%)      

     Thru #20 98 100 100 100 100 

Moisture (%) 6.0 3.0 1.7 3.3 2.1 

Color Light brown Complies Complies Complies Complies 

Solubility Soluble Complies Complies Complies Complies 

ORAC (µmol TE/g) 1500 1638 1822 1531 1628 

Phenolic acids (%) ~5.0 5.6 5.83 5.85 5.65 

Caffeine (%) ~1.0 1.5 1.4 1.5 1.6 

Heavy metals      

     Arsenic (mg/kg) 5  0.004 0.012 0.014 0.013 

     Cadmium (mg/kg) 3  0.001 0.002 0.006 0.003 

     Lead (mg/kg) 1  0.055 0.077 0.029 0.010 

     Mercury (mg/kg) 0.5  ND
1 

0.011 0.003 0.001 

Microbiological      

     APC (cfu/g) 10,000  <1,000 <1,000 1,000 <1,000 

     Yeast/mold (cfu/g) 200  <10 <10 <10 <10 

     Coliforms (cfu/g) 10  <10 <10 <10 <10 

     E. coli (cfu/g) <10  <10 <10 <10 <10 

     C+ Staph. Negative/1 g Complies Complies Complies Complies 

     Salmonella Negative/25 g Complies Complies Complies Complies 

1. ND = not detected 

Source:  VDF FutureCeuticals 
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Table 5. Results of Testing of CoffeeBerry® Water/Ethanol Extract Powder. 

Parameter Specification 
Lot 

1238  1298  0759  2939  

Screen (%)      

     Thru #20 98 100 100 100 100 

Moisture (%) 10.0 1.7 1.7 3.4 2.6 

Color Tan/Brown Complies Complies Complies Complies 

Solubility Soluble Complies Complies Complies Complies 

ORAC (µmol TE/g) 6000  6490 6320 8046 7327 

Phenolic acids (%) 40 41 40.6 49.2 56.3 

Caffeine (%) ~1.0 1.5 1.4 1.1 0.8 

Heavy metals      

     Arsenic (mg/kg) 5    0.023    0.066    0.067 0.038 

     Cadmium (mg/kg) 3    0.009      ND
1 

   0.004 0.007 

     Lead (mg/kg) 1    0.076    0.045    0.254 0.069 

     Mercury (mg/kg) 0.5    0.002    0.007    0.006 0.014 

Microbiological      

     APC (cfu/g) 10,000  <1,000 <1,000 1,000 <1,000 

     Yeast/mold (cfu/g) 200  30 20 <10 <10 

     Coliforms (cfu/g) 10  <10 <10 <10 <10 

     E. coli (cfu/g) <10  <10 <10 <10 <10 

     C+ Staph. Negative/1 g Complies Complies Complies Complies 

     Salmonella Negative/25 g Complies Complies Complies Complies 

1. ND = not detected 

Source:  VDF FutureCeuticals 
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3. Intended Use and Consumer Exposure 

3.1. Intended Technical Effect 

CoffeeBerry® products are intended for addition to conventional foods and beverages as 

natural fruit based sources of antioxidants and other coffee phytochemicals, a use consistent with 

21 CFR §170.3(o)(20), nutrient supplements, defined in the regulation as “substances necessary 

for the body’s nutritional and metabolic processes.” 

3.2. Target Food Categories and Maximum Addition Levels 

The principal intended use of CoffeeBerry® products is addition to beverages. The 

beverages to which CoffeeBerry® products may be added, each followed by the paragraph 

number of its listing in 21 CFR §170.3(n), include: 

• Beverage and beverage bases, nonalcoholic, including only special or spiced teas, soft 

drinks, coffee substitutes, and fruit and vegetable flavored gelatin drinks (3) 

• Coffee and tea, including regular, decaffeinated, and instant types (7) 

• Milk, whole and skim, including only whole, low-fat, and skim fluid milks (30) 

• Milk products, including flavored milks and milk drinks and weight-control milk 

beverages (31) 

• Processed fruit juices, including juices and juice punches, concentrates, dilutions, ades, 

and drink substitutes made therefrom (35) 

• Processed vegetable juices and blends (36) 

• Bottled water, flavored and unflavored, including energy drinks, sports drinks, and 

electrolyte replacers [not listed in §170.3(n)] 

• Fermented beverages such as beers and wines (2) 

In addition to use in beverages CoffeeBerry® products may be added to foods including 

soups, snack chips, candies and confections, and pastries. The maximum intended addition level 

in any beverage or food product is 300 mg CoffeeBerry® product per serving. A ”serving” of a 

food or beverage is defined by its Reference Amount Customarily Consumed per Eating 

Occasion (RACC; 21 CFR §101.12). 

3.3. Estimated Consumer Exposure 

The RACC are 240 ml for all of the beverages listed in the preceding section. In its recent 

guidance for industry regarding distinguishing between liquid dietary supplements and beverages 

(FDA 2009b), the agency reported that “Based on data from the 2005-2006 National Health and 

Nutrition Examination Survey on daily intake of drinking water and other beverages in the United 

States, FDA estimates that the average total daily drinking fluid intake per person to be about 1.2 

liters (1200 ml). 

This analysis was further explicated in a letter from FDA to Shannon Minerals Ltd. on 

November 30, 2009 (FDA 2009a): 

“The analysis was completed using the Foods Analysis and Residue Evaluation Program 

(FARE), Version 8.50, Consumption Analysis: Distribution and Means Analysis, 

purchased under license by CFSAN from Exponent Inc. The data used in the assessment 

was taken from the 2005-06 National Health and Nutrition Examination Survey 

(NHANES). The beverages considered in this estimate include soft drinks, fruit juice 

and fruit drinks, sports drinks, lemonade and other “ades,” milk and milk-based 

beverages, coffee and coffee drinks, tea (hot and iced), energy drinks, and drinking 
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water (tap, bottled, non-carbonated, fruit flavored, sweetened with low calorie or no 

calorie sweetener, with added vitamins and minerals). This estimate does not include 

fluid Intake from foods such as soups and sauces. Based on the results from this 

analysis, OFAS estimates that the average intake of drinking fluid for the U.S. 

population (2+ years old) is approximately 1.2 liters per person per day” (FDA 2009a). 

Note that this estimate of fluid intake includes consumption of tap water and thus 

considerably overestimates daily consumption of water from commercial beverages. 

 The estimated average daily intake of fluids, 1200 ml, is equal to five 240-ml servings. 

Based on the reasonable assumption that 20% or more of daily fluid intake is provided by tap 

water (consumed simply as water as well as the fluid component of such beverages as coffee, tea, 

and reconstituted fruit juices), consumption of beverages to which CoffeeBerry® products may 

be added is about four servings per day. Additionally, although beverages are the primary target 

foods for CoffeeBerry® products, CoffeeBerry® products may be added to several foods, such as 

soups, snack chips, candies and confections, and pastries, with estimated daily intake not 

exceeding four servings/day. At a maximum concentration of 300 mg CoffeeBerry® products per 

serving, and estimated consumption of up to 8 servings/day of foods and beverages potentially 

containing CoffeeBerry® products, the potential daily intake of CoffeeBerry® products from 

their intended addition to foods and beverages is 2400 mg, equivalent to 34.3 mg/kg bw/day for a 

70-kg individual. 
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4. Review of Safety Data 

4.1. Studies of Related Substances 

 Other than studies of CoffeeBerry® products undertaken by VDF FutureCeuticals, the 

only pertinent research reported in the literature is a series of eight articles published between 

1995 and 2001 investigating anticarcinogenic effects of the coffee cherry with the bean removed 

for coffee production, all focusing on spontaneous mammary tumors in a high-mammary-tumor 

strain of SHN/Mei virgin mice. Only the last study (Nagasawa et al. 2001) included a number of 

endpoints allowing evaluation of potential toxicity. 

The test article in all studies (with one exception) was prepared by repeated extraction of 

dried coffee cherry with hot water (the temperature and the number of extractions was not 

reported). The supernatant from these extractions was pooled, dried in vacuo, and dissolved in tap 

water to provide a final test concentration of 0.5% of extracted coffee cherry which was used as 

the single test dose. Control mice received plain tap water. The mice were housed 4-5 

animals/cage in teflon cages with wood shavings, and with feed and water available ad libitum. 

Unless specifically stated, it was not clear in the reported studies whether treated animals 

received the 0.5% water extract in lieu of untreated tap water (i.e., ad libitum) or if a specific 

volume of the 0.5% water extract was administered to the mice; however, based on the 

descriptions provided in the later studies by the same investigators, it was assumed that, for all the 

studies, the 0.5% water extract of coffee cherry replaced the drinking water in treated groups.  

 In the first study, Nagasawa et al. (1995) reported that 2-month-old mice (n = 24) 

ingesting the 0.5% water extract of coffee cherry (amount not stated) for a period up to 12 months 

showed a statistically significant reduction in the development of spontaneous mammary tumors  

compared with control mice (n = 18) receiving untreated tap water.  Body weight was recorded 

and feed and water consumption were estimated (over a 3-day period) at the start of treatment and 

monthly thereafter for 7 months (no explanation was provided as to why body weights were not 

recorded to the end of the study). Urine was collected at 2 and 5 months and analyzed using a 

spectrometer.  In addition, vaginal smears were taken daily from 5 test mice and 6 controls for 30 

days at 1-2 months treatment to assess estrous cycle. Mice were palpated once a week for 

mammary tumors until first tumor appearance or until the end of the treatment period.   

 When a tumor was identified, mice were killed by decapitation under light anesthesia.  

Blood was collected from the trunk and serum was analyzed for free fatty acid and prolactin 

levels. In surviving mice, blood was collected at 8 months for determination of glucose level. At 

necropsy, the bilateral third thoracic glands were examined for normal and preneoplastic 

mammary gland growth; the bilateral inguinal glands were removed and prepared to determine 

the activities of thymidylate synthetase and thymidine kinase; anterior pituitary, adrenals, and 

ovaries were removed and weighed; adrenals and ovaries were examined histologically; and the 

unilateral uterine horns were removed and histologically examined for adenomyosis. Tumors 

were first noted in controls at 4 months and in test mice at 6 months. The cumulative incidence of 

tumors was significantly lower in test mice than controls; however, the number of tumors per 

mouse (1-2) was similar in test and control groups. Areas of normal and preneoplastic mammary 

glands were significantly smaller in test mice than controls. In tumor-bearing mice, serum free 

fatty acid levels were significantly lower in treated mice than controls. After 2 months treatment, 

body weights were significantly lower in test mice compared to controls, but feed intake did not 

differ between groups. Water intake was significantly reduced in test mice compared to controls. 

Some urinary components were significantly higher in test mice than controls: urea, allantoin, and 

creatinine at 2 and 5 months; taurine and betaine at 2 months; and citric acid at 5 months. 

Endocrine organ weights and histology, estrous cycle, blood glucose level, uterine adenomyosis, 
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activities of thymidylate synthetase and thymidine kinase, and serum prolactin level did not differ 

between test and control groups.  

 Visual examination of a graph presented in the published article led to an estimate of 

water intake of about 4.5 ml/mouse/day, resulting in an estimated intake of coffee cherry extract 

of about 22.5 mg/mouse/day or 900 mg/kg bw/day assuming a mouse weighs 25 g. 

In another study by the same investigators, mice that were “retired after the 2
nd

 or 3
rd

 

lactation” (this was the only indication of age reported) were palpated once a week for mammary 

tumors until first tumor appearance (Nagasawa et al. 1996a). After tumors developed, half of the 

tumor-bearing mice were assigned to receive the 0.5% water extract of coffee cherry (n = 13; 

amount administered not stated) and the remainder received plain water (n = 9). On the tenth day 

of treatment, mice were killed by decapitation under light anesthesia and the number and size of 

tumors were recorded. Body weights were recorded at the start and end of treatment. As in the 

previous study, blood was collected from the trunk and serum was analyzed for free fatty acid 

levels. At necropsy, the bilateral third thoracic glands were examined for normal and 

preneoplastic mammary gland growth; the portions of mammary tumors with no necrosis were 

removed and prepared to determine the activities of thymidylate synthetase and thymidine kinase; 

anterior pituitary, adrenals, lung, and ovaries were removed and weighed; and adrenals, lung, and 

ovaries were examined histologically.  Both growth in the palpable size of the tumors and the 

activity of thymidylate synthetase in the tumors were significantly reduced by ingestion of coffee- 

cherry extract.  It was reported that normal and preneoplastic mammary gland growth, serum free 

fatty acid, change in body weight, and endocrine organ weight and histopathology were not 

significantly affected. No metastasis to the lung was noted.  

Ingestion of the 0.5% water extract of coffee cherry was examined for potential effects 

with or without simultaneous treatment with hydroxyapatite (Nasagawa et al. 1999).  Two-month-

old control mice (n = 40) were given feed pellets formulated with 5% calcium carbonate while 2-

month-old treated mice (n = 30) were given feed pellets formulated with 5% hydroxyapatite.  

Both groups received untreated tap water for 3 months and then treated mice were switched to the 

0.5% water extract of coffee cherry.  The feed pellets, plain tap water (controls), and treated water 

containing 0.5% extract of coffee cherry were provided ad libitum to the mice.  Mice were 

palpated weekly and treatment continued until a week after the appearance of mammary tumors 

or, in the absence of tumor formation, for 9 months.  To assess tumor growth, “some” tumor-

bearing mice were continued on the treatment regime for an additional 12 days after the mean 

tumor size reached 5-6 mm in diameter. Feed and water intake were estimated over 5 consecutive 

days (time within study not specified) and body weights were recorded monthly. At necropsy, the 

bilateral third thoracic glands were examined for normal and preneoplastic mammary gland 

growth; the unilateral uterine horns were removed and histologically examined for adenomyosis; 

and anterior pituitary, adrenals, and ovaries were removed and weighed. At 7 months, blood was 

collected from 10 fasted mice/group at intervals of 30, 60, and 120 minutes following 

intraperitoneal injection of glucose for determination of glucose level. Also at 7 months, urine 

was collected and urine components were determined by spectrometer.  

Feed intake in both controls and treated groups decreased for the first 6 months, then 

stabilized. Water intake was significantly higher in treated mice than controls after about 4 

months of treatment.  Body weight changes were similar to those of control mice for the first 5 

months, but then treated mice showed a significant increase compared to controls until the end of 

the study. The time-to-tumor and incidence of mammary tumors were significantly lower in 

treated mice compared to controls at each month from 2-8 months of treatment. Ovarian weights 

were significantly greater than those of controls. Most of the urinary components (hippurate, 

allantoin, creatinine, creatine, taurine, betaine, acetate, and lactic acid) showed no difference 
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between treated and control animals; however, urea was significantly higher in treated mice 

whereas citrate was significantly lower in treated mice. Mammary tumor growth, normal and 

preneoplastic mammary gland growth, uterine adenomyosis, glucose tolerance, and anterior 

pituitary and adrenal weights did not differ between treated and control groups. It was noted by 

the study authors that co-administration of hydroxyapatite with water extract of coffee cherry did 

not enhance any of the studied effects but actually showed a reduction in any reported effects. 

Water intake was estimated to be about 7.5 ml/mouse/day (based on visual examination of a 

graph in the published paper) resulting in an estimated intake of coffee cherry extract of about 

37.5 mg/mouse/day or 1340 mg/kg bw/day, assuming an average body weight of 28 g (also 

estimated by visual inspection of a graph). 

A methanol extract of coffee cherry instead of the water extract was tested for potential 

effects on spontaneous tumorigenesis in SHN mice (Nagasawa et al. 1996b). The methanol 

extract was prepared by repeated extraction of dried coffee cherry with 60% methanol, then the 

supernatants were pooled and dried in vacuo. The water-soluble fraction of dry matter was 

dissolved in tap water to provide a final concentration of 0.25% methanol-soluble extract of 

coffee cherry. The water-insoluble fraction was prepared as a 2.0% fat emulsion and then diluted 

to produce a final concentration of 0.25% methanol-insoluble extract of coffee cherry. Two-

month-old SHN mice were given 0.25% methanol soluble extract in their drinking water until all 

controls (mice receiving untreated tap water concurrently) developed mammary tumors.  The 

number of animals in the study was not clearly reported; different numbers of animals ranging 

from 5 to 20 appeared in the various results tables. Tumor-bearing mice were killed one week 

after first tumor appearance. According to the results tables, treatment continued for up to 5 

months, although “some” control and treated mice that did not develop tumors were terminated 

after 2 months of treatment. Both the soluble and insoluble methanol extracts were given for 10 

days to groups of multiparous retired mice (age and number not specified) with palpable 

mammary tumors.  Mice were palpated weekly for mammary tumors and tumor size was 

recorded on days 0 (the day prior to start of treatment), 3, 6, and 10. Feed and water consumption 

were estimated over a 3-day period at the start of treatment and monthly thereafter. Urine was 

collected (schedule not stated; taken only from non-tumor-bearing mice terminated at 2 months) 

and analyzed using a spectrometer.  In addition, vaginal smears were taken daily from treated and 

control mice (number not stated) for 30 days after 1 month of treatment to assess estrous cycle. 

Prior to necropsy, blood was collected from the trunk and serum was analyzed for free fatty acid 

and prolactin levels. At necropsy, the bilateral third thoracic glands were examined for normal 

and preneoplastic mammary gland growth; the bilateral inguinal glands were removed and 

prepared to determine the activities of thymidylate synthetase and thymidine kinase; anterior 

pituitary, adrenals, ovaries, kidney, pancreas, liver, thymus, and/or spleen were removed and 

weighed; adrenals, uterus, and ovaries were examined histologically; and thymus, spleen, 

peripheral blood, and natural killer cells in the spleen were prepared to determine surface 

antigenic markers (only in non-tumor-bearing mice terminated at 2 months.   

In mice given the methanol soluble extract, time-to-tumor was similar to that of controls 

(4 months) but the cumulative incidence of tumors was significantly lower in treated mice 

compared to controls. Tumor growth was similar between treated and control mice. In mice with 

established tumors, the activity of thymidine kinase, but not thymidylate synthetase, was 

significantly lower in treated mice.  Water intake was significantly lower in treated mice than 

controls, which was considered to be due to the bad taste of the extract.  The estrous cycle and 

serum prolactin and free fatty acid levels did not differ between groups. The only organ weight 

changes noted in mice receiving the methanol soluble extract was a significant increase in ovary 

weight in non-tumor-bearing animals terminated after 2 months of treatment compared to 

corresponding controls and a significant increase in adrenal weight in mice treated for 10 days.  
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 Histologically, ingestion of the methanol soluble extract showed no effect. Normal and 

preneoplastic growth was similar between treated and control groups. Treated mice showed a 

significant increase in urine hippurate, creatinine, and citrate, but not urea, allantoin, creatine, 

taurine, betaine, oxoglutarate, acetate, or lactate when compared to controls. A significant 

increase compared to controls was observed in the percentages of thymocytes expressing 

helper/inducer (CD4
+
8

-
), cytotoxic/suppressor (CD4

-
8

+
) or pre-T (CD4

-
8

-
) phenotypes with a 

concomitant significant decrease in immature (CD4
+
8

+
) thymocytes. A significant decrease 

compared to controls was observed in the percentages of splenic lymphocytes expressing 

helper/inducer (CD4
+
8

-
) or cytotoxic/suppressor (CD4

-
8

+
). Natural killer cell activity in the spleen 

showed no difference from controls. In mice receiving methanol insoluble extract (testing was 

limited due to the small amount of the test material), tumor growth, thymidylate synthetase and 

thymidine kinase activities, normal and preneoplastic mammary gland growth, pituitary gland and 

ovary weights, and adrenal and ovary histology were similar to those of controls.  Adrenal weight 

was significantly lower than that of controls. Water intake of the mice treated with the soluble 

extract was estimated (based on inspection of a graph) to be about 4.5 ml/mouse/day, resulting in 

an estimated intake of coffee cherry extract of about 22.5 mg/mouse/day or 900 mg/kg bw/day, 

assuming a mouse weighs 25 g. 

The effect of concurrent treatment with 0.5% water extract of coffee cherry and whole-

body hyperthermia on the growth of spontaneous mammary tumors was studied in SHN mice 

(Udagawa and Nagasawa, 2000).  Three-month-old mice were palpated for mammary tumors 

twice a week until tumors reached a diameter of 5-7 mm.  At this time, tumor-bearing mice were 

divided into treated (n = 21) and control (n = 20) groups.  The drinking water of treated animals 

was switched from plain tap water to 0.5% water extract of coffee cherry, while controls were 

maintained on untreated tap water. Approximately half of the mice from each group (n = 11 for 

treated; n = 10 for control) were weighed and then exposed to whole-body hyperthermia (room 

temperature was maintained at 37-42ºC for this session) for 3 hours/day for 5 consecutive days. 

Mammary tumor growth was measured daily. Five days after the last whole-body hyperthermia 

treatment, mice were weighed and killed by decapitation under light anesthesia. Prior to necropsy, 

mice were fasted for 18 hours and blood was collected from the trunk for determination of plasma 

components. At necropsy, the bilateral third thoracic glands were examined for normal and 

preneoplastic mammary gland growth; and anterior pituitary, adrenals, and ovaries were removed 

and weighed.  

Mammary tumor growth was significantly lower in mice receiving 0.5% water extract of 

coffee cherry regardless of exposure to whole-body hyperthermia.  Treated mice with or without 

exposure to whole-body hyperthermia had significantly higher body weights than corresponding 

controls. Ovarian weight was significantly higher in treated mice exposed to whole-body 

hyperthermia compared to corresponding controls, while all other organ weights were similar to 

controls. Normal and preneoplastic mammary gland growth did not differ between treated and 

control groups with the exception of a significant increase in the number of hyperplastic alveolar 

nodules in treated mice exposed to whole-body hyperthermia compared to corresponding 

controls.  Plasma component levels were similar between treated and control groups with the 

exception of albumin, which was significantly lower in treated mice not exposed to whole-body 

hyperthermia compared to corresponding controls. 

To examine the possible immunomodulating effect of coffee cherry as a part of the 

mechanism for suppressing mammary tumors in virgin SHN mice, Kobayashi et al. (1996) treated 

2-month-old mice (n = 12) with 0.5% water extract of coffee cherry (amount not stated).  

Controls (n = 11) received tap water only. After 2 months of treatment, mice were killed by 

decapitation under light anesthesia. At necropsy, blood was collected from the trunk.  Thymus 
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and spleen were removed and weighed and cell suspensions were prepared.  Thymic cells were 

incubated with phycoerythrin (PE)-conjugated rat anti-mouse CD4 IgG and fluorescein 

isothiocyanate (FITC)-conjugated rat anti-mouse CD8a IgG monoclonal antibody. Splenic and 

peripheral blood lymphocytes were stained with PE-conjugated rat anti-mouse CD25 IgG and 

FITC-conjugated hamster anti-mouse CD3E monoclonal antibody. After washing, all treated cells 

were analyzed by flow cytometer. To assess natural killer activity, splenic cells also were 

prepared to determine cytotoxicity against YAC-1 lymphoma cells in an enzyme-release assay 

and to measure released lactate dehydrogenase by a Cyto Tox 96 non-radioactive cytotoxicity 

assay kit. 

The spleen weights were significantly higher in treated mice than in controls, although 

there were no changes in natural killer activity of splenic cells. A significant increase compared to 

controls was observed in the percentages of cells expressing helper/inducer (CD4
+
8

-
) or pre-T 

(CD4
-
8

-
) phenotypes with a concomitant significant decrease in immature (CD4

+
8

+
) thymocytes. 

The increase reported in cytotoxic/suppressor (CD4
-
8

+
) phenotypes did not reach statistical 

significance.  CD25 expression showed no differences between treated and control groups. 

The effects of coffee cherry on the activation of splenic lymphocytes were investigated in 

SHN mice (Kobayashi et al. 1997).  Two different extracts were prepared: the 0.5% water extract 

and the 0.25% methanol soluble extract, both previously described.  Two-month-old mice 

(number not reported) received either 0.5% water extract or 0.25% methanol soluble extract as 

drinking water for 3 weeks. A group of control mice received plain tap water. Mice were killed 

by decapitation under light anesthesia. At necropsy, the spleen was removed and weighed and cell 

suspensions were prepared. Splenic lymphocytes were stained with PE-conjugated rat anti-mouse 

CD25 IgG and FITC-conjugated rat anti-mouse CD45R/B220 monoclonal antibodies. After 

washing, all treated cells were analyzed by flow cytometer. To assess mitogenic activity, splenic 

lymphocyte suspensions were incubated in 96-well plates with concanavalin A (a lymphocyte 

mitogen) or E. coli-lipopolysaccharide for 48 hours at 37ºC in 5% CO2.  Alamarblue solution was 

added and the cells were further incubated for 4 hours after which the optimal density of each 

well was measured using a micro plate reader.  

Spleen weights were similar between treated and control groups. The lymphocyte 

response to mitogen exposure was not affected by either of the coffee cherry extracts, but the 

lipopolysaccharide response was significantly enhanced with increased percentages of 

CD45R/B220+ cells in the splenic lymphocytes and CD25+ cells in B-lymphocytes. Water intake 

was estimated to be 4.5 and 2.4 g/mouse/day for the water and methanol soluble extract, 

respectively, resulting in an intake of coffee cherry extract of about 22.5 and 6 mg/mouse/day or 

900 and 240 g/kg bw/day, respectively, assuming a mouse weighs 25 g. 

In the most recent of this series of studies, Nagasawa et al. (2000) administered the 0.5% 

water extract of coffee cherry or plain tap water to an unreported number of 2-month-old female 

SHN mice for 60 days. Body weights were recorded at the start of treatment, just after motor 

skills testing, and prior to necropsy. Feed and water intake were estimated over 3 consecutive 

days starting after 1 week of treatment (schedule not stated). After 30 and 60 days of treatment, 

blood and urine were collected for plasma component and urine component levels, and 

spontaneous motor activity was assessed by a sensor monitor mounted above the cage to detect 

body heat. Both urinalysis and plasma measures included the following: albumin, alkaline 

phosphatase, alanine aminotransferase, amylase, aspartate aminotransferase, globulin, total 

bilirubin, urea nitrogen, calcium, cholesterol, creatinine, glucose, and total protein. At necropsy, 

the bilateral third thoracic glands were examined for normal and preneoplastic mammary gland 

growth; and anterior pituitary, adrenals, ovaries, thymus, spleen, heart, lung, pancreas, liver, and 

kidneys were removed and weighed.  
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Water intake was estimated to be 5.5-6.5 g/mouse/day resulting in an intake of coffee 

cherry extract of about 27.5-32.5 mg/mouse/day or 1100-1300 mg/kg bw/day, assuming a mouse 

weighs 25 g (estimated from body weight data reported in Nagasawa et al. [1995; 1996b; 1999] 

and Kobayashi et al. [1997]). Body weight in treated mice was significantly lower than that of 

controls at 30 days, but was similar between treated and control groups at day 60. Spontaneous 

motor activity and feed and water intake were similar between treated and control groups. In the 

plasma of treated mice, when compared to control values, alanine aminotransferase, aspartate, 

aminotransferase, and blood urea nitrogen levels were significantly lower at 60 days; cholesterol 

levels were significantly lower at 30 days but significantly higher at 60 days; amylase levels were 

significantly lower at 30 days but not at 60 days; and creatinine levels were significantly higher at 

30 days but not at 60 days. In the urine of treated mice, when compared with control values, 

alanine aminotransferase, aspartate aminotransferase, and glucose levels were significantly lower 

at 60 days.  All other plasma and urine parameters were similar to those of controls. The only 

significant difference reported in organ weight was a significant increase in the weight of the 

pancreas. Normal and preneoplastic mammary gland growth did not differ between treated and 

control groups with the exception of a significant decrease in the number of hyperplastic alveolar 

nodules in treated mice (about one-third that of controls). 

 None of the aforementioned studies was designed to assess the safety of ingestion of 

coffee-cherry extracts, but—importantly—no adverse effects were reported in any of the studies 

at the single tested concentration of 0.5%, equivalent to approximately 900-1340 mg coffee-

cherry extract/kg bw/day.  

4.2. Toxicological Studies of CoffeeBerry® Products 

All toxicological studies of CoffeeBerry® products other than genotoxicity were 

conducted at EurofinsProduct Safety Laboratories (Dayton NJ). The short-term repeat-dose 

toxicity studies (7-day dietary/palatability study, 14-day dietary studies, and 14-day gavage 

study) and the 90-day study were conducted under OECD Principles of Good Laboratory 

Practices (ENV/MC/CHEM(98)17 OECD, Paris 1998) and U.S. FDA Good Laboratory Practices 

(21 CFR 58, 1987) and consistent with OECD and Redbook Guidelines. Since the short-term 

studies were intended primarily to test palatability, dose levels and methods of administration 

prior to the subchronic study, they were not used to determine no observed adverse effect levels 

(NOAEL). All studies were published in Food and Chemical Toxicology (Heimbach et al. 2010). 

The physical characteristics and composition of the test articles are shown in Table A1 in the 

Appendix. 

For each repeat-dose toxicity study, animals were observed twice daily for mortality and 

once daily for any abnormal clinical signs.  Every few days (3 times in the 7-day study and 4 

times in the 14-day studies), all animals underwent a more detailed clinical examination including 

changes in skin, fur, eyes, and mucous membranes, occurrence of secretions and excretions, 

autonomic activity, and changes in behavior. For the 7- and 14-day studies, feed (PMI LabDiet® 

Purina Certified Rodent Meal #5002) and filtered tap water were provided ad libitum.   Body 

weights and feed consumption were recorded regularly throughout the study and mean daily body 

weight gain, mean feed consumption, feed efficiency, and mean daily intakes of the test substance 

were calculated. At the end of the study (for studies up to 14 days), animals were euthanized by 

carbon dioxide asphyxiation and subjected to gross necropsy (i.e., examination of external surface 

of the body, all orifices, and the thoracic and abdominal cavities and their contents). 
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4.2.1. Subacute Toxicity Studies 

4.2.1.1. Seven-Day Dietary Study of Whole Powder 

CoffeeBerry® whole powder was tested for palatability and toxicity in Sprague-Dawley 

(Hsd:SD) rats for a period of 7 days (Heimbach et al. 2010) based on OECD Guideline 407 and 

US FDA Redbook 2000, IV.C.3a “Short-Term Toxicity Studies with Rodents”. Groups of 5 

rats/sex/dose were fed the test article at dietary concentrations of 0 (control), 80,000, 100,000, or 

120,000 ppm.  Rats were approximately 8 weeks of age and males weighed 231±4.67 g and 

females weighed 183±4.48 g at the start of treatment. Rats were individually housed in suspended 

stainless steel cages with mesh floors at a room temperature of 18-22ºC with a relative humidity 

of 49-58% and a 12-hour light/dark cycle. The test substance at the appropriate concentrations 

was thoroughly mixed into the animal feed at the start of the study and refrigerated until used. No 

statistical analyses were conducted due to the small number of animals (n=5/sex/group). 

Over the study period, the mean daily intakes of whole powder fed at dietary 

concentrations of 0, 80,000, 100,000, and 120,000 ppm were 0, 6586, 7904, and 9055 mg/kg 

bw/day, respectively, for males and 0, 7419, 8758, and 10,574 mg/kg bw/day, respectively, for 

females.  There was no mortality in any of the test groups and no treatment-related abnormal 

clinical findings. In treated females, body weight gains and final body weights were similar to 

control values but treated males tended to show a dose-related decrease in body weight gain and 

final body weight (no statistical analysis). For example, on day 7, mean male body weights 

(±standard deviation) were 277.6±7.44, 262.0±7.11, 260.0±5.39, and 248.0±9.51 g for 0, 80,000, 

100,000, and 120,000 ppm groups, respectively. The trend toward reduced body weight gain in 

males was seen only in the first two days; by days 3-7, body weight gain recovered to comparable 

or greater levels.  

Daily feed consumption in treated females was similar to that of controls but treated 

males showed decreases in daily feed consumption compared to controls that were most notable 

on days 0-3.  In both sexes, mean daily feed efficiency was decreased in an apparent dose-related 

manner compared to controls, showing greater reductions during days 0-3 but recovering on days 

3-7.  Gross necropsy showed no abnormal findings other than an incidental finding of red mottled 

tissue on the thymus of one low-dose female.  These results indicated that rats should tolerate a 

dietary concentration of up to 120,000 ppm (approximately 9055 and 10,574 mg/kg bw/day for 

males and females, respectively) in a 14-day study. Based on this finding, it was believed that the 

14-day studies of whole powder and water-extract powder at concentrations up to 100,000 ppm 

could be conducted as feeding rather than gavage studies without encountering palatability 

problems.  

4.2.1.2. Fourteen-Day Dietary Studies of Whole Powder and Water Extract Powder 

CoffeeBerry® whole powder and CoffeeBerry® water extract powder were tested for 

toxicity in Sprague-Dawley (Hsd:SD) rats for a period of 14 days (Heimbach et al. 2010) based 

on OECD Guideline 407 and US FDA Redbook 2000, IV.C.3a “Short-Term Toxicity Studies 

with Rodents.”  Groups of 10 rats/sex/dose were fed whole powder or water extract powder at 

dietary concentrations of 0 (control), 25,000, 50,000, or 100,000 ppm.  Rats were approximately 

8 weeks of age and males weighed 236±7.07 g and females weighed 178±7.10 g at the start of 

treatment. Rats were individually housed in suspended stainless steel cages with mesh floors at a 

room temperature of 19-23ºC with a relative humidity of 43-64% and a 12-hour light/dark cycle. 

Each test substance at the appropriate concentrations was thoroughly mixed into the animal feed 

at the start of the study and refrigerated until use. Group means and standard deviations were 

calculated for body weight, daily body weight gain, daily feed consumption, daily feed efficiency, 

and mean daily intakes of test substance for all groups. The results were statistically analyzed. 
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Whole Powder. Over the study period, the mean daily intakes of whole powder fed at 

dietary concentrations of 0, 25,000, 50,000, and 100,000 ppm were 0, 2188, 4335, and 8309 

mg/kg bw/day, respectively, for males and 0, 2108, 4458, and 8858 mg/kg bw/day, respectively, 

for females. There was no mortality in any of the test groups.  Reduced fecal volume was noted in 

a couple of treated animals from each dose group during the middle of the study but was resolved 

by the end of the study. Mean weekly body weights of high-dose males were significantly lower 

than those of controls on days 3, 7, and 10 but not day 14.  Female body weights were similar to 

control values at all time points. Mean daily body weight gain of mid- and high-dose males was 

significantly lower than those of controls.  Females in the mid- and high-dose groups showed 

some significant increases in mean daily body weight gain at different intervals during the study 

but these were considered incidental. High-dose males showed a significant decrease in feed 

consumption from controls throughout the study (interval days 0-14), but feed consumption was 

significantly increased during the days 7-10 and 10-14 intervals in mid- and high-dose males.   

Feed efficiency was significantly decreased at the beginning of the study in mid- and 

high-dose males, but was significantly increased in these groups in mid-study. Feed consumption 

and feed efficiency in females were comparable to controls.  Macroscopic examination showed 

no abnormal findings in rats of either sex from the control and low-dose groups and in female rats 

from the high-dose group, but some black speckles were noted in the lungs of 2/10 males in both 

the mid- and high-dose groups. Also at the high dose, 2/10 males had somewhat reddish lungs 

and 5/10 males had urinary bladders containing white, semi-solid material (approximately 0.2 x 

0.1 cm), determined by the veterinary pathologist to be proteinaceous plugs resulting from 

abnormal ejaculation and secretion from the male accessory sex glands during euthanasia; these 

plugs represent an agonal change rather than pathological lesions and are considered to be 

incidental findings of no toxicological significance (Hard et al. 1999).  CoffeeBerry® products 

are bright red when fresh, although they tend to turn brown when dried, and the slightly reddish 

lungs seen in 2 of the high-dose males may have resulted from inhalation of volatile color from 

the feed dish. 

Water Extract Powder. Over the study period, the mean daily intakes of water extract 

powder fed at dietary concentrations of 0, 25,000, 50,000, and 100,000 ppm were 0, 2179, 4382, 

and 7889 mg/kg bw/day, respectively, for males and 0, 2234, 4393, and 8861 mg/kg bw/day, 

respectively, for females. There was no mortality in any of the test groups. Reduced fecal volume 

was noted in most treated animals from each dose group during the middle of the study but was 

resolved by the end of the study.  Hyperactivity also was reported in 2 high-dose females on study 

day 10. Mean weekly body weights were significantly decreased from those of controls in mid-

dose males on days 3 and 7 and in high-dose males throughout the study.  High-dose females 

showed a significant decrease compared to control values on day 7.  The decrease in mean daily 

body weight gain in mid- and high-dose males was significant throughout the study.  All treated 

females showed a significant increase in mean daily body weight gain during days 3-7 and high-

dose females also showed this increase on days 7-10.  These increases were considered 

compensatory for the decreases seen in week 1. A decrease in feed consumption was significant 

from controls during days 0-3 in mid-dose males and days 0-14 in high-dose males but feed 

consumption was significantly increased during days 7-10 and 10-14 in mid-dose males. Females 

generally showed no differences from controls.   

Feed efficiency showed a similar pattern in both male and female rats. At necropsy, no 

gross abnormalities were seen in the control animals. Macroscopic examination showed black 

speckles in the lungs of 1/10 low-dose males and slightly reddish lungs in 2/10 mid-dose males 

and 1/10 high-dose males, again possibly due to the red color of the test article. Urinary bladders 

containing white, semi-solid material of variable, measurable size were reported in males from all 

dose levels (1/10 low-dose male, 5/10 mid-dose males, and 6/10 high-dose males). This material 
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was again identified by the veterinary pathologist as proteinaceous plugs (Hard et al. 1999). At 

the mid-dose, 2/10 males had enlarged bladders, one of which was accompanied by the white, 

semi-solid material. No other macroscopic findings attributable to treatment were reported. 

The results of these studies indicate that male rats tolerated less than 25,000 ppm 

CoffeeBerry® whole powder (equivalent to 2188 mg/kg bw/day or water extract powder 

(equivalent to 2179 mg/kg bw/day), based on reduced feed intake, feed-conversion efficiency, 

and weight gain, although these effects reflect poor palatability and intolerance rather than 

toxicity. Female rats tolerated up to 100,000 ppm (8858 and 8861 mg/kg bw/day for whole 

powder and water extract, respectively). 

4.2.1 3. Fourteen-Day Gavage Study of Water/Ethanol Extract 

A new form of CoffeeBerry® product, a water/ethanol extract, was developed after the 

toxicity testing began. This new form, which is more concentrated than the whole powder or 

water-extract powder by factors of approximately 9:1 and 4.5:1, respectively, immediately 

became the product of highest priority from a marketing perspective. For both of these reasons—

concentration and marketing strategy—it was decided that the new water/ethanol extract would 

be the test article in the planned subchronic toxicity study, and a range-finding study of this form 

of CoffeeBerry® was needed. Since the 14-day feeding studies of whole powder and water-

extract powder appeared to suffer from palatability problems, gavage was chosen rather than 

feeding in the range-finding study of the water/ethanol extract. 

CoffeeBerry® water/ethanol extract powder was tested for potential toxicity in Sprague-

Dawley (Hsd:SD) rats for a period of 14 days (Heimbach et al. 2010) based on OECD Guideline 

407 and US FDA Redbook 2000, IV.C.3a “Short-Term Toxicity Studies with Rodents.  Groups of 

10 rats/sex/dose were orally intubated daily with water/ethanol extract at doses of 0 (distilled 

water vehicle control), 1000, 2000, or 4000 mg/kg bw/day at a dose volume of 7 ml/kg bw.  Rats 

were approximately 8 weeks of age and males weighed 241±6.05 g and females weighed 

189±7.18 g at the start of treatment. Rats were individually housed in suspended stainless steel 

cages with mesh floors at a room temperature of 17-22ºC with a relative humidity of 47-77% and 

a 12-hour light/dark cycle. Feed intake and body weight were measured on days 1, 4, 8, 11, and 

14. The dose preparations were prepared daily based on the most recent body weights. Fasted rats 

were placed in metabolism cages one day before scheduled termination to collect urine. Urine 

also was collected, when possible, directly from the bladder during necropsy using a needle and 

syringe.  All urine samples were frozen at -80ºC until analysis of volume and pH. Group means 

and standard deviations were calculated for body weight, daily body weight gain, daily feed 

consumption, and daily feed efficiency for all groups. Results were analyzed statistically. 

All rats survived until scheduled termination.  Clinical signs in treated animals were 

noted early in the study and intermittently throughout the treatment period and included brown 

litter staining, facial/ano-genital staining, some nasal/ocular discharge, and piloerection. The 

study authors considered these signs, which appeared more frequently in test animals than in 

controls but were not clearly dose-dependent, to be treatment-related but non-adverse. Mean body 

weights showed a significant decrease from controls throughout the study (days 1-14) in high-

dose rats of both sexes. Mean daily body weight gain was significantly decreased from controls in 

mid- and high-dose males at the start of the study, but became significantly increased from 

controls on days 4-8 for mid-dose males and days 8-11 for high-dose males.  For females, mean 

daily body weight gain was significantly increased from controls throughout the study at the high 

dose and during days 11-14 at the lower doses  .  Generally, feed consumption decreased at the 

beginning of treatment and increased toward the end of the study in both sexes, particularly at the 

highest dose level. Feed efficiency followed a similar pattern.  
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Urine volume collected via metabolism cages showed a dose-dependent increase that was 

significantly different from controls in all treated males (7.4 ml, 18.3 ml, 32.9 ml, and 43.6 ml for 

control, low-dose, mid-dose, and high-dose, respectively) and high-dose females (7.1 ml, 13.1 ml, 

25.8 ml and 42.0 ml for control, low-dose, mid-dose, and high-dose, respectively).  Urine volume 

collected directly from the bladder at necropsy did not differ between groups. Macroscopic 

examination revealed a proteinaceous white substance of variable size and shape in the urinary 

bladder of 3/10 control males, 1/10 low-dose males, 3/10 mid-dose males, and 4/10 high-dose 

males, identified as proteinaceous plugs (Hard et al. 1999).  Full bladders were noted in more 

than half of the treated males. Colon/intestinal distention was seen, but not measured, in 1/10 

low-dose males, 1/10 mid-dose males, 2/10 high-dose males, and 3/10 high-dose females; it was 

not observed in controls or in low- or mid-dose females. Red nasal discharge and/or facial 

staining were/was noted in one high-dose male and one high-dose female.  (As noted earlier, this 

may be attributable to the red color of the test article.) Some incidental findings (e.g., small left 

testis and epididymis and fluid-filled uteri) were reported in both treated and control animals. No 

other macroscopic observations were reported including any abnormal observations in the lung. 

The NOAEL for water/ethanol extract powder in this study was 4000 mg/kg bw/day, the highest 

dose tested. 

4.2.2. Subchronic Toxicity Study 

4.2.2.1. Ninety-Day Dietary Study of Water/Ethanol Extract Powder  

In the 14-day feeding studies of the CoffeeBerry® whole-powder and water-extract forms 

the palatability problem affected feed intake for only about the first week of feeding.  It was 

decided that this short-term effect would not compromise the results of a longer study, and the 

dietary route of exposure was preferred in order to mimic the distributed intake patterns that 

humans would have with the intended use of CoffeeBerry® products. Consequently the 

subchronic study of water/ethanol extract powder was performed as a feeding study. 

This study was conducted in compliance with good laboratory practice (GLP) with the 

exception of the serology analysis, which was performed by Charles River Diagnostics not under 

GLP.  CoffeeBerry® water/ethanol extract powder was evaluated in Sprague-Dawley (Hsd:SD) 

rats (Heimbach et al. 2010) following OECD guideline 408, EPA Health Effects Test Guidelines, 

OPPTS 870.3100: 90-Day Oral Toxicity in Rodents, EPA 712-C-98-199, August 1998, and US 

FDA Redbook 2000, IV.C.4.a. “Subchronic Toxicity Studies with Rodents.” Groups of 10 

rats/sex/dose were fed water/ethanol extract powder at dietary concentrations of 0 (control), 

12,500, 25,000, or 50,000 ppm.  The experimental design with actual mean daily intakes is 

provided in Table A2 in the Appendix.  Prior to treatment, rats were acclimated for 6 days.  At the 

start of treatment (day 0), rats were approximately 7-8 weeks of age and males weighed 231±4.6 

g and females weighed 161±5.5 g.  Rats were individually housed in suspended stainless steel 

cages with mesh floors at a room temperature of 18-23ºC with a relative humidity of 9-57% (the 

ambient humidity fell below the target lower limit of 30% and portable humidifiers were used to 

raise it) and a 12-hour light/dark cycle.  Feed (PMI LabDiet® Purina Certified Rodent Meal 

#5002M (compositionally identical with the #5002 pelletized form used in the 14-day studies, 

with or without test substance) and filtered tap water were provided ad libitum except when 

animals were fasted overnight prior to blood sampling.  The test substance was thoroughly mixed 

into the animal feed using a high-speed mixer (Hobart, Model A-200) for 15 minutes to provide 

appropriate concentrations on a weekly basis and refrigerated until use.  Diets were analyzed for 

homogeneity from samples collected on study days 0 and 81 and concentration from samples 

collected on study days 0, 42, and 81. 

Ophthalmologic evaluations were conducted prior to the commencement of the study and 

on day 88 by focal illumination and indirect ophthalmoscopy with 1% tropicamide by a 
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veterinary ophthalmologist. Near the end of the study (days 86-87), a functional observational 

battery (FOB) was performed on all rats and excitability, autonomic function, gait, and 

sensorimotor coordination, reactivity, sensitivity, and other abnormal clinical signs were 

evaluated while the rats were in an open field.  Measurements of grip strength (in triplicate) and 

foot splay (in duplicate) were taken and means calculated.  Also near the end of the study, motor 

activity was monitored and evaluated for 1 hour with a Photobeam Activity System® (San Diego 

Instruments, Inc., San Diego CA) while individual animals were in polycarbonate solid-bottom 

cages.  

Blood samples were taken from the orbital sinus of fasted rats while under isoflurane 

anesthesia for hematology and clinical chemistry during week 13.  Blood samples taken for 

prothrombin time and partial thromboplastin time were collected via the inferior vena cava under 

isoflurane anesthesia at termination. Prior to scheduled blood collections during week 13 and at 

termination, rats were fasted for at least 15 hours and placed in metabolism cages to collect urine.  

At the end of the study, animals were euthanized by exsanguination from the abdominal aorta 

under isoflurane anesthesia and subjected to full necropsy (i.e., examination of external surface of 

the body, all orifices, and the thoracic and abdominal cavities and their contents; and weighing of 

selected organs); preservation of selected organs and tissues in 10% neutral buffered formalin or 

modified Davidson’s fixative; and histopathological examination of preserved organs and tissues 

from control and high-dose groups and any gross lesions of potential toxicological significance 

from any test group. Group means and standard deviations were calculated for body weight, daily 

body weight gain, daily feed consumption, daily feed efficiency, organ weight, organ-to-

body/brain weight ratio, FOB, and motor activity data.  Results were analyzed statistically. 

The mean daily intakes of water/ethanol extract powder fed at dietary concentrations of 0, 

12,500, 25,000, and 50,000 ppm were 0, 846, 1723, and 3446 mg/kg bw/day, respectively, for 

males and 0, 965, 2030, and 4087 mg/kg bw/day, respectively, for females.  All animals survived 

to scheduled termination.  Overall and weekly feed consumption (Figures 3 and 4 in the 

Appendix) and mean daily feed efficiency of all treated rats were generally comparable to 

controls with the following exceptions: females showed a significant increase in feed 

consumption during weeks 5, 8, 10 and overall (mid-dose group), and during weeks 4, 8, 10, 12, 

13, and overall (high-dose group) suggesting an overall dose-response from days 0-91; and 

females showed a significant change in feed efficiency during week 1 (increased in low-dose 

group) and week 6 (decreased in mid-dose group).  Hematology, coagulation and clinical 

chemistry parameters revealed no adverse changes.  The only statistically significant changes 

reported were increased mean platelet concentration (mid- and high-dose males), decreased 

eosinophil concentration (low-dose males), decreased sorbitol dehydrogenase concentration (mid-

dose males), decreased alkaline phosphatase concentration (high-dose males), decreased 

triglyceride concentration (high-dose males), increased glucose concentration (low-dose males 

and females), increased cholesterol concentration (high-dose females), increased sodium 

concentration (mid-dose females), and increased chloride concentration (mid-dose females). 

These were considered non-adverse and not related to exposure because the magnitude of the 

change was considered not clinically significant and/or the change was not accompanied by any 

other corresponding pathological change. There were no test substance-related changes in blood 

cell morphology and serology showed no detectable titers against the tested pathogens and 

antigens.  The only statistically significant change reported in urinalysis was increased urine 

volume in high-dose males (8.3±4.8 ml) compared to controls (3.5±1.5 ml), but this was not 

considered adverse since there were no supporting clinical chemistry or histopathology findings.   

Ophthalmoscopic examinations showed eyes to be normal.  The FOB results were 

generally comparable to controls and any changes in quantitative measurements or in incidence of 

open field measurements were minimal and were not considered to indicate a toxicologically 
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significant behavior change.  Motor activity also was comparable to controls. Overall (days 0-91) 

and weekly mean body weights (Figures 1 and 2 in the Appendix) and mean daily body weight 

gains of all treated rats were comparable with controls with the following exceptions: females 

showed a significant increase in body weight during weeks 4, 7, 11, and 12 (low-dose group), 

weeks 5 and 8 (mid-dose group), and weeks 10-12 (high-dose group); and females showed a 

significant change in daily body weight gain during week 1 (increased in low-dose group), overall 

(increased in low-dose group) and week 6 (decreased in mid-dose group).   

Macroscopic examination revealed no gross abnormalities related to treatment with the 

test substance.  Some incidental findings such as fluid-filled bladders (mostly males of all groups) 

and fluid-filled uteri (females of all groups) were reported.  There were some statistically 

significant changes in absolute and relative (to body or brain weight) organ weights (Table A3 in 

the Appendix) but none was accompanied by histopathological changes that would suggest 

toxicological relevancy to treatment with the test substance.  Reported histopathological changes 

were considered incidental and related to the orbital sinus bleeds or related to the age and strain 

of the rat used in the study.  These included episcleral inflammation, periocular muscle 

inflammation, microgranuloma involving the conjunctiva, inflammation, necrosis, hemorrhage, 

and fibroplasia of the Harderian gland, nephropathy, pulmonary alveolar histiocytosis, pituitary 

gland cyst, and ectopic thymus in thyroid gland.  The NOAEL for this study is the highest 

concentration tested, 50,000 ppm, equivalent to 3446 and 4087 mg/kg bw/day for males and 

females, respectively.   

In conclusion, the 14-day feeding studies of CoffeeBerry®whole and water extract 

powders, resulted in significantly and dose-dependently reduced feed intake, feed efficiency, and 

weight gain in male rats during the first week, although these reductions were largely regained 

during the second week. Female rats did not show these effects, nor did male rats in the 14-day 

gavage study of CoffeeBerry® water/ethanol extract powder. These effects were regarded as due 

to poor palatability and intolerance rather than toxicity of the text articles. In the 90-day study of 

CoffeeBerry® water/ethanol extract powder, no consistent statistically-significant dose-

dependent  treatment-related adverse effects were observed at any tested level. The NOAEL was 

the highest concentration tested, 5% or 50,000 ppm, equivalent to approximately 3446 and 4087 

mg/kg bw/day for male and female rats, respectively. 

4.2.3. Genotoxicity/Mutagenicity Studies 

These studies, conducted at Bioservice Scientific Laboratories (BSL) GmbH in Planegg, 

Germany, were in compliance with OECD Principles of Good Laboratory Practices 

(ENV/MC/CHEM (98) 17 OECD, Paris 1998), and the Chemikaliengesetz (“Chemicals Act”) of 

the Federal Republic of Germany, Appendix 1 to §19a as amended and promulgated on June 20, 

2002 (BGB1.I Nr. 40 SA. 2090), revised October 31, 2006 (BGB1. I Nr. 50 S. 2407). All work 

undertaken by the testing laboratory was in accordance with the most recent Guide for the Care 

and Use of Laboratory Animals, (DHEW/NIH 1996), operated under the surveillance of the 

Regierung von Oberbayern (German regulatory authority) according to AAALAC standards and 

accreditation. 

4.2.3.1. Bacterial Reverse Mutation Assays of Whole Powder, Water Extract Powder, and 

Water/Ethanol Extract Powder 

CoffeeBerry® whole powder, water extract powder, and water/ethanol extract powder 

were tested at concentrations of 31.6, 100, 316, 1000, 2500, and 5000 µg/plate in distilled water 

for potential mutagenicity in Salmonella typhimurium strains TA98, TA100, TA1535, and 

TA1537 and Escherichia coli strain WP2 uvrA in the presence and absence of S9 liver 

microsomal fraction prepared from phenobarbital/ß-naphtoflavone-induced rats (Heimbach et al. 

2010).  These studies were conducted following OECD guideline 471, EEC Directive 2000/32, L 
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136, Annex 4D, B 13/14, “Mutagenicity—Reverse Mutation Test Bacteria”, dated May 19, 2000, 

and EPA Health Effects Test Guidelines, OPPTS 870.5100 “Bacterial Reverse Mutation Assay” 

EPA 712-C-98-247, August 1998.  Both the plate incorporation method and the pre-incubation 

method were performed (Ames et al. 1973a,b; Maron and Ames 1983).  For each method, 2 

independent experiments were run in triplicate for each test article.  

Negative (solvent and untreated) and positive controls were performed simultaneously. 

Positive controls for cultures without S9 were 4-nitro-o-phenylene-diamine (TA98 and TA1537), 

sodium azide (TA1535, TA100), and methyl methane sulfonate (WP2 uvrA).  For cultures with 

S9, 2-aminoanthracene was used for all strains. For the plate incorporation method at each 

concentration and bacterial strain, 100 µl test solution, negative control, or positive control was 

mixed in a test tube with 500 µl S9 or S9 substitution buffer (plates without metabolic activation), 

100 µl bacterial suspension, and 2000 µl overlay agar.  The mixture was poured over the surface 

of Vogel-Bonner Medium E agar plates with 2% glucose and allowed to solidify.  For the pre-

incubation assay, the tester strains (100 µl) were preincubated with 100 µl of test substance 

preparation and 500 µl of S9 or sterile buffer (plates without metabolic activation) at 37ºC.  After 

60 minutes, 2000 µl overlay agar was added and the mixture was poured onto Vogel-Bonner 

Medium E agar plates with 2% glucose and allowed to solidify.  In both methods, once the plates 

were solidified, bacteria were incubated in the dark at 37ºC for at least 48 hours after which 

colonies were counted. 

Whole Powder. No cytotoxicity to S. typhimurium (strains TA98, TA100, TA1535, and 

TA1537) or E. coli (strain WP2 uvrA) in the presence or absence of S9 at the concentrations 

tested was observed except for S. typhimurium strain 1537, which showed toxic effects at a 

concentration of 5000 µg/plate without S9 in the first experiment and at concentrations of 316 

µg/plate and higher without S9 in the second experiment.  Precipitation was observed in all 

strains at concentrations of 100 µg/plate and higher with S9 and 316 µg/plate and higher without 

S9 in the first experiment and at concentrations of 316 µg/plate and higher with and without S9 in 

the second experiment. There were no biologically relevant increases in the number of revertant 

colonies of any of the strains tested at any concentration with or without S9 (data not shown).  

The positive controls induced a distinct increase in the number of revertant colonies, indicating 

the validity of the study.  It is concluded that CoffeeBerry® whole powder is not genotoxic under 

the conditions of the experiment. 

 Water Extract Powder. No cytotoxicity was observed in any of the strains tested. 

Precipitation was seen in all strains at concentrations of 1000 µg/plate with or without S9 in the 

first experiment and at concentrations of 316 µg/plate with or without S9 in the second 

experiment. There were no biologically relevant increases in the number of revertant colonies of 

any of the strains tested at any concentration with or without S9 (data not shown). The positive 

controls induced a distinct increase in the number of revertant colonies, indicating the validity of 

the study.  It is concluded that CoffeeBerry®water extract powder is not genotoxic under the 

conditions of the experiment. 

Water/Ethanol Extract Powder. No cytotoxicity was observed in any of the strains tested 

except in TA1535 at 5000 µg/plate in the second experiment.  No precipitation was seen in any of 

the strains tested. There were no biologically relevant increases in the number of revertant 

colonies of any of the strains tested at any concentration with or without S9 (data not shown).  

The positive controls induced a distinct increase in the number of revertant colonies, indicating 

the validity of the study.  It is concluded that CoffeeBerry®water/ethanol extract powder is not 

genotoxic under the conditions of the experiment. 
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4.2.3.2. Micronucleus Test of Whole Powder with Murine Peripheral Blood Cells 

A NaCl extract of CoffeeBerry® whole powder was tested for potential genotoxicity in 

the micronucleus test using peripheral blood cells of NMRI mice following internationally 

accepted guidelines and recommendations (Heimbach et al. 2010): BSL Bioservice accreditation 

scope guideline 90/385/EWG, 93/42/EWG and DIN EN ISO/IEC 17025 for testing of medical 

devices; Ninth Addendum to OECD Guidelines for the Testing of Chemicals, Section 4, No. 474, 

“Mammalian Erythrocyte Micronucleus Test,” adopted July 21, 1997; EEC Directive 2000/32, L 

136, Annex 4C, B 12, “Mammalian Erythrocyte Micronucleus Test,” dated May 19, 2000; EPA 

Health Effects Test Guidelines, OPPTS 870.5395 “Mammalian erythrocyte micronucleus test ,“ 

EPA 712-C-98-226, August 1998; ISO 10993-1: 2003, “Evaluation and testing,” ISO 10993-3: 

2003, “Tests for genotoxicity, carcinogenicity and reproductive toxicity,” and ISO 10993-12: 

2007, “Sample preparation and reference materials.” 

Male and female NMRL mice aged 7-12 weeks (5 mice/sex/dose) were housed 5 per cage 

per sex at a room temperature of 19-25ºC with a relative humidity of 55±10% and a 12-hour 

light/dark cycle.  Feed and tap water were provided ad libitum. The whole powder was extracted 

in 0.9% NaCl for 1 hour at 37±1°C in an ultrasonic bath with a mass/volume ratio of 0.2 g/ml and 

prior to administration the extract was filtered using folded paper filters.  The extraction process 

was used because of technical issues including insolubility and bacterial contamination of the test 

item. Based on the results of a preliminary toxicity study, the maximum tolerable dose was 

determined to be 10 ml/kg bw of a 100% extract concentration. Five mice of each sex were 

intraperitoneally injected with this dose, while negative (0.9% NaCl) and positive 

(cyclophosphamide) controls (5/sex/group) were run simultaneously. 

Blood was sampled from the tail vein at 44 and 68 hours following administration and 

blood cells were immediately fixed in ultracold methanol for at least 16 hours. Prior to analysis, 

fixed cells were washed in Hank’s balanced salt solution, centrifuged at 600 x g for 5 minutes and 

the supernatant was discarded.  Blood cell populations were discriminated using specific 

antibodies against CD71 (expressed only at the surface of immature erythrocytes) and CD61 

(expressed at the surface of platelets) and the DNA content of micronuclei was determined by the 

use of DNA-specific stain (propidium iodide).  A flow cytometer was used to evaluate all 

samples.  Anti-CD71 and anti-CD61 antibodies were labeled with fluorescein isothiocyanate and 

phycoerythrin, respectively. Particles were differentiated using forward scatter and side scatter 

parameters of the flow cytometer.  A minimum of 10,000 immature erythrocytes per mouse was 

examined for the incidence of micronucleated immature erythrocytes and the ratio between 

immature and mature erythrocytes was determined and expressed as relative PCE (proportion of 

polychromatic erythrocytes among total erythrocytes).  A finding was considered positive if there 

was a dose-related increase in the number of micronucleated cells and/or a biologically relevant 

increase in the number of micronucleated cells for at least one dose group. Statistical significance 

(Mann-Whitney Test) of the findings also was considered when interpreting the results.   

Four hours following injection of the NaCl extract of whole powder, mice showed 

reduction of spontaneous activity, cramps, rough fur, and prone position.  These signs cleared by 

44 hours (time of first blood sampling). There was no dose-related increase in the number of 

micronucleated cells and all mean values were within the range of the historical control data of 

the negative control.  Statistical analysis (p<0.05) verified these results.  The study fulfilled the 

validity criteria. 

Under the experimental conditions tested, CoffeeBerry® whole powder did not induce 

structural or numerical chromosomal damage in the immature erythrocytes of the mouse, and thus 

the test article is considered to be non-mutagenic with respect to clastogenicity and aneugenicity. 
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4.3. Human Study of CoffeeBerry® Formulation 

In a prospective, randomized, double-blind, placebo-controlled trial designed to evaluate 

changes in total antioxidant capacity and aerobic and anaerobic performance, Ostojic et al. (2008) 

assigned 20 healthy college athletes (14 males and 6 females, mean age = 22.1±2.7 years; mean 

body weight = 74.1±15.0 kg; mean fat mass = 15.6±7.0; mean basal metabolic rate = 1847±378 

kcal) to ingest 1 tablet containing 400 mg of CoffeeBerry® formulation
1
 (n = 10) or cellulose 

placebo (n = 10) twice a day for 28 days. All subjects were instructed to consume a standardized 

diet 4 weeks prior to CoffeeBerry® ingestion and 7 days prior to baseline testing.  Baseline 

testing of all the parameters studied was conducted, but it was not clearly stated in the study when 

this baseline testing occurred. After the 28-day exposure period, blood was drawn from an 

antecubital vein and analyzed for total antioxidant capacity based on chemiluminescence, 

glucose, triacylglycerol, lipoproteins, and total cholesterol. After the blood draw, the participants 

completed a warm-up followed by a 60-second vertical jump test and a shuttle-run, at the end of 

which heart rate and blood lactate levels were measured. 

There were no significant differences between the experimental and control groups in 

plasma glucose, triacylglycerol, high- or low-density lipoprotein, or total cholesterol, but 

antioxidant capacity of the group receiving CoffeeBerry® product was significantly higher at the 

end of the treatment period than in the pretest as well as significantly higher than that of the 

controls did the controls. Following exercise, the treated group showed significantly quicker heart 

recovery rate (a reduction during the first minute post-exercise of 38±4 beats/min versus 32±5 

beats/min from the maximum rate observed during exercise) and lower levels of blood lactate 

(5.5±2.6 mmol/l versus 8.5±3.0 mmol/l) when compared to placebo controls. No side effects were 

reported following ingestion of 800 mg/day of CoffeeBerry® formulation or approximately 10.8 

mg/kg body weight/day for 28 days. The authors concluded that ingestion of CoffeeBerry® 

product did not significantly affect endurance or anaerobic performance indicators of college 

athletes, but improved total antioxidant capacity and “does not induce any acute adverse effects.” 

                                                
 

 

 

1 Formulation was not described. 
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5. Safety Assessment and GRAS Determination 

5.1. Introduction 

This chapter presents an assessment that demonstrates that the intended uses of 

CoffeeBerry® products are safe, and are GRAS based on scientific procedures, for the direct 

addition to foods and beverages as antioxidants.  

This safety assessment and GRAS determination entail two steps.  In the first step, the 

safety of CoffeeBerry® products under their intended conditions of use is demonstrated.  Safety 

is established by demonstrating that the likely intake of CoffeeBerry® products under their 

intended conditions of use are within levels of intake that have been shown to be safe.  In the 

second step, CoffeeBerry® products are determined to be GRAS by demonstrating that the safety 

of these products under their intended conditions of use is generally recognized among qualified 

scientific experts and is based on generally available information. 

 

5.2. Regulatory Framework 

The regulatory framework for establishing whether the intended use of a substance is 

GRAS, in accordance with Section 201(s) of the Federal Food Drug and Cosmetic Act, is set 

forth under 21 CFR §170.30. This regulation states that general recognition of safety may be 

based on the view of experts qualified by scientific training and experience to evaluate the safety 

of substances directly or indirectly added to food. A GRAS determination may be made either: 1) 

through scientific procedures under §170.30(b); or 2) through experience based on common use 

in food, in the case of a substance used in food prior to January 1, 1958, under §170.30(c). This 

GRAS determination employs scientific procedures established under §170.30(b). 

A scientific procedures GRAS determination requires the same quantity and quality of 

scientific evidence as is needed to obtain approval of the substance as a food additive. In addition 

to requiring scientific evidence of safety, a GRAS determination also requires that this scientific 

evidence of safety be generally known and accepted among qualified scientific experts.  This 

“common knowledge” element of a GRAS determination consists of two components: 

1. Data and information relied upon to establish the scientific element of safety must be 

generally available; and  

2. There must be a basis to conclude that there is a consensus among qualified experts about 

the safety of the substance for its intended use. 

The criteria outlined above for a scientific procedures GRAS determination are applied 

below in an analysis of whether the addition of CoffeeBerry® to food and beverages as an 

antioxidant is safe and is GRAS. 

A scientific procedures GRAS determination requires that information about the 

substance establish that the intended uses of the substance are safe.  The FDA has defined “safe” 

or “safety” for food ingredients under 21 CFR §170.3(i) as “a reasonable certainty in the minds of 

competent scientists that the substance is not harmful under its intended conditions of use”. This 

same regulation specifies that three factors must be considered in determining safety. These three 

factors are: 

1. The probable consumption of the substance and of any substance formed in or on food 

because of its use (i.e., the EDI); 

2. The cumulative effect of the substance in the diet, taking into account any chemically- or 

pharmacologically-related substance or substances in such diet; and  
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3. Safety factors which, in the opinion of experts qualified by scientific training and 

experience to evaluate the safety of food and food ingredients, are generally recognized 

as appropriate. 

 

5.3. Establishing the Safety of the Intended Use of CoffeeBerry® 

Products 

5.3.1. EDI of CoffeeBerry® Products 

 CoffeeBerry® products are intended for addition to conventional foods, including 

beverages, as antioxidants. The maximum intended addition level in any food or beverage 

product is 300 mg CoffeeBerry® product per serving.  

 Since the RACC for beverages is 240 ml, the estimated average daily intake of fluids, 

1200 ml, is equal to five servings. Based on the reasonable assumption that 20% or more of daily 

fluid intake is provided by tap water (consumed simply as water or as the fluid component of 

such beverages as coffee, tea, or reconstituted fruit juices), consumption of beverages to which 

CoffeeBerry® products may be added is 80% of this, or about four servings per day. 

Additionally, although beverages are the primary target foods for CoffeeBerry® products, 

CoffeeBerry® products may be added to several foods with estimated daily intake not exceeding 

four servings/day. At a maximum concentration of 300 mg CoffeeBerry® per serving and 

consumption of 8 servings per day of foods and beverages potentially containing CoffeeBerry® 

products, the potential daily intake of CoffeeBerry® from its intended addition to foods and 

beverages is 2400 mg, or 34.3 mg/kg bw/day for a 70-kg individual. 

 

5.3.2. Toxicity Studies Establishing the Safety of CoffeeBerry® Products 

The safety of CoffeeBerry® whole-coffee-fruit in its whole powder and both 

concentrated forms was examined in several toxicity studies in mammalian and bacterial systems. 

The 7- and 14-day oral toxicity studies (Heimbach et al. 2010) demonstrated that whole powder 

and powders of both extracts were well tolerated by female rats at doses up to approximately 

8800 mg/kg bw/day, while male rats tolerated lower doses of approximately 4000 mg/kg bw/day 

(water/ethanol extract via gavage) and less than approximately 2100 mg/kg bw/day (whole 

powder or water extract in the diet).  Male rats exhibited a consistent pattern of reduced feed 

intake and reduced body weight gain early in the feeding period, followed by recovery to feed 

intakes and weight gains matching or exceeding controls. This pattern appears to reflect poor 

palatability of the test substance, particularly at the higher tested concentrations (equivalent to 

intakes of 7000 mg/kg bw/day and higher) in the feed. In the 14-day gavage study of water/ 

ethanol extract powder, some variability in feed consumption, body weight gain, and feed 

efficiency were seen, generally indicating feed avoidance for the first few days, but recovery was 

evident by about day 4. 

A 90-day repeated dose dietary study with rats established the safety of water/ ethanol 

extract powder. There were no consistent, statistically-significant, dose-dependent  treatment-

related adverse effects up to the highest tested dietary concentration of 5% (Heimbach et al. 

2010).  The NOAEL was the highest concentration tested, 5% or 50,000 ppm, which is 

approximately 3446 and 4087 mg/kg bw/day for male and female rats, respectively.  

The mutagenicity studies in S. typhimurium and E. coli strains and the micronucleus test 

using murine peripheral cells demonstrated that the test articles are not mutagenic or genotoxic.  
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In a study with 20 female and male college athletes, no side effects were reported 

following ingestion of 800 mg/day of CoffeeBerry® formulation or approximately 10.8 mg/kg 

body weight/day for 28 days. 

 

5.4. General Recognition of the Safety of CoffeeBerry® 

The intended addition of CoffeeBerry® products to food has been determined to be safe 

through scientific procedures set forth under 21 CFR §170.30(b).  This safety was established by 

first establishing the identity and purity of the materials, estimating potential human exposure to 

CoffeeBerry® products from their intended use, and demonstrating that this level of exposure is 

without significant risk of harm.  Finally, because this safety assessment satisfies the common 

knowledge requirement of a GRAS determination, this intended use can be considered GRAS. 

Determination of the safety and GRAS status of the intended use of CoffeeBerry® 

products has been made through the deliberations of an Expert Panel consisting of Joseph F. 

Borzelleca, PhD., Walter H. Glinsmann, M.D., and John A. Thomas, Ph.D. These individuals are 

qualified by scientific training and experience to evaluate the safety of food and food ingredients.  

These experts have critically reviewed and evaluated the publicly available information 

summarized in this document, including the potential human intake resulting from the intended 

uses of CoffeeBerry® products, as well as other information available to them, and have 

individually and collectively concluded: 

The CoffeeBerry® products, whole powder, water extract powder, and 

water/ethanol extract powder, have been sufficiently characterized to ensure that 

they are food-grade products and that no toxicity concerns from impurities exist.  

 Ingestion of CoffeeBerry® products from their intended uses results in levels of 

intake of CoffeeBerry® products that are within safe limits established by 

published animal toxicity studies of CoffeeBerry® products.  

 Therefore, the intended uses of CoffeeBerry® products, produced in accordance 

with cGMP and meeting the food-grade specifications described in the GRAS 

monograph, are safe and Generally Recognized As Safe (GRAS) based on 

scientific procedures. 

It is the opinion of the Expert Panel that other qualified and competent scientists 

reviewing the same publicly available data would reach the same conclusions. 
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Table A1. Typical Characteristics of CoffeeBerry® Whole Powder, Water Extract, 
and Water/Ethanol Extract (Heimbach et al. 2010). 

 Whole Powder Water Extract Water/Ethanol Extract
 

Appearance tan/brown powder brown powder brown powder 

Extraction solvent - water water/ethanol 

Solids 90% 96% 90% 

Solubility 
partially soluble      

in water 
100% soluble in water 100% soluble in water 

Total phenolic 
acids

a
 

2% 5.0% 35-40% 

Caffeine 0.7-1.0% 1.0% max. 0.6-9.08% 

ORAC
b
  

800 µmole/g 
average 

1500 µmole/g 6,000 µmole/g 

a
 chlorogenic acid, caffeic acid, quinic acid, ferulic acid 

b oxygen radical absorption capacity 

 
 
 
Table A2. 90-Day Dietary Study Experimental Design with Actual Mean Daily 
Intakes (mg/kg bw/day) of CoffeeBerry® Water/Ethanol Extract (Heimbach et al. 
2010). 

Group 
No. of 

Rats/Sex/Group 

Dietary 
Concentration 

(ppm) 

Actual Mean Daily Intake 
(mg/kg bw/day) 

Males Females 

1 (control) 10 0 0 0 

2 (low dose) 10 12,500 846±40 965±37 

3 (mid dose) 10 25,000 1723±70 2030±114 

4 (high dose) 10 50,000 3446±106 4087±159 
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*Statistically significant increase compared to controls over 0

 
Source:  Heimbach et al. (2010) 
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CONCLUSION OF THE EXPERT PANEL: 

DETERMINATION OF THE GRAS STATUS 

OF THE ADDITION OF WHOLE AND 

EXTRACTED COFFEEBERRY® PRODUCTS 

TO CONVENTIONAL FOODS 

 
 

We, the members of the expert panel, have individually and collectively critically evaluated the 

publicly available information on three CoffeeBerry® products—whole powder, water extract 

powder, and water/ethanol extract power—summarized in a monograph prepared by JHEIMBACH 

LLC as well as other material deemed appropriate or necessary. Our evaluation included review 

of the identity and physical-chemical properties of the three products, including their production 

methods, the potential exposure resulting from the intended use of CoffeeBerry® products in 

conventional foods, and published research bearing on the safety of these products. Our 

summary and conclusion resulting from this critical evaluation are presented below. 

 

Summary 

• The three products that are the subject of this GRAS determination are CoffeeBerry® 

products derived from the whole coffee fruit, including dried ground whole coffee fruit 

powder, dried water extract powder, and dried water/ethanol extract powder. The starting 

point for all three forms of CoffeeBerry® is the ground whole coffee fruit; the extracts are 

more concentrated in terms of antioxidant activity.     

 

• CoffeeBerry® products are derived from the whole fruit (including the coffee bean) of the 

coffee plant, Coffea arabica. The Coffea plant produces clusters of simultaneously blooming 

white flowers, each of which subsequently develops into an oval cherry-like fruit.  Each 

cherry consists of an exocarp, pulp, mucilage, and generally two central seeds (or “beans”). 

Only the seeds of the Coffea fruit are used to produce the well-known and much-consumed 

beverage known as coffee, while the entire fruit is used to produce CoffeeBerry® products. 

 

• The coffee fruit has long been recognized as having potential nutritional and health-

enhancing properties, primarily on the basis of antioxidant capacity; however, the cherry is 

highly perishable and has been prone to rapidly develop extensive bacterial contamination 

and molds that can generate mycotoxins. A new proprietary technology for cultivation, 

harvesting, and subsequent processing of whole coffee fruit (including the seed) has 

eliminated these problems. 

 

• The new technology produces dried whole coffee fruit powders and granules. Further 

processing utilizing water or water/ethanol extraction yields a family of water-soluble 

powdered extracts with elevated concentrations of coffee phenolic acids. These extracts are 

standardized to levels of 600,000 and 1,500,000 oxygen radical absorbent capacity (ORAC) 

units per 100 grams. 
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• All three CoffeeBerry® products are intended for addition to conventional foods as 

antioxidants, a use consistent with the definition of nutrient supplements in 21 CFR 

§170.3(o)(20), “substances necessary for the body’s nutritional and metabolic processes.” 

The maximum intended addition level in any food or beverage product is 300 mg 

CoffeeBerry® per serving with a potential daily intake of 8 servings (equivalent to 34 mg/kg 

bw/day for a 70 kg individual). 

 

• The safety of CoffeeBerry® products was evaluated in a program of toxicity testing that 

included 7- and 14-day feeding studies of CoffeeBerry® whole powder and water extract 

powder, a 14-day oral-gavage study of CoffeeBerry® water/ethanol extract powder, and a 

90-day feeding study of CoffeeBerry® water/ethanol extract powder, the most concentrated 

form of CoffeeBerry®. Additionally, genotoxicity studies included Ames assays of all three 

CoffeeBerry® products and a mouse micronucleus test of whole powder. All of these studies 

were reported in the peer-reviewed scientific literature. 

 

• Although some problems of palatability and tolerance were evident in the short-term feeding 

studies, no toxicity was seen. The no observed adverse effect level (NOAEL) in the 90-day 

feeding study was the highest level tested, 5% dietary concentration, equivalent to 3446 and 

4087 mg/kg bw/day for male and female rats, respectively. None of the CoffeeBerry® 

products showed evidence of genotoxicity under the conditions of the experiments. 
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Product Specification
Your Primary Source for Standardized Fruit, Vegetable & Plant Based Nutraceuticals

N995

Botanical Name Coffea arabica Plant Part Fruit of Coffea arabica

Description Powder Flavor Astringent
Kosher Pareve per Orthodox Union Odor Slight Vegetable Odor

Organic No

PRODUCT CHARACTERISTICS

Particle Analysis FCCM P.2.1 98% through U.S.A. #40 sieve
Moisture FCCM P.1.1 10% Maximum
Identification FTIR Characteristic
Irradiation Detection PSL Negative
Color Visual Tan/Brown

METHOD SPECIFICATIONPRODUCT PROFILE

METHOD SPECIFICATIONANALYSIS
Heavy metals by ICP-MS   AOAC 993.14M NMT 10 ppm
Arsenic AOAC 993.14M NMT 5 ppm
Cadmium AOAC 993.14M NMT 3 ppm
Lead AOAC 993.14M NMT 1 ppm
Mercury AOAC 993.14M NMT 0.5 ppm
Pesticides AOAC 2007.01 Meets EPA limits
Residual Solvent <USP 467> Meets USP limits
Aflatoxins B1+B2+G1+G2, AOAC 994.08 < 4 ppb
Ochratoxin A AOAC 994.08 <10 ppb

Total Aerobic Plate Count AOAC 990.12 NMT 10,000 CFU/g
Yeast and Mold AOAC 997.02 NMT 200 CFU/g
Coliform AOAC 991.14 NMT 10 CFU/g
E. Coli AOAC 991.14 Negative/g
Salmonella Modified FDA BAM Negative/375g

Negative/25gCoag. Pos. Staph. Modified FDA BAM

SPECIFICATIONMICROBIOLOGICAL PROFILE METHOD

Sales & Customer Service Office
2692 N. State Rt. 1-17 - Momence, IL 60954

1-888-452-6853

Page 1 of 2

Initial: Date:Customer Approval

Status:

Active

Current
Review Date

02/21/2014

Previous
Review Date

06/26/2013

Supersedes

02 of 
09/06/2012

Quality Director Approval:
Dr. Boris Nemzer

Quality Operations Approval:
Ed Lindquist
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Product Specification
Your Primary Source for Standardized Fruit, Vegetable & Plant Based Nutraceuticals

N995

Dried Whole Coffee Fruit Concentrate
INGREDIENT STATEMENT

COUNTRY OF ORIGIN
Country of Origin: Dried Whole Coffee Fruit: Mexico, India.  Country of Manufacture: USA, India

Pack Size: 10kg
Packaging: Polyethylene Liner, Heat Sealed, Corrugated Package
Storage: Cool, Dry

PACKAGING AND STORAGE

Best if Used by or Retest Date: 24 months from date of manufacture when stored in original unopened package.

Status:

Active

Current
Review Date

02/21/2014

Previous
Review Date

06/26/2013

Supersedes

02 of 
09/06/2012

Quality Director Approval:
Dr. Boris Nemzer

Quality Operations Approval:
Ed Lindquist

CUSTOMER APPROVAL
Company Name:
Signature:
Printed Name:

Date:
Title / Position:

Invalid without Approval Signatures

Sales & Customer Service Office
2692 N. State Rt. 1-17 - Momence, IL 60954

1-888-452-6853

Page 2 of 2
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