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Tea leaves produce secondary metabolites that are involved in the defense of the plants against invading

pathogens. In the case of green teas, these metabolites are polyphenolic compounds called catechins.

Previous studies developed a mathematical formula called functional mathematical index (FMI) that was

used to describe the quality of different olive oils and potatoes in terms of compositional parameters and

antioxidative properties of individual components. This study extends the development of the FMI con-

cept to define an “optimum tea” based on reported relationships between the content of structurally differ-

ent catechins of a large number of teas and their dual beneficial effects: antimicrobial activities against a

foodborne pathogen and inhibition of human cancer cell lines. The described mathematical approach may

be useful for predicting relative beneficial effects of new teas based on their catechin content.
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INTRODUCTION

Tea leaves produce secondary metabolites, organic compounds
that are involved in the defense of the plants against invading patho-
gens including insects, bacteria, fungi, and viruses. Thesemetabolites
include the polyphenolic flavonoid compounds, catechins, present in
green teas. Postharvest inactivation of phenol oxidases in green tea
leaves prevents oxidation of the catechins to theaflavins and thearu-
bigins, condensation products that impart the black color to black
teas. Teas from different sources differ widely in their content of
catechins. Interest in tea catechins arises from the fact that they are
potent antioxidants and are reported to exhibit numerous health-
related beneficial effects, including strong antibiotic, antitoxin, and
anticarcinogenic activities. It has been shown that epigallocatechin-3-
gallate (EGCG) and other polyphenols present in tea can block fatty
acid synthase, suggesting their potential value in cancer therapy (1).

Tea catechins can exist as two geometrical isomers depending
on the stereochemical configuration of the 30,40-dihydroxyphenyl
and hydroxyl groups at the 2- and 3-positions of theC-ring: trans-
catechins and cis-epicatechins (Figure 1). Each of the isomers, in
turn, exists as two optical isomers: (þ)-catechin and (-)-catechin
and (þ)-epicatechin and (-)-epicatechin, respectively. The gallo-
catechins contain an additional hydroxyl group on the ring. (-)-
Catechin can bemodified by esterificationwith gallic acid to form
(-)-catechin-3-gallate (1-4).

In previous studieswe (a) validatedHPLCmethods tomeasure
catechins and theaflavins in a large number of commercial teas
(5,6); (b) determined the activities of 13 tea compounds and 15 teas
against breast, colon, liver, and prostate human cancer cells (7);
(c) evaluated antibacterial effects of tea flavonoids and teas against
the foodborne pathogenBacillus cereus (8); and (d) found that tea
catechins have a strong affinity for the lipid bilayer of cell mem-

branes via hydrogen bonding to the bilayer surface, with some of
the smaller catechins able topenetrateunderneath the surface (9,10).

In a previous study, Finotti et al. (11) developed amathematical
formula named the functional mathematical index (FMI) that
was used to describe the quality of olive oils in terms of different
compositional parameters and antioxidative properties of individ-
ual oil components. It was suggested that relative FMI values
could benefit both producers and consumers of olive oils, who
may wish to select oils with optimal health benefits. In a related
study, Finotti et al. (12) described the derivation and application
of a new functional mathematical index that defines “potato
nutritional quality” based on the content of potato components.
It was suggested that the index can be used to predict changes in
quality that may occur during the growth, production, distribu-
tion, and processing of potatoes and potato products.

Themain objective of this studywas to develop and apply FMIs
that define an “optimum tea” based on our reported relationships
between the content of structurally different catechins of a large
number of teas.

DATA FOR MATHEMATICAL CALCULATIONS

Catechin content of teas was collected froma previous study (5).
Briefly, commercial tea leaves were extracted with hot water, and
the filtered extracts were then quantitated byHPLC. The activity
of teas and tea catechins against cancer cells was determined with
the aid of the tetrazoliummicroculture (MTT) assay (7). The com-
position and antimicrobial activities of teas against the foodborne
pathogen B. cereus were determined as described by Friedman
et al. (8). The composition data from these publicationswere used
to calculate the FMIs outlined below.

MATHEMATICAL FORMULATION

FunctionalMathematical Index for Tea Catechins and Teas.The
followingmathematical derivation extends the previously defined
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FMIs. In this derivation, we use this “quality index”, with equally
weighted globally normalized parameters that we designate as the
FMI for tea catechins and teas, defined as

FMI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiXN
i¼1

X4
i

vuut ð1Þ

,where Xi is a normalized (to unity) version of an experimental
value (local index), usually the normalized distance of the experi-
mental value from an optimal value

Xi ¼ xi -xoptimal

R
ð2Þ

where R is a “quality range” for which Xi is 1 in the case of the
minimal experimental quality value and 0 for an optimal value of
the experimental parameter. The sum is extended to N different
quality parameters. In this case, FMI is not globally normalized,
with an upper limit of (N)1/2. For example, in this study the
calculated range of antibacterial FMI values is from0 to 2.23, and
the range of anticarcinogenic (antitumor) FMI values is from 0 to
2.64. By this definition, the value ofXi=1 indicates the maximal
distance from the optimal value, that is, the “worst” case. For the
best case (the “optimal” product), FMI = 0 (any experimental
index is equal to the optimal value).

In this paper, we propose a generalization of this formula. In
fact, the above formulas are intended for products for which a
single “quality” can be envisioned (for example, nutritional proper-
ties of an olive oil, potato, etc.). A food ingredient such as tea
catechin can exhibit two or more beneficial qualities. Two such
qualities, antibacterial and anticarcinogenic properties of teas and
tea catechins, are the subject of the present study. To account for
dual properties, we introduce the following new and unique FMI:

FMI ¼

ffiffiffiffiffiffiffiffiffiffiffiffiPN1

i¼1

X4
i

s
ffiffiffiffiffiffi
N1

p þ

ffiffiffiffiffiffiffiffiffiffiffiffiPN2

j¼1

Y4
j

s
ffiffiffiffiffiffi
N2

p ð3Þ

The formulation is similar to the preceding FMI formulation,
where Xi and Yj refer to the (normalized) values of the local
indices (see above); N1 is the number of parameters of the first
quality index group, and N2 is the number of parameters of the

second group. Obviously, the formula shown in eq 3 can, in
principle, be extended to additional quality properties. In this case,
the normalization is such that the maximum (worst) value is 2, each
Xi and I value is equal to 1, and the single fractions in eq 3
are unitary. Because a chemical compound can have both properties
(anticarcinogenic and antibacterial, in the present case), the same
parameter can appear in both termson the right-hand sideof the last
formula. This is a general property of such a formulation.

Computations of FMI Values. In the present formulation, seven
parameters are involved in the FMI calculation: GC, EGCG,GCG,
ECG,CG,C, andEC (parameters 1, 2, 3, 4, 5, 6, and 7, respectively).
To illustrate how we obtained the three FMI values, anticarcino-
genic, antibacterial, and total (unique), here we explicitly com-
pute the FMIs for a randomly chosen sample (Sushi Bar mild
tea; see Table 2). The values for the parameters used in the
calculations are the measured catechin content of the tea in
question.

Anticarcinogenic FMI Calculation. In the case of anticarcino-
genic FMI, all seven parameters (catechins) are involved. Each
partial index Xi (i = 1, ..., 7) is calculated by

Xi ¼ xi;max - xi;exptl

xi;max - xi;min

where xi,exptl is the experimental value of the ith parameter.
Thus, we have

EGC ðparameter 1Þ: X1 ¼ x1;max -x1;exptl

x1;max -x1;min
¼ ð14:2- 13:8Þ

ð14:2- 0:01Þ
¼ 0:028 X4

1 ¼ 0:0000

EGCG ðparameter 2Þ: X2 ¼ x2;max -x2;exptl

x2;max -x2;min
¼ 53:6- 41:2

53:6- 0:2

¼ 0:232 X4
2 ¼ 0:0029

GCG ðparameter 3Þ: X3 ¼ x3;max -x3;exptl

x3;max -x3;min
¼ 6:7- 5:1

6:7- 0:6

¼ 0:262 X4
3 ¼ 0:0047

ECG ðparameter 4Þ: X4 ¼ x4;max -x4;exptl

x4;max -x4;min
¼ 27:1- 18:4

27:1- 0:4

¼ 0:326 X4
4 ¼ 0:0113

CG ðparameter 5Þ: X5 ¼ x5;max - x5;exptl

x5;max - x5;min
¼ 2:3- 0:2

2:3- 0:01

¼ 0:917 X4
5 ¼ 0:7071

C ðparameter 6Þ : X6 ¼ x6;max - x6;exptl

x6;max -x6;min
¼ 33:2- 5:8

33:2- 0:5

¼ 0:838 X4
6 ¼ 0:4931

EC ðparameter 7Þ: X7 ¼ x7;max -x7;exptl

x7;max -x7;min
¼ 6:3- 2:6

6:3- 0:2

¼ 0:607 X4
7 ¼ 0:1358

Figure 1. Structures of seven tea catechins evaluated in the present study.
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FMI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
X4

1 þX4
2 þX4

3 þX4
4 þX4

5 þX4
6 þX4

7

q
¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0þ 0:0029þ 0:0047þ 0:0113þ 0:4931þ 0:1358
p

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:3549

p
¼ 1:164

which we designate AT-FMI.

The theoretical maximum for the AT-FMI is

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 1þ 1þ 1þ 1þ 1þ 1

p ¼ 2:64

To obtain the unique FMI, this value has to be normalized by
dividing by the square root of the number of parameters, that is,√
7 = 2.64575:

normalized FMI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:3549

p ffiffiffi
7

p ¼ 1:164

2:646
¼ 0:44

Antibacterial FMI Calculation. The antibacterial FMI is calcu-
lated with only five of the above seven parameters (catechins)
because we have no data for (þ)-catechin and epicatechin as
they were found to be inactive in the antimicrobial assay.
Because the local indices are based on the catechin concentra-
tions in the teas, the Xi values for those five would be the same
as above:

X4
1 ¼ 0:0000; X4

2 ¼ 0:0029; X4
3 ¼ 0:0047;

X4
4 ¼ 0:0113;and X4

5 ¼ 0:7071

Table 2. Concentrations (in Milligrams per Gram of Tea) of (-)-Epigallocatechin (EGC), (-)-Epigallocatechin-3-gallate (EGCG), (-)-Gallocatechin-3-gallate
(GCG), (-)-Epicatechin-3-gallate (ECG), (-)-Catechin-3-gallate (CG), (þ)-Catechin (C), and (-)-Epicatechin (EC) in the 40 Teas used for FMI Calculationsa

tea EGC EGCG GCG ECG CG C EC

Wild Raspberry herbal 0.01 0.2 0.6 0.4 0.2 1.4 0.2

Earl Grey 0.7 0.9 0.9 1.7 0.2 0.6 1.2

Orange Pekoe, pekoe and cut black 1 1.9 1.5 3.6 0.5 0.9 0.6

Tai Mahal Indian Assam 1.2 1.4 1.4 2.4 0.4 1.6 1.3

English Breakfast 3.4 6.6 2.4 10.1 0.7 3.5 2.3

Original India Spice chai 2 0.5 1.4 4.2 1.5 0.5 6.3

Exotica Osmanthus 2.2 9.9 3.7 7.8 0.6 3.7 0.9

English Breakfast black 3.4 6.6 2.4 10.1 0.7 3 2.3

Orange Spice black 1.9 6 1.5 10.8 1 3 1.7

Earl Grey black and green, organic 2.8 9 1.8 11 0.8 4.3 2.3

Earl Grey Black 6.4 5.2 2.3 10 0.7 5 2.1

Lemon Spice green (and black) 3.4 12.9 2.9 11.7 0.4 2.8 1.4

Nilgiri black 2.3 6.1 1.9 11.8 0.6 8.1 2.4

Exotica Assam Breakfast 2.3 9.5 1.6 16.1 0.5 7.1 2.6

Breakfast Blend, organic 2.5 12.7 2.1 14.5 0.6 7.4 2.5

Exotica Reserve blend 3 16.9 4.1 16.8 0.5 4.6 2.3

Darjeeling black 4.2 27 4.2 20.2 0.4 0.8 1.4

Exotica Ceylon Estate Earl Grey 10.3 23 1.1 20.6 0.5 2.7 4.3

Darjeeling spring 4.1 28 4.4 22.9 0.4 1.2 2

Exotica Golden Darjeeling 5.2 28 3.2 24.2 0.7 1.7 2.3

Kopili Assam black 2.3 13.3 6.7 24.4 1.3 6.7 4.2

Darjeeling summer 5.1 26.8 3 20.9 0.1 4.9 2.2

Darjeeling black, organic 3.1 23.5 6.1 26.8 0.6 5.3 4.1

Kukicha 1.1 7.4 6.3 5 0.1 3.5 0.5

premium green, decaffeinated 4.8 13.5 2.7 6 0.3 4.4 0.8

Moroccan Mint green 1 6.7 3.2 7.7 0.4 33.2 1.3

jasmine blossom green 6.4 29.4 5 15.9 0.3 6.2 0.9

Exotica Dragonwell green 0.7 43.6 1.7 19.2 0.2 7.9 1.1

premium green 13.6 38.4 5.1 15.9 0.1 2 0.9

Sencha Japanese green 14.2 35.7 5.4 14.3 0.2 4 2.4

green organic 13.9 41.8 2.4 18.6 0.1 1.7 1.7

Sushi Bar mild green 13.8 41.2 5.1 18.4 0.2 5.8 2.6

Darjeeling green, organic 8.1 53.6 3.9 27.1 0.3 5.1 1.9

pu-erh oolong 0.01 2.1 1.7 1.3 0.3 1.5 0.4

Fusion red and white 1.6 11.4 4.8 9.1 0.02 2.3 1.1

China oolong 5.7 23.2 3.5 2.2 2.3 5.7 2.5

Exotica China white 2.1 30.4 2.9 19.2 0.4 4.2 1.3

Exotica Champagne oolong 2.9 37.5 4.4 18.2 0.5 0.8 1.1

Fusion green and white 5.8 33.5 2.7 16.1 0.2 6.2 2.5

Exotica silver jasmine 6.1 36.3 2.7 26.9 0.3 7.9 2.9

aData adapted from refs 5 and 6 .

Table 1. Upper and Lower Bounds (Concentrations) for Catechins and
Antibacterial and Antitumor Data Used To Define FMI Values of Teasa

tea catechin

upper bound, highest

concn (mg/g tea)

lower bound, lowest

concn (mg/g tea)

(-)-epigallocatechin, EGC 14.2 0.01

(-)-epigallocatechin-3-gallate, EGCG 53.6 0.2

(-)-gallocatechin-3-gallate, GCG 6.7 0.6

(-)-epicatechin-3-gallate, ECG 27.1 0.4

(-)-catechin-3-gallate, CG 2.3 0.01

(þ)-catechin, C 33.2 0.5

(-)-epicatechin, EC 6.3 0.2

aData adapted from ref 5 .
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non-normalized FMI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
X4

1 þX4
2 þX4

3 þX4
4 þX4

5

q
¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

0þ 0:0029þ 0:0047þ 0:0113þ 0:7071
p

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:7260

p
¼ 0:852

which we designate AB-FMI.
The theoretical maximum for the AB-FMI is

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ 1þ 1þ 1þ 1

p ¼ 2:23

normalized FMI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:7260

p ffiffiffi
5

p ¼ 0:852

2:236
¼ 0:381

Finally, the two normalized valuesmust be added to obtain the
total (unique) FMI:

unique FMI ¼ ðAT-FMI normalizedÞþ ðAB-FMI normalizedÞ
¼ 0:440þ 0:381 ¼ 0:821

The theoretical maximum for the unique FMI isffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N1 � 1

p ffiffiffiffiffiffi
N1

p þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
N2 � 1

p ffiffiffiffiffiffi
N2

p ¼ i; in this case ¼ 2

Statistical Analysis. Excel (Microsoft, Redmond, WA) was
used to compute the FMI values using the primary compositional
data for tea catechins described in previous publications. The
Pearson product moment correlation between catechin level
and unique FMI, as well as between the two component FMIs
(antimicrobial and antitumor) was calculated using SigmaPlot
11.0 (Systat Software, Inc., Chicago, IL).

RESULTS

Table 1 shows the upper and lower bound values of the param-
eters. These values represent the upper and lower concentrations
of each catechin evaluated. The same values were used for
computing both antibacterial and anticarcinogenic FMI values.

Table 2 shows the catechin values for each studied tea. These
represent the experimental data we used for computing both
antibacterial and anticarcinogenic FMI values

Table 3. Calculated Antibacterial FMI Values for Individual Catechins and of 40 Teas (Range 0-2.23)a

partial index (Xi
4) for individual catechins

tea EGC EGCG GCG ECG CG sum FMI

Wild Raspberry herbal 1.00 1.00 1.00 1.00 0.71 4.71 2.17

Earl Grey 0.82 0.95 0.82 0.82 0.71 4.11 2.03

pu-erh oolong 1.00 0.87 0.45 0.87 0.58 3.77 1.94

Tai Mahal Indian Assam 0.70 0.91 0.57 0.73 0.47 3.39 1.84

Orange Pekoe, pekoe and cut black tea 0.75 0.88 0.53 0.60 0.38 3.14 1.77

Original India Spice chai 0.55 0.98 0.57 0.54 0.01 2.65 1.63

Kukicha 0.73 0.56 0.00 0.47 0.85 2.61 1.61

Fusion red and white 0.62 0.39 0.01 0.21 0.98 2.21 1.49

Moroccan Mint green 0.75 0.60 0.11 0.28 0.47 2.20 1.48

Exotica Dragonwell green 0.82 0.00 0.45 0.01 0.71 1.99 1.41

Orange Spice black 0.56 0.63 0.53 0.14 0.10 1.97 1.40

Nilgiri black 0.49 0.63 0.38 0.11 0.30 1.92 1.38

Exotica Assam breakfast 0.49 0.47 0.49 0.03 0.38 1.86 1.36

premium green, decaffeinated 0.19 0.32 0.18 0.39 0.58 1.67 1.29

Earl Grey black and green, organic 0.42 0.49 0.42 0.13 0.18 1.64 1.28

English Breakfast tea 0.34 0.60 0.25 0.16 0.24 1.59 1.26

Exotica Osmanthus 0.51 0.45 0.06 0.27 0.30 1.60 1.26

English Breakfast black 0.34 0.60 0.25 0.16 0.24 1.59 1.26

breakfast blend, organic 0.46 0.34 0.32 0.05 0.30 1.48 1.22

Earl Grey black 0.09 0.67 0.27 0.17 0.24 1.44 1.20

Lemon Spice green (and black) 0.34 0.34 0.15 0.11 0.47 1.41 1.19

Darjeeling summer 0.17 0.06 0.14 0.00 0.85 1.22 1.11

Exotica Ceylon Estate Earl Grey 0.01 0.11 0.71 0.00 0.38 1.21 1.10

Exotica China white 0.53 0.04 0.15 0.01 0.47 1.20 1.09

green organic 0.00 0.00 0.25 0.01 0.85 1.11 1.05

China oolong 0.13 0.11 0.08 0.76 0.00 1.07 1.03

Fusion green and white 0.12 0.02 0.18 0.03 0.71 1.06 1.03

Exotica Reserve blend 0.39 0.22 0.03 0.02 0.38 1.05 1.02

premium green 0.00 0.01 0.00 0.03 0.85 0.89 0.95

Exotica silver jasmine 0.11 0.01 0.18 0.00 0.58 0.88 0.94

Kopili Assam black 0.49 0.32 0.00 0.00 0.04 0.86 0.92

Exotica Champagne oolong 0.40 0.01 0.02 0.01 0.38 0.82 0.91

Darjeeling black 0.25 0.06 0.03 0.00 0.47 0.81 0.90

Darjeeling spring 0.26 0.05 0.02 0.00 0.47 0.80 0.90

Darjeeling black, organic 0.37 0.10 0.00 0.00 0.30 0.78 0.88

Sencha Japanese green 0.00 0.01 0.00 0.05 0.71 0.77 0.88

jasmine blossom green 0.09 0.04 0.01 0.03 0.58 0.75 0.87

Sushi Bar mild green 0.00 0.00 0.00 0.01 0.71 0.73 0.85

Darjeeling green, organic 0.03 0.00 0.04 0.00 0.58 0.66 0.81

Exotica Golden Darjeeling 0.16 0.05 0.11 0.00 0.24 0.56 0.75

a Listed values are adimensional.
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Table 3 shows the calculated antibacterial FMI scores. The
results show that EGCG, GCG, and ECG are the major contrib-
utors to theFMI scores because all of the local FMIs are very low.
Wild Raspberry herbal tea had the highest and Exotica Golden
Darjeeling, the lowest, FMI values.

Table 4 shows the anticarcinogenic FMI values. The results
indicate that the Kopili Assam Black tea had the best FMI score
due to the low values of its parameters (local FMI value of
individual catechins), in particular GCG and ECG. The Wild
Raspberry tea had a very poor FMI because five of the local FMI
values reached the value of 1.

Table 5 shows the calculated “unique” FMI values for the 40
teas. In general, the trends are the same in Tables 4 and 5, except
the samples premium green, Kopili Assam black, Exotica silver
jasmine, and Darjeeling black have assumed a different set posi-
tion in this latter table.

DISCUSSION

The cited observations suggest that it should be possible to extend
the mathematical concepts developed for olive oils and potatoes to
other food categories. Because we previously reported that indivi-
dual polyphenolic tea ingredients and freshly brewed teas exhibited

anticarcinogenic and antimicrobial properties, the main objective of
this studywas todefinemathematical indices for these twobeneficial
effects of teas in terms of their known catechin content.

In this study, the FMI has been shown to be useful for com-
puting the quality score and classifying different tea samples with
different potencies beneficial to human health. The classification
of eachFMI (seeTables 3 and 4) has been tweaked in the last table
(Table 5), in which the best tea is Exotica Golden Darjeeling,
which possesses the best antibacterial FMI. By contrast, Wild
Raspberry herbal tea presents both low anticarcinogenic and
antibacterial FMI values.

The FMI index provides useful indications about the global
quality (combined effect against foodborne pathogens and human
cancer cells) of a specific tea. It also makes it possible, depending
on requirements, to obtain partial information for only one bio-
logical effect, in this case relative antibacterial or anticarcinogenic
potency. The index can predict beneficial biological effects of teas
in terms of content of structurally different catechins.

It is important to note that the FMI index is not an alternative
computing analysis to classical statistical methods (multivariate
analysis, cluster analysis, etc.). We suggest that the FMI index
could complement such analyses.

Table 4. Calculated Anticarcinogenic FMI Values for Individual Catechins and for 40 Teas (Range 0-2.64)a

partial index (Xi
4) for individual catechins

tea EGC EGCG GCG ECG CG C EC sum FMI

Wild Raspberry herbal 1.00 1.00 1.00 1.00 0.71 0.89 1.00 6.60 2.57

Earl Grey 0.82 0.95 0.82 0.82 0.71 0.99 0.49 5.59 2.36

pu-erh oolong 1.00 0.87 0.45 0.87 0.58 0.88 0.88 5.53 2.35

Orange Pekoe, pekoe and cut black 0.75 0.88 0.53 0.60 0.38 0.95 0.76 4.85 2.20

Tai Mahal Indian Assam 0.70 0.91 0.57 0.73 0.47 0.87 0.45 4.72 2.17

Kukicha 0.73 0.56 0.00 0.47 0.85 0.68 0.82 4.11 2.03

Original India Spice chai 0.55 0.98 0.57 0.54 0.01 1.00 0.00 3.65 1.91

Fusion red and white 0.62 0.39 0.01 0.21 0.98 0.80 0.53 3.54 1.88

Orange Spice black 0.56 0.63 0.53 0.14 0.10 0.73 0.32 3.02 1.74

premium green, decaffeinated 0.19 0.32 0.18 0.39 0.58 0.60 0.66 2.93 1.71

Exotica Dragonwell green 0.82 0.00 0.45 0.01 0.71 0.36 0.53 2.87 1.70

Exotica Osmanthus 0.51 0.45 0.06 0.27 0.30 0.66 0.61 2.87 1.69

Moroccan Mint green 0.75 0.60 0.11 0.28 0.47 0.00 0.45 2.66 1.63

Lemon Spice green (and black) 0.34 0.34 0.15 0.11 0.47 0.75 0.42 2.57 1.60

English Breakfast black 0.34 0.60 0.25 0.16 0.24 0.73 0.18 2.50 1.58

English Breakfast 0.34 0.60 0.25 0.16 0.24 0.68 0.18 2.45 1.57

Earl Grey black and green, organic 0.42 0.49 0.42 0.13 0.18 0.61 0.18 2.43 1.56

Nilgiri black 0.49 0.63 0.38 0.11 0.30 0.35 0.17 2.43 1.56

Exotica Assam Breakfast 0.49 0.47 0.49 0.03 0.38 0.41 0.14 2.40 1.55

premium green 0.00 0.01 0.00 0.03 0.85 0.83 0.61 2.34 1.53

Exotica Champagne oolong 0.40 0.01 0.02 0.01 0.38 0.96 0.53 2.32 1.52

green organic 0.00 0.00 0.25 0.01 0.85 0.86 0.32 2.30 1.52

Exotica China white 0.53 0.04 0.15 0.01 0.47 0.62 0.45 2.27 1.51

Earl Grey black 0.09 0.67 0.27 0.17 0.24 0.55 0.22 2.22 1.49

Darjeeling black 0.25 0.06 0.03 0.00 0.47 0.96 0.42 2.19 1.48

Breakfast blend, organic 0.46 0.34 0.32 0.05 0.30 0.39 0.15 2.02 1.42

Darjeeling summer 0.17 0.06 0.14 0.00 0.85 0.56 0.20 1.99 1.41

Exotica Ceylon Estate Earl Grey 0.01 0.11 0.71 0.00 0.38 0.76 0.01 1.98 1.41

Darjeeling spring 0.26 0.05 0.02 0.00 0.47 0.92 0.25 1.97 1.40

jasmine blossom green 0.09 0.04 0.01 0.03 0.58 0.46 0.61 1.83 1.35

Exotica Reserve Blend 0.39 0.22 0.03 0.02 0.38 0.59 0.18 1.82 1.35

China oolong 0.13 0.11 0.08 0.76 0.00 0.50 0.15 1.72 1.31

Fusion green and white 0.12 0.02 0.18 0.03 0.71 0.46 0.15 1.68 1.30

Exotica Golden Darjeeling 0.16 0.05 0.11 0.00 0.24 0.86 0.18 1.61 1.27

Sencha Japanese green 0.00 0.01 0.00 0.05 0.71 0.64 0.17 1.58 1.26

Darjeeling green, organic 0.03 0.00 0.04 0.00 0.58 0.55 0.27 1.48 1.22

Sushi Bar mild green 0.00 0.00 0.00 0.01 0.71 0.49 0.14 1.35 1.16

Exotica silver jasmine 0.11 0.01 0.18 0.00 0.58 0.36 0.10 1.34 1.16

Darjeeling black, organic 0.37 0.10 0.00 0.00 0.30 0.53 0.02 1.33 1.15

Kopili Assam black 0.49 0.32 0.00 0.00 0.04 0.43 0.01 1.30 1.14

a Listed values are adimensional.
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In conclusion, the described mathematical approach shows
that it is possible to apply the FMI to food ingredients with dual
biological activities. It would be of interest to extend the FMI con-
cept to reported relative effects of processing (13) and storage (14)
on catechin content of teas as well as antioxidative activities (15)
of tea catechins.
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Table 5. Unique FMI Values for Teas (Range 0-2)

tea total FMI

Wild Raspberry herbal 1.94

Earl Grey 1.80

pu-erh oolong 1.76

Tai Mahal Indian Assam 1.64

Orange Pekoe, pekoe and cut black 1.62

Kukicha 1.49

Original India Spice (100% natural chai) 1.45

Fusion red and white 1.38

Orange Spice black 1.28

Moroccan Mint green 1.28

Exotica Dragonwell green 1.27

premium green, decaffeinated 1.22

Nilgiri black 1.21

Exotica Osmanthus 1.21

Exotica Assam Breakfast 1.20

Earl Grey black and green 1.16

English Breakfast black 1.16

English Breakfast 1.15

Lemon Spice green (and black) 1.14

Earl Grey black 1.10

Breakfast blend, organic 1.08

Exotica China white 1.06

green organic 1.04

Darjeeling summer 1.03

Exotica Ceylon Estate Earl Grey 1.02

premium green 1.00

Exotica Champagne oolong 0.98

Exotica Reserve blend 0.97

Darjeeling black 0.96

China oolong 0.96

Fusion green and white 0.95

Darjeeling spring 0.93

jasmine blossom green 0.90

Sencha Japanese green 0.87

Exotica silver jasmine 0.86

Kopili Assam black 0.84

Darjeeling black, organic 0.83

Darjeeling green, organic 0.82

Sushi Bar mild green 0.82

Exotica Golden Darjeeling 0.81


