
INTRODUCTION

Due to consumer demand for healthier foods, the food in-
dustry is directing new product development towards the
area of functional foods and ingredients (Pasqualone et al.,
2014). Natural extracts of plant origin can provide bioactive
properties and bring additional value to the final products
(Galeja et al., 2017). Natural extracts from aromatic plants,
spices, and fruit powder have been incorporated in some
bakery products as sources of antioxidant. The advantage of
new functional ingredients is that food manufacturers can
add extra value to products that the consumer is already fa-

miliar with. The main factors that have to be considered are
the variations affecting the processing conditions, sensory
properties and nutritional value of final product. Biscuits
could represent a potential product for the addition of func-
tional ingredients, but their nutritional profile has to be im-
proved in view of formulating functional products (Taylor
et al., 2008; Sultan et al., 2011; Pasqualone et al., 2014).
Natural products used as food supplements are recently
gaining more and more attention and tea particularly is an
area of interest. In fact, tea leaves (Camellia sinensis L.) are
the source of the world’s most popular beverage, which is
rich in polyphenols, flavonoids such as flavanols (catechins,
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The aim of this work was to characterise the biological and sensory profile of biscuits enriched
with green (1 and 3%) and black tea (1 and 3%) powders. Biscuits without the addition of tea
were used as a control. Phenolic concentration, flavonoid concentration, and antioxidant activity
were determined spectrophotometrically. Amino acid composition was determined using automat-
ic amino acid analyser AAA 400 and crude fibre content using an Ancom analyser. Sensory pro-
files were evaluated by comparison of enriched and control biscuit samples. The enriched biscuits
showed higher phenolic and flavonoid concentration and antioxidant activity estimated by DPPH
and phospholybdenum method in comparison with levels in the control group. The best results for
antioxidant activity estimated by DPPH and phosphomolybdenum methods were achieved in bis-
cuits enriched with black tea powder (3%): 2.25 and of 32.64 mg TEAC·g-1, respectively. Total
phenolic concentration was 1.16 mg GAE·g-1, and total flavonoid concentration was 0.13 mg
QE·g-1. These biscuits had higher concentration of crude fibre in comparison with the control
group and the highest concentration (0.64%) was found in biscuits with addition of 3% green tea
powder. The amino acid composition in samples, including in the control sample was balanced,
with slightly higher concentration of threonine, serine, and methionine in enriched samples, but
this parameter was not statistically significant. Biscuits enriched with green and black tea had
higher sensory scores for taste, smell and aftertaste.
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procyanidins), flavonols (rutin, quercetin, kaempferol) and
phenolic acids (gallic, caffeic). Polyphenolic compounds in
tea leaves make up to 30% of green tea, but only 10% of
black tea (Gramza-Michalowska et al., 2016). Tea antioxi-
dants have drawn increased attention in recent years
because of their potential health benefits, not only as anti-
oxidant agents but also as antiarteriosclerotic, anti-carcino-
genic, and antimicrobial agents. They may contribute the
risk reduction of chronic diseases and cancer, promoting
oral health and prolonging the shelf life of food products
without damaging their organoleptic or nutritional qualities
(Wang and Zhou, 2004; Sharma and Zhou, 2011). The use
of green tea extracts in foods as bread, cereals, cakes, bis-
cuits, dairy products, noodles, instant noodles, confection-
ery, and ice cream attract consumer attention due to healthy
properties of the products (Sharma and Zhou, 2011).

The aim of the present study was to evaluate biological and
sensory characteristics of biscuits enriched with Camellia

sinensis L. powder.

MATERIALS AND METHODS

Material. Flour (wheat, T-00 extra), pure sugar beet sugar,
salt, butter, sodium bicarbonate, vanilla, green tea (Matcha,
Japan) and black tea (Earl Grey, Japan) were obtained from
the local market in Slovakia. All chemicals were analytical
grade and were purchased from Reachem (Slovakia) and
Sigma Aldrich (USA).

Methods. Biscuit preparation. The sweet biscuits were pre-
pared by using the AACC method (Anonymous, 1984) with
slight modification. The ingredients included wheat flour
(100 g), butter (30 g), sugar (10 g), salt (1 g), sodium bicar-
bonate (1 g), vanilla (0.025 g), and the required amount of
water. Preparation of biscuits was carried out using wheat
flour samples enriched with 1% and 3% of green tea
(Matcha powder) and 1% and 3% of black tea (Earl Grey).
Each type of biscuit was prepared separately. Shortening
and creaming technique were used. The biscuits were baked
at 160 °C for 20 min (oven Miwe condo, Germany). After
cooling for 30 min, the cookies were packed and evaluated
for biological and sensory characteristics.

Analytical methods. Crude fibre concentration was evalu-
ated by an Ancom200 Fiber Analyzer (USA) according to
the manufacturer method. Total ash concentration was de-
termined after complete burning of the sample in an oven
(Anonymous, 2000). Amino acids were determined by ion-
exchange chromatography with a strong cation ion-
exchanger and sodium-citrate elution buffers system fol-
lowed by post-column derivatisation with ninhydrin and
spectrophotometric detection, according to standard proto-
col of the manufacturer of the amino acid analyser (Ingos,
Czech Republic). For calibration of the amino acid analyser,
amino acid standard solutions were used. Tryptophan was
not determined as it was destroyed during acid hydrolysis.
Asparagine and glutamine turned to aspartic acid and gluta-
mic acid that made them detectable in these forms.

Extraction for determination of total phenol, total fla-

vonoid concentration and antioxidant activity. The bis-
cuits after homogenisation in a mortar were used for prepa-
ration of ethanolic extract and an amount of 0.5 g of each
sample was extracted with 40 ml of 80% ethanol for 24
hours. After centrifugation at 4000 g (Rotofix 32 A, Het-
tich, Germany) for 10 min, total phenolic and total fla-
vonoid concentration and antioxidant activity with DPPH
and phosphomolybdenum methods were measured in the
supernatant.

Free radical scavenging activity. Free radical scavenging
activity of samples was measured with 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical (Yen and Chen, 1995). The
sample (1 ml) was mixed with 4 ml DPPH solution (0.025 g
DPPH in 100 ml methanol). Absorbance of the reaction
mixture was determined with a spectrophotometer Jenway
(6405 UV/Vis, England) at 515 nm. Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) (10–100
mg·l-1; R2 = 0.989) was used as the standard and the results
were expressed in mg/g Trolox equivalents.

Molybdenum reducing antioxidant power. Molybdenum
reducing antioxidant power of samples was determined by
the method of Prieto et al. (1999) with slight modifications.
A mixture composed of a sample (1 ml), monopotassium
phosphate (2.8 ml, 0.1 M), sulfuric acid (6 ml, 1 M), ammo-
nium heptamolybdate (0.4 ml, 0.1 M) and distilled water
(0.8 ml) was incubated at 90 °C for 120 min, then rapidly
cooled and the absorbance at 700 nm was measured with a
spectrophotometer Jenway (6405 UV/Vis, England). Trolox
(10–1000 mg·l-1; R

2 = 0.998) was used as the standard and
the results were expressed in mg/g Trolox equivalents.

Total polyphenol concentration. Total polyphenol concen-
tration of samples was measured by the method of Single-
ton and Rossi, (1965) with Folin–Ciocalteu reagent. A
quantity of 0.2 ml of each sample was mixed with 0.2 ml
Folin–Ciocalteu reagent, 2 ml 20% (w/v) sodium carbonate
and 8.8 ml distilled water. After 30 min in darkness, the ab-
sorbance at 700 nm was measured with a spectrophotometer
Jenway (6405 UV/Vis, England). Gallic acid (25–300
mg·l-1; R

2 = 0.998) was used as the standard and the results
were expressed in mg·g-1 gallic acid equivalents.

Total flavonoid concentration. Total flavonoid concentra-
tion was determined by the modified method of Quettier-
Deleu et al. (2000). An amount of 2 ml of sample was
mixed with 0.4 ml of 5% (w/v) ethanolic solution of alumi-
num chloride. After 30 min in darkness, the absorbance at
415 nm was measured with a spectrophotometer Jenway
(6405 UV/Vis, England). Quercetin (1–400 mg·l-1; R

2 =
0.9977) was used as the standard and the results were ex-
pressed in mg/g quercetin equivalents.

Sensory characteristic. The organoleptic properties of pre-
pared biscuits were determined by a taste panel consisting
of 10 evaluators (experts). The panelists were asked to
evaluate the flavour of the product, tea flavour (intensity),
tea flavour (presence), taste, tea taste (presence), tea taste
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(intensity), aftertaste, character of tea taste, and overall ac-
ceptability. All parameters were compared with a control
sample (sample without tea addition). The ratings were
based on a 9-point hedonic scale, ranging from 9 (like ex-
tremely) to 1 (dislike extremely) for each characteristic.

Statistical analysis. All experiments were carried out in
triplicate and the results reported are the results of those
replicate determinations with standard deviation. Correla-
tion coefficients were calculated by CORR analysis (p �

0.005) (Anonymous, 2009).

RESULTS

Crude fibre, total ash and amino acid concentration.

Analyses of crude fiber, total ash and amino acid concentra-
tion are shown in Tables 1 and 2. Biscuits with no tea added
(control sample) contained lower levels of ash and crude fi-
bre. In terms of the crude fibre concentration, the biscuits
can be ordered as follows: biscuits with 3% green tea > bis-
cuits with 1% green tea > biscuits with 3% black tea > bis-
cuits with 1% black tea > control sample. In terms of the to-
tal ash concentration, the biscuits can be ordered as follows:
biscuits with 3% black tea > biscuits with 1% black tea >
biscuits with 1% and 3% green tea > control sample. Amino
acid composition was similar in all prepared biscuits, how-
ever, taking into account that the addition of black tea re-
sulted in increased concentration of aspartic acid, glutamic
acid and proline in comparison with control sample, but this
increase of concentration was not statistically significant.

Antioxidant activity, total polyphenol and flavonoid con-

centration. The antioxidative activity of biscuits enriched
with tea leaves powder is presented in Table 3. The results
showed that the addition of tea powder in dough resulted in
significant increase of antioxidative potential in all the sam-
ples tested. The free radical scavenging activity assay dem-

onstrated that activity increased with addition of tea from
1.04 to 2.25 mg TEAC·g-1; and molybdenum reducing an-
tioxidant power from 26.93 to 32.65 mg TEAC·g-1. The for-
tification of biscuits with tea leaves powder led to statisti-
cally significant enrichment in total polyphenol and
flavonoid concentration (Table 3) in comparison to that of
the control sample. Pearson correlation coefficients between

T a b l e 1

CRUDE FIBRE AND TOTAL ASH CONCENTRATION IN BISCUITS

Parameter B1% GT B3% GT B1% BT B3% BT Control

Crude fibre content, % 0.61 ± 0.02 0.64 ± 0.01 0.57 ± 0.01 0.59 ± 0.02 0.56 ± 0.01

Ash content, % 2.13 ± 0.03 2.21 ± 0.12 2.27 ± 0.01 2.36 ± 0.03 1.85 ± 0.02

B1% GT, biscuits with 1% green tea powder; B3% GT, biscuits with 1% green tea powder; B1% BT, biscuits with 1% black tea powder; B3% BT, biscuits
with 3% black tea powder; mean ± standard deviation

T a b l e 2

AMINO ACID CONCENTRATION IN PREPARED BISCUITS

Amino
acid, %

B1% GT B3% GT B1% BT B3% BT Control

Asp 0.24 ± 0.00 0.27 ± 0.00 0.26 ± 0.02 0.29 ± 0.00 0.27 ± 0.00

Thr 0.17 ± 0.00 0.19 ± 0.00 0.18 ± 0.01 0.18 ± 0.00 0.19 ± 0.00

Ser 0.31 ± 0.00 0.34 ± 0.01 0.33 ± 0.01 0.34 ± 0.01 0.34 ± 0.00

Glu 2.42 ± 0.03 2.86 ± 0.04 2.75 ± 0.11 2.85 ± 0.03 2.80 ± 0.01

Pro 0.79 ± 0.07 0.87 ± 0.01 0.85 ± 0.03 0.91 ± 0.00 0.86 ± 0.01

Gly 0.22 ± 0.00 0.26 ± 0.00 0.25 ± 0.01 0.25 ± 0.00 0.25 ± 0.00

Ala 0.19 ± 0.00 0.22 ± 0.00 0.21 ± 0.01 0.21 ± 0.00 0.21 ± 0.00

Val 0.27 ± 0.00 0.31 ± 0.00 0.31 ± 0.01 0.31 ± 0.00 0.31 ± 0.00

Ile 0.25 ± 0.01 0.29 ± 0.00 0.28 ± 0.01 0.28 ± 0.00 0.28 ± 0.01

Leu 0.45 ± 0.01 0.52 ± 0.00 0.51 ± 0.02 0.51 ± 0.00 0.51 ± 0.01

Tyr 0.24 ± 0.01 0.22 ± 0.00 0.22 ± 0.01 0.22 ± 0.00 0.23 ± 0.01

Phe 0.33 ± 0.01 0.38 ± 0.00 0.36 ± 0.02 0.37 ± 0.00 0.37 ± 0.01

His 0.18 ± 0.00 0.23 ± 0.00 0.21 ± 0.01 0.22 ± 0.00 0.23 ± 0.00

Lys 0.08 ± 0.00 0.11 ± 0.00 0.11 ± 0.00 0.11 ± 0.00 0.11 ± 0.00

Arg 0.23 ± 0.00 0.25 ± 0.00 0.25 ± 0.01 0.24 ± 0.01 0.25 ± 001

Cys 0.13 ± 0.02 0.14 ± 0.00 0.15 ± 0.01 0.14 ± 0.00 0.15 ± 0.01

Met 0.12 ± 0.01 0.12 ± 0.01 0.11 ± 0.00 0.11 ± 0.00 0.11 ± 0.01

B1% GT, biscuits with 1% green tea powder; B3% GT, biscuits with 1%
green tea powder; B1% BT, biscuits with 1% black tea powder; B3% BT,
biscuits with 3% black tea powder; Asp, aspartic acid; Thr, threonine; Ser,
serine; Glu, glutamic acid; Pro, proline; Gly, glycine; Ala, alanine; Val,
valine; Ile, isoleucine; Leu, leucine; Tyr, tyrosine; Phe, phenylalanine; His,
histidine; Lys, lysine; Arg, arginine; Cys, cysteine; Met, methionine; mean
± deviation

T a b l e 3

ANTIOXIDANT ACTIVITY, TOTAL POLYPHENOL AND FLAVONOID CONCENTRATION IN PREPARED BISCUITS

Parameter B1% GT B3% GT B1% BT B3% BT Control

DPPH [mg TEAC/g] 1.28 ± 0.05 1.48 ± 0.03 1.53 ± 0.01 2.25 ± 0.12 1.04 ± 0.14

MRAP [mg TEAC/g] 28.13 ± 0.24 28.46 ± 0.12 30.00 ± 1.02 32.65 ± 1.42 26.93 ± 0.21

TPC [mg GAE/g] 0.37 ± 0.09 0.27 ± 0.03 0.40 ± 0.02 1.17 ± 0.02 0.09 ± 0.04

TFC [mg QE/g] 0.02 ± 0.00 0.03 ± 0.00 0.09 ± 0.01 0.13 ± 0.00 n.d

B1% GT, biscuits with 1% green tea powder; B3% GT, biscuits with 3% green tea powder; B1% BT, biscuits with 1% black tea powder; B3% BT, biscuits
with 3% black tea powder; mean ± standard deviation; DPPH, 2,2-diphenyl-1-picrylhydrazyl; MRAP, molybdenic reducing antioxidant power; TPC, total
polyphenol content; TFC, total flavonoid content; TEAC, Trolox equivalent antioxidant capacity; GAE, gallic acid equivalent; QE, quercetin equivalent; n.d.,
not detected
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total polyphenol concentration and reducing power of bis-
cuits (r = 0.977) and between free radical scavenging activ-
ity and total polyphenol concentration of biscuits (r =
0.973) were statistically significant.

Sensory characteristic. The results of taste (Fig. 1), fla-
vour, and overall acceptability of prepared biscuits showed
no strong differences in sensory evaluations. Biscuits varied
in terms of their aftertaste. Some evaluators felt a ‘grass
taste’ after consumption of biscuits with 3% green powder.
After consumption of biscuits with 3% black tea, some
evaluators felt a pleasant honey and chamomile aftertaste.
Generally all prepared biscuits were evaluated as harmonic,
pleasant with the best evaluation for the sample with 1%
green tea powder and 3% black tea powder.

DISCUSSION

The present study showed that addition of tea leaves powder
resulted in slightly increased concentration of crude fibre.
Fibre exerts significant influence on human health and
well-being and exhibits effect in prevention of arteriosclero-
sis, reducing risk of coronary heart disease, protecting
against colon cancer, and lowering glucose, cholesterol and
triglycerides concentrations in blood (Chawl and Patil,
2010). Gramza-Michalowska et al. (2016) determined di-
etary fibre fractions in cookies prepared with green and yel-
low tea leaves, and confirmed that tea leave addition in-
creased the neutral dietary fibre concentration (13.54–
14.77%) in comparison to the control (10.33%).

Biscuits enriched with tea leaves powder contained higher
level of total ash in comparison with control samples. Simi-
lar results were reported by Lu et al. (2010) and Gramza-
Michalovska et al. (2016), where sponge cake and cookies
were fortified with tea.

The results revealed that biscuits enriched with 3% of green
tea shared slightly increased amounts of isoleucine, leucine
and phenylalanine, while the biscuits enriched with 3% of
black tea revealed the increased concentration of three
amino acids (aspartic acid, glutamic acid and proline). Tea
is a very specific product and contains theanine, �-glutamyl-

ethylamide or 5-N-ethyl glutamine – non-protein amino
acid, which is the main free amino acid in teas, representing
as much as 50% of the total amino acid content in black tea
and 1–2% of dry weight of green tea. It is involved in many
biological effects such as promoting relaxation, inhibiting
caffeine’s negative effects and reducing blood pressure
(Hara et al., 1995; Wang et al., 2010). In our study, this
amino acid was not detected, but is very likely that enriched
biscuits with tea powder also contained this specific amino
acid.

Addition of tea powder increased the antioxidant activity of
biscuits in comparison with control samples. Also Gramza-
Michalovska et al. (2010) found that cookies enriched with
green and yellow leaves had significant higher antioxidant
activity by DPPH, oxygen radical absorbance capacity
ORAC), and 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid (ABTS) method. The authors concluded that
tea leaves can cause significant increase of total polyphenol
concentration. Tea is one of the richest sources of antioxi-
dants. The major antioxidants in tea are catechins,
theaflavins, thearubigins, oxyaromatic acids, flavonols,
(kaempferol, myricetin, quercetin), flavones such as
apigenin and derivatives of gallic acid, such as tannins, etc.
Green tea is known as an outstanding source of antioxi-
dants, which is characterised by the presence of large
amount of flavan-3-ols known as catechins (Yashin et al.,
2011). Sharma and Zhou, (2011) incorporated green tea ex-
tracts into biscuits and observed stability of catechins in the
biscuits making process. The obtained results showed that
green tea catechins were relatively stable in dough and their
stability decreased as the baking progressed and increased
as the concentration of green tea extract was increased in
the biscuit dough. The stability of (-)-EGCG increased
alongside with pH of the dough and decreased when pH
was neutral or slightly acidic.

Biscuit is a complex system containing wheat protein,
starch, water, fat, and sugar and is a combination of aqueous
and lipid phases. In comparison with the bread, the biscuit
matrix has a far higher proportion of the lipid phase and
sugar, which makes it unique in itself. Loss of catechins
could be attributable to the combined effect of alkaline pH,
interactions of the catechins with certain components of the
dough, the epimerisation or oxidation of catechins during
baking and the degradation of catechins during the various
biscuit making stages, including mixing and baking. Higher
concentration of total polyphenol and (-)-EGCG was found
than in other studies, which was due to high stability of
flavonols and phenolic acid during the baking. Sharma and
Zhou (2011) used a baking temperature of 160 °C for 10
min, but in our study the same temperature was combined
with a longer baking process. Therefore, we can conclude
that the samples before the treatment contained higher con-
centration of biologically active compounds.

The addition of new plant components into dairy and other
products might be a challenge for a producer in terms of
marketing success. The addition of tea leave powder has
been known for many years in Japan, where many retailed
products contain powdered green tea (Matcha) (Gramza-

Fig. 1. Sensory profiles of prepared biscuits (sum of all evaluations).

B1% GT, biscuits with 1% green tea powder; B3% GT, biscuits with 3%
green tea powder; B1% BT, biscuits with 1% black tea powder; B3% BT,
biscuits with 3% black tea powder; mean ± standard deviation
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Michalovska et al. 2016). This initiated motivation to create
a simple product with the direct addition of various tea
leaves. Consumers evaluated the sensory characteristics of
the product as good with the best overall acceptability of
products with 1% green tea and 3% of black tea powder ad-
dition (Fig. 1). Sensory characteristics (taste, aroma, colour,
crispness, and overall consumer acceptance) of cookies with
yellow and green tea in study of Gramza-Michalovska et al.
(2016) were determined with a ten-point hedonic scale and
did not revealed differences in sensory evaluations of
freshly baked cookies regarding the taste, aroma and crisp-
ness tests. However, overall acceptance of cookies was
variable. Evaluator remarks were focused on the grassy af-
tertaste in cookies enriched with tea as in other studies.

CONCLUSION

Our results showed that green and black tea leave powder
can be significant tools in improvement of the nutritional
value and antioxidant activity of biscuits. The addition of
tea leave powder resulted in a significant increase of the
crude fibre and ash concentration, but increase of amino ac-
ids concentration was not significantly. Biscuits enriched
with tea leaves had significantly higher antioxidant poten-
tial, which was associated with its polyphenol and flavonoid
concentration. We can conclude that the tea leaves can be
widely used as a source of polyphenols, crude fibre, ash and
therefore they could be beneficial for human health.
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BIOLOÌISKO UN SENSORO ÎPAÐÎBU NOTEIKÐANA CEPUMOS AR ZAÏÂS UN MELNÂS TÇJAS (CAMELLIA SINENSIS L.)
PULVERA PIEDEVU

Darba mçríis bija noskaidrot cepumu ar zaïâs un melnâs tçjas pulveru piedevu, kuru pievienoðanas daudzums ir 1% un 3%, bioloìisko
vçrtîbu un sensoro îpaðîbu intensitâti (garða, smarþa, pçcgarða). Kâ kontroles paraugs tika izmantoti cepumi bez tçjas pulveru piedevas.
Kopçjo fenolu un flavonoîdu saturs, kâ arî antioksidantu aktivitâte tika noteikta ar spektrofotometru, bet animoskâbju sastâvs, — pielietojot
aminoskâbju analizatoru AAA 400. Sensoro îpaðîbu intensitâtes novçrtçðana veikta, savâ starpâ salîdzinot cepumu paraugus ar tçju pulvera
piedevâm un kontroles paraugu. Salîdzinot ar kontroles paraugu, cepumu paraugos ar tçjas pulveru piedevu noteikts augstâks fenolu un
flavonoîdu saturs, kâ arî lielâka antioksidantu aktivitâte, izmantojot DPPH un fosfomolibdçna metodi. Visaugstâko antioksidantu aktivitâti
uzrâdîja cepumu paraugi ar 3% melnâs tçjas pulvera piedevu un, nosakot ar DPPH un fosfomolibdçnu metodçm, bija attiecîgi 2,30 un 33,45
mg TEAC·g-1. Savukârt kopçjais fenolu saturs bija 1,16 mg GSE·g-1, bet kopçjais flavonoîdu saturs 0,13 mg KE·g-1. Salîdzinot ar kontroles
paraugu, cepumu paraugos ar tçjas pulvera piedevu tika noteikts augstâks ðíiedrvielu saturs, respektîvi, augstâks ðíiedrvielu saturs (0,65%)
tika konstatçts cepumos ar 3% zaïâs tçjas piedevu. Eksperimentu gaitâ tika noskaidrots, ka visos paraugos, ir sabalansçts aminoskâbju
sastâvs ar nedaudz augstâku treonîna, serîna un metionîna saturu cepumu paraugos ar tçjas pulvera piedevâm. Cepumos ar zaïâs un melnâs
tçjas pulveru piedevu noteikta augstâka sensoro îpaðîbu — garðas, smarþas un pçcgarðas — intensitâte.
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