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ABSTRACT: The study aimed to evaluate the potential use of spent coffee powder
(SCP) and spent tea powder (STP) as bioactive supplements for sponge cake. To
achieve this aim, we initially compared the chemical properties of spent tea and coffee
powders with those of their raw forms. Subsequently, three supplemented cake blends
were prepared (1, 2, and 3% of SCP and STP) to test the effect of their addition on the
chemophysical characteristics, sensory attributes, and shelf life of the final products.
Our results indicated that spent tea and coffee are prospective materials for
polyphenols. Spent tea powder could retain up to 72% (theaflavin trigallate), while
spent coffee powder could retain up to 63.9% (1-caffeoylquinic acid) of the identified
compounds compared to the raw materials. Furthermore, spent tea and coffee powders
contained high levels of dietary fiber (18.95 and 31.65 g/100 g dry weight) and the
elements potassium (254.6 and 1218.2 mg/100 g of DW), phosphorus (189.8 and
161.3 mg/100 g of DW), calcium (904.1 and 237.8 mg/100 g of DW), and magnesium
(158.8 and 199.6 mg/100 g of DW). In addition, the fortified samples with SCP and STP significantly enhanced the nutritional
values while retaining good sensory qualities compared to those of the control sample. Moreover, cakes fortified with the highest
concentrations of SCP and STP (3%) showed a significant decrease in malondialdehyde content (MDA; 17.7 and 18.0 μg/g) and
microbiological counts (2.4 and 2.5 log cfu/g) compared to the control cake after 14 days of storage. These findings suggest that
incorporating SCP and STP into cakes not only enhances their nutritional value but also extends their shelf life. By utilizing these
waste products, we can contribute to a more sustainable and ecofriendly food industry.

■ INTRODUCTION
For many years, human development and population growth
have been accompanied by the exhaustion and depletion of
natural resources and the generation of a significant amount of
agri-food waste due to following the linear economy model of
“produce, use, then throw away”.1

Tea and coffee are the most consumed beverages around the
world due to their pleasant aroma, health benefits, and even
religious beliefs.2,3 They are rich in bioactive substances, and
their consumption is linked to health benefits, including anti-
inflammatory, antioxidant, antiviral, antiallergic, anticancer, and
cardiovascular benefits.4,5 Furthermore, they could enhance
memory, mood, and cognitive ability.6,7

For both products, around 10% of the dry weight is extracted
during brewing in their infusions while around 90% is finally
disposed into landfills.2,8 However, only low molecular weight
components are extracted in their respective infusions while the
spent coffee powders and tea leaves still retain considerable
amounts of bioactive substances, including polyphenols, fibers,
and essential elements.2,9−11

Currently, the awareness of the general farmers and
consumers of terms including sustainable development and

circular bioeconomy helped in mitigating this problem, and agri-
food waste is now accepted as a valuable resource and re-entered
the supply chain via recycling, valorization, energy recovery, and
other uses.2,12−17 In this context, there have been studies on the
use of used spent coffee and tea leaves in the field of livestock
nutrition, agricultural compost, or production of biogas, or
valorized for their bioactive molecules.2,13,18−21 However, there
is a lack of research on the use of spent tea and coffee in the
production of novel foods.22−24

It has been noted that research on natural functional food
additives, including those that exhibit high antioxidant activity,
has been developing rapidly in recent years. Consumers prefer
antioxidants derived from natural plant sources versus possibly
hazardous, manufactured chemicals.25−28 In this context, several
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studies have explored the effects of fortifying bakery products
with coffee, tea, or their extracts on the technological and
nutritional properties of the final products.29−33 However, to our
knowledge, less effort is made to incorporate spent tea or Arabic
coffee in making sponge cakes and to investigate their effects on
the sensorial, technological, and shelf lives of the final products.
Therefore, the current study aimed to (I) evaluate the use of
byproducts of tea and Arabic coffee as a novel functional food
ingredient in bakery goods; (II) study the impact of adding
spent tea or Arabic coffee ground on the sensory qualities,
nutritional values, and shelf life of the final product; and (III)
validate our findings using chemometric methods. All in all, we
aimed to provide normal households with easy-to-use methods
to reduce their carbon footprint by utilizing their nutrient-rich
food wastes to prepare diverse food concepts to their liking,
social habits, and lifestyle.

■ MATERIALS AND METHODS
Materials.Materials used were H2O2 30% (ultrapure for AA,

CARLO ERBA Reagents GmbH, France); HNO3 65% (ICP
grade); the element Ca, Na, K, Mg, P, Fe, Mn, Zn, Cu, Cd, Cr,
Se, and Sr standards 1000 mg/L (ICP grade); n-hexane 100%
(Sigma-Aldrich, USA); acetone and acetic acid (HPLC grade,
CARLO ERBA Reagents GmbH, Germany); Folin-Ciocalteu
Reagent 20% (Fluka, Milwaukee, Wisconsin, United States);
acetonitrile (HPLC grade); ethanolamine 98%; trichloroacetic
acid (TCA); DPPH, ABTS, BHT, Vit C 99.9%, and
epigallocatechin gallate (Sigma-Aldrich, Germany); and gallic
acid 98% (Fischer, UK).

The black tea and Arabic coffee used in this investigation were
purchased from a local market in Saudi Arabia.
Methods. Preparation of Spent Coffee and Tea Powders.

Bags of Arabic coffee or black tea were soaked in 100 mL of
boiling distilled water for 10min while being gently stirred. After
this, spent coffee or tea was retrieved and repeatedly rinsed with
distilled water to remove soluble and colored components. The
solid was cleaned with distilled water and then dried in an oven
for 24 h at 60 °C. The dried leaves were then pulverized and
sieved into small particles less than 500 μm and kept at room
temperature until used in polyethylene bags. After that, it was
crushed into a fine powder in a laboratory mill, as described by
Zuorro and Lavecchia.34

Cake Ingredients and Processing. Cake samples were made
using a modified approach of Ahmed35 using food-grade
ingredients purchased from the local market. Table 1
summarizes the cake recipe and lists the various ratios of
employed Arabic coffee or black tea powders used in this study.
The control caking process followed the following scheme
(Figure 1):
The formula’s flour was substituted with spent Saudi coffee or

black tea powders at 1, 2, and 3% ratios to make the substituted
cake batters. The mixing process was carried out in the same
order as that for the control. After baking, the cake was taken out
of the pans, cooled completely at room temperature, and then
sealed in polyethylene bags for 14 days of storage. After the pans
were removed, samples were obtained within 1 h and frequently
at weekly intervals for examination.
Determination of the Physical Properties of Cake Samples.

After 1 h of baking, the cake sample weight, volume, and specific

Table 1. Mixing Ratios of the Control and Substituted Cake Blendsa

cake blends

ingredients (g) control C-STP1 C-STP2 C-STP3 C-SCP1 C-SCP2 C-SCP3

wheat flour 72% 100 99 98 97 99 98 97
STP 0 1 2 3 0 0 0
SCP 0 0 0 0 1 2 3
sugar 60 60 60 60 60 60 60
shortening 50 50 50 50 50 50 50
fresh whole egg 85 85 85 85 85 85 85
dry milk powder 3 3 3 3 3 3 3
baking powder 4 4 4 4 4 4 4
vanillin 0.6 0.6 0.6 0.6 0.6 0.6 0.6

aC-SCP1, C-SCP2, and C-SCP3: cakes with the addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1, C-STP2, and C-STP3: cakes
with the addition of 1, 2, and 3% spent tea powder, respectively.

Figure 1. An illustration of the baking process of cake samples.
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volume were determined according to Randez-Gil et al.36

Furthermore, the tristimulus color scheme was used to
determine the Hunter values L*, a*, and b* of all cake samples
using a Minolta Calorimeter (CR-200, Japan) according to the
method described by Francis.37

Sensory Evaluation of Cake Samples. The test was carried
out according to the ethical guidelines of King Faisal University
(approval number ETHICS834) by a sensory panel consisting
of four females and six males (aged between 33 and 55 years
old). They are well-trained and have no known illnesses,
allergies, or intolerances to any of the ingredients used in our
experiment. Cake samples were evaluated in two separate
sessions in a well-lit and ventilated sensory roomwith an average
temperature of 25 °C. During each session, 2 cm-thick slices
labeled with three-digit randomized codes were served and the
panelists were asked to perform visual and ortho- and retro-nasal
evaluations of the samples for the attributes appearance, crust
and crumb colors, crumb texture, taste, odor, and overall
acceptability. The selection of these attributes and experimental
design were according to our previous research.28,38 The panelist
rated these attributes based on a 10-point numerical with a range
between 0 “strongly dislike” and 10 “strongly like”. The panelists
used water between samples to eliminate the residual taste
according to the AACC 33-50.02 method.39

Microbiological Analysis. Ten grams of cake (crumb with
crust) was removed and put into a sterile stomacher bag using
aseptic procedures for the microbiological analysis procedure,
which was carried out following Łopusiewicz et al.40 with a
minor modification. A BagMixer (INTERSCIENCE, Saint-
Nom-la-Bret̀eche, France) was used to blend the samples for 1
min after diluting them with 90 mL of sterile physiological saline
(0.9%). The proper decimal dilutions were made in sterile
buffered peptone water from Merck, Darmstadt, Germany. On
Plate Count Agar (Merck, Darmstadt, Germany), total micro-
bial counts were counted and cultured for 24 h at 37 °C in
aerobic conditions. To identify molds and yeasts, 1 mL of
diluted sample was spread-plated on potato dextrose agar and
incubated aerobically for 72 h at 28 °C. By counting plates with
30−300 colonies, the number of microorganisms was counted in
triplicate and the viable cell counts were expressed as log CFU/g
of the materials.
Chemical Measurements. Before analysis, the three separate

samples of cakes from each treatment were mixed to produce
single consistent samples. After that, triplicates of each chemical
measurement were performed on the unified samples.
Proximate Analysis. Dry matter (DM), total nitrogen, crude

protein, ash and water-soluble ash fraction (WSAF), total
carbohydrates, and reducing sugars were all assessed using the
procedure described in A.O.A.C.41 Crude fiber was measured
according to the manufacturer’s manual using a completely
automated method (Foss Fibertec 8000, Denmark).
Element Analysis. Before analysis, 1 g from each sample was

digested using H2O2 or 8 mL of HNO3 in a closed microwave
digestion/extraction system (SINEO MDS-6G SMART,
China).42 The mixtures were then chilled, filtered, and diluted
with 25 mL of ultrapure water from the Milli-Q system
(Millipore, France). Finally, elements were injected using an
ASX-280 autosampler, and the elements were measured using a
Shimadzu ICP-OES (9820 Series, Tokyo, Japan) fitted with an
Argon AS 93plus autosampler to ensure the purity of the plasma
and the carrier gas (purity >99.995%). Each element was
quantified using a calibration curve fitted by its respective
standard solution (calibration range from 0 to 10 mg/L).

Extraction and Determination of Phytochemicals. Two
grams of each dried sample was mixed with a solvent system
consisting of acetone/water/acetic acid (70/29.5/0.5; v/v/v),
shaken for 2 h at 25 °C (Witeg shaking water bath, Wertheim,
Germany), and centrifuged at 10,000g for 20 min at 20 °C
(Hermel Z36HK, Germany), and finally the supernatant was
collected. This procedure was repeated, and the supernatant was
combined. The extract was then evaporated under low pressure
and redissolved in acetonitrile to a final volume of 10 mL.
Total phenolic content was determined according to the

method of Goffman and Bergman43 after minor modifications.
0.1 mL of the extract was mixed with 0.50 mL of deionized water
and 0.25 mL of Folin−Ciocalteu reagent. After 5 min, 0.5 mL of
0.5 M ethanolamine was added to the mixture and the mixture
was incubated for 90 min for color development. The
absorbance was then measured at 760 nm using a Thermo
Scientific Evolution 350 UV−vis spectrophotometer (Massa-
chusetts, USA). The total phenolic concentration was expressed
as gallic acid (GA)/100 g of sample dry weight (DW).
Determination of the total condensed tannins (TCTs)

applied by precipitation of condensed tannins by polyvinyl
poly pyrrolidone PVPP, and after that, TCT content was
established by the difference between total polyphenols TP and
the residual nonadsorbed or nontannin polyphenols RNAPC.44

One milliliter of PVPP (100 mg/mL) in deionized water was
charged with 0.1 mL of sample, and then the mixture was
vortexed for 1min and incubated in a shaking water bath (Witeg,
Wertheim, Germany) at 40 °C for 15 min. Then, the mixture
was centrifuged at 4000 rpm for 5 min at 4 °C. The RNAPCwas
measured in 100 μL of the supernatant by Folin−Ciocalteu
reagent as described in the TP measurement step. Epigalloca-
techin gallate was the reference standard, and the TCT was
calculated from % (TP − RNAPC).
Determination of DPPH and ABTS Radical Scavenging

Capacity. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging capability was calculated according to the method of
Goffman and Bergman43 with some modifications. The
phytochemical extract was mixed with 0.9 mL of DPPH solution
(80mg/L in 100%methanol) and incubated in darkness at room
temperature for 30 min, and finally, the absorbance was
measured at 517 nm. The percentages of DPPH radical
scavenging activities in samples were estimated by using the
following formula:

where Ablank denotes the absorbance of the blank and Asample
denotes the absorbance of the sample.
The 2,2′-azino-bis ethylbenzthiazoline-6-sulfonic acid

(ABTS) radical scavenging capability against BHT and Vit C
was calculated according to the method of Re et al.45 with some
modification, where potassium persulfate 2.45 mM and ABTS 7
mM were mixed at a 1:1 ratio (v/v) and incubated for 4 to 16 h
to allow complete oxidation of ABTS. Before measurements,
ABTS was diluted with ethanol, and then 0.9 mL was mixed with
0.1 mL of the test samples, the mixture was incubated for 1 min,
and finally the absorbance was measured at 734. The following
equation was used to determine the antioxidant activity of the
tested samples and standards based on the decrease in
absorbance at varied doses:
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where Astandard denotes the absorbance of the standard and
Asample denotes the absorbance of the sample.
Characterization of the Individual Phenolics Using UPLC-

MS/MS. Characterization of the individual phenolics was

according to El-Beltagi et al.28 For measurements, 20 μL of
each extract was injected and the separation was achieved using a
Waters ACQUITY UPLC−I class using an ACQUITY UPLC
BEH column (C18 1.7 μm−2.1 × 100 mm). The flow rate was
0.8 mL min−1, and the mobile phase consisted of a binary
gradient of 0.5% formic acid in deionized water (A) and 100%
methanol (B) at 0.8 mL/min at 25 °C. The gradient used was as

Figure 2. Proximate composition of the raw materials. The data is represented as the mean ± SD of three replicates. According to Duncan’s test at p ≤
0.05, the different letters represent the significance inside each bar. CP: coffee powder; TP: tea powder; SCP: spent coffee powder; STP: spent tea
powder; WF 72%: wheat flour 72% extraction; WSAF: water-soluble ash fraction; TRS: total reducing sugar.

Table 2. Macro and Trace Elements of Raw Materialsa

minerals mg/100 g DW WF (72%) TP CP STP SCP

Ca 30.0 ± 19.1e 670.5 ± 0.4b 170.0 ± 0.01d 904.5 ± 0.5a 237.8 ± 0.3c

K 140.0 ± 0.9e 771.0 ± 0.7c 1874.0 ± 0.01a 254.6 ± 0.7d 1218.2 ± 0.1b

Mg 125.0 ± 0.8e 170.0 ± 0.6c 225.0 ± 0.1a 158.8 ± 0.2d 199.5 ± 0.6b

P 0.10 ± 0.00e 240.0 ± 0.6a 215.0 ± 0.4b 189.8 ± 0.3c 161.3 ± 0.1d

Na 119.0 ± 0.4a 15.8 ± 0.5b 8.66 ± 0.07c 15.0 ± 0.02b 8.87 ± 0.2c

Fe 1.0 ± 0.00c 11.2 ± 0.06b 0.011 ± 0.00d 15.6 ± 0.2a 0.012 ± 0.0d

Mn 0.50 ± 0.007d 53.9 ± 0.4a 3.25 ± 0.004c 50.2 ± 0.2b 3.20 ± 0.1c

Zn 0. 60 ± 0.00c 2.0 ± 0.001a 1.08 ± 0.01b 1.84 ± 0.1a 1.06 ± 0.02b

Cu 0.0001 ± 0.00c 2.5 ± 001b 0.001 ± 0.00c 2.86 ± 0.06a 0.001 ± 0.00c

Cr 0.00 ± 0.00c 0.10 ± 0.00b 0.00 ± 0.00c 0.103 ± 0.001a 0.00 ± 0.00c

Cd 0.00 ± 0.00 0.000 ± 0.00 0.00 ± 0.00 0.004 ± 0.00 0.00 ± 0.00
Sr 0.00 ± 0.00b 0.003 ± 0.00b 1.50 ± 0.00a 0.001 ± 0.00b 1.48 ± 0.03a

aThe data is represented as the mean ± SD of three replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the
significance inside each column. CP: coffee powder; TP: tea powder; SCP: spent coffee powder; STP: spent tea powder; WF 72%: wheat flour 72%
extraction.

Figure 3. Secondary metabolites of rawmaterials. The data is represented as the mean± SD of three replicates. According to Duncan’s test at p ≤ 0.05,
the different letters represent the significance inside each bar. CP: coffee powder; TP: tea powder; SCP: spent coffee powder; STP: spent tea powder;
WF 72%: wheat flour 72% extraction.
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follows: 0 min, 15% B; 0 to 15 min, linear gradient to 15% B; 15
to 25 min, linear gradient to 25% B; 25 to 35min, linear gradient
to 50% B; 35 to 50 min, linear gradient to 75% B; 50 to 55 min,
linear return to 15% B; and 55 to 57 min, isocratic at 100% B to
re-equilibrate. The identification was achieved by using Xevo
TQDMS (Milford, Massachusetts, U.S.A). Argon was used as a
collision cell gas inlet at 7 psi, and nitrogen pressure was at 60
psi. The MS was set to an atmospheric pressure ESI source
(negative ion mode). The electrospray capillary voltage was set
to 3000 V, with a nebulizing gas flow rate of 12 L/h and a drying
gas temperature of 300 °C. The mass spectrometry data was
acquired in the scan mode (mass range m/z 100−1000). Data
interpretation was achieved by MassLynx v4.1 software, where
the mass metabolite spectral library compared mass spectral
data. The metabolite library identifies and validates molecules
using high mass accuracy MS/MS spectra, Rt, and isotopic data.
MDA Determination by TBARS. For this test, malonaldehyde

content (MDA) from cake samples using trichloroacetic acid
and measured using thiobarbituric acid reagent according to
Vyncke,46 and the absorbance was measured at 525 and 560 nm.
Statistical Analysis. According to Mahmoud and Magdy47

and Mahmoud et al.,48 the data was prepared for statistical
analysis by being tested for outliers, normalized, and calculated
z-scores when it was discovered to be normally distributed. To
examine the differences between samples based on the means
and standard deviations of triplicates for each of the variables
and 10 in another variable, a one-way ANOVA was conducted,
followed by Duncan’s test. The XLSTAT 2022 (Addinsoft,
Paris, France) spreadsheet program was used for principal
component analysis (PCA). Finally, heatmap-based hierarchical
clustering was performed using the web tool “Morpheus Open”
(last accessed on: May 22, 2023).

■ RESULTS AND DISCUSSION
Characterization of Raw Materials. Proximate Analysis.

Figure 2 reports the approximate chemical analysis of coffee
powder (CP), tea powder (TP), spent coffee powder (SCP),
spent tea powder (STP), and wheat flour (WF 72%). Generally,
raw tea powder and coffee ground have higher proximate
contents compared to their spent forms, where coffee powder
has the highest concentration of gray matter (95.11 g/100 g
DW), total carbohydrate (30.29 g/100 g DW),WSAF (41.41 g/
100 g DW), and total reducing sugar (22.48 g/100 g DW). On
the other hand, tea powder has the highest crude protein and ash
levels (21.60 and 5.79 g/100 gDW, respectively). It is noted that
spent materials possessed lower proximate components
compared to their forms. This difference can be attributed to
the hydrophilic properties of these chemicals, which facilitate
their extraction at high temperatures when brewing coffee
grounds and tea powder. Consequently, the concentrations of
these compounds decrease during the brewing process.49,50 The
only exception was spent coffee powder, which has the highest
crude fiber among all samples (31.65 g/100 g DW).
Mineral Composition. Generally, the results of ICP-OES

indicated that all raw materials (tea powder, coffee powder,
spent coffee, and tea powders) have higher macro and trace
element contents than wheat flour (Table 2). When comparing
the unused materials, tea powder has the highest concentrations
of Ca (670.3 mg/100 g DW), P (239.6 mg/100 g DW), Mn
(54.2 mg/100 g DW), and Zn (2.0 mg/100 g DW) whereas
coffee ground contained the highest amounts of K (1874 mg/
100 g DW), Mg (225.2 mg/100 g DW), and Sr (1.5 mg/100 g
DW). Finally, wheat flour has the highest Na concentration
(119.3 mg/100 g DW).
Spent tea powder contains more amounts of Ca, Fe, and Cu

(904.1, 15.6, and 2.9 mg/100 g DW, respectively) than the raw
tea. Similarly, spent coffee contained higher K and Mg (237.8
and 1218 mg/100 g of DW, respectively) than the raw coffee.

Table 3. LC-Tandem MS Identification of Phenolic Compound Content in Tea Powder (TP), Spent Tea Powder (STP), Coffee
Powder (CP), and Spent Coffee Powder (SCP)a

amount (mg/g)

compound name ret. time (min) [M + H]− base beak (m/z) TP STP % of residual components in STP

1 gallic acid 5.174 169 125 12.1311 6.7698 55.81
2 gallocatechin 5.370 305 125 13.3357 9.4743 71.04
3 epigallocatechin 6.008 193 134 11.6923 Nd 0.00
4 catechin 7.864 289 289 10.9873 0.7757 7.06
5 chlorogenic acid 8.280 353 353 11.6469 0.8362 7.18
6 caffeic acid 9.948 197 135 11.7437 1.1396 9.70
7 epigallocatechin gallate 11.045 457 287 12.2593 1.4659 11.96
8 epicatechin 12.382 289 289 80.1692 35.9521 44.85
9 gallocatechin gallate 12.548 457 287 120.4337 Nd 0.00
10 epicatechin gallate 15.726 441 169 30.3867 1.3820 4.55
11 catechin gallate 17.748 441 169 11.1799 1.6092 14.39
12 ellagic 19.690 301 257 11.0955 1.9654 17.71
13 quercetin-3-O-galactoside 21.484 463 301 12.1586 1.3008 10.70
14 theaflavin 23.733 563 563 60.0017 20.3382 33.90
15 theaflavin trigallate 24.062 1019 867 110.7092 80.7743 72.96

amount mg/g

compound name ret. time (min) [M + H]− base beak m/z CP SCP % of residual components in SCP

1 1-caffeoylquinic acid 1.910 353 173 171.1329 109.4265 63.94
2 3-feruloylquinic acid 12.072 367 177 60.3371 14.5921 24.18
3 3,4-dicaffeoylquinic acid 12.832 515 353 310.0614 40.7680 13.15

aResidual components % calculated from STP or SCP concentration based on the corresponding TP or CP concentration.
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The increase in the concentration of these elements might be
attributed to the loss of the total weight of the samples, e.g., loss
of dry matter, ash, and caffeine, during brewing.49,50

Total Secondary Metabolites. The secondary metabolites of
the raw materials are displayed in Figure 3. Our findings showed
that raw materials varied depending on their total phenol,
tannin, and condensed tannin concentrations. In comparison to
the other samples, tea powder had the greatest levels of total
phenols (18.5 g/100 g DW), total tannins (13.2 g/100 g DW),
and condensed tannins (10.1 g/100 g DW). Coffee powder had
the highest levels of total phenols (15.1 g/100 g DW).
Additionally, STP has greater levels of total phenols (12.0 g/
100 g DW), total tannins (11.1 g/100 g DW), and condensed
tannins (8.9 g/100 g DW) as compared to spent coffee powder.
Individual Secondary Metabolites. UPLC-tandem MS was

used for the identification and quantification of the phenolic
contents of the coffee powder, tea powder, spent coffee powder,
and spent tea powder ethanolic extracts, as shown in Table 3 and

Figures S1 and S2. A total of 15 compounds were identified in
TP, while epigallocatechin and gallocatechin gallate were absent
in the chromatogram of spent tea powder; on the other hand,
three compounds were detected in coffee powder and spent
coffee powder. The quantity of all detected phenolic compounds
is reduced in spent tea or coffee compared with their quantity in
tea powder or coffee powder. The residual quantities of
theaflavin, gallocatechin, GA epicatechin, and theaflavin were
found to be 72.96, 71.07, 55.81, 44.85, and 33.9%, respectively.
From these prominent results, we can deduce first the
considerable percentage of phenolic compounds retained in
the spent tea powder and second the possible antioxidant
activity of the spent tea powder. Similarly, 63.94% of 1-
caffeoylquinic acid was retained in the spent coffee powder.
From the obtained results, most tea powder and spent tea
powder compounds belong to the phenolic acids and theaflavins
group while coffee powder and spent coffee powder compounds
belong to the phenolic acids group.

Figure 4. Antioxidant activity of raw materials (A) and IC50 (B) compared to standard antioxidants expressed in μmol Trolox/100 g. The data is
represented as the mean± SD of three replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the significance inside each bar.
CP: coffee powder; TP: tea powder; SCP: spent coffee powder; STP: spent tea powder; WF 72%: wheat flour 72% extraction.
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The most abundant compounds in tea powder were
gallocatechin gallate (120.4 mg/g), theaflavin trigallate (110.7
mg/g), epicatechin (80.2 mg/g), theaflavin (60.0 mg/g), and

epicatechin gallate (30.4 mg/g). In addition, the most abundant
compounds in spent tea powder were theaflavin trigallate (80.8
mg/g), epicatechin (36.0 mg/g), theaflavin (20.3 mg/g),

Figure 5. PCA biplot showing the variation between raw and spent tea and coffee.

Table 4. Proximate Composition of Cake Samplesa

cake blends

parameters(g/100 g DW) control C-STP1 C-STP2 C-STP3 C-SCP1 C-SCP2 C-SCP3

dry matter 71.1 ± 0.04a 68.2 ± 0.2e 68.6 ± 0.03d 68.9 ± 0.01d 69.1 ± 0.3c 70.1 ± 0.01b 70.2 ± 0.01b
ash 3.85 ± 0.1b,c 4.04 ± 0.02a 4.08 ± 0.01a 4.11 ± 0.03a 3.78 ± 0.01c 4.04 ± 0.02a,b 4.06 ± 0.02a
crude fiber 0.12 ± 0.001g 0.31 ± 0.001f 0.50 ± 0.00d 0.69 ± 0.00c 0.44 ± 0.001e 0.76 ± 0.003b 1.07 ± 0.03a
aThe data is represented as the mean ± SD of three replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the
significance inside each column. C-SCP1, C-SCP2, and C-SCP3: cakes with the addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1,
C-STP2, and C-STP3: cakes with the addition of 1, 2, and 3% spent tea powder, respectively.

Table 5. Macro Elements and Trace Elements of Cake Samplesa

cake blends

minerals
(mg/100 g DW) control C-STP1 C-STP2 C-STP3 C-SCP1 C-SCP2 C-SCP3

Ca 156.7 ± 0.001g 170.3 ± 0.05c 183.8 ± 0.03b 201.5 ± 0.2a 160.0 ± 0.04f 163.6 ± 0.004e 167.1 ± 0.02d
K 132.6 ± 0.02g 135.8 ± 0.08f 139.1 ± 0.08e 142.7 ± 0.2d 150.4 ± 0.02c 168.2 ± 0.03b 186.0 ± 0.03a
Mg 63.4 ± 0.1g 65.3 ± 0.02f 67.1 ± 0.06d 69.3 ± 0.2b 66.0 ± 0.1e 68.5 ± 0.2c 70.8 ± 0.03a
P 117.5 ± 0.09g 120.6 ± 0.2e 123.4 ± 0.1c 126.6 ± 0.2a 120.1 ± 0.003f 122.5 ± 0.07d 125.0 ± 0.09b
Na 297.5 ± 0.05a 297.2 ± 0.05a,b 296.9 ± 0.7a,b 296.6 ± 0.2b,c 297.5 ± 0.7a 296.7 ± 0.06b,c 296.5 ± 0.3c
Fe 1.24 ± 0.3d 1.52 ± 0.04c 1.76 ± 0.05b 1.99 ± 0.02a 1.29 ± 0.01d 1.33 ± 0.01d 1.29 ± 0.01d
Mn 0.264 ± 0.04d 1.00 ± 0.01c 1.71 ± 0.06b 2.39 ± 0.3a 0.28 ± 0.001d 0.34 ± 0.001d 0.38 ± 0.001d
Zn 0.861 ± 0.07a 0.846 ± 0.01a 0.91 ± 0.06a 0.912 ± 0.03a 0.84 ± 0.001a 0.86 ± 0.001a 0.85 ± 0.001a
Cu 0.006 ± 0.00d 0.050 ± 0.001c 0.09 ± 0.00b 0.143 ± 0.001a 0.006 ± 0.00d 0.006 ± 0.00d 0.006 ± 0.001d
Se 0.009 ± 0.00a 0.012 ± 0.004a 0.01 ± 0.00a 0.01 ± 0.00a 0.009 ± 0.00a 0.009 ± 0.00a 0.009 ± 0.001a
Cr 0.00 ± 0.00 0.002 ± 0.00 0.01 ± 0.00 0.005 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Cd 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Sr 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 0.00 ± 0.00d 0.02 ± 0.00c 0.04 ± 0.00b 0.08 ± 0.00a
aThe data is represented as the mean ± SD of three replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the
significance inside each column. C-SCP1, C-SCP2, and C-SCP3: cakes with the addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1,
C-STP2, and C-STP3: cakes with the addition of 1, 2, and 3% spent tea powder, respectively.
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gallocatechin (9.5 mg/g), and GA (6.8 mg/g). In this context,
Moldoveanu and Oden51 indicated that GA, epigallocatechin
gallate, epicatechin gallate, epigallocatechin, epigallocatechin,
and epicatechin are the most common phenolics in tea samples.

In another study, Jeszka-Skowron et al.52 indicated that 5-, 4-,

and 3- caffeoylquinic acids are the most abundant phenolics in

coffee Arabica and Robusta.

Figure 6. Secondary metabolites of cake samples. The data is represented as the mean± SD of three replicates. According to Duncan’s test at p ≤ 0.05,
the different letters represent the significance inside each bar. C-SCP1, C-SCP2, and C-SCP3: cakes with the addition of 1, 2, and 3% spent coffee
powder, respectively; C-STP1, C-STP2, and C-STP3: cakes with the addition of 1, 2, and 3% spent tea powder, respectively.

Figure 7.Antioxidant activity of cake samples compared to standard antioxidants expressed in μmol Trolox/100 g. The data is represented as the mean
± SD of three replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the significance inside each bar. C-SCP1, C-SCP2, and
C-SCP3: cakes with the addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1, C-STP2, and C-STP3: cakes with the addition of 1, 2, and
3% spent tea powder, respectively.

Figure 8. Physical properties of cake samples fortified with spent tea and coffee powder. The data is represented as the mean ± SD of three replicates.
According to Duncan’s test at p ≤ 0.05, the different letters represent the significance inside each bar. C-SCP1, C-SCP2, and C-SCP3: cakes with the
addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1, C-STP2, and C-STP3: cakes with the addition of 1, 2, and 3% spent tea powder,
respectively.
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Figure 9.Crust color (A), crumb color (B), and baked control and fortified cake samples. The data is represented as the mean± SD of three replicates.
According to Duncan’s test at p ≤ 0.05, the different letters represent the significance inside each bar. C-SCP1, C-SCP2, and C-SCP3: cakes with the
addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1, C-STP2, and C-STP3: cakes with the addition of 1, 2, and 3% spent tea powder,
respectively. Lightness (L*), redness (a*), and yellowness (b*).
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Furthermore, Ramdani53 compared the phenolic profile of
raw and spent black tea profiles and indicated that the number of
compounds and their concentrations were higher in the raw tea
than in its spent form. However, the author indicated that spent
tea powder still presented considerable amounts from these
compounds and promoted their ability to present nutritional
values upon consumption.
Antioxidant Activity. The Trolox equivalent antioxidant

capacity of raw materials was tested by using the DPPH and
ABTS assays (Figure 4 A). The most pronounced increases in
DPPH (2197.9 and 1790.5 μmol Trolox/100 g DW) and ABTS
(1988.3 and 1988.3 μmol Trolox/100 g DW) were detected in
coffee and tea powder, respectively. In addition, spent tea

powder has higher DPPH activity (1093.7 μmol Trolox/100 g of
DW) than spent coffee powder while spent coffee powder has
higher ABTS activity (1051.2 μmol Trolox/100 g of DW) than
spent tea powder (Figure 5A). ROS scavenging (IC50) is related
to antioxidant activity, and the lower the IC50, the greater the
antioxidant activity of the sample. The lower IC50 of DPPH
(12.6 and 21.1 μg/g) and ABTS (15.3 and 29.4 μg/g) were
detected in CP and TP, respectively (Figure 4B).
Overall Evaluation of Raw Materials. The PCA was

performed first to establish a comparison between the raw and
spent tea and coffee powders and then to understand the
possible effects after the inclusion of their spent form in the cake
at different addition levels. When examining the characteristics

Table 6. Sensory Evaluation of Sponge Cake Fortified with Different Levels of Spent Coffee or Tea during Different Storage
Periodsa

time sample appearance crust color crumb color texture taste odor overall

day 0 control 9.7 ± 0.5a 9.4 ± 0.5a 9.3 ± 0.6a 8.9 ± 0.7a 8.9 ± 0.7a 9.0 ± 0.8a 9.2 ± 0.7a
C−STP1 8.7 ± 0.6b,c 8.1 ± 0.8c,d 8.2 ± 0.9c,d 7.5 ± 1.2c,d 7.6 ± 0.9b−d 8.4 ± 0.1a,b 8.0 ± 0.9c−e
C−STP2 8.3 ± 0.6c,d 8.5 ± 0.9b,c 8.5 ± 0.5b,c 7.9 ± 0.7b,c 7.8 ± 1.0b,c 8.7 ± 0.9a 8.2 ± 1.0b−d
C−STP3 8.2 ± 1.0c,d 8.1 ± 0.8c−e 8.1 ± 1.0c−e 6.8 ± 1.1d−g 7.4 ± 1.1c,d 6.9 ± 1.1d−g 7.0 ± 0.6g−i
C−SCP1 9.3 ± 0.9a,b 9.3 ± 0.9a 9.1 ± 0.7a,b 8.5 ± 0.7a,b 8.9 ± 0.7a 8.8 ± 0.7a 8.8 ± 0.4a,b
C−SCP2 9.2 ± 0.7a,b 9.2 ± 0.6a 9.4 ± 0.5a 8.7 ± 1.3a,b 8.8 ± 0.7a 8.7 ± 0.9a 8.8 ± 0.7a,b
C−SCP3 9.1 ± 0.8a,b 8.9 ± 0.7a,b 8.6 ± 0.5b,c 8.0 ± 1.5b,c 8.3 ± 0.6a,b 8.3 ± 0.6a,b 8.5 ± 0.5b,c

day 7 control 7.4 ± 0.9e−h 7.8 ± 0.6d−f 7.6 ± 0.8d−g 7.5 ± 0.7c,d 7.3 ± 0.6c,d 7.5 ± 0.8c,d 7.7 ± 0.5d−f
C−STP1 7.4 ± 0.9e−h 7.2 ± 0.6f,g 7.4 ± 0.8e−g 6.8 ± 0.6d−g 6.9 ± 0.7d−g 7.3 ± 0.6c−f 7.3 ± 0.6f−h
C−STP2 7.1 ± 0.7f−i 7.4 ± 0.5f,g 7.5 ± 0.5d−g 6.9 ± 0.7d−g 7.0 ± 0.6d−f 7.9 ± 0.5b,c 7.6 ± 0.7d−g
C−STP3 6.9 ± 0.9g−j 7.0 ± 0.6g,h 7.5 ± 0.5d−g 6.4 ± 0.9e−h 6.9 ± 0.9d−g 6.8 ± 0.6d−g 6.6 ± 0.5i−k
C−SCP1 8.0 ± 0.6c−e 7.9 ± 0.7c−f 7.8 ± 0.4d−f 7.3 ± 0.6c,d 7.8 ± 0.7b,c 7.5 ± 0.5c,d 7.5 ± 0.5e−h
C−SCP2 7.7 ± 0.5d−f 7.8 ± 0.6d−f 7.6 ± 0.5d−g 7.3 ± 0.9c−e 7.5 ± 0.5c,d 7.7 ± 0.6b,c 7.6 ± 0.5d−g
C−SCP3 7.6 ± 0.5d−g 7.4 ± 0.7d−g 7.2 ± 0.7f,g 7.1 ± 0.8c−f 7.2 ± 0.6c−e 7.4 ± 0.5c−e 6.9 ± 0.5h−j

day 14 control 6.1 ± 0.5k,l 6.2 ± 0.4i 6.2 ± 0.7i 6.3 ± 0.6f−h 6.1 ± 0.7h 6.2 ± 0.6g,h 5.9 ± 0.7k,l
C−STP1 6.3 ± 0.8j−l 6.3 ± 0.6i 6.1 ± 0.3i 6 ± 0.4g,h 6.2 ± 0.6g,h 6.3 ± 0.6g,h 5.9 ± 0.9l
C−STP2 6.4 ± 0.7i−l 7.4 ± 0.5e−g 6.9 ± 0.9g,h 6.1 ± 0.7g,h 6.2 ± 0.4g,h 6.4 ± 0.8g,h 6.2 ± 0.7k,l
C−STP3 5.9 ± 0.7l 7.0 ± 0.6g,h 6.9 ± 0.9g,h 5.6 ± 0.5h 6.0 ± 0.6h 5.7 ± 0.6h 5.8 ± 0.4l
C−SCP1 6.6 ± 0.8i−l 6.4 ± 0.5h,i 6.3 ± 0.6h,i 6.1 ± 0.5g,h 6.5 ± 0.8e−h 6.3 ± 0.5g,h 6.2 ± 0.6k,l
C−SCP2 6.7 ± 0.6h−k 6.4 ± 0.7h,i 6.1 ± 0.5i 6.2 ± 0.7f−h 6.4 ± 0.7f−h 6.6 ± 0.5f,g 6.3 ± 0.6j−l
C−SCP3 6.3 ± 0.6j−l 6.2 ± 0.6i 5.8 ± 0.6i 6.0 ± 0.6g,h 6.1 ± 0.6h 6.7 ± 0.8e−g 6.0 ± 0.6k,l

aThe data is represented as the mean ± SD of 10 replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the significance
inside each column. C-SCP1, C-SCP2, and C-SCP3: cakes with the addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1, C-STP2,
and C-STP3: cakes with the addition of 1, 2, and 3% spent tea powder, respectively.

Figure 10. Levels of TBARS in cakes fortified with spent coffee and tea powder over 14 days of storage. The data is represented as the mean ± SD of
three replicates. According to Duncan’s test at p ≤ 0.05, the different letters represent the significance inside each bar. C-SCP1, C-SCP2, and C-SCP3:
cakes with the addition of 1, 2, and 3% spent coffee powder, respectively; C-STP1, C-STP2, and C-STP3: cakes with the addition of 1, 2, and 3% spent
tea powder, respectively.
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of raw and spent pure tea and coffee powders, two principal
components have explained 93.2% of the variation among
samples (Figure 5), where the first principal component (PC1)
differentiates samples based on their source (tea vs coffee) while
the second principal component (PC2) differentiates between
treatments (raw vs spent). The raw samples generally showed
higher proximate and phenolic contents and higher antioxidant
activities. This implies that the preparation conditions (diffusion
time and temperature) facilitated the extraction of these
components. Furthermore, the release of phenolic compounds
from the matrix reduces spent powders’ antioxidant capacities.
On the other hand, the spent sample possessed higher

elemental composition than their respective raw samples. We
postulate that these elements were presented in pound forms
within the cells and released after heat treatment. This finding is
supported by the results of Dobrinas et al.54 when examining the
transfer rate of elements Fe and Cu from the different tea leaves
into their infusions and reported that, depending on the
temperature, infusion time, and tea type, this rate could vary
between 0.67 and 122.5%.
Chemical and Physical Characteristics of the Final

Products. Proximate Analysis of Cakes. According to the
proximate analysis, the control cake had the highest DM content
(71.03 g/100 g DW) of all the samples (Table 4). In contrast,
cakes made with different levels of spent coffee and tea powders
contain higher ash and crude fiber contents, in which the cakes
made with the addition of 3% spent coffee and tea powders

showed the most significant increases in ash (4.08 and 4.13 g/
100 g of DW) and crude fiber (1.10 and 0.69 g/100 g of DW),
respectively. Previous reports indicated that adding spent coffee
and teas to bakery products improved their fiber and ash
contents compared to the control.24,55−57

Mineral Composition of Cakes. Compared to control cakes,
the findings showed that all macro- and trace elements, except
Na, considerably increased in cakes prepared with the addition
of spent coffee and tea powders at various concentrations (Table
5). Among fortified cake samples, the cakes made with the
addition of 3% spent coffee and tea powders showed the most
substantial increases inmacro and trace elements. In contrast, Cr
and Cd were not found in any of the cake samples and Se had no
significant effect on any of the samples. Reports have indicated
that fortifying bakery products with coffee or tea can significantly
increase their elemental contents including Ca, K, and Mg.58,59

Total Secondary Metabolites. In baked goods, samples of
cakes supplemented with 1, 2, and 3% spent tea and coffee
powder showed an increment in the total phenols and total
tannin content compared to the control cakes. The levels of total
phenols and total tannins were greater in samples fortified with
STP. The highest concentrations of phenols (0.12 and 0.10 g/
100 g DW) and tannins (0.11 and 0.04 g/100 g DW) were
detected in cakes fortified with 3% spent tea and coffee powder,
respectively (Figure 6).
Our results are comparable to those of Koh et al.,60 who found

that the tannin level of all the cookies made with spent tea
powder was much higher than that of the control cookies. The
high tannin content of the spent tea powder may be blamed for
this. Due to the oxidation process used in their manufacture,
which causes organic matter to break down and release tannins,
spent tea powder had greater tannin content.61 The tannin
concentrations of the cookie samples produced by the addition
of spent coffee and tea powders were noticeably low in the
current study. The heat breakdown of tannin during baking may
be to blame for this.62 According to the findings, all of the
cookies’ tannin concentration was within the allowed level for
their antinutritional effect when consumed by humans.60

Spent coffee powder had a total phenolic content that was
23.5 times higher than wheat flour.63 In addition, the spent
coffee powder had the highest total phenolic content. All the
bread and bakery products fortified with spent coffee powder
had higher total phenolic content as compared with 100%
wheat-based bread.10,58 Phenolic substances are essential for
maintaining human health.28

Antioxidant Activity. The Trolox equivalent antioxidant
capacity of cake samples was tested by using the DPPH and
ABTS assays (Figure 7). Furthermore, all cake samples showed a
significant increase in DPPH and ABTS activity compared to
control cakes. The higher concentrations of ABTS (32.5 and
29.9 mol Trolox/100 g DW) and DPPH (32.6 and 29.2 mol
Trolox/100 g DW) were found in cakes fortified with 3% spent
coffee and tea powders, respectively.
Previous studies attributed the antioxidant capacities of coffee

and tea to their phenolic contents.7,13,64 Our findings indicate
that the residual phenolic compounds in spent tea or coffee
could survive the heat treatment, thus exhibiting antiradical
activity in cake samples fortified with STP or SCP. Previous
reports showed similarities with our findings, where various
bakery goods fortified with raw tea or coffee powders, their
extracts, or their spent forms presented higher antioxidant
activities compared to the controls.29,57,63−65

Figure 11.Total bacterial count (A) and total mold and yeast count (B)
per log cfu/g and in sponge cake fortified with different levels of spent
coffee or tea during different storage periods. The data is represented as
the mean ± SD of three replicates. C-SCP1, C-SCP2, and C-SCP3:
cakes with the addition of 1, 2, and 3% spent coffee powder,
respectively; C-STP1, C-STP2, and C-STP3: cakes with the addition of
1, 2, and 3% spent tea powder, respectively.
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Physical Analysis. The physical features of the fortified cake
samples with varying spent tea and coffee powder concen-
trations (1, 2, and 3%) are shown in Figure 8. The data show that
there are nonsignificant effects between all samples and control
cakes in weight (g), height (cm), volume (cm3), and specific
volume (cm3/g) except for 2 and 3% spent tea powder, which
showed a significant decrease in the specific volume (cm3/g).
Our results are similar to those of Mashkour et al.,65 who

found that while the volume of all sponge cakes fortified with
green tea powder significantly decreased, there were no
significant differences between any of the examined samples
for weight. Gas is created, and the vapor pressure is increased
during baking. The gluten network holds gas during the rising
and heating stages. As a result, the gluten matrix responsible for
retaining gas was weakened when green tea powder was used in
place of flour in a cake, which has an impact on the volume.66

Additionally, there was no discernible difference in sample
weight between the cakes fortified with spent tea and coffee

powder. Therefore, the volume of these cakes was mostly
responsible for the increase in hardness.57 In addition, there are
no significant differences in weight and volume in bread fortified
with spent coffee ground.67

Another crucial aspect of a product’s quality is its color, which
has an impact on the overall acceptability of cookies by
consumers. Our findings demonstrated that apart from cakes
fortified with 1% spent coffee powder and 3% spent tea powder,
all samples significantly decreased the crust’s brightness (L*)
compared to control cakes (Figure 9A−C). However, all cake
samples, except for those fortified with 2 and 3% STP, did not
significantly differ in their levels of redness (a*). All cake
samples displayed a considerable reduction in yellowness (b*)
when compared to that of control cakes (Figure 9A).
Additionally, compared to control cakes, the crumb color’s
brightness (L*) dramatically decreased in all cake samples.
However, all cake samples, except those prepared by adding 1%
spent tea and coffee powder, showed a substantial rise in redness

Figure 12.Heatmap-based hierarchical test of control and fortified cake samples with tea or coffee. The intensities of the colors indicated the rates of
the measured variables from blue (the lowest value) to dark red (the highest value).
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(a*) compared to that of control cakes. In terms of yellowness
(b*), cake samples fortified with 1, 2, and 3% spent coffee
powder showed no significant difference, while cake samples
fortified with 1, 2, and 3% spent tea powder exhibited a
substantial reduction compared with control cakes (Figure 9B).
These findings concur with Ali et al.,56 who discovered that

adding spent coffee grounds to wheat flour at levels 2, 4, and 6%
lowered the L* and b* values but raised the a* value in contrast
to control biscuits. Because there was less light dispersion, the
brightness (L*) decreased as the concentration of dark spent
coffee grounds increased. It is generally known that an increase
in a* coincides with an increase in redness at the start of the
Maillard reaction, a nonenzymatic browning process.26 This is
because the brown color is too dark to be seen, related to the rise
of a* value and the reduction of b* value.68 Additionally, the L*,

b*, and a* values of the spent tea powder-infused cookies were
much lower than those of the control cookies, showing that the
inclusion of spent tea powder gave the cookies a darker hue.60

These might be related to the original color of spent tea powder
due to spent tea powder containing high amounts of phenols,
making it darker in color than wheat flour. Tea leaves go through
an enzymatic oxidation process that is catalyzed by polyphenol
oxidase during the making of tea. Fresh tea leaves initially
contain colorless catechins that, through oxidation, turn into
theaflavins and thearubigins with a reddish-brown coloring.
Eventually, the tea leaves take on a dark-brown hue.69 The
oxidation reaction that tea pigments and polyphenol com-
pounds underwent during baking, along with the participation of
sucrose in the caramelization process, may be responsible for the
color shift of baked cakes.57

Evaluation of Shelf Life. Sensory Analysis. Control and
supplemented cake samples were evaluated for their appearance,
crust and crumb color, texture, taste, odor, and overall
impression during different storage periods (0, 7, and 14 days)
(Table 6). The data showed that all sensory analysis in control
cake and cake fortified with spent coffee and tea powders
decreased significantly with increasing storage period. More-
over, all samples fortified with 1, 2, and 3% of spent tea powder
showed a significant decrease in all sensory analyses compared to
the control cake during the 0-day storage period. In addition,
crumb color, texture, and overall quality significantly decreased
in cakes fortified with 3% spent coffee powder compared to
control cake in a 0-day storage period. Moreover, cakes fortified
with 3% spent tea and coffee powders showed a significant
decrease in crust color and overall compared to the control cake
during the storage period of 7 days. In addition, the crust and
crumb of the cakes prepared with the addition of 3% spent tea

Figure 13. PCA biplot of control and fortified cake samples with tea or coffee.

Table 7. Pearson Correlation between TEAC Values and the
Total Phenolic and Elemental Contentsa

DPPH ABTS Mg P

DPPH 0.999 0.988 0.961
ABTS 0.999 0.983 0.969
total phenols 0.948 0.957 0.892 0.998

aBased on these results, we could attribute the increase in antioxidant
activities of the tea-fortified cake samples compared with the coffee-
fortified cake samples, contrary to their pure powder, to the following:
(I) having higher total phenolic contents, (II) having a richer phenolic
profile (11 identified compounds) that might have a synergistic
interaction between them, and (III) having higher Mg and P contents,
and altogether boasted the ability of the phenolic content to survive
the heat treatment and deliver the measured residual antioxidant
capacities.
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powder decreased significantly compared to the control cake.
Generally, all samples had an insignificant effect on odor except
3% spent tea powder, which showed a significant decrease
compared to the control cakes.
Our results are similar to the results of Daniel,58 who found

that there were noticeable color changes between the control
and bread enriched with spent coffee grounds. The color
acceptability of the bread declined when the amount of spent
coffee ground was increased; this was likely because of the spent
coffee ground’s dark coloring. The aroma and texture of white
bread and bread with 10, 8, and 6% spent coffee ground
incorporations were similar. Most of the volatile aromatic
chemicals in coffee are lost or removed during the brewing
process’s aqua phase, lowering the aromatics level in the spent
coffee grounds. This might not result in any discernible aroma
differences. Additionally, the texture of the biscuits with the
additions appear to be substantially identical to the control
without any discernible variations, which may be due to the
stronger emulsifying activity and stability of spent coffee
grounds, as previously reported by Ali et al.56 and Ballesteros
et al.9 However, the overall acceptance of the investigated
biscuits revealed no significant differences, making spent coffee
grounds a functional component with considerable potential to
be employed in biscuit products.56 Additionally, there were no
significant changes between the control and sponge cakes
fortified with 10 and 20% green tea powder in terms of the colors
of the crust and crumb, sweetness, flavor, texture, and overall like
scores.57

Thiobarbituric Acid Reactive Substances (TBARS). The data
in Figure 10 demonstrate that TBARS has significantly increased
in both the control cakes and cakes fortified with various
concentrations of 1, 2, and 3% of spent coffee and tea powders
with increasing storage period from 0 to 14 days. Additionally,
compared to the control cakes, the addition of various
concentrations of SCP and STP resulted in a considerable
drop in TBARS. Cakes fortified with 3% spent coffee powder
showed the greatest decrease in TBARS over the course of the
various storage times.
These results are compatible with those of Kozłowska et al.,70

who found that the durability of the fat increased with the length
of the induction time. Compared to the control sample, the lipid
fraction’s stability was increased in sponge fat cake fortified with
1% green tea extract. Tea catechins are capable of neutralizing
free radicals and chelating metal ions. They stop the free radical
chain reaction during lipid peroxidation by trapping hydroxyl
radicals and superoxide anions.71

Microbiological Analysis. To guarantee that the cake
samples were safe for human consumption, microbiological
testing was done. The data in Figures 11A,B and Table S1 show
that the total bacterial account, total mold, and yeast increased
significantly in control cakes and cakes fortified with spent coffee
and tea powders during storage for 7 and 14 days compared to
the 0-day storage. Moreover, cakes fortified with different
concentrations of SCP and STP showed a significant decrease in
the total bacterial account, total mold, and yeast compared to
control cake during each storage period.
Nevertheless, it should be noted that some microbes were

found because the cakes were not made and stored in completely
sterile settings. The primary ingredient in traditional cake and
bakery making, flour is frequently tainted with germs from cereal
grains.72 In addition to grain contamination, other factors that
affect rawmaterial microbial colonization include the state of the
milling equipment, packing, and storage facilities. They can form

when the flour moisture content rises above 15%, and as a result,
the quality of the gluten degrades, changing its organoleptic
qualities, increasing its acidity, and losing its baking properties.
Flour contains a variety of microflora in addition to molds.40 In
addition, the inclusion of spent coffee grounds in the
formulations of the biscuits and spent tea grounds in the
formation of cookies did not increase the microbial count,
indicating that the food item has good microbiological quality.60

Overall Evaluation of Cake Samples. The overall evaluation
of the fortified cake samples was established using the heatmap-
based hierarchical test (Figure 12). The test indicated that
samples and their variables were clustered into two groups. The
control sample along with all the coffee-fortified samples (cake
with 1, 2, and 3% coffee powder) and cake with 1% spent tea
powder are clustered together, while cake with 2 and 3% spent
tea powder are clustered in a second group.
From the first cluster, and based on the measured variables,

the control sample is differentiated by the highest rates of crust
L* and b* and crumb L* colors, two sensory attributes
(appearance and overall), dry matter, and specific volume. On
the other hand, it possessed the lowest concentrations of crude
fiber, total phenols, total tannins, the elements P and Ca, and the
lowest antioxidant capacity. Furthermore, cake with 1% spent
coffee powder is differentiated by the lowest ash and Zn with the
highest crust a*. In contrast, cake with 1% spent tea powder is
differentiated by the highest Se concentration and the lowest
DM and crumb a* level. Finally, cake with 3% spent tea powder
is differentiated by the lowest odor, overall, texture, and Crust L
values while having the highest total phenol, total tannins, crumb
b, and the elements P, Ca, Fe, Mn, Cu, Cr, and Cd. As for the
second cluster, cake with 3% coffee powder is differentiated by
the highest contents of crude fiber; the elements Mg, K, and Sr;
the color parameters crust L* and crumb b*; and the highest
antioxidant activity. On the other hand, it possessed the lowest
contents of the elements Fe, Mn, Cu, Cr, Cd, Se, and Na.
As for the fortified cake samples, principal components 1 and

2 explained 86.2% of the variation between samples (Figure 13),
where PC1 differentiates samples based on their fortification
type (tea vs coffee). Based on the measured variables, the
proximate components (crude fiber and ash), the phytochem-
icals (total phenols and tannins), and elements (Ca, Mg, P, Zn,
Fe, Mn, Se, and Cu) showed a higher tendency toward samples
that were fortified with spent tea. On the other hand, the coffee-
fortified cake samples showed comparable sensory attributes to
the control samples and higher color rates (crust a*, L*, and b*
along with crumb L* and b*), and higher concentrations from
dry matter and the elements Sr, K, and Na.
Contrary to the TEAC results of free tea and coffee powders,

samples fortified with spent tea showed antioxidant activities
(both by DPPH and ABTS) higher than those of the coffee-
fortified cake samples. Previous studies indicated that the
antioxidant activity of different tea samples is significantly
correlated with their total phenolic content and their
concentration from elements including Fe, Cu, and Mg within
certain limits, and they attributed that to the interaction between
these elements with the polyphenolic content in tea, which
resulted in a mutual increase in their activity.4,54 In another
study focused on the relationship between antioxidant activity
and the elemental composition of green coffee, the researchers
realized an increase in the antioxidant activities of the brews that
have the highest Mn concentrations.52 Furthermore, including
metallic ions Mg, Cl, Zn, and K helped reserve the color of grape
puree and peas.73,74 To test this theory, we performed a matrix
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Pearson-based correlation between the elemental and phyto-
chemical contents of raw and spent tea and coffee powders and
their respective cake samples and their measured TEAC values,
as assessed by DPPH and ABTS (Table 7). The results indicated
a positive correlation between the TEAC values, the total
phenolic contents, and the elements Mg and P (p < 0.05).
Furthermore, both elements were correlated with the total
phenolic contents (p < 0.05). However, the excess concentration
of these elements might be attributed to reducing the
bioavailability of phenolic compounds due to the formation of
metal-phenolic complexes, while free metals could act as
prooxidants.75

■ CONCLUSION AND FUTURE PERSPECTIVES
In conclusion, evaluating spent coffee and tea powders as
bioactive supplements for sponge cake showed promising
results. Both spent tea and coffee powders were rich sources
of bioactive compounds, including polyphenols, and retained
high levels of important dietary elements. By incorporation of
spent tea and coffee powders into the sponge cake blend, the
nutritional value of the cake can be enhanced, providing
additional health benefits to consumers. The presence of
bioactive compounds in the powders also contributes to the
potential antioxidant activity and reduction of peroxide
production and delays microbial growth during storage. Finally,
further research could explore the potential applications of
leftover coffee and tea powders in other food products such as
bread or snacks. Additionally, investigating the economic
feasibility of large-scale utilization of these waste products
would be beneficial in determining their viability for commercial
production.
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