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Most tanneries still use chromium as a tanning agent, specifically Cr(lI1), because of the their
hydrothermal stability and excellent physical properties. However, the use of these synthetic dyes
generates waste that is hazardous to the environment, especially the oxyanions of chromate and
some Cr(VI) salts. Due to this, there is a growing interest in natural dyes that produce
environment-friendly products, hence the search for vegetable tannins. This study attempts to
determine whether the tanning parameters of Syzygium cumini (L.) (S. cumini) bark are sufficient
to add to the list of the known vegetable tanning sources. To assess this, a methanolic extract was
analysed for the total polyphenol content (TPC), tannin content, and tannin-to-non-tannin ratio.
For the measurement of TPC, a colourimetric method utilising Folin-Ciocalteu reagent and
pyrogallic acid reference solution was employed. Quantification was done using UV-Vis at 760
nm, and this revealed a TPC of 48.6%. Also, the method validation was tested and proven suitable,
with an acceptable linearity from 12.81 — 27.45 pug/mL, and a LOD of 0.44 pg/mL. Moreover, the
tanning strength based on the tannins/non-tannin ratio was determined via the total soluble content
(TSC) and Stiasny number of the extract, with the assay showing an acceptable tanning strength
of 3.21 for S. cumini (L.), with high non-tannin content. These results indicate the potential
viability of using the S. cumini (L.) bark extracts for tanning purposes, hence useful as a viable
vegetable tanning material for the potential production of chromium-free leathers from sustainable
resources.

Keywords: Vegetable tanning, Total polyphenol content, Syzygium cumini, Non-tanning content,

Stiasny Index, Natural dye.

Introduction

The imperative for progress in chemical-, agricultural-,
textile-, and other industries has precipitated significant environmental
challenges. The extensive use of synthetic chemicals has resulted in the
contamination of water and soil, with dyes, employed for colour
processing and diverse industrial applications, emerging as substantial
contributors to water pollution.>? Approximately 90% of global leather
production relies on basic chromium sulfate as the primary tanning
agent.>5 However, the adverse environmental repercussions associated
with its tanning byproduct, hexavalent chromium, Cr(VI), underscore
the need for sustainable alternatives. Cr(VI), a non-biodegradable and
persistent environmental pollutant, is recognized for its carcinogenic-,
mutagenic-, and allergenic properties, posing significant health risks to
living organisms.® According to Agency for Toxic Substances and
Disease Registry of the U.S.
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Department of Health and Human Services, an exposure limit of 0.5
mg/m? chromium as chromium metal and Cr(I1) and Cr(111) compounds
averaged over an 8-hr work day is recommended, while a limit of 0.001
mg/m? for Cr(VI) compounds averaged over 10-hr work day.”

In response to these environmental concerns, vegetable tannins have
emerged as a highly recommended alternative.® Plant extracts, deemed
safe and renewable, offer promising natural chemical reagents, making
them ideal for application as industrial chemicals.® These sustainable
green tannins present an eco-friendly option, particularly when sourced
and extracted from plants using green chemical processes.

Polyphenols represent a broader category of secondary plant
metabolites with diverse subgroups, such as tannins, flavonoids, and
phenolic acids.’®'* They are naturally synthesised through plant
secondary metabolism and are identified in human nutrition. These
compounds stand out as the most prevalent phytochemicals derived
from plants.*>* Polyphenols gained prominence for their antioxidant
capabilities, which play an significant role in protecting cells against
oxidative stress and mitigating the risk of chronic diseases.'® Tannins,
on another hand, classified as polyphenolic compounds, renowned for
their astringency and protein-binding capabilities, have long been a
staple in the leather industry for treating hides and imparting colour.®
Their phenolic structure opens avenues for diverse applications such as
wood adhesives,’” insulating materials,® wastewater treatment,®
mineral processing, % and green biochemical exploration.?*?? For
example, China et al., condensed tannins were extracted from
Tessmannia burttii's stem and root barks, presenting a promising
environmentally friendly alternative to chromium salt, and contributing
to sustainable leather manufacturing. Carlquvist et al.?* on another hand,
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developed cationised tannins from Norway spruce bark, which were
adopted as renewable flocculants in wastewater treatment.

Condensed tannins, predominantly sourced from mangrove species,
wattle, and quebracho, particularly from their bark, stems, roots, and
leaves, are the primary commercial components extensively employed
in leather tanning within tanneries.?>?® Most locally used vegetable
tannins lack comprehensive characterisation, hindering scientific
insights critical for identifying and commercialising potential green
tannin sources to boost their supply. This study focuses on Syzygium
cumini (L.) (S. cumini), colloquially known as Jamun, a tropical
evergreen tree indigenous to the Indian subcontinent and Southeast
Asia, with widespread dispersion into numerous countries in Africa and
Latin America. Beyond its cultural and culinary significance, the bark
of S. cumini has drawn attention for its rich bioactive compounds,
including tannins and polyphenols.?” Scientific investigations into the
traditional use of S. cumini, particularly in diabetes and inflammation,
have highlighted its potential medicinal properties.?®

Tannins are natural dyes which are easily obtained from vegetables and
other plants and have found applications in various fields. For example,
Surana et al.?® extracted natural dye from the fruit of S. cumini after
which its optical and electrochemical properties for the development of
dye sensitised solar cell were studied, while Periyasamy, A.%° utilised
natural dye extracted from S. cumini fruits for the dyeing of cotton
fabric and Mariselvam et al.3* extracted natural dyes (tannins) from S.
cumini (L.), which showed good antibacterial activity, and thereafter
used in developing antimicrobial fabric. Furthermore, Shamsheer et
al.® extracted ecofriendly dyes from bark of S. cumini and applied it
directly for the dying of leather, however, there is no report of the
quantification and characterisation of the tannins and other polyphenols
in S. cumini for potential application in these leather tanneries. While
literature suggests the bark’s richness in tannins and polyphenols,
quantification and characterisation of these components are essential for
unlocking its full potential. This work employs various analytical
techniques to quantify and characterise tannins and other polyphenols
in S. cumini bark, providing valuable insights into its suitability as a
source of vegetable tannins for traditional and contemporary
applications, which will thereafter be added to the growing number of
renewable bioresources of dye and derivatives which are used in leather
and other colouration purposes.

Materials and Methods

Chemicals

All solvents were of chromatographic grade (> 99%) and all chemical
standards were of analytical grade (> 95%), while double distilled water
was used. Methanol (> 99.9 % ACS reagent was procured from Merck,
USA, and Folin-Ciocalteu’s phenol (FC) reagent obtained from Merck,
KGaA, while formaldehyde (37 % ACS reagent, 10-15% methanol) and
pyrogallol solution (= 98 % HPLC grade) were both purchased from
Sigma-Aldrich. Moreover, hydrochloric acid, HCI, (38 % ACS reagent)
was obtained from Mallinckrodt Pharmaceuticals, USA, as sodium
carbonate, Na.COs (ACS grade) was procured from Fisher Chemicals,
USA.

Syzygium cumini (L.) (S. cumini) Bark Sampling

The bark samples of S. cumini were collected at a nearby forest of
Paramaribo City located at latitude 5.82 and longitude -55.21, on
December 12, 2022, while the climate and observations of the
surroundings during the collection were noted. Identification of the
plant species was done by Dr. Iwan Molgo and a voucher specimen
(number UVS19822) was deposited in the the National Herbarium van
Suriname (BBS), Paramaribo, Suriname. The outer bark of S. cumini
was removed to reveal the dark brown and slightly red inner bark, which
was then stored inside air-tight plastic bags to prevent polyphenol
degradation from oxygen and light. Thereafter, the inner bark was
thoroughly cleaned and then air dried using a dehumidifier, according
to previous reports.?533 Afterwards, extraction using methanol from the
ground bark was carried out according to a previous study, 3 followed
by analysis for total solids (TSC), Stiasny index (Sl), total polyphenols
(TP), and analyte concentration.
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Crude Extract (CE) Test Sample

To prepare test samples, a volume of CE (3 mL) was diluted to 100 mL
in distilled water, and used as the stock solution, from where an aliquot
(1 mL) was used to prepare working solutions similar to the SWS.

Determination of the Total solids (TS), Stiasny Index (SI) and Total
polyphenols (TPs) and Analyte concentration

For the total solids content, three 10 mL (V1) samples were taken from
the crude extract and subsequently evaporated in a water bath until a
solid residue was obtained (W2), followed by drying to a constant
weigh. The TSC (%) of the CE was determined using the Equation 1.

Wa Vs 9
W X v X 100 % Eqgn. 1

Where; W1 = sample weight (g); W2 = weight residue after drying (g);
V1 = volume of extract fraction. This procedure was done in five
replicates using separate extracts.

For the SI, 5 mL of three samples each of the CE were taken and
concentrated to about 1 mL. According to Sousa et al.,3 the Stiasny
index can be determined by firstly reacting the concentrated extract with
10 mL of distilled water, 4 mL of formaldehyde, and 2 mL of 38 %
hydrochloric acid (which acts a catalyst) for the precipitation reaction.
Thereafter, the mixtures were heated for 35 min under reflux, resulting
in the formation of red-brown precipitate which was subsequently
collected in a crucible of known weight under vacuum filtration. The
solid residue obtained (tannin) was dried in an oven at 105 °C until mass
stabilisation. At this point, the red-brown precipitate has turned into
black flakes. The Stiasny Index (%) was then determined by calculating
the ratio between tannin mass and the mass of total extractives,
converted to a percentage according to the Equation 2.

S% = £ x 100 Eqn. 2.

Where; S (%) = Stiasny index; A = dry weight of the solid; B = dry
weight of extracts in 5 mL of the filtrate. This procedure was conducted
alongside the total solid measurements by taking separate fractions of
each prepared extract.

For the TPs, this was determined from a different CE prepared in five
replicates, using the procedure as previously described.

Furthermore, for the analyte concentration, a preliminary estimate in the
test sample was obtained by preparing two calibration standards. All
standards working solutions (SWS) were prepared from an analytical
grade pyrogallol solution (49.1 mg dissolved in 100 mL). The
concentration range of the calibration curve was determined by first
identifying the expected concentration of polyphenols with a two-point
linear regression equation. The marginal concentration values selected
were 1 ug/mL and 10 pg/mL.*% Each SWS was prepared from
independent stocks, while, aliquots (0.5 and 5 mL) of pyrogallol
solution were diluted to 10 mL in distilled water. To prepare the
working solutions, Folin-Ciocalteu’s phenol (FC) reagent (5 mL, 10%
v/v) was added to an aliquot of stock (1 mL) after which it was
thoroughly mixed, to form a clear green mixture. Afterwards, sodium
carbonate was added (4 mL, 7.5 % wi/v) 26 and the mixture was diluted
to 25 mL (pH = 13) in distilled water, followed by an incubation time
of 30 min.* The addition of sodium carbonate turned the green mixture
to dark blue almost immediately, and the quantification was done using
UV-Vis spectrophotometer (Fischer Scientific Genesys 10S, USA) at
760 nm. Finally, the regression equation y = ax + b obtained from the
polyphenol concentration (x in pg/mL) and the absorbance (y) plotted
in Excel were used to obtain the estimated analyte concentration. From
the estimated analyte concentration, another series of five SWS were
prepared so as to construct a multiple-point fitted calibration curve. To
prepare these SWS, different volumes of pyrogallol solution (aliquots
of 0.80 mL, 0.96 mL, 1.87 mL, 2.68 mL, and 2.90 mL) were diluted to
10 mL distilled water to make independent stock solutions. Of these
stock solutions, an aliquot (1 mL) was used to prepare the SWS. The
addition of Folin-Cioclateu reagent resulted into the formation of a dark
green-blue solution even before the alkali was being added. The final
concentrations were 1.60 pg/mL, 1.92 pg/mL, 3.75 pg/mL, 5.37 pg/mL,
and 5.81 pg/mL. These standards were measured 18 h after preparation,
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and storage was done at 25+1°C in the absence of light. The total
polyphenol (%) expressed as pyrogallol equivalents were calculated
according to the Equation 3.

cxV
Total Polyphenols (%) = 0 Eqn. 3

Where; c is the average concentration obtained from substituting test
sample absorbance values into the calibration curve equation, V is the
volume of sample solution (mL), and m is the mass of sample (g).

Method validation for linearity, precision, accuracy and limits of
detection and quantification

The linearity was assessed across the working range of results produced
by the Folin-Ciocalteu method with acceptable certainty. A series of test
samples spanning the range from 0.7 to 1.5 times the expected analyte
concentration was prepared to establish the linearity. The volumes of
stock samples measured are 0.7 mL, 0.9 mL, 1 mL, 1.2 mL, 1.5 mL for
which the working solutions are prepared similarly to the procedure
previously described. The final concentrations according to the dry
weight of the stock were equal to 11.35 pg/mL, 14.60 pg/mL, 16.22
pg/mL, 19.46 pg/mL, and 24.33 pg/mL respectively, with only the
16.22 pg/mL being prepared in triplicates. Visual inspection of the
plotted absorbance signals as a function of the analyte concentration
following the statistical analyses was used to evaluate the linearity of
the proposed method. To confirm this, the use of ordinary least square
method was justified by testing: (i) the normality (ii) the homoscedacity
(iii) the autocorrelation of the residuals.

According to the Committee for Human Medicinal Products,® the
precision of the analytical procedure is determined by using quality
control (QC) samples at different concentration levels that quantify the
extent of agreement of the replicate measurements with one another.
QCs are independent from the calibration standard samples, meaning a
different ES solution was prepared. Aliquots of ES analysed are 0.7 mL,
0.8 mL, 0.9 mL, 1 mL, 1.2 mL and are measured similarly to procedures
previously described. The final weight of solid extractives equated to
18.7 mg, 21.4 mg, 24.1 mg, 26.8 mg, 32.1 mg respectively. The intra-
day precision (repeatability) was assessed by measuring these 5 QCs on
the same day twice and the inter-day precision was determined by
analysing them in 3 analytical runs over two days. The coefficient of
variation (CV) for each concentration level was determined according
to the Equation 4.

CV(%) = x 100
. . Mean
A CV over 15 % is considered unacceptable.®®

Eqgn. 4

Moreover, the analytical procedure’s accuracy was tested through
statistical analysis of QCs that mimics the study samples. These was
prepared by spiking the matrix with a known quantity of analyte and
was independent from the calibration curve standard samples. However,
because the matrix and analyte are not exactly known, the preparation
of a separated matrix is not possible. Thus, the ES itself can be utilised
as QC samples. Different concentration levels across the range of the
analytical procedure were evaluated, i.e. a solution without spike, low
concentration (LC, 1 mL of spike solution) and high concentration (HC,
3 mL spike). The spike solution (40 pg/mL) was prepared from
pyrogallol solution and added to aliquots (1 mL) of ES, as triplicates at
each concentration level were prepared. Similar to the previously stated,
the addition of FC and sodium carbonate solution following
measurement at 757 nm allowed for the absorbances of the QCs was
used to calculate the percentage (%) recovery of the analytical
procedure, according to the Equation 5.

A'100
At

% recovery = Eqgn. 5

Where; A = absorbance of sample after addition of the standard; At =
theoretical absorbance calculated. The method is considered accurate if
the recovery percentages are between 85% and 115%.%

Furthermore, the limits of detection (LOD) and quantification (LOQ)
were calculated from the standard deviations of the y-intercept (o) and
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the slope (S) of the curve constructed from the linearity and the slope
using Equations 6 and 7, with a confidence interval of 95% according
to the ICH Q2 (R1) method validation guideline.®’

Lop (£2) = % Ean. 6
L0Q (ﬁ):% Eqn. 7

Results and Discussion

Moisture Levels of Dried Bark

After collecting the bark, the moisture content of the samples was
determined gravimetrically by drying. At an average relative humidity
(RH %) of 69 % +7 % and temperature of 55 °C +3 °C with variation
based on the weather reading, the bark samples were observed to have
lost an average of 11.39 g of moisture which is equal to an average
moisture content of 51.47 % (+ 3 %) over a drying period of 48 h.

Determination of Tannin and Non-tannins

Total Soluble Content (TSC) and Stiasny Number (SN)

Since the tanning strength of a vegetable tanning materials is judged
based on the tannins/ non-tannins ratio of the tanning liquor, the
determination of TSC in S. cumini bark was done by evaporating the
extract until the solid residue was obtained. Table 1 shows how the mass
of the residue along with the aliquot taken from CE (mL) and the
volume of solvent used for the extraction (mL) were to determine TSC
(%) (Egn. 1), while the SN was calculated using the weight of
phlobaphenes along with the TSC (%) of the sample analysed (Eqgn. 2).
The results were then plotted to inspect the data as well as identify the
possible outliers. Possible outliers were detected and removed by
median absolute deviation (constant b = 1.4826, threshold = 3) or MAD
outlier test, as shown in Fig. 1 (a) and (b). Values outside the control
limits (CL) warranted the inspection of the results obtained from other
fractions on the same day. For the TSC data, two observations
(observations 11 and 12, highlighted in red) were identified as outliers
while the others did not exceed the limits. Further inspection of the
observations showed that there were no anomalies in the extraction
phase, thus can be assumed to some form of human error during
weighing which played an important role. On the other hand, the SN
data shows an example where the extract of a specific day (observations
1-3) all revealed significant deviation from the mean. Although only
one of those observations exceeded the limit, it is therefore safe to
assume the errors occurred during extraction phase and all the three
observations have to be removed. The variability of the data can be
attributed to the multiple factors. First, the temperature of the
environment has a significant impact on the completion of the phenol-
formaldehyde condensation reaction, also known as the formation of
phenolic resins. This reaction is highly temperature-dependent due to
its mechanism and the thermodynamics involved in its chemical
kinetics.®® Also, the exposure to light during the experiment and
subsequent degradation of soluble polyphenols also play a critical
role,“’ as the sample fractions taken for test are relatively small. Hence,
this indicated that the most likely influence would be random error. The
distribution of the TSC data was plotted in a graph by frequency (Fig.
2(a) and (b)). This depicts a right skewing or asymmetrical distribution
of the data. A right skew indicates a mean (20.86 %) larger than the
median (16.74 %). Similar findings of non-normality were observed in
the SN data. When presented with non-normal continuous data,
transformations are often applied to increase the suitability of the
statistical analysis.** The log transformed data as shown in (Fig. 2(a)
and (b)) reduced the spread (log MsPormed SD = 0.1) of the data but
not skewness. Furthermore, the mean for the log-transformed data gives
statements about medians for the original data. This validates the use of
median and range to present the centre and spread of the TSC (median
16.7 % and values with a range from 14.9 % — 29.7 %) and SN (median
73.7 and values with a range from 61.3 — 99.40 %), being illustrated in
terms of the first and third quartile as shown in Fig. 2(c).
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Figure 1: Identification and confirmation of outliers in S.
cumini (L.) for (a) TSC data using MAD outlier test; (b) for

SN data using MAD outlier test.

Evaluation of the TSC and SN Data

Stiasny indices (SI) were found varying between 61.3 % and 99.4 %
with a median value of 73.7 %, while the TSC values obtained have a
range of 14.9 % to 29.7 % with a median value of 16.7 %. An
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experiment using similar procedures found extractive yields in other
common tannin producing trees ranging from 33.7 % to 50.2 % and a
Stiasny value ranging from 70.4-88.0 %,*? while SI for tannin
containing plant extracts ranging from 65.4—102 % was also previously
reported.*® The literature indicates, as outlined in Table 2, that the TSC
of S. cumini bark was found to be lower in comparison to other high
polyphenol containing plants. Conversely, the SI values was shown to
be within the ranges found for other plant species.

Determination of TPC and Validation of the Method

TPC Calibration Curve Using Pyrogallol

Evaluation of the observations

The concentration of TPC was determined using a calibration curve
(Fig. 3a) and a linear plot with an R? value of 0.9906 was obtained.
Before this calibration was used to determine the TPC, the linearity was
assessed through visual examination of the x-y plot, visual inspection of
the residuals of the calibration curve, and testing different assumptions
corresponding to the linearity of the residuals. To identify the points of
influence as well as issues with the experimental design, the residuals
were plotted and inspected visually (Fig. 3b and 3c). A point of
influence can cause either a leverage or bias effect on the line, while an
uneven distribution of the calibration levels could lead to an increased
bias effect from the center point, or leverage effect from the extremes.
A disproportionate effect from one point due to uneven distribution can
cause relatively small errors in the observed response to propagate into
more significant errors in the position of the regression line.*** Visual
inspection of the calibration curve suggests that the levels weigh more
heavily on the left part of the line, resulting in a leverage effect from the
right extreme. A solution to this would be to have added 1 more level
at around 7.5 pg/mL.

Conducting residual analysis of the linear model in Rstudio allow
problems in the visual inspection to be confirmed (Fig. 3c). Although it
is more difficult to identify randomness in small data sets, the residual
versus fits plot can detect non-linearity, unequal variances, and outliers.
The plot shows the deviation from the fitted line being relatively small,
with the largest standardised residual being 1.5 from the highest
concentration, as shown in Fig. 3c. Normally, an observation with a
standardised residual larger than 3 is deemed to be an outlier,*47 thus
indicating that there are no outliers. However, the residuals are not able
to confirm assumptions such as linearity or normality. To accomplish
this, elaborate statistical tests must be utilised such as the quantile-
quantile normality plot.*4°

()

Percentage

Components
SN
— TsC

‘ :
SN TSC

Components

Figure 2: (a)-(b) Skewed frequency distribution of S. cumini (L.) TSC data; (c) Presentation of median and range S. cumini (L.) TSC
and SN data in terms of the first and third quartile
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Table 1: TSC (%) and SN (%) determined for S. cumini bark methanolic extract

Parameter Day 1 Day 2 Day 3 Day 4 Day 5

Sample grams (W1) 10.11 10.01 10.20 10.01 10.02

Residue grams (W2) 0.2003 0.1831 0.1922 0.1114 0.1117 0.1108 0.0856 0.1765 0.1568 0.0997 0.7204 -0.5225 0.1037 0.1037 0.1041
(W2/W1) 0.01980 0.01810 0.01900 0.01113 0.01116 0.01107 0.00839 0.01731 0.01538 0.009963 0.07199 -0.05221 0.01035 0.01035 0.01039
TSC % (W2/W1)*(V1/V2) 29.71 27.16 28.51 16.70 16.74 16.61 25.18 25.96 23.06 14.94 107.99 -78.32 15.52 15.52 15.58
(%)

Phlobaphenes (g) 0.0305 0.0350 0.0343 0.0419 0.043 0.0424 0.0648 0.0644 0.0694 0.0332 0.0345 0.0337 0.0374 0.0318 0.0336
Stiasny Index (%) 31.79 36.48 35.75 75.29 7727 76.19 92.81 92.24 99.40 66.60 69.21 67.60 72.04 61.25 64.72

Table 2: Comparison of TSC (%) & SN (%) results to literature

Species TSC (%) SN (%) Ref.
Acacia 13-49.7 - 5

Acacia 33.7-50.2 70.4 - 88 42

R. mucronata, Quebracho - 65.4, 102 8

S. cumini 14.9-29.7 61.3-99.4 This work
(a) 7 o (€) = e i

Resouas

(O

o
P> (d) s Scale-Location

(b)

-~

T T T T T T =
T T T T T
0.2 o4 o6 o8 1o 1.2 02 o4 oe os 10 12

Fitted values Fitted valu

IM(Observed_Abs ~ Concentration) IM(Observed_Abs ~ ration)

Figure 3: (a) Visual inspection of calibration curve (absorbance vs concentration); (b) Residuals analysis plot against fitted observations for calibration standards; (c) Standardized
residuals analysis plot against fitted observations for calibration standards; (d) Residuals analysis of the normal quantile-quantile plot to assess linearity.
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If the normal quantile-quantile (QQ plot) plot of the standardised
residuals (Fig. 3d) is analysed, the assumption of normality can be
confirmed based on its approximately linear relationship. If a normal
probability plot of the residuals is approximately linear, we proceed
assuming that the error terms are normally distributed.*®*” Fig. 3d
shows a clear linear relationship between the observations, thus
confirming the assumption of normality in the data. Furthermore,
ordinary least squares method relies on a number of assumptions
besides normality, namely, the homoscedasticity and independency of
the error terms. The results of these tests, as indicated in Table 3,
confirm the assumption of homoscedasticity (p > 0.05) but suggests
dependency in the residuals (p < 0.05). This implies that a generalised
least squares method must be used in order to obtain the linear
regression model. This method is a modification of the ordinary least
squares’ method and considers the equality of variance in the
observations. Using Rstudio, the covariance matrix V is computed,
followed by the generalised lest square estimate ,%%5* which shows the
slope and intercept of the calibration curve for the statistical data for
regression line of the standard calibration curve and linearity test of
TPC in S. cumini (L) (Table 3).

TPC results

Using the linear regression equation as shown in Table 6, a calculated
average bark concentration of 7.80 pug/mL was obtained using the mean
absorbance for the working solutions from S. cumini (L.) (0.653 *
0.004). This was calculated using Equation 4 to a TPC expressed as
pyrogallol of 48.6 % (9753 + 42 mg % pyrogallic acid equivalents). In
an attempt to evaluate the obtained TPC, it was found that these results
are much higher than those obtained by Blainski and De Mello,%? with
a TPC of 23.5 % in L. brasiliense root extract. Also, the TPC in S.
cumini (L.) fruit determined by Migliato and coworkers®” showed a TPC
of 27.7 % while Chamnansila et al.® found 268 mg.% gallic acid
equivalents, with the TP levels for the bark extracts being similar to TP
in fruit extract. There are two main factors that influence such a high
TPC content. Firstly, the use of generalised least squares (GLS) method
changes the slope and intercept of the linear regression equation
drastically (ordinary least squares method OLSM y = 0.120x + 0.0630
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while GLS y = 0969x - 0.1031). Furthermore, the leverage effect caused
by the uneven spread of the concentration levels influences the slope of
the curve, which is also suggested by the position of the observation in
Fig. 4(a).

Comparing the extract with commercial tanning agents

The properties of extracts traditionally used in the leather tanning field,
quebracho and mimosa, were compared to those obtained in this
experiment. The properties compared are the total polyphenols %,
condensed tannins as %, non-tannins as %, and the tannin to non-tannin
(T/NT) ratio. This assists to indicate whether or not the proposed
method and plant extract could possibly be used as an alternative to
traditional vegetable tanning agents. For the comparison, the mean
values were used without the spread, as comparing between median and
mean is not advised. The TPC for S. cumini was much higher compared
to quebracho and mimosa plant (Fig. 4(b)), while the condensed tannin
levels are a little lower when compared to mimosa, but possess
significantly higher values for the non-tannin content, in comparison to
the both traditionally used plants which caused the drastic difference of
the T/NT ratio. Although these results differ with traditional tanning
agents. S. cumini still exhibited good potentials as its T/NT ratio
exceeds 1.5.2% This suggests that although the results obtained for the
tannin % are lower to quebracho and mimosa, the extract from S. cumini
bark is still suitable as an alternative tanning agent. Moreover, the
abundance of the S. cumini plants and the relative ease with which it
grows also make it appealing. Besides this, optimisations to the
experimental design to prevent degradation of polyphenols could cause
higher levels of tannins % to be detected. Although polymerisation of
condensed tannin assays is a common method used to determine the
concentration of tannins, it only provides an estimation, as the reaction
is never complete depending on the conformation of its structure, as
well as the type of linkage (A-type, B-type, or C-type) which have
different levels of resistance to polymerisation reactions.®* Furthermore,
the bark also contains a reasonable amount (less than 5 %) of non-
tannins which contain sugary substances, gums, soluble mineral salts
and acids that are extracted together with the tannins, which are
beneficial for producing a soft leather.%®

Table 4: Residual analysis of linearity data for the identification of possible outliers

Observation Predicted Y Residuals Standard Residuals

1 0.4728 -0.01481 -0.5912
2 0.5847 -0.01767 -0.7051
3 0.6406 0.008398 0.3350
4 0.6406 0.01540 0.6143
5 0.6406 -0.005602 -0.2235
6 0.7525 0.04454 1.777

7 0.9202 -0.03024 -1.207

Table 5: Precision for the used method of TPC determination in S. cumini (L.) samples in terms of CV(%)

Concentration level? Intra-day Interday
(ng/mL) Mean Std. Dev CV (%) Mean Std. Dev CV (%)
12.8 0.471 0.0007 0.2 0.491 0.02 3
14.6 0.539 0.001 0.3 0.561 0.02 3
16.4 0.615 0.004 0.6 0.601 0.02 3
18.3 0.625 0.004 0.6 0.670 0.02 3
22.0 0.758 0.004 0.5 0.735 0.03 4

2Concentration determined from the volume of sample and the dry weight of extractives in CE

Linearity

It is important that the concentration range for the sample to be analysed
has a linear relationship with the response. Having this range to be linear
means results that are obtained will be relatively accurate and precise.
To establish the linearity of the proposed method, a series of sample
solutions were analysed with one being done in triplicates for use in the
lack-of-fit test (Fig. 5). A linear plot was obtained with an R? value of

0.969. Similar to the calibration curve, in an attempt to evaluate the
linearity, the following procedure was followed: (i) visual inspection of
the x-y plot; (ii) visual inspection of the residual plot; (iii) testing
different assumptions to validate the use of OLSM.

Prior to the statistical analysis, a scatter plot of the observations was
visually inspected to identify possible points of influence. A clear
leverage effect is caused by the upper extreme of the regression line
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(Fig. 5), altering the slope. Furthermore, an examination of the change
in correlation coefficients (r?) indicates this extreme as a point of
influence. Replicates of each concentration give information on the
variability of the response measurements. %57

The Cook distance has been used previously for the detection and
removal of values with large error. Inspection of this plot (Fig. 6)
confirms the upper extreme of the regression line as an influential point,
but in order to be deemed as an outlier, the effect on the residual
variance is further examined. To accomplish this, points of standardised
residuals that are larger than 3 are subjected to outlier testing, as
indicated in Table 4. Similar to the Cook’s distance test, the residuals
of the observations (Figure 7(a)) showed the upper extreme to be a
source of error. Additionally, the 6™ observation also indicates this but
cannot be considered an outlier as it does not exceed the value of 3 as a
standardised residual.

(a) o5

Residuals vs Leverage

Standardized residuals

b

~e
- Cook's distarice
T T T T T T T T
0.0 0.1 0.2 03 04 05 06 07

Leverage
Im(Observed_Abs ~ Concentration)

b

W Quebracho
WMimosa

B Syzygium Cumini

M

Total Phenol Tannins Non-Tannins T/NT

Figure 4: (a) Confirming leverage effect of observations using
Cook’s distance; (b) Comparison of tannin, non-tannin, and
T/NT ratio to traditionally used vegetable tanning agents, as

obtained from Moursi A. I. N.%

Linearity Assessment

Through the testing of different residual assumptions, the use of
ordinary least square method (OLSM) can be validated.>® These tests
include (i) the normality (ii) the homoscedasticity and (iii) the
autocorrelation or independency of the residuals. Furthermore, the null
hypothesis of linearity for the model will be accepted or rejected based
on the significance of the F lack-of-fit test. The normality at o = 0.05 in
the residual plots was confirmed by the Shapiro-Wilk’s test and by
visual inspection, and also the quantile-quantile plot (QQ plot), which
portrays an approximate straight line. The QQ plot is shown in Fig. 7(b)
along with the W statistic and the obtained p-value. The normal
distribution of the residuals indicates random scattering that can also be
confirmed for the residuals of the standard calibration curve (Fig. 6).
The assumption of homoscedasticity at a = 0.05 for the residuals is
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confirmed (p > 0.05) by the Breuch-Pagan test, being derived from the
Lagrange multiplier (LM) test principle, which tests the variability in
the residuals (Table 3). The null hypothesis for this test assumes
homoscedasticity for the data, indicating that the residual variability
across the concentration levels is significantly different. If a conditional
heteroscedasticity is indicated, the weighted least squares method can
be used for the validation of linearity.3*58 The null hypothesis of the
Durbin-Watson (DW) test at o = 0.05 assumes that there is no serial
correlation in the residuals (independency of the data). When nearing
the value of 2, the DW statistic (d) indicates no autocorrelation and
independency of the data. In the case of autocorrelated data, the
generalised least square method is used to validate linearity. Since the
homoscedasticity and independency assumptions residual have been
confirmed (p > 0.05), the fit of the linear model can be tested by the F
lack-of-fit test at a = 0.05. A significant lack-of-fit (p < 0.05) would
indicate that the linear model is inadequate and a different model would
have to be used.*” The results of the test indicate a non-significant lack-
of-fit (p > 0.05), thus the concentration range 12.81 pg/mL to 27.45
pg/mL of S. cumini (L.) bark extract is linear (Table 3).
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09 S

08 4 o
[
8
2
&
267
o
2
=]
<<

06 1

(=]
05
I
04
10 15 20 25

Concentration (pg/mL)

(b) i
R? = 0.9955
1
09
8
< 08
&
2
2
2 07
<<
06
05
04
10 15 20 25

Concentration (pg/mL)

Figure 5: Leverage effect on the linearity regression line by
the upper extreme: R?, correlation coefficient

Precision

The precision is the degree of agreement among individual test results
when the procedure is applied repeatedly to multiple samplings.® This
can be quantified using the coefficient of variation (CV) otherwise
known as the relative standard deviation, which is a measurement of the
variability of the standard deviation with respect to the mean of the data.
The CV quantifies how much values vary relative to the mean value and
is calculated according to Equation 4. Generally, if the CV values for
inter- and intraassay should exceed 15 %, it means there are errors in
the analysis. The repeatability and intermediate precision for the
samples were measured at a concentration range of 12.8 pg/mL — 22.0
ng/ and show a CV ranging from 0.2 % to 4 % (Table 5) suggesting the
analysis is precise. On top of this, the data analysis showed a significant
difference between the means of the two days (ts = -0.8428, p < .05)
indicating a rapid fading of the blue colour, although the blue colour
that developed from the reduction of FC is relatively stable.
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Figure 7: (a) Linearity residuals plot for detection of possible
outliers, (b) Residuals analysis using normal quantile-quantile
plot to asses normality: W, Shapiro-Wilk’s statistics

Accuracy

Using the linear regression equation (Table 6), the theoretical
absorbance at low spike and high spike was calculated, and the ratio
between the actual absorbance and theoretical absorbance was
expressed as a percentage recovery according to Equation 5. The
percentage recovery varies from 103 % to 113 % with mean values
being 111 % and 105 % for low spike and high spike, respectively
(Table 6). Both levels fall within a range of 85-115 %, which has been
reported to be the lower and upper limits for acceptable error (tolerance
interval). Outside this interval, the method used is considered
inaccurate. As it was observed that the addition of FC reagent caused
blue-coloured oxides to form prior to alkalination, the possible causes
of error are other reducing compounds such as sugars present in the
sample solution. Other causes of error could be due to calibration drift,
as well as the sensitivity of the spectrophotometer.

Limits of detection and quantification (LOD & LOQ)

The LOD and LOQ are parameters in method validation that indicate
the degree of impurity in samples. The LOD is the lowest concentration
of an analyte in a sample that can be detected, but not quantified as an
exact value. The LOQ is the lowest concentration of analyte in a sample
that can be quantified with suitable accuracy and precision as an exact
value.%” Although these parameters can be calculated by different
methods, the method that uses the standard deviation of the response
and the slope of the linearity regression line was used in this analysis.
Using Equations 6 and 7 as well as the standard deviations of the slope
(0.0306) and standard deviation of the intercept (0.002 x 5) as shown
in Error! Reference source not found. 6, the detection limit was
calculated to be 0.44 pg/mL, while the LOQ was 1.46 pg/mL. These
results are in line with Migliato et al.*” who reported a LOQ of 0.64
pg/mL for the analysis of extract of S. cumini fruits.

Conclusion

This study explores Syzygium cumini bark extract as a potential
vegetable tanning agent for leather, due to its high polyphenol content.
The total polyphenol content (TPC) and tannin-to-non-tannin ratios
were determined, and the described method was validated analytically,
with TPC reaching higher values than commercially used quebracho
(32%) and mimosa (18%). All parameters analysed for the analytical
validation method using Folin-Ciocalteu reagent showed acceptable
results, indicating the method’s suitability for quantifying TPC in
Syzygium cumini bark extract. The high TPC in Syzygium cumini
suggest strong antioxidant and antimicrobial properties, which could
find potential applications in other industries including cosmetics and
pharmaceuticals.  Furthermore, it is recommended to make
methodological improvements and optimisation to obtain more
consistent results for tannin content.

Table 6: Accuracy for the proposed TPC determination in S. cumini (L.) samples in terms of % recovery

Sample

No spike

Low spike (1.6 ug/mL)

% recovery High spike (4.8 ug/mL) % recovery

Unspike 1
Unspike 2
Unspike 3
Mean
+SD

0.656
0.635
0.669
0.653
0.02

0.76
0.782
0.799
0.780
0.02

108 1.093 108
111 0.563* 55*
113 1.047 103
111 0.901 105
2.8 0.03 2.95

*Indicates values statistically proven to be outliers at Q-test > 0.76
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