',\' frontiers
in Nutrition

ORIGINAL RESEARCH
published: 07 September 2021
doi: 10.3389/fnut.2021.699555

OPEN ACCESS

Edited by:

Yuyun Lu,

National University of
Singapore, Singapore

Reviewed by:

Kingsley George Masamba,

Lilongwe University of Agriculture and
Natural Resources, Malawi

Pengzhan Liu,

South China University of

Technology, China

*Correspondence:
Chao Wang
chao_wang@jnu.edu.cn

*These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Nutrition and Food Science
Technology,

a section of the journal
Frontiers in Nutrition

Received: 23 April 2021
Accepted: 03 August 2021
Published: 07 September 2021

Citation:

Meng Z, YiL, Hu Q, Lin Z,
Ramaswamy HS and Wang C (2021)
Optimized Extraction and
Characterization of Folates From Date
Palm Fruits and Their Tracking During
Fruits Wine Fermentation.

Front. Nutr. 8:699555.

doi: 10.3389/fnut.2021.699555

Check for
updates

Optimized Extraction and
Characterization of Folates From
Date Palm Fruits and Their Tracking
During Fruits Wine Fermentation

Ziyi Meng ", Ling Yi'", Qingxin Hu', Zhiyi Lin', Hosahalli S. Ramaswamy? and
Chao Wang ™

" Department of Food Science and Technology, Jinan University, Guangzhou, China, ? Department of Food Science and
Agricultural Chemistry, Macdonald Campus of McGill University, Montréal, QC, Canada

Folates belong to the essential B vitamins group and participate in one-carbon
metabolism. Date palm fruits (Phoenix dactilyfera L. family Arecaceae) are consumed by
millions of people and are good sources of folates. To date, no detailed study has been
carried out on suitable methods for folate extraction from date palm fruits. In the present
study, an experimental design using response surface methodology (RSM) was used
to maximize the extraction yield of folates from date palm fruits by including enzymatic
depectinization. By applying this new strategy and a UHPLC-MS/MS technique for
analysis, total folate and different folate vitamers of three cultivars of date palm fruits
(Muzafti, Zahdi, and Rubai), brewer’s yeast, and fermented date wine were analyzed.
The optimized extraction conditions of folates from date palm fruits were found to be
a pectinase activity of 47.7 U, an incubation temperature of 40°C, and an incubation
time of 38 min, which vyielded a total folate content of 191-301 wg/1004g. In brewer’s
yeast, the extracted total folate content was very high (4,870 ng/1009), and, in the
resulting date wine, it reached a maximum of 700 pg/L on the fifth day. The predominant
folate vitamers in date fruit and fruit wine were 5-formyltetrahydrofolate (5-CHO-THF)
and 5-methyltetrahydrofolate (5-CHg-THF). During date palm fruit fermentation for up to 8
days, the 5-CHO-THF content gradually decreased by 20%, while 5-CH3-THF increased
linearly from day 1 to day 5 (y = 0.058 x 4+ 0.0284, R? = 0.9614). This study shows that
date palm fruit and fruit wine are excellent sources of folate, and further study can be
focused on different methods to improve folate stability during wine storage.

Keywords: date palm fruits, folate, depectination, wine-making, optimization

INTRODUCTION

Folates are water-soluble and essential B group vitamins with important functions in normal
growth and development. Folates are involved in the nucleic acid synthesis, repair, and methylation
as coenzymes in one carbon transfer metabolic reactions (1). Folate deficiency is still prevalent in
South Asia and central and western Africa (2). Folate deficiency can induce several syndromes
and diseases such as megaloblastic anemia, neural tube defects, spina bifida, anencephaly,
cardiovascular disease, and certain cancers (3).
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Folate is essential and the human body is unable to synthesize
it, and, therefore, it must be obtained from the dietary sources
(4). Typical sources of native folate include leafy green vegetables,
legumes, dairy products, liver, citrus fruits, and eggs, with
quantities ranging from 50 to 200 pg/100g (5). The FDA-
recommended daily intake is high (400 pg per day), and, hence,
identifying some non-traditional food sources rich in natural
folate would be useful.

Chemically, folate is composed of a pteridine ring, p-
aminobenzoate and is linked to polyglutamyl chains (a variable
number of glutamate moieties) (Figure 1) (3). Folate structures
differ with the oxidation/reduction state of the pteridine ring,
one-carbon substitution at the N5 and N10 positions or numbers
of polyglutamyl chain lengths (3). From our previous study,
it was found that methyl and formyl substitutions at N5
were the predominant folate forms in common foods which
correspond to 5-CH3-THF and 5-CHO-THEF (6). Folate in food
is very susceptible to heat, light, and oxygen (7). Therefore,
extraction and determining folate levels in food are very
challenging. Several methods have been reported for food folate
extraction and determination. For folate extraction, the widely
applied method is a trienzyme digestion procedure (a-amylase,
protease, and conjugase) (7). The enzymes o-amylase and
protease digest the complex carbohydrates and protein structures
to release the bound folates. Conjugases further hydrolyze
folate polyglutamates to monoglutamates for detection. This
method was reported to be particularly effective for cereal-based
products; however, this method is not compatible with folate
extraction from a high-pectin food matrix. In addition, some
previous studies also showed that pectin and oligosaccharides
or polysaccharides could entrap and slow the release of folate
(8, 9). Therefore, a new strategy needs to be developed to
release the entrapped folate in the pectin matrix, which is
important for accurate folate identification and quantification.
For folate quantification, the microbiological assay is the one
most commonly used method. Although this method is adequate
for determining total folate content, it cannot distinguish diverse
folate vitamers (7). Previously, we developed a UHPLC-MS/MS
method for quantification of different folate vitamers in different
plants with high sensitivity and accuracy (10).

Date palm (Phoenix dactilyfera L. family Arecaceae) is an
important commercial crop grown in Arab countries and has
a delicious sugary taste with a soft chewy texture. Date palm
fruits are consumed by millions of people, and, although they are
high in calories, they are a good source of several nutrients. The
sugar content ranges from 65 to 80% on a dry-weight basis and
are mostly present in the inverted form (glucose and fructose).
Several studies show that date palm fruits are a pivotal source
of dietary fibers, minerals, vitamins, and 23 types of amino acids
(some of which are not present in the most popular fruits such
as oranges, apples, and bananas) (11-13). They are also rich in
antioxidants (14). Date palm fruits are usually consumed as fresh
(raw) or milk or in partially dried form as soft fruits, which are
more stable. In recent years, date palm fruits have been used for
fermentation to make wines, which are also becoming popular
(15). Unfortunately, there is a serious dearth of scientific studies
on the optimization of folate extraction and quantification of
folate vitamers in different varieties of date palm fruits or date
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FIGURE 1 | Chemical structures of folate vitamers and polyglutamy! folate.

palm fruit wines. Since date palm fruits contain a significant
content of pectin (0.3%), in our preliminary studies, it was
observed that depectination of date palm fruits by pectinase
during folate extraction helps to increase the folate recovery yield.

Response surface methodology is an effective experimental,
mathematical, and statistical method to optimize an extraction
process within a set of ranges for key process variables. Response
surface methodology (RSM) can be used to obtain statistical
details of the influence of independent variables on the process
outcomes and to generate a set of mathematical models that could
be used to optimize the process. As compared with orthogonal
experimental design, RSM reduces the number of tests but still
provides a statistically significant model describing the effect
of process variables and their interactions. Such designs have
been successfully applied to optimize trienzyme (a-amylase,
pronase, and conjugase) extraction of folate from cereals in early
reports (16, 17).

Therefore, the objectives of this study were to (a) evaluate
and optimize the pectinase-assisted extraction of folates from
date palm fruits, using the RSM methodology and the UHPLC-
MS/MS method for folate quantification; (b) determine the
distribution of folate vitamers and the total folate content in
different varieties of dates under optimized conditions; and (c)
track changes in folates during the fermentation process for
making date palm wine. This is the first detailed study on the
optimization of pectinase-assisted extraction of folate from high-
sugar date palm fruits and folates in date palm wine.

MATERIALS AND METHODS

Chemicals
All the folate standards employed in this study are shown in
Table 1. Liquid chromatography-mass spectrometry (LC-MS)
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TABLE 1 | Folate standards used in this study.

TABLE 2 | Factors and levels for Box—Behnken design.

Standard Abbreviated name  Formula

1 (6R,S)-5-methyl-5,6,7,8-
tetrahydrofolic acid, calcium
salt

2 (6S)-5-methyl-5,6,7,8-
tetrahydrofolate-[13Cs]Glu,
calcium salt SMTHF ['2Cs]
Glu-Ca

3 Folic acid FA

4 (6R,S)-5,10-methenyl-5,6,7,8-  5,10-CH*THF.CI
tetrahydrofolic acid
chloride

5*CH3*G|U.C8 C20H25N706.Ca

5*CH3*[WSC5]G|U-Ca C}§C5H25N706-Ca

C19H19N7Os
CogH2oN70Og.Cl

10-CHOFA
5-CHOTHF.Ca

CooH1gN707
CooHasN707

5 10-formylfolic acid

6 (6R,S)-5-formyl-5,6,7,8-
tetrahydrofolic acid, calcium
salt

7 (6R,S)-5,6,7,8-tetrahydrofolic THF
acid

CigH23N70s

All were purchased from Schircks Laboratories (Jona, Switzerland) except 5-CHs-
[13C5]Glu-Ca, which was from Merck Eprova AG (Schaffhausen, Switzerland).

A Zahdi

Muzafti

FIGURE 2 | (A) Three different cultivars of date palm fruits investigated in this
study. (B) Date palm fruits wine with cultivar of Rubai.

grade water, acetonitrile, and formic acid were obtained from
Thermo Fisher Scientific (Fair Lawn, NJ). Ammonium acetate,
2-mercaptoethanol and L-ascorbic acid were purchased from
Sigma-Aldrich (Shanghai, China). Klerzyme 150 (pectinase: 3.5
x 10° U/ml, cellulose: 1,875 U/ml) was obtained from DSM (Het
Overloon, the Netherlands). Recombinant His-tagged human
GGH was obtained from Novus Biologicals (Littleton, CO, USA).
All other chemicals were obtained from Schircks Laboratories
(Jona, Switzerland), except for 5-CH3-[!*Cs]Glu-Ca, which was
obtained from Merck Eprova AG (Schafthausen, Switzerland).

Date Palm Fruits

In this study, three different date palm fruit cultivars were
investigated. Pictures of the different date palm fruits are shown
in Figure 2A. The cultivars included were Muzafti, Zahdi, and
Rubai. All fruits were obtained from Guangdong Wodelong
Biotechnology Co., Ltd (Zhuhai, China). The determination of
folate vitamers and total folates in date fruits was based on their
dry weight without the seeds. Also shown in the Figure 2B, this
is the date palm fruit wine with cultivar of Rubai.

Independent variable Levels

-1 0 1
Pectinase activity (X1) 25 37.5 50
Incubation temperature (Xo) 30 35 40
Incubation time (X3) 0.5 1 1.5

Pectinase Treatment for the Extraction of

Folates From Dry Date Palm Fruits

Pectinase treatment was employed as a mean of enhancing
the extraction and recovery of folate from date samples since
preliminary experiments in our lab demonstrated its advantage.
Commercial pectinase (Klerzyme 150, DSM, the Netherland) was
used, and, in the first phase, individual factors were evaluated
for their influence on folate extraction. The three factors were
employed: concentration of pectinase enzyme (10-, 25-, 35-, 50-,
and 55-U-per-gram dry fruits), incubation time (0.5, 1, 1.5, 2, and
2.5h) and incubation temperature (30, 35, 40, 50, and 55°C). For
all treatments, the pH of the extract was maintained at 6.

For the extraction process, the dry fruits were gently
washed with tap water and surface dried with a paper
towel. The seeds were then carefully removed. Samples (5g)
were dispensed into 20ml of an extraction buffer (100-mM
ammonium acetate, 1% ascorbic acid, 0.2% 2-mercaptoethanol,
pH7.89) and homogenized for 2min to a fine puree using a
homogenizer (IKA T18 Basic; IKA, Staufen, Germany) at 4°C.
The homogenates were immediately boiled for 15 min, cooled on
ice to room temperature, brought to 25 ml with distilled water,
and then adjusted the pH to 6 for further pectinase treatment.
The independent factors of pectinase enzymatic activity (X;),
incubation temperature (X;), and incubation time (X3) are listed
in Table 2. A stepwise optimization procedure was employed at
this stage. All factors were fixed at one of the three levels (—1,
0, 1), with X; (25, 37.5, 50 U/g), X, (30, 35, and 40°C) and X3
(0.5, 1, and 1.5h). To investigate the initial effects of individual
factors, one factor was used at different levels, while the others
were maintained at specific levels (preselected). For example, for
evaluating the temperature effect, the preselected values were 35-
U/g enzyme activity and 1-h treatment time. pH was maintained
at 6 for all tests. Once the optimum temperature was selected, this
value was fixed for testing the next two variables.

Optimization experiments for pectinase release of folate
from date palm fruits were then performed. For this, a three-
factor-three-level Box-Behnken design (BBD) was employed
to obtain the interactions between factors and to define the
optimum extraction conditions. The experiment was designed
using Minitab 19.0 (State College, Pennsylvania, USA), and the
BBD design is shown in Table 3.

Experimental data were fitted for a second-order polynomial
model with the following equation:

Y = ag+ b1 Xy + byX; + b3X3 + c12X1Xs + ¢13X1 X3
+ 3 X X3+ d1X% + de% + d3X§ (1)
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TABLE 3 | Experimental results for three-level-three-factor Box-Behnken design.

Run Pectinase Incubation Incubation Total folate (1.g9/100 g)
activity (X4) temperature (Xz) time (X3)
Experimental Predicted Deviation (%)
1 1 1 172.73 172.66 0.04
2 0 0 190.83 190.88 0.02
3 0 -1 1 184.16 184.79 0.30
4 —1 —1 0 188.92 188.41 0.27
5 0 0 0 191.15 190.88 0.13
6 0 0 190.51 190.88 0.19
7 0 —1 187.65 187.14 0.27
8 1 -1 0 183.53 183.09 0.24
9 -1 0 —1 176.86 177.04 0.10
10 -1 1 0 180.67 181.22 0.30
11 —1 0 1 182.57 182.59 0.00
12 1 0 -1 186.70 186.80 0.05
13 0 1 1 174.00 173.63 0.21
14 0 —1 —1 179.40 179.88 0.26
15 1 1 0 185.75 186.37 0.33

where Y is the response (total folate content, pug/100g of the
sample), ap represents the interception; by, by, and bs are the
linearity; c12, €13, and c3 represent the interaction coefficient; d,
dy, and dj represent the squared coeflicient; and X, X,, and X3
represent the independent variables.

Analysis of variance was used to determine the individual
linear, quadratic, and interaction regression coefficients () using
Minitab 19.0 (State College, Pennsylvania, USA). The coefficient
of determination (R?) was used to estimate the fitness of the
polynomial equation to the response, and the significance of the
dependent variables was statistically analyzed by computing the
F- value at p < 0.05.

After the extraction conditions were optimized for the
maximum extraction of folate by employing RSM, the responses
were experimentally determined under the optimum enzymatic
conditions and compared with the predicted values from the
RSM model.

Date Palm Fruit Wine Production

Lab/pilot scale small-volume date palm wine fermentations were
carried out in the lab at the Department of Food Science and
Technology, Jinan University, China. Well-ripened dry date
palm fruits (cultivar: Rubai) were washed and surface dried
with a paper towel. The date palm fruit had a high-sugar
content of 81% with 3.2% fiber and 0.3% pectin. The pits in
the fruits were removed, and the fruits were cut into small
pieces. About 100g of cut pieces were mixed with 300-ml
distilled water and boiled for 30 min. The mixture was then
cooled to room temperature and homogenized. The homogenate
was depectinized under predetermined optimized conditions:
pectinase, 48 U/g; incubation temperature, 40°C for 38 min.
After depectinization, the mixture was boiled again for 10 min
to inactivate the pectinase, cooled to room temperature on
ice, and then mixed with 0.036% NaHSO3; and ACTIFLORE

F33 yeast (0.03%, Laffort, France) for fermentation, which
proceeded anaerobically at 28°C for 8 days. The sugar content
was determined and recorded every day, using a refractometer
(Mettler Toledo, Leicester, USA). The initial sugar content before
fermentation was 27 °Brix, the final sugar content of wine was
7.3°Brix, and the alcohol content was ~15%. The total folate and
distribution of folate vitamers in the wine were determined daily.
Subsequently, the wine was packed in separate tubes and stored
at —80°C until further folate determination.

Folate Analysis in Fermentation Reagents
To take into consideration folate brought by the fermentation
reagents, the endogenous folate content in the fermentation
reagents was determined as suggested in early reports (10, 18).
Specifically, 5-g samples of fermentation reagents (pectinase and
ACTIFLORE F33 yeast) were suspended in 20 ml of an extraction
buffer (100-mM ammonium acetate; 1% ascorbic acid; 0.2% 2-
mercaptoethanol; pH, 7.89) and homogenized for 2 min using a
homogenizer (IKA T18 Basic; IKA, Staufen, Germany) at 4°C.
The homogenates were immediately boiled for 15 min, cooled
on ice to room temperature, and reconstituted to 25 ml. After
this, the extraction was carried out as detailed earlier, and further
hydrolysis was carried out as follows.

Folate Deconjugation With Recombinant
Human GGH, SPE Cleanup, and
UHPLC-MS/MS Determination of Folate

Vitamers and Total Folate

For the past two decades, protease and amylase have been
applied during folate extraction to improve folate release from
the food matrix into the extraction buffer and to determine
the concentration of folate vitamers and total folates in a high-
protein or starchy food matrix (19). For yeast and pectinase
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extract, 1.5ml of pronase (10 mg/ml) was added to 25ml
of the extraction, followed by incubation at 37°C for 3h.
After treatment with pronase, 1.5ml of a-amylase was added
and incubated again at 37°C for 2h. The pronase- and
amylase-treated yeast extract and the date palm fruit wine
were subjected to the following deconjugation. As pointed
out earlier, intracellular folates can be found in the form of
polyglutamates, and folate conjugase can be used to hydrolyze
them into monoglutamyl forms. To determine individual folate
vitamers in different samples, 5-ml aliquots of different extracts
of date palm fruit extract or fermentation reagents (pectinase
and ACTIFLORE F33 yeast) or 20ml of fermented wine were
treated with recombinant GGH (5 or 1ug/ml) at 37°C for
30 min to deconjugate polyglutamyl folates to its monoglutamyl
forms. After incubation, all samples were boiled for 5min and
centrifuged at 20,000 rpm for 10 min. The supernatant was
recovered and subjected to solid-phase extraction (SPE). The
completeness of the deconjugation reaction was determined by
monitoring the profile of polyglutamyl folate and the total folate
contents (6).

Solid-phase extraction was carried out before UHPLC-MS/MS
analysis to remove the interferences and decrease the matrix
effect of water-soluble components, such as sugar. Oasis HLB6
cc Vac cartridges (Waters, Milford, MA) were first activated and
conditioned successively with 5 ml of methanol and 5 ml of water.
Before application to the SPE cartridge, deconjugated extracts
were adjusted to pH 2 with 6 mol/L HCL. After the sample was
applied, the cartridge was washed with 5ml of 5% methanol in
water and evaporated to dryness in a vacuum. Folate was eluted
with 5 ml of 95% acetonitrile in 5% methanol. Finally, the eluate
was evaporated to dryness in a stream of nitrogen, reconstituted
with 1 ml of the extraction buffer, and filtered through a 0.22-pm
nylon filter before injection into the UHPLC-MS/MS system.

Quantitation of folate vitamers was carried out, following the
methods described in Zou et al. (6). UHPLC separation was
performed with an Agilent 1290 Infinity UHPLC equipped with
a binary pump, an autosampler, a column oven, and degasser.
The column was a HILIC column (4.5 x 100 mm, 2.6 wm,
Kinetex, Phenomenex), and its temperature was set at 40°C.
The mobile phase was 0.1% formic acid in water (A) and 0.1%
formic acid in acetonitrile (B). Its flow rate was 0.8 ml/min.
The gradient was as follows: 0-4 min, 0-20% B; 4-5min, 20-
95% B; 5-6.5 min, 95% B; 6.5-9 min, 0% B. The injection volume
was 2 pl, and the autosampler was kept at 25°C. The UHPLC
eluate was introduced into an Agilent 6460 triple quadrupole
mass spectrometer. The MS/MS instrument was operated in the
positive-ion electrospray mode at a capillary voltage of +3.5 kV,
and a charging voltage of +1 kV. Nitrogen was used as the
nebulizing gas at 0.31 MPa along with a carrier gas flowing at 10
L/min at 300°C and a sheath gas flowing at 11 L/min at 350°C.
An Agilent Mass Hunter workstation was used to control the
equipment for data acquisition and analysis. Acquisitions were
performed by selected reaction monitoring.

Statistical Analysis
Microsoft Excel was used to compute the mean =+ standard
deviation (SD) concentrations of each folate form. Significant

differences were determined by ANOVA, using Tukey’s post-
hoc test and a paired t-test using Minitab 19.0 (State College,
PA). A significant difference between the means was defined
as p < 0.05.

RESULTS AND DISCUSSION

Impact of Individual Factors on
Pectinase-Aided Folate Extraction

Efficiency

Three factors, namely, pectinase concentration, incubation time,
and incubation temperature were tested as independent factors in
this study to identify their importance in the extraction of folate
from date palm fruit extract. The effect of incubation temperature
(first variable tried for optimization) on the folate extraction yield
is shown in Figure 3A with the yield positively correlating with
increasing incubation temperature from 30 to 35°C; however, it
then decreased when the temperature was above 35°C. Although
the supporting documents from the manufacturer suggested that
pectinase activity was optimum at 45°C, it was observed that
total folate actually decreased when temperature was above 35°C.
This phenomenon could be attributed to the folate degradation
induced by higher incubation temperatures beyond 40°C (20,
21). According to an early report, folates are very sensitive
molecules and can degrade ~10-20% after incubation at 37°C
for 2 h, which leads to the cleavage of folate into a pteridine and
p-aminobenzoic acid linked to a polyglutamate tail (22). Neither
pteridine nor p-aminobenzoic acid has biological functions.
This optimum level of 35°C was used when testing the other
two factors.

The extraction yields at different incubation times (second
variable) are shown in Figure 3B, which increased with
incubation time between 0.5 and 1.5h and decreased at longer
treatment times. The initial increase in folate markedly increased
with the extension of incubation time, which was attributed to
the gradual decrease in resistance to intracellular folate diffusion
during pectin hydrolysis. Still, longer incubation time caused the
degradation of folate due to its thermal susceptibility. Also, there
was no significant difference when the extract was incubated
with enzyme for 1 and 1.5 h. Therefore, the incubation time was
set at 1h to test the effect of pectinase concentration on the
extraction yield.

The influence of pectinase concentration was finally tested
on the extraction yield and is detailed in Figure 3C, which,
like before, showed that the total folate yield increased
rapidly with increasing concentration of pectinase up to a
middle level of 35 U/g; after which, the further increases
were not significant. Hence, a 35 U/g enzyme concentration
was considered appropriate. This effect could be explained
by the fact that a high pectinase concentration promoted
the decomposition of pectin in the cell walls of date palm
fruits, which contributed to enhance the permeability of cell
membranes and the solubility of folate. It is well-known that
pectinase helps to increase the juice yield by degrading cell wall
polysaccharides and improving the compressibility of pulp for
extraction (23).
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FIGURE 3 | Effect of different extraction variables on total folate content: (A) extraction temperature: the incubation time and pectinase concentration were fixed at 1 h
and 35 U/g; (B) incubation time: incubation temperature and pectinase concentration were set at 35°C and 35 U/g; (C) pectinase enzyme activity: the incubation
temperature and time were maintained at 35°C and 1 h.

RSM Optimization of Pectinase-Assisted the total folate content and coded factors (Table 4):

Extraction of Folate

Total folate content 100
In the previous section, three test factors in folate extraction g/ )

—11.4 + 1.165X; + 641X,

2
were evaluated over a broader span but without considering + 147.80X3 — 0.02464X}
their interactions. In the past, that was one of the optimization — 0.0905X3 — 29.05X3
pathways, achieving the goal in a stepwise fashion. Such an + 0.04191X; X, — 0.7874X, X5

approach is simple and good for identifying suitable conditions
where the factors could influence the independent output.
However, to be meaningful, the interactive effects of the different  The analysis of variance (ANOVA) results applied to validate the
factors need to be considered because they can have synergistic  regression equation and confirm the influence of each factor on
(positive) or antagonistic (negative) effects. An RSM approach  total folate content. The results are shown in Table 4. The P and
is generally used for this purpose. A three-factor, three-level  F-values are used to evaluate the importance of each parameter.
RSM experimental design was used with the central level at  Low P and high F-values indicated that the experimental
the near-optimum conditions as determined from the previous  factors were highly significant (24). The relationship between the
experiments. The levels of the three factors used [pectinase  above regression equation and the response surface was highly
concentration (X ), incubation temperature (X;), and incubation  significant (P = 0.000). Additionally, all of the factors were
time (X3)] are detailed in Table 3. extremely significant variables (p < 0.01) (Table 4) except X;.

The effects and interactions for each variable were optimized ~ This was probably because its individual effects were confounded
by BBD. A second-degree polynomial equation was developed as by the interactions with the other two factors, and they were
indicated by the following equation as the relationship between  highly significant; therefore, the X; factor is still a significant

1.842X,X;3 )
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TABLE 4 | Results of ANOVA of the regression equation.

Source DF Adj SS Adj MS F-value P-value
Model 9 496.829 55.203 116.27 0.000
X4 1 0.013 0.013 0.03 0.877
Xo 1 7.876 7.876 16.45 0.010
X3 1 36.748 36.748 76.74 0.000
X? 1 54.727 54.727 114.28 0.000
X3 1 18.898 18.898 39.46 0.002
X2 1 194.786 194.786 406.75 0.000
Xq Xo 1 27.448 27.448 57.32 0.001
X4 Xa 1 96.886 96.886 202.32 0.000
Xo X3 1 84.788 84.788 177.05 0.000
Error 5 2.394 0.479

Lack of fit 3 2.193 0.731 7.25 0.124
Pure error 2 0.202 0.101

Total 14 499.223

player in the overall model. In addition, three factors had
extremely significant quadratic effects on the extraction of folate
(p < 0.01). The F-value of the model was 115.27, indicating that
model was statistically significant. The relativity between lack of
fit and pure error is significant because the “lack-of-fit F-value”
was not significant. The high R?-value (R* = 0.93) indicated
that the predicted values compared well with the experimental
values. R? will be slightly increased if all variables and their
interaction terms were included in the model regardless whether
it was statistically significant or not. An adjusted R? (Ri dj) was
used instead of R?> because Ri g would not change a given
variable when the interaction term was added or deleted. In
this model, an R} g of 0.99 was obtained, revealing that 99% of

the total variations were explained by the model. Consequently,
the regression equation could well-reflect the real relationship
between experimental factors and the total folate and could be
employed to obtain the optimal extraction parameters for the
extraction of folate from date palm fruits.

Three-dimensional surface plots and two-dimensional
contour plots are presented to visualize general variation trends
between operational parameters, and the shapes of the response
surface curves indicated significant interactions between the
extraction variables and the yield parameters (Figure 4), as done
in other studies (25). In these 3-D plots, the influence of two
variables is shown by keeping the third variable at its central level
(because it is not possible to show the fourth dimension). 3D
response surfaces (Figure 4) show a convex shape, which means
that the ranges used for extraction variables are appropriate, and
an optimal shape can be obtained within the range.

An early study found that steep 3D response surface plots
show that the experimental factors have a great influence on
the extraction of total folate, and the interaction of the two
experimental factors is highly related (23). Additionally, early
studies have implicated that, in the 2D contour, the oval and
circular contours reveal the interaction between the two factors
is significant and not significant, respectively (23). Here, in

this study, the 2D contour plots were all oval, especially the
interactions between X, and X3, X; and X, were more significant
than X; and X3, which is consistent with the ANOVA results in
Table 4.

Through the above data analysis, the optimized conditions
were obtained as follows: pectinase activity: 47.5 U, incubation
temperature of 40°C, and incubation time of 38min.
Experimental rechecking was performed to compare the
predicted total folate with the experimental value evaluated
under the optimal processing conditions. For this experiment,
the best extraction processing conditions were rounded as
follows: pectinase activity: 48U, incubation temperature of
40°C, and incubation time of 38 min. The results showed that,
under these conditions, total folate reached 193 + 3 |1g/100g,
which is close to the predicted total folate of 191 pg/100 g (error
within 1%).

Response surface methodology has also been used in other
studies involving folate extraction. For example, the trienzyme
extraction of folate from different starchy or high-protein foods
was optimized by RSM, demonstrating a shorter extraction time
and minimization of folate loss (16, 17). However, this is the first
study to optimize RSM for folate extraction from fruit with a
high-pectin content by the application of pectinase, while some
previous studies have hinted that pectin and oligosaccharides or
polysaccharides could entrap and slow the release of folate (8, 9).
Furthermore, the optimized method could possibly be applied for
folate determination in some high-pectin vegetables and fruits,
such as carrots, strawberries, gourds, and many others.

Folate Vitamer Distribution and Total
Folate in Different Date Palm Cultivars by
Optimized RSM Extraction

The RSM-optimized method was applied for folate extraction
from three cultivars of date palm fruit cultivars: Zahdi, Rubai,
and Muzafti. In all of them, 5-CHO-THF was the predominant
form of folate vitamer, accounting for 91-97%, and 5-CH3-THF
was a minor vitamer, accounting for 3-9% of the total folates. The
UHPLC-MS/MS chromatogram is shown in Figure 5. The total
folate contents were found to be 191 (42.52), 229 (43.80), and
301 (£2.29) ng/100 g for Zahdi, Rubai, and Muzafti, respectively.
According to Institute of Medicine, the recommended dietary
allowance (RDA) of folate is 400 g per day (26). Thus, serving
100 g of date fruits (without seeds) would provide 48, 57, and
75% of the total folate, respectively, with the cultivar Muszafti
contributing the most. In general, all date palm fruits investigated
have high-folate content and can use as supplements for folate
nutrition. Different folate vitamers and total folate contents in
date palm fruits have never been characterized before; therefore,
this is valuable information (27).

Total Folate Tracking During Date Palm

Fruit Fermentation

Date palm fruits are a staple food, and they are not only eaten
raw but are also fermented into wine. The course of the date
palm fruit fermentation process is shown in Figure 6. The sugar
content of the syrup decreased during fermentation until from
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27°Brix to 7.3°Brix in 8 days, resulting in ~15% alcohol. The
relationship between sugar content and the fermentation day was
almost linear.

The folate vitamer and total folate in pectinase and brewer’s
yeast were first evaluated (Figure 7). The results showed that
there were four types of folate vitamers in brewer’s yeast: 5-CH3-
THF (4,460 =+ 191 png/100 g), 5-CHO-THF (330 =+ 12 ng/100 g),
10-CHOFA (45 £ 2 ng/100g), and THF (31 £ 1 pg/100g).
The total folate content in the yeast was 4,870 ng/100g. The
yeast used in the study is the common strain used in grape wine
fermentation. This is the first report on folate vitamers and total
folate in brewer’s yeast; most other studies reported it on bakers’
yeasts. Brewer’s yeast contains higher total folate than the baker’s
yeast, which is usually reported to be ~4,000 g/100g (18, 28).
However, the distribution of folate vitamers in brewer’s yeast was
similar to that in baker’s yeast, which also had 5-CH3-THF as

the predominant form (92%), followed by 5-CHO-THF (6.8%)
and minor constituents of THF and 10-CHOFA. Therefore, in
general, yeast is a good source of folate. Additionally, endogenous
folate in pectinase was too low to be detected.

Further changes in folate vitamers and total folate during
fermentation were also evaluated daily (Figure 8). The results
clearly showed that there were two types of folate vitamers in date
palm wine: 5-CHO-THF and 5-CHj3-THF. During fermentation,
the content of 5-CHO-THF gradually decreased from day one,
resulting in a total decrease of ~20% after fermentation for 8
days, although 5-CHO-THEF is the most stable form of natural
folate. The significant loss of 5-CHO-THF during wine making
could be because, during yeast proliferation, some enzymes or
compounds might be produced that could lead to 5-CHO-THF
degradation. However, this has never been reported earlier. In
future studies, the mechanism of 5-CHO-THF degradation could
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be explored. Additionally, there was a significant increase in 5-
CH;3-THF during fermentation from day 1 to day 5. This increase
followed linear rate kinetics (y = 0.058x + 0.0284, R? =0.9614).
The increased 5-CH3-THF supposedly came from the growth of
yeast. 5-CH3_THF is an important folate derivative that plays
a key role as a methyl donor in the regeneration of methionine
from homocysteine, produced in the methylation cycle of one

carbon (7). Several studies have reported the biofortification
of folate in different food systems with baker’s yeast (29).
Hjortmo et al. (30) detected 3-5-fold higher total folate in white
bread leavened with Saccharomyces cerevisiae strain CBS7764
compared to commercial yeast. Walkey et al. (31) reported the
enhancement of folate levels in wine by bioengineering the yeast
and found that the folate level in wine was mainly contributed
by the yeast used, with strain dependence (31). Saccharomyces
cerevisiae has the ability to synthesize folates because of its
genetic apparatus (32). During folate biosynthesis by yeast,
three major genes FOL2, FOL3, and DFR1, which encode three
important enzymes, were identified (32). GTP-cyclohydrolase I,
encoded by FOL2, is the first enzyme in the folate biosynthesis
pathway. Dihydrofolate synthase, encoded by FOL3, produces
dihydrofolate, while dihydrofolate reductase, encoded by DFR1,
converts dihydrofolate into tetrahydrofolate. Tetrahydrofolate
will then interconvert to 5-CH3-THF in one-carbon transfer
reactions (32). In addition to yeast, other fermented foods
can also biosynthesize folate. D’Aimmo et al. (33) screened 19
strains of bifidobacteria for different folate forms and total folate
and found that most strains had a total folate content above
4,000 g/100g dry matter, demonstrating that bifidobacteria
may contribute to folate intake by applying suitable growth
conditions (33). Additionally, some lactic acid bacteria (LAB)
species are able to produce folates in fermented milk (34).
Moreover, cocultures of different LAB species have been used
to increase the content of folates by ~30% compared to
single cultures (35). All of these studies have proved that food
fermentation could be a useful tool to increase total folate intake.
Furthermore, the stability of folate during date palm fruit wine
fermentation must also be considered to properly evaluate the
folate content since the degradation and interconversion of folate
vitamers can have a deep impact on the final concentration
of folates (35). After fermentation, the total folate in the
wine reached a maximum level of 700 wg/L. Thus, it was
demonstrated that when date palm fruit was processed into wine,
total folate was conserved and the sugar content and calories
drastically decreased.
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CONCLUSIONS

The pectinase-mediated facilitation of the extraction of folate
from date palm fruits was characterized using UHPLC-MS/MS
analysis. This is the first such study on folate extraction
from date palm fruits, demonstrating the influence of the
principal variables, pectinase activity, incubation temperature,
and incubation time for efficient release of folate from the
pectin matrix. It is suggested that, for other fruits and vegetables
containing high levels of pectin, pectinase should be considered
for improving the extraction efficiency of folate as a cost-effective
means of folate extraction.

By applying an optimized RSM methodology, folate vitamer
distribution, and total folate content in three cultivars of date
palm fruits (Muzafti, Zahdi, and Rubai) were determined. This
is the first study to demonstrate that date palm fruits are good
sources of dietary folate due to their high-folate content (191-
301 pg/100g) and will add a new ingredient to the USDA
Nutrient Database.

Changes in folate vitamers and total folate during date
palm fruit wine fermentation were tracked. Two types of
folate vitamers were identified as predominant 5-CHO-THF
and minor 5-CH3z-THF. Interestingly, during fermentation, 5-
CHO-THF decreased by ~20%, while 5-CH3-THF first increased
from 0 to 0.32 pg/L and then significantly decreased. Further
studies are needed to understand the mechanism of the loss of

5-CHO-THEF and the generation of 5-CH3-THF. Additionally, a
new strategy should be designed to improve folate stability during
fermentation and storage.
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