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Abstract

This study investigated the effect of thermal processing methods, namely, boiling, microwaving, baking, and fry-
ing, on the 4’-O-methylpyridoxine (MPN) analogues of Gingko biloba seeds. All thermal processing methods
decreased MPN, pyridoxine, and pyridoxal-5'-phosphate; total MPN; and total vitamin B, contents but increased
MPN -5'-glucoside and pyridoxamine contents. Baking and frying reduced total MPN content by 36.38—-54.56%
and 46.54-54.67%, respectively. Frying was identified as the optimal thermal processing method that maintains
the total vitamin B, compound content of G. biloba seeds at high levels (72.92—-84.62%). Principal component
analysis revealed the different effects of thermal processing methods on MPN analogues in G. biloba seeds. The
results of this study demonstrate that compared with other thermal processing methods, frying can better reduce
the toxic compound content (total MPN) of G. biloba seeds and promote vitamin B, retention.

Keywords: Ginkgo biloba seeds; thermal processing methods; thermal processing parameter; 4'-O-methylpyridoxine;
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Introduction MPN, a neurotoxin with actions against vitamin B, (VB,)

compounds, can reduce the pyridoxal 5'-phosphorylated

Ginkgo biloba L. is a living fossil that has existed on earth
for 200,000,000 years. Ginkgo biloba (G. biloba) seeds
have been used as traditional food in China, Japan, and
Korea (Huang et al. 2010). The overconsumption of G.
biloba seeds can result in poisoning (Leistner and Drewke
2010). The symptoms of G. biloba poisoning include
abdominal pain, diarrhea, clonic convulsions, and uncon-
sciousness (Wada et al. 1988). The poisonous effects of
G. biloba are ascribed to 4'-O-methylpyridoxine (MPN)
and its glycoside forms (Leistner and Drewke 2010).

(PLP) contents of the human body because its affinity for
human pyridoxal kinase is higher than that for pyridoxal
(PL) (Buss et al. 2001; Késtner et al. 2007). VB, is a group
of six interconvertible water-soluble vitamins that are
based on pyridine (Table 1). These vitamins include pyri-
doxine (PN), pyridoxamine (PM), PL, and their pyridoxal
5'-phosphorylated forms, namely, PNP, PMP, and PLP
(Hellmann and Mooney 2010). VB, comprises essential
organic micronutrients in the human diet. They partic-
ipate in the metabolism of amino acids, carbohydrates,
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Table 1. Chemical structure of the investigated 4’-0O-methylpyridoxine analogues.

Number R, R, Analytes

1 CH,OH H Pyridoxine (PN) Ry

2 CHO H Pyridoxal (PL) HO N CH:0R;
3 CH,NH, H Pyridoxine (PM)

4 CHO PO,H, Pyridoxal-5"-phosphate (PLP) . P

& CH,NH, PO,H, Pyridoxine-5"-phosphate (PMP) } i

6 CH,OCH, H 4’-0-methylpyridoxine (MPN)

7 CH,OCH, CgH,,0, 4’-0-methylpyridoxine-5"-glucoside (MPNG)

lipids, and neurotransmitters (Eliot and Kirsch 2004;
Fudge et al. 2017). They also demonstrate important bio-
logical activities, such as immunomodulatory, antitumor,
and anti-oxidative activities (Eliot and Kirsch 2004; Gal-
luzzi et al. 2012; Mesripour et al. 2017).

Physical and chemical factors, including heat, light expo-
sure, and pH, can influence the VB, content of food-
stuffs (Park et al. 2016). G. biloba seeds are consumed
after processing through boiling, microwaving, baking,
or frying (Goh and Barlow 2002). MPN is converted to
MPNG (4’-O-methylpyridoxine-5’-glucoside) in boiled
and microwaved G. biloba seeds (Kobayashi et al. 2011).
Heating results in the loss of PL and PN from G. biloba
seeds (Yoshimura et al. 2006). The other forms of MPN
analogues, such as PLP, PMP, and PM, were not investi-
gated during the thermal processing. Baking and frying
are some of the most commonly used methods for the
preparation of G. biloba seeds. Information on the effects
of baking and frying on MPN analogues in G. biloba
seeds, however, remain limited. Thermal processing
parameters can also affect the VB, contents of various
foodstuffs (Leskova et al. 2006). Thermal processing dura-
tion and temperature, oxygen exposure, and water are the
major factors involved in thermal processing methods
and may exert potentially harmful or beneficial effects
on food. Thus far, however, no studies have focused on
the effect of thermal processing parameters on MPN
analogues in G. biloba seeds. Plants are an important
source of vitamins that cannot be synthesized de novo by
humans (Salvo et al. 2011). G. biloba seeds are potential
sources of VB, (Gong et al. 2018) and MPN, a VB, deriva-
tive. Thermal processing methods may positively or neg-
atively influence the composition and contents of MPN
analogues in G. biloba seeds. Current studies have failed
to fully evaluate the changes in the contents of toxic sub-
stances, such as MPN and MPNG, and nutrients in G.
biloba seeds during thermal processing.

This study focused on the effects of thermal processing on
MPN analogues, including MPN, MPNG, PMP, PLP, PM,
PL, and PN, in G. biloba seeds. The specific aims of this

study were (i) to evaluate the effects of different types of
thermal processing methods, namely, boiling, microwav-
ing, baking, and frying, on the composition and contents
of MPN analogues and (ii) to study the effects of boiling
time, microwave power, and baking and frying tempera-
tures on MPN analogues in G. biloba seeds. The present
study will describe the changes in MPN analogues during
thermal processing and recommend a thermal process-
ing method that will decrease toxic MPN contents while
promoting VB, retention in G. biloba seeds.

Materials and Methods

Chemicals and standards

MPN and MPNG standards with 98% purity were syn-
thesized by Kangbei Biochemical Co. (Ningbo, China)
through high-performance liquid chromatography
(HPLC). Standards, including PLP, PMP, pyridoxal hydro-
chloride, pyridoxamine dihydrochloride, and pyridoxine
hydrochloride (298%), were purchased from Yuanye Bio-
logical Technology Co. (Shanghai, China). HPLC-grade
acetonitrile and methanol were acquired from Tedia
Company Inc. (Ohio, USA). HPLC-grade phosphoric
acid (85%) was obtained from Kemiou Chemical Reagent
Co. (Tianjin, China). HPLC-grade sodium pentanesul-
fonate (299.5%) was procured from Yuwang Industrial
Co. (Shandong, China). Other reagents were of analytical
grade. Distilled water was prepared using a Milli-Q sys-
tem (Millipore A10; Billerica, MA, USA).

Plant materials and thermal processing methods

The G. biloba seeds used in this study were harvested in
2017 in Pizhou, Jiangsu Province, China. The episperm,
mesosperm, and endopleura were removed from each
collected seed. The processed seeds (approximately
5000 g) were then divided into five groups. One group
was analyzed raw (control). The other four groups were
subjected to boiling for different durations (10, 15, and
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20 min), microwave treatment at different powers (100,
500, and 1000 W), baking treatment at different tem-
peratures (120°, 180°, and 240°), and frying treatment at
different temperatures (150°, 175°, and 200°). Raw and
heated seeds were freeze-dried, pulverized, and stored at
0°C for further analysis. Each heated sample was dehy-
drated in an oven at 105°C for the determination of water
content. Oil content after frying was determined through
petroleum ether extraction. Thermal processing details,
including heating conditions and times, are summarized
in Figure 1. The minimum and maximum duration of
each thermal processing method met the requirements
set by professional judges.

MPN analogue determination

HPLC methods were applied to determine the composi-
tion and contents of MPN analogues in raw and heated
G. biloba seeds. The HPLC conditions were set in accor-
dance with a previously reported method with slight
modifications (Teruki et al. 2006). MPN analogues were
chromatographically analyzed with a Waters HPLC 2695
system (Waters, Milford, USA) equipped with a fluores-
cence measurement apparatus (Emission wavelength: 395
nm; excitation wavelength: 295 nm). Separation was per-
formed with a Waters XBridge RP18 column (250 mm x
4.6 mm, 5 pum; Waters Corp., USA). Mobile phase A
comprised 5 mmol/L potassium phosphate containing 5
mmol/L sodium pentanesulfonate. The pH of the mobile
phase was adjusted to 2.5 using phosphoric acid. Aceto-
nitrile was used as mobile phase B. Column temperature

was maintained at 30°C, flow rate was 1.0 mL/min, and
injection volume was 10 uL. The HPLC gradient program
was as follows: from 4% mobile phase B to 8.5% mobile
phase B at 15 min, to 15% mobile phase B at 30 min, and
to 4% mobile phase B in the final 20 min. The linearity,
correlation coefficient, linear range, limit of detection,
limit of quantification, precious test, and accuracy of the
HPLC methods used in this study had been validated in
previous works (Gong et al. 2018).

For the analysis of the MPN analogue, contents of raw
and heated G. biloba seeds, 50 mg of freeze-dried pow-
ders, were mixed with 1.5 mL of distilled water (adjusted
to pH 2.5 by using phosphoric acid). The mixtures were
incubated on a shaking table (220 r/min) (Jinghong,
THZ320, Shanghai, China) at 25°C for 40 min and then
centrifuged at 9167 x g for 30 min at 4°C (Sigma, model
2-16K, Germany). The supernatant was filtered with
a 0.45 pm syringe filter (Jinlong, Tianjin, China) and
injected into the HPLC system. All of the samples were
prepared in triplicate.

Statistical analysis

Results were expressed as the mean and standard devi-
ation of the results for three replicates. The effect of
thermal processing methods on MPN analogues in G.
biloba seeds was evaluated through one-way ANOVA.
Statistically significant differences between mean values
at the 5% (P < 0.05) level were determined with Tukey’s
test. Principal component analysis (PCA) was used to

- 100°C for 10 mins

Boiling |4 [100°C for 15 mins
"[100°C for 20 mins Heated G.biloba
- 100w for 13 mins seeds
500W for 5 mins I
-1 1000W for 3 mins v

1

120°C for 60 mins

Freeze fried and

Raw G.biloba seeds [BaKing |- 50 for 20 mins pulverized
I ~{ 240°C for 10 mins ]
,F—I_—‘ " 155°C for 20 mins B
rying [~ [175°C for 12 mins .
l U500 Cor 10 e Determine the MPN
v analogues by HPLC

Thermal processing methods

Figure 1. Diagram of the thermal processing of Ginkgo biloba seeds. MPN, methylpyridoxine; HPLC, high-performance liquid
chromatography.
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determine the different changes in MPN analogues
during thermal processing. Analyses were performed
using SPSS version 20.0 (USA).

Results

Composition and contents of MPN analogues in raw
and heated G. biloba seeds

The representative HPLC chromatography of MPN ana-
logs obtained from raw G. biloba seeds are shown in
Figure 2. The traditional thermal processing methods
of boiling, microwaving, baking, and frying significantly

Impact of thermal processing methods

affected the composition and contents of MPN ana-
logues in G. biloba seeds (P < 0.05). MPN analogues
showed different changes when processed through the
four different thermal processing methods under differ-
ent thermal processing parameters (Table 2). The MPN
contents of seeds subjected to the four thermal process-
ing treatments were lower than those of raw seeds. Seeds
that had been baked at 120°C and those that had been
fried at 150°C had the lowest MPN contents (P < 0.05).
The MPN contents of seeds that had been microwaved
changed negligibly. The reduction in MPN contents
decreased as baking temperature increased. The MPN
contents of seeds that had been boiled for different dura-
tions (10 and 20 min) and fried at different temperatures
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0.01 PLP
PMP PM MPNG
0.00 ,/‘\_A, NI
000 1.00 200 3.00 400 500 600 7.00 800 9.00 10.00 11.00 12.00 13.00 14.00 15.00

Time (min)

Figure 2. The representative HPLC chromatography of MPN analogs obtained from raw G. biloba seeds (CK). HPLC, high-
performance liquid chromatography; MPN, 4'-O-methylpyridoxine.

Table 2. The composition and contents of 4’-0-methylpyridoxine analogues in raw and heated Ginkgo biloba seeds (ug/g).
MPN MPNG PMP PLP PM PL PN

Raw 175.98 £ 0.872 108.71£4.44°  2468+0.23%  64.05+3.122 52.11+12119 49.35+0422 14272 +0.20°
Boiling—10 min 2929+2.75°  259.85+10.23°  7.34+0.13° 52.90+1.67°  71.98+0.15° 17.98+0.77°  10.25+ 1.18¢
Boiling—15 min 24.71+2.03¢ 236.20 £ 1.70° 7.20 £0.03 4346+111°  6490+045° 1584+0.27° 17.68+1.28°
Boiled—20 min 32.16 £ 0.74° 220.19 £ 2.11° 7.14 £0.07° 40.26 £+ 0.44°  68.82+0.73° 1477 +042°  21.59+0.25°
Raw 175.98 £ 0.872 108.71+4.44°  2468+0.23%  64.05+3.122  52.11+1211° 49.35+0422 14272 +0.20°
Microwaving—100W 30.19 £ 0.42° 250.80 £ 0.372 7.77 £ 0.01° 4920+0.34°  83.02+0.74®° 16.66+0.03°  25.06 £ 6.63°
Microwaving—500 W 30.60 £ 0.11° 239.65 + 0.10° 7.96 £ 0.06° 5347 +2.36°  84.58+4.86° 20.79+4.61° 35421 10.70°
Microwaving—1000 W 30.52 + 0.43° 246.36 + 3.182 7.9310.04>  4945+1.79*° 102.36+2.08° 26.70+0.63°  65.37 £ 1.55"
Raw 175.98 £ 0.872 108.71£4.44°  2468+0.23%  64.05+3.122 5211+1211¢ 49.35+0422 14272 +0.20°
Baking—120°C 17.48 £ 0.13° 203.24 £ 2.71° 5.89+£0.11° 36.41+1.98°  70.18+0.67° 35.05+4.13° 1593 + 0.45¢
Baking—180°C 15.70 £ 0.20¢ 170.52 £ 0.84° 4.84 +0.04¢ 32.07+0.56° 97.98+1.85°  32.00+0.96°  34.20 £0.01°
Baking—240°C 26.53 +0.38° 230.16 £ 0.112 6.62+0.12°  4357+140° 76.86+148 31.26+0.38¢  38.491+0.58
Raw 175.98 £ 0.872 108.71+4.44¢  2468+023° 64.05+3.122  5211+211¢  4935+0.42¢ 142.72 +0.20°
Frying—150°C 17.91 £ 1.04° 201.55 +0.192 828+0.33°  4412+7.02¢ 104.81+£264% 92.64+154%  19.05+3.16°
Frying—175°C 2403 + 3.54° 186.30 + 7.39° 7.56 + 0.45¢ 4768 +368  8223+3.58°  83.2+0.65° 32.95 + 0.69°
Frying—200°C 19.88 £ 0.20° 162.14 £ 0.26° 6.39 + 0.04¢ 59.67 +0.60°  71.22+0.30° 65.67+0.70°  32.50£0.01°
Values are the mean + standard deviation (SD) from three replicates.
Different letters (a—d) in each column means significant differences under the different thermal processing methods conditions (P < 0.05).
MPN, 4'-O-methylpyridoxine; MPNG, 4'-O-methylpyridoxine-5"-glucoside; PMP, phosphate; PLP, phosphorylated; PL, pyridoxal; PN, pyridoxine;
PM, pyridoxamine.
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(150 and 200°C) varied marginally. The MPNG contents
of heated seeds were higher than those of raw samples,
irrespective of the thermal processing method. In addi-
tion, samples that have been boiled for 10 min had the
highest MPNG contents among all cooked samples (P <
0.05). MPNG contents decreased considerably with pro-
longed boiling time and frying temperatures but did not
change with the change in microwaving and baking pro-
cessing parameters.

Most thermal processing methods decreased the PMP,
PLP, PN, and PL contents of seeds. The reduction in
the content of PN, the major VB, compound, was more
intense than that in the contents of other VB, forms. The
reduction in PN contents decreased as boiling time and
microwave power increased. Seeds microwaved at 100
W and fried at 150°C had the lowest PN contents. The
reduction in PL content intensified as boiling time and
baking temperature increased but weakened as micro-
waving power increased. Only frying increased the PL
content of G. biloba seeds. Increasing the frying tempera-
ture from 150 to 200° led to an increase in PL content.
Boiling time and microwave power did not exert marked
effects on PMP content. Meanwhile, the PLP contents
of cooked G. biloba seeds changed slightly. PM contents
increased after thermal processing. The increase in the
PM contents of fried seeds was related to increases in
frying temperature. Samples fried at 150°C had the high-
est PM content. These results indicate that thermal pro-
cessing methods and parameters have important effects
on the composition and content of MPN compounds in
G. biloba seeds.

Total MPN and VB6 contents of raw and
cooked G. biloba seeds

The total MPN (Total 4'-O-methylpyridoxine) and total
VB, contents of the seeds were calculated on the basis
of the molecular mass of MPN (183.09 g/mol) and PN
(168.19 g/mol) to further analyze the changes in MPN
analogues during thermal processing. The TMPN and
VB, contents of raw and cooked G. biloba seeds are pre-
sented in Figure 3A-D. The results show that boiling,
microwaving, baking, and frying significantly decreased
the TMPN and VB, contents of cooked seeds. Baking and
frying resulted in greater losses in TMPN contents than
other methods. Baking and frying decreased TMPN con-
tents by 36.38-54.56% and 46.54—54.67%, respectively.
TMPN content drastically changed during baking with
different process parameters, and seeds baked at 180°
had the lowest TMPN content. The TMPN contents of
seeds fried at 150° and 175° showed minimal changes.
Meanwhile, G. biloba seeds fried at 200° and baked at
180° had the lowest TMPN contents. On the other hand,
boiling and baking resulted in severe reductions in VB,

contents (53.53-56.28% and 40.54—50.63%, respectively),
whereas frying resulted in slight losses in VB, contents
(15.88-27.08%). The change in TMPN contents of seeds
boiled for different durations was negligible. Baking tem-
perature had a marked effect on VB, retention by the
cooked seeds. The reduction in VB, contents did not
change when microwaving power and baking tempera-
ture increased from 100 W to 500 W and from 180° to
240°, respectively. These results show that different ther-
mal processing methods and parameters have different
effects on the TMPN and VB, contents of G. biloba seeds.

Principal component analysis

The normalized data for the contents of MPN analogues,
including MPN, MPNG, TMPN, PMP, PLP, PM, PL, PN,
and VB, were subjected to PCA to clarify the similarities
and differences between raw seeds and seeds processed
through four different thermal processing methods. Two
principal components (PCs) with eigenvalues >1 were
obtained in accordance with Kaiser’s rules. These PCs
accounted for 81.25% of the total observed variance. The
PCA results revealed that the MPN analogue content of
heated seeds were distinct from those of raw seeds. The
loading plots between PC1 and PC2 are presented in
Figure 3A. PC1 accounted for 48.44% of the total varia-
tion and was positively correlated with PMP (0.93), MPN
(0.95), TMPN (0.92), PN (0.83), and PLP (0.52). PM and
MPNG were negative contributors to PC2 and had values
of -0.69 and -0.40, respectively. PC2 explained 32.81%
of the total variation and was positively correlated with
VB, (0.94) and PL (0.92), and negatively correlated with
MPNG (-0.0.78).

The score plots of PC1 and PC2 obtained for raw sam-
ples and the seeds processed through four different
thermal processing methods under different parameters
are shown in Figure 4B. Raw seeds (CK) formed a sepa-
rate cluster in the PC2 score plot presented in Figure 4B
because the MPN analogue contents of raw seeds were
different from those of heated seeds. Fried samples and
samples that were microwaved at 100 W localized at high
areas on the plot because they retained high VB, con-
tents. In addition, G. biloba seeds processed through fry-
ing have higher PL contents and lower MPNG contents
than G. biloba seeds processed through other methods.
The positions of seeds processed through three other
thermal processing methods were determined by their
high VB, loss and MPNG content. Boiled seeds local-
ized at the bottom of Figure 3B because their PL con-
tents drastically decreased and their MPNG contents
increased. Therefore, PCA results can be used to iden-
tify the effects of different thermal processing methods
on the basis of the MPN analogue contents of raw and
heated G. biloba seeds.
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Figure 3. Total 4'-O-methylpyridoxine and vitamin B, in raw and heated Ginkgo biloba seeds (A: boiling; B: microwaving; C:
baking; D: frying). Each value represents the mean of three replicates, and error bars indicate standard deviation (+ SD). Dif-
ferent letters (a-d) mean the significant difference between different thermal processing parameters (P < 0.05). CK, raw Ginkgo
biloba seeds; TMPN, total 4-O-methylpyridoxine; VB,: total vitamin B,.
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Figure 4. Loading plots and score plots obtained from the principal component analysis of selected variables (A and B). PC1,
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PM, pyridoxamine; PL, pyridoxal; VB6, vitamin B6; PLP, phosphorylated; PN, pyridoxine; PMP, phosphate.
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Discussion

G. biloba seeds are consumed after processing through
different thermal processing methods, including boil-
ing, microwaving, baking, and frying. Boiled and fried
G. biloba seeds are also used in the food processing
industry. This work investigated the changes exhibited
by MPN analogues in heated G. biloba seeds. The influ-
ence of thermal processing parameters on MPN ana-
logues was first investigated. Thermal processing induced
the loss and gain of MPN analogues in G. biloba seeds.
These effects are dependent on the thermal processing
technique and its parameters, including time, power, and
temperature.

All thermal processing methods decreased the contents
of the toxic compounds, MPN and TMPN, and increased
those of MPNG in G. biloba seeds. The result is consis-
tent with the results of previous studies showing that
MPNG is the predominant compound in processed
G. biloba seeds (Lawrence and Scott 2005; Yoshimura
et al. 2006). Small amounts of MPN are also present in
boiled and microwaved G. biloba seeds (Kobayashi et al.
2011). The reduction in TMPN contents indicates that
the structure of MPN was destroyed during thermal pro-
cessing. Baking and frying promoted the removal of toxic
substances, such as TMPN, from G. biloba seeds. Frying
at 180° for 20 min and baking at 175° for 12 min reduced
TMPN contents by 54.56 and 54.67%, respectively.

The changes in VB, contents during boiling, microwav-
ing, frying, or baking have previously have been investi-
gated (Sierra and Vidalvalverde 2001). In support of the
results of the present study, the results of past studies
have shown that thermal processing resulted in the loss
of VB, (Leskova et al. 2006). For example, Beyza and
ALif (2009) reported that baking, microwaving, and fry-
ing decreased the VB, contents of African catfish. The
VB, contents of bread decreased by 15% during baking
(Perera et al. 1980). Boiling resulted in the loss of 16 and
61% of the VB, contents of Brussels sprouts and broccoli,
respectively. Microwaving resulted in low losses of the PN
contents of Brussels sprouts and broccoli (Leskova et al.
2006). In this work, boiling resulted in drastic reductions
in PN content, whereas microwaving resulted in low
losses of PN content. Frying and roasting reduced the
PN content of beef and lamb (Purchas et al. 2014). In the
present study, the PM contents of G. biloba seeds heated
through the four tested methods increased. Similar
results were found for milk treated through different heat-
ing methods (Schmidt and Mayer 2018). The contents of
phosphorylated VB, (PMP and PLP) decreased during
thermal processing. The reduction in PMP content was
higher than the PLP content. PMP and PLP are present
at low levels in various foodstuffs. Limited information
is available on the changes in the PMP and PLP contents

of various foodstuffs after thermal processing. PMP and
PL may undergo dephosphorylation, transamination, and
depletion during heating (Gregory et al. 1986).

All four thermal processing methods used in this work
are heat-treatment processes. Heating treatment may
result in the transformation and degradation of sub-
stances in foodstufts (Santiago et al. 2018). The increase
in the MPNG contents of cooked G. biloba seeds may
be attributed to the conversion of MPN to MPNG
(Kobayashi et al. 2011). MPN in G. biloba seed extracts
will be thermally degraded into PN at high temperatures
above 120°C (Lim and Kim 2018). The conversion of
MPN to MPNG and the thermal degradation of MPN to
PN may account for the reduction in the MPN content of
cooked G. biloba seeds. Furthermore, all thermal process-
ing methods can increase the PM contents of G. biloba
seeds. PN may be partially converted into PM and PL in
heated broccoli and milk (Leskova et al. 2006; Sierra and
Vidalvalverde 2001). Heating temperature and duration
play important roles in the changes of MPN analogues
in G. biloba seeds. Lim and Kim (2018) reported that
the reduction in the MPN contents of G. biloba extract
intensified as heating temperature (120-150°) and dura-
tion (0—60 min) increased. Previous results also indicated
that prolonging heating time (1.5-6 h) can intensify the
loss of VB, in the form of PN from cauliflower puree.
Meanwhile, losses in VB, increase when heating tempera-
tures are increased from 105.9 to 137.7°C (Navankasat-
tusas and Lund 2010). In this work, thermal processing
methods, such as baking and frying, that require high
temperatures resulted in drastic reductions in MPN and
TMPN contents, and slight increases in MPNG content.
These results indicate that VB, may be more stable than
MPN and MPNG or that MPN analogues are converted
(MPN x PN x other VB, forms) during heating.

Thermal processing methods that do not require the
addition of water could prevent the leaching of water-
soluble compounds (Santiago et al. 2017). Boiling
resulted in severe reduction in MPN analogue (PN and
VB,) contents. As previously reported, additional losses
from boiled G. biloba seeds may be mainly attributed to
the leaching of MPN analogues into water. Conversely,
the use of oil in frying can prevent the dissolution of
water-soluble MPN analogues. Hence, frying resulted
in the lowest reduction in VB, content. The greater lipo-
philicity of MPN than that of other MPN forms (Kastner
et al. 2007) may account for the higher losses of TMPN
content than that in VB, during frying. Microwaving can
destroy cell walls and subcellular compartments; these
changes, in turn, can promote the dissolution of intra-
cellular material (Santiago et al. 2018). Microwave treat-
ment for short durations can promote the preservation of
vitamins in vegetables (Lee et al. 2017). Similarly, MPN,
PN, and PM were retained in G. biloba seeds processed
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through 3 min of microwave treatment at 1000 W.
Microwave equipment produces high-frequency vibra-
tion (2450 MHz) that introduces friction and promotes
collision among polar molecules. MPN analogues were
disintegrated by microwave treatment. G. biloba seeds
are a starch-rich material and may undergo starch gela-
tion after heating. Starch gelation subsequently hinders
the extraction of MPN analogues during HPLC detection
(Scott et al. 2000) and may account for the reduction in
the MPN analogue content of G. biloba seeds.

Conclusion

Thermal processing methods and conditions can drasti-
cally influence the composition and contents of MPN ana-
logues in G. biloba seeds. The stabilities of different MPN
analogues differed during thermal processing. Thermal
processing decreased MPN, PMP, PL, PN, TMPN, and
VB, contents, and increased MPNG and PM contents in
G. biloba seeds. High-temperature treatments, including
baking and frying, reduced the toxic substance (MPN and
MPNG) content of G. biloba seeds. Boiling resulted in the
dissolution of PL, PM, and PN in water, and in the severe
loss of VB,. Moreover, the physical effects of microwaving
caused the degradation of VB, in G. biloba seeds. Short
treatments, such as microwaving at 1000 W, resulted in
the retention of some VB, forms, such as PM and PN. PCA
results revealed the similarities and differences among the
four different thermal processing methods. Results sug-
gest that many factors contribute to the complex changes
experienced by MPN analogues during thermal process-
ing. These factors include high heat-induced conversion
and degradation, water- and oil-induced changes, micro-
wave irradiation, and starch gelation.
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