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Abstract

In the storage of Alpinia oxyphylla, growth of mildew (especially toxic fungi, such as Aspergillus flavus) is a potential
safety risk. Few reports have investigated how A. oxyphylla storage conditions impact mold growth or how mold
growth impacts the bioactive components of A. oxyphylla. In this study, sterilized A. oxyphylla samples were contami-
nated by artificial inoculation of A. flavus spores. The main chemical components and aflatoxin levels in the infected

A. oxyphylla samples were characterized. Central composite design-response surface methodology was used to study
the effects of different temperature and humidity of storage conditions on the fungal growth in A. oxyphylla and
accumulation of aflatoxins. The results showed that aflatoxins levels can be minimized by storing samples at tempera-
tures below 25 °C and with humidity less than 85%. Additionally, we found that the yield and composition of volatile
oil in A. oxyphylla exhibited small changes due to mold growth. However, polysaccharide content reduced remarkably.
Temperatures below 25 °C and humidity below 85% were the best storage conditions to preventing A. oxyphylla from

becoming moldy. Our results provide the theoretical basis for future studies the effects of storage conditions and
mold growth on the quality and safety of traditional Chinese medicines (TCMs).
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Introduction

Fungal contamination of medicinal plants can occur at
any stage, from cultivation to sale in locations through-
out the world. In tropical and subtropical areas in par-
ticular (Zhang et al. 2012), high temperatures and
increased humidity are conducive for fungal growth
and mycotoxin production. Mildew can degrade or
destroy the active ingredients and produce toxic com-
pounds, which reduces the efficacy of medicinal plants,
and influences the quality and safety of their final prod-
ucts (Wang et al. 2015). Aspergillus and Fusarium fungi,
including Aspergillus flavus, have been reported as the
most common species of fungi in medicinal plants (Bat-
tilani et al. 2016). These species are of special concern
because they can produce mycotoxins [e.g. aflatoxins
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(AFs), ochratoxin A] that pose potentially serious
threats to human and animal health, due to their acute
and chronic toxicity (Qin and Guo 2011). Hence, in
recent years, fungal contamination, together with myco-
toxin production, in medicinal plants has garnered
growing attention.

Alpinia oxyphylla (Yizhi in Chinese, A. oxyphylla), the
dried ripe fruits of Alpinia oxyphylla Miq, is a folk medi-
cine with broad anti-inflammatory, anti-allergy, anti-
ulcer and neuroprotective effects that can be used to treat
intestinal disorders, diuresis, ulceration, dementia and
other diseases (Li et al. 2013). In addition, A. oxyphylla is
also consumed as a food in China. Phytochemical stud-
ies have indicated that it contains volatile oils, polysac-
charides, flavonoids and diarylheptanoids (Li et al. 2013;
Feng et al. 2015; Zhao et al. 2013). Because it is widely
distributed in tropical and subtropical regions, A. oxy-
phylla can become moldy during its growth, harvesting,
processing and storage. Environmental conditions, such
as high temperature and humidity, are crucial for fungal
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contamination and mycotoxin production (Amelin et al.
2013). It has been reported that AFs contaminate up to
100% (n = 3) of A. oxyphylla samples, with maximum
contamination levels of 0.81 pg/kg for AFB, and 10.3 pg/
kg for all AFs (the sum of AFB,, AFB,, AFG, and AFG,)
(Zha et al. 2014). Another report found that A. oxyphylla
contained AFB, at levels (up to 20 pg/kg) higher than
the maximum residue limits established by the Chinese
Pharmacopoeia (Zhang et al. 2008; Chinese Pharmaco-
poeia Commission 2015). These results suggested that
A. oxyphylla might be infected by some species of Asper-
gillus during storage. Additionally, the authors observed
that A. oxyphylla was commonly found to be moldy
under improper storage conditions. However, as far as
we know, research into the effects of storage conditions
on A. oxyphylla quality and mold contamination has not
been reported.

Hence, the aims of the present study were to (1) deter-
mine the ideal storage conditions (including temperature
and humidity) for A. oxyphylla to prevent A. flavus infec-
tion and (2) to evaluate the impact of mold growth on
A. oxyphylla quality. Using a trans-culturing approach,
sterilized A. oxyphylla was artificially inoculated with A.
flavus spores for cultivation. Central composite design-
response surface methodology was used to study the
effects of different storage temperature and humidity
conditions on fungal growth in A. oxyphylla and subse-
quent production of aflatoxins. The volatile compound
and polysaccharide composition was then determined by
gas chromatography—mass spectrometry (GC-MS) and
spectrophotometry, respectively. Aflatoxins (including
AFB,, AFB,, AFG, and AFG,) were detected by ultra-per-
formance liquid chromatography coupled with tandem
mass spectrometry (UPLC-MS/MS). This is the first
study to optimize the storage conditions for A. oxyphylla,
which will provide the theoretical basis to establish the
most effective system to protect A. oxyphylla from mold
infection during its storage.

Materials and methods

Chemicals, reagents and materials

Methanol, acetonitrile and ethyl acetate (Merck, Darm-
stadt, Germany) were of HPLC grade. All other chemical
solvents of analytical grade were obtained from Beijing
Chemical Reagents Co. (Beijing, China). Deionized water
was prepared using a Milli-Q water purification system
(Millipore Corporation, USA). Reference standards for
AFB,, AFB,, AFG,, AFG, were bought from Solarbio
(Beijing, China). Nootkatone was obtained from Sigma-
Aldrich Co. Ltc. (Shanghai, China). The purities of all the
above reference compounds were above 98%. Aspergillus
flavus strains were supplied by China General Micro-
biological Culture Collection Center (CGMCC 3.4410,
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Beijing, China). Aflatoxin-free A. oxyphylla samples were
collected from Wuzhishan city, Hainan province, China.

Instrumentation

UPLC coupled with a QTRAP 6500 triple quadruple
mass spectrometer (AB Sciex, Toronto, ON, Canada)
with electrospray ionization (ESI) was used to analyze A.
oxyphylla samples. Chromatographic separation of four
aflatoxins was performed on an Acquity BEH C;g col-
umn (100 mm x 2.1 mm i.d. 1.7 um, Waters Corp., Mil-
ford, MA, USA). The mobile phase consisted of 0.2 mM
ammonium acetate water (A) and MeOH containing 0.1%
formic acid (B) at a flow rate of 0.3 mL/min. A gradient
program was used as follows: 0 min: 25% A; 2 min: 45%
A; 10 min: 90% A; 12 min: 90% A; 12.1 min: 25% A. The
injection volume was 2 pL and the column temperature
was set to 35 °C. ESI-MS/MS analyses were performed in
positive ionization mode. The ionization source parame-
ters were as follows: 550 °C, curtain gas (nitrogen), 35 psi;
ion spray voltage 5000 V in positive mode; Gas 1 60 psi
and Gas 2 55 psi. Data were acquired using the multiple
reaction monitoring (MRM) scan mode. Two precursor-
to-product ion transitions were simultaneously moni-
tored at m/z 313.0-285.0, 313.0-269.0 for AFB;; m/z
315.0-259.0, 315.0-287.0 for AFB,; m/z 329.0-243.0,
329.0-215.0 for AFG;; m/z 331.0-245.0, 331.0-285.0
for AFG,. Instrumental data were collected using the
Analyst® Software version 1.6.2 with Schedule MRM TM
Algorithm (AB Sciex, Toronto, ON, Canada).

Gas chromatography—mass spectrometry analyses were
carried out using a gas chromatography-ISQ 3000 mass
spectrometer (Thermo Scientific, San Jose, CA, USA)
with a TG-5 MS capillary column (30 m x 0.25 mm i.d.
0.25 mm film thickness, Thermo Scientific, USA). Injec-
tion volume was 1.0 pL in split ratio of 10:1. Helium was
used as carrier gas at 1.5 mL/min. Oven temperature
was programmed as follows: initial temperature 50 °C
for 3 min, raised to 75 °C (15 °C/min) for 0.5 min, raised
to 110 °C (20 °C/min) for 1 min, raised to 130 °C (2 °C/
min), raised to 140 °C (1 °C/min) and raised to 250 °C
(5 °C/min) for 10 min. The temperature injector and MS
transfer line were kept at 220 °C and 250 °C, respectively.
Ionization was carried out in electron-impact ioniza-
tion (EI) mode at 70 eV. The ion source temperature was
set at 280 °C. The mass spectra were recorded within
40-500 amu in full scan mode.

Response surface methodology for optimization of storage
conditions

The reported optimum temperature and relative humid-
ity for A. flavus growth are 20-40 °C and 80-95%
(Hu et al. 2015), respectively. Similarly, the optimum
temperature for the production of aflatoxin is 20-30 °C.
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Therefore, in this study, response surface methodology
(RSM) with five levels (£1, +« and one central point)
and two-factor (temperature and humidity) central com-
posite design (CCD) was used to optimize the storage
conditions to prevent the infection of A. oxyphylla by A.
flavus. The independent variables and their values for this
study are shown in Table 1. The design consisted of 13
total experimental runs, which were analyzed using the
Design expert 8.0.7.1 (Stat-Ease Inc. USA) statistical soft-
ware package.

Two hundred grams of A. oxyphylla samples were steri-
lized under a UV lamp for 2 h. Then the sterilized samples
were divided into a control group (100 g) and an infection
group (100 g). One milliliter of A. flavus spore suspension
(10° colony forming unit/mL) was added to the infection
group samples, while 1 mL sterile water was added to the
control group samples. The samples from the two groups
were cultured under the same conditions for 10 days as
a single experimental run. All the samples for 13 experi-
mental runs were sterilized and dried for analysis.

Determination of aflatoxin concentration by UPLC-MS/MS

At each time point, the cultured A. oxyphylla sam-
ples were prepared for aflatoxin (AFB;, AFB,, AFG,
and AFG,) analysis by UPLC-MS/MS according to the
reported procedure and methods (Zhao et al. 2017). One
gram of ground powder was placed into a 15-mL poly-
carbonate centrifuge tube, and was extracted with 4 mL
of ACN-water-acetic acid (79:20:1, v/v/v). The tube was
tightly capped and vortexed for 1.0 min, and then was
placed into an ultrasonic bath at 40 °C for 20 min. The
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extracts were subsequently centrifuged for 15 min at
12,000 rpm. The supernatant was filtered through a 0.22-
um filter for UPLC-MS/MS analysis.

Thin-layer chromatography of volatile oil

Alpinia oxyphylla volatile oils were prepared by hydro-
distillation. Detailed methodology was as follows: 50 g of
the ground powder was soaked in distilled water (tenfold
volume) for 1.5 h, and extracted through steam distilla-
tion for 6 h. Then, the essential oils were dried over anhy-
drous sodium sulfate and sealed in an amber volumetric
flask. Twenty-five microliters of the volatile oil was dis-
solved in 1.0 mL ethyl acetate for thin-layer chromatog-
raphy (TLC) analysis.

Five microliters of the volatile oil solvents were sepa-
rately applied on 20 x 20 cm chromatographic plates
pre-coated with silica gel (Merck, Germany) as the sta-
tionary phase. The chromatograms were developed in a
glass chamber containing cyclohexane-ethyl acetate (9:1,
v/v) as the mobile phase. The plates were dried for 5 min
and inspected under a UV lamp at 365 nm. TLC detec-
tion was performed in duplicate for all samples.

GC-MS analysis

One gram of ground powder was extracted with 3 mL
of ethyl acetate by sonication at room temperature for
30 min. The solution was adjusted to the original weight
with ethyl acetate. The extracts were subsequently centri-
fuged at 5000 rmp for 10 min. Before being injected into
the GC-MS, all solutions were filtered through 0.22-pum
membrane filters.

Table 1 Contents of AFs in Alpinia oxyphylla inoculated with A. flavus stored under different conditions

No. Temperature (°C) Humidity (%) Content (ug/kg)

AFB, AFB, AFG, AFG, Total
A 2293 82.20 <LOQ ND ND ND <L0Q
B 37.07 82.20 0.59 ND ND ND 0.59
@ 2293 92.80 1.77 ND ND ND 1.77
D 37.07 92.80 533 ND ND ND 533
E 20.00 87.50 <LOQ ND ND ND <LOQ
F 40.00 87.50 0.44 ND ND ND 0.44
G 30.00 80.00 <LOQ ND ND ND <LOQ
H 30.00 95.00 8.90 0.59 ND ND 949
I 30.00 87.50 238 ND ND ND 238
J 30.00 87.50 248 ND ND ND 248
K 30.00 87.50 244 ND ND ND 244
L 30.00 87.50 253 ND ND ND 253
M 30.00 87.50 247 ND ND ND 247

Storage condition numbering in this paper is the same as shown in this table

ND not detected
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Determination of polysaccharide content

Polysaccharides were extracted from A. oxyphylla and
detected according to the described protocol (Zhao et al.
2013). Half a gram of A. oxyphylla powder was weighed
and placed into the extractor, then extracted by reflux
with 25 mL petroleum ether (60-90 °C) and 25 mL
80% ethanol for 2 h, twice. Afterwards, the residue was
extracted by reflux with 25 mL deionized water at 95 °C
for 2 h, twice. Then, deionized water was added to the
combined filtrate to achieve a final volume of 100 mL.
One milliliter of the extract was transferred into a 10 mL
test tube and 4 mL of anhydrous alcohol was added for
precipitation overnight at 4 °C. The solution was centri-
fuged (6000 rpm, 10 min) to remove the supernatant. The
precipitate was then dissolved in 500 mL deionized water
for further analysis. One milliliter of sample solution was
put into a test tube, then 1 mL phenol solution (5%) and
5 mL sulfuric acid were added and test tubes were shaken
for 30 s. The test tube was heated by boiling in a water
bath for 10 min, then was cooled to room temperature
in an ice bath. The absorbance was measured at 484 nm.
The polysaccharide content was calculated based on a
standard curve of glucose.

Results

Aflatoxin detection in A. oxyphylla

All A. oxyphylla samples were cultured for 10 days under
different storage conditions that were designed using
CCD. Our findings show that mold growth in A. oxy-
phylla were different. As was shown in Additional file 1:
Figure S1, A. oxyphylla samples were enveloped by hypha
after storage in 30 °C and 95% humidity conditions. How-
ever, no hypha were observed on A. oxyphylla surfaces
after storage in 20 °C and 87.5% humidity conditions.
AFB,, AFB,, AFG, and AFG, levels were determined by
optimized UPLC-MS/MS and the results are shown in
Table 1 and Additional file 1: Figure S2. The linearity, and
limits of detection (LOD) and quantification (LOQ) of
the four investigated aflatoxins were determined and are
shown in Additional file 1: Table S1. AFB; was detected
in all the samples, however aflatoxin content was below
the LOQ (0.10 pg/kg) for sample No.l (Temperature:
22.93 °C, Humidity: 82.2%), No.5 (Temperature: 20.0 °C,
Humidity: 87.5%) and No. 7 (Temperature 30.0 °C,
Humidity 80.0%). AFB, was only detected in sample No.
8 (Temperature: 30.0 °C, Humidity: 95.0%) at a concen-
tration of 0.59 pg/kg. The AFB,; content in sample No. 8
exceeded the limit set by Chinese Pharmacopoeia, and
the total aflatoxin content (B; + B, + G; + G,) was close
to the maximum residue limits (MRL, 10 pg/kg). Addi-
tionally, the AFB; concentration (5.33 pg/kg) in sam-
ple No.4 (Temperature: 37.07 °C, Humidity: 92.8%) also
exceeded the MRL. For all the other samples, the content
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of AFB, and total aflatoxins were within the acceptable
range. AFG, and AFG, were not detected in any samples.

Volatile oil yield

Volatile oils are the main constituents of A. oxyphylla,
and have been chosen as a quality control marker by the
Chinese Pharmacopoeia (Chinese Pharmacopoeia Com-
mission. 2015). Our results show that the volatile oil
yields of A. oxyphylla ranged from 0.82 to 1.33 mL/100 g
under normal storage conditions and were between 0.94
and 1.14 mL/100 g in experimental storage conditions
(Miao et al. 2015). Mold growth caused small changes in
volatile oil yield (Fig. 1) from A. oxyphylla, showing that
mold infection could not influence the volatile oil content
of this TCM.

TLC analysis of volatile oil

Thin-layer chromatography is a very popular technique
for the assessment of TCMs in Chinese Pharmacopoeia,
due to the advantages of lower cost, less rigorous sample
preparation, higher throughput, and easier visualization
(Sowa and Subbaiah 2004). Although A. flavus infection
caused small changes in the volatile oil yield of A. oxy-
phylla, the effect on its composition was unknown. Thus,
we developed a convenient and cheap TLC method that
targets only the essential oils. Photo documentation of
TLC chromatograms is presented in Fig. 2. Overall, the
visualized TLC spots in A. oxyphylla under different
storage conditions were the same as the sample stored
at 4 °C. Nootkatone was the most abundant volatile
oil. TLC analysis confirmed that infection by A. flavus
had no effect on the compositions of volatile oils of A.
oxyphylla.

GC-MS analysis

Gas chromatography—mass spectrometry is a powerful
technique used for the analysis of volatile components,
since it provides qualitative and quantitative data for
complex mixtures, such as those usually present in herbs
(Carrasco et al. 2015). To further confirm the effects of
storage conditions on the volatile compounds in A. oxy-
phylla, we used the GC-MS method to analyze the ethyl
acetate extract. Chromatograms of all samples are shown
in Additional file 1: Figure S3. The volatile compositions
of A. oxyphylla are reported in Table 2. A total of 37 vola-
tile components were identified by GC-MS. Of these,
nootkatone (10.23-12.30%), p-cymene (5.88-8.77%),
alloaromadendrene (8.72-10.34%), aristolene epoxide
(3.26-4.56%), a-selinene (1.87-2.43%), a-guaiene (1.85—
2.31%), a-panasinsen (1.78-2.20%), caryophyllene oxide
(1.85-2.49%), gingerol (2.04—2.94%) were found to be
the principal chemical constituents. Similar results have
been reported in other studies (Feng et al. 2015; Miao
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Fig. 1 Effects of storage conditions on the yields of volatile oil in A. oxyphylla
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Fig. 2 TLC of A oxyphylla under different storage conditions. (CK1: Nootkatone; CK2, CK3, CK4, Sample stored at 4 °C)

et al. 2015). As shown in Additional file 1: Figure S3 and
Table 2, mold infection had small effects on the composi-
tion of volatile compounds in A. oxyphylla.

Analysis of polysaccharides

To quantify the polysaccharide content of A. oxyphylla,
we used the phenol-sulfuric acid method, and used
glucose as the standard monosaccharide. The calibra-
tion curve was linear within the range of 2.05-65.60 pg/
mL, with a correlation coefficient of 0.999. We found
that the polysaccharide content of A. oxyphylla was

12.91% (Fig. 3). After co-incubation with A. flavus for
10 days, the polysaccharide content reduced remark-
ably, especially for the sample stored at 30.00 °C and
95.00% humidity. In addition, the polysaccharide con-
tent was significantly lower than control samples when
A. oxyphylla was stored under the following conditions:
37.07 °C, 92.80% humidity (D); 40 °C, 87.5% humid-
ity (F); and 30.00 °C, 87.5% humidity (I). Furthermore,
under these conditions, A. flavus grew well and the afla-
toxin concentrations were very high. It was worth not-
ing that the polysaccharide content of several control
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Table 2 Relative area (%) of common peaks in A. oxyphylla inoculated with A. flavus under different storage conditions

No RT Compounds A B C D E F G H | J K L M CK

1 552 a-Pinene 038 038 029 039 037 041 033 027 036 027 038 036 034 041
2 6.25 B-Pinene 044 050 041 049 033 034 029 052 035 041 046 036 040 040
3 6.88 p-Cymene 877 712 619 831 814 677 594 698 652 634 654 588 661 771
4 7.31 y-Terpinene 103 100 08 104 084 074 082 074 063 075 072 08 084 065
5 7.71 Undecane 120 131 123 108 154 150 104 125 139 167 144 168 178 1.05
6 7.88 Terpinen-4-ol 043 054 039 048 054 063 053 040 040 051 045 047 064 053
7 8.68 Isopinocarveol 032 033 029 026 038 048 027 030 034 033 028 030 032 025
8 9.52 Dodecane 089 09 092 084 081 091 075 09 106 121 100 118 102 091
9 1137 Tridecane 052 044 040 046 036 035 048 028 039 036 029 028 029 038
10 145  Copaene 123 120 117 120 138 126 114 129 113 083 080 115 130 135
121719 a-selinene 213 197 222 244 187 189 204 237 224 200 190 243 196 205
13 17.27  B-ylangenen 074 069 078 075 069 076 072 075 079 069 064 070 075 069
14 1752 Humulene 054 060 047 049 060 048 052 064 064 054 056 056 058 050
15 17.69 Aromandendrene 098 091 107 107 09 098 100 08 112 09 087 089 101 1.03
16 1871 ao-Guaiene 211 188 198 220 219 178 202 231 231 198 198 215 185 198
17 19.07 Alloaromadendrene 1006 935 915 1034 977 1022 985 972 965 917 939 872 900 894
18 19.53 a-Farnesene 027 047 036 038 038 031 042 027 031 032 032 026 030 029
19 1971 [-Bisabolene 032 032 036 031 036 030 032 027 028 033 038 027 026 032
20 20.13 cubedol 062 059 078 056 068 055 061 057 057 061 070 070 066 059
21 2031  (-)-a-Panasinsen 220 189 201 178 260 180 220 192 210 202 19 195 205 227
22 2287 trans-Z-o-Bisalolene epoxide 047 054 058 051 048 047 046 050 056 043 047 043 046 042
23 2355 Caryophyllene oxide 211 221 239 185 224 229 193 193 213 237 249 222 220 195
24 2518 Humulene 1,2-opoxide 280 249 283 223 373 291 259 267 216 307 320 29 313 274
25 26.23 cis-Z-a-Bisalolene epoxide 040 034 048 046 048 039 039 047 050 044 050 043 048 040
26 28.17 Caryophyllene oxide 130 109 117 1310 133 110 104 121 123 118 123 130 119 1.9
27 2847 y-Elemene 094 092 08 103 095 08 083 08 088 08 094 094 093 083
28 2859 ledol 051 058 065 050 062 054 053 066 058 063 058 060 060 069
29 291 Isoaromadendrene epoxide 149 145 139 119 144 145 127 147 168 129 151 160 164 137
30 3025 Aristolene epoxide 327 326 413 400 448 400 362 376 404 421 437 456 416 421
31 31.04 Calarene epoxide 080 084 093 083 106 087 081 08 080 094 098 083 091 099
32 3147 cis-Z-a-Bisabolene epoxide 112 103 123 138 147 128 112 127 135 120 120 127 133 123
33 3332 45-di-epi-aristolochene 090 099 105 08 112 085 084 08 087 098 103 112 109 1.00
34 3443 Nootkatone 1031 1055 1099 1035 1023 11.13 1230 1034 1131 1049 1048 1166 1059 1066
35 3481 Longipinocarvone 095 103 09 105 104 09 092 108 08 09 102 109 101 1.04
36 3647 Longifolenaldehyde 093 101 118 123 09 115 095 170 180 107 105 111 102 120
37 5188 Gingerol 239 240 284 278 261 234 252 204 223 297 257 217 294 213

samples (except A, E and G) under the same storage
conditions was lower compared to samples stored in the
refrigerator (4 °C).

Discussion

Stored A. oxyphylla is a man-made ecosystem in which
quality and nutritive changes occur because of inter-
actions between physical, chemical and biological fac-
tors. Fungal spoilage and mycotoxin contamination are
a major concern. If storage conditions are poorly man-
aged, Aspergillus species can infect A. oxyphylla and

mycotoxin contamination can occur (Chulze 2010). High
temperatures and high humidity are two important fac-
tors leading to mold growth and aflatoxin contamination
in the storage of cereals, feeds and herbs (Miiller and
Basedow 2007). A. oxyphylla is widely cultivated in tropi-
cal and subtropical regions, particularly in the Hainan
province, which is located at 18°10’'-20°10'N latitude and
108°37’-111°03’E longitude. There, the climate is warm,
with plentiful rain and high humidity. Consequently, A.
oxyphylla fruit may be more sensitive to mildew during
storage such locations. In our previous study, none of the
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Fig. 3 Effects of storage condition on the content of polysaccharide of A. oxyphylla inoculated with A. flavus (* means significant at 0.05 level;
**means significant at 0.01 level; CK, Sample stored at 4 °C; CK,, Accompanying control; S, Sample under different storage conditions)

samples we tested had aflatoxin content exceeding the
regulated maximum amount allowed (Zhao et al. 2017).
However, high incidence and levels of AF contamination
in A. oxyphylla has been reported (Zha et al. 2014; Zhang
et al. 2008). Improved storage conditions to prevent A.
oxyphylla spoilage and reduce aflatoxin contamination
are recommended.

According to the results described above, AFB, content
should increase with increasing the temperature given
the same humidity during storage, and vice verse. Our
results showed that temperature and humidity played
an important role in the growth of the A. flavus and the
production of aflatoxins. After analysis using RSM, we
concluded that the growth of A. flavus and production of
aflatoxins could be minimized by maintaining the tem-
perature below 25 °C and the humidity below 85%. There-
fore, these conditions can be recommended as the best
storage conditions for preventing the infection of the A.
oxyphylla sample by A. flavus. Liu found that Areca cate-
chu was not susceptible to mildew infection or toxin pro-
duction in environments with humidity below 90% and
temperature below 25 °C (Liu et al. 2015). Furthermore,
the best storage conditions for Radix Astragali to avoid
A. flavus contamination were temperature and humidity
below 20 °C and 85% (Hu et al. 2015). These results may
indicate that the optimal storage conditions of medicinal
materials were related to TCMs.

Volatile oil is one of the main components of A. oxy-
phylla, and is used as a marker compound to assess
the quality of A. oxyphylla in the Chinese pharmaco-
poeia (Chinese Pharmacopoeia Commission 2015).

The composition of volatile compounds in A. oxyphylla
infected by A. flavus was similar to the control samples,
which might be related to the properties of these com-
ponents. A. flavus appears to mainly rely on polysac-
charides, proteins, and fatty acids in A. oxyphylla as its
source of nutrition, rather than the volatile components
in volatile oils. These results have been confirmed by
Prakash et al. (2015). The chemical variability of volatile
oils due to variable ecological and geographical condi-
tions, plant species, harvest time and extraction meth-
odology were the major issues for their application as
natural preservatives.

Polysaccharides are natural biological macromole-
cules that are composed of monosaccharide units bound
together by glycosidic linkages (Liu et al. 2016). Polysac-
charides are widely found in plants, which use them as
energy storage molecules, structural components and
protective substances (Le Floch et al. 2015). As a kind
of carbohydrate, polysaccharides can provide a carbon
source for the growth of fungi (Coutinho et al. 2009). As
the main bioactive component of A. oxyphylla, polysac-
charides can be used to systematically evaluate A. oxy-
phylla quality. Therefore, it is important to accurately
analyze polysaccharides in A. oxyphylla under different
storage conditions after infection with A. flavus. Asper-
gilli can use a wide variety of carbon compounds as a
carbon source for its growth. These compounds include
polysaccharides, oligo- and disaccharides, hexoses, pen-
toses, organic acids, aromatic compounds, alcohols, poly-
ols, and fatty acids (Norihiro Tsukagoshi and Masashi
2001). Several species in the Aspergillus genus, including
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A. flavus, can produce and utilize enzymes that degrade
polysaccharides (de Vries 2003). Therefore, polysaccha-
rides could be used as the carbon source for the growth
of A. flavus, which may be the main reason for the
decrease in polysaccharides we observed in the A. oxy-
phylla samples after A. flavus infection. Furthermore, we
found that the polysaccharide content of control samples
(except A, E and G) under the tested storage conditions
was lower compared to samples stored in the refrigerator
(4 °C). This was especially true for storage temperatures
above 30 °C. Under these conditions, enzymatic activity
would promote polysaccharide degradation. Addition-
ally, as carbohydrates are oxidized during respiration, the
heat produced by respiration will accelerate polysaccha-
ride loss. Certainly, the role of water in the degradation of
polysaccharides cannot be ignored. These results confirm
that storage conditions have an important influence on
the quality of A. oxyphylla.

In brief, TCMs undergo numerous physical, chemi-
cal and microbiological changes, including mold infec-
tion, if they are stored under improper conditions. In this
paper, how A. oxyphylla’s storage conditions impact its
quality and mildew growth was systematically studied.
After mold infection, the volatile oil composition and
the volatile components of A. oxyphylla were unaffected,
but the polysaccharide content was reduced remarkably
and mycotoxins were found, which would affect the qual-
ity and safety of A. oxyphylla. The crucial storage factors
(including temperature and humidity) for preventing
mold growth in A. oxyphylla were analyzed using RSM.
Storing dry A. oxyphylla at temperatures below 25 °C and
humidity below 85% could effectively inhibit the devel-
opment of A. flavus mold infection. Mildew infections
caused by other toxic fungi and the resulting changes to
bioactive constituents in A. oxyphylla will be explored in
future experiments.

Additional file

Additional file 1: Figure S1. A. oxyphylla inoculated with A. flavus
conidial suspension and cultured for 10 days. Figure $2. UPLC-MS/MS
MRM chromatograms of 4 aflatoxins. Figure S3. GC-MS chromatograms
of all the samples inoculated with A. flavus under different storage condi-
tions. Table S1. Linearity, LODs, LOQs, of the 4 investigated mycotoxins.
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