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Abstract: Debitterizing water contains a great amount of amygdalin, a potential toxic compound,
so it is mandatory the degradation of amygdalin to reduce the water’s toxicity and environmental
pollution. In this paper, the suspended mycelia in debitterizing water were firstly investigated
by digital microscope, cold field emission scanning electron microscope, and internal transcribed
spacers (ITS) high-throughput sequencing. Thereafter, the degradation of commercial amygdalin
by the identified species was assessed by determining the changes of amygdalin content and the
β-glucosidase activity. The results indicate that the mycelia matched with genus of lower fungi,
mainly including Irpex, Trichoderma and white rot fungus. Among them, Irpex lacteus had a definite
promoting effect on the degradation of amygdalin, which was not caused by producing β-glucosidase,
and the suitable degrading colony numbers ranged from 6.4 × 106 CFU/mL to 6.4 × 107 CFU/mL.
In conclusion, this research might provide a potential novel approach to treat debitterizing water,
so as to reduce the water pollution in the processing industry of apricot kernels.

Keywords: amygdalin; degradation; microorganisms; ITS; β-glucosidase

1. Introduction

Apricot kernels contain abundant nutritional components such as carbohydrates, proteins,
polyphenols, flavonoids, oils, and amygdalin [1,2], which are beneficial for human body. For instance,
carbohydrates could provide the body energy demand [3], and polyphenols, because of their antioxidant
capacity, could exert a beneficial bio-function of [4]. The main characteristic compound of apricot
kernels, the amygdalin, on the one hand, could cure or prevent some diseases such as asthma,
cardiovascular diseases, bronchitis, and cancer [5,6]. On the other hand, it is also regarded as a
potentially toxic compound, since it can be hydrolyzed to benzoic acid and hydrogen cyanide (HCN),
which has shown the toxicity at high intake [7], with its lethal dose for humans being 0.5–3.5 mg/kg body
weight [8]. Therefore, the occurring of amygdalin has been regarded as an obstacle to the utilization
and commercialization of the apricot kernels in industry, and the debitterizing or removal of bitterness
has been an essential step for the processing of apricot kernels. To this end, a number of methods
have been reported, such as cold water debitterizing, acid debitterizing, hot water debitterizing,
ultrasonic debitterizing and acid-base alternate debitterizing [9–11], but all these methods have
the problem of wastewater discharging, since some nutrients are transferred into the water during
the debitterizing operation, resulting in a serious issue of water pollution [12]. Among these lost
components, amygdalin is one of the most important pollutants in the discarded debitterizing water [13].
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Considering the potential toxicity of the debitterizing water, it is prohibited to discard it until a treatment
is conducted on the water to comply with environmental regulations, so the selection of the treating
methods on amygdalin has been a key issue to clean the debitterizing water in the industry of apricot
kernels processing.

Several methods have been reported to treat the debitterizing water, including chemical, physical,
and biological techniques in situ and ex situ [14–16]. However, these methods mainly focused on
the degradation of amygdalin in the debitterizing water, and each method has certain shortcomings.
For example, the chemical degradation method has the problems of increasing contaminants, difficultly
operating and producing by-products [17], and physical degradation by ultrasound irradiation has the
disadvantages of the excessive energy consumption and complicated operation at the pilot scale [18].
Although the conditions of biodegradation by enzymolysis are mild and the degradation efficiency
is higher [19,20], the price of the enzymes is high. In recent years, much attention has been paid to
microbial degradation by researchers, which has been employed for degrading substances in soil,
cellulose, marine oil pollutants, and organophosphorus pesticides in the fermented food [21–25]. Due to
the lower damage to the environment, microorganisms are given more and more emphasis to degrade
organic substances [26]. Enlightened by the application of microorganisms in treating the polluted
water, one could think that some types of microorganisms could be identified possessing the capacity
of degrading amygdalin. In this sense, some cotton-like substances were unexpectedly found floating
in the debitterizing water during storage in our labs, when we were doing other experiments related to
the aroma beverage development of the debitterizing water. Excitingly, these cotton-like substances
were tentatively described as microorganisms, so their responses to amygdalin are very expected.
However, no information is available on the species, names, and functions of these microorganisms.

With the development of molecular bio-technology, high-throughput sequencing has emerged,
and the ITS encodes ribosome subunits and is highly conserved in structure and function, which can be
used to identify the differences between the bacteria and fungi [27]. In the biological genome, multiple
copies exist, and the conservative and variable regions are arranged alternately [28]. Through the ITS
sequence diversity, the microbial diversity can be directly investigated at the molecular level, and the
limitation of microbial culturability could also be broken through [29]. High throughput sequencing,
a novel technique, has been widely used to study the microbial community diversity, due to its
advantages of high reading length, high precision, high throughput, and the unbiased results [30].
Compared with the culture methods to isolate and identify the microorganisms, the high-throughput
sequencing method can not only detect the common culturable species, but also the species that are
difficult to be cultivated or low abundance, and those that are difficult to be obtained in living beings
or difficult to be isolated from samples [31]. It has been successfully used to detect the relatively few
microorganisms in some fermented foods, such as cheese, kefir grains, and fermented seafood [32–34].
The analysis based on large-scale data has a stronger statistical power and more accurate reflection of
the sample situation, which provides a new development for the ITS diversity research.

In this paper, the unknown microorganisms in the debitterizing water were tentatively identified
by the high-throughput sequencing and other related techniques. Then, the effects of the identified
microorganisms on the degradation of amygdalin were assessed, so as to explore the feasibility of the
amygdalin degradation by microorganisms isolated from the debitterizing water. The ultimate objective
was to clarify the debitterizing water by the screened microorganisms and reduce the environmental
pollution in the processing of apricot kernels.

2. Materials and Methods

2.1. Materials and Reagents

Microorganisms were isolated from the debitterizing water of apricot kernels, which was collected
from the pilot scale test plant attached to School of Food Engineering and Nutrition Sciences of Shaanxi
Normal University, Shaanxi, China.
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Standard amygdalin was purchased from Chengdu Perferred Bio-Technology Co., Ltd. (Chengdu,
China). Methanol and acetonitrile were of HPLC-grade and supplied by Fisher Scientific Co.,
Ltd. (Walsham, MA, USA). Sodium chloride (NaCl), dipotassium hydrogen phosphate (K2HPO4),
magnesium sulphate (MgSO4) were purchased from Tianjin Tianli Reagent Co., Ltd. (Tianjin, China).
Potato dextrose agar (PDA) medium, beef extract, and yeast extract were purchased from Beijing
Aoboxing Biotechnology Co., Ltd. (Beijing, China). VB1 was supplied by Shanghai Lanji biology Co.,
Ltd. (Shanghai, China). Lactose was purchased from Tianjin Shengao Chemical Reagent Co., Ltd.
(Tianjin, China). All other chemicals were of analytical grade. Ultra-pure water was prepared using a
Millipore Milli-Q purification system, which was purchased from Chengdu YouPu Biotechnology Co.,
Ltd. (Chengdu, China).

2.2. Morphology Observation of the Isolated Strains

An amount of the isolated strains was made into micro-slices, the morphology of color and hyphae
was observed by a digital biomicroscope (Angel Precision Instrument Co., Ltd., Zhenjiang, China),
and the data was recorded. Then the strains were coated and the ultrastructure was observed using a
cold field emission scanning electron microscope (HITACHI S-4800, Hitachi Co., Ltd., Tokyo, Japan).
The species of the strains were identified according to the morphological characteristics and consulting
the relevant strain manual [35–38].

2.3. Pretreatment of the Samples and Extraction of Genomic DNA

The unknown bacteria were numbered and immediately stored in sterile reagent bottles. Total DNA
extraction from the microorganisms was selected, and the quality of DNA extraction was detected
by 0.8% agarose gel electrophoresis [39] and quantified by a TU-1810 spectrophotometer (PERSEE
Analytical Instrument Ltd., Beijing, China).

2.4. PCR Amplification, Recovery and Purification of the PCR Products

Targeting ribosomal RNA sequences can reflect the composition and diversity of the microbial
flora. The primers were designed according to the conserved region in the sequence, and the
sample of the specific sequence was added to amplify the variable region (single or continuous
multiple) or specific gene fragment of rRNA gene by PCR [40]. The first primer sequence
of this sample was GGAAGTAAAAGTCGTAACAAGG, and the second primer sequence was
GCTGCGTTCTTCATCGATGC. The amplified fragment size was 280 bp. The Q5 high-fidelity DNA
polymerase (NEB Company, Ipswich, MA, USA) was used for 2720 PCR amplification instrument (ABI,
Walsham, MA, USA) [41], which ensures that the same batch of samples has the same amplification
conditions by strictly controlling the number of amplification cycles as low as possible. The amplified
products of PCR were detected by 2% agarose gel electrophoresis, and the target fragments were
recovered by AXYGEN gel recovery kit (Axygen Scientific Co., Ltd., Union City, CA, USA).

The PCR amplification system (25 µL) was as follows: 5× reaction buffer 5 µL, 5× GC buffer 5 µL,
dNTP (2.5 mM) 2 µL, Forwardprimer (10 uM) 1 µL, Reverseprimer (10 uM) 1 µL, DNA Template 2 µL,
ddH2O 8.75 µL, Q5 DNA Polymerase 0.25 µL.

The PCR amplification parameters were as follows: initial denaturation 98 ◦C 2 min, denaturation
98 ◦C 15 s, annealing 55 ◦C 30 s, extension 72 ◦C 30 s, final extension 72 ◦C 5 min, 10 ◦C hold.
25–30 cycles.

2.5. Preparation of the Medium and Strain Culture

The dominant species were tentatively identified as Irpex lacteus and Trichoderma through the
ITS technique. The morphology of the white rot fungi was similar to that of the unknown fungus
through the microscopic observation and referring the relevant literature, so three kinds of culture
media were used to culture them for further research. The mycelium was extracted from the apricot
kernels debitterizing water by washing with the deionized water, and 1 g of mycelium was cultured
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on PDA medium for 4 days. The strains preserved on the slant medium were selected, placed along
with proper amount of fermentation medium (100 mL) into shaking flasks (250 mL) and cultured
for 2 days in the incubator shaker (150 r/min, 26 ◦C). The optimum medium for treating Irpex lacteus
was based on the research of Li et al. [42]. The specific nutrition formulas were as follows: 2.94 g
lactose/100 mL, 1.5 g yeast extract/100 mL, 1.5 g beef extract/100 mL, 0.065 g KH2PO4·3H2O/100 mL,
0.06 g MgSO4·7H2O/100 mL, 0.0008 g NaCl/100 mL, and 0.0289 g VB1/100 mL.

The optimum medium for treating the white rot fungi was as follows [43]: 1 g glucose/100 mL, 0.07 g
ammonium tartrate/100 mL, 0.1 g KH2PO4/mL, 0.02 g NaHPO4/mL, 0.04 g MgSO4/mL, 0.0005 g VB1/mL,
0.01 g CaCl2/mL, 0.01 g FeSO4/mL, 0.003 g ZnSO4/mL, and 0.0005 g MnSO4/mL.

PDB was chosen as the culture medium for Trichoderma, according to the literature [44].
Gradients of the cultured strains were diluted to different concentrations from 10−1 to 10−6,

and repeated in triplicate. One hundred µL liquids of fermentation medium were removed by a
pipette and cultured in the PDA solid medium. Plate counts were carried out at 27 ◦C at appropriate
times, and were used to investigate the effect of the microorganisms on the degradation of amygdalin.
The total number of colonies was calculated as follows:

Colony count (g/mL) = Ca/D×V

where Ca is the average colony number, D is the dilution applied, and V is the volume of diluent.

2.6. Determination of Amygdalin by HPLC

The HPLC system (Dalian Elite Analytical Instruments Co., Ltd., Dalian, China) consisted of
two P230II pumps, a UV230II detector and a ZW230II column oven. Chromatograms were recorded
by the EC2006 software (Dalian Elite Analytical Instruments Co., Ltd., Dalian, China). The mobile
phases were ultrasonically degassed for 25 min and filtered through a membrane of 0.45 µm before
used. An isocratic elution was applied for the separation of amygdalin on a column of TC-C18 (5.0 µm,
4.6 mm × 250 mm, Agilent, Santa Clara, CA, USA) with methanol-H2O (28:72; v/v) as the mobile
phase, being 1.0 mL/min of the flow rate, 35 ◦C as the column temperature, 214 nm as the detection
wavelength, and 20 µL as the injection volume.

2.7. Degradation Investigation of the Amygdalin Caused by the Three Strains

A total of 100 mL of amygdalin standard solution (0.200 mg/mL) was taken and added in three
250 mL flasks (A, B, and C), respectively. Then, 1 mL of sterile water was added into the flask A and
shaken as the control sample, 1 mL of the liquid culture medium of Irpex lacteus was added into the
flask B, and 1 mL of the liquid culture medium of Irpex lacteus with 10−1 dilution was added into the
flask C. Similarly, the other two strains were also conducted according to the aforementioned methods.
Afterwards, the effects of different concentration of fungi were investigated on the degradation of
amygdalin, and the degradation rate of amygdalin was calculated as follows:

Y(%) = (A0 −A1)/A0

where Y is the degradation rate of amygdalin, A0 is the HPLC peak area for amygdalin in the
solution without addition of fungi, and A1 is the HPLC peak area of amygdalin in the solution with
fungi addition.

2.8. Measurement of the Beta-Glucosidase (β-GC) Activity

A total of 0.1 mL of fermentation medium and amygdalin standard solution with fungi addition were
added into 1 mL of citric acid-sodium citrate extraction solution, then mixed in ice bath, and centrifuged
at 4 ◦C, 12000 g for 10 min. The supernatant was separated as the crude β-GC sample to be tested. 0.05
mg/mL of β-GC standard were diluted to a certain concentration to make the standard curve.
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p-Nitrophenyl-β-d-galactopyranoside (pNPG) was used as the reaction substrate, and p-nitrophenol
was regarded as the standard to determine the enzyme activity. The measurement of the p-nitrophenol
standard solution (1 µmol/mL) with dilutions of 6.25, 12.5, 25, 50, and 100 nmol/mL was as shown in
Table 1. The calibration curve for p-nitrophenol was y = 0.007x + 0.003, R2 = 0.9986.

Table 1. Measurement of the β-glucosidase activity.

Reagents Control Measurement Standard Tube

pNPG (µL) 400
Disodium hydrogen phosphate-citric acid buffer (µL) 500 500

β-glucosidase crude enzyme solution (µL) 100 100

Operation step 1

pNPG (µL) 400

Operation step 2

Supernatant (µL) 500 500
p-Nitrophenol standard solution (µL) 500

Na2CO3 (µL) 1000 1000 1000

Step 1: The mixture was quickly mixed and placed in a 37 ◦C water bath for 30 min. The heated mixture was
immediately put into a boiling water bath for 5 min to inactivate the enzymes and terminate the reaction. Finally,
the boiled solution was cooled to room temperature. Step 2: After pNPG addition and mixing, the samples were
centrifuged at 8000× g at 4 ◦C for 5 min, and the supernatant was taken for the following operation.

The samples were prepared according to Table 1, and placed at room temperature for 2 min.
The corresponding control tube was used to calibrate the zero point of the UV spectrophotometer,
and the absorbance at 400 nm of the p-nitrophenol was measured. The specific calculation method of
the β-GC activity was as follows:

β−GC enzyme activity
(
U/104 cell

)
= (y×V1) ÷ (1000×V2 ÷V3) ÷ T = 0.02× y

where y stands for the concentration of p-nitrophenol generated, T is the reaction time (0.5 h), V1 is
total volume of reaction system (1 mL), and V2 and V3 are the volumes of sample (0.1 mL) and citric
acid-sodium citrate extraction solution (1 mL).

2.9. Statistical Analysis

The OTU (operational taxonomic units) abundance information and taxonomic composition data
of each sample were mapped to the microbial taxonomy tree provided by NCBI Taxonomy using the
software MEGAN [45], so that the specific composition of all samples at each taxonomic level can be
presented uniformly in a standard taxonomy system.

All the results were statistically analyzed by calculating the mean and the standard deviation, and
were presented as mean ± standard deviations of three determinations. Analysis of variance (ANOVA)
was conducted using the SPSS statistics software, version 11.0 (SPSS Inc., Chicago, IL, USA).

3. Results and Discussion

3.1. Morphology Characterization of Strains

The micro-morphology of the suspended cotton-like mycelium in the debitterizing water of apricot
kernels was characterized by the digital biomicroscopy and cold field emission scanning electron
microscopy, respectively. As shown in Figure 1, the structure of the mycelium is transparent and
branched, and there are many nuclei and no segregations in the mycelium, which could be preliminarily
identified for the germination and reproduction. The mycelium is densely distributed and has many
branches as observed by the cold field emission scanning electron microscope (Figure 2). Through
the morphological observations and referring to the literature [36], the colony could tentatively be
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identified as a lower fungal organism, and its further identification as fungal species was subsequently
investigated by the high-throughput ITS sequencing technique.
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3.2. Diversity Analysis of the Fungal in the Samples

Both Chao 1 and ACE represent the estimation index of richness, which is usually used to estimate
the actual number of the species in the community. Generally, ACE has a wider detection range than
Chao 1, the larger the Chao 1 or the ACE index is, the higher the community richness is. Furthermore,
the higher the Shannon diversity index is, the higher the community diversity is. The results in Table 2
demonstrated that, at the level of OUT, the Chao 1 indexes of the three samples were 26, 35, and 161.54
at different times, the ACE indexes were 26, 31.44, and 168.31, the Shannon indexes were 0.19, 0.02, 2.19,
and the Simpson indexes were 0.0386, 0.0029, and 0.485, respectively. An increasing trend is shown by
the richness index of the three samples, while the diversity showed an initial decrease, followed by
an increase. The results indicate that the longer the community is stored, the richer the community
will be, and the more diverse the community will be. The reason remains unknown, and it will be
further studied.

Table 2. Diversity index of fungi communities.

Samples Simpson Chao1 ACE Shannon

1 0.0386 26.00 26.00 0.19

2 0.0029 35 31.44 0.02

3 0.485 161.54 168.31 2.19

3.3. Distribution of the Fungal Colonies at Different Levels

Table 3 shows the results of the compositions and abundance distribution of the three colonies at
five taxonomic levels of phylum, class, order, family, and genus, and Figure 3 illustrates the mapped
tree for classification of hierarchy of the three colonies, which is usually used to reflect the grade
relationship of the sample classification. The average of the relative abundance in the total determined
samples is represented by the circle size, and the larger the circle is, the greater the sample richness is.
Combined with Table 3 and Figure 3, it could be seen that 98% of the dominant fungi in the first fungus
colony level are Basidiomycota, Agaricomycetes, Polyporales, Meporidae. Ruliaceae and Irpex, and about
1.8% of the dominant fungi are Ascomycota, Sordariomycetes, Hypocreales, Hypocreaceae and Trichoderma.
The second fungus had 99.6% of the dominant fungi, such as Ascomycota, Sordariomycetes, Hypocreales
and Nectriaceae, while the third fungus had 99.9% of dominant fungi, Ascomycota, Sordariomycetes,
Hypocreales, Hypocreaceae and Trichoderma. The second was consistent with the third with the 0.1%
dominant fungi. The reason might be attributed to the quick growth rate of Trichoderma fungi, which
is much faster than that of the Irpex lacteus, which is also in agreement with the existing research
that the bacterial diversity of Maotai flavor liquor increased with the extension of storage time [46].
The richness of the community increases with the increase of time, and the Trichoderma species multiply
in large quantities in the debitterizing water of apricot kernels.
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Table 3. Distribution of dominant fungi communities at different levels in the debitterizing water of
apricot kernels.

Level OUT ID 1 2 3

Phylum
Ascomycota 1.9% 99.9% 99.8%

Basidiomycota 98.1% 0.1% 0.1%
Other 0.1%

Class

Sordariomycetes 1.9% 99.9% 99.7%
Agaricomycetes 98.1% 0.1% 0.1%

Other 0.1%
Tremellomycetes 0.1%

Order

Hypocreales 1.9% 99.9% 99.7%
Polyporales 98.0% 0.1% 0.1%

Other 0.1%
Tremellales 0.1%
Sordariales 0.0%

Family

Hypocreaceae 1.8% 99.6%
Nectriaceae 99.9%
Meruliaceae 98.0%

Other 0.1%

Genus

Trichoderma 1.8% 99.6%
Unidentified 99.9%

Irpex 98.0% 0.1% 0.1%
Other 0.1%

A

D

E

F
G

H

I
J

K

B

C

L

Q

R

S

TM
N O

P

A:p__Ascomycota
B:c__Saccharomycetes
C:o__Saccharomycetales
D:c__Sordariomycetes
E:o__Hypocreales
F:f__Hypocreaceae
G:g__Trichoderma
H:f__Nectriaceae
I:o__Sordariales
J:f__Chaetomiaceae
K:g__Chaetomium
L:p__Basidiomycota
M:c__Tremellomycetes
N:o__Tremellales
O:f__Bulleribasidiaceae
P:g__Derxomyces
Q:c__Agaricomycetes
R:o__Polyporales
S:f__Meruliaceae
T:g__Irpex

Figure 3. GraPhlAn-based classification hierarchical tree map chart of dominant fungi communities in
the debitterizing water of apricot kernels.
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3.4. Colony Count in the Culture Medium

According to the medium configuration of the dominant species, the colony numbers were
determined, and the results are shown in Figure 4 and Table 4. The total colony numbers of Irpex lacteus
and white rot fungi were 6.4 × 107 CFU/mL and 5.4 × 107 CFU/mL after two days culture, respectively.
The total colony numbers of Trichoderma were 6.8 × 104 CFU/mL after one day culture. The total colony
numbers of Irpex lacteus in the dilutions of 10−1 and 10−2 were 6.4 × 106 CFU/mL and 6.4 × 105 CFU/mL,
respectively. Similarly, the total colony numbers of the white rot fungi in the dilutions of 10−1 and 10−2

were 5.4 × 107 CFU/mL and 5.4 × 106 CFU/mL, respectively. For Trichoderma, the total colony numbers
were 6.8 × 107 CFU/mL and 6.8 × 106 CFU/mL in the dilutions of 10−1 and 10−2, respectively. All the
results indicate that Trichoderma had the strongest reproduction ability during the culture, followed
by the white rot fungus and Irpex lacteus, which is consistent with the results from the ITS analysis.
It could be deduced that the dominant species in the original community should be the Irpex lacteus,
although Trichoderma became the dominant genus, due to its strong reproduction ability.Processes 2020, 8, x FOR PEER REVIEW 10 of 16 
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Table 4. Colony counting results.

Samples Average of Colony (pcs) Colony Count (CFU/mL)

Iprex lacteus 64 ± 7 6.4 × 107

White rot fungi 54 ± 5 5.4 × 108

Trichoderma 68 ± 11 6.8 × 108

3.5. Effects of the Three Fungi on the Degradation of Amygdalin

The effects of the three fungi on the degradation of amygdalin were investigated and the results
are shown in Figure 5 Figure 6 Figure 7, respectively. It can be seen that the addition of Irpex lacteus had
a noticeable effect on amygdalin degradation, while the contents of the amygdalin were not influenced
by the addition of white rot fungus and Trichoderma. In comparison, the amygdalin in the solution
without Irpex lacteus addition was hardly degraded during the storage, while 79.31% of the amygdalin
in the solution with Irpex lacteus was degraded after 48 h storage. The degradation of the amygdalin in
the 10−1 diluted solution could not be detected within the first 36 h; however, with the increase of time,
the degradation rate reached 38.06% at 48 h. Moreover, the colony numbers of Irpex lacteus, which
could degrade the amygdalin, were in the range of 6.4 × 106 CFU/mL and 6.4 × 107 CFU/mL, and the
more the colonies of Irpex lacteus, the better the degradation of amygdalin, which is consistent with
the available literature [47]. Compared with the lactic acid bacteria, the yeast and filamentous fungi
had a stronger degradation rate of amygdalin, and the colony numbers had a certain impact on the
degradation. The Irpex lacteus screened from the debitterizing water might be considered for further
deep study on its degrading of amygdalin in the debitterizing wastewater of apricot kernels, so as to
clarify the water in future, while Trichoderma and white rot fungus can be regarded as not suitable for
treating the amygdalin in the wastewater.
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3.6. Effects of the Three Fungi on the Activity of β-Glucosidase

As is well known, β-glucosidase is the most important endogenous enzyme in the apricot kernels.
Once the kernels are damaged and in contact with water, some amygdalin would be degraded by the
β-glucosidase, resulting in the debitterizing of apricot kernels. As mentioned above, the three fungi
isolated from the debitterizing had a certain influence on the amygdalin degradation; however, the
reason for this is not clear. In order to well understand the mechanism, the β-glucosidase activity
in solutions with addition of the three fungi was determined, respectively. As shown in Table 5,
the activities of β-glucosidase were all negative and close to zero, which might suggest that no
β-glucosidase was produced over the growth of the strains and the degradation of amygdalin was not
caused by the β-glucosidase. Considering the effect of Irpex lacteus on the degradation of amygdalin,
its mechanism is not clear, and further study would need to be conducted in the future. Generally, the
degradation of fungus such as white rot fungus could be influenced by the medium conditions, and the
optimal medium condition can stimulate the fungus by stress reaction to produce some enzymes such
as laccases and peroxidases for degrading some organic pollutants [48], which might suggest that
the amygdalin degradation by fungi (especially Irpex lacteus) could be improved by optimizing the
medium conditions, and this work would need to be investigated in future.

Table 5. Contents of β-glucosidase in the standard amygdalin solution with the three identified species.

Time
β-Glucosidase Activity (U/104 cell)

Irpex lacteus Trichoderma White Rot Fungus

0 h −0.10 ± 0.16 −0.41 ± 0.26 −0.26 ± 0.15
12 h −0.22 ± 0.19 −0.33 ± 0.16 −0.10 ± 0.33
24 h −0.45 ± 0.17 −0.88 ± 0.19 −0.26 ± 0.30
36 h −0.28 ± 0.09 −0.52 ± 0.19 −0.11 ± 0.23
48 h −0.30 ± 0.03 −0.32 ± 0.24 −0.05 ± 0.09

4. Conclusions

The cotton-like suspended mycelia in the debitterizing water were tentatively identified for the
genus of lower fungi by observing the microscopic morphology. Three species of microorganisms were
further confirmed through the ITS high-throughput sequencing analysis, including Irpex, Trichoderma,
and white rot fungus. The results indicate that the species Trichoderma and white rot fungus had
no effects on the amygdalin degradation, while Irpex lacteus had a definite promoting effect on the
degradation of amygdalin, being the suitable degrading colony number from 6.4 × 106 CFU/mL to
6.4 × 107 CFU/mL. This might be attributed to the other metabolites of Irpex lacteus apart from the
β-glucosidase such as laccases and peroxidases, and the specific mechanisms need to be further studied.
This notwithstanding, this research might provide a novel promising approach to treat the debitterizing
water so as to reduce the water pollution from the processing industry of apricot kernels.
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