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Abstract: This investigation aimed to ascertain the efficacy of korshinsk peashrub as a viable substitute
for cottonseed hull in the cultivation substrate of Agrocybe aegerita. The study incorporated korshinsk
peashrub into the growth medium at incremental concentrations of 20%, 40%, and 60%, and subjected
these blends to both fermentation and non-fermentation processes. Through rigorous assessment
of yield of fruiting bodies, biological efficiency, nutrient profile, amino acid composition, and the
integration of ecological and socio-economic advantages, an optimal substrate formulation was
discerned. The findings revealed that the fermentation substrate FT2, with 40% korshinsk peashrub
supplanting cottonseed hull, emerged as the superior blend following a comprehensive analysis. This
formula notably yielded the highest crude protein and polysaccharide contents at 26.60% and 4.46%,
respectively—an increase of 4.51% and 12.34% over the control. Consequently, these results suggest
that korshinsk peashrub is a promising, cost-effective, and efficacious additive, capable of enhancing
the yield and quality of A. aegerita and potentially replacing cottonseed hull extensively.

Keywords: Agrocybe aegerita; korshinsk peashrub; substrate; biological efficiency; nutritional value

1. Introduction

Agrocybe aegerita, both an edible and medicinal mushroom, is endowed with an abun-
dance of nutrients and confers significant health advantages [1]. Celebrated for its anti-
cancer properties, aesthetic benefits, anti-diarrheal capacity, spleen fortification, and diuretic
effects, it has been aptly dubbed the “Chinese God Mushroom” [2]. This species of woody
mushroom thrives in the subtropical and temperate zones, with a distribution spanning
southeastern North America, Japan, southern Europe, and China. It is a mushroom of
choice for cultivation in numerous countries [3] and is extensively cultivated, particularly
in southern China [4,5]. According to the statistics of China Edible Fungi Association,
the yield of A. aegerita was estimated at 894,700 tons in 2021, and the scale of the edi-
ble mushroom industry continues to expand the output from 7.8 million tons in 2001 to
41.3396 million tons in 2021, a five-fold increase, resulting in a shortage of traditional raw
materials. This surge has precipitated a scarcity of traditional raw materials, catapulting
cottonseed hull prices to USD 290–300 per ton. Given that 80% cottonseed hull is the
conventional substrate for cultivating A. aegerita, the imperative to innovate alternative
agricultural waste into new cultivation substrates has become increasingly pressing.

Agricultural by-products are often abundant in lignocellulosic materials, the manage-
ment and disposal of which pose significant challenges [6]. A variety of edible fungi have
been adapted to exploit these lignocellulosic residues, deploying an arsenal of extracellular
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enzymes, including cellulases, hemicellulases, pectinases, and ligninases, to decompose
and utilize them [7–10]. The korshinsk peashrub, predominantly composed of cellulose,
hemicellulose, and lignin, is one such agricultural residue. Classified within the Legumi-
nosae family [11], this shrub is also referred to by its vernacular names: hairy stripe and
white Caragana. As a quintessential species for reforestation projects on China’s Loess
Plateau [12], the korshinsk peashrub exhibits robust branching and regenerative capabil-
ities, necessitating the pruning of its branches every four to five years [13]. This cyclical
pruning generates a substantial yield of branches annually, which, if not utilized effectively,
represents a considerable waste of biomass and a lost opportunity for environmental con-
servation. Cultivating edible fungi using these branches represents a valuable utilization
pathway. This lignocellulosic waste is a large carbon source, which is considered to be a
potential substrate for mushroom production, and it has been used for the cultivation of
Pleurotus tuoliensis, Pleurotus ostreatus, Flammulina velutipes, and Pleurotus eryngii. Studies
have shown that korshinsk peashrub can provide nutrients to mushrooms to improve
growth and yield [14]. Prior research has indicated that the growth of Pleurotus eryngii and
Pleurotus tuoliensis can be enhanced by incorporating korshinsk peashrub into the substrate.
This practice not only augments the quality and yield of the fungi, but also serves as a
substantial replacement for traditional substrates such as sawdust, sugarcane bagasse, and
cottonseed hull [13,14].

Composting, particularly corncob composting, is currently a leading strategy for agri-
cultural waste treatment. This method transforms the organic matter in solid agricultural
wastes into nutrients and active substances. Fermentation material cultivation, due to its
low pollution, low cost, simplicity, and high economic benefits, has gained worldwide
application, surpassing raw material and clinker cultivation [15]. It has been used to cul-
tivate Pleurotus ostreatus, Agaricus bisporus, and Volvariella volvacea. The mycelium from
fermentation cultivation grows faster than that of raw material cultivation. However,
the fermentation across the material pile is uneven, leading to significant differences in
maturity and quality. This variation impacts the yield improvement of edible fungi [16].

This study evaluated the use of korshinsk peashrub as a novel substrate supplement
for cultivating A. aegerita. It compared the effects of fermentation and non-fermentation on
the growth of edible fungi. Developing and refining a substrate formula for A. aegerita is
essential for its large-scale industrial production. The study evaluated the impact of various
substrates on nutrient content accumulation to improve the nutrient profile of A. aegerita
fruiting bodies. The findings advocate for the recycling of korshinsk peashrub to provide a
valuable resource for A. aegerita cultivation, offering a beneficial alternative for mushroom
production facilities to boost output and grower income.

2. Materials and Methods
2.1. Inoculum Source and Spawn Preparation

The cultivated A. aegerita strain B214 was sourced from the main producing area
of Pingnan County, Fujian Province, China. The stock culture was preserved on PDA
medium, and spawn was maintained on a substrate of 18% wheat bran, 80% sawdust, and
2% lime. The substrate was incubated for 30 days at 25 ◦C in the dark and stored at 4 ◦C
for future use.

2.2. Composting Process and Sampling

Korshinsk peashrub for this study was provided by Ningxia Hui Autonomous Re-
gion Yanchi County Yuanfeng Grass Industry Co., Ltd. (Yanchi, China). The treatment
process for korshinsk peashrub branches followed the procedure outlined in literature
reference [13]. Auxiliary materials, including wheat bran, sugar, gypsum, and lime were
market-purchased.

The control substrate consisted of 80% cottonseed hulls, with 60%, 40%, and 20% korshinsk
peashrub replacing the corresponding sawdust concentrations in the substrates. The above
four groups were named FCK, FT1, FT2, and FT3, respectively. A composting experiment was
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carried out with the above composting formula including FCK, FT1, FT2, and FT3. The samples
were collected at 0, 3, 6, 9, and 11 days and numbered as C0, C1, C2, C3, and C4, respectively.
Each sample was collected from 9 random points (100 g wet weight each) in the upper, middle,
and lower parts of the piles (3 points from each part), thoroughly mixed, divided into parts, and
stored at 4 ◦C or −80 ◦C for further laboratory studies [17]. When the pile was turned, each bag
was checked, weighed, mixed, and replaced.

2.3. Substrate Preparation

Table 1 presents the composite substrates used in this study. The fermented substrates
including FCK, FT1, FT2, FT3 for composting correspond to CK, T1, T2, T3 substrate. All the
treatments contained 18% wheat bran, 1% sugar, 0.5% each of lime and gypsum, dry-mixed,
and then combined with 65% tap water [18]. The final moisture content was determined
by oven-drying the substrate in triplicate. A total of 1000 g of moistened substrate was
placed in polypropylene bags that were 17 cm wide and 35 cm long. Each treatment had 25
replicates. The bags were sealed with vent caps, and plastic rings were used to seal the bags,
which were subjected to autoclaving for 120 min at 121 ◦C. All the other ingredients had
not been pretreated before they were added to the substrate. The spawn were inoculated
on a sterile table with 3 spoons per bag, and cultured at 25 ◦C.

Table 1. Composition of dry matter components of A. aegerita cultivated substrates with different additives.

Substrate Cottonseed
Hull (%)

Korshinsk
Peashrub (%)

Wheat
Bran (%) Sugar (%) Gypsum (%) Lime (%) TC (%) TN (%) C:N

CK 80 0 18 1 0.5 0.5 43.59 2.28 19.16
T1 60 20 18 1 0.5 0.5 39.80 2.16 18.40
T2 40 40 18 1 0.5 0.5 39.00 2.21 17.65
T3 20 60 18 1 0.5 0.5 36.71 2.21 16.58

FCK 80 0 18 1 0.5 0.5 44.17 2.34 18.87
FT1 60 20 18 1 0.5 0.5 41.76 2.41 17.36
FT2 40 40 18 1 0.5 0.5 40.22 2.48 16.52
FT3 20 60 18 1 0.5 0.5 35.98 2.27 15.82

Note: TC (total carbon), TN (total nitrogen), C:N: the carbon (C) and nitrogen (N) ratio.

2.4. Cultivation Methods of A. aegerita

A. aegerita was cultivated using the following method [19]. Spawn were inoculated
into sterilized cultivation bags and grown for 50–60 days at 20–27 ◦C, in darkness, and
at 60% relative humidity until fully covered with mycelia. Cultivation continued for an
additional 5–7 days to ensure physiological maturity. The bags were then moved to a
mushroom chamber for adaptive growth over 3 days under conditions of 20–25 ◦C and
85–95% relative humidity. The cultivation bags were opened and covered with the non-
woven fabric to keep moisture, and periodically open the non-woven fabric for ventilation.
The mushroom chamber should be ventilated 2 to 3 times a day, properly irradiate the
scattered light, and the primordium will grow out after 5 to 7 days. It will be timely to
harvest the mushroom according to the growth of fruit body. After removing the extreme
values, a total of 25 replicates were obtained by weighing the fresh yields of fruiting bodies.
The fresh yield of fruiting bodies was divided with the primary dry substrate in each bag
to calculate the percentage of biological efficiency (BE) [13].

2.5. Physicochemical Properties of Composted Substrates

The loss of ignition and Kjeldahl method were used to estimate the contents of car-
bon (C) and nitrogen (N), respectively. The C:N ratio was established for each substrate as
previously described [20].

2.6. Composition Analysis

Once the fruiting bodies had been harvested, different samples were dried to a constant
weight at 60 ◦C in an oven and sealed for storage. The total proteins (%), ash (%), and
fats (%) were measured using this powder as previously described [21–24]. The total soluble
sugar content was determined using the sulfuric acid-anthrone colorimetric method [25].



Horticulturae 2024, 10, 234 4 of 11

The macro Kjeldahl method was used to measure the crude protein content (N × 4.38)
of the mushroom [26,27]. Soxhlet extraction (GB5009.6) [28] was used to determine the
mushrooms’ crude content of fat. The standard procedure GB5009.4 [29,30] was used to
measure their ash content. Crude fibre content is determined according to the method in
GB 5009.10 [30]. The PONY Testing International Group (Beijing, China) conducted all the
test analyses.

2.7. Assay of Amino Acid Composition

The amino acid composition of dried fruiting bodies was determined using an auto-
matic amino acid analyzer (L-8800, Hitachi, Japan) [31]. In brief, the mushroom powder
(0.03 g) was hydrolyzed at 110 ◦C for 22 h in threaded test tube containing 10 mL of
6 mol/L HCl and 5 mg/mL of phenol. Subsequently, the hydrolysate was filtered into a
50 mL volumetric flask and diluted with deionized water. The 2 mL hydrolysate was dried
at 40 ◦C and then redissolved in 2 mL deionized water. After repeating the drying and
dissolution processes three times, the dried samples were dissolved with 0.02 mol/L HC1
(2 mL) and filtered with 0.22 µm filter membrane for analysis.

2.8. Statistical Analysis

The original data were processed using Microsoft Excel 2016 (Redmond, WA, USA).
Differences among the means of groups were assessed using Duncan’s tests at a 95%
confidence level (p < 0.05). SPSS 19.0 (IBM, Inc., Armonk, NY, USA) was used to conduct
the statistical analyses and correlation analysis.

3. Results
3.1. Physicochemical Properties of the Substrate Materials

The physicochemical properties of the substrate materials were analyzed prior to the
composting process, and the composition of the two primary materials is shown in Table 2.
Cottonseed hull, a traditional cultivation material, exhibited a low total nitrogen (TN)
content of 2.37% and a total carbon (TC) content of 44.51%. In contrast, korshinsk peashrub
had a higher TN content of 2.45% and a lower TC content of 39.40%. It also contained high
levels of hemicellulose, with cellulose, hemicellulose, and lignin contents of 21.74%, 26.36%,
and 12.42%, respectively. However, the cellulose and lignin contents of the cottonseed hull
(25.03% and 26.97%, respectively) were higher than those of the korshinsk peashrub. These
findings confirm that the chemical composition of the korshinsk peashrub is a suitable
carbon source for cultivating A. aegerita.

Table 2. Analysis of the lignocellulosic waste used to cultivate A. aegerita.

Material Cellulose (%) Hemicellulose (%) Lignin (%) TC (%) TN (%) C:N

Cottonseed
hull 25.03 23.64 26.97 44.51 2.37 18.31

Korshinsk
peashrub 21.74 26.36 12.42 39.40 2.45 16.08

3.2. Physicochemical Properties during Composting

The four formulations (FCK, FT1, FT2, and FT3) underwent composting treatment.
Temperature, a crucial parameter for the digestion process, rapidly increased from 33 ◦C
at the onset (C0 stage, day 0) and peaked on the third day. All treatments maintained a
relatively stable thermophilic level of 52–65 ◦C (C2–C4 stages, days 6–11) until composting
concluded (Figure 1a and Table S1). The thermophilic stage temperature in this study
facilitated the biodegradation of organic matter by thermophilic microorganisms.
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Figure 1. Physicochemical properties of different substrates and different time treatments during
composting and the production characteristics of A. aegerita cultivation. C0, C1, C2, C3, and C4
represent composting treatments for 0, 3, 6, 9, and 11 days, respectively. All data were expressed
as means ± SD (n = 3). (a) Temperature changes in four formulations (FCK, FT1, FT2, and FT3)
at different fermentation stages (C0, C1, C2, C3, and C4), (b) pH changes in four formulations
at different fermentation stages, (c) total carbon content changes at different fermentation stages,
(d) total nitrogen content changes at different fermentation stages, (e) C:N ratio changes at different
fermentation stages.

The initial pH values of the four composted substrates ranged from 5.60 to 5.99, and
significantly increased on the third day (C1 stage). At this point, the pH values of FCK, FT1,
FT2, and FT3 were 7.40, 7.29, 7.60, and 7.87, respectively. Finally, the pH values decreased to
a range of 5.76–5.93 by the end of composting (C4 stage, 11th day) (Figure 1b and Table S2).

The TC and TN were measured at different fermentation stages. The four treatments
initially had a TC range of 33.72–43.38%, a TN range of 2.23–2.66%, and a C/N ratio range
of 14.53:1–18.31:1 (C0 stage) (Figure 1c–e and Tables S3–S5). As composting progressed,
the TC increased to a range of 34.77–43.26% by the end of composting. Total nitrogen (TN)
initially decreased, then increased, stabilizing at 2.37–2.60% by day 11 of phase C4. The final
C/N ratios of FCK, FT1, FT2, and FT3 were 17.50:1, 15.49:1, 15.11:1, and 14.66:1, respectively.

3.3. The Fruiting Characteristics of A. aegerita

The yields of A. aegerita fruiting bodies grown on different non-fermented and fer-
mented substrates were shown in Table 3. The fruiting body yields of CK and FCK
were 208.05 ± 13.28 g/bag and 224.67 ± 4.71 g/bag, respectively, which did not differ
significantly between the two treatments. The highest yield of fruiting bodies was FT1
(237.19 ± 19.35 g/bag), followed by FCK and FT2 (218.72 ± 7.42 and 224.67 ± 4.71 g/bag).
There is no significant difference between the FT1 and FT2 treatments, which were no
significantly different from the FCK group. T3 and FT3 had a lower yield than all other
formulations, which did differ significantly compared with the other treatments. The
biological efficiency (BE) across different substrates varied from 67.76% to 32.32%. T1 and
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T2 did not differ significantly from the control group, while FT1 and FT2 also did not differ
significantly compared with FCK. T3 and FT3 had similar yields, significantly different
from those of the other samples tested. The results showed that different non-fermented
and fermented substrates had an effect on the yields produced.

Table 3. Agronomic traits of A. aegerita when cultivated on different substrates (mean ± SD, n = 25).

Substrate 1st Plot Yield
(g/25 Bags)

2nd Plot Yield
(g/25 Bags)

3rd Plot Yield
(g/25 Bags)

Average Yield of Plot
(g/25 Bags)

Fruit Body
Yield (g/Bag)

Biological
Efficiency (%)

CK 4749 5391 4924 5021.33 ± 331.88 bc 208.05 ± 13.28 bc 59.44 ± 3.79 bc
T1 5043.2 4901.8 5038.3 4994.43 ± 80.26 bc 199.78 ± 3.21 bc 57.08 ± 0.92 bc
T2 4523 4428 4757.1 4569.37 ± 169.38 c 182.77 ± 6.78 c 52.22 ± 1.94 c
T3 3774.6 3879.6 3958 3870.73 ± 92.02 d 154.83 ± 3.68 d 44.23 ± 1.05 d

FCK 5503.6 5608 5738.4 5616.67 ± 117.64 ab 224.67 ± 4.71 ab 64.19 ± 1.35 ab
FT1 5762.2 5551.8 6475 5929.67 ± 483.85 a 237.19 ± 19.35 a 67.76 ± 5.52 a
FT2 5465.5 5283.6 5654.6 5467.9 ± 185.51 ab 218.72 ± 7.42 ab 62.49 ± 2.12ab
FT3 2168.8 2671 3645.2 2828.33 ± 750.67 e 113.13 ± 30.03 e 32.32 ± 8.58 e

Different lowercase letters denote significant differences in each column (p < 0.05).

3.4. The Nutrient Contents of the Mushrooms

Figure 2 and Table S6 shows that the nutrient contents of A. aegerita cultured on differ-
ent substrates varied significantly. The crude protein content of values of A. aegerita was in
the range of 25.40–29.60%, CK and FCK were 25.45% and 25.40%, respectively, showing
no significant difference. The highest protein content among the different substrates of
A. aegerita was observed in FT3 (29.6%), and the lowest protein content was observed in
CK and FCK. This result indicated that the ingredient of the substrate affects the final
protein content in the fruiting bodies; CK and FCK have identical compositions, except that
FCK is fermented. The fat contents of CK and FCK were 3.55% and 3.60%, respectively,
without significant differences, indicating that high cottonseed hull content in the substrate
may lead to higher fat content. Ash content of values of A. aegerita was in the range of
7.20–7.80%, and T1 and T2 were the highest among the samples. Crude polysaccharide
content of values of A. aegerita was in the range of 3.90–4.46%, with FT2 having the highest
value. The crude fiber content of values of A. aegerita was in the range of 7.75–9.15%.
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Figure 2. Nutritional value of A. aegerita when cultivated on different substrates. The contents of
protein, fat, ash, crude polysaccharide, and crude fiber were determined under different treatments.

3.5. The Amino Acid Composition of Mushrooms

The composition of 16 amino acids of fruit body grown on different substrates was
shown in Figure 3, Tables S7 and S8. The data indicate that as the proportion of korshinsk
peashrub increased, both the total amino acid content and essential amino acid content first
increased and then decreased (Tables S7 and S8). The total amino acid content of A. aegerita
grown on various substrate formulas was in the range from 16.45 ± 0.35% to 20.05 ± 0.05%,
and the essential amino acid content was in the range from 6.04% to 7.22%. Notably,
mushrooms grown on FT2 had the highest levels of total amino acids and essential amino
acids, at 20.05 ± 0.05% and 6.09 ± 0.06%, respectively, which were significantly different
from those grown on CK and FCK. Among the 16 amino acids, glutamic acid consistently
had the highest content for all of the formulas, followed by aspartic acid and leucine, while
the content of other amino acids was affected by the substrate formula variation.
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4. Discussion

Previous studies have shown that the biological efficiency of A. aegerita can reach 36%
when grown on black tea residue [32]. Another result showed that cultivation of A. aegerita
on a substrate consisting of 10–20% solid waste (SW) from poultry manure, 70–80% wheat
straw and 10% millet increased the yield by 2–5 times compared to the control group, and
the supplementation of SW also increased the crude protein content of A. aegerita [33]. This
study utilized two common agricultural residues, namely, cottonseed hull and korshinsk
peashrub, as primary ingredients. The experiment was divided into two groups: fermented
and non-fermented. The ideal optimal C:N ratio for mushroom species varied, influencing
mycelial growth and yield [26,34]. A composting matrix traditionally used for A. aegerita
cultivation consists of 80% cottonseed hull, 18% wheat bran, 1% sugar, and 0.5% lime and
gypsum, with a C:N ratio of 19:1. All treatments maintained a similar C:N ratio, ranging
from 15.82 to 19.16. The yield of A. aegerita from non-fermented substrate compositions was
in the order of CK > T1 > T2 > T3, while the yield from fermented substrate compositions
followed the order of FT1 > FCK > FT2 > FT3. Previous research suggests that sawdust-
based composting significantly improves P. ostreatus cultivation and the efficient use of
lignocellulosic wastes [35]. Our results indicated that composting with cottonseed hull
and korshinsk peashrub increased the yield of A. aegerita. In this case, the yield of the FT2
fermented substrate component increased by about 19.66% relative to the yield of the non-
fermented substrate T2. Most substrates used for mushroom cultivation contain between
0.5% and 0.8% nitrogen, and adding nitrogen to the substrate can enhance the yield [36,37].
FT2 and FT1, with nitrogen contents of 2.48% and 2.41%, respectively, outperformed the
other formulations, suggesting that an appropriate increase in nitrogen content in the
medium may improve the yield of A. aegerita.

Table 3 illustrates that FT1, which contains 20% korshinsk peashrub, yielded the high-
est mushroom output, reaching 237.19 ± 19.35 g/bag. FT2, with 40% korshinsk peashrub,
matched the productivity of both the fermented and non-fermented traditional formulas
that contained 80% cottonseed hull, yielding 208.05 ± 13.28 g and 224.67 ± 4.71 g, respec-
tively. A comprehensive analysis of the yield and biological efficiency (BE) of A. aegerita
indicates a significant increase with the gradual rise in cottonseed hull content, show-
ing a strong positive correlation with mushroom yield. In the Chinese market, korshinsk
peashrub costs USD 200–210 per ton, while cottonseed hull is priced at USD 290–300 per ton.
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Consequently, from an economic perspective, the cost of using mixed korshinsk peashrub
chips is lower than that of using only cottonseed hull. Replacing cottonseed hull with mixed
korshinsk peashrub chips for mushroom cultivation can reduce costs of production and
enhance economic benefits. Therefore, based on the experimental results, FT2 formulation
represents not only an excellent medium for growing A. aegerita, but also a cost-effective
one for commercial use.

Numerous studies have demonstrated that various factors influence the protein con-
tent in mushrooms, including the type of substrate, its physical and biochemical properties,
as well as the quantity and type of nutrients added to the substrates [38]. In this study,
the protein content in fruit bodies was found to be higher when korshinsk peashrub was
used to supplement the substrate, compared to the control. These findings align with
previous research [39]. Edible mushrooms are an excellent source of digestible dietary
fiber, especially β-glucans, which are widely recognized for their prebiotic properties and
health benefits, such as anti-cancer and immunomodulatory effects, reducing the risk of
bowel disorders, combating constipation, and decreasing blood cholesterol levels [40].
Polysaccharides, the main components of edible fungi, have attracted considerable atten-
tion due to their anti-tumor, anti-inflammatory, immunomodulatory, hypoglycemic, and
hypolipidemic activities [41]. Compared to the control, supplementing with 40% korshinsk
peashrub increased polysaccharide accumulation and reduced the crude fiber in A. aegerita.
These results are consistent with findings in P. eryngii, where supplementation with a high
concentration of korshinsk peashrub powder improved polysaccharide accumulation and
reduced fiber accumulation [13].

This experiment revealed that substrates with higher cottonseed hull content produced
fruiting bodies with more fat content. Although the fat content of A. aegerita is low, the
concentration of unsaturated fatty acids is high, making it an important source of essential
fatty acids in a healthy human diet [42]. Higher protein and polysaccharide content in
A. aegerita grown with 40% korshinsk peashrub suggest the use of korshinsk peashrub as a
new strategy to produce superior quality mushrooms to meet consumer demands.

Amino acids play a crucial role in protein metabolism and effectively repair human
body metabolism [43]. Consequently, samples of A. aegerita fruiting bodies were analyzed
for their content of 16 free amino acids (Figure 3). The supplementation of cottonseed hull
with various concentrations of korshinsk peashrub significantly enhanced the accumulation
of both total and essential amino acids in A. aegerita, compared to the control and FCK.
The most abundant free amino acids identified were glutamic acid (Glu), leucine (Leu),
aspartic acid (Asp), alanine (Ala), and valine (Val). These amino acids are produced early
on through transamination processes, which are key to optimizing the body’s amino acid
supply. The findings lead to the conclusion that korshinsk peashrub supplementation
boosts the production of free and essential amino acids in A. aegerita beyond what is
achieved with traditional cultivation substrates.

5. Conclusions

This study provides a robust foundation for incorporating korshinsk peashrub into
A. aegerita cultivation substrates, presenting a viable alternative to the reliance on cot-
tonseed hulls. Our findings indicate that using a substrate composed of 40% korshinsk
peashrub yields mushrooms of quality comparable to those grown in substrates with higher
cottonseed hull content, while also enhancing their nutritional profile by increasing the
crude protein and polysaccharide levels. Furthermore, A. aegerita cultivated on fermented
FT2 substrates showed a significant yield increase of 19.66% compared to those grown on
non-fermented substrates. Therefore, a 40% korshinsk peashrub fermentation substrate
emerges as a strategic innovation for the commercial cultivation of A. aegerita, mitigating the
impact of traditional substrate shortages and escalating costs. This fermentation approach
also offers theoretical backing for the cultivation of other edible mushrooms. In future
studies, data on the percentage of korshinsk peashrub added and the efficiency of substrate
utilization by A. aegerita should be further investigated. Applying these research findings
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could significantly boost the sustainability and economic viability of the mushroom indus-
try. It ensures a steady production of high-quality A. aegerita and encourages the efficient
utilization of agricultural by-products.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae10030234/s1, Table S1: Temperature changes of
four formulations (FCK, FT1, FT2 and FT3) at different fermentation stages (C0,C1,C2,C3 and C4);
Table S2: pH changes of four formulations at different fermentation stages; Table S3: Total carbon
content changes at different fermentation stages; Table S4: Total nitrogen content changes at different
fermentation stages; Table S5: C:N ratio changes at different fermentation stages; Table S6: Nutritional
value of A. aegerita when cultivated on different substrates; Table S7: Amino acid composition of
mushrooms cultivated on non-fermented substrates; Table S8: Amino acid composition of mushrooms
cultivated on fermentation substrates.
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