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DESCRIPTION CN119422853A

Methods for improving duckweed protein cultivation

REFIRRARIESRAA

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of duckweed cultivation technology, and more particularly

to a cultivation method for improving duckweed protein.

IR KGE RS RN, TR h—MiR & E AT %,

[0003]

Background Technology

BHREA

[n0002]

Duckweed, a monocotyledonous aquatic floating plant, belongs to the subfamily Lemnoideae
of the family Araceae. Due to its simple structure and strong adaptability, it is distributed in

various freshwater bodies in my country.

AR FHKETFEYIZ — BTREERFRIN, REEWES, ENEENR, TRES

KIRIKIKIEIIE Do

10-01-2026 - Page 2



Meanwhile, duckweed is rich in starch, protein, vitamins and minerals, making it an important

potential food source, feed and bioenergy.

B8, FHEEEEM. EBR. #EZNE TR, S EENEER@IER. FRAEYER.

[n0003]

Currently, using duckweed as a substitute for soybean meal in feed is a popular research
topic. It has the advantages of fast growth, high protein content, low fiber content, easy

harvesting, and no serious pests, and has broad application prospects.

Bal, MWFEERBEERNATENZERAMRNINMR, HEEEKRER. EARESES. d4
2EMR. ZTRUENETTEETRFRR, MNARR &,
There are two most common techniques for cultivating duckweed: one is to use Hoagland

nutrient solution, and the other is to use Hunter nutrient solution.

Hrp, #7PREANEAERMM, —MAFRAER= (Hoagland) EFKHITIEF, B—A
FAZH (Hunter) BFRHITEF
Comparatively, the nitrogen-to-phosphorus ratio of the former is 6.5 times that of the latter,

therefore Hoagland nutrient solution is more conducive to duckweed growth.
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XK, FIENARBLLEEERNG.5E, EitHoaglandEFFEERNFFHEK,

[n0004]

However, in order to ensure the growth and protein content of duckweed are stable, the
Hoagland nutrient solution needs to be changed every three days or so to ensure the stability

of the nutrient composition of the culture medium and the stable growth of duckweed.

B2, ATEBEFEINERKNERAERE, FEEBR=KRELGEIR—XHoaglandE7FK, RIE
BEREFRDIRE, UAFEINREE K,
However, frequent changes in the nutrient solution not only increase cultivation costs but

also affect the large-scale cultivation of duckweed.

ARMEFTRIIMBEER AN IEMIBFRRARIEN, EEMETERREER,
In addition, although Hoagland nutrient solution has a certain positive effect on improving
the growth rate and protein content of duckweed, it still cannot achieve a more ideal effect,

that is, it cannot be applied to the production of duckweed as feed.

10-01-2026 - Page 4



BRItz 5h, REHoaglandEF R FHERERESEARENRSFE—ENRIER, BINTEE

FRNIEEAR, BITAN AT ML E F,

[n0005]

Therefore, providing a cultivation method that can reduce the use of nutrient solution,
increase the protein content of duckweed, and realize feed production is an urgent problem

to be solved.

Fit, RE—MEEBRDETRIER, REFIRASENESTTZE, KIERMEES, 2SR

iR RAYR)

[0008]

Summary of the Invention

RARE

[n0006]

In view of this, embodiments of this application provide a method for improving the culture of

duckweed protein to solve the above problems.
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BETI, RPBLHARMET MRS EEAMERGZE, LR ERE]=,

[n0007]

In a first aspect, embodiments of this application provide a method for enhancing the culture

of duckweed proteins, comprising the following steps:

B—HE, ARFLRARME T RS EREANERGE, SFNTIER:

[0011]

The duckweed was purified in Hogland's working solution to obtain purified duckweed.

BFIREER=TIERPHEITALLE, [EALENET;

[0012]

A duckweed culture medium is prepared by mixing biogas slurry with Hoagland working
solution; wherein the concentration of biogas slurry is 1.5%-5% and the concentration of

Hoagland working solution is 95%-98.5%.
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RBARSER=TIFRES, ®IEFHEFR, HP, MR ARRIKRENLS5%-5%, FrRER="T

{ERBVRE /995%-98.5%;

[0013]

After the purified duckweed is added to the duckweed culture solution, it is placed in an

incubator with preset culture conditions for cultivation to obtain cultured duckweed.

RaEFH e EMA SRR RE, BTSSR ROEFRETHITIESR, BAETEIT

——

o

[n0008]

In some embodiments, the Hogland working solution comprises the following components:

FEEP—LELELIS, FrRAER=TFR, SEINTRD:

[0015]

Magnesium sulfate heptahydrate 49.2 ug/L, calcium nitrate tetrahydrate 108.6 pg/L,

potassium dihydrogen phosphate 27.2 pg/L, potassium nitrate 50.2 pg/L, boric acid 0.286 pg
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/L, manganese chloride tetrahydrate 0.186 pg/L, zinc sulfate heptahydrate 0.022 pg/L, sodium
molybdate dihydrate 0.009 ug/L, copper sulfate pentahydrate 0.009 ug/L, ferrous sulfate

heptahydrate (1) 1.98 ug/L, and disodium ethylenediaminetetraacetic acid 6 pg/L.

HkERER$E49.2 ug/L. K SHEERF5108.6 ug/L. BEER —S§H27.2 ug/L. WHERHR50.2 ug/L. THER
0.286 ug/L. PU/KELEE0.186 ug/L. tKARERTF0.022 ug/L. —/K3HER$H0.009 pug/L. FIKIREREH

0.009 pg/L. tKERERIFEL(I1) 1.98 ug/LF—$hZ — BRI ZER6ug/Lo

[n0009]

In some embodiments, the Hogland working solution is obtained by adding pure water to a
Hogland stock solution and bringing it to a final volume; wherein the Hogland stock solution

comprises the following components:

FEEHP-LELEGR, FIRER=TFRBEER=EERNAKESEFE;, HFR, MAER=fEE

&, BEEIITRS:

[0017]

Magnesium sulfate heptahydrate 49.2 g/L, calcium nitrate tetrahydrate 108.6 g/L, potassium
dihydrogen phosphate 27.2 g/L, potassium nitrate 50.2 g/L, boric acid 2.86 g/L, manganese

chloride tetrahydrate 1.86 g/L, zinc sulfate heptahydrate 0.22 g/L, sodium molybdate
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dihydrate 0.09 g/L, copper sulfate pentahydrate 0.09 g/L, ferrous sulfate heptahydrate (I1) 1.98

g/L, and disodium ethylenediaminetetraacetic acid 6 g/L.

m

HKEREREE49.2 g/L. PUKATEELT5108.6 g/L. B S$M27.2 g/L. FEATE50.2 g/L. MiFR2.86 ¢
/L. KRS CERL.86 g/L. tKERERTF0.22 g/L. —/K$BERTM0.09 g/L. F/KHRELREFH0.09 g/L. HKAR

BRI (1) 1.98 g/LAI —$HZ —FRIMZ &6 g/Lo

[n0010]

In some embodiments, the purification of duckweed in Hoagland working solution to obtain

purified duckweed includes:

EHP—LESREGS, IR FFEER=TERPHITANLE, SRIANEEE, B!

[0019]

Obtain duckweed and remove debris from it to obtain pretreated duckweed,

REGEE, HEBRAIRFELNRY), SR EENFREE;

[0020]
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The pretreated duckweed was placed in a culture dish and the Hogland working solution was

added for purification for one week to obtain purified duckweed.

KB ErE R E TIEAEZT, HAMAFMRER=TERAITALLIELR, FRIALERIFE,

[n0011]

In some embodiments, the duckweed species is *Lemna minor* or *Lemna minor*.

FEHEP—ELMEGIR, FrdE R mM AR e MRERSE,

[n0012]

In some embodiments, when the biogas slurry is mixed with the Hogland working solution,
the concentration of the Hogland working solution is 95%-98%, and the concentration of the

biogas slurry is 2%-5%.

EHP—LELMEGS, ERBRSER=TERESH, FIRER=TIERINREN5%-98%, Fi

B RATARE 192%-5%

[n0013]
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In some embodiments, the biogas slurry contains 980 mg/L of total nitrogen and 90 mg/L of

total phosphorus.

EHP-ELEGIR, FrdARS, SREENBOME/L, SEEENI0mMg/Lo

[n0014]

In some embodiments, the step of adding the purified duckweed to the duckweed culture
medium and then culturing it in an incubator with preset culture conditions to obtain

cultured duckweed includes:

EHP—LESSHEGIS, FIRSALERF ST EFmR ST RE, ETNErRApEsRAH

HITIESE, FEIESTEEN, B8

[0025]

After obtaining purified duckweed, impurities were removed and the water on the leaves and

roots was dried to obtain duckweed to be cultivated.

RERAMUIRRYESE, R TIRANRTHARRR EBIKSD, [EIFEFEE;

[0026]
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The duckweed to be cultivated is placed into a culture basin containing the culture solution;

wherein the leaf surface of the duckweed to be cultivated is facing upward.

KR s H R NN B MRS RSS2, HP, FdGEsEEeH R REHL;

[0027]

The culture potis placed in the culture box and cultured for 5 days according to the preset

culture conditions to obtain cultured duckweed.

ReFrRiEF 2 B TFrREFFHET, BRBIRIEFRFMHETOSR, FEETENFE

[n0015]

In some embodiments, when the duckweed to be cultivated is placed into a culture basin
containing the culture solution, the duckweed covers more than 60% of the surface area of

the culture solution.

EHP—LESLREGIS, ERFRTFEFFERNKEFMREFRIVEFATN, it EBEErmE

1R RBYREE IR K T 60%.

[n0016]
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In some embodiments, the preset culture conditions include:

FEHAP—ELMEGIR, FrRIgiEsTRe, S2fE:

[0030]

The light duration is 16 hours, the darkness duration is 8 hours, the light intensity is 6000 LUX,

the temperature is 25°C, and the humidity is 75%.

FeRRE K Iv16h, FREERIKI8h. FEHRSRE A6000LUX. EEA25°CHLEE N75%.

[n0017]

Technical effects of the present invention:

IR PRBVRAR R |

[0032]

By adding biogas slurry to the Hogland working solution, the protein content of the cultured
duckweed can be significantly increased. This not only enables efficient use of biogas slurry

from pig farms, saving water resources and providing an ideal way to recycle livestock
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wastewater and reduce sewage treatment costs, but also utilizes the nitrogen and
phosphorus in the biogas slurry to promote the synthesis of duckweed proteins, enhance
protein synthesis efficiency, reduce the use of nutrient solution, or even completely replace
nutrient solution in large-scale duckweed cultivation in production practice to obtain stable
and reliable duckweed feed, thus providing a good foundation for the research on the feed

application of duckweed.

BEEER=TERTHMIER, EBESEFLUNTIEASEEERS, NMUBEBSRFIBRE
AR, THLIKEIR, AFFEEKERFA. BRSKGEERRH—EBERGRRZ, FENTESFA
BRPNEBEHELTEARNEN, BREARSHNE, HLEFRREREEREBNERTRE
FFRBRPAEFEFERRGRETEREEEE, NFENEEHLA TR H RiF &bt
Moreover, duckweed can grow year-round, has a wide range of pH tolerance, and can grow
normally in a pH range of 5-9. It can adapt to the ecological conditions of biogas slurry,
requires no additional fertilization or irrigation, and does not compete with agricultural

production for land.

AN, RFFFALFEK, WKFpHEGNEER, AJUEpHAS-IKSERRNESEK,

AIERNGRRIVESF MG, TRIIMNIGEIESER, FEFSRIEMET=ZS LM,

[n0018]
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Other features and aspects of this disclosure will become clear from the following detailed

description of exemplary embodiments with reference to the accompanying drawings.

RIE TEZSE WEXN RO SSHEFIRFARE, AAFNECRIERDEREFER,

[0034]

Attached Figure Description

Py ET35E A

[n0019]

The accompanying drawings, which are included in and form part of this specification,
illustrate exemplary embodiments, features, and aspects of this disclosure together with the

specification and serve to explain the principles of this disclosure.

BEEHBHRHEMMIRABN - D HME SRR R T AR FRRAIMESERES. FIEA

HiE, HERTHEBERATNRE,

[n0020]
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Figure 1 shows a flowchart of a method for improving duckweed protein cultivation according

to an embodiment of this application;

B U ARG RESF R ARIEF L ARREZE;

[0037]

Figure 2 shows the protein content determination results of *Lemna minor* as an

embodiment of this application;

ER A B AR TR B E RS BT A RE,

[0038]

Figure 3 shows the protein content determination results of *Lysimachia christinae* as an

embodiment of this application.

B3R AERIEERR AR MREINEB RS ENELERE.

[0039]

Detailed Implementation
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BiALkER

[n0021]

Various exemplary embodiments, features, and aspects of this disclosure will now be

described in detail with reference to the accompanying drawings.

UTHSZMEIFARARAFNEMRGIME LG, FSEMAEE.,
The same reference numerals in the accompanying drawings indicate elements that have the

same or similar functions.

Mt E FP AR R BB EIARIC R T RE AR B E AR ARI TT 1o
Although various aspects of the embodiments are shown in the accompanying drawings, the

drawings are not necessarily drawn to scale unless otherwise specified.

REAEMBEFRTRE T REMNSMEE, BIMFIFEL, TORIEFILEHIE,

[n0022]
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Theterm “exemplary” asused here means “used asan example, embodiment or

illustration” .

EXBETAWNE RO B “BEGIF. ErEflEiRaE” o
Any embodiment illustrated herein as “exemplary” should not be construed as superior to

or better than other embodiments.

XEER RO PR ERSEHES AR T S T HE LS,

[n0023]

Furthermore, numerous specific details are provided in the following detailed description of

the embodiments to better illustrate this disclosure.

55b, ATEHFNIRARAF, £ TFTXHNWEALEARPLE TARSHNAEGFHAT,
Those skilled in the art will understand that this disclosure can be practiced even without

certain specific details.

TR AAN I SR, REREARARAT, RALFEFR LS.
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In some instances, methods, means, components, and circuits well known to those skilled in

the art have not been described in detail in order to highlight the spirit of this disclosure.

FELFIR, WTFRTERAARRANG A FR TFMBRRAR AR, UEFTLEERA

AN E=

[n0024]

Example 1

SEhtEf—

[0044]

This application provides a method for enhancing the culture of duckweed protein. Figure 1 is
a flowchart of the steps of the method for enhancing the culture of duckweed protein

according to this application. As shown in Figure 1, the method includes the following steps:

RERIFLMEGIRM T —MRESFFELNIERT A, BIERRESRIEKEINVRSFFELEST

HENTZBRIZE, MEILFR, & AEEUTIR:

[0045]
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$100. The duckweed is purified in Hogland working solution to obtain purified duckweed.

S100. ¥ FEER=TIERPHITHALLE, FRMALERIEE;

[0046]

In this step, before the formal cultivation of duckweed, it is necessary to purify the duckweed
in Hoagland working solution. That is, there is a purification pre-process. The purpose is to
reduce the influence of other impurities on the duckweed cultivation results, so as to obtain

duckweed products with consistent growth status.

ATRA, EIFERENEF R, FRAHNFIEER=TIERPEITANLLE, BIEE—1T4A

KRIERIRE, HENETRDEMASN T EHERERNTM, MMREERRS—HBETE

=
ARo

[n0025]

Therefore, Hoagland working solution needs to be prepared in advance before purification.

Elt, FEACAEZmFERATCEHHER=T/F&, BlHoagland T{F&.
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Among them, Hogland working solution, as a nutritionally balanced culture medium, includes

various mineral elements required for plant production.

Hrp, ER=T(ERIEAN—MEFRIGRIERE, SR TEMEFENEMNY Bk,
Specifically, these elements include potassium (K), calcium (Ca), magnesium (Mg), sulfur (S),
iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), molybdenum (Mo), and boron (B). After
being mixed with biogas slurry, these elements can work synergistically with nitrogen and
phosphorus in the biogas slurry to promote the growth of duckweed and the synthesis of

proteins.

ARy, 2R (K . 55 (Ca) « &% (Mg) . 8 (S) . 5% (Fe) « & (Mn) . ¥ (Zn) | 1A
(Cu) « 38 (Mo) #HR (B) , EHSAKESRE, LATREBSARPNABMDEIER, HE

et S E K AN E A BRI E Ao

[n0026]

In some embodiments, the Hogland working solution comprises the following components:
magnesium sulfate heptahydrate 49.2 ug/L, calcium nitrate tetrahydrate 108.6 ug/L,

potassium dihydrogen phosphate 27.2 pg/L, potassium nitrate 50.2 pg/L, boric acid 0.286 ug
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/L, manganese chloride tetrahydrate 0.186 pg/L, zinc sulfate heptahydrate 0.022 pg/L, sodium
molybdate dihydrate 0.009 ug/L, copper sulfate pentahydrate 0.009 ug/L, ferrous sulfate (I1)

heptahydrate 1.98 ug/L, and disodium ethylenediaminetetraacetic acid 6 pg/L.

EEA—LIEGR, ERZTIER, EFBUNTHS: KREE49.2 ug/L. MKEHEERF5108.6
ug/L. BEER S #27.2 ug/L. REERT50.2 ug/L. HAER0.286 ug/L. U7k K580.186 ug/L. tiKER
FREF0.022 ug/L. —7K3HER$H0.009 pug/L. FIKEREREH0.009 ug/L. tKERERIEEX(II) 1.98 ug/LF1—

W _RRIMZER6 pg/Lo

[n0027]

The Hogrange working solution in this embodiment is preferably prepared by mixing
MgSO - THO, Ca(NO) + 4HO, KHO - PO - THO, KNO « 8HO, HO + BO, MnCl + 4HO, ZnSO - THO,

NaMoO -+ 2HO, CuSO -« 5HO, FeSO * THO, and NaEDTA.

ARG R ER=ZTIER, LiEMgSO<sub>4</sub>TH<sub>2</sub>0. Ca (NO<sub>3<
/sub>)<sub>2</sub>.4H<sub>2</sub>0. KH<sub>2</sub>PO<sub>4</sub>. KNO<sub>3<
/sub>. H<sub>3</sub>BO<sub>3</sub>. MnCL<sub>2</sub>.4H<sub>2</sub>0.
ZnSO<sub>4</sub>.TH<sub>2</sub>0. Na<sub>2</sub>MoO<sub>4</sub>.2H<sub>2<
/sub>0. CuSO<sub>4</sub>.5H<sub>2</sub>0. FeSO<sub>4</sub>.7TH<sub>2</sub>0.

Na<sub>2</sub>EDTAE & ECHIM .o
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[n0028]

In some embodiments, the Hogland working solution is obtained by adding pure water to the
Hogland stock solution and making up to a final volume; wherein the Hogland stock solution
comprises the following components: magnesium sulfate heptahydrate 49.2 g/L, calcium
nitrate tetrahydrate 108.6 g/L, potassium dihydrogen phosphate 27.2 g/L, potassium nitrate
50.2 g/L, boric acid 2.86 g/L, manganese chloride tetrahydrate 1.86 g/L, zinc sulfate
heptahydrate 0.22 g/L, sodium molybdate dihydrate 0.09 g/L, copper sulfate pentahydrate
0.09 g/L, ferrous sulfate (II) heptahydrate 1.98 g/L, and disodium ethylenediaminetetraacetic

acid 6 g/L.

EHP—LELMEGS, ER=TIERAER=EERNAKESRFE; HP, ER=FESK, S2EF0

m

TS : BkEREREE49.2 g/L. MUk &HEEE$5108.6 g/L. BEER —S$27.2g/L. RHERTH50.2 g/L. T
f£2.86 g/L. T/kSEK551.86 g/L. BKIRELFF0.22 g/L. —7k$BER$80.09 g/L. F/KEREAEH0.09 g

/L. CKIRERILER(11) 1.98 g/LF —$HZ — AR ZER6g/ Lo

[n0029]

Specifically, the formula should be prepared according to the ingredients and dosages in

Table 1.
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AR, RIERIFNRS S REHITECH

First, prepare 11 500mL blue-capped glass reagent bottles. Prepare each reagent according to
the stock solution concentration. Weigh the required weight of nutrient salt powder and
dissolve it in pure water. After making up the volume, put it into the reagent bottle for later
use so that each reagent can be stored separately to prevent some reagents from reacting
over a long period of time. The stock solution in the reagent bottle should not be stored at

room temperature for more than 3 months.

B, FEAFLIINS00mLERRIEEHTM, FHRFRESRRERS, 25EFIFEEN

i

FEMRBBTAKFR, EREEREATMPER, UERHATIEBREMER, HLEKETERD I

FRERN, EREHFIRPHEEREEFERNEIITNA.

[n0030]

Furthermore, when using the solution, mix the above-mentioned reagent stock solution
according to the concentration and dosage of the working solution in Table 1, and then dilute
to volume with pure water to prepare Hogland working solution. This solution is used to mix
with biogas slurry in proportion when preparing duckweed culture medium to synergistically

increase the protein content of duckweed.
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H—PR, EEAN, RBRRIFIERKENRE, FLRAFEESRRINES, BERAKE

A, NMBEIRER=T(ER, BTFER&EFUETRINRLHSERES, UNERESFENELS

o

[n0032]

Table 1. Reference Table for Hoagland Working Solution Preparation

&1 Hoagland T{E&RACHILAMSIRE

[0055]

In some embodiments, duckweed is purified in Hogrange working solution to obtain purified
duckweed, including: obtaining duckweed and removing impurities from the duckweed to
obtain pretreated duckweed; placing the pretreated duckweed in a culture dish and adding

Hogrange working solution for purification treatment for 1 week to obtain purified duckweed.

EHP—LELRGIS, FFIEER=TIERTHITALLE, JEANMENFET, 825 REY
5, HAAREFTLERNRY), SEMAERREY; JFMGERIEFYE TESRET, HAMAESR=T

ERHITAMCANIZLR, SEISLERIFEE.

[n0033]
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In this embodiment, duckweed was cultured in Hogland working solution for 1 week, or 7

days, before formal cultivation.

AL, FIENEFR, ERER=TIEREFFFELAE, BTX,
Specifically, use a net with a mesh size of less than 1 mm to scoop the duckweed out of the
water and rinse the leaves and roots with tap water to remove debris, especially impurities, to

reduce the impact of other algae and impurities on the duckweed cultivation.

Bi&r, KEALR/NTFImmBsbRREEEMKREGY, FABFRIRETHHFRR L8R,
KHRBZRZE, LURD BRI S TR,

Then, use absorbent paper to dry the moisture on the leaves and roots.

befE, FARKERFHFRIBRR ERIKT.
Further, weigh 2g of fresh duckweed and place it in a 2L culture dish, add 1L of pre-prepared

Hogland working solution, and place it in an incubator for 1 week.

H—ZH, WERgMEFRFEMNUNEFAETR, MALILFCRGFHNER=T (RS, HRE®E

R RATIETR 1R,
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It should be noted that all duckweed cultivation uses 2L white rectangular wide-mouth plastic
cultivation pots of the same specification. Before cultivating duckweed, it is necessary to
clean it thoroughly and then expose it to sunlight for 24 hours and sterilize it with ultraviolet

light for 24 hours.

b4t , FERHANE, FEEFIRAAMR—RNB B KRG OBIESRE, FEEETEE

MBEERATAZE, KRRTHEIECTRE24NEHMARINKE24/E,

[n0034]

In some embodiments, the species of duckweed is *Lemna minor* or *Lemna minor*.

FEHEP—ELREGS, FENmMARIKE R IMMREE,

[n0035]

In this embodiment, two species from two different duckweed genera are preferred for
cultivation, specifically including *Lemna aequinoctialis* from the genus *Lemna* and

*Landoltia punctata* from the genus *Lemna*.
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AILfEFIR, ERNEFEBINAR N FHITIESR, ARSESTEEBIEIEE (Lemna
aequinoctialis) UR/MEEFEEBH/IRES (Landoltia punctata) o

Among them, *Lemna minor* and *Lemna minor* can grow year-round, have a wide range of
adaptability to pH values, and can grow normally within a pH range of 5-9. They can adapt to
the ecological conditions of biogas slurry, do not require additional fertilization or irrigation,

and do not compete with crop production for land.

Hep, #pEE, DREFAIEFERK, WKFpHEENTEER, AJUEpHAS-9REEANIES

FK, FIENABARNESTKMS, TEIFINIEESCER, FEFSRFMEFTRZF I,

[n0036]

S200. Mix biogas slurry with Hoagland working solution to prepare duckweed culture
medium; wherein the concentration of biogas slurry is 1.5%-5%, and the concentration of

Hoagland working solution is 95%-98.5%;

$200. FHARSER=TERES, ®I&FHETR; HP, BARIOKRENL5%-5%, ER=T1F

RAVARE /995%-98.5%;

[0060]
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In this step, in order to improve the low yield of traditional duckweed cultivation, especially
the high cost and insufficient increase in protein content caused by simply using Hoagland
culture medium, biogas slurry is added to the pre-made Hoagland working medium. This not
only reduces the amount of Hoagland working medium used, but also significantly increases

the protein content of the duckweed.

APTBR, ATEBRERHRETEFETER, CHRRANRAERIETRIESTRERS, &

BERENETEFNDR, BIEMENER=TERPRNNER, FMEETER=T/FRA

[n0037]

In addition, since biogas slurry contains large amounts of nitrogen and phosphorus, and the

levels of metal ions such as manganese, iron and zinc exceed the standards, direct discharge
or discharge after partial treatment will still cause problems such as eutrophication of water
bodies, excessive growth of algae, and a sharp decline in the oxygen content of water bodies,

which will have a serious impact on the ecology of rivers and lakes.

Rtz 9, BFBRFEEARENRANE:, BESBBEFiE. K. HaEEN, BEENEEILER
HINZERKAEERL. KERELZLE. KESEERRITREFNR, IFARHRESIER™

oMo
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In this step, duckweed is cultivated using biogas slurry. On the one hand, this increases the
protein content of the duckweed. On the other hand, duckweed has a high tolerance to the
high concentration of nutrients in biogas slurry. It can quickly absorb harmful substances
such as nitrogen and phosphorus, organic pollutants, and heavy metals and transform them

into high-quality edible tissues, and rapidly reproduce and accumulate protein and starch.

TS BRESRRBRER T, —SEEBRGTINEESE, S—AE, FIRHBRNE
REEANRAGREONEY, EBRERNARTE. SIS, ELRSEENRARLN

ERERRAASR, REEEHRNEARMIEM.

[n0038]

Specifically, the biogas slurry used in this step is preferably pig manure wastewater that has
been fermented in the fermentation tank of a pig farm wastewater treatment plant for more
than 3 months, such as pig manure wastewater from Dongyuan Dongrui Branch of Dongrui

Food Group Co., Ltd.

BAME, APBEPRBRNETETS KRG &BEN A3 B U ERIESESK, FIMNKBERIR

BmERRNERABNKRERIRD ABRREIESK,
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The obtained biogas slurry is stored in a 19L transparent covered bucket. After the lid is
closed, it must be sealed with sealing film and stored in a dark environment with the ambient

temperature kept below 25°C for no more than one month.

REREEIRBRRALLAERE KRR, £ EE5FE, FRANOBREHAIE, FRTFIAERIE

1%, HPIMEREFREE25°CUT, #FRAEBIE1ITA,

[n0039]

Furthermore, after obtaining the above-mentioned biogas slurry, the biogas slurry is mixed

with Hogland working solution in a certain proportion to prepare duckweed culture medium.

H—PH, EIRINE ERBRE, BBRSER=TERIZILGIRESH & HEFT R,
Specifically, the concentration of biogas slurry is preferably 1.5%-5%, and the concentration

of Hogland working solution is preferably 95%-98.5%.

AR, BRIREMIELS%-5%, EWR=TIERRIKENLIEI5%-98.5%.
In this process, biogas slurry and Hogland working solution were added to a 2L culture dish
and stirred thoroughly with a glass rod to make the total culture solution volume in the

culture dish 1L.
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Hep, R2LNEFAEAPONMNBRMER=TFR, ERAKEERI IS, UEEFESRLS
R RIATR AL,

It should be noted that mixing biogas slurry and Hogland working solution in the above
proportion can significantly increase the crude protein content of duckweed compared with
using only Hogland basal culture medium. The nitrogen and phosphorus in biogas slurry and
the potassium, calcium, magnesium, sulfur, iron, manganese, zinc, copper, molybdenum and
boron in Hogland working solution work synergistically to promote the growth of duckweed

and the synthesis of protein.

FENANE, BARSER=TERIRLALLAES, SNRAER=RBIEFRIEFZEMEL,
EEBEZRSFINEEASE, BRTHVABSER=THERPHH. 5. &*. W, %k @& %

. BMEEEER, HEEHFERNERMELDRB G,

[n0040]

In some of these embodiments, the total nitrogen content in the biogas slurry is 980 mg/L and

the total phosphorus content is 90 mg/L.

Eﬁq:l_ E 1J|:F|7 ll:lli&_q:l; E'\?'?L/E\Ejj980mg/L, :|_,\ %7390mg/L0
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[n0041]

The biogas slurry used in this implementation contains a large amount of nitrogen,
phosphorus, potassium and other elements, as well as a variety of trace elements such as
copper, iron, sodium, magnesium and zinc, and also a large amount of microorganisms and

organic matter.

AEEFFIRANEDBREBEARENR. B HFTx, IR %K. 9. % FSEMHET
=, EANTEERENNEDFENLEF.
The total nitrogen content of the biogas slurry was 980 mg/L, and the total phosphorus

content was 90 mg/L.

HPABRNERAE/H980 mg/L, BEEEE7990mg/L,

It should be noted that nitrogen is a key factor in protein synthesis during the cultivation of
duckweed. The biogas slurry in this embodiment is rich in ammonia nitrogen (NH4-N) and
nitrate nitrogen (NO3-N), which can be directly absorbed and utilized by the duckweed to
promote the synthesis of amino acids and proteins. Phosphorus is a component of ATP,
nucleic acids and phospholipids, and participates in energy metabolism and protein
synthesis. Phosphate (PO43-) in the biogas slurry can promote the growth and metabolism of

duckweed and enhance the efficiency of protein synthesis.
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FERPANRE, EFFEFRIRER, AREARGHIXERER, ALHEFRARTEESER
NH4-NFIEERNO3-N, AJUEZSFFREFA, EHaBRMNEQRNE; BEATP. %R
BiRERVAERER Y, S5RENENEBRGHK, BRTBIEEREEPO43-A] LUE#F ERE KNS,

18585 ARG MBI,

[n0042]

In some embodiments, when the biogas slurry is mixed with the Hogland working solution,
the concentration of the Hogland working solution is 95%-98% and the concentration of the

biogas slurry is 2%-5%.

EHP-ELEGR, EREARSER=TIERESH, ER=TIERIVKREN5%-98%, AR

HRE /32%-5%.

[n0043]

It should be noted that the effect of improving duckweed protein is optimal when the
concentration of biogas slurry is 2%-5% and the concentration of Hogland working solution is
95-98%. Compared with duckweed culture using only Hogland culture solution, the crude

protein content of duckweed can be significantly increased.
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FEWANE, HBRKREN2%-5%, ER=TERIVKRENS5-98%BY, MFFHEEHNESR
KRN, SNXAERIEFRAITIHEFMEL, FIHERSERBEERS.
For sparse-veined duckweed, a biogas slurry concentration of 2%-4% is more effective; for

sparse-rooted duckweed, a biogas slurry concentration of 3%-5% is more effective.

Hep, WFHMGEEMS, BRREN2%-4%MRELF; WFMREEMS, BRREN3%-5%

B RSREH

[n0044]

S300. After purifying the duckweed, put it into the duckweed culture medium and place itin

an incubator with preset culture conditions to culture, and obtain the cultured duckweed.

S300. KA ERFHSEEFHIEFRG, BETFRIEFRFAHNEFERHITES, BFIESRRE

T
V%o

[n0045]

In this step, the purified duckweed is added to the duckweed culture solution so that the

biogas slurry and Hogland working solution can work together on the duckweed.
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TEZER, BEIAHWMIEFIEFRNFEUEFRT, UEERMER= TIEREBELEERTF
ML,
It should be noted that the incubator needs to be sprayed with 75% medical alcohol for

disinfection before it is used, followed by ultraviolet disinfection for 24 hours.

Hep, FRRANE, BFREENERR, SBRAT%HNERERHTIUAES, MERARINE

F24/M\BY,

[n0046]

In some embodiments, after the purified duckweed is added to the duckweed culture
solution, it is placed in an incubator with preset culture conditions for cultivation to obtain
cultured duckweed. The process includes: obtaining the purified duckweed, removing
impurities and drying the leaves and roots in sequence to obtain duckweed to be cultivated;
placing the duckweed to be cultivated into a culture pot containing the culture solution,
wherein the leaf surface of the duckweed to be cultivated is facing upward; placing the culture
pot in an incubator and cultivating it for 5 days according to preset culture conditions to

obtain cultured duckweed.

FEHEP-ELEGIR, BAMENEEHSEEEWUERRE, BETMSERFHNEFARHTIE

75, FENESTENET, 8 RRALENEE, RRHTRRNRTHARRIBR ERIKS, T3
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FEFEE;, BEEFTIRNREETRNESFREATR; HR, FEmEEMARREHL; F5iEr

RETIEFED, BRIMNKIBEFRFMHETOSR, FEETENFE

[n0047]

Specifically, during the duckweed cultivation process, the duckweed purified for one week is
scooped out of the water with a net smaller than 1mm, and the leaves and roots are rinsed
with tap water to remove debris, especially algae, to prevent algae from competing with the

duckweed for nutrients.

Bi&r, EFEssdiEd, Fav1EeEER/NT ImmEsMMokRE L, BERKFRT R
FRMIRALERIZRY), THERR, UMLERESFIERFEFYL.

Then, use absorbent paper to dry the leaves and roots.

befE, FARKERFH A RIRR ERIKT.
Furthermore, weigh 2g of fresh duckweed and put it into nutrient solutions of different
concentrations of biogas slurry, so that the surface of the duckweed leaves faces upward and

is evenly distributed.

H—R, RERgHMENTE, RATRREBBRNEFRT, EFENHHRXREHLHIIID R,
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All duckweed was cultured in an incubator for 5 days to obtain cultured duckweed.

Hep, FrEFETEFEPERSR, MMRRIEFREIF T,

[n0048]

In some embodiments, when the duckweed to be cultivated is placed into a culture dish
containing the culture medium, the surface area of the duckweed covering the culture

medium is greater than 60%.

EHP—LESRGS, ERFETFERANRERFRVEFRETN, FYBEEETRINREER

AR TF60%-

[n0049]

It should be noted that, in order to enable duckweed to grow rapidly, this embodiment
preferably covers 60% of the surface of the duckweed culture solution with duckweed. Since
duckweed will only grow rapidly after reaching a certain initial amount, a large initial
coverage area of duckweed can block light from reaching the underwater environment,
inhibit the growth of algae in the water, and prevent algae from competing with duckweed for

sunlight and growth space.
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FERPNE, NTRBETIARERK, AEMHINER B ST SR RER60%, H
FHFFERE—ENRERA SREREK, FHVIGBEEIAARNERECAREIKT, MEkdkiE
wE, MEKEAERSFFREANMERKTIE,

In this embodiment, by covering the surface of the culture medium with duckweed by 60% or
more, the amount of light reaching the bottom of the water can be effectively reduced,

thereby inhibiting the growth of algae.

ALAEGIF, B F B EEIETRRE60%M L, ATLBERURDICEIREKE, MDH]k

P17 Ae S

[n0050]

In some of these embodiments, preset culture conditions include: a light duration of 16 hours,
a dark duration of 8 hours, a light intensity of 6000 LUX, a temperature of 25°C, and a humidity

of 75%.

EHP—LELRGIR, FuigEsFFy, S5 JRIFKIv1eh, EEKIN8h, HEREEN

6000LUX. RE/925°CHIIEE/975%.

[n0051]
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In this embodiment, the incubator's incubation conditions need to be set as follows: light
duration of 16 hours (6:00-22:00), darkness duration of 8 hours, light intensity of 6000 LUX,

temperature of 25°C, and humidity of 75%.

KGR, BERIEFEIIEFFMFIRE NI 16h (6: 00-22: 00) , FEHERTKSh, ¥
BRERE /96000LUX, RERE25°C, EERET5%.
The purification and formal cultivation of duckweed are both achieved under the above

conditions, without the need to set different purification or cultivation conditions.

HAp, FHaUMFRRIETIEFSE LRFH TR, TRFIMNKEFRBALIIETF M.

[n0052]

It should be noted that, for the determination of protein content after duckweed culture, this
application uses a semi-automatic Kjeldahl nitrogen analyzer to determine the crude protein

content of duckweed.

FERANZE, WTFEHEFENERSENE, ARBFERAFEMIRERNNEFFHELS

o

Before the measurement, the duckweed must be collected and dried.
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Hrp, ENEZR], HBAHTEENWESHTLIE,
Specifically, after 5 days of duckweed cultivation, use a net with a mesh size of less than 1 mm
to scoop the duckweed out of the water and rinse the leaves and roots with tap water to

remove debris, especially algae.

BN, EEEERIXAE, AALENTFImmEvE G EEMKAREL, RABRKHETFEH
REENZY, THEESR
Then, use absorbent paper to dry the leaves and roots, wrap them in A4 paper to ensure that

the duckweed has enough surface area to be heated, and mark them.

befa, FAWRKBRTFHFRIBER LIRS, AAMRERLR, BEETEEEBHNZARER, MIFF
180
Furthermore, all the collected duckweed was dried using a blower dryer at a temperature of

105°C for 36 hours.

—FH, BREZINFIEFERABNTIEIET, BT RE}N105°C, HTFHKA36h,

[n0053]

10-01-2026 - Page 41



The determination of duckweed protein will be explained in detail below:

T EFHNEEEARNE #H T ER:

[0078]

1. Consumables preparation: absorbent paper; marker pen; mortar and pestle; balance;
weighing paper; test tubes; sealing film; 5 mL pipette and tip; other pipettes and tips; 100 ml

graduated cylinder; 150 ml conical flask; plastic dropper.

1 #MESR TokE; i25%E; sk, XF; MER; HE; HOR, 5mlEBReRkiek, Hithiz

RIERAEk, 100 mIEfR, 150 mIsERR, BEEFE,

[n0054]

2. Reagents: concentrated sulfuric acid, H202, distilled water, NaOH solution (10 mol/L),

H3BO3 (boric acid, 20 g/L), methyl red-bromocresol green indicator, 0.02 mol/L sulfuric acid.

2,305 RERER, H202, #IBsK, NaOH&A®K (10 mol/L) , H3BO3(MHER, 20 g/L), FAELI-REA

Ep4R$57R57, 0.02 mol/LAYHRER,

[n0055]
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3. Sample preparation:

3. EEER:

[0081]

Sample crushing: After the duckweed sample is completely dried, take it out and grind it into
powder with a mortar and pestle. Weigh 0.5 g of the powder sample (accurate to 0.0002 g) and

placeitin a dry digestion tube.

@i S EFEmTe T, B, RSB, TRER0.5 giRkiFm (#H#HZE0.0002

g) , MTFTFIRETHRE S,

[0082]

4. Digestion:

4. H&:

[0083]

Label the digestion tubes and add 5 mL of concentrated sulfuric acid in sequence;
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HREMIFIFCHHF NS mURETER ;

[0084]

Mix well: Mix the sample with concentrated sulfuric acid,

B LS ARRERES;

[0085]

Sealing: Seal the tube opening with plastic wrap to prevent concentrated sulfuric acid from

evaporating;

HO: ARFRBEDSE, HIERRERELR;

[0086]

Overnight: Let stand for more than 6 hours, add concentrated sulfuric acid the afternoon

before, and continue to the next step the next morning;

T&R: WE6 hLLLE, BI—XRTFFINRIER, F-REFHET—F;
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[0087]

Add H202: Use a 5 mL pipette to add 5 mL of H202 to each test tube. After adding, shake to

allow the reaction to complete and the solution to become colorless or clear.

ANH202:A5 mL&&IE, AESMNMAERIMAS mLEIH202, MEZGERETERE, TATERE

ol

[0088]

Digestion: Place the digestion tube on the digestion oven (turn on the water tap and power),
the digestion temperature is 370°C, and the digestion time is 10 minutes. After the first
digestion, remove it and place it in a fume hood to cool for about 10 minutes. Then replace it
with another sample and digest the two samples alternately. Add H202 before each digestion.
There is no limit to the number of digestion times. The liquid is ready after the digestion is

clear.

HR BEREBEERPLE Fikkesk, BIF) , HREEN3T0°C, HRI0DH; B XHERT
&, ETRBEENELIL100H, ME—RkiFm, MIRZXER; HRAEBEMH202; HERK

AR, FrERERIER BRI,

[n0056]
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Ventilation: After sterilization, ventilate in a fume hood for 4 hours;

BX: HRRE, EEXEEXS h;

[0090]

Volume adjustment: After digestion, bring the volume to 100 mL with distilled water.

[n0057]

Note: H202 should be added along the tube wall, and a blank control should be set up.

AR H202EGEEEMAN, BiRETAMNR,

[n0058]

5. Nitrogen determination:
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[0093]

Sampling: Take 10 mL of the final volume of sample into a new test tube, ready for

instrumentation;

B BERBENEFMIO mLFHRAES, FLEM;

[0094]

Titration bottle: Take 10 ml of H3BO3 (boric acid) into a 150 mL Erlenmeyer flask, and add 2

drops of methyl red-bromocresol green indicator;

FEEM: BX10 ml H3BO3(MRER) F150 mLAYHERAZMA, BAIN2ERELL-RBEIRIETRH;

[0095]

Clean the machine before and after use: Set the program to 100 mL water, 0 mL boric acid, 0

mL alkali, and 10 mL water; rinse once with ultrapure water.

EAMMEEERN: EFIRE/KIO0 mL, WER0, B0, 7K10; AEBLAKEX—X;

[0096]
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Procedure for use: 10 mL water, 0 mL boric acid, 10 mL alkali;

ERARMIEE: K10 mL, HAE20, #10 mL;

[0097]
Powering on: Turn on the two switches on the right and left sides of the machine ------- Drain
wastewater and vent air ------- Place the sample ------- Place the titration bottle ------

(Automatic - Start - Confirm)

Fil: TSGR, DA TR HHRK, HES----- R - IUR E - (Bzh-Boh-

Ha%E)

[0098]

Titration: After the machine has finished running, remove the conical flask and titrate with
0.02 mol/L sulfuric acid until a transparent red color is obtained (record the volume of sulfuric

acid added).

BE: HgRiaiTefe, EH#EMMR, F0.02 mol/LMMESEE ZERLE (IERIMNRERAVATR

[0099]
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Result Calculation: Calculate the result according to the following formula.

ZRITE: BBETIIARIHTEER,
The crude protein in the sample is expressed as a mass fraction w, and the value is expressed

as a mass percentage (%).

HFPHEEARURED Hwit, BEURERDE (%) T

[n0059]

In the formula <img file="SMS_2.JPG" frnum="0001" he="0"id="0002" img-content="

drawing" img-format="tif" inline="yes" orientation="portrait" pgnum="0002" wi="0"/>:

<img file="SMS_2.JPG" frnum="0001" he="0"id="0002" img-content="drawing" img-format="

tif" inline="yes" orientation="portrait" pgnum="0002" wi="0"/> /A :

[0101]

V2 - The volume of standard hydrochloric acid solution consumed in the titration of the

sample, in milliliters (mL);

10-01-2026 - Page 49



V2-REE IR IF A AR ER AT AR E A RAVATR, BN (mL);

[0102]

V1 - The volume of standard hydrochloric acid solution consumed in the titration of the blank,

in milliliters (mL);

V1-REE = AFmEFE R ERAT AR E A RAVATR, BAIAZH (mL);

[0103]

The concentration of c-hydrochloric acid standard titration solution is expressed in moles per

liter (mol/L).

c-BERITERERRIVRE, BAAERSEH (mol/L);

[0104]

m - Sample mass, in grams (g);

m-IAFRE, BUNR(g);

[0105]
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V - Total volume of the sample digestion solution, in milliliters (mL);

VBRI BT, SN (mL);

[0106]

V' - Volume of digested liquid used for distillation, in milliliters (mL);

V-ZIBRAERRER, BAIAZA (mL);

[0107]

The molar mass of 14-nitrogen, expressed in grams per mole (g/mol);

14-RBVERRE, SUAFREER (g/mol);

[0108]

6.25 - Average coefficient for converting nitrogen to crude protein;

6.25- AR B AT BT RE;
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[0109]

Two parallel samples were taken for each test, and their arithmetic mean was used as the test

result. The result was expressed to two decimal places.

SNMAFRRNFTHEHITIE, UEBAFHENNEER, HEERRTENIRERIL

[n0060]

The following five examples, specifically for *Lemna minor* and *Lemna minor*, will further

illustrate the method of this application.

TERF D5 N RBCE A MR R M A 4B S X A BRIE R 5 R E— D #T R,

[n0061]

1. Sparse-veined duckweed;

1. WRKETE;

[0112]

Example 1
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SEhEf) 1

[0113]

(1) Obtain rare vein duckweed, rinse off the debris on the leaves and roots, putitin a culture
pot, add Hogland working solution, and culture in an incubator for 1 week to obtain purified

rare vein duckweed.

(1) REVBRKEE, HEEHARRRLNRYE, BAEFEFMNANER=TER, THEFTEHR

1BrlE, [REIALERImEKCTEE;

[0114]

(2) The first duckweed culture medium was obtained by mixing Hogland working solution

(98.5%) and biogas slurry (1.5%).

(2) REBERZTIERIS.5WMBRL.SWMLLHIRS, FEE—FFEFRRK;

[0115]

(3) After rinsing the purified duckweed to remove debris from the leaves and roots, dry the

water and put the duckweed into the first duckweed culture solution, so that the surface of
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the duckweed leaves is facing upward and evenly distributed, and the duckweed must cover
60% of the surface of the first duckweed culture solution. Then, culture it in an incubator for 5

days to obtain the first duckweed.

(3) BaAERHBE RAER A RA LNZRYIE, WTKkD, KEESTFHETRT, &
WhCE N R REHLHISD9, BERINEENBES —FHETRERE60%, HTIEFHEH

1ERSR, FEIE MK E,

[n0062]

Example 2

K2

[0117]

Unlike Example 1, in Example 2, the proportions of Hogland working fluid and biogas slurry

were 98% and 2%, respectively, thereby cultivating the second rare vein duckweed.

S5REFIIARENZ, SKHEFI2RMER=TERNARI S 717998%H2%, HILEEFEIE =

BKF5Eo
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[n0063]

Example 3

SKhEf5I3

[0119]

Unlike Example 1, in Example 3, the proportions of Hogland working fluid and biogas slurry

were 97% and 3%, respectively, thereby cultivating the third rare vein duckweed.

S5EmFIARNZ, SKEfI3FRNER=TERIMNBRI LD 5I7H97%M3%, HAIEEREE=

WBKE o

[n0064]

Example 4

SKhEfl4

[0121]
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Unlike Example 1, in Example 4, the proportions of Hogland working fluid and biogas slurry

were 96% and 4%, respectively, thereby cultivating the fourth rare vein duckweed.

S5REFIIRENZ, KHEFI4FMER=TERNARISEE717996%H4%, HIEEFEIEM

BB Eo

[n0065]

Example 5

K5

[0123]

Unlike Example 1, in Example 5, the proportions of Hogland working fluid and biogas slurry

were 95% and 5%, respectively, thereby cultivating the fifth rare vein duckweed.

S5EhFIIARNZ, SKiEfISHRNER=T ERIABRII LD 51795%H5%, HAIEER[REIER

HRBKE o

[n0066]
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Comparative Example 1

xFEEfI1

[0125]

Unlike Example 1, only Hogland working fluid was added, and no biogas slurry was added.

SEHFIFEANR, RFNBEZIER, FFNER,

[n0067]

Figure 2 shows the protein content detection results of the duckweed cultured in Examples 1-
5 and Comparative Example 1. Specifically, in Comparative Example 1, when duckweed was
cultured using only Hogland's working solution, the crude protein content in the duckweed
was 24.18%, while the crude protein content of the duckweed in Examples 1-5 increased by

0.08%, 7.65%, 4.79%, 4.61%, and 3.08% respectively after adding biogas slurry.

LRI 1-55 X b F 1SRRG S EA S ENNERNE2FR, A&, HEEFI1PXRAER
=TEREITEFEFE, BAGEYRNEERSE724.18%, MAINARERISKES1-5FFHE

HEE275RE70.08%. 7.65%. 4.79%. 4.61%7#13.08%,
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Among them, when the biogas slurry concentration was 3% and 4%, the crude protein
content of duckweed was significantly higher than that of duckweed in Comparative Example
1. When the biogas slurry concentration was 2%, the crude protein content of duckweed was

extremely significantly higher than that of duckweed in Comparative Example 1.

Hep, HARREN3Z%MA%ET, FENHEEASEEZSTHIHIFNFEIEASE, SBRKE

792%8Y, FERNHEEASEREZESTXHIAINFIEASE,

[n0068]

2. *Lysimachia nummularia* (with few roots)

2. DIRESE

[0128]

Example 6

SEhtEf6

[0129]
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(1) Obtain the rootless duckweed, rinse off the debris on the leaves and roots, putitina
culture pot, add Hogland working solution, and culture in an incubator for 1 week to obtain

purified rootless duckweed;

(1) REUMRESE, Hitiet R RIRAR LHNRYE, BNEFRZFMAER=TER, FEFET

1BR1A, BRI ERMRESE;

[0130]

(2) The first duckweed culture medium was obtained by mixing Hogland working solution

(98.5%) and biogas slurry (1.5%).

(2) REBEMR=TIERIS.5%MBRL.SNMLLHIRES, FEE—FFERK;

[0131]

(3) After rinsing the leaves and roots of the purified duckweed to remove debris, dry the water
and put the duckweed into the first duckweed culture solution, so that the surface of the
duckweed leaves is facing upward and evenly distributed, and the duckweed must cover 60%
of the surface of the first duckweed culture solution. Then, culture it in the incubator for 5

days to obtain the first duckweed.
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(3) FatERMRETRAEHRHMRAR LNRYE, BTKkD, KEELFHETRT, &
DREENH FREH LA DE, BVRKENBEF —F HIETRREO0%, HTEFTETR

BROR, JEIE—DIREKE,

[n0069]

Example 7

SEHEf T

[0133]

Unlike Example 6, in Example 7, the proportions of Hogland working solution and biogas
slurry were 98% and 2%, respectively, thereby cultivating the second type of duckweed with

few roots.

5l ARINZ, SKiEf7THINER=TERIBRI L7 717998%H2%, HIEER[REIE

MRESE,

[n0070]

Example 8
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SEEf518

[0135]

Unlike Example 6, in Example 8, the proportions of Hogland working solution and biogas
slurry were 97% and 3%, respectively, thereby cultivating the third type of duckweed with few

roots.

5l ARINZ, SKiEFISHFMER=T ERIBRI LD 7797%H3%, RAIEEREIE=

MRESE,

[n0071]

Example 9

SEhEf519

[0137]

Unlike Example 6, in Example 9 the proportions of Hogland working solution and biogas slurry

were 96% and 4%, respectively, thereby cultivating the fourth type of duckweed.

10-01-2026 - Page 61



5l ARINZ, SKEFIOFMER=T (ERIABR LI 51796%4%, HIEER[EISEM

MRESE,

[n0072]

Example 10

SEhE5110

[0139]

Unlike Example 6, in Example 10, the proportions of Hogland working solution and biogas
slurry were 95% and 5%, respectively, thereby cultivating the fifth type of duckweed with few

roots.

5%l ARINZ, SKiEfl10hMER=TIERIARN GEED3995%M5%, HIETEES

FDIRESH,

[n0073]

Comparative Example 2
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xfEb 12

[0141]

Unlike Example 6, only Hogland working fluid was added, and no biogas slurry was added.

SRHEFCTRNRE, RFNEEZIER, FFMER,

[n0074]

Figure 3 shows the protein content detection results of the duckweed cultured in Examples 6-
10 and Comparative Example 2. Specifically, in Comparative Example 2, when only Hogland's
working solution was used for duckweed culture, the crude protein content in duckweed was
18.13%, while the crude protein content of duckweed in Examples 6-10 after adding biogas

slurry increased by 0.62%, 1.57%, 5.13%, 6.05%, and 5.37%, respectively.

SKhEf6-10 53X L2155 m MRESHEE R S ERNERINESFIR, BAR, XEEHR2FRXRAER
=ITRREITERERN, MRETFFNEERESEN18.13%, MAINARGHISEHEGI6-107F 58
EHERENIIEE 70.62%. 1.57%. 5.13%. 6.05%7%15.37%:

Among them, when the biogas slurry concentration was 3% and 5%, the crude protein

content of duckweed was significantly higher than that of duckweed in Comparative Example
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1. When the biogas slurry concentration was 4%, the crude protein content of duckweed was

extremely significantly higher than that of duckweed in Comparative Example 1.

Hep, ZARRENZWMS%E, FENHEASEEESTHLAINFIZERSE, SBRRE

74%8Y, FERNHEASEREZS TN FIEASE,

[n0075]

Therefore, it can be seen that the method of this application, by adding biogas slurry to the
Hogland working solution, can significantly increase the protein content of the cultured
duckweed. This not only enables efficient use of biogas slurry from pig farms, saving water
resources and providing an ideal way to recycle livestock wastewater and reduce sewage
treatment costs, but also utilizes the nitrogen and phosphorus in the biogas slurry to promote
the synthesis of duckweed protein, enhance protein synthesis efficiency, reduce the use of
nutrient solution, or even completely replace nutrient solution in large-scale duckweed
cultivation in production practice to obtain stable and reliable duckweed feed, thus providing

a good foundation for the research on the feed application of duckweed.

FHLERTR], AERIBNAAEIEER=THERTHMNIER, EBESEFLNEFIEASEEZER
=, MNEBSMAAFEDER, TEKEIR, HFERKBEAFA. FESKOEZEBRH—
ERGE, FNEEBHBARTHRBEEFFEARNGN, EWEREARGHME, BLETR

10-01-2026 - Page 64



EREEREBENEFREESKERPREFE LT IRRFRETEAEHER, NFERERCEH

FiR i RF &b,

[n0076]

The above embodiments only illustrate several implementation methods of this application.
The descriptions are relatively specific and detailed, but they should not be construed as

limiting the scope of the invention patent.

M ESSHEfINRA T AR ERIBRY LML A N, ERABRANERHNIFE, BHAFeRLILMmIE#EN 2RAE
FISEERIPRE,

It should be noted that those skilled in the art can make several modifications or
improvements without departing from the concept of this application, and these all fall within

the scope of protection of this application.

MHIEHANE, MNFARMINEBERARAGFKY, EARERBPEHIENFHIRET, EAIUMMEETE
feakeiudt, XEEARE TAEHIERRIFERE,
Therefore, the scope of protection of this patent application shall be determined by the

appended claims.
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