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Research progress on the nutritional value and applications of black

soldier fly larvae frass
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Province, China; 2. Institute of Animal Science, Jiangsu Academy of Agricultural Sciences, Nanjing
210000, China)

Abstract: Black soldier fly larvae (Hermetia illucens 1., BSFL) are increasingly utilized in waste
management and resource recovery due to their remarkable ability to rapidly degrade and convert organic
waste into high-value by-products, particularly larvae frass. This frass is rich in various essential nutrients
such as nitrogen, phosphorus, and potassium, as well as substantial amounts of organic matter and trace
elements, thereby exhibiting significant potential as a sustainable fertilizer. Moreover, bioactive compounds
present in the frass have been reported to enhance soil structure, stimulate soil microbial activity and
promote plant growth. Recent researches have made substantial progress in characterizing the
physicochemical properties of BSFL frass, identifying its bioactive components, application status as a soil
amendment or supplement, and developing strategies to improve its biological stability. However, potential

environmental concerns associated with the presence of antimicrobial peptides and emerging
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contaminants—such as microplastics, antibiotics and antibiotic resistance genes—remain insufficiently

studied and warrant further investigation. Therefore, this review provides a comprehensive overview of the

nutritional composition, current applications and recent technological advancements in the valorization of

BSFL frass. It also critically examines the challenges and future directions in its recycling and resource

utilization, with particular emphasis on potential environmental pollutants and their hazards. Suggestions

are offered to guide future research and promote the sustainable development of BSFL frass-based

applications.

Key words: Black soldier fly larvae frass; nutritional value; organic fertilizer; post—treatment

SR i Hermetia illucens 1., & —F ) 172 N 1
TR W) R IR AR R A B . A= i S
N A40~43 d, GLAEEN . AL T L SRR 5 A
WrBe, SZiBE . MR WREEER R0 (Basri et al.
2022; Suryati et al., 2023). HTEKIC4 R EA
JEE T, AL A A K R A AR S IR R A
etk BegisRREsk . sh¥ I R Hopl Ol Bk 574
GRAL AR, IR BAERAILT B A
W (Salomone et al., 2017; Liu et al., 2019)
IeAh, gl BULRE B3R TR AL S PR FE Y B B SR
(B, HEoR HOF AR IR T BT R 5 & (Da
and Hesselberg, 2020; Liu et al., 2021). 514t
HEACHRLE , JRIK &l B AT HLE SR B S
F AR, AT S A BILIE 50 R el 5 490
955 IR G 5 (Amrul e al., 2022; Basri et al.,
2022). HHI, TR bl g AR YA R 55 3
AREA IR AL R BAMREEA ., PR
g — T BEAR G K S P b B B R ]l Jr =X
(Rehman et al., 2018; Song et al., 2021 )

TR —d f b, JROKrgh miE A HLE 5
PUER R Y —— e, W T RGN i
o PRIKHE T — RO B LR R, S 1%
GEMEND | PRAEUR T 55 RO 2 3 o AR R
FEARAH I, MEEAEESRNE . AR KR
ST RS DT T B A SR B, IS
MM EE S BT A HEAL ™ &, R3S RE
PR B R IK I 4y HUAE R A AT HLEE S8 0o A v AR Y

REFOUR, UHER (N) MgE (P), DIKE
F . IS EYI R (Chia et al., 2019; Jose,
2023), 5, HUIEAE NG TR R Dy T A
YERT . HUZERES AT LA 2 D01k - i A= A8 3R 5%
e A o DA P A, [m] I ) - S T Y
4K (Poveda et al., 2019; Beesigamukama et al.,
2021b; F/NEAF, 2021) . ¢RI U R A Y

JUT Bi55 B AT A=Y, ASARE SO ) 1) B 92 By
MHLH, EBEVE MR PR R R T R Rk
U5, P RS RS R E M (Nardi et al.
2017; Beesigamukama et al., 2020) . G, MFR
BEal RRee MR RS , SR Az R i R A
BTG A PR E ™ A BA AR PR A .
Hu 0 A= 7 A HT R D SRR AR BRI AVE T
FE AR E SRR HEE (Salomone et al., 2017;
Smetana et al., 2019). HAjC A K& T HIEE
FRGr ISR B NS Dy T R Y, (BAEHE
TR 2 0k L WA QY (AR L btk
BEPRAE) B AR s i A DT AT B = R GE A
PRI, ASOX R E SR ERETT T AN 1hig,
TRAFINT T 2 0 B M BT e OB FR Ly, 1A
PR T AR . RO AE U ) T AR BLAR
B Ja . PRV T BT IR Y v A 1 AR Rk
KBRS, R — 25 0 I ) T4 1 i s
PG, AL ST ISR R A
SRR T BRI , X T PR R R
KA AR R LK R B B E
AITEH]

1 Rk RFEEFMNE

L1 BRMS SELER

Hu S 1) Jo7 B RN R A 3 A7 B ) 5 o rp fdt ]
B W8k DL 5 b B 52 (Klammsteiner et al.
2020) . BT ATLHAEZ MR Yok, Hidk
B B Ak M BT W 2 75 4k (Lomonaco et al., 2024)
(F1).

HOFE R E K R R B, VIR BT ATk
70%~80% . BARAY KR 52 B IR B . 4
RANZIV S PSS 2/ E SE SR e iUp A I R
HydUERG T, N T AN 2, B
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YURLK 43 538 PR R TE 70%0~75% Z ] oAb,
24 MK Ay URE R ALK O AR B 50% A2
HEf, RSB E LS (Cheng et al., 2017)
H T KR Y H 2 ARG LR T, DR AR
T L2 23 B IR WA ROk gl e o — b AR e
FE b Wi B PR OK Al HURY D7 v R A R I K i
(Dortmans et al., 2017). SR, X Fh k20 ok
PR e, R A R B O HRROR R W RS OK
TEAE T EANEBERYN

IR pH (I8 F RIFTE 7.0~8.0, X JE e A
WK (Surendra et al., 2020) NG #6540 3= HE&
AL AE PR A9 N Y ] (Choi and Hassanzadeh,
2019) . HUFERY pH {H 2 Z Yk 98] i pH {ELY 52
Mg (Menino et al., 2021). Maetal. (2018) A&,
MY pHE R 6.0, 7.0, 8.0 10.08F, %)t
BB B4 U5 1 3% pHH A T 8.0~8.5; Hi7ER)
f pH {4 2.0 F1 4.0 (9 9kkeh, 345 09 260 pH
B0 6.0, FE/KEE RO Y) pH 15200 AT 68 5 i
WAEY P ARG G, J—Jim, KW pHIERY
WINPT RE S BB T (NH.Y) FIZ SRS | R 1 Bk
AVERA & (Fenget al., 2020),

HEEMIAE L (C/N) HHZ B PRFE .
T ML T 205, HygFm e ES8 : 1~
27 1o HEPXT N @Y F) 23252 NERHR C/N K/ e
B, C/NBRAGH F F2 o0 B, IR A6 )
P (Sheng et al., 2021). #RT, C/NiHKH)
KT g 2 BT 5 R iR Eh IR M R . i)
m, ECNRmI2H, ERAERKRAR, XS
TP E LA & (Chiam et al., 2021) .
Beesigamukama et al. (2021b) &R X% C/N R 11
P PR s AT RO, ARAS T C/N 150 200 250
30k, ZEHRFEI, C/N S 15~30 iR Pe A
By EEHENE AN S e B, S SR N AL
JEUASEFH = FH (i) it

N. PHIFR (K) &8 mERENTHY AR
B 52 m 5 FBH 6 . COo, A1 H,0 [A] %5 # 2 (Jose,
2023) . HFEPFHI N, P ALK By 3 52 Bl e M 4 iy
AR AR Ak . 22 Ik T 7 R AU T R A )
R dnt, RBEPNTEER, AN 2%
(Kawasaki et al., 2020), i 5 KA FF 0 5% 4y 1
W, AR IEEARENPERMK F & (Gao
etal., 2019), WFE1FR,

&1 RIRAREFYETEr HIEBU SR

Table 1 Physicochemical properties of frass from larvae fed different wastes

et s GdvEms KR (%) SBA (%) BB (%) E# (%) X
L€ o ‘ MW BRA S 3k
(m™) Moisture Total Total Total
Sources of frass pH C:N References
Larval density content nitrogen phosphorus kalium
KA Klammsteiner
- 10.0 558 26.6:1 1.83 - -
Fruits and vegetables et al., 2020
FHEE W R Kawasaki
12 000 55.6 740 16.6:1 2.16 0.05 0.07
Household food waste etal., 2020
FORFEFF Gao et al.,
- 38.2 8.03 - 0.63 2.54 2.08
Corn straw 2019
Jif 4 17 % Liu et al.,
- 63.0 740 17.0:1 - - -
Food waste 2020
WP Ri % Sarpong et al.,
2 000 63.0~65.0 7.30  8.00:1 - - -
Urban food waste 2019
WL RS Beesigamukama
- 30.1 7.70 168 : 1 - 1.16 0.17
Brewery spent grains et al., 2020

VERRERMCE i, BFEM N, P, K& RATS
P FEX AR N, PLOK S A E FIRR . AR
LR VG b v, A HUIE R N & 8 AN AR T
1.5%. FEHEEE A HE AR 1AL 5 - 308 i R ) e

[ NPK 8 2.5%~5%, FHLIEE R 5%~T% . W
B O BE R A B I BT, N2 P K
FHE N 5%~20%, o N (e it 4%, PAIK
(14 Jifi AT B 48 5 1% (Kala et al., 2011) XF 3% H
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AR A BUIEAT AR iE (NY/T 525-2021), ZRA Br TN, P KA, Sfe Y m Ak,
PUIERIEESR 7 (N P20s, Ko0) HIBREDEA BFEREEERR, G (Ca). B (Mg)., 4
FHET 4%, NI, BEEALRES W L 24 HE K1 (Na), £k (Fe). & (Mn). #d (Cu) FI%E (Zn).
AERHbRAE, HAE P E R RME TR RS TG 7RSS SR u R A AR, g
AL R AT RENE, REBLI Ay Al fol 22 FRoK 4l T 4L 9 A LA R IR S LR R
FEIRAI P IIEYEEI (R2).

R2 BRARAEFNEFENRERSANEERSE

Table 2 Heavy metal content in frass from larvae fed different biomass

Wkt Ca Mg Na Fe Cu Mn Zn 27 30k
Substrate (g/kg) (g/kg) (g/kg) (mg/kg) (mgkg) (mgkg) (mg/kg) References
Bisg Vegetables 15.0 7.0 0.3 896 19.0 149 137 Menino et al., 2021
RGPS A Brewer's spent grains 9.7 1.0 - 310 25.0 109 182 Anyegaetal., 2021
7% #i Barley grains 6.4 2.2 0.2 4100 12.8 100 100  Fuhrmann et al., 2022
FIRIEHE Hemp waste 19.2 4.6 7.3 1111 26.1 164 187  Banavaret al., 2022

i I 4E /R IRE Gainesville diet 8.9 5.2 0.9 507 9.8 66.0 58.2  Seyedalmoosavi et al., 2023

F %) Wheat bran - 0.3 - 15.0 8.9 194 15.0 Watsonetal., 2021
1.2 HiEWiEHEY R R, B, B EILT BrYsh st e AR

HABE G2 ADIEEY R, MEER . JE Wi 2R LT B e 4 b B H 9 A A 1Y
SR AL T W% (Xu and Geelen, 2018), A4 ZHfE, Postma and Schilder (2015) LARH R}y 15
MY RETYESR, S5EYERNESLS, A, WEFE T AT B 4 e [ 00T 57 A 22 4% T
PREAY S (TR R RIES) W AG 2-2IUBREEMSIAThRL, AMAHBRSILT KR
Tk, REE LIRSS S5 0he, Rk R PL0.3% (wiw) MRk RARTHEE N RIS, WhE
AEYRTEN, BAFSIERNES (Nardi et al., R0 E WD, 7 i % 86% . 83%. 52% F
2017; Yakhin et al., 2017; Beesigamukama et al., 48% . JUT JBAFAE T2k R UPFE F R 2 5 W I
2020; Yildirim-Aksoy et al., 2020a) . TR (%) 240 JL B v, o sk S bkt ] T R agerh, AT LA

Yildirim—Aksoy et al. (2020a) 7F HL 3 ok Il B0 - HE v LT o A A 0 i e K LT
) LM LR, LI5S 2R Arginine. 414 BEIEME, ATIATZCB BT I6 t HEL O IR Y

Histidine . % % 24 Ji8 Isoleucine. = % 8 Leucine . J[E
Hi 1 Lysine. 78 % Methionine . % 7% % 12 R SRR R A T 2

Phenylalanine . 7 2 fiX Threonine 1 %ji % iX Valine WU, HMEFIN, P, KEFEERILER,
g AR BN 05%~15%. Hh, msamm  AREEERR . RFHRR AL T AR AR Y M 5 .
Tyrosine [ & B i . 153.7%. YRk —FhEm s XM A OUE Y R, 38 mAE Bk
WIBRAR Y, MR T LA B M i SR s I R RERGE TREE I RIIRE
Fip L E
e TR . AN S e 2 BN
MM AR 2 R S R A i, k%
RIS L2 (Li et al., 2023). JEFHIRIL AL R I 2 0k 2 O BF S R TIR A, Hige el . %
+HEFEKRES (Nardietal, 2017), EHIETE S S S ILALAT AL B9 ZREAL R FIE S A 6, .
JBKBHX B BIEA (Wuetral, 2017).  +HER R A AHUIERE . RN . A E 5
KGR AE A R T BRI RIS (), Hsh T R R
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2.1 TEHRF

i B VoD ISR A, FEA LI
JREA s HOE Wy AR A B T GE IR A A
80 - S A 8 AP RN HE AR M, b 1 S s SR
%, MWmfE R R A B h & REMZEY
AN B, A BT & BCE YR R
(Beesigamukama et al., 2020), #8306
Mg BeAh, HFEREAS 0 RO RR R AN ZE i e
71, WERE LR, RS SEY K
(Schmitt and De Vries, 2020), Beesigamukama et al.
(2021a) & BLAEF HL 2 A9 - S8 0l BRI 1 40 B
METE B, IR RIERE, JREm TP (2
fi5) MMg (2~41%) BB, EAUSE (2021)
e AT e B iy e (0%, 2% . 4% . 6% Fl18%)
VNI s e we A AN SR I 8 = e -
9 pH . AL &, 3 pH AR 205 1 6.46
6.51 #2T1%17.13, 7.14, AU S EIRE T 7.1%~
32.5%. Menino et al. (2021) WIBFFE A B, 7EHRF
FAE A - SR P (DHA) B 3
et T S 0 184 g 2, SR IR AR IR P
TEPERG N, /R T HOHC I T I (R T s A
2.2 BHLEER

FHAS ) 5 Rk e W JE R A by, Az iRy e 2
SR AL A SRR A RIROCR, W Ve
AEW T A ALE AR E 7Y (Sarpong et al., 2019) .
BRI T R F 459 (Beesigamukama et al., 2020) .
B Y & W (Salomone et al., 2017; Liu et al.,
2020) . F&fH (Xiao et al., 2018) . LI L4 FPiR &
R, WKE . BRI R Sk T 1 0 5
YIR A (Quilliam et al., 2020), #43% . M

MANEEFERIRAY (Lalander et al., 2015) 1k
B EAKFEFT (Gaoetal., 2019) 5.

FEIIRAE (2016) fERARR T, KA
20% PR K I A i 0 2 ) 2 14 tR XS RE A8 35 12
HEESEAER s R (2019) HEipdihZe | R
Kt H RS I 3 R R ERIXG S AR
AR HUE, 26 % b & 30 R K b g 3 i
EiwE T EAMRE . BRE. RN AR, &
a7 A AR A2 3R C g i R R 28.54% . 19.36%;
Barragan—Fonseca (2022) 52 & 8L, i F /D& h
FER R R I 4 A BLOCHR Bl R AR AR
KEXR., JTHEEZ . Wl RES, K&
M FECE L E £ Agustiyani et al. (2021) 7E/NH
TR S% . 10% F115% () 212% 5 % BE 4 1A
Fo, 35 d R i Tn R 2 i A ) R E 4300 O 19.8 g
23.3 g f120.7 g, AR IEAGHEY) R EEAUAH 0.9 .
2.3 fAREE N

P E A PR R A AV EY T, X
Se) BN T LA S R RE A S R GE, 1B
AE X 25 26 a1 gy 3 B e B AR T (Yildirim—
Aksoy et al., 2020a) o

Yildirim—Aksoy et al. (2020b) #f5% T HUZEAE
g Bl Wy R i 52 B R £ Hybrid tilapia 2 K5
Wi o SZBIFTERE 5 R A AT AR 2 e R 1R (0%
5%. 10%. 20%. 30%) fFATIA . /NERHIFIE
ARG W B FRr B AR, IFAE [ 55 8 H o Sl
LA TR SRR, RS A 5%~30%
SR HR 1 BRI v T IR A RL, e se B AR
R R BGE T RE S IR mE N S AL, M
A, Yildirim—Aksoy et al. (2020a) i&HHF5E T HL3%
TR KA FLER Litopenaeus vannamei W52,
FERI, RHEH 30% B EF R R0 2H
KA IR AR KMERE . B Ik 12 28K
IHARZFNFH . Romano et al. (2023) £ 56 d
AR T E T A A BOR S 10% HU3E Y K A T R
Ko} B 5 A Tetalurus punctatus s, 45 A5
T T B By AR L, R SR 10% SR 1)
BHODE e A A KA BB, R 45 2R Y
WY, BT DA — R 20 sh A e R A
24 EREERE

UTAER, B AP A AT IR A — A 2
PRHC, BDERFRBLA AW T, MR E N B
MR R R Rz —, P R AR WK |
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WMAEMEEHAEIR S, KNLCk—EZ2S
MR Bk, SR, BEE M%)
Rz Bk, & FH BRI 5 00 AR P AR K g 3
B T B RGeS (Xiao et al., 2019;
Dukare et al., 2024 ),

B, T4 —Fhal 2 R BE O B & 800 & A
B NEZ, REFESZMERYT, MK
Thikrot, HAAREAM, HEBHREESRTESA
WEN s (A& T8, 2021), @k FI A
il & BRI (E2), ANLREMS AT R4 AR B,
TR LA AT, 3 BE 1 v A A b A At 401 355
AN TS, PR B F R AR L AR RO 28 55 i
wEMA ., REEETE (2021) LUIHEHW
R % 3L R AE BN AT I P U Rk, K
SR N FH B PR RN 5T 7 AT SR A AE N 2, T i
—IRARE R K .

%

o] e
W ~ @&

Biadfi I IR Biad P

Bia4 straw culture solution Bia4 strain

YN RBEIE A R Bkt
Black soldier fly larvae frass Fermented frass Residue
@
"sw®
& i
A R
Liquid fertilizer Edible mushroom culture medium

P2 Bl A B e IR 0 R
Fig. 2 Flowchart for preparing insect frass—based mushroom

cultivation medium
3 RREER=

3.1 BEHIIRAFALE

T b7 A Ry BRK i 4y HUSR B B B — Wk
R KRR IR U AN B A R S B 3 A
% BB S K il R L 80% (Lalander
etal., 2020), TEWINE ., PRAZAMF T ™ AR FEHE
KA I 45% . K Y ST B S EUE Y
AN AR, WY R R E®ER
(Klammsteiner et al., 2020). i, DA%} B}k

Wb ATIE S TAL B, DIJHAY K&, Wit i
LK RITEAOKY (30%~45%) (Basti et al.
2022) UL FAL PR T BeAL AR US N B A 4 3R B
WK PEESSR AR (INARTE . RA5t . #k0%) (Song
etal., 2017), VIREARYIE A K&, 868
AR R EE R . BEAh, TR RS N — R A A
B E T F-B (Liuet al., 2023; Shao et al., 2024).
T L5 E B A ) AR RN AR, T AN
AL o AU AL, D RS ™ A E W
LR, $ETt BB IR o AR e k. XA
Vi AL AR A B T ekt s Py BAL 2 e, 3
A S UE YRR M 2 e, i — 2 g s 2
WAl . Ak B 5 0 E — 25 R AN [R) 794k 28 7 v
FIPMRIZNE, AL T 258, LS ot 4y 35kt
MR U

3.2 ZieiERE

U RS T S 0 A AL T i AR 0 0 R
B Ibr N EZ — (Abd et al., 2024), R
E I HE IR 38 5 BAT KO AR R, S R
HEREAR LG, XHHEPAE K BAMEHVEN . Bohm et al.
(2023) A8, MY EEVELEAR KRR BE I Ok T Am]
SRR A B A HUE P R IR A2 oy o FE R
BRHEE Tt E WY R AEE SR Bk
By AHLRFIERF R (Luo et al., 2018),

h T PR SRR E M L R AR A
A WLB R, —RMERE A R b B X 38
Ao s R B RS R, R RO AT LA — A R AT
LYY, BETEHENC A6 2R o T R S HE AL BT 1
HEAEAR, W VAl TR 3 PR e TR Y DG B
% 2 — (Klammsteiner et al., 2020; Ji et al.,
2023) . AL, TURMEAE A AE Pl HE AR A4 LB 2R A
YsRghty, BT AR A HUILEHRCR

DI, 70K 2 R A ek K590 Ao AILAE Rk
ZAG, LTI A BT R B AR AR B, D
B £ HL T RS T o AR SR IR BIF 9 1 T A T
WAL AR (NG IAHEAE ) M52, ALFE R A
W TR RN R B BE R RS ] L SR BN MIREE, DA
T S PR 28 A R AL 4 B 1 RO 0 O B P Y
YEM .

3.3 BT LY

ARG PR 2 B TRk, |
FOEAE TS g (NP AE 2R L Pk SR R o
) XF R HEMERER . A A KRR BT A A 5 4T
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ORI .

BT EA SR, R HETOC T RIS R R
MIBEFE R BR , (HS5 G MoK i &) U7 b 31 Bl
1% 5500 i R v ot GO} ) S ORI HE R,
RGN E 2 PR HOE R, H T Ok 2 B
FEHEH, BCAWEM IR EETT LR (Lievens et al.,
2023; Grossule et al., 2024) . Chen et al. (2022)
IR, HLZE P (% DU PR R 0 58 ) RE 08 76 AR P
TIERZEO N A LR, P RE B2k R
RITE TG YR TP g AR T i 3] - 18
ARG AL, RIS TE b
25k BA AL AT RR A o A ) - A MR R RS
Wi T3 A A, BUR AR YIRS 1 Z FE I DB

AR 1) R85 2 A VP A B 25 75 X SE 5 L W)
ML IEAR AT RESE M, LUBA ff d 2 4E A PLAE
AR AN 2 06 A2 25 R e 1 s 0 TS
3.4 Bkt HESRREARKNHAREE

LA, ROK %) BB T IR S T
FEJE AR I 20 B A L AR K T T s R
GBI (Pimehan et al., 2024) . BUHE
JIRIE B BE AR P R, FER R TEHE & 77
B, BEMSAROEDBUAE RGP (Xia et al.,
2021; Vanetal., 2022), #FFELFRW], HBoKimg)
R XL R R 2R A BT W3 R, AR
ProkL ke 5 AT g BOR TR 090 KRS i AR G, X R
How M T 2 E . (Moretta et al.,
2020)

SR, ISR — ORI i, 1 [E AR
W PURK, DA R AR AR T 8 v AN (B
RGBT AETE . AR R T3 B R A 5 A HLIE
BEINE, AT X S8 K ARPT A IR I A 25 e 1 A
ARG . ARMBIEFE R S v 15T R Ik
JE T REAE AN R A BE S50 T ORFETE R, X + 458
R BRE FNAE W) A K A 2 ) o X BB B S0KG SRy B OK
I R AT A 7 it AR Ml S 1 107 ] AR T Ry A 2
14T A BRI S

4 BE

SRR ARy — BB S R A R, B
FEAESRNY, FRARENIREN .
SR, HL AR v 5 7K A AN [R] 0fe i) 22 A 3 G i
e M RENE AL TR, R T SR AR N B9

Sz A, HUHE R R REAR B BT LTS e,
JEHIE AR MBI R B, TRIEH 2 AR
FEHAN - Sk BRI ) SCBE N K . SR ANt BERE
HFETRALTE 1 0 AW OR A SR A & &
HEEAE S RRE AR ST IR IR BB
AR AU E T — S B TR . ROk, R
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