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Factors affecting the optimal consumption and digestion of
Alternanthera philoxeroides by Protaetia brevitarsis larvae
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Abstract [Aim] To identify conditions that optimize the conversion of the invasive plant Alternanthera philoxeroides into
protein and high-quality fertilizer (frass) by Protaetia brevitarsis larvae. [Methods] Larvae were randomly assigned to
different treatment groups with different feed gradients, fermentation durations (0-40 days) and water content (35%-85%). The
amount of plant matter consumed, larval weight gain, the yield and transformation rate of frass and the nutritional components
of the larvae reared were measured and compared and the effect of frass on coriander growth was assessed through controlled
experiments. [Results] Larvae achieved the most effective conversion of 4. philoxeroides after 20 days of fermentation with
a moisture content of 55%. Larvae kept under these conditions contained 48.1% crude protein with an essential amino acid
index (EAAI) of 77.77, indicating high protein quality. Their frass comprised 29.81% organic matter and 4.48% K,O, and
significantly (P < 0.05) enhanced coriander seedling emergence rate, plant height, root length, and biomass accumulation.
[Conclusion] P. brevitarsis larvae can efficiently convert 4. philoxeroides into high-quality protein, while producing frass
that is a valuable bio-organic fertilizer. This study presents a innovative biotechnological approach for the utilization of an
invasive plant.
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x1 BERSAIRYEANIAABURHEZLETENELE

Table 1 Conversion amount of 3rd instar larvae of Protaetia brevitarsis to

Alternanthera philoxeroides with different fermentation days

et R E (d) HERE (g) Huwby=ig (g) BEs (g) FETR (%)
Days of fermentation (d) Weight gain (g) Frass yield (g) Food intake (g) Mortality rate (%)
0 0.67+0.03d 17.01+£0.26d 23.71+0.23d 26.06+2.51a
5 0.78 £ 0.05 cd 17.18 £ 0.15 de 23.61+£0.72d 13.20+3.47b
10 0.96 + 0.08 abc 17.73 £0.17d 2447 +£0.11d 9.92+1.84b
15 1.01 + 0.10 abc 19.33+£0.04 b 26.60 £0.11 ¢ 9.48+4.95b
20 1.13+0.03 a 20.81 £0.07 a 28.95+0.07 a 4.17+2.08b
25 1.15+0.03 a 20.69+0.20a 28.36 £ 0.04 ab 6.00+3.40b
30 1.10 £ 0.05 ab 20.08£0.25b 27.68£0.40Db 8.09+1.84b
35 0.95+0.11 abc 19.80 £ 0.32 be 27.49 £0.09 be 9.92+1.84b
40 0.89 £ 0.09 be 20.03+£0.16 b 27.51 £0.18 be 11.56 £3.01 b

TR AR, RSB E bR ARG PR SRR 2R 8% (P < 0.05, LSD L) . HERNTHE,
F2, K3, K4 KRS ROME 0,
All values in the table are presented as mean =+ standard error. Different lowercase letters in the same column denote

statistically significant difference at P < 0.05 level as determined by LSD test. All weights are dry weights. The same for
Table 2, Table 3, Table 4, Table 5, Table 9 and Table 10.

*2 BEASAIRHYBANAEBURBZT OETFENHNLE
Table 2 Conversion rate of 3rd instar larvae of Protaetia brevitarsis to
Alternanthera philoxeroides with different fermentation days

WL KA (d) MAFALR (%) HAPFALR (%) TPRAHR (%) IERIFHAER (%)
Days of Convertion efficiency  Conversion efficiency Efficiency of feed Approximate
fermentation (d) of larvae (%) of frass (%) utilization (%) digestibility (%)
0 10.00 £ 0.65 b 73.85+1.73 a 4743 +046d 2822+ 1.71a
5 12.52+1.71 ab 7541+193a 4721+1.45d 27.12+1.66a
10 1423+ 0.88 a 7543+0.79 a 48.94+0.22d 27.53+0.93 a
15 13.84 + 1.42 ab 75.51+0.52a 53.20+0.22 ¢ 2735+044 a
20 13.90 £ 0.58 ab 74.78 £ 0.50 a 5791+0.13 a 28.14+0.40a
25 15.05+043 a 76.05+0.75 a 56.72 £ 0.07 ab 27.04+0.75a
30 14.41+048 a 75.52+0.59a 5537+081b 27.46 £ 0.60 a
35 12.50 £ 2.06 ab 74.62+1.70 a 54.98 £ 0.19 be 2796+ 134a
40 11.88 £1.20 ab 7523+0.30a 55.03 £0.35 be 2721+0.12 a
x3 FAEABSKETEEXEAIRIBANTLETENELE
Table 3 Conversion amount of 3rd instar larvae of Protaetia brevitarsis to
Alternanthera philoxeroides under different feed moisture contents
FKE (%) HEE (g) Hubr it (g) Eh (g) FETH (%)
Moisture content (%) Weight gain (g) Frass yield (g) Food intake (g) Mortality rate (%)
35 0.57+£0.02 ¢ 16.35+0.39d 23.28+0.31d 16.49 + 2.68 bc
45 0.85+0.08 ab 19.18 £ 0.44 be 2749+ 0440 13.19 £ 3.47 bed
55 1.09+0.21a 20.73+0.17 a 28.82+033a 4.17+2.08d
65 1.05+0.03 a 19.99 +£0.37 ab 27.95+0.21 ab 9.48 £4.95cd
75 0.59+0.01c¢ 18.14+£0.28 ¢ 2522+0.57c¢ 2237+132b
85 0.25+0.02d 3.96+0.38¢ 7.58+0.25¢ 4638+ 1.11a
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RIAR, N 4.17%, BLIEHEE SRS, 1
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M2 4 nT g, HURRGER | bk | 1h)
BRI 2 R0 LT fb 2 B 5 /K 2 3 2 BT
B FKER 55%A1 65%AbBE], HUREALR | i
WO EEAL R T AR TE 3 22 5% (P> 0.05)
B TR AT s ARREER R 2R 55%F 5 M o
Tk 85%HT, HUAREALTR | HURDFE AL R AT )
FIHRIF B R 7.54% ., 54.42%F0 15.17%. %
B J A RBHS K i 55%.
223 AEHHEERESAYHNEELTD

EFERUERMILER BERS ATA, 7E 2 R
LB 2R D TR R, RS s h
0y AR AL R 11.65%-13.56% , FET-H K
4.17%-6.00%, T 2ZR (P>0.05) , 2 #4)
O AR ARG 5, 3 IRl U SET R AR X
ik 7E AL R R A L, 3 gl i
EET 2140 (P<0.05) , 3 B4yt
3N 72.13%, FARFFIHIZER R 56.45%, &
T, r5ERE 100 g B bz DT, Al 2
B RS g RURRINE 243 g, 7 HRED
68.77 g; NI 3 & R AL 4 4l d RS
3.08 g, P AP 69.77 g,

F4 TEEANKKETEERSRIRPANETOETFENENLE

Table 4 Conversion rate of 3rd instar larvae of Protaetia brevitarsis to Alternanthera philoxeroides
under different feed moisture contents

KR (%)

HARFALAR (%)

HPEALR (%)

FRFAR (%)

ERIHAEE (%)

Moisture content (%) Convertion efficiency Conversion efficiency of  Efficiency of feed Approximate
° of larvae (%) frass (%) utilization (%) digestibility (%)
35 8.25+£0.73b 7199+ 1.63 a 46.55+0.62d 29.77+1.54b
45 10.39 + 1.4 ab 72.06 £2.54 a 5498 +£0.89b 30.16+2.44 b
55 13.40+224a 74.77+1.07 a 57.64+0.67 a 28.05+1.05b
65 13.23+0.47 a 7432+ 0.83 a 55.90 £ 0.42 ab 28.48+0.85b
75 837+0.55b 73.68 £0.77 a 5044+ 1.15¢ 28.05+0.69b
85 7.54+£1.740b 54.42 £ 6.64 b 15.17+0.49 ¢ 47.47+6.23a
RS TRERPNAERSBYHRBMATOETFERURMNLR
Table 5 Comparison of conversion rates of Protaetia brevitarsis larvae at different
instars feeding on Alternanthera philoxeroides
% (0 N (0 ralRL A (0 N
30 EW%%K(@) E@%%E(%) ﬂﬂﬂ%E(&) T (%)
Convertion efficiency Conversion efficiency of Efficiency of feed .
Instar o N Mortality rate (%)
of larvae (%) frass (%) utilization (%)
2 13.56 +1.02a 68.11+0.21b 5421+0.59b 6.00+3.40 a
3 11.65+1.33 a 72.13+0.56 a 56.45+0.39a 4.17+2.08a

23 BREAZOEFEHNEERSAYHRA
EEFBSEM

231 HEEBALSOEFENAERESRAYH
HIEFERBERS WS, RAEHEAR

S TRARN, —FIWE (PIG) FHH
TUEAG B U B SRR AL, RS EAT WA £ T

(2011 )4 H kR, 24 P/G A% 2 s L ERT,
ZRRAAAESEAR; k2, P/GEMKT 2
s TR BRI R4 3 WA T i 2
BEIRMTIES R ILE 2, MEASERE, N
48.1%, MR Er X THER SR, N 14.6%,
R4 3 i IR R L2 0 E T 55 P/IG
329, EBEEE . AT E R
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Fig. 2 Main nutritional components of dried 3rd
instar larvae of Protaetia brevitarsis (g/100 g)

232 BREBAZSOCEFENAERESRAYH
HIESEBRESE hEenm, AEESmLnR
HREA 18 MR, SEER & (TAA)
H 43.38%, TG AER 8 Fi AMRATE ARG, H

>N

A~ EL EL By

TAER (Glu) Fhtie (638 g/100g) , {4
R (Trp) Hf% (0.64 g/100g) .

233 HAEBUZLOETEMNRERSRAYHR
HRRSEBIEM k7 ol AEE s 0%
TR H RS ARk d, KNEMR Phet
Pi% 2R Tyr W2 JERRTE 5T AAS fe s, 5% 167.0,
HR MR Lys, 4 149.7, ZIEFRIE/> AAS
AR R AR Leu, M 52.3. fb2#4r (CS) 5
AR (AAS) WS EFRARE 3, 439
7 104.9 F143.5, Hit, 7ERCERLS DEF 5
MH RS RAREA TS, RNAR
(Phe ) FIEKER (Tyr) Jof—BREIEZIERR

24 BARBAELEFENOERSERRAE
LM

241 HRBAZLEFEMNBE#RESBAERMY
MEEEFRRS WERASOETFRIHAE
L A PRI S5 R 0LZ% 8., ik 8 WA, H

®6 BEASRINYATHIEERSE

Table 6 Amino acid content of dried 3rd instar larvae of Protaetia brevitarsis

75 RIS & (g/100g) 5 RIS o8 (g/100g)
No. Types of amino acids ~ Content (g/100 g) No. Types of amino acids Content (g/100 g)
1 KA Asp 3.14 13 **EEIR Cys 0.48
2 HHE M Glu 6.38 14 SRR IR e 2.52
3 28R Ser 2.33 15 *FZEMR Leu 1.76
4 HEm Gly 2.58 16 *KNEMR Phe 1.65
5 HEMR His 1.56 17 *HEMR Lys 2.52
6 TEER Arg 2.37 18 *MZ MR Trp 0.64
19 IAEE S Hefiigy 18.77
7 *J %M Thr 2.68 *LFHERER
Essential amino acids
20 N BT i 24.61
8 AR Ala 227 il
Non-essential amino acids
9 = Pro 3.98 21 BE MR Total amino acids 43.38
22 * TR ILIR/AE L TF HIER (%) 76.30
10 IR Tyr 3.17 Essential amino acids/Non-essential
amino acids (%)
23 * T BIER B EHTR (%) 43.30
11 *EREAMR Val 2.27 Essential amino acids/Total amino
acids (%)
12 *EAMR Met 1.08

*o TR e RN % SRR

*: Essential amino acids; **: Semi-essential amino acids; % : Including Tyr and Cys.
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x7 BERSRYAFEAS FAORGEXEAREBEEAAENRER (nyg, EEARK)

Table 7 Comparison of protein content between Protaetia brevitarsis larvae,
FAO recommended pattern protein and whole egg protein (mg/g)

Essential amino acids *FAO model Whole eggs acids score Chemical score
SseEIR lle 40 52.4 52.4 131.0 100.0
ZEMR Leu 70 84.1 36.6 523 43.5
2 Lys 35 64.9 52.4 149.7 80.7
FEAEMR + WA Met + Cys 55 62.7 32.4 58.9 51.7
RN + BEZER Phe + Tyr 60 95.5 100.2 167.0 104.9
AR Thr 40 53.9 55.7 139.3 103.3
&R Trp 10 16.2 13.3 133.0 82.1
R Val 50 57.6 47.2 94.4 81.9
BE IR Total amino acids 360 487.3 390.2 - -

R BB R ORI T 275 SO AT RAE4E (1992) o T,

Sources of amino acid content with * protein pattern are from the reference (Qiao et al., 1992). The same below.

®8 HEHRSRAYHAMHNEEERNS
Table 8 Main nutritional components of frass of
Protaetia brevitarsis larvae

W REERIK, N 64.67%. HEMAS BB
AR K, IS I & Y SRR T R SEA T Y
BRI A, $RE R, At e el aE 4

= & 751 e (%
e ot e Comens 0y BTSN THEAGE

1 AWML Organic matter 29.81 £9 REARMHEEESE A

2 M Total Nitrogen 1.19 EX RN

3 AL T# P,0; 1.81 Table 9 Effect of different dosages of Protaetia

4 SALHT Ko0 448 brevitarsis frass on the germination rate of coriander

6 B T&#& Chloride content 0.89 frass (g) Emergence rate (%)

0 74.67+1.76d

BAEGAMabrhA LR S B, A 29.81%. 15 84.00 + 1.15 be
IR AL 23 0038 T 1Y R AE 4 f, b v ARG 30 88.67 = 2.31 ab
$NLPLK A, Hol K,0 HIRTALES ,  4.48%, i 04675 1334
N. P. K BAREH T EERLPL R 0 67+ 153 od
AHUIEE (NY 525-2012) fff & fprife, HAd 75 64.67 4241 ¢

(pH =8.86 ) fRHsIE.
242 BE#RSAHMINEREKBZMN 2422 HEAREHRESRHUNEREKNE
2421 ARHAEMNBAERLSAHRUINERYH M HER 10 AT, MBI I X S A AR K A
BRI L9 A, MRAANBMEM RS> PRk, FEAIE I, e, K. ik

W, FERAHE RN 74.67%, BEE B E9EIN
RO, FEAN R BT R, YA
SERMRIINERN 45 ¢ B, HERREK, H
94.67%; MM ELE AP AINE R 75 g i,

o fef TR o T XY R THR IR AR, MIFE 45 g/
FAL PR IR B KAE (40518 26.36 cm, 8.50 cm
31.44 g M1 1.26 g ) o dREERG M ab &, 45045
bR, R T X IR,
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Table 10 Effect of different dosages of Protaetia brevitarsis frass on the growth of coriander

AR () Fis (em) B (em) PREFEE () IREFE (2)
Am.o.unt of Plant height (cm) Root length (cm) Fresh weight of Fresh weight of
addition (g) overground part (g) subterranean part (g)

0 18.85+0.84 ¢ 573+0.41b 28.21+0.17b 0.71+0.02 ¢
15 23.46 +0.88 ab 7.42 +0.67 ab 29.86 £ 0.36 ab 0.85+0.04 be
30 2542+0.67 a 7.93+0.14a 30.51 £0.63 ab 0.99+0.05b
45 26.36+0.78 a 850+0.38a 3144 +0.78 a 1.26 £0.08 a
60 23.94 +0.24 ab 7.33+0.26 ab 29.68 +0.39 ab 0.94 £ 0.07 be
75 21.51+0.74 be 6.69 £ 0.55 ab 29.17 £ 0.96 ab 0.86 + 0.04 be

3 FHitHitit

AT, KT HEAEE ALY XA VUL
FEYI AR, Z 48D T FOKRTEFE P28 R
IR S5 4 AR L SRR ARTR L B e R AR LR
A LR 779 LA BE (A 55 , 20155 5KkAf,
2015; #MREAT, 2018; F A, 2019; B4, 2019 ),
A AR 4 fa 4 AU R AR A R AR A )
25 DEFEAECHESY, B AT AR WA TFRA .
AR LI, BEEEL 20 d AY5S O3 T 5
BAEA 3 WA R EELR R LR IR
Py, HAUKEAR | WAL
FET-RAEBETEAL 20 d BY25.0 3T A Ik
G SRV I R R R 5 o TR 1) R i T ] (21
d) BONEEE (PMERT, 20185 EAf, 2019) .
TR B K XA AR R B 2, i R ek
TR MHRIE 5 35 KR 55%F 45 i b bn 2 20
B, 53T I RN KRR 75 45 R A B 1 /K
— (FMRYT, 2018; EAl, 2019) , WHHEHE
164 fa sl PR RS K BV FIE 55% 245 . 18
ARSI R A & gl B b 25 08 T 3
A e, AR PR SRR R -, 3 0%
R T 2 W, ATREE 3 IS R B
A, BV BT TR A SR ain e e
i o ABFIE BN T 1 R AL 4 faah U 45 03
TR R AL R . SRR K, AR
HOAS R RE 30 00 BB A 100 o (E AR 9 (SR o R
K, RIS FLA I AL T 2 e 5 4 e e AL e
K, WARXTEEAL S5 125 003 F 508 F7 o A 5 0

o R, BIEE (2019) WBFGRFE, FAR
FF5 40 2 45 N A EL R G T B 5 48 T A R e 4
Ll RO R, B BRI 7 25 0 3 T A A o
W& & 2 sk BRI AR, T AR T
— SR AIRSE .

Z: M FAO/WHO ( 1973 ) HEFERYHE 11 R i
VNP, AP EUE L 20 d BSOEFR
MRS 3 14, Hoh e & M 5 AR 0
IR EAA/NEAA I HAE R 76.30%, Wit @k
1% 5 M LR EAA/TAA [ HGHIN 43.30%, B
Z RS A A E IR O, R AR o g
Wi &t 14.6%, BB AR T DUZRE s bl
() 1 AR 4 L 3 384 e IR PR AR T 7 £ 9.7%,
ERLER B 2 48. 1% I T 2 1) 53.8% (5K
A, 2019) , ATRBSR DRl 2E Fal . R BUE SR
PEM AT E LT SR FI S & &, 075
LI fEYE, W TR HSE AAS. CS Al
EAAI ( Omotoso et al., 2006 ) . ilidi15HRS,
BB AL 25 0 T 51 H 2 AL & fagh UL 7 &
HEMTEH (EAAL) H 77.77, W BART AR &
W8 Locusta migratoria manilensis AP & A H 2
4 3R i T IERTIEELE R 88.64
( £Af, 2019) . ZHEATUHIRME, HLHLEK
AR n Ky 6-12 I}, EAATL> 95.0 LA A
Ji, 86.0 < EAAI < 95.0 NREIHEH, 75.0 <
EAAL < 86.0 A H, EAAI<75.0 A A
EE (BREEMIE, 1998) , BUElzfk 20 d
250 T R AR 4 g R b T A R R TS 4L
(EAAL) N 77.8, 7E 76-86 ZIa], &0l &
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HbrifE, S54-BAERMEL, HEES AL R
AR 53 &R BRI 1 BT AL R T S ((Lee
etal., 2020) , BEEIRE SR FLLHEL, HEH
BB R & H 25 BT, VRN — Mg S
G EHE AN ORUR , H RS g R
M BRI &SR T [FEE, STk
FKEM, ARSNGB EYIE (Yoo et al.,
2007 ) . ik (F#4K, 2020 ) . HipE (Krishnan
etal., 2020 ) %7 HIA TR = AR FH O EL
BEmzfk 20 d 25 0E TR H RS R 3
Wb A AT N 29.81%, WHEE T UL
IR A B H RS 3 gl R 4
B(18.72%) (EAF, 2019) , KT ALY R
PR B A RS 3 YR b r g R
(33.22% ) 5 B L LAZR I Ks B B 9 1
AEA R 3 2 BRI 25 5 2.41% )iE 2.07%.
B B Ab 25 0 3% T 50 R AR & fa % R RD
K,O Fa T, Xl e 525 0% F RS e K
AKX, YRV 10 5 (EEBEM
SE, 2010) . EEAWFFUESE, MiHEAR2ES
o AP FIEY B Tenebrio molitor HREPY AT 3
WK (EAE, 2019) o BIFFE A B
X il FH R R RS 0 R AR 4t HU D ]
B, BRTHEMR B CIRER S, 2021) .
ARG LM, i A RE S A D5 A B &
ARER, BRI BT ORISR
PSR A K R = 1 kg 88, i
15 g, HEHE BRI RIENEYAEIIE, &
TR HE T B SR SR K B bR, B —
AR T A A A HUAE | o2 P e HEAE Ry kot B
e AR S A R X BRI 4K VC &
PR BT A i s, RIS I N T 2
164 o HURDAE SR A6 ST S A P P 1 1T A R o
ZE bk, AR S g BT RS O
TE AR, A OR SZ WAL ] 5 RS K i i
ERW, AERSDETREME 20 4. FUKE 55%
P, S BCE W a e ORb = 3k
el s BUEIZ AT T iR 2 L HU AR B 7 i
ik 48.1%, LR EIEIRIEEL (EAAL) H 77.77,
FEG AT AbRiE, & RIFREFRME S K

Wi, B E S AL (29.81%) S5810R
(K20 4.48%) , fF6EMAPUIEERME, & hiE
AT R AR K, Ry 45 g
(£33 kg) o ARBFTRAE T H RS fBLRTE
N IRAC AL BE b iy il AT S sk, s
DT BN EIR IS m A S T a0
EHARAZ
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